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To:       Dr. Jajnes B« Conant, Chairman 
National Defense Research Committee of the 
Office of Scientific Research and Development 
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Subject:   Final lleport on "Keat-resistant Alloys for Ordnance 
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The attached final report submitted by Earnshaw Cook, 
Technical Representative on MRC Research Project IHIC-84A, has 
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This report presents the results of a study of the 
properties at elevated temperatures of two groups of 26$ Cr alloys 
containing varying amounts of cobalt and nickel. One group of alloys 
was essentially non-ferrous, the other contained about 50£ iron. 

Th:.s project was financed by the American Brake Shoe 
Company and v:a- ?c tried out as a correlation project under the super- 
vision and rt*.«*'»ot*.on of the V/ar Metallurgy Committee. I recommend 
acceptance , ~ s nr.tisfactory final report on a phase of the work done 
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PREFACE 
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The effects of oobalt and nickel have been 
studied in two groups of 26&3r alloys« one series being essen- 
tially non-ferrous, the other containing about 50% iron. The 
results of stress-strain-rupture tests at 1600 and 1000r 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 aro appended« 

In the absence of iron, the substitution of 
cobalt for nickel produces a marked strengthening at elevated 
temperatures. Creep testing of several compositions is in 
progress to supplement the indications of stress-strain- 
rupture tests; two creep tests at 1800°F are completed for 
this report« 
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HUT HBXSTANT ALLOTS FOR ORDNANCE MATERIEL AND 
AIRCRAFT AND NAVAL »JGINE &RTS: 

.    COBALT AND NICKEL IN ZS% CHROIIUM ALLOYS 

Introduction 

This project «as established in April 1944» as NERC Correlation 
Project NRC-Ö4A with the following general objectives* 

:. 1« To determine the elevated temperature characteristics of heat-resisting 
alloys used in national defense application«« 

2« To conduct experiments directed toward the'improvement of these alloys 
■ where present properties are inadequate. 

3«. 'To clarify the possibilities of substitutions that' will permit savings 
'"in strategic alloying 'element's. 

4. To adapt? knowledge of the heat-resisting alloys to the specialised 
applications that have developed because of the war« 

The project' is being financed by the American Brake Shoe Company and 
'is being conducted under the general supervision of the War Metallurgy Committee. 
• This is the second report submitted on the project« 

The requirements of turbo-superchargers, gas turbines and similar 
devices involve alloys with great strength at elevated temperatures. As 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 increased efficiency results from operating gas 
turbines at even higher temperatures, the solution of material problems at 1600°F 
will undoubtedly •• be followed by engineering demands for alloys that will operate 
satisfactorily up to 1800°F and tjpyond. 

In the development of improved alloys, an understanding of the role of 
•ach 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 26% 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 additional elements in combination 
with cobalt9  nickel, iron, and 26% chromium, although present research is confined 
to the determination of optimum proportions of cobalt and nickel in these alloys 
in the absence of significant amounts of other metals. 

Since strength, life expectancy, and ductility are of chief concern, 
..the research has depended largely upon the evidence of stress-strain-rupture and 
.creep tests. These have been supplemented by room temperature tension tests and 
microscopic examination, while oxidation and X*»ray diffraction studies are pro- 
jected. The program of creep testing is currently in progress« 
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COMPQSITIOtt 

Two series (Table 1) of nickel*»cobalt alloys, all containing 26% 
chromium, have bean investigated« In the first series, which is essentially non- 
ferrous, the cobalt plus nickel content is maintained at 70fl>, with oobalt pro- 
gressively replacing nickel. Approximately 50% iron is present in the second 
series, the total of oobalt and nickel being held at 20%. 

£oJ tMlt and Nickel in 26* Chromium Al loys 

£2g m ftoatflo. 

OhendLoal Analyses 

§&     s&   2S&    2&   SS& 
Balance 

tar Biff.)% 

44-278 
-274 
-275 
-261 
-279 

;35 
.35 
i3l 
.30 
.31 

.41 .013 

.59 .021 

.61 .014 
•60 .012 
.46 .an 

•014   1.41   26.22   70.60       .43 
.014   i;35   26.25   45.95   24.10 
.018   1.37   26.38   34.60   35.50 
.014   1.29   26.42   23.83   45.65 
•021   1.21   26.55       .42   69.00 

.73 

.93. 

