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FOREWORD

This directory was prepared by Chemical and Metallurgical Research, Inc.,
Chattanooga, Tennessee, under U. S. Air Force Contract No. AF 33(615)-3430,
The Ohio State University Research Foundation Project No. 2165, Request No.
ML-39. This Contract was initiated under Project No. 7381, "Materials
Application," Task No. 738102, "Materials and Process Evaluation." The work
was administered under the direction of the Materials Engineering Branch,
Materials Applications Division, Air Force Materials Laboratory, Research and
Technology Division, Air Force Systems Command, Wright-Patterson Air Force
Base, Ohio, with Mr. C. A. Pratt (MAAE) as Project Engineer.

The work in preparing this directory covered the period September 1966
through February 1967. The manuscript was released by the authors in March
1967 for publication as a technical report.

The authors especially wish to acknowledge the contributions and coopera-
tion of the 19 suppliers of graphite products who are listed in this directory.

This technical report has been reviewed and it approved.

@t (et

ALBERT OLEVITCH, Chief
Materials Engineering Branch
Materials Applications Division
Air Force Materials Laboratory
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ABSTRACT

This directory was prepared for the purpose of assisting
development, application, and design engineers in the rapid identi-
fication of graphite materials and sources of supply. This is a
revision and updating of the first directory published in 1963 and
it is expected that continuing revision, supplements, or new editions
will be needed.

A total of 262 graphite products, available from 19 suppliers,
are characterized by type, manufacturing methods, analyses, and
properties. For each of these products, supplier's availability
on grades, sizes and shapes, price, rate or capacity of production,
and delivery times are shown. An indexing system allows for the
convenient finding of information on suppliers, sizes and shapes,
unique characteristics, compositions, and properties.

This abstract is subject to special export controls and each

transmittal to foreign governments or foreign nationals may be made
only with prior approval of MAAE, Air Force Materials Laboratory.
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DIRECTORY OF GRAPHITE AVAILABILITY

. INTRODUCTION

-

In September, 1963, tho first '"Directory of Graphite Availa-
bility, " ASD-TDR-63-853, was publisited. The first revision brings
data and information up to date for the purpose of satisfyiug a continuing
aeed of development, application, and design engineers for rapid identi-
fication of graphite materials and sources of supply.

Thie new edition includes further information with regard to new
commercia’ly available products. It should be noted, however, that the
new product numbers do not correspond to those of the old directory unless
by coincidence. The method of collecting and treating the necessary infor-
mation was generally the same as before.

The directory presented herein is not intended to replace the tech-
nical handbooks and literature currently available from manufacturers.
On the other hand, ito intent is to assemble in one place a list of all graph-
ite products commercially available, together with approximate property
values. Finally, the information collected is presented in such a manner
that it would allow easy updating and constan! surveillance.

Since the first edition < the directory, it was found that the range
of values for the property data is too broad. This has been solved by
using average valuen where they are available. Also, it was found that
(becausc of wide range of testing methods) the data presented had little
meaning unless a test method is indicated for each property. Therefore,
the product sheets show (where available) how the data were obtained.

An innovation in this edition is the inclusion of thirty-four figures
(graphs), which illustrate high temperature properties to about 5000°F
for specific graphite products. These figures are supplemental to the
characterization sheet for the corresponding graphite product numbher.




SUMMARY OF TRENDS

Significant advancements ha ve been made with respect to
commercial availability and technology for graphite products since 1963,
when the first edition of the directory was prepared. This directory
identifies 262 commercially available graphite products, which is about
30% more products thaa shown in the 1963 edition. Furthermore, the
data sheets in the directory were recast to properly reflect advancement
in new technology and make them more useful to the Air Force require-
ments.

Specific trends in availability for each class of graphite products
are shown in Figure 1. As can be expected, the largest increase in avail-
ability was experienced by the more conventional and the higher tonnage
classes which are the bulk graphites, molded and extruded. The only
other large volume class, composites, experienced virtually no change.

The specialty smaller quantity graphite products, namely hot
worked, pyrolytic, fibrous, flexible, alloyed, and foamed remiiin relatively
small in quantity. However, the fibrous and flexible classes are finding
new applications and appear potentially highly attractive for military needs.
The other speciailty classes, such as pyrolytic, have gained more accept-
ance through familjarity ; but more time will be required before they can
be considered as conventional off-the-shelf items for military systems
design engineers.
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GRAPHITE PRODUCTS

The following pages document 262 graphite products in accor-
dance with characterization and suppliers' availability. These constitute
the body of the directory and for convenience in rapidly finding specific
information, five indexes follow the body of the directory.

