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P R E FA C E

Alternatives to Type III Gold, Volume I of the set on NON-GOLD BASE DENTAL "
CASTING ALLOYS, was written to introduce the terminology and technology of non-
gold base dental casting alloy systems. Volume II, Porcelain-Fused-to-Metal.". " .
Alloys, deals with those alloy systems possessing a capability to bond to dental LAA"-'

porcelain. , - ..- ,

le
.. .. ..

Although the two volumes are independent of each other, the reader of one
volume will profit from reading the other. For example, the reader of Volume . .
II will benefit from reviewing the contents of Volume I; for some subject
matter, common to the crown and bridge and the porcelain-fused-to-metal (PFM) -
alloys, is addressed in both texts. In most cases, those sections appearing
in Volume II have been expanded to highlight the porcelain-bonding capability
of these aloys. Whatever duplication is present has been necessary to permit
each Report to serve as an independent text. This approach circumvents any
requirement to read both volumes, if the reader is interested in cnly one "
particular subject.

Although Volume II includes illustrations, photographs, and references,
the breadth of the subjects presented made impossible the mention of every
important, or classical, article or text. This monograph is but a conden-
sation of many complex subjects. Therefore, the reader is urged to become
familiar with the literature that is referenced. -

The casting alloys included in the study were evaluated for their hand- ,"
ling characteristics and behavior in the production of single unit crowns.
This pilot project was designed to provide familiarization with the processing .
of many of the non-gold base alternative alloys on the market today. Any
recommendations and conclusions represent the author's personal opinions. The
reader is advised not to regard this publication as an official endorsement,
of any specific alloys or alloy systems, by the Dental Investigation Service,
the United States Air Force Dental Corps, or the Department of Defense. This
Report is provided solely for general knowledge.

Comments or suggestions regarding this publication, or future releases,
should be submitted to the: Dental Investigation Service, USAF School of
Aerospace Medicine, Aerospace Medical Division, AFSC, Brooks Air Force Base,
Texas 78235-5301.
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I'". This publication could not have been possible without the assistance of

those dental manufacturers who supported the project. Their contributions
included not only the donation of the materials evaluated but also the sharing
of their knowledge and technical expertise. Participating manufacturers are
listed in "Appendix B" at the close of the text. We are most thankful to these , %

colleagues for their participation.
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SECTION 1:

INTRODUCTION TO PORCELAIN-FUSED-TO-MAL TECHNOLOGY

1-1. GENERAL INFORMATION

The processing of crown and bridge alloys, such as those described in V. -

Volume I, is limited to waxing, investing, casting, and polishing. However, -,

the handling of alloys used for bonding to dental porcelain is more complex. ,
From the design of the metal substructure to the glazing and final polishing,
one must not only be acquainted with new terminology and techniques, but also .. '

appreciate the multitude of skills associated with the manipulation of dental "'.
porcelain. This publication is a programmed text in introductory porcelain-
fused-to-metal (PFM) technology, designed to familiarize the reader with an ".'- -. .'
array of subjects from general information to specific processing instructions
for numerous casting alloys. -At

The material provides current information on many of the newer, non-gold
base alloy systems. The technology employed to process high-gold content por- .. *

celain alloys is often different from that used for many of these "alternative"

* alloys. Therefore, some adjustments in laboratory technique are recommended ' i. .

and the rationale for these changes is presented. In light of the advances a 0 '
in dental technology, increasing demands are being placed upon both the dental .*

officer and the dental laboratory technician to keep abreast of these changes. '

The dental marketplace abounds with new alloys, dental porcelains, cast-
ing investments, and related equipment and supplies. Making sense of all the .

marketing and sales information is an almost insurmountable task. The dental •
literature, while helpful, does not always provide specific guidance, nor
answer many of our questions. Volume II, therefore, is a compilation of infor-
mation obtained from laboratory handling and actual clinical application of .'

representative alloys from the various non-gold base alternative alloy systems.
This publication incorporates additional findings obtained from the literature
and from personal communication with the manufacturers and suppliers of the
materials tested. Various subjects are included in support of the main theme-
of porcelain-fused-to-metal alloys, but all these areas are intimately linked ''".
to the design and production of the PFM restoration.

A 4.
The reader is cautioned that some of the positions taken by the author .*-'-"

represent his own opinions, which may differ from previous teachings. In Q."*
such instances, it is hoped that the references, or explanations, provided
are adequate to justify alternative views. Unfortunately, many of our best
reference texts simply can not be revised quickly enough to incorporate all

• the developments associated with the non-gold base alternative alloy systems. %

5, %
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-SECTION 1-

As another example, even the language of dental technology has been
affected. In addition to adding new words to our vocabulary, the meanings
of some existing terms have been revised. Many older expressions have been
discouraged or eliminated. A more comprehensive listing of dental terminology
is included as a separate appendix at the end of this report (Appendix D).
Yet, some key terms must be introduced now to ensure clear communication from
the very beginning.

1-2. TERMINOLOGY

Alloy descriptions and the terms used to distinguish between the various S
alloy systems require the use of a specific technical vocabulary. The fol-
lowing partial list of defined terms is presented to explain the specific .

application of each term in the context of this publication. As may be the
case throughout this report, instances will arise when differences in inter-
pretation exist, when compared with other publications. However, an attempt
has been made to point out such distinctions as they arise. The selected" _
interpretation will then be used as consistently as is possible throughout V
Volume II. The reader is advised to weigh the merits of both explanations, A.>
and make a personal interpretation.

NOBLE (or the noun, nobility) - a term applied to metals which are corrosion-

and oxidation-resistant because of their inherent cnemical
inertness. There are at least 7 metals which fulfill this
description: gold; and the six members of the platinum- '.

palladium group--ruthenium (Ru), rhodium (Rh), palladium (Pd),
osmium (Os),iridium (Ir), and platinum (Pt). 2 Some authors
include silver (Ag) as a noble metal despite its tendency
to oxidize in certain environments. 3 Apparently, there are
variations of nobility, leaving the term somewhat difficult
to define exactly.

NON-NOBLE - obviously, if noble metals will not oxidize, then non-noble
metals will be expected to form oxides or sulfides. Silver -
is frequently listed as a non-noble metal because of its
tendency to sulfidize (form a sulfide tarnish).

PRECIOUS the term applied to metals which, by virtue of their scarcity, ..... -

possess a high intrinsic commercial value based on supply ,'-.5.
and demand. Several examples most likely to be found in -lee.

dental casting alloys include: gold, silver, the six members

of the platinum-palladium group, plus beryllium, gallium,
and indium.

54I-PRECIOUS - while one of the most frequently used terms, it is also one
of the most inaccurate. The implication of the word "semi-"
is that one-half the alloy is precious, while the other half
is, presumably, non-precious. No alloys meet this particular

* definition, thus making the description valueless. Therefore, ....

use of this term should be discouraged.

2.5...
5 *. . ...
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N01-PRECIOUS -refers to those metals (or alloys) which are not scarce, and
do not possess -- high intrinsic value, such as nicKel and
chromium. The designation "non-precious" is regarded by
many as less technically correct than the preferred term, '*

"base metal." Despite this fact, non-precious is engrained
in our technical vocabulary and enjoys widespread use the
world over. In fact, "non-precious" is the term chosen for
use in this text, to avoid any potential misinterpretations.

BASE METAL(S) -the more technically correct designation for non-precious
metals. However, it has not gained sufficient popularity
or use to warrant substitution in this publication. When
used in the literature, base metal should be interpreted
as a term synonymous with non-precious.

1-3. DENTAL ALLOY NOMENCLAPURE

Some additional terminology also must be introduced at this time to
* ensure that no misunderstandings arise in their application within this

text. These words may be employed frequently in the descriptions of the
properties, behavior, or use of the many metals and alloys which will be
discussed. There may be differing interpretations of these words in other
reference material, so it is vital that their intended meaning be clear here.

(PORCELAIN) BONDING - is the term used to explain the mechanisms by which " '
dental porcelain "attaches" to a metal substructure. (ThisJd -
subject is addressed separately in Section 5.)

CERAMO-METAL RESTORATION - one of several designations in use today to
describe the porcelain-fused-to-metal restoration.

COPING is the term that will be used to identify the metal substructure of
single unit crowns designed for bonding to dental porcelain.
The word "framework" will be applied to the substructure of .-

a fixed partial denture.

DEGAS -this term is used to describe the process of heat-treating a cast

metal substructure in a porcelain furnace as one of the pre- As

paratory steps for the application of -an opaque porcelain. It
has been generally believed that, by subjecting the prepared
metal to elevated temperatures (1900 OF) in a rducetd atmos-
phere (vacuum), organic surface impurities are burned off,
and any entrapped gso seous cont-inants are e.imin-it-. .3 A
newer, and erhaps more appropriatu teirm, "oxim.izin," has
emerged in the literatture; anditt this latter dei.n.ti.n will_
be used throuighout the text. (See the term "OinDATION",)

N. V
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-SECTION I-

EXTRANEOUS OXIDATION - this is a designation suggested by the author to

describe oxidation on non-porcelain bearing areas; i.e., an
oxide la er on a surface not directly involved in porcelain

V_ bonding. The extent of "extraneous oxidation" on lingual
collars, interproximal struts, and facial collars may be .. 2
minimized by polishing these metal surfaces with a rubber
wheel prior to the oxidation step. These oxides then, if
not removed, may accumulate during successive firing cycles %
and impede final polishing for some alloy systems.

METAL-CERAMIC RESTORAT1ON - is one of many designations in common use today
to describe the porcelain-fused-to-metal restoration.

3

OXIDATION (or OXIDIZING) - is the process in which a metal substructure
is heated in a porcelain furnace to cleanse the porcelain-
bearing surfaces of contaminants and produce an oxide layer
for porcelain bonding. The oxidizable elements in an alloy - .4'% .

generate a layer of oxides on the surface of the alloy.
These oxides are then available to bond chemically with the

dental porcelain.

PASSIVITY - a metal may be considered "passive" if, through oxidation or

other chemical reaction, it produces a protective coating•..
on its surface. This coating then protects the metal from
any further corrosion, unless the coating is broken by
abrasive action during chewing or cleaning.

PFM CROWN - the literal meaning of this designation is "porcelain-fused-to- %

metal" crown. This term is preferred over other descriptions;
for it applies to all types of metal substructures, both
cast and non-cast, and accurately describes the veneering

material as (dental) porcelain. The term "metal-ceramic"
may promote the misconception that the veneer is, in fact, %... -.
some form of ceramic material, which it is not. Within
this single heading there will be a differentiation between
a FULL PORCELAIN VENEER CROWN (porcelain that envelopes the -Ah -

facial, occlusal, and lingual aspects), as opposed to a
PAtiTIAL PORCELAIN VENEER CROWN (metal occlusal or lingual
with facial porcelain).

PROCESSING is used to describe the collective steps and procedures involved
in the fabrication of a porcelain-fused-to-metal restoration,

from wax-up to final polish. While most frequently used in
removable prosthodontics, the term has gained increased ' ..'. 1 .1 '
popularity in the field of fixed prosthodontics. ... ' .

a ,4° ° .. ,
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I-4. EVALUATION OF DENTAL MATERIALS AND DEVICES '10 " .'_.P

In 1966, the American Dental Association (A.D.A.) established the Council
on Dental Materials, Instruments and Equipment (CDMIE) to oversee two dental " -
product standardization and evaluation programs: the Certification Program, -
and the Acceptance Program. The Council's primary function is to assist the
dentist in selecting safe and effective dental materials as a service to all ' -

patients. The commercial products are evaluated upon the request of the
manufacturer, or the distributor, or on the initiative of the Council itself.
Products for which physical standards or specifications exist may be evaluated
under the Certification Program. In those instances where no such standards
or specifications have been established, the materials may be submitted for
the Acceptance Program. Once the safety and efficacy of a particular material
has been demonstrated, and/or it has been shown to comply with an established
specification, the Council will award the appropriate classification. The
findings of the Council are published in Accepted Dental Therapeutics and the
Journal of the American Dental Association.D .-

a. The A.D.A. Certification Program *.. .

In order for a product to be considered for the Certification Program,
there must be a specification for that particular product. Presently, there ". '
are 38 specifications, with an additional 23 new specifications under develop-
ment.6  In this program the manufacturer, or distributor, certifies that a
product is safe, effective, and complies with all the specifications approved
by the A.D.A. In addition, all product labels and advertising must conform
to the American Dental Association Advertising and Exhibiting Standards. The
product is then tested by the Council's Division of Evaluation and Standards f"
Development at American Dental Association Headquarters (211 East Chicago 9
Avenue, Chicago, Illinois 60611). A material is judged to be either certified
or uncertified. Products found to be in compliance with the specification
are then placed on the "List of Certified Dental Materials, Instruments and
Equipment" in the Journal of the American Dental Association. Once awarded
certification,the manufacturer may display the A.D.A. Seal of Certification .. .
in promotional material and on product labels. Should there be a change in
either the manufacturer or distributor of an ADA-certified product, the
certification expires automatically.5 The new manufacturer or distributor
must then resubmit the product for reevaluation.

There is also now a provisional certification designation for products
which are safe and effective, but do not meet some feature of a particular
specification.

b. The A.D.A. Acceptance Program

Not all dental products have a physical standard, or ADA specification,
as is the case with porcelain-fused-to-metal alloys, whether they may be gold-
base or non-gold base. In fact, approximately 30 generic areas of products

5
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are evaluated under the A.D.A. Acceptance Program. As with the Certification %

Program, the manufacturer or distributor may submit a product to the Council
on Dental Materials, Instruments and Equipment. The company seeKing acceptance
must also provide evidence of the safety and usefulness of the particular
product, established through biological, laboratory, or clinical evaluation.4.lA
The manufacturer must conduct the testing and submit the resultsi along with
the product.

Unlike the Certification Program, the A.D.A. does not test the materiels,
but submits the results provided by the manufacturer to a special board of con-
sultants to the Council. It is the role of the board to review the data sub-
mitted by the manufacturer and to make recommendations to the Council. The
Council then reviews the recommendations of the board of consultants and places
the product in one of the three classifications in the Acceptance Program:
Acceptable, Provisionally Acceptable, or Unacceptable.5

The Council also examines all promotional material and product labels to ~
ensure strict adherence to the American Dental Association Advertising and
Exhibiting Standards. As in the Certification Program, any change in either
manufacturer or distributor results in the automatic expiration of the accept-
ance. The product must then be resubmitted and reevaluated.

c. Product Classifications

1. Acceptable

This is the highest attainable classification within the Acceptance
Program, and entitles the manufacturer to display the Seal of Acceptance on
product packaging and advertising. A complete list of such products appears
in the Dentists' Desk Reference-Material, Instruments and Equipment,4 and is
published regularly in the Journal of the American Dental Association. The
award of the "Acceptable" clasification is for a three-year period, but -

acceptance is renewable.

*... . .'

?. Provisionally Acceptableph. ,

This designation is used when there is reasonable evidence of safety
and usefulness, but insufficient data to support the award of full acceptance.
The designation, "Provisionally Acceptable," may be used on product labels and
promotional material during the period of the award. These materials are list-
ed after the "acceptable" products in the publications mentioned previously.

Since these materials have only provisional" acceptance, they are reviewed
annually, and the classification is iot continued for any more than three 
years.

3. Unacceptable

This esilrastion is reserved for products which moy be co.sidered
dtngerous, ob a eolete, inferior, or useless. Such roteriails do not meet t he
provisions of the Accepta nce Progrim.

0
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The A.D.A. Certification and Acceptance Programs are the two main
programs used to assess dental products. Other avenues are available to
manufacturers of products not covered by either of the above.

1-5. COST OF THE A.D.A. ACCEPTANCE PROGRAM

One reason so few alloys in today's market have been submitted to the
A.D.A. for the Acceptance Program is probably financial. Estimates of the cost
of underwriting the laboratory and clinical testing and supporting documentation
range between $15,000 and $30,000. For some .maller manufacturers, there may
be greater concern for competitive pricing than for the seal of A.D.A. Accept- .

ance. This marketing strategy is merely a reflection of the apparent demands
of the alloy consumers--the dental laboratories. Should interest in the
Acceptance Program suddenly rise, then manufacturers and distributors might .-

feel more inclined to participate in such programs. - .

The cost of financing submission of an alloy to such a program would be
recuperated by an adjustment in the price of alloys. That cost increase would "'
probably be small and more feasible for the precious alloys, which offer some
latitude in profit margins. Most non-precious alloys are so inexpensive that
manufacturers require high volume sales to realize a profit. Yet, for fear of -

loss of business, the manufacturers must meet their customers' demands for both
precious and non-precious alloys. If A.D.A. Acceptance is made a requirement
in alloy selection, we will find we have few alloys from which to choose. More ::'

importantly, those few alloys may not necessarily be the best products on the -.-
mar ke t.-- .',

1-6. USE OF THE A.D.A. ACCEPTANCE PROGRAM

Although the PFM alloys can not be considered under the Certification
Program for lack of specifications, these alloys are eligible for participation
in the Acceptance Program. We recommend that you consider the use of materials ...
which are deemed "Acceptable," since the seal ensures some measure of product p.'-,,

testing and A.D.A. scrutiny. In adaition, such programs will remain viable
only if manufacturers are assured of their merit and value.

Consumer support of the A.D.A. Certification and Acceptance Programs
is strongly encouraged as a demonstration of the profession's concern for
safety and interest in quality dental products. '. .'.

1-7. THE DENTAL INVESTIGATION SERVICE (DIS) TESTING PROGRAM

Hundreds of alloys are available today for the fabrication of porctla~i-
fused-to-metal restoration, yet only 42 alloys are either A.D.A. "Acceptable"
or "Provisionally Acceptable." 7 This list of products includes both the gold- ,YI..
base and the non-gold base alternative alloys. Although updated periodically,
the revised listing appears annually in the November issue of the Journal of
the American Dental Association, and is an excellent reference.

:-
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However, specific information on the processing, or clinical performance, V. .
of these 42 (or any other) alloys must be obtained either from the dental lit-
erature or directly from the manufacturer. In some instance, little, if any,
data are available to assess the relative merits of certain alloys. As an .
example, reports on the behavior and performance of the high palladium alloys,
introduced in the early 1980's, are only now appearing in dental journals. At
the same time, even the more established systems continue to be scrutinized,
and are reported.

In an effort to assess the wide range of alternative alloy systems, a
preliminary testing program was undertaken at Tinker Air Force Base in August
1982. The areas of interest in this inital investigation were the non-precious
systems: nickel-chromium-beryllium, nickel-chromium beryllium-free, and cobalt- -.
chromium alloys. In the fall of 1983, under the auspices of the Dental Invest-
igation Service and in collaboration with several alloy manufacturers and
distributors (Appendix B),a more comprehensive pilot testing program was begun.
Designed to examine the non-gold base systems, the project was intended to
gather general information on these new, alternative alloys through actual,
hands-on" laboratory and clinical evaluation. .. , .-

Therefore, this report is a compilation of information and data gathered
during the course of this 3-year period. Including the work from the early
testing, more than 30 alloys have been processed to produce nearly 800 castings
and over 1000 units, by using 10 different casting investments.
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SECTION 2:

DENTAL PORCELAIN

IThere are two main components in the porcelain-fused-to-metal restoration:

namely, a metal substructure and a dental porcelain veneer. Together they form
one of the most widely used restorative systems in dentistry today. Therefore,
a report on the subject of porcelain alloys should be prefaced by an overview

*of dental porcelain itself. An appreciation of the science of dental porcelain
provides a strong foundation for clear communication of information related
to the properties and the limitations of this restorative material. Not all
dental porcelains are alike; however, they do possess features which make them-.--
similar to one another, despite individual differences.

*.t " ..% '-},

To better understand the requirements and demands of the porcelain-fused-
to-metal restoration, it is important to begin with an introduction to the
chemistry of dental porcelains.

2-2. THE CHEMICAL COMIPOSITION OF DENTAL PORCELAIN

Basically, materials which are referred to as "dental porcelains" are
crystalline minerals, such as feldspar, silica, and alumina (aluminum oxide)
in a glass matrix. 1  Natural tooth color and opacification are obtained by
the addition of metallic oxides to the porcelain powders. This description is
actually an oversimplification of an otherwise very complex subject. Therefore,
a little more information is necessary in order to understand just what is
present in the porcelain powders, how they were made, and how and why they
should be handled (processed) within specific guidelines.

For example, the glass phase just mentioned is a non-crystalline, or .
amorphous, solid produced by melting high fusing cr stalline materials which, ..

at their melting point, form a very viscous liquid. With a glass matrix
composed chiefly of feldspar, some contend this material is more correctly
referred to as a "feldspathic glass," or "dental porcelain," rather than a
"ceramic."-3, 4 ,5 To avoid any confusion, the term"dental porcelain"will be
used instead of",eramic," and the corresponding casting alloys will be identi-
fied as porcelain-fused-to-metal alloys instead of ceramic alloys. Definitions . j"_

for these terms will vary, depending on the particular reference source; but an
acceptable designation will be chosen and used uniformly.

The complete porcelain manu'acturing process entails a series of rather
complex pyrochemicil rtactions. 3  The crystalline minerals (such as feldspar, ,
silica, and alumina) which make up dental porcelain are mixed with alkali metal
carbonate, and borax, and then fired to high temperatures to form a vitreous
(glassli~e) phase. 3 While the material i; still molten, the mass is quickly
quenched in water to actually preserve Ll,is glass phase.- The results of this
entire operation .re unique non-crystalline solids, c;ulled"frits,"which differ
from other solids because their atomic structure and properties ire based not .

- - - - - - - .. .Qv ... ~...-::...:..-j§..-..,
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only on their composition, but also on their thermal history.4 More A

importantly, the glasses can be manipulated, in both the molten and solid
state, to alter such properties as viscosity, melting temperature, chemical
durability, t ermal expansion, and even resistance to devitrification (crys-
tallization), w Thus, the term "fritting" is used to describe the process
of melting, blending, and then quenching these various glass components a'_L

to achieve a desired end.
4

Once the frits are produced, they are ground to the specific particle
size(s), established by the manufacturer for that particular porcelain.

Before the frits are bottled in the containers we receive, opacifying oxides
and colored oxides are added to the powders to impart a multitude of optical
qualities for very specific roles. Different designations are given to 0 __

each group of powders, based on their functional role, or color contribu-
tion. Normally, they are classified as opaque, dentin (or body), and enamel
(or incisal) porcelain powders with numerous color concentrates, such s
opaque and dentin color modifiers and external colorants (or stains )..
These are the basic components of a dental porcelain system, but there are
actually several different types of porcelain. A

In fact, three dental porcelains are generally recognized, and each isclassified according to its respective maturing or fusion temperature 1 : -.<'

HIGH-FUSING 2350-25000 F (1288-13710 C)
MEDIUIM-FUSIKG 2000-23000 F (1093-12600 C)
LOW-FUSI G 16OO-1950 ° F ( 871-1o66o C)

Since these powders are principally glass, with very little free crystalline ' %phase, McLean prefers to refer to them as "felspathic" porcelain, as opposed ,-

to dental porcelain enriched with alumina; i.e., aluminous porcelain.4

Each of these dental porcelains has its unique properties. The high-
and medium-fusing porcelains are similar in composition and microstructure.b -
Denture teeth are usually made from the high-fusing porcelains, while the
medium-fusing porcelains are used to fabricate pontics (i.e., trupontic). 6  [- .

The low-fusing dental porcelains are those which are fused to a metal sub-
structure to produce the porcelain-fused-to-metal restoration. 6 They differ
from both the h gh- and medium-fusing porcelains in terms of composition and
Vmicrostructure. Alumina is usually added, and little or no kaolin is found
in modern low-fusing porcelains. 7 Despite these obvious differences, they are
all regarded as dental porcelains and contain various percentages of some, or
all, of the following ingredients: quartz, feldspar, kaolin, and/or alumina.

a. Quartz

Quartz has a high fusion temperature, and acts as the frimeworK around
which the other ingredients can flow.7 Quartz helps prevent the porcelain on
the metal substructure from slumping in the porcelain furnace when the material
is in the liquid phase of the firing cycle. 7  In addition, quartz serves as a
strengthener to the porcelain.1

10

-,e- e- -.r-
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b. Feldspar ..

Feldspar is the main component of dental porcelains.7  It has been used
for a number of years, because this material lends itself so well to the
fritting and coloring processes. 4 By simply varying the balance of oxides(glass modifiers), low or medium fusion dental porcelain can be created

4

More importantly, the ratio of feldspar to the other ingredients in the mix-
ture separates dental porcelain from the industrial porcelains. 7 Actually, " %"'.
there are two types of feldspar from which to choose: potash feldspar,
and sodium feldspar.l,6  However, since natural feldspar is never pure, the
ratio of potash to soda could vary.1  The characteristics which each imparts -' -'
to the porcelain are different and need to be controlled.

1). Potash Feldspar - This type of feldspar is found in the majority
of dental porcelains, because of the translucent qualities it adds
to the porcelain.7 When melted between 2280-27300 F (1250-15000 C),
this feldspar fuses with kaolin and quartz to become a glass.

6

However, the otash form of feldspar increases the viscosity of the
molten glass , thus helping to control the pyroplastic flow (slumping)
of porcelain, during the firing process, to preserve the form of the
restoration.

2). Sodium Feldspar - The sodium form of feldspar will actually lower
the fusion temperature of the porcelain, thereby making it more sus- ..
ceptible to pyroplastic flow (slumping),1  but does not contribute
the optical quality of translucency seen with the potash form]7  By
and large, sodium feldspar is a less attractive substitute for potash
feldspar.

During processing, the feldspar fuses, decomposes, and produces a new
substance, an alkali alumino-silicate, called leucite.7 As the firing cycle
progresses the leucite is dissolved, if the rate of climb for the porcelain
is that prescribed by the manufacturer.7  Changes in the firing cycle may pre.-

, vent dissolution of the leucite, and thus prevent a weakened restoration and.
a decrease in translucency which reportedly can result.7  Leucite formation
is an important process of which to be aware for another reason. When Iiih
expansion dental porcelains are overfired, they can undergo a phenomenon kr-,oir
as devitrification.4  This is a reversal of vitrification, or the formation
of a liquid phrase, and the return to a crystalline form by the porcelain. *.\

The devitrification process is more common to the high expansion dental por- S-

celain, because alkali (such as soda (Na&O) and potash (K20), is added to
increase the expansion of the porcelain. Overfiring these porcelains, IT .'"P

the presence of alkali-like potash, can produce more leucite and lead to
devitrification.4 Fired porcelain which has undergone this devitrificaticn
process will be structurally weaker, and more opaque (appear cloudy)

4 -
However, fired dental porcelain powders always have a distinct amount of " he "
crystal phase leucite present.8  These leucite crystals are important because
they provide stability to the dental porcelain during fusion.8  Some cor,tend
that the devitrification (crystallizing) process is more of an academic insue
than an occurrence likely to be observed in dental laboratories today "..

J.

" .-.- I
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c. Kaolin

This third major component is a clay, formed from igneous rock containing ,. -,
alumina.7 Its major role is that of a binder, added to increase the mold-
ability of the unfired porcelain.7 This characteristic gives the porcelain
mass, and enables it to be carved. However, since kaolin is also opaque, it _

is added in very small quantities--or not at aill, 5 --thus precluding its in-

, corporation into the enamel porcelains; for its presence would reduce the
amount of incisal translucency.7

d. Alumina

Alumina is considered the hardest, and perhaps, the strongest oxide.4

Its coefficient of thermal expansion is quite similar to that of low-fusing
porcelains, thus making the two materials structurally compatible.6 Alumina,
which is only slightly soluble in low-fusing porcelain, improves overall.'--. ,

strength.6 Alumina is also added to increase the viscosity of the melt,
without opacifying the porcelain.4  McLean developed a fourth variety of __

dental porcelain by adding alumina, between 40 and 50% by weight, to low- 0
fusing porcelain to form the core porcelain; and, by adding between 5 and
10% free alumina, to create the dentin porcelains. 9  The resulting aluminous

JI porcelain is used today in the fabrication of porcelain jacket crowns, but is
I not suitable for the fabrication of the porcelain-fused-to-metal restoration.1 0

2-3. THE VARIETIES OF LOW-FUSING PORCELAINS

Today, numerous manufacturers offer low-fusing dental porcelains which
frequently differ in terms of particle-size distribution, handling character-
istics, shrinkage, esthetic value, and cost. Generally, each kit contains a
series of opaques, with corresponding dentin and enamel porcelains, as well

as color modifiers for both the opaques and body porcelains. Corresponding
surface stain kits are also available which are compatible with the body
porcelains. Porcelain systems are generally available in shades matched to

- either the VITA or the BIOFORM shade guides. One porcelain is available to
match the new IVOCLAR* shade guide, which differs entirely from both the
VITA and BIOFORM shades. A new porcelain system has been introduced recently
which does not rely on dentin porcelain color, because shade matching is
reportedly initiated by the opaque, and finalized by the application of
surface shading porcelains.. -

The newest addition s to the porcelain family h'ive been the development of
the opacous dentins (Vita porcelain ) and the shoulder porcelains (Vita ,
Crystar and the Will-Ceram* porcelain systems--Fig. 2-1). However, none of
these materials were examined as k part of this particular project.

* Will-Ceram Po:'-elain, WiiLiama Gold kefining Co., Buffalo, NY.

Shademate Porcelain, Dentsuly International, Inc, York, PA.
Vita Porcelain, Vita ZahnfibriK, Haid Sackingen, West Germany.
Crystar Porcelain, Vident, Baldwin ParK, CA.

.5 . ."..o. . .. . . . . . .. . . .
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Figure 2-1. The porcelain-fused-to-metal
crowns on ie maxillary left central and '-,-"'
lateral incisors were fabricated with ..'
porcelain labial margins by using Crystar
Shoulder Porcelains (Unitek)* and Olympia
metal (Jelenko) **

'~. ,'.' -,

a. Opaque Porcelains -..

As their name alone would indicate, these porcelains are opaque in nature
by virtue of the addition of insoluble oxides, such as titanium oxide (Ti0 2 ),
zirconium oxide (Zr02 ), tin oxide (Sn02 ), cerium oxide (Ce0 2), and zircon
(Zr02-Si0o) Other oxides include rubidium oxide, barium oxide, and/or zinc
oxide.l',,,6,7,11,12,13 These oxides have high refractive indices, so they -. -.

scatter light, rather than permit it to pass.1  Generally, the oxides appear
in opaque porcelains in amounts between 8 and 15%, and may be ground to a very "" ..,

fine particle size (less than 5,um)4,13 Woosley et al. have suggested that
small differences in particle size might dramatically affect the ability of
opaque porcelains to mask the color of a metal substructure.Ih Equally as '.
important is the nature of the oxide layer produced by the metal substructure
itself. The masking power of an opaque porcelain may be influenced both by the
amount and the color of the oxide layer created by the oxidation (degassing)
process.

When mixed with ceramic and glass stains, these porcelains can be colored
to correspond with the basic body shade.1 1  The high densities of the oxides
require that they be finely ground to prevent physical separation from the
base porcelain powders.11  Other additives are introduced to simulate natural
fluorescence in the opaque layer.11  This opaque layer serves two main func-
tions: first, it wets the metal surface and establishes a metal-porcelain
bond; and second, it attempts to mask the dark color of the metal oxides.

The opaque powders are mixed either with a special liquid or distilled
water, and generally are applied directly to the porcelain-bearing areas
after the metal has been oxidized (degassed). For some alloys, the opaque" .
may be applied directly to the oxide layer: with others, the metal should

• Unitek Corporation, Monrovia, CA. .'

** J. F. Jelenko & Co., Armonk, NY.

13 V'
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first be air-abraded to remove the initial oxide film. With a few of the +,,v
high palladium alloys, no oxidation is performed; so the opaque porcelain miiay
be applied directly to the finished casting immediately after air-abrading and -

cleaning. Regardless of the particular post-oxidation treatment, apply a 1thin
layer of opaque liquid (or distilled water) to the porcelain-bearing area prior
to the application of the opaque. The liquid will fill the tiny pores on tle
metal surface and wet the metal surface. As a result, no liquid is drawn 'ro, .
the wet opaque, a process which would dry out the mix and inhibit even coverae,
The liquid will not only draw the opaque to the metal surface and promote more . .
complete coverage, but will help to prevent opaque bubbling. The metal subs ..ri.-"
ture, with dried opaque, is then vacuum-fired in a porcelain furnace, according " .
to the porcelain manufacturer's instructions, to a predetermined maximum temper
ature (1725-1850 OF) at a specified rate of rise (90OF/min or greater). This .
high temperature setting is generally slightly above the maturing temperature
of the body porcelains, to reduce the likelihood of opaque dispersion into h.'
body layers."

Many now recommend a two-stage opaquing process, rather than attempting to
mask the metal with one thick layer. The first application of opaque is simply .
a thin layer to initiate the bond with the metal oxides and permit the diffu.
sion of gases, or other possible contaminants.9 The second application of
opaque should cover thin spots and mask any remaining gray areas. 9

In general, opaque dental porcelains have two major weaknesses. First,
they can not be glazed, so any exposed opaque should be covered with a body 4 '

porcelain and refired. Second, they tend to be very bright (high value) . .
if insufficient body porcelain covers them, they will make the restoratlio
stand out. The high value is responsible for what is often referred to.
"lemon drop," or "halo" effect in an anterior crown when the body porcela.i , .
thinned at the incisal one-third. Proper two-plane tooth reduction ca, I

this problem, however. 0

The exact thickness of opaque to mask the metal and the oxides will tiot. i "'.
vary between dental porcelain systems, but will vary for different sbsnCe,"
the same porcelain.,l415 Barghi and Lorenzana reported an opaque fill "

ness between 0.2 and 0.3 mm to be appropriate in one comparative study
VNl l( and Ceramco porcelains.1 5  They also noted that the necessar,
of opaque (0.3 mm) required body porcelain thicknesses between 0.5 and .
to match the shade guide.1 5 Woosley et al. examined the opaques from f i ,-
tal porcelains (Vita-MK-68*, Ceramco "B"**, Biobond**, Neydium "B"'  ..
Will-Ceram ****), and noted substantial differences in masking power, (-

"B" had the highest relative masking power in four of the five shades te ,
and was second highest for the fifth shade. Neydium "B" was second. in r...

the five tests, and third in the remaining two. Biobond was f'' .

Vita Zahnfabrik, Bad Sackingen, W. Germany.

• * Ceramco, Inc., Johnson & Johnson, Inc., E. Windsor, \.I

entsply International, Inc., York, PA.
J. M. Ney Company, Bloomfield, CT. ..

WiLliams Gold Refining Co., Buffalo, NY.

14
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second in another, and third for the remaining three shades. Vita VMK-68 was
fourth for four shades and last for the fifth test. Will-Ceram had the lowest
relative masking power in four of the five shades, and was fourth for the fifth
shade. Statistically speaking, Ceramco "B" was significantly higher than the
remaining opaques for only one shade (65). In the remaining four test shades,
the differences were relative values and not great enough to be statistically .a ___

significant

Avila et al. subjected the opaques of the three dental porcelains (Vita-VMK-68,. .

Ceramco, and Biobond) to varied opaque firing cycles. 16  They reported that
color changes did result with alterations to the recommended firing schedules. .- -
In fact, most color changes occurred when the oo ques were fired less than
400 C below the recommended firing temperatures. i In addition, no noticeable -- --

color changes could be detected y their ten observers when the opaque porce-
lains were overfired by 600 C.1  More importantly, this study substantiated
the finding that opaque masking power varies among dental porcelains. The -

color of Biobond porcelain was less affected by firings at varied temperatures -. ,

than either Ceramco or Vita-VMK . Avila et al. and Barghi used a high-gold
content porcelain alloy (Jelenko "0"*) for the metal substructure.15 ,I5.

%.," %,
In a recent report, Lacefield et al. noted color changes in dental porcelain

as a result of repeated firings using palladium-base alloys, rather than gold- . ..

base metals. 17 In this study, 0.1 mm of opaque and 0.75 mm of body porcelain
were placed on disks of a high-palladium-copper, a high-palladium-cobalt, a -' "

palladium-silver, and a gold-palladium alloy. Four specimens of each type were
fired and glazed using conventioial techniques. Each disk was cut in half, and
one h-ilf was subjected to 5 additional firings at 1725 OF. The other half
served as the control group and was not refired. Chromascan measurements were
taken, along with visual examinations by 4 clinicians. Significant decreases
in "value" were detected in those specimens subjected to repeated firings. In
the visual in5pection, the examiners were able to observe a significant color W
diff trence between the specimens for the high-palladium-copper and the high-
palladium-cobalt alloys. Some of the minor alloying elements were found to
hve actually diffused into the porcelain as far as 50 um, or more, as in the
cvie of -atI lum. The authorc concluded that the presence of high concentra-
tions of certi: mt-tl-s in the porcelain may have accounted for the lowering '
of the shade aluhe. The five additional firings may have been responsible
for the difuslon of" tt' mptals. I-( The dental porcelain used was not
identified, nor werF, the, results for thc palladium-silver or gold-palladium
specimens jnclui,. . A point of interest in this study is the thickness of .-

opp~ ie used for -ach -ff thr, sfeInmens (0.1 mm). A dimension of 0.1 nrn is -
[rd to o,,--hi.f the recommended thickness for the opaque layer; and this

iacL leads one to wondecr if the results might have differed if 0.2 or 0.3 mm "L_ "__

of opaque had beeni j,. .. ' ...

In a relat~et .-tiiv, J-tcovltes et aL. tested the masking power of several -.

opaques on n,' 1 :Inm-rrr:e alloys (hlih-pal ladium-copper, high-palladium-
cobalt, anr i :i i cn-..v'-r) i.- we 1 as on a Tol1-p-illadium alloy. 18  Using

.Arm, , NY. .* .
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a 0.1-mm opaque layer and both the Chromascan and visual observation, Jacovides
A et al. noted that certain high-palladium alloys were more difficult to mask

than others. Only the high-palladium-copper specimen with Ceramco II was
specifically named as manifesting a decrease in value, chroma, and a change
in hue. In addition, no significant differences in color could be identified
between alloy groups when Biobond* opaque porcelain was used. The authors ___

also concluded that with certain high-palladium alloys (unnamed), a thicker
opaque layer will be required with certain porcelains (not specified in this
abstract).1 8 As emphasized previously, an opaque layer between 0.2 and 0.3 mm
is generally recommended, especially for the high-palladium alloys.

Our general observation is that color changes may occur in dental porcelain
as a function of the inherent oxidation behavior of the particular alloy system
or group. Even under optimal conditions (an opaque thickness of 0.2 to 0.3 mm),
undesirable color transformations may occur. For example, alloys in the high-
palladium-copper group produce a gray-to-brown oxide which may be responsible
for a lowering of the value, and a "graying" of the dental porcelain. The blue- k"-.
gray oxide layer of the high-palladium-cobalt alloys may result in a "bluing"

of the dental porcelain.

b. Body Porcelains

There are actually 3 traditional types of porcelain powders which are
collectively referred to as "body porcelains:" dentin (or gingival) shades;
enamel (or incisal) shades; and modifiers.6  They are all low-fusing porcelain
powders, but are distinguished by the amount of oxide colorants in the case of -
dentin and modifiers, and the virtual absence of color in enamels. 6 The desig- ....

nations, dentin and enamel, are preferred by the author because they better .

represent the intended roles of these particular porcelains. As an example, .

dentin porcelain may be placed in the incisal, or occlusal, one-third to
support the incisal edge, or a cusp, and is not limited to placement in the
gingival one-third of the tooth. At the same time, enamel porcelains can
be applied from the incisal one-third, through the middle one-third, and be
subtly blended into the dentin porcelain.

All three porcelains have the same chemical and physical properties, so .....
they may be intermixed freely for custom shading.6  The modifiers are color M'.

intense, and the dentin porcelains are color predominant, while the enamel
porcelains are color reduced. What mnkes all three the same material, yet
with a different appearance, is the intensity--or lack thcreof--ofr met|il I ic "..

oxide pigments.'

Listed next are several of the oi~tments which mi,-ht b- Ls,d to obti--
some basic color effects:

Ceramco, Inc., Johnson & Johnson, nost ,ini. , .

** Dentsply International Inc., Yor-z, %.

N .. ,'
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YELLOW One of the predominant colors in most teeth is derived
from either indium or praesodymium (lemon), both of which
are stable pigments. Vanadium-zirconium or tin oxide,
diluted wit' chromium, are also used but are less stable.

GREEN 7s deve-cped_ from chromium oxide but, having the character- ,

istic color of glass, is avoided in dental porcelain.

PINK - Comes from either chromium-tin, or chrome-alumina, and
helps eliminate the greenish hue in the glass, thereby
creatin7 a warm tone to the porcelain. Although these
pigments are stable only to a temperature of 1350 °C,
they are useful in low-fusing porcelain.

, .; .': -,'

WHITE Is achieved through the use of opacifiers such as cerium -

oxide, titanium oxide, and zirconium oxide (zirconia),
with zirconium oxide being the most popular.

BLACK - Is produced by iron oxide.
. ...'5..-.

GRAY - Is derived from platinum gray, or by diluting iron oxide.

BLUE - Is obtained from cobalt salts and used for enamel shading. -

Body porcelain powders are normally color-coded with organic dyes so that
the dentin powders are pink and enamel powders are blue. The body modifiers
take on the particular color of the inherent pigments. Some brands of dental
porcelain are not color-coded for identification, but liquid colorants (cojor
tags*) are provided in both red and blue. These liquids are color intense; ,
and the technician must color-code each mixture, since both the dentin and the
enamel powders are white. Some technicians prefer to use various color tags
to highlight modifiers and areas of custom shading and characterization during
the build-up procedure.

Through custom color tags, mixtures of A-3 and A-3.5 on the same glass
mixing slab, can be transformed into two distinct variations of pink. Without
such differentiation, the two mixes of standard color-tagged porcelain vould
appear the same color. The technician would have to identify the various

-. .. .- ..

shades, either by location or marking the mixing pad. Once the porcelain mix
is color identified, the technician establishes the proper consistency simply
by adding distilled water or a special modellin& liquid. The special liquids
do not dry out as rapidly as distilled water, and are most helpful for the
build-up of multiple sinzle units or for fixed cartial dentures. Tap water f
should NEER be used with denta! porcelain; for it is generally impure, and
these impurities could contn-inate the de:-tal porcelain and adversely effect
the fired restoration. '* 'V

The properly mixed combination of body porcelain powder (and modifiers---
if desired) and distilled water (or special liquid) is placed on all the

* Artis-Tech Porcelain, Rx Jeneric Gold Company, Wallingford, CT.
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porcelain-bearing areas of the metal substrate; dried; and then vacuum-fired

to a predetermined temperature. Maximum temperatures range from l72a 0. to
1800 0 . Th"e body porcelains actually will fuse over the oracue porcelain .-.

with a generally predictable amount of volumetric shrinkage, assuzing proper

condensation(water eliminaticn)has been achieved.The required thickness of body
porcelain, for acceptable color, will vary among porcelain systems, as well %"
as between shades within the same system.I-3  Barghi and Lorenzana recorted
that thickness values may range from 0.5 to 1.0 mm, with a 0.3-mm thic'ness
of opaque porcelain.

1

As previously mentioned, one exception to this general description is the
new Shademate porcelain system in which a relatively achromatic, high value,
build-up porcelain is used to build the restoration to full contour.'9  There A
are no dentin or enamel porcelains to add and cut back. In view of the wide -".•-

range of PFM alloys on the market, two build-up porcelains are available: one ... -

for low to medium thermal expansion alloys (Low); and one for medium to high
thermal expansion metals (Regular). Special surface shading porcelains are .

used to achieve color matching. This elimination of the cut-back procedure
and the application of internal color (aside from the opaque) can reduce the
amount of time the technician must spend on the build-up procedure. However,
one disadvantage is the great reliance on surface color and characterization,

as opposed to the development of color depth by layering (internal character- \'--

ization), as with the more conventional dental porcelains. Nonetheless, the
Shademate porcelain system may be acceptable for posterior restorations, and
of particular value to high production dental laboratories. .

c. Stains and Glazes

Unlike the opaque and body porcelains, stain powders contain less silica
or alumina and more sodium and potassium oxide, plus special colorant oxides. 6

Stains also differ from color (body) modifiers in their high concentration '.

of color. 4  The higher oxide content gives both stains and glazes a greater .-.

fluidity at temperatures above 16000 F.6  Stains are mixed with lower fusion
point glasses, not to dilute the intensity of color, but to ensure their fusion ..

below the maturing temperature of the dentin and enamel porcelains.4 These ...

stains allow the development of surface characterization and color modification
for custom shading matching or harmonizing. Body modifiers, on the other hand, '
are added to and fired with the body porcelain.

Stains are balanced to correspond with tie coefficient of thermal expansion
of the body and opaque porcelains. Nonetheless, these materials should NOT be

routinely intermixed, since the stains have a higher fluidity. It is better to
alter dentin and enamel porcelain color with body or enamel modifiers than to
use surface stains internally. . -,

Glazes are generally colorless porcelain powders with considerable fluidity

at high temperature. Glazes are employed to ensure that the external porcelain
surface portrays a sheen or glassy appearance much like a natural tooth. To

the highly skilled ceramist, color development begins with the opaque layer, -

* Dentsply International, Inc., York, PA.
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is erhanrcedi by the body -ceala,: is hig4hli,,hted by a naituril (or self)
ga ze. 3urfaic- stains andi, glazes do not Thite provile the finite opticll

qualities, -)f a. T-!uremi ltntil r nau rlgIne They tire surfatce
chrateiat a ~ a ~ refract li,-ht differently than internal color%

mod if ica-t'ion ~ir-.n la-adentin -r enamel porct- Lain. Despite these
i m it ait iontst stains 'L[" t r v-- ion; f ar thiy e7natble the te-chn ic ian or
Cinia -fa~a' nm- .~ r corrt--t I >n Rno nomnenisate t' .r some,.

~ ,*~-... re ara~on tat nn ahi-t. value
(hr :ltneaP ~~- r- *1~ a: t- .hain -xe witn at iow ial. in other '..t

* woruis, if the :- r:. p ntnacoy orcelaii maiy be darkened
mor r- a. %h >

I Altoach.< i:.c:: . :zs ~-,"fiCu in: trit e.3tanl ishmeiit of ha.rmony of0-.
color wit!, -I! i-ee t3 r- -ra io.: azn9ca potentiaillly ha-ve ain
t' V r-c i- :-i, 1n )cus io-n. A vertical limensional
1h1- r a n r,- w .il wL occur durinpg the gaiopro-

-, z.- . I -r :- C auecone:- to su!,port -u-: Csi] porc -iai,,
-~i,'u*rn F n ~' ttF I 't-l ad ~aze, -tnd reglaDzinz- to minimize the

'A'

2-4. OXIDATION fDegassting) OF THE MET~AL SUBSTRUCTURE

Thcc of7' . '%r tt-tr- i~v % ;n-et~ s ubs tructure, i n e ither !Amos nhere
c r vaic uum, tc. e n-c hte icr cePla inri-bear in t s urf a ce- a nd /or to d evel op -an o xid1e4
layp r f ) r .. crti r c- i n,' i s te rme] " ox i i z ino (or degas s in-) . The Fubj-ct s
of' meta l nrcl -it-t ion:, 'x i'Jti, n, ani porce lain bonding_ are discussed in much
egr' ,er et> ne'tc -in 1n 4.

2-5. METHODS OF PORCELAIN CONDENSATION .

Af ter the DorceLain powders haiv been mixedi witn the appropriate liquid
to a proper consi3tenicy, they must be appliei to the metal1 substructure, con-
densed, andl fired1 (sinte -f.') . alIthou-h the process may sound simple, it. isa-.
not always perform-l corrtectly, anil cani result in ai wsaei, unesthetic restor-
tion. 'ine concienisa tior: procedure is simply an effort to pack the porcelaiin

% particles together by eliminating the liquid med-ium and air from the buili-up
(stac-ed porcela-i'n) . Any air bubbles present in the unfir-d stat- become, ':2

* vods n te fies rr'lai, a i cn lavethe restorat ion structurally weak.
These voidis ala' occuny spice which is intenided for porcelain nairticlca, aind'
thus can aidversely- affect tne color, as well a-s the onti cal qualities-, o)f the
restoration by sieai L' octy

Hence, the C-,to tht as a'in the less water and ir wi 1I rematin
ini the tcee: ; ,tr Obfure fi ri" net greater the 'omi)acticn of particles9,
the stronvger tbt fire -r- ', n- the more li-.ely the finail restoraition
will ajproach t ~ra': riici:-,'-ei expect- tions . :Pucces.- in porcelain

cosiencat~~ boy ~t O -'ii fatctors; (a) the size atnd' sh:are of the
rparc clami parti-les \-r rin (b t ne -mounat Of 1 1 I in tho mixed1 porel i
(c~ tne actuail tu-rnr' ce o" porce. t-in condei'nsation; ('fl the a1mount of build-up
lijuil fe lirninated rl . con lensation,7 a; (e) the use of vacuum firing .
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a. Particle Size

The strcngest dental porcelain will be the one with the greatest amount
of condensation, and the least amount of air Space. The commercial crcelains
on the marxet today are frequently described as ocarse-grained, mixed-grained,
or fine-grained. The coarse-grained variety is cften ccnzi'ered the easiest to
manizuiate; it also has the greatest" amount of firig snr .. age, but may not
offer the best esthetic qualities. The lave -iZe makes buil-2p and
carving easier. Porcelain systems of this tyce are most attractive t high
volume dental laboratories, where production must be rapid and efficient to
maintain a competitive edge in the marketplace.

On the other hand, the fine-grained porcelains have been described by some
as technioue sensitive and more difficult to manipulate. However, they do
not shrink as much as a coarse-grained porcelain, and produce some of the best
esthetic results. Handling a fine-grained porcelain may not be easy for a
technician accustomed to coarse-grained systems. The wet build-up may appear
to slump easily, particularly if condensation is not approached slowly. How- .,°.

ever, learning the requirements of any porcelain system and how to properly
manipulate a particular material is often a matter of training and experience.
An individual initially trained in the use of fine-grained porcelains might
consider a coarse-grained variety as technique sensitive by comparison, There-
fore, it may be better to identify the various dental porcelains as possessing
their unique handling characteristics. As such, they are not necessarily
"technique sensitive," they are simply different from one another.

The mixed-grained porcelains occupy a position somewhere in between the
fine- and coarse-grained systems. They reportedly possess (due to the varied
particle sizes) the "feel" and the handling characteristics of a coarse-grained -
porcelain, plus esthetic properties approximating those of a fine-grained
system.

McLean contends that packing density is also dffected by the shape of the
porcelain particles. 4 Particles which are rounded from a dry grinding process
tend to pack better than a wet ground powder. He believes that wet grinoing
produces angular grains which can create interferences and actually inhibit
the porcelain particles from settling into position.4 Whether or not such an ____

explanation is sufficient to explain variations in packing density is unclear.
Regardless of the processing method, wet or dry, the procedure itself involves
fracturing large particles into smaller ones. It is difficult to conceive of
obtaining round-eige particles with a fracturing technique simply by virtue of
the process itself.

b. The Wetness Of The Porcelain Mix

The development o' a properly condensed restoration does not begin when the
wet porcelain is appliec to the metal subtrate, but starts with the mixing of
toe dry porcelain powers with the build-p liquid. If the proper balance % %

between powder and liquid is not established, poor condensation is more likely

to follow. Therefore, if the porcelain instructions do not contain specific -. -
guidance cn the ideal appearance of a properly prepared mix, contact the
manufacturer, or ask a visiting technical representative for guidance.

"'---v"
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Mixing of the body porcelains with any liquid medium should be performed

with a glass rod, rather than a metal instrument. This step will avoid the
possibility of porcelain contamination by metal particles. It is difficult
to describe the appearance of a properly prepared mix, especially since some
manufacturers recommend a different consistency for dentin and enamel porc-
elains. One suggested test for the dentin mixture is to form the mass in the
general shape of a rectangle. Pass a blade through the middle longitudinally
and liquid should fill the center, if the porcelain is the correct consistency.
Too wet a mixture can result in running of the porcelain during the build-up
and condensation steps, "steam tears," and greater firing shrinkage. On the
other hand, if the mix is too dry, it will appear thick and be more difficult '-"
to handle. A dry porcelain mix may also inhibit the intimate contact with O
either the alloy or previous porcelain layer, and result in postfiring checks

and cracks, and a poor bond.

The enamel porcelains should be brought to a slightly wetter consistency .-.

than the dentin mixture to avoid layering or incomplete coverage. If the
dentin build-up has dried out, rewet it slightly before adding the enamel

layer to complete the contouring process. This step will saturate the dentin
porcelain ana prevent it from absorbing the liquid of the enamel addition.

c. Condensation Techniques

The numerous different recommended techniques to condense dental porcelain

are: (1) capillary action; (2) vibration; (3) spatulation; (4) whipping; and
(5) dry powder addition (or the Brush Applicationr Method).3, 4  Each approach
has its particular strengths and weaknesses, yet selection of an appropriate

method should take into account the skill level of the technician. Individual
variability among technicians and clinicians, as well as personal preferences,
must be considered when adopting a technique. Regardless of the method
or methods chosen, the body porcelains should not be permitted to dessicate
(dry out) during the condensation process.

1. Capillary Action - The technique of blotting a wet build-up with
absorbent paper (facial tissue) employs capillary action (surface r
tension) to withdraw the liquid and pack the particles together. 1 ,2

Ordinarily, this step is done in conjunction with one or more of the
other condensation methods. Capillary action or surface tension,
alone, does not remove all the available liquid. The cyclic action
of vibration, or whipping, followed by blotting is repeated until

free Liquid can no longer be forced to the surface of the porcelain.
A delicate touch is all that is necessary to initiate this mechanism.
An overly aggressive technique could dislodge the porcelain build-up
from the underlying metal, and shift the stacked porcelain from its
intended position. One exception is opaque porcelain, which should
not be blotted because the opaque could be lifted from the metal

surface.

21 '" " x
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2. Vibration -The easiest and simolest form 3f v,--r.o::-;.
by passing a serrated instrument over the ne cao:
the norcelain build-up is held, 7 or merelyta.-.-
Those who prefer to accomplish the build-up d.1 * --.-.

simply vibrate the entire cast. Once the excess W%__ _
the surface, the capillary action created by
out and forces the porcelain particles closer t
several devices on the market desizned to prmv
such as the vibrating brushes, spatulas, and
are geared toward maximum efficiency and mita-
equipment is often limited to final cordernsaticn
condensation for some other method. Witnout some :n4fl the delicate wet porcelain build-up will undoubtedly
equipment is helpful, since the ultrasonic mecna'_s- w
(little agitation) with a high frequency of vibraticns.

Once the porcelain build-up has been dried and wel! c~i-
further agitation could disrupt the delicate Dositicn _H
on the metal substructure.

3.Soatulation - With this form of condensation, a spatul c _
carver is used to apply, then rub (or pat) the porcel'--.-n

A liquid to the surface.',7  This particular technique brino S wioon

greater likelihood of porcelain dislodgement, rtclr :o r.
pressure is used, especially with the initial build-up. An U10-t

* dislodgement could then result in porcelain cracks.(

U.Whipping - This method may actually be -oth 4nor more t-,,Ln
of the vibration technique. As the ocrceaoin ~ O:a.
sable hairbrush is used with a -Tentle whihi :

lansur-face. A slight vibration 3s :-roduc w

liquid to the outside surface for blottoc. fi. r
mended as esoecially useful for t-he i,? r
hazard is that excessive mani-ua-t-.::nmin
fine carticles when blotting.-

5. D rv Pw iter i*on c. .iLe- r-~-' e f r . -

~o~:ot~on 'eta-o,, in wn-icn, dyur- i ..-

a~rea of' wet ore-l surface.4  _e
to s teX exitico U lui to Moiste n
removje the liqui by blotting. The -

sorrot ~ouacof rowder and placing ..

_ , perhaps, the 1 e as
avao.I rc'±I erhiuu 1e s. It is rertain'y

iry ~ increaseE the Poss hil',i
out, rez'>re~y r nonuniformly, anu ir r
n, e 3 - ro 3o .3

low-
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2-6. FIRING OF DENTAL PORCELAIN

After the dental porcelain has been mixed properly, placed on the metal
. substructure (stacked), and properly condensed, the next step in the fabrica-

tioe of t porcelain-fused-to-metal restoration is firing the dental porcelain. .

"he exact method of processing each porcelain is outlined in the instructions '-
wqich accompany each porcelain kit. Although there are a few general rules

which appear to be common to all1 the systems we examined, the specific limits
f-r the firing process do vary from system to system, thus further illustrating
the individuaLity of the products, and the distinct absence of standardized
han-linz. The processing instructions for one porcelain may not be successfully

"lied to another similar appearing product. Therefore, it is important to
fDLl w the directions provided by the respective manufacturer. -

Despite the need to adhere to the specific procedures recommended by
each manufacturer, several basic principles apply to the processing of dental' "..-
norreiain. 'his general information on firing porcelain is presented here,

is ollowei by a brief description of the products used.

a. Dr7ing

ne,-irdless of whether the material to be fired is an opaque or a body
,r a1ain, it must be thoroughly dried before the firing program is initiated.

a-r i restoration has been properly condensed, common procedure is to place
"green" (unfired) porcelain at the muffle entrance for a specified period

o time. The actual length of the drying period may range from 3-10 minutes. "'"--
A thorou-h drying of the restoration ensures the elimination of any liquid, .'

rem,..nin& in the porcelain build-up, which was not removed through condensation
L . The important feature of this process is the slow drying of the work.

Sudden exposure to high temperatures by placing units directly in the furnace,
or by beginning the predrying at too high a temperature, could be harmful to
the restoration. The intense heat might result in steam formation which could
bi.ow the unfired porcelain off the metal substructure or produce multiple
,n,[crocracts. Regardless of the particular result, the outcome is one to be
voi~e:. The baisic guideline is to start the predrying step at a relatively
low temperttture (1000-1292 OF or 540-700 °C) and to allow ample time (5-6 min)

. h muffle entrance. The drying becomes more critical as the mass of
unfired porcelain increases; i.e., more risk for the first body bake than for

the first or second opaque firings.

eme of the new programmable porcelain furnaces divide the predrying pro-
ce !ire into a "drying and a "preheating" step.* Each phase of drying can be
st at - time most appropriate to the particular porcelain and specific firing
ater. Ihe :rehe'iting setting orovides an opportunity to thoroughly heat a
- nli-n after it has already been dried. Many porcelain furnaces offer only
one :room~.n I drying cycle without a specific preheatina step.

* >:i~tiint ,:C, Dentsr-Ly International, Inc. YorK, PA %

p - %%
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One other function of the drying process which is often neglected is . z
the elimination of the organic additives in the porcelain; namely, the color-
coded dyes. During the initial drying stage, the water is removed and the
organics are carbonized (changed into carbon), during which process the free
carbon turns the porcelain a gray shade. Three factors are responsible for
the complete elimination of the free carbon: temperature, atmosphere, and tiv.r 0

To remove all the carbon, the predrying must be performed at a temperaturE' (4,f
800 OF with oxygen present (air firing), and for a sufficient period of L5ire,
If all the carbon is not burned off, it will act as a pigment in the porcelain
and cause discoloration.

b. Vacuum Firing '.

All the processing (firing) of the opaques and body porcelains is acuor-'
plished under full vacuum. Only the self, or external, glazing is done wiLh-
out vacuum (air fired). The vacuum is initiated and brought to its maximum .
level (28-30 mm Hg) BEFORE the work is fired to the maximum temperature. If - .
a manual oven is used, do not raise the temperature and then draw the vacuum,
To do so would mean the first few minutes of firing were done in atmosphere

*" rather than in vacuum.

Under vacuum, the air or atmosphere is removed from spaces between Li.e
powder particles to permit the porcelain to shrink to a denser mass. 4  Any.
entrapped air would not only be unesthetic (increased opacity), but would
weaken the material structurally. Vacuum firing increases the density,
strengthens the porcelain, and improves the esthetic quality of the fire".
restoration (decreases opacity).4  Some porcelains require the vacuum to he
released at a particular temperature, and followed by air-firing for a rrt
additional period. Other porcelains must be held at a maximum temperature-
for a specified time to permit proper maturing.

c. Temperature Settings

Each brand of dental porcelain has a low- and a high-temperatu ._
for every stage of firing. Generally, the low, set point temperature
is constant; and only the maximum, or high temperature has to be variec. fo'
each individual procedure. The low settings may range from 1000 OF (50o .
to 1292 OF (700 0C). The high settings vary between 1725 OF (940 °C) and
186o OF (1015 0C) for the two opaque firings and first body bake. It is,
uncommon to reduce the maximum temperature setting 10 OF degrees, or more Or
a second and third body bake, if they are required. an...,e-tct

These setting are general guidelines which must be adjusted to conuc,.,e
for the performance of individual porcelain furnaces. It is important Lo
calibrate furnaces periodically to ensure consistent performance and predict
able firing behavior. In addition, vertical loading porcelain furnaces, may .:IZ,2_
fire 50-75 OF higher than horizontal (front) loading ovens. Therefore , ".
adjustment in technique should be made for the particular equipment iii

24
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d. Cooling The Fired Restoration

When the firing cycle has ended, bring the work (units) to the muffle %
entrance to begin the cool down. This procedure is important, since dental -
porcelain conducts heat about 1,000 times more slowly than the metal sub-
structure.2 1  Therefore, do not immediately expose the restorations to the
cooler outside environment (air); the thermal shock may cause the porcelain
to crack. After several minutes, move the sagger tray from the muffle en-
trance to a protected area adjacent to the furnace. Do not attempt to touch
the porcelain until it has cooled to room temperature. The metal and the -

porcelain retain heat differently, and thus will cool at different rates.
Rushing the case at this point could possibly result in the generation of ..-.

cracks, both visible and invisible. Any rapid exposure to a cool environment
(thermal shocking) could result in either immediate or delayed porcelain
fracture.

Cracking of the porcelain during the cooling phase may be indicative of "
a porcelain-metal incompatibility. Check with the alloy manufacturer if this %
problem persists despite appropriate cooling technique. A0

2-7. THE DIFFERENT APPEARANCES OF DENTAL PORCELAINS

As mentioned previously, the majority of manufacturers color-code the . .
respective body porcelains so the dentin powders appear pink or red, while the * -
accompanying enamel powders are blue. These are the universal colors chosen
for these two types of porcelain, regardless of the particular shade within "-'
either of these two categories. For example, the red dentin powder for A-I
(or 59) would look similar to that of a C-4 (or 82) dentin powder. This
comparison would also hold true for the various enamel porcelain powders.
Liquid color tags are commercially available for custom coloring of dentin, 9
enamel, and modifier powders.

The actual appearance of a PFM restoration will vary during the different .. -
stages of production: stacked and carved; predried; bisque (low, medium, and
high); and glazed (low, medium,and high).

a. Stacked and Carved Build-Up

During the initial stage of development, a restoration might ordinarily .
display a red dentinal porcelain color and a complimentary blue enamel layer.
Any modifiers placed internally might be masked by the intense red and blue
hues (colors) at this particular stage. Modifiers located on the external

* surface would probably be noticeable initially, but could lose their color
identity during condensntiton and blotting procedures. Also, as the build-up
liquid evaporates and th_ stacked porcelain begins to dry, the differentiated
zones of color tend to di.-appear or, at least, become less distinct. This 1P J*
effect is particularly true if the restoration is adjacent to a heat source
(lamp, porcelain furnace, etc.). Even before the actual predrying is begun, .-,.-
a carved build-up will begin to dry if left unattended for any extended

5.. ..

; . m,,.1
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period of time. When thoroughly dried, the carved build-up will take on a -.

"chalky" appearance, and even a gentle touch of the restoration will bring
out the dry, powdery nature of the porcelain. No major adjustments to the -
build-up should be attempted at this stage without first rewetting the
porcelain.

A new porcelain build-up liquid (Color Tru Liquid Binder*) has been .

developed which can enhance this particular phase of dental technology.
2 2

Described as an "organic liquid binder," Color Tru liquid can be matched to
the refractive index of each brand of dental porcelain.2 2  Consequently, the
wet porcelain powders appear almost as if they were fired porcelain, rather
than nondescript masses of liquid pink or blue porcelain (Fig. 2-2). As a

result, custom color and shade modifications can be visualized before the
porcelain is actually fired. An unfired "wet" shade tab could be created
chairside.

The uses for such a liquid are numerous and, in all likelihood, this
material will prove instrumental in improving the porcelain skills of dental
technicians.

Figure 2-2. "Color Tru"Liquid Binder,
mixed with dentin porcelain rather
than distilled water. This special -.
liquid permits the color of each
porcelain shade to be visualized in
the unfired state. 5

... . %.

b. Dried

Most manufacturers do not recommend firing a wet porcelain build-up
because of the destructive effects resulting from the sudden production of
steam. The standard technique recommended to avoid the possibility of rapid
heating of the liquid medium is to employ a lengthy predrying period. In other P'q
words, the porcelain build-up is exposed to a !(,w- emperature heat source,
usually the furnace muffle, for a specified n(rioa of time--up to 10 min for

some porcelains. As mentioned previously, or-i-A'' crolorants in the various
body porcelains carbonize and initially gr~iy 1he ni r Ld-up. However, by the

end of the drying time the entire porcelaii _i - should appear chalky white,
and no traces of moisture or organic colorrnt,. . be dete.ctatle. At this

. point, the restoration is still not ready to be f! -i. Th- porcelain build-up

1 " " ' * Forsyth Dental Center, Boston, MA. "* "

• -, ,
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must be heated slowly and brought up to the temperature of the idling furnace.
To best accomplish this purpose, the restoration is gradualLy introduced (or

walked) into the porcelain furnace muffle if you are using a front-loading
manual oven. This is a timed walk which should take at least 5 minutes. At
the end of this neriod, the build-up should be positioned directly under the
thermocouple, with the bulk of the porctlain facing towards the heating coils
of the oven and away from the muffle entrance. The muffle door is closed, a
full vacuum is dIrawn, and the restoratio. is fired to the recommended maximum
temperature settin-.

The automatic and programable porcelain furnaces have made it easy to

perform the prehe- atig procedure consistently and accurately for almost any
porcelain systema. Tnese furnaces have also eliminated the requirement to O
manually walk the work into the muffle and to place the restorations in the
ovens correctly. Avoid porcelain furnaces which initiate the vacuum before
the burning temperature of carbon is reached. The premature elimination of
oxygen (vacuum) can lessen the likelihood of total carbon removal.

,0

.. Bisque Stages

Maturing dental porcelain is dependent on both time and temperature. Each
porcelain system has a orescribed set of established maximum temperatures for
each stage in the fabrication process (opaque, body porcelain, and glaze).
Vacuum-firing a predried build-up of body porcelains produces a restoration .4
in the bisque stage. The appearance of the porcelain will vary with the
level of maturity' achieved as a function of time and temperature. Moreover,
color and translucency are particularly dependent on the level of porcelain
maturity.7 Z.

1. Low Bisque - This is the least mature stage of development in which
the grains of porcelain have only begun to soften and fuse at their
contact angles.l,4 Structurally, the porcelain is both weak and
porous. 4 A porous surface means the restoration is particularly
susceptible to contamination until the maturation process is complete,
and the out-r surface is completely sealed.1 ,7 The porcelain may
appear opaque, and not display good color and sheen.l,7

2. Medium Bisaue - In this next level of maturity, the porcelain grains "
have fused together more substantially, less air (or atmosphere) is "-"
present, annd some measure of shrinkage has occurred.l, 4 The porcelain ..
is still s ihtly porous but certainly not as much as that in a low

4 .bisque. i. ir (or atmosphere) which remains internally, and is unable
to escape iring the sintering orocess, will remain in the porcelain . "
as vor . Yi th me. ium 'uu, a -ieen is more apparent, but the
porclai.*n siil Lac.s full coor ,tnl translucency. 7

3. High eis~q - A hit.-h h .q ; the desired stage of matured porce-
lain devei::mernt in which the 'r,-ins have fused, and the maximum
amount of air (atmosphere) has been eliminated for the level of conden-
sation an vcuum ppLie-J. The appearance of the external surface of .
the fire,, r k e-%'n may range from an orange peel Lexture to a smooth

%- - -K
.~ . 5 ... ' , .k-* . ;-..:.~'
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sheen. The smooth f nso :" t jh.- outer surface is completely
sealed.l,4,- 1:th snrin-:.--- : rr...t :i s ,Lm~nted as much as
possible, the .urf~ce sti I n. _ e r--zut fe-cures are rounde0, not

sharp. At this st'age the n7r.>L<L- n=.s ' l n Levtl of strength, and the
majority of the shrintgi n.ermt finaL %aiustments .-"-
prior to sz in ,, r: . . . , t affect
the accur cy a: 1 - re to s- .

4. Overfired - When h., - i ,.r too nigh a
V temperature, a r _-c- t,- rti4 mIn r ,F. l., t his instanc-, no

further shrin'o-e occurs, a: : tisrc':.; is Lassy smooth with
little or us surf-ce tex'r . 0o much tr'nscarency occurs, thus
giving the r ' rayr rue .c rin l J n llazing may ..

not remedy these chances, since overfiring is riot .. surface phenomenon. .---

d. Glaze Stages

The manipulation of time and temperature during the firing of dental por-
" celain can also be applied to the deveLopment of a final glaze. Teeth differ
* substantially in both texture and sheen, thus making one standard technique
, for glazing impractical. Since a properly fired restoration should be sealed
* externally (high bisque), the glazing cycle is helpful in creating the parti-

cular cheracterizations of a life-like restoration. External (surface) color
modifications, or highlights, along with surface texture adjustments and the
development of a final sheen, can all be developed through glazing. A natural
(or self) glaze is senerally preferred to an externally applied glaze and
usually produces a more vital anpearance. Unfortunately, shade discrepancies
between restorations and adjacent teeth frequently require external color
modifications or characterizations (glazing and/or staining) in order to
approach a level of acceptability.

Repeated firings may diminish the quality of a self-glaze (autoglaze) due
to a slight surface crystallizaition, a loss of porcelain fluxes, or a change
in the composition of the porcelain (a reduction in the glassy matrix). 2 3  .- .'"

1 1. Low Glaze - This initial stage of glaze is just over the level of
maturity for the porcelain.7  The restoration may appear smooth, or

* textured, yet lack any appearance of a high sheen. There are patients
in whom this low glaze would appear acceptable for the glazed restora- *

tion to blens harmoniously with the surrounding natural teeth.

2. Medium Glaze - A medium glaze has a higher level of sheen and is
probably suitable for most p tients. 7 It can be obtained from the "'-. '

low laze by holding the restoration at temperature for a slightly
longer perio, of time. The r verse is not necessarily true, however.
If you w'rit ' low o "'V,,'"but lvrfi re the -porcelain, thus producing a
mekii_1=_ you m__y h_ _br the, l'-ze and refire it at a

lower temperature or for a shorter period of time. This procedure
is necessary if you catnno r a L the surface satisfactorily through
mechanical means (pol : sht ' or rub,-rwhej,-)"

",. ,-. -.,

.-.. ... _.....-....... ..-.. . .. .. . . '. _,-..'. ;_,-, ._.. .. 'x.' ,--.-
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3. High Glaze - When a restoration is overfired because of too much time
at temperature or too high a temperature, or both, a hh glaze will
result. This stage of glazing is to be avoided because the porcelain
begins to coalesce, losing not only its form but its color, translu-
cency, and strength.7  Ove'glazed crowns do not look like teeth, but
take on a glassy appearance and look unnatural. They may also undergo
"devitrification" and appear cloudy.4  Not only is the porcelain struc-
turally weaker, but it also becomes more opaque as devitrification %
continues. If a loss of form is noted, the glaze should be removed to
permit refiring with additional body porcelain before reglazing.
However, grinding and refiring with additional porcelain is not always
successful, because the added porcelain must carry the entire shade O
burden. The porcelain is still overfired, and becomes even more so

with the firing of the added layer. Consequently, removing the porce-
lain and rebuilding the restoration may be what is actu =,ly necessary -.

to resolve the problems of overfiring.

2-8. DISCOLORATION OF DENTAL PORCELAIN

No discussion of dental porcelain would be complete without some mention
of the subject of porcelain discoloration. Aside from inadvertent porcelain ".
contamination due to poor technique, the culprit for contamination to which
most technicians will readily point is: silver. This topic, which is covered "
in greater detail in "Section 3," can at least be introduced at this point to
clear up a few misconceptions. -L"-.

First: Desocon the presence of silver in an alloy, the dental porcelain

will not a s be containated, and subsequently "green." When present, the

actual form of the discoloration may vary from green to yellow, to orange, or
even brown, and it miy only be noticeable in the very light shades of porce-
lain. 1 2  In the darker shade ranges, discoloration might not be detectable even
if present. More importantly, silver does NOT discolor all dental porcelains.
This particular [oint is not often emphasized; and few realize that there are
two porcelain systems, available today, which are chemically compatible with -

silver-containinty alloys and therefore resistant to "greening." The first and
oldest system is Wfil-Ceram Porcelain,* and the second is the recently intro-
duced Artis-Tech Pcrcelain. ** We used both of these porcelains with the
palladium-silver alloys, and no discoloration was observed during our telti-g--•
oeriod.

Second: The exact mechnni::n o;' the discoloration process *:Z not LY
understooi, but silver vaacrr, jl-evei to be at the heart. f tht N -V
PreventinF the v',rorization of silver from the silver-contai::4irn ys
impossible; however, some of the rt-commende, ' echniques ,are se .. tei i t% %

discussion of aLtdiwr-siiver alloys in " ,ction ."

Rx. er- .r <, - : ' :- - , *. " -
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2-9. FAST FIRING OF DENTAL PORCELAIN - -

This is one of the more interesting concepts that is being promoted by
some members of industry. Traditionally, dental oorcelain has been fired
(sintered) at a rate of 5 c-CC 0F/min (32-55 0C/min) depending on the part

cular porcelain system involved. Suddenly, interest has arisen in accelerattng
this rate to levels up to 400 0F/min. The chief benefit to be derived from
purchasing a porcelain furnace which can provide this carability is the say-
ing of TIME. Yet, to mature dental porc('liin, a balance must be maintained.
between time and temperature. If the rate of firing is increased, it would
be exoected that the porcelain firing cycle would have to be adjusted in
terms of temperature to compensate for the decreased firing time. The maximum
temperature setting could be increased, or the porcelain could be held at o

prescribed temperature for a specified period of time.

If no adjustments are proposed to the firing schedule, then the belief
in a traditional time and temerature relationship for porcelain maturity Is
to be questioned and challenged.

The benefit of fast firing at a rate of 400 OF/min (204 °C/min) over the
course of a normal 7-8 min cycle would be a savings of approximately 5 mmr. .

Unfortunately,not all manufacturers support the concept of fast firing Vhcir
porcelain products. If they do permit it, they stress the need to adjust

the high temperature setting or extend the hold time, if one is normally
recommended. These modifications do not completely restore the time and.
temperature recommendations, and can reduce any theoretical time "savings'.
attributed to the increased firing rate.

Undoubtedly, more information will become available if interest in -iis . .
concept gains momentum. In the interim, the respective dental porcelai.n. 6N

manufacturer should be consulted before making such a major modification to -

the recommended processing instructions.

2-10. CLASSIFICATION OF DENTAL PORCELAINS BY THERMAL EXPANSION

Technical manuals contain a great deal of discussion concerning the
relationshio between the coefficients of thermal expansion of the casting

alloy and the dental porcelain. However, few manufacturers provide such iech- ';-
nical data with their alloy or their porcelain. The following descriptio-,,...
of the dental porcelains examined in this evaluation are provided solel' U'y

guidance : ---a"

HIgh Expansion Medium Expansion Low Expansi,

Cry -tar Jelenko Artis-Tech
Shademate Reg Shademate Lov-

Will-Ceram Vita

L.2.
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The alloy manufacturers were also asked to provide the coefficient
of thermal expansion for each alloy in the program. That information, wh-n -
provided, is presented in the "Mechanical and Physical Properties" section
of the respective alloy description.

Although it is now generally believed that the coefficient of thermal '2A 4
expansion of the alloy should be greater than that of the dental porcelain,
manufacturers may be reluctant to provide these data for several reasons: ,-'.-

a. Although people believe that the use of the coefficient of therm;ti
expansion can predict compatibility, it can not. There are many
factors which make up compatibility, and the coefficient of therml

expansion is but one.2
4

b. Coefficients are measured in a manner completely foreign to stanl ar.
porcelain fabrication, so they are good only for quality control.

4 .
-.-.,-..-.¢

c. Coefficients are generally measured in expansion, while contraction
characteristics are the important parameters in actual use.2

4

d. Reproducibility of results is unreliable between instruments, as
well as users of those instruments. If one manufacturer measures
an alloy and another the dental porcelain, there is no credibility
in comparing the two results.

2 4

2-11. INFORMATION AND PROCESSING INSTRUCTIONS FOR SIX DENTAL PORCELAINS

The following material contains general information about several of the "" .
dental porcelains on the market today, and possibly in use at U.S. Air Force \. "
facilities. Only those systems which we actually examined are included.

The firing schedules should be used as guides only, since the specific

temperature settings and performance of each porcelain furnace will vary. More-
over, variations can also be anticipated between front loading and vertical
loading ovens, as well as between manual and automatic or programmable
furnaces.

a. Artis-Tech Porcelain (Jeneric) ATTACHMENT I

b. Crystar Porcelain (Unitek) - ATI'ACHMENT 2

c. Jelenko Porcelain (Jelenko) - ATTACHMENT 3

d. Shademate Porcelain (Dentsply) ATPACH4ENT 4

e. Vita VMK-68 Porcelain (Vident) ATTACHMENT 5

f. Will-Ceram (Williams) - ATIACHMENY 6

g. Cost Comparisons of Various Dental Porcelains - ATTACHMENT 7 , -.

31
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ARTIS-TECH PORCELAIN

GENERAL INFORMATION '.,"

GRAIN SIZE: Coarse-grained THERMAL EXPANSION: Low Expansion

AVAILABLE SHADES: Vita-Lumin (A-1 thru D-4) and Bioform (59-82) Series...--.-

DISTRIBUTOR : ""' -
TOLL-FREE PHONE NUMBER:

R. Jeneric Gold Company 1-(800) 243-3969, Ext. 212 or 310 :''i<

Jeneric Industries, Inc.
P.O. Box 724 COMMERCIAL PHONE NUMBER:
Wallingford, Connecticut 06492 1-(203) 265-7397 (in Connecticut

and outside U.S., call collect)

vO

TELEPHONE CONTACTS: REGIONAL SALES REPRESENTATIVES:

Laboratory: Mr. Grant Day No
Mr. Rick Tobey

Research: Dr. Arun Prasad W'-,"

COST: The unit price for each type and size of porcelain is listed with .the per gram(g) price in parentheses.

1 oz. (per g) 4 oz. (per g) 8 oz. (per g)

opaque $ 7.95 ($0.28) $ 31.80 ($ 0.28) $ 63.60 ($0.28)

"gingival" $ $ " $ .] .
S.....

"incisal" $ " $ $ " $

modifiers $ " " $ " " $ " " . .

add-on

porcelain $ " " $ " " $ " " ""-

Clear Glaze $ 22.80 $ 0.60) N/A N/A a "

6.5 1 oz. 4 oz .

Pre-mixed (wet) Color tags .- .-..
stains $ 9.60 ($ 1.48) (re, & blue) $ 3.60 $ 8.00

34o
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CRYSTAR PORCELAIN

GENERAL IfnORMATION

GRAIN SIZE: Fine-grained THERMAL EXPANSION: high Expansion .

AVAILABLE SHADES3: Vita-Luin (A-truD)Seis'LY

MANUJFACTUJRER: .-

TOLL-FiREE PhONE A2.TMBEh:
UntkCorporation 1-(600) 423-45o8

2 (24 South Peck Road
Monrovia, California 910lfh COPKThERCIAL PHONE NUMBER:

'-(818) 445-,7960

TELEPHONE CONTACTS: REGIUONAL SALES REPRESENTATIVES:

Training Lab Manager Yes

(Call person-to-person collect .- '-

on the commercial numb)

COST: The unit price for each type and size of porcelain is listed with

15 grams (per g) 50 grains (per g) 200 grams (per g)

opaque 3 .20 ($0.55) $ 24.00 ($ .48) s 98.80 ( 0.49)

II f, II f

"incisal I !I

5 grams (per LO 10gramns (per g

shoulder NA$L1.16 (.$1.12)
p~orcelainis

141

1%

. . . ... . ..



