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\ July 12, 1945

To: Dr. James B, Conont, Chairman
National Defense Research Committee of the
Office of Scientific Research and Development

From: Var lietallurgy Division (Div. 18), NIRC

Subject: Final lleport on "Heat-resistant Alloys for Ordnance
Materiel and .ircraft and Naval Engine Parts (11=-102):
Part II - Cobalt and Nickel in 26% Cr Alloys"

The attached final report submitted by Earnshaw Cook,
Technical Representetive on NIRC Research Project MC-84/., has
been approved by représentatives of the War lietallurgy Committee
in charge of the work,

This report presents the results of a study of the
properties at elevated taemperatures of two groups of 25% Cr alloys
containing varying amounts of cob2lt and nickel. One group of alloys
was essentizlly non-ferrous, the other contained about 50% iron.

This project was financed by the American Brake Shoe
Company and vi- =crried out as a correlation project under the super-
vision and d!r~uticn of the Viar lfetallurgy Committee, I recommend
acceptance : 5 © satisfactory final report on a phase of the work done
on this pro

Respectfully submitwed,

M .
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\
Clyde .[f1ll%ams, Chief
Wer Leballorzy Divisioa, HIRC
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PREFACE S )
5 This report is pertinent to the problems designated by the OHice of ',
the Coordinator of Research and Development, Navy Department, as N-102, and ‘to the -
.project designated by the Var Metallurgy Committee as NDRC Reseerch ProJectNRc-&,A

The distribution of this report is as follows:

Copies No. 1 thru 7 = Dr. Irvin Stewart, Executive Secretary, OSRD ’
Copy No. 8 = Clyde illiams,-Chief, Tar Metallurgy Division (Div. 18), 'NDRC
and Chairman, War Metallurgy Committee
Copy No, 9 - Office of the Executive Secretary, War Metallurgy Committée
Copy No. 10 = V, H. Schnee, Chairman, Products Research Dlvision,
War Metzllurgy Committee
Copy No. 11 - H, V. Gillett, Member, Division 18, IDRC
Copy Mo, 12 = §. D, Heron, liember, Divisiou 18, NDRC
Copy No. 13 = Zay Jeffries, Lember, Division 18, FDRC
Copy No. 14 = R. F. kehl, liember, Division 18, nIDRC
Cops No. 15 = R. C. I'olman Chairman, Subcomiittee for Division-18, NDRC o
Copy No. 16 - Roger Adams, Member, Subcommittee for Division 18, NDRC : '
Copy No. 17 = J, E. Jacitson, Staff Aide for Div, 18, Office of the Chairman, IDRC
Copiecs No. 18 thru 39 - Dis Franklin S. Cooper, berior Liaisonr Officer, *
Liaison Office, OSID ' :
Copy No. 40 - L. K. Adams, ChJ.ef Division One, MDRC
Copy No. L1 - Ralph Booth, Dcputy Cliief, Division Twelve, NDRC .
LCopics No. 42 and 43 - Arnw Alr Forccs, Conrnndin" General, Wright Field
Attn: Major J. P, suidertor, NDKC Branch Liaison Officer L.
-Copy No. 44 = Arny Air Forcus Boa.rd, Orlando, Florida :
. Attn: Secr.tary of Board "
Gopy No. L5 = Navy Department, Burcau of Acronautics v .
Attn: B, A. Kornhauser, Projecct Liaison Officer - * )
Copy No. L6 - MNavy Deopartmont, Naval Aircraft Factory, Philadelphia, R, R. Moore
Copy No. 47 - Mavy Dopartucnt, Naval Engincering Experimental Station, W.C,Stewart
Copics No. 48 thru 62 - Navy Departient, Office of Researoh and Invent:lon!,
Research and Development Division
Copy No. 63 = G. . Leuis Dircetor of Aeronautical Research,
National Advisory Committce on Aeronautics
Copics ilo. 64 thru 73 - 3/, J. KcCann, National advisory Committce for Aeronautics
Copy No. 74 = Earnshaw Coolt, Technical Representative,lDRC Rescarch Project NRC=8LA
Copy No. 75 = Fs S, Gardner, Invcstigator, NDRC'Roscarch Projecct NRC=84A
Copy No. 76 - H. S. Avery, Investigator, NDRC Reseurch Project HRC-84A
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The effedts of gobalt and nickel have been
studied 4n two groups of 26%Cr alloys, one serios being essen-
tially non-ferrous, the other containing about 50% iron, The
results of stress-strain-rupture tests at 1600 and 1800 F are
presented, Additional data from room temperature tension tests
are included for materials as-cast or after exposure to one of

several aging treatments, Photomicrographs of as-cast struc-
tures arc appended,

In the absence of iron, the substitution of
cobalt for nickel produces a marked strengthening at elevated
temperatures, Creep testing of sevoral compositions is in
progress to supplement the inddoations of stress-straine-

rupture tests; two creep tests at 1800°F arc completed for
this report,
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‘ , This project was established in Apl 1944, .as NIRC Correlation
; Project NRC-84A with the following general qbjectives?

