July 1943 NRL Report No. MN~2131

NAVY DEPARTMENT

—_-20\>)]

Report
on

Part I - Effects of Tin and Lead on Manganese Bronze
Part II - Dezincification of lMangenese Bronze

NAVAL RESEARCH LABORATORY
AWACOSTIA STATION
WASHINGTON, D. G.

Number of Pages: Text 12 Tables 5 Plates 8
Authorizations: BuShips Project Order 315/43 dated

29 August 1942,
Dote of Test: September 1942 to June 1943

Prepared by

L. H. Hesse, Hetallurgise

E. T. Myskowskl, Contract Employee

8. M. Loring, Assocliate Hetallurgist

Reviewed by

F. M. walters, Jr., superintendent,
Division of Physiczl Hetallurgy.

Approved by:

A, H, Vanileuren, Rear Admiral, U.S.N.
Director

Distribution: (20) BuShips Distribution Unlimited

Approved for
Public Release



TABLE OF CONTENTS

Abstract
Authorization

Part I - Bffects of Tin and Lead on Manganese Bronze

Stetement of Problem
Known Pacts and Theoretical Considerations
(a) Characteristics and i¥Microstructure of
Manganese Bronze
(b) The Zinc Equivalents
(c) The Effects of Several Elements on
Propertises
(d) Mengancse Bronze Castings
(e¢) The Effect of Lead
Experimental Procedure
(2) The Influence of Tin and Lead on the
Mechanical Propertiss
{(b) Pouring Temperature
(c) Lead Segregntion
Discussion of Results
(2} The Effect of Tin and Lead on
Mechanical Properties
(b) Pouring Temperature
{c} Lead Scgregation
Summary and Conclusions
Recommendations for Part I
Supplemcnt to Part I

Part II - Dezincification of lManganese Bronze

Statement of Problem
Known FPacts and Theoretical Considerations
(2) The Nature of Dezincification
(b) Previous %ork on 70-30 Brass
(c) The Dezincification of Manganese Bronze
Narrative of Original Tork Done
Experimental Procedure
(a) Melting Technique
(b) The Dezincification Test
Discussion of Results
(2) The Naturec of the Corrosive Attack
(b) The Effects of Added Elements
Conclusions to Part II
Recommendations for Part II

lcchanical Propertics of Cast lManganese
Bronzc
Dozincification of Cast Ianganese Bronze

A3~ gl PR e

Pare




Teble of Contents (Continued)

Plate

Lead Distribution in Cylinder Castings B |

Lead Distribution in 8 inch Cylinder
Castings

Effcct of Lead on Tensile Strength of
llanganese DBronze

Effect of Lead on Elongation of Manganese
Bronze

Effcct of Lead on Impact Strength of lManganese
Bronze

Experimental Arrangement for Dezincification
Test

Effect of Additions on Tensile Strength of
Dezincified Manganese Bronze

BEffcct of Additions on the Dezincification
of kanganese DBronze

m 3 O U = L



ABSTRACT

The effect of lead and other elements on
nanganese bronze has been studied in detail, especially
in resard to the chances in mechanical properties and
resistance to dezincification that may result from
furnace charges of contaminated scrap metal. There
appears to be little tendency for lead segregation in
a well made manganese bronze., liore lead may be
permitted if the copper-zinc ratio and the tin content
are carefully controlled.

Tin appears to be one of the best inhibitors of
dezincification. Silver, phosphorus, arsenic, and
lead are in general effective to a certain extent.
Antimony not only decreases ductility seriously but
also tends to increase the dezincification.



(b) The Zinc Equivalents

S Tork by Guillet has shown that the various minor
elements such as iron, aluminum, manganese and tin may be
considered equivalent to a z rtain amount of zine in their
effect on mansanese bronze ( . HNickel 1s equivalent to a
certain amount of copper. The table below gives zinc and
copper equivalents according to Guillet.