-SECTION 2: ATTACIMEfT 2-- '

. . -. '

E E

a~ 0 C0 0 00

.~'J E2 -

-C) 0)C

-0 0 0) 0 C0 0)

--- .

- -. - ;

C U_\ U_\ ,- "Coo--

, o o.

S... c-o-. c c

CQ)

C. .) .. .C . . . . . .

-. > > 0 >0" 0 > 0 u .. . ..

__ 0.- C.'

>- :>:> . 0 ~ "- - " ",. .

=< -"°- ' : .'i :: ::

Z. oC1 o- o u o,?

o XL 0 - . - I 7 ,,CC ."-'-. ..

£ - -o(2,- - .- '
* - ~-=•-< -;.

3 .. '. C .)2



A ,-V. ,,v

-SECTION 2: ATTACHMENT 3-

JELENKO PORCE-AIN

GENERAL INFORMATION

GRAIN SIZE: Fine-grained TBERMAL EXPANSION: Medium Expansion VIP.

AVAILABLE SHADE: Vita-Lumin (A-i thru D-4), Bioform (59-82) Series, and
Bioform Extended Range (51-56, 91-96) Series.

MANUFACTURER:
TOLL-FREE PHONE NUMBER

J. F. Jelenko & Co. 1-(800) 431-1785 .,

99 Business Park Drive
Armonk, New York 10504 COMMERCIAL PHONE NUMBER:

1-(914) 273-8600

TELEPHONE CONTACTS: REGIIONAL SALES REPRESETATIVES:

Technical Services Dept. Yes

COST: The unit price for each type and size of porcelain is listed with
the per gram(g) price in parentheses.

V.. 15 grams (per g) 25 grams (per g) 175 grams (per g)

opaque $ 7.50 ($ 0.50) $12-50 ($0.50) $ 81.oo ($0.46)

if if if ft ifttdentin "r
4 . . -

enamel " " ,, ,, ,,,_ -..

5 grams (per g)

stains $ 3.60 ($ 0.72)

3b- '..

"4,... ?

,,' .', ., , , .% ,".., .... .-.,. ", .f, ,,",~ j ... ,' .. -'. . .. ,.-.-, - -. ... .. .-. .-. . . .-.-. .. .. . .d.

4-. A '' '% '."., , "/ ";" -, . ' £ '""""-,bL-£'-,>,
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SHADE4ATE PORCELAIN

GENERAL INFOFMATION

GRAIN SIZE: Coarse- THERMAL EXPANSION: Low - Low to Medium Expansion

grained Reg - Medium to High Expansion

AVAILABLE SHiADES: Shade matching is achieved by the application of external

colorants only. In theory, any shade guide may be used which is within

the range of the available shading porcelains and external stains.

MANUFACTURER:

Dentsply International Inc. TOLL FREE PHONE NUMBER:

570 West College Avenue 1-(800) 233-9454 .. 5 55'

P.O. Box 872

York, Pennsylvania 17405 COMMERCIAL PHONE NUMBER: ,

S-(717) 845-7511

TELEPHONE CONTACTS: REGIONAL SALES REPRESENTATIVES:

Technical - Mr. John Appelbaum Yes

.5 
-• . -

COST: The unit price for each type and size of porcelain is listed with

the per gram(g) price in parentheses. '

8 grams (per g) 1 ounce (per g) 4 ounces (per g) 8 ounces (per g)

C-, opaque N/A $14.17 ($0.50) $51.38 ($0.45) $92.30 ($0.41)

build-up
porcelains N/A N/A N/A $68.02 ($0.30)

(reg & low .
expansion)

shading
porcelain $11.36 ($1.42) N/A N/A N/A

(body &
enamels)

grams (per g)

stains $ 6.16 ($2.05)

40
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VITA VMK-68 PORCELAIN

GENERAL INFORMATION -

GRAIN SIZE: Fine-grained THERMAL EXPANSION: Low Expansion

AVAILABLE SHADES: Vita-Lumin (A-i thru D-4) Series ONLY.

* MANUFACTURER:
TOLL-FREE PHONE NUMBER:

Vident 1-(800) 828-3839

5130 Commerce Drive . -
Baldwin ParK, California 91706 COMMERCIAL PHONE NUMBER:

1-(800) 960-7531

TELEPHONE CONTACTS: REGIONAL SALES REPRESENTATIVES:

Technical - Mr. Tony Torres Yes

COST: The unit price for each type and size of porcelain is listed with
the per gram(g) price in parentheses.

12 grams (per g) 50 grams (per g) 250 grams (per g) ..

opaques $ 6.88 ($ 0.57) $26.24 ($ 0.53) N/A
(VMK-68 Paint-On)

opaques $ it N/A
4.: (VMK-68 Standard) .. "Z-'.-

opaques $ " $115.60 ($ 0.46)
(VMK-88 Paint-On)

opaque modifiers $ " N/A N/A

dentin $ " $115.60 ($ 0.46)

colored modifiers $ N/A

enamel $ . $115.60 ($0.46)

opacous dentine $" " N/A

shoulder powders $ . N/A N/A

S rims (per ,

stains $ T.j ( p 07"Ol

42
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-SETON 2: AwPACEMnT 6-

WILL-CERAM PORCELAIN

..-

GENERAL INFORMATION

GRAIN SIZE: Mixed-grained THERMAL EXPANSION: Medium Expansion

" ,, ,'. I

AVAILABLE SHADES3: Vita-Lunln (A-i thru D-4); Bioform (59-82); Extended
Bioform (571757 and 91-96); and Ivoclar (Dol thru D6) Series.

-- s :noa ^rs.--. 6-

MANUFACTURER:

TOLL-FREE PHONE NUMBER:
Williams Gold Refining Company 1-(800) 828-1003 HOTLINE
2978 Main Street 1-(800) 462-7688 (in New York State) ..-.

Buffalo, New York 14214 1-(800) 852-7066 (in California) "
1-(800) 824-7925 (west of thee

Rocky Mountains)

COMMERCIAL PHONE NUMBER:
1-(716) 837-1000

TELEPHONE CONTACTS: REGIONAL SAXM REPRENTATIVS:

Education Department Yes
1-(800) 828-1538

COST: The unit price for each type and size of porcelain is listed with
the per gram(g) price in parentheses.

'oV .-. ,.

W imG20 grams (per g) 80 grams (per g) 240 grams (per g)

opaque $ 10.16 ($ 0.51) $ 37.15 ($ .46)

dentin "e$ 140.16 ($ 0.43)

enamel1-(00)824792 (e

* shoulder
porcelains $13.40 ($ 0.67) N/A N/A

"5 3.5 grams (per g)

stains $ 7.01 ($2.00)

44.
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--SCTON2: ATTACHMENT 7--

COST COMPARISON OF VARIOUS DENTAL PORCELAINS (per gram)V
-N

DENTIN or SHOULDER OPACOUS
BRAND OPAQtJFS ENAMEL STAINS POWDERS DENTIN

%
Artis-Tech S

1,4 or 8 oz. $ 0.28 $ 0.28-
6.5 g - - $ 1.438 ... ~.-

Crys tar

l1g- $ 1.12

15 g $ 0.55 $ 0.55 - -

50S $ 0.48 $ 0.48--
200g $0o.49 $ 0.49--
5 g - $1.6o

Jelenko
15 g $ 0.50 $ 0.50-

* 2 5 g $ 0.50 $ 0.50--
1'](5 g - $0o.46--
5 5g $ $0.72-

Shademate4
8g $ 1.42* -~'

Ioz $ 0.50 - --

4 oz $0o.45 --- ~
8 oz $0o.41 $0.30 --

3 g - $ 2.05 ->>

Vita
12 g $ 0.57 $0.57 $ $0.57 $ 0.57

*50 g $ 0.53 $ 0.57 -- $ 0.53
250g $ 0.46 s$0.46 - -

3 g - $ 3.20-

Wi il-Ceram
20 Cg $ 0.51 $ 0.51 $ 0.67
80g $0o.40" $0o.46
240 g $0o.43 -

3.5 g $ $2.00-

-) not available at this time
dentin and enamel shading porcelains

NOTE: All price quotations are for minimum orders. Many manufacturers
a, offer additional discounts for volume purchases. Consult a company

representative for current pricing.

FA, ~46 .- dO
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SECTION 3:

ALLOYS FOR THE PORCELAIN-FUSED-TO-METAL RESTORATION

V. .,..:
3-1. INTRODUCTION

Hundreds of the casting alloys on the market today reportedly possess the
capability to bond to dental porcelain.1'2 What makes these porcelain alloys
different from one another, and from the alloys used in crown and bridge, is

*" their composition. An appreciation of the chemistry of dental casting alloys
is helpful in understanding why an alloy system has been developed, and how it
is intended to work. Each component (element) in an alloy plays a particular -
role by contributing specific properties and characteristics to the metal. These
properties can be altered in the presence of other ingredients, yet the end
result generally is an alloy carefully shaped by a skillful metallurgist.

This section begins with a brief review of the chemistry of alloys;
presents the American Dental Association (A.D.A.) casting alloys classifica- A
tion system; discusses an alternative system of classification; provides an
historical account of the evolution of the various porcelain-fused-to-metal(PFM)
systems; introduces general descriptions of the "alternatives" to gold-base
PFM alloys; and examines various topics related to PFM technology. In subsequent
sections, various non-gold base PFM alloy alternatives are discussed individually
and in greater detail, amd processing instructions are included. .ft

3-2. THE CHEMISTRY OF PORCELAIN-FUSED-TO-METAL ALLOYS

To appreciate the capabilities and limitations of any porcelain alloy,
having at least a general familiarity with the process of alloy development '
is helpful. Today's metallurgist may first create a new alloy, not in the
laboratory, through trial and error, but at a computer terminal using a .
computer-generated "model." Since the computer stores the properties of the .-.. ".
constituents to be added, the percentage composition of each element can be _ -.
manipulated to produce the desired properties for a new alloy. Although the
process may appear simple, it is indeed complex, and requires laboratory
testing and experimentation. Other factors--such as the purity of each
ingredient (element), and the sequence in which each component is added--can
also affect the quality of the final result. This is an important point; for
it indicates that two alloys may not perform similarly, despite the fact that
they appear to contain the same elements in the same percentages.

Competition is so keen in the alloys market that commercially successful
products are often duplicated by competitors. These "copycat" alloys may
Tack a particular trace element or a unique processing step, since the exact
manufacturing procedure is kept secret by the developer. The end result is .

varying performance among what appear to be comparable products. One of the
best examples of this phenomenon is the interest in the high palladium alloys
with 2% gold. Several variations on the basic formulation of 79% palladium
and 2% gold have been offered to the consumer. What few people realize is

4~7
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-SECTION 3-

that two distinct groups of alloys--a copper and a cobalt group have this
same apparent composition. Each group has its own particular advantages and
disadvantages, as will be discussed in subsequent sections. Although some
clinicians and technicians might assume that all the products with this
composition are the same, this assumption is not always valid. %

To better understand the composition of PFM alloys and how these alloys
differ, it is helpful to review some basic chemistry and to appreciate the
properties of alloy constituents.

a. What Is A METAL?

As familiar as metals might appear, they are not easy to describe in one
simple definition.3 Generally, in a normal environment, metals are crystalline
solids--with the exception of mercury and possibly gallium, which are actually
liquids (30 °C melting point), and hydrogen, which is a gas. 3 Metals usually
are harder, stronger, more dense than non-metals, and they have a luster to them.

They are good conductors (thermal and electrical), and are more ductile and
malleable than non-metals. There are also several different types of metals:
noble, light, heavy, ductile, brittle, low melting, high melting, rare earth,
and radioactive.3 Most of the metals are frequently described also as "white,"3

but are actually gray or "platinum" colored. Two exceptions to this general-
ization are gold and copper,3 which are colored yellow (orange) and red,
respectively.

b. What Is An ALLOY?

One definition describes an alloy as "a metal that is a mixture of two or
more metals.''4 However, an alloy is actually a combination of two or more
elements, with metallic elements comprising the majority of the mixture.5 Very
few pure metals are used in dentistry, because the elements in the pure state
do not possess properties required for dental applications, the one notable
exception being gold direct filling materials (gold foils).

c. What is a PORCELAIN-FUSED-TO-METAL ALLOY?

Four major features distinguish a porcelain-fused-to-metal alloy from ." '--
those alloys used to fabricate all metal crowns (e.g., Type III gold)--

First: A PFM alloy must be able to oxidize, or produce oxides, for
chemical bonding with dental porcelains. As an example, the major elements
in the non-precious alloys are non-noble. Therefore, they possess an inherent,
or natural, tendency to undergo oxidation when subjected to the elevated tem-
peratures of a porcelain furnace. The precious alloy, in particular the high
noble metal systems, behave in just the opposite manner. The noble metal
components will not oxidize when heat treated. In order to make these noble
alloys suitable for the porcelain-fused-to-metal restoration, trace amounts

48 S.-
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-SECTION 3- .

of non-noble metals are added to the alloy formulation for oxidation to occur,
Section 4 explores the subject of porcelain adherence to metal in much greater '
detail. Crown and bridge alloys also contain oxidizable elements, although they '. ,--

are not added for bonding purposes as in porcelain alloys.

Second: A PFM alloy must be formulated so its coefficient of thermal
expansion is slightly greater than that of the dental porcelain to maintain o
the metal-porcelain bond. In other words, even though oxides form and the .. -

metal chemically bonds to the porcelain, fracture of the porcelain may occur,
if the metal and the porcelain are not thermally compatible.

6 ,7

Third: The metallurgist must balance the first two requirements with the
technician's demand for ease of handling. Processing should not be too tech-
nically demanding. Any alloy that is difficult to melt, cast, finish, and
polish could lose favor, despite its excellent bond strength and thermal
properties. A good example of this is the resistance by many to switch from
precious alloys to less expensive, non-precious alternatives.

Fourth: A casting alloy should be biocompatible. The safety of the -
technician, the clinician, and the patient must NOT be at risk as a result
of the use of a casting alloy, particularly if satisfactory alternatives are ..
available. Such a requirement should be directed at both local (intraoral)
and remote effects (systemic) of physical exposure and/or tissue contact with ..

an alloy. The biocompatibility of non-gold dental casting alloys is addressed ,--"--
separately, and in greater detail, in Section 12.

d. The Role of Constituent Elements

The following is an alphabetical listing of many of the elements which
might be included in a casting alloy.8  The exact role a particular element
may play in any given alloy could vary from alloy system to alloy systemo

3 ,9
Yet, an appreciation of any system can only be gained through examination
of the properties of the components of that system.

ALUMINUM (Ai) - is added to lower the melting range cf a nickel-base alloy, Wb.Y.-

Al is a hardening agent and influences oxide formation. With the"

coblt-hroiumalloys used for porcelain-fused-to-metal restorations
it is mainly aluminum which is "etched" from the alloy's surface ic.
create microretention for resin-bonded retainers (Maryland Brije-"

BERYLLIUM (Be) - like aluminum, lowers the melting range of nickel-base
alloys, improves castability, is a hardener, and helps contro] oyce
formation. Beryllium reportedly also improves the polishability of
an alloy by acting as a lubricant for polishing agents, permitting
them to work more effectively. The etching of nickel-chromium. -.

beryllium alloys removes a Ni-Be phase to create the microretelior
so important to the etched metal resin-bonded retainer.

4.

9,- . . . .. .-
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BORON (B) - is a deoxidizer. For nickel-base alloys, it is a hardening 4
agent and an element which reduces the surface tension of the

molten alloy, thereby improving castability. 5 The nic~el-chromium -

beryllium-free alloys which contain boron will pool on melting,
as opposed to the Ni-Cr-Be alloys which do not. Boron also acts
to reduce ductility and to increase hardness.

CHROMIUM (Cr) - acts as a solid solution hardening agent, and contributes
to corrosion resistance by its "passivating" nature in nickel,
cobalt, and iron-base alloys. 5

COBALT (Co) - is an alternative to the nickel-base alloys, but the cobalt-
base metals are more difficult to process (due to their hexagonal _
close-packed atomic structure). Cobalt is added to some high
palladium base alloys to increase the coefficient of thermal
expansion, and to serve as a strengthening agent.5

COPPER (Cu) - serves as a hardening and strengthening agent; lowers the
melting range; and interacts with platinum, palladium, silver, and A

gold to provide a heat-treating capability in gold-, silver-, and .-
palladium-base alloys. In the high palladium-copper alloys, copper
helps form an oxide for porcelain bonding, lowers the density
slightly, and can enhance passivity.

GALLIUM (Ga) - is added to silver-free ceramic alloys to compensate for
the decreased coefficient of thermal expansion created by the
removal of silver. (Concerns over silver's potential to discolor
dental porcelain have greatly limited its use in systems other
than palladium-silver.)

GOLD (Au) - provides a high level of resistance to corrosion and tarnish .
(no associated passivity); and slightly increases the melting range"

of an alloy while improving workability and burnishability. Gold
can impart a very esthetically pleasing yellow hue to the alloy
if present in sufficient quantity. However, this yellow color is
readily offset by the additiun of gray metals, such as palladium
and silver. Gold raises the density and the cost of an alloy as
well. Gold is both a ROBLE and a PRECIOUS metal.

..a.. -

INDIUM (In) - serves many functions in gIi base alloys: it is a less volatile "'
scavenging agent; lowers the alloy's melting r nge and density;
improves fluidity; and hais . .trengthening effect. Indium is added

to non-gold-base alloy systers t,- form an oxide laver for bonding
to dental porcelain. For 'i 'ys with a high silver content, indium
contributes to the tar,-ish ru7sistance.

IRIDIUM (Ir) - serves as a grain refiner for go[d- and palladium-base alloys .. %
to improve the mechanical properties ani the tarnish resistance as ' '

compared to non-grain refined dental. alloys. Ir is a member of the
platinum-palladium group (often referred to as simply the "platinum
group"), and is both a NOBLE -i-_] ai PRECIOUS meti.

50-
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IlON (Fe) - is added to some gold-base ceramic systems to harden the alloy
and aid in the production of an oxide layer for porcelain bonding.
Iron is also included in a few non-precious alloys, and at least
one iron base porcelain-fused-to-metal alloy is available.5

MANGANESE (Mn) - is a hardening agent in nickel, cobalt, and iron base
alloys, but its primary function is to act as an oxide scavenger.

In this capacity, Mn helps prevent the oxidation of other elements

when the alloy is being melted.

MOLYBDENUM (Mo) - can be helpful in adjusting the coefficient of thermal
expansion of nickel-base alloys. Molybdenum also improves corrosion
resistance, and influences the oxides produced for porcelain bonding.

NICKEL (Ni) - has been selected as a base for porcelain alloys because
its coefficient of thermal expansion approximates that of gold,
and because it provides a resistance to corrosion. The face-

centered cubic atomic structure of Ni makes it easier to process
than the cobalt-chromium non-precious alloys. Unfortunately, N
nickel is a sensitizer, and approximately 10% of the female and
less than 1% of the male population may be allergic to it.

• .. - .

PALLADIUM (Pd) - is added to increase the strength, hardness (with copper), " "-'-
corrosion and tarnish resistance of gold-base alloys. Pd will also
elevate an alloy's melting range and improve sag-resistance. It has
a very strong whitening effect in an alloy, so even an alloy with

90% gold and 10% palladium will appear white (platinum). Palladium
possesses a high affinity for hydrogen, oxygen, carbon. 5 and lowers ..

the density of the gold-base alloys slightly, but has little effect
on silver-base metals in this regard.5 Palladium, a member of the
platinum group, is both a NOBLE and a PRECIOUS metal.

PLATINUM (Pt) - increases the strength, melting range, and hardness of gold-
base alloys, while improving their corrosion, tarnish, and sag
resistance. Platinum is one of the gray metals which whitens an -'.''+
alloy, and increases the density of non-gold-base alloys due to its

high density. Platinum is a member of the platinum group, and is

both a NOBLE and a PRECIOUS metal.

RUTHENIUM (Ru) - acts as a grain refiner for gold- and palladium-base alloys
to improve the mechanical properties and the tarnish resistance
(like iridium). Ruthenium is a member of the platinum group, and is
both a NOBLE and a PRECIOUS metal.

SILICON (Si) - serves primarily as an oxide scavenger to prevent the
oxidation of other elements during the melt. Like manganese, Si
also acts as a hardening agent.

51
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SILVER (Ag) - imparts a moderate increase to the strength and hardness
of gold-base alloys (with copper), while lowering their density.
In gold-base and palladium-base PFM alloys, silver lowers the %
melting range by counteracting the influence of palladium. In %
gold and gold-palladium alloys, silver improves fluidity and helps
control the coefficient of thermal expansion.

5  Silver-containing I -

porcelain alloys have been known to produce a greenish discoloration
(green or brown) with some porcelains. Silver possesses a rather -

high affinity for oxygen absorption which can lead to casting
porosity and/or gassing. However, small amounts of zinc or indium,
in gold- and silver-base alloys, can help control silver's absorption "-'.
of oxygen. Silver will also corrode and tarnish in the presence of
sulfur. Although silver is a PRECIOUS metal, it is not universally . -"

regarded as a NOBLE metal.

TIN (Sn) - serves as a hardening agent, and tends to decrease the melting
range of an alloy. Sn also assists in the production of an oxide
layer for porcelain bonding in gold- and palladium-base alloys. Tin "
is one of the key trace elements for oxidation with the palladium- .
silver alloys.

TITANIUM (Ti) - like aluminum and beryllium, is added to lower the melting
range and to improve castability. Titanium also acts as a hardener
and influences oxide formation at high temperatures.

ZINC (Zn) - helps lower the melting range of an alloy, acts as a deoxidizer
or scavenger to combine with other oxides present. Zinc improves
the castability of an alloy and, when combined with palladium,
contributes to hardness. Zinc is also commonly included in gold
alloy solders.

3-3. CLASSIFICATION OF DENTA, CASTING ALLOYS

The next step is to group or classify metals in some logical order or
irrangement. Several accepted methods for classifying alloys are generally
accepted, but no single system has yet to become an established standard. In
fqct, many different descriptions of alloys can be found i a both the dental
literature and in marketing information supplied by a manufacturer. As at
remult, it is quite a challenge to keep track of all the "new" and "improved"
.lloys that enter the marketplace. Moreover, it is extremely difficult to
group similar materials for comparative purposes, if we do not know either
-in alloy's composition or how to best classify a particular metal.

The aim of each classification method may vary in itself. One system
may be based on function, while others may be established for reasons of cost,
use, or alloy composition. One of the oldest and simplest classification
methods is the traditional reference to function.l, 4  Five categories are used,

orv with the first four describing crown and bridge alloys and only the fifth
depicting the porcelain-fused-to-metal alloys. Each crown a bridge alloy

classification, or type, is associated with its level of haru ss.

52
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a. Alloy Classification Based on Function

Type I (soft) - for small inlays, because the metal is easily burnished
and oily capable of withstanding very slight stress. 3

Vickers hardness range is 50-90 (quenched).3

Type II (medium) - for larger inlays, some 3/4 crowns, retainers, ponticsand full crowns, if subject to moderate stress. Vickers•-.""

hardness range is 90-120 (quenched).3 Vic.ers

'iype III (hard) - for thin 3/4 crowns, retainers, pontics, full crowns, I
short-span fixed partial dentures, and inlays able to
withstand high stress. e III alloys can be heat
treated for age hardening.1 Vickers hardness range is
120-150 (quenched) .3

Type IV (extra hard) - for inlays subjected to very high stress, full
crowns, long-span fixed partial dentures, and removable " .
partial denture frameworks. These alloys can also be .
age hardened. 3  Vickers hardness is 150+ (quenched).3  .

Metal-Ceramic (hard and extra hard) - compatible with dental porcelain.
. e ~The hard type are used for copings, thin-walled crowns . ..

and short fixed partial dentures, while the extra hard
type may be used for long-span fixed partial dentures. 3  "

This method of classification was most helpful before the introduction of
PFM1 alloys, when the alloys in question (Type I-IV) were all gold-base and
used exclusively for crown and bridge. 5 With the development and introduction
of the silver-, palladium-, nickel-, cobalt-, iron-, and mixed-base PFM alloys,
comparisons based on hardness are no longer valid because alloys with the same '

hardness value, but from a different alloy base (silver, palladium, etc.).generally do not possess the same strength characteristics. 5

b. Alloy Classification Based on Color or Composition.

A second m,;thod of classification is to describe the alloys according
to their color and tne principal element (or elements).3,10 ,1 1  The number

of subcategories varies in different sources from four to eleven. 3

Yellow golds - yellow color, witn greater than 60% gold content. 3

White golds - white color, but with more than 50% gold content. 3

Low (or economy) golds - usually yellow colored, with less than bO%
gold (usually 42-55%).

Palladium - white colored, with palladium the major component.4  May
contain small quantities of gold (2%) and a limited
amount of either copper or cobalt.3

,-o- 1--1

.... ....... . . . . --.-.-. -" - - . ,- -.. - . - . .
% %4_2j _ ¢" . m2 e" .," _. -,_." ' ,.' . -[ . "'- , ". i" ."-" ' , ," ." ."-" ' -" *--'''
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Silver-palladium - white colored, predominantly silver (55-71%) with ' *

substantial amounts of palladium (25-27%) to provide nobility '

and to help control tarnish. May or may not contain small
amounts of copper or gold. 3 ,9

Palladium-silver - white colored, with palladium the major component, plus
a substantial quantity of silver (up to approximately 40%).

c. The A.D.A. Classification System for Cast Alloys

The Council on Dental Materials, Instruments and Equipment of the
American Dental Association prepared a new classification system for cast
alloys based on noble metal content. The system was devised for identifica-

* tion in dental procedure codes only, where the value of the metal may influ-
ence the amount of reimbursement from insurance carriers. It was not meant to

*- indicate performance levels. The classification system was published in the
Journal of the American Dental Association and is repeated in Fig. 3-1 12: A A0

Classification Requirement

HIGH NOBLE ----------- Noble Metal Content - 60% ....
(Gold, Platinum, Palladium) ,l-

and Gold A 4o% ,.

NOBLE ------------- Noble Metal Content 1 25%*
(Gold, Platinum, Palladium) "--.

PREDOMINANTLY BASE ------- Noble Metal Content < 25%
(Gold, Platinum, Palladium)

There is no upper limit. This is to accommodate high noble
metal content alloys with less than 40% gold. -.

Figure 3-1. This is the American Dental Association classification
system for gold and non-gold base dental casting alloys.1 2

d. A Classification System for Non-Gold Base Dental Casting Alloys9

The recently developed A.D.A. classification system is perhaps most .. '.
helpful when completing insurance forms, as it permits some measure or

- comparison of the relative cost of dental cisting alloys. This information
can be interpreted by dental insurance carriers in their r vi,. of claims
for reimbursement. Apparently, this is all this classification system was
intended to accomplish. It does not group, order, or otherwise arrange the ..- <.

multitude of alloys which have flooded the dental market. Nor does it .

help identify any subcategories within each of the three major divisions.

54
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For example, non-gold base alloys for the PFM restoration (Fig. 3-2)
12

are not readily identifiable from the A.D.A. system of classifications

(Fig. 3-1)" .12 
4

. i. THE HIGH PALLADIUM4 ALLOYS "

- ~ ~~~a. Copper Group '. --"
b. Cobalt Group .' $

.2. THE PALLADIUM-SILVER ALLOYS

3. THE NON-PRECIOUS A YS

~~~~a. Nickel-Chromluam-Beryllium Group ", ',,
~~~~~~~b. Nickel-Chromium-Beryllium-Free Group """',-''.-.
~c. Cobalt-Chromium

Figure 3-2. These are the non-gold base "alternative" alloys which

~~may be used to produce porcelain-fused-to-metal restorations. -... •

ar In an effort to address this particular problem, an alternative system

.: of classification was developed and presented in Non-Gold Base Dental Castin ..
(Fig Volume I: Alternatives to Type III Gold.)ligure 3-3 depicts this-

alternative classification system. Note that all metals are first separated

into one of two major types, precious or non-precious, and then arranged by.
system; each system is further broken down into its constituent groups, if

present. Alloys are classified according to their composition, with the name e

' of the major component listed first and the second largest element in the alloy °;.

". formance or the properties of alloys in the same system are used to identify.such subiategories as groupsG

This classification method is simple and easy to learn. Since it requires
.- the identification of an alloy's composition for placement in the system, the _ __

method makes the use of the A.D.A. classification that much easier. More..j--•
.- importantly, this system, and the general descriptions of the various alloy -',.

e ~systems and grous, are useful in classifying alloys according to function. -- ,.

e. Levels of Contento

Gold-base a oys containing less than 70 gold are often referred t o as

ma"low" gold c nen me-as, despit e pre lactita use d-- e rsttions.ma
at n account for the ti of the arloy's om, an (>50 ) sThere-

fore, use of to designation "low" may be confusing hen alloys wh 10 andsting-
altnaof tiv e ele ct aoe placed in the acla sfi aeiros, sathoug thed

sdiffer arkedly in ac uthal co oosition itiscn tutgo ,

| ~~55"""""

,'- --" present"< .-' Alloys'' are''.q'<'-''- '.''-- clasiie accordin to-'.- "-'heir. com"nosition:".-,. with the-,-, name --.,.v-"- ...
-- "f.heaorcopoen-isedfistan-te ecn ".",--.'largest'-, e', °- lent in_ , . th alloy . 9r l 'l . ,..-,..
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In an attempt to avoid potential misinterpretations, the designations "low," .

"medium," and "high" are assigned the following values for their use in this .- ,,

classification system and text: ,

a) LOW = 0-33%; b) MEDIUM = 34-66%; and c) HIGH = b7-100%

This simple division of the total composition of an alloy into thirds ,
.5 permits classification of an alloy in a more recognizable and understandable

format. This division also encourages the use of more meaningful terminology, - "I
and discourages the use of vague identifiers such as "palladium-rich." At
the same time, it must be understood that the desired physical, mechanical,and thermal properties of a particular alloy are influenced not only by the

constituent metals used to produce the alloy, but also by the purity of
the ingredients as well as the sequence in which the elements are added
during the melt. In addition, variations in minor alloying elements have
produced numerous alloys which differ in properties and features, yet outwardly
appear quite similar in composition.

It may prove helpful here to understand the historical background which
led to the development of these alternative alloys. .

3-4. AN HISTORICAL VIEW OF CASTING ALLOY DEVELOPMENT13 .

Although the practice of dentistry can be regarded as hundreds of years
old, the PFM restoration is a relatively recent addition to dentistry. Despite
its brief history, the progress of the PFM restoration has been rather rapid, ..
and often influenced by rather dramatic events.

The 1940's

A dental porcelain-metal system was reportedly developed by Coleman in
the 1940's. 5 Unfortunately, a copper oxide-dental porcelain reaction produced
an unacceptable discoloration.5

The 1950's

Dr. Abraham Weinstein is often credited as being the first individual '-?' '

to devise a system whereby dental porcelain could be fused to metal. 13  In
the 1950's, Dr. Weinstein developed an alloy which contained 84% gold, 10% ;- ,'
platinum, 2% palladium, 3% silver, 0.5% indium, and 0.4% tin. At that time, a. P

gold was relatively inexpensive, and could readily serve as the base for
an alloy. In today's economy, however, gold is far more costly; and the
predominant alloy systems in use these days are the non-gold base types.

Unfortunately, this gold-platinum-palLadium system was not without its
weaknesses. The alloy's high melting point (2130 OF) made it nearly impossi- /.-' "
ble to melt with conventional gas-air, and difficult to melt with gas-oxygen. "-%

5Y-....A.A.. *:,
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This melting temperature also was well beyond the recommended limits for
the gypsum-bonded investments which were in common use for crown and bridge Rb

alloys. Once cast, the alloy's yield strength (16,500 psi) and hardness (90)
were quite low, and equivalent to a Type II crown and bridge alloy. This
finding made the gold-platinum-palladium alloy only marginally acceptable
for single unit crowns, and highly questionable for fixed partial dentures.

" ." The 196 0's (prior to 1968) %

Many of the initial problems of gold-platinum-palladium alloys were .0 _J
overcome by the addition of 0.5% iron to increase the hardness; by refining .

F. the grain structure from coarse to fine, to improve strength; and by develop-
• -ing phosphatebonded casting investments.1 3 However, the modulus of elasticity

still remained too low for the demands of long-span fixed partial dentures. In e
addition, the thermal stability of the alloys was poor and needed improvement.

Prior to 1968, the chief direction of alloy research and development
focused on refining the gold-platinum-palladium system. Many of the linger-•.

- ing problems with that system were found to be resolved by reducing the gold
content slightly and by adding more palladium. The major drawback to this ,
apparent simple alteration in the alloy formulation was the whitening of the
metal. The increased palladium content changed the alloy from a yellow color
to a white or platinum hue.

The Year 1968
In 1968, for the first time in history, the government removed price

restrictions on gold and allowed it to float on the open market. In other
words, the previously fixed price of $35.00 per oz was removed, and gold
was permitted to sell according to the dictates of supply and demand. This

u.*-" particular event was one of the more significant factors to influence the "- .-"
development of alternative systems.

Aside from these economic considerations, work was also underway to
improve the high temperature strength of the gold-base alloys to incrcase .'.

sag resistance.5  Researchers elected to lower the gold content, to remove

platinum altogether, and to add silver. Thus was born the gold-palladium- ..

siiver system. An alloy from this system would usually contain: 50-60o gold;
20-37 palladium; 10-15% silver; and the balance, indium and tin, for oxide
formation.5 ,13  The higher palladium content resulted in a 100 OF elevation -