. 1o To determine the elevated temperature characteristics of hut.-ruilting
) alloys used in national defense applicationse

2. To conduct experiments directed toward the mprovemnt of thue n,noyc
uhere present propertiea are im.dequate. . :

3 'l'o cllrity the possibuities of subatitutiona that vr.\.ll ‘permit u;d.ngl
*"in strategic alloying ‘elements,

: L' To adapt knowledge of the heat-resisting alloys to the specialisod
applications that have developed because of the wer,

" The ‘project’ is being financded by the imerican Brake Shoe Company and
‘s being conducted under the general supervision of the War Hetallurgy Committee.
- This is the second report submitted on the project.

The requirements of turbo~superchargers, gas turbines and similar
devices involve 2lloys with great strongth at clevated temperatures, 4As most
commercial Cr-Ni-Fe heat resistant grades lack this requisite strength, complex
materials of related types that are considered appropriate for such service up to
1600°F have been developed. Since increascd efficiency results from operating gas
turbines at even higher temperatures, the solution of material problems at 160055'

will undoubtedly - be followed by engineering demands for alloys that will operate
satisfactorily up to 1800°F and heyond.

In the development of improved alloys, an undorstanding of the role of
sach chemical element is desirable. This‘report relates to an exploration of the
comparative behavior of nickel and cobalt, which are included, with and without
iron, in alloys containing 267 chromium as a base, This chromium level was chosen
to provide reasonable assurance of adequate hot gas corrosion resistance in the
temperature range from 1600 to 2000°F.

‘It is proposed to study a number of additionzl elements in combmtion
with cobalt; nickcl, iron, and 26% chromium, although present ressarch is confined
to the determination of optimum proportions of cobalt and nickel in these alloye
in the absence of significant amounts of other metals,

Since strength, life expectancy, and ductility are of chief concern,
.the research has depanded largely upon the evidencc of stress-strain-rupture and
oreep tests, These have been supplemented by room temperature tension tests and
microscopic examination, while oxidation and Xeray diffraction studies are pro-
Jected. Ths program of creep testing is currently in progress,

¥his document comtains information affecting the national defemse of the United States
fyithin the mesning of the Espionage Act, U. S. C. 50; 31 and 32, Its tranemission er the
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Two series (Table 1) 6f nickelwcobalt alloys, all containing 26% v
chromium, have been investigated, In the first series, which is essentially non=-
ferrous, the cobalt plus nickel content is maintained at 70%, with ocobalt pro-
gressively replacing nickel. Approximately 50% iron is present in the second
series, the total of cobalt and nickel bein; held at 20%.

Table 1 4;:
G and it - hgeim Al
Hest No.  Gf Mo% PX SE SiX Oxf' ME Cof  Pef NI (byDiff)

Li=2T78 35 W41 013 0L, Lol 26,22 70,60 3 3 042 -9
=27 ¢35 59 02 0L 1035 26,25 45.95 24.10 1 .93 "JO45 . +.400
=275 .31 .61 .04 .018 1,37 26,38 34.60 35.50 9 036 4192
=261 30 .60 012 0L, 1.29 26.42 23.83 45.65 1.29. ,051 +.543
"279 -31 0106 -011 0021 1021 26.55 0‘62 69.w 1.21 .0‘}0 00768

W-287 34 +62 011 .022 1.29 26.10 9.90 9.85 51,43 46 .91
~280 030 058 Ol .02 1.2. 26.” «28 19."0 51-38 .116 " #.002

The compositions of the two groups were intended to be univarient,
Only oarbon and nitrogen are considered significant as chamical variables that
may modify the effects of the cobalt-nickel comparison. The carbon contents
are 0.325 & 0.025% in the non-ferrous group and 0,32 + 0,02% in the 50% iron base
alloys. A8 carbon usually has a pronounced strengthening effect, the 0.35% values
in the low iron series may have operated to reduce the apparent magnitude of the
spread of high temperature properties. The nitrogen range in the same group is
considered insignificant as a variable, '

The carbon levels are similar to thoae of commercial alloys conta.in:l.ng
26% chromium. The nitrogen levels sclected differ appreciably. Two alloys,
XJ-142 and XK-100, were available at the start of this program; their nitrogen
content was therefore used as a base for the 50% iron group.  Both the carbon
and nitrogen of heat 44~287 are somewhat high and an increment in strength would-:
be expected from this cause, It was not detected in the clevated temperature.
tosts, however, this heat being the weakest and most ductile of the 50% iron
81‘°“P-