.97 
1.29 
1.21 

.042 
•045 
•036 
.051 
.040 

-.219 
♦.400 
♦•192 
♦.543 
♦•768 

XJ-142 
XK-100 

.30 
•3° 

.53   - 

.58   - 
— 1.21   26.26   19.71     — 
— 1.62   26.65   20.06     — *                   *   • (51.f) 

.105 

.099 
.  — 

44-287 
-280 

.34 

.30 
•62 .011 
•58 .011 

•022   1.29   26.10     9.90     9.85 
•021   1.21   26.70       .28   19.40 

51.43 
51.38 

•146 
.116 

♦•291 
♦.002 

The compositions of the two groups were intended to be univarient. 
Only carbon and nitrogen are considered significant as chemical 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 ■+ Q.02% in the 50£ iron base 
alloys. Aa 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 those of commercial alloys containing 
26% chromium. The nitrogen levels selected 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 elevated temperature 
tests, however, this heat being the weakest and most ductile of the 50% iron 
group. 

Previous 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 interpolation it would be possible to 
the relative effects of about 5Q£ iron vs« 5Q# cobalt as a base.in 26&r: 
alloys except that one group contains twice as much''nitrogen as the other« 

Experimental Procedure 

Molting was performed in an Induction furnace, all heats being 
deoxidized with ferrosilicon, followed by a ladle addition to the cobalt bearing 
alloys of 0«04Jfca as CaSi. These were poured at approximately 250°F above the 
•olidus into castings (Figure 1) that have been developed as a source of radio- 
graphically sound creep, stress-strain rupture, and tension test bars« 

,Elevated temperature characteristics have been determined by stress- 
strain rupture tosts at 1600°F and 1Ö00°F, which are summarized in Table 2, and 
are beingsupplemented by creep tests that are in progress. The techniques em- 
ployed are described in A.I.K.E. Technical Publications 1443-C and 1400. The 
precision of initial applied stresses is within £L£, nominal temperatures are well 
within A.S.T.M,* limits of flO°F, and life or rate values aro believed to be re- 
producible within ±20£, Structural heterogeneity among different castings of the 
same analysis is a~possible source of erratic results. Its extent in the alloys 
reported hexein has hot yet been investigated, however. 

Data from two available compositions of commercial 26#Cr:20/ÖJi alloy 
are included in Table 2 for comparison, and in Tables 5 and 6 in the appendix. 

Tension tests at room temperature were conducted on these alloys in 
, the as-cast condition, and after aging at several temperatures, to appraise 
roughly their toughness and susceptibility to precipitation hardening« The 
yield strength values reported aro approximate. 

The miorostruotures of these alloy« have been 
sentative photomicrographs are presented. 

Elevated Temperature Properties 

examined, and repre- 

The strengthening effect of cobalt in the non-ferrous series as it 
replaces nickel up to 70£ is apparent in Figures 2 and 3. Confirmation at lower 
stresses of this trend is dependent on current and future creep tests« The- 
extrapolation of the stress vs. rate data for heat 44-274 (46jSli:24#Co) at 1600^F 
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 summary 
of time elongation data at 1,' 2, and 5 per cent deformation (Table 2A) affords 
further evidonce of the enhanced creep strength accompanying cobalt substitution 
for nickel. 
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In the presence of 50£ iron the 20% cobalt alloy la strongest, 2055 
nickel Intermediate, and 10#JoflOÄJi weakest and most ductile at the relatively 
high stresses employed. Vfliether these differences are 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 
relationships can usually be represented by straight lines when plotted logarith- 
mically, as in Figures 2 and 3. Departures of austonitic heat resistant alloys 
from this correlation are customarily within the experimental errors. Some high 
strength materials may change their behavior at a critical stress, however, 
which is indicated graphically by an.abrupt change in slope of the line«* The 
69St cobalt and the 35£Ni:36#Co heats, as plotted in Figure 3, suggest this, which 
occurrence will require additional tests for clarification« 

For convenience In comparing with the stross-rupturo data of the 
NRC-8 program the stresses required to produce rupture at various times are 
summarized in Table 3. 