Element Equivalent
Copper (Cu) l1x%Cus= Cu
Nickel (NI) 1.1 x % Ni = Cu
Zine (Zn) 1lx % Zn e Zn
Aluminum (A1) 6 x % Al = Zn
Iron (Fe) 0.9 x % Fe = Zn
Manganese (in) 0.5 X% Mn = Zn
Tin (Sn) 2x%Sn = 2Zn

By adding the percentage of zinc and the sum of the zinc
equivalents of Al, Fe, ¥Mn and Sn (R x C) where R is the
percentage of the given element and C is its zinc equivalent,
the total equivalent zinc is obtained. Dividing the equi-
valent-zinc by the sum of the equivalent zinc and equivalent
copper, the apparent zinc content is obtained. The copper-
zinc ratio is then computed as follows:

100 - apparent 7n
s % = Cu-=Zn ratio

Apparent 9 Zn
(c) The Effects of Several Elements on Properties

6. Important as is the copper-zinc ratio in its
influence on the mechanical properties of manganese bronze,
there aré many significant effects contributed by the individual
elements. The intensity and direction of these effects depends
to a considerable extent on the-particular percentage of the
2lloying element. For instance, manganese greatly improves
the ductility up to 2 percent, but beyord this percentage
begins to embrittle the alloy. Iron likewise improves the
ductility and has the advantage in not heving a limitation
on the percentage (at least reported in the literature), . The
effect of iron is probably allied to its grain refining
action. Both the manganese and the iron within certain limits
cause moderate increases in tensile strength. On the other
hand, tin, which produces but slight increase in tensile
strength and a corresponding decrease in ductility, is added
primarily as an inhibitor of corrosion. In larger percentages
the tin becomes harmful due to the formation of the brittle
gamma phase, Althcough aluminum may heve other functions, it
is the major element for increasing the tensile strength of
manganese bronze. The accompanying loss in elongation must



be counteracted by some of the other elements. The
metallurgical basis for the productlion of manganese bronze
thus depends on the proper proportioning of the above
elements-in order to have an alloy with optimum tensile
strength, ductility and corrosion resistance.

(d) llanganese Bronze Castings

= o Some of the most important propertiés of
mangancse bronze are its foundry characteristics. It has
the great advantage of not being susceptible to ges porosity.
It generally presents & clean smooth looking appearance of
the surface of the castings. One of the difficulties, however
is that its shrinkage is external rather than interdendritic
as with tin bronzes and this makes necessary the use of large
risers. Another difficulty is the narrow freezing range that
may cause cold sluts if the metal is poured at too low temper-
ature. The beneficial characteristics so far outweigh the-
disadvantages that manganese bronze has many important
applications in castings such as marine propellers.

]

8. Several grades of cast manganese bronze dis-
tinguished by their tensile properties have been developed.
The most common alloy covered by the -Navy Department
Specification 49B3e has a minimum 65,000 psi tensile strength
and 20 percent elongation in 2 inches with the following
composition:

A Representative Alloy

Percent
Copper 55«60
Tin 0.6
Lead 0.4 max,
Zinc i Balance
Iron 1.0
Aluminum 1.0
llanganese 0.5
(e) The Effect of Tead
9 Little has been published on the mechanical

properties of sand cast manganese bronze, but some extensive
researches on the chill cast and wrought alloy have been-
reported. Hensel presented, in a correlated abstract, a
condensed review of_the principal factors in the production
of castings. Ellistz found that lead in chill castings
lowered the tensile strength rapidly at first and then less
rapidly as the lead content exceeded one percent, while the
elongation and reduction of area were reduced by t?e first
addition of lead. Earlier investigators, Sperry (9 , Guillet,
and others in general found lead to be deleterious to the
tensile properties of simple 70/30 and 60/40 brasses.
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10, To determine the influence of lead on
mechanical properties, a very accurate control of all variable
elements must be maintained so that the basic structure of
the alloys from one heat to another will not be changed and
that the only variasble will be lead.

EXPERIMENTAL PROCEDURE

(a) The Influence of Tin and Lead on the Mechanical Properties

11, To determine the effect of lead on the mechanical
properties of manganese bronze, an alloy of the following nominal
composition was selected because it was representative of the
most common commercial alloy:

59.0 percent copper
38.5 percent zine
1.0 percent iron
1.0 percent aluminum
0.5 percent manganese

A£11 of these elements were constant except zinc and copper
which, depending on the amount of tin, were varied-to obtain
the desired copper-zinc ratio., Lead, when present, was not
considered in computing the copper-zinc ratio, since it is
insoluble in copper alloys. This meant that the reported
percentages had to be revised to compensate for the fact that
lead was not to be included in the computation of the copper-
zine ratio. It became apparent early in the investigation

that tin, as well as the copper-zinc ratio and lead content,

was an important factor in the control of mechanical properties.