Pravious experience with high nickel alloys has indicated difficulty
in attaining high nitrogen contents. 'Rather than risk unexpected variations
during the substitution of cobalt for nickel, a relatively low nitrogen content
was selected. Comparison between the ferrous and non-ferrous groups should




therefore be made with caution. By :I.nterpolation it would be possible to ]
tho relative effocts of about 50% iron vs, 50% oobalt as a base.in 26%Cr: m’
llloya excopt that one group containa twice as much: hitrogen as the other,

Eerggental Procodure

Melting was porformed in an induct:l.on fumace, all heats be:l.ng
deoxidized with ferrosilicon, followod by a ladle addition to the cobalt bearing
alloys of 0,04%Ca as CaSi. These were poured at approximately 250°F above the
solidus into castings (Figure 1) that have been developed as a source of radio-
graphically sound creep, atress-atra:ln rupture, and tension test bars,

3

CONFIDENTIAL

.Elevated temperature characteristics have been determined by stress=-
strain ripture tosts at 1600°F and 1800°F, which are sumerized in Tablo 2, and
are beingsupplemented by creepr tests that are in progress. The techniques o=
ployed are described in A, LYX,E. Technical Publications 1443-C and 1480. The
precision of initial applied strosscs is within &1%, nomina) tamperatures are well

within A,S,T.M,* 1limits of $10°F, and-life or rate values &ro bolieved to be re- 5
producible within &20%. Structural hoterogeneity among different castings of ‘the 5 .
same analysis is a possible source of erratic results, Its extent in the alloys g 5
reported harein has not yet been investigated, however. g R
. _ g
Data from two aveilable compositions of commercial 26%Cr:20#Ni alloy 2 3
are included in Table 2 for comparison, &nd in Tables 5 and & in the appendix. £
. 3
. Tension tests at room tcmperature were conductod on these alloys in : :
., the as—cast condition, and after aging at several temperatures, to appraise L d l
roughly their toughness and susceptibility to precipitation hardening. The B ;
- yleld strength values reported arc approximate, . !
. ™ .

The microstructures of these alloys have been examined, and repre-
sentative photumicrographs are presonted.

mted T rature Pr ies

. The strengthening effect of cobait in the non-ferrous series as it
replaces nickel up to 70% is apparent in Figures 2 and 3. Confirmation nt. 1onr
stresses of this trend 1s depefident on cwrrent and future creep tests,
extrapolation of the stress vs, rate data for heat 44~27L (hb%i 22/,%Co) at 1600°?
suggests superior strength at low stresses but this trend cannot be accepted :
without additional tests as it may arise from structural differences within the
heat. This should be considered in the interpretation of Figures 4 and 5 which
show graphically the effect of composition on the stress required to produce
various minimum strain rates; as detailed in Table 7 of the appendix, A
of time elengation data at 1,°2, and 5 per cent deformation (Table 2A) affords

further evidonceé of the enhanced creep strongth accompanying cobalt substitution
for nickel.

.¥A.8.T.M. Designation E22-i]

J%is document contains information affecting the national defense of the United States
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" In'the presence of ‘50% iron the 20% cobhlt alloy is strongest, 20%
nickel intermediate, and 10%Co:10#Ni weakest and most ductile at the relatively
high stresses employed. ‘hether these differences arc significant and relative-
ly independent of other variables has not been determined, Figures 6 and 7
portray the relationship of stress vs, creep rate and fracture time,

The stress vs. fracture time and stress vs, minimum creep rate
rela.tionships can usually be represented by straight lines when plotted logarith~
mically, as in Figures 2 and 3. Departures of austonitic heat resistant elloys
from this correlation are customarily within the experimental errors. Some high
strength materinls may chonge their behavior at a eritical stress, however,
which is indicated graphically by an.abrupt chango in slope of the line.# '1'ho
69% cobalt and the 35#Ni:36{%Co heats, as plotted in Figure 3, suggest this, which
occurrenco will require add:l.tional tests for clarification.

For converiience in comparing with tho stresa—rupturo data of the
MRC-8 program the stresses requ:i.ﬁd to produce rupture &t various ti.maa m
sumnarized in Table 3.

In all croep and stress-rupture tosts, control vnriatiot_m have. boen

limited to leas than & by & throttling device in the furnace control mechanism.

The minimum creep rate values obtained are not expected to charactorize these
materials if thoy are heatcd and cooled through largér temporature ranges. Much

higher creoep rates are expected in cyclic servico if the nominal maximum témper-
ature is above 1600°F, _

Room Temperature Mechanical Properties

The aas=cast tonsile’strangth of these alloys at room temperature,
which’ ranges from 72,000 to 100,000 psi., is ample for ordinary industrinl
utilization. Specialized requiraments, as for. turbine service, have not been
clarified. The ductility volues are more significant as thoy provide some indi-
cation of the deformation lotitude in fabrication. Ductility is also dosirable
for resistance to frocture from hindered contraction.: After oaging at either:
1600 or 1800° F tensile elongetion falls to about half of the original value, as
shovn in Table & Th!.s 1s usually accompanied by a moderate increasc in tonsile
strength, - : . .. A ’