In all creep and stress-rupture tests, control variations have been 
limited to less than +2?F by a throttling device in the furnace control mechanism. 
The minimum creep rate values obtained are not expected to characterize these 
materials if they are heated and cooled through larger temperature ranges« Much 
higher creep rates are expected in cyclic service If the nominal maximum temper- 
ature is abovo 1600°F. 

Room Temperature Mechanical Properties 

The as-cast tensile'strength'of these alloys at room temperature, 
which'ranges from 72,000 to 100,000 .psi., is ample for ordinary industrial 
utilization. Specialized requirements, as for. turbino service, have not been 
clarified. The ductility values are more significant as they provide some indi- 
cation of the deformation latitude in fabrication. Ductility is also desirable 
for resistance to fracture from hindered contraction. - After aging at either* 
1600 or 1800° F tensile elongation falls to about half of the original value, as 
shown in Table 4. This is usually accompanied by a moderate increase in tensile 
strength. <% 

Motalloflsraphy 

Microscopical examination suggests that all alloys contain a ; 
carbide phase in an austenitic, qualitatively non-magnetic matrix« The former, 
which is frequently outoctiform, tends to outline a dendritic pattern« Nitrogen 
or nitrides may be associated but positive means of identification are lacking« 
An unclassified fine lamellar structure resembling pearlite also appears in 

«A.I.M.S« Technical Publication 14*90 

I 



0oai0 of tho alloys. Judging from etching behavior it could be an unusual 
? aggregate of auatenita and carbide. Photomicrograph« are included in the 

appendix. (Figures 8 to 18). 

Inspection of as-cast specimens discloses no dispersed phaso and 
suggests that considerable carbon is probably fn solid solution. The increaao 
of strength and drop in ductility that follows aging are attributed to carbide 
precipitation, which is also evident microscopically after creep testing 
(Figures 13 and 14). 

Discussion 

It is evident that increased elevated temperature strength results 
from the substitution of cobalt for nickel in these non-ferrous alloys, Thi0 
per 00 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&fi base. The chief interest in this series is in its relationship to 
more complex materials that are produced by adding high molting point and carbide 
forming elements such as molybdenum and tungsten, '.tilth tungsten the cobalt rich 
alloy becomes one of tho Stellites, while with molybdenum the Vitallium type is 
developed. These grades, together with similar alloys containing nickel up to 
3Q#, have been extensively studied under the program for NERC Research Project 

• MtC-8. 

It is planned to add a long term oxidation tost at 1940°F to this 
• tost program. The strengthening effect of columbium mentioned above is partially 
• off-set by greater susceptibility to oxidation at the higher temperatures, which 
behavior is apparently associated with formation of a relatively brittle scale.' 
While this report is concerned with tho strength of alloys at high temperatures, 
tho establishment of satisfactory resistance to hot gasos is also important. 

The mechanism of strengthen! g as cobalt replaces nickel requires 
clarification. Inhibiting creep of the solid solution by changes in crystal 
lattice character and slip interference by precipitation hardening arc both 
possibilities. Strengthening by carbon increments is usually possible up to 
some critical range, Whether a non-carbide forming element like cobalt operates 
by modifying the solid solution, or by changing carbide solubility, thereby 
making a given amount of carbon more effective, is on interesting question. 
Proposed X-ray diffraction studies may provide an insight into these possibili» 
ties. 