12 The alloys were made from the best grades of
virgin metals, ingots, and selected scrap. The charges were
melted in a graphite cracible in an induction furnace under a
charcoal cover, The iron and aluminum were added as a _50-350
master alloy which melts at approximatcly 1150°C (2100°F), The
mangancse was added in the form of a2 manganese-copper alloy,
and tin and zinc were added in the order named as virgin
motals., A few heats were melted in a gas-fired furnace under
slightly oxidizing conditions. Melting in different types of
furnaccs appeared to have no appreciable effect on the properties
of mongeancse bronze.

13. All melts were deoxidized with one ounce of
15 percent phosphor-copper per hundred pounds of metal before
pouring at 980 % 10°C (1796 % 18°F) into bottom-fed "separately
cast bar® tensile molds prepared in accordance with N.D.
specification 49-B-3e. The molds, which were made of No., 00
Albany sand containing about 6 percent molsture, were air
dried at least 24 hours before using. The “"separately cast
bar" castings provided sufficient metal for standard 0.505



inch tensile bars, standard Izod impact specimens, chemical
samples, micrographic specimens, and sca water corrosion test
plates.

14. The study of the effect of lead on manganese
bronze was divided into four general groups on the basis of
tin content: (1) tin content above 1 percent; (2) tin content
between 0.4 percent and 0.6 percent; (3) tin content 0.3
percent; and (4) tin free., The reason for dividing the work
into these groups was to study the effect of lead and tin
singly and in combination on the properties of manganese brénze.

(b) Pouring Tempcrature

15, Heat 194 was cast into five "separctely cast
bar"’ molds at intervals of 25° (45°F) beginning at 1025°C
(1877°F) and ending at 930°C (1706°F) to determine the influence
of pouring temperature:on the mechanical properties and density
of mangonese bronze., In 2ll instances, pouring temperatures
were observed by means of an immersion type platinum vs platinum

10 percent rhodium thermocouple which was calibrated at the
nccessary temperatures against a standard couple.

(c) Lead Segregation

16. Manganese bronze alloys, containing nominally
1.0 percent lead, melted in a gas fired furnace under oxidizing
conditions and deoxidized with phosphorus-copper following
standardized procedures, were poured into bottom=fed horn-
gated molds which produced solid cylinders, 2, 4, and 8 inches
in diameter for the lead distribution study. The cylindrical
castings were cut longitudinally through the diameter, and
chemical and micrographic samples were sclected from the
inside surface (Plates 1 and 2) to determine the magnitude of
the lead segregotion. :

DISCUSS ION OF RESULTS

(2) The Effect of Tin and Lead on Mechanical Properties

17. Then all deta had been compiled, it was found
that using the copper-zinc ratio as a basis, definite trends
could be established concerning the effect of lcad on manganese
bronze, if the tolerance on the other minor elements (Fe, Al,
Ni, Sn and ln) was closely controlled. ;

18, The effect of from zero to two percent lead on
the tensile strength, elongation, ond impact strength is shown
in Plates 3, 4, and 5. The data used for the preparation of
these plates are given in Tables I, II, and ITI, A careful
study of these curves indicates that several factors control
the amount of lead that can be permitted without lowering the
present speccifications. The impact strength may vary from a
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high to a low value depending upon the amount of lead present
in the alloy. The greatest drop in impact strength occurs
between O and 0.5 percent lead, *Then the amount of lead
exceeds 0.5 percent, the impact strength is lowered but little.

18. The horizontal lines drawn in all graphs in
Plates 3 and 4 represent the minimum tensile strength and
clongation requirements, respectively. It may be observed
that when the other variable elements such as monganese, iron
and aluminum arec constant in addition to lead, the copper-zinc
ratio and tin content have an important influence on the
mechanical properties. For example, an alloy of which the
copper-zinc ratio is 1:26 - 1:28 containing 1.5 percent lead may
mcect the mechanical requirements if between 0.4 and 0.6 percent
tin is present. However, il no tin is present, the same alloy
may contain a maximum of only 1 percent lead. If the copper-
zinc ratio is 1.30 to 1.34 the alloys moy contain 2 maximum
of 1 percent lead if between 0.4 and 0.6 percent tin is
present, and no lead if no tin is present. When the copper-zinc
ratio is 1.20 to 1.25 no lead can be tolerated if 1 percent
tin is present, and-0.7 percent lead if less than 0.6 tin is
present. Thercforc, the amount of lead which may te permitted
without changing the specifications depends upon the copper-
zinc ratio and the tin content if the manganese, aluminum, and
iron are constant. Then the latter elements are varied, some
deviations in-mechanicel propsrties are to be expected. In this
investigation, the optimum condition which will permit a high
lead content seems to exist in alloys of which copper-zinc
rotios are from 1.26 - 1.28 and tin content 0.4 to 0.6 percent.
These requirements are not too stringent for large scale
production.