Hotallogmgm

Mieroscopical eummim.tion sugseats thot all alloys ccmta.in a .
carbide phase in an austenitic,  qualitatively non-magnetic matrix. The former, .
which is frequontly outoctiform, tends to outline & dendritic pattorn. Nitrogen
or nitrides may be associatcd but positive means of identification are lacking.
An unclassified fine lameller structure rosembling pearlite also appears in

. Y
L
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some of the alloys., Judging from stching behayior it oculd be an wrusual
aggregate of austenite and carbide, Photomicrographs are included-in the

s

Inspection of as-cast specimens dipcloses no dlspersed phase and
suggests that considerable carbon is probably §n solid solution. The increase
of strength and drop in ductility that follows aging are attributed to carbide

recipitation, which is also evident microscopically after creep testing
fFigures 13 and 1‘&).

CONFIDENTIAL

Discussion

" It is evident that increased elevated temperature strength results
from the substitution of cobalt for nickel in these non-ferrous alloys, This
per se is not an economic development, however, as strengthening of similar
magnitude may be obtained at lower cost by the addition of 1.5% columbium to a
26%Cr:14#NL base., The chief interest in this ~eries is in its relationship to
more complex materials that are produced by adding high melting point and carbide
forming elements such as molybdenum and tungsten. With tungsten the cobalt rich
alloy becomes one of the Stellites, while with molybdenum the Vitallium type is
developed. These grades, together with similar alloys containing nickel wp to

30¢, have been extensively studied under the program for NDRC Research Project
- NRC-8,

It is planned to add a long term oxidation test at 1940°F to this
- tost program. The strengthening effect of columbium mentioned above is partially
- off-sot by greater suscoptibility to oxidation at the higher temperatures, which
behavior is apparently associated with formation of a rolatively brittle scale.-
While this rcport is concerncd with tho strongth of alloys at high temperatures,
tho establishment of satisfectory resistance to hot gascs 1s also important.

31 and 32. Its trauzsmission or the

The mechanism of strengthenl g as cobalt replaces nickel roquires
clarification. Inhibiting crecp of the solid solution by changos in crystal
lattice character and slip interforeonce by preeipitation hardening are both
possibilities. Strengthening by carbon increments is usually possiblo up to
some critical range. ihethor a'non-carbide forming elamont like cobalt operates
by modifying the sclid solution, or by changing carbide solubility, thereby
meking a given amount of carbon more effective, is an intoresting question.

Proposed X-ray diffraction studies mey provide an insight into these possibiliw
ties,

affecting the national defense of the United States

) Projccted work includes the addition of carbon to the 0.30% carbon,
26% chromium, 69% cobalt alloy; investigation of 0,50% carbon in & 10% nickel,
60% cobalt, 268 chromium base; and separate additions of 7% tungsten, 7%
molybdenum, and 7% columbium to the bases above on the 0,50% carbon level.

mdihmteltlhmnmrtoannnnthoﬂudpemnilpmhlbitedbth.

within the meaning of the Espionage Act, U. S. C. 50;

This document contains information




b

- ‘,.'-

This progrem will partially duplicate some of the NDRC Research Project MRC-8
8ctivitics, with which it is beinz coordinated,, -
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STANDARD HEAT RESISTANT ALLOY CORE SAND IEST CASTINGS

‘_,, ol

Gross Weight

W5 ox.- L4 O r

]

1§

. Standard D-14 Tensile Test Bar Casting

Eigure 14

.y

1

1/ Scale

Gross Weight

16§ 15 oz.-22# 6 os.

l_‘ —_— 10— ——— —

16" -

/1
T
£

14 Scale - .

. Standard D-17 Creep Test Bar Casting

COSFIDENTIAL

Tigure 1B

7




Table 2

COBALT NICKEL IN 26% CHROMIUM ALIOYS
nﬁ%m Tempe—ra%ufe Properties

CONFIDENTIAL w .

1800°F. 1600°F. e s
Heat Life Rete Elong. R.A. Stress Life Rate Elong. R.A.

No. CEpof Sif NS Cof Of Pof B P.S.L. B, AFr. £ % P.S.I. Hrs. SfHr. 2 2

.35 . Ll 0.6 2.2 .. 2.0 1.7 7. 43. L8 4.4 30. 46.
4278 .35 -4 1.4 ah T -0k 13.4 1.6 35. 33. 28.4 0.72 3%. &2

9.6 1.19 21. 35. 37.0 .37 20. 2.
58.4 Jd9  19. A 271. 003 6. 12.

2.7 21 32. 38.

5

44-274 35 .59 1.35 46,0 24,1 26.3 .93 .045

“-275 -31 -61 1.3” Ml6 m 26.‘ .w QO“ 4-‘ 1-8 16. 'a.