Projected work include© tho addition of carbon to the 0,30# oarbon> 
26% chromium, 69£ cobalt alloy; investigation of 0.50# carbon in a 10# nickel, 
60£ cobalt, 26£ chromium base; and separate additions of 7% tungsten, 1% 
molybdenum, and 7% columbium to the bases above on the 0.50* carbon level. 
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Ibis program will partially duplicate some, of the NERC Reeearoh Project »C-8 
activities, with which it is being coordinated, , 

BUNKS. GARPMB 
T*" Metallurgist 
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BUfilffi MS. BSISIMa ALMS S2BE §AMB HEC CASIÜiäfc 

|. 5 J HI- 
Gross Height  J  F 

5/8"R 

1/3 Seal« 

Standard D-1A Tensile Test Bar Casting 

HfiJEe UL 

i feg 
Gross Weight 

16# 15 os.-22# 6 os. 

lASoalt 

Standard D-17 Creep lest Bar Casting 

»ipure Ifi 
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Table 2 

ftfWr AND HICKSL IN 26* CHHDMIPII TOIff 
Elevated Temperature Properties 

CQiPIDEKIAL       fiJJ.-agfcl 

-l«»»?.- 
Heat                                                                              Stress Life         Rate Elong. 

Ho.     £&&&   SU  JUl  At  SdL  Zal    Jtt     P.S.I- Hra.         g/Hr.       * 

44-278 .35 .41 l.a 70.6   Oj£ 26-2     .73 .0*2     9000 2.0 11.7 37. 
6000 13.4       1.6 35. 

44-274 -35 .59 1.35 A&i424*l 26.3     .93-045     8000 9-6       1.19 21. 
6000 58.4         .19 19. 

44-275 .31 .61 1.37 34.6 35.3 26.4     .97 .036     8000 14.7 
6000 . 124- 
4000 876. 

44-261 .30 .60 1.29 gUL AltZ 26.4   1.33 .051     8000 21.7 
6000 142. 
4000 

44-279 .31 .46 1.21   &▲ &LA 26.6     .97 .040     8000 37.0 
6000 267. 
4000 1765. 

.21       32. 

.0035     4. 

.00027   1. 

.17       16. 

.0020     3. 

.046 9. 

.0015 7. 

.00010   1.25 

U-142 .30 .53 1.2112al   —   26.3 (51.+).105 

XE-100 .30 .58 1.62 ai  —   26.7 (51.±).099 

44-287 .34 .62 1.29   3a£  &2 26.1 51.4   .146 

6000      16.9 
4000    194. 
3000     539.± 

.38 15. 
•006 6. 
.0023  3. 

2000 1002.Td)  .00003 - 

6000 13-4 .35 12. 
4000 157. .009 10. 
2000  880.(d)  .00008 - 

6000  13.7  1.1   24. 
4000  73.8   .16  19. 

44-4280.30.58 1.21  jj 23*k 26.7 51.4 .116  8000   7.0  1.6   21. 

cwraaruL    «   M^u^ Wore fr.ct-4000     Ä9       -13    ■•• 

R.A. 

43. 
33. 

35. 
31. 

38. 
10. 
5. 

35. 
7. 

12. 
22. 
2. 

22. 
7. 

16. 

21. 
7. 

32. 
23. 

20. 
12. 

Stress  Life 
P.S.I.  Hra. 

-1600°F.- 
Rate Elong. H.A. 
</Hr. _J i_ 

12000 
10000 

4.8 
28.4 

12000  37.0 
10000 277. 

16000 
12000 

4.4 
54. 

16000- 14.3 
12000 119- 

16000  49.5 
12000 366. 

4.4 
0.72 

.37 

.003 

1.8 
•071 

.16 

.0050 

.037 
•00X4 

30. 
34. 

20. 
6. 

16. 
8. 

5. 
3. 

5. 
2. 

10000 
8000 

13.3 
45.6 

10000  40.7 
8000 116. 

.42 

.14 

.069 

.013 
6. 
4. 

46. 
47. 

27. 
12. 

28. 
12. 

6. 
4. 

i. 
3. 

10000  18.3  .23 6.  12. 
8000  83.+  .029   3-  6. 
4000 809.(d) .00014  - 

11. 12. 
12. U. 

5. 
4. 