(b) Pouring Tecmperatures

20. Veriations in the pouring temperaturc of
manganese bronze betwcen 950°C (1740°F) and 1025°c (1880°F)
have no influence on the mechanical propertics (Table IV).
The melt poured at 930°C (1706°F) was poured at too low a
temperature as shown by the decrease in tensile strength and
elongation.

(c) Lead Segregation

21, The lead content at certain points in the
2, 4, and 8 inch diamcter cylinders was determined and the
percent lead for cach location is given in the encircled
numbcers in Plate 1. Photomicrographs of unctched specimens
taken from the same positions as the chemical spccimens are
shown in Plate 2. Mo appreciable segregation of lead is
e¢vident in either case. This is what might be expected since
the freezing range of manganese bronze is very narrow. Thus
since solidification takes place directionally and almost
instantaneously, the lead which is mechanically suspended
doecs not have the opportunity to scgregate that it has in the
wide freezing range alloys, such as leaded tin bron:ze.
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SULIMARY AND CONCLUSIONS

22, When mangenese bronze containing one percent
lead is thoroughly mixed before pouring, no serious segregation
of the lead will occur during solidification. Since no other
data are available, this statement is limited to cylinders 8
inches 1in diameter by 5 inches long or smaller,

25, The 1imit to which lead can be added to manganese
bronze assuming that aluminun, iron, and manganese are constant,
depends upon the copper-zinc ratio and the percentage of tin.

RECOIRMENDATICNS FOR PART I

=4, Although Guillet's zinc equivalents are
apparcntly reliable, they should be studied more extensively
in order to detcermine the rangcs of composition over which
they are most accurate.

25, Investigate the casting of simple shapes.

26, Continue the work on manganese bronze made
from leaded yellow brass scrap.

Ve Improve the mechaoanical properties of the alloy
containing 81 percent copper, 3 percent tin, 7 percent lead,
and ¢ percent zinc by additions of nickel, iron and aluminum.

SUPFLEMENT TO PART I

28. Two typical fourdry projects on the salvaging
of scrap metal were undertaken in order to test some of the
conclusions that had been reached in the investigation, such
as the effect of the copper-zinc ratio on the mechanical
properties,

29, The first problem was to convert yellow brass
scrap of approximately the corrcct proportions of copper and
zinc into manganese bronze by the addition of the necessary
2luminum, iron and manganesc. The iron and aluminum were
added as & master alloy 50 ‘percent iron-aluminum and the
mangancse was added as 50 psrcent manganese-copper alloy. The
tensile strength of the alloy made in this manner, #B37-1
{(Table IV), failed to meet the requirements of thec lavy
specifications, but the elongation passed by a narrow margin.
It was belicved that the low tensile strength could be
attributed to the unfavorable copper-zinc ratio, and the-rather
low elongation to the high percentage tin. Consequently, a
suiltable composition of tin-free scrap was added in order to
lowsr the copper-zinc ratio and dilute the tin. Heat B37-2
was improved suffieciently by the lower copper-zinc ratio to
pass the Navy specification on manganese bronze. The additional
benefit of improved elongaticn was the result in Part 1 of the
decreased percentage of tin.



30. The second investigation was carried out at
the New York Navy Yard in order to salvage a large quantity
of mangancse bronze ingot which had been purchased on Navy
~ Contract #NXS 2757. This manganese bronze failed to meet
the mechonicel properties in Navy Specification 49B3e although
the chemical comgosition was within the limits of this
specification, he ingot was melted under a charcoal cover in
a slightly oxidizing atmosphere in a gos fired furnace. The
metal was poured at 980°C (1796°F)-into-bottom fed "separately
cast bar® molds. Three heats (B20, B22, B29, Table IV) were
made To show the e¢ffects of the following trecatments:

(1) Flaring followed by replacement of the zine lost
in this superheating process. !
(2) Deoxidation with phosphor copper.
(3) Holding 10 minutes at 1000°C (1932°F) before
pouring.
(52) Flaring 10 minutes at 1100°C (20129F) after holding.