. 12‘- -w35 ‘. m- 5‘- -071 '0 n.
876. .00027 1. 5.
.60 1.29 23,8 45.7 26.4 1.33 .051 2.7 a7 16, 35. .16 5. 6.
il ) ded) e 4 1.33 .05 142. 0020 3. 7. 19. 005 3. 4. =
. —2,9 L) . () an 26'6 L) -w 37-0 00‘6 9. 12- ‘9-5 00” s. ‘c
4 N 4610 b 7 267. 0015 7. 22. 366. 001, 2. 3.
' 1765. .00010 1.25 2. _.

U-142 .30 .53 1.2 19.7 — 26.3 (51.4).105 18.3 .23 6. . 12

16- .” 15- 22.
9 6 83.% 029 3. 6.

19‘. -m (]
539.% 0023 3. 16.
1002.(d) .00003 - -

588 B8 BE BEBE BB

[ ) ) 1.&“ — &.7 sl..' .m

880.(a) .00008 - -

44287 .34 .62 1.29 9,9 9.9 26.1 51.4 .146 TR

B8 8§ BBE HBBE BEE B8 5EM D8R

13.7 1.1 2. 32. 10000
73.8 .16_ 19. 2’- w ‘sa6 .u 12. uo .
_280 19:4 26.7 51.4 . 7.0 1.6° 2. 20. 10000 40.7 .069 6. 8.
44200 .20 .58 LA 2 267 514 .16 2.9 .3 8. 12. €000 116. 013 & &
CCFFIN!!M 4 Discontimuad before fracture . e -
T S ‘ -
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Table 20

COBALT AND NICKEL IN 26% CHROMIUN ALLQYS

Tise-Flongation Data
~Chemical Analysis.

CONFIDENTIAL  CoRe=385-]1

Beat No. Cf Mpf Sif MZ Cof Crf [Fed NS
44-278 35 41 141 70.6 0.4 26,2 <73 042
M-ZIL 035 .59 1.35 ‘6.0 uol 26-3 .93 lO‘S
44275 Al 6l 1.37 346 35.5 26.4 97 036
L4~261 230 60 1.29 23.8 45.7 2644 1.33 051
44=2T9 31 46 1.2 0.4 69.0 26,6 97 040
1800°F . 1600°F.
Nom Stress FElong. Hrs.) fors Life  gStress Elong. er-__(Ms Life
Best No. Mif Cof P.5.l- 1 22 Brs, P.S.I. _ % 2 2 B
“-278 71. O. m 37. .05 .1’ -’7 2.0 m ”- .w -28 .97 A.
6000 35. 28 .72 2.3 13.4 10000 34. 42 1.1 4.1 28.4
=274 L46. 2. 8000 2. 75 1.6 4.0 9.6 12000 20. 1.3 3.3 11. 37.0 =
6000 19. 1.8 5.5 17. 58.4 10000 6. 26. 238. 270. 277. -
44=275 35. 36. 8000 32. 1.8 3.0 5.8 1.7 16000 16. 25 75 2.3 Led
m ‘- n.o. us. — m. m 8. 10- u. 52- 5‘.
m 1.0 876. C - 876.
44-261 24. 46. 8000 16. 3.3 6.0 12. 2.7 16000 5. 2.7 Tk L. 1.3
6000 3. 130. 140. -— ua. 12000 3. 110. 115. -_ 19.
L4=279 0. &9. 8000 9. 9.5 22, 29. 37.0 16000 5. 3.3 30. 49. 49.5
m 7. m. 250. 2&. 2 L] lm 2. m. 3&- — 3 [ ]
m 1.25 1720. S— —— 1765.