The information shown in the directory was obtained from 19
suppliers who cooperated in this compilation. Table 1, titled Inventory
of Contributions, is a record of suppliers' contributions, broken down
into 20 ciasses and subclasses of graphite product types. By inspection
of this table, the number of classes, as well as the number of products
contributed by each supplier, are easily seen. The totals shown in this
table are different from the totals in the directory because of the match-
ing and consolidation of similar products.

Each page of the directory is a reproduction of the 5 x 8' cards
which were prepared and processed for the preparation of the directory.
In order to provide for ample space in preparing these cards, it was
necessary to use abbreviations and symbols rather extensively. Although
most of these abbreviations are self-explanatory, Table 2 delineates the
meanings of abbreviations and symbols employed.

Graphite products in the directory are categoriz«d into one of nine
classes and shown in the order of molded, extruded, not worked, pyrolytic,
fibrous, flexibile, composites, alloyed, and foamed.

Because of the wide range of values obtained for an individual
property through different testing techniques, each product has a column
showing the test method (where it is reported) used for that particular
property. Table 3 shows the methods or references to the methods which
have bcen used to determine most of the property information in this
directory.

- The intent of each graphite product page is to completely describe
availability of the graphite product as characterized by the many entries
shown. From this it is expected that a potential user will be able to con-

tact a supplier of his choice for further detailed information and procurement.
)3
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‘ TABLE 2
; ABBREVIA TIONS AND SYMBOLS
|
Abbreviation ' | . Meaning | g
R B e 4 5 WS
| SESymapol -
av. Average
blk. ' Block = '
Cap. Capacity
cyl , Cylinder _
C. .Str. Compressive strength
C. Exp. Coefficient of thermal expansion
Del. Delivery
Flex. Str. Flexural strength
H.T. High temperature
1g Long | .
M Thousand
Oxid. Oxidation
‘pipe Pipe and tube (1 to 3 ratio) b5
plt Plate : e S0
: gy .
Std. Dev. Standard deviation
S. Res.: Specifi¢ resistance 7
A - % : % . . Catk
) ! thk i i Thick ' BTN
5 ‘T. iS'tro " Tensile ttren‘-th :' _."f;',,
- Therm. Cond. s v Thermal conductivity I tis
p Y. Mod. 1 b Young's modulus
| T i ed
) ! 4 ; §
£ P g b PRy . Greater than FAE
5 < : . Less than o
] $ 2 E - e ] : : Wy -
1 » i i ¢ ! v ! ' ? : '-J N
' %% ( ‘ : A T % & i £ 4 3 ‘.' _
. -:n.ma? v A ‘ '_'t il S W A - war s o rete t.::: ,z’“ o TP ko wa o “’X* e
E 'E t b‘z“a".'t? 5';"’;‘ : ; ¢ ; : 'r:,:.:c“
; | ; e Vo
o
1 . \ 6 ’ ?i,
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Property
Young's Modulus

Tensile Strength

Compressive Strength

Flexural Strength

Density

Coefficient of
Thermal Expansion

Thermal Conductivity  calcm/sec em® K

Specific Resistance

Hardness

Units

pei

psi

psi

g/cc

1/°C

ohm-cmn

TABLE 3

TEST ME THODS

Method

Sonic
Stress-Strain

Stresr-Strain
(Dog Bone)
Stress-Strain
(cyl 1/4" dia)

Gage dimension

Cubic Coinpreuion

4 Point loading{1)
Single Point(2

Wt/Volume

Expansion
Measurement
Expansion bar
5/16"x5/8"x6"

Calculated from
Electrical Conduc-
tivity

Reference
ASTM-D-790-61

ASTM-C-190-59
WADD-TR-61-72
Vol. XXXV

ASTM-C-109-545
ASTM-D-695
ASTM-C-39-56T

ASTM-C-78-59
NEMA

ASTM-C- 13‘4-4 1
NEMA Standards

ASTM-B-95-39

WADD-TR-61-72

Vol. XXVI

(cyl 1-1/2"diax6"1g) WADD-61-72 Vol. XXVI

Value at 1300°F

Volt/a:nps

Kelvin Bridge
Voltage Drop on bar
1-1/4"x1-1/4"2x 7"

y .

Indentation
Scleroscope

Guarded Hot Plate

NEMA Standards
NEMA Standards

WADD- TR-61-72
Vol. XXVI

(1) 4 Point Loading is the actual loading for the Third Point Method
(2) Single Point Loading is conventional terminology for 3 Point Loading
»

7




Molded Graphite Products (Nos. 1 through 85)

In the molded class, 85 graphite products are shown. This is
one of the most popular classes (together with extruded and composites).
Graphite products in some of the other classes, such as composites and
alloyed graphites, might well be included in the molded class because
many of them are indeed characterized by this manufacturing method;
however, for the sake of avoiding repetition, they are not shown in the
molded class.

