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MATERIAL halt HEAT NOMBER [MATERIAL _ Cobalt NEAT WUMBER
Co Co
Comacal awacAL
COMPOSITION 99.9 ocourosiTion  199.9
e conv rer conv
e £
TREATMENT ~ Annealed, ] TREATHENT
White, G, K., Woods, S, B., Canadian Journal of Physics, 35 serEmpncg | Materials in Design Engineering™, Materials Seluctor, edited by
REFERENCE {1957) pp. 656-665; as found ;n YA Compendium of Properties a’l H. R. Clauser, Vol 46, No, ¢ {Sept. 57), p M.
Materials at Low Temp , Phase I", Part Il, edited by
Victor J. Johnson, NBS Cryogenic Engineering Laboratory point, F:
Boulder, Colorado (December, 1959), ’ ERURKE  Mclting » 2 223,
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ASTA-ASAE JOINT COMMTTEE OM EFFECT OF @
TEMPERATURE OM PROPERTIES OF AETALS
Ty m-1 stume-1 TV M=)
e, |rrde-t PY-3r-1 | TEWP, JPT-3P-) MATERIAL _—~ Cobalt WEAT MUMOER
L4 [ad (4] 4 rn
| Room, 10 Fe
0,01~
d.20 b couronTION 99,95 10,05
PER Cany
| PORM
NEAT
IREATMENT
Jacger, F. M., Rosenbahm E., aod Auithoff, A. J., "Exact
REFERENCE  Determination nl’ Spec:bc Heu. at High Temperatures, XIL
Specific Heat, El i and Th noelectric Power
of Cobalt", Rec. Tran. Chim,, Vol 59, pp. 831-56 (France);
a8 found in WADGC Technical Report 58-476.
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™me, o e, [t 1.} ™S, Ly e, (S 3] e, jsruis-lf vae, mllﬂ‘ T, [sTuls-1] TP, [BTU LB~V
[ [ (] [l (4 [l ¥ [ ] [ 5] [ [2X] [3 [ 3] [} (2]
Room 0,322 260 865 68 * 1520 4 2240 1 0,166
o be st roort ar 440 N 80 , 128 1700 177 2420 0,167
m te XA . -l
e 620 N 1160 . 139 1880 190§ 2600__| 0,168
800 A 1340 . 152 2060 , 220
* Discentinuity due tod-——r § transformation,
®#  Discontinuity due to Curie point.
TEAPERATURE OM mrgor n:uu
ASTI-ASHE JOINT COMMITTEE OM EFPECT OF @
TEAPERATURE O PROPERTIES OF METALS
obalt.-Flectrolytic MEAT NUMBER
MATERIAL cobalt NEAT WMAMBER
3 CHEMCAL
Co Fe Cu Ni -] Mn COMPOSITION Bal
CHERECAL iR CexY
cowrosiron 196, 951 2 50 10,26 10,20 loos | 001
PSR CaNT
| pozu
HEATY
Fomn TREATMENT .
REATY Armstro L, D, , and Grayson-Smith, H., "High-T atur
TREATMENT - c-lorirn:t‘r'y. ToA new Adiabotic Calorimeter, IiAtomic Heats of
Clusing, Keans, Schachinger, and Lisclotte, "Resulta of Low- ; and Cotalt b 0 and 800°", Am, Jour,
RSPEREMCE  Temperature Research IX. The Atomic Heat of Cobalt Between :::::::1 :,‘:,;“;'5 ‘:‘” 31-59 (Cansda), Deta found ia WADC
15 and 270 K", Z, Naturforsch, Vol 7a, pp., 185-91 (Germany); J
As found in WADC Technjcal Report S8—476,
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=280 0,058 H -100 [0, 089 80 0,102 80 02 620 0,12) 80 0,128 T 1340 1 0.]52
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ASTI-ASHE JOINT COMRITTEE OW EFFECT OF @
TENPERATURE