% - 
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Table 21 

COBALT AND *[<W-  IN 26* CHROMIUM *LJflff 
Tiae-ELongetion Data 

CONFIDENTIAL C.R.-385dL 

Heat No, & M Sl£ HÜ  Cgi er* Fe*   N£ 

44-278 
U-274 
U-275 
U-261 
44^-279 

•35  .41 
.35  .59 
.31  .61 
.30  .60 
•31  .46 

1.41 
1.35 
1.37 
1.29 
1.21 

70.6   0.4 
46.0  24.1 
34.6  35.5 
23.8  45.7 
0.4  69.0 

26.2 
26.3 
26.4 
26.4 
26.6 

.73  .042 

.93  .045 

.97  .036 
L.33  .051 
.97  .040 

Heat, &. 
Moalnal 
Hi* Co* 

Stress 
P.S.I. 

 1800 
Elone.   Tine 

•F -.. ■ 
I ELong 
 1600°F.  

Tine (Hre.) fort (Hrs.) fo Life   Street 
Hre.   P.S.I. 

Life 
-JL-    ii a Ü   SL A Hre. 

U-278 71. 0. 8000 
6000 

37.       .05 
35.       .28 

.13 

.72 
.37 

2.3 
2.0  12000 
13.4  10000 

30. 
34. 

•08    .28 
.42   1.1 

.97 
4.1 

4.8 
28.4 

U-274 46. 24. 8000 
6000 

21.       .75 
19.      1.8 

1.6 
5.5 

4.0 
17. 

9.6  12000 
58.4  10000 

20. 
6. 

1.3   3.3 
26.   238. 

11. 
270. 

37.0 
277. 

44^275 35. 36. 8000 
6000 
4000 

32.      1.8 
4.    UO. 
1.0   876. 

3.0 
115. 

5.8 U.7  16000 
124.   12000 
876. 

16. 
8. 

.25    .76 
10.   24. 

2.3 
52. 

4.4 
54. 

U-261 24. 46. 8000 
6000 

16.      3.3 
3.    130. 

6.0 
UO. 

12. 21.7  16000 
U2.       12000 

5. 
3. 

2.7   7.4 
UO.   115. 

u. U.3 
U9. 

U-279 0. 69. 8000 
6000 
4000 

9.      9.5 
7.    200. 
1.25  1720. 

22. 
250.  ; 

29. 
260. 

37.0  16000 
267.   12000 

1765. 

5. 
2. 

3.3   30. 
290.   360. 

49. 49.5 
366. 

CONFIDENTIAL 4 
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11 
! IS SSSBt B 26JB IHflffi 