in the melting range of the alloy, thus further separating the fusion tem-
perature of the dental porcelain from the melting range of the alloy. The
net result was greater thermal stability. As with all the preceding systems,

~~~there were problems with these alloys. The high silver content was found "" -. L..'

to be responsible for discoloration of the dental porcelain. During the porce-
lain firing process, silver vaporized from the exposed metal surface, and

tended to "green" at the porcelain-metal junction. The silver vapors often '
collected in cool areas of the porcelain furnace where they would later rev- ..

% porize, and even contaminate, subsequent non-silver-containing restorations.
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Special metal conditioners were then developed in an effort to control the ..'j
greening problem, but they were not always 100% successful. More importantly-, 'q
they added one more step and also required more time to complete the processing. .. .

One other major system was also introduced in 1968: the nickel-chromium- ..-

beryllium alloys. Since t-he price of gold at that time was approximately .-.

$38.00 per ounce, there was no real incentive to adopt a system that was much -'' .
more difficult to process. By 1976, however, gold had risen to $130.00 per oz; '.]- ~
and 25% of the alloy market had been taken over by the nickel-chromium-beryLlium i"-""
alloys. (In 1980, the price of gold rocketed to $800.00 oz; and the nickel- "'""'
-chromium-beryllium alloys captured approximately 50% of the market.) °'.

The Year 19T4i -[i'--

Despite the apparent successes of the gold-palladium-silver alloys, ... •/

research continued to develop less expensive porcelain-fused-to-metal alloy.-,..
systems. Then, in 1974, the palladium-silver system was introduced. This was .... ,
quite a departure from the systems which preceded it, because it represented < "Ak''
a precious alloy system based on palladium, rather than gold. The formulation
had to be rather precise and well balanced, since silver lowers an alloy's.[-,.,

melting range while increasing its coefficient of thermal expansion. The " --
general formula for the palladium-silver system was: 55-60% palladium, 25-30% ".
silver, plus 10-20% indium and tin. --..-

These alloys appeared to offer handling characteristics similar to those
of the gold-palladium-silver metals, but at only a fraction of their cost. L.Lke
every other system to date, the palladium-silver alloys have their weaknesses.
First, silver has the potential to discolor some dental porcelains and contamr-

inate porcelain furnaces. Second., these alloys have a rather high coefficient ..
of thermal expansion to accomodate U.S. porcelains, rather than porcelains

manufactured abroad. The first problem was addressed by the development of v.-''
metal conditioners to create a physical barrier and prevent silver contact and . --.

contamination of the porcelain. However, measures of this type were found to "..

be more time consuming, and did not always ensure success. Moreover, proper" •'z
furnace decontamination procedures may not have been followed. Mismatches of ''

coefficients of thermal expansion were not alterable. This problem further
limited the system to the higher expansion dental porcelains (at least, for.......

the average technician). ''''.-.-

.... o°

The palladium-silver PFM alloys evaluated in this project differed in -,,-
composition from the general formula of the initial examples. A typical alloy ','.

might contain 53.5-58% palladium, and 31-39% silver, with approximately 10% I.
indium and tin or tin without indium. More importantly, two dental porcelains .

are available today which reportedly are resistant to greening when used with
the silver-containing alloys, Will-Ceram and Artis The l i .T'ech"

The availability of non-greening dental porcelains is apparently not a

well-known fact, even to this day. Certainly, in the 1970's, the fear ofmu

Williams Gold Refining Company, Buffalo, NY.d.the.nickel-

Rx Jeneric Gold Company, Wallingford, CT. .'-"-"
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porcelain "greening" simply overshadowed any potential savings accompanying ". €. '-
the palladium-silver system. However, many of the criticisms of the palladium-
silver system are either unwarranted or no longer hold true for one reason or
another. (Clarification of these points will be addressed in this section,
as well as in Section 8.) Nonetheless, the search for an even more acceptable . ... :
system continued.

The Year 1977

In 1977, gold-palladium alloys appeared on the market. Unlike the pre-
ceding alloys which were introduced as lower cost alternatives, this parti-
cular system was more expensive. These alloys have a composition ranging from
45-55% gold, 35-40% palladium, amd 8-12% indium and tin, with 1-2% gallium.
However, a general description of a gold-palladium alloy such as Olympia*
would be approximately 52% gold, 38% palladium, 8.5% indium, and 1.5% gallium ..

with NO silver. The elimination of silver and the increase in palladium and
gold translated into greater cost. Nonetheless, this system succeeded in taking
over a tremendous share of the market because of its excellent properties and
ease of handling. In addition, with the elimination of silver, these alloys
could be used with European dental porcelains. The removal silver also resulted
in a lowering of the coefficient of thermal expansion. However, in some cases "- .
the coefficient of thermal expansion of these alloys was too low for the higher
expansion domestic porcelains. Thus, the weakness of this system centers on its
incompatibility with certain dental porcelains. Despite the limitations imposed
by silver, some gold-palladium alloys containing 5-6% silver were introduced. .
This low silver content was sufficient to raise the coefficient of thermal
expansion and enhance the alloy's fluidity, without running the risk of dis-
coloration to the dental porcelain (greening).

Despite its cost, the gold-palladium system (without silver) remains
extremely popular among consumers of precious PFM alloys.

The 1980's

It was actually about 1979 that the cost of gold started to make its
historic rise. Dental alloy consumers had rather difficult decisions to .-. ..

make: continue with gold-base alloys and pay unprecedented prices; switch to
palladium-silver alloys, and learn to overcome their special handling require-
ments; or venture into the realm of non-precious alloys. These choices did .. .
not appeal to everyone, and the search for alternatives continued.

MAP"
Despite the added technical demands, non-precious alloys were viewed as

an economic salvation by many. The predominant choice was the older nickel-
chromium-beryllium alloys. Yet, rising concerns for the potential health 4. %

threat posed by beryllium led to the development of the nickel-chromium-
beryllium-free alloys. This alternative group does not appear to be used as

* J. F. Jelenko & Co, Armonk, NY.
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widely as the nickel-base metals containing beryllium. More importantly, . %

beryllium-free alloys still contain nickel and require the same precautions
for patients and technicians as the nickel-chromium-beryllium alloys.

The only major departure from tradition in the non-precious arena was, and
continues to be, the promotion of the non-nickel, non-beryllium non-precious

alloys from the cobalt-chromium system. For years these cobalt-base alloys had
been used for removable partial denture framework construction. With all the
unresolved concerns for the biocompatibility of nickel and beryllium, why not .-..

introduce cobalt-base metal porcelain alloys? Thus, these removable partial
dental alloys were reformulated for bonding to dental porcelain. The marketing
for these particular alloys has been much better than their performance. The
major weaknesses of these alloys over the nickel-base groups are excessive
oxidation, bond failure, and difficulty in pre-soldering.

The early 1980's also brought us yet another system, the high palladium.
alloys. Some of the initial alloys appeared on the market with 79% palladium,
2% gold, and undisclosed quantities of cobalt, copper, tin, gallium, or other
trace elements for oxide formation. In some instances, the 2% gold content
has been modified to 1% gold and 1% platinum, or completely eliminated with
a palladium content between 74% and 88%. These variations on the basic theme
of 79/2 have been and continue to be quite numerous. Th addition of 2% gold
has more commercial value than metallurgical benefit, since it is too small
•. percentage to affect the alloy structurally. With only 1-2% gold, these
metals should not be referred to as palladium-gold or gold-palladium, but
identified simply as high palladium alloys and categorized as either a member
of the copper- or the cobalt-group. The designation, gold-palladium or
palladium-gold, might convey a meaning which is not truly reflected by the
composition of the alloy.

The excitement these high palladium alloys first generated has now been 9
dimmed to some degree, as the system's weaknesses gradually have surfaced. Some
of the problems with this system, to mention just a few, include: porcelain
discoloration by oxides (graying and bluing); the opening of margins following
the application of porcelain (thermal creep); lower sag resistance for fixed
partial dentures; reduced polishability; and difficulty pre-soldering.

Despite these limitations, high palladium alloys have become considerably ..
popular, particularly with individuals who remain reluctant to switch to non- " "
precious metals. These alloys have also drawn the attention of non-precious
users concerned about the potential health risks associated with continued .""

nickel and beryllium exposure.

And the search for the perfect alloy continues ....

61

-2!2. I .|



- -. . % %

--SECTION 3--

3-5. ALTERNATI TO GOLD-BASE ALLOYS

The classification system for non-gold base casting alloys presented in
Fig. 3-3 depicts those alloy systems proposed for both crown and bridge and
PFM restorations. It is hoped that the brief review of alloy chemistry,
existing classification systems, and the history of PFM alloy development have
introduced the subject of PFM alloys sufficiently to facilitate explanation
of this proposed classification system.

The concept for this classification method nas been kept simple to permit
the insertion of new alloy systems by those who wish to adopt it. However,
the format is intended to permit rapid identification of an alloy, even if it
is unfamiliar to the reader. Placement of an alloy in the classification
system should be of value in appreciating generally accepted beliefs about a
selected alloy system.

Nonetheless, the performance of any specific product within a particular
category can not be derived from generalizations of this kind. Variations in
minor alloying elements and contaminating elements have resulted in alloys
with different properties, features, and clinical performance.14

To make this introduction to non-gold base alloys less confusing, only
general descriptions of the PFM alloy systems will be provided here. More
detailed information and technical instructions for the processing of repre-
sentative alloys appear in the individual sections devoted to each major
system or group (Sections 6-11). - -

a. Precious Alloys ...

Each alloy must first be assigned to one, and only one, of two major
categories for any alloy: precious or non-precious (base metal). If an alloy
contains members of the platinum group, gold, and/or silver, for example,then
it may be considered precious. However, if these elements are absent, or ... '.*
present in a very small quantity, then the alloy is presumably non-precious.

• . '* ' % l
Let us first assume that an alloy is indeed precious, and proceed under

that basic premise. At present, there are four recognized systems which are
non-gold base, or do not not contain substantial quantities of gold. Two of
those systems contain 2 or 3 subcategories, which we have termed "groups.)' In
addition, only 2 of the systems are for porcelain-fused-to-metal alloys, the
remaining 2 are limited exclusively to crown and bridge use (i.e., full nietal
castings).
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PRECIOUS ALLOYS

%

High Palladium System - The general description of these PFM alloys
would include a composition range of palladium from 74-88%, with or without
trace amounts (1-2%) of noble metals (gold and/or platinum). There appear A..
to be two major groups of high palladium alloys--those which contain 0 "r"
copper, and those which contain cobalt. More alloys are available from
the copper group than from the cobalt group. -,..

Palladium-Silver System - A classic generalization of this PFT alloy
system is that it contains 60% palladium, with the balance being silver
with additions of indium and tin.6  However, the exact formulation will 0 . .
vary among manufacturers, and some companies may even market two separate
palladium-silver alloys. One alloy may have a palladium level near 60%,
with silver just below 30%, and contain both indium and tin. Another may
have approximately 54% palladium, as much as 39% silver, and contain tin
but no indium. The indium and tin are added for oxide formation and
porcelain bonding.

Silver-Palladium System - These are economical, non-gold base crown and
bridge alloys developed as alternatives to Type III gold. Historically,
they have been classified as though they were one; but there are at least
three groups of these silver-palladium alloys: the high-silver group; the
medium silver group (contairs copper); and the silver-palladium-gold group.
These alloys were discussed in detail in Non-Gold Base Dental Casting'
Alloys: Volume I--Alternatives to Type III Gold.9 .. .

Silver-Indium System - These crown and bridge alloys contain approxi--- ,
mately 25% indium with silver, accounting for the majority of the remaining

75%.15 They are more expensive than the silver-palladium alloys, and
reportedly do not offer any advantages over them.l ' More importantly, no
long-term data are available on the corrosion resistance of the silver-
indium, alloys. Since this is a relatively unknown and untested minorsystem, it was not inc,,1ed in this project.

b. Non-Precious Alloys

I'Iwo g-enerally rconi-1: Y:,-cr ous or bse meti) systems are in use
tojay: xie has a niC±e K el a:,: r..e "e . cobt oise. Both of these

nc-- :re-c u C l .u .-- h b acrroached W "

Nickel-Chromium-System - £UC: su3r7.
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contain beryllium (1.6-2.0%), and those which are beryllium-free, Of the ,..
two, the nickel-chromium-beryllium alloys are generally recognized as
having the better working characteristics.13  It is important to understand
that many of the alloys in this system were introduced in the late 1970's. >,
The nickel-base alloys which were introduced in 1968 were the forerunners
of this system. The conclusions of the research on alloys more than a
decade ago are not always relevant to the products in today's market. "
However, as will be brought out later, this system continues to be plagued
by problems. Nonetheless, nickel-chromiuim alloys are in widespread use
and dominate a portion of the industry. 16

Cobalt-Chromium - Like the nickel-base system, the cobalt-base alloys
have been marketed as PFM alloys with the added capability for use in the -
fabrication of all metal crowns and fixed partial dentures. The cobalt
content may range between 53 and 68%, with 25-34% chromium, along with minor
alloying elements. There has been some reference to a possible subdivision
of the cobalt-base system into two groups--those which contain ruthenium,
and those which are ruthenium-free. 3 Whether sufficient differences
exist to warrant such a division of the cobalt-chromium system remains to
be seen. Such a proposal is new, and it is beyond the scope of this pro-
ject to assess its merits. Although the cobalt-chromium alloys are being
promoted as porcelain alloys, they are not regarded with the same favor '-
and level of success as the nickel-chromium system, in particular, the
nickel-chromium-beryllium alloys.

Other Systems - This category was established to include those minor
systems which are not generally recognized by major manufacturers, but
which might appear on the market. These systems would include aluminum -

bronze (80-85% copper, 8-10% aluminum, 1-3% nickel, plus iron); beta-brass ."
(60% copper and 40% zinc), and other lesser known entities. The advert.s.
ing concerning such alloys may appear rather impressive, but usually omits
one major feature, the percentage composition. Research on the clinical
performance of these systems is scant, because they are not in general use.
Caution is urged should these products be recommended for the PFM restora-
tion. (No alloys from this category were included in the project.)

3-6. OTHER IMPORTANT FEATURES OF PORCELAIN-FUSED-TO-METAL ALLOYS

Aside from a basic understanding of the composition and classification
of PFM alloys, there are several other items related to these metals which

warranted so)ec.fc1 scsin

a. Alloy Packaging and Contents Disclosure

Not all manufacturers provide enough product information on alloy packages
to permit easy identification. In fact, some packages list everything but the
content. It is important that consumers be completely informed on the materia.ls
they use. In order for this recommendation to be put into practice, the allo, .

64.
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manufacturers should be encouraged to provide routinely the following informa-
tion on the package and/or with the technical instructions which accompany -..'
an alloy: - '

a l List all alloying elements. __

2. Provide percentage composition for all elements listed. __

3. List important properties: density, hardness (Vickers); percentage
elongation; yield strength, bond strength (if possible); and ..-'. -

coefficient of thermal expansion (state whether it is a high or a
low expansion metal to facilitate pairing with a dental porcelain). -.-.

4. Identify compatible dental porcelains.
5. Identify incompatible dental porcelains.

Since there is no standardized testing format for porcelain compatibility
or bond strength, some manufacturers may be reluctant or unable to provide this
information. Other manufacturers may make these data available on request.

If an alloy has been thoroughly tested and evaluated prior to marketing,
then such information should be at hand. If these data are not available, it *0.
might be an indication of limited, or no, test marketing. The consumer then
becomes the tester. 4-. -'..

b. Ingot Identification "

Precious alloys generally have some form of ingot identification with
either the alloy's or manufacturer's name. However, this statement can not be .'

uniformly applied to the non-precious alloy (Figs. 3-4 & 3-5). Several of 'j.
the alloys tested had neither identi- .

fiable markings nor readily recognizable
shape which would permit identification 0
of the alloy type or manufacturer.

Biobo
C I RAMC 800 IN.
ALLOy

Figure 3-4. Many non-precious alloys Figure 3-5. In some in7tinces, the

do not have any identification on the ingots can be identified by their
individual ingots. shape and/or markings.
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In the absence of ingot identification, there is a greater likelihood of
mixing or misuse of materials. This problem can be easily rectified by
requiring some sort of product identification to make the alloy recognizable
to the consumer. This feature is especially important for facilitiks where .
several alloys may be in stock at all times.

c. Ingot Size c leo

In our assessment of each casting alloy, we carefully weighed the contents
of every alloy package--not only to assess the size of each ingot, but also to
verify the listed weight. Four significant observations were noted as a result
of this simple procedure:

First, the majority of precious alloys were manufactured as 2-dwt ingots - -

and all had ingot identification. However, for some alloys, the ingots did--.
not weigh exactly 2 dwt. Therefore, it may be necessary to check each alloy ". "
for the level of accuracy per ingot, but expect the total package to weigh
the listed amount.

Second, the size of non-precious ingots will vary between brands, from
2 dwt 3 grains (grs) to 4 dwt 4 grs (Figs. 3-6 & 3-7). For example, Novarex*

ingots may range in weight from 2 dwt 3 grs to 2 dwt 20 grs, wnile Forte**
ingots will weigh over 4 dwt apiece. The smaller ingots favor the smaller
laboratories where single or double unit patterns are cast routinely. On the
other hand, the larger dental laboratories derive more benefit from the use of -

J ~larger size ingots for their multiple unit castings. With the non-precious i °. .
alloys, in particular, reducing the amount of surface oxidation is important.

For multiple castings, the larger ingots minimize the surface area to volume.: .

ratio as compared with casting the same weight of metal using numerous small
ingots and buttons. ,

Figure 3-6. The size and weight of Figure 3-7. Lerge non-precious.'- "-
some non-precious alloys may vary ingots invariably generate arge
from ingot to ingot (Rexillium III* buttons of spent metal.

shown).

Rx Jeneric Gold Company, Wallingford, CT.
Unitek Corporation, Monrovia, CA.
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Third, irecious alloys which can be obtained in 1-dwt ingot form, such
as Naturelle , enable laboratories to expend their alloy more efficiently N...
than 2-dwt ingot metals. This point is particularly evident when attempting
to control the amount of cast metal by weighing wax patterns. Conservation "-
of resources and prudent management of precious metals can be better obtained
through the use of l-dwt ingots. Scored (or grooved) 2-dwt ingots would be
more satisfactory than solid 2-dwt ingots, since an ingot can be separated .-. -.. -.

into l-dwt halves, if necessary. This option would permit the consumer to be
more accurate in selecting the required volume ot metal for individual castings. *..-.

Special metal cutters could conceivably be purchased by users of an alloy

sold only in 2-dwt ingots.

Fourth, the use of larger ingot size non-precious alloys invariably leads .
to the production of large buttons of cast metal (Fig. 3-7). The larger the
size of the virgin alloy ingot, the more rapid the accumulation of numerous

large buttons, particularly in smaller laboratories. For example, if the wax
pattern conversion table calls for 5 dwt 5 grs of metal for a casting, then 2
ingots--of any of the non-precious alloys tested--would be required. With one
alloy, the requirement could possibly be met almost exactly. For another, 0
those two ingots would yield a casting 3 dwt heavier than desired; for there
was no alternative, since 1 ingot would have been insufficient. The net result "
would be a 3-dwt button to maintain, and for which a use would have to be found. -S'--..

d. New (Virgin) Alloy vs. Recast Alloy

One of the major advantages of using precious alloys is that the recast r "
alloy can be easily recycled by enriching it with new (virgin) metal. The .

specific guidelines vary considerabuly among manufacturers, but the large . .

majority support a minimum recommendation of 50% new metal added to recast .
alloy. If the weight of a button is 2 dwt, then 50% of that amount (or 1 dwt) 9
should be added for the casting, assuming of course, that you need 3 dwt of "
metal after weighing the wax patterns and using the conversion table (Table 1). .,-
Other manufacturers would prefer a 1:1 ratio of new metal to recast metal to " .-'
ensure that the minor alloying elements are replenished.

The non-precious alloys should be handled a bit differently to ensure
the attainment of maximum properties. For the etched-metal resin bonded
retainer (Maryland Bridge), the general belief now is that all new metal is
a more appropriate choice than attempting to enrich recast metal (buttons).

Full metal castings may be produced with the recommended ratios of new
metal to recast alloy without much fear, if not overheated. Buttons can
certainly be used to cast post and cores, and need not be thrown away.

• Rx Jeneric Gold Co., Wallingford, CT. - (
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d. Alloy Composition vs. Alloy Performance

Alloy composition is but one aspect to consider in the selection of .-
an acceptable alloy, and should not be considered the sole criterion when %
purchasing a new metal. The fact that two alloys have the same percentage
composition for the major constituents listed on the packaging label is NO
GUARANTEE THAT THE TWO ALLOYS WILL PERFORM SIMILARLY. If your alloy has a
history of proven success with your dental porcelain, there is no assurance
a lesser priced alloy, of similar make-up, will have the same predictable
results. Do not permit substitutions which have not been fully tested by
you with your particular brand of porcelain.

Small changes to the minor alloying elements, major differences in the S _-

purity of raw materials, or differences in the alloy manufacturing process
(quality control, in-house refining of ingredients, etc.) are features the
consumer can not assess from an alloy package.

The Dental Laboratory Officer and the NCOIC of the Dental Laboratory .
should be solely responsible for the selection of dental casting alloys. .
No substitutions should be considered without their expressed approval;
for there are no guarantees of comparable performance, based solely on the
information included on alloy packaging.

3-7. THE ROLE OF SILVER IN PORCELAIN DISCOLORATION -

This is no single, generally accepted explanation of how or why silver
reacts with dental porcelain to produce discolorations. The explanations
proposed are simply theories, advanced to describe the possible mechanisms 'z•-".

of porcelain "greening." There are only two companies which market dental
porcelains which are reportedly resistant to discoloration when used with.

" silver-containing alloys. The chemical features of these dental porcelains
*' are unique in this regard, and the secret to their success is considered
- proprietary information.

The older porcelain system is Will-Ceram , and (as stated in Section 2)Ar is-ec**

it is available in four shade ranges. Artis-Tech was introduced in the Fall
of 1984 and is available in two shade ranges. No porcelain discoloration was
observed with either porcelain when using the palladium-silver alloys.

Aside from Will-Ceram* and Artis-Tech** porcelains, caution should be
exercised when pairing other dental porcelains with an alloy containing more
than 10% silver. Although the porcelain discoloration is generally referred
to as "greening," it may actually fall within a spectrum of colors from yellow, .../ %
to green, to orange or brown.17,18 More often than not, the color changes
occur at, or near, the porcelain-metal junction.1 7 Two factors come into play
when assessing the potential for discoloration with silver-containing alloys:
the chemical composition of the porcelain, and the firing technique.1 7

Williams Gold Refining Company, Buffalo, NY.

•* Rx Jeneric Gold Company, Wallingford, CT.
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In addition, when a dental porcelain not resistant to silver discoloration -f
is -ised with a silver-containing alloy, the discoloration may not appear with .P-,

every restoration. When the discoloration does develop, it is more likely to %

occur with the lighter than the darker shades. 19 Some contend that the lighter
shades have fewer opacifiers and more sodium, so they are more at risk than

the darker shades by virtue of their chemical make-up.19  Others believe that
the basic porcelain is the same, and that only the pigments and opacifiers
chanoe. 5 With the lighter shades, any discoloration is simply easier to see.

5

a. Possible Mechanisms of Porcelain Discoloration

One explanation of the silver-porcelain reactions is the silver-sodium O
exchange mechanism theory.18  The process begins as sirver is vaporized from
the substructure (coping) during the sintering (firing) of the porcelain,
because silver has a high vapor pressure.17 ,I  Thus, silver simply exchanges
with sodium in the dental porcelain as long as sufficient oxygen is available .'.-"

(oxidizing atmosphere). On the other hand, if a reducing atmosphere is
present (limited or no oxygen) as a result of the creation of a vacuum, then 0 -

the silver-sodium exchange occurs less rapidly.1 8  Since all dental porcelains
are vacuum-fired, how does the exchange take place? Some believe the answer
may be vapor transport.2 0 Although a restoration will be fired under vacuum,
there are times when that vacuum is not present. For example, the porcelain
restoration is generally dried thoroughly and preheated at temperatures between
540-650 OC (1004-1202 OF). Once the vacuum-firing cycle is complete, the . " '.
vacuum is generally released at maximum temperature; and the work is withdrawn.
A few porcelains are even air-fired at high temperature for proper maturity.
In the intervals before and after vacuum-firing, little carbon monoxide is
available to inhibit the silver-sodium exchange.

Being particularly active near the surface of the alloy, the silver gas -. 9
is readily available for chemical interaction with the porcelain.17 The silver '..
absorbed by the porcelain precipitates during the cooling phase, and the dis-,-..,-coloration appears. 17  Some of the silvei vapors may remain in the porcelain

furnace, condense, and collect in cool regions. The silver then revaporizes
in subsequent operations and may collect and contaminate units with non-silver-

containing alloy.

A second possible explanation involves the transport of silver into the

porcelain at the norcelain-metal interface and then through the porcelain to
the surface, all oy some unknown mechanism.1 9 Tuccillo descrioed this as a ,

"bui transfer mechanism."1 8 The fact that areas of discoloration can be

ground from the porcelain surface may lend some support to this belief. Yet, An
tnis theory does not explain why the discoloration occurs mainly at the .

mar-in of the oorcelain and the metal and at the surface.1 9  %
4. ...

A third theory holds that "surface diffusion is responsiole for the %
rorcd~in discoloration.1 9 The silver in the alloy r'.peatedly diffuses to
the metal surface, andl contaminates the dental porcelain at the porcelain-
mfe aL marjin.19 Some support is lent to this type of concept, as opposed to

-.
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the "bulk transfer mechanism", since the discolored areas may be ground from
the porcelain surface.1 9  If the entire porcelain veneer were discolored,
surface grinding would not be expected to remove the discoloration., ,

* The varied alkali and trace elements found in dental porcelains might
help to explain why dental porcelains behave so differently with silver-
containing alloys.18  The color changes are, also, not always green, but may
be yellow or brown; and they can vary among the different porcelains. 18 The .'-

discoloration may also be more intense with porcelains of higher sodium content,
as compared with the porcelains containing potassium.

1 9

b. Techniques to Diminish Porcelain Discoloration by Silver -

How is the discoloration prevented? The simplest solutions would be
either to use a non-silver-containing alloy, or to switch to a porcelain
which is resistant to discoloration (Will-Ceram* or Artis-Tec**). Other
recommendations include the firing of carbon pellets with all work to generate
carbon monoxide and to produce a reducing atmosphere in the porcelain furnace 0@
to inhibit any silver-sodium exchange.18 As mentioned previously, this
technique does have limitations, and reports of its success are mixed.

18  "-"%""

Metal and ceramic bonding agents have also been suggested to produce -

a physical barrier for the porcelain-bearing area of the metal substructure.
The bonding agent supposedly reduces the surface activity of silver, and 4 .

reportedly helps eliminate the possibility of porcelain discoloration. Such
materials have only limited value, since they neglect the internal aspect of
the metal substructure and the non-porcelain bearing external surfaces of .
a coping (metal occlusal or lingual). These large untreated areas are free
to release silver vapor.

Carbon pellets and metal conditioners (bonding agents) are certainly not .
foolproof techniques,and the latter requires an additional procedure and -
firing cycle. As a result, the palladium-silver alloys have been considered .. 4-

more technically demanding by some. However, one can take full advantage of
the excellent physical properties and economy of palladium-silver alloys by
simply using one of the two dental porcelains resistant to discoloration.

If silver-containing alloys are to be used on a regular basis, then the
porcelain furnace should be purged routinely. A high production facility
might purge their furnaces on a daily basis, while 1-3 times per week would
be sufficient to control the collection of silver in the furnace muffle of

less frequent users. A furnace-purging technique is included in Section 8,
on the palladium-silver alloys. "-*-...

* Williams Gold Refining Company, Buffalo, NY.
** Rx Jeneric GoLd Company, Wallingford, CT.
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dO 3-8. CASTING ALLOY-DENTAL PORCELAIN COMPATIBILITY

Very ofte.n little, if atny, attention is given to an examination of the :. -

compatibility of a dental! porcelain with a particular alloy. With the multi- .

tude of alterniative alloys flooding the market, it is unwise to assume that
a givena dental porcelain can be used with every alloy system. Moreover,
success with the sinc7le unit, PFM crown is no guarantee of suitable pairing
in a_ 'ixc-. 6nrn i~ue ccasionally, a mnetal and a porcelatin lc a
predictnzbiet ievcrl 0cOT aai iy and, as a result, the porct,ain may
fraicture or a portion may unexpectedly pop off the metal surface (Fig. 3-d) .J
Porcelain crazes an" fractures may be indicitive of incompatibility between
the %etail and the -(:rcelain. 6n the otner hand, not all mismatches are
readily i,4entifia-ble.

Figure 3-o. Porce-Lain fractures (arrows)
may be an indicatton of a porcelain-metal % >

incomp, ti b iI i ty. Imhaeor delayed
fractures mqay be observe i, especially
during, the cooling phase.

t-lernarjs the discussion, ot' compatibility could be better understood if ~
it were exain-ned 1'rom two different perspectives: physical compatibility, and
chenicaL conabiiv c ;e-regation of compatibility into categories is
the olho-icp of ,he autfhor, ann !cay be a ooint for discussion by more learned

sneca~1t~ n lnta maerils.However, th'i differentiation does permit
reco-nltiln of' -. ifferent tye of comptibility aind incomptibility, and

4 pcermuits idniffti~ spec ific problem areas.

a. Physical Compatibility

o''a ontibili ty wouli be iin the es tablishmnent (if

the , 1t n( metal subs truc turt- ii tne diental porcelain. ~ ~
It is bn'r'!I t v- n the coefficilent -)f the7rmuil -.xpnnsion for the

meta n1t sr rhs1itlIy h ighe , thnn thiat of' the dental porcelain,
in crjf. tnr '- r- v-:.tcr to boe F e .resin. entil porcelain
is at iU , oi n aesd n atv 1''tt when slubjected to %7
sheer a rena. o in -i f the' coe f f icien t.- I tht rrr n, xni on could. -

result in t n fractlirinc, of the die!taL .)(rct Lain: i.e., a physical
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Although it may not always be made clear, there is undoubtedly a range of
physical compatibility. In other words, the metal and the porcelain can vary
just so far; and, when conditions take either material outside this "range" of
compatibility, then problems may arise. When we observe porcelain cracking or
crazing during the cooling phase, we may not always think of this as an example
of a less than ideal match of coefficients of thermal expansion. The cracking A.-_

could be due to poor technique, or it might be an indication of pairing outside
the workable range of physical compatibility, especially if such an event
occurs routinely with single unit crowns. A greater challenge would be to test
the two materials in a three-unit fixed partial denture with a metal pontic.
Should cracking or a complete bond failure occur, then one should suspect a
mismatch of coefficients of thermal expansion.

A comparison of the coefficient of thermal expansion can not be used to
predict the compatibility of a dental porcelain and an alloy. Many factors
contribute to compatibility, and the coefficient of thermal expansion is but
one.

b. Chemical Compatibility

Perhaps the best example of chemical compatibility is the porcelain-
alloy bond. Dental porcelain is believed to adhere to PF4 alloys through a
combination of mechanisms, but the attachment is primarily thought to be a -

chemical bond.3,6 The surface oxides on the metal substrate are able to
interact favorably with the porcelain oxides and form a porcelain-metal oxide v"-. s"'.
bond. This is a prime example of chemical compatibility.

Another example of chemical compatibility, or incompatibility, may be
silver discoloration of dental porcelain. What happens when that metal .- .
substructure is an alloy which contains more than 10% silver? With some .
dental porcelains, there may be an undesirable chemical reaction between
silver vapors and some components in the porcelain. The result may be the
production of a green, yellow, or brown discoloration of the porcelain
adjacent to the porcelain-metal junction.1 9

How better to describe this occurrence as an undesirable chemical
reaction or, to put it more simply, a chemical incompatibility. As mentioned
previously, there are two dental porcelains which reportedly are resistant to,
porcelain discoloration when used with silver-containing alloys: Will-Ceram,
and Artis-Tech. These porcelains apparently differ from those which are not ... ' V
as resistant to discoloration, and perhaps may also be described as chemically
compatible with silver-containing alloys. --

Either a metal or ceramic bonding agent is recommended for those dental
porcelains not pcssessing such a chemical compatibility with silver-containing

metals. Bonding agents may help to produce a physical barrier and to prevent
undesirable chemical interactions.

* Williams Go I Ref ining Company, Buffalo, NY. "

** Rx Jeneric Go ., Company, Wallingford, CT.
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". ~SPRUING, INVSING, AND CASTING TECHNIQUES "

A great deal of the success for the production of high quality PFM
restorations is achieved through an appreciation of the theory and practice

of proper spruing, investing, and casting, particularly When switching -

from a gold-base alloy to a non-gold base system. Certain modifications - "
in technique have been recommended for the non-gold base metals and the
non-precious alloys, in particular.

To prevent potential pitfalls or misunderstandings when using these

alternative alloys, the subjects of spruing, investing, and casting are
addressed separately here. After a general introduction, each topic is
examined,with emphasis on those factors affecting non-gold base metals, in
particular.

* li-2. SPRUING TECHNIQUES

One of the initial decisions a technician must make, when preparing a
wax-up for investing, is the selection of an appropriate sprue system. Each
case must be analyzed to ensure that adequate molten alloy will be made avail-
able to each unit. Several important factors to consider are: the spruing

method (direct vs. indirect); sprue placement (or location); sprue gauge;
sprue length; reservoir location; constricted spruing; the Rousseau Casting

System; sprue composition (wax vs. plastic); and the use of prefabricated
sprues.

a. SPRUING METHODS

orWax patterns can be sprued by one of two different methods--directly
or indirectly. There are advantages and disadvantages to both techniques,
and the philosophy behind each should be understood.

-'. 1. Direct Spruing - As the name alone indicates, with direct spruing
the path created for the flow of molten metal is straight, or direct,
from the crucible to the wax pattern area in the mold. The concept
is often easier to create than indirect spruing, and generally requires -.
less time and effort. More often than not, this approach is recom-
mended for single units or small patterns. A straight sprue is simply
luted to the thickest portion of the wax pattern at one end and secured
to the sprue former at the other (Fig. 4-1). However, the technique
can also be modified to include a ball, or round reservoir, between
the pattern and the button. Despite the introduction of the small
reservoir, the technique is still regarded as DIRECT spruing. . .

A basic weakness of DIRECT spruing is the inherent potential for .-..

suck-back porosity at the junction of casting and the sprue.

75
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(A) (B) . '.

Figure 4-1. Direct spruing for single units: (A) with both a straight
and a reservoir type sprue; and (B) with multiple single N' ' '

units arranged with reservoir sprues.

* .-

2. Indirect Spruing - The development of an indirect system to feed .
molten metal to a series of patterns is the basis for INDIRECT
spruing. With this particular spruing technique, the molten metal
does not flow directly from the casting crucible to the pattern area
in the heated mold. Instead, the voids in the mold created by the
wax patterns fill first and draw needed molten alloy from an adjoining
reservoir area. The reservoir, or connector, bar can be created by
using a 6- or 8-GAUGE sprue which extends beyond the width of the
end patterns and is fed by two sprue leads (Fig. 4-2). A larger size
reservoir bar may be necessary for multiple molar or pontic patterns.
The Rousseau Casting System, another example of INDIRECT spruing,
relies on unidirectional (metal) flow, that is, one feed to the
reservoir area (Fig. 4-3).l

There are differences of opinion on the need for INDIRECT spruing
with cases involving single unit crowns, or multiple single units.
Although DIRECT spruing may produce acceptable results in many
instances, INDIRECT spruing may be a more predictable and reliable
approach. In addition, the use of prefabricated INDIRECT sprues
permits standardization, within the technique, to improve consistency
and to help eliminate errors in sprue design and reservoir placement.
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b. SPRUE PLACEMENT

The sprue to the wax pattern (pattern sprue) should be attached to the
largest cross-sectional area of the wax pattern, thus ensuring a flow of
molten alloy from a region of large volume (thickest area) to regions of
lesser volume (thin sections). Failure to follow this prescribed sequence

might result in incomplete castings, should a low volume (thin section) "J' J-
undergo solidification before the mold has filled completely--or should
shrinkage porosity occur if the patterns do not have access to a reservoir
of molten metal.

c. SPRUE GAUGE

A pattern sprue of sufficient size should be selected to supply the
amount of alloy needed to fill the pattern mold. The round wax sprue gauges
are conveniently identified with a gauge number; i.e., 10, 8, 6, etc. The
larger the gauge number, the smaller the size (diameter) of the sprue. Often
an alloy manufacturer will include recommendations for sprue size selection
to assist the technician. However, such suggestions are made without benefit
of examining the individual wax patterns in question. Therefore, it is the
technician's responsibility to measure the wax patterns, evaluate the
particular requirements of each case, and determine the most desirable sprue
gauge. When fashioning an indirect spruing system, make certain the reservoir ":..-..

is larger than the thickest cross-sectional area of the pattern. This require- * -
ment is particularly important when spruing metal pontics and large molar ,....
retainers. Even prefabricated indirect sprues have different gauge reservoir
bars, so select a size appropriate for the particular patterns to be cast.

d. SPRUE LENGTH

With the DIRECT spruing method, the sprue should be long enough to
position the wax pattern in a cold zone (areas outside the heat center) at
the opposite end from the sprue former. That length will vary with the type
of sprue former and the size of the particular casting ring used.

There are differences in opinion as to the ideal length of the sprue
from the reservoir bar to the wax pattern in INDIRECT spruing. Some have
recommended the elimination of an intermediate, or pattern, sprue in favor
of pattern placement directly on the reservoir bar. Others suggest maintain-ing 1/4 in,(6 mm) between the reservoir and the wax pattern. 3  Pattern plac.-

ment off the reservoir bar is highly recommended to ensure location of the
patterns outside the thermal zone, or heat center of the c:tsting ring.4
Experience has shown that a 5-mm pattern sprue is often sufficient to meet - _

this requirement.

e. LOCATION OF THE RESERVOIR

There appears to be general agreement that the reservoir portion of a
spruing system, be it a 6-, 3- or 1-CAUGE bar or round ball, should be

% positioned in the heat center of a casting ring. In this wa., the reservoir
can provide molten alloy for the pattern3 during the pattern solidification
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process. The sprued case should be weighed, and the weight of the sprue former
subtracted. The difference is the weight of the indirect spruing system, and
that is all that is necessary to cast. No button is desired with indirect
spruing, because the button competes with the reservoir as the largest mass
of metal, and influences the location of the heat center of the casting ring.
This subject is explained in greater detail i Seto (subsection 4-4).

f. CONSTRICTED SPRUING

Tapering the sprue at the junction of the wax pattern rather than bulk-
ing up this area is referred to as "constricted spruing" (Fig. 4-3). mcLean

* contends that the taper enables the sprue to function more like a true reser-
voir, thereby decreasing the likelihood of suck-back porosity.4 However, a
study by Compagni et al. found that the "bottleneck connection" (constricted
sprue) had the worst results.2 Unfortunately, they did not use pattern sprues
to separate the wax patterns from the reservoir--a fact which may have had an
effect on their results. However, they were consistent in not including theA

* intermediate (pattern) sprue in all the'r indirect spruing.2

*The Unitek Corporation recommends constricted spruing for their nickel-
* chromium beryllium-free alloy, Forte. *With this lower density, non-precious

metal, a constricted sprue literally sprays molten alloy into the heated mold.3

However, in their instructions for spruing the high palladium-copper alloy,
* PG-8O+*, they stress the opposite: "Do not constrict the sprue/pattern opening."

Why the difference? The answer is probably attributed to alloy density. The
constriction is helpful in the mold-filling process for lower density non-
precious alloys. But, as the density of the metal increases and approaches
that of gold-base alloys, the benefit is diminished. Constriction is more apt
to interfere with the molding filling of denser metals, and may increase the
likelihood of suck-back porosity. The basic concept is that the greater the
alloy density, the greater the sprue-pattern access. The opposite may be true
for lower density, non-precious alloys.

In one castability study employing a nickel-chromium. alloy and ingate
widths (widths of sprue-pattern attachment) of 1, 2, and 3 mm, however, the

* constricted sprue (1 mm width) had the least favorable resultF-. It was also
found that vented patterns cast more completely than urvented. Yet, all the
castings with a sprue width of 1 mm were defective, regardless of whether or not

* vents were used. 5  The type of failure in the castings was suic -baca porosity at
the sprue-patteri interface.5

Invariably, some individuals will encounter succe,.s using, constricted
spruing for all alloy systems, regardless of density levels. This is not to .

say that both te chniques will not work. However, the recommendiation for the
limited use of constricted spruing is to promote ;t techn~ique which is more
likely to offer consi, tent and highly reproducible results.

*Unitek Corporation, Yonrovia, CA 906
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g. THE ROUSSEAU CASTING SYSTEM

The Rousseau Casting System (RCS), developed by Mr. Carl H. Rousseau in %'f. -.
1981, is principled after the INDIRECT spruing concept with several changesI
(Fig. 4-3). The flow of molten metal is indeed indirect, but unidirectional. %
The reservoir bar is located in the thermal zone, and pattern (intermediate)
sprues are used to POSITION the wax patterns outside the heat center. 1  The~~% . N-

pattern sprues are, however, constricted at the sprue-pattern junction as .-.

suggested by McLeFn.
4

This particular system was not studied in our testing program, but should ".
be considered for evaluation by those interested in new spruing techniques. I J.

h. SPRUE COMPOSITION - WAX VS. PLASTIC .

Although it is not often emphasized, investment burnout techniques should
vary for plastic sprues as opposed to an all wax system. In fact, the burnout
instructions included in Sections 6-11 are for users of wax sprues. Wax melts
readily in the normal course of the burnout process, leaving little concern for
carbon residues after proper heat-soaking at the recommended maximum heat-
soaking temperature. ."

As compared with wax, plastic sprues do not burn out as readily through
the lower temperature range; and there is more potential for carbon residue to .
remain in the mold. Plastic also undergoes more expansion before softening, a
characteristic which can be responsible for investment cracking. More impor- N.Q ,

tantly, if the pathway for the escape of molten wax is blocked by an unmelted %I
plastic spruing system, the wax may overheat (boil) and deteriorate the mold
surface. The resultant castings might exhibit a high degree of surface rough-
ness. -

Manufacturers of plastic sprues may recommend applying a layer of wax over
the entire surface area of the sprue to produce an escape mechanism for the ' "
melting wax patterns. That procedure not only requires more time, but may lead ."

to surface irregularities in the investment if the wax is not flowed evenly and
smoothly over the plastic. If plastic sprues are used, a two-stage burnout
procedure is highly recommended. Burn out at 600 OF for 30 minutes (single ring);
then reset the oven to the desired high, heat-soaking temperature, and continue
the burnout procedure. If no specific two-stage burnout technique is provided ,.
with your present alloy, contact the alloy manufacturer for guidance.

i. PREFABRICATED SPRUES
%. .- *''*

The task of spruing and investing can be made easier, and certainly more .

consistent, when prefabricated wax sprues are used. These ready-made patterns
offer an efficient and time-saving method for spruing, with minimal product
modification (Figs. 4-4 to 4-7). More importantly, prefabricated sprues can
eliminate the need for each technician to construct a personal interpretation
of an appropriate INDIRECT sprue design. However, the sprue must be used with
an appropriately sized ring and in keeping with the Laws of Casting.
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1. Casting Oval System (Belle de St. Claire)*

rai The design of the prefabricated Indirect sprue (Ready Sprue) permits

rapid placement of the pattern in the accompanying sprue former and consistent
location of the reservoir bar in the oval casting ring. Products such as the
Casting Oval System help ensure consistent placement of the reservoir bar in the
heat center of the casting ring when they are used as a system (prefabricated
sprue, sprue former and matching casting ring).

Removal of the solid center web is suggested to permit isolation of the
runner bar as recommended in INDIRECT spruing (Figs. 4-5 & 4-6). This modifica-
tion does represent a departure from the Belle de St. Claire philosophy, which
contends that the web enables the molten alloy to enter the mold very quickly -,-,-.-,
and without disturbance. That contention may indeed be true; however, the web -. '.
does permits metal flow directly to the patterns as in DIRECT spruing. The
elimination of the web also creates a true INDIRECT spruing system, isolating
the horizontal runner bar from the sprues leads that feed it.

The runner bar is 6-gauge for both the large and the small wax Ready -A-
Sprue patterns. This gauge is appropriate for reservoir bars which are used for
small- and medium-size wax patterns (copings and metal occlusal substructures)
for single units or small fixed partial dentures. ,. .

The oval sprue former should be indexed with a drop of wax to permit 4W

identification of the trailing edge of the wax patterns (Fig. 4-6). This step . ..
makes it possible for the technician to orient the ring in the cradle of the '.-" ".*
casting machine to enable the molten alloy to flow toward the trailing edge
(margins) of the patterns.

- " - °.01~

2. Tri-Wax System (Williams Gold Refining Company)**

The prefabricated Tri-Wax indirect sprue system has a 3-GAUGE runner
bar and 7-GAUGE sprue leads which make IT particularly useful for large pontics

or thick wax molar patterns. The cross-sectional area of a Tri-Wax reservoir
" bar is much larger than that of the Ready Sprues (Fig. 4-8).

Although the Tri-Wax pattern will seat in the small Belle de St. Claire
oval sprue former, the runner bar must be shortened at each end to make room
for tie ring, the ring lint.-, and an adequate amount of investment. Despite
the differences in size, the position of the Tri-Wax reservoir bar in the oval
ring of the Casting Oval System is approximately the same as that of a Ready
Sprue. Therefore, both prefabricated wax patterns could be used with the Belle
de St. Claire oval rings and sprue formers.

Belle de St. Claire, Van Nuys, CA.

WiLliams Gold Refining Company, Buffalo, NY.
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.2 Figure 44 The Belle de St. Claire Figure 4-5. iLhe nrefabricated Ready
Re;aty Sprue and oval sprue former. Sprue.s Cit --isily in the sprue former.

.1 0

V ::1W

Figure 4-6. After,'envin~ the web1' -,'earx Lteiscatn be
and sealt-r the Riea.iy :2roe to the (11, cj,:v e-15 co.ly attachel tthe
sprue forme,, pl ace t wt,.x )rieInt,,ti,-n -)-"o rrr f tnp !Rea-,iy 'prue.

* J"ot.

*Figrure T- h e c-o:-3ecIjn'L] areat

of the resc'rvo i r 1);ir oi I r i W ; -pruc .

(J e t) 5 PRICII I r;I r t 11, 11 t he' ReaCV -;I)T'11(
* ~ ~ jc _ht)
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4-3. CASTING INVESTW S AND INVETING TECHIQUES

The non-gold base, PFM alloys often require some modifications to the
investing procedures typically associated with high-gold content metals.
These changes are required to avoid potential unfavorable interactions,
between components of the investment and elements in the various alloys,
which might result in an unsatisfactory casting.

%" a. TYPES OF HIGH-HEAT INVESTMENTS

The high melting ranges of PFM alloys exceed the upper limits of the
gypsum-bonded investments, and require the use of the phosphate-bonded or
silica-bonded casting investments. Our experience has been limited to the
two varieties of phosphate-bonded investments: the carbon-containing, and :. /
the non-carbon containing.

el . .
1. Carbon-Containing Phosphate-Bonded Investments. This first type of __.

high-heat investment is gray-black in color, due to the presence of
carbon. One reason carbon is added to the investment is to facilitate

divestment. The investment itself may appear coarse by comparison with
a gypsum-bonded investment. Generally the phosphate type of investments
requires a special liquid for mixing rather than distilled water. When Peo.
the liquid is used full strength, maximum investment setting expansion
and working time are achieved. By diluting the special liquid, the
expansion can be adjusted to the requirements of the particular
alloy used; but the working time will also be decreased.

Suggested dilution ratios for some investments are included in the - .
technical descriptions for the alloys tested. These ratios should
only be considered starting points which may be adjusted to meet your
particular requirements.

2. Non-Carbon Containing Phosphate-Bonded Investments. The non-carbon
investments are easily identified by their white color, before and
after mixing. They were developed for those who wished to avoid any
possible interaction between carbon and the nickel- and cobalt-base,
non-precious alloys, as well as the palladium-base, precious metals.
Apparently, these alloy systems are capable of dissolving available
carbon. Carbon absorption can result in carbide formation and/or ...

porosity due to carbon inclusions. Some manufacturers of carbon-
containing investments contend that, if a ring is burned out appropri- _ _

ately and heat-soaked at the prescribed high temperature, no carbon
residue should remain. They suggest more risk of carbon contamination
lies with an improperly adjusted torch than in a carbon-containing
investment. Proponents of the non-carbon investments like the added
security that using a carbon-less system provides. Their contention
is: "Why use an investment which contains carbon, and thus run any
risk at all?" %
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The non-carbon investments are also generally coarse-grained, like
their carbon-containing counterparts. The one exception encountered
was the fine-particle investment, Vestra-fine* (Fig. 4-9). This
particular material mixes to a smooth, creamy consistency with ample
working time, even when the special liquid has been diluted (Fig. 4-10).

UbWo

* ,~~.*, .% ..

Figure 4-9. Vestra-fine is a non-carbon Figure 4-10. When mixed, Vestra-fine
(white) phosphate-bonded investment, produces a smooth, creamy investment
suitable for use with all PFM alloys that can be poured into the casting
as well as Type III gold. ring.

b. INVEbTMENT-CASfING ALLOY INTERACTIONS

In the course of this evaluation, variations in the performance of alloys
with different investments were observed. It became apparent that initial .'.4

problems attributed to a given metal were, in fact, possibly due to the partic- .e .i#
ular investment used. Excessive nodule formation and fins might occur more . -.

frequently with one investment, but not at all with another (Fig. 4-11). .

Alloy manufacturers frequently state that their alloys may be used with
virtually any commercially available phosphate-bonded investment. That has
not been our experience; and other studies support the belief that casting . . .
alloy-investment pairing can influence results. 6,7 For example, Barreto et
al. have even recommended testing alloy-investment interaction prior to actual
clinical use.6 They suggest that conflicting and/or controversial castability
results for the non-precious alloys may not be due to the alloys themselves,
but to an improper investment-alloy pairing.6 The findings of our study support
that belief; and the Lesults of any castability study should be evaluated, with
attention being given to the particular casting investment(s) usei.

Unitek Corporation, Monrovia, CA.
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Figure 4-11. The nodules present on
this palladium-silver alloy were
attributed to an investment-alloy
interaction. Simply changing the
investment can often eliminate such ..A d&.. ..

problems.

4-14. mELTING AND CASTING ThCDQu

Assuming a case has been properly sprued, invested, and burned out, the '

next crucial steps involve melting and casting techniques. A poorly adjusted

torch or improper casting method can ruin all one's efforts up to this point.
* Therefore, specific recommendations for melting and casting have been included

in the technical instructions for each alloy in the various groups and systems.
Be sure to refer to these sections before beginning such procedures. .

a. CASTING TORCH SELECTION

There are two types of torch tips from which to choose when selecting
casting equipment: a multi-orifice, or a single orifice (Fig. 4-12). The .

* type most widely used for PFM alloys is probably the multi-orifice tip. The

main advantage of the multi-orifice design is the distribution of heat over
a wide area to permit even heating. It is particularly helpful in melting
the high-fusing, non-precious alloys. The single orifice torch tip actually :.h .
may concentrate more heat in a single area, but that area is smaller than
that heated by the multi-orifice tip.

The Harris 16-S torch with a #1390H multi-orifice tip was used in this
project, and it performed quite well. However, numerous casting torches are ]'
on the market today, and many of them might prove equally satisfactory. Select .

one that is lightweight, has a comfortable handle, is easy to manipulate, and .
has tips for both casting and soldering.

.. %o .. .....
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The selection of an appropriate fuel sourct is an item often overlooked, %,, ,

or neglected, despite its importance in the casting procedure. The three gases %, %P

which merit specific discussion are. acetylene, natural gas, and propane. 0

. Acetylene -This is a colorless gas possessing a very distinct,

garlic-like odor.8 Actylene will burn in air and c~n generate a .,' .'
flame -iporoaching 3000 OF, which is hotte:r than that produced by ""

natural gas.6 Unfortunately, acetylene is a contaminated fuel•'..-"
source (contains cirbon, among, other elements), and it should not-...-,,

be used to melt PFI alloys. . __.

2. Natural G]as - This naturally occurring gas is the by-product of the".'..-..
natural" decomposition of organic matter in the ground.8 When natural .'"',

gas is mixed with air, the resultant flame approaches a temperature of -- ",..
2200 OF. Higher temperatures can be achieved to melt the high-fusing ,.....

precious and non-precious PFIM alloys, simply by substituting oxygen 0 i

for air.' '" '

Natural gas is an acceptable fuel source, although it is not ideal. J'"i..

Some of' the poroblems confronting natural gas users (not necessarily . ."-:

Air Force facilities) include: inadequate pressure level within the .--. f

gas line; fluctuation in the pressure level while caisting; water

contamination in the line; and variations in composition by different F'...n-

gas companies. Despite these limitations, natural gas is a widely ,../ /.
used fuel....],. .

3. Propane - The major limitations of natural gas can be overcome by ,..

the use of bottled propane gas. A constant, regulated mixture of ,

propane and oxygen ensures a clean, consistent burn Pand- a more ideal" .-.''.'

melit. ..-.. ."

c. CENTRIFUGAL CAS'ilNG % ii:.!i

All of the precious and non-precious non-gold base ceramic alloys can be

satisfactorily cast in ) conventional centrifugal castiii, machine. Althougch, -- -'-
induction casting might be more helpful, it is certainly not ai requirement..,'..-.
for those who wish to use alterniative alloys. Howevfer, the lower. dens-it "%.'-....
alloys normally require one a]dlitionial winJ of the casting, machine irm. .

d. INDUCTION CASTING "'[,,-.

The idea of" !n~irtn, the ofast r] oc 's or of,.m c ':.c o e tin '%',' -

ing, pr C,-5-of
< ~- ,.,

devoid of human w~ri {iiity an inep)tresq, what ma~es lmluctlor; cistin0- % \.
appear attractive. Unfiortunaitely, the eiuiprnent i-- so costly th t this ce-st in i _'w

method is left to thr. much ],r tr r -  doit- 1 !-.or ,torif,, 1oe v r o ]..- ..[[[[["[J
induction costing machines pre u, hepful as anFiiin on ceptable.
unit is not as easy i task as it coores ap o i en .'- -..- -,

garli-li~eodor. Actlene ill brn inair nd " geneate
flameapuroching3000 F, whch i hottr-tha-thatpr"dued b

natura gas. Unfotunatly, aetylee is contminatd"fue
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e. CASTING CRUCIBLES

Both the precious and the non-precious PFM alloy should be heated in
either an alumina or a quartz crucible (Fig. 4-13). Clay and carbon crucibles
should NOT be used. Clay can not withstand the high melting temperatures of
these alloys. The clay will literally break down during the casting process,
and possibly contaminate the molten alloy. Carbon crucibles are potentially
more damaging to nickel- and palladium-base alloys, because the molten alloy
can absorb the readily available carbon. Carbon absorption can actually cause
the metal to realloy in the casting crucible, forming carbides which embrittle

the casting.

It is best to preheat the alumina or quartz crucible in the burnout oven
with the casting rings. Preheating gradually warms the crucible, prevents
crucible cracking (spalling), and prolongs the life of the crucible. These

crucibles are self-glazing and, therefore, do not require a crucible liner.

Either use color-coded crucibles (Belle de St. Claire), or carve the
alloy name in the crucible itself to prevent alloy contamination (Fig. 4-14).
Do not use different alloys in the same crucible....-

1 10

. .

*d.

Figure 4-13. The smaller clay crucible Figure 4-14. The Belle de St. Claire' ..- %,
(top) is suitable for Type III gold; color-coded, zircon-alumina crucibles .
but quartz crucioles (shown at bottom) can each be assigned to a specific
or, more preferably, zircon-alumina, alloy to avoid cross-contamination by

are recommended for PFM alloys, different alloy systems.

Belle dS.l•Belle de St. Claire, Van Nuys, CA. "' ' ' ' "

.p..
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f. THERMAThOL 2500 CASIING 
% aiNL

Electric casting maichines, such ats the Tem r ~h r .tgnr'l

recommended for the palladium-, riicKel- or cobal-batse milif' the,; invoDive

the use of a carbon crucible. .

BLASTING COMPOUNDS

"he commercially available abraszive comnounds on the ma-r-:et tolay in'Lude:
aluminum oxide (A1 2 0 3 ); general purpos--e blas_,ting compouni; ani Lass beais.

All three compounds can remove ci.stingL inve.-tment and surface oxiu es from
acastingr tfter divesting. Pure, non-recycle aluminum oxidle (white color) is

most frequently used to air-abrade the porcelain-bearing surfaces of the metal
substrait orior to oxidation (Fig. 4-15). A 50-oin grit variety is generally
recommended for this procedure, reserving the 2-5-pum size abrasive for ca-rving
occlusal anatomy in fired porcelain.

Figure 4-15. Dental porcelain- a:nd
porcelain-beairing_, areas of -a metal
substructure should only he air-
.abraded with pure, white aluminum
oxide (ritcht) . T he gSray ars
powolers contaiin iisnuritis wni-h
may contaminatte tht. porce Lain. '

4-5. THE LAWS OF CASTING

cas t i InrI i ho cnni feredl both tri i-t a-nl !I
science, oem ''r eso v. hiemn nrl
concept;3 prevu il, . a ticn! !., of"-i in eac-h lental
technicians i''o th t:L o", C-stinxo. The sc lence of
casting . ,)r Ir>,whict, ret leot the inlnneof
the science- or ientai t,,oiwi f the n _bl' erl count cc,.
can be attrimitei to, 11A .~- i I 'o; r i -in, rcto colI

and/ or a f i iLure i - r i n,- ' InF. rr I +

one of' the imn)orto nt f'euni:itior f, n1 s- D t Ill ! I V "YV
casting cortiJ srl~v o o1iIO
invariably occur= in the Itnt por' lo': "n

chalegebeore thne te ch~oa 's c ''-" I i' s~.-)ln~ to

controlI the 1.ocation o_ tv-' n k 11 ro 1
a porosity-free restoration. *'ne Laws of Casting :'

pertain to sprumsq, invet in, 1 %

.. ~~~~~~~ .. 
_d0%'_ 
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*% t % C %. .

'-, cr c 'a -i~ n uan e:n vera D' r
vlso ~ ~ ~ ~ 1 >x.t: laL aws relative to t'.e crino:...esS

: 'vo e . .. ..... : i' t ins. rome 3:,ittonal laws have been a eJ_ a , based
on t h :ose- ,' on c onvus ons fr m this oro jec . e en: %
reslt :3 a .enda tons for soruing, investing, burning

SPRUING

THE 1st LAW OF CASTING
.0-J

t h sn e to th e th ic ke s t cro ss- se c t io na l are a of th e w ax
n-Atterl. he fow f lten a loy from the reservoir to the pattern manorgins
s hoi_, b - '- cm "o <i ns S r ea . e r vo lu m e to a re a s of le s ser v olu m e (m- rSin s ).
Th is q is 'ast "n..'.j she,; by attach ing the p att ern 3prue to the m ost. .

rC' 4. -" n ' ] he o c'_lus-l/incisal surface. it is ill-advised to consi-
S :pr ' - , e in ,' t-)a.uK area 0.4 mnm thic. , if an adjacent, fully

cot -Tri- C ou is -Iva lable. Molten metal flowing from a thin area (0.4 mm)
to _t e r,ion (fu': wax-up) may solidify before the mold is completely

The PENALTITS for not obeying this law are: COLD SHUTS, SHORT MARGINS,

T:{' Tspoo CATNS

o. THE 2 nd LAW OF CASTING

rient the wix pattern mar gins to the right and mark their location
(P . ,-A ). ...., centrt fugai casting , the wax patterns should be posits onje d

so tihat th- 1nar I-ns faice to the right, to take adivantage of the centrifugal,
rotatirnal, and c--ivitational forces on the molten metal. 1 0  Place a small
Jotr, of wnX n: " the sole former so you will know how to position the ring prop-

. tl c st ,: , u" ] , nc , e tle patterns have been invested (Fig. 4- 6)

r iot coe ig; thi s iaw are : COLD SHUT S and SHORT MA T OI N S . -a

ri rug'"-' ~In-I ' 4. 10> c•

1'.4

, - . "
-?1 U % , ,I!; •'" *.;" :; 
X t~ "!?l
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c. TRE 3 rd LAW OF CASTING

Ftace- the waLx -)atterris (restorations) in a COLD ZONE of the investment
mold, and position the reservoir in the HEAT CENTER of the ring (Fig. 4-1)
The coolest portions of the mold (COLD ZONES) are located at the end of the
ring opposite the crucible and along the ring periphery. By lsmiting the
amount of caistini, investneiit over the wax patterns to no more than 1/4 in,

*there is g reater opportunity for molten alloy in this area to cool first. On
the other, hand, the hottest portion of the casting r ng is located nea-r the

* center and thus is referred to as the "HEAT CENTER. " Ideally, the reoervoir
*should ri n lter longest to obey this law and permit the p ~tris toco

first. A-H!er'enco to thi, i'aw improves the likelihood that c,. t.ripros ity
will occoir ito the rHeservir ratther than in the restoration.

The PiNI 1'or r._it obeying this law is SHqRINKAGE POROSITY i4n the
restoration.

i 'r1 4th LAW OF CASTING

Th~e rsrvi mus-t have enough molten alloy available to fill the
shririKac. th-). occurs within the restoration. 9  The alloy which enters the

* nattern (restoraiior) aLreat should cool first.' 0 ) During the cooling process,
thef moto l :h~~ Trcthus creating a vacuum. For the restoration to be
a complete c~slcthe vacuum must be able to draw additional molten alloy4
from an adja cent ,ooirce-the reservoir. One effective reservoir is a runner

* bar equivalent to th, thickest cross-sectional area of the wax pattern
(Fg 4-183).

The ,,N~IF r' n rrot obeying this law are: SHRINKAGE POROSITY and/or
SUCK-BACK AOSL A very commnon location for such porosity is at the

* sprue-pattern puzictioi'.

C1- St n gs 19gr

A-1-

* r Figure Z:-18. The reservoir b irs jilmeter
b-tr to 1E uAT is at least equal to thticAest part of

the costingo-, ind! contains aimple metal to
cast the two units, without -i button.

91,
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e. THE 5 th LAW OF CASTING

Do not chst a button if a runner bar, or other internal reservoir, is5
usedA (Fig. 4-19).9 In INDIRECT SPRIJING, the largest mass of rnolt-Ti met-1
should be the reservoir, and the presence of a button iscon.rr:cv.
Tne latrge exposed surface area ensures that the button cool: b f'retn
oa-tternF . As a result, the button draws available molter.mta froa. the
reservoir, thereby reducing the feed of molten alloy to the r~~~''s
The best method to eliminate a button is to weigh the wax 'ratterns. Simply
weig h the st~rue former, and we-igh the completed waix-up; then the dIfference
b-.tween tnto two is tnie amnount of wax above the top of the spurefrnr i *e..

the INILhri - PU YsEr1(is 4-20 to 4-27(). An alterrn tiv- 13tn
to mult-1piy the weirht of the wax-up times the density of tne aly h
produact is the approximate amount of metal needed.

The PENALTIES for not obeying this law are: SHRINKAGF POROSITY, S3UCK-BACK
POROSITY, and potential DISTORTION during porcelain firing.

A*

Figure 4-19. The use of too much metal Figure 4-20. Weigh the sprue former
can produce a large button which then after filling its btase with wax .
competes with the reservoir bar as the Once this initial weig-ht_ hais been
largest mass of molten metal. A large determined, it shoul-i be recorded;
button can also prevent the bar from for this step doesz ont ha-v- to be
being in the heat center of the invest- repeated. .-

ment.

*Bel~e de St. C aire, Van Nuys, CA.
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FL ie 4 - th wa fr m th Fi ure4-L,. If t e wy L t

ovV inetapea - hv enw iE'e ii't- t._ ~
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tt Lc tip ~i pttrnstoth buto soud b cs. Alo t-.
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* ~Figure 4-25. AThoughrasbuttn ths Fiuesamehsnn-rcos atn

casting porsity has. beenresticted t w t
t"the underside of the reservoir bar d aw
away fo catestoretiors a ot

%•.*. )..-..-[.

-.... " -.

"°.. . .v -.

.* %- ....

Figure 4-27. AThuporositytin ths same4-¢ hi o-peiu csig .,.

casting porsiy Fi.4-6has lretiited to a atrsad lo.Nt h ,.,,'.' .
tothe underside of the reservoir bar des atn adsapmrin.. "'.
awa from the cst restorations. Note.-that

no button was cast.

*Dentsply I r.tern-i t tonal, Inc., York, PA.
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f. THE 6th LAW OF CASTING

Turbulence must be minimized, if not totally eliminated.9 The pathways '

for the flow of molten metal during the cast must be smooth, gradual, and
without impediments. It is important to eliminate sharp turns, restrictions, -

points, or impingement on flat surfaces. Some disagreement exists on the
use of constricted spruing, as previously discussed.l,2, 4 However, turbulence .
can occlude air in the casting. Any restrictions, or constrictions, can
accelerate the metal's rate of flow and lead to abrasion of the mold surface,

* :: MOLD WASH.9  -.

The PENALTIES for not obeying this law are: VOIDS in the casting and/or -
SURFACE PITTING. The VOIDS are created by the occlusion of air produced by w .
the turbulent flow of the molten metal. When MOLD WASH occurs, investment .'%

particles are removed from the mold surface and carried ahead of the molten .

. alloy. The presence of SURFACE PITS and incomplete margins can be attributed
to these entrapped investment particles. "

g. THE 7th LAW OF CASTING

Select a casting ring of sufficient diameter and length to accomodate the .
patterns to be invested (Fig. 4-28). The casting ring should be large enough
to enable the patterns to be spaced 1/4 in. apart with at least 3/8 in. of
investment between the patterns and the ring liner. The patterns need this
amount of investment to prevent investment breakage and ensure equal and ad-
equate expansion. The ring should also be long enough to permit 1/4 in. of " -J'-
casting investment to cover the wax patterns. If too little investment covers ,.?
the wax patterns, the molten alloy is likely to break through the mold. When ..-.
too much investment covers the wax-ups, the restorations may become located
in the HEAT CENTER of the mold and SHRINKAGE POROSITY may occur (P'ig. 4-29)-

The PENALTIES for not obeying this law are: MOLD FRACTiURE, CAj,)TIiG Fi'NS,
*and SHRINKAGE POROSITY. i%

.. ~.- ..... ,

A

Figure 4-28. The wax patterns are Figure 4-29. When too much investment
far enough apart and placed well covers the pittern s, tiere is A re:tA -
away from the walls of the ring to liKelihood tne rest)rtioris mi-v Ie

4 ensure sufficient investment cover- too close to the rins'Is HEAt ,TN'l.h.
age.
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IN M TING AND BURNOUT

h.TE8th LAW OF CASTING

-~The surf-are t ~n ), jf tnfe '4'X ritrn tst be redace i. A wettingZ
agent shoui~i bo ruhe or sprayeu on the ps tterns, ind permittecu to Jry *

thoroughly. heductioni of the w,-x surf%-ce tension wi ll eniable the casting
Ninvestment to w,-t the poutte--_-: more1 ompletely. howevter, eithe,,r too much

or to)o little wettioc 12 n.;i equally de'rimentaL..

V The PENALTY for niot obeying this law is BIUBBIES on the surfa-ce of the

I-,casting,as a result of the e-:trapment, of aiL:r (too little wetting ag ent) or ,:

excess liquid (too much wetting agent).

i. TB 9 th LAW' OF CASTING

Wei.sh aLl castirn- investment powde r andi me L.sure all investment liquids
for a precise liquiid-p.owder ra-tio. The rn--tio ofl the powder to liquid and
any dilution of the (spefcial) liquid with distilledI waer should be determined
and recordeu; for ea-ch alloy and investment pairing. Not all alloy-investment
pairings offer tht s-ime level of c-tstability .

- The PENALTY for not obeying this law is iLITdGCA-:lINGS'. Generally,
a thicKe mix of investment (too Little iiqii) resuilts in. addedi ex-rusion and
Loos e f itting castin.gs. Too much Liquid (speciiL liquidl anri distilled water,
if any) pousuces ai thitner mix which yields less expansion andi titghter fitting

J. ~caisti ngs. In Thuiition, ai mix of 100% special l iquid results in more expansion
qini rnDre wor-Kinr timne than a cW/50 Jil )ot ion of special Liqu1id, aind distil led

- wate r.

jE lou} jth LAW OF CASTING

ELmi tn inrLorr tin of -i in the c t i- inv tmen rt lurin- mixing
and pouring. Vacuum mixingr is oreferrel to h in,, nptull-,tion to minimize the
amount of a-ir in the investmeint. Vacuum loive , in-, or r tref,si pouring of the
ringl, wil: hemI redulce air- e-iftrs-pment in the ) f the investment.J,.

The PENAL;PY for riot. -;tDV4 :,, tb h a i.; I g 'r1[ of the
casqtins,. Thei lrus t min- ny : c- io i~va OS t i':v(estment
will exijnn iffrn I:tu. r-: wl; 'i a i coa. r -:ut t ,:,t raped

* air.
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k. THE I1th LAW OF CASTING W

Allow the casting investment to set completely before beginning the %burnout procedure. If setting is not complete when the ring is placed in the
oven, the mold will be weak and unable to withstand steam e.xansion during N.
burnout. As a result, the investment may fracture or, perhaps, blow apart in '
the furnace. After final set has been achieved, 45-00 min, the investment
will begin to dry unless placed in a humidifier. A mold that has beenperni .
ted to dry out, and has not been rewetted, may crack during the burnout or
cast. Therefore, best results may be obtained when invested patterns are
burned out immediately after the recommended setting time, as opposed to
delayed burnout (next day). ' "

a The PENALTIES for not obeying this law are: MOLD CRACKING and/oi BLOWOUT
FINS on the casting.

•%. a-a...

1. THE 12 th LAW OF CASTING

Use a burnout technique that is specific for the type of patterns used
(wax vs. plastic) and suitable for the particular casting alloy selected.
The rate of rise for the mold should be adjusted differently for wax patterns '
vs. plastic patterns. Plastic sprues need to be heated slowly so they soften
and do not exert pressure on the mold. Therefore, a two-stage burnout is
recommended. In addition, the rate of rise should be slow enough to permit
the heat to move through the investment for uniform expansion to occur, The
heat-soaking temperature is the high temperature setting recommended by the
alloy manufacturer to ensure adequate expansion and a complete cast. ..%.-*

The PENALTIES for not obeying this law are: COLD SHUTS, SHORT MARGINS,.
COLD WELDS, MOLD CRACKS and/or CASTING FINS. If burnout is incomplete, t.he
channels of the spruing system within the investment may be blocked by wax or ..-.

plastic residual carbon. As a result, air in the mold cavity can not escape
when the liquid alloy enters the ring, resulting in cold shuts, short margins. %
or cold welds.

MELTING AND CASTING

m. 1 13th LAW OF CASTING

Adequate heat must be available to properly melt and cast the alloy
selected for use. The heat source used must be capable of melting the alloy
and providing the proper temperature to achieve sufficient fluidity for VV._
complete mold filling. Inadequately heated alloy does not attain maximum 'a .
fluidity and is, therefore, unable to fill the mold completely or to compensate -
for heat loss. Too much heat, or too high a temperature, can burn off minor
alloying elements through vaporization and/or oxidation (burned metal).

The PENALTIES for not obeying this law are: COLD SHUTS, SHORT MAY{LINS " ' S-'
and COLD WELDS (too little heat), or ROUGH CASTINGS and I.NVESTENT BREAKDWN
(too much heat).

97 *" ' """ '-
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n. THE 1 th LAW OF CASTING

Use the REDUCING ZONE of the caistinig torch to melt the ulloy and not the
oxidizing zone when torch casting. Carbon or oxygen can. be inadvertently
added to the alloy during the heating of the molten metal. The oxidizing
portion of the flame can introduce oxytgen into the melt, and adversely af'fect
the alloy's properties. A melt achieved by the exclusive use of the REDUCING
ZONE minimizes the li 'oelihool *if metal I xi lation and carbon absorption, and
ensures a proper melIt. Non-cairbon erulcit; Lc: are geerll ecommended. for

palladium-, nickel-, and cobalt-Last! alloys.

* The PENA1,1IES for not obeyi, I 11- L.~ i.rw 'irt GPA PUHR(Si1Y and/or a
cha-nge in the alloy's COEFFICIENT OFlI0 CA EiANIN

o. TUL 1 5 th LAW OF CASTING .

Enough force must be provided to c~tuice the liquid! alloy to flow into
the hented mold, regardless of the type of castitig1 machine used. The nature

* o)f the force ernployedl will vary with the type o!' casting unit: a broken-arm-
*casting- machine uses INEI.TIA; a straight-rml machnines relies on C'ENTRIFUGAL V

FOhCE; and the pressure or vacuum/pres..-ure: c;stiti machine employs PRESSURE
to fill the mold. Tihe cross-seotioaa-l Lstren'_ th of the caisting investment is
reduced in those areas taiken up by he trs.Therefore, the force of
entry of the molten alloy must be b-alanced with the cross-sectional strength
of the investment. Too much force is just ha !rmful a s not enough.

T'le PENALTIES3 for not obeying, thir., a w 'r: OLD CHrd HUhl' NARGlNS,
CuLD wELDS (insufficient forcef), or MUME; FR.Urran INd (too much force).

p. MHE 16th LAW OF CASTING

Cast TO your marg-ino. tPla-ce t ain i; in the c-astin- cradle with
the pattern margins facing th, ti--, 1> i ii e. In ai centrifugal castingz machine

*the metal wild flow DOWNWARD atnd'-( Tu ii W, ith efarly solidification at the
trailing_, edge. 1 0  Position the, oc sitig ri:.g to tqsi : adlvantaige ot' this behavior.

The t_2, a for niot obey i Ir.g .li isn iv,-r(: CL L) ~I,[ J1 MAEGINS,
* ~~and otherwise iVN. MPETF.Cs. NS

q- THEp 1 7th LAW OF CASTING

Do NUTI quenich tht cilr int'-- iit., i't* 1 i~. AllIow the ring to 4"P
bench cooi before .luerchn"f 1 h t'te tan the casting
investment. Tioweior , th : -t, .e 115 tltbed (divested!
quench rl) until both tht m ta, iii, i- '-,v cooiel comple teliy. The
uneven coolinc and ror r- bet ~i'irtriI inc i-vetment can result
in tensile forces bteirn-' tn1 1ico V it it,'o by ;ns ivestment. With
premature quenchingk, th iota';to i ~s su,'ficient strength

%to resist these f o rcc ;-ir t- he- tC t

The PENA [ui'Y for t~ot -)hvi' I ir tni! ::LW Is I ii i Inlb tht reto ration.
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THE PORCELAIN-TO-METAL BOND ' .

5-1. INTRODUCTION . \.\

No discussion of the PFM restoration would be complete without mention
of the current theories to explain the mechanism, or mechanisms, by which
dental porcelain "bonds" or "attaches" to a metal substructure. Use of
the word: "bond," might imply that the relationship between the dental
porcelain and the metal substructure is a purely chemical one.1 However,
non-chemical mechanisms are also thought to participate in the bonding
process. As a result, it may be equally correct to refer to the union of
dental porcelain and metal as attachment mechanisms.2' 3 Whether this bond

is a chemical or a mechanical attachment is, perhaps, of lesser significance.
What is important is a basic understanding of the processes involved in
attaining an optimum attachment.

5-2. THEORIES FOR THE PORCELAIN-METAL BOND

At least four recognized modes of bonding dental porcelain to metal are -. -.

recognized: Van der Waals forces, 4 mechanical entrapment,2-4 direct chemical
bonding,2 -4 and compression bonding.3 However, not everyone accepts all four 44

of the suggested mechanisms. Nonetheless, the general agreements seems to be
that the chemical type is the predominant and the most important of the four . .

proposed bonding mechanisms.4

a. VAN DER WAAIS BONDING

atomsVan der Waals forces are derived from the attraction between polarized .
atoms whic are in intimate contact, yet which do not actually exchange :. .
electrons.4  These forces are generally weak, since nearly all the positive
and negative charges present in the atoms are satisfied in a single molecule.

:' Therefore, only minimal attraction exists between the electrons and nuclei