ON PROPERTIES OF METALS

[MATERIAL __Havpes Allpy No. 36 HEAT wouseR
cr w Ni_| Fe [} Co
CNEMCAL max.
COMPOUITION i‘l S 113 10 2.0 0, 40 Ral
PER CENY ]
MA!
TREATMENT
SEFERBNCE  Maynes Stellite Company
pBurty

e, (X 1} T, o TR, sy TEM, e cy

1 r -1 [ m-1 [ [
T, L)
ASTA-ASHE JOINT COMMITTEE OM EFFECT OF @
TEAPERATURE OM PROPERTIES OF NETALS

[MATERIAL  Cobalt--S 816 HEAT _NUMBER
pr— i Mo w_ L Cb Ee | Mo L_Si [ed
comrosmon |20 1 20 4 4 4 3 1.2 0.2 ! 0.8 ]
e oot
Co
Bal
ORI
REAT
TREATMENT

Evans, E., Jr., "Thermal Conductivity of 14 Metals and Alloys
REPERENCE 1y, o, 1100 F*, Lewis Flight Propulsion Laboratory, NACA
Bessarch Memorandum Rm E S0L.07 (March, 1951).

SBUARKE  Nominal composition found in DMIC Memo 42.

ASTA-ASHE JOINT COMMITTEE ON EFPECT OF @
TEMPERATURE ON PROPERTIES OF METALS
MATERIAL Cobalt-aS 816 REAT WAMBER )
Co Ni Cr cb Mo w Fe Mn St
:’ﬂﬂm 43.70120.23 1 19,5 4,06 | 3,93 3,45 12,95 10,58 10,54
C
0. 47
m% 72" dia, bar,
HEA
TREATMENTY
REFERDMCE U. S, Naval Enginecring Experiment Station.
REMARES Absol hod, Leite heating rate: 5,0 0r 5,6 F
PperT minute, ’
COEFFICIENT OF LINEAR THERMAL EXPAMSION
TES TEw TEwP TEWw
wance e | r-Txwf feance. e [ r!x ol Jeance, ¢ | p-Vx1of Joance v r=ixwt
[100-500 | 1.6 =3 f.8._$100-1600] 8.8
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[] 4] [ [ 0 [ ] [ad
218 0 500 11,8 800 13,9 1000 15.2
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400 L1 700 3.3
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ASTH-ASNE JOINT COMMITTEE ON EFFECT OF @
TEMPERATURE OM PROPERTIES OF METALS
MATERIAL gbalt=—5 816 WEAT WOMBER
N | cr Mo | W Cb | Fe | Mn Si. C
COUPOSITION 20 { 20 4 4 4 3 L2 (0.4 ] 03
oy —— ==9=L
Co
Bal
R
TREATMEXT
KEFERENCE  Materials Data Book No. §, G A Electric Company
THERRAL CONDUCTIVITY
TV m-! s m-t sy un-l sTv -1
e, [rt2et] tew, jrr-2et ] e, |rr-2e-1 ] tee, [Fr2ea
] [a] ? [a] [ (] [ 4]
T30 [} €00 30,1 ] 1000 12,2 1100 12,8
400 9.5 800 11,2

ASTE-ASME JOINT COMMTTEE ON EFFECT OF @
TEAPERATURE ON PROPERTIES OF BETALS
xe . -5 816 WEAT WABER
Ni Cr | Mo | w Jcb | Fe | ol si [
cowrostmion | 20 20 4 4 4 3 1.2]0.4 {038
e oot
Co
Bat
| romu
NEAT
TREATMENT
ials snd d No. 11S, "Metals for Short
ufERENCE n;;: Service at High Zemperatures”, by A. Levy (April 1955),
—r N
WEMARKS Melting point==2400"F, Nominal composition taken from
DMIC Memo 42,
COEFFICIENT OF LINEAR THERNAL EXPANSION
TOr o e e
nace ¢ | e-Vx108 fuance v [ r-txaef Juance ¢ Lo-txwb fuance v {p-txwt
(702600 6.6 70-1000( 7.1 R 7C-1400 | 7.7 _ 70-18001 8.3
[70-800 6,9 70-1200] 7.4 _f70-1600 | 8.0
DENNITY
wme, | tsow [ vee, | tocs o, { b fTEe, | Lo
I 1 [3 =t 4 -t L4 w1
Room 0. 313
s " ed ta e,
] | 1
ASTI-ASAE JOINT COMMTTEE ON EFFECT OF @
TEAPERATURE ON PROPERTIES OF UETALS
MATERIAL Calaltect 816 NEAT NUMBER
r-—“-——m Cx W chb Mo | _Fe Ma. S
COMPOSITION 19,.88] ¢,20] 4 A 3 32lo.5¢
- 4L 71120 65 g 131 3,764 3,381 1t 9,
c
0,38
PO
WEAT
TREATHENT
REFERBCE  Alfegheny Ludlum Steel Corporation,
Rolled or forged from 2100-2250 F, Sclution: 2150-2250 lhr W,
oK u::olowo-xsoo F « 16 hr air, Excel i etance
to F. :