Netm UM Characteristics at 160D*F. and 1800*. 
aBÄiÄiifiBasaiaaaafflsaiaiUfiis 

As-Ccst and Aged Roam Teaprnture Properties 

fidkau 

Beat ft». £ itf Stf 
* mm* 

fiftl Erf m 
44-J78 
44-274 
44-275 
44-n26l 
44-279 

.35 

.35 

.31 

.30 

.31 

.41 

.59 

.61 

.60 

.46 

1.41 
1.35 
1.37 
1.29 
1.21 

26.2 
26.3 
26.4 
26.4 
26.6 

70.6 
46.0 
34.6 
23.0 
0.4 

0.4 
24.1 
35.5 
45.7 
69.0 

.73 
•93 
.97 

1.33 
.97 

.042 

.045 

.036 

.051 

.040 

B7-142 
1*400 
44-287 
44400 

.30 

.30 

.34 

.30 

.50 

.62 

.50 

1.21 
1.62 
1.29 
1.21 

26.3 
26.7 
26.1 
26.7 

19.7 
20.1 
9.9 
.3 

9-9 
19-4 

51.4 
51.4 

.105 

.099 

.146 

.116 

H«at ■Chemical Analysis 
Ja«.    St M s|2     Cjö   flü   s»i   ö|     .J2 

44-278 
44-274 
44-275 
U-261 
44-279 

.35 

.35 

.31 

.30 

.31 

.a 

.59 

.61 

.60 

.46 

X7-142 .30 .53 
XK-100 .30 .58 
U-2S7 .34 .62 
44-280 .30 .53 

1.41 
1.35 
1.37 
1.29 
1.21 

i.a 
1.62 
1.29 
1.21 

26.2 
26.3 
26.4 
26.4 
26.6 

26.3 
26.7 
26.1 
26.7 

70.6 
46.0 
34.6 
23-3 
0.4 

19.7 
20.1 
9.9 

.'3 

0.4 
24.1 
35.5 
45.7 
69.0 

9.9 
19.4 

.73 
•93 
.97 

1.33 
.97 

- m 

.042 
•045 
.036 
.051 
.040 

.105 
_     .099 

51.4     .146 
51.4     .116 

Strass (P.S.I.) 
Per fracture ins 

10       100       500       1000 
lEt*     Bra.     B£S*     ■&• 

Stress (P.S.I.) 
For fracture lai 

10      100      500       1000 
Brs.    flEl.    la*    IEI* 

Held»   Olt.Tene. Elong. Red. 
Beat Strength Strength   in 2"   Area 
Ja* Oü&I P.S,!,,   pts,i,   _j L-ÄBI 

1600*F.- 18007.— 

44-27S 
44n274 
44-275 
44-261 
44-279 

U-142 
K400 
44-287 
44-280 

71. 0. UOOO 8700 7500 7000 
46. 24. 13300 10900 9400 8900 
35. 36. 14500 111PO 9200 8500 
24- 46. 16600 12200 9800 8900 
0. 69. 20000 14400 11400 13300 

20. 0. 10800 7800 6100 - 
20. 0.        - - - 
10. 10. 10400 6900 5100 
0. 19. 13500 8200 5800 - 

6200 4400 
80» 5500 4200 3800 
8300 6200 4400 3900 
9000 6400  - 
9600 6900 5200 4500 

7100 4300 3000 2600 
•200 4300 3200 3000 
6400 3b00 2500 
7500 5200 4100  - 

F.S.G.-4/S/45 

44-278 71.    0. UOOO 73250 
44-274 46. 24. 46090 74000 
44-275 35. 36. 47000 7*750 
44-261 24. tfo. 54000 90500 
44-279   0. 69. 64000 82500 

-As Caet- 
15. 
13. 
15. 
21. 
6. 

44-278 71. 0. 
44-274 46. 24. 
44-275 3S. 36. 
44-261 24. 46. 
44-279   0. Ao. 

 1600»F.-48 Brs.-F.C.  
44000 85250 8. 7. 199 
47000 87500 7. 6. 235 
44000 92250 8. 6. 235 
61000 104250 3. 7. 252 
6400T)  99750    3.   4. 302 

-As Cast- 

X7-142 20.    0. 43000 71750 16. 31. 170 

XK-100 20.    0. 60000 79500 23. 23. 156 
44-287 10. 10. 54000 99500 10. 9- 228 
44-280   0. 19. 64000 100000 11. 10. 241 

Yield»   0lt.T«is. Eleng. 
Strength Strength   in 2" 
P.S.I.      P.S.I. % 

15. 179 
12. 181 
17. 187 
17. 196 
7. 269 

 1800*F.-43 Hrs.-F.C.  
43000 84500 8. 10. 196 
46000 83750 7. 6. 217 
46000 92000 3. 7. 228 
59000 98750 8. 8. 241 
fUJOOO     102250    5.   6. 302 

-l400°F.-24 Hrs.-F.C- 
£0000 77000 8. 
63000 79000 3. 
73500) 88000 10. 
72000) 33500 8. 
5^000 98250 10. 
71000 107750 9. 

10. 207 
10. 202 
15. 194 
12. 196 
7. 228 

10. 262 

» Approximate 
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S6f0ri 
ti mat 

**• 
ftUfcZ 

I Strcai and Tiaa for Fractwa for Bavaral Stafa II lataa 

B142   .30   .53   1.21 1«.71   26.26   .109 

a M   iif   itt    a*    * 
.30     -58     1.«     ».06    36.65     .Of» 

«art  laap.   Straaa(l)   Damtlaa  m». C*NF kVte  Haag.   Li. 