< The metal was then poured into 'separately
cast bar' molds. Treatments 3 and 3a were successive treat-
ments of the same charge. Test molds were cast from the
untrcated bronze, treatment 3 and 3a. The results in Table IV
indicate that the low clongation which had been the cause
for the failure to mset the spccifications was Improved
sufficiently only in heat ;/B-29-3. The rcmoval of some of
the zinc by the volatilization in the flaring improved the
ductility by increasing the copper-zinc ratio.

S In a2ddition to the above studies a quantity
of scrap was procured from the Naval Gun Factory and remelted
at the Naval Research Laboratory. It was meltcd under a
charcoal cover in a gas fired furnace and poured into a
scparately cast bar mold. The low clongation as shown in
Table IV might be explained by the copper-zinc ratio.



PART II

Dezincification of lMangenese Bronze

STATELENT OF PROBLEMN

33. The presence of foreign elements introduced
from the scrap in cast mangancse bronzes has 2 marked effect
on their tendency to fall by dezincification when exposed to
certain corrosive media such as chloride, sulfate and nitrate
solutions., This tendency for corrosion by the selective loss
of zinc in the high zinc brassées 1s inhibited by the addition
of tin and some other elements, In the 70-30 brasses, the
additions are usually in such small amounts that the results
are favorable to corrosion resistance and not harmful to the
physical properties. The addition of tin to mangsnese-bronze,
while being esscntial to the corrosion resistance, may, on the
other hand, be detrimental to the ductility.

34, The purpose of the present investigation is
to evaluate the effectiveness in manganese bronze of the smll
amounts of inhibitors to dezincificdation that have already
been proved beneficial for 70-30 brass.

KHC''N PACTS AND THEORETICAL COUNSIDERATIONS
(2) The Nature of Dezincification

39. In the last forty years, there have been nearly
forty papers dealing with some form of dezincification.
Largely because of the work of the Corrosion Research Committee
of the British Institute of letals, the process of dezincification
is now understood to be due to the soluticn of the brass as a
whole followed by the redeposition of sgongy embrittled copper
from the solution (9)(10)(11l). Abrams(8) in this country
later confirmed the above explanation scdvanced by Bengough
and his associates, Both sources are in agreement that
dezincification is favored especially by low concentrations of
chlorides or other salts and acids, low concentration of
dissolved oxygen, c¢levated temperature, and low velocity or
stagnation of the corroding solution (3). Bengough included
the prescnce of iron &nd manganese 2s prims factors in the
promotion of dezincification,

{(b) Previous ‘ork on 70-30 Brass

36. In previous investigations, the study of the
influence of composition on dezincification have been almost
entirely restricted by the 70-30 or alpha dbrass composition.
Bengough and associates investigated the erfects of a large
number of elements on this type of brass-(1ll}). They found that
1 percent tin, over 0.01 percent arsenic, 0.5 to 1 percent
nickel, 0.5 percent tungsten, 0.S& to 0.75 percent aluminum all

-



tended to diminish dezincification while manganese and iron
increased the corrosive attack. The rescarch of Lynes (14)

in the United States on 70-30 brass proved that small additions
(0103 percent) of not only arsenic but also antimony and
phosphorus were effective in suppressing dezincification.

(c) The Dezincification of Mangane se Bronze

37, No work was found in the litcrature on the
effeets of these various elements on the dezincification of
manganese bronze. Since manganese bronze is so different
in composition, microstructure and propertiés; we cannot be
surc that the mangonese and iron would not destroy the
supposedly- favorable-effect of the aluminum. The effects
of arsenic, antimony, and phosphorus are also open to question.
The closcst composition to manganese bronze that has been
reported in the literature on dezincification was the 60-40
brass containing 0.5 percent of arsenic investigated by
Hasing(15), He found that the arsenic in the 60-40 brass did
not inhibit dezincification.

NARRATIVE OF ORIGINAL %ORK DONE AT THE NAVAL RESEARCH LABORATORY

38, The ¢ffects of tin, silver, phosphorus, arsenic,
lcad and antimony on the dezincificotion and mechanical
propertiscs of manganese bronze were investizated by means of
an accslerated test which consisted of tensile tests on
specimens which had been suspended for various lengths of
time in a 3 N HC1l solution at 50°C.