THERRAL COMDUCTIVITY CORPFICEENT OF LINEAR THMERBAL EXPANSION

o7V Im-9 Ty -1 BTU MR- Ty Na-1
o, [rvdp-t | Towr, |er-2p-1 ] TP, (Pr-2¢-0 | TEMP, |PT-2P-1 THe Toup Toe T,
’ (Al [ 1 [} A ’ " [mance, # |e-txws Ipamce 7 o-txiot fmavce, 7 [ e-'x10f foance ® | o-'x1of
00 7.883 | 600 7.952 1000 8, 130 1400 8. 725
302 8. 42 932 1L.8 112 323 b 1292 12.9 < - n
472 9,92 - 400 7,895 | 800 7,998 1300 8,373 1575 9,145
a € ts,
1 X 1
ASTH-ASHE JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE ON PROPERTIES OF METALS
COEFPICIENT OF LBNEAR TWERMAL EXPANSION
L MATRRIAL _C Alloy=-X-63 NEAT_NUMBER
Co cr i Ee Al [
CHEMICAL
e e Towe TEMP COMPOLITION 58, 50| 22.00| 10,00] 6.00f 2,00 | 1,25 0!40
¢ Joe-txyh oance, e | e-Vx 108 Roavce v |e-1x1ef Juance v [r-Tx v PER CIMT ptemm
-572 6.6 68-932 7.1 68-1292 [ 7,5 6816521 8,0
=752 $.9 68-1112 7,2 § 68-1472 L8 $8-16321 8.3
'ﬁ Cast
AY
TREATMEWY
SPECIPIC MEAT ORPRREWCE  Liateriale Data Bk I, General Electric Company, Thompson Lab,
REMARKS Nominal composition found in DMIC Memo 42.
Tow, [swwis-t ] me, [Bryis-1{l Tewr, [stuis-t] toe, [STU LG-V
[ [ ’ r=1 [ F-1 [ [ )
_m;u_!mﬂ_q 22-932 1 o0 [22.1292 12,