COKFIDENTIAL
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Table 3 T ) . Iadle 4
= - : | n-cu.ﬁxnu.dm?rmnti Propertl
3 ] [} ure
Practare Time Characteristics at 1600°F. snd 1800°F. pe o
—-——Cheaical Amalysis———————cwe Heat ——e—ee——Chenical ANALYS1ge—————em——
Seat¥o. OfF Mef 315 COf NS Cf P M o, CF Xnf SiF Crf MS Cof Fef RS
i M-T8 .35 .41 1.4 26.2 0.6 0.4 .73 .042 L4-278 .35 41 1.4 26.2 70.6 0.4 .73 042
/ M-276 .35 .99 1.35 26.3 46.0 4.1 .93 .05 M4=274 .35 .59 1.35 26.3 46.0 24.1 .93 .045
4275 A .Q 1.37 26.4 34.6 35.5 .97 .09 h4~275 .31 .61 1.77 26.4 34.6 35.5 .97 .03
44261 .30 .60 1.29 26.4 23.8 45.7 1.33 .05 4-261 .30 .60 1.29 26.4 23.8 45.7 1.33 .0R
4279 .31 .46 1.21 26.6 0.4 9.0 .97 .00 #~279 31 46 1.21 26,6 0.4, .0 97 .04
: -2 .30 .53 1l.21 26.3 19.7 - '51-3 105 U-42 .30 .53 1.2 26,3 19.7 — 551.3 .105
; T-100 .30 .58 1.6 26.7 2.1 - (518 .09 IX-100 .39 .58 1.42 26,7 20.1 -- (51.%) .09
! 44-287 % .62 1.29 261 9.9 9.9 S5i.4 .6 44-287 .34 .62 1.29 26.1 9.9 9.9 5.4 .
44200 .30 .58 1.21 26.7 .3 19.4 5.4 .16 44-280 .30 .53 1.21 26.7 .3 19.4 S5l.4 .
; Stress (P.S.I.) Streas (P.S.I.) Yield® Ult.Tens. Elong. Red. Yield® Ult,Tens. Elong. Red.
: . Por Fracture ia: For Fracture ins Beat Strength Strength 1n 2% Ares Strength Strength in 2* Ares
; Gowisal 10 100 500 1000 10 100 %00 1000  yo, mgCof P.S.L. PSal. _ % Z BN PSJI. PSI. _$_ 5 NN _
: Beatle- RIS Of Mre. Urs. NKxa- Nree Bz Reee Mis-  Eose ot ]
! g As Cas ' -
‘ 1600°F. 1800°F . — -~ ~= =278 TL. O. 44000 73250 15. 15 1%
: A4-274 46. 24, 46000  T4O00 12. 12,18
4278 TL. O. 11000 €700 7500 7000 G200 4400 - S 44~2T5 35. 36. 47000 74750 15.  17. 187
44274 46. 24. 1300 10900 9400 8900 8000 5500 4200 3800 o) o4, 46, 54000 90500 21, 17, 196
&-275 35. 36. L0 11100 9200 8500 8300 6200 4400 00 L on 0. 6. GO 82500 6. 7. 269
261 24. &46. 16600 12200 9800 8300 9000 6400 - -
4-279 0. 69. 20000 14400 11400 13300 9600 €500 5200 4300 —eee1600°F . ~{8 Rra.-F.Cow—e—nee —-——mrm'B raau -nn;-r.c. ~
44-278 T1. O. 44000 85250 8. 7. 199 43000 45 . 10.
F-142 20. 0. 10600 7600 &0 - 7000 400 3000 2600 gpoos 46 2. 47000 37500 7. 6. 235 45000 83750 7. 6. 217
:|100 20. 0. - - - - 6200 4300 3200 3000 L. o0c 35 36, 44000 92250 8. 6. 235 46000 92000 s. 7. 228
¥ 44287 10. 10. 10400 6900 5100 - 6400 3600 2500 - 44-261 24. 46. 61000 104250 e, 7. 252 §9000 98750 8. 8. 241
&4-280 0. 19. 1300 &00 5800 - 7500 5200 4100 -~ 44-279 0. 9. 64000 98750 3. L. 302 &0 102250 5. 6. 302

: As Cast 1400°F -2/, Hrs.=F.C.camemam
(50000 77000 8. 10. 207
EI-142 20. 0. 43000 T17%  16. 31. 170 (53000 79000 8. 10, 202
s 7200 @m0 8. L 1ot