of atoms in one molecule, and the nuclei and electron of atoms in another
molecule. 5

Some measure of true adhesion is believed to exist, as related to the
extent to which the metil substructure is wetted by the softened porcelain.4  .% "
In other words, the better the wetting of the metal by the dental porcelain, N.

the greater the Van der Waals forces. This adhesion of the porcelain to the
metal reportedly can be diminished or enhanced by altering the character of
the porcelain-bearing surface.4  A rough, contaminated metal surface will
actually inhibit the wetting process and, therefore, reduce the Van der Waals
bond strength.4 Conversely, a slightly textured surface, created by finishing
with uncontaminated aluminun oxide abrasives, and followed by blasting with a .
50-)pm aluminum oxide abr-n-ive, wiLl promote wetting by the liquid porcelain U

and enhance adhesion by V:an ler Wcils forces. 4 Nonetheless, the Van der Waals

forces are undoubtedly minor contributors to the attachment process.

1 00 • . -"% % ,.



-SECTION 5-

b. MECHANICAL ENTRAPMENT

The surface of a metal casting, even after finishing and air-abrading
with aluminum oxide, contains many microscopic irregularities into which
liquid opaque porcelain may flow. In fact, the air-abrasion process is -
believed to enhance mechanical retention by eliminating very rough areas S.

(stress concentrations), and actually increasing the overall surface area
for bonding.

2 ,3

Lacy described the mechanism for mechanical bonding to be much like the
manner in which unfilled composite resin is retained by etched enamel.4 The

enamel surface is eroded by the acid treatment creating micropores. The ' . .

unfilled resin flows into these irregularities and is mechanically locked in _
place when set.

The contribution by mechanical bonding to the overall attachment process
may be relatively small, since dental porcelain will attach to a well polished
metal surface.4  Mechanical bonding alone is insufficient to explain the
attachment process. ,

c. CHOUCAL BONDING

The single, most important method of porcelain-metal attachment is . .. '
believed to be a chemical bond between oxygen in the porcelain and oxidizable
metals from the oxide layer on the metal surface.4  Only a monomolecular ". '
(single molecule) layer of metallic oxides is needed for bonding to occur.
In fact, too much oxidation could lead to an attachment failure through the
oxide layer itself. .

McLean contends that two mechanisms might exist to explain the chemical 9
or,as he terms it, "the molecular bonding process."3  The first theory suggests
that the oxide layer remains permanently bonded to the metal substructure on
one side and the dental porcelain on the other.3 Thus, the oxide layer is . '
sandwiched between the metal and the porcelain. The second theory contends
that the oxide layer does not remain intact but dissolves, or is only partially .i'
dissolved by, the dental porcelain.3 As a result, the porcelain is brought
into atomic contact with the metal surface for enhanced wetting and direct
chemical bonding. 3  If too little oxide is present and subsequently dissolved
by the porcelain, then no chemical bond is left.

The consequences can also be detrimental should too much oxidation of
the metal substructure occur, as with certain alloy systems. If the porcelain-
metal attachment does not fail through the oxide layer itself, excessive oxide

absorption can lead to changes (lowering) in the porcelain's coefficient of
thermal expansion, or to alterations in the porcelain shade (graying/bluing).

4

* It is not uncommon to observe bond failures with the heavily oxidizing non-
precious alloys. In some instances, the failure is not due to a loss of any

I bond between the dental porcelain and the oxide layer. In fact, the porcelain
might remain firmly bonded to the oxides and be clearly visible (Figs. 5-1 &

* 5-2). The separation of the porcelain veneer from the metal substrate is more

101
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of a loss of attachment of the porcelain due to excessive oxidation. The
porcelain and the oxide film retain their bond, yet become detached or
delaminated.

Consequently, the terms "bond" and "attachment" can both be applied to
describe the porcelain-oxide and the oxide-metal relationships. Each should
be considered when assessing the nature of a particular failure.

A
. .

Figure 5-1. The bond between this Figure 5-2. A layer of oxides from
nickel-chromium-beryllium alloy the alloy remains bonded to the
(Rexillium III*) and Vita porce- dental porcelain. This is a good*.-
lain **failed 18 months after example of a porcelain-metal bond :
insertion. Hx. Jeneric has an failure, through the oxide layer
alloy, Bexillium V, recommended itselfresulting in a delamination
for Vita porcelain. of the porcelain.

d. COMPRSION BONDING

Dental porcelain iF known to be stronger under compression and weaker
under tension. Therefore, if the coefficient of thermal expansion of the
metal substrateis greater than that of the porcelain placed over it, the
porcelain should be placed under compression on cooling.2 13  The theory of

compression bonding assumes that the restoration is a full porcelain veneer
crown or retainer and NOT a partial veneer (i.e., facial surface of porcelain -

and metal occlusal/lingual) or pontic (Figs. 5-3 & 5-4). In the case of a
pontic with full porcelain coverage, the metal substructure will cool more .

slowly than the porcelain covering it.

When cooling a restoration with a full porcelain veneer, the metal
attempts to contract faster than the porcelain--but is resisted by the lower
coefficient of thermal expansion of the porcelain.2  This behavior creates
tensile forces on the metal and corresponding compressive forces on the "..,
porcelain2 (Fig. 5-3).

*Rx Jeneric Gold Company, Wallingford, CT.

Vident, Baldwin Park, CA.
102
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Compression boncore, likely to influence porcelain-to-metal
attachment in resto ration.- wvTh f',ill ), rcelain coverage (porcelain occlusals!
linguals), ,nd less -o +-o :*tfect the attoaohzient process in a partially
veneered restoratioo (Figs. t--3 &5-4). I'ayhntelklho f

strss eveopmnt aybe~rae in some partial veneer restorations. 3

The partial v re>n ;'neer ri titon, nonetheless, is a recommended
subs tructure I

Figure p '. Figure 51.Stresses (S) are more -..-

fu~l cor';elaliiapt to develop at the porcelain-metal ...-

'Likely to -, ~.Junction when a partial porcelain -

rorcejii0n -vene-r is used. (Compression =C; and
and the -I S. in ion T)

5-3. PhkPARATLON OF THE~ M**'Al SU3TRUCTURE -

K .the prepa) -ration of a smooth,
well 1:,' onot iimmediately ready

for ~*- f rthe pattern sprue attach-
ment s~,: _-al sustrate must be

,!:H :71rtsn3 ra'seri, may exist in
tna £ ITnU-'es.~ ; a-ch restoration ~

must . nTe f inishing process
..... -i r'l ~ties. At th~e same time,

toe taiity of the metal, surface
I )Tn - ,3,urf -ce contaminants.0
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Non-contaminating aluminum oxide stones are some of the most widely used
abrasives, in addition to diamond stones and carbide burs. The abrasives should
not be used interchangeably for different types of alloys, to avoid potential
contamination of the metal surface. The finishing procedure itself is best '
accomplished in one dir ction to avoid surface air entrapment and subsequent .
bubbling of the opaque. The metal surface is then air-abraded with 50-pm
aluminum oxide to create a satin finish, and either steam cleaned, or placed .
in an ultrasonic unit for 5-10 minutes. From this point on, the porcelain-
bearing areas of the restoration should be handled with an instrument to avoid
contact with the fingers and, thus, possible contamination.

5-4. THE OXIDATION (DEGAssnIG) PROCE S

The vast majority of PFM alloys are heat treated in a porcelain furnace
to a recommended high temperature, in either air or a vacuum, and are often
held at temperature for a specified period of time. The procedure has been
described both as a degassing and as an oxidizing step.

Degassing reportedly cleanses the metal surface of contaminants and
removes surface entrapped gases such as hydrogen; hence the term degas. 3

Such high temperature processing is performed to remove volatile surface
contaminants which can not otherwise be eliminated by steam cleaning or
air-abrading. 3 Concurrent with the decontamination of the metal is the .- _
formation of an oxide layer on the metal surface. These surface oxides are
responsible for the porcelain-metal bond.

The term "oxidation" (oxidizing) appears to be competing with the older
desig-,ation of degassing in the dental literature, as well as in many of the .
manufacturers' written technical instructions. The oxidation process is the

same as the degassing procedure: the heat treatment of the metal in a
porcelain furnace. The major distinction may be the significance of the
procedure itself. One oxidizes a casting to enable the oxidizable elements
in the alloy to form an oxide layer for porcelain-metal attachment (bonding).

The type of atmosphere and the time at temperature will vary for the
particular alloy system used. For example, a high-gold content alloy must
contain oxidizable trace elements in order for oxidation to occur. Gold,
and the other noble metals, do not readily form oxides; and it is often
necessary to hold these castings at temperature for several minutes. The
non-precious alloys will readily oxidize, and trace elements are added to
enhance a particular type of oxide for 8 stable bond. Consequently, the

oxidation process is often carried out in a vacuum to minimize the amount
of oxidation; and the hold time may be omitted. In fact, allowing some
non-precious metals to oxidize in air, or to remain at temperature, could
lead to overoxidation and possible porcelain-metal attachment (bond) failure.
Since the oxidizing technique is alloy specific, follow the manufacturer's .""-

recommendations.

The oxide film that is produced should be an adherent and stable one, if
bonding is to be maximized. Therefore, follow the manufacturer's oxidation

i04
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-SECTION 5-

(degassing) instructions for each specific alloy. The appearance of a properly
oxidized casting may have a distinctive color and character (texture, thickness, *.

etc.) (Fig .5-5 and 5-6). Variations outside these particular results should
be reassessed and, perhaps, discussed with the manufacturer.

.. . .,. -,,

,. .. •. . ,,.\::-:q .%) :'

.°.--- S.".
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Figure 5-5. The gcld-palladium alloy Figure 5-6. The appearance of a
on the left (Olympia*) produces a properly oxidized Deguplus 2** coping
light gray oxide layer, while the high is an even, dark gray oxide layer.
palladium-copper alloy on the right Although the color is not discernible
(Naturelle**) has a much darker and in this black-and-white photograph,
thicker oxide. the oxide layer appears uniform in

texture as well as in color.

Bear in mind that a few alloy manufacturers do not recommend an oxidation
(degassini) step. The Unitek Corporation, which produces alloys such as PG-80+
and Forte, is one example. Others have suggested that oxidizing a casting is

* actual ly t heat-treatment procedure which can heat-soften the metal through
molecular rearrangement of the alloy. 7  The net result can be (marginal) distor-
tici ani a decrease in bond strength.7 It is equally important that some alloys

i the s;ire alloy system may be more prone to this distortion (thermal creep) " '"
ti ;tn-r'i. McLean contends that he-at-softening, if it does occur, is merely
* a cii'u ;henonoenn :cffecting the metal to a depth of just a few microns. 3  " '

tr, th e advantages of oxidation certainly outweigh any purported
------ -I- - onetheless, one should net consider the oxiiation process as --

..- z.."y '-1 oy, especia].ly if the alloy manufacturer uoes not look
................ , . - w th, jL loy m nrufacturer's instructions, and do not attempt

rc , i-% :, rc r~ n'rmation to eVe ry alloy system.

* . *. .,, a , :,C e,,:,. m , Y. ".c '--......
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-SECTION 5-

5-5. POST-OXIDATION TREATMIYENT OF THE METAL SUBSTUCTUR
.%

As with many of the technical procedures involved in the processing of
alloys for the PFM restoration, opinions differ in regard to recommended
post-oxidation treatment. Some alloy manufacturers suggest air-abrading the ke

casting with 50-jim, non-recycled aluminum oxide to remove most of the oxide ...
layer (Figs. 5-7 & 5-8). Despite this procedure, a monomolecular layer of .- r

oxides reportedly remains on the porcelain-bearing surfaces for porcelain
bonding. Air-abrading also minimizes the thickness of oxides. Any blasting
should be followed by steam cleaning, or a 5-to 10-minute cleaning in an
ultrasonic unit.

With some alloys, it is best not to remove the oxide layer but to proceed
directly to the application of opaque porcelain. The manufacturers may regard
the initial oxide layer as the most suitable one for porcelain bonding. The
palladium-silver alloys containing tin (without indium), which we tested, were
two such examples.

Figre5-7 ',"t--daK rayoxdelayr igre -8 Aterai-aradngth
of- thi hi hplrii--opralycatn-wt ue o-eyl

(Degupll-is ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . q*'soi, e - oe ih5-,m-iim.r oie h ea

almnmo.i rbe1I.sol aeaneemt iih

Fniigur 5)-. iu ar. I -ray oide lraer o ol Figur 5-8. oAfte air-arain the
of this high rnila.iu-Copr, -i alo castinerl witthfpure, non-recycled,

prmt raIpC~~.l' i4 tog nfr ,ro

( Aguls ;I ) thuih -imve n with 5pmes aluminoxde thsiere a o

as nemr iiJJ s L'J'-~' r ", ~ '- Th i. .jlsml.Frt

Ah p uccr, u or Ls:fethe bonsbeins wir h the wrpe iin ofithe the.; s

initia i c~w'i ju I" j r In teorat not ny for thH O 1.U t(ord aamkxtoe

underlylug ~ ~ ~ Y,)?. nNY.i n lot rpel e etlsraet

promote maximm C~QV~-i< st o t)niom a

".). L -.. :--.0,'.'_" -' ""!'-
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the appropriate opaque porcelain shade is applied thinly (a skim) to the metal
casting, and is dried, and fired according to the porcelain manufacturer's
instructions7 (Fig. 5-9). The restoration should be permitted to cool com-
pletely before continuing. Do not attempt to mask the metal with this initial .
layer of opaque porcelain. Finally, a second coat of opaque porcelain is
applied to all the porcelain-bearing areas, and is dried and fired.

The initial opaque layer reportedly wets the metal surface and establishes
a porcelain-metal bond, yet is thin enough to permit gases to pass through it.
On the other hand, a single, thick opaque layer can trap surface contaminants
and gases, and promote bubble formation if these materials can not move through "-:-
the opaque layer.

Figure 5-9. The initial layer of
opaque porcelain should be very
thin and fired to the proper
maximum temperature to establish

a good porcelain-metal bond.

5. REFE. 'N.CS'.-

-*-.. ..- : -
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SECTION 6:

THE HIGH PALLADIU-COPPER ALLOYS

6-1. GE ERAL DESCRIPTION . .

The inflationary rise in the price of gold has been responsible, in part,
for the development of the high palladium alloys. The concern that gold might
remain at such unprecedented high levels fueled competition for alternative
alloys which were still precious systems. In addition, concerns over the

* potential health risks associated with nickel and beryllium may have prevented
some consumers from switching to non-precious alloys.

So in the early 1980's, we saw the introduction of palladium-base metals
with a palladium content far greater than that of recognized systems, such as
palladium-silver. These new alloys have been designated as "high" palladium
alloys, because the palladium content ranges between 70 and 80% of the total
composition.1  The maximum palladium content in a palladium-silver alloy may
range from 53 to 60%. Therefore, palladium levels that approach, or exceed, .
80% can reasonably be considered as high.

Although the fact is seldom acknowledged, not all the high palladium alloys
contain the same composition of minor alloying elements for oxide formation.

We have seen this difference with the nickel-base metals where there are two
groups: those which contain beryllium, and those which are beryllium-free.
A similar analogy exists with the high palladium alloys. One group of high
palladium metals containscopper (up to 15%), with a palladium content ranging
from 74 to 80%.1 A second group of high palladium alloys contains cobalt

* (up to 8%) in place of copper.1 2  Due to the differences in composition and
performance, the high palladium system has been divided into the foregoing two
groups. Therefore, the high palladium-copper and high palladium-cobalt alloys

*. are discussed separately (Tables 2 and 3).

Within the high palladium system, copper has several functions, for it:3

(1) lowers the alloy's melting range; (2) helps to promote a single-phase alloy
structure; (3) is a component of the surface oxide involved in porcelain
bonding; (4) strengthens the alloy; and (5) increases the linear coefficient
of thermal expansion.

Another distinguishing factor for some of the high palladium alloys,
especially the copper group, is the addition of trace amounts of noble metals, ,
such as gold and platinum. In fact, many of the early high palladium alloys imp""
were actually high palladium-copper alloys with 2% gold. The marketing of
these metals highlighted the presence of 2% gold, and thus a few manufacturer.
and consumers may refer to them as "gold-palladium" or "high palladium-gold.' . .
In truth, the presence of 1-2% gold and/or platinum is not generally regarded . -
as significant enough to influence the structure of the alloy. Some view such
additives (gold/platinum) as being more helpful, from a marketing standpoint,

109 .
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-sETIO 6-

since they provide nothing more than "good luck." One manufacturer, Degussa
* ~~.. . .

Dental, Inc.,* contends that the addition of 1% gold in combination with 1%
platinum ensures that their alloy, Deguplus 2, has a true micro-fine grain . .

structure.5 That particular opinion is not held widely, and may best be
addressed by future research. In the interim, we have witnessed the intro- .'-

duction of high palladium-copper alloys without the 2% gold.

The oxide formed during the oxidation process is rather distinctive for "
the high palladium-copper alloys. Invariably, a rather substantial black to
dark brown oxide is produced over the entire metal surface (Fig. 6-1). The --

black copper oxide is not as desirable for porcelain bonding as the more
adherent brown copper-gallium oxide. More importantly, the copper-gallium
oxide supposedly adheres better to the metal substructure, thus resulting in
a stronger bond. In general, these alloys oxidize so heavily that some
reports list porcelain-metal bond failures as a weakness for this particular
group.6  Some bubbling of the opaque was observed with a few of the alloys,
but no bond failures of the kind reported for the non-precious alloys were
ever noted (Fig. 6-2). If bubbling did occur, the metal was refinished, and
reoxidizEd; then the opaque was reapplied, rather than discard the castings
(Figs. 6-3 & 6-4).

S.0

Figure 6-1. The oxide layer of the Figure 6-2. Bubbling of the opaque
high palladium-copper alloys is porcelain may occur when the metal is
generally very dark and quite thick contaminated or improperly oxidized. AeX
(Deguplus 2,* shown). The oxide color Surface contaminants or entrapped
may range from brown to gray to black, gases in this high palladium-copper
depending on the alloy and the manner alloy (Athenium") could not pass
in which the casting was oxidized. through the thick opaque layer.

**Degussa Dental Inc., New York, NY.
Williams Gold Refining Company, Buffalo, NY. .-

,.- . . . .. .,, .. --..-., ..
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*Figure 6-3. The porcelain fails to Figure b-4. The opaque porcelain
-'bond, and bubbles in the -Lffected on the- Athe, jium slb.-trueture was

areas as a result of the expanding rernovei. T"he metLal refiiished, A.
gases. Note the numerous areais of reoxidized, anJ reopaqued without
exposed metail where no bond formed. any furt her (--i eneof bubbling.

A majo r comp lai nt w ith the ox ide laye r of h i -rh pa 1 1 aIim- COpLp1e r all1oys V.

is the inability of the opaque porcelain to mass. the oxi,4es (ugs -5 & 0-0D).
The oxidation was so thick and dark that it was no -inicomrmon f-Dr the rostora- .

tionto pper "ray or"blue." The problem was palrticulacrly pronounceu it

*anterior units, and less detectable in posterior iiii t.-- surrouriue.1 by am'ralgam
restorations (Figs. -7&b-8). Since the metal will co:.tlnue to )xidize with
each subsequent firing, the graying may become more jppa rerit ailso with adidi-
tional firings. Such potential for discoloration may be irinierenit in the metal,
and not every Jerntal porcelain opaque is able to ma'-: th ~ oxi es to h-!same

*degree. Consequently, some porcelains may have re-tezu cc. or fi~lelitv with
tnese alloys than others, if their opaque is bett'-r abeto cc-ntrol the oxi le

* inf luenice.

Figure r)-5. Th o thl '. aR - o xe ir~ -1. a< ewiv layer .

of this hI~.h paa 9Ym o: :r a Lloy is u'u .''.or ;
covers tho ~~ag 1. v- . ~.c;--~
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Figure 6-7. When the opaque porcelain Figure 6-8. The PFM crown on .
is unable to mask the oxides, then the maxillary right first molar
"graying" of the body porcelain may (Naturelle* metal and Will-Ceram
occur. porcelain) did not gray."

The oxides also interfere with metal polishing, because the oxide layer

must be removed in order to polish the parent metal (Fig. 6-9). In some
instances, the final polish does not possess the same high sheen noted with
gold-base alloys. Areas which look like oxide smudges may appear, and.'
are difficult to remove completely. Even refinishing of the affected areas
is ineffective. Such an occurrence may be an indication of fine pinhole
porosity (microporosity),7 or possibly a two-phase atomic structure.

Another difficulty noted with the high palladium-copper alloys is the
potential for marginal distortion (tnermal creep) after firing the lent-il-
porcflain.I  Again, this was not a routine occurrence with the single unit -.

castings used in this study, and may be more of a problem with fixed partial
dentures. 1

Figure 6-.The dark oxides on the
non-porcelain bearing areas must
be removed in order to polish the

metal surface (Naturelle*). In
some instances, the surface oxides
are difficult to remove, and the
quality of the final polish is less
than ideal.

* x Jeneric Gold Company, Wallingford, CT.

** Williams Gold Refining Company, Buffalo, NY.

112 d*-
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'V From the limited experiences with soldering in this project, the high
palladium-copper alloys were not easy to pre-selder. The inherent tendency of .-'e
these metals to oxidize readily and quite heavily prevented us from obtaining ..

satisfactory pre-solder connectors (joints) when using natural gas and oxygen
(Fig. 6-10). However, to say that these alloys can not be successfully
soldered would be incorrect. These alloys do not lend themselves to pre-
soldering using conventional pre-soldering techniques.1  Alternative methods
may be needed to retard oxide formation, yet permit solder flow. New solders
would be helpful in order to provide a greater separation between the solder--
and the parent alloys.

Despite these limitations, the high palladium-copper alloys are very
economical, melt readily, pool like gold-base alloys, and are compatible
with a wide array of dental porcelains.

10

Figure 6-10. In the process of
attempting to pre-solder this -..-.

high palladium-copper alloy a.
(Naturelle*), the solder did
not flow and the substructure
was overheated. %

6-2. ECONOMIC CONSIDERATIONS

In general, the high palladium alloys are much more economical than -

either the high-gold or the gold-palladium PFM alloys. Even the addition of
2% gold has only a slight influence on the cost of these alternative metals.
With a prevailing gold price of $348.00/oz, the high-gold and gold-palladium .-. *

metals might cost approximately $423.00/oz and $296.20/oz, respectively, at
government prices. At the same time, a high palladium-copper alloy could be
purchased for between $110.60 and $147.54/oz.

Since the high palladium alloys have a lower density (-10.5 g/cc) than
either the high-gold (-17.5 g/cc) or the gold-palladium (C13.5 g/cc), produc- ...

tivity may be increased because more castings can be obtained per ounce.

Rx. Jeneric Gold Co., Wallingford, CT

113 4O-
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6-3. TARNISH RESISTANCE

These allays are primarily composed of the riobli metuii. pallqdium, which ..
enables them to be highly tarnish resistant. Nlo rt1Vioswere observed
to have undergone intraoral tarnishinC.

6-4. ADVANTAGES3:

Are PRECIOUS alloys.
Have a high noble metal content.
Can be used with carbon and non-carbon 1To,~t-en ivestmetnts.
Melt and cast like gold-base PFMI alloy-.
Are less dense than gold-base alloys resuiti'.o loi m(o'e cas tings per ounce.
Are compatible with many dental porce-lai,.
Are less expensive than high-goldl ang - a~'m loc
Have a high noble metal content and i~ no' ..

Are available in 2-dwt ingots.6
Some are available in economical l-iwt 1~.

10' The buttons are reusable.

6-5. DISADVANTAGS:

Are not A.D.A. CER'IFIED.
Are not A.D.A. "ACCEPTABLE' or "RV3 .NIh :FA:.
A non-carbon containing phosphate-bond1edi4i~tm i;3 preferred.
Should not be cast in carbon crucibles(rar - ~D
As with all palladium-base alloys, they are Ine to a,) osrto

(hydrogen, oxygen, etc.).
Most produce a heavy, dark oxide (biao, tQ. b.-'i,'wo color}.
Porcelain-metal bond failures may occur I~le to ne- vy oxidle.
The dark oxide may discolor some dIentaL prelin -rayirig).
Metal distortion (thermal creep) may o:,(cir ift--r :.cc~nfiring.
Gas entrapment may cause bubbling f h- ecc<an.
Have a poor potential for burnis;hin.
Do not pre-solder easily.
Are sometimes difficult to polish to a hior w I MO.

6-6. BIOCCIAPATIBILITY N.

These alloys are composed primw i; C thc t~i reo-ious Metal,

pallad~umf. Thydo not coti nicrei, bf-ry.' tny eq.euro ri.

presently suspected of being p ot e ! .1 in C~ 11 n~t , t. chia ns
or clinicians. Therefore, at th frrn ir :-l TL,~.-. Jijm-connper

alosappear to be biologicilly s1i' -iih'-rn-t .- tn <ho.-ns systems.
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EDITOR'S NOTE: The following Attachments provide comprehensive information-
-

on four examples of the high palladium-copper group; specifically, . ... \'

ATHENIUM, DEGUPLUS 2, NATURELLE, and PG-80+.

% %.

% %
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-SECTION 6: ATTACHMENT 1-

ATHENIUM

I. GENERAL INFORM4ATION

ALLOY TYPE: "PRECIOUS" ALLOY SYSTEM: High Palladium-Copper

ALLOY CONTENT: 74% Palladium, 14.5% Copper, 5% Indium, and 6.5% Tin, Gallium,
and unspecified grain refiners and deoxidizers

MANUFACTURER: TOLL-FREE PHONE NUMBER:
1-(800) 828-1003 .29

Williams Gold Refining Co. 1-(800) 462-7688 (in New York State) -

2978 Main Street 1-(800) 852-7066 (in California) - -

Buffalo, New York 14214 1-(800) 824-7925 (west of the
Rocky Mountains)

COMMERCIAL PHONE NUMBER:

l-(716) 837-1000 ' 

TELEPHONE CONTACTS: REGIONAL SALES REPRESENTATIVES:

Education Department Yes

1-(800) 828-1538

ALLOY INTRODUCED IN: 1982 F.D.A. LISTED: Yes

A.D.A. ACCEPTANCE OR PROVISIONAL ACCEPTANCE: No

II. PHYSICAL DESCRIPTION "

Ingot color - Platinum Ingot shape - Rectangle
Ingot weight - 2 dwt Ingots per ounce - 10 per oz . .

Ingot Identification - "Williams Alloy Packaging- 1- and 5-oz . ...

Athenium"

III. PHYSICAL AND MECHANICAL PROPERTIES

Specific gravity (density) - 11.0 g/cc
Brinell hardness number - Not determined
Vickers hardness number - 270 (after porcelain application)
Percentage elongation (in 1 in.) - 25%
Ultimate tensile strength - 123,400 psi (after porcelain application)
Yield strength (0.1% offset) - 76,100 psi (after porcelain application)
Bond strength - No value available
Coefficient of thermal expansion - 14.12 X 10-6 /oC from 600-20 °C

I7

MELTING RANGE - 2120-2330 OF CASTING TEMPERATURE - 2430 OF
(1161-1277 oC) (1331 °C)

116
......................................... ' .
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-SECTION 6: ATTACHMENT 1--

IV. WAXING AND SPRUING INSTRUCTIONS--ATHENIUM

A. MINIMUM RECOMMENDED WAX THICKNESS:

1. SINGLE UNITS - 0.3 mm

2. THREE-UNITS FIXED PARTIAL DENTURES - 0.5 mm

3. FIXED PARTIAL DENTURES GREATER THAN 3 UNITS - 0.5 mm.

B. RECOMMENDED SPRUING TECHNIQUE:

1. SINGLE UNITS - Use an INDIRECT spruing technique, with 8-GAUGE
connector sprues, 2-3 mm in length, to each pattern;
and attach them to a 6-GAUGE runner bar (distribution
channel). Attach the runner bar to the sprue former
with two offset 6-GAUGE lead sprues (Fig. 4-1). A

2. MULTIPLE SINGLE UNITS - Use an INDIRECT spruing technique, with 8-GAUGE
connector sprues, 2-3 mm in length, to each pattern;
and attach them to a 6-GAUGE runner bar (distribution

channel). Attach the runner bar to the sprue former
with two offset 6-GAUGE lead sprues (Fig. 4-2).

3. FIXED PARTIAL DENTURES - Use an INDIRECT spruing technique, with 8-GAUGE
connector sprues, 2-3 mm in length, to each wax pattern.
Attach them to a 6-GAUGE runner bar (distribution
channel) which extends slightly beyond the ends of the
patterns.

NOTE: Adjust the connector or runner bar to conform to the contour of
the fixed partial denture; cut the bar; and rewax it to eliminate wax
memory. Design any INDIRECT spruing system so the runner bar is in the
heat center of the casting ring (Fig. 4-2).

4. VENTING - You may include a blind vent, attached to the thickest por-
tion of each wax pattern to help cool the restoration .'

first. However, this step is not required.

5. WAX PATTERN POSITIONING - If the w-ix pattern is seated too low in the
casting ring, build up the sprue former with wax and low

ra, e the pattern to within 1/4 in. of the top of the
ring. This technique facilitates casting solidification
and the escape of gases. .-.

. . -. .

Ii?
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V. I"ESMM AND BUR ouT TECUIQUE--AHNIUM .

,.% .. '. "

A. RECOMMENDED INVESTMENTS:

1. PHOSPHATE-BONDED INVESTMENTS: A NON-CARBON-containing investment (white
color) is preferred. Increase burnout time if a CARBON-containing in-
vestment (black color) is used.

NON-CARBON TYPE: SPECIAL LIQUID DISTILLED WATER

a. Vestra (Unitek) - 10.0 cc 5.5 cc .

b. Hi-Temp (Whip-Mix) - 4.5 cc 4.5 cc

CARBON TYPE:

a. Biovest (Dentsply)- 8.0 cc 3.0 cc O

b. Complete (Jelenko) - 5.5 cc 5.0 cc .

c. Deguvest HFG (Degussa) 7.0 cc 2.0 cc

2. GYPSUM-BONDED INVESTMENTS: Not recommended for this alloy. ,.'

* B. RECOMMENDED METHOD OF INVESTMENT: HIGH HEAT .',.

C. MANUFACTURER'S RECOMM4ENDED ASBESTOS SUBSTITUTE: Unspecified.

We prefer to use one WET layer of NON-ASBESTOS ring liner (Whip-Mix),
rather than ASBESTOS FREE LINER (Degussa), NOBESTOS (Jelenko), or
KAOLINER (Dentsply). Place the liner flush with the top of the casting
ring, with at least 1/8-in, clearance at the bottom of the ring. The
1/8-in, clearance will lock the investment in the ring when the investment~~~~~expands.-".""""

D. BURNOUT TECHNIQUE:

PHOSPHATE-BONDED INVESTMENT: Start with a COLD oven; raise temperati-e ...
to 1500 OF (816 OC) at the rate of 25 OF/min.; and HEAT SOAK as follows: %-% %

a. Single units - I hr

b. Three units in a single ring - 1 hr

. c. Multiple units, 2-3 rings - 1 hr and 20 min (add 10 min for each
additional ring).

-,,-a-'..- •

... ", .,.,'...v- '<.'". '.' ". "-".".- .- ",-'.,"?-".-?. ,--144..I: -i"- >i-ii{. .<-118 ~.: .
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VI. MELTING AND CASTING INSTRUCTIONS--ATHENIUM J.

1. CAS'1ING MACHINE (Dj NOT USE IHEEMA, Th6L L-500 WITH CARBUN CRUCIBLE): 9
a. Manufacturer's recommeno atior. -Willlians Inductocaist Machine \
b. Alternative systens nli etl.. ~

2. 'CAST! NG' TuHCH - Barris '16- with a 130 H multi-orif ice tip.
(Williams recommen,]s tht>ir MArlSl_ WAND TPorch.)

3. CASTING CRiJCIBLES - uirtz o-a mua Do N OT use clay.

B.QUANTITY OF ALLOY NS~0

1. VOLUMIE OF METAL NFESDE'D - efer to convers ion chart (Table 1) ~- ~
2. PREFERRED RATlO OF N EW METAL TO RECAST MET4L -50/ 50% by weight
3. MIAI1MUM RATIO OF NEW MEI T ECS ETAL -33/u7% by weight.

C. MELTING AND CASTING TECHNIQUE:

-I. OXYGEN-GAS3 RAT16I - Use lo )si O1XYGEN and 5 psi LNAT1URAL GAS.,

2. SETTING CASTING MACHINE - A14 I exttra turn for the alloy's -lower density.

3. FLAME ADJUSTMIENT - The multiple- lig:ht blue inner cones should be set to
1/8- to 1 j.len ,thq with a, maximumn flame leng7th of %
6- to 10-1n. (Fi't 4-1). Hold the torch tip 2 in. above0
the m-ti.I. vcit, the flare perpendicular to the alloy.
Gluifle th. fJane in a slight circular motion with the
alloy I- tho N 'ONE of the flame.

4. APPEAiRANCEf" OF THE MEiP - [he ail y will melt reaidi :y, "1pool'
and thp-n H'f :Ie ,i old-bas ed PFM a-lloys.

5. CASTING FLUX - Do NiT use cr' f~ux or attempt to remove oxides.

6. WHEN TO CATI -- he h,- rnie!, aV-v "0>-are" ~nn~ s

7. RECOUVERY ,,F CA> INO - HENCx->_ u N ... ;DOMIPILE.

D. INDUCT16N CA_-lING: %

1. Set speei betwe-: .. , .
2. Set temper-a tir-
3. CAS1 at temperr ture.

*At close of text.

................................................
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VII. ADJUSTING AND FINISHIRG-ATHENIUM ~~

A. REMOVING 'IHE SPkAUh.

1. SEPARATING DISC - Use any thin separ'~ting disc of your choice.

2. GRINDINGS - nsis apreciousacy so its grindings have scrap

vatl .t. VrLcium ;,:ur clothing and work area.

1.~~~~~~ LUAIT 2JCIO S~hK t ___ r -sings (poor fit, overheated
rE y, 1~< "y rno i~ be remade.

2. REMO1VE IN1 U0,NCA I iLL. - . v iinruect the irnside of each casting
Woii aol'Move ,,ny irregularities.

3. ~ ~ ~ 1, FVLUr jiL I ~ ntcc- ,LtbLe- level of occiusal! incisal seat

io ~ berfore proceeding to any additional

4. INIIAL ~2~~ ' ~ ulu ethe casting and refine4

C. FliIHiNG TUEi O1H

1. STONE:') ANDVL WHsa stA --,srobide biirs, and burlew wheels.

. uLIJiU - th os c-m,)oun~l; emrployedJ to polish gold-base
Ily cuh as hufrin5 -rar Compun (BBC)

3.AVOID SIEAL C'T,:j 14,-, h' -- _ - __'o2 set of finishing stones for
l r soy toc prevetit metal contamination.

L. L~J~VWU i-iNANI. - sa :lo nnt aluminum exile abrasives to
ore~50 :mo~o,'.V " textured surface for all.

- ,K.j~v*L: t~rivr'.;. :nish the metal surface

Arl ~ ' ''~' L~O. %
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V111. PREPARATION OF THE METAL FOR PORCELAIN--ATHENIUM .

A. PREPARATION OF TPHE IMETA4L Sn

1. NON-PORCELAIN BEARING SURFACES - "Rubber wheel" all non-porcelain bearing
area (Iinul, cisa uracs interproximal struts,
and metal collars) to remove all scratches prior to
the application of porcelain.

2. PORCELAIN BEARING SURFACES - Air-abrade the finished metal surfaces with
a 50-)im non-recycled, uncontaminated aluminum oxide
(white) abrasive under 90-100 psi.

3. CLEANING -Steam clean the metal substrate, or place in distilled water
in an ultrasonic unit for 10 min, after rubber-wheeling

and air-abrading.

B. OXIDATION (DEGASSING) OF THE METAL SUBSTRATE:

* 1. LOW temperature setting -1200 OF (649 OC)

2. .81GE temperature setting -1850 OF (1010 OC)

* 3. Rate of rise - lO0 OF (55 1C)

4. Atmosphere - FULL VAGIJUM (26-28 in. of Hg) '

5. HOLD time at HIGH temperature - 5 min, under VACUUM

;,:)pnear.a ace of the oxide= layer: *.

% %

a. A PrO(PERLY oxilized layer -LIGHT to MEDIUM BROWN color%
(surface finish will. influen(-.ce the appearance of the oxide)

b.An6%Ekoxiiixed layer - DAi-LK fRRKWfi to BLACK color
(air-abr., ie; cleani; and reoxilize at a lower temperature)

cAn UNDE~oxidiized lay er - NO READILY DISCERNI.BLE color.
(reoxiiiz,- at a hger temperature)

C. Pjo-T-OXlDA'IION ThfEA iJ ,ENT:

1. RFE'MOVE iiiF. uXifE iAYERk - ,k1-br-,e the can.!ting with non-recycled,

5O-LM jlormiru oxl~e.

2. CLEAN TiK CA JG- ter n n or ucein distilled water in an

tr ;~ t urK t .%.*
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IX. PORCELAIN CO34PATILITy-ATHENIUM

A. PORCELAIN SYSTEM COMPATIBILITY CHART: The following information has ,
been provided by the alloy manufacturer (X):

.pn. u . .

DTAL PORCELAIN PORCELAIN COMPTIBILITY

YES NO MARGINAL UNKNOWN Z

1. ARTIS-TECH (Jeneric) - X %

2. BIOBOND (Dentsply) - X

3. CERANCO (Johnson & Johnson) - x

4. CIRYSTAR (Unitek) - X .

5. JELENKO (Jelenko) - x
Low- X- .

6. (BIOBOND) SHADEATE (Dentsply) Reg- X

7. VITA (Vident) - x --.-

8. WILL-CERAJM (Williams) - X

B. KNOWN OR SUSPECTED PORCELAIN-METAL INCOMPATIBILITIES: None ..-

* . . . .

C. SPECIAL HANDLING INSTRUCTIONS: None

,...'.,....,

%. %
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X. PRE-SOLDERING INSTRUCTIONS-ATBEIUM

A. RECOMMENDED MATERIALS:

1. SOLDER - Use Will-Ceram Super Solder (flows at about 2075 °F/1135 °C) 4_ A

2. FLUX - Williams High Fusing Bondal Flux
3. INVESTMENT - Use Hi-Heat Soldering Investment (Whip-Mix), or a high-

heat, non-carbon casting investment with distilled water (no special ..

liquid).

• ; B. SOLDERING TECHNIQUE: Use the MAGIC WAND Torch (Williams) with its #248 - -
torch tip or the HARRIS 16-S torch with a 2N tip, for precise heating. .[° -,

(Use 5 psi OXYGEN and 2 psi NATURAL GAS.)

1. Grind, with aluminum oxides stones, surfaces to be soldered. This proc-
ess will remove any oxides or contaminants which might impede soldering.

2. Create a GAP DISTANCE of approximately 0.3 mm.

3. Mix investment so it is thick; turn the fixed partial denture upside -

down; fill the inside of the castings with the mix; and invert onto
a patty of investment. Do not let the castings settle into the -

investment. Keep investment patty as small as possible.

S4. Allow the investment to reach final set, trim, smooth to remove sharp
angles, and allow to dry thoroughly.

5. Apply heat in excess of 800 OF (425 °C) to eliminate the wax or
acrylic resin joint (Duralay); dry thoroughly; remove from furnace;
cool to room temperature. (Carbon will burn off at 800 OF (425 °C)-
and a dry investment will draw less heat from the parent metal.)

6. Blast THROUGH, not down into, the connector (joint) area with uncontam-
inated 50-)pm aluminum oxide to remove the oxides. (Oxides will impede,
if not prevent, the solder-parent metal union.)

7 You now want to GLAZE your solder rod. First, heat the rod to a DULL
ORANGE color; dip the rod in the flux, and you should hear it sizzle. .....
(A GLAZED solder rod will act to retain the flux on the outside of the
connector, and prevents its incorporation into the soldered joint. Only wee,"

a thin glaze is necessary.) *<

9. WEAR DARK GLASSES IN ORDER TO SEE AT THESE PRE-SOLDER TEMPERATURES, AS ..
WELL AS TO PROTECT YOUR EYES FROM INJURY.

10. Heat the parent metal with the REDUCING atmosphere at the end of the A
inner blue cone(s) to prevent OXIDE FORMATION, and introduce the GLAZED
solder rod to the connector area from the occlusal.

11. Solder should flow on contact, but ensure joint is filled before

removing the reducing flame. BENCH COOL. Finish and polish.
123
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XI. POST-SOLDERING INSTRUCTIONS-ATHENIUM

A. RECOMMENDED MATERIALS: It is presupposed that the porcelain units have
been giazed and polished, and the metal substructures have been designed
appropriately for the post-soldering procedure.

1. SOLDER - Williams Low Fusing Solder (flows at 1350 °F/732 °C)

2. FLUX - Williams Bondal Flux

3. INVESTMENT - Use High-Heat Soldering Investment (Whip-Mix) or a S __
high-heat, non-carbon casting investment with distilled water (no ".
special liquid).

B. POST-SOLDERING TECHNIQUE: Use a porcelain furnace for this procedure, It
is especially helpful if the oven has a muffle view port (also referred to 0 4
as a "sight window") to permit observation of the soldering process. , ,

1. Invest in the normal manner for oven soldering (protect all glazed ..
porcelain surfaces by covering them with colorless wax). - "

2. Once the investment has set, heat the invested work to 800 OF (425 °C) 4 .
to remove the wax or acrylic resin uniting the units.

3. Air-abrade the joints with 50-pm aluminum oxide to clean them,

4. Flux each joint LIGHTLY. i --

5. Dip the solder in #7 Flux (Williams), and place it in a Bunsen burner
flame at the tip of the inner blue cone. The solder will immediately
ball up. Remove the ball from the flame and allow it to cool.

6. Cut the solder approximately 1/4 in. frcm the ball, leaving a small
tail. Place one ball (tail first) in small joints, and two balls
in larger connector areas... ."-

7. Vacuum-fire the case to approximately 1400 OF (760 °C).

8. Hold at 1400 OF (7o0 °C) for 2-3 min.

9. The solder should flow readily and fill the joint space(s).

10. Withdraw the soldered work to the muffle door and cool. "

11. Remove the investment and polish the Joint areas.

• *.. %*%

124 .-

.. . . . . ... ..,....v . : . . ,.,v ......... '.... . - ... :...,..A: .- ,.> . -. . , -.-. ,..,-,- .. ...- . .- .



". rt .Oo ,m

-SECTION 6: ATTACMENT 2-

DEGUPLUS 2

I. GENERAL INFORMATION

ALLOY TYPE: "PRECIOUS" ALLOY SYSTEM: High Palladium-Copper

ALLOY CONTENT: 80% Palladium, 1% Gold, 1% Platinum, and 18% Tin, Gallium, ..

and Copper (exact formulation is proprietary information)

MANUFACTURER:

Degussa Dental, Inc. TOLL-FREE PHONE NUMBER: --* -I
21-25 44th Avenue 1-(800) 221-0168, ext. 43 or 46
Long Island City, New York 11101

COMMERCIAL PHONE NUMBER: "
1-(212) 392-7272

TELEPHONE CONTACTS: REGIONAL SALES REPRESENTATIVES:

"" Laboratory - Ms. Susan Denton, ext.43 No; call for assistance i "
"* Research - Dr. Manohar Lal Malhotra

ALLOY INTRODUCED IN: 1983 F.D.A. LISTED: Yes A-4

AoD.A. ACCEPTANCE OR PROVISIONAL ACCEPTANCE: No

II. PHYSICAL DESCRIPTION
' 4

Ingot Color - Platinum Ingot Shape - Square "
Ingot Weight - 2 Dwt Ingots Per Ounce - 10 per oz
Ingot Identification - "DeguPlus 2" Alloy Packaging - 1 oz only

III. PHYSICAL AND MECHANICAL PROPERTIES

Specific gravity (density) - 11.5 g/cc " -
Brinell hardness number - 240 (soft) and 240 (hard)
Vickers hardness number - 260 (soft) and 260 (hard)
Percentage elongation (in 1 in.) - 30% (soft) and 30% (hard) * .. -
Ultimate tensile strength - 118,900 psi (soft) and 118,900 psi (hard)
Yield strength (0.2 % offset) - 83,380 Psi (soft) and 83,350 osi (hard)
Bond strength - Not available
Coefficient of thermal ex-ansion - 14.1 X 10 - 6 in/in/OC (+ 0.3)

MELTING RANGE - 2111-2354 OF CASTING TEMPERATURE - 2550 OF
(1155-1155 °C) (1399 0) ...

125

,-..v .°



• %

.- . -",-- - - - - - - - - - - - - - - -

IV. WAXING AND SPRUING IRSMUCIONS--DEGUPLUS 2 "

A. MINIMUM RECOMMENDED WAX THICKNESS:,

1. SINGLE UNITS -0.3 mm '

. .'.

9%

2. THREE-UNITS FIXED PARTIAL DENTURES -0.5 mm .,.[....

• - . . .. •3. IXE PATIA DETU-SEO ATER TACMEUNT 2-

B. RECOMMENDED SPRUING TECHNIQUE:

1. SINGLE UNITS - Use the DIRECT METHOD, with 8- or 6-GAUGE sprues,
10-15 mm.I n length, attached directly to the thickest

portion of the wax pattern (Fig. 4-1).""["[/ "

2. MULTIPLE SINGLE UNITS- Use the INDIRECT METHOD, with 7 mm long,6- orsres

8-GAUGE sprues, attached to the wax patterns. Join
these sprues to a 6-GAUGE (4 mm diameter) runner bar,
which extends just beyond the width of the patterns
at each end. Use 8- or 6-GAUGE sprue leads offset
from the runner bar to the crucible former cone. -

3. FIXED PARTIAL DENTURES - Use the INDIRECT METHOD, with 7 mm long 6- or.-
8-GAUGE sprues, attached to the thickest portion of - -
each wax pattern. Join these sprues to a 6-GAUGE - .

runner bar which extends just beyond the width of each .

end pattern. Use several offset 6- or 8- GAUGE sprue
leads from the runner bar to the crucible former cone. .

NOTE: The runner bar should be shaped to conform to the contour of the
fixed partial denture. If the bar must be bent, then cut and rewax it .
at each cut in order to destroy any memory in the wax (Fig. 4-2).

4. VENTING - Attach 18-GAUGE wire wax to the interproximal areas
to serve as chill vents.

* - 4 -

5. WAX PAITERN POSITIONING - If the wax pattern is se'ited too low in the . '
casting ring; build up the sprue former with wax; and "%--

raise the pattern to within 1/4 in. of the top of the
ring. This technique will facilitate wax elimination

and the escape of gases. Design the spruing system so
any rtservoir is in the HEAT CENTER of the casting
ring with the wax patterns in a COLD ZONE (Fig. 4-2).

% \ .%
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V. INVESMENT AND BURNOUT TECBNIQUE-DEGUPLUS 2

A. RECOMMENDED INVESTMENTS:

1. PHOSPHATE-BONDED INVESTMENTS: Use either a NON-CARBON investment
(white color), or a CARBON-containing investment.

NON-CARBON TYPE: SPECIAL LIQUID DISTILLED WATER

a. Vestra-fine (Unitek) - 10.0 cc 5.5 cc

b. Hi-Temp (Whip-Mix) - 4.5 cc 4.5 cc

CARBON TYPE:

a. Deguvest HFG (Degussa) - 7.0 cc 2.0 cc

b. Biovest (Dentsply) - 8.0 cc 3.0 cc .o:..

2. GYPSUM-BONDED INVESTMENTS: NOT suitable for this alloy.

B. RECOMMENDED METHOD OF INVESTMENT: HIGH-HEAT rather than hygroscopic.

-.. ,,. r %

C, MANUFACTURER'S RECOMMENDED ASBESTOS SUBSTITUTE: Degussa Asbestos Free
Ring Liner. Use WET.

You may also use one WET layer of NON-ASBESTOS LINER (Whip-Mix).

D. BURNOUT TECHNIQUE:

PHOSPHATE-BONDED INVESTMENT: Start with a cold oven and raise to a
temperature of 600 OF (316 °C) until all wax has been eliminated; then
raise to a temperature of 1560 OF (849* 0C) at the rate of 68 0F/min; and
HEAT SOAK as follows:

a. Ring Size Wax Elimination Time Heat Soaking Time

lx Ring 30 min 20 min
3x Ring 40 min 30 min

6x Ring 50 min 45 min
9x Ring 60 mmn 60 min

b. Three units in a single ring - 40 min for 3x rings ,

c. Multiple units, 2-3 rings - 60 min for 9x rings

NOTE: A longer soaking time, and/or burnout temperature, may be required

to ensure complete carbon elimination when using plastic sprues. .

127
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V1. MJELTIRG AND CASTING INSTRUCTION S--DEGPLUS 2I%
A. CASTING EQUIPMENT:

1. CASTING MACHINE (Do NOT use a Tu4 .-- )OO wit,., RBO crucibles): *

a. Manufacturer's prf erredi castiii -q r-L - C.'1c.

b. Alternative systrns include - rrr n>si mcie centrif ute.

2. CASTING TORCH - Rarr i lb-S with a mLliltluu (i,-oifice tip or

3. CASTING CRUCIBLES -Use either- a 1utirtz utr aluina~- cricible.
DO NuT USE aclay crucible.

SB. QUANTITY OF ALLOY NEEDED:

J,1. VOLUME OF METAL NEEDED -Refer to conver.:ioni chart (a L )!

2. PREFERRED RATIO OF NEW MELTA-L TO RECASTi M4E'IAL -5GI/cS% by weight

3. MINIMUM RAfilS 3F D) 1±L'uRCA ..- 1~~o wo-i ht.

.' %

1. OXYGEN-GAS RATIO 1_ LO si OXYGEN or-):iA..A~ frnt.rl~.'/-

2. SETTI24G CASciINOG .CHN Add onie tr t mir mtcnlirt t,) com e.1-

so t-e 'or the owzr iet),, the ~ly

3. FLAM4E ADJIJS'MEN. e inner bli)- o --- i-r L:' n or 'Less.

4. h-ERAC UN.~u n ronWill

5. CASTIN4G FLU X - n f

S 0~~~. WHEN OP54 -'nzI ..

7.~~ ~ RE O.R .~. . ... . .. .~ . . ... ..

8., .7*,- Li77'

13: _ _ _
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VII. ADJUS[TING AND FINlc3HNG--DBiUPblJS' 2

A. REMOVING THE SPRuE:

1. S EPA-RAT ING D1S C - t d Ann Fr-e~i~ .

2. COLLECT GRINDIN ' -, . .. .

B. FITTING THE CAS1,I-NG:

%1. REMOVE INTERNAL NDP4 e -o- .-- f ,<-Q - t*lijl*

2. EVALUATE THE FIT Verl :y' ! .. f .a/i~ a seait

3. QUALITY CONTROL CHECK - nu ~~..' inca0! rit, overlhealired
alloy, v'cr<,,* , S:V.. ic oe r,-it

4. INITIAL OCCLUSAL ADJUSJTME.N Lci th i o-,st oni- refinie the
ocojusion01, A.eecr 4

C. FINISHING T~HE, CASTING:

1. STONLU3 AN *..'-L nj [,,I rish

.AVOJID rEA UCAAi i~is

3. ALJU:PMN' I I Z~~~.'

-. .. .. . .. . . . . '..5
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-SECTION 6: ATTACHMENT 2-

VIII. PREPARATION OF THE METAL FOR PORCELAIN-DEGUPLUS 2

A. PREPARATION OF THE METAL SUBSTRATE: -

1. NON-PORCELAIN BEARING SURFACES - Rubber wheel all non-porcelain bearing

areas (lingual/occlusal surfaces, interproximal struts
and metal collars) to remove all scratches orior to the .Sa:.

application of porcelain. .-

2. PORCELAIN BEARING SURFACES - Air-abrade the finished metal surfaces with
a 50-pm non-recycled, uncontaminated aluminum oxide
(white) abrasive under 90-100 psi.

3. CLEANING - Steam clean the metal substrate, or place in distilled water
in an ultrasonic unit for 10 min. --'

B. OXIDATION (DEGASSING) OF THE METAL SUBSTRATE:

1. LOW temperature settings - 1200 OF (649 °C)

2. HIGH temperature setting - 1760 OF (960 °C)

3. Rate of rise - Not specified.

4. Atmosphere - Air (NO VACUUM)

5. HOLD time at HIGH temperature - 10 min

6. Appearance of the oxide layer:

a. A properly oxidized layer - DARK GRAY color
b. An OVERoxidized layer - UNSPECIFIED
c. An UNDERoxidized layer - LIGHT GRAY color .'j.

C. POST-OXIDATION TREATMENT:

1. RE4OVE THE OXIDE LAYER - Air-abrade the casting with non-recyclable -'.
50-pma aluminum oxide, or glass beads, simply as a
precautionary step to remove metal contaminants from
dissolved gases, investment, etc. directly over
porcelain bearing surfaces.

2. CLEANING - Steam clean or place in distilled w-iter in an ultrasonic
unit for 10 min, after air-abrading. Then proceed
with the application cf )paaue porcelain. %

130
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-sECTIONi 6:- ATTACHMERT 2-

IX. PORCELAIN COMPATIBILITY-DEIUPLUS 2

A. PORCELAIN SYSTEM COMPATIBILITY CHART: The following information bas been

DENTAL PORCELAIN PORCELAIN COMPATIBILITY

YES NO MARGINAL UNKNOWN

1. .AMTS-JTECH (Jeneric) - X

2 W(O0BOND (Dentsply) - X

* 3. CERAMCO (Johnson & Johnson) -X

C RYSTAR (Unitek) -X

5, TELENKO (Jelenko) -x0

s Low- X
6 BIOBONRD) SHADEMATE (Dentsply) Reg- X

.VIA(Vident) -X

V.WILL-CERAM4 (Williams) -X

B. KNOWN OR SUSPECTED PORCELAIN-METAL INCOMPATIBILITIES: -'4

See Section A above. No other information provided.

C. SPECIAL HANDLING INSTRUCTIONS: None
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X. PRE-SOLDERING InSTRUCTIOS-DEGPLUS 2

A. RECOMMENDED MATERIALS: .

1. SOLDER - Use Degudent Ul Solder (2048 OF, or 1120 °C), or
Degudent N1 Solder (1940 OF, or 10-0 °C)

2. FLUX - Use Degussa Anoxsan flux.

3. INVESTMENT - A soldering investment such as Deguvest L is the IDEAL
material to use, but a casting investment with all distilled water may
be substituted... • _

B. SOLDERING TECHNIQUE: For precise heating, use the Magic Wand torch
(Williams) with a # 248 tip, the Harris 16-S torch and a 2N tip, or the
Degussa Gas/Oxygen torch with #2 tip.

,0 -

1. Propane-oxygen is the preferred heat source, although natural gas-
oxygen is an acceptable alternative.

2. Be certain the surfaces to be soldered are large enough to provide
adequate strength to the joint.

3. Prepare a uniform GAP DISTANCE of no more than 0.05-0.1 mm.

4. The surfaces to be soldered must have a rough finish and be clean.

5. Invest the units to be soldered in a soldering investment.

6. Trim the investment patty to a uniform but stable thickness.

7. After boiling the sticky wax out of the joint(s); clean the joint
areas(s); and apply Degussa Anoxan Flux. This procedure will prevent
the build-up of oxides which might interfere with the soldering process.

8. Preheat the investment block in an electric furnace at 1150 OF (621 °C).

9. Use 5 psi OXYGEN with NATURAL GAS or PROPANE.

10. Heat the solder connections until they reach the working temperature
of the solder.

11. Once soldering is complete, alloy the investment block to cool slowly
to room temperature before divesting...-.

12. Grind the joint(s) with uncontaminated stones; air-abrade; and clean
in an ultrasonic unit to remove all traces of flux and investments.

13. Remove the cleaned castings, and proceed with the OXIDATION process.

132 " "
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XI. POST-SOLDERING INSTRUCTIONS-D.EUPLUS 2

A. RECOMMENDED MATERIALS:

1. SOLDER - Use Regular White Solder (working temp. 1360 OF, or 738 °C)

2. FLUX - Use Degussa T-Flux (DO NOT APPLY FLUX TO THE PORCELAIN) .

3. INVESTMENT - A soldering investment such as DEGUVEST L is the IDEAL
material, but a casting investment with distilled water may be used.

B. SOLDERING TECHNIQUE: Use a porcelain furnace with a view port to monitor

the soldering process. ... " ".

1. Prepare a uniform GAP DISTANCE of no more than 0.05-1.0 mm.

2. Position the units to be joined on a cast and *-in them with sticky
wax. Alternatively, the units may be united with the resin directly
in the mouth with an index for reassembly, if necessary.

' 3. The surfaces to be soldered should be rough finished and clean.

4. Cover all the porcelain surfaces with wax, to prevent direct contact 4
with the soldering investment, and possible porcelain discoloration.

5. Invest and trim the investment block to a minimum but stable thickness.

6. Boil out the sticky wax, and coat the joints to be soldered with T-Flux.
DO NOT APPLY THE FLUX TO THE PORCELAIN.

7. Carefully melt the solder strip over a Bunsen burner until a small ball,
or globule, is formed. Cut the ball off the strip, leaving a small tail.

3 5. Use the tail to seat each solder piece in the soldering investment.
Apply T-Flux to each solder ball. i' 4

9. Preheat the assembly in front of the furnace muffle for 10-15 min.

10. Set the furnace maximum temperature to the solder working temperiture. ,

0 ii. Slowly insert the invested castings into the muffle to permit uniform
heat absorption.

12. Leave the unit in the furnace for 2-3 min, depending on the size of
the soldering work. If necessary, the temperature may be increased in
10 OF increments until the solder flows.

13. Carefully remove the work and inspect the solder joints. Allow the
metal to cool uniformly, before divesting and repelishing.

3-.3.%' "... . , . " '. '
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-SECTION 6: ATTACHM4IT 3-

NATURELLE
, ' %. %

I. GENERAL IFORMATION

ALLOY TYPE: "PRECIOUS" ALLOY SYSTEM: High Palladium-Copper .:..

ALLOY CONTENT: 79% Palladium, 2% Gold, 10% Copper, 9% Gallium, and
trace amounts of Aluminum, Zinc, and Ruthenium

N. MANUFACTURER:

Rx. Jeneric Gold Company TOLL FREE PHONE NUMBER:
Jeneric Industries,Inc. 1-(800) 243-3969,Ext 212 or 310
P.O. Box 724
Wallingford, Connecticut 06492 COMMERCIAL PHONE NUMBER:

1-(203) 265-7397 (in Connecticut
C.-. and outside U.S., call "Collect")

. TELEPHONE CONTACTS: REGIONAL SALES REPRESENTATIVES:

Laboratory: Mr. Grant Day None
Mr. Rick Tobey

Research: Dr. Arun Prasad

ALLOY INTRODUCED IN: 1982 F.D.A. LISTED: Yes

A.D.A. ACCEPTANCE OR PROVISIONAL ACCEPTANCE: No

II. PHYSICAL DESCRIPTION

Ingot Color - Platinum Ingot Shape - Square
Ingot Weight - 1 dwt Ingots Per Ounce - 20 -

- Ingot Identification - YES,"N" Alloy Packaging - 1 oz only

III. PHYSICAL AND MECHANICAL PROPERTIES

Specific gravity (density) - 10.6 g/cc
Brinell hardness number - 320 " ..
Vickers hardness number - 350 wP

" Percentage elongation (in 1 in.) - 10% V 1-
-'] Ultimate tensile strength - 185,000 psi% (13,010 :/cm 2) '

Yield strength (0.2% offset) - 160,ouo psi (11,252 kg/cm 2 )
Bond strength - 16,000 psi
Coefficient of thermal expansion - .596% @ 450 °C "

MELTING RANGE - 2140-2175 OF CASTING TEMPERATURE - '350 OF

(1171-1190 OC) (1288 °C)

134
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-SECTION 6: ATTACHMENT 3--

IV. WAXING AND SPRUING INSTRUCTIONS--AT-.RELLE

S..A. MINIMUM RECOMMENDED WAX THICKNESS:

1. SINGLE UNITS - 0.4 mm

2. THREE-UNITS FIXED PARTIAL DENTURES - 0.4 mm

3. FIXED PARTIAL DENTURES GREATER THAN 3 UNITS - 0.4 mm. • -

B. RECOMMENDED SPRUING TECHNIQUE:

1. SINGLE UNITS - Use the DIRECT METHOD, with 8- or 10- GAUGE sprues,
1/4 in. to 3/8 in. (6-7 mm) long, attached to the

,' thickest part of the wax pattern. If a RESERVOIR
sprue is used, the distance between the wax pattern
and the reservoir should be approximately 1/16 in. .
(1.5 mm). (The manufacturer also suggests narrowing

J.. down the sprue as it approaches the pattern.)

2. MULTIPLE SINGLE UNITS - Use the INDIRECT METHOD, with 1/4 in. (6 mm)
10-GAUGE sprues to each pattern, an 8-GAUGE runner bar, 'e . "-

and offset 8-GAUGE leads connecting the sprue former to 4 -4,
the runner bar. Extend the length of the runner bar
beyond the width of the patterns at each end (Fig. 4-2).

3. FIXED PARTIAL DENTURES - Use the INDIRECT METHOD, with 1/4 in. (6 mm) "/9

10-GAUGE sprues to each pattern, an 8-GAUGE runner bar "
and offset 8-GAUGE leads connecting the sprue former to
the runner bar. Extend the length of the runner bar
beyond the width of the patterns at each end. .

NOTE: The runner bar should be shaped to conform to the contour of the
- fixed partial denture. If the bar must be bent, then cut and rewax it

at each cut in order to destroy any memory in the wax (Fig. 4-2). .

4. VENTING - Is not considered necessary.- •

5. WAX PATTERN POSITIONING - If the wax pattern is seated too low in the
casting ring; build up the sprue former with wax; and
raise the patterns to within 1/4 in. of the top of the
ring. This technique will facilitate wax elimination
and the escape of gases during investment burnout.
Arrange the spruing system so the reservoir portion is
in the HEAT CENTER of the casting ring with the wax e..
patterns in a COLD ZONE (Fig. 4-2).
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V. INVESTENT AND BURNOUT TEC QUE-ATURELLE

A. RECOMMENDED INVESTMENTS:

1. PHOSPHATE-BONDED INVESTMENTS: Start with a dilution ratio between

80-50 special liquid and 20-50% distilled water.

NON-CARBON TYPE: SPECIAL LIQUID DISTILLED WATER i'

a. Vestra-fine (Unitek) 5.5 cc 10.0 cc

b. Hi-Temp (Whip-Mix) 4.5 cc 4.5 cc .O

c. Shur-Temp (Modern Materials) 6.5 cc 6.0 cc

CARBON TYPE: Not tested.

NOTE: A carbon-containing investment may be used with this alloy, 0

but all carbon must be eliminated during burnout.

2. GYPSUM-BONDED INVESTMENTS: NOT suitable for this alloy. .

B. RECOMMENDED METHOD OF INVESTMENT: HIGH-HEAT rather than hygroscopic. .4

C. MANUFACTURER'S RECOMMENDED ASBESTOS SUBSTITUTE: KAOLINER (Dentsply), DRY

You may also use one WET layer of NON-ASBESTOS ring liner (Whip-Mix) "..'.*

or NOBESTOS (Jelenko). Place the ring liner flush with the top of the
casting ring, but leave at least a 1/8-in, clearance at the bottom of
the ring. Th 1/8-in, clearance will help lock the investment in the "'
ring when it expands (Fig. 4-2). If additional expansion is needed, use

two layers of asbestos substitute and/or more special liquid and less .

distilled water.

D. BURNOUT TECHNIQUE: '.,'-

PHOSPHATE-BONDED INVESTMENT: Start with a cold or room temperature oven -,S.._,.
and raise to 1500 OF (816 OC) at the rate of 20 OF/min; then HEAT SOAK .

as follows: q
a. Single ring - 1-1/2 hr

b. Three units in a single ring - 1-1/2 hr

c. Multiple units, 2-3 rings - 1-1/2 hr, add 10 min for each additional
casting ring.
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-SECTION 6: ATIACENENT 3- - -
". 4.-.-

S. VI. MELTING AND CASTING INSTRUCTIONS-NATURELLE

A. CASTING EQUIPMENT:

1. CASTING MACHINE (DO NOT USE A THERMATROL 2500 WITH CARBON CRUCBLES):
a. Manufacturer's Preferred Casting Equioment - Torch and centrifuge ,- e%.

or Induction casting
b. Alternative Systems Include - Centrifuge.

2. CASTING TORCH - Harris 16-S with #1390 H multi-orifice tip,.
3. CASTING CRUCIBLES - Alumina or quartz; DO NOT USE CLAY OR CARBON TYPE.

B. QUANTITY OF ALLOY NEEDED: -

1. VOLUME OF METAL NEEDED - Refer to conversion chart (Table ).*
2. PREFERRED RATIO OF NEW METAL TO RECAST METAL - 50/50% by weight
3. MINIMUM RATIO OF NEW METAL TO RECAST METAL - 50/50% by weight.

S. .-, "a

C. MELTING AND CASTING TECHNIQUE (PROPANE preferred, NATURAL GAS adequate):

1. OXYGEN-GAS RATIO - 20 psi OXYGEN to NATURAL GAS, or 3-5 psi PROPANE.

2. SETTING CASTING MACHINE - Add one additional turn to casting machine
to compensate for the alloy's lower density.

3. FLAME ADJUSTMENT - Adjust torch to produce inner blue cones 1/2 in.
in length for the multi-orifice torch tip.

4. APPEARANCE OF THE MELT - Place the alloy in a preheated crucible, and
keep the torch moving in a rotating motion to heat :
all the metal evenly. The individual ingots or buttons ": J
will pool together like high-gold content alloys, butI, Nthey will also retain a thin OXIDE FILM.

5. CASTING FLUX - DO NOT USE FLUX, and DO NOT DISTURB THE OXIDE FILM.

6. WHEN TO CAST - When literally ROLLING around in the crucible from the .

pressure of the torch flame, the alloy is RE'YDY
to CAST. DO NOT ATTEMPT TO BREAK THE OXIDE SKIN. -

7. RECOVERY OF CASTING - BENCH COOL; DO NOT QUENCH; DO NOT PICKLE. leer, 01

D. INDUCTION CASTING (Start with a preheated crucible):

1. Set ARM SPEED to 450 rpm. ..-.
4.. 2. Set POWER to 50%. .

3. Set TEMPERATURE to 2350 OF (1288 C). % %-e
4. HEAT SOAK for 5 sec.
5. Appearance of melt when ready to cast is the same with torch casting.

* 6. Use Jeneric's PD Flux to minimize overheating and crucible melting. .

* At close of text.
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VII. ADJUSTING AND FINISIENG-AJ.RELLE .4.....
• . r , " .-. " .

A. REMOVING THE SPRUE:

1. SEPARATING DISC - Use any thin separating disc of your choice.
.-. .

2. COLLECT GRINDINGS - This is a precious alloy and its grindings have .

scrap value. Vacuum your clothing and work area. - -

B. FITTING THE CASTING: -.9 -

1. REMOVE INTERNAL NODULES - Carefully inspect the inside of each casting
under magnification, and remove any irregularities.

2. EVALUATE THE FIT - Verify an acceptable level of occlusal/incisal seat
and marginal seal before proceeding to any additional
finishing steps. -. , -

3. QUALITY CONTROL CHECK - Unsatisfactory castings (poor fit, overheated .... -
alloy, extensive porosity) should be remade. f--o

4. INITIAL OCCLUSAL ADJUSTMENT - Articulate the casting and refine the

occlusion, as necessary. .
' ., .%+,

C. FINISHING THE CASTING:

1. STONES AND WHEELS - Use the same materials you have on hand to finish
gold-base PFM alloys; i.e., uncontaminated aluminum
oxide stones, diamond points, etc.

2. AVUID METAL CONTAMINATION - Set aside a set of finishing stones for this
particular alloy to prevent contamination of the metal.

3. ADJUSTMENT TECHNIQUE - Use the uncontaminated aluminum oxide abrasives
to produce a smooth, even textured surface for all
porcelain-bearing areas. Finish the metal surface .'"

in one direction, using light pressure.
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-SEcTION 6: ATTACEMENT 3-

VIII. PREPARATION OF THE METAL FOR PORCELAIN-RATURELLE

A. PREPARATION OF THE METAL SUBSTRATE:

1. NON-PORCELAIN BEARING SURFACES - Rubber wheel all non-porcelain bearing '

areas (lingual/occlusal surfaces, interproximal struts
and metal collars) to remove all scratches prior to the
application of porcelain. -

2. PORCELAIN-BEARING SURFACES - Air-abrade the finished metal surfaces with
a 50-jam non-recycled, uncontaminated aluminum oxide
(white) abrasive under 60-70 psi.

3. CLEANING- Steam clean the metal substrate, or place in distilled water

in an ultrasonic unit for 10 min.

B. OXIDATION (DEGASSING) OF THE METAL SUBSTRATE: ,V q

1. LOW temperature setting - 1200 OF (649 OC)

2. HIGH temperature setting - 1800 OF (982 OC) .- '

3. Rate of rise - 90-100 OF (50-55 OC)/min 4

4. Atmosphere - Air (NO VACUUM)

5. HOLD time at HIGH temperature - None . .

6. Appearance of the oxide layer: .

a. A PROPERLY oxidized layer - DARK-BROWN color
b. An OVEBoxidized layer - DARK REDDISH-BROWN color
c. An UNDERoxidized layer - GRAY to BLACK color .- ,

C. POS'i-OXIDATIUN TREATMENT: The manufacturer has indicated that two options
are available in the management of the oxidized casting.

1. REMOVE THE OXIDE LAYER - Air-abrade all porcelain-bearing areas with ,.-
non-recycled, 50-,.m aluminum oxide (white in color).

2. CLEANING - Steam clean or place in distilled water in an ultrasonic
unit for 10 min, if you air-abraded the oxide layer.
Proceed with the application of opaque porcelain
after this cleaning step.

3. RETAIN THE OXIDE IAYER - You may apply opaque porcelain directly
over the oxide layer (manufacturer's preference).

139
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IIX. PORCELAIN COMPATIBILITY-ATURELLE

A. PORCELAIN SYSTEM COMPATIBILITY CHART: The following information has
been provided by the alloy manufacturer (X):

DENTA PORCELAIN PORCELAIN COMPATIBILITY

YES NO MARGINAL UNKNOWN

1. ARTIS-JTECH (Jeneric) -X

2. BIOBOID (Dentsply) -X

3. CERAMCO (Johnson & Johnson) - X

4. CRYSTAR (Unitek) - X (post-soldering is questionable)

5. JELENKO (Jelenko) - X
Low- X

6. (BIOBOND) SRADFZ4ATE (Dentsply) Reg- X

-,7. VITA (Vident) - X

8. WILL-CERAM (Williams) -X

B. KNOWN OR SUSPECTED PORCELAIN-METAL INCOMPATIBILITIES:

Apparently there may be some risk of porcelain-metal bond failure when
post-soldering units constructed of Crystar porcelain on Naturelle metal. --

An elevation in the coefficient of thermal expansion of Crystar porcelain :r

reportedly may occur. If the porcelain's expansion goes above that of the
alloy, an incompatibility can be introduced.

C. SPECIAL HANDLINiG INSTRUCTIONS: None

.14
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X. PRE-SOLDERING INSTRUrTIONS-NATURELLE 4

A. RECOMMENDED MATERIALS:

1. SOLDER - CN Solder (flows between 1950 OF and 1970 OF)

2. FLUX - Use of flux is optional. -'

3. INVESTMENT - Use any conventional soldering investment, or a high-heat
phosphate-bonded casting investment with distilled water.

B. PRE-SOLDERIAG TECHNIQUE: Use the MAGIC WAND Torch (Williams) with its
#248 tip, or the HARRIS torch with a 2N tip for precise heating.

1. Grind, with aluminum oxides stones, surfaces to be soldered. This
process will remove any oxides or contaminants which might impede
soldering.

2. Create a GAP DISTANCE of approximately 0.3 mm.

3. Mix investment so it is thick; turn fixed partial denture upside down;
fill the inside of the casting with the mix; add a little extra on top;
and invert onto a patty of investment. Do not let it settle. Keep the
investment patty as small as possible.

4. Trim the investment patty and form a "V" groove underneath each joint. "

5. Allow the investment to reach final set; then boil out the wax; and
preheat the assembly to 1050 OF (566 oC) for about 20 min. If acrylic
resin (Duralay) is used, be sure to remove all traces of the resin
before initiating the solder process. .

6. Wear #5 welding glasses as protective eye wear. ...

7. Use 5 psi OXYGEN and 2 psi NATURAL GAS (or 2 psi PROPANE). Adjust the
inner blue cone of the flame until it is defined and has no feathered
edge at its tip.

8. Place the invested units on a soldering block so that the length of the
assembly is perpendicular to your body. In other words, the lingual
side of the units is to your right, and the facial to your left.

9. Apply the flux to the joint area using the solder strip as a carrier.
It is imperative that the flux be liquified and made to flow into the
joint by brushing with the flame. Repeat this step for each joint area.

10. Position the flame so that it is directed at an angle of about 800 from
the lingual side, in order for it to go diagonally through the joint
and heat both sides of the joint evenly.
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... t -.

X. PRE-SOLDERING INSTRUCTIONS-ATURELLE (Cont' d.)

.. .-..

11. The tip of the inner blue cone should be 1/4 in. - 1/2 in. from . ..-
the joint.

12. As the surfaces to be joined turn ORANGE/WHITE, feed the fluxed end
of the solder into the lower-third of the connector on the lingual
(the same side where the flame is entering at the occlusal third). -

Continue to feed the joint until it is filled.

13. Once the joint is filled, keep the joint area red for 4-5 sec;
remove the flame; and allow to cool to ROOM TEMPERATURE.

14. Remove traces of flux with stones, or blast with 50-am aluminum
oxide abrasives.

5, ". '... •

15. Finish the metal and prepare for porcelain application.

C. OXIDATION OF PRE-SOLDERED UNITS: Castings which have been pre-soldered
should be oxidized differently from non-soldered, single units substruc- ..
tures. Rather than removing the fixed partial denture immediately after
reaching maximum temperature, HOLD the work at 1800 OF (982 OC) for 10 min
in air; then remove the prosthesis from the furnace.

142 '.. -
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XI. POST-SOLDERING INSTRUCTIONS--NATURELLE

A. RECOMMENDED MA'iERIALS: It is presupposed that the PFM units have been %

glazed and polished, and that the metal substructures have been designed
appropriately for the post-soldering procedure.

1. SOLDER - WLF Solder (flows between 1310 OF and 1370 OF).

2. FLUX - Use of LF flux is optional.

3. INVESTMENT - Same as pre-soldering technique.

B. POST-SOLDERING TECHNIQUE: Use a porcelain furnace for this step. It
is especially helpful if the oven has a muffle view port (also referred
to as a "sight window") to permit observation of the soldering process.

1. Grind joint surfaces with a fine vitrified aluminum oxide stone.

2. Create a GAP DISTANCE of 0.3 mm. •-

3. Place the units on the master cast, and seal the joint(s) with sticky r r "-b
wax. .

4. Added rigidity can be obtained by placing a metal rod across the
occlusal or incisal surfaces, and sealing it with sticky wax.

5. Once the sticky wax has cooled, remove the work from the master cast,
and cover all the porcelain to be embedded in the investment with white
wax. This step will prevent discoloration of the glazed porcelain.

6. Invest the castings in a soldering investment (or equivalent), and allow
the mix to set for 20 min. ".

- %%

7. Trim the patty to a 3/8 in. thickness with 1/4 in. borders, and remove
all the wax with boiling water

8. Shape the WLF solder strip to fit the joint area in such a fashion
that it fills the joint and protrudes 1/8 in. from the joint.

9. While the work is still warm (from wax boiL-out procedure), paint the
joint area with LF flux. Also dip the WLF solder strip in flux before
placing it in the joint itself.

10. Dry the invested work thoroughly, and slowly introduce it into a
porcelain furnace set at 1000 OF (540 °C); then heat-soak it for 2 min.

11. With a full vcuum, increase the temperituir,- to 15f5 OF (05'( OC) at the
rate of 75 OF/min; and the solder s-oli fLow accorjingly. . .

12. Remove the work; allow it to cool; and rejolish the m-tal. r. ...

- %
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PG-80+

I. GENERAL INFORMATION 
%

ALLOY TYPE: "PRECIOUS" ALLOY SYSTEM: High Palladium-Copper

ALLOY CONTENT: 79.5% Palladium, 1% Gold, plus 19.5% Copper, Gallium and
unspecified grain refining elements.
(exact formulation is proprietary information)

MANUFACTURER:

Unitek Corporation TOLL-FREE PHONE NUMBER: 0 o_
2724 South Peck Road 1-(800) 423-4588
Monrovia, California 91016

COMMERCIAL PHONE NUMBER:
1-(818) 445-7960

TELEPHONE CONTACTS: REGIONAL SALES REPRESENTATIVES:

Training Lab Manager Yes
(Call person-to-person, "Collect,"
on commercial number)

ALLOY INTRODUCED IN: 1983 F.D.A. LISTED: Yes .,

A.D.A. ACCEPTANCE OR PROVISIONAL ACCEPTANCE: No

II. PHYSICAL DESCRIPTIO ...

Ingot Color - Platinum Ingot Shape - Square
Ingot Weight - 2 dwt Ingots Per Ounce - 10 per oz
Ingot Identification - "UTK PG-80+" Alloy Packaging - 1 oz only

III. PHYSICAL AND MECHANICAL PROPERTIES"

Specific gravity (density) - 10.7 g/cc
Brinell hardness number - 244 (converted from Vickers)
Vickers hardness number - 253
Percentage elongation (in 1 in.) - 20%
Ultimate tensile strength - 119,000 psi .. f
Yield strength (0.2% offset) - 90,000 psi
Bond strength - 15,000 psi - -
Coefficient of thermal expansion - 13.94 X 10-6 in/in/°C (+ 0.29) ...

(from ambient to 600 OCT
All values for porcelain fired condition

MELLING RANGE - 2150-2340 OF CASTING TEMPERATURE - 2000-2800 OF
(1177-1282 °C) (1427-1538 °C)
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IV. WAXING AND SPRUING INSTRUCTIONS--PG-80+

A. MINIMUM RECOMMENDED WAX THICKNESS: .
1. SINGLE UNITS - 0.4 mm ',

2. THREE-UNITS FIXED PARTIAL DENTURES - 0.4 mm

3. FIXED PARTIAL DENTURES GREATER THAN 3 UNITS - 0.4 mm.

B. RECOMMENDED SPRUING TECHNIQUE: .

1. SINGLE UNITS - Use the DIRECT METHOD, with 8- or 10-GAUGE sprues, 15 mm
in length, attached to the thickest portion of the wax
pattern. Do NOT constrict the sprue-pattern opening.

2. MULTIPLE SINGLE UNITS- Use either the DIRECT METHOD (above) or the .
INDIRECT METHOD, with 3-4 mm long 8- or 10-GAUGE
pattern sprues, attached to an 8-GAUGE runner bar
which extends just beyond the width of the patterns.

at each end. Use 8-GAUGE sprue leads offset from the
runner bar to the crucible former cone.

3. FIXED PARTIAL DENTURES - Use the INDIRECT METHOD, with 3-4 mm long
8-GAUGE sprues, attached to the thickest portion of
each wax pattern. Join these sprues to an 8-GAUGE
runner bar which extends just beyond the width of each
end pattern. Use several offset 8-GAUGE sprue leads
from the runner bar to the crucible former cone. 9

NOTE: The runner bar should be shaped to conform to the contour of the "..*.. " "
fixed partial denture. If the bar must be bent, then cut and rewax it ..

at each cut in order to destroy any memory in the wax (Fig. 4-2). -"

4. VENTING - Optional, use 18-GAUGE round wix attached near facial
margins of each coping and pontic. . .-

5. WAX PATTERN POSITIONING - If the wax pattern is seated too low in the ... -

casting ring; build up the sprue former with wax; and .j... .
raise the pattern to within 1/4 in. of the top of the ' .\ V
ring. This technique will facilitate wax elimination

and the escape of gases. Design the spruing system so
that any reservoir is in the HEAT CENTER of the casting -"['- -
ring with the wax patterns in a COLD ZONE (Fig. 4-2). "

5- . .
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-SECTION 6: ATTACHMENT 4-

V. IBVESTMENT AND BURNOUT TECHINIQUE--PG-80+

A. RECOMM4ENDED INVESTMENTS:

of a NON-CARBON investment (white color).

NON-CARBON TYPE: SPECIAL LIQUID DISTILLED WATER

a. Vestra-fine (Unitek) - 10.5 cc 5.0 cc

b. Hi-Temp (Whip-Mix) - 4.5 cc 4.5 cc .

CARBON TYPE: NOT recommended for this alloy.

a. Deguvest HFG (Degussa) - 7.0 cc 2.0 cc

b. Biovest (Dentsply) - 8.0 cc 3.0 cc .

2. GYPSUM-BONDED INVESTMENTS: NOT suitable for this alloy. . *}

B. RECOMMENDED METHOD OF INVESTMENT: HIGH HEAT rather than hygroscopic.

C. MANUFACTURER'S RECOMMENDED ASBESTOS SUBSTITUTE: No preference.

You may also use one WET layer of NON-ASBESTOS LINER (Whip-Mix).

D. BURNOUT TECHNIQUE: - -

PHOSPHATE-BONDED INVESTMENT: Start with a cold oven and raise to a "''
temperature of 600 OF (316 °C) and hold for 30 min; then raise the

temperature to 1550 OF (843 OC); and HEAT SOAK as follows: .S . .

a. Single ring - 1 hr

b. Three units in a single ring - 1 hr

c. Multiple units, 2-3 rings - 1 hr 20 min

NOTE: A longer soaking time may be required, when using plastic sprues Ie

to ensure complete carbon elimination.

.....
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VI. MELTING AND CASTING INSTRUCTIONS-PG-80+ A-I

A• P - -Tf . " 'T ' ' 
,  -.-. ".

A. CASTT. 'G T"

1. CASTING MACMINE (DO NOT USE TER'TROL 2500 WITH CARBON CRUCIBLES):

a. "Manufacturer's preferred casting equipment - Unitek Autocast -

b. Alterna:ive systems include - Centrifuge

2. CASTING TORCH - Harris 16-S with a #1390H multi-orifice tip or
Degussa torch.

3. CASTING CRUCIBLES - Use either a quartz or alumina crucible.
DO NOT USE a clay crucible.

B. QUANTI OF ALLOY NEEDED:

1. VOL',Z CF METAL NEEDED - Refer to conversion chart (Table l).*

2. PREFERRED RATIO OF NEW METAL TO RECAST METAL - 50/50% by weight

3. MiNL4UM RATI OF NEW MTAL TO RECAST METAL - 50/50% by weight.

C. MELTING AND CASTING TECHNIQUE (PROPANE preferred, NATURAL GAS adequate):

1. OXYGEN-3S RATIO - 25 psi OXYGEN or 15 psi PROPANE (for natural
gas, open valve all the way) ""

2. ,S ...G CASTI'NG MACHINE - Add one turn to casting machine to comoen-

sae for the lower density of the alloy. .

3. FLA.,Z AJUST.!N - Set inner blue cones to a length of 1/2 in. or less. ..-

•4. T-H. - IET - Alloy will melt rapidly, and the ingots will .

pool, like gold-base PFM alloys.

5 .. CANG FLT,7 - lNot needed. ,-.-

o. WEh T ST - When -he alloy begins to roll and glows WHITE-YELLOW,
a'low 5 to 10 sec of heating to ensure a thorough melt.

7. RZ'VE SF £AST!NG - 3ENCH COOL for at least 5 min. DO NOT PICKLE.

D. IN-D.jCTICN CASXI INSTRUCTIONS (Pre-heat crucible): % %

t. z 7e C,, 7c

2. Set T 7. A ,: to .cC0-ltCC OF (127-1536 CC).
APFEARAN'JE - Alloys will pool; poaL will jump -s Autocist pulses.

*At close of text.
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VII. ADJUSTING AND FINISBING--PG-80+ . -.-- *

.. %

A. REMOVING THE SPRUE:

1. SEPARATING DISC - Use any thin separating disc of your choice.

2. COLLECT GRINDINGS - This is a precious alloy, and its grindings have
scrap value. Vacuum your clothing and work area.

B. FITTING THE CASTING: - -

1. REMOVE INTERNAL NODULES - Carefully inspect the inside of each casting

under magnification, and remove any irregularities.

2. EVALUATE THE FIT - Verify an acceptable level of occlusal/incisal seat

and marginal seal, before proceeding to any additional
finishing steps.

3. QUALITY CONTROL CHECK - Unsatisfactory castings (poor fit, overheated
alloy, porosity) should be remade.

4 INITIAL OCCLUSAL ADJUSTMENT - Articulate the casting and refine the

occlusion, as necessary.

C. FINISHING THE CASTING:

1. STONES AND WHEELS - Use the same materials you have on hand to finish - -

precious PFM alloys; i.e., uncontaminated aluminum
oxide stones, diamond points, etc. .'.'

2. AVOID METAL CONTAMINATION - Set aside a set of finishing stones for this
particular alloy to prevent contamination of the metal.

3. ADJUSTMENT TECHNIQUE - Use the uncontaminated aluminum oxide abrasives .-

to produce a smooth, even textured surface for all
porcelain-bearing areas. Finish the metal surface
in one directionusing light pressure.

<v "-.+'- .. 
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-SECTION 6: ATTACHMENT Ij-

VIII. PREPARATION OF THE METAL FOR PORCEIAIN-PG-80+

A. REPARATION OF TPHE METAL SUBSTERATE:

1. NON-PORCELAIN BEARING SURFACES - Rubber wheel all non-porcelain bearing 6_

• 9%

areas (lingual/occlusal surfaces, interproximal struts
and metal collars) to remove all scratches prior to the
application of porcelain.

,* .. . '..,.,

2. PORCELAINBEARING SURFACES -Air-abrade the finished metal surfaces with...
a 50-pim non-recycled, uncontaminated aluminum oxide
(white) abrasive under 90-100 psi.

3. CLEANING - Steam clean the metal substrate, or place in distilled water-
in an ultrasonic unit for 10 min

B. OXIDATION (DEGASSING) OF THE METAL SUBSTRATE:

,.-... ...,

AS OF THIS TINE, THE MANUFACTURtER DOES NOT RECCM4END THAT THIS ALLOY
UNDERGO THE CUSTOMARY OXIDATION PROCEDURE TO MIIMZE THE POTENTIAL FOR

THERMAL CREEP.

1LOW temperature settings -Not applicable (N/A)

2. HIGH temperature setting N/A

*3. Rate of rise -N/A.4

4. Atmosphere -NIA '
an5. HOLD time at HIGH temperature tNA

6. Appearance of the oxide layer:

a. A properly oxidized layer - N/A
b. An OVERoxidized layer -N/A

c. An UN.ERoxidized layer N/A

.. .. "%.
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% 't.. 4. J

IX. PORCELAIN COMPATIBILITY-PG-80+

* '..~. vv%
* A. PORCELAIN SYSTEM COMPATIBILITY CHART: The following information has been

provided by the alloy manufacturer (x):

DENTAL PORCELAIN PORCELAIN COMPATIBILITY

YES NO MARGINAL UNKNOWN

1. ARTIS--TECH (Jeneric) -X

*2. BIOBOND (Dentsply) - X

*3. CERAMCO (Johnson & Johnson) -x

14. CRYSTAR (Unitek) -X

5. JELENKO (Jelenko) -X

Low - X
6. (BIODOND) SHADENATE (Dentsply) Reg - X

7. VITA (Vident) - X

8 . WILL-CERAM! (Williams) - X

B B. NONE OR SUSPECTED PORCELAIN INCOMPATIBILITIES: None

Refer to Section A above. No other information provided.

C. SPECIAL HANDLING INSTRUCTIONS: None

150.,,.
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X. PRE-SOLDERING INSTRUCTIONS--PG-80+ . -
'44 4 ,. '- -

A. RECOMMENDED MATERIALS: ...

1. SOLDER - Use UTK High Fusing Gold Solder (1945 °F/1061 °C)

2. FLUX - Use UTK High Fusing Gold Solder flux.
'.44 . .4. -

3. INVESTMENT - No preference. Use either a soldering investment or .- '.-
a high-heat casting investment with all distilled
water.

B. SOLDERING TECHNIQUE: For precise heating, use the Magic Wand torch ...-

(Williams) with a #248 tip, or the Harris 16-S torch and a 2N tip.

1. Grind the metal surfaces to be soldered with uncontaminated abrasives ."

* used with PG-80+ exclusively. ,04

2. Prepare a uniform GAP DISTANCE of 0.3 mm.

3. Invest in a high-heat soldering investment with a 3/8-in. base.

4. Trim the investment to remove sharp angles and to create access to
each joint area.

5. Boil off the sticky wax or heat to 1000 OF (538 OC) to remove any
acrylic resin. Allow to cool to room temperature, and clean the ,

joint areas(s).

.. 6. Cover each joint with solder flux paste, and be sure to get the
-., paste between each unit. Use an instrument, if necessary. ...

7. Preheat the investment block in an electric furnace at 1150 OF (621 OC) .' .

8. Use 25 psi OXYGEN with NATURAL GAS or 15 psi PROPANE.

9. Place cut sections of the UTK High Fusing Gold Solder in each joint.

10. Heat the solder connections(s) until they reach the working temperature ...
of the solder. ,-.

11. Once soldering is complete, alloy the investment block to cool slowly
4' to room temperature before divesting.

12. Grind the joint(s) with uncontaminated stones; air-abrade; and clean
in an ultrasonic unit to remove all traces of flux and investments. .

13. Remove the cleaned castings, and proceed with the application of
opaque porcelain.

.
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XI. POST-SOLDERING INSTRUCTIONS-PG-80+

.,.. "i% _~

A. RECOMMENDED MATERIALS:

1. SOLDER - Unitek Low Fusing Gold Solder (flows at 1544 0F/ 840 °C)

2. FLUX - Use Unitek Low Fusing Gold Solder flux.

3. INVESTMENT - No preference. Use either a soldering investment or a
high-heat casting investment with distilled water.

B. SOLDERING TECHNIQUE: Use a porcelain furnace with a view port to monitor 0
the soldering process.

1. Prepare a uniform GAP DISTANCE of no more than 0.1-0.2 mm.

2. Join the units to be soldered with sticky wax or acrylic resin, then
reinforce with heavy gauge wire. .

3. Cover all the porcelain surfaces with white or ivory wax, to prevent
contact with the soldering investment and porcelain discoloration.

4. Invest and trim the investment block to a thickness of 3/8 in.(9 mm). -"*p"

5. Boil out the sticky wax and clear waxes.

6. Air-abrade the solder area(s) with 50-m aluminum oxide under 20 psi.

7. Apply a thin layer of low fusing flux to the solder and place it - -
in each joint. Remove any excess to prevent porcelain discoloration.

8. Preheat the assembly in front of the furnace muffle for 15 min.

* 9. Slowly introduce the work into a furnace preheated to 1200 OF/649 oc.

10. Raise vacuum to 700 mm Hg.

S11. Set the furnace maximum temperature to the solder working temperature

(1544 OF/840 oc).

12. Observe when solder has flowed completely. " "

13. If necessary, the temperature may be increased in 10 OF increments
until the solder flows.

14. Carefully remove the work and inspect the solder joints. Allow the > .,

metal to cool uniformly, before divesting and repolishing.
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SECTION 7:

THE HIGH PALLADIUM-COBALT ALLOYS

7-1. GENERAL DESCRIPTION

The strong interest in an economical precious alternative to gold-base
metals probably was responsible for the development of the high palladium-
cobalt group. The popularity of the high palladium-copper alloys has been
tempered to some degree by the problems associated with this new group of
metals. The general attitude was that, if copper were to blame for many of
the ills of the high palladium-copper group, then a high palladium alloy with
a copper substitute might be more attractive. Apparently, this has not been
the case. Of the two high palladium groups, the cobalt-group does not appear -..-

to have captured an equal share of the high palladium market with the copper-
group.

In general, the palladium content of the high palladium-cobalt alloys
ranges between 78 and 88%. 1 The two cobalt-containing alloys we examined
contained either 83 or 88% palladium, up to 8% cobalt, and no gold or platinum.
The commercial success of the high palladium alloys containing 2% gold has
led to the development of high palladium-cobalt alloys with this noble metal

* addition. Alloy competition is keen in the dental industry. If clinicians
and technicians want a 2% gold content in order to describe their alloy as
"palladium-gold," they will find several alloys from which to choose.

One of the most obvious features of the cobalt-containing alloys is the
production of a characteristic cobalt-blue oxide (Fig. 7-1). The oxide

* layer is as distinctive for this group as the brown to black oxide is for the
copper-containing alloys. However, the substitution of cobalt for copper has
also affected the properties of the metal as well (Table 3). These alloys may
be more prone to overheating and porcelain bubbling. 2 Their castability may