THERAAL CONDUCTIVITY
ELECTRICAL RESISTIVITY

oTY -1 stV MR-1 BTV MR-Y v m-?
wme, [rr-2e-t | e, |ero2P-1} TEWP, rr-2p-1 § TEwe, |Pr-2p-t
e anCROM. —_— [ [4d [ Al [ [l [ T
. ™ “:" P ".'." Ca 3 -c:- 400 8,48 800 10,27 [ 11,07 11,65
- 600 9. 47 ]
£ 92,0 [ 1093 1302 11,4 F 1505 113,0
ASTI-ASHE JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE ON PROPERTIED OF HETALS
[uaTERIAL _ Cobalt Alloy--V. WEAT WUMBER
e o e, (] TEMF, sy TEs, | LBCY .
: 31 E w-1 ’ wi-t [ -1 Co Cr Ni w_lChkTal Feo Mo | Si |
p— 00| «.00 | 2.30} 2,001 2,00}0,90
composttion - | 43.00] 25,00} 20. N s s !g==ﬂ=
o C S P
ASTI-ASHE JOINT COMMITTEE ON EFFECT OF @ 0,30 |0.02 ]0.02
TEAPERATURE ON PROPERTIES OF METALS
HEAY
TREATMENT
LMAYERIAL Jetalloy 1570 NEAT WUMBER
REPERENCE  Allegheny Ludlum Steel Corporation.
omec [USE W T L Fe L C {Co
COMPOSITION 28 20 1 4 2 0,2 ) Bal Rgmasxs  Rolled or forged from (800 to 2250 F.
=
m m — S e
H COEPFICIENT OF LREAR THERMAL EXPANSION
TREATMENT
REFERENCE Lab, G Electric C y
[ ] Nominsl o - 4 } TN T TEnP R
composition found in DMIC Memo 42, ! e 2=V x 1 f aance ¢ -1 x 100 { mance ¥ p-1x 108 finance, ¢ | F 1x 10é
122-212 6.7 R122-752 | 7.9 122-1472] 8.8 122-1832} 8.9
=392 .1 _Q2z2-3112) 8.5
eat treatment: 2250 Feol hr W ; 2250F =t hr W 4 1400--16 hr air, |
THERBAL CONDUCTIVITY
Ty 1m-¥ sTuHR-1 sTUHR-T sTUm-1 COEFFICIENT OF LINEAR THERMAL EXPANSION
e, JrFr-3r- | T, [ev-2p-l | TEwe, [PY-2r-1 | tewe, |Fy-2e-t -
[] (4] " [ (44 [l T
400 8.08 800 10, 65 1200 13,25 1425 14,87
€00 9,37 1000 11.96 | 1400 14,54
O o o TP .
wance, #_| p-Vx1g8 [ mance # | -t x 1ol fmance ¥ sV x 106 Fnance r | r-tx 10
122-212 6,1 122752 7.8 _g122-1472 A8 1225183 a3
122-392 2.3 122-10021 6.1 .
eat treatment; ‘=)
I I I 1 ] | IS
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ASTM-ASME JOINT COMMITYEE ON EFFECT OF
TEMPERATURE QN PROPERTIES OF METALS

[MaYERIAL — Cobait Alioy--X-40

Stellite 31) HEAT WULBER
LA

Cr Ni_ | Mo Fe Co

23,001 10.00{ 7,00 {3.00 | Bal

Cast

o

TREATMENTY

REPRREMCE  Materials Data Bk, 1, G 1 Electric G

Th

pany,

d from DMIC Memo 42.
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stv um-1
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COEFFICIENT OF LINEAR THERNAL EXPANSION

TP TOP

TP
RANGE,

ilxw r=x 108
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~1x 1
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|
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Values interpolated from cu. rve $nd 39sumed to b

ASTA-ASHE JOINT COMMITTEE OM EFF!CT or
TEAPERATURE ON PROPERTIES OF METALS

HEAT NUMBER

O

cr

-:LHMMW 3

25! 5 .

NEAT

TREATMENY

QEFERDNCE  Haynes Stellite Company,

Investment cast all
As cast = Rockwell

REMARKS ~34 maxiny
Aged 50 hrs at 1500 F ~ Roehcll C 42 maximum.,

aTy -1

sTU MR-t
Y2 p-1

Fr-2r-1 | Tewe,
(a4 r

BYU HR-1
Pr-2p-t

-y
-

AL Thwr,
4

sTU -t
-2t

8,58 1152 0.2 332 11.2 1112

572 10.1

12.1
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COEFFICIENT OF LINEAR THERMAL EXPANSION

™me Tewe ' TOP ' e '
maNGe, ¢ | p-Vx sance ¢ ] p-txief foance v [ r-x 10t Joawce ¢ | e-Tx o8
76-600 7.8¢ Jr0-1000 [ 8,39 70-1500] 9,19 JK70-1¢00 1 9,19
1 70-800 1 8,08 J7o-1200 8,15
SPECIPIC MEAT
e, foruia-13 Tawr, Iavwin-1{ vowe, sTV La-)
| 4 =1 4 [ =) ¥ [3)
Reom. [+)
Data assumed to be at room temperature,
1. ) | i I | 1
DENSITY
e, [T Y- ] ™e, (Y]] ThwP, (LY. ] ™e, (T y-"}
E ] [ [l ¥ -t [ [l
|Boom | 0,315
Data assumed to be at
1 [ | I