The classification of "'molded" was selected, not because of the
unique manufacturing method, but because this manufacturing method im-
parts unique characterization to graphite products. For example, aniso-
tropy or orientation properties are greatly influenced by forming methods,
including molding. When coke is crushed or milled, the individual particles
tend to have one dimension larger than the other and, in forming, the long
axes of the particles tend to take a preferred orientation, and the final graph-
ite product retains the same pattern of grain orientation as well as grain
size. In the case of the molded class, orientation is perpendicular to the
direction of molding.

Grain size has a profound effect on the properties of molded graph-
ite and this is why the molded class is subdivided into two subclasses* in
accordarnce with maximum grain size. In general, the medium-grain
stock is more uniform in all directions (less anisotropic) than the fine-
grain stock, and the molded class exhibits less anisotropic properties
than any other class.

From the point of view of familiarity and long experience, the mold-
ed class is outstanding. Historically, this is the oldest class of graphite
products produced and the leading suppliers manufacture larger quantities
of this class than any other. In the past, most of the applications have
been in the broad field of metallurgy; however, every opportunity should
be taken for applications in military usage because of the very high degree
of manufacturing capability and depth of familiarity.

*Fine grain - 0. 015" max (Nos. 1-76)
Medium grain - 0.015" to 0. 12" max (Nos. 76-85)




GRAPHITE PRODUCT NO_1__

Characterization

TYPE: molded, fine grained; high strength; good electrical and thermal conductor. /
“high density; used for molds, jigs and fixtures, rocket nozzle inserts, casting dies,
_sintering boats, and crucibles

MFG: calcined petroleum coke; graphitized over 2500C; impregnated; machined;
“T00-2000 1b batch size

ANALYTICAL:

PROFERTIES: Test Specimen With Grain Against Grain Typical H.T. Prop.
or , ~
Typical Method Av.Value S8d. dev.(%) Av.volue  Bd. dev.(%) 1300F  4000F

Y. Mod. (10%psi)

T. Str. (10%psi)

C. Str. (10%psi)

Flex. Str. (10%si)

Censity (g/cc) 1.84
C. Exp. (104/°C)

Therm. Cond.

fe~al-cm/sec cm?°K)

S. Res. (10“chm cm)

- Supplier’'s Availability

"SUPPUER ____ GRADES __ SIZES & SHAPES __ PRICE  RATE or CAP.  DEL

Graphite Products ER-83 various rectan- . $1-10/Ib
Division, gular and round stock
Carborundum Co.
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GRAPHITE PRODUCT NO.__2

Characterization

IYPE: molded, fine grained; low coeff. therm, exp.; used for jigs and fixtures, heéater
l clements, support material in furnace brazing & heat-treating, and susceptor in

MFG: manu‘factu:;g methods claimed to be proprietary

e — - =

ANALYTICAL: Ni Ca Fe Si Al Co Na Ti Mo
Av. value 200ppm 200ppm 100ppm 75ppm 75ppm 25ppm 100ppm 10ppm 10ppm
impuriiies '

PROPERTIES: Test Sg:cknm With Grain Against Grain Typical K.T. Prop.
Method Av.Value Std.dev.(%)  Av.Value 84 dev.(%) 1300F  4000F

Y. Mod. (10%psi) (1) 1.3 15 1.1 15 1.4 1.9

T. Str. (10%psi) (2) - | 20 2.0 20 2.1 5.9

C. Str. (10%psi) (3) 8.4 20 8.0 20 8.8 12.8

Flex. Str. (10%psi) (4) 4.2 20 4.0 20 4.3 7.3

Density (g/cc) 1.75 5

C. Exp. (104/°C) 3.4 5 3.3 5 4.1

Therm. Cond.

(cal-cm/sec cm?°K) .35 15 .34 15

S. Res. (10“ohm cm) 13.0 1 13.5 1

Supplier's Availability

SUPPLIER GRADES SIZES & SHAPES  PRICE ~ RATEor CAP.  DEL
Duramic Products D-775 blkupto 18" x 7" x $1-10/1b <10 T/yr 1 mo
4" max '
(1) Sonic

(2) ASTM-C-565-65T
(3) ASTM-C-528-63T
(4) ASTM-C-328-56T

\ * - =
E e T
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GRAPHITE PRODUCT NO_3

Characterization

TYPe: molded, fine grained; low cost; used for jigs and fixtures, support materia. in
“furnace brazing & heating treating, and heater /elements