not be as good as the copper group, and indirect spruing and a minimum burnout
temperature of 1h50 OF (788 °C) is recommended.2  On the other hand, they
reportedly are more amenable to pre-soldering, although we did not attempt to
confirm this fact.2 In addition, it has been suggested that members of the
cobalt group have more thermal stability (sag resistance) than their copper-
containing counterparts.2  In fact, some contend the high palladium-cobalt
alloys are the most sag-resistant of all the noble metal alloys.1  At least
one of the high palladium-cobalt alloys has been advertised as possessing a - ..-. "

.more stable and thin oxide, accompanied by the tendency to inhibit oxide build-
up. 3 Since these alloys are copper-free alloys, there is no need to hold the
castings at temperature for 5 min during the oxidation process. That is a 5-min
time savings for the technician.

The high pallad'um-cobalt alloys we tested apoeared to produce a very ....-

distinctive cobalt-blue oxide comparable in thickness to the copper-group.
The oxide appears to be thicker than that of a gold-palladium alloy (Fig. 7-2).
However, this assessment was based on direct visual observation and not a.
scientific measurement of oxide film thickness. The blue oxide is raither
pronounced and might affect porcelain shade (blueing) as the brown-black-
oxidation does the alloys from the copper group.

.a- . . . .. . .

-a % % *-
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Figure 7-i. ihis nigh palladiun-cobalt Figure 7-2. The oxi~llze: citino.S
alloy (PT,%!-88*) produces a rather of a gold-palladiumr alloy (D~~
distinctive oxide layer. Although the at the top produce a thinner, 1~t
blue-curple color is not discernible, gray oxide layer t han the ni, h-0
the smooth texture of this dark oxide palladium-cobailt ( PIMTJ*;1

carn be observed. the bottom.

The most stri- inE observation noted with the cobqlt-con.iin: - I'l
one instance in which a dark (oxide) filmn formed on glazed porc&2LII2 tfa1,

cementations (Figs. 7-3 & 7-4). This phenomenon was observed o . onlyo-_A
occasion with only one alloy (PTM-88). The cause of this occurrence is st5.

*not known, so this finding is reported for information only. We do niot isn to
imply that such behavior is characteristic of this particular metal or tnt- h
oalla4diurn-cobait group as a whole.
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-SECTION 7-

7-2. ECONOMIC CONSIDERATIONS

The high palladium-cobalt alloys are comparable in price to their copper- .. *.o.

containing counterparts, and much more economical than gold-base alloys. The
density of the cobalt-containing metals is comparable to that of the copper
group, and lower than that of the high-gold or gold-palladium metals. There-
fore, these alloys can produce more castings per ounce of alloy, the buttons .-.-

are reusable, and the grindings have scrap value.

7-3. TARNISH RESISTANCE

These alloys are primarily composed of the noble metal palladium which .
enable them to be highly tarnish resistant. No restorations were observed
to have undergone intraoral tarnishing.

7-4. ADVANTAGES:

Are PRECIOUS alloys.
Have a high noble metal content.
Can be used with carbon and non-carbon phosphate-bound investments.
Melt and cast like gold-base PFM alloys.
Are less dense than gold-base alloys, thus providing more castings .

per ounce.
Are compatible with many dental porcelains.
Have burnishing characteristics similar to those of gold-palladium alloys.
Are less expensive than high-gold and gold-palladium alloys.
Have a high noble metal content and do not tarnish. -
Available in 2-dwt ingots. t h a-p l
Reportedly are easier to pre-solder than high palladium-copper alloys.
Reportedly polish like gold-palladium alloys.
The buttons are reusable. e
Their trace elements reportedly do not burn off as readily as with

the high palladium-copper alloys. .

7-5. DISADVANTAGES:

Are not A.D.A. CERTIFIED.
Are not A.D.A. "ACCEPFABLE" or "PROVISIONALLY ACCEPTABLE." " '
Should not be c;st in carbon crucibles (Thermatrol 2500).
A non-carbon containing phosphate-bonded investment is preferred.
Are prone to gaseous absorption (hydrogen, oxygen, etc.).
May be more prone to overheating than high palladium-copper group.
May not have the same castability as the high palladium-copper alioys.
Most produce a thick blue oxide.
Porcelain-metal bond failures may occur due to heavy oxide.
Gas entrapment may cause bubbling of the opaque porcelain. : .
The blue oxide may discolor some dental porcelains. ,,-'
Generally, have a relatively high thermal expansion coefficient. ,
Are more compatible with high expansion dental porcelains.

155, . -°
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7-6. BIOCON4PATIBILITY

The cobalt-containing high palladium alloys are composed largely of the
noble and precious metal palladium. They do not contain nickel, beryllium,
or any other elements presently suspected of being potentially harmful to'
patients, dental technicians, or clinicians. Therefore, on the basis of pres- "'.
ent information, the high palladium-cobalt alloys appear to be biologically
8afe alternatives for the gold-base systems.

7-7. REFERENCES

1. Anusavice, K. J.: Noble metal alloys for metal-ceramic restorations.
Dent Clin North Am 29 (4):789, 1985.

2. Personal communication. Mr. Paul Cascone, J. F. Jelenko & Co., Armonk,
NY, 1984.

3. PTM-88 and Micro-Star. J. F. Jelenko & Co., Armonk, NY, 1985.

EDITOR'S NOTE: The following Attachments provide comprehensive information
on two examples of the high palladium-cobalt group; specifically, -

PTM-88 and SUPRA-AP.

1. .-. . -
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-SECTION 7: ATTACHMMT 1- V

PTK-88
.% A~-

1. GENERAL INFMMATON

ALLOY TYPE: "PRECIOUS" ALLOY SYSTEM: High Palladium-Cobalt

ALLOY CONTENT: 88% Palladium, 8% Gallium, and 4% Cobalt

MANUFACTURER:

J. F. Jelenko & Company TOLL-FREE PHONE NUMBER: 0
99 Business Park Drive i-(doo) 431-1785
Armonk, New York 10504

COMMERCIAL PHONE NUMBER:
1-(914) 273-8600

. TELEPHONE CONTACTS: REGIONAL SALES REPRESENTATIVES: .:0

Technical Services Dept. Yes

ALLOY INTRODUCED IN: 1983 F.D.A. LISTED: Yes

A.D.A. ACCEPTANCE OR PROVISIONAL ACCEPTANCE: No 45..

5..

; ~~~II. PHYSICAL DESCRIM ON.,.,,.

Ingot Color - Platinum Ingot Shape - Rectangle

Ingot Weight - 2 dwt Ingots Per Ounce - 10
Ingot Identification - "Jelenko Alloy Packaging - 1 oz

PTM-88"

III. PHYSICAL AND MECHANICAL PROPERTIES

Specific gravity (density) - 11.0 g/cc
Brinell hardness number - 210
Vickers hardness number -235
Percentage elongation (in 1/2 in.) - 25% -
Ultimate tensile strength - 115,000 psi
Yield strength (0.1% offset) - 83,000 psi
Bond strength - 18,000 psi .-

Coefficient of thermal expansion - 14.2 x 10-6 in/in/°C " . ,-
'. r**' %

MELTING RANGE - 2120-2340 OF CASTING TEMPERATURE - 2450 OF ?
(1160-1282 °C) (1343 °C)
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-- SECTION 7: ATTACHMEUT 1-

IV. WAXIN AND SPRUING INSTRUCTIONS--PTM-88

A. MINIMUM RECOMMENDED WAX THICKNESS:
%~

1. SINGLE UNITS - 0.5 mm.l

2. THREE-UNITS FIXED PARTIAL DENTURES - 0.5 mm

3. FIXED PARTIAL DENTURES GREATER THAN 3 UNITS - 0.5 mm.

B. RECOMMENDED SPRUING TECHNIQUE:
,-.. . .f

1. SINGLE UNITS - Use the INDIRECT METHOD, with 8- or 10- GAUGE sprues .-.....

5 mm long, attacned to the thickest part of the wax
pattern; a 6- or 8-GAUGE runner bar, and offset "
8-GAUGE leads connecting the sprue former to the ..-
runner bar (Fig. 4-2).

%

2. MULTIPLE SINGLE UNITS - Use the INDIRECT METHOD, with 8- or 10-GAUGE
sprues 5 mm long, attached to the thickest part of %. .each pattern; a 6- or 8-GAUGE runner bar, and offset " r

8-GAUGE leads connecting the sprue former to the .
runner bar. Extend the length of the runner bar
beyond the width of the patterns at each end.

3. FIXED PARTIAL DENTURES - Use the INDIRECT METHOD, with 8- or 10-GAUGE
sprues 5 mm long, attached to the thickest part of
each pattern; a 6- or 8-GAUGE unner bar, and offset
8-GAUGE leads connecting the sprue former to the runner
bar. Extend the length of the runner bar beyond the
width of the patterns at each end.

NOTE: The runner bar should be shaped to conform to the contour of the
fixed partial denture. If the bar must be bent, then cut and rewax it
at each cut in order to destroy any memory in the wax (Fig. 4-2).

4. VENTING - Is not considered necessary.

5. WAX PATTERN POSITIONING - If the wax pattern is seated too low in the
casting ring, build up the sprue former with wax, and
raise the patterns to within 1/4 in. of the top of the
ring. This technique will facilitate wax elimination
and the escape of gases during investment burnout.
Arrange the spruing system so the reservoir portion is " '
in the HEAT CENTER of the casting ring with the wax 5_-
patterns in a COLD ZONE (Fig. 4-2).,.-
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V. INVESTMENT AND BURNOUT TECHNIQUE-PTM-88 -- ---

A. RECOMMENDED INVESTMENTS : "'%"-\

A . PHOSPHATE-BONDED INVESTMENTS: Start with a dilution ratio between

80-50% spoecial liquid and 20-50% distilled water.. ".

NON-CARBON TYPE: SPECIAL LIQUID DISTILLED WATER

a. Vestra-fine (Unitek) 11.0 cc 4.5 cc

b. Hi-Temp (Whip-Mix) 4.5 cc 4.5 cc

c. Hi-Span (Jelenko) Not tested with this alloy .. ".

CARBON TYPE:

Deguvest HFG (Degussa) 7.0 cc 2.0 cc .

NOTE: A carbon-containing investment may be used with this alloy,
but all carbon must be eliminated during burnout.

2. GYPSUM-BONDED INVESTMENTS: NOT suitable for this alloy. -

B. RECOMM4ENDED METHOD OF INVESTMENT: HIGH HEAT rather than hygroscopic . .. .

C. MANUFACTURER'S RECOMMENDED ASBESTOS SUBSTITUTE: NOBESTOS (Jelenko)

You may use one WET layer of NON-ASBESTOS ring liner (Whip-Mix) or a
similar material. Place the ring liner flush with the top of the
casting ring, but leave at least a 1/8-in, clearance at the bottom of
the ring. The 1/8-in, clearance will help lock the investment in the
ring when it expands (Fig. 4-2). If additional expansion is needed, use
two layers of asbestos substitute and/or more special liquid and less
iistilled water. -. -

D. e~Th u;'i' ILCHNIQUE:

PHU:PHA I-s.,NDED INVESTN:ENT: Start with a cold or room temperature oven
:Un, raise t, L500 OF (61o °C) at the rtt , of 20 OF/min; then HEAT SOAK
as foLlows "" -

a. Single rin - I hr - -.
b. Three units in a single ring - 1 hr ' A
c. VIti.le units, 2-3 rings - 1 hr and 20 min, add 10 min for each

additional casting ring.
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-SECTION 7: ATTACHMENT I

VI. MELTING AND CASTING INSTRUCTIONS-PTM-88

A. CASTING EQUIPMENT:

1. CASTING MACHINE (DO NOT USE A THERMAIROL 2500 WITH CARBON CRUCIBLES):
a. Manufacturer's Preferred Casting Equipment - Torch and centrifuge 0
b. Alternative Systems Include - Centrifuge

2. CASTING TORCH - Harris 16-S with #1390 H multi-orifice tip.
3. CASTING CRUCIBLES - Alumina or quartz; DO NOT USE CLAY OR CARBON TYPE.

...0 ___.
B. QUANTITY OF ALLOY NEEDED:

1. VOLUME OF METAL NEEDED - Refer to conversion chart (Table 1).*
2. PREFERRED RATIO OF NEW METAL TO RECAST METAL - 50/50% by weight
3. MINIMUM RATIO OF NEW METAL TO RECAST METAL - 50/50% by weight

C. MELTING AND CASiING TECHNIQUE (PROPANE preferred, NATURAL GAS adequat,2 ):

1. OXYGEN-GAS RATIO - 10 psi OXYGEN to NATURAL GAS, or 10 psi PROPANE.

2. SETTING CASTING MACHINE - Add one additional turn to casting machine
to compensate for the alloy's lower density. -

3. FLAME ADJUSTMENT - Adjust torch to produce inner blue cones 1/4 in.

in length for the multi-orifice torch tip.

4. APPEARANCE OF THE MELT - Place the alloy in a preheated crucible. The
individual ingots or buttons will pool together like
high-gold content alloys, but they will also take
on a cloudy surface appearance (thin OXIDE FILM).

5. CASTING FLUX - Flux is not necessary.

6. WHEN TO CAST - When the cloudiness disappears, the alloy is READY
to CAST. DO NOT ATTEMPT TO BREAK THE OXIDE SKIN.

7. RECOVERY OF CASTING - BENCH COOL; DO NOT QUENCH; DO NOT PICKLE.

D. INDUCTION CASTING (Start with a preheated crucible):

Jelenko Procaster

I. Set ARM SPEED to 3-4.

2. Set POWER to 3-4. VAAL -

• At close of text.

16o
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VII. ADJUSTING AND FIRISEEfNG-PTM-88

A. REMOVING THE SPRUE: .,.

1. SEPARATING DISC - Use Jelenko High-Speed separatina disc or similar
disc. 0 .

2. COLLECT GRINDINGS - This is a precious alloy, and its grindings have
scrap value. Vacuum your clothing and work area.

B. FiTTING THE CASTING: 0

1. REMOVE INTERNAL NODULES - Carefully inspect the inside of each casting -

under magnification, and remove any irregularities.

2. EVALUATE THE FIT - Verify an acceptable level of occlusal/incisal seat
and marginal seal, before proceeding to any additional .

finishing steps.

3. QUALITY CONTROL CHECK - Unsatisfactory castings (poor fit, overheated
alloy, extensive porosity) should be remade.

4. INITIAL OCCLUSAL ADJUSTMENT - Articulate the casting and refine the -
occlusion, as necessary.

C. FINISHING THE CASTING:

1. STONES AND WHEELS - Use the same materials you have on hand to finish
gold-base PFM alloys; i.e., Jelenko Brown Mounted
Points, uncontaminated aluminum oxide stones, diamond

points, etc. "

2. AVOID METAL CONTAMINATION - Set aside a set of finishing stones fo"
this particular alloy to prevent contamination of the

metal.

3. ADJUSTMKENT TECHNIQUE - Use the uncontaminated aluminum oxide abrasives
to produce a smooth, even textured surface for all
porcelain-bearing areas. Finish the metal surface
in one direction and use light pressure, ,

..
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VIII. PREPARATION OF THE METAL FOR PORCELAIN-PTM-88

A. PREPARATION OF THE METAL SUBSTRATE: -

1. NON-PORCELAIN BEARING SURFACES - Rubber wheel all non-porcelain bearing
areas (lingual/occlusal surfaces, interproximal struts,
and metal collars) to remove all scratches prior to the
application of porcelain.

2. PORCELAIN-BEARING SURFACES - Air-abrade the finished metal surfaces with
a 50-pim non-recycled, uncontaminated aluminum oxide .
(white) abrasive under 90-100 psi.

3. CLEANING - Steam clean the metal substrate, or place in distilled water
in an ultrasonic unit for 10 min.

B. OXIDATION (DEGASSING) OF THE METAL bUBSTRATE:

1. LOW temperature setting - 1300 OF (704 OC)

2. HIGH temperature setting - 1850 OF (1010 OC)

3. Rate of rise - 90-100 OF (50-55 OC)/min

4. Atmosphere - Air (NO VACUUM)

5. HOLD time at HIGH temperature - None

6. Appearance of the oxide layer:

A PROPERLY oxidized layer - BLUE-PURPLE color, rough surface
b. An OVERoxidized layer - Not obvious, by appearance, with
c. An LNDERoxilized layer - this particular alloy. ..

C. P81i-OXIDATIOP TREATMENT:

i. R]MVE THE OXIDE LAYER - Air-abrade the c>isting with non-recycled,
50-;im aluminum oxide or quartz. VOW,

2. CLEANING - Pliac in iistilLel water in an ultrasonic unit for
10 min, then apply the opaque porcelain.

*% .. ..'.
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DENTALSECIO POCEAI APTACEMAIT 1-PAIILT

YES NO MARGINAL UNKNOWN

1. ARTIS-TECH (Jeneric) X

2. BIOBOND (Dentsply) - X

3. CERH4ACO (Johnson & Johnson) - x

4. CRYSTAR (Unitek) -X

5JELENKO (Jelenko) -X

Low - X
6. (BIOBOND) SHADENATE (Dentspl~y) Reg- X4

7. VITA (Vident) - x

.WILL-CERAM (Williams) -x

B. KNOWN OR SUSPECTED PORCELAIN-METAL INCOMPATIBILITIES:

Refer to Section A above. No other information provided.

C. SPECIAL HANDLING INSTRUCTIONS: None
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X. PRE-SOL.DERING INSTRUCTIONS-PTM-88

K,-...:. ..

A. RECSOMMENDED MATERIALS:C1.. .

1. SOLDER - Olympia Pre-solder (flows between 2030 and 2060 F)

2. FLUX - Is NOT recommended. Flux may contaminate the porcelain. ''" .-."

3. INVESTMENT - Use any conventional soldering investment or a high-heat,.,.....
phosphate-bonded casting investment with distilled water. "".---

B. PRE-SOLDERING TECHNIQUE: Use the MAGIC WAND Torch (Williams) with its

#248 tip, or the HARRIS torch with a 2N tip for precise heating..--.-,

A. RECOMMENDD MATERIALS

1. Grind, with aluminum oxide stone, all surfaces to be soldered. This
process will remove any oxides or contaminants which might impede

pre-soldering. U cnimg

2. Create a GAP DISTANCE of approximately 0.5 mam. . °

3. Mix investment so it is thick; turn fixed partial denture upside down;

fill the inside of the casting with the mix; add a little extra on top,Trh

and invert onto a patty of investment. Do not let it settle. Keep the "=

investment patty as small as possible. -'-"..,

4. Trim the investment atty, and form a "V" groove underneath each ionnt.

* °%.'. . %.-

5. Allow the investment to reach final set; then boil out the wax; and
preheat the assembly to 1050 OF (566 oC) for about 20 min If acrylic

resin (Duralay) is used, be sure to remove all traces of the resin -'.-"
before ringg process.

6. Use i0 psi OXYGEN and 1/4 psi NATURAL GAS (or i0 psi PROPANE). Adjuost
the inner blue cone(s) until a feathered edge is produced at eacb tp

7. Place the invested units on a soldering block so the length of the
assembly is perpendicular to your body. In other words, the lingual
side of the units is to your right, and the facial to your left

8. Begin soldering. thesodein:pocss

16 ,. A . '.A
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7.Paeth nete nt n odrigboksotelngho h
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,, XI. POST-SOLDERING INSTRUCTIONS--PTI-88

' " % •%*

A. RECOMMENDED MATERIALS: It is presupposed that the porcelain units have
been glazed and polished, and the metal substructures have been designed % %
appropriately for the post-soldering procedure.

1. SOLDER - Alboro LF Post-solder (flows between 1310 OF and 1370 OF) . "

2. FLUX - Use of LF flux is optional.

3. INVESTMENT - Same as pre-soldering technique.

B. POST-SOLDERING TECHNIQUE: Use a porcelain furnace for this step. It
is especially helpful if the oven has a muffle view port (also referred
to as a "sight window") to permit observation of the soldering process.

1. Grind joint surfaces with a fine vitrified aluminum oxide stone. -

2. Create a GAP DISTANCE of 0.5 mm.

3. Place units on the master cast, and seal the joint(s) with sticky wax. 16.e

4. Once the sticky wax has cooled, remove the work from the master cast;
and cover, with white wax, all the porcelain to be embedded in the
investment. This step will prevent discoloration of the glazed
porcelain.

5. Invest the castings in a soldering investment (or equivalent), and
allow the mix to set.

6. Trim the patty to remove sharp corners and to increase access to the .- .-.*J-

joint areas.

7. Remove all the wax with boiling water.

8. Shape the Alboro LF Post-Solder strip to fit the joint area(s) in such
a fashion that the pieces fill the joint(s).

9. Dry the invested work thoroughly, and slowly introduce it into a ,
porcelain furnace set at 1000 OF (540 OC), then heat soak it f,,r
several minutes.

10. A full vacuum may be drawn to reduce oxide build-up.

11. Raise the temperature to 1470 OF (760 OC) at the rate of 75 OF/min,
and the solder should flow accordingly.

12. -emove the work; allow it to cool; and repolish the metal.

165
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--SECTION 7: ATI!ACHMENT 2-- ..

SUPRA-AP

I. GENERAL INFOBMATION

ALLOY TYPE: "PRECIOUS" ALLOY SYSTEM: High Palladium-Cobalt
ALLOY CONTENT: 83% Palladium, 6-8% Cobalt, 7% Gallium, and 4% Indium

MANUFACTURER:

Rx. Jeneric Gold Company TOLL-FREE PHONE NUMBER:
Jeneric Industries, Inc. 1-(800) 243-3969, Ext.212 or 310
P.O. Box 724
Wallingford, Connecticut 06492 COMMERCIAL PHONE NUMBER:

1-(203) 265-7397 (in Connecticut)
and outside U.S., call "Collect")

TELEPHONE CONTACTS: REGIONAL SALES REPRESENTATIVES: A,.-.

Laboratory: Mr. Grant Day None
Mr. Rick Tobey

Research: Dr. Arun Prasad

ALLOY INTRODUCED IN: 1982 F.D.A. LISTED: Yes

A.D.A. ACCEPTANCE OR PROVISIONAL ACCEPTANCE: No

II. PHYSICAL DESCRIPTION

Ingot color - Platinum Ingot shape - Rectangle
Ingot weight - Approx. 1 dwt (ingots vary) Ingots per ounce 20 -.. '

Ingot identification - "SAP" Alloy packaging - 1 oz only

III. PHYSICAL AND MECHANICAL PROPERTIES

Specific gravity (density) - 11.45 g/cc - .-
Brinell hardness number - 250 [
Vickers hardness number - 265
Percentage elongation (in 1 in.) - 20% ,. ...

Ultimate tensile strength - 130,000 psi (9,039 kg/cm2 )
Yield strength (0.2% offset) - 90,000 psi (6,327 kg/cm 2) % % %
Bond strength - 13,000 psi

Coefficient of thermal expansion - .6064% @ 450 oC

MELTING RANGE - 2275-2375 OF CASTING TEMPERATURE - 2475 OF
(1246-1302 °C) (1357 OF)
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-SECTION 7: ATTACENT 2--

IV. WAXING AID Si"RUING INSTRUCTIONS-SUPRA-AP

A. MINIMUM RECOMMENDED WAX THICKNESS:

1. SINGLE UNITS - 0.4 mm

2. THREE-UNITS FIXED PARTIAL DENTURES - 0.4 mm

3. FIXED PARTIAL DENTURES GREATER THAN 3 UNITS - 0.4 mm

B. RECOMMENDED SPRUING TECHNIQUE:

1. SINGLE UNITS - Use the DIRECT METHOD, with 8- or 10-GAUGE sprues -
1/4 in. to 3/8 in. (6-7 mm) long, attached to the

thickest part of the wax pattern. If a RESERVOIR
sprue is used, the distance between the wax pattern ,
and the reservoir should be approximately 1/16 in.
(1.5 mm). (The manufacturer also suggests narrowing
down the sprue as it approaches the pattern.) .r.

2. MULTIPLE SINGLE U[ITS - Use the INDIRECT METHOD, with 1/4 in. (6 mm)
10-GAUGE sprues to each pattern, an 8-GAUGE runner bar, .,.

and offset 8-GAUGE leads connecting the sprue former .

to the runner bar. Extend the length of the runner
bar beyond the width of the patterns at each end.

3. FIXED PARTIAL DENTURES - Use the INDIRECT METHOD, with 1/4 in. (6 mm) * J'..

10-GAUGE sprues to each pattern, an 8-GAUGE runner bar, 00 ...
,

and offset 8-GAUGE leads connecting the sprue former to
the runner bar. Extend the length of the runner bar
beyond the width of the patterns at each end.

NOTE: The runner bar should be shaped to conform to the contour of the C'-.- ",
fixed partial de-nture. If the bar must be bent, then cut and rewax it
at each cut in order to destroy any memory in the wax (Fig. 4-2).

4. VENTIt4G - Use 18-GAUGE wire, placed 1.0 mm from the gingival margin.
Extend the vent to the outer edge of the sprue form,
but do not connect it. .-..

5. WAX PATTERN POSITIONING - If the wax pattern is seated too low in the _____-

casting ring, build up the sprue former with wax, and

raise the pattern to within 1/4 in. of the top of the -

ring. This technique will facilitate wax elimination
and tihe escape of gases during investment burnout.
Arrange the spruing system so the reservoir portion
is in the HEAP CENTER of the casting ring with the wax
patterns in a COLD ZONE (Fig. 4-2).. -

.;,..'.:::. .:

16T','
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-SECTION 7: ATTACHMENT 2--

V. INVESTMENT AND BURNOUT TECHNIQUE-SUPRA-AP

A. RECOMMENDED INVESTMENTS: .. ~W'

1. PHOSPHATE-BONDED INVESTMENTS: Start with a dilution ration between
80-50% special liquid and 20-50% distilled water.

'aNON-CARBON TYPE: SPECIAL LIQUID DISTILLED WATER

* .a. Vestra-fine (Unitek) 5.5 cc 10.0 cc

b. Hi-Temp (Whip-Mix) 4.5 cc ~4.5 cc 0-

CARBON TYPE:

a. Biovest (Dentsply) 8.0 cc 3.0 cc

b. Deguvest HFG (Degussa) 7.0 cc 2.0 cc

NOTE: A4 carbon-containing investment may be used with this alloy, but :/'.

all carbon must be eliminated during burnout. %J~.,

2.GPU-BONDED INVESTMENTS: Not suitable for this alloy.%

B. RECOMMEND)ED METHOD OF' INVESTMENT: HIGH HEAT.

C. MANUFACTJJHEI S REC~fD*INDED ASBESTOS SUBSTITUTE: r(AOLINER (Dentsply), DRY.

You may a-lso use one WET layer of NON-ASBESTOS ring liner (Whip-Mix) or
NOBESTOS (Jelenko). Place the ring liner flush with the top of the casting
ring, but leave at least 1/8-in, clearance at the bottom of the ring. The.
1/8-in, clearance will help lock the investment in the ring when it expands
(Fig. 4-2). If aoditional expansion is needed, use two layers of asbestos
substitute and/or more special liquid and less distilled water.

D . bjRHN_)j'£CN.QE

PHUSP)HA FE-LBNDhb INVLSTMENT: Start with a- cold or room temperlture oven, ?

an.,. rise to 1600 OF (<(1 OC) at the rat- of' 20 OF/min; then HEAT SOAK
as follows:

a. S in-le ring - 1-1/2 hr

b. Three units in a single ring -1-1/S hr

c. Multiple units, 2 -3 rirqrs -h-U r, all.i lo mi;i Cor eachi tO ,1 tinnl

:'a . -. - - .. .."4
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-SECTION 7: ATTACHMENT 2-

VI. MELTING AND CASTING INSTRUCTIONS-SUPRA-AP

A. CASTING EQUIPMENT:

1. CASTING MACHINE (DO NOT USE A THERMATROL 2500 WITH CARBON CRUCIBLES): %
a. Manufacturer's preferred casting equipment - Torch and centrifuge

or Induction casting
b. Alternatve systems include - Centrifuge.

2. CAST"ING TORCH - Harris 16-S with #1390 H multi-orifice torch tip.

3. CASTING CRUCIBLES - Quartz or alumina.

B. 'UA!NTITY OF ALLOY NEEDED:

1. VOLUME OF METAL NEEDED - Refer to conversion chart (Table 1)*
2. PREFERRED RATIO OF NEW METAL TO RECAST METAL - 50/50% by weight
3. MINIMUM RATIO OF NEW METAL TO RECAST METAL - 30/70%.

C. MELTING AND CASTING TECHNIQUE: (PROPANE preferred, NATURAL GAS adequate)

I. OXYGEN-GAS RATIO - 20 psi OXYGEN to NATURAL GAS, or 3-5 psi PROPANE.

2. Sp=IING CASTING MACHINE - Add one additional turn to casting machine ..---

to compensate for the lower density of the alloy.

3. FLAME ADJUSTMENT - Adjust torch to produce inner blue cones 1/2 in. .'.. -
in length for the multi-orifice torch tip. ..-.

4. APP-ARANCE OF THE MELT - Place the alloy in a preheated crucible, and
keep the torch moving in a rotating motion to heat all
the metal evenly. The individual ingots or buttons
will pool together like high-gold content alloys, but -

they will also retain a thin OXIDE FILM.

5. CAST ING FLUX - Fused borax may be used, if deemed necessary.

o. fHEN TO CAST - When literally ROLLING around in the crucible from the
pressure of the torch flame, the alloy is READY " "'
to cast. DO NOT ATTEMPT TO BREAK THE OXIDE SKIN. .

7. RECOVERY OF CASTING - BENCH COOL - DO NOT QUENCH - DO NOT PICKLE. "

D. INDUCTION CASTING (Start with a preheated crucible): r:.W-77

1. Set AM SPEED to 450 rpm.
2 . Set POWER to 50%. %

Set TEMPERATURE to 2450 OF (1343 °C).
4. HEAT SOAK for 5 sec.
5. .ppearance of melt when ready to cast is the same with torch casting.

o. Use Jeneric's PD Flux to minimize overheating and crucible melting. .,.

At close of text.
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, .. .d*o'

VTI. ADUSMG AND FINISHING-SUPRA-AP .,.

A. REMOVING THE SPRUE:

1. SEPARATINC DISC - Use any thin separating disc of your choice.
_. " .1 *I

2. COLLECT GRINDINGS - This is a precious alloy, and its grindings have
scrap value. Vacuum your clothing and work area.

B. FITTING THE CASTI[G:

1. REMOVE INTERNAL NODULES - Carefully inspect the inside of each casting
under magnification, and remove any irregularities. .-..-

2. EVALUATE THE FIT - Verify an acceptable level of occlusal/incisal seat
and marginal seal, before proceeding to any additional [...finishing steps.

3. QUALITY CONTROL CHECK - Unsatisfactory castings (poor fit, overheated
alloy, porosity) should be remade.

4. INITIAL OCCLUSAL ADJUSTMENT - Articulate the casting and refine the

occlusion, as necessary. .

C. FINISHING THE CASTING:

1. STONES AND WHEELS - Use the same materials you have on hand to finish ..
gold-base PFM alloys, i.e. uncontaminated aluminum-, _
oxide stones, diamond points, etc. "'a.

2. AVOID METAL CON'iAMINATION - Set aside a set of finishing stones for
this particular alloy to prevent contamination of the
metal.

3. ADJUSTMENT TECHNIQUE - Use the uncontaminated aluminum oxide abrasives
to produce a smooth, even textured surface for all ..

porcelain-bearing areas. Finish the metal surface in

one direction, and use light pressure. .. ,..

w -:..<><

5ITO
7.
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VIII PRPARTIO OFTHEMETL FO POCELIN-UPR-AP..q. ".

* IA. PREPARATION OF THE METAL SUBSOTRATE:-

1 . NON-PORCELAIN BEARING SURFACES - Rubber wheel all non-porcelain bearing

areas (lingual/occlusal surface, interproximal struts,
~~~~and metal collars) to remove all scratches prior to,--"--
~~~~the application of porcelain. "" ""

2. PORCELAIN BEARING SURFACES - Air-abrade the finished metal surfaces with
a 50-)im non-recycled, uncontaminated aluminum oxide

(white) abrasive under 60-70 psi. "

3. CLEANING - Steam clean the metal substrate, or place in distilled water
in an ultrasonic unit for 10 min, after rubber wheel-
ing and air-abrading.

B. OXIDATION (DEGASSING) OF THE METAL SUBSTRATE:

1. LOW temperature setting - 1200 OF (649 oC)

2. HIGH temperature setting - 1850 OF (1010 OC)

3. Rate of rise - 90-i00 OF (50-55 0C)/min "." "

4. Atmosphere - Air (NO VACUUM) -

5. HOLD time at HIGH temperature - None

6. Appearance of the oxide layer:

a. A PROPERLY oxidized layer - DEEP BLUE color -

b. An OVERoxidized layer - NOT APPARENT
c. An UNDERoxidized layer - NOT APPARENT "

C. POST-OXIDATION TREATMENT: The manufacturer has indicated that two options
are available in the management of the oxidized casting.

1. REMOVE THE OXIDE LAYER - You may remove the bulk of the oxide layer
by lightly air-abrading with 50-pim aluminum oxide.

2. CLEANING - Steam clean or place casting in distilled water in an
ultrasonic unit for 10 mmn, if you air-abraded the
casting. Proceed with the application of opaque
porcelain after this cleaning step.

3. RETAIN THE OXIDE LAYER - You may apply opaque porcelain directly over
the oxide layer.

17.1. %
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IX. PORCELAIN C(O4PATIBILITY-SUPRA-AP

A. PORCELAIN SYSTEM COMPATIBILITY CHART: The following information has been
provided by the alloy manufacturer (X): -

DENTAL PORCELAIN PORCELAIN COMPATIBILITY

YES NO MARGINAL UNKNOWN

1. ARTIS-TECH (Jeneric) - X

2. BIOBOUD (Dentsply) - X

3. CERANCO (Johnson & Johnson) - X

4. CRYSTAR (Unitek) - X

5. JELENKO (Jelenko) - X
Low- X

6. (BIOBOND) SHADE4ATE (Dentsply) Reg- X

7. VITA (Vident) - X

8. WILL-CRAM (Williams) - X

B. KNOWN OR SUSPECTED PORCELAIN-METAL INCOMPATIBILITIES: None

Io.

. . .4 6

%, J" .'.-. .. ,.
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X. PRE-SOLDERING INSTRUCTIONS-SUPRA-AP

A. RECOMMENDED MATERIALS:, %j""

1. SOLDER - WCG Solder (flows at approximately 2150 °F/i177 °C) IL _00- 4

2. FLUX - Use of flux is optional.] .. ,

3. INVESTMENT Use any conventional soldering investment or a high-heat "" '

phosphate-bonded casting investment with distilled water. .]'

-0

B. PRE-SOLDERING TECHNIQUE: Use the MAGIC WAND Torch (Williams) with its

#278 tip, or the HARRIS torch with a 2N tip for precise heating. ---"..-

1. Grind, with aluminum oxide stones, all surfaces to be soldered. This " .['
process will remove any oxides or contaminants which might impede '''
pre-soldering.D.M"A I

2. Create a GAP DISTANCE of approxi.aitely 0.3 mm. .'.-..'."

2. FLUX - Ue of flux°s optional

3. Mix investment so it is thick; turn fixed partial denture upside down; .....
fill the inside of the casting with the mix; add a little extra on top; -
and invert onto a patty of investment. Do not let it settle. Keep the
investment patty as small as posswble.ith'ditilledwater

*. . -.-.

4. Trim the investment patty, and form a "V" groove underneath each joint. .

5. Allow the investment to reach final set; then boil out the wax; and """m
preheat the assembly to 1050 OF (566 tC) for about 20 min. If acrylic..:
resin (Duralay) is used be sure to remove all traces of the resin -
before initiating the soldering process.

6. Wear 5 welding glasses as protective eye wear. ..

7. Use 5 Psi OXYGEN and 2 psi NATURAL GAS (or 2 psi PROPANE). Adjust the - '.,...
inner blue cone of the flame until it is defined and has no feathered ..

edge at its tip. ..''.%."

. .-..-.'..-.

8. Place the invested units on a soldering block so the length of theop;
assembly is perpendicular to your body. In other words, the lingual
side of the units is to your right, and the facial to your left..joint.

?. Apply the investmthe joint area, using the solder strip as a carrier

It is imperative that the flux be liquified and made to flow into the ,
joint by brushing with the flame. Repeat this step for each joint area.

r0. Position the flame so it is directed at o angle of about 80 degrees
from the lingual sie, goes diagonally through the joint, and heats
ioth siles o f the joint evenly.d.has'nofeathere

.'. '12..

aseml iirediuart yorbd. nohr0odth iga

side f th unis is o yor riht, ad th.facal toyourleftit..i..l.°° i -. / o . Apply'-'"'""'. -°° • th -fux t the °'°"°-"•°•'' " jo n"ae,"s n the° so'i le strip" as"' a'', carr.°ieri ''.-"
°
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-SECTION 7: ATTACHMENT 2-

X. PRE-SOLDERIIG INSTRUCTIONS-SUPRA-AP (Cont'd)

11. The tip of the inner blue cone should be 1/4 in. - 1/2 in. from
the joint.

12. As the surfaces to be joined turn ORANGE-WHITE, feed the fluxed end
of the solder into the lower third of the connector on the lingual
(the same side where the flame is entering at the occlusal third).
Continue to feed the joint until it is filled.

13. Once the joint is filled, keep the joint area red for 4-5 sec, remove
the flame, and allow to cool to ROOM TEMPERATURE. -

14. Remove traces of flux with stones, or blast with aluminum oxide "
abrasives. - -

15. Finish the metal and prepare for porcelain application.

C. OXIDATION OF PRE-SOLDERED UNITS: Castings which have been pre-soldered
should be oxidized differently from non-soldered, single unit substruc-
tures. Rather than removing the fixed partial denture immediately after
it reaches maximum temperature, HOLD the work at 1800 OF (982 OC) for 7"
10 min in air; then remove it from the furnace.

1744
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-SECTION 7: ATTACHMENT 2--

XI. POST-SOLDERING INSTRUCTIONS--SUPRA-AP

"41 -
A. RECOMMENDED MATERIALS: It is presupposed that the porcelain units have

been glazed and polished, and the metal substructures have been designed ...-

appropriately for the post-soldering procedure.

1. SOLDER - WLF Solder (flows between 1310 and 1370 °F/710 and 743 °C).
2. FLUX - Use of LF flux is optional.
3. INVESTMENT - Same as pre-soldering technique.

B. POST-SOLDERING TECHNIQUE: Use a porcelain furnace for this step. It
is especially helpful if the oven has a muffle view port (also referred
to as a "sight window") to permit observation of the soldering process.

1. Grind joint surfaces with a fine vitrified aluminum oxide stone.

2. Create a GAP DISTANCE of 0.3 mm. O

3. Place the units on the master cast, and seal the joint(s) with sticky
wax.

4. Added rigidity can be obtained by placing a metal rod across the
occlusal or incisal surfaces, and sealing it with sticky wax.

5. Once the sticky wax has cooled, remove the work from the master cast;
and cover, with white wax, all the porcelain to be embedded in the
investment. This step will prevent discoloration of the glazed
porcelain.

6. Invest the castings in a soldering investment (or equivalent), and allow
the mix to set for 20 min.

7. Trim the patty to a 3/8 in. thickness with 1/4 in. borders, and remove
all the wax with boiling water.-)

8. Shape the WLF solder strip to fit the joint area in such a fashion that
it fills the joint and protrudes 1/8 in. from it.

9. While the work is still warm (from wax boil-out procedure), paint the
joint area with LF flux. Also dip the WLF solder stcip in tlux befcre
placing it in the joint itself.

10. Dry the invested work thoroughly, and slowly introduce it into a
porcelain furnace set at 1000 OF (540 °C); then heat soak it for 2 irin.

11. With a full vacuum, raise the temperature to 1515 OF (857 °C) at the
rate of 75 OF/min, and the solder should fLow accordingly.

12. Remove the work; allow it to cool; and repolish the metal.

175
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SECTION 8: --

THE PALLADIUS-ILVEIR ALLOYS ,

8-1. GENERAL DESCRIPTION

Of the many dental casting alloy systems for the PFM restoration, the
palladium-silver alloys may be the least appreciated and the most maligned.
Several misconceptions about these alloys have been perpetuated over the
years, inadvertently transforming myths into perceived facts.

The fi- t generalization regarding the palladium-silver alloys pertains
to the description of the basic compositions of these metals. They most
frequently are depicted as being composed of 60% palladium, with the balance .:-.-
being silver, plus trace amounts of additives like indium and tin. 1 Other
assessments might include a range of 50-60% for the palladium, and mention
that silver makes up the balance,2 or limit the silver content to 30-40%,
omitting any listing of the remaining elements in the alloy.3  Actually, the
description of the palladium-silver alloys can be a great deal more specific.
There are many different metals on the market, but two rather distinct trends
in formulation. One group of alloys has a palladium content approximating 60%

(57-60% range), with roughly 30% silver (28-32% range), plus indium and tin -
and other trace elements added to make up the balance. A second group had a
palladium content closer to 50% (50-55%), a silver content approaching 40% 4 .
(35-40%), plus tin and other trace elements, but NO indium. The difference - .-

in the make-up of these metals does have an influence on the alloys. The -"..'

higher palladium content metals, containing both indium and tin, produce a .... '.
bluish-violet oxide.4  The lower palladium and higher silver content alloys
containing tin, but no indium, produce a light gray oxide. The oxide is so
light that it has also been described as a transparent tin oxide (Fig. 8-1). .
One study suggested that the oxidation occurs internally and not externally
at all.5 Whether that observation accurately portrays the behavior of these .

alloys is not clear; for the alloy samples in the study were not finished in
the customary manner, but were given a metallurgical polish prior to oxidation.
Nonetheless, the fact remains that the level of oxidation for the palladium-
silver alloys reportedly does not interfere with pre-solder.

Figure 8-1. The oxides produced by this
palladium-silver alloy (Will-Ceram W-I*)
are light gray in color, and appear -
almost transparent. %

* Williams Gold Refining Company, Buffalo, NY.
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More importantly, some believe that the tin oxide (Sn02 ) improves chemical
', bonding and wettability.6  Yamamoto has even suggested acid-treating precious

PFM alloys to remove selectively all the unfavorable dark oxides, and leave
only the white tin oxide (Sn02 ) on the alloy surface.

6  What is often over- ...-
looked is the fact that the palladium-silver alloys, which contain tin but no * -.

indium, naturally produce the white tin oxides (Sn02 ). One can use these
alloys and avoid the potential dangers to the technician and the parent
alloy which are associated with handling acids.

-..-...

It has also been said that palladium-silver alloys do not cast very ..
well.1 ,7  Unfortunately, this statement is based on a 1976 study using the J
silver-palladium crown and bridge alloys, NOT palladium-silver PFM alloys,
and is analogous to describing the castability of Olympia using the results
of a study on Type III gold. The palladium-silver alloys DO cast well, but
they require careful heating and melting. Palladium does have an affinity
for hydrogen (hydrogen acceptor) and other gases, while silver is prone to
oxygen absorption.1 Careful torch adjustment and pro,er melting (reducing
zone) can compensate for these weaknesses. The palladium-silver alloys cast
margins completely and there was no observable interference with bonding due -.

to the high silver content as suggested by McLean.l In fact, the palladium-
silver alloys melt and cast as easily as gold-base PFM alloys (Figs. 8-2 to '-. - ."

8-5). However, subsurface porosity due to alloy overheating during induction
casting has been reported.8  As with the palladium base alloy, in general, the ..-. 4

zircon-aluminum or quartz casting crucibles are recommended. Carbon crucibles
should not be used in this alloy system.

.4.

Figure 6-2. To control the amount of Figure 8-3. By controlling the amount

alloy used ancl to eliminate a button, of metal used, the reservoir btr is "-•""
the wax patterns were weighed before the largest mass or' metal and can be. '<['['...

investing. positioned in the heat center of the""-'..-
investment."" •'

J. F. Jelenko & Co., Buffalo, NY. .-.-
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.e .

Figure 8-4. The location of the casting Figure 8-5. The castings, as well as
porosity can be controlled by properly the top portion of the reservoir bar,
estimating the amount of palladium- are dense and cast completely, with no

', silver alloy (Will-Ceram W-l*) that is porosity being detectable. (The
needed and following the Laws of Casting. marginal irregularities, in the unit
Note that the porosity is on the under- on the right for the porcelain margin * .
side of the reservoir bar, away from substructure, were present in the wax-
the restorations, up.)

Perhaps the most unqualified statement frequently made regarding the palladium-
silver alloys is that the "principle" or "major" problem with these alloys is
the porcelain discoloration or color change due to a high silver content.

1 ,2

The most typical description is a "green" discoloration, especially with the
lighter shades and most often at the porcelain metal junction.3  It is more
important to note that although these color changes may occur, they do not

. necessarily take place with every dental porcelain. 219 Two dental porce-
lains are available today which reportedly are resistant to porcelain dis-
coloration: Will-Ceram* and Artis-Tech.** 9  Both porcelain systems were used
with the palladium-silver alloys, and no discoloration of the porcelain .r. .
was observed. This phenomenon, which has been discussed in greater detail in .. :
Section 3, is not repeated here. However, it is important to understand
that, if the major disadvantage of the routine use of palladium-silver
alloys is the potential discoloration of the dental porcelain, the problem
can be readily overcome simply by using one of the (chemically) compatible
dental porcelains.

* Williams Gold Refining Co., Buffalo, NY.

- ** Rx Jeneric Gold Co., Wallingford, CT.

-%
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-SECTION 8-

Silver contamination of sagg - trays and the porcelain furnace can be
controlled by firing with carbon pellets and regularly purging the furnace
muffle to remove accumulated silver (Fig. 8-6). Poor technique in this
regard can lead to silver build-up and color changes in dental porcelains .4-
less resistant to interaction with silver particles.

Figure 8-6. A piece of carbon should
be placed on the sagger tray and fired
with each palladium-silver unit to
reduce the likelihood of porcelain
discoloration by silver.

% S- ..

Since most of the attention is focused on the negative aspects of the
palladium-silver alloys (porcelain discoloration, muffle contamination), not
everyone is aware of the positive features of this alloy system. For instance,
the palladium-silver metals possess a high yield strength and modulus of
elasticity,l,2 thus making them suitable for long-span fixed partial dentures 4
as well as single units (Table 3).1 In fact, since the elastic modulus is .

the most favorable of all the precious metal alloys, the castings are the
least flexible.2  Because the nobility of the system ranges from 50 to 60%,
the level of tarnish and corrosion resistance is quite high.2  Likewise, these
alloys do not contain any elements with questionable biological ramifications,
and are regarded as non-toxic. 1 Some assessments describe the palladium-silver
alloys as possessin mechanical properties superior even to the most costly

noble metal alloys. Their clinical working characteristics are also good,
and bond strength is excellent.2 Moreover, both the bluish-violet oxide of
indium and tin metals and the transparent tin oxide of the tin only alloys
are less likely to Influence porcelain shade development, particularly when
used with porcelain systems like Will-Ceram* and Artis-Tech** (Figs. 8-7 and
8-8). The palladium-silver alloys are very easy to adjust and produce a very
high shine, thus making finishing botn quick and easy.

The palladium-silver system has been available for approximately 10
years, and two alloys are A.D.A. Acceptable: Will-Ceram W-l* and Jelstar.***
The Will-Ceram W-1 is a lower palladium, higher silver alloy containing tin
and no indium, and produces a transparent tin oxide layer. Although we did
not test Jelstar, it is the high palladium, lower silver type of alloy which
contains both indium and tin, thus resulting in a slightly dirker oxide.

Williams Gold Refining Co., Buffalo, NY.
•Rx. Jeneric Gold Co., Buffalo, NY.'.- '" . ...

J. F. Jelenko & Co., Armonk, NY.
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Figure 8-7. The palladium-silver alloy Figure 8-8. When compared with a
(Will-Ceram W-l*) on the right has a gold-palladium alloy (Olympia***) on
much lighter oxide layer than the high the left and a hi~h palladium-copper
palladium-copper alloy (Naturelle** alloy (Naturelle* ) in the middle,
on the left. Not only is the color the palladium-silver alloy (Will-Ceram
itself lighter with the palladium- W-l*) on the right has an obviously
silver alloy, but the actual amount lighter and more discreet oxide.
of surface oxides appears less than
with the high paladium-copper casting.- -.

8-2. ECONOMIC CONSIDERATIONS

Interestingly enough, the cost of the palladium-silver alloys is often
40$ of the gold-palladium. metals, such as Olympia,* and less than many of the
high palladium alloys. When the government cost of Olympia is $296 .20/oz,
an ounce of Wil*-Ceram W-l and Jelstar gd can be purchased for as little as
$86.80 and $118.00, respectively (February 1985 price).

Alloys in this system possess scrap value, and their buttons can be
reused just lik'e gold-base metals. Grindings and flash should be collected
reg ularly for turn-in with other precious metals.

8-3. TARNISH RESISTANCE

jinc thote e otlloys have a hih noble metal contental Wir.-
they iral very tac l uirnish and corrosion resistet.2  We dio not observe !1V
evioence of' tarnish or corrosion.

" th m h old efinin Co., Buffalo, NY.'-

.-... 2-.. ,Int erstringl nougho, the cnwot , CfT.eplaimsle losi fe
J.% oF. he (~ &old ,du Amonkl, NY.a lmi, ad esta ayo te[ ; ]'

. . . . . . * .
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8-. ADVANTAGE:

Are PRECIOUS alloys. "e.-.•
Have a substantial NOBLE metal content.
At least 2 alloys are A.D.A. "ACCEPTABLE".
Are available in 2-dwt ingots. - -
Melt and cast like gold-base PFM alloys. 48.
Are less dense than gold-base alloys, thus resulting in more castings ,

per ounce.
Are suitable for long span fixed partial dentures, as well as single units.
Are burnishable.
Produce either a light or transparent oxide layer.
Are reportedly easy to pre-solder, since they do not oxidize heavily.
Are easy to adjust and finish.
Can be readily polished to a high shine.
Are MUCH less expensive than gold-palladium alloys. - -
Are even less expensive than the newer high palladium alloys.
Are reportedly easy to pre-solder. ----

Their buttons are reusable.Have scrap value.

" 8-5. DISADVANTAGES:

Are not A.D.A. CERTIFIED. ' -W
Should not be cast in carbon crucibles.
A non-carbon containing phosphate-bonded investment is preferred. , ..
Are prone to gaseous absorption (hydrogen, oxygen, etc.). -
May not be best suited for induction casting.
May discolor some dental porcelains.
Are most predictable with dental porcelains which are resistant to silver

interaction and porcelain discoloration (Will-Ceram and Artis-Tech).
May have to consider adding a metal conditioner to prevent discoloration i... .

if a non-resistant porcelain is used. -
May have to consider acid treatment of the oxidized casting to reduce

surface silver if a non-resistant porcelain is used. ..-
Should fire each case with a carbon pellet to retard silver oxidation.
Must purge the porcelain furnace muffle correctly and on a routine basis.
Silver build-up in the furnace muffle may even contaminate restorations

made of non-silver containing alloys. ...
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EDITOR'S NOTE: The following Attachments provide comprehensive information
on four examples of the palladium-silver alloy system, specifically;
BAK-ON SP, JEL-5, PORS-ON, and WILL-CERAM W-1.
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BAK-ON SP

I. GENERAL INFORFMTION

ALLOY TYPE: "PRECIOUS" ALLOY SYSTEM: Palladium-Silver

ALLOY CONTENT: 53% Palladium, 31% Silver, 6% Tin, 4% Indium and 1% Zinc %

MANUFACTURER:
TOLL-FREE PHONE NUMBER: NONEJohnson & Johnson -'---

Dental Products Company COMMERCIAL PHONE NUMBERS:--
20 Lake Drive, CN 7060 1-(201) 494-7311 (Eastern)
East Windsor, N.J. 08520 i-(404) 233-5444 (Southern)

1-(312) 654-0990 (Midwestern)
1-(805) 497-4424 (Western) -

TELEPHONE CONTACTS: REGIONAL SALES iiEPRESENTATIVES:

Mr. John C. Subelka Area Technical Directors
Metals Research & Development . -

1-(609) 443-3300 ' -

ALLOY INTRODUCED IN: 1981 F.D.A. LISTED: YES

A.D.A. ACCEPTANCE OR PROVISIONAL ACCEPTANCE: NO

II. PHYSICAL DESCRIPT1ON -'

Ingot color - Platinum Ingot Shape - Square
Ingot weight - 2 dW Ingots Per Ounce - 10 per oz
Ingot identification - "Bak-On Alloy Packaging - 1 oz only . .

SP"

III. PHYSICAL AND MECHANICAL PROPERTIES

Specific gravity (density) - 10.7 g/cc
Brinell hardness number - 220
Vickers hardness number - 240
Percentage elongation (in 1 in.) - 15%
Ultimate tensile strength - 96,000 psi
Yield strength (0.2 % offset) - b9,000 psi './ ,
Bond strength - 15,200 psi .%

Coefficient of thermal expansion - 14.3 x 10-6 in/in/C (between 40-500 °C)

MELTING RANGE - 2320-2410 OF CASTING TEMPERATURE - 2450 OF
(1271-1331 °C) (1343 °C)

163
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IV. WAXING AND SPRUING INSTRUCTIONS--BAK-ON SP - .

A. MINIMUM RECOMMENDED WAX THICKNESS:

1. SINGLE UNITS - 0.5 mm

2. THREE-UNITS FIXED PARTIAL DENTURES - 0.5 mm.

3. FIXED PARTIAL DENTURES GREATER THAN 3 UNITS - 0.7 mm.

B. RECOMMENDED SPRUING TECHNIQUE:

1. SINGLE UNITS - Use either the DIRECT or INDIRECT Method.

DIRECT Method: Attach a 10-GAUGE sprue 8-10 mm in length directly to
the thickest portion of the wax pattern (Fig. 4-1).

RESERVOIR SPRUES: According to the manufacturer, reservoir sprues '

may also be used for direct spruing.

2. MULTIPLE SINGLE UNITS - Use the INDIRECT Method only.

INDIRECT Method: Attach 12-GAUGE sprues 5-8 mm in length to the wax
patterns. Join these sprues to an 8-GAUGE runner
bar which extends just beyond the length of the end
patterns. Use offset 8-GAUGE sprue leads from the
runner bar to the sprue former (Fig. 4-2). . .-

3. FIXED PARTIAL DENTURES - Use the INDIRECT Method with 12-GAUGE
sprues 5-8 mm in length to the wax patterns. Join
these sprues to an 8-GAUGE runner bar which extends
just beyond the length of the end patterns. Use
several offset 8-GAUGE sprue leads from the runnerbar to the crucible former (Fig. 4-2).

(NOTE: Adjust the runner bar to conform to the contour of the fixed
partial denture. Be sure to cut the bar and rewax it to eliminate
any wax memory.)

4. VENTING - Use an 18-GAUGE wax wire vent for each crown to assist
gas exhaustion.

5. WAX PATTERN POSITIONING - If the wax pattern is seated too low in the -
casting ring, build up the sprue former with wax, and
raise the pattern to within 1/4 in. of the top of the
ring. This procedure will facilitate wax elimination
and the escape of gases. Design the spruing system so
that any reservoir is in the HEAT CENTER of the casting
ring, with the wax patterns in a "COLD ZONE" (Fig. 4-2).

184 7
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V. INVESL4ENT AND BURNOUT TECHNIQUE-BAK-Ol SP

A. RECOtMENDED INVESTMENTS:

1. PHOSPHATE-BONDED INVESTMENTS: Use either a NON-CARBON investment
(white color), or a CARBON-containing investment.

NON-CARBON TYPE: SPECIAL LIQUID DISTILLED WATER

Vestra-fine (Unitek) - 8.0 cc 7.5 cc _

CARBON TYPE: -

Deguvest HFG (Degussa) - 7.0 cc 2.0 cc

2. GYPSUM-BONDED INVESTMENTS: NOT suitable for this alloy.

B. RECOMMENDED METHOD OF INVESTMENT: HIGH-HEAT rather than hygroscopic.

C. MANUFACTURER'S RECOMMENDED ASBESTOS SUBSTITUTE: Unspecified

We routinely use one WET layer of NON-ASBESTOS LINER (Whip-Mix). You
may also use KAOLINER (Dentsply) or NOBESTOS (Jelenko). Place the liner .. ' -

flush with the top of the casting ring, but leave at least 1/8-in, clear-
ance at the bottom of the ring. The 1/8-in, clearance will help lock" -.., u

the investment in the ring when the investment expands (Fig. 4-2 ). If
additional expansion is needed, use two layers of ring liner or more of
the special liquid. ;._-W.

D. BURNOUT TECHNIQUE:-.. 4 -, ,,
PHOSPHATE-BONDED INVESTMENT: Start with a cold oven and raise to a

temperature of 1450 OF (788 OC), and HEAT SOAK as follows:

a. Single ring - 1 hr.

b. Three units in a single ring - 1 hr

c. Multiple units, 2-3 rings - 1 hr and 20 min. (Add 10 minfor each additional ring.)

.185
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VI. MELTING AND CASTING INSTRUCTIONS-BAK-ON SP

NA. CASTING EQUIPMENT: ,
A, CASTING MACHINE: (You may use a THERMATROL 2500 with CARBON crucibles.)

a. Manufacturer's Preferred Casting Equipment - Induction casting.

b. Alternative Systems Include - Broken arm casting machine, centrifuge.

2. CASTING TORCH - Harris 16-S with #1390H multi-orifice tip. " .

3. CASTING CRUCIBLES - An alumina crucible is preferred, but a quartz "
crucible may also be used. DO NOT USE a clay crucible.

B. ANTITY OF ALLOY NEEDED: . -

1. VOLUME OF METAL NEEDED Refer to conversion chart (TABLE i).* S \. .

2. PREFERRED RATIO OF NEW METAL TO RECAST METAL - 70/30% by weight

3. MINIMUM RATIO OF NEW METAL TO RECAST METAL - 50/50% by weight.

C. MELTING AND CASTING TECHNIQUE (PROPANE preferred, NATURAL GAS adequate):

1. OXYGEN-GAS RATIO - 20 psi OXYGEN and 15-20 psi PROPANE.

2. SETTING CASTING MACHINE - add one turn to casting machine to
compensate for the lower density of the alloy.

3. FLAME ADJUSTMENT - Set inner blue cones to a length of 3/4 in. with
an overall length of 2 in. Place torch tip approxi- .

mately 1/2 in. from alloy. Move in a rotating motion.

4. APPEARANCE OF THE "MELT" - The metal will roll with fluidity. When
a clear surface appears, place ring in the cradle.-.-

5. CASTING FLUX - Is not necessary since there is little slag.

6. WHEN TO CAST - Heat alloy for 5 sec after alloy "clears."

7. RECOVERY OF CASTING - BENCH COOL; DO NOT QUENCH; and DO NOT PICKLE. . '--.".

D. INDUCTION CASTING:

1. Set ARM SPEED to 4000-4500 rpm.
2. Set TEVERATURE to 2560 OF (14o4~ 0C).
3. HOLD at temperature for 30-60 sec, then CAST.

At close of text.
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VII. ADJUSTING ADD FINISMG-BAK-ON SP

A. REMOVING THE SPRUE:

1. SEPARATING DISC - Use any thin separating disc of your choice. _

2. COLLECT GRINDINGS - This is a precious alloy,and its grindings
have scrap value. Vacuum your clothing and work
area.

B. FITTING THE CASTING:

1. REMOVE INTERNAL NODULES - Carefully inspect the inside of each casting
under magnification, and remove any irregularities. .

2. EVALUATE THE FIT - Verify an acceptable level of occlusal/incisal seat 1.
and marginal seal, before proceeding to any additional
finishing steps.

3. QUALITY CONTROL CHECK - Unsatisfactory castings (poor fit, overheated
alloy, porosity) should be remade.

4. INITIAL OCCLUSAL ADJUSTMENT - Articulate the casting and refine the

occlusion, as necessary. ".--

C. FINISHING THE CASTING: 9

1. STONES AND WHEELS - Use the same materials you have on hand to finish
precious PFM alloys; i.e., uncontaminated aluminum
oxide stones, diamond points, etc.

2. AVOID METAL CONTAMINATION - Set aside a set of finishing stone for this
particular alloy to prevent contamination of the metal.

3. ADJUSTMENT TECHNIQUE - Use the uncontaminated aluminum oxide abrasives
to produce a smooth, even textured surface for all
porcelain-bearing areas. Finish the metal surface in .,,--

one direction,using light pressure.
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VIII. PREPARATION OF THE METAL FOR PORCELAIN-BAK-ON SP

A. PREPARATION OF THE METAL SUBSTRATE:

1. NON-PORCELAIN BEARING SURFACES - Rubber wheel all non-porcelain bearing
areas (lingual/occlusal surfaces, interproximal struts
and metal collars) to remove all scratches prior to the
application of porcelain. .,.

2. PORCELAIN BEARING SURFACES - Air-abrade the finished metal surfaces with
a 50-p n non-recycled, uncontaminated aluminum oxide
(white) abrasive under 90-100 psi.

3. CLEANING - Steam clean the metal substrate, or place in distilled water
in an ultrasonic unit for 10 min.

B. OXIDATION (DEGASSING) OF THE METAL SUBSTRATE: .

1. LOW temperature settings - 1200 OF (649 oc)

2. HIGH temperature setting - 1900 OF (1038 OC) .-z.. ,

3. Rate of rise - 80-90 OF/min (27-50 OC)

4. Atmosphere - FULL VACUUM TO 1900 OF (1038 °C), then release vacuum
and hold.

5. HOLD time at HIGH temperature - 2 min of AIR firing.

6. Appearance of the oxide layer:
a. A properly oxidized layer - BLUE-GRAY color
b. An OVERoxidized layer - GRAY-BLACK color

(refinish and reoxidize 25-50 OF lower)
c. An UNDERoxidized layer - SILVER color

(reoxidize 25-50 OF higher)

C. POST-OXIDATION TREATMENT: -.-

1. PICKLE THE CASTING - Place the oxidized casting in a 190 OF (88 OC)
hydrochloric acid (HCI) bath for 15 min, using a sealed
glass jar (to contain fumes); then rinse under tap
water. This process removes silver oxides and reduces
the likelihood of porcelain discoloration ("greening").

(NOTE: An alternative to the use of acids is simply to air-abrade the
casting with 50-im, non-recycled aluminum oxide).

2. CLEANING - Place in distilled water in an ultrasonic unit for 5 min;
then apply the opaque porcelain.
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IX. PORCELAIN C( PATIBILITY-BAK-ON SP

A. PORCELAIN SYSTEM COMPATIBILITY CHART: The following information has
been provided by the alloy manufacturer (X):

DENTAL PORCELAIN PORCELAIN COMPATIBILITY .

YES NO MARGINAL UNKNOWN

1. ARTIS-TECH (Jeneric) X

2. BIOBOIID (Dentsply) X

3. CERAMCO (Johnson & Johnson) X

4. CRYSTAR (Unitek) X

5. JELENKO (Jelenko) X
Low - X

6. (BIOBOND) SHADEMATE (Dentsply) Reg- X

7. VITA (Vident) X

8. WILL-CERA (Williams) X

B. KNUWN OR SUSPECTED PORCELAIN-METAL INCOMPATIBILITIES: Since this alloy V.:
contains silver, certain additional precautionary steps are recommended to ,.....
reduce the likelihood of porcelain discoloration and furnace contamination.

1. Use of Metal Conditioners - Is ADVISABLE, but OPTIONAL.

2. Use of Carbon Pellets - Place a carbon pellet on the sagger tray each
time a casting is fired in the porcelain furnace.

3. Purging the Porcelain Furnace - If silver-containing alloys are used
routinely, it is advisable to purge the furnace of silver contamination
several times per week. Place 1 or 2 carbon pellets in the furnace
at 1200 OF(649 oc), draw a full vacuum, and raise the temperature to
2200 OF (1204 OC). Leave the furnace at temperature under full vacuum j
for 20-30 min. Z

4.* Non-Greening Porcelains - Will-Ceram and Artis-Tech porcelains are
reportedly resistant to porcelain discoloration (greening), when used
with silver-containing alloys. Therefore, acid treatments (pickling)
and metal conditioners are not required with these two dental porcelain -
systems. _

5. Extend the first application of opaque over the metal collar area, and
do not remove this overextension until the final glaze. This procedure
will prevent an exposed collar from yellowing the body porcelain.
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X. PRE-SOLDERING INSTRUCTIONS-BAK-ON SP

A. RECOMMENDED MATERIALS:

1. SOLDER - Use BAK-ON Yellow Solder (flows at 2010 OF/1099 oc)
2. FLUX - BAK-ON High Temp Flux
3. SOLDERING INVESTMENT - Use a soldering investment and NOT a :

high-heat phosphate-bonded casting investment.

B. SOLDERING TECHNIQUE: Use the Williams Magic Wand torch with the #2h8 '

torch tip or the Harris 16-S torch and a 2N tip.

1. Smooth the surfaces which are to be joined using either a rubber " __

wheel or fine sandpaper disc.

2. Create a GAP DISTANCE of 0.3 to 0.5 mm. Clean in distilled water. ,.

3. Join the units to be pre-soldered with quick cure acrylic resin --
(Duralay) or sticky wax.

4. Mix the soldering investment according to manufacturer's instructions.
Allow to set for 30 minutes then trim away corners and sharp angles;
wash with boiling water; and allow to dry thoroughly.

5. Preheat the dried investment in an electric furnace at room temperature
and run it up to 1800-1850 OF (982-1010 oc). At temperature, remove, and -.- "
place on a soldering block. (Torch and Bunsen burner preheating may also
be used.)

6. A properly preheated investment block should appear lighter in color
as a result of the burnout of carbon. Be sure no carbon is present.

. % % ..

7. Apply flux to the solder joint areas to control oxidation.

8. Use a gas-oxygen torch, a soldering torch tip, and 5 psi OXYGEN.

9. Adjust the inner blue cones to about 1/2- to 3/4 -in. in length.

If a hissing sound occurs, reduce oxygen flow to a quiet flame.
." .. '' ,'...

10. Heat the area to be soldered with the REDUCING flame which begins
about 1/2-in. beyond the inner blue cones.

11. Play the soft flame over the invested case to maintain even heat.

12. Move the end of the solder across the joint with a wiping motion, until
a small amount of solder is deposited.

13. Maintain the heat while the flux turns dark; continue heating until
the dark effect dissipates and the solder flows. Do NOT attempt to .

remelt the solder.

l. BENCH COOL, divest, and finish with non-contaminated abrasives.

190
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XI. POST-SOLDERING INSTRUCTIONS-BAK-O SP

A. RECOMMENDED MATERIALS: \*'C,.

1. SOLDER - Use MASTERCAST 650 Solder (flows at 1470 °F/799 °C);
MASTERCAST 615 Solder (flows at 1400 OF/760 oC); or
Regular White Low Fusing Solder (flows at 1325 OF/7180C) ..- *..

2. FLUX - BAK-ON Low Temperature Flux

3. SOLDERING INVESTMENT - Use a soldering investment, and NOT a high-
heat phosphate-bonded casting investment. 0

B. SOLDERING TECHNIQUE: Use the Williams Magic Wand torch with the #248
torch tip; a Harris 2N torch tip; or a National OX-l or OX-2 tip. .

1. Lightly gri.d all surfaces to be soldered to remove any oxides, .' ,,

polishing agents or other contaminants. .

2. Create a GAP DISTANCE of 0.3 - 0.5 mm between the units to be joined.

3. Join the units with acrylic resin (Duralay) or sticky wax. It is
helpful to provide the dental laboratory with a soldering index
should it be necessary to separate the units. .

4. Invest in a soldering investment; do NOT use a high heat casting
investment. Use wax to protect the porcelain.

5. Allow the investment to set for at least 30 min.

6. Boil out the stick wax. Remove any acrylic resin with a Robinson
brush and isopropanol.

7. Dry excess water and lightly apply flux to the joint areas.

8. Preheat the investment in the muffle entrance and introduce the units
into a porcelain furnace set at 1000 OF (538 °C) over a 5-min period.

9. Raise the porcelain oven to 1550 OF (843 °C) at the rate of 80-100 OF
(27-38 °C) per min for MASTERCAST White Low Fusing Solder, and to
1650 OF (899 °C) for MASTERCAST 650 and 615.

10. Once solder has flowed, position the units in the muffle entrance and
begin a 5-min cool down. Allow the invested units to cool slowly; do
not rush the cast at this stage to avoid porcelain cracking.

11. Once at room temperature, remove the investment, finish and polish
the metal. . . %
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JEL-5

I. GENERAL INFORMATION ,. . .

ALLOY TYPE: "PRECIOUS" ALLOY SYSTEM: Palladium-Silver _'

ALLOY CONTENT: 54% Palladium, 38.5% Silver, 7.0% Tin, and 0.5% Gallium .

MANUFACTURER:

J.F. Jelenko & Company TOLL-FREE PHONE NUMBER:
99 Business Park Drive 1-(800) 431-1785 -
Armonk, New York 10504

COMMERCIAL PHONE NUMBER:
1-(914) 273-8600

TELEPHONE CONTACTS: REGIONAL SALES REPRESENTATIVES: .. -

Technical Services Dept. Yes

ALLOY INTRODUCED IN: 1981 F.D.A. LISTED: Yes

A.D.A. ACCEPTANCE OR PROVISIONAL ACCEPTANCE: No

II. PHYSICAL DESCRIPTION

Ingot color - Platinum Ingot shape - Rectangle , .
Ingot weight - 2 dwt Ingots per ounce - 10 per oz .-.
Ingot identification - "Jelenko Alloy packaging - 1 oz

Jel-5"
- . W

III. PHYSICAL AND MECHANICAL PROPERTIES N.

Specific gravity (density) - 10.7 g/cc
Brinell hardness number - 170
Vickers hardness number - 187
Percentage elongation (in 1/2 in.) - 25%
Ultimate tensile strength - 105,000 psi .5

Yield strength (0.1% offset) - 67,000 psi
Bond strength - 15,000 psi
Coefficient of thermal expansion - 15.5 x 10-0 in/in/0 C

MELTING RANGE 2116-2341 OF CASTING TEMERkATURE - 450 OF
(1158-1283 OC) (1343 °C)

Ln" n9 "n-"e"
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IV. WAIN AND SPRUING INSTRUCTIONS-JEL-5

A. MINIMUM RECOMMENDED WAX THICKNESS: ,- I.

1. SINGLE UNITS - 0.5 mm

2. THREE-UNITS FIXED PARTIAL DENTURES - 0.5 mm

3. FIXED PARTIAL DENTURES GREATER THAN 3 UNITS - 0.5 mm.

B. RECOMMENDED SPRUING TECHNIQUE: -

1. SINGLE UNITS - Use the INDIRECT METHOD, with 8- or 10-GAUGE sprues
5 mm long, attached to the thickest part of the wax
pattern, a 6- or 8-GAUGE runner bar, and offset - -
8-GAUGE leads connecting the sprue former to the -•
runner bar (Fig. 4-2).

2. MULTIPLE SINGLE UNITS - Use the INDIRECT METHOD, with 8- or 10-GAUGE '*.,"--
sprues 5 mm long, attached to the thickest part of '
the wax pattern, a 6- or 8-GAUGE runner bar, and off- . .
set 8-GAUGE leads connecting the sprue former to the
runner bar.

3. FIXED PARTIAL DENTURES - Use the INDIRECT METHOD, with 8- or 10-GAUGE
sprues 5 mm long, attached to the thickest part of 4

the wax pattern, a 6- or 8-GAUGE runner bar, and off-
set 8-GAUGE leads connecting the sprue former to the '

runner bar. • %

NOTE: Adust the runner bar to conform to the contour of the fixed "
partial denture. If the bar must be bent, then cut and rewax it at
each cut in order to destroy any memory in the wax (Fig. 4-2).

4. VENTING - Is not considered necessary

5. WAX PATTERN POSITIONING - If the wax pattern is stnted too low in the
casting ring, build up the sprue former with wax, and "
raise the patterns to within 1/4 in. of the top of the
ring. This technique will facilitate wax elimination _ -
and the escape of gases during investment burnout.
Arrange the spruing system so the reservoir portion is
in the HEAT CENTER of the casting ring with the wax
patterns in a COLD ZONE (Fig. 4-2).
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V. INVESTMENT AND BURNOUT TECHNIQ E-JEL-5

A. RECOMMENDED INVESTMENTS:

1. PHOSPHATE-BONDED INVESTMENTS: The following proportions of special
liquid and distilled water are recommended starting points.

NON-CARBON TYPE: SFECIAL LIQUID DISTILLED WATER "- "','

a. Vestra-fine (Unitek) - )•0 cc 6.5 cc

b. Hi-Temp (Whip-Mix) - 4.5 cc 4.5 cc

c. Hi-Span (Jelenko) - Not tested with this alloy.
(Suggested by alloy manufacturer)

CARBON-TYPE: Not tested . A

NOTE: A carbon-containing investment may be used with this alloy,
but all carbon must be eliminated during burnout.

2. GYPSUM-BONDED INVESTMENTS: NOT suitable for this alloy. ..W.

B. RECOMMENDED METHOD OF INVESTMENT: HIGH-HEAT rather than hygroscopic

C. MANUFACTURER'S RECOMMENDED ASBESTOS SUBSTITUTE: NOBESTOS (Jelenko)S \..~#. .,.

You may use one WET layer of NON-ASBESTOS ring liner (Whip-Mix) or
similar material. Place the ring liner flush with the top of the
casting ring, but leave at least a 1/8-in, clearance at the bottom of ',7- '
the ring. The 1/8-in, clearance will help lock the investment in the
ring when it expands (Fig. 4-2). If additional expansion is needed, . .

use two Layers of asbestos substitute and/or more special liquid and :,-
less distilled water.

D. BURNOUT TECHNIQUE: , ....<'•

PHOSPHATE-BONDED INVESTMENT: S3tart with a cold oven and raise to a
temperature of 1400 OF ('r6o oc) at the= rate of 5-30 OF/min, then
SEAT SOAK as follows:

a. Single ring - 1 hr

b. Three units in a single ring - I nr

c. Multiple units, 2-3 rings - 1 ,r, 20 main; id,i 10 min for each
" ditiona1 ring.

"'" ",%<%'• 1 ".
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VI. METING AND) CASTING INSTRUCTIONS-JEL-5 ~

A. CASTING EQUIPMENT:

1. CASTING MACHINE (DO NOT USE A THERMATROL 2500 WITH CARBON CRUCIBLES):
a. Manufacturer's Preferred Casting Equipment - Torch/centrifuge orProcaster "'. .-

b. Alternative Systems Include - Centrifuge.

2. CASTING TORCH - Harris 16-S with #1390 H multi-orifice tip.
3. CASTING CRUCIBLES - Alumina or quartz; DO NOT USE CLAY OR CARBON TYPE.

B. QUANTITY OF ALLOY NEEDED:

1. VOLUME OF METAL NEEDED - Refer to conversion chart (Table l).* - , _
2. PREFERRED RATIO OF NEW TO RECAST METAL - 50/50% by weight or NEW metal
3. MINIMUM RATIO OF NEW METAL TO RECAST METAL - 50/50% by weight.

C. MELTING AND CASTING TECHNIQUE (PROPANE preferred, NATURAL GAS adequate):

1. OXYGEN-GAS RATIO - 10 psi OXYGEN to natural gas, or 10 psi PROPANE.

2. SETTING CASTING MACHINE - Add one additional turn to casting machine .
to compensate for the alloy's lower density.

3. FLAME ADJUSTMENT - Adjust torch to produce inner blue cones 1/4 in.
in length for the multi-orifice torch tip.

4. APPEARANCE OF THE MELT - Place the alloy in a preheated crucible, and ,Vv. A
keep the torch moving in a rotating motion to heat '..
all the metal evenly. The individual ingots or the
buttons will pool together like high-gold content
alloys.

5. CASTING FLUX - Not necessary. ,% NJ

6. WHEN TO CAST - When the cloudiness disappears (oxide layer) and the '.
alloys clears, it is READY to CAST. *%a4'%

7. RECOVERY OF CASTING - BENCH COOL; DO NOT QUENCH; DO NOT PICKLE. NOW~

a

D. INDUCTION CASTING (Start with a preheated crucible):

Jelenko Procaster

1. Set ARM SPEED to 3-4. . ..
2. Set POWER to 3-4. .

* At close of text.
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VII. ADJUSTING AND FINISHING-JEL-5

A. REMOVING THE SPRUE:

1. SEPARATING DISC - Use Jelenko High-Speed separating discs or similar ,.
disc.

2. COLLECT GRINDINGS - This is a precious alloy, and its grindings have
scrap value. Vacuum your clothing and work area. .

B. FITTING THE CASTING:

1. REMOVE INTERNAL NODULES - Carefully inspect the inside of each casting .

under magnification, and remove any irregularities. .,.. 9"

' . " .%

2. EVALUATE THE FIT - Verify an acceptable level of occlusal/incisal seat
and marginal seal before proceeding to any additional
finishing steps. %

3. QUALITY CONTROL CHECK - Unsatisfactory castings (poor fit, overheated .,.

alloy, extensive porosity) should be remade.

4. INITIAL OCCLUSAL ADJUSTMENT - Articulate the casting and refine the
occlusion, as necessary.

C. FINISHING THE CASTING:

1. STONES AND WHEELS - Use the same materials you have on hand to finish

gold-base PFM alloys; i.e.,Jelenko Brown Mounted Points, , .
uncontaminated aluminum oxide stones, diamond points,
etc. ,.

2. AVOID METAL CONTAMINATION - Set aside a set of finishing stones for
this particular alloy to prevent contamination of
the metal.

3. ADJUSTMENT TECHNIQUE - Use the uncontaminated aluminum oxide abrasives
to produce a smooth, even textured surface for all ..

porcelain-bearing areas. Finish the metal surface rw..
in one direction, using light pressure. .. .

196.
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VIII. PREPARATION OF THE METAL FOR PORCELAI-JEL-5

A. PREPARATION OF THE METAL SUBSTRATE: ,

1. NON-PORCELAIN BEARING SURFACES - Rubber wheel all non-porcelain bearing
areas (lingual/occlusal surfaces, interproximal struts
and metal collars) to remove all scratches prior to the
application of porcelain.

2. PORCELAIN BEARING SURFACES - Air-abrade the finished metal surfaces with '.

a 50-,um non-recycled, uncontaminated aluminum oxide
(white) abrasive under 90-100 psi.

3. CLEANING - Steam clean the metal substrate, or place in distilled water
in an ultrasonic unit for 10 min.

B. OXIDATION (DEGASSING) OF THE METAL SUBSTRATE:

1. LOW temperature setting - 1200 OF (649 OC)

2. HIGH temperature setting - 1900 OF (1038 OC)

3. Rate of rise - 90-100 OF (50-55 °C)/min

4. Atmosphere - Air (NO VACUUM)

5. HOLD time at HIGH temperature - None -

6. Appearance of the oxide layer:

a. A PROPERLY oxidized layer - GRAY color, rough surface
b. An OVERoxidized layer - DARK GRAY to BLACK color
c. An UNDERoxidized layer - LIGHT GRAY, smooth surface.

C. POST-OXIDATION TREATMENT: To minimize the potential for discoloration of .
dental porcelain, this alloy does not necessarily have to be oxidized.

1. APPLY A METAL CONDITIONER - Place a metal conditioner such as Jelenko's
Color Prep, on all porcelain-bearing surfaces if the
casting is not oxidized (optional).

2. RETAIN THE OXIDE LAYER - You may apply opaque porcelain directly over
the oxide layer for those porcelains resistant to
discoloration by silver (Will-Ceram and Artis-Tech).'" "

197
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IEX. PORCELAIN COIPATIBILITY-JEL-5

A. PORCELAIN SY STEM COMPATIBILITY CHART: The following information has%%
been provided by the alloy manufacturer (X) or represents the opinions \

of the author (0) for single unit castings: -

DENTAL PORCELAIN PORCELAIN COM4PATIBILITY

YES NO MARGINAL UNKNOWN

1. ARTIS-TECH (Jeneric) -0 X

2. BIOBOUD (Dentsply) -X

3. CERAJ4CO (Johnson & Johnson) -X

4. CRYSTAR (Unitek) - X

5. JELENKO (Jelenko)-
Low- X

6. (BIOBOND) SHADEKATE (Dentsply) Reg- X -

7. VITA (Vident) -X

8. WILL-CERAM (Williams) -x~ 0

B. KNOWN OR SUSPECTED PORCELAIN-METAL INCOMPATIBILITIES:

*1. This alloy, like the general group of silver-containing metals, has *

the potential to discolor certain dental porcelains. however, both
Will-Ceram and Artis-Tech porcelain are reportedly resistant to this
discoloration problem. Refer to Section 2 for more information.

C. SPECIAL HANDLING INSThUCTiONS:
%..~.

1.It is advisable to place a carbon pellet on the sagger tray whenever
firing a silver-containing alloy.

2. Porcelain furnaces should be purged regularly (3 times/week), if silver-
containing alloys trf used regularly. More frequent purges should be
performedJ if Jel-') is usetd exclusively.
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X. PRE-SOLDERING INSTRUCTIONS-JEL-5

A. RECO l4ENDED MATERIALS:
1. SOLDER - Jelstar Presolder (flows between 2030 and 2060 OF! .

1110 and 1127 0C)-

2. FLUX - Is NOT recommended. Flux may contaminate the porcelain,

3. INVESTMENT - Use any conventional soldering investment or a high-heat
phosphate-bonded casting investment with distilled water.

_0

B. PRE-SOLDERING TECHNIQUE: Use the MAGIC WAND Torch (Williams) with its
#248 tip, or the HARRIS torch with a 2N tip for precise heating.

1. Grind, with aluminum oxide stones, all surfaces to be soldered. This
process will remove any oxides or contaminants which might impede
pre-soldering.

2. Cteate a GAP DISTANCE of approximately 0.5 mm.

3. Mix investment so it is thick; turn fixed partial denture upside down;
fill the inside of the casting with the mix; add a little extra on top;
and invert onto a patty of investment. Do not let it settle. Keep the
investment patty as small and as thin as possible.

4. Trim the investment patty and form a "V" groove underneath each joint,

5. Allow the investment to reach final set; then boil out the wax; and
preheat the assembly to 1050 OF (566 0c) for about 20 min. If acrylic
resin (Duralay) is used, be sure to remove all traces of the resin
before initiating the solder process.

6. Use 10 psi OXYGEN and 1/4 psi NATURAL GAS (or 10 psi PROPANE). Ad just
the inner blue cone(s) until a feathered edge is produced at each tip'

7. Place the invested units on a soldering block so the length of the
assembly is perpendicular to your body. In other words, the lingual
side of the units is to your right and the facial to your left,

8. Begin soldering.

71
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XI. POST-SOLDERING INSTRUCTIONS-JEL-5

* * %

A. RECOMMENDED MATERIALS: It is presupposed that the PF11 iits .ave
been glazed and polished, and the metal substructures have been designeeappropriately for the post-soldering procedure. %j '

O..

1. SOLDER - Jelstar Post-Solder (flows between 1310 and 1370 %'/V
710 and 7(43 0,C) " """'

2. FLUX - Use of flux is optional.

3. INVESTM4ENT -Same as pre-soldering technique.

B. POST-SOLDERING TECHNIQUE: Use a porcelain furnace for this step. it is

especially helpful if the oven has a muffle view port (also referred to

as a "sight window") to permit observation of the soldering process.

1. Grind joint surfaces with a fine vitrified aluminum oxide stone.

2. Create a GAP DISTANCE of 0.5 mm.

3. Place units on the master cast and seal the joint(s) with sticky wax.

4. Once the sticky wax has cooled, remove the work from the master cast,
and cover all the porcelain to be embedded in the investment with white
wax. This step will prevent discoloration of the glazed porcelain. l-.. %

% 5. Invest the castings in a soldering investment (or equivalent), anj liow .X1c. .
the mix to set.

6. Trim the patty to remove sharp corners and to increase access to the
joint area(s).

7. Remove all the wax with boiling water.

8. Shape the Jelstar Post-Solder to fit the joint area(s) in such a fashion
that it fills the joint(s).

IN '9. Dry the invested work thoroughly, and slowly intrcduce It into a por-
celain furnace set at 1000 0 F (540 °C); then he_t soa-k it for several
minutes. "

10. A full vacuum may be drawn to reduce oxtie build-j,.

11. Raise the temperature to 1470 o (7,C c)., at the ri--:' of 75 °F/in. .
(24 C/min). The solder should flow acccrln,,,gl. -.

12. Remove the work, allow it to cool, ani r :c, 5 th-

&&I
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POIRS-ON

-~~ I. GENERAL INFORMATION

ALLOY TYPE: "PRECIOUS" ALLOY SYSTEM: Palladium-Silver

*ALLOY CONTENT: 58% Palladium, 30% Silver, with 12% Tin, Indium, and Zinc

(exact formulation is proprietary information)

MANUFACTURER:

Degussa Dental Inc. TOLL-FREE PHONE NUMBER:
a-21-25 44th Avenue 1-(800) 221-0168, ext. 43 or 46

Long Island City, New York 11101
COMMERCIAL PHONE NUMBER:
1-(212) 392-7272

TELEPHONE CONTACTS: REGIONAL SALES REPRESENTATIVES:

a'Laboratory - Susan Denton, ext. 43 No; Call for assistance
Research - Dr. Manohar Lal Malhotra

ALLOY INTRODUCED IN: 1975 F.D.A. LISTED: Yes

A.D.A. ACCEPTANCE OR PROVISIONAL ACCEPTANCE: No

a,.. ~II. PHYSICAL DECRIPTION C\~

Ingot color - Platinum Ingot shape -Rectangle

Ingot weight - 2 dwt Ingots per ounce -10 per oz
Ingot identification - "Pars-On White" Alloy packaging -1 oz only

III. PHYSICAL AND MECHANICAL PROPERTIES

-. Specific gravity (density) - 11.0 g/cc
Brinell hardness number - 220 ...-

Vickers hardness number - 240
Percentage elongation (in 1/2 in.) -15%

Ultimate tensile strength - 96,000 psi
Yield strength (0.2% offset) - Not specified
Proportional limit - b9,000 psi
Bond strength - No value available
Coefficient of thermal expansion - (15.0 + 0.3) x10-6 in/in/OC

*MELT[ING RANGE, - 2261-2318 OF CASTING TEMPERATURE - 2500 OF
(1 __38-1270 OC) (1371 OC) -

201
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IV. WAXING AND SPRUING INSTRUCTIONS-PORS-ON

A. MINIMUM RECOMMENDED WAX THICKNESS:

1. SINGLE UNITS - 0.3 mm

2. THREE-UNITS FIXED PARTIAL DENTURES - 0.5 mm

3. FIXED PARTIAL DENTURES GREATER THAN 3 UNITS - 0.5 mm.

B. RECOMMENDED SPRUING TECHNIQUE:

1. SINGLE UNITS - Use either the DIRECT or INDIRECT METHOD (Figs. 4-i
and 4-2).

a. DIRECT METHOD: Attach 8- or 6-GAUGE sprues, 10-15 mm in length,
directly to the thickest portion of the wax pattern.

b. INDIRECT METHOD: Refer to Section 2 (next). -- ,

2. MULTIPLE SINGLE UNITS- Use the INDIRECT METHOD, with 5-7 mm, 8- or
6-GAUGE sprues, attached to the wax patterns. Join
these sprues to a 6-GAUGE (4 mm diameter) runner bar, 4
which extends just beyond the width of the patterns
at each end. Use 8- or 6-GAUGE sprue leads offset
from the runner bar to the crucible former cone.

3. FIXED PARTIAL DENTURES - Use the INDIRECT METHOD, with 5-7 mm, 8- or
6-GAUGE sprues, attached to the thickest portion of
each wax pattern. Join these sprues to a 6-GAUGE
runner bar which extends just beyond the width of each
end pattern. Use several offset 6- or 8- GAUGE sprue
leads from the runner bar to the crucible former cone.

NOTE: The runner bar should be shaped to conform to the contour of the
fixed partial denture. If the bar must be bent, then cut and rewax it
at each cut in order to destroy any memory in the wax (Fig. 4-2).

4. VENTING - Attach 18-GAUGE wire wax to the interproximal areas to
serve as chill vents.

5. WAX PATTERN POSITICNING - If the wix pattern is seated too low in the
casting ring, build up the sprue former with wax, and
raise the pattern to within 1/4 in. of the top of the
ring. This technique will facilitate wax elimination
and the escape of gases. Design the spruing system so
any reservoir is in the HEAT CENTER of the casting
ring, with the wax patterns in a COLD ZONE (Fig. 4-2).

202
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V. I T A% TCIQUE-POS-O

A. RECOMMENDED INVESTMENTS:

1. PHOSPHATE-BONDED INVESTMENTS: Use either a NON-CARBON investment
(white color), or a CARBON-containing investment. *r

NON-CARBON TYPE: SPECIAL LIQUID DISTILLED WATER .-.

Vestra-fine (Unitek) - 10.0 cc 5.5 cc .-.

CARBON TYPE: 0

Deguvest HFG (Degussa) - 7.0 cc 2.0 cc

2. GYPSUM-BONDED INVESTMENTS: NOT suitable for this alloy.

B. RECOMMENDED METHOD OF INVESTMENT: HIGH-HEAT rather than hygroscopic.

C. MANUFACTURER'S RECOMMENDED ASBESTOS SUBSTITUTE: Degussa Asbestos Free
Ring Liner. Use WET.

You may also use one WET layer of NON-ASBESTOS LINER (Whip-Mix).

D. BURNOUT TECHNIQUE: . .*'.-

PHOSPHATE-BONDED INVESTMENT: Start with a cold oven and raise to a j- .,

temperature of 600 OF (316 °C) until all wax has been eliminated, then 0.- i

raise a temperature of 1560 OF (849 °C) and HEAT SOAK as follows:

a. Ring Size Wax Elimination Time Heat Soaking Time ".. .

lx Ring 30 min 35 min
3x Ring 40 min 45 min-
6x Ring 50 min 60 min
9x Ring 60 mmn 60 min

b. Three units in a single ring - 40 min for 3x rings

c. Multiple units, 2-3 rings - 60 min for 9x rings

NOTE: A longer soaking time, and/or burnout temperature, may be required
to ensure complete carbon elimination when using plastic sprues.

203 "
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VI. MELTING AND CASTING INSTRUCTIONS-PORS-ON

,. A. CASTING EQUIPMENT:

a 1. CASTING MACHINE (You may use a THERMATROL 2500 with CARBON crucibles):

,. a. Manufacturer's preferred casting equipment - Not specified.
Q* % %~ ..

b. Alternative systems include - Broken-arm casting machine, centrifuge.

2. CASTING TORCH - Harris 16-S with a #1390H multi-orifice tip.

3. CASTING CRUCIBLES - Use either a quartz or alumina crucible.
DO NOT USE a clay crucible.

B. QUANTITY OF ALLOY NEEDED:

1. VOLUME OF METAL NEEDED - Refer to conversion chart (Table i).* '.

2. PREFERRED RATIO OF NEW METAL TO RECAST METAL - 50/50% by weight.

3. MINIMUM RATIO OF NEW METAL TO RECAST METAL - 50/50% by weight. a'"-"

a. C. MELTING AND CASTING TECHNIQUE (PROPANE preferred, NATURAL GAS adequate):a.., .a . -,.,.

1. OXYGEN-GAS RATIO - 10 psi OXYGEN or 5 psi PROPANE (for natural
gas, open valve all the way).

2. SETTING CASTING MACHINE - Add one turn to casting machine to compen-
sate for the lower density of the alloy.

3. FLAME ADJUSTMENT - Set inner blue cones to a length of 1/2 in. or less.

4. APPEARANCE OF THE MELT - Alloy will melt rapidly, and the ingots will
pool, like gold-base PF4 alloys. ....

5. CASTING FLUX - Not specified.

-a 6. WHEN TO CAST - When a brilliant, clean surface appears.

" 7. RECOVERY OF CASTING - BENCH COOL to room temperature.

8. DO NOT PICKLE. i. '

• At close of text.
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VII. ADJUSTING AND FINISHING-PORS-ON -i w q

SV ON

A. REMOVING THE SPRUE:

1. SEPARATING DISC - Use any thin separating disc of your choice.

2. COLLECT GRINDINGS - This is a precious alloy and its grindings have -. '[
scrap value. Vacuum yur clothing and work area.

B. FITTING THE CASTING: '

1. REMOVE INTERNAL NODULES - Carefully inspect the inside of each casting
under magnification, and remove any irregularities.

2. EVALUATE THE FIT - Verify an acceptable level of occlusal/incisal seat
and marginal seal, before proceeding to any additional

finishing steps.

3. QUALITY CONTROL CHECK - Unsatisfactory castings (poor fit, overheated
alloy, porosity) should be remade.

4. INITIAL OCCLUSAL ADJUSTMENT - Articulate the casting and refine the
occlusion, as necessary.

C. FINISHING THE CASTING:

1. STONES AND WHEELS - Use the same materials you have on hand to finish -...

precious PFM alloys; i.e., uncontaminated aluminum
oxide stones, diamond points, etc.

2. AVOID ME AL CONTAMINATION - Set aside a set of finishing stones for this
particular alloy to prevent contamination of the metal.

3. ADJUSTMENT TECHNIQUE - Use the uncontaminated aluminum oxide abrasives
to produce a smooth, even textured surface for all
porcelain-bearing areas. Finish the metal surface in
one direction, using light pressure. .* -

205