ASTA-ASHE JOINT COMMITYEE ON EFFECT OF
TEAPERATURE ON PROPERTIES OF METALS

[MATERIAL ~ Cobalt Alloy--X-40 (Stellite 31) HEAT MUMBER _
Gr Ee < Go
CNEMICAL
cowposmon | 25-5 | 10.5 2.0 Jo.s3 | Bal
FER CEnT
| FORM
WEAY
TREATMDIY
Jessy E. Evans, Jr., "Thermal Conductivity of 14 Metals and
REFERENCE Alloys up to 1100 F, Lewis Flight Propulsion Lah, NACA
Research Memorandum RME 50L07 (March S1),
THERMAL COMDUCTIVITY
stV -1 sTu |-t syt sTU -1
Towe, jrr-dp-t | Tewe, |rr-ir-1] e, |[Fr-2p-) | TEWP, [FT-2P-)
L (4] L r ¢ T L4 T
220 7.9 500 9.7 800 YWY 1000 | 12.85
300 8,4 600 10,2 900 11,9 1030 12,65
|_400 9.1 ] 10,8
ASTI-ASAE JOINT COMMWITTEE ON EFFECT OF (::)
TEAPERATURE ON PROPERTIES OF METALS
LMATERIAL 1t Alloyo-H§=2) HEAY NOMBER
Co Cr w Mn Fe Si [+ o
CONPOSITION 65! 12) 26,57} 5.08 ]0,94 ]0,71 [0,68 ]o,56 [0,39
FER CENY
| FORM
HEAY
TREATMENT
fEFERDNCE U. 5. Naval Engineering Experinment Station,
A it thod, Leits Dil: . Hi g rate: 5,0° or
RENARKS S.6° per minute,

COEFFICIENT OF LBNEAR THERNAL EXPANSION

RS TenP TONP
wanct ¢ | r-1xief France r [ p-1x 16 r-Tx 106 france ? | r-1x1eé
100-500 7.6 ]160-1000] 8.3 F100-1660] 9.1 ]




ASTIR-ASME JOINT COMMYTEE ON EPPECT OF
TEAPERATURE OM PROPERTIES OF METALS

Cobalt Alloy--HS-27 NEAY WuBER
Lx Mo Min Fa L
33.85 30591 26,401 6,14 _J1.02 [1.0 0. 97 !0!!

U. S. Naval Enginsering Experiment Station,

HGED

Ahsol thod

5.6° per minute,

Laits Di

Heating rate: 5.0° or

COEFFICIENT OF LBMEAR THERNAL EXPANSION

e = TEur =
joamce e fo-xvwh fuancer | -Vl fuance v jv-'x b fuanci s | F-'nwt
100500 1.3 100-1008 7.7 1€0-1600 8.7
ASTE-ASAE JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE ON PROPERTIES OF METALS
MATERAL  Copair Alloy-—H5-27 WEAT MUMBER
T
Co Ni Cr i
omwcn. 22 Mo Mo ) si lc |pe
COMPOSITION oles J 10l o4lor
poo fod2a 0.l 32,0 1 25, Ral
‘mun
TREATMENT
REFERENCE U, S, Naval Engineering Experiment Station,
Absol thod, Leitz Di heating rate: 5.0 or 5.6 F
RBARS  pur misute, ’ °
COEFFICIENT OF LMEAR THERMAL EXPANSION
—e o . THer TERP
km,v lxwf Fance s | p-tx et fuance v je-tx w0f Juance, p ] -V x b
100-500 7,7 160-1660{ 8.1 _ §100-1600] 9.1
ASTA-ASHE JOINT COMMITTEE ON EFFECT OF @
TEAPERATURE ON PROPERTIES OF METALS
[MATEKIAL_ Cobplt AMloy--Vi = HEAT WUMBER
L£x Mo Xe N S [o7Y
COMPOSITION s 5130 12,75 10,25 | pat
FER CBMT
*nulrg
TREATMENY
seFErency Thomson Lab Data, G 1 Electric Comp
THERRAL CONDUCTIVITY
T im-1 sTUm-1 STV MR-1 7Y m-)
o, jrv-2e-1 ] vowr, lev-2r-1] vaw, lev-ir-1 | Towe, (Pr-2e-t
[ lad v Al ] [aAd r T
) 400 8,50 800 | 10,34 1200 1 3224
200 1,52 600 9, 40 1000 | 11,30 =
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ASTALASAE JOINT COMMITTEE OM EFPECT OF
TEAPERATURE ON PROPERTIES OF AETALS