MFG: manufacturing methods claimed to be proprietary

ANALYTICAL: Ni Ca Fe Na Si Al Co Ti Mo’

Av. value 400ppm 400ppm 200ppm 200ppm 150ppm 150ppm- 50ppm 20ppm 20ppm

Also available in purified grade 50ppm total impurities

PROPERTIES; Test s&odmn With Grain Against Grain Typical M. Prop.
; Method Av.Velue Std. dev.(%) Av.Value 4. dev.(%) 1300F  4COOF

Y. Mod. (10%psi) (1) 1.5 15 1.3 15 1.6 2.1

T. Str. (10%psi) (2) 3.3 20 2.8 20 3.0 6.3

C. Str. (10%psi) (3) 8.6 20 10.5 20 9.0 13.0

Flex. Str. (10%psi) 4) 4.4 20 4.0 20 4.5 1.5

Density (g/cc) 1. 65 5 A

C. Exp. (104/°C) 4.0 5 5.1 5 3.3 4.1

Therm. Cond.

(cal-cm/sec cm2°K) .350 15 .330 15

S. Res. (10“ohm cm) 12.7 1 14.0 1

Supplier’'s Availability

SUPPLIER GRADES SIZES & SHAPES PRICE RATE or CAP, DEL.
Duramic Products D-657 blk up to 24"x20" $)-10/1b <10 T/yr 1 mo
x 9"
(1) Somic

(2) ASTM-C-565-65T
(3) ASTM-C-528-63T
(4) ASTM-C-328-56T

" 1
]



GRAPHITE PRODUCT NO_4__

Characteriza ion

TYPE: molded, fine grained; high purity; used for jigs and fixtures, susceptor in
induciion heating furnaces, heater elements, an?® crucibles

MFG: mamufacturing methods claimed to be prapr :tary

ANALYTICAL: Ni Ca ~ Fe Na Si Al

Av. value  3ppm 3ppm 2ppm 2ppm lppm lppm
PROPERTIES: Test Specimen With Grain Against Grain Typi sl H.T. Prop.

or
Method Av.Velwe 00.dw(%) Av.Yelve 884 dev(%) 1300F  4000F

Y. Mod. (10%psi) (1) 1.4 15 , 1.4 15 1.4 2.0
T. Str. (10%psi) (2) 1.8 20 1.79 20 1.8 4.9
C. Str. (10%si) (3) 8.0 20 7.9 20 8.6 13.0
Flex. Str. (10%psi) (4) 4.0 20 3.9 20 4.1 7.6
Density (g/cc) 1.55 5

C. Exp. (104/°C) 5.7 5 5.6 5 6.6
Therm. Cond.

(cal-cm/sec cm?°K) .39 15 .38 15

S. Res. (104chm cm) 36 1 37 1

Supplier's Availability

——

SUPPLIER  GRADES SIZES & SHAPES PRICE . RATEer CAP.  DEL
Duramic Products D-555 blkup to 15" x 6" x3" $10-100/1b <10 T/yr lmo
(1) Somic

(2) ASTM-C-565-65T
(3) ASTM-C-528-63T
(4) ASTM-C-328-56T

—r
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GRAPKITE PRODUCT NO_3 __

Characterization

TYPE: molded, fine grained; luw porosity; used primarily for carbon brushes azd
certain mechanical electrical specialties

MFG: raw mateérials may be combinations of the following: resin, metal inorganic salt,

calcined petioleum coke, lamp black, coal tar pitch, petroleum pitch, nmatural and

GE - Schenectady ME 14

cyl 1/8-45"
blk 1-6"

rod 1/16-1/8"
plt 1/1¢ 1"

$1-10/1b

ANALYTICAL: Ash v r
Av. ;ﬁue 01'05% <0°§$ <.0057u >lm
PROPEKTIES: Test a;uin- With Grain Aguinst Grain w HT. Prep.
Method Av.Volue Mo %) Av.Valwe S dov(%) 1WOF  4000F
Y. Mod. (10%psi) 2.5 <10
T. Str. (10%psi)
C. Str. (10%si)
Flex. Str. (10%psi) 5-10 5-10
Density (g/cc) 1.65-1.8
C. Exp. (104/°C) 2-10
Therm. Cond.
(calcm/sec cm®°K)
_S. Res. (104chm cm) 10-50 5-10
Supplier's Availability
SUPPLIER GRADES & SHAPES PRICE RATE or CAP. ook

100-3M T/yr 3 mo
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GRAPHITE PRODUCT NO_S$

Characterization

TYPE: inolded, fine grained; high strength; high hardness; nsed for mold stock and rocket
nozgzle inserts