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VIII. PREPARATION OF THE METAL FOR PORCELAIN-PORS-ON
."'"-...• . I

A. PREPARATION OF THE METAL SUBSTRATE:

1. NON-PORCELAIN BEARING SURFACES - Rubber wheel all non-porcelain bearing
areas (lingual/occlusal surfaces, interproximal struts
and metal collars) to remove all scratches prior to the
application of porcelain.

2. PORCELAIN BEARING SURFACES - Air-abrade the finished metal surfaces with
a 50-Lm non-recycled, uncontaminated aluminum oxide
(white) abrasive under 90-100 psi.

3. CLEANING - Steam clean the metal substrate, or place in distilled water
in an ultrasonic unit for 10 min.

B. OXIDATION (DEGASSING) OF THE METAL SUBSTRATE:

1. LOW temperature setting - 1200 OF (649 C) %

2. HIGH temperature setting - 1900 OF (1038 OC) 4

3. Rate of rise - Not specified.

4. Atmosphere - Air (NO VACUUM)

5. HOLD time at HIGH temperature - 0 9
.*.... .-"

6. Appearance of the oxide layer: No visible thick oxide will appear.

a. A properly oxidized layer - LIGHT GRAY color
b. An OVERoxdized layer -Can not be recognized.
c. An UNDERoxidized layer - Can not be recognized.

C. POST-OXIDATION TREATMENT: Procedure #1 is applicable to all compatible
dental porcelains, while procedure #2 should be limited to the processing
of Will-Ceram and Artis-Tech porcelain.

1. REMOVE THE SILVER OXIDE - Pickle in preheated (150-200 °F/66-93 0C) .- ' ' ;
hydrochloric acid (35%) for 15 min; use a metal
conditioner according to supplier's instructions,
and lightly blast with nonrecycled aluminous oxide.

2. RETAIN THE OXIDE LAYER - Do not air-abrade the casting or otherwise - -

attempt to remove/reduce the oxide layer. Apply
opaque porcelain DIRECTLY to the oxidized casting. .
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-sEmI ON 8: ATTACM4ET 3- ' '*""

IX. PORcELAIN COMPATIBILITY-PORS-ON -- ,

P.0

A. PORCELAIN SYSTEM COMPATIBILITY CHART: The following information has been ._.,
provided by the alloy manufacturer MX: ,-,_,.,

DENTAL PORCELAIN PORCELAIN COMPATIBILITY

YES NO MARGINAL UNKNOWN

1. ARTIS-TECH (Jeneric) X

2. BIOBOED (Dentsply) X

3. CERANCO (Johnson & Johnson) X

4. C-RYSTA (Unitek) x

5. JELK (Jelenko) X ..

Low - X
6. (BIOBOUD) SHADEMTE (Dentsply) Reg- X

7. VITA (Vident) X

8. WILL-CERAM (Williams) X

B. KNOWN OR SUSPECTED PORCELAIN-METAL INCOMPATIBILITIES: Since this alloy e
contains silver, certain additional precautionary steps are recommended '...
to minimize any porcelain discoloration and furnace contamination.

1. PicKling - Place castings in hydrochloric acid (HCI) pre-heated to a
temperature of 190 OF (88 0C) for approximately 15 min. Remove from
the acid bath and rinse under tap water for 2 mmn, followed by a 5-mmn
soaking in distilled water in an ultrasonic cleaner.

2. Use of metal conditioners - A metal conditioner (such as Aderer Ceramic
Alloy conditioner) is ADVISABLE, except when using either Will-Ceram
or Artis-Tech porcelain. ".

3. Use of carbon pellets - Place a carbon pellet on the sagger tray each
time a castinw is fired in the porcelain furnace.-

4. Purging the porcelain furnace - If silver-containing alloys are used 7-
routinely, it is idvi!;able to purge the furnace of silver contamination .. '
several times per weeK. Place 1 or carbon pellets in a 1200 OF .. 4z .- 4--

(649 °c) firnac', Iraw a furl vacuum, raise the temperature to 2200 OF "
(1204 an h o.i it temperature unler full vacuum for 20-30 min.

5. Non-g:re' eiinc porr-lailns - nLy Wi )-Cer.im anl Artis-Tech porcelains -....-.

are reportedly free of porceiais iiscolor.ition (greening), when used
with silver-cornaining. -illoys. PicKling and metal conditioners are % • %.
reportedly uineress'iry with these two porce',iairn systems. .... ,.

~4. -. -4* ~ * * . . . * * *....*,-..*. ,-,.,,,
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-SECTION 8: ATTACHMENT 3-

X. PRE-SOLDERINfG INSTRUCTIONS-PORS-ON

A. RECOMMENDED MATIRALS:
%

1. SOLDER - Use P::ors-On HF Solder or Ceramco White Solder (both flow .

at approximately 2075 OF or 113.5 OC)
Or use Degudent Ul Solder (2048 OF or 1120 OC)

2. FLUX -Use Dezussa Anoxsan flux.

3. INVESTMENT - A soldering investment (such as Deguvest L) is the IDEA-L
material to use, but a casting investment with all distilled water may --

be substituted.

B. SOLDERING TECHNIQ'UE: For precise heating, use the Magic Wand t.orch -

(Williams) with a #248 tip, the Harris 16-S torch and a 2N tip, or the
Degussa Gas/Oxygen torch with #2 tip.

1. Propane-oxygen is the preferred heat source, although natural gas-
oxygen is an acceptable alternative.

2. Be certain the surfaces to be soldered are large enough to provide
adequate strength to the joint.

3. Prepare a uniform GAP DISTAN~CE of no more than 0.05-0.1 mm.

4. The surfaces to be soldered must have a rough finish and be clean.
/W

* .. Invest the units to be soldered in a soldering investment.

*76 . Trim the investment patty to a uniform but stable thickness,

7. Ai'ter boiling the stickcy wax out of the joint(s), clean the ~o ir. t
area(s), and apply Degussa Anoxan Flux. This procedure will p-event
the build-up of oxides which might interfere with the soldering, ',)* c ,Ss.

3Preheat the investment blocK in an electric furnace at '11-0 OF '62l (7.

).Use 5 psi OXYGEN" with NATURAL GAS or FROFANE.

10. Heat the solder connections(s) until they reach the wr~n eor~r
of the solder.

11 rOce soldering is complete, alloy the investment blocs to 3"O 5o
to room temcerature before divesting.

L2. 3r4.nd the Joint(s) with uncontaminated stones; air-abrade; and _'_ean
in anultrsonic unit to remove a!! traces of flux and investment,. .

13. Remove the cleaned catngs, and proceed with the C3X1AZIO1N ~oe3
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XI. POST-SOLDERING INSTRUCTIONS--PORS-ON

A. RECOMMENDED MATERIALS:

1. SOLDER - Regular White Solder (working temperature 1360 °F/738 0C)

2. FLUX - Degussa T-Flux (DO NOT APPLY FLUX TO THE PORCELAIN)

3. INVESTMENT - A soldering investment (such as DEGUVEST L) is the IDEAL
material, but a casting investment with distilled water may be used. -

_ 0 _

B. SOLDERING TECHNIQUE: Use a porcelain furnace with a view port to monitor
the soldering process. .

1. Prepare a uniform GAP DISTANCE of no more tha-i 0.05-0.1 mm. . .

2. Position the units to be joined on a cast, and join them with sticky -.-
wax. Alternatively, the units may be united with the resin directly ...

in the mouth with an index for reassembly, if necessary.

3. The surfaces to be soldered should be rough finished and clean.

4. Cover all the porcelain surfaces with wax, to prevent direct contact
with the soldering investment, and possible porcelain discoloration. "..,.-

5. Invest and trim the investment block to a minimum but stable thickness. -.

6. Boil out the sticky wax, and coat the joints to be soldered with T-Flux.
DO NOT APPLY THE FLUX TO THE PORCELAIN.

7. Carefully melt the solder strip over a Bunsen burner until a small ball
is formed. Cut the ball off the strip, thus leaving a small tail. . .

8. Use the tail to seat each solder piece in the soldering investment. 4
Apply T-Flux to each solder ball.

9. Preheat the assembly in front of the furnace muffle for 10-15 min.

- 10. Set the furnace maximum temptrature to the solder working temperature.

Ii. Slowly insert the invested castings into the muffle to permit uniform
heat absorption.

12. Leave the unit in the furnice for 2-3 min, depending on the size of
" the soileriig work. If necess-iry, the temperature may be increased in

10 OF increments until the solder flows.

13. Carefully remove the work and inspect the solder joints. Allow the -
metal to cool uniformly before divesting and repolishing. . ,.
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,. . . -,,-SETON 8: ATTAcEMENT 4-

WILL-CERAM W-1 .. Y .

I. GENERAL INFORMATION

ALLOY TYPE: "PRECIOUS" ALLOY SYSTEM: Palladium-Silver

ALLOY CONTENT: 53.5$ Palladium, 37.5% Silver, 8.5% Tin, and 0.5% of
unspecified grain refiners and deoxidizers

MANUFACTURER: TOLL-FREE PHONE NUMBER: '-'

1-(800) 828-1003
Williams Gold Refining Co. 1-(800) 462-7688 (in New York State)
2978 Main Street 1-(800) 852-7066 (in California)
Buffalo, New York 14214 1-(800) 824-7925 (west of the

Rocky Mountains)

COMMERCIAL PHONE NUMBER: .
1-(716) 837-1000 - "

TELEPHONE CONTACTS: REGIONAL SALES REPRESENTATIVES: "...

Education Department Yes
1-(800) 828-1538 ,"

ALLOY INTRODUCED IN: 1975 F.D.A. LISTED: Yes

A.D.A. ACCEPTANCE OR PROVISIONAL ACCEPTANCE: "ACCEPTABLE" (1980)

II. PHYSICAL DESCRIPTION 
..

Ingot color - Platinum Ingot shape - Rectangle
Ingot weight - 2 dwt Ingots per ounce - 10 per oz
Ingot Identification - "Williams W-l" Alloy Packaging- 1- and 5-oz

III. PHYSICAL AND MECHANICAL PROPERTIES

Specific gravity (density) - 11.06 g/cc
Brinell hardness number - Not determined
Vickers hardness number - 242 (after porcelain application) 4 P
Percentage elongation (in 1 in.) - 11%
Ultimate tensile strength - 94,100 psi (after porcelain application)
Yield strength (0.1% offset) - 68,100 psi (after porcelain application)
Bond strength - No value available
Coefficient of thermal expansion - 15.20 X 10- 6 /oC from 600-20 °C

MELTING RANGE -2165-2320 OF CASTING TEMPERATURE -2420 OF

(1185-1271 OC) (1327 OC)

210
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IV. WAXING AND SPRUIMG INSTRUCTIONS-WIL-CERAM W-i

S0 -F.. .
A. MINIMUM RECOMMENDED WAX THICKNESS:

1. SINGLE UNITS - 0.3 mm

2. THREE-UNITS FIXED PARTIAL DENTURES - 0.5 mm

3. FIXED PARTIAL DENTURES GREATER THAN 3 UNITS - 0.5 mm.

B. RECOMMENDED SPRUING TECHNIQUE:

1. SINGLE UNITS - Use an INDIRECT spruing technique, with 8-GAUGE
connector sprues, 2-3 mm in length, to each pattern;
and attach them to a 6-GAUGE runner bar (distribution
channel). Attach the runner bar to the sprue former
with two offset 6-GAUGE lead sprues (Fig. 4-2).

2. MULTIPLE SINGLE UNITS - Use an INDIRECT spruing technique, with 8-GAUGE
connector sprues, 2-3 mm in length, to each pattern;
and attach them to a 6-GAUGE runner bar (distribution

channel). Attach the runner bar to the sprue formerwith two offset 6-GAUGE lead sprues (Fig. 4-2).

3. FIXED PARTIAL DENTURES - Use an INDIRECT spruing technique, with 8-GAUGE
connector sprues, 2-3 mn in length, to each wax pattern.
Attach them to a 6-GAUGE runner bar (distribution

channel) which extends slightly beyond the ends of the 0,

patterns.

NOTE: Adjust the connector or runner bar to conform to the contour of
the fixed partial denture; cut the bar; and rewax it to eliminate wax
memory. Design any INDIRECT spruing system so the runner bar is in the
heat center of the casting ring (Fig. 4-2).

4. VENTING - You may include a blind vent, attached to the thickest por-
tion of each wax pattern, to help cool the restoration

first. However, this step is not required.

5. WAX PATTERN POSITIONING - If the wix pattern is seated too low in the

casting ring, build up the sprue former with wax and "
raise the pattern to within 1/4 in. of' the top of the
ring. This technique facilitates casting soldification
and the escape of gases (Fig. 4-2).
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V. IMSMW AND BURNOUT TECHIQUE-WILL-CERAM W-1

A. RECOMMENDED INVESTMENTS:

1. PHOSPHATE-BONDED INVESTMENTS: A NON-CARBON-containing investment (white
color) is preferred. Increase burnout time if a CARBON-containing in-
vestment (black color) is used.

NON-CARBON TYPE: SPECIAL LIQUID DISTILLED WATER

Vestra-fine (Unitek) - 10.0 cc 5.5 cc

CARBON TYPE: Not used with this alloy.

2. GYPSUM-BONDED INVESTMENTS: Not recommended for this alloy.

B. RECOMMENDED METHOD OF INVESTMENT: HIGH-HEAT

C. MANUFACTURER'S RECOMMENDED ASBESTOS SUBSTITUTE: Unspecified.

We prefer to use one WET layer of NON-ASBESTOS ring liner (Whip-Mix),
rather than ASBESTOS FREE LINER (Degussa), NOBESTOS (Jelenko), or ' .,

KAOLINER (Dentsply). Place the liner flush with the top of the casting
ring, with at least 1/8-in, clearance at the bottom of the ring. The
1/8-in. clearance will lock the investment in the ring when the investment , .
expands.

D, BURNOUT TECHNIQUE:

PHOSPHATE-BONDED INVESTMENT: Start with a COLD oven; raise temperature
to 1500 OF (816 °C) at the rate of 25 OF/min; and HEAT SOAK as follows:

a. Single units - 1 hr

b. Three units in a single ring -1 hr .. '

c. Multiple units, 2-3 rings - 1 hr and 20 min (add 10 min for each I A -
additional ring"

212
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VI. MELTING AND CASTING INSTRUCTIONS-WILL-CERAM W-1

A. CASTING EQUIPMENT: -

1. CASTING MACHINE (DO NOT USE THERMATROL 2500 WITH CARBON CRUCIBLE): %

a. Manufacturer's recommendation - Williams Inductocast Machine
b. Alternative systems include - Centrifuge

2. CASTING TORCH - Harris 16-S with a #1390 H multi-orifice tip.
(Williams recommends their MAGIC WAND Torch.)

3. CASTING CRUCIBLES - Quartz or alumina. Do NOT use clay.

B. QUANTITY OF ALLOY NEEDED:

1. VOLUME OF METAL NEEDED - Refer to conversion chart (Table 1). *
2. PREFERRED RATIO OF NEW METAL TO RECAST METAL - 50/50% by weight
3. MINIMUM RATIO OF NEW METAL TO RECAST METAL - 33/67% by weight. V-f

C. MELTING AND CASTING TECHNIQUE:

1. OXYGEN-GAS RATIO - Use 10 psi OXYGEN and 5 psi natural GAS. 4

2. SETTING CASTING MACHINE - Add 1 extra turn for the alloy's lower density.

3. FLAME ADJUSTMENT - The multiple light blue inner cones should be set to A

1/8- to 1/2-in, lengths with a maximum flame length of 6

8- to 10-in. (Fig. 4-12 ). Hold the torch tip 2-in. 9.
above the metal with the flame perpendPeular to the
alloy. Guide the flame in a slight circular motion,
with the alloy in the REDUCING ZONE of the flame.

4. APPEARANCE OF THE MELT - The alloy will melt readily, "pool,"
and then "clear," like gold-based ceramic alloys.

5. CASTING FLUX - Do NOT use casting flux or attempt to remove oxides.

6. WHEN TO CAST - When the molten alloy "clears" and "spins."

7. RECOVERY OF CASTING - BENCH COOL; DO NOT QUENCH; DO NOT PICKLE. Wt

D. INDUCTION CASTING:

1. Set speed between 400 and 500 RPM.
2. Set temperature to 2420 OF (1327 °C).
3. CAST at temperature.

• At close of text. "
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Vii. A1JUM~'ING AND FIRISHING--WILL-CERAM W-1 '

.J"?

1. , T'Ah}l IN,; 10:V 1h;,, any thin separttng disc of your choice.

.G! N 1) ; I - Tnil-P i: 1recious alloy, so its grindings have scrap
w life. Vacuum your clothing and work area.

B. I'Y1I TTI '1 11 . I ';:

I. QI!AY i' '! 1' I I 'K - Unst tisfactry castings (poor fit, overheated
11 , vporsity) should be remade.

2. KFM!:, INI' IT, , I 1 1; - Carefully inspect the inside of each casting
oi!-,r tin n t'ication, and remove any irregularities.

3. EVAATLU I'. ... ITI" - Wr [vy -A:cceptable level of occlusal/incisal seat
I 1W, rIr'i ,e;i I, hef )re proceeding to any additional

4. INITI A, P' I'' ' 0%.T' I'JNI'T - Arti uat(, the cisting and refine
I ~ ' ''"I, n r.ce'si'iry. *

c. I NI H IN; 'IHf ', IN Y;:

I. W;INi:AV fl ,I '- I tone::, c'irbl de burs, and burlew wheels.

P IJ I NI; -InPOUrd:; emp Loy" to polish gold-base
o'I IA I oy :ich -u; Buffi ng Bar Compound (BBC) and

, . . NIP. ',,O' .I l l t\'l'lt. N - et iside a set of' finishing stones for

thI. p ,Irt icular alloy to prevent metal contamination.

4. AI.),J'IMI'YT t'tItNI y(.,I H- uncontamitiated aluminum oxide abrasives to
[ ,1 Iuc -L ,inoof h, fivenf textured surface for all

lin bettring areas. Finish the metal surface in

." .' -'-.
-... ..

., .<-..-

%..-:.-

'pe

6.
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VIII. PREPARATION OF THE METAL. FOR PORCELAJN--WILL-CERAM W-1

.PI%

2. PORCELAIN BEARING SURFACES -Air-abr-Le the finished metal surfaces with

a 50-pam o-rccld uncon-.minated aluminium oxide
(white,) abr-isive undier 90-100 psi.

3. CLEANING -Steam clear the mretal' substrate, or place in distilled water
in un uLtrasonic unit for 10 min, after rubber-wheeling
anid air-abra:dirit.

V0

B. OXIDATION (DEGASSING) OF ThF 'MELAV S 'UB3TRATE:

1. LOW temperature setting -1200 OF (649 00) ~

2. HIGH temperature ')Fng -100O (1010 00)

3. Rate of rise - 100 OF (55 OC)

4. Atmosphere - VULVL W cO~ in. ol 'g

5HUllb time at Rl(1 H m~'erin, under VACUUMY

u. ppearaince o)f th n ie

a. . '-d.r-'>'r n - AIR' IkAy color
r c '-hec arn- earaince of the ox;Ile)

o. ~ " ' *. i t: ~'~ v r. . 1 or BL'A(:K color
..,,-..,.~rjxi :<atalower terrcnrature)

x- co I r

C.~
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IX. PORCELAIN COMPATIBILITY-WILL-CERAM W-1 "

A. PORCELAIN SYSTEM COMPATIBILITY CHART. The following information has beenprovided by the alloy manufacturer (X): .

DENTAL PORCELAIN PORCELAIN COMPATIBILITY

YES NO MARGINAL UNKNOWN

1. ARTIS-TECH (Jeneric) -

2. BIOBOND (Dentsply) - X

3. CERAMCO (Johnson & Johnson) - X

4. CRYSTAR (Unitek) - X

5. JELEKO (Jelenko) - X
Low- X

6. (BIOBOND) SHADE4ATE (Dentsply) Reg- X

7. VITA (Vident) - X

8. WILL-CERAM (Williams) - x

* B. KNOWN OR SUSPECTED PORCELAIN-NETAL INCOMPATIBILITIES: Since this alloy -- "-.
contains silver, certain additional precautionary steps are recommended to
diminish the likelihood of any porcelain discoloration and furnace contam-
ination.

1. Use of carbon pellets - Place a carbon pellet on the sagger tray
each time a casting is fired in the porcelain furnace.

2. Purging the porcelain furnace - If silver-containing alloys are used
routinely, it is advisable to purge the furnace of silver contamination -*
on a daily basis. Place 1 or 2 carbon pellets in a 1200 OF (649 °C)
furnace, draw a full vacuum, and raise the temperature to 2200 OF
(1204 OC). Leave the furnace at temperature under full vacuum for
20-30 min with the vacuum pump running. .,-,.'

* 3. Non-greening porcelains - Only Will-Ceram and Artis-Tech porcelains

are reportedly free of porcelain discoloration (greening), when used
with silver-containing alloys. Pickling and metal conditioners are
reportedly unnecessary with these two porcelain systems.

216
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X. PRE-SOLDERING INSTRUCTIONS-WILL-CERAM W-1

A. RECOMMENDED MATERIALS: % .

i. SOLDER - Use Will-Ceram Super Solder (flows around 2075 °F/1135 °C)
2. FLUX - Williams High Fusing BondaL Plux
3. INVESTMENT - Use Hi-Heat Soldering Investment (Whip-Mix), or a high-

heat casting investment with distilled water (no special liquid).

B. SOLDERING TECHNIQUE: Use the MAGIC WAND Torch (Williams) with its #248 0
torch tip or the HARRIS 16-S torch with a 2N tip, for precise heating.
(Use 5 psi OXYGEN and 2 psi natural GAS.)

1. Grind, with aluminum oxide stones, all surfaces to be soldered. This
process will remove any oxides or contaminants which would impede

soldering. .

2. Create a GAP DISTANCE of approximately 0.3 mm.

3. Mix investment so it is thick; turn the fixed partial denture upside
down; fill the inside of the c'stings with the mix; and invert onto . -

a patty of investment. Do not let the castings settle into the 4 4

investment. Keep investment patty as small as possible.

4. Allow the investment to reach final set, trim, smooth to remove sharp -"

angles, and allow to dry thoroughly.

5. Apply heat in excess of 800 OF (427 OC) to eliminate the wax or , .,., -
acrylic resin joint (Duralay); dry thoroughly; remove from furnace;
cool to room temperature. (Carbon will burn off at 800 OF (427 °C),
and a dry investment will draw less heat from the parent metal.)

0. Blast THROUGH, not down into, the connector (joint) area with uncontam-
inated 50-pum aluminum oxide to remove the oxides. (Oxides will impede,
if not prevent, the solder-parent metal union.)

7. You now want to GLAZE your solder rod. First, heat the rod to a DULL
ORANGE color; dip the rod in the flux, and you should hear it sizzle. -.(A GLAZED solder rod will act to retain the flux nn the outside of the -

connector, and prevents its incorporation into the soldered joint.)

9. WEAR DARK GLASSES IN ORDER TO SEE AT THESE PRE-SOLDER TEMPERATURES, AS '-
WELL AS TO PROTECT YOUR EYES FROM INJURY.

10. Heat the parent metal with the REDUCING atmosphere at the end of the %
inner blue cone(s) to prevent OXIDE FORMATION, and introduce the
GLAZED solder rod t-) the connector area from the occlusal.

I I. "older should f" :w oi onoi t, but ensure Jiint is filled before
"" ~ ~ r~rimvinu the r ,,',' B'>m . ,i N ', ' . ; ', , '2 lsh. " '' ,

d i .. 4.. ..
".',". " " "." ,' -"" " : .. """" " . . - """"" ."""i""""- """n .""""" -h"e'-,"" . '-." "' ' %-"."." '-" ' -".

L % -% %' 4 . .,. ., ' . r ' 4 ". ." ' d , r . ," .'. - . - . - .- . . - . ,. ' . - '-"- - . ." '
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II POST-SOLDERING INSTRUCTIONS-IL-CERAN W-1

A. RECOMMENDED MATERIALS: The porcelain units are assumed to have been glazed,
polished, and the metal substructures designed appropriately for the post-
soldering procedure.

1. SOLDER - Williams Low Fusing Solder (flows at 1350 °F/732 °C)

2. FLUX - Williams Bondal Flux

3. INVE3TMENT - Use High-Heat Soldering Investment (Whip-Mix) or a O __

high-heat, non-carbon casting investment with distilled water (no
special liquid).

B. POST-SOLDERING TECHNIQUE: Use a porcelain furnace for this procedure. It
is especially helpful if the oven has a muffle view port (also referred to A
as a "sight window") to permit observation of the soldering process.

1. Invest in the normal manner for oven soldering (protect all glazed
porcelain surfaces by covering them with colorless wax.) ... : V.

2. Once the investment has set, heat the invested work to 800 OF (427 OC) .
to remove the wax or acrylic resin uniting the units.

3. Air-abrade the joints with 50-um aluminum oxide to clean them.

4. Flux each joint LIGHTLY. -.

5. Dip the solder in #7 Flux (Williams), and place in a Bunsen burner " '
flame at the tip of the inner blue cone. The solder will immediately *'-.: .
ball up. Remove the ball from the flame, and allow to cool. .

o. Cut the solder approximately 1/4 in. from the ball, thus leaving a ., _
small tail. Place one ball (tail first) in small joints, and two balls
in larger connector areas.

7. Vacuum-fire the case to approximately 1400 OF (760 °C).

8. Hold at 1400 OF (760 °C) for 2-3 min.

9. The solder should flow readily and fill the joint space(s). -

10. Withdraw the soldered work to the muffle door and cool the work slowly. *...

11. Remove the investment and polish the joint areas.

AA

".".
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SECTION 9:

THE NICKEL-CHROMIUN-BERYLLIUM ALLOYS

9-1. GENERAL DESCRIPTION

Due to the unprecedented increase in the cost of gold and the fact that -
the precious metals market is prone to sudden price swings, the non-precious
metals, particularly nickel-chromium-beryllium alloys, have become popular.1

The exact composition of the alloys within this group may vary markedly.
However, it is not uncommon for an alloy to contain between 70 and 80% nickel,
13 and 20% chromium, and up to 2% beryllium.1 Low density (less than one-half ' "

that of gold-base alloys), high strength, low thermal conductivity, and low -*O*._
cost have made this system particularly attractive for single unit PFM units, 

..- '%

as well as for long span fixed partial dentures.
2  : .'

With handling characteristics vastly different from those of gold-base "

metals, these non-precious alloys require a "learned" skill for investing,

. spruing, casting, finishing, and polishing. Historically, the failure to
process these alloys pioperly may have been due to the misconception that -

techniques used for gold-base metals could be employed for these newer, lower
density alloys. For example, on heating, the molten alloy develops an oxide
film which separates ingots and buttons and prevents the metal from "pooling"
into a single fluid mass, like precious alloys.

In addition, these alloys have a high casting shrinkage (approximately "-
2.3%) which must be accommodated for by the investment.3  Improved phosphate-

bonded investments have been developed, and attention has been drawn to the
need to evaluate the influence of casting investments on the castability of . .
alloys.4 ,5 Also, better technical processing instructions for the non-
precious alloys have been more widely available. Moreover, many alloy , -
manufacturers have also improved the older formulations of nickel-chromium-
beryllium alloys. Consequently, when referring to the results of castability '4 -

studies done some years ago, one must consider the type of investment used, -

the casting techniques employed, and whether or not the alloys studied are 1.14 e
*still on the market today (Figs. 9-1 to 9-3).

The addition of beryllium to this nickel-base system increases the
fluidity, improves the castability of the alloy, helps control surface

" oxidation,3 and enhances polishability. The presence ot' beryllium in an -

alloy is significant for several other reasons. If beryllium accounts for *. -
1.8%-2.0% of the alloy's composition on a weight basis, the actual atomic
volume of beryllium exceeds 10%.6 Beryllium's atomic size is relatively rz

small (1.12 angstroms) and its atomic weight is 9.0122 a.s compared with gold's
. atomic weight of 196.967. Therefore, many atoms are needed to rtich that

2.0% weight level. Research has also indicated that beryllium might display

migratory behavior far below its melting point.8 Covington et a]. observed
surface beryllium concentrations ranging from 14 atom % for an ingot (uncast)
of nickel-chromium-beryllium alloy, to as much as 39% for cist Lloy incubated
for 120 days in an acidic salivary solution. 9  All this inf)rmiytlon Indicates %

' that more beryllium is "available" in the nickel-chromium-b1,ryl] u (NI-Cr-Be) .
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alloys than one might realize; the beryliunmay >'~ r'

the alloy surface, and beryllium may leave the \
V,

Figure 9-1. Dense castings with sharp,-

distinct marg ins can be produced with ~
Ni-Cr-Be alloys (Litecast B *shown).
Eliminating a button on the casting .

is often difficult because of' the
* size of many non-precious ingots.
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t the rLiickel-chromium-beryllum alloys is their
inh:. , z,-,. Laboratory and clinical bond fai lures, attributed .

to exct'.,,t-  i : o , h.' been Known to occur (Figs. 9-4 and 9-5). As a
resu. , .-:,", the porcelain-metal bond has come under questions.

2

*. In fc, , i in cobalt-base alloys are considered to have a ."'

-. poxteii e iLmination, due to separation of a poorly adherent

V i Plct ; i. irnth eaito of.-'. th oreai ene
J -t of.t..-

A . . -

Fihont .tween this Figure 9-5. The porcelain fractures
Ni-(;r-Le I', (1exi Iium ]I and during cooling (left) and extensfve

Vi,* p-n': . I-:.e: ,yring the delamination of the porcelain veneeropposing
fabr>'at , 4 : i <,o s. Not's the oxide from the metal substructure (right)
layer f 2 K, < :, , ,he :iece of are examples of some of the types of-.

de:t.,. . , ,for theet. porcelain-metal failures observed..-...-

p-u. t:

* :t- *..:b _ K [nlrovements made in the processing of non-precious.... .
ai <L: !: :,, :,: !rn is one procedure still plagued by problems-""---

. . .' Lys ore extremely hard,3 may wear an opposing

~ burnishe le ; gold-base c-L alloys, andar dffcut

, ., :., heless, the nickel-chromLum alloys tre used '-
e>';::''v , , , '.. Ar F, rce, f.;r single unit PFM restor;ations as well".'.-. -

,'.', • ' : -,.tl~msaside, consumers should he lwa rr that very ". . ]

::. ,,;:.s:e,!. for the potential health rls .s a ssociated L. q
'!':, ::, ~ .:c t" I ine',, alloys. 2ontact ,,erm: t VU. , ,hyper-....,..

ss ;-l . .. : .: i~,- o, of the knmnune re sr'onne~ Sv:bten h'ive a" 1 '-- -''-

t, ... .... '.,.,... : ,:. ou : l ys. Phv:iic;al nWrotO. tio', ani .-.-'''
r'"i :. I, !o . o~ . ..dni. t.non 20'in: i'rn the"-'--'-.

.22, - .°.* ."

* *"''" -.. °
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Figure 9-b. Thi-s eary attempt to Figure 9- The soldered area was

prsldra NiC-ealloy looked refinished anti air-abraded with non-

successful. (Too much solder was recycled aluminum oxide to prepare

ap-plied to the connector area as- the casting for oxidation.
a result of the photography.)
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Figure 9-..Ti ryatmtri to MrFigure A-,'.hf o.de~ raws,.
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9-2. ECOI(MIC CONSIDERATIONS

Since none of their major constituents are either noble or precious %
metals, these alloys are very inexpensive. Small orders of less than five *, -
ounces may cost up to $20.00/oz, while purchases of larger quantities can
reduce that price to between $8.00 and $15.00/oz. However, the individual
ingots vary in weight between 2 dwt 15 grs and 3 dwt 15 grs, and represent the
minimum quantity which may be cast at any one time. For small single units,
more metal may be expended than is necessary, and large buttons can accumulate.
To maintain the recommended 50/50% ratio of new metal to recast metal, single
unit castings become less economical. If recast metal is not enriched with
new metal, an elevation in the casting temperature and hardness of the alloy
may occur, since the minor alloying elements are not replenished.

Many manufacturers also now recommend the use of all new metal (ingots)
when casting the substructure for a cast metal, resin-bonded retainer (Maryland
Bridge). The justification is simply to prevent changes to the microstructure
and ensure consistency in the properties of the alloy. An overheated alloy or .-.

an alloy with a depleted beryllium content will simply not etch well.

As a result of lapses in techniques for spruing, investing, and casting,
miscasts may be more numerous with non-precious than with precious alloys. 2

Overheating the metal is common when first using these alloys, since time is [.
needed for one to appreciate the particular melting behavior of each indivi- .. -. "
dual alloy. Induction casting not only reduces such variables and improves -
castability, but also represents a tremendous increase in the startup cost for
this system. Miscasts, the accumulation of large buttons, and increased ad-
justing and finishing times are economic considerations frequently overlooked ' . ,
in cost estimates. The assessment of an alloy system solely on the basis of
material costs is misleading, and is not indicative of the accumulated
expense which a new system might entail.

9-3. ADVANTAGE:

Some alloys in this system are A.D.A. "ACCEPTABLE."
Low density permits up to 30% more castings per ounce than

gold-base alloys.
Are low cost.
Are poor thermal conductors.
Produce lightweight castings.
High modulus of elasticity and yield strength provide rigidity for ,-

thin castings. '
Thin castings permit maximum porcelain coverage
Sharp margins can be produced with proper technique.
Do not have to be secured like precious alloys.
Afford high sag resistance--an advantage when used for long-span fixed

partial dentures.
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9-4. DISADVANTAGEs:

Are not A.D.A. CERTIFIED. , .'.."-

Not all alloys are A.D.A. "ACCEPTABLE" or "PROVISIONALLY ACCEPTABLE." .

Are much harder than gold- and palladium-base alloys. ".
Nickel is toxic, and may pose a health threat to patients. %-
Beryllium is toxic; inhalation or ingestion may pose a threat to .

dental laboratory technicians.
The surface of these alloys may be enriched with beryllium.... .
Should not be used for patients with known or suspected nickel

sensitivity.
Require a high-heat investment (i.e.,phosphate-bonded).
Ingots do not pool like precious alloys.
Are more difficult to melt and cast with consistent accuracy. -
Are more amenable to induction casting than torch casting. -..... '-
Are more prone to miscasts than precious alloys.
Propane-oxygen is preferred to natural gas-oxygen.
Require central air evacuation for nickel and beryllium dust. .

Necessitate environmental monitoring for Ni and Be levels.
Large ingots tend to produce large buttons in smaller laboratories.
Possess a platinum or white color, rather than traditional yellow hue.
Excessive oxidation may lead to either immediate or delayed porcelain-

metal bond failure. - .-. '...

Are not BURNISHABLE.
Are difficult to solder satisfactorily due to the thick oxidation.
Are more time consuming to finish and polish. ,
Are more difficult to adjust.
More difficult to section and remove these castings from the mouth.
Some alloys have NO ingot identification.
Are more prone to crevice corrosion than the nickel-chromium beryllium-...

free alloys. %
: . .-,..

9-5. BI0OM4PATIBIITY

The subject of the biocotintibility o' denti c>-slin al vy is ,-idress- "
ed separately in Section I 2. The reader is lso referre to the statements
and recommendations on nicai- aa., terrl a 1,->.,tainf a1,ivs released
by the USAF Special Consultants for .ron.t!honti :, 'J Lbori tory Services.

9-6. packs ,0-V

1. Moffa, J. P. : rna. 1 v e.tt :t , :' I .. t.n. i! c iorth I-t:
Am 27:73J, 1)83 ..

• ~ ~~....,..-

2. Mclean, .J. v'. :. Tnt,. o t Uir- JI: ibr Ve
Design and [,ab rar:,o ' rce:u',: ,:'rn1 .. , 'h < ,-., Itii, i>dO,
Quintessence Punlisht~; ' , .

WP
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3. Bertolotti, R. L.: Selection of alloys for today's crown and fixed
partial denture restorations. J Am Dent Assoc 108:959, 1984. '

4. Barreto, M. T., Goldberg, A. J., Nitkin, D. A., and Mumford, G.: Effect
of investment on casting high-fusing alloys. J Prosthet Dent 44:504, 1980.

5. Hinman, R. W., Tesk, J. A., Whitlock, R. P., Parry, E. E., and Durkowski,
J. S.: A technique for characterizing casting behavior of dental alloys.
J Dent Res 64:134, 1985.

6. Report on base metal alloys for crown and bridge applications: benefits

and risks. Council on Dental Materials, Instruments, and Equipment.

J Amer Dent Assoc 111:479, 1985.

7. Garrett, A. B., Lippincott, W. T., and Verhoek, F. H.: Chemistry, A
Study of Matter. 2dEd.,Xerox College Publishing Co., Lexington, KY , 1972.

8. Covington, J. S., McBride, M. A., Slagle, W. F., and Disney, A. L.:
Beryllium localization in base metal dental casting alloys. Abstract #49. .

J Dent Res 6 3(Special Issue):176, March 1984.

9. Covington, J. S., McBride, M. A., Slagle, W. F., and Disney, A. L.: .- ,.-

Quantization of nickel and beryllium leakage from base metal casting
alloys. J Prosthet Dent 54:127, 1985.

10. Association Report. Report on base metal alloys for crown and bridge .
applications: benefits and risks. J Am Dent Assoc 111:479, 1985.

EDITOR'S NOTE: The following Attachments provide comprehensive information on
four examples of the nickel-chromium-beryllium group; specifically, -

BAK-ON NP, BIOBOND II, LITECAST B, and REXILLIUM III. -

% 2.5.
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-SECTION 9: ATTACHMENT 1-.

IBAK-ON NP

I. GENERAL INFORMATION

ALLOY TYPE: "NOIN-PRECIOUS" ALLOY SYSTEM: lickel-Chromium-BeryIlium

ALLOY CONTENT: 77% Rickel, 13%~ Chromium, 5% Molybdenum, 1.8% Beryllium,

MANUFACTURER: TOLL,-FREE PHONE NUMBER: NONE

Johnson & Johnson COMMERCIAL PHONE NUMBER:
Dental Products Company 1-(201) 494-7311 Eastern
Ceramco, Inc. 1-(40O4) 233-5455 Southern
20 Lake Drive, CN 7060 1-(312) 654-0990 Midwestern
East Windsor, New Jersey 08520 1-(805) 497-4424 Western

TELEPHONE CONTACTS: REGIONAL SALES REPRESENTATIVES:

Metals Research and Development Area Technical Directors
l-(609) 443-3300

ALLOY INTRODUCED IN: Urspec.i icid F.D.A. LISTED: Yes, 19814

A.D.A. ACCEPTANCE OR PROVISIONAL ACCEPTANCE: "PROVISIONALLY ACCEPTABLE" (1981)

II. PHYSICAL DESCRIPTION

Ingot color - Platinum Ingot shape - Cube
Ingot weight - 2 dwt 15 grs - 2 dwt 1q. grs Ingots per ounce - 8 per oz
Ingot ide.; Lification - "BAK-ON" Alloy packaging- 1 or 10 troy oz

III. PHYSICAL AND MECHANICAL PROPERTIES *.

S3pecific gravity (density) - Yhic
Brinell ha rdness niumber 24 V0
Vickers hardness numbV-r 2fu0
Percentage elongatin n 1 ii )- 9
Ultimrtt(- tensile trength - i,55,0iO i)si
Yield strengtt (0. ?/' tte} -(~DOPSI

Pond strer.-.th - 15,-)OC( 1)
Coefficient of therrni xn.Iti-1 1_6 X 1,)_1 iin IC (20-600 Of')

MELTING HANGE O 2 j- F P; §i)O OFPhYi~-2 F
(1C 'I S4,~( UC)
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IV. WAXING AND SPRUING INS'lIJUCTION.3---BAK-ON NP

A. MINIMUM RECOMMENDED WAX THICKNES.:

1. SINGLE UNITS - 0.3 rum -

2. THREE-UNITS FIXED PARTIAL DENTURE' - i.:; m-'

3. FIXED PARTIAL DENTURES GREATER THAN j iil n;,- 1, 1'; mm.

B. RECOMMENDED SPRUING TECHNIQUE: .

1. SINGLE UNITS - Use DIRECT SPRUING. tt),&h n-or o-GAuoG RESERVOIR
sprue, 3/8-in.- 5/8-in. oy, t., your wax pattern;
and lute it to the spru, uoraie (ij. 4-1).

2. MULTIPLE SINGLE UNITS - Use INDIRECT PhIMING. Att ich an 3- or 10- 0
GAUGE sorue, 1/4 in. oo, to tih wix patterns; join .
these to a 6- or 8-GAIJGF countit,,r, or runner bar;
and use b- or 8-GAUGE oftse ru-' to join the sprue .,..-.

former to the runner batr (Pir.

3. FIXED PARTIAL DENTURES - Use INIf[E'}T hhli h ; .<o- u, above, but .
contour the runner bar t, t 'it- nI ration of the
fixed partial denturo; cut,; tn riwcx the bar to
e] iminate wax riemmcrv (}, 4-1)"

NOTE: The runner bar should be :h,, :, c. , m to the contour of the e..* 1P
fixed partial denture. If the bar mui t in, lwiil , tit-, .ut and rewax it
at each cut in order to destroy 'tnty meinor,. i. t. ,,-ix ( iy,. 4-<)"

. -. °%•

4. VENTING - You may use ani L--GAOGE, v t, .ini lih-.: t, th Lbial surface
of the aix pattern tti tit I I. I mm I i mI the Viinr ivai

edge .4 -v

5. WAX PATTERN POSITIONING - If tne WaJX , tI', I I - low in tri

casting ring, build oI th1 n i,- th wIx in"i
raise the pittern t,- witinii 14 iii. (.T Inf. top of tne
rin . Th is techniq e, wiLi a-, i Ii V t , i iri ti ' or,
-lnd th-- eictp f ,':., (iI. --. t. - i the lo w '
'. rui ig 5:/ t , sC tbh;, I ny f', L i' i i. in th, H EAi " .

(CEN iKR of thfl, cV.tin' r i ii-, l-ir t t l xW I ptttorns in
a '' O) ( P', I4 " i'. 4~ . -d w.

.-. - 'I...

,%. % j

. ' % . -fr -". ..-.. - .-. % -. -' ' -. -• . ._ -° . .. .".•-°.. . . . . . ~ . .
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V. INVESTMENT AND BURNOUT TECHINIQUE--BAK-ON NP

A. RECOMMENDED INVESTMENTS:

1. PHOSPHATE-BONDED INVESTMENTS: A NON-CARBON-containing phosphate-bonded -
investment (white color) is preferred. Increase burnout time if a
CARBON-containing investment (black color) is used.

NON-CARBON TYPE: SPECIAL LIQUID DISTILLED WATER

Hi-Temp (Whip-Mix) - 7.5 cc 2.0 cc

CARBON TYPE:

1. Biovest (Dentsply) - 11.0 cc 0

2. Deguvest HFG (Degussa) - 9.5 cc 0

3. Complete (Jelenko) - 5.25 cc 5.25

2. GYPSUM-BONDED INVESTMEIS: Not recommended for this alloy.

B. RECOMMENDED METHOD OF INVESTMENT: Manufacturer prefers the HYGROSCOPIC
technique, but we routinely use the HIGH-HEAT method.

C. MANUFACTURER'S RECOMMENDED ASBES'TOS SUBSTITUTE: Ceramic type. WET.

We recommend one WET layer of NON-ASBESTOS ring liner (Whip-Mix). You
may also use the Degussa Asbestos Free Liner or NOBESTOS (Jelenko). Place
the liner flush with the top of the casting ring, but lea ve at least
1/8-in, clearance at the bottom of the ring. The 1/8-in. clearance will .' --
help lock the investment in the ring when the investment expands (Fig.4-2).
If additional expansion is needed, use two layers of ring liner or more
of the special liquid.

D. BURNOUT TECHNIQUE:

PHOSPHATE-BONDED INVESTMENT: Start with a COLD oven (or an oven no
warmer than 200 OF(3 °C) and raise the temperature to i450 OF (7680C) Z
at the rate of 20 OF/min.

HEAT SOAK the ring(s) at 1450 OF ((ooc), " c..own:

a. 2in,1e rinE - I hr

b. Three units in a single ring - L hr ini i- mln

c. Multiple units, 2-3 rings - I hr plus I,) ain T each {Jiitional

Alf'-."

= " "%. ° % -% o.¢ , W" *%°..' ., " , ,.• " •" "°. ° %°.,. ."" .. .%-°° . .""." on
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VI. MELTING AND CASTING INSTRUCTIONS-AK-ON NP .

A. CASTING EQUIPMENT:

1. CASTING MACHINE (DO NOT USE A THERMATROL 2500 WITH CARBON CRUCIBLE):
a. Manufacturer's preferred casting equipment - Induction system

b. Alternative systems include- Centrifuge j,..

2. CASTING TORCH - HARRIS 16-S with #1390 H multi-orifice tip, or a
single orifice tip (National OX-5) adjusted to maximum length.

3. CASTING CRUCIBLES - Quartz or alumina, DO NOT USE CLAY OR CARBON.

B. QUANTITY OF ALLOY NEEDED:

1. VOLUME OF METAL NEEDED - Refer to conversion chart (Table 1).*
2. PREFERRED RATIO OF NEW METAL TO RECAST METAL - 50/50% by weight
3. MINIMUM RATIO OF NEW METAL TO RECAST METAL - 30/70% by weight.

C. MELTING AND CASTING TECHNIQUE (PROPANE preferred, NATURAL GAS adequate):

1. OXYGEN-GAS RATIO - 15-20 psi (OXYGEN) or 5-10 psi (PROPANE) 4' .'

2. SETTING CASTING MACHINE - Add one turn to casting machine to

compensate for the alloy's lower density. 4

3. FLAME ADJUSTMENT - Adjust torch to produce 1/h-in, inner blue cones,
and to create a distinct hissing sound. The actual 4'

cone length depends on the flow and the regulated -

pressure of both the oxygen and the gas (Fig. 4-12).

4. APPEARANCE OF THE MELT - Place the alloy in a preheated crucible, and
heat the metal with the tip of the reducing flame.
Move the torch in a circular motion to distribute
the heat evenly.

5. CASTING FLUX - Not recommended; do not disturb the oxide layer.

-' 6. WHEN TO CAST - The alloy will start to SLUMP, but ingots or buttons

will not pool. When the ingots lose their dark
appearance and RIPPLE under the oxide layer from the .-. ' .. -

pressure of the flame, transfer the ring to the cast- .. '
ing cradle and CAST IMMEDIATELY. MAW

7. RECOVERY OF CASTING - BENCH COOL; DO NOT QUENCH; DO NOT PICKLE.

D. INDUCTION CASTING (Start with a preheated crucible):
1. Set ARM SPEED between 475 and 500 rpm.
2. Set AMPS to 1.1.
3. Set TEMPERATURE to 2550 °F/1399 °C.
4. HEAT SOAK for 20-30 sec.

• At close of text. 229
.229
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VII. ADJUSTING AND FINISHIG-BAK-ON NP

A. REMOVING THE SPRUE:

1. SEPARATING DISC - Use any thin separating disc to cut off the sprue. . .. _

2. GRINDINGS - Use suction to remove grindings, and try to avoid mixing - "" -
non-precious with precious grindings.

B. FITTING THE CASTING:

1. REMOVE INTERNAL NODULES - Carefully inspect the inside of each casting
under magnification, and remove any irregularities.

2. EVALUATE THE FIT - Verify an acceptable level of occlusal/incisal seat
and marginal seal, before proceeding to any additional
finishing steps.

3. QUALITY CONTROL CHECK - Unsatisfactory castings (poor fit, overheated ,-.
alloy, porosity) should be remade.

4. INITIAL OCCLUSAL ADJUSTMENT - Articulate the casting and refine the
occlusion, as necessary.

C. FINISHING THE CASTING"

1. STONES AND WHEELS - Use Ceramco Diamond Sintered Instruments or . •
other non-contaminated abrasives. All metal surfaces
should be dressed with a hard rubber wheel (Dedeco, or
equivalent) until all scratches are removed.

2. POLISHING - Use removable partial denture polishing compounds, such
as Ti-Cor and Ti-Hi (Ticonium).

NOTE: Non-precious alloys are more difficult to adjust, polish, and finish
than their precious alloy counterparts. Therefore, allow additional time
for these steps. This alloy also contains NICKEL and BERYLLIUM, so special
handling is recommended: use central evacuation (suction); limit grinding
to as few areas as possible; and wear protective eyewear, mask, and
laboratory coat. t, -,-

3. AVOID METAL CONTAMINATION - Set aside a set of finishing stones for
this particular alloy to prevent contamination of
the metal.

4. ADJUSTMENT TECHNIQUE - Use the uncontaminated aluminum oxide abrasives I..-

to produce a smooth, even textured surface for all
porcelain-bearing areas. Finish the metal surface
in one direction, using light pressure.

230
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VIII. PREPARATION OF THE METAL FOR PORCEIN-BAK-ON NP

A. PREPARATION OF THE METAL SUBSTRATE:

1. NON-PORCELAIN BEARING SURFACES - Rubber wheel all non-porcelain bearing
areas (lingual/occlusal surfaces, interproximal struts, 0
and metal collars), to remove all scratches prior to
the application f porcelain.

. 2. PORCELAIN-BEARING SURFACES - Air-abrade the finished metal surfaces with
a 50-)pm non-recycled, uncontaminated aluminum oxide
(white) abrasive under 75 psi.

3. CLEANING - Steam clean the metal substrate, or place in distilled water '-.
in an ultrasonic unit for 10 min, after rubber-wheeling
and air-abrading.

B. OXIDATION (DEGASSING) OF THE METAL SUBSTRATE: "

1. LOW temperature setting - Preheat oven to 1200 OF (649 OC) .. .

2. HIGH temperature setting - 1800 OF (982 OC)

4 4
3. Rate of rise - 70-80 OF/min (21-27 OC/min)

4. Atmosphere - FULL VACUUM (26-28 in. of Hg)

5. HOLD time at HIGH temperature - 0

6. Appearance of the oxide layer: .,.

a. A PROPERLY oxidized layer - STRAW color (gray-yellow to

gray-brown)

b. An OVERoxidized layer - REDDISH BROWN color
(air-abrade; clean; and reoxidize at a lower temperature)

c. An UNDERoxidized layer - BLUISH color
(reoxidize at a higher temperature)

C. POST-OXIDATION TREATMENT:

RETAIN THE OXIDE LAYER - You may apply opaque porcelain directly over

the oxide layer. '."-:"

21- .
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IX. PORCELAIN COMPATIBILITY PROFILE-BAK-ON NP

A. PORCELAIN SYSTEM COMPATIBILITY CHART: The following information has been
provided by the alloy manufacturer (X):0%.

DENTA PORCELAIN PORCELAIN COMPATIBILITY

YES NO MARGINAL UNKNOWN

1. ARTIS-TECH (Jeneric) X

2. BIOBOUD (Dentsply) X

3. CERAMCO (Johnson & Johnson) X

4. CRYSTAR (Unitek) X

-C5. JELENKO (Jelenko) X
9. Low- X*.. *

6. (BIOBOUD) SHADE4ATIE (Dentsply) Reg- -

7. VITA (Vident) X

B.8. WILL-CERAM (Williams) X

B.KNOWN OR SUSPECTED PORCELAIN-METAL INCOMPATIBILITIES: 9
The coefficient of thermal expansion of Bak-On NP does not match that of
Crystar, Jelenko, or Vita porcelain; and porcelain fracture may occur
with multiple unit castins.

'IS

- ~ C. SPECIAL HANDLING INSTRUCTIONS: None%

2329
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*.., . .

X. PRE-SOLDERING INSTRUCTIONS-BAK-ON NP

A. RECOMMENDED MATERIALS: -

1. SOLDERS - Use BAK-ON High Fusing Solder (flows at 1840 OF/1004 0C)

2. FLUX - BAK-ON High Temp Flux (contains fluoride)

3. INVESTMENT - Manufacturer recommends a SOLDERING investment.
(Do NOT use casting investments, since they have excessive permanent
expansion which could result in improper fit.)

?-. -.'.<

B. SOLDERING TECHNIQUE: For precise heating, use the Magic Wand torch " , -"
(Williams) with its #248 soldering tip, the HARRIS 16-S torch and the
2N tip, or a NATIONAL OX-l or OX-2 tip.

1. Lightly grind all surfaces to be soldered to remove surface oxides.

2. Create a GAP DISTANCE of 0.3 to 0.4 mm.

3. Join unit% to be pre-soldered,with quick cure acrylic resin (Duralay)
or sticky wax and invest in a soldering investment.

4. Remove wax; thoroughly clean the areas to be soldered.

5. Prehc1 . the invested casting to 600 OF (316 OC).

6. Place soldering flux (mixed with distilled water) on the areas to be
soldered and on the soldering rod.

7. Use a gas and oxygen soldering torch and 3-5 psi OXYGEN.

8. Using the REDUCING flame, heat the area to be soldered. Introduce the
fluxed solder rod, and solder should flow into joint. .. .

9. Remove flame AS SOON AS the solder flows (thus minimizing excess solder).

10. BENCH COOL; divest, and finish with non-contaminating abrasives.

... - -j. . ..

. 'o , . . . .
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XI. POST-SOLDERING INSTRUCTIONS-AK-ON NP

A. RECOMMENDED MATERIALS:

1. SOLDERS - MASTERCAST White Low Fusing Solder (flows at 1325 °F/718 0C); %

MASTERCAST 650 Solder (liquidus is 1470 °F/799 oC); or
MASTERCAST 615 Solder (liquidus is 1500 °F/816 °C)

2. FLUX - BAK-ON Low Fusing Solder
I.7

3. INVESTMENT - Manufacturer recommends a SOLDERING investment. -"

(Do NOT use casting investments, since they have excessive permanent. -
*. expansion which could result in improper fit.)

B, SOLDERING TECHINQUE: Use a porcelain furnace with a muffle view port to
Smonitor the soldering process.

. 1. Lightly grind all surfaces to be soldered to remove any oxides,

polishing agents, or other contaminants. .

.r. 2, Create a GAP DISTANCE of 0.3 to 0.5 mm.

3. Join the units with quick cure acrylic resin (Duralay) or sticky wax. 4

(It is helpful to provide the dental laboratory with a soldering index,
in case it becomes necessary to separate the units.)

4. Invest in a SOLDERING investment. Do NOT use a high-heat casting
investment. Be sure to protect the porcelain by covering it with a
thin layer of wax.

5. Allow the investment to set for at least 30 min.

6. Boil out the sticky wax; and remove any acrylic resin with a Robinson

brush and isopropanol.

7, Dry excess water, and lightly apply flux to the joint areas.

8, Preheat the investment in the muffle entrance; and introduce the units
into a furnace set at 1000 OF (538 °C) over a 5-min period.

-- 9. Raise the temperature of the porcelain furnace to 1550 OF (843 OC) at look'"

the rate up to 100 OF (55 °C) per minute for MASTERCAST White Solder
and to 1650 OF (899 °C) for MASTERCAST 650 or 615.

10. Once the solder has flowed, position the units in the muffle entrance.
4" "' " .4 %. 

%

11, Begin a 5-min cool down to allow the invested units to cool slowly-
(To avoid porcelain cracking--do not rush the case at this stage.)

12. Once at room temperature, remove the investment, finish, and polish
the metal.

234
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BIOBOND II

I. GENERAL INFORATION "p ii -

ALLOY TYPE: "NON-PRECIOUS" ALLOY SYSTEM: Nickel-Chromium-Berylliun

ALLOY CONTENT: 80.7% Nickel, 13.5% Chromium, 4% Vanadium, and 1.8% Beryllium

MANUFACTURER:

Dentsply International, Inc. TOLL-FREE PHONE NUMBER:
570 West College Avenue 1-(800) 233-9454, ext.511
P.O. BOX 872
York, Pennsylvania 17405 COMMERCIAL PHONE NUMBER:

1-(717) 845-7511, ext. 511

TELEPHONE CONTACTS: REGIONAL SALES REPRESENTATIVES:

Mr. John Appelbaum Yes

ALLOY INTRODUCED IN: September 1982 F.D.A. LISTED: Yes

A.D.A. ACCEPTANCE OR PROVISIONAL ACCEPTANCE: "PROVISIONALLY ACCEPTABLE"
February 1984

II. PHYSICAL DESCRIPTION

Ingot color - Platinum Ingot shape - Raised rectangle
Ingot weight - 3 dwt 1 gr to 3 dwt 9 gr Ingots per package - Thirteen per -
Ingot Identification - Roman numeral II 2-oz package .. .

appears on second tier Alloy packaging - 2-troy-oz packages ,

III. PHYSICAL AND MECHANICAL PROPERTIES

Specific gravity (density) - 7.81 g/cc ... *

Brinell hardness number - 294
Vickers hardness number - 310 '.
Percentage elongation (in 1 in.) - 9% owl
Ultimate tensile strength - 130,000 psi
Yield strength (0.2% offset) - 85,000 psi -.

Bond strength - No value available
Coefficient of thermal expansion - Proprietary information

,

MELTING RANGE - 2140-2250 OF CASTING TEMPERATURE - 2650 OF (1452 OC)
(1170-1230 OC) (Induction casting only)

235
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IV. WAXING AND SPRUING INSTRUCTIONS-BIOBOD II

A. MINIMUM RECOMMENDED WAX THICKNESS:

1. SINGLE UNITS - 0.3 mm -

2. THREE-UNITS FIXED PARTIAL DENTURES - 0.3 to 0.5 mm

3. FIXED PARTIAL DENTURES GREATER THAN 3 UNITS - 0.3 to 0.5 mm.

B. RECOMMENDED SPRUING TECHNIQUE:

1. SINGLE UNITS - DIRECT SPRUING: Use an 8- or 10-GAUGE reservoir sprue,
attached to the thickest part of the wax pattern. If
you elect to fashion your own reservoir, make sure it
is equal in diameter to the thickest part of the wax
pattern, and is positioned 1.5 mm from the pattern.
Allow about 1/h-in. (6-mm) space between the top of
the wax pattern and the top of the casting ring
(Fig. 4-1).

2. MULTIPLE SINGLE UNITS - INDIRECT SPRUING is recommended for multiple
units with 10-GAUGE 1/4-in, length sprues to each unit
connected to an 8-GAUGE runner bar, which is attached
to the sprue former by offset 8-GAUGE sprue leads.
Extend the length of the runner bar slightly beyond the
width of the units at each end. Leave 1/h-in. space
between the top of the wax pattern and the top of the
casting ring (Fig. 4-2).

3. FIXED PARTIAL DENTURES - INDIRECT SPRUING is also recommended for
fixed partial dentures with 10-GAUGE 1/h-in, length
sprues attached to each unit connected to an 8-GAUGE . .
runner bar, which is joined to the sprue former by -'

offset 8-GAUGE sprue leads. Extend the length of the
runner bar slightly beyond the width of the units at
each end (Fig. 4-2).

NOTE: The runner bar should be shaped to conform to the contour of the - -

fixed partial denture. If the bar must be bent, then cut and rewax it
at each cut in order to destroy any memory in the wax (Fig. 4-2).

4. VENTING - Is not required.

5. WAX PATTERN POSITIONING - If the wax pattern is seated too low in ' :-
the casting ring, build up the sprue former with wax
and raise the pattern to within 1/h in. of the top of
the ring. This technique will facilitate wax elimina-
tion and the escape of gases. ' -N
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SV. IB 1MN ADD BURNOUT TECBNIQUIE-BIOBOUD II

A. RECOMMENDED INVESTMENTS:

1. PHOSPHATE-BONDED INVESTMENTS: The manufacturer does not market a
NON-CARBON containing casting investment, and does NOT require the -
use of such investments with this nickel-base alloy. '"-

NON-CARBON TYPE: SPECIAL LIQUID DISTILLED WATER

Not tested with this alloy.

CARBON TYPE:

Biovest (Dentsply) - 11.0 cc 0

2. GYPSUM-BONDED INVESTMENTS: Not recommended for this alloy.

B. RECOMMENDED METHOD OF INVESTMENT: HIGH-HEAT rather than Hygroscopic

C. MANUFACTURER'S RECOMMENDED ASBESTOS SUBSTITUTE: KAOLINER (Dentsply), DRY

We recommend one WET layer of NON-ASBESTOS ring liner (Whip-Mix) or other
asbestos substitute. Place liner flush with the top of the casting ring,
but leave at least a 1/8-in, clearance at the bottom of the ring. The 1/8- .-
in. clearance will help lock the investment in the ring when the investment
expands (Fig. 4-2). If additional expansion is needed, use two layers of an
asbestos substitute, or more of the undiluted special liquid.

D. BURNOUT TECHNIQUE:

PHOSPHATE-BONDED INVESTMENT: Start with a ROOM TEMPERATURE oven, raise
the temperature to 1550 °F/843 °C at the rate of 25 OF per min, and
HEAT SOAK as follows:

a. Single ring - 1 hr

b. Three units in a single ring - 1 hr

c. Multiple units, 2-3 rings - 1 hr plus 10 min for each
additional ring.

237
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4
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,

VI. MELTING AiD CASTING INSTRUCTIONS-BIOBOD 
II ' _

A. CASTING EQUIPMENT:

1. CASTING MACHINE (DO NOT USE A THERMATROL 2500 WITH A CARBON CRUCIBLE):
a. Manufacturer's preferred casting equipment - Centrifuge
b. Alternative systems include - Induction system

2. CASTING TORCH - Harris 16-S Torch with #1390 H multi-orifice tip
3. CASTING CRUCIBLES - Quartz, alumina, or clay. DO NOT USE GRAPHITE.

B. QUANTITY OF ALLOY NEEDED:

1, VOLUME OF METAL NEEDED - Refer to conversion chart (Table 1)*
2. PREFERRED RATIO OF NEW METAL TO RECAST METAL - 50/50% by weight
3. MINIMUM RATIO OF NEW METAL TO RECAST METAL - 50/50% by weight.

C. MELTING AND CASTING TECHNIQUE:

1 OXYGEN-GAS RATIO - 15 psi OXYGEN with natural gas or 5 psi PROPANE.

2. SETflNG CASTING MACHINE - 3-1/2 or 4 turns are ample.-1/2or 4 turns aremp

3. FLAME ADJUSTMENT - Adjust the multiple light blue inner cones to 1/h-in. ..
lengths. The REDUCING ZONE should be an additional
2-1/2-in., with the OXIDIZING ZONE beyond that for a
maximal flame length of approximately 8 in. A distinct
hissing sound should be noted when the flame has been
adjusted correctly. ,"

4. APPEARANCE OF THE MELT - Position the inner blue cone tips 1-1/2 to
2 in. from the alloy to be melted, and rotate the torch .. .,

in circular motion to distribute the heat evenly. As .:. .
the alloy begins to SLUMP, an oxide layer will develop
and the individual ingots will NOT flow together. %

5. CASTING FLUX - Not recommended.

6. WHEN TO CAST - When the molten alloy under the oxide surface ROLLS
and MOVES with the motion of the torch and SMALL
SEPARATIONS of the oxide occur, you are READY TO CAST.

7. RECOVERY OF CASTING - ALLOW TO BENCH COOL; DO NOT QUENCH; DO NOT PICKLE.

D. INDUCTION CASTING (Start with a preheated crucible): Ile

1. Set ARM SPEED between 425 and 450 rpm. , %
2. Set POWER CONTROL (amperage) to HIGH.

3. Set TEMPERATURE to 2650 OF/lh54 oC with a maximum of 5-sec HEAT SOAK.
4. When alloy is PULSATING, you may CAST.

• At close of text.
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VII. AWUSTING AND FINISHING-BIOBOND II
-% - %%

A. REMOVING THE SPRUE: ..

1. SEPARATING DISC - Use a Faskut #8 metal cut-off disc (Dentsply) or ___ ,
other similar separating disc to cut off the sprue. ..-

2. GRINDINGS - Use suction to remove grindings, and try to avoid mixing
non-precious with precious grindings.

- -.t -)<

B. FITTING THE CASTIhG: .

1. REMOVE INTERNAL NODULES - Carefully inspect the inside of each casting
under magnification, and remove any irregularities.

2. EVALUATE THE FIT - Verify an acceptable level of occlusal/incisal seat

and marginal seal, before proceeding to any additional
finishing steps. '

3. QUALITY CONTROL CHECK - Unsatisfactory castings (poor fit, overheated

alloy, porosity) should be remade.

4. INITIAL OCCLUSAL ADJUSTMENT - Articulate the casting and refine the 4
occlusion, as necessary.

- , " .

C. FINISHING THE CASTING: ".'

1. STONES AND WHEELS - For bulk metal removal, use Faskut #10 wheel
(Dentsply), Faskut Bornide Mounted Points, or other similar materials.

2. POLISHING - Use removable partial denture polishing compounds, such " -"
as Ti-Cor and Ti-Hi (ticonium). ' '-.

NOTE: Non-precious alloys are more difficult to adjust, polish, and
finish than their precious alloy counterparts. Therefore, allow more ...
time for these steps. This alloy also contains NICKEL and BERYLLIUM, so
special handling is recommended: use central evacuation (suction); ".-...
limit grinding to as few areas as possible; and wear protective eyewear,
mask, and a laborabory coat.
3. AVOID METAL CONTAMINATION - Put aside a set of finishing stones for

this particular alloy, to prevent contamination of
the metal.

4. ADJUSTMENT TECHNIQUE - Use the uncontaminated aluminum oxide abrasives
to produce a smooth, even textured surface for all
porcelain-bearing areas. Finish the metal surface
in one direction, using light pressure.
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.,

VIII. PREPARATION OF THE METAL FOR PORCELAIN-BIOBOUD II

A. PREPARATION OF THEMEALSUSTAT- .

1. NON-PORCELAIN BEARING SURFACES - Rubber wheel all non-porcelain bearing
areas (lingual/occlusal surfaces, interproximal struts,
and metal collars) to remove all scratches prior to
the application of porcelain.

2. PORCELAIN-BEARING SURFACES - Air-abrade the finished metal surfaces with
a 50-)pm non-recycled, uncontaminated aluminum oxide
(white) abrasive under a minimum of 75 psi. .

3. CLEANING - Steam clean the metal substrate, or place in distilled water
in an ultrasonic unit for 10 min, after rubber wheeling
and air-abrading.

B. OXIDATION (DEGASSING) OF THE METAL SUBSTRATE:

1. LOW temperature setting - Preheat oven to 1740 OF (950 °C)

2. HIGH temperature setting - 1740 OF (950 °C)

3. Rate of rise - 0

4-/ 4. Atmosphere - FULL VACUUM (26-28 in. of Hg)

5. HOLD time at HIGH temperature - 10 min (release vacuum slowly andremove casting )•

6. Appearance of the oxide layer:

a. A PROPERLY oxidized layer - LIGHT BLUE color (new metal)
(Slightly darker if 50% remelt - -

is used)

b. An OVERoxidized layer, and Both would have a BLUE hue. The only
c. An UNDERoxidized layer - possible change would be in the chroma,

or depth of the blue.

NOTE: The overoxidized unit would have a deep blue oxide, and the
underoxidized oxide would have a lighter blue oxide layer.

C. POST-OXIDATION TREATMENT:

RETAIN THE OXIDE LAYER - You may apply opaque porcelain directly over the
oxide layer. (If the casting has been pre-soldered,
then AIR-ABRADE the metal to remove the oxide, prior
to the application of opaque.)

2..4o" " 240
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D1. PORCELAIN COMPATIBILITY PROFILE-BIOBOND II

A. PORCELAIN SYSTEM COMPATIBILITY CHART:The following information has been
provided by the alloymauctrr()

DENTAL PORCELAIN PORCELAIN COMPATIBILITY .

YES NO MARGINAL UNKNOWN

1. ARTIS-TECH (Jeneric) X

2. BIOBOND (Dentsply) X

3. CERAMCO (Johnson & Johnson) X

4. CRYSTAR (Unitek) X

5. JELENKO (Jelenko) X
Low- X,.

6(BIOBOND) SHADD4ATE (Dentsply) Reg- X

7. VITA (Vident) x -

8. WILL-CERAM4 (Williams) x

B. KNOWN OR SUSPECTED PORCELAIN-METAL INCOMPATIBILITIES:

Do not use Shademate Low build-up porcelain.

C . SPECIAL HANDLING INSTRUCTIONS: None
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X. PRE-SOLDERING INSTRUCTIONS-BIOBOND II

A. RECOMMENDED MATERIALS:

1. SOLDER - BIOBOND NC High-Fusing Non-Precious Presolder - '
(flows 2100 OF/1149 oc)

2. FLUX - BIOBOND NC Flux
3. INVESTMENT - BIOVEST Soldering Investment (Dentsply), mixed with

12 cc water per 100 grs powder.

B. SOLDERING TECHNIQUE: For precise heating, use the MAGIC WAND torch _
(Williams) with its #248 soldering tips, or the HARRIS 16-S torch
with a 2N tip.

1. Grind, with fine aluminum oxide stones, all surfaces to be soldered.
This process will remove debris and oxide contaminants.

2. Create a GAP DISTANCE of approximately 0.25 mm.

3. Invest in BIOVEST soldering investment; allow to set for 30 min;
then fashion access to the solder joint before final set.

4. Boil out wax and pieces of investment to clean the joint area. (If Ab
Duralay is used to join the units, heat to 900 °F/482 °C and clean.)

_.,. +-..-. -.. <

5. Apply BIOBOND C&B Fluoride Soldering Flux, and let dry for 15 min.

6. Transfer patty to a room temperature burnout furnace; increase the -
temperature to 800 OF (427 OC); and IMMEDIATELY PROCEED WITH SOLDERING 9
when you reach 800 OF. DO NOT HEAT SOAK.

7. USE 5 psi (OXYGEN) with NATURAL gas or 5 psi PROPANE. . -

8. Establish fine blue inner cone flame(s), extending 3/4 in. in length.
Apply even heat to joint, until alloy becomes a DULL RED color.

9. Keep torch on the joint, and position a fluxed solder rod on the joint. ..-..

IMPORTANT: Place the inner blue tip of the flame (hottest part) to the .' .'.-
joint and fluxed solder rod. PUSH the ball of molten solder directly-....-
into the joint gap. Remove the solder rod by breaking it away.

10. Move inner blue cone tip back 1 in. (REDUCING ZONE), and maintain heat
until solder has flowed completely. Use only the REDUCING ZONE to
prevent GAS CONTA1MINATION.

11. Remove torch; BENCH COOL; adjust and clean in an ultrasonic unit, for
5-10 min, to remove all traces of flux and investment. ".9-

12. Total elapsed time for soldering should be approximately 30 sec.
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XIo POST-SOLDERING INSTRUCTIONS-BIOBOND II

A, RECOMMENDED MATERIALS:

1. SOLDER - Use 615 Solder (flows at 1350 °F/732 °C) :
2. FLUX - BIOBOND C&B Fluoride Flux

I3o .NVESTMENT - Use BIOVEST Soldering Investment rather than a high-heat
phosphate-bonded casting investment.

B, SOLDERING TECHNIQUE: We recommend a porcelain furnace with a view port to
nonitor the soldering process. The manufacturer considers the use of a ...9
view port to be optional.

1, Remove any edges, debris, or porcelain covering the metal surfaces

to be soldered. """

2. Create a GAP DISTANCE of 0.25 mm. *.

3, Cover all porcelain with sticky wax to prevent possible investment
contamination or discoloration of the glazed porcelain.

4. Invest the units in BIOVEST So]dering Investment.

5, Boil out wax and pieces of investment to clean the joint area. (If
Duralay is used to join the units, heat to 900 °F/482 °C and clean.) .. ..e

6. Flux the areas to be soldered.

7, Cut several 1/8-in, to 1/4-in, pieces of 615 solder, and place them .
in the joints to be soldered.

8, Place the invested units in the front of an opened porcelain furnace
muffle, and preset to a temperature of 600 OF (3160C) (manual oven with
horizontal muffle). The preset temperature may be as high as 900 OF
(8420C) for automatic ovens, or variations in the horizontal muffle.

9. Hold at the muffle entrance for 15 min. HEAT THE WORK SLOWLY AND
CAREFULLY TO PREVENT PORCELAIN CHECKING AND CRACKING.

10. Gradually introduce the investment block into the muffle, and increase

the temperature to 1550 OF (843 °C).

i1, You may proceed with or without vacuum.

12. Once 1550 OF (843 OC) has been reached, HOLD for 1 min.

13, Inspect the soldered units, and BENCH COOL before devesting.

i4, Finish the soldered joints with stones, rubber wheels; and polish to
a high shine.

24371C
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LITECAST B

. I~~. GENRAL INFRKATION .. ..
ALLOY TYPE: "NON-PRECIOUS" ALLOY SYSTEM: Nickel-Chromium-Beryllium

I. GENERAINFORM.TIO

ALLOY CONTENT: 77.5% Nickel, 12.5% Chromium, 4% Molybdenum, and 1.7% Beryllium . -'
with 4.3% Aluminum, Iron and Silicon

MANUFACTURER: TOLL-FREE PHONE NUMBER:
I_1-(800) 828-1003.-. ..

Williams Gold Refining Co. 1-(800) 462-7688 (in New York State)
2978 Main Street 1-(800) 852-7o66 (in California).,.--

Buffalo, New York 14214 1-(800) 824-7925 (west of the Rocky -

Mountains) .- .- -**

COMMERCIAL PHONE NUMBER:
1-(716) 837-1000 ,e

TELEPHONE CONTACTS: REGIONAL SALES REPRESENTATIVES: . .

Education Department Yes .. '-.'

1-(800) 828-1538 ' '

" ALLOY INTRODUCED IN: February 1980 F.D.A. LISTED: Yes

A.D.A. ACCEPTANCE OR PROVISIONAL ACCEPTANCE: "ACCEPTABLE" (1983)
4,'.

II. PHYSICAL DESCRIPTION

Ingot color - Platinum Ingot shape - Cylinder
Ingot weight - VARIES, 2 dwt 14 gr to 3 dwt Ingots per ounce - 8 per oz
Ingot Identification - " W Alloy Packaging- 1-, 2- or 5-troy-

L C oz packages
B

III. PHYSICAL AND MECHANICAL PROPERTIES --"-

Specific gravity (density) - 7.4 g/cc * '.-
Brinell hardness number - Not determined

-' Vickers hardness number - 335 (after porcelain application) ... " -.
-

.'

* Percentage elongation (in 1 in.) - 12%
Ultimate tensile strength - 172,000 psi (after porcelain application)
Yield strength (0.1% offset) - 112,000 psi (after porcelain application)
Bond strength - No value available
Coefficient of thermal expansion - No value available.

* MELTING RANGE - 2120-2330 OF CASTING TEMPERATURE - 2450 OF ' "

(1161-1277 OC) (1343 °C)

244
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IV. WAXING AND SPRUING INSTRUCTIONS-LITECAST 4B

A. MINIMUM RECOMMENDED WAX THICKNESS: -

1. SINGLE UNITS - 0.3 mm

2. THREE-UNITS FIXED PARTIAL DENTURES - 0.5 mm . "

3. FIXED PARTIAL DENTURES GREATER THAN 3 UNITS - 0.5 mm.

B. RECOMMENDED SPRUING TECHNIQUE: -

1. SINGLE UNITS - Use an INDIRECT technique, with 8-GAUGE connector ....

sprues, 2-3 mm in length, to each pattern; and .

attach them to a 6-GAUGE runner bar (distribution

channel). Attach the runner bar to the sprue former
with two offset 6-GAUGE lead sprues (Fig. 4-2).

2. MULTIPLE SINGLE UNITS - Use INDIRECT spruing technique, with 8-GAUGE ..
connector sprues, 2-3 mm in length, to each pattern;
and attach them to a runner bar (distribution channel). ...

Attach the runner bar to the sprue former with two
offset 6-GAUGE lead sprues. -

3. FIXED PARTIAL DENTURES - Use INDIRECT spruing technique, with 8-GAUGE
connector sprues, 2-3 mm in length, to each wax pattern.
Attach them to a runner bar (distribution channel) which j..;'

extends slightly beyond the ends of the patterns. -

NOTE: Adjust the connector or runner bar to conform to the contour of

the fixed partial denture; cut the bar; and rewax it to eliminate wax
memory. Design any INDIRECT spruing system so the runner bar is in the '..'..

heat center of the casting ring (Fig. 4-2).

4. VENTING - You may include a blind vent, attached to the thickest por-

tion of each wax pattern, to help cool the restoration

first. However, this step is not required.

5. WAX PATERN POSITIONING - If the wax pattern is seated too low in the
casting ring, build up the sprue former with wax and
raise the pattern to within 1/4 in. of the top of the

ring. This technique facilitates casting solidifica-
tion and the escape of gases. Design the spruing system . -

so that any reservoir is in the HEAT CENTER of the .

casting ring, with the wax patterns in a "COLD ZONE"
(Fig. 4-2).° -

I.07
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V. INVESTMENT AND BURNOUT TECHNIQUE-LITECAST B

A. RECOMMENDED INVESTMENTS:

1. PHOSPHATE-BONDED INVESTMENTS: A NON-CARBON-containing investment (white
color) is preferred. Increase burnout time if a CARBON-containing in-
vestment (black color) is used.

NON-CARBON TYPE: SPECIAL LIQUID DISTILLED WATER . .1

a. Vestra-fine (Unitek) - 7.75 cc 7.75 cc

b. Hi-Temp (Whip-Mix) - 4.5 cc 4.5 cc

CARBON TYPE:

Not used with this alloy. 0

2. GYPSUM-BONDED INVESTMENTS: Not recommended for this alloy.

B. RECOMMENDED METHOD OF INVESTMENT: HIGH-HEAT

C. MANUFACTURER'S RECOMMENDED ASBESTOS SUBSTITUTE: Unspecified.

We prefer to use one WET layer of NON-ASBESTOS ring liner (Whip-Mix),
rather than ASBESTOS FREE LINER (Degussa), NOBESTOS (Jelenko), or
KAOLINER (Dentsply). Place the liner flush with the top of the casting
ring, with at least 1/8-in, clearance at the bottom of the ring. The4. ". -' '-
1/8-in, clearance will lock the investment in the ring when the investment
expands.

D. BURNOUT TECHNIQUE:

PHOSPHATE-BONDED INVESTMENT: Use a TWO-STAGE BURNOUT TECHNIQUE; start
with a COLD oven; raise temperature to 500 OF (260 OC) at the rate of
25 OF/min.; HEAT SOAK at Stage One; raise the temperature to 1500 OF '
(815 °C) at the rate of 25 OF/min; and HEAT SOAK again, as indicated:

Time at 500 °F(260 0C) Time at 1500 °F(815 °C)

a. Single units - 30 min 45 min

b. Three units in a single ring - 30 min 45 min

c. Multiple units, 2-3 rings - 30 min 45 min

.:'(., -:.
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VI. MELTING AND CASTING INSTRUCTIONS-LITECAST B "

A. CASTING EQUIPN.ENT:

1. CASTING MACHINE (DO NOT USE THERMATROL 2500 WITH CARBON CRUCIBLE):
a. Manufacturer's recommendation - Williams Inductocast Machine
b. Alternative systems include - Centrifuge

2. CASTTNG TORCH - Harris 16-S with a #1390 H multi-orifice tip.
(Williams recommends their MAGIC WAND Torch.) '-.-. .

3. CASTING CRUCIBLES - Quartz or alumina.

B. QUANTITY OF ALLOY NEEDED:

1. VOLUME OF METAL NEEDED - Refer to conversion chart (Table i).*-
2. PRERRED RATIO OF NEW METAL TO RECAST METAL -50/50% by weight.- %3. MNIMUM RATIO OF NEW METAL TO RECAST METAL - 50/50% by weight.

C. MELTING AND CASTING TECHNIQUE:

1. OXYGEN-GAS RATIO - Use 10 psi OXYGEN and 5 psi NATURAL GAS.

2. SETTING CASTING MACHINE - Add 1 extra turn for the alloy's lower density.

3. FLAME ADJUSTMENT - The multiple light blue inner cones should be set to
1/2- to 3/4-in. lengths with a maximum flame length of
10-1/2 to 10-3/4 in.(Fig. 4-12). r "

4. APPEARANCE OF THE MELT - Place ingots in the crucible on their rounded .

edge, and direct the flame to the larger flat surface. ,.'
Put recast alloy (buttons) on the BOTTOM, and ingots %
on TOP; but ensure TIGHT CONTACT. Hold the torch tip
2 in. above the metal, with the flame perpendicular to
the alloy. Guide the flame in a slight circular , -

motion, with alloy in the REDUCING ZONE of the flame.

5. CASTING FLUX - Do NOT use casting flux or attempt to remove oxides.

6. WHEN TO CAST - When the ingots are RED HOT, reduce the rotation, but
maintain in the REDUCING ZONE. The tops of the ingots
will turn WHITE HOT; the WHITE HEAT will spread through-
out the ingots; the tops will begin to SLUMP; and the .-.-
WHITE HEAT will spread to the bottom of the ingots.
When the ingots COLLAPSE, they are ready to cast. THE -
FORMATION OF AN OXIDE LAYER IS NORMAL. -:--

7. RECOVERY OF CASTING - BENCH COOL; DO NOT QUENCH; DO NOT PICKLE.

D. INDUCTION CASTING: .. .
1. Set speed between 400 and 500 RPM. _____'_
2. Set temperature to 2450 OF (1345 °C).
3. CAST at temperature. % %

At close of text. V, *,,,4 j'
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-SECTION 9: ATTACHMENT 3-- "

VII. ADJUSTING AND FINISHING-LITECAST B

A. REMOVING THE SPRUE: .-.

1. SEPARATING DISC - Use any thin separating disc of your choice. k-' -.

2. GRINDINGS - Use central air evacuation to remove grindings, and
avoid mixing non-precious with precious materials. .-. ,

B. FITTING THE CASTING:

1. QUALITY CONTROL CHECK - Unsatisfactory castings (poor fit, overheated
alloy, porosity) should be remade. A THICK CASTING
OXIDE is the best evidence of overheating, prolonged '

heating, or improper spruing. When the investment is .
difficult to remove from the casting and literally
adheres to the surface, the alloy was overheated.

2. REMOVE INTERNAL NODULES - Carefully inspect the inside of each casting * .

under magnification, and remove any irregularities.

3. EVALUATE THE FIT - Verify an acceptable level of occlusal/incisal seat 44-"-A

and marginal seal, before proceeding to any additional
finishing steps. . -. _. .. ',

4. INITIAL OCCLUSAL ADJUSTMENT - Articulate the casting and refine the "
occlusion, as necessary. .-

C. FINISHING THE CASTING:

1. STONES AND WHEELS - Use stones, carbide burs, and burlew wheels.

2. POLISHING - Use removable partial denture polishing compounds, such .

as Ti-Cor and Ti-Hi (Ticonium), rather than Buffing
Bar Compound (BBC).

NOTE: Non-precious alloys are more difficult to adjust, polish, and finish -'"
than their precious alloy counterparts. Therefore, allow additional time
for these steps. Litecast B also contains NICKEL and BERYLLIUM, so
special handling is recommended: use central evacuation (suction); limit
grinding to as few areas as possible; and wear protective eyewear, a mask, , I
and a laboratory coat.

3. AVOID METAL CONTAMINATION - Set aside a set of finishing stones for
this particular alloy, to prevent metal contamination.

4. ADJUSTMENT TECHNIQUE - Use the uncontaminated aluminum oxide abrasives
to produce a smooth, even textured surface for all -
porcelain-bearing areas. Finish the metal surface in
one direction.
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-SECTION 9: ATTACHMENT 3--

VIII. PREPARATION OF THE METAL FOR PORCELAIN--LITECAST B

A. PREPARATION OF THE METAL SUBSTRATE:

1. NON-PORCELAIN BEARING SURFACES - Rubber wheel all non-porcelain bearing
areas (lingual/ocolusal surfaces, interproximal struts, -

and metal collars) to remove all scratches prior to,-
the application of porcelain.

2. PORCELAIN BEARING SURFACES - Air-abrade the finished metal surfaces with
a 50-pum non-recycled, uncontaminated aluminum oxide
(white) abrasive under 90-100 psi.

3. CLEANING- Steam clean the metal substrate; or place in distilled water
in an ultrasonic unit for 10 min, after rubber wheeling
and air-abrading.

B. OXIDATION (DEGASSING) OF THE METAL SUBSTRATE: -'"-

1. LOW temperature setting - 1200 OF (649 °C)

2. HIGH temperature setting - 1850 OF (1010 oC) i ,j

3. Rate of rise - 100 OF (55 OC) J.

4. Atmosphere - FULL VACUUM (26-28 in. of Hg) ".". ,'

5. HOLD time at HIGH temperature - 5 min, under VACUUM

6. Appearance of the oxide layer:

a. A PROPERLY oxidized layer - MULTI-HUED TO LIGHT GRAY color
(surface finish will influence the
appearance of the oxide)

b. An OVERoxidized layer - DARK GRAY or GREEN color

(air-abrade; clean; and reoxidize at
a lower temperature)

c. An UNDERoxidized layer - NO READILY DISCERNIBLE color
(reoxidize at a higher temperature) I

C. POST-OXIDATION TREATMENT:

1. RETAIN THE OXIDE LAYER - You may apply opaque porcelain directly
over the oxide layer. .

2. DO NOT AIR-ABRADE.

%
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IX. PORCELAIN COMATIBILITY-LITECAST B

A. PORCELAIN SYSTEM COMPATIBILITY CHART. The following information has been
provided by the alloy manufacturer (x): .

DENTAL PORCELAIN PORCELAIN COMPATIBILITY

YES NO MARGINAL UNKNOWN

1. ARTIS-TECH (Jeneric) - X

2. BIOBOUD (Dentsply) - X

3. CERANCO (Johnson & Johnson) X

4. CRYSTAR (Unitek) - x .J"

5. JELEKKO (Jelenko) - X
Low- X

6. (BIOBOND) SHADE(ATE (Dentsply) Beg- X

7. VITA (Vident) - X - .

8. WILL-CERAM (Williams) X

B. KNOWN OR SUSPECTED PORCELAIN-METAL INCOMPATIBILITIES: None

C. SPECIAL HANDLING INSTRUCTIONS: None

.... .. .-

:..- -
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X. PRE-SOLDIJ)RG INSTRUCTIONS-LITECAST B .z

A. RECOMMENDED MATERIALS:

1. SOLDER Use Will-Ceram Super Solder (flows at about 2075 °F/i135 0C)
2. FLUX -Williams High Fusing Bondal Flux
3. INVESTMENT - Use Hi-Heat Soldering Investment (Whip-Mix), or a high-

heat casting investment with distilled water (no special liquid).

B. SOLDERING TECHNIQUE: Use the MAGIC WAND Torch (Williams) with its #248
torch tip or the HARRIS 16-S torch with a 2N tip, for precise heating.
(Use 5 psi OXYGEN and 2 psi NATURAL GAS.)

1. Grind, with aluminum oxide stones, all surfaces to be soldered. This
process removes oxides or contaminants which would impede pre-soldering.

2. Create a GAP DISTANCE of approximately 0.3 mm.

3. Mix investment so it is thick; turn the fixed partial denture upside
down; fill the inside of the castings with the mix; and invert onto
a patty of investment. Do not let the castings settle into the
investment. Keep investment patty as small as possible.

4. Allow the investment to reach final set; trim; smooth to remove sharp
angles; and allow to dry thoroughly.

5. Apply heat in excess of 800 OF (427 0C) to eliminate the wax or -
acrylic resin joint (Duralay); dry thoroughly; remove from furnace;
cool to room temperature. (Carbon will burn off at 800 OF/427 0C -
and a dry investment will draw less heat from the parent metal.)

6. Blast THROUGH, not down into, the connector (joint) area with uncontam-
inated 50-ln alumina oxide to remove the oxides. (Oxides will impede,
if not prevent, the solder-parent metal union.)

7. You now want to GLAZE your solder rod. First, heat the rod to a DULL
ORANGE color; dip the rod in the flux, and you should hear it sizzle.
(A GLAZED solder rod will act to retain the flux on the outside of the- .-
connector, and prevents its incorporation into the soldered joint. Only
a thin glaze is necessary.)

8. WEAR DARK GLASSES IN ORDER TO SEE AT THESE PRE-SOLDER TEMPERATURES, AS
WELL AS TO PROTECT YOUR EYES FROM INJURY.

9. Heat the parent metal with the REDUCING atmosphere at the end of the
inner blue cones to prevent OXIDE FORMATION, and introduce the GLkZED
solder rod to the connector area from the occlusal.

10. Solder should flow on contact, but ensure joint is filled before

removing the reducing flame. BENCH COOL. Finish and polish.
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XI. POST-SOLDERIIG INSTRUCTIONS-LITECAST B --
.'*''

A. RECOMMENDED MATERIALS: The PFM units are assumed to have been glazed and
polished; and the metal substructures have been designed appropriately for 4

the post-soldering procedure.

1. SOLDER - Williams Low Fusing Solder (flows at 1350 °F/732 °C)

2. FLUX - Williams Bondal Flux

3. INVESTMENT - Use High-Heat Soldering Investment (Whip-Mix) or a .. °,

high-heat, non-carbon casting investment with distilled water (no -

special liquid).

B. POST-SOLDERING TECHNIQUE: Use a porcelain furnace for this procedure. It
is especially helpful if the oven has a muffle view port (also referred to

oas a sight window") to permit observation of the soldering process.

1. Invest in the normal manner for oven soldering. (Protect all glazed
porcelain surfaces by covering them with colorless wax.) .:...

2. Once the investment has set, heat the invested work to 800 OF (427 OC) -

to remove the wax or acrylic resin uniting the units.

3. Air-abrade the joints with 50- = aluminum oxide to clean them.

4. Flux each joint LIGHTLY.

5. Dip the solder in #7 Flux (Williams) and place it in a Bunsen burner
flame at the tip of the inner blue cone. The solder will immediately
ball up. Remove the ball from the flame, and allow to cool.

6. Cut the solder approximately 1/h in. from the ball, thus leaving a small . . ...
tail. Place one ball (tail first) in small joints, and two balls in
larger connector areas.

7. Vacuum-fire the case to approximately 1400 OF (760 0C).

8. Hold at 1400 OF (760 0C) for 2-3 min

9. The solder should flow readily and fill the joint space(s). U.

10. Withdraw the soldered work to the muffle door, and cool the work
slowly.

11. Remove the investment and polish the joint areas.
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• , ..REaLLf.I III

I. GENERAL INFORKAION

ALLOY TYPE: "NON-PRECIOUS" ALLOY SYSTEM: Nickel-Chromium-Beryllium '

ALLOY CONTENT: 74-78% Nickel, 12-15% Chromium, 4-6% Molybdenum, and
1.8% (max.) Beryllium

MANUFACTURER:

Rx. Jeneric Gold Company TOLL-FREE PHONE NUMBER: - -
Jeneric Industries, Inc. 1-(800) 243-3969, Ext. 212 or 310
P.O. Box 724
Wallingford, Connecticut 06492 COMMERCIAL PHONE NUMBER:

1-(203) 265-7397 (in Connecticut
and outside U.S., call "Collect") ...- ,

TELEPHONE CONTACT: REGIONAL SALES REPRESENTATIVES:

Laboratory: Mr. Grant Day None
Mr. Rick Tobe -

Research: Dr. Arun Prasad

ALLOY INTRODUCED IN: 1975 F.D.A. LISTED: Yes

A.D.A. ACCEPTANCE OR PROVISIONAL ACCEPTANCE: "ACCEPTABLE" (1982)

II. PHYSICAL DESCRIMON

Ingot color - Platinum Ingot shape - Cylinder
Ingot weight - Approximately 3.5 dwt Ingots per ounce - 6 or 7 -..
Ingot identification - NONE Alloy packaging - 1 or 5 oz

III. PHYSICAL AND KOCANICAL PROPERTIES

Specific gravity (density) - 7.75 g/cc
Brinell hardness - 240 '
Vickers hardness - 255
Percentage elongation (in 1 in.) - 9-12%
Tensile strength - 155,000 (1,090 kg/mm2 )
Modulus of elasticity - 28 x 106 psi (198,000 kg/mm2 ,
Yield strength (0.2% offset) - 74,000 psi (520 kg/mm2 ) '"

Bond strength - 13,000 psi
Coefficient of thermal expansion - 0.595% at 450 °C - -

MELTING RANGE - 2250-2350 OF CASTING TEMP - 2425-2650 OF
(1232-1238 oC) (1329-1454 0 C) "'" "" " "

253

[a" ".

-...:,. -...,.,- ..:,..,. - .-, -:--""3. - - ."-" .r[ .-: j'.. -"'C ", , , - , : : .A.., -:. - .-" " " "
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IV. WAXING AID SPRUING IISTRUCTIONS-REXILLUMJ III

A. MINIMUM RECOMMENDED WAX THICKNESS:

1. SINGLE UNITS - 0.2 mm

2. THREE-UNIT FIXED PARTIAL DENTURE -0.3 mm,

3. FIXED PARTIAL DENTURE GREATER THAN 3 UNITS - 0.3 mm.

B. RECOMMENDED SPRUING TECHNIQUE:

1. SINGLE UNITS - Use the DIRECT METHOD, with i/h in. long 10-GAUGE
sprues for small units; and 6 or 8 GAUGE, 1/4 in.
long sprues for larger ones (Fig. 4-1).

2. MULTIPLE SINGLE UNITS - INDIRECT SPRUING is recommended for multiple
units with 1/4 in. long 8- or 10-GAUGE sprues (depend-
ing on the size of the crown, pontic, or coping) con- -..
nected to a 6- or 8-GAUGE runner bar Extend the
length of the runner bar slightly beyond the width of .'.,,
the units at each end. Use 6- or 8-GAUGE offset sprue
leads to join the runner bar to the sprue former
(Fig. 4-2).

3. FIXED PARTIAL DENTURES - INDIRECT SPRUING is recommended for multiple
units with 1/4 in. long, 8- or 10-GAUGE sprues (depend-
ing on the size of the crown, pontic, or coping) con- .$.. ..

nected to a 6- or 8-GAUGE runner bar. Extend the .
length of the runner bar slightly beyond the width of
the units at each end. Use 6- or 8-GAUGE offset sprue
leads to join the runner bar to the sprue former.

NOTE: The runner bar should be shaped to conform to the contour of the
fixed partial denture. If the bar must be bent, then cut and rewax it
at each cut in order to destroy any memory in the wax (Fig. 4-2).

4. VENTING - Use 18-GAUGE wire wax approximately 1.0 mm from the gingival
or marginal edge of the facial margin. Extend the vent
down to the outer edge of the sprue former base. DO
NOT CONNECT THE VENT TO THE SPRUE FORMER BASE.

5. WAX PA'ITERN POSITIONING - If the wax pattern is seated too low in the
casting ring; build up the sprue former with wax. This . .. * %
technique will facilitate wax elimination and the escape ,. .
of gases. Arrange the spruing system so the reservoir ,' %S
portion is in the HEAT CENTER of the casting ring, with
the wax patterns in a COLD ZONE (Fig. 4-2).
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V. INVESTM(ENT AND BURNOUT] TECHNIQUE-REXILLIUM III

A. RECOMMENDED INVESTMENT:

1. PHOSPHATE-BONDED INVESTMENTS: Begin with undiluted special liquid
and, if too much expansion results, dilute to 50% special liquid and ,. .
50% distilled water.

NON-CARBON TYPE: SPECIAL LIQUID DISTILLED WATER

a. Hi-Temp (Whip Mix) - 9.5 cc 0

b. Deguvest HFG (Degussa) - 9.5 cc 0

CARBON TYPE: Not tested with this alloy.

NOTE: A carbon-containing investment may be used with this alloy, but
all carbon must be eliminated during burnout. S

2. GYPSUM-BONDED INVESTMENTS: Not recommended by manufacturer.

B. INVESTMENTS NOT RECOMMENDED BY MANUFACTURER:

1) Complete; 2) Biovest; 3) Ceramigold II; and 4) ANY GYPSUM INVESTMENT

C. RECOMMENDED METHOD OF INVESTMENT: HIGH-HEAT rather than hygroscopic -

D. MANUFACTURER'S RECOMMENDED ASBESTOS SUBSTITUTE: KAOLINER (Dentsply), DRY

You may also use one WET layer of NON-ASBESTOS ring liner (Whip-Mix) or
NOBESTOS (Jelenko). Place liner flush with the top of the casting ring,
but leave at least 118-in. clearance at the bottom of the ring. The 1/8-
in. clearance will help lock the investment in the ring when the investment
expands (Fig. 4-2). If additional c xpansion is needed, use two layers of
asbestos substitute and more special liquid with less distilled water. - -

E. BURNOUT TECHNIQUE:

PHOSPHATE-BONDED INVESTMENTS: Start with a COLD oven and raise to p.,*% %-.%

1600 °F(871 °C), then HEAT SOAK as follows: .

a. Single ring - 1 hr, add 10 min for each additional ring