EXPERIMINTAL PROCEDURE

(2) Melting Technique

39. The special elements, tin, silver, phosphorus
(phosphor copper), arsenic, lead, and antimony, werc added to
forty pound hcats. All heats were deoxidized with phosphor
copper except those heats which were for comparison with
bronzes low in phosphorus. One percent of the zinc content
was added scparately to compensate for zinc losses. Tach
forty pound heat was cast into a standard manganese bronse
tensile mold which provided enough metal for fen 0.313 inch
diometer tensile specimens, two standard Izod specimens, one
sca water corrosion plate, and a sample for chemical analysis.,
The pouring tempcrature was approximately 980° in all cases.
A11 of the volatile e¢lements like arsenic and antimony were
wrapped in copper foil and plunged below the surface of the

. melt just before pouring.

{(b) The Dezincification Test
40, . The tensile strength of the 0.313 inch

diamcter tensile bars exposed to 3N hydrochloric acid at 5C°C
was taken as the accelerated test for dezincification. The
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threads of the test bars were coated with apiezon wax to
protect them from corrosion. The wax was closely adherent
and did not flow or soften at 50°C. After the test it was
removed by melting in a bunsen flame. The test bars were
suspended vertically in the solution in an £0C cc beaker
and en air line was introduced in the center (Plate €), A
separate beaker was used for each composition in order to
avoid the possibility of contamination by soluble constibucnts,
The beakers were put in & constant temperoture furnace. At
one woceX intervols the solutions were rcencwed and two test
bars taken from each beaksr, The clongation was not taken

the tensile test because the outer dezincified layer
pulled cpart from the undezincified core.

DISCUSS IO OFF RESULTS

(2) The Nature of the Corrosive Attack

41, Considerable attention was given to the
uniformity of the dezincification. Repre .scntotive tensile
bars of the “as cast" monsoncse bronze of the arsenic,
cntimony, phosphorus and tin seriecs were sectioned trans-
V1rsely, polished, and etched with ferric chloride. Iliicro-

scopic obscrvations revealed that the corrosive attack was
uniform in every instance. By the term "uniform® it is meant
that the lines of demarcation shown in Plate 8 between
dezincified and undezincified portions of the cast test
specimens were clear cut., There were no local penctrations
the corrodent along grain boundaries beyond the line of
emorcition. The dezincification in the corroded zone

n the aths constituent. This is proven by the followihg
fa
<

ocecurred first in the beta constituent ond to 2 certain extent
i
chemical analysis of dezincified matericl cnd by the fact
that there was 40 percent of alpha in the ios cast! moterial:
Undez incified Dezincified
Core % zone %

Cha 592.01 94,8

Zry 38,39 5.02

S 0. 61 0.03

Al 0.99 0.04

e 058 0,07

Mn 0.42 0.04

h 40 percent of alpha there would be nearly 15 percent of
nc left 1f the &lpha islands had not beon sttached.

IJ :_-J‘:
Moo

te 8 it will be noted that some of the
endritic form in the completely
9 and B&2S Several cross-~scctions have
iticakion bec“uﬁe the tensile bars fell
ntal position.
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(b} The Effects of Added Elements

43, The somewhat beneficlal effects of arsenic
and phosphorus arc shown in the three week specimens of B21
and B27. Antimony in an increased percentage is harmful as
shown by B26. The best resistance to dezincification 1is
evident in B3l which contains 0.49 percent tin.

44, Humerical values of dezincification resistance
of the same group of alloys are represented by the curves of
tcnsile strength in Plate 7.

45, The complete tensilc test data are shown in
Table V. It is seen that silver is the only element in this
group besides tin that glves comparable resistance to
dozincification. The presence of small percentages of lead,
up to 0.73 percent, in general appearcd to decrease slightly
the corrosive attack. In the tin-lead serics the average
tensile strength of B30-3 and B30-4 containing 0.29 percent
tin fecll below the composition with 0.5 percent tin.

CONCLUSIONS TO PART II

46. According to the accelerated tests, tin 1is one"
of the best inhibitors of dezincification of manganese¢ bronze.
Other elcments which might be equally good in sufficlently
large amounts either are too costly, or are detrimental-to
the mechanical propertics. Silver, phosphorus, arsenic, and
lead are 2 fow of these elements that provide a certain amount
of resistance to dezincification but which do not appear
fcasible to use. Antimony not only tends to increase the
dezincification but also reduces the ductility of manganese
bronze.

RECOIEIEYATIONS FOR PART 11

47, In order to detcrmince the minimum amounts of
tin and silver that will provide reasonablc protection to
dezincification, two heats containing 0.05 and 0.10 percent
tin, and two containing 0.05 and 0.10 percent silver respect-
ively, have been prcpared.

48, Long time bests should be made for correlation
with a few selected compositions.