MFG: graphitized over 2500C; Acheson electric furnace; 1-20T batch size

ANALYTICAL: Ash Ni Ca Fe Na Si Al
Av. value 0.25% 0.04% 0. 04% 0.02% 0.02% 0.015% 0.015%

Std, deve (%) <50 <50 <40 <40 <40 <50 <40 :

PROPERTIES: Test Sg:dmon With Grain Against Grain Typical H.T. Prop.
Method Av.Value  Sid. dev.(%)  Av.Value  Std. dev.(%) 1500F  4000F

Y. Mod. (10%psi) (1) 1.6 10 1.4 10

T. Str. (10%psi) (2) 3.2 10 2.8 10

C. Str. (10%psi) (3) 8.5 10 10. 0 10

Flex. Str. (10%psi) (4) 4.5 10 4,0 10

Density (g/cc) (5) 1.75 2

C. Exp. (10¢/°C) (6) 3.9 5 5.0 = 5§

Therm. Cond.

(cal-cm/sec cm?°K) (7) 0.35 10 0,33 10

S. Res. (104ohm cm) (8) 12 10 14 10

Hardness-Brinell-136 Kg l.oad-10mm ball 15.0 10

Permeability (D'Arcy) 0.2 10 0,004 10

Supplier's Availability

m | enmes SIZES & SHAPES PRICE " RATE or CAP. DEL.

Great Lakes Carbon H205 cyl 10-22" <$1/1b 3M-30M T/yr 3 mo
blk 9" x 20" x 24'" $1-10/1b

(1) Sonic

(2) Gage dimension
(3) ASTM-C-39-56T
(4) ASTM-C-78-59

(5) ASTM-C-134-41
(6) Expansion 0-75°C
(7) Therimal diffusivity
(8) Volt/amps
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GRAPHITE PRODUCT NO__Z

Characterization

TYpe: molded, fine grained; high strength; high density; high hardness; used for mold
stock, rocket nozzle inserts, sintering boat., and crucibles

MFG: graphitized over 2500C; Acheson electric furnace; 1-20T batch size

ANALYTICAL: Ash Ni - Ca Fe Na Si Al
IV- ;;Iue ! 25% 0. 04% 0. 04% 0. 02% 0. 02% 0. 015% 0. 015%

Std, dev, (H)<50 <50 <40 <40 <40 <50 <40

PROPERTIES: Test Sg:dmon With Grain Against Grain Typical H.T. Prop.
Method Av.Value  Od. dev.(%)  Av.Valse  Sd. dov.(%) 1300F  4000F

Y. Mod. (108psi) (1) 1.7 10 1.5 10

T. Str. (10°psi) (2) 3.5 10 3.0 10

C. Str. (10%psl) (3) 10.0 10 12.0 10

Flax. Str. (10%pe)) (4) 4.7 10 4.3 10

Density (g/cc) (5) 1.81 2

C. Exp. (104/°C) (6) 41 5 50 5

(cal-cm/sec cm?°K) (7) 0.37 10 0. 35 10

S. Res. (10ohm cm)

Hardness-Brinell-136 Kg load-10mm ball 18.0 10

Permeability (D'Arcy) 0.006 10 0,001 10

Supplier's Availability

~ SUPPLIER GRADES SIZES & SHAPES PRICE RATE or CAP. DEL.

Great Lakes Carbon H205-85 ¢yl 10-22" <$1/ 3 M-30M T/yr 3 mo
‘Bl 9" x 20" x 29"  $1-10/1b

(1) Sonmic

(2) Gage dimension
(3) ASTM-C-39-56T
(4) ASTM-C-78-59

(5) ASTM-C-134-41
(6) Expansion 0-75°C
(7) Thermal diffusivity
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GLC GRAPHITE GRADE N-205-85
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Characterization

TYPE: molded, fine grained

MFG: 1amp black and coal tar pitch; graphitized over 2500C; ground and machined;
“T00-2000 1b batch size

ANALYT A Ash
1'0 ue ol- 5%

PROPERTIES: Test Specimen With Grain Against Grein Typical H.T. Prop.
a5l LT or
Method Av.Value Md.Gw.(%) Av.Velue il dev.(%) 1300F  4000F
Y. Mod. (10%psi)
T. Str. (10°psi)
C. Str. (10%psi)
Flex. Str. (10%psi) 2.5
Density (g/cc) 1,5-1,65
C. Exp. (104/°C)
Therm. Cond.
(cal-cm/sec cm?°K)
S. Res. (10“chm cm) 10-50
Hardness 60S
: Supplier’'s Availability .
SUPPLIER GRADES SIZES & SHAPES PRiOE RATE or CAP. DEL.