b. Three units in a single ring - 1 hr and 15 min

c. Multiple units, 2-3 rings - 2 hr.
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VI. MELTING AND) CASTING INSTRUCTIONS-REXILLUM III

A. CASTING EQUIPMENT:

1. CASTING MACHINE (DO NOT USE THERMATROL 2500 WITH CARBON CRUCIBLES):
a. Manufacturer preferred casting equipment: Induction System
b. Alternative systems include: Centrifugal, broken-arm casting machine

2. CASTING TORCH - Harris 16-S with #1390 H multi-orifice tip
3. CASTING CRUCIBLE - Quartz or alumina; DO NOT USE CLAY OR CARBON TYPE. - -

B. QUANTITY OF ALLOY NEEDED:

1. VOLUME OF METAL NEEDED - Refer to conversion chart (Table i).*
2. PREFERRED RATIO OF NEW METAL TO RECAST METAL - 50/50% by weight
3. MINIMUM RATIO OF NEW METAL TO RECAST METAL - 30/70% by weight.

C. MELTING AND CASTING TECHNIQUE: ,0
.€'. ' %..,f.

1. OXYGEN-GAS RATIO - 30 psi (OXYGEN), or 3-5 psi (PROPANE).

2. SETTING CASTING MACHINE - Add one turn to casting machine to compensate .:-.'
for the alloy's lower density. . .. .

3. FLAME ADJUSTMENT - Adjust torch to produce inner blue cones which are
1/4 in. in length and create a distinct hissing sound.

NOTE: The actual length of the inner blue cones in the neutral condition
depends on the flow and the regulated pressure of both the oxygen and
the gas (Fig. 4-12). 0

4. APPEARANCE OF THE MELT - Place the alloy in a preheated crucible, and
keep the torch moving in a rotating motion to heat all
the metal evenly. OXIDES will form around each ingot
or button, and prevent their coalescence or pooling, , . -

5. CASTING FLUX - Not recommended. Do not disturb oxide layer.

6. WHEN TO CAST - When the alloy starts to SLUMP or SAG, place the casting
ring in position. CAST the metal after the dark
shadow disappears, and the pressure of the flame 06-5-

causes molten alloy inside the oxide skin to move. 'i .

7. RECOVERY OF CASTING - Bench cool for at least 5 min; then quench. .',-

D. INDUCTION CASTING (Start with a preheated crucible):
1. Set ARM SPEED between 4)0 and 450 RPM. .
2. Set POWER to HIGH.
3. Make sure alloy is PULSATING and SLUMPING.
4. Automatic Casting Equipment - 2500 OF (1371 °C), with 5-sec HEAT SOAK.

* At close of text.
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VII. AJUSTING AND FINISHING-REXILLIUM III
'• .,_"N '. .J ,-d,

A. REMOVING THE SPRUE: " .

1. SEPARATING DISC - Use any thin separating disc of your choice.

d 2. GRINDINGS - Use suction to remove grindings, and try to avoid

mixing non-precious with precious grindings.

B. FITTING THE CASTING: .
i- 0, _.i

1 1. REMOVE INTERNAL NODULES - Carefully inspect the inside of each casting .--

under magnification, and remove any irregularities.

" 2. EVALUATE THE FIT - Verify an acceptable level of occlusal/incisal seat
and marginal seal, before proceeding to any additional

finishing steps. A

3. QUALITY CONTROL CHECK - Unsatisfactory castings (poor fit, overheated ".'
alloy, porosity) should be remade. :-'.-

4. INITIAL OCCLUSAL ADJUSTMENT - Articulate the casting and refine the , °'- *

occlusion, as necessary.

C. FINISHING THE CASTING:

1. STONES AND WHEELS - Use stones, carbide burs, and burlew wheels. - ' "

2. POLISHING

a. Use Rx NP Polishing Compounds # 1 and # 2, or similar materials; -

b. or use removable partial denture polishing compounds, such as -
Ti-Cor and Ti-Hi (Ticonium), rather than BBC (Jelenko).

NOTE: Non-precious alloys are more difficult to adjust, polish, and finish
than their precious alloy counterparts. Therefore, allow additional time .-
for these steps. Rexillium III also contains NICKEL and BERYLLIUM, so

special handling is recommended: use central evacuation (suction); limit
grinding to as few areas as possible; and wear protective eyewear, mask,
and a laboratory coat.

3. AVOID METAL CONTAMINATION - Set aside a set of finishing stones for this -
particular alloy, to prevent contamination of the metal.

4. ADJUSTMENT TECHNIQUE - Use the uncontaminated aluminum oxide abrasives
to produce a smooth, even textured surface for all
porcelain-bearing areas. Finish the metal surface

in one direction, using light pressure. %
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VIII. PREPARATION OF THE METAL FOR poRCELAIN--REILLIJMII '

A. PREPARATION OF THE METAL SUBSTRATE:

1. NON-PORCELAIN BEARING SURFACES - Rubber wheel all non-porcelain bearing
areas (lingual/ocelusal surfaces, interproximal struts,
and metal collars) to remove all scratches prior to
the application of porcelain. .

--- O ...

2. PORCELAIN-BEARING SURFACES - Air-abrade the finished metal surfaces with
a 50-pm non-recycled, uncontaminated aluminum oxide " '

(white) abrasive under 90-100 psi.

3. CLEANING - Steam clean the metal substrate, or place in distilled water
in an ultrasonic unit for 10 min, after rubber wheeling ... -. * -'

and air-abrading. .

B. OXIDATION (DEGASSING) OF THE METAL SUBSTRATE:

1. LOW temperature setting - 1200 OF (649 °C)
e

2. H1GH temperature setting - 1775-1800 OF (968-982 OC)

3. Rate of rise - 90-100 OF (50-55 OC)

4. Atmosphere - FULL VACUUM (26-28 in. of Hg)

5. HOLD time at HIGH temperature - None

6. Appearance of the oxide layer:

a. A FROPERLY oxidized layer - YELLOWISH-BROWN (straw) color
b. ALI OVERoxidized layer - DARK REDDISH-BROWN color

(Air-abrade; clean; and reoxidize at a
lower temperature.)

c. An UNDERoxidized layer - BLUISH color
(Reoxidize at a hj her temperature.)

C. POST-OXIDAjION TIEATMENI:

1. RETAIN THE OXIDE LAYER - You may apply opaque porcelain directly

over th, oxide layer. "

2. D, NTf AIR-ABRADE. d -

K ~ * - . - -.- -.-.--.-.-.-.. :.----- ,.--

~. . . . ..--. -.-.-..-.-.
N .... N..,-,%

58 6 '



% %.

-- ECTON9: ATTACHMENT 4-- .. ~ '.-

%5

IX. PORCELAIN COMPATIBILITY--REXILLIUM III

A. PORCELAIN SYSTEM COMPATIBILITY CHART. The following information has been
*provided by the alloy manufacturer WX or represents the opinions of the j.-.;.

*author (0) for single unit castings: ..--

DENTAL PORCELAIN PORCELAIN COMPATIBILITY - .

YES NO MARGINAL UNKNOWN

* 1. ARTIS-TECH (Jeneric) X .

A
2. BIOBOND (Dentsply) X

3. CERAMCO (Johnson & Johnson) x

4 . CRYSTAR (Unitek) X NO post-soldering, please explain

5. JELENKO (Jelenko) X

6. (BIOBOND) SHADEMATE (Dentsply) Low - X *,

Reg - X ''

7. VITA (Vident) X 0*

8. WILL- CERAMN(Williams) X '

B. KNOWN OF? SUSPECTED PORCELAIN-METAL INCOMPATIBILITIES: .~

1. Post-soldering with CRYSTAR porcelain.4

* 2. We have observed crackirng/crazing of Vita porcelain during the cooling
*cycle--an indication that the Rexilliun III and Vita porcelain may not be as
*compatible as believed. Rx. Jeneric has an alloy specifically designed for

Vita porcelain, Rexillium V.

C. SPECIAL HANDLING INSTRUCTIONS: Restorations fabricated with either Biobond
or- Cr'ystar porcelain and Rexillium III should be fast cooled.

259
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X. PRE-SOLDERIN INSTRUCTIOES-REXILLIUM III

A. RECOMMENDED MATERIALS:

1. SOLDER - Non-precious Rx NNP Solder (liquidus 1850-1975 °F/i010-I079 °C); ,*.. _

precious Rx PNP (flows 2075-2130 OF/i135-166 °C)

2. FLUX - High temperature fluoride flux Rx NNP, or like material

3. INVESTMENT - Hi-Heat Soldering Investment (Whip-Mix), or a NON-CARBON
high-heat casting investment with water (no special liquid).

B. PRE-SOLDERING TECHNIQUE: Use the MAGIC WAND torch (Williams) with its
#248 tip, or the HARRIS 16-S torch with a 2N tip.

1. Grind, with aluminum oxide stones, all surfaces to be soldered. This
process removes oxides or contaminants which would impede pre-soldering.

2. Create a GAP DISTANCE of approximately 0.3 mm.

' '-. 3. Mix investment so it is thick; turn fixed partial denture upside down; '. *. -,p... . .

fill the inside of the castings with the mix; add a little extra on
top; and invert onto a patty of investment. Do not let the casting a "
settle into the investment.

4. Allow investment to reach final set; place in an oven at a temperature
of 1000 OF (540 °C) for 20 min.

5. The heat source may be OXYGEN (5 psi) and natural GAS (2 psi).
[IDEALLY, manufacturer recommends OXYGEN (5 psi) and PROPANE (2 psi).]

6. Adjust torch to establish LIGHT BLUE inner cone flame(s) (NEUTRAL
FLAME), approximately 1/2 in. long.

7. Drip the Rx NNP high-heat solder rod in the Rx NNP flux, and try to put
as much flux on the rod as it will hold; remove the invested bridge
from the oven; and apply the flux to the joint to be soldered. The
flux should flow through the joint. Pull the solder rod away, and heat
the joint to bring the parent metal to a red hot (ORANGE-WHITE) color.
At this time, put the solder rod TO THE JOINT AREA, and the solder
should flow with the heat of the parent metal. map"

"b 8. Remove the solder rod; pull back on the torch, but keep the bridge under

the flame for about 5 sec to achieve a chemically bonded solder joint.

9. ALLOW TO BENCH COOL and repolish the metal.

10. Follow the foregoing procedures when using the PRECIOUS SOLDER (Rx PNP,
and the Rx PNP Flux).

-p 260
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XI. POST-SOLDERNG INSTRUCTIONS-REXILLIUt4 III

A. RECOMMENDED MATERIALS: The porcelain units are assumed to have been
glazed and polished, and the metal substructures designed appropriately "
for the post-soldering procedure.

1. SOLDER - Rx Low Fusing Solder (melting range 1155-1225 OF/624-663 °C).

2. FLUX - Use of Rx Low Fusing Flux is optional..

3. INVESTMENT - Same as pre-soldering technique.

B. POST-SOLDERING TECHNIQUE: Use a porcelain furnace for this procedure. It
is especially helpful if the oven has a muffle view port (also referred to
as a "sight window") to permit observation of the soldering process.

1. Invest in the normal manner for oven soldering. (Protect all glazed
porcelain surfaces by covering them with wax.)

2. Flux the joint generously.

3. Cut and place small pieces of solder in the joint. (Feed more into it
if needed--in molten state, only.) 4 4

4. Dry the investment slowly and thoroughly.

5. Air-fire the work in a porcelain oven at approximately 1400 OF (760 OC).

6. The solder should flow readily, and fill the joint space(s).

7. Cool the work slowly; remove the investment, and polish the joint areas .

261 ..
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SECTION 10:

THE NICKEL-CHR IM4 BERYLLIU-FREE ALLOYS -'--w.

10-1. GENERAL DESCRIPTION , .%

The one alloy evaluated from this particular alloy group contained 64%
nickel, 22% chromium, and 9% molybdenum, plus an additional 5% of the minor
alloying elements iron, columbium (or niobium), and tantalum. The nickel-
chromium beryllium-free alloys offer a nickel-base alternative to those who
fear that beryllium poses a potentially harmful health risk. At present,
the extent of any risk of berylliosis to members of the dental community is .,...

not certain.1  Therefore, the exact nature of this problem remains under .
- study and is not completely clear. However, berylliosis may not be the only

potentially harmful side effect of chronic beryllium exposure for technicians,
clinicians, and dental patients.

Certainly, the removal of beryllium changed the character of this nickel-
base alloy, eliminating the many favorable contributions of beryllium. If the .4
rationale for the development of this alloy group was a concern for the health
and safety of the consumer, this logic has failed; for the controversy surround-
ing the biocompatibility of nickel has not been addressed. Of the two elements,
nickel appears to hold more risk potential than beryllium. Nickel will remain
in contact with the patient's oral tissues as long as the restoration is in
place. On the other hand, simple protective measures (such as the use of a 4 .
lrboratory coat, a surgical mask, and high-speed air evacuation) can apparently
control beryllium dust. Additional information has become available on the
intraoral behavior of nickel-base beryllium-containing alloys which might alter
present thinking in this area.2 ,3

Beryllium plays an important role in an alloy by lowering the melting 9
range, controlling oxidation, establishing an etchable nickel-beryllium phase,
and improving polishability. Remove the beryllium, for whatever reason, and
these features are lost. If a laboratory using beryllium-free nickel-chromium

alloys were to produce cast-metal resin-bonded retainers (Maryland Bridges),

it would have to adopt the Unitek Duralingual technique or (other similar
approach) for mechanical retention. Otherwise, the laboratory would need to
add an etchable, beryllium-containing, nickel-base alloy to its inventory.

In some castability studies using the polyester sieve cloth as the test
pattern,4 the beryllium-free nickel-base alloys yielded more incomplete cast-
ings than those nickel-base alloys containing beryllium.5,6  Without beryllium,
more oxides are produced which in turn, may clog the delicate mesh pattern
and prevent complete castings. Whether the mesh model is a fair evaluator for
the castability of nickel-base alloys is, in itself, another issue. Anusavice
assessed a castability study by Whitlock et al. and concluded that the beryllium
containing nickel-base alloys were not superior to the beryllium-free group.7

Large differences between the two groups of alloys, in emissivity values and
In the use of induction casting, were considered responsible for the observed -
castability differences. 7

. . . . . . . . . . . . . . . . . . . . . ........-
~.AA *m-*.-.-* \.. * *, ~ , ~.~ - - - -p..&P . ~ . .. ,
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Like the nickel-base alloys, in general, the alloys in this group would be
expected to produce, on heating, an oxide skim which would prevent molten .- .-
ingots and/or buttons from pooling together (Fig. 10-1). The nickel-chromium .-.
beryllium-free alloys which contain boron (B) will pool during melting, and

* remain an exception to this generalization.8'9  In addition, a substantial
dark oxide layer was quite apparent on Forte* castings. This finding raised
concerns that these oxides might possibly create not only inclusions in cast-
ings, but also incomplete margins, and impede any attempts at pre- or post-
soldering. Such questions, however, were beyond the scope of this particular "'
project.

.. -,. .-

•.%.. , %,

Figure 10-1. This Ni-Cr Be-free a.
alloy (Forte*) produced a substantial
amount of dark green oxidation as
seen over the entire surface of
this casting.

a,,. ,.,- .

Nonetheless, one of the potential disadvantages of both nickel- and
cobalt-base non-precious alloys is their potential for porcelain delamination,
due to a separation of a poorly adherent oxide layer from the metal substrate.9

10-2. ECONOMIC CONSIDERATIONS

The cost of these alloys is comparable to that of the nickel-chromium- .___
beryllium alloys, since the major constituents are neither noble nor precious.
However, the individual ingots were quite heavy, as one ounce of Forte contain-
ed only five ingots. Individual ingot weight varied between 4 dwts 1 gr and
4 dwt 3 grs, thus representing the minimum amount of metal which may be cast at
any one time. The manufacturer also prefers the use of all new metal, rather
than a 50/50 mixture of new and recast alloy. This choice presents the same qE." q

* problem discussed in the Ni-Cr-Be system--that of extensive button accumulation.
Small and intermediate sized dental laboratories, with varied work loads, may

"" invest and cast single units rather than multiple units. These laboratories
"P will readily accumulate large buttons of spent metal unless they counter this

problem by delaying cases, or by investing and casting only multiple units.
High production laboratories, accustomed to multiple-unit castings, could use

"% these large ingots more efficiently.

* Unitek Corporation, Monrovia, CA.

2 3..
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The other variables associated with the beryllium-containing metals also p
apply to this system. As a result of lapses in technique for spruing, invest-
ing, or casting, miscasts appear to be more numerous with these alloys than
with the precious alloys. Overheating an alloy is not uncommon for the inex-

perienced technician, for one needs time to learn the melting behavior of __

individual alloys. Induction casting reduces such variables and improves

castability; but, it also represents a tremendous increase in the start-up .- '.

cost. Miscasts, the accumulation of large buttons, and increased adjusting

and finishing times are economic considerations not frequently included in cost -X.

estimates. The assessment of an alloy system on the sole basis of material

costs is misleading, and is not indicative of the cumulative expenses which a

new system may entail. .

10-3. ADVANTAGES:

Forte* is A.D.A. "ACCEPTABLE."
Do not contain beryllium. 0

Low density produces lightweight castings.

Are low cost.
Are poor thermal conductors.
High modulus of elasticity and yield strength provide rigidity for

" " ~~~thin castings. ".:.".'

Thin castings permit maximum porcelain coverage.
Do not have to be secured like precious alloys. .f.

Large buttons minimize the surface area to volume ratio.
Large buttons are beneficial when casting large cases.

10-4. DISADVANTAGES:

Are not A.D.A. CERTIFIED.
Not all are A.D.A. "ACCEPTABLE" or "PROVISIONALLY ACCEPTABLE."
Are much harder than conventional Type III gold alloys.
Nickel is toxic, and may pose a health threat to patients.

Cannot be used for patients with known or suspected nickel sensitivity.
Require a high-heat investment (i.e.,phosphate-bonded).

Will oxidize more than nickel-base alloys with beryllium.

Form an oxide skim on heating, and do not "pool" like precious alloys--
with the exception of those alloys containing boron.

Cannot be electrolytically etched for Maryland Bridge technique.
Require mechanical retention for Maryland Bridge castings (DuraLingual*).
Are difficult to melt and cast with consistent accuracy. .- .

Are more geared to induction casting than to torch casting. .
Are more prone to miscasts than are precious alloys.
Propane-oxygen is preferred to natural gas-oxygen. . .
Neel central air evacuation for nickel dust.

Should request periodic environmental monitoring for nickel levels.
Are difficult to solder satisfactorily. ",." ""

* Unitek Corporation, Monrovia, CA.
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10-4. DISADVANTAGES (Cont'd.):

Large ingots are a disadvantage when casting small cases. ,
In smaller laboratories, large ingots tend to produce large buttons. ' -" 'y
Have a platinum or white color, rather than traditional yellow hue.
Are not BURNISHABLE.
Are more difficult to adjust. :
Are more time consuming to finish and polish.
More difficulty is encountered in sectioning and removing these

castings from the mouth.
Have a potential for porcelain delamination from the metal substrate,

due to a poorly adherent oxide layer.

10-5. BIOC NPATIBILITY

Despite the absence of beryllium, the unresolved concerns for nickel
raise questions for the biocompatibility of all the nickel-base non-precious
systems. (The subject of the biocompatibility of dental casting alloys is
addressed separately in Section 12.) The reader is also advised to refer to
the statements and recommendations on the nickel and beryllium-containing alloys
as released by the USAF Special Consultants for Prosthodontics and Laboratory
Services.
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* EDITOR'S ROTE: Tne following Attachment provides comprehensive information ~
on an example of the nickel-chromium (beryllium-free) alloy system;
specifically, FORTE.
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FORTE .->,..

I. GENERAL IMFO1N(ATION

ALLOY TYPE: "NON-PRECIOUS" ALLOY SYSTEM: Nickel-Chromium Beryllium-Free

ALLOY CONTENT: 64% Nickel, 22% Chromium, 9% Molybdenum, 1% Iron, and - .
4% Columbium (or called Niobium), and Tantalum

MANUFACTURER:

Unitek Corporation TOLL-FREE PHONE NUMBER:
2724 South Peck Road 1-(800) 423-4588
Monrovia, California 91016 CO"R.LPHN.UBR

COMMERCIAL PHONE NUMBER: ,.. .:

1-(818) 445-7960

TELEPHONE CONTACTS: REGIONAL SALES REPRESENTATIVES:

Training Lab Manager Yes ,

(Call person-to-person: "Collect"
on commercial number) -i

ALLOY INTRODUCED IN: 1983 F.D.A. LISTED: 1983

A.D.A. ACCEPTANCE OR PROVISIONAL ACCEPTANCE: "ACCEPTABLE" (1983)

II. PHYSICAL DESCRIPTI N

Ingot color - Platinum Ingot shape - HEXAGON
Ingot weight - 4 dwt 1 gr to 4 dwt 3 grs Ingots per ounce - 5 per oz
Ingot identification - NONE Alloy packaging - 5, 25, 50, 100,

(Shape recognition only) 250, 500, and 750 troy oz

III. PHYSICAL AND MECHANICAL PROPERTIES*

Specific gravity (density) - 8.4 g/cc
Brinell hardness number - 190 (converted from Vickers) ..-. "
Vickers hardness number - 194 ..

Percentage elongation (in 1 in.) - 19%
Ultimate tensile strength - 74,000 psi
Yield strength (0.2% offset) - 49,000 psi
Bond strength - 14,500 psi

Coefficient of thermal expansion - 13.95 X 10-6 in/in/°C (± 0.22)
(from ambient to 600 °C"

All values for the porcelain fired condition

MELTING RANGw - 2450-2500 OF CASTING TEMPEMPERATUHE - 2750-2950 OF
(1342-1271 oC) (1510-1621 °C)

267
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IV. WAXING AND SPRUING INSTRUCTIONS-FORTE

A. MINIMUM RECOMMENDED WAX THICKNESS:

1. SINGLE UNITS - 0.3 to 0.4 mm d,

2. THREE-UNITS FIXED PARTIAL DENTURES - 0.3 to 0.4 mm .

3. FIXED PARTIAL DENTURES GREATER THAN 3 UNITS - 0.3 to 0.4 mm.

B. RECOMMENDED SPRUING TECHNIQUE:

1. SINGLE UNITS - DIRECT SPRUING: Use FORTE SPRUE PIN (plastic), and
maintain a 1/16-in. (1.6-mm) space between reservoir
and pattern. Use small amount of sticky wax, and
attach the tip of the sprue pin only, thus creating a -

constriction at the sprue-pattern junction to ensure
a spray of metal into the mold. Attach sprue tip to
incisal portion of single anterior units, and to any
cusp tip of a posterior crown.

2. MULTIPLE SINGLE UNITS - DIRECT SPRUING: Attach FORTE SPRUE PIN (a
plastic reservoir sprue) as above, but converge sprues 4
at the center of the sprue former; use full length of '

sprue, and maintain constriction to ensure sufficient e
pressure to spray metal into the mold.

3. FIXED PARTIAL DENTURES - INDIRECT METHOD: For a fixed partial denture -
of three units or more, place one 1/16-in. 12-GAUGE
sprue to each pattern (10-GAUGE to a pontic); attach
these pattern sprues to an 8-GAUGE connector, or runner
bar, which extends beyond the width of the patterns at

each end. Use 1 in. long, 6-GAUGE main sprues which
are offset to the pattern sprues (Fig. 4-2).

MANUFACTURER ALSO RECOMMENDS THE FOLLOWING FOR FIXED PARTIAL DENTURE:

DIRECT METHOD: Place one FORTE SPRUE PIN directly onto .'-. .'

the pontic of a small fixed partial denture. You do
NOT have to attach a sprue to the retainers on either
side of the pontic (according to the manufacturer).

4. VENTING - Is optional; 18-GAUGE sprue to sprue base, if employed.

5. WAX PATTERN POSITIONING - If the wax pattern is seated tDo low in the
casting ring, build up the sprue former with wax, and
raise the pattern to within 1/4 in. of the top of the
ring. This technique will. facilitate wax elimination
and the escape of gases.

2b8
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V. INVESTMENT AND BURNOUT TECHNIQUE-FORTE

A. RECOMMENDED INVESTMENTS:

1. PHOSPHATE-BONDED INVESTMENTS: A NON-CARBON-containing investment is
preferred. Increase burnout time, if a CARBON-containing investment .

is used. Using all undiluted special liquid, as suggested by some .-- '-
manufacturers, may not be necessary (see recommendations below):

NON-CARBON TYPE: SPECIAL LIQUID DISTILLED WATER

a. Vestra-fine (Unitek) - 11.0 cc 4.5 cc . ..

b. Hi-Temp (Whip Mix) - 9.5 cc 0 cc

CARBON TYPE: Not tested. -.

2. GYPSUM-BONDED INVESTMENTS: Not recommended for this alloy. P- A ;

B. RECOMMENDED METHOD OF INVESTMENT: HIGH-HEAT rather than hygroscopic.

C. MANUFACTURER'S RECOMMENDED ASBESTOS SUBSTITUTE: Ceramic type, DRY.
.--- : -,

You may use one WET layer of NON-ASBESTOS ring liner (Whip Mix). Place .'* '"
liner flush with the top of the casting ring, but leave at least a 1/8-in. 6

clearance to lock the investment in the ring when the investment expands
(Fig. 4-2). If additional expansion is needed, use two layers of asbestos
substitute and more special liquid. -. ' %. :

D. BURNOUT TECHNIQUE:

PHOSPHATE-BONDED INVESTMENT: Start with a ROOM TEMPERATURE furnace, with -. e

a 30-50 OF rate of rise, and HEAT SOAK, as follows:

1. FOR PLASTIC SPRUES (Use a TWO-STAGE BURNOUT):

a. Single unit - 30 min at 572 OF (300 OC); then raise the temperature
to 1616 OF (880 °C); HEAT SOAK for I hr. , ,.

b. Three units in a single ring - Same as above.
c. Multiple units, 2-3 rings - Add 15 min for each additional ring. -

2. FOR WAX SPRUES (Raise to 1616 °F/880 °C) and HEAT SOAK for: "

a. Single unit - 1 hr 'i.

b. Three units in a single ring - I hr and 10 min

c. Multiple units, 2-3 rings, - 1 hr and 15 min.

. . .- '
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VI. MELTING AND CASTING INSTRUCTIONS-FORTE

A. CASTING EQUIPMENT: %I

1. CASTING MACHINE (DO NOT USE THERMATROL 2500 WITH CARBON CRUCIBLE): ,
a. Manufacturer's preferred casting equipment - Unitek's Autocast .. _,p
b. Alternative systems include - Centrifugal, broken-arm casting machine .4

2. CASTING TORCH - Harris 16-S with #1390 H multi-orifice tip 4

3. CASTING CRUCIBLE - Quartz or alumina, DO NOT USE CLAY OR CARBON TYPE.

B. QUANTITY OF ALLOY NEEDED:

1. VOLUME OF METAL NEEDED - Refer to conversion chart (Table l).* __
2. PREFERRED RATIO OF NEW METAL TO RECAST METAL - 50/50% by weight

(Manufacturer prefers all virgin metal for each cast)

3. MINIMUM RATIO OF NEW METAL TO RECAST METAL - 50/50% by weight.

C. MELTING AND CASTING TECHNIQUE (PROPANE preferred; NATURAL GAS satisfactory):

1. OXYGEN-GAS RATIO - 25 psi (OXYGEN) and 15 psi (PROPANE).

2. SETTING CASTING MACHINE - Add one turn to casting machine to

compensate for the alloy's lower density.

3. FLAME ADJUSTMENT - MULTI-ORIFICE TIP, use I/4-in. inner blue cones; 4 -
SINGLE ORIFICE TIP, set flame length 3/4 to 1 in.

4. APPEARANCE OF THE MELT - Place the alloy in a preheated crucible;
hold the torch approximately 3 in. away from the

ingots; and keep the torch moving in a rotating
motion to distribute heat evenly, so they appear to
be the same color. When small "dots" or "stars"
appear, concentrate the heat on ingot corners.

5. CASTING FLUX - Not recommended. Do NOT disturb the oxide layer.

6. WHEN TO CAST - Ingot will SLUMP and start to lose its shape; small
ripples will appear on "the surface; CONTINUE slow,
even heating until the metal can be PUSHED easily

with the force of the flame. (DO NOT BREAK THE

OXIDE THE METAL IS READY TO CAST.

7. RECOVERY OF CASTING - ALLOW TO BENCH COOL. DO NOT QUENCH. DO NOT PICKLE.

D. INDUCTION CASTING (Start with a preheated quartz crucible): .-. .
1. Set ACCELERATION at 6.
2. Set CASTING TEMPERATJRE to 2750-2950 OF (1510-1621 0C).
3. Check ingots VISUALLY for shadow of unmelted alloy to disappear. .2t -

4. Place ring in machine and CAST. -

At close of text.
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VII. ADJUSTING AND FINISHING--FORTE

A. REMOVING THE SPRUE:

1. SEPARATING DISC - Use any thin separating disc of your choice. -".

2. GRINDINGS - Use suction to remove grindings, and try to avoid mixing
non-precious with precious grindings.

B. FITTING THE CASTING:

1. REMOVE INTERNAL NODULES - Carefully inspect the inside of each casting -
under magnification, and remove any irregularities.

2. EVALUATE THE FIT - Verify an acceptable level of occlusal/incisal seat .
and marginal seal, before proceeding to any additional

finishing steps.

3. QUALITY CONTROL CHECK - Unsatisfactory castings (poor fit, overheated
alloy, extensive porosity) should be remade.

4. INITIAL OCCLUSAL ADJUSTMENT - Articulate the casting and refine the
occlusion, as necessary.

C. FINISHING THE CASTING:

1. STONES AND WHEELS - Use UTK Brown stones (Unitek) or comparable stones, -

carbide burs, and burlew wheels.

2. POLISHING - Use the UTK Alloy finishing kit (732-103) or similar
materials. [We recommend the use of removable partial
denture polishing compounds, such as Ti-Cor and Ti-Hi
(Ticonium), rather than Buffing Bar Compound (BBC).]

NOTE: Non-precious alloys are more difficult to adjust, polish, and
finish than their precious alloy counterparts. Therefore, be sure to
allow additional time for these steps. Since this alloy contains nickel, .-....

use central evacuation and physical protection for maximum protection.

.7%
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VIII. PREPARATION OF TE METAL FOR PORCELAIN-FORTE

A. PREPARATION OF THE METAL SUBSTRATE:

1. NON-PORCELAIN BEARING SURFACES - Rubber wheel all non-porcelain bearing
areas (lingual/occlusal surfaces, interproximal struts
and metal collars) to remove all scratches prior to the
application of porcelain. Or

2. PORCELA-N BEARING SURFACES - Air-abrade the finished metal surfaces with
50-pun non-recycled, uncontaminated aluminum oxide . _
(white) abrasive under 90-100 psi.

3. CLEANING Steam clean the metal substrate, or place in distilled water .-.
in an ultrasonic unit for 10 min.

p B. OXIDATION (DEGASSING) OF THE METAL SUBSTRATE:

4' AS OF THI TIME, THE MANUFACTURER RECOMNENES THAT THIS ALLOY NOT UNDERGO
THE 018WTC RY OXIDATION PROCEDURE.

1. LOW temperature setting - N/A

2. HIGH temperature setting - N/A ,?, -

3. Rate of rise - N/A

4. Atmosphere - N/A

5. HOLD time at HIGH temperature - N/A

6. Appearance of the oxide layer:

a. A PROPERLY oxidized layer - N/A
b. An OVERoxidized layer - N/A

*; c. An UNDERoxidized layer - N/A.

5%%
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-SECTION 10: ATTACHMENT I-

IX. PORCELAIN COMPATIBILITY-FORTE 6 .%
sa.

A. PORCELAIN SYSTEM COMPATIBILITY CHART: The following information has
been provided by the alloy manufacturer (X):

DENTAL PORCELAIN PORCELAIN COMPATIBILITY

YES NO MARGINAL UNKNOWN '______"

1. ARTIS-TECH (Jeneric) - X

2. BIOBOND (Dentsply) - X

3. CERAMCO (Johnson & Johnson) - x

4. CRYSTAR (Unitek) - X
.,-/,-

5. JELENKO (Jelenko) - XLow
Low- x

6. (BIOBOND) SHADENATE (Dentsply) Reg- X

7. VITA (Vident)"-

8. WILL-CERAM (Williams) -X

B. KNOWN OR SUSPECTED PORCELAIN-METAL INCOMPATIBILITIES: None *.d. .

C. SPECIAL HANDLING INSTRUCTIONS: None -"

273
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--SE ON 10: ATTACHMNMKN I-

X. PRE-SOMLMING INSTRUCTIONS-FORTE

A. RECOMMENDED MATERIALS:

1. SOLDER - Use Unitek High-Fusing Solder (flows at 2100 OF/1150 oC).

2. FLUX - Use Unitek High-Fusing Solder Flux Paste.

3. INVESTMENT - Use a high-heat solder investment or- a NON-CARBON
casting investment with all distilled water and no ,..'
special liquid. 5.A

" B. SOLDERING TECHNIQUE: For precise heating, use the MAGIC WAND Torch
(Williams) with itq #248 tip, or the HARRIS 16-S torch with a 2N tip.

1. Prepare a GAP DISTANCE of 0.3-mm for each solder joint.

2. Lute units together with acrylic resin or sticky wax..----'-.

3. Invest in a high-heat solder investment with a 3/8-in. (9-mm) base.

4. Boil off sticky wax, or heat to 1000 OF (538 OC), to remove any
acrylic resin. Allow to cool to room temperature before continuing.

5. AIR-ABRADE with 50-im aluminum oxide; set at 80-100 psi.

6. Cover joints with solder flux paste, and be sure to get the paste
between each abutment. Use an instrument, if necessary.

7. Use 20 psi OXYGEN with NATURAL GAS or 15 psi PROPANE.

8. Glaze the High-Fusing Solder rod by first dipping it in the flux
paste, and then heating until the flux melts on the rod.

9. Move torch in circular motion until investment looks dry and chalky;
then move torch in and concentrate on the joint. Apply solder and
touch "cherry-red" joint area.- -- "-

10. When the flux comes to the surface, remove the flame.

1i. BENCH COOL. Clean with 50-pm aluminum oxide; adjust; and finish. "
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-- SECTION 10: ATTACHMENT 1-
b.- %

Xr. PO-"T-SLDERIhG INSTUCTIOS-FORTE

A. RECOMMENDED MATERIALS:

1. SOLDER - Use non-precious Low Fusing Solder
(flows between 1112 and 1382 °F/600 and 750 'C

%p %

2. FLUX - Use Unitek Low Fusing Solder flux.

3. INVESTMENT - No preference. Use either a soldering investment or a " -
high-heat casting investment with distilled water.

B. SOLDERING TECHNIQUE: Use a porcelain furnace with a view port to monitor
the soldering process.

1. Prepare a uniform GAP DISTANCE of no more than 0.1-0.2 mm.

2. Join the units to be soldered with sticky wax or acrylic resin; then
reinforce with heavy gauge wire.

3. Cover all the porcelain surfaces with white or ivory wax to prevent
contact with the soldering investment and porcelain discoloration.

h. Invest and trim the investment block to a thickness of 3/8 in. .

5. Boil out the sticky wax and clear waxes.•-

6. Air-abrade the solder area(s) with 50-pm aluminum oxide under 20 psi.

7. Apply a thin layer of low fusing flux to the solder; and place it in
each joint. Remove any excess to prevent porcelain discoloration. : -:...

8. Preheat the assembly in front of the furnace muffle for 15 min.

9. Gradually introduce the work into the furnace, preheated to 1200 OF ...(649 °C). 
A

10. Raise vacuum to 700 mm Hg. -.

11. Set the furnace maximum temperature to the solder working temperature -
(1112-1382 OF/600-750 OC).

12. Observe when solder has flowed completely.

13. If necessary, the temperature may be increased in 10 OF increments..
until the solder flows. %.

14. Carefully remove the work and inspect the solder joints. Allow the
metal to cool uniformly, before divesting and repolishing.

". .-- .
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SECTION Ui:

THE COBALT- CU ONIUM ALLOYS '

U-i. GENERAL DESCRIPTION ,

Traditionally, cobalt-chromium alloys have been used to cast removable
partial denture frameworks, and rarely have been involved in the production
of a PFM restoration.1 As concerns for the biocompatibility of nickel and
beryllium continue, interest in alternative non-precious alloy systems has
increased. The cobalt-chromium alloys evaluated in this study contained 55-
68% cobalt and 25-27% chromium, in addition to wolfram, ruthenium, aluminum,
yttrium, zirconium, niobium, and various unspecified trace elements. The
processing of these alloys is definitely different from that of either the Ni-
Cr-Be or the Ni-Cr systems. The cobalt chromium alloys are slightly more dense
than the nickel-base metals, and tend to be a little more difficult to melt.
Like the nickel-base system, the cobalt-chromium alloys form an oxide skim
over the molten metal. In the majority of cobalt-chromium alloys, this oxide
layer prevents the ingots and buttons from pooling together, as is customary.* **
with precious metals. Two notable exceptions are Biocast and Excel, since
these particular alloys will pool.2

Nonetheless, some manufacturers are promoting the cobalt-chromium alloys
as "nickel-free, beryllium-free", "non-precious" alternatives for the PFM
restoration. The castings are lightweight, strong, and reportedly suitable
for multiple-unit restorations. The same equipment used to cast nickel-base -
alloys can be employed for the cobalt-chromium metals. Despite this advertising
information, less research is available on the handling characteristics and:_.:..
performance of this particular system as a substrate for dental porcelain.
Despite concerns for the biocompatibility of nickel and beryllium, acceptance

by the dental profession appears to be slow at this time. The palladium-base
systems are competitively priced, and have attracted many former consumers of

non-precious, nickel-chromium alloys.

One characteristic feature of the cobalt-chromium castings is the presence
of a rather distinctive greenish-black external oxide film. Extensive oxidation
of this nature might predispose these alloys to a greater tendency toward oxide
inclusions and/or incomplete castings, and might make pre-soldering quite dif-
ficult. Individuals unaccustomed to melting these alloys might inadvertently
prolong the heating, or inadvertently overheat the metal. These alloys require
a learned skill for proper casting.

Ii

Even with an acceptable casting, the major weakness in this system is its
tendency to produce a thick, dark oxide. A greater number of porcelain bond
failures might occur with these alloys, as compared with the nickel-chromium-
beryllium alloys (Fig. 11-1). Such bond failures may appear as porcelain - -
delaminations due to separaion of a poorly adherent oxide layer from the
metal substructure (Figs. 11-2 and 11-3).3

• Rx Jeneric Gold Co., Wallingford, CT. *.'-.

• * Pentron Corp., Wallingford, CT.
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-SECTION 11-

This is not a precious system, so one can expect to have the same general

processing challenges as those encountered with non-precious alloys as a whole:
castability problems, increased hardness, lack of burnishability, heavy oxide
formation, bond failures, difficulty adjusting and finishing, etc.

Figure 11-1. The oxides produced by
this cobalt-chromium alloy (Cobond*)
are a greenish-black color and can .
be seen c the casting itself as
well as on the casting investment.

afe the crw a encmne. Not th prsec of a thick, dark

This type of bond failure through oxide film adhering to the porcelain . [ .

the oxide layer is often referred (left), with an apparent oxide layer.. :'"
to as a "delsanination" of the por- also remaining on the surface of the Mae,~ill

V.e -.-(it
%' 1P %

Thgue 1 . Te porce this particular csting was neither Cobond noroduc
Novarex, but a cobalt-chromium product previously tested by the author.ant
This case has been included because it depicts a classic exmple of the
problems of excessive oxide production and porcelain delamination with

a non-nickel base, non-precious thlloy.e author.

2T7
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11-2. ECOnOt4IC CONS IDI RATIIO?4,% "."

Since n , ... ' t 0. :, ,, : ' ,,. ' r'',,i , (r precious, these alloys ''',. .
are inexpens iv,,' r, ,' ,- .- *. -. , , -r-V 'i'lc t,,rparts by manufac- '" - '

ti :ers of b,)tn . .;,v. . , .- t v'try In weight from 2 dwts '
3 gr to 2 1wt! r x ' , r 1- , t v >obond), and represent
the minimum Lilr.t iv ,I' - '. n .. t try :if' time. For small -
castings, more n m, , r. 'n,. -"e' ;iry, artii large buttons will ,.
accumulate. , n- r-'umnr -_ : ",,, of na- metal to recast

metal, sil !t: r' t:, f' - cm'-- , ', ,.n' '. i. reo t metal is not . . 4.

enriched with -i.w v, , ; , v,. ,n, th ,' ti r -ritor and hardness ,- -.
in the met.,tl rnv ''r, ', 'in r l inc ,- ,n. ;tr-' n t replenished.

Uverheat 1 ri ;rn ,ctou,' alloy is riot uncommon t o t r r ui tat(d, since

learning to pro'Vte the, particular mtlting behoivior ,I' each Individual alloy
takes time. I:i iiit ior: cnistini reduces such variales an liipr yes castability,
but altso tcr :.; tn v initial expense for this system. Mi.-w:aos, the regular
accumulation of l;ar'ge buttons, and increased adjusting: art: fin l sning times are
economic consi i-,'tions which sh be included in cost etlm'ts. v'.,4

As stat.ei f.)r the Ni-Cr-Be a- Ni-Cr-Be-free sy.-t-ms, tne, purchase price .-. %
of the alloy is but on factor to be considered in 'is:-":sinv the t)tl expense
of this or D' any th r rion-precious system. .

NOTE: becaus- 'v vr Yx -r iIn %f't-'nl' fnt, , ro '-ilml it has 1
scrapj v' - . 4.. --

-1-3. ADVANTAGS: .

Do riot c .i NICKEL.

Do not c , r BEKYLIIUM.
Low density A , ' 'i ' ' . , .

Are low cot.

Are poor th'-rrri-i I
High mn Jul -. -,r i., t i.t t v , h- , w" r - t.i r-v le riwijity

for thin ,'-. i ,." 
--o Ii ou 1 -i~ I loy

Do not have to b,- :' o nr , IlK, i,, ' n o u 1 joys

1.-4. DISADVANTAGES:

Are not A.D.A. C-l 1'iI F.1 FT.
Not all ar,- A.D.A. "ACC' PIA1I, or "PFuVI'i])NALY ACUPrABLE. "
Are much horder thrtn gl I- an, ral l.-,diun-base porcelain alloys. - .

Are more difficult to proeoss thin the nickel-base alloys.. -"
Are more suitable for inlductiuri ca:sting thton torch casting.
Are not B1IRN1I?'HABLE-..
Are more prone to misoisft.s th'un are precious alloys.

,, . A



-SCTIOR U- .- 'i

Propane-oxygen is preferred to natural gas-oxygen.
Are more prone to porcelain-metal bond failure than precious alloys.
Are difficult to solder satisfactorily. le .

high-heat investment i.e., phosphate-bonded).

Are more diff~icult to adjust. ,$
Some alloys do not have any identification on their ingots.

More difficulty arises in sectioning and removing these castings 
%

from the mouth.

11-5. BIOCOMPATIBILITY

The subject of "The Biocompatibility ot' Dental Casting Alloys" is

addressed separately in Section 12. Since the cobalt-chromium system is both
nickel- and beryllium-free, few questions have been raised concerning the

biocompatibility of the alloys.

u1-6. RK EREcs ,

1. McLean, J. W.: The Science and Art of Dental Ceramics. Vol II: Bridge
Design and Laboratory Procedures in Denta Ceramics. Chicago, 111., 1980,
Quintessence Publishing Co.

2. Baran, G. R.: Selection criteria for base metal alloys for use with
porcelains. Dent Clin North Am 29:779, 1985.

3. Association Report: Report on base metal alloys for crown and bridge
applications: benefits and risks. J Am Dent Assoc 111:479, 1985.

EDITOR'S NOTE: The following Attachments provide comprehensive information

on two examples of the cobalt-chromium alloy system; specifically,

COBOND, and NOVARJX.

%. ..
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-SECTION 11: AT!ACHMET ,.

COBOND .'P

I. GENERAL INFOaT-ON

ALLOY TYPE: "NON-PRECIOUS" ALLOY SYSTEM: Cobalt-Chromium 44t.

ALLOY CONTENT: 65-68% Cobalt, 25-27% Chromium, 4-6% Molybdenum, and
unspecified trace elements

MANUFACTURER:

Dentsply International, Inc. TOLL-FREE PHONE NUMBER:
570 West College Avenue 1-(800) 233-9454, ext,511
P.O. Box 872
York, Pennsylvania 17405 COMMERCIAL PHONE NUMBER:

1-(717) 845-7511, ext. 511 ,

!. ,

TELEPHONE CONTACTS: REGIONAL SALES REPRESENTATIVES: %,%

Mr. John Appelbaum Yes

ALLOY INTRODUCED IN: September 1982 F.D.A. LISTED; Yes, 1981 4

A.D.A. ACCEPTANCE OR PROVISIONAL ACCEPTANCE: "ACCEPTABLE" (1985)

II. PHYSICAL DESCRIPTION

Ingot color - Platinum Ingot shape - Raised rectangle -

Ingot weight - Approximately 3 dwts each Ingots per ounce - 7 per oz
Ingot identification - Raised rectangle Alloy packaging - 2-oz packages

with letter "D" on second tier

III. PHYSICAL AND MECHANICAL IROPERTIES

Specific gravity (density) - 8.2 g/cc
Brinell hardness number - 303
Vickers hardness number - 320
Percentage elongation (in 1 in.) - 3% mininum IMP,
Ultimate tensile strength - 80,000 psi
Yield strength (0.2% offset) - 60,000 psi
Bond strength - No value available
Coefficient of thermal expansion - Proprietary information

MELTING RANGE- 2250-2400 OF CASTING TEMPERATURE - 2750 OF . '.

(1290-1320 OC) (1510 °C)

280
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-SECTION -1: ATPACHMENT 1--

IV. WAXING AND SPRUING INSTRUCTIONS--COBOND

A. MINIMUM RECOMMENDED WAX THICKNES.3:

1. SINGLE UNITS - 0.3 mm

2. THREE-UNITS FIXED PARTIAL DENTUHEL - 0.3 mm to 0.5 mm

3. FIXED PARTIAL DENTURES GREATER THAN 3 UNITS - 0.3 mm to 0.5 mm.

B. RECOMMENDED SPRUING TECHNIQUE:

1. SINGLE UNITS - Use DIRECT SPRUING, with 8- or 10-GAUGE reservoir sprues .. -

attached to the thickest part of the wax pattern. If .-

you elect to fashion your own reservoir, make sure it
is equal in diameter to the thickest part of the wax
pattern, and is positioned about I mm from the wax

pattern (Fig. 4-1).

2. MULTIPLE SINGLE UNITS - INDIRECT SPRUING is recommended, with 10-GAUGE,
1/4-in, length sprues to each unit connected to an

8-GAUGE runner bar, which is joined to the sprue former
by offset 8-GAUGE sprue leads. Extend the length of
the runner bar slightly beyond the width of the units
at each end. Allow 1/4-in, space between the wax
pattern and the top of the casting ring (Fig. 4-2).

3. FIXED PARTIAL DENTURES - INDIRECT SPRUING is recommended, with
10-GAUGE, 1/h-in, length sprues to each unit connected
to an 8-GAUGE runner bar, which is joined to the sprue
former by offset 8-GAUGE sprue leads. Extend the ..-

length of the runner bar slightly beyond the width of
the units at each end. Allow 1/4-in, space between "
the wax pattcrn and the top of the casting ring
(Fig. 4-2).

NOTE: The runner bar should be sharped t,) conform to the contour of the
fixed partial denture. If the bar must be bent, then cut, and rewax it
at each cut in order to destroy any memory in the wax. .-

4. VENTING - Not required.

5. WAX PATTERN POSITIONING - If the wax pattern is seated too low in the
casting ring, build up the sprue former with wax. This
technique will facilitate wax eliminqtion and the
escape of gases. Design the spruing system so that
any reservoir is in flie HEAT 2EN'FkR of' the casting ring,
withE the wax ratterns in a "C'Mfl " (Fig. 4-2). % %

--.-..

o 5L " 4..- ,.
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-SECTION 1i: ATTACHMENT I-

V. INVESTNENT AND BURNOUT TECHNIQUE-COBOND

A. RECOMMENDED INVESTMENTS:

1. PHOSPHATE-BONDED INVESTMENTS: The manufacturer does not market a % j. ..

NON-CARBON containing casting investment, and does NOT require the
use of such investments with this cobalt-base alloy.

NON-CARBON TYPE: SPECIAL LIQUID DISTILLED WATER

Hi-Temp (Whip-Mix) 9.5 cc 0

NOTE: Vestra-fine (Unitek) was not tested with this alloy.

, ".-"-.o

CARBON TYPE:

a. Biovest (Dentsply) - 11.0 cc 0
,0

b. Deguvest HFG (Degussa) - 9.0 cc 0

2. GYPSUM-BONDED INVESTMENTS: Not recommended for this alloy.

4"

B. RECOMMENDED METHOD OF INVESTMENT: HIGH-HEAT rather than hygroscopic.

C. MANUFACTURER'S RECOMMENDED ASBESTOS SUBSTITUTE: KAOLINER(Dentsply), DRY.

You may use one WET layer of NON-ASBESTOS ring liner (Whip-Mix) or other ..

asbestos substitute. Place liner flush with the top of the casting ring,
but leave at least a 1/8-in, clearance at the bottom of the ring. The ..

118-in, clearance wltl help lock the investment in the ring when the in-
vestment expands (Fig. 4-2). If additional expansion is needed, use two
layers of asbestos substitute, more special liquid, and less distilled
water.

D. BURNOUT TECHNIQUE:

I. PHOSPHATE-BONDED INVES'IMENT: Start with a ROOM TEMPERATURE oven, raise
temperature to 1550 OF (843 CC) at a rate of 25 OF/min, and HEAT SOAK %

as follows:
HEAT SOAK

a. ingie ring - I hr

b. Thr-o tintt in a :Single ring - 1 hr

c. Multiple units, 2-3 rings - 1 hr plus 10 min for each additional ring.

2. GYPSUM-BONDED iNV S'I'MENT: Not recommended for this alloy.

282
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-SECTION 11: ATT!ACHMEKNT 1-

VI. MELTIRG AND CASTING INSTRUCTIONS--COBOND

" t . . 'f ,

A. CASTING EQUIPMENT: "t*" .f

1. CASTING MACHINE (DO NOT USE A THERMATROL 2500 WITH CARBON CI<'IEFI):
Manufacturer's preferred casting equipment - Broken-arm casn rcne-"

2. CASTING TORCH - Harris 16-S torch, with a #1390 H multi-orifice tin.
3. CASTING CRUCIBLES - Quartz, alumina, or clay; a graohite crucibje

is NOT recommended.

B. QUANTITY OF ALLOY NEEDED:

1. VOLUME OF METAL NEEDED - Refer to conversion chart (Table 1). -"
2. PREFERRED RATIO OF NEW METAL TO RECAST METAL - 50/50% by weight
3. MINIMUM RATIO OF NEW METAL TO RECAST METAL - 50/50% by weight.

C. MELTING AND CASTING TECHNIQUE (PROPANE, preferred, NATURAL GAS, adequate):

1. OXYGEN-GAS RATIO - 20 psi OXYGEN, 5 psi PROPANE .

2. SETTING CASTING MACHINE - Add one turn to casting machine to compensate
for the alloy's lower density.

3. FLAME ADJUSTMENT - The multiple light blue inner cones should be set "
to a 1/h-in, length by adjusting the gas valve. Oxygen
should be kept at 20-psi flow. The REDUCING ZONE will .

be an additional 2-1/2 in. long, with the balance of
the flame being the oxidizing zone. Maximum flame
length is approximately 8 in., and a distinct hissing
sound should be audible if the flame has been adjusted
correctly (Fig. 4-12).

4. APPEARANCE OF THE MELT - Place the alloy in a preheated quartz or f-

other non-carbon crucible. Do NOT use a casting ring
LINER or FLUX. Rotate the torch in a circular motion
to distribute the heat evenly over the in 7ots.

5. WHEN TO CAST - The alloy will begin to SLUMP, and an oxide film will
form over each ingot. When the molten alloy under the .
oxide surface moves with the motion of the torch, TpHE ...

ALLOY IS READY TO CAST. S

6. RECOVERY OF CASTING - ALLOW TO BENCH COOL; DO NOT QJENCH; 11 i FiCKLE.

D. INDUCTION CASPINP (Start with a preheated crucble:):
1. Set ARN SPEED between 425 and 450 RPM.

% 2. Set POWER (amperage) to HIGH.
3. Set TEMPERATURE to 2750 OF (1510 °C) with a m:ximum of 5-se. HEAT SOAK.
4. When the alloy is PULSATING, you may CAST.

At close of text.
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VII. ADJUSTING AND FINISHIEG--COBOD

A. REMOVING THE SPRUE:

1. SEPARATING DISC - Use a Faskut t8 metal cut-off disc (Dentsply),or
other similar separating disc to cut off the sprue.

2. GRINDINGS - Use suction to remove grindings, and try to avoid mixing
non-precious with precious grindings.

B. FITTING THE CAbTING: .. ,.

1. REMOVE INTERNAL NODULES - Carefully inspect the inside of each casting "
under magnification, and remove any irregularities.

2. EVALUATE THE FIT - Verify an acceptable level of occlusal/incisal seat .
and marginal seal, before proceeding with additional
finishing steps.

3. QUALITY CONTROL CHECK - Unsatisfactory castings (poor fit, overheated
alloy, porosity) should be remade.

4. INITIAL OCCLUSAL ADJUSTMENT - Articulate the casting and refine the
occlusion, as necessary. ".

C. FINISHING THE CASTING:

1. STONES AND WHEELS - For bulk metal removal, use Faskut #10 wheel
(Dentsply), Faskut Bornide Mounted Points, or other
similar materials.

2. POLISHING - Use removable partial denture polishing compounds, such
as Ti-Cor and Ti-Hi (Ticonium).

NOTE: Non-precious alloys are more difficult to adjust, polish, and _.
finish than their precious alloy counterparts. Therefore, allow more ..
time for these steps. Use central evacuation (suction); limit grinding
to as few areas as possible; and wear protective eyewear and mask, as
well as a laboratory coat.

3. AVOID METAL CONTAMINATION - Set aside a set of finishing stones for" %

this particular alloy, to prevent contamination of
the metal. P

4. ADJUSTMENT TECHNIQUE - Use the uncontaminated aluminum oxide abrasives ' '
to produce a smooth, even textured surface for all
porcelain-bearing areas. Finish the metal surface
in one direction, using light pressure.

284 -
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VIII. PREPARATION OF THE METAL FOR PORCELAIN--COBOD

A. PREPARATION OF THE METAL SUBSTRATE: % 
"

1. NON-PORCELAIN BEARING SURFACES - Rubber wheel all non-porcelain bearing
areas (lingual/occlusal surfaces, interproximal struts,
and metal collars) to remove all scratches prior to the .. .,

application of porcelain.

2. PORCELAIN-BEARING SURFACES - Air-abrade the finished metal surfaces with
a 50-pm non-recycled, uncontaminated aluminum oxide
(white) abrasive under a minimum of 75 psi.

3. CLEANING - After cutting and grinding, flush and brush the casting in
running tap water, or steam clean the metal substrate.
Then place in distilled water in an ultrasonic unit for . -.

10 min, after rubber-wheeling and air-abrading.

B. OXIDATION (DEGASSING) OF THE METAL SUBSTRATE:

1. LOW temperature setting - Preheat oven to 1740 OF (950 OC). v .I

2. HIGH temperature setting - 1740 OF (950 °C)

3. Rate of rise - 0

S4. Atmosphere - FULL VACUUM (26-28 in. of Hg)

5. HOLD time at HIGH temperature - 10 min (release vacuum slowly and

remove casting).
"" 6. Appearance of the oxide layer: C.-.-

a. A PROPERLY oxidized layer As long as the casting was properly
b. An OVERoxidized layer oxidized, any oxide surface would be " -
c. An UNDERoxidized layer satisfactory as long as it is not

BLACK in color. . .-.

C. POST-OXIDATION TREATMENT:

1. REMOVE THE OXIDE LAYER - Air-abrade all surfaces which are to receive
porcelain with non-recycled, 50-im aluminum oxide or
quartz, under 75 psi (minimum) air pressure.

2. CLEANING - Flush and brush the casting thoroughly in tap water, then
rinse in 99% isopropyl alcohol for 15 sec. Pat dry
with tissue and apply opaque porcelain. .. *
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IX. PORCELAIN COMPATIBILITY PROFILE--COBOND %,. .,

* : A. PORCELAIN SYSTEM COMPATIBILITY CHART: The following information has been.,-

* provided by the alloy manufacturer (X):

DENTAL PORCELAIN PORCELAIN COMPATIBILITY

YES NO MARGINAL UNKNOWN

1. ARTIS-TECH (Jeneric) X A-

2. BIOBOND (Dentsply) X

3. CERANCO (Johnson & Johnson) X

4. CRYSTAR (Unitek) X

5. JELENKO (Jelenko) x

6. (BIOBOND) SHADEHATE (Dentsply)Low - X -

Reg - X

7. VITA (Vident) X

S. WILL-CERAM (Williams) X

*_ B. KNOWN OR SUSPECTED PORCELAIN-METAL INCOMPATIBILITIES: Unknown
C. SPECIAL HANDLING INSTRUCTIONS: None.

Follow the dental porcelain manufacturer's instructions. "

'.4 t4

28.6".

286 '' "-"



1 P ** SW,

-- SEMTOR 11: AT-ACHM I-

X. PRE-SOLDERING INSTRUCTIONS--COBOND

A. RECOMMENDED MATERIALS:

1. SOLDER - COBOND Non-Precious Presolder [flows at 2100 OF (1150 °C).
2. FLUX - BIOBOND C&B Fluoride Flux '.

3. INVESTMENT - Biovest Soldering Investment (12 cc water:100 g powder)

B. SOLDERING TECHNIQUE: For precise heating, use the MAGIC WAND Torch
(Williams) with its #248 tip, or the HARRIS 16-S torch with a 2N tip.

1. Grind, with fine aluminum oxide stones, all surfaces to be soldered.
This process will remove debris and oxide contamination.

2. Create a GAP DISTANCE of approximately 0.25 mm.

3. Invest in BIOVEST Soldering Investment. Fashion openings and access to
the solder joint before the investment has hardened. Allow investment "--.4"
to set for 30 min.

4. Boil out any wax, and clean the joint area thoroughly. (If Duralay or
other acrylic resin is used to lute the joint, heat the investment to
approximately 900 OF (842 °C), remove any remaining resin, and apply
flux.) ." - ".%

5. Apply BIOBOND C&B fluoride soldering flux to the solder area. %. .

6. Dry investment for 15 min; place in a burn-out oven at room temperature; .
and increase temperature to 1050 OF (566 °C).

7. The heat source may be OXYGEN (5 psi) and NATURAL GAS, or PROPANE.

8. Establish a fine blue inner cone flame, extending approximately 3/4 in. .' "

9. Apply even heat to joint area until alloy becomes a DULL RED COLOR.
Keep torch on the joint to be soldered, and position a fluxed solder -..

rod on the joint. "

10. Apply the inner blue tip (hottest part) of the flame to the joint and '
solder rod. Be prepared to PUSH the ball of molten solder directly was
into the cavity of the joint. '- -

11. Continue to apply heat, but move the inner blue tip back to a distance
of 1 in. to 1-1/2 in. Keep heat on the joint until sufficient solder
has filled the cavity. Only use the REDUCING ZONE of the flame. %

12. Remove the torch, and permit the unit to bench cool.

13. Total elapsed time for soldering should be approximately 30 sec.

- 287 .
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XI. POST-SOLDERING INSTRUCTIONS--COBOND _

A. RECOMMENDED MATERIALS: %

1. SOLDER - Use 615 solder (flows at 1350 °F1732 °C)
2. FLUX - Dentsply C&B Fluoride Flux
3. INVESTMENT - Use BIOVEST Soldering Investment rather than a high-heat .

phosphate-bonded casting investment. . i.. -.

B. SOLDERING TECHNIQUE: We recommend a porcelain furnace with a view port to
monitor the soldering process. The manufacturer considers the use of a
view port as being optional. ".""

1. Pemove any edges, debris, or porcelain covering the metal surfaces
to be soldered.

2. Create a GAP DISTANCE of 0.25 mm.

3. Cover all porcelain with sticky wax to prevent possible investment -.- % -
contamination or discoloration of the glazed porcelain.

4. Invest the units in BIOVEST Soldering Investment. 'W 4

5. Boil out wax and pieces of investment to clean the joint area. (If "'-
Duralay is used t, join the units, heat to 900 °F/482 oC and clean.)

b. Flux the areas to be soldered.

7. Cut several 1/8 in. to 1/4 in. pieces of 615 Solder, and place them
in the joints to be soldered.

8. Place the invested units in the front of an opened porcelain furnace
muffle, preset to a temperature of 600 °F/316 oC (manual oven with
horizontal muffle). The preset temperature may be as high as 900 0F/-.--
482 oC f..r automatic ovens, or variations in the horizontal muffle.

%9. Hold at the muffle entrance for 15 mm. HEAT THE WORK SLOWLY AND
CAREFULLY TO PREVENT PORCELAIN CHECKIN G AND CRACKING. ..... [,

10. Gradually intr:)duc- thtp investment blocK into the muffle, and increase

the temper'iture to L-)50 °F (,b43 oc).

11. You may post- ,ol.ter with or without v-tcuum.

12. Once L550 OF (043 oC) has been rea±chei, HOLD for I min. .,

13. Inspect the soLdered units, -,n-l BNCH COOL before devesting.

14. Finish the soldered Joints with stones and rubber wheels, and polish to
a high shine.



4

* 4. I 4%
. .. ,

-SE ON U: ATMACBN]T 2-

NOVAREK ,' ...
,.'- -

I. GENERAL IUFOIIA!J!IO.

ALLOY TYPE: "NON-PRECIOUS" ALLOY SYSTEM: Cobalt-Chromium

ALLOY CONTENT: 55% Cobalt, 25% Chromium, 11% Wolfram, 5% Ruthenium, and .
9% Aluminum, Yttrium, Zirconium, and Niobium. ".

MANUFACTURER:

Rx. Jeneric Gold Company TOLL-FREE PHONE NUMBER:
Jeneric Industries, Inc. 1-(800) 243-3969, Ext.212 or 310
P.O. Box 724
Wallingford, Connecticut 06492 COMMERCIAL PHONE NUMBER:

1-(203) 265-739T (in Connecticut
and outside U.S., call "Collect ")

TELEPHONE CONTACTS: REGIONAL SALES REPRESENTATIVES: .ere.'M

Laboratory: Mr. Grant Day None
Mr. Rick Tobey

Research: Dr. Arun Prasad '4 -A

ALLOY INTRODUCED IN: 1982 F.D.A. LISTED: Yes

A.D.A. ACCEPTANCE OR PROVISIONAL ACCEPTANCE: NO

II. PHYSICAL DESCRIPTIOI

Ingot color - Platinum Ingot shape - Cylinder .,..
%.% Ingot weight - 2 dwt 3 grs to 2 dwt 20 grs Ingots per ounce - 7 per oz . "

Ingot identification - NONE Alloy packaging - 1 or 5 oz r.

III. PHYSICAL AND MECHANICAL PROPERTI,

; . . ..;,
Specific gravity (density) - 8.75 g/cc . .-- "

Brinell hardness number - 260 %>.
Vickers hardness number - 275
Percentage elongation (in 1 in.) - 7%

Ultimate tensile strength - 110,000 psi ( 774 kg/mm2 ) '."-.'
Yield strength (0.2% offset) - 90,000 psi (634 kg/mm2 )
Bond strength - 13,000 psi - -

Coefficient of thermal expansion - .590% @ 450 °C

MELTING RANGE - 2425-2475 OF CASTING TEMPERATURE - 2675 OF
(1329-1357 °C) (1468 °C) ...
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IV. WAXING AND SPRUING INSTRUCTIONS--NOVAREX

A. MINIMUM RECOMMENDED WAX THICKNESS:

1. SINGLE UNITS - 0.4 mm

2. THREE-UNITS FIXED P.A"il L3N'LJ-04 ,

3. FIXED PA-RTIAL, DENTURES GREATER THAuN 3 UNITS -4 m

B. RECOMLMENDED SPRUING TECHNIQUE:

1. SINGLE UNITS -Use the DIRECT METHOD, with 1/4 in. long, straight 10-
or 8-GAUGE sprues for small units, and 6- or 8-GAUGE
1/4 in. long, straight sprues for larger ones (Fig. 4-1). p.

2. MULTIPLE SINGLE UNITS - INDIRECT QPRUJiNG is recommended for multiple .

units with 1/4 in. lonig, 10- or 8-GAUGE sprues (depend-
ing on the size of the crown, pontic, or coping) con-
nected to a 6- or 8-GAUGE runner bar. Extend the length
of the runner bar slightly beyornd the width of the units
at each end. Use 6- or 8-GAUGE offset sPrue leads to 4

join the runner bar to the sprue former (Fig. 4-2).

3. FIXED PARTIAL DENTURES - INDIRECT SPRUING is recomnmended for multiple
units with 1/4 in. long 8- or 10-GAUGE sprues (depend-
ing on the size of the crown, rontic, or coping) con-
nected to a 6- or 8-GAUGE runner bar. Extend the length
of the runiner bar slightly beyond the width of the units .

at each end. Use 6- or 8-GAUGE offset snrue leads to .*

join the runner bar to the snrue former.-

NOTE: The runner bar should be shaaped to conform to the contour of the
fixed partial denture. if the bar mus t be bent, then cut and rewax it
at each end i- order to de~ryany 7.etrmorv in the wax (Fig. 4-2).V,

4. VENTING - Use 12)-GAUJGE wi re wax, arxttev1.0 m-m from the gin-

givaL or marginal eiwe of tho2 facial margin. Extend
the v'-nt drowa;, to the etredt;e of the sprue former K __

batse. Du NX CNNECT .'HE; VENT' TU 'LEE SP*JE FORMER BARE.

5. WAX PATTIERN POSITIO: 'iNG - if Lno wax ra tterni is seatei too low in the
c~isZinl~ rn, huill iii ,.e s-rue fo'rer with wax and .

r24,2tho rnattori Thi s te chn' pat wi 1, facilitate wax
eI Lm~ i c wi1' the e . Arrange the

sprin~ sytem so thi-t, tht -c--vi r portion is in the
H'ACL o' * ~C' L wit, the wax patterns
in* a COT 'pL(

ci4'
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V. INVE 7NT AND BURNOUT TECHIIQUE--NOVAREX

A. RECOMMENDED INVESTMENTS:

1. PHOSPHATE-BONDED INVESTMENTS: A NON-CARBON-containing investment (white
color) is preferred. Increase burnout time if a CARBON-containing
investment (black color) is used. The manufacturer suggests you use
undiluted special liquid, but we frequently noted overexpansion. Thus, ,""-.

we often use 50% undiluted special liquid and 50% distilled water to
reduce expansion. Although no nickel is in this alloy, the manufacturer
warns that carbon-containing investments may react with elements such as
chromium, wolfram, and niobium and form carbides. If these carbides are
allowed to form, the hardness of the alloy increases.

NON-CARBON TYPE: SPECIAL LIQUID DISTILLED WATER

a. Vestra-fine (Unitek) - 15.5 cc 0

b. Hi-Temp (Whip-Mix) - 9.5 cc 0

CARBON-TYPE:

a. Biovest (Dentsply) - 11.0 cc 0

b. Deguvest HFG (Degussa) - 9.0 cc 0

2. GYPSUM-BONDED INVESTMENTS: Not recommended for this alloy. . .

B. RECOMMENDED METHOD OF INVESTMENT: HIGH-HEAT rather than hygroscopic.

" C. MANUFACTURER'S RECOMMENDED ASBESTOS SUBSTITUTE: KAOLINER (Dentsply), DRY.

We prefer to use one WET layer of the NON-ASBESTOS ring liner (Whip-Mix).
Place the liner flush with the top of the casting ring, but leave at least
a 1/8-in, clearance at the bottom of the ring. The 1/8-in. clearance will . .

help lock the investment in the ring when the investment expands (Fig. 4-2).
If additional expansion is needed, use two layers of asbestos substitute,
or more of the special liquid with less distilled water.

D. BURNOUT TECHNIQUE:

PHOSPHATE-BONDED INVESTMENT: Sta't with a CXI, oven, and raise the
temperature to IO OF (871 °C) and HEtAT SOAK as follows:

a. Single ring - 1 hr
b. Three units in a single ring - I nr rid P) rin-
c. Multiple units, 2-3 rings - 2 hr.

K~ %~
,' 4 -'..-
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VI. MEL-TING AND CASTING INSTRUCTIONS-RO VAREX C

A. CASTPING EQUIPM!ENT:

1. CA6TING MACHINE (DO NOT USE THERAi~vATROL 2500O WITH CARBOWN CRUCIBLE):
.Manufacturer's preferred casting equipment - Induction system

b. Alternative systems include - Centrifuge
2. CkPST'lN TORCH - Harris 16-S with #13 90 H1 multi-orifice tip
3. CA.l"7 'IS CR' UCI 'BLES - Quartz or aliumina; DO0 NOT USE CLAY OR CARBON TYPE.

B. Q 1ANI> 'Y UP ALLOY NEEDED: P."MI

1. 'VOOY IFMETAL NEEDED - Refer to conversion chart (Table 1).
2. Y >,fRPFI RTIO OF NE-,W METAL TO RECAST ME4TAL -50/ 50% by weight
3V Mi IUM U10'"I OF NEW METAL TO RECAST MEFTAL -30/705 by weight.

C. MEil 13 :,-,;', -5:53; CAS TJNG TECHNIQUE (PROPANE, preferred, NATURAL GAS, adequate):

I 5Pi(OXYGEN) or5Pi(PROPANE).

2. '1E1TING CASLLING MACHINE - Add one turn to casting machine to compen-
sate for the alloy's lower density. e..-I

3. FLM SUiET-Adjust the torch to produce inner blue cones 1/4 in.Iin length, and to create a distinct hissing sound
(Fig. 4-1) (The length of the inner blue cones in
the neutral condition depends on the flow and the
regulated pressure of both the oxygen and the gas.)

4. ~ ~ o TH ',,xC F i ELT (Sam~e as Rexillium III) - Place the alloy in a
oreheated crucible, and ko-ep the torch moving in a
rotating motion to heat all of the metal evenly.
Oxides wiTLl form arounA each ingot or button and
prevent coalescence or Pooling.

5. CA,,1lING 1,LJX -Not recommended; do not disturb the Oxide layer.

6. APT() CAST -When the alloy st--rts to SLUMP or L'AO, place the cast-
in-, ring in position. CALL' trip Tmetal 'Ifter the dark
shadiow disaropears, and the nre. ;ure of the flame
can11 :s mo ilen alloy tnside the oxile .&:-in to move.

7 . 1:F!7U ~'C~ .,-.PiCH C DL ) NOT QUHiEN CM ; NOTCI P1 CKLR .

D. UL~.0 C'LIIN(J., with n:a11ie cruc /e)

3. a.'.

% %
1LJ d.



%-% .4
4 *° .. . ..

--SETON U: ATTACHMENT 2-

VII. ADJUSTING AND FINISHING-NOVAREX

A. REMOVING THE SPRUE: .

1. SEPARATING DISC - Use any thin separating disc of your choice. '

2. GRINDINGS - Use suction to remove grindings, and try to avoid "- *44

mixing non-precious with precious grindings.

B. FITTING THE CASTING: .. *

1. REMOVE INTERNAL NODULES - Carefully inspect the inside of each casting

under magnification, and remove any irregularities.

2. EVALUATE THE FIT - Verify an acceptable level of occlusal/incisal seat
and marginal seal, before proceeding to any additional
finishing steps.

3. QUALITY CONTROL CHECK - Unsatisfactory castings (poor fit, overheated

alloy, extensive porosity) should be remade.

4. INITIAL OCCLUSAL ADJUSTMENT - Articulate the casting and refine the

occlusion, as necessary. .* .

C. FINISHING THE CASTING:

1. STONES AND WHEELS - Use stones, carbide burs, and burlew wheels.

2. POLISHING -

a. Use Rx NP Polishing Compounds #1 and #2, or similar materials;

b. or use removable partial denture polishing compounds, such as

Ti-Cor and Ti-Hi (Ticonium), rather than BBC (Jelenko).

NOTE: Non-precious alloys are more difficult to adjust, polish, and finish - "
than their precious alloy counterparts. Therefore, allow additional time
for these steps.

3. AVOID METAL CONTAMINATION - Put aside a set of finishing stones for
this particular alloy, to prevent contamination of
the metal. --. -.

4. ADJUSTMENT TECHNIQUE - Use the uncontaminated aluminum oxide abrasives .-
to produce a smooth, even textured surface for all * ......
porcelain-bearing areas. Finish the metal surface
in one direction, using light pressure. • .... ,

293
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VIII. PREPARATION OF THE METAL FOR PORCELAIN--NOVAREX -

A. PREPARATION OF THE METAL SUBSTRATE:

1. NON-PORCELAIN BEARING SURFACES - Rubber-wheel all non-porcelain bearing _ _
areas (lingual/occlusal surfaces, interproximal struts,
and metal collars) to remove all scratches prior to the
application of porcelain.

2. PORCELAIN-BEARING SURFACES - Air-abrade the finished metal surfaces with
a 50-jim non-recycled, uncontaminated aluminum oxide
(white) abrasive under 90-100 psi..0

3. CLEANING - Steam clean the metal substrate, or place in distilled water
in an ultrasonic unit for 10 min, after rubber-wheeling
and air-abrading.

B. OXIDATION (DEGASSING) OF THE METAL SUBSTRATE:

1. LOW temperature setting - 1200 OF (649 oC)

2. HIGH temperature setting - 1900 OF (1040 oc)

3. Rate of rise - 90-100 OF (50-55 OC)

4. Atmosphere FULL VACUUM (26-28 in. of Hg)

5. HOLD time at HIGH temperature - None

6. Appearance of the oxide layer:

a. A PROPERLY oxidized layer - YELLOWISH-BROWN color
b. An OVERoxidized layer - GREENISH color
c. An UNDERoxidized layer - BLUE-GRAY color

C. POST-OXIDATION TREATMENT: The manufacturer has indicated that two options
are available in the management of the oxidized casting. " - -

1. REMOVE THE OXIDE LAYER - Air-abrade all porcelain-bearing areas with
non-recycled, 50-)im aluminum oxide (white in color).

2. CLEANING - Steam clean or place in distilled water in an ultrasonic ..

unit for 10 min, if you air-abraded the oxide layer.
Proceed with the application of opaque porcelain after

this cleaning step.

3. RETAIN THE OXIDE LAYER - You may apply opaque porcelain directly over
the oxide layer (manufacturer's preference).

29)4
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IX. PORCELAIN COMPATIBILITY-NOVAREX

A. PORCELAIN SYSTEM COMPATIBILITY CHART: The following information has
been provided by the alloy manufacturer (X):

DENTAL PORCELAIN PORCELAIN COMPATIBILITY

YES NO MARGINAL UNKNOWN

1. ARTIS-TECE (Jeneric) -X

2. BIOBOND (Dentsply) -X

3. CERAMCO (Johnson & Johnson) - X

4. CRYSTAR (Unitek) - x :
5. JELENKO (Jelenko) - X

Low- X
6. (BIOBOND) SHADEMATE (Dentsply) Reg- X

7. VITA (Vident) - X ~::;

8. WILL-CERAM (Williams) - X

B. KNOWN OR SUSPECTED PORCELAIN-METAL INCOMPATIBILITIES: None V~:~*

C. SPECIAL HANDLING INSTRUCTIONS,: None
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X. PRE-SOLDERING INSTRUCTIONS-NOVAREX
• ., -,,.~ -,

A. RECOMMENDED MATERIALS:

1. SOLDER - Non-precious (Rx HF Solder - flows at 2200 OF/1204 oc); .. .
precious (Rx PNP - flows 2075-2130 °F/1135-1166 °C) .4 '

2. FLUX - HF Flux

3. INVESTMENT - Hi-Heat Soldering Investment (Whip-Mix), or a NON-CARBON
high-heat casting investment with distilled water (no special liquid).

B. PRE-SOLDERING TECHNIQUE: Use the MAGIC WAND torch (Williams) with its
#248 tip, or the HARRIS 16-S torch with a 2N tip.

1. Grind, with aluminum oxide stones, all surfaces to be soldered. This
process will remove any oxides or contaminants which would impede .'i -

pre-soldering.

2. Create a GAP DISTANCE between 0.4 and 0.5 mm.

3. Mix investment so it is thick; turn fixed partial denture upside down;
fill the inside of the castings with the mix; add a little extra on
top; and invert onto a patty of investment. Do not let the casting

settle into the investment.

4. Allow investment to reach final set; place in an oven at a temperature
of 1000 OF (540 °C) for 20 min.

5. The heat source may be OXYGEN (5 psi) and natural GAS (2 psi). .

[IDEALLY, manufacturer recommends OXYGEN (5 psi) and PROPANE (2 psi).]

6. Adjust torch to establish LIGHT BLUE inner cone flame(s) (NEUTRAL FLAME)
approximately 1/2 in. long.

IL 7. Drip the Rx HF solder rod in the LF flux, and try to put as much flux
on the rod as it will hold; remove the invested bridge from the oven;
and apply the flux to the Joint to be soldered. The flux should flow
through the joint. Pull the solder rod away, and heat the joint to
bring the parent metal to a red hot (ORANGE-WHITE) color. At this .-..-.

time, put the solder rod TO THE JOINT AREA, and the solder should flow
with the heat of the parent metal.

8. Remove the solder rod; pull back on the torch, but keep the bridge under
the flame for about 5 sec to achieve a chemically bonded solder joint. -.

9. ALLOW TO BENCH COOL, and repolish the metal. .-.

10. Follow the foregoing procedures when using the PRECIOUS SOLDER, Rx PNP,

and the Rx PNP Flux.

296"
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XI. POST-SOLDERING INSTRUCTIONS-NOVAREX

A. RECOMMENDED MATERIALS: The porcelain units are assumed to have been glazed
and polished, and the metal substructures designed appropriately for the . -
post-soldering procedure. _

1. SOLDER - WLF Solder (melting range 1310-1370 OF/710-743 oC)

2. FLUX - LF Flux is optional

3. INVESTMENT - Same as pre-soldering technique.

B. POST-SOLDERING TECHNIQUE: Use a porcelain furnace for this procedure. It
is especially helpful if the oven has a muffle view port (also referred to
as a sight window") to permit observation of the soldering process.

1. Invest in the normal manner for oven soldering (protect all glazed

porcelain surfaces by covering them with wax.)

2. Flux the joint generously.

3. Cut and place small pieces of solder in the joint. (Feed more into the*,
joints as needed.)

4. Dry the investment slowly and thoroughly.

5. Vacuum-fire the work in a porcelain oven at approximately 1574 °F(857 0C).

6. The solder should flow readily and fill the joint space(s).

7. Cool the work slowly; remove the investment; and polish the joint areas.

• ~..-.< <
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SECTION 12:

THE BIOCOMPATIBILITY OF DENTAL CASTING ALLOYS

" .I.?Y

12-1. INTRODUCTION

One of the major advantages of the use of substantial quantities of
gold in dental casting alloys has been the high degree of confidence in the
biocompatibility of restorations made with such material. During the last
decade, there was an unprecedented increase in the number of dental casting-
alloy formulations, many of which did not contain gold or some other noble
or precious metal. Low cost, non-precious nickel-chromium alloys appear to
have been particularly popular,2 especially those which contained beryllium . ..
However, the absence of substantiated safety, efficacy, and studies of their
long-term clinical reliability has raised concerns for the biocompatibility - -

of the nickel- and the beryllium-containing alloys.1

The situation is further compounded if clinicians and dental technicians -AZ A
do not know the composition of the alloys they use routinely. Dental casting O1 . --.' ..
alloys are an integral part of the practice of dentistry, so an appreciation
of their biocompatibility and safety should be of interest to dental laboratory.., .

technicians, clinicians, and patients alike. %

Unfortunately, it is not always easy to study these issues and draw
clear-cut conclusions or correlations. Moreover, published reports appear in -
various publications (medical/dental journals, textbooks, etc.), and the infor-
mation may not be widely read. Therefore, this Section incorporates
pertinent findings, conclusions, and recommendations from several published ", ..
reports which should be accessible to dental personnel. The literature is
too extensive on this particular subject to permit other than an overview
of important facts.

12-2. ETIMATES OF THE C(N4ERCIAL USE OF NON-PRECIOUS ALLOYS

One survey of 1,000 commercial dental laboratories in 1978 reported
that only 29% of the laboratories were using either nickel-chromium or cobalt- -
chromium alloys. 3  In the ensuing years, the percentages of base metal alloy .- - -.

use increased to 66% in 1980, and then to 70% in 1981.3 Of all the non-
precious systems used for PFM restorations, the majority were nickel-chromium
as opposed to cobalt-chromium alloys. -

*. . \%p.

12-3. THE BIOCOMPATIBILITY OF NICKEL

Nickel is the primary constituent in the nickel-chromium-beryllium and
the nickel-chromium bertllium-free alloys used for the PFM restoration. Since
these alloys are so inexpensive, they are also employed to fabricate full and

partial metal crowns, as well as to cast posts and cores.

298
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Even alloys used for removable partial denture frameworks, such as
Ticonium, are nickel-chromium-beryllium formulations. So nickel, chromium,

and beryllium are components of a wide array of materials that are routinely "
used in both civilian and military laboratories.

Exposure to nickel is not limited to dental alloys. In fact, nickel is
part of everyday living due to its presence in air, food and cooking utensils, Ole
as well as the silver coins we carry.4

a. Nickel Sensitivity

Studies have shown that approximately 10% of the female population and
less than 1% of the male population are nickel sensitive.5 A rate of 10% is
considered high,4 yet among female dermatological patients, 10-30% of this
patient population will have a positive patch test to nickel.

6

Moffa and others reported that 80% of the confirmed nickel-sensitive
patients they examined also had a positive response to nickel-chromium ...

dental casting alloys. 7 Therefore, the nickel in non-precious casting
alloys is available as an allergen, and could be considered as a potential
sensitizer.

4

b. The 1974 Report of the Council on Dental Materials and Devices8  . < '

* 4
This 1974 Report to the American Dental Association presented an overview

of the physical and mechanical properties, as well as the handling character- . '

istics, of non-precious alloys intended for use in the fabrication of the PFM ...--

restoration.8  The subject of biocompatibility was addressed briefly, with con- -
flicting reports of tissue acceptance. One conclusion was that the "clinical
implications of the soft tissue implantation are not clear. '"8

The handling recommendations for nickel-containing alloys included in the
1974 Report centered on controlling the beryllium component of the alloys. At
that particular time, no mention was made of any restrictions in the use of
nickel-containing alloys.

c. The 1982 Report o, the Council on Dental Materials, Instruments,
and Equipment.

In the eight years following the 1974 Report, nickel-chromium alloys took
over 70% of the market by some estimates. 2  Consequently, the 1982 Report focus-
ed on the carcinogenic risk, sensitivity risk, and nickel exposure standard ... ''
for nickel-containing alloys. ."

The 1982 Report stated that no A.D.A. specifications existed for certifi- V.[,.... ,
cation of non-precious (base) metals for fixed prosthodontics. However, these
alloys are eligible for classification under the A.D.A. Acceptance Program-- '

• Ticonium Company, Albany, NY 12201.
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for metals used for Cast Dental Restorative and Prosthetic Devices--on the
basis of submission of biological, laboratory, and clinical evidence of safety .
and efficacy. One precondition to the award of A.D.A. Acceptance or Provision-. -
al Acceptance is that the alloy package must bear the following warning label:
"CAUTION: THIS ALLOY CONTAINS NICKEL AND SHOULD NOT BE USED FOR INDIVIDUALS ./-_
WITH A KNOWN NICKEL SENSITIVITY."

It was also pointed out that the data implicating nickel and nickel .'-.,

compounds were derived from epidemiologic studies of workers associated with
nickel industries. No direct evidence existed which implicated the use of " -'
nickel-containing dental alloys with induced nickel sensitivity.

Since a significant portion of the population may be allergic to nickel, -0--

it was emphasized that particular attention should be focused on identifying
the nickel-sensitive patient. An accurate and complete health history was
recommended, since nickel-containing alloys were contraindicated in patients
with a known or suspected nickel sensitivity.

Also, "there was no experimental evidence that nickel compounds are .
carcinogenic when administered by oral or cutaneous routes." 4 High incidence
of cancer of the respiratory organs has been noted, however, in workers asso-
ciated with nickel refining, smelting, and electroplating. Exposure to air-
borne nickel or its compounds was considered a major contributing factor in a "
large portion of the deaths from lung and nasal cancer in nickel refinery
workers. Based on this information, the 1982 Report recommended that "pre-
cautions be taken to prevent the aspiration of nickel-containing dust produced " .* ""

during grinding operations."

Emphasis was also placed on the responsibility of dentists to know the
composition of the alloys they use and whether or not these alloys contain -

nickel. Dentists should inform their patients of the make-up of the alloys
used, and document that information in each patient's chart.

The report summary pointed out that no direct evidence was available to
indicate that nickel sensitivity could be caused by the use of nickel-
containing alloys. Moreover, "the question remains unanswered as to whether
there is a danger that long-term intraoral exposure to a nickel-containing
dental alloy can result in an induced nickel sentistivity."

4

The 1982 Report concluded: " Therefore, based on extant information, " -

the use of nickel-containing dental alloys should be done in a knowledgeable
manner. "4

d. The 1985 Report of the Council on Dental Materials, Instruments, "
and Equipment 2

The 1985 Report for the Council was not prepared by the same individual
who wrote the 1974 and 1982 articles on nickel- and beryllium-containing
alloys. By comparison, the 1985 Report provided additional data from studies
dealing with nickel sensitivity and nickel allergy, and expressed more serious
concerns for the biocompatibility of nickel-base alloys.
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An example was from a study reported by Moffa et al.,7 in which one of
the sensitized patients reported a burning and itching sensation during the .. V
first 24 hr . That same patient had a slight erythematous reaction on the .... ,
palatal mucosa. In addition, three patients reported itching at the site of '* -
the nickel patch test, while the intraoral appliance containing nickel was in
use. The 1985 Association Report assessed this information in the following
manner:

"Such reactions at remote sites may result in underestimations of the
incidence of allergic response triggered by intraoral appliances." 2  In
other words, the mere absence of intraoral changes may not indicate that
adverse reactions have not occurred. The implication is that changes
may occur from the placement of nickel-base alloys, but since they are .
remote from the oral cavity, no direct connections have been made between ..
the two events to date. The report recommended that "as a conservative
approach, the dentist should adopt the policy that evidence of a previous
allergic response to any alloy is sufficient to contraindicate the use of
nickel-based alloys. "2

Despite the reported correlation between nickel and cancer among workers
in the nickel industry, emphasis was placed on the statement that "it appears
that the potential carcinogenic risks of nickel are less likely to affect
dental patients." Dental technicians, on the other hand, "should be provided
with adequate protective facilities so that such risks are minimized" due to
"their far greater time-weighted exposure to nickel and beryllium."

2  "'"

The summary of the 1985 Report contained several highly significant
statements regarding the nickel-chromium alloys. First, it was pointed out .
that "despite the widespread use of nickel-based alloys, claims for the safety
of these alloys have not yet been accepted universally." More importantly,
"the dental profession may be overgeneralizing the relative safety of nickel .
alloys because of the lack of allergy-induced intraoral lesions observed in
private practices."

e. Other Pertinent Reports on Nickel Biocumpatibility

Piliero et al. studied the biocompatibility of various of dental casting
alloys, including one that contained nickel, chromium, and beryllium, in
hamsters. 9 They were unable to detect any adverse weight changes or abnormal
behavioral patterns during the 14-day study. Gross examination of the cheek
pouches, where the alloy specimens were placed, did not differ from the control
animals. It is difficult to assess the impact of a report such as this because
the study was only two weeks in length. It remains to be seen what the findings
might be at 6 months, 2 years, 5 years, etc. Restorations are placed with the
expectation that they will last for years rather than two weeks.

In contrast, one of the more controversial articles to appear in the
dental literature was a preliminary report, on the effects of nickel and dental
amalgam on T-lymphocytes, published in 1984.10 The restorations of three
patients were removed. The type of restorative material used was switched - "

each time while the T-lymphocyte level was measured with every change. The
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T-lymphocyte levels decreased more than normal when dental amalgam restorations ..
and a nickel-chromium beryllium-free PFM crown were inserted. Replacing the
amalgams and nickel-based crown with acrylic resin provisional restorations, .' -.. .

cast gold restorations, or an all-ceramic crown resulted in a corresponding
increase in the total number of T-lymphocytes.

The implication was made that dental amalgam and nickel-based casting- .
alloys were responsible for the reduction in T-lymphocyte levels. Since the
human T-lymphocytes regulate the immune response system, it was concluded
that normal immune function might be impaired due to the reduction in the
quantity, quality, and ratio of the helper and suppressor T-lymphocytes. The
conclusions of such a preliminary report merit our attention. However, more
research is needed in order to determine the ramifications of such a study. -.

Strauss and Eggleston recently published a case report in which they
suggested that a female patient may have developed IgA nephropathy as the-..- -
result of placement of PFM crowns constructed from a nickel-base alloy.

11

They contended that the kidney disorder "occurred following placement of
nickel alloy base dental crowns and showed evidence of resolution following ..... I
their removal years laters." In this report, Strauss and Eggleston stated -•, ..

that they "suggest the possibility that intraoral nickel placement may have
induced immune-mediated events resulting in this form of immune complex
glomerulcnephritis." Moreover, they concluded that their "patient may .

represent an example of nickel-induced sensitization... ' Should this con- .
clusion prove to be true, it would represent the most serious challenge to
the long held belief that "currently, there is no direct evidence to indicate
that the intraoral u e of nickel-containing alloys will result in an induced '.

nickel-sensitivity."" 
"

Covington et al. used 30 casting alloys, 14 of which contained nickel or
nickel and beryllium, to study nickel and beryllium release from the alloy
surface. 12  After preliminary work to determine the nature of nickel release

in human saliva at pH levels of 2 through 6 for 5, 10, 20, and 30 days, the
specimens were immersed for 120 days. The results of the 120-day analysis for . .
nickel and beryllium were compared with those of the 5-, 10-, 20-, and 30-day
incubation levels.