IX-100 20. 0. 60000 79500 23. 23.1 ¥ B
P.8.0.-4/5/43 44-287 0. 10. 54000 99500  10. 9. 228 57000 98250 10. ; 7. 228
44-280 0. 19. 64000 100000 11. 10. 241 71000 107750 9. ' 10, 262
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Iakie & ' :
= Iahis 5 & Tahle 2 CONPINNTIAL
=~ —a BT SN fior e NN Selid SIRET 0 WICKEL IN 208 AGTS —
Croep Stress and Time for Practure for Sevaral Stage II Bates
e AT Meile G M L u¢ 04 N e Chemical dmlyats
L]
Je. S M WU ofF 0 58 L& 006 2.6 oM BestBe. Cf N 8f OF BI G M M
W2 .0 .9 1210 2626 .05 L)t ) b U2 .35 A L4 2.2 M5 0.4 .77 .02
: 214 35 .5 135 26.3 46.0 241 .93 .O4S
Cxeen fharacieristics SREEP CHARICTERLOTICS 44275 ;1’. 6“_’1 {.g ::.:. %.: 3:; l.z; 'g)ni
. : 261 . of . ok 8 A5 .
Tost Towp. Stress(l) Duwtism Win. Creep Kate Elamg. B4 &2 31 46 121 26,6 0.4 69.0 .97 040
M T Al K _SPxie. 5 £ Test Temp. Btress (1) Duratio  Hia, Creep fete ‘-‘_l_. .li_" -2 3 121 26.3 19.7 - | 105
PS.k re. - 0 .5 L2 263 197 - (5l.8) .
9 10 om0 e e us a6 ™0 .30 .58 L& 0.7 01 - (sx.i‘ 1
B *° o0 191.5 0060 55 1T0 > 1800 6000 134 35 20 2.7 Y287 .3 .62 1.9 261 0.9 9.951.% .6
[ L} 2000 2002, ~000G33 - - s . 4000 157.4 009 10.0 T “28 20 .58 1.2 5.7 3 19.4 514 226
4 . 3000 532/546 00226 3.0 15.8 ’ . 2000 sm. (= 000086 - -
% 1600 10000 18.33 .23 5.0 12.2 s = 2000 sm. (2 0000696 = - ~001%/8r - —. 01y, o —
u - 75/90 a9 3.3 5.8 < . 2000 880. (2 0000752 - - Neaisal Stress Life Stress Life  Stress i
s 4000 05.42) o001 SN BestBe. RIS Cf RS Eee BeS:I- N B K
8 400 20000 23.09 a7 8.0 134 1600°7.
? * 1500 ”.17 057 6.5 10.0
3 * & wob. (2) 300123 - - a. o o S - = 200 200,
S0 STNPERATURE SEGHANICGAL POPERTIEE U %. 9600  450. 1000 170. 140 5.
Bems. Jomperatace Sechasicel Prossyiiss U275 . ﬁ 2200 1g. 10000 z;g. ﬁa’: g. L
426 24 45. 10400 . 12700 b .
Tiald  Temsile Wang. Red. Nerd. Teld Tensile Kong. fled. Mhrd- “-n . 11600 . 1430 110. 1 -
Tost Streagtn Stresgit in Aren  seSs Heat Treatasnt oot Stremgth Strength 1a 2 Srea mess Heat Treataent L 450 )
M. PEL PRL. S 5. BN Loin.cColat e Bhk S 3. X m T2 @ 0 20 - @0 20 9200 35
2 20 MW 10 N5 M s can 2 o ™0 2.5 B 1% Ae Oast pra— -y - = o0 w0, O .
12 23 MM TS W4 D MU 12 T 800 9.5 M5 194 MO0 - & - £ ) B D G wd BT &ED D
13 %000 77000 7.5 10, X7 O DO bt 72000 83500 8.0 12.2 19 D . " 3.800°F.
6 30000 000 39 39 1800°F. C.T. 43000 00 30 7.0 1900°F. - Creep Tost W T. 0. - . - - 1.
S 470 0900 3.0 5.1 1600°7.. £.1. z 53000 61000 25 %3 o b 2T 46 2. - - 2000  900. ‘g 100
3 47900 71000 2.5 84 1400°7.-C.T. & %0000 66250 &-5 3.2 Q . . 35. %. 2000 300. G@oo . 7500 2.
(1) Wait etrers cazed om 3.505% dlmueter guge leagtt and constert Josd. Wmst prac—Jry 3 -3 o % -
streeces iv. Cra=p Etage II my bs nigher because of reduction in eres. : Lk . :
U2 2. 0. 3000  5%0. 300 1. 5100  4S.
(2) Biscentimard tefere fractare te ctteis residual grepartise. (1) Wit ptress based on 0.505% dissster gage longth end eenstint loed. BI0 W. O 2000 - 00 1%. 5300 23.
CWMFIENNIAL NMA-CMIMI!-)'!-W‘-.‘"“M“ % 20. {g. S o % g ,,23 u;.
0. . - - 3 .
ml d before 16 ebtain restdual propertiss.
7.8, Cu/W/45
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COBALT AND NICKEL IN 268CR ALLOYS CONFIDENTIAL
€-385-1

oA for Eigure 8
Plate Bo. ¥ F - ey 250X
M2601 ] p Y e} %g'c ‘ .
From As-Cast
’w" om as

Wy N
"% i ""i‘ 3 D-1/ Bar.
(o}

Bar No. ¥ ' T rf .
5 t * Etcheds 111 HCL - 15 secs.
- Hot Alk. K Fe (CN) - 30 secs.

. o
. P
----- cnl Anulysis--———-—--

Beat Fo. C% E! 818 Cr¥ NiZ Cof Fet RS ‘

=278 .35 41 1.4l 26.2 70,6 0.4 .73 .042

,/% '(i. : .'"""-‘ . Eigure 9

Plate No. A ~ bl .. w:-‘. 250X
2801 3% .t et
A }’ g s’ From As-Cast
e m".‘, D-1, Bar.
Bar MNo. ;ﬂ‘ -, Y )
5 I e
o ) t g @z Etcheds 131 ACl - 15 secs.
” g5 ! ; /,} Hot Alk. K3Fe (CH)g - %0 secs.
j 4k

e 1 \
~Chemicel ANAlysigSem———=—————ce=

' Heat No. Cf MnX Sif Crf Rif Cof Fef 2§
" CONFIDENTIAL ., oni 35 .59 1.35 26.3 46.0 24.1

93 .045
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COBALT AND NICKEL IN 26%CR ALLOYS CONFIDENTIAL

C=385-1
. ‘1; L V ‘.‘;‘ '
'; eh ’o"{ . ’ .
}\ " %'V " Ficure 10
g e

.4. . h" o . 230X
Patelo. */ - . * - - '

M3001 i * o .‘ . Fron As-Cast
' . * ' D-14 Bar.