Ohio Carbon 2D8D cyl 1/8-45" $1-10/1b <10 10-100 1 mo

blk 1-6" 7 Tlyr Tlyr

plt < 1716-1"

pipe <1/2-10"

1 ion *
§ i
o Yo, Ps  Tae o0
i Sbi KT < L S Y
D WY
LA T PSR U TITRRS & HISRgG I BReT A8 3. & T
{nod pohtn] Filee (i vl niwilay

Ol

Fa r
AL
- e




Bl 5

GRAPHITE PRODUCT NO_92__

Characterjzation

7YPE: molded, fine grained; basically used for brush applicatioas .

%.hmp black, calcined pofro_hum coke and coal tayr pitch; graphitized over 2500C in
son electric furnace; ground and machined; 100-2000 1b batch size

ANALYTICAL: Ash
Av. value .1-.5%

F'Eomm Test S&odm With Grain A Against Grain Typical H.T. Prop.
Method . Voloe M. dov.(%)  Av.Value 9. dov.(%) 1300F  4000F
Y. Mod. (10%psi)
T. Str. (10%psi)
C. Str. (10%psi) 5-10
Aex Str. (10%psl) - 5-10
M W) lo 5‘ lo 65
C. BExp. (104/°C)
Therm. Cond.
(cal-cm/sec cm?°K)
S. Res. (10%chm cm) 10-50
Hardness 658
Supplier's Availability
_ SUPPLIER ‘GRADES  SIZES & SHAPES PRICE RATE or CAP. " - . DEL.
Ohio Carbon 2D9B cyl 1/8-45" $10-100/1b <10 10100 1 mo
i blk 1-6" T/lyr Tlyr
plt <'lll6&l"
pipe <1/2-10"
21




GRAPHITE PRODUCT NO_10 _

Characterization = B
7YPE: molded, fine grained ATTUY S ' ; : ' Pt TR

M5G: coal tar itch artiﬁcm graphito, proconed in ¢ 2 ful ﬁrcd !tmce.- u&ind
“and ground; batc '& 100-2000 ib

ANALYTICAL:  Ash } | e T

Av. value >.5% \\

PROPERTISS: Tompd\m- With Grain Against Grain Typical HT. Prop.
o i or | ,
w . Aw.Velve 904.4e0v.(%) Av.Volue 4. Gev.(%) 1300F  4000F

Y. Mod. (10%psi) : -

T. Str. (10%psi) )
C. Str. (10%psi) }
Flex. Str. (10%psi) 1-5
Denslly (g/ct) ’ 1.5-1,65
C. Exp. (104/°C)

Therm. Cond.

(cal-cm/sec cm?°K)

S. Res. (10“chm cm) 10-50
Hardness 60S

Supplier's Availability

SUPPLIER  ©  "GRADES = SIZES&SHAPES  PRICE ~ RATEor CAP. = ‘DEL.

Ohio Carbon BlA cyl 1/8-45" $1-10/1b <10  10-100 1 mo
. blk 1-6" . T/yr T/yr
plt < 1/16-1" :

pipe <1/2-10"
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GRAPH!TE PRODUCT NO._1l
Characterization
TYPE: molded, fine grained s "
MFG coal tar pitch, natural graphite, metal; proceued in a fuel ﬁrod fumce' :
“machined and ground; 100-2000 1b batch size
ANALYTICAL:
PROPERTIES: ~ Test Specimen With Grain Against Grain Typical H.T. Prop.
Method M. Volue . dev(%) Av.Volue Nl Sw.(%) 1500F  400OF A
Y. Mod. (10%psi) ’
T. Str. (10°psi)
C. Str. (10%psi)
Flex. Str. (10%psi) 1-5
Density (g/cc) >2.2 -
C. Exp. (104/°C) e
Therm. Cond. ’
(calcm/sec cm?’K)
S. Res. (104ohm cm) 1-10
Hardness 358 :
o
SUPPLIER 'GRADES © SIZES & SHAPES = = PRICE "‘RATE or CAP. ' DEL. | S
Ohio Carbon ME  cyl 1/8-45" <10 10-100 ° 1'mo 2
" blk 1-6" Tlyr T/yr h
plt<1/16-1 e
pipe <1/2-10"
‘ M
3 s
. Bk
- LR
L
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GRAPHITE PRODUCT NO._'2__