These results indicated that allergic responses to nickel-containing cast
crowns may occur through two possible mechanismsl2 : First, a patient who

already is sensitized to nickel, whether previously diagnosed or not, may
develop a reacton from the dissolution of nickel by the saliva and from the

subsequent ingestion of the metal. 12  Second, the nonsensitized patient may F

become sensitized by the dissolved and ingested nickel or by local irritation ,
from gingival fluid exchange. 12  In addition, the presence of beryllium in the
alloy appeared to increase the amount of nickel dissolution.12  In fact, "the
combination of nickel and beryllium in an alloy potentiates the dissolution of
the other in acidic media". 1 2

On the basis on their study, Covington et al. concluded that "nickel-
beryllium dental casting alloys possess the potential to be a significant
hazard to the laboratory technician, dentist, and patient."

12
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f. A Sumary of Important Information on Nickel

From the reports cited in the discussion of nickel sensitivity and ..
allergy, the following information about nickel should be considered:

1. Nickel is one of the most common allergens and the most potent
sensitizer of all metals.

1 2

2. Approximately 10% of all women and less than 1% of all men are
nickel sensitive. 5

3. Chronic exposure to nickel-containing jewelry and stainless steel - -'

utensils is believed to be linked to nickel sensitivity and/or 1
nickel allergy.

1 2

4. "Dermatologists currently believe that ingestion of small quantities
of nickel may be a more important factor in allergic response to
nickel than external contacts with the metal"

12

5. Beryllium apparently enhances the release of nickel.
1 2

V .

6. Nickel-containing casting alloys may adversely affect the quantity
of T-lymphocytes in humans.1 0

7. A case of suspected nickel-induced sensitivity brought about from
the use of a nickel-containing PFM alloys has been reported.11

8. "Despite the widespread use of nickel-based alloys, claims for the
safety of these alloys have not yet been accepted universally.

2  ..

9. "The dentql profession may be overgeneralizing the relative safety 4. j
of nickel alloys because of the lack of allergy-induced intraoral .
lesions observed in private practices."

2

12-4. THE BIOCOMPATIBILIT OF BERYLLIu4 .arm i

Beryllium is a popular component of the nickel-chromium alloy system
because it lowers the melting range of the alloy, improves castability, acts
as a hardener, and helps control oxide formation for the porcelain-to-metal
bond. Of the nickel-base alloys for the PFM restoration, the nickel-chromium-
beryllium group seems to be the more popular of the two. . ' --

The weight percentage of beryllium in PFM alloys generally ranges be-
tween 1.T and 1.8%, and rarely exceeds 2%2. The Ni-Cr-Be alloy formulations

for removable partial dentures may contain less than 1% beryllium, by weight.

33. ,
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a. The 19T4 Report of the Council on Dental Materials and Devices8

Beryllium was clearly presented in this Report as a "potentially toxic"
material "under uncontrolled conditions."

8  It was emphasized that the main " '. .J'

hazards associated with exposure to beryllium and beryllium compounds came
from the melting, grinding, and milling of metals containing these substances.
It was further pointed out that the primary route of exposure has inhalation of :.11"?"-R,.P
beryllium fumes and dust produced from the melting and grinding of beryllium- . - .

containing alloys. Therefore, adequate local exhaust ventilation should be -

provided when such operations are performed. '-..-.

According to the Report, no instances of beryllium toxicity had been
reported, and no evidence existed that small amounts of grinding and polishing - .-.
of restorations in the mouth would generate toxic levels of beryllium dust.

Despite these assurances, the Report emphasized the need to comply with
the Occupational Safety and Health Administration (OSHA) guidelines for hand- .
ling beryllium-containing alloys. The handling recommendations for dental
laboratories included: use adequate local exhaust ventilation; wear approved
respirators when local exhaust ventilation is not operating or until it is
installed; ensure adequate general ventilation in the laboratory; place warning -. . -
signs in areas where dust is produced from the grinding of beryllium-containing - -
alloys; exchange laboratory coats for clean ones on a weekly basis; remove dust .,.€ .
from clothing and work areas with power suction rather than air hoses; inform
every employee of the hazards, and advise them of the proper handling of
beryllium-containing alloys.

In addition, manufacturers should inform laboratory purchasers of theberyllium content and the need for handling safeguards. Moreover, the , -

laboratories should advise the dentist of the presence of beryllium in fixed
or removable partial denture prostheses, so that the dentist can take appro- -. - -...- .

priate steps when making adjustments.

.-..-,," .* "..

b. The 1982 Report o the Council on Dental Materials, Instruments, :.... *

and Equipmentf

The 1982 Report dealt exclusively with the issues surrounding the
biocompatibility of nickel, and did not include any additional information
on beryllium or beryllium compounds.

c. The 1985 Report of the Council on Dental Materials, Instruments, .
and Equipment2

In a discussion of the hazards of and precautions in handling beryllium-- % .,-., :
containing alloys, it was noted that despite the small weight percentage of A &

beryllium (less than 2%), "the amount of beryllium vapor released into the
breathing space during the melting of nickel-chromium-beryllium alloys may

*** .. ,-•" .".
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be significant over an extended period."'2  A nickel-chromium alloy which
contains 1.8% beryllium on a weight basis will contain 10.7% beryllium onJ
an atomic basis, due to the fact that beryllium has an atomic weight of 9
and a density of 1.85.12 Therefore, to make up 1.8% of the weight of an
alloy, approximately 10.7% of the total volume of the metal is beryllium.

2

The 1985 Report mentioned that "exposure to beryllium may result in
acute and chronic forms of beryllium disease." Equally important was the

statement that "workers exposed to moderately high concentrations of Be dust
for a short time or exposed to low concentrations of beryllium for a long time, . .

may experience symptoms of acute diseases."'12  The types of physiological
responses which one may experience "vary from contact dermatitis to severe ''-'*,.

chemical pneumonitis, which can be fatal."'12 Also, )he symptoms of chronic -

disease may not appear for years following the time of exposure. This point
was emphasized when the two-week study by Piliero et al. was discussed.9 Some . :.". -
of the symptoms of beryllium disease included coughing, chest pains, and .-...

general weakness due to pulmonary dysfunction.

According to a 1976 Report, the incidence of lung cancer among dental ,
laboratory technicians was then 4.05 time higher than that of all the other -
occupations identified.1 3 No direct link was intended to be made with Be;
for dental technicians have a higher incidence of cigarette smoking and also
handle other potentially harmful materials, such as investment powder, gypsum
products, dental porcelain, nickel and chromium alloy grindings, and some may
still be using asbestos.

2

As mentioned in the discussion on nickel, the Report emphasized that the

safety of these alloys has not yet been accepted universally."2 At the same
time "the dental profession may be overgeneralizing the relative safety of

nickel alloys because of the lack of allergy-induced intraoral lesions observed . .'.'
in private practices."

2

d. Other Pertinent Reports on Beryllium Biocompatibility

In 1984, Covington et al. reported a brief summary of the results from a

study of nickel-chromium-beryllium alloys in which they noted that beryllium
has a tendency to migrate and localize on the alloy surface.1 4 The alloy .

surface concentrations of Be ranged from 14 atom% for an ingot to 39 atom% for "
an incubated sample.

14

In a comprehensive report of the Covington study, published in 1985,12

the study findings were presented in greater detail. In the discussion of V '
beryllium, it was reported that "every beryllium compound cited in the litera-

ture seems to have some hazard associated with it." 12  More importantly, it was
pointed out that, after moving to the alloy's surface, beryllium may then go
into solution (leave the alloy surface), and therefore may be ingested and -
subject to attempts by the body to remove it. The presence of beryllium in an
alloy also apparently increases nickel dissolution.
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The exact mechanism for the handling of beryllium by the human body is
not known and is subject to speculation. Covington et al. feel the end product .- '. -

of beryllium ingestion may be "beryllium hydroxide, which is insoluble and "'
unlikely to be cleared by the body; much the same as mercury."13 However, 4'

they pointed out that "to what extent the ingested beryllium is transported '- ,.

into the body is not known."'12 Yet, if their theory on the behavior of beryl-
lium is correct, then "even the lowest levels would be expected to have a -
cumulative effect (also similar to mercury) in terms of cbronic exposure. "12

The Covington article concluded with the statement: "it is our opinion
that nickel-beryllium dental casting alloys possess the potential to be a
significant hazard to the laboratory technician, dentist, and patient."'12  "' '"

In 1982, a dental laboratory technician wrote a letter to the editor of
Dental Laboratory Review in which he described how his health deteriorated
over a three-week period.1 5  During this time, he used 15 oz of a nickel- and
beryllium-containing non-precious alloy, but followed the recommended handling
instructions (mask, suction, well ventilated work area). What started as an
unproductive cough progressed to violent coughing spells and to loss of breath,
was accompanied by weight loss. The technician reported that he was examined
by a physician and told that he had acute beryllium poisoning. In a subsequent

issue of Dental Laboratory Review the editor mentioned that the Rocky Mountain
Center for Occupational & Environmental Health in Salt Lake City, Utah, was

undertaking a study of 100 technicians in the area.16  Unfortunately, there
was no independent substantiation of this claim.

The feature article of the January 1985 issue of the Journal of the
American Dental Association included beryllium as one of the environmental . .

hazards of concern to dentists. 17 According to the article, "direct skin
contact with beryllium particles or beryllium fumes also poses a health
threat to dental personnel".17  The article did not mention whether continued
handling of beryllium-containing alloys represented direct skin contact
with beryllium particles or not. However, it was reemphasized that beryllium
disease may not cause symptoms for several years after exposure. 17 The first
signs of beryllium toxicity include weight loss, fatigue, and general malaise ..

so common with many other illnesses that beryllium poisoning may not be
suspected immediately as a possible cause. 17

For physical protection, it was recommended that clinicians grinding -.-

beryllium-containing alloys wear face masks and gloves, and use the washed
field technique, along with high velocity suction. Intraoral grinding and .
polishing of nickel-chromium-beryllium alloys was discouraged. Furthermore,
it was stressed that dentists should be aware of the contents of the casting
alloys they used for the obvious protection of the patient and the clinician.

3o6 -. ° °°.%=°
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e. A Sumnry of Important Information on Beryllium
:.''.:,..

Based on the references just cited, the following information about
beryllium should be understood:

1. Although Be may compose only approximately 1.8% of the weidht
of a PFM alloy, beryllium accounts for approximately 10.7% of
the alloy's atomic volume.

2

2. Beryllium reportedly migrates to the alloy surface.12,l
4

3. The surface concentration of beryllium in a Ni-Cr-Be alloy may
be as much as 35%.12

4. "Direct skin contact with beryllium particles and beryllium

fumes poses a health threat to dental personnel.'
1 7

5. Beryllium may leave the surface of a Ni-Cr-Be alloy and go
into solution.

1 2

6. Nickel dissolution seems to be increased by the presence
of beryllium.

12

7. Beryllium migration to the alloy's surface may continue should
a vacancy occur in the oxide layer through dissolution.12  -

8. Every beryllium compound cited in the literature seems to
have some hazard associated with it.

12

9. The beryllium compound, beryllium hydroxide, is insoluble
and unlikely to be cleared by the body.

1

10. The extent to which beryllium is transported in the human

body is unknown.
12

11. The symptoms of beryllium disease may not appear for years
after the actual exposure.'?

12. There has been at least one reported claim of beryllium " '

poisoning of a dental technician who used a Ni-Cr-Be alloy.
1 5

12-5. THE BIOC(OMPATIBILITY OF COBALT GNV
Cobalt is the major constituent of the cobalt-chromium non-precious

PFM alloy system, and may account for 53-68% of a Co-Cr alloy's composition .-..-

(refer to Section 11).2 Of the high palladium precious alloys, the high
palladium-cobalt group in this study contained up to 8% cobalt (refer to
Section 7).
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In terms of biocompatibility, less than 1% of the population is estimated -
to be allergic to cobalt, and the allergy is found mainly among women.5 Patch
testing has been used to diagnose contact sensitivity. However, additional
testing is recommended for patients with a history or clinical symptoms --

suggesting a possible allergy to a cobalt-containing alloy.
5

Cobalt-containing alloys have also been used to fabricate human prosthetic
deices, and there have been no indications at this time that these alloys may
be carcinogenic.

18

12-6. THE BIOCOMPATIBILITY OF CHROMIUM

Chromium is the second major element of the three major non-precious
alloys systems: nickel-chromium-beryllium, nickel-chromium beryllium-free, and
cobalt-chromium. The percentage of chromium in these alloys may range from
13-31% by weight, with the highest percentages in the cobalt-chromium system.

Since the Co-Cr alloys are being offered as non-nickel, non-beryllium, 0
non-precious alloys, it is important to consider the biocompatibility of both
major constitutents. Some association has been reported between certain forms
of chromium and lung cancer in industrial exposures.5 However, no association
has been reported between chromium and cancer from the dental and medical
applications of chromium-containing alloys.

5

- 4
Chromium has been known to sensitize individuals, and to result in the

development of a chronic dermatitis from the chromate salts produced by the
corrosion of the alloys. 5 The dermatitis may linger for years, and reported-
ly may produce serious cosmetic problems.5 However, allergy to chromium is
believed to be rare.5 Patch testing for chromium sensitivity has the potential

to sensitize the individual from the test itself.
5  .

12-7. THE 1984 WORKSHOP: THE BIOCOMPATIBILITY OF METALS IN DENTISTRY

In the summer of 1984, the American Dental Association hosted the
WorKshop of the Biocompatibility of Metals in Dentistry, sponsored by the
National Institute of Dental Research, National Institutes of Health. 5 The
purpose of the Workshop was to review existing scientific evidence and the
literature, as related to the metals currently used in dentistry.

Some of the informaition presented in the preceding portions of this

S3ection has been drawn from the Workshop proceedings, as well as the publishedMa
* final report. 5

As mentioned in Section 12 of Volume 1,19 the report could not include
all the comments made during the Workshop. One informal recommendation made
to the conference at large was a call for a moratorium on the continued use
of nickel- and beryllium-containing alloys. The point was made that several "ft
precious metal alternative alloy systems are currently available which do
not involve issues of biocompatibility or sensitivity.
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12-8. ENVIRONMENTAL SURVEY OF THE DENTAL LABORATORY

If nicreI- and beryllium-containing non-precious alloys are used on
a regular basis in a dental laboratory, then an annual survey for nickel
and beryllium levels is recommended.

For technicians who use these alloys routinely, an 8-hr air sampling
should be accomplished, along with the collection of dust from common work
areas throug-hout the facility. Casting areas and suction equipment should
also be evaluated.

A specific survey plan can be arranged by your base bioenvironmental
engineerin,- d-pttrtment, and scheduled to collect data on a representative
work day. Test results will be provided in writing for comparison with
the Occucational 'Safety and Health Administration (OSHA) standards. An -S_

acceptable maximUm concentration of airborne beryllium is 2 pIg Be/in3 time-
weighted avea- r or ain 8-hr day, -and a peak concentration of 25 pg Be/in3

for a 30 ..in stMp'le.lT

12-9. NICKEL AND BERYLLIUM BIOCOMPATIBILITY AND THE A.D.A. ACCEPTANCE PROGRAM

Several o'the non-preciou s alloys in this study have been a..'irded
acceptaince( or orovisional acceptance under the Acceptance Program of the
American Dental .',sociation. However, consumers should bear in mind that
those designations were bestowed on the alloys in question prior to the
m,,ajority of published reports cited in this Section.

In othtfr words, the American Dental Association, like the dental
profession in .- eneral, was unaware of the propoosed theories on nickel and
beryllium mi :ruIlon an] of nickel and beryllium dissolution. At the time
these alloys were granted. their acceptance, the Council on Dental Materials,
Instruments, and 'E-uinment ..tlso did not ',now of the reports suggesting a
link between nic ,cl-base aL oys and nickel-induced sensitivity.

-Drer!, it mai c u.wise to :ssume that the award of A.D.A. acceptance
or orvs~ra cc-- ta.-nce ass ures human biocompatibility.

12-10. RECOl.NENDATIOES

in vaif- Licwing_ the publication of V;olume 1,191 no reports have
uin,.ermire,.ne r'-(,o m'r':,iation that precious metal systems should be considered
the ailLoys .;f m.c.In fact, new reports have been published12 ,1 1 ,1 2 whichL

indic~ t~~t ~ ~O ~caieffect- of both nickel an'd beryllium nay not -have -

ner:: P1 V i~i _' perhaps, have been underestimate: .

t -sit both nickel and beryLium may be released from the
ille L o urf-ic.. rl solution, and be transported into the body.lS In the
ca-ise D~ a ,-t s been su!. ,ested that the migrition toD the surface and

Ml. <.' on ti nuousi proc- 3_s,and :-,-t pre vented by a
-t 4-v x:I....a c~ thousn'-t. 1 ree ,t recercu sions

'thes !.,..*-:-,at completelyuarte.
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The behavior patterns of nickel and berylli u. are not rpstr4c~it h
PFM alloys, and may also involve Ni-Cr-Be removable Partil~ .:r L~s
The mechanism of Ni and Be release is not limited to ion exc-tan~ze by !!-,'is
in the gingival sulcus. The large surface area of removable r~ri_ n r
frameworks apparently may also be subject to the same processes --fnct lar nd
beryllium dissolution into human saliva. The implication th~i: thore ma,. be a
cause and effect relationshio between Yfickel-containing alloys ansi svstjms9
disease should be of even greater concern.'

1

An interesting analogy develops when beryllium is compared to asbestos.
Asbestos fibers are carcinogens,17 while beryllium is known t_- be responsible
for caiusing cancer in occupationally exposed workers." Exposure to airborne
asbestos fibers has been associated with lung cancer, pulmonary asbestosis,0
and fibrosis.17  The inhalation of dusts and fumes of beryllium and its
compounds is the primary route of exposure,8 and chronic beryllium exposure
is responsible for berylliosis. The effects of repeated exposure to asbestos
are thought to be cumulative.1 7 A suspected beryllium end-product is beryllium
hydroxide, "which is insoluble and unlikely to be cleared from the body; much
the same as me rur." 12 The "ef f ects of exposure to asbestos fibers may not-
manifest themselves immediately in the exposed worker."11 7 Beryllium disease
may not cause any clinical symptoms for several years after exposure.1 7  -

The similarities between asbestos and beryllium exposure are strikingly
similar, yet prevailing attitudes toward each are markedly different. Asbestos .-. *

and asbestos-containing materials are not permitted in the dental laboratory. 4
However, there are no similar restrictions on the routine use of beryllium- -

containing alloys at the present time, other than the recommended OSHA handling
instructions and the contraindication of their use in nickel-sensitive patients.

In light of the known and suspected biological implications associated
with nickel- and beryllium-containing alloys, the palladium-base precious9
metal alloy systems should be considered as alternatives to gold-base alloys.
Refer to Sections 6, 7, and 8 for descriptions of the properties and handling
characteristics of the high palladium-copper, the high palladium-cobalt, and
the palladium-silver alloys.

Individuals interested in using non-precious alloys, particularly for
removable partial denture frameworks, should consider the cobalt-chromium
system. According to the 1985 A.D.A. Association Report:

4 . , -.

"The potential for dermatologic and systemic effects that may occur ...

in patients and dental personnel because of exposure to cobalt alloysV
must not be overlooked. Although sensitivity reactions may be of some
concern, the toxicity potential of cobalt-chromium alloys appears to
be insignificant."2

One other indication that the present non-precious alloy systems are not
without problems is the program under way at the National Bureau of Standards
to evaluate titanium cast crowns.2 0 Titanium is the ninth most abundant
material in the earth's crust, and "extremely biocompatible with the human
body."20  However, to make titanium crowns requires new casting investments
(zirconia-based), and the use of an inert gas atmosphere in an especially
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-SECTION 12--

designed electric-arc furnace.2 0  Perfection of a titanium-base non-precious
alloy system is probably not being sought solely for any anticipated financial
benefit. Although existing non-precious alloys are already very inexpensive,

* alloy manufacturers and distributors might be able to improve profit margins
* with a titanium-base alloy. However, a major advantage, and one which is only

mentioned in passing, may be the opportunity to offer a BIOCOt4PATIBLE non-
precious alloy.

Should a titanium-base alloy be available with workable supporting
technology, we very well may see a change in attitude toward nickel and
beryllium by the dental profession. Public perceptions also may impact
these issues in the future.
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SECTION 13:

ECONOMIC CONSIDERATIONS OF DENTAL CASTING ALLOYS . "

13-1. FACTORS AFFECTING THE COST OF AN ALLOY

The total cost of an alloy to the consumer is based upon many factors--
not merely on the price per ounce of the material. Greater consideration
should be given to the relative cost, per restoration, by including the ease
of handling during processing. This factor would include all the man-hours
required to produce a restoration from wax-up to final finish. This broader
appreciation of the many technical aspects leading to a completed case helps
establish a more equitable basis for comparison of different alloy systems.

For example, despite general training in the processing of the gold-
base PFM alloys, additional experience is needed to accommodate the unique
processing requirements of the non-precious alloys. Casting the nickel- and
cobalt-base metals is a skill which has to be acquired, and which may be
preceded by unsuccessful trial-and-error testing. Since the non-precious ,
alloys are extremely hard, they require more time for adjusting and finishing.
Careful attention to the wax-up is the method to reduce finishing time, but,-
it is an area often overlooked. Consequently, the economy of a low-cost alloy .

can be offset by the added expenditure of additional finishing time. Miscasts .
and remakes, due to over-heating or mishandling an alloy, make these "econo- -'
mical" alloys more expensive than anticipated.

Some additional general considerations which can affect any alloy
system, either precious or non-precious, include: price variations within
an alloy system, the effect of alloy density on productivity, the value of
weighing wax patterns, and the influence of ingot size on metal expenditure. .

13-2. PRICE VARIATIONS WITHIN AN ALLOY SYSTI .

Pricing various alloys within a given alloy system is important. Costs .' .- .]

can vary substantially for precious alloys within the same system. Even the .-
non-precious systems will reflect substantial variations in price for the same
quantity of alloy. Such distinctions may, in part, be attributed to the
quality, level of testing, and research behind the development of an alloy.
Participation in the American Dental Association Acceptance Program is very """
costly, and this expense will be reflected in the price of an alloy. If all
factors are equal, an A.D.A. Acceptable alloy should be considered over an
undesignated alloy, despite any anticipated savings. [

It is equally important that price not be used as the sole criterion for
alloy selection or substitution. Although two casting alloys may list the
same constituents and the same percentage composition, the metals may NOT
be of comparable quality. The purity of the elements in the alloy may differ, *-*'*"' 4
as may the sequence in which the ingredients are added to create the character
of the final product. Such distinctions are not reflected on the alloy's
package, just its price. Therefore, if you have proven success with a metal
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-SECTION 13-

porcelain combination, do not agree to alloy substitutions without testing
, the compatibility of the new alloys with your dental porcelain.

13-3. THE EFFECTS OF ALLOY DENSITY ON PRODUCTIVITY

One of the added advantages of the non-gold base, alternative alloys is
that they are lower in density than the high gold and gold-palladium metals.
In other words, less metal can be used to cast restorations of equal
volume. This fact has been particularly emphasized for the non-precious metals,
but has application to the palladium-base alloys as well. In addition, many of
the non-gold base metals can be waxed and cast routinely at 0.3-to 0.4-mm thick-
nesses. It is not uncommon for users of gold-base alloys to wax to 0.5 mm,
cast, and then finish the metal down to their desired thickness. Aside from
the obvious initial savings in the purchase price of a non-gold base vs. gold-
base alloy, an added benefit of a lower density metal is a thinner, lighter
weight casting requiring less alloy to be produced. Less metal per restoration
can be translated into more castings per ounce and greater productivity.

13 4. THE BEFITS OF WEIGHING WAX PAT .E- .

Estimating the amount of alloy needed to cast a particular case is often
guesswork without weighing the wax patterns. More importantly, cases sprued
indirectly should be cast without a button to avoid competition with the con-
nector bar as the reservoir area in the spruing system. This result can be
obtained by weighing the sprue system and estimating the quantity of metal
needed using a conversion table (Table 1, at the close of text). Precious alloys
are available in 2-dwt, and sometimes l-dwt, ingots as compared with the 2-to
4-dwt ingots of non-precious metals. Consequently, it is easier to cast with
the correct quantity of metal when using a precious alloy. More importantly,
the buttons of precious alloys are reusable, while some alloy manufacturers
recommend using only virgin non-precious metal for each casting.

13-5. THE INFLUENCE OF INGOT SIZE ON METAL EPEDITURE

It has been pointed out that large non-precious alloy ingots are of
greater benefit to facilities which cast large single piece restorations or
multiple unit cases. Smaller laboratories accustomed to casting single unit
cases would find a non-precious alloy of 2 to 3-dwt size more advantageous.
We have accepted the 2-dwt precious alloy ingot, but the l-dwt ingot is much
easier to work with, especially when wax patterns are weighed and indirect
spruing is used. Casting with the correct volume of metal not only makes good
sense, but is also economical.

13-6. A COMPARISON OF ALTERNATIVE ALLOY SYST4"

The prices of the precious and the non-precious alloys, respectively,
are presented in the following Attachments I and 2. Consult each alloy
manufacturer or distributor for current price information.
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-SE~lON13: ATTACENENT 1--

PRECIOUS ALLOY SYSTEMS PRICES~
(As of February 3, 1986)-

Price Per Ounce Price Per Pennyweight

a. HIGH PALLADIUM-COPPER:

1). Atheniun - $110.60 $5.53

2). Deguplus 2 -$143.71 $7.19

3). Naturelle -$122.00 $6.1o

-%4). PG-80+ - $147.54 $7.38

b. HIGH PALLADIUM-COBALT: A

1). PTM-88 - $123.60 $6.18

2). Supra AP - $121.00 $6.05

c . PALLADIUM-SILVER:

1). Bak-On SP -$110.05 $5.50

2). Jel-5 - $96.40 $4.82

3). Pors-On - $117.32 $5.87

F4). Will-Ceram W-1 -$86.80 $4.34

[GOLD-BASE ALLOYS AND THEIR COMPARATIVE COSTS)

* d. GOLD-PALLADIUM: .

Olympia - $296.20 $14.81 aP-0

* e. GOLD-PLATINUM-PALLADIUM:

Jelenko "0" - $423.40 $21.17

if. MARKET PRICE OF GOLD: $34 6-348/oz price range
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NON-PECIOUS ALLOY SYSTEMS PRICES
(As of' September 1985)

Quantity Purchase Price Price Per Pennyweight

a. NICKEL-CHROMIUM-
BERYLLIUM:

1). Bak-On NP-
1 oz @ $ 20.50 per oz $ 1.03

5-10 oz @ $ 14.50 per oz $ 0.73
50-100 oz @ $ 8.00 per oz $ 0.40

2). Bioband II-

One 2-oz jar $ 28.00 per jar $ 0.72
Five 2-az jars $ 26.64 per jar $ 0.67
Ten 2-oz jars $ 24.48 per jar $ 0.61

One 25-az jar $ 272.00 per jar $ 0.54
Two 25-az jars $ 252.00 per jar $ 0.51
Four 25-az jars $ 232.00 per jar $ 0.47

3). Litecast B-

Any quantity $ 12.00 per oz $0.60

4). Hexillium III P.J-

Any quantity $ 12.00 per oz $ .6
less than 100 oz

(5-az minimum order required)

* .4a.34

(Cont'd. on facing page)
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NON-PRECIOUS ALLOY SYSTD PRICES ,,.JY -
(As of September 1985--Cont'd. from previous page)

Quantity Purchase Price Price Per Pennyweight

b. NICKEL-CHROMIUM . A
(BERYLLIUM-FREE):

Forte - 5 oz @ $ 14.40 per oz $ 0.72
25 oz @ $ 12.80 per oz $ 0.64
50 oz @ $ 12.00 per oz $ 0.60
100 oz @ $ 11.20 per oz $ 0.56
250 oz @ $ 10.40 per oz $ 0.52
500 oz @ $ 9.60 per oz $ 0.48
750 oz @ $ 8.80 per oz $ 0.44

c. COBALT-CHROMIUM:

1). Cobond - -

One 2-oz jar $ 28.80 per jar $ 0.72 %
Five 2-oz jars $ 26.64 per jar $ 0.67 4%.
Ten 2-oz jars $ 24.48 per jar $ 0.61
One 25-oz jar $ 272.00 per jar $ 0.54
Two 25-oz jars $ 252.00 per jar $ 0.51

Four 25-oz jars $ 232.00 per jar $ 0.147

2). Novarex -

Any quantity $ 21.00 per oz $ 1.05
less than 100 oz

(5-oz minimum order required)

.'. e-.

.. 1

319
• % % ". -



* -. - . .,

SECTION 14:

LABORATORY SAFETY

14-1. GENmAL CoNSIDxm AoS

The uidelines for safety in the dental laboratory are described in
AFM 162-6. The reader is encouraged to review that material in its entirety.
Information presented in this Section focuses on factors directly related to
the safe processing of dental casting alloys, particularly the non-precious
metals containing nickel and beryllium.

14-2. PHYSICAL PROTECTION

Laboratory procedures, such as torch casting and finishing, require very
specific precautions to protect the laboratory technician properly from any "-
potential insult or injury. It is imperative that the following minimum safety ",% \'
measures be followed to ensure a reasonable level of caution and protection.

a. TORCH CASTING

Whenever torch-melting an alloy with a gas-oxygen system in an exposed
environment, we recommend you wear the following safety equipment: ,-

1). Welder's Goggles and Mask - Clear safety glasses may be satisfact- ..
ory when casting the lower melting precious alloys. However, the non-precious
alloys require hotter flames. Therefore, a dark protective lens is needed to
prevent eye damage from the intensity of the flame, as well as any metal spills " --
which might occur from a miscast. The welder's mask offers the most physical
protection, since the entire face and neck are shielded, and a protective lens 4
permits visualization of the molten alloy. The tinted lenses enable the dental
technician to assess the character of the alloy and more readily estimate the
appropriate moment to cast.

2). Insulated Gloves - While burnout temperatures of 1200-1300 OF (649-
704 °C) may not appear to pose a threat, removal of an investment ring from
a 1600 OF (871 °C) oven can potentially result in injury to the skin. The
intense heat can not be averted by working quickly. Since the technician is
more likely to drop the heated ring (or possibly remove the wrong one) in order
to avoid being burned, the use of an insulated glove is essential. You may wish
to purchase a non-asbestos glove, as offered for sale by: Lab Safety Supply, -
P.O.Box 1368, Janesville, WI 53547-1368.

3). Laboratory Coat - When casting, protect your outer clothing by wear-

ing a laboratory coat. A coat provides an initial barrier against any molten
metal which might become airborne during a miscast.

Department of the Air Force, "The Dental Laboratory Environment," Ch. 2.

Air Force Manual (AFM) 162-6. Washington, D. C.: U.S. Government

Printing Office, 15 Nov 1982.
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4). Surgical Mask - If all you have available is a pair of welder's
goggles, be sure to wear a surgical mask to decrease your exposure to vapors
produced during casting, and to physically protect a larger area of the face.

*" ?. °d. " ,g

b. ADJUSTING AND FINISHING. : J

The basic principles of physical protection apply to all the various
stages of adjusting and finishing a PFM substructure. The concerns over the
biocompatibility of nickel and beryllium reinforce the need to maximize
safety, if these non-precious alloys are used.

1). Safety Glasses - Standard eyeglass frames with protective lenses 0___.
offer limited protection, due to the large amount of unshielded area. Wear
special goggles or safety glasses, shielded from below and laterally.

2). Surgical Mask - Whether removing a sprue, grinding, finishing, or
polishing a restoration, wear a surgical mask to prevent the inhalation of
airborne particles of metal and abrasive.

3). Laboratory Coat - Wear a laboratory coat, whenever grinding or
finishing, to prevent the removal of metal and abrasive particles from the
laboratory and possible transportation to your car or home.

14-3. HIGH-SPEED AIR EVACUATION

Whenever possible, avoid the use of a hand-held belt-drive dental
laboratory engine for adjusting and finishing non-precious alloys containing
nickel and beryllium. There is no substitute for good ventilation and high-
speed evacuation to ensure maximum physical protection from any potentially
harmful airborne particles. Use a high-speed lathe, or air-driven handpiece,

which has a glass shield for added protection. However, do not regard the
use of this equipment as a substitute for safety goggles, a surgical mask,
and a laboratory coat.

1-". H.DR.LuoRc ACI
The use of hydrofluoric acid is still mentioned in the directions for -"

processing several PFM casting alloys. The acid is most frequently used to
remove the oxide layer after oxidizing (degassing), or to strip porcelain from
a metal substructure. By using pure, non-recycled 50-)IM aluminum oxide, the
oxide layer can be removed mechanically with air abrasion. This change in
technique eliminates the need to maintain this very hazardous material in our
dental laboratories. Therefore, we strongly suggest that you DO NOT USE

HYDROFLUORIC ACID in your laboratory. In fact, we recommend you eliminate it
from your inventory, if you still have it on hand, to avoid any potential
danger to laboratory personnel. If a hydrofluoric acid spill does occur, and V4"
contact is made with skin, flush the contaminated site liberally with water
and apply a mixture of magnesium oxide (or milk of magnesia) and glycerin in
paste form. Then immediately seek medical attention.
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SECTION 15: '

CONCLUSIONS

% bo. .°

15-1. INTROIDCTION

This user testing program was undertaken as a pilot project to survey ' .
the many alloy systems presently being offered as alternatives to gold-base
metals for PFM restorations. With its broad scope, such an effort could only
examine the general behavior of the different materials, and had little time
remaining for in-depth assessments of specific alloys or alloy systems.

The observations and findings of this project are included in the .
appropriate sections, but Section 15 summarizes the findings of the entire
program. The reader is cautioned that the information in this Section
represents both the objective and the subjective conclusions of the author.
A comparison of materials with similar handling characteristics is most "-
difficult and, often, quite subjective. As a result, an alloy or investment
is evaluated on more than performance. Examples of some of the factors taken .,
into consideration are: biocompatibility, ease of processing, porcelain
compatibility, participation in the American Dental Association's Acceptance
Program, the availability of local technical support, identification of ingots,
ingot size, comparative costs, detailed written technical instructions, a
TOLL-FREE hot line for prompt communication with the manufacturer, and general ...'..
support to the Air Force effort.

Moreover, recommendations are based on the findings of this pilot test
and evaluation program, and may change as more is learned about the materials.
While ease of laboratory processing is important, a restorative material must
be safe, effective, and compatible with the oral environment (in vivo). Lab-
oratory (in vitro) testing by manufacturers is not always a predictable indi- 9'
cator of success for a restorative material. Products sometimes fail to live
up to expectations and marketing claims. Test and evaluation programs are help-
ful in separating fact from fiction. As an example, these conclusions have
been revised to include information--regarding the biocompatibility of nickel
and beryllium--which has appeared in the literature since the publication of -' '

Volume I. Such an update is necessary as new information is learned and made
available.

Several products have been recognized in this project on the basis of
their performance. Specific recommendations signify a high degree of confi-
dence in the quality and in the benefit of a product. However, if no single ?.-.'

product emerged as the best in its particular category, or serious concerns
arose due to biocompatibility or processing difficulties, no re&commendations
were made.

THE READER IS REMINDED THAT THE OPINIONS EXPiiE,;SE HERE ARE THOSE
OF THE AUTHOR, AND THEY SHOULD NOT BE CON31l)EhREl OFFICIAL OR REPRESENTINGl
THE DENTAL INVESTIGATION SERVICE, PHE UJNITFD SiAPE: Al. FORCE DENTAL CORPS,
OR THE DEPARTMENT OF DEFENSE.
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15-2. PREFABRICATED WAX SPRUES AND CASTING RINGS

The use of prefabricated wax sprues has many advantages for facilities
of all sizes, from the base laboratory to the ADL level. Technicians can
reduce spruing time, be consistent in their technique, ensure location of %
the reservoir bar in the heat center of the casting ring, and produce high e

quality castings. ISO

RECOMMENDATION: The Casting Oval System (Belle de St. Claire) is an
excellent alternative to conventional round rings. It
comes complete with prefabricated indirect wax sprues
(Ready Sprues). With minor modifications to length of -

the reservoir bar, the Tri-Wax Sprues (Williams) can -
also be used with this casting system.

FOR SMALL-TO-MEDIUM SIZE WAX PATTERNS

The 6-gauge reservoir bar for both the small and large

size Ready Sprues (Belle de St. Claire) may not provide O
adequate metal for all pattern sizes. £ -p

FOR MEDIUM-TO-LARGE SIZE WAX PATERNS

The Tri-Wax indirect wax sprue has a 3-gauge reservoir
bar which will provide ample metal for full metal- -

crowns, large pontics, and medium-to-large partial 6%. 4*,,

veneer restorations.

NOTE: Some Belle de St. Claire products can be purchased at a discount
from some mail-order dental supply companies.

15-3. PHOSPHATE-BONDED INVESTM4ENTS

The high melting and casting temperatures of porcelain alloys require
the use of high-heat, phosphate- or silica-bonded investments, as opposed to
the weaker gypsum-bonded materials.

Both the carbon and non-carbon containing phosphate-bonded types are
widely used for precious and non-precious alloys. However, many consumers
of non-precious alloys prefer the non-carbon variety to lessen any potential
carbon contamination of the alloy. Opinions differ widely as to the relative "'""
risk of carbon exposure when burnout temperatures approach 1600 OF (871 °C)
and heat soaking periods extend to 1-1/2 hr. Nonetheless, non-carbon varieties
conveniently eliminate the carbon problem altogether.

Handling characteristics--such as working time, the smoothness and/or
coarseness of the mix, interaction with wax pattern cleaners (debubblizers),"
and factors like packaging and cost--are important features to be taken into
consideration when evaluating investment materials.

2.3..'.
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-SECTION 15-

During the course of the evaluation, five phosphate-bonded investments
were tested: two, of the NON-CARBON-containing type--HI-TEMP (Whip-Mix),
and VESTRA-FINE (Unitek); and three, of the CARBON-containing tyce--BIOVEST
(Dentsply), COMPLETE(Jelenko), and DEGUVEST FTG (Degussa). ... i.

6

a. NON-CARBON INVESTMENTS

Although generally recommended for the nickel-base alloys, non-carbon
investments can be used with any alloy system. Their white color (no carbon .....

present) makes them easy to identify and differentiate from the gray-black,
carbon-containing investments.

VESTRA-FINE was unique among all the phosphate-bonded investment by
virtue of its fine-grain powder and the smooth, creamy consistency of the
resultant mix. The mixed VESTRA-FINE investment clung to the wax pattern very
well, and provided more working time than did HI-TEMP. Even when the VESTRA-
FINE special liquid was diluted with one-third distilled water, 6 min of
working time were available for investing. ,0

Another advantage of VESTRA-FINE was that after vacuum mixing, the
technician could readily pour the investment into one or more casting rings
without hurrying. An extended working time is particularly helpful to an
inexperienced dental technician, and equally beneficial to an experienced
individual investing multiple rings simultaneously.

Each small envelope of VESTRA-FINE contains 65 g of powder rather
than 60 g, because of the fine particle size. Nonetheless, two 65-g packages
mixed together, or one 130-g envelope, can fill 3 individual IX casting rings.
VESTRA-FINE investment appears strong enough to permit investment and burnout
without a metal casting ring when maximum expansion is sought. Allow at least . .
1-hr setting time before removing the sprue former from the casting ring.

By comparison, HI-TEMP was observed to have a coarser consistency with
less working time than VESTRA-FINE, but is also much less expensive.

In summary, the general handling characteristics of VESTRA-FINE were
judged superior to those of HI-TEMP. Table 5 (at clcse of text) lists the
government costs of both VESTRA-FINE and HI-TEMP.

RECOMMENDATIONS: VESTRA-FINE is a smooth investment with excellent
working time, and is safe for use with any alloy
system. 7

HI-TEMP is a satisfactory substitute, but it is
not a fine-grain investment and does not offer the
same handling characteristics as VESTRA-FINE.
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b. CARBON-COTAINIJG I ' -

Some disagreement exists as to whether these investments should be used
with the nickel-containing metals. Opponents contend that any carbon residue
in the mold can potentially interact with nickel and embrittle the alloy. For
example, the cobalt-chromium alloy Novarex contains carbide-forming elements,
such as chromium, wolfram, and niobium. If these carbides are produced, the
alloy can become harder. Nonetheless, others contend that, at burnout tempera-, ......<.
tures in the 1500-1600 OF (816-871 0C) range with 1- to 1-1/2-hr burnout times,
the carbon is of little significance. They do not regard a CARBON-containing -.-

phosphate-bonded investment as potentially detrimental to the alloy.

Three of the five casting investments used were carbon-containing:
BIOVEST, COMPLETE, and DEGUVEST HFG. Both BIOVEST and DEGUVEST HFG had very
similar handling characteristics, although the special liquid dispenser for
DEGUVEST HFG had a spout which permitted drop-by-drop measurements, and thus

was the easiest container to use when dispensing the special liquid. BIOVEST
was easier to divest than DEGUVEST HFG, but BIOVEST was also MORE expensive.
COMPLETE, on the other hand, is the least expensive of these three investments,
but appeared to release more gases. These gases resulted in the formation of .-.. -¢

more small nodules on the castings than did any of the other investments. In
general, we found it necessary to decrease the mixing times slightly to retain
the time for "holding" under vacuum and still have adequate working time.

Use of a clean mixing bowl, free of scratches, is strongly recommended "'""'
to minimize influences on the setting time of the mixed investment. A test

mix of a new investment is advisable to determine the mixing, holding, and
working times which are appropriate for your laboratory equipment and personnel

(Table 5, at close of text).

RECOMMENDATION: DEGUVEST HFG and BIOVEST were quite comparable, but
Deguvest HFG was less expensive, and the special liquid
dispenser was the best one we tested. However, BIOVEST
is easier to divest.

15-4. THE HIGH PALLDIm-COPR ALLOYS

Four alloys from this particular group were evaluated: ATHENIUM

(Williams); DEGUPLUS 2 (Degussa); NATURELLE (Jeneric); and PG-80+ (Unitek).
Although these metals melt and cast like gold-base alloys and are economical,

they have significant weaknesses.

Three problem areas with the high palladium-copper alloys, in general,
are: the nature of the oxide layer (thick and dark oxide); and difficulties
with pre-soldering, and with polishing.

The thick black to brown oxide has been observed to affect adversely
the color of the final restoration. A graying of some dental porcelains may
occur and be particularly noticeable with anterior restorations. Since the
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masking powers of opaque porcelains vary, this phenomenon may not occur with
every porcelain system. Despite reports to the contrary, no bond failures W7
were noted either clinically or in the dental laboratory. Bond strength, per
se, was not considered a problem with any of the alloys tested.

Although the emphasis of this evaluation program was on the production
of single unit restorations, several fixed partial dentures were fabricated. S'-

The area of greatest concern in partial denture construction appeared to be

pre-soldering, based on this preliminary work with natural gas and oxygen.
The temperature separation between the recommended pre-solders and the parent

metals ranged from a mere 45 OF (7 °C) to 205 OF (96 °C). Even with a 170 OF
(77 0C) separation, fixed partial dentures were inadvertently overheated, and
melted because the solder would not flow. The inherent tendency to oxidize
easily was also believed to have contributed to the problem. _-

Obtaining a high, even luster to the final restoration is not always
possible. Some attribute this particular problem to the presence of surface
oxides. Others say it's a result of dealing with a two-phase alloy, or the
presence of microporosity. In order to achieve a final polish, any surface
oxide layer (extraneous oxidation) has to be mphanically removed for the O
parent metal to be reached. This procedure has lot always been so easy to
accomplish, and portions of a restoration with a large surface area (metal
occlusals/linguals) could not always be made to produce a uniform high shine.
Since full metal crowns made from high palladium-copper alloys are easy to
polish, but heat-treated (fired in a porcelain furnace) units are not, the
oxide theory may be found to be at the heart of the issue. In any regard,
polishability can be a problem, demand more time than anticipated, and render F\'.' ' -.

a less than ideal final polish.

None of the high palladium-copper alloys tested should be consideredA
as substitutes for gold-base alloys, such as Olympia (Jelenko). Although
the high palladium alloys may be of supplemental value, they should be .. s

recognized as possessing certain limitations not found with alloys such as
Olympia. Porcelain "graying" and pre-soldering failures can require remakes
which would eliminate any potential savings from using an alternative alloy.

RECOMMENDATION: No single alloy proved superior to the other members
of this group. These general recommendations pertain .
to all high palladium-copper alloys.

.4o
a. Obey the Laws of Casting, and follow the recommended procedures

for processing lower density alloys.

b. Assess the masking power of your opaque porcelain, since the thick,
dark oxide may influence shade fidelity.

c. Limit initial rtestorations to posterior units where color is less
critical, in the event porcelain "graying" occurs.
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d. Perform pre-soldering laboratory tests to ascertain your ability
to solder these alloys, prior to undertaking a clinical case which
involves a fixed partial denture. -

e. Evaluate the polishability of several test castings with metal
occlusals or linguals after heat-treating the alloys (firing in a
porcelain furnace).

f. Do not consider the addition of small percentages (1-3%) of noble
metals, such as gold and platinum, as important to the properties
of these alloys.

15-5. THE HIGH PALLADIUM-COBALT ALLOYS -

Two high palladium-cobalt alloys were included in the study: PTM-88
(Jelenko), and SUPRA-AP (Jeneric). These alloys are similar to the high
palladium-copper metals, with the exception that cobalt is substituted
for copper.

Instead of a thick, dark black to brown oxide, the cobalt-containing
group produces a cobalt blue oxide layer. Porcelain "bluing" reportedly
may occur, if the masking power of the opaque porcelain is not sufficient,
to handle the oxides. This occurrence presents a similar clinical problem
associated with the high palladium-copper alloys--a lack of shade fidelity -,
in some instances.

No fixed partial dentures were fabricated from these alloys, and no
preliminary pre-soldering testing was attempted. However, the formation "'- .
of oxides on the glazed porcelain surface was observed after cementation
with one alloy (PTM-88). In view of that event, no additional clinical
cases were produced with that particular metal.

Like their copper-containing counterparts, the high palladium-cobalt
alloys are not substitutes for gold-base metals such as Olympia (Jelenko).

RECOMMENDATION: Aside from the post-cementation oxide formation by
PTM-88, no distinction could be made between SUPRA-AP . -:..
and PTM-88.

15-6. THE PALLADIUM-SILVER ALLOYS

Four palladium-silver alloys were examined: BAK-ON SP (Johnson & Johnson);
JEL-5 (Jelenko); PORS-ON (Degussa); and WILL-CERAM W-1 (Williams). Both
BAK-ON SP and PORS-ON contain a higher percentage of palladium, and less silver,

along with tin and indium, for oxide development. On the other hand, W-1 and
JEL-5 are composed of less palladium and more silver, and contain tin but no
indium. The tin and indium-containing alloys produce a biuish-violet oxide_ .- ,

layer, while the oxidized tin-only metals generate a light gray oxide film.
The oxide layer from both palladium-silver categories is much lighter in color

ti ai-n -e- -. 7
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than the oxidation with either the high palladium-copper or high palladium-
cobalt groups. Yamamoto has recommended using 30% hydrochloric acid to
selectively remove dark oxides from various precious and non-precious allo,
and leave only the "white" tin oxide.1  He contends that this procedure
improves bond strength and lessens the likelihood of porcelain discoloration.
These acid treatment procedures are unnecessary with palladium-silver alloys
containing tin but no indium. The naturally occurring oxide is a "white" or
light gray color which looks almost transparent. Unfortunately, few people
know much about palladium-silver alloys other than the discoloration problem
associated with certain shades of some dental porcelains.

The palladium-silver alloys also melt easily and cast well, much like
gold-base metals. They polish readily and yield a high luster,equal if
not superior to a gold-palladium alloy. No fixed partial dentures were
fabricated with any of the palladium-silver alloys, so pre-soldering was not "
studied.

The ease of melting, good castability, thin light-colored oxide layer, -
good bond strength, and excellent polishability made this alloy system superior
to the other palladium-base alloys and all the non-precious systems. . .

If any alloy system might rival the handling properties and features
of the gold-base metals, it would be the palladium-silver alloys. Their ..-
major limitation is the potential discoloration of some dental porcelain by
the substantial quantity of silver. However, both Will-Ceram (Williams) ."-
and Artis-Tech (Rx Jeneric) porcelains are reportedly resistant to porcelain
discoloration. The cost of the palladium-silver alloys is often 30% less "
than that of the high palladium metals, and 60% less than gold-palladum .

alloys. At least two palladium-silver alloys are A.D.A. "ACCEPTABLE":WILL-CERAM W-1 (Williams), and JELSTAR (Jelenko). "- % -1
RECOMM.ENDATION: No single alloy proved more outstanding than all ...i

the others. However, a lighter oxide was produced..-

by WILL-CERAM W-1 and JEL-5, which contained tin and ".
no indium.

* : . '... . .'_

a. Obey the Laws of Casting, and adhere to the recommendations for
processing lower density alloys.

b. The study of Pd-Ag alloys should be continued and expanded for

fixed partial dentures, and for pre- and post-soldering testing. k \I

c. Facilities using Will-Ceram or Artis-Tech porcelains are advised
to examine the palladium-silver alloys before experimenting with
either high palladium-copper or high palladium-cobalt metals. ,.

d. The problems of porcelain discoloration by silver should also " .
be examined to ascertain the capabilities and limitations of .'-
these alloys with dental porcelains in Air Force inventories.

e. Of all the alternative alloy systems evaluated, palladium-silver - 'i

appears to offer the most potential for obtaining economy without ...

sacrificing quality. %
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15-7. THE IICKEL-CERONIID-BERYLLIU ALLOYS

Four alloys were examined in this group: BAK-ON NP (Johnson & Johnson); . -
BIOBOND II (Dentsply); LITECAST B (Williams); and REXILLIUM III (Jeneric).
More recent reports have provided additional evidence that nickel-base alloys
containing beryllium may be more potentially harmful to our patients and to
our dental laboratory technicians than previously believed.

' Consequently, no recommendations will be made for any nickel-containing
, alloys.

RECOMMENDATION: NONE

The noteworthy characteristics of each of the foregoing alloys are "

summarized here:

LITECAST B - Is A.D.A. "ACCEPTABLE"; has ingot identification; field
technical support is available; TOLL-FREE phone number;
low ingot weight; medium burnout temperature (1500 OF/
816 °C) low oxygen casting pressure; and least expensive
(minimum orders), but highest Vickers hardness number %
(335).

REXILLIUM III - Is A.D.A. "ACCEPTPABLE"; TOLL-FREE phone number; lowest

reported Vickers hardness number (255), but NO ingot .
identification; the highest burnout temperature (1600 OF/
871 °C), second highest ingot weight (3.5 dwt per ingot);
highest oxygen casting pressure (30); and among the most
expensive (minimum orders).

BIOBOND II - Is A.D.A. "Provisionally Acceptable"; has ingot identifica-
tion; field technical support available; second highest
burnout temperature; low oxygen casting pressure; low
cost (minimum orders); high Vickers hardness number (310);
and a TOLL-FREE phone number; but the ingots were large--
a factor which leads to rapid accumulation of spent metal . ".

(buttons) in smaller laboratories.

BAK-ON NP- Is A.D.A. "Provisionally Acceptable"; has ingot identifica-
tion; field technical support reportedly available;
lowest burnout temperature(1h50 °F/788 °C); low ingot
weight; medium oxygen casting pressure; and low Vickers '-
hardness number (260); but has no TOLL-FREE phone number,
and is more EXPENSIVE in minimum orders.

NOTE: Large ingots are more of an advantage to bigger laboratories,
or facilities accustomed to multiple unit castings. A large ingot
will have a lower surface area of oxide to volume ratio as compared
with several smaller ingots, or a small ingot and a button. However,
smaller laboratories, more accustomed to single unit castings, benefit 27.-

more by using the smaller ingot.

329

LzK



* -- .-. .-

-SECTION 15-

15-8. THE NICELf-CHROMflKD BEIRYLLIUM-FREE ALLOYSI

Only one alloy was evaluated from this particular group: FORTE (Unitek).
This system offers no real advantages over the nickel-chromium-beryllium
alloys, other than the elimination of potential health risks associated with
beryllium. ___

Since this alloy is not etchable (no nickel-beryllium phase), a .- 
"

* .[ technique to provide mechanical retention is required if used for the etched . .
resin-bonded retainer (Maryland Bridge) restoration. More importantly, these ..

are still nickel-base alloys, and thus subject to the same biocompatibility
,.. issues associated with the nickel-containing alloys in general. ,. -. '

RECOMMENDATION: NONE

15-9. THE COBALT-CHROMIUM ALLOYS

Two alloys were obtained for evaluation of the only non-nickel, non-
beryllium, non-precious alloy system: COBOND (Dentsply), and NOVAREX (Jeneric).
These alloys were both more difficult to process than either of the nickel-base
groups. They produce a thick, dark oxide layer which may range in color from ...-

brown to greenish-black. This thick oxide is unlike that seen with the high
palladium alloys, and must be managed if porcelain-metal bond failures >.,
are to be be prevented. 4

The cobalt-chromium alloys have not gained sufficient popularity to rival

the nickel-base metals, because they are more demanding technically. In the

event the price of palladium increased markedly to render the palladium-base ". -
alloys unattractive from a cost standpoint, then attention should be directed
toward mastering the technical considerations associated with the cobalt-
chromium system. With the availability of relatively low cost, precious alter-
natives like palladium-silver, the cobalt-chromium metals remain far less
attractive for the PFM restoration. .'...

RECOMMENDATION: NONE -

The noteworthy characteristics of both of these alloys are summarized
here:

COBOND - Is designated "PROVISIONALLY ACCEPTABLE" by the A.D.A., and % %.' %/
has ingot identification, a lower burnout temperature, and ...
a lower oxygen casting pressure; is LESS expensive; field
technical support is available; has TOLL-FREE phone number;
but COBOND has a high Vickers hardness number (320).

NOVAREX - Has no A.D.A. designation; no ingot identification; no field %
technical support; a high burnout temperature (1600 OF/871 0C);
a high oxygen casting pressure; and a 5-oz minimum order, but -
lower ingot weights and lower Vickers hardness number (275).

• , 9 .*** % *

330

. .,. ..

%- ° .. . ".- " . . . . -" . " . . °. """"" . ,, " . . " . " . " " % , " ° ° - " :% • % " - •



* . *'.p lm

-SECTION 15- -

15-10. OTHER ITEM OF INTEREST

While the focus of this project was on dental casting alloys for the i_ .,..."-

PFM restoration, several adjunctive products were brought to our attention
and examined. We felt such items might be of general interest, so they have • ,f. .
been included in this special section:

a. CASTING OVAL SYSTEM (Belle de St. Claire) - This casting system
included an oval ring, oval sprue former, prefabricated wax sprues, .- .

and a non-asbestos ring liner (ceramic type). As discussed in
Section 4, the system is effective, easy to use, efficient, and
helpful in producing excellent castings. Three sizes of indirect '

sprues and rings are available (small, large,and extra large). " 4"-
The reservoir bar is 6-gauge for the small and large sizes, and _40
8-gauge for the extra large size. A special cradle is available
for adaptation to several brands of casting equipment.

b. COLOR TRU LIQUID BINDER (Forsyth Dental Center) - This new liquid
for dental porcelain is an organic liquid binder. It has the unique
property of permitting visualization of the color of the porcelain ,
mixture before it fired. Although its handling properties are much .
different from conventional liquids, it has the potential to be of .
particular help to the dental technicians in developing internal .

color.

Color Tru is a new product and has not been tested as thoroughly as 4
conventional liquids. In addition, its handling properties are
quite different from those of distilled water, so expect a short

period of adjustment to its unique properties.

c. FLEXIBLE CLEARANCE GUIDE (Belle de St. Claire) - What the caliphers '....-

are to wax and metal, the Flexible Clearance Guide is to the tooth 9
preparation. The flexible guide has 6 clearance gauges (0.5, 1.0,
1.5, 2.0, 2.5, and 3.0 mm). It can be used for intraoral or labora-
tory measurements of the distance between the prepared tooth (or
die) and the opposing dentition. It is autoclavable, but use paper " *. -"

autoclave bags rather than plastic materials.

This product has both laboratory and clinical application, and may
prove helpful in identifying instances of underpreparation.

d. RPS-REINFORCED PORCELAIN SYSTE4 (Williams Gold) - This system
of prefabricated wax pontics is designed for pontics with full por- "
celain veneer restorations. Numerous single unit pontics were made
and no cracking, crazing, or fracture of the pontics was noted either
in the laboratory or clinically. The individual units may be modi-
fied to convert them to metal occlusals or linguals, if porcelain
occlusion is not desired. The main advantages of the RPS system are
the elimination of the solid pontic and reduction of the "heat sink"•'
factor, plus conservation of metal.
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e. TRI-WAX SPRUES (Williams Gold) - Tni-Wax sprues are prefabricated
wax patterns for both direct and indirect spruing. The large direct
sprue has a 1-gauge reservoir ball, and the small direct sprue has
a 2-gauge ball. The single indirect pattern has a 3-gauge reservoir
bar with 7-gauge feeders, and is most useful for large metal crowns,
pontics, and large metal occlusal restorations.

f. VESTRA-FINE INVESTM4ENT LIQUID (Unitek) - The special liquid for
cc.. the Vestra-fine investment can be mixed with shoulder porcelains -

-~ to give rigidity to the porcelain. In some situations, such as
multi-unit cases, having a more rigid material for the direct-lift
porcelain margin technique can be helpful.

15-11. REFERENCES

1. Yamamoto, M.: Metal-Ceramics, Principles and Methods of Makoto Yamamoto,
Chicago, Ill., Quintessence Publishing Co.
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APPENDIX A:

THE CASTING ALLOYS TESTED
(Listed by alloy system)

1. HIGH PALLADIUM-COPPER ALLOYS: .

a. ATHENIJM (Williams): 74% Palladium and 14.5% Copper, 5% Indium and
6.5% Tin, Gallium and unspecified grain refiners

b. DEGUPLUS 2 (Degussa): 80% Palladium, ?% Copper, 1% Gold, 1% Platinum,
and ?% Gallium

c, NATURELLE (Jeneric): 79% Palladium, 10% Copper, 2% Gold, 9% Gallium,
and Aluminum, Zinc, and Ruthenium

do PG-80+ (Unitek): 79.5% Palladium, ?% Copper, 1% Gold, ?% Gallium,
and unspecified grain refiners.

2. H[I-U PALLADIUM-COBALT ALLOYS: ,- -.

a. PTM-88 (Jelenko): 88% Palladium, 4% Cobalt, and 8% Gallium

b. SUPRA-AP (Jeneric): 83% Palladium, 6-8% Cobalt, 7% Gallium, and
4% Indium

3, PALLADIUM-SILVER ALLOYS:

* a, BAK--ON SP (J & J): 58% Palladium, 31% Silver, 6% Tin, 4% Indium,
and 1% Zinc

b, JEL-5 (Jelenko): 54% Palladium, 38.5% Silver, 7% Tin, and

0.5% Gallium .4
c, PORS-ON (Degussa): 58% Palladium, 30% Silver, ? Tin, ?% Indium,

and ?% Zinc
d. WILL-CERAM W-l: 53.5 % Palladium, 37.5% Silver, 8.5% Tin,

(Williams) 0.5% Indium, and unspecified trace elements

-- 4 NICKEL-CHROMIUM-BERYLLIUM ALLOYS: @

a. BAK-ON NP (J & J): 77% Nickel, 13% Chromium, 1.8% Beryllium,
1.8% Titanium, and 1.4% Aluminum

b. BIOBOND II (Dentsply): 80.7% Nickel, 13.5% Chromium, 4% Vanadium, and
1.8% Beryllium .

7

c. LITECAST B (Williams): 77.5Z Nickel, 12.5% Chromium, 4% Molybdenum,
1.7% Beryllium, and 4.3% Al, Fe, and Si

d. REXILLIUM III (Jeneric):74-78% Nickel, 12-15% Chromium, 4-6% Molybdenum,
and 1.8% Beryllium

5, NICKEL-CHROMIUM BERYLLIUM-FREE ALLOYS:

FORTE (Unitek): 64% Nickel, 22% Chromium, 9% Molybdenum,
4% Columbium, 1% Iron, plus Tantalum

%' 6. COBALT-CHROMIUM ALLOYS:

a. COBOND (Dentsply): 65-68% Cobalt, 25-27% Chromium, and 4-6% Molybdenum '"9.-.
and unspecified trace elements %-.-

b. NOVAREX (Jeneric): 55% Cobalt, 25% Chromium, 11% Wolfran, 5% Ruthenium
plus Aluminum, Yttrium, Zirconium, and Niobium.
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APPENDIX B: %.. .

j .9 ....

THE PARTICIPATING MANUFACTURERS

Manufacturers and addresses Products

1. Belle de St. Claire Casting Oval System
16146 Valerio Street Ready Sprues

Van Nuys, California 91406 Flexible Clearance Guide

2. Degussa Dental, Inc. Deguplus 2 (High Palladium-Copper)

21-25 44th Avenue Pors-On (Palladium-Silver)
Long Island City, New York 11101

Dentsply International, Inc. Biobond II (Nickel-Chromium-Beryllium) ..

570 West College Avenue Cobond (Cobalt-Chromium)
P. 0. Box 872 Shademate Porcelain
York, Pennsylvania 17405

4. J. F. Jelenko & Co. PTM-88 (High Palladium-Cobalt)
99 Business Park Drive Jel-5 (Palladium-Silver)
Armonk, New York 10504 Jelenko Porcelain

5. Rx. Jeneric Gold Co. Naturelle (High Palladium-Copper)

Jeneric Industries, Inc. Supra-AP (High Palladium-Cobalt)
125 North Plains Industrial Road Rexillium III (Nickel-Chromium-Beryllium)
P. 0. Box 724 Novarex (Cobalt-Chromium) -

Wallingford, Connecticut 06492 Artis-Tech Porcelain

6. Johnson & Johnson Co. Bak-On SP (Palladium-Silver)

Dental Products Co. Bak-On NP (Nickel-Chromium-Beryllium)
Ceramco, Inc. ...

20 Lake Drive, CN 7060
East Windsor, New Jersey 08520

7. Unitek Corporation PG-80+ (High Palladium-Copper)
2724 South Peck Road Forte (Nickel-Chromium Beryllium-Free)

Monrovia, California 91016 Crystar Porcelain

8. Vident Vita Porcelain
5130 Commerce Drive

Baldwin Park, California 91706

9. Williams Gold Refining Co. Athenium (High Palladium-Copper)
29"8 Main Street Will-Ceram W-1 (Palladium-Silver)
Buffalo, New York 14214 Litecast B (Nickel-Chromium-Beryllium)

Will-Ceram Porcelain " .

RPS System
Tri-Wax Sprues
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APPENDIX C:

CENTIGRADE-FAHRENHEIT CONVERSION CHART -A

oc OF oc OF oC OF
610 1130 1010 1850

0 32 620 1148 1020 1868 % %
50 90 630 1166 1030 1886

100 212 640 1184 1040 1904 ..

300 572 650 1202 1050 1922
310 590 660 1220 1060 1940
320 608 670 1238 1070 1958
330 626 680 1256 1080 1976
340 644 690 1274 109o 1994
350 662 700 1292 1100 2012
360 680 710 1310 1110 2030
370 698 720 1328 1120 2048 -'

380 716 730 1346 1130 2066 .,

390 734 740 1364 1140 2084
4oo 752 750 1382 1150 2102
410 770 760 1400 1160 2120
420 788 770 1418 1170 2138
430 806 780 1436 1180 2156
440 824 790 1454 1190 2174
450 842 800 1472 1200 2192
460 860 810 1490 1210 2210
470 878 820 1508 1220 2228
480 896 830 1526 1230 2246
490 914 840 1544 1240 2264
500 932 850 1562 1250 2282
510 950 860 1580 1260 2300-
520 968 870 1598 1270 2318

530 986 880 1616 1280 2336
540 1004 890 1634 1290 2354 .

550 1022 900 1652 1300 2372
560 1040 910 1670
570 1058 920 1688 -

580 1076 930 17o6
590 1094 940 1724 CONVERSION FORMULAS:
600 1112 950 1742
610 1130 960 1760 OC = 5/9 (OF - 32)
620 1148 970 1778
630 1166 980 1796 OF = 9/5(C ) + 32
640 1184 990 1814 -

650 1202 1000 1832
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APPENDIX D:
-.- - -, -.

GLOSSARY OF TECHNICAL TERMS

AIR-ABRADING - The finishing of a metal or porcelain surface with an abrasive
material (aluminum oxide, glass beads, sand, etc.) under
pressure.

. .:I

AIR-FIRING - The process of sintering (firing) in a porcelain furnace without
a vacuum.

ALLOY - A substance which possesses metallic properties and is composed _.
of two or more chemical elements, of which at least one is an
elemental metal comprising the majority of the mixture.

APPLIED GLAZE - An artificial glaze applied to the dental porcelain surface and ".:- *-

air-fired in an oven for a specified period of time. .

AUTOGLAZE - Refer to "Self-Glaze." . J

BASE METAL - A non-precious metal which is non-noble and has little intrin-

sic value (e.g., chromium, copper, nickel, tin,and zinc). Base
metals are added to high noble metal alloys to produce the
oxide layer for porcelain bonding.

BOND - A term used to describe the attachment or union between dental
porcelain and the metal substructure.

BRINELL HARDNESS - A measure of the hardness of a material obtained in a labor- - .
atory test, in which a hardened steel ball is pressed into the

polished surface of a material under a measured load. The -

amount of indentation is computed according to the load, and
assigned a Brinell hardness number (BHN). Thus, the smaller
the indentation, the harder the material and the higher the
Brinell number.

CARAT - The carat of an alloy is determined by the parts of pure gold
in the alloy of 24 parts. The term is, therefore, never used . -'.
to describe non-gold base alloys.

CASTING TEMPERATURE - A temperature which is usually 100-150 OF above the
melting or fusing range of an alloy. This higher temperature
compensates for heat loss during the casting procedure.

CERAMO-METAL - One of several alternative designations to describe the PFM
restoration. However, the term "ceramo" might incorrectly .
imply that dental porcelain is a ceramic, and actually it is -,'.'-..
a non-crystalline glass. - .

COLOR - While the gold in gold-base alloys imparts a yellow color, the '*.- .V -
non-gold base systems possess a platinum or white color which ..
may take on a reddish tint if sufficient copper is present.
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CONDUCTIVITY - The property of transferring thermal (heat and cold) and elect-
rical energy. Gold, silver, and copper are examples of good : ,r -
thermal conductors. Base metal alloys are poor thermal con-
ductors--a property which can be beneficial to pulpal tissues.

COPING - A designation for the metal substructure of a single unit PFM

* CORROSION - This term refers to the process in which the surface of a metal
restoration actually undergoes deterioration through a reaction
with its environment.

I0
CRUCIBLE (CASTING) - The container in which alloys are melted for casting. _-

High-heat zircon-alumina or quartz crucible are recommended for
PFM alloys, and clay crucibles should be limited to Type III

,. gold alloys.

DEGASSING - The process of heat-treating a PFM substructure believed to
release entrapped gasses and burn off organic surface impurities ...
(refer to "Oxidation").

DELAMINATION - A term used to describe a porcelain-metal bond failure when
the porcelain is removed cleanly from the metal surface.

DENSITY - The density, or specific gravity, is the weight of a substance
as compared with the weight of exactly the same volume of water.
The standard used is that 1 cc of water (at 4 °C) is equal to 1.
The density of pure gold is 19 g/vcc while many of the non-
precious alloys have a density between 7.75 and 8.5 g/cc.

DEVITRIFICATION - The return of some of the dental porcelain components to a
crystalline form caused by repeated firing and overfiring, and
resulting in an increase in cloudiness (opacification).

DUCTILITY - The property of a metal which permits it to be drawn into a
wire without breaking. While gold and silver are very ductile,
nickel and chromium are not.

ELASTIC LIMIT - Refer to "Modulus of Elasticity."

ELONGATION - The "percentage of elongation" refers to the amount an alloy
will increase in length when drawn from a zero load to its IM'
breaking point. Thus elongation is a measure of the duct-
ility of a metal or an alloy, and the higher the percentage
the GREATER the ductility. The lower the percentage, the
LESS likely the metal margins can be burnished.

ETCHING - Process by which surface metal is electrolytically or chemical-
ly removed (usually with acids) to create microscopic three-
dimensional relief for micro-mechanical retention. A composite
cementing medium is permitted to flow into the etched metal
surface to provide mechanical retention of the prosthesis.
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EXTRANEOUS OXIDATION - Oxidation which forms an non-porcelain bearing areas

of the metal substructure (i.e. metal, occlusal/lingual, metal

collar, etc.).

FINENESS - Alloy fineness is the parts per 1000 which are gold. This

term is used to describe gold-base (not non-gold base alloys).

FLEXIBILITY - The amount of bending movement, or distortion, an alloy can

withstand and still be able to return to its original shape

without evidence of distortion. An alloy which possesses
a low modulus of elasticity but a high yield strength will

offer greater flexibility.

FRAMEWORK - A designation for the metal substructure of a PFM fixed partial

denture, as well as a removable partial denture casting.

GALVANISM - The production of small electrical currents in the mouth as a

result of contact by restorations of dissimilar metals (e.g.,
gold onlay opposing an amalgam restoration). Galvanism may

cause tooth sensitivity.

GASSING - The release of entrapped gases, formed by a metal substrate dur-

ing a firing procedure, which results in voids or bubbles in the

opaque or body porcelains..

GLAZE - Refer to "Applied-," "Auto-," or "Self-Glaze."

GRAINS - A metal is made up of microscopic components called crystals . .-.

or grains. Each grain represents an individual unit, but

thousands represent a polycrystalline structure and make up

the metal. An alloy composed of many small similar grains is

often referred to as a "micro-fine homogeneous metal." It will

exhibit better physical and mechanical properties than a macro
(large) grain heterogeneous (mixed) alloy. Manufacturing and
handling of the alloy by the technician can and will affect the

grain structure.

GRAIN GROWTH - Overheating an alloy, or subjecting it to prolonged heating,

may permit the grains or crystals of the metal to merge, thus
forming even larger grains. Large grain alloys are weaker

than small or micro--fine grain metals. Slow cooling after
casting can permit such grain growth. w*.* -j

GRAINS (WEIGHT) - Precious metals are frequently weighed to calculate the volume

of metal used to produce a given restoration. Since 24 grains
are in each pennyweight, and 20 pennyweights in each troy ounce,

then 480 grains are in each ounce. In metric measurements,

1 grain equals 200 mg; 24 grains equal 1.5552 g; and 480 grains, V1?0

or 31.1035 g, equal one troy ounce. .

GRAMS (WEIGHT) - The gram (g) is the basic unit of weight in the metric system,
with 28.3495 g in each avoirdupois ounce and 31.1035 g in each

•. troy ounce.
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HARDNESS - The resistance of an alloy to surface penetration is referred" "
to as its "hardness"; as hardness increases, resistance to
surface wear also increases. Values for hardness are most
often reported as either a Vickers or a Brinell hardness number
(VHN or BHN), with a VHN designation being used more frequently.

INVESTMENT (GYPSUM) - Investments consist of a binder and a refractory material;
and, with gypsum investment, plaster is the binder and silica
is the refractory. Beauty-Cast and Cristobalite are examples
of such investments. In general, gypsum investments should -.-

not be heated to temperatures higher than 1292 OF (700 °C) for
fear of investment breakdown and alloy contamination. ''-

.A -j
INVESTMENT (PHOSPHATE) - These investments do not contain a gypsum binder-

(plaster), but substitute a phosphate (ammonium phosphate)--
a metallic oxide (magnesium oxide) with a silica refractory -

material. These investments are capable of withstanding
temperatures much higher than the gypsum investments, and are -

considerably stronger. Examples of the carbon-containing
,@ 4

investments are: Biovest, Complete, and Deguvest HFG; and,
of the non-carbon investments: Hi-Temp and Vestra-fine.

INVESTMENT (SILICA) - The binder for the silica-bonded investments is a
silica gel which reverts to silica (Cristobalite) on heating.

LIQUIDUS - The temperature above which an alloy is entirely molten. 4.

LIQUIDUS RANGE - The temperature range from the time the alloy becomes semi- "
liquid until it is fully molten, without overheating the metal % %
and burning off any trace elements.

4. D
MALLEABILITY - The ability to withstand permanent deformation without rupture

under compression, as compared with ductility--which is a
measure of a metal under a tensile (pulling) load.

MECHANICAL PROPERTIES - The properties of an alloy or a metal which reveal its
elastic or inelastic behavior when a loading force is applied.

Such properties would include percentage elongation, hardness,
ultimate tensile strength, and yield strength.

MELTING RANGE - Alloys do not melt sharply at a specific temperature, but over
a 50 - 200 OF temperature range. The lower limit indicates
the initial melt, and the upper limit represents a complete
melt when the alloy is totally fluid.

METAL-CERAMIC - One of several terms to identify the PFM restoration, although
dental porcelain is a glass as opposed to a true "ceramic."

MODULUS OF ELASTICITY - A measure of the rigidity or stiffness of an alloy; _______

the higher the "modulus," the more difficult to deform it.
A gold alloy might possess a modulus of elasticity between

13 and 15 X 10b psi. . .
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NAT'URAL GLAZE - Refer to "Self-Glaze."

OUNCE (AVOIRDUPOIS) - One ounce is equal to 28.3496 grams.

OUNCE (TROY) - One ounce is equal to 20 pennyweight or 31.1035 grams (refer %
to TROY WEIGHTS).

OXIDE LAYER - The colored film which forms on a PFM alloy after the metal has
been heat treated. The oxides on the porcelain-bearing areas
are used to bond the dental porcelain to the metal substructure.

OXIDATION - The process of heat-treating a PFM alloy to produce an oxide
layer for porcelain bonding. Whether the oxidation firing is
accomplished in air or a vacuum depends on the requirements of '. -
the particular alloy system. There is no standard oxidation
procedure, and manufacturers specify the technique for each of
their alloys.

PENNYWEIGHT - A pennyweight represents 1/20th of a troy ounce, and is corn-
posed of 24 grains. The abbreviation "dwt" is used synonymous-
ly with pennyweight. In metric terms, 20 dwt represent one
troy ounce, or 31.1035 g.

PFM - The accepted abbreviation for "porcelain-fused-to-metal."

PHYSICAL PROPERTIES - These are the properties inherent in a metal or an alloy;
e.g., its casting temperature, density, and melting range.

POROSITY - Refers to the presence of holes, voids, and pits, either within
a material or on its surface.

POST-SOLDERING - The soldering of P94 components after the application of porcelain.

PRE-SOLDERING - The soldering of PFM components before the application of porcelain.

PROCESSING - Refers to the steps, or procedures, involved in the production

of a PFM restoration--from wax-up to the application of dental
porcelain, and includes the final finish.

PROPORTIONAL LIMIT - The amount of stress a metal or an alloy will withstand
before it will permanently deform. This limit is an indica-
tion of the relative strength and toughness of a material. "

QUENCH - To immerse a heated alloy or invested casting in water to prevent
atomic diffusion (e.g., to prevent a certain constituent in the
alloy, which is soluble at a high temperature but less so at a .7e.
lower temperature, from precipitating out of solid solution).

RESILIENCY - The ability of an alloy to spring back to its original shape
or form after receiving a sudden blow. An alloy with a high
yield strength and low modulus of elasticity will possess
greater resiliency.
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SAG RESISTANCE The ability of the cast form of a fixed partial denture to
resist distortion during soldering and repeated firings at
elevated temperatures. This ability is of particular concern . -
with long-span PFM fixed partial dentures in which multiple

* pontic areas are unsupported. In general, the lower density
alloys with higher Brinell and Vickers hardness numbers offer
greater "sag resistance," due to their increased strength.

SELF-GLAZE A naturally occurring glaze obtained by air-firing dental
porcelain to a recommended temperature for a specific period
of time.

SINTERING - Another term to describe the "firing" of dental porcelain.

" SOLIDUS - The temperature at which a metal or an alloy begins to melt

(incipient melting point).

SOLUBILITY - The ability of a material to be dissolved in another material
(solvent). Palladium is known to dissolve gases readily,
especially hydrogen, while silver has an affinity for oxygen.
Consequently, importance lies in properly mixing and evacuating
all phosphate-bonded investments, and in not over-oxygenating
the flame when casting.

SPECIFIC GRAVITY - Refer to "Density. "

TARNISH - The formation of a discoloration or other alteration to the
surface finish of a metal restoration in the mouth. Food items
(such as eggs and fish, rich in sulfur) can form copper or
silver sulfides. Pigment-producing bacteria, iron, mercury-
containing drugs, along with absorbed food debris can also
result in the formation of stains or discoloration on dental
restorations.

TOUGHNESS - Concerns the ability of an alloy to withstand sudden blows or
shocks which may stress the alloy beyond its yield strength,
yet not beyond its breaking strength. Generally, those alloys
with a high percentage of elongation and a high ultimate

tensile strength possess greater toughness. '-"..-..

" TROY WEIGHTS - One troy ounce is made up of 20 pennyweight (dwt), and each

".4 pennyweight contains 24 grains of metal. All precious metal
weights should be recorded in both pennyweights and grains.

ULTIMATE TKNSILE STRENGTH - Refers to the greatest amount of tensile stress an

alloy can withstand before it will fracture.

VACUUM-FIRING - The firiu-g of dental porcelain in a furnace in which the air
or atmosphere has been removed to create a denser porcelain
restoration (less air between porcelain grains).
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VICKERS HARDNESS - Unlike the Brinell test, the Vickers hardness test uses a
pyramid-shaped diamond instead of a steel ball. The Vickers
hardness number (VHN) is calculated the same way as the Brinell '...
test. Also, the higher the value, the greater the hardness, .r
although the Vickers number for an alloy is usually greater . .% ',

than its Brinell hardness number, solely because of the test-
ing method. Therefore, compare similar test results when
evaluating different alloys.

VITRIFICATION - The formation of a glass, or glass-like, structure by fusion
due to heat. A formal definition is: "the development of a
liquid phase which, on reaction or cooling, provides a glassy

phase."

VOLATILITY - The vaporizing of a substance into a gas which can occur when
melting an alloy, particularly if it is inadvertently over-
heated. This vaporization can realloy the metal, and actually
change the properties of the alloy before it is even cast.

YIELD STRENGTH - The greatest amount of stress a metal or alloy can withstand,
and retain its original shape or form when the stress is removed. .-*-- - -
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