Bar No. S “ k i - Btcheds 111 HC1 - 15 secs.
5 .t Q..m_, -4 Hot Alk. KqFe (Ch)g - 30 secs.
-Chemical Analysif—ceccccmem )
HBest Mo. Of Mn% 81% Crf Bi% Cof Jef I8 '
44=275 .31 .61 1.37 26.4 34.6 35.5 .97 .036

Compare with Figure 13, noting the preci-
pitation of carbides after creep testing

at 1800°F.
oo o 250X
Plate No. - . J . \J
AP W "3: * | ) h:ll‘. Bar v
h “. '_ . o { o - o o
10 > . . . :. . *:' Etched: 11l HCl - 15 secs.
_.- c u | )‘. _..-;-. Bot Alk. K.Fe (cl), - 30 secs.
—meeenmee=Chemical ARBlYS18——cwm————a— v
Heat o. OF Mof 812 Crf Ni% Cot [JFef A%
CONFIDENTIAL /261 .30 .60 1.29 26.4 23.8 45.7 1.33 .051 -
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COBALT ARD NICKEL IN 263CR ALLOYS CONFIDENTIAL

- C-385-1
H" r.
b v
[ ]
1 ' @ : ~ Hgure 12
Plate No. ** . - - ° 250X
13201 “ . O e
' From As-Cast
. »l Q D—u B'.
»> l, J
Bar RNo. e Etcheds 1:1 HCl - 15 secs.
5 ] - ' Hot Alk. Kq3Fe (CN)g - 30 secs.
i d [
B
3 ¥ ¢

w——e——e——-Chemical Analysip—————————
Heat Bo. C$ Mnf 8if Crf NS Cof Pef If

44~279 .31 .46 1.21 26.6 0.4 6.0 .97 .040
Compare with Figure 14, observing the

development of dispersed carbides after
creep testing at 1800°F.

CONFIDENTIAL
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CO
GOBALT AND NICKEL IN 26% CHFOMIIM ALLOYS ek
C-385-1
I'g - " .
. . .“’. » '* : oy \"!"
3 ., .'l " . . '..u * . -’. :‘b‘
§ t e ° P .- )
Plate ¥o. ? . | Y Tigure 13
weoor S @-efr o 0 (Rne o
'.r ?[ M -4 o 1 J . . .'. I . 250X
4 ', ../z'ﬂ m x> Y From D17 casting after
cT Pl .. - & . ¢l creep testing at 1800°F.-
241 3 /.2 ‘\ . ; | ’f .‘ 4000 PSI. for 876 hours.
1 : : - \ - '.‘. '3
o s ’!, et “‘\_‘\ / M Etched: 1il HC;. - 15 secs.
U S e . "Hot Alk. K.Fe (CM 30 secs.
Bar No. g ;' ~,_,,’A | o 3’ 6~
) e NETERS .

ceneee—e—-Chenical Analysis-ce———eecaa
Heat No. C% Mnf 81 Crf M5 Cof Zef Nf

Lh=275 31 .61 1.37 26.4 34.6 35.5 .97 .036 |
Observe the dispersed carbides produced during

creep testing. 8See Figure 10 for as-cast .
structure.

Plate No. *. o uw o Eigure 14
ML3701 L
; 250X
cT L ! . From D17 casting after
222 L - creep testing at 1800°F.-
. \ Pry 4000 PSI. for 1765 hours.
Y SO o g A
Bar No. ?% T - f = ’Q‘c‘!‘ : Etcheds 111 HC1l - 15 secs.
8 : ™ - "+ Hot Alk. KyFe ((I)e - 30 secs.
5 \ N\ ’ N
==eeee-e—=Chemical Analysig——-————e—
_lsr... Cf Mnf Sif Crf MiX Cof Pof "3 K

219 31 46 1.21 26,6 Q.4 (0.0 .97 .040

Note the precipitated carbides which are
CONFIDENTIAL absent in the as-cast condition. (Figure 12).
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] The grey colonies are the lamellar consti-
‘ tuent, resolvable at higher magnification.
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Heat No. Cf Mn% SiX Crf Ni% Cof JFef Nf
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—

0 Note the lamellar structure, generally adja-
cent to the grain boundaries.
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44-287 .34 .62 1.29 26.1 9.9 9.9 51. 4 .16
Lamellae are here partially resolved in p
‘ the unidentified constituent.
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Heat No. Cf Mnf 8if Crf Nif Cof [Fef A%
44280 .30 .58 1.21 26.7 .3 19.4 51.4 .116
Eutectic carbides have replaced the -
CONFIDENTIAL lamellar structurc in the nickel-bearing
alloys.
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