Characterization
TYPE: molded, fine grained; high strength; high hardnesws : ' S |
MFG: calcined petroleum coke, nataral graphite and coal tar pitca; ;roo“ud below S ‘:
~Z500C; ground and machined; 100-2000 1b batch size %"
ANALYTICAL: Ash | R
xv. ;;I“ e 5'% : Ny -
PROPERTIES: Test Spwimen  WihGrain  Ageest Grole Tyvicsl WY Pp. . |
¥ Mothod . Av.Veive SMLdev(%) Av.Vebe SHMG(%)  I1300F  4000F ?"f’:; o
Y. Mod. (10%psi) - -
T. Str. (10%s)) B
C. Str. (10%si) 10-50
Flex. Otr. (10%ps)) 5-10
Density (g/cc) 1.65-1.8
C. Exp. (104/°C) ol
M M ¢ ﬂ?.f‘_::_'
(cal-cm/sec cm?°K) o
S. Res. (104chm cm) 10-50 T
Hardness 80S .
Supplier's u\m
Ohkio Carbon w97 cyl 1/8-45" $1-10/1b <10 10-100 1mo
bk 1-6" Tlyr  Tlyr
plt < 1/26-1%
pipe <1/2-10"




Characterization
TYPE: “vaoldng, fine guhu‘”m‘h streagth; high electrical resistast; high reproducibility;
paro;itr clanica.. resictant; a‘Bruwn rununt nmall nnn,. io-ctropu;. used hl"'

.l -
 ANATWTICAL; — — Ash- i ' W SR, T R
xv.“ <°al% et o

PRORERTISS: Test Speciman Wi Griln . Agsinst Gsla . Typicsl HLT. Prop,
Method Av.Volue 8. 0w.(%) v, Value B4 Sev.(%) 1300F  4000F

Y. un.(xm (1) 1.8 >20 1.6 >20 .5

7. Str. (10'peD) 2) 9.4 10.2

C. Str. (10%psi) (3) 20.0 5-10

Flex. Str. (10%s)) (4) 10.0 10.20, 10.0 10-20

Density (g/cc) 1.80-1.48 : Saias
C. Bp. (204°0) (5) 9.0 -

Therm. Cond. _ :
(calcm/sec cint*K) «1-.5 1.8 sl
S. Res. (104chm cm) 6) 14-16 : vl e
Hardness (Scleroscope) 78

supplier’s_Availability

SUPPLIER . ORADES . SIZESASGHAMES = PRIE  RATEorOAP., . DEL -

Poco Graphite; 'ac., AXF rod 1/8-5/8Y . $10-100/1b . 100-3M T/yr 3 mo
cyl 8" max '
bk 4" x 8" x w' max
’k( 1"
(1) 4 Point bending
(2) Air bearing 1)
) 1/2"x 1" L, .
{4) 4 Poiat loading ¥
{5) RT-1000°C b ar ¢
" {6). Kelvin Bridge 1/2"x 1" L | " g
3 o
&
& P

& 4l

T e T Y T . U T s
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GRAPHITE ﬁm BOUCT ‘NO._ 14

TYPE: molded, fine gram.d. xd‘h ltmgt'h. high olﬂ:t:ical ruimnc.. up RSP e
rcprodut,ibility. lmnll lizel, \uod for moldl, jip a.nd ﬁxl:uru, mil roékct nond'"
MFG ma cturing methodc chuncd to be propriehry e
ANALYTICAL: Ash e e

Ve Value <0, 1% -8y, 3y .;;;
Std._dev, (%) <30 — ‘ s - < Ry, 3 ]
PROPERTIES: = Test Specimen With Graln Against Grain Typicsl K.T. Prop.—

1 or . e by .
Method ' Av.valve Sid dev(X) Av.Valve $d.dwv.(%)  1300F  400OF

Y. Mod. (10%psi) (n 1.7 1.6 BT
T. Str. (10%s)) 2) 9.4 | 9.5 .
C. Str. (10%si) (3) 16.0 | ooe B
Flex. Str. (10%psi)  (4) 8.0 g
Density (g/cc) 1.70-1.79 o
C. Exp. (109/°C} (5) 8.0 e
Therm. Cond. JE 5
(calen /sec cm®*K) 1 id=sB o s Sl
S. Res. (104chm cm) (6) 16-22 e
Hardness : 708 Typical LY :

e = Supplier's Availability
TUPPLIER  GRADES ~ SZES & SHAPES  PRICE  RATE or CAP. DEL
Poco Graphite, Inc. AXM" " rod 1/8- 5/8"  $1-10/16° "100-3 M Tlyr 1'mo'
cyl 8" max !