WATERIAL Cobalt Allov-=Viallinmg._(Stellity 21} WEAT WingER —)
cr Mo | Fe N L. Ca.
CHBCAL
COMPOSITION 21 551 301218 |9
rig cENY ——— —— &J
PORM Investment Cast Alloy
HEAT
FREATMENT
BEFERENCE Haymes Stallite Company.
smuanxs APt Bockwall € 34 maximum,
Aged 50 hrs, 8t 1475 F - Rockwell € 45 maximum,
THERBAL COMDUCTIVITY
a7 -1 vy -1 sty -t T w1
o, [rr-2e-1] tew, Jev-2p-V 3 ver, |rv-2e-V | TEWP, |PT-2P-1
[] T [ [4] [ [ad [] (Al
392 8,42 252 10,1 ¥ 932 ETW I STV} 118
572 9,45
COEFFICIENT OF LINEAR THERBAL EXPANSION
e o, L TP
aace e | r-Vxih [nance v | r-txwh Puance v | #-Vx 108 france p | o= x 1o |
70-600 7,83 J7o-1000 | 8,18 F70-1500 | 8,68 §70-1600 1 8,72
70300 | 7,96 Jro-1200 8 -
SPECIFIC NEAT
Taer, jsruis-t ] e, [ s Tee, [sTULs-1] TR, [eTU LBV
[ r-1 [ (3] [ r- [ ()
|Bean 10,1006
Deata ugp_xed to be 3t room temperatyre
vewe, jucroms | TP, |mcroms | TEMP, |WCROWG | YEMP, | MICROWE
r (-] [ a4 r -3 ] [
|_Room .4 .
Data assumed a emperas
] 1 Il
| | | | | d 1 |
oBay
[V Y.} ™ [ Y-] TR0 [ Y1)
1'-.-, utiu ﬂr’. o ue, - AP . o
Room 0,299
ta assumed to be at room temperaturs,




ASTI-ASAE JOMT COMMTYEE On EFFECT OF @
TEAPERATURE ON PROPERTIES OF NETALS

MATERIAL Cobalt All A i NEAT NUMBER

% _st_LMg c p |co
CHENICAL 4.5 | max,| l.5- [max. {max, | 0.20-| max,{ -
CONPOSITION H

25-0l 6.5 1 20 |3 Lo 1.0 10,351 0.07 | Baj

serenmncy | Materials in Design Engi

ing i , edited by
H. R. Clauser, Vol 46, No. 4 (Scptember, 1957), p, 84,

Melting point: 2465 F; Annealing temperature: 2175-2200 F;

Hardening temperature: 1475-1500 F.

sV -t STV MR-? BTV M) TV Me-)
Fr-2p-1 | e, |Fr-2e-t | TR, (PT-2r-l | TR, | PT-2P-)

8.4

COEFFICIENT OF LINEAR THERMAL EXPANSION

Tow Tewr Toe O
'ﬁ! eixof foancer | w-'xwé foance v [e-Txwé fuance v [ r-tx wé
) :
| Data d.tc be at roo; and i coefficients
oBIITY

™S T®WP , o TENP, (X Y-} TP (¥ 1=
raild ‘j.'e_-cl“_ ] =t [ -1 [
[ Beom _1 0,299
] Data assumed to be at room te ture
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