“blk 4" x 8" x 12" max

plt< v ’
(1) Compressive i’ i (ﬁ,
{2) Air bearing A (8
(3) 1/2"x 1" L X L (N
(4) 4 Point loading 1 j (<)
() RT-1000°C tow 8 taivieM ()

(6) Kelvin Bridge 1/2" x 1" L
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hoc ’ 'f"‘” to be propricury

e S e

Av.Value 9. dev.(%)

Scleroscope

Av. Value um.w

0.75 0. 85

9.0
6.0
1.50-1.59
7. o

01-05 01'05
28-34 '

57 Typical

sw: umny

Poco G:aphit't, Inc. 'AXZ'

(1) Compres . ive
(2) 1/2"x 1" L
(3) 4 Point loading

(4) Kelvin Bridge 1/2" x

rod 1/8- s‘/‘l" $1-10/1b
cyl 8" max

blk 4" x 8" x 18" max

plt < l_."

27
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Typical H.T. Pnp.
1300F  4000F

‘RATE or CAP, ' |
100-3M T/yr




GRAPHITE PFOD

T NO.6,

Characterization

| N

o 10' DO 3 gImu

ded, ‘fine grained; high: l.trm;th. low coeff. t)nrm
conducglvity. ﬁigh pnr!ty, g 0

. ‘.‘mw«m‘m& %
gh rcprphcm'.y. :

xy

-Z'S'UOC, Achelon electric fumce. ﬁnilhing 0pcrationl as rethired" l 0 >
batch size _
ANALYTICAL: Ash o s e . wenre T,:R;,"
V. value 10ppm max o i g
PROPERTIES: T“t?o”u imes With Gaaln ~ Ageinst Gra'n. W&T.Pﬂ.
o Mothod  av.Vel  S.0w.(%)  Av.Velve Sl dw(%)  1500F  4000F
Y. Mod. (10%si) 1.5 SO YRR
T. Str. (10%psi) 3 o 5 1
cc *o (xm ps 20 3 2
Flex. Str. (10%psi) 10 15 401} 2 %
MWOC) 1-8 >Z { ¥ 1 rghd
co EmO (lo./.c) 4 - £
(cel-cm/sec cm?°K) R
S. Res. (10“ohm cm) 18 R 24 &
Hardness 758 10

Supplier's Availablity

" SYPPLIER »GRADES .

Pg}'c C‘ern' -’ml3 IO,

<, RATEOrCAP. T DEL

JUSSUZ

10-100 T/y=.

“SIZES B SHAPES ~ PRICE
cyl l/:' -8" $1-10/1%
blk 1-6" .

rod . 01 1/8"

plt <1/16-1" .
pipe < 1/2-8"

=3 mo,|

6 {avse {{)

sityaol srlos (E)
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GRAPHITE PRODUCT NQ.-tl.

Characterization
TYPE: molded, fine grained; low coeff. theznr. ¢ .:‘;wdvicctrb;:},) n

muctivity, high repgpduci;hility. low friction; lopg cxpgricncq. low. f&

MFS: graphite ; ~rn ,)proct?n,“ eloy 2500 tbingopentiwttjequirog
TUU=2000 1b batch size v ; : e it

T e L S -
Ve ue > 2. 5%
PROPERTIES: " .~

WO o RN e T
Method Av.Velue  8td.wv(%)  Av.Velue lti.av.(m 1500  400OF

3 sinv

Y. Mod. (10%psi) 1.5 T
7. Str, (10%psi) R A
C. Str. (10%psi) ;
Flax. Str. (10%psl) 3 >20 Tt 192 4
Density (g/cc) <1.5 > o) viianet
c' m' (10"/'0) (e eyl
Therm. Cond. baed medd
(cal-cm/sec cm*°K) Mo ane maden)
S. Res. (10ohm cm) 30 15 i HACDL) ol 2
Hardness 18s 16 N L

TTRUPPLUER -, ., GRADES | . SEESRSAAPES,  PRICE . RATEWCAP . . DEL- 3
Purg Carbon 0151690 . eyl 1/3-6" : $1-10/,lpa;g%l,0-100 T/!n 2 mo Y
. blk 1-6" | ;. 4

rod » 01~ 1[8"
ple<1/16:1", 2
Piptflhv i |
.m‘f‘
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: erPrifE PROBUEY Noiid®
TR RO SR >~ 11" V. e

Tvee. molded, fine graned; high strength; 1ow eomm. xp. ; T3 ewetr!m?"‘
“thermal couwélfmy- high reproducibility; low fr_ictfdu- uiod for ’bmdm, x-up-éar.

) ey b gV

~dhn— _erucibles, and-  furnace . -l
mp black, g"ra hite and pitch; grag 500C; Achinou clectrfc BRI T
mco. ﬁniching operationo as rcquired. 100-2000 lb batch lize .
ANALYT'CA' A'h e ' <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>