9 uoo eon 14.« .31 U> a.6 
10 4030 vn.i .0060 5.» 7.0 
6 
4 

• • an 
MOO 534/546 

.000033 

.00326 3JB »Ja 
U 
u 

1600 • 10900 
"000 7«/» 

.23 

.a» 
6.0 
3.3 

12.2 
9.9 

s " 4000 n».|2j .000136 

■ 1400 299» 23-03 .17 ■.0 13-4 
7 a 19000 »7.17 .0*7 6.9 10.0 
9 ■ ton 1006(2)          .300123 

1 

*" 

»at 9a. 

UrP$ 
44-274 
44-279 
44-261 
44-27« 

 Cbaaical aaalyala- 
Stf Sri til 54 t* m 

.39    .U   1.41 26.2 10.6 0.4 .71 .042 

.3'   .53   1.3«! i6.3 46.0 24.1 -93 .049 

.31   .61   1.37 26.4 34-6 35.5 .97 .036 

.30   .63   1.39 26.4 33.8 41.7 1.33 .091 

.31   .40   1.21 26.6 0.4 69.0 .97 .040 

Teailla Clam«. Bad. aaatf. 
Otranctfc U 2" ana am» 
JiU. £_   A-    JK 

42909        71790        16.0     30.5       110 

Saat  StraafUi 
_iu  r.B.i 

BaU    Tanoll»  KLeag. 
«art «tiaaftli Strantth la2" 

0-142     .30   .53   1-21   2t-3 19.7     -   (5l.«J .109 
3X-190     .30   .51   1.62   20.7 20.1     -   (51-3 .099 
44-217     .34   .62   1.29   26.1 9.9    9.9 514 .146 
44-280     .30   .50   1-21   2*.-»        3   19.4 51.4 .116 

-OOMVfcr  —.(OS/to   UV**- 
Straat Ufa Straaa Ufa Dtraaa U 
P.3.T.  ixi. r.s.i. fja. fjjjj. i 

u 
13 
6 
9 
3 

529» 

4790S 
4790C 

7.9  10.4 
7.9  10.4 

232 
207 

3-0 
3.0 
3.5 

3.9 
5.1 

iaCatt 

LUJO-24-f.C. 

lanrr.-c.T. 
1600*9. «,T. 
14D0*r.-C.T. 

u 
19 

3 
4 
6 

735» 
72000 

45O00 

795n 

06000 
833« 

60100 
610» 
66290 

22.9  23«&  156 

9.5 
0.0 

3-0 
2.5 
4-5 

U-5 
«a 
7.0 
5.3 
3.2 

194 
196 

Hatt lraatamt 
TrBra-fimlMl 

la Out 

14» - 24 - F.C. 
■ ■       a 

1900"F. - Craap Taat 

ItlLk-   ■*   S9f 

44-270 71. 0. 
44-274 46. 24. 
44-275 35. 3«. 
44-261 24. 46. 
44-279 0. 69. 

B-U2 ». 0. 
■um a. 0. 
46-297 10. U. 

0. 19. 

 16001-.- 

96» 
6200 

104» 
116» 

92» 

450. 
13». 
3». 
490. 

104» 170. U40C 93. 
10000 230. 123» «. 
127» 75. 153» 19. 
143» UO. 175» 26. 

69»     2». 92» 35. 

47»    no. 
TWO     140. 

79» 
M9M 

tt. 
a. 

(1)   «kit atnr* Mad oa 3.505* dlaaatar «aft* laaaU and constant load 
atraasn 1' Creep Stare II at.» ba niftier aacaaae of i-adactio* in m 

(1)   BaacaBUaartf arfara fractare to cttal» r-sidual aaapartiaa. (1) fclt atnaa btaaa on 0.509" dlaaatar Ma leafta and eoMUat load. 
«ait atraaaao in Craap Sta«a IX aar ba blfaar baaaaaa af raaactlar. la 

(2) HHiiwllaail bafora Xraetura la abtala raaMaal pnaartlaa. 

44-271 71. 0. 
44-274 46. 24. 
44-279 35. 36. 
44-261 24. 46. 
44-279 0. 69. 

sr-142 a. 0. 
un a. 0. 
44-2t7 a. a. 
  0. 19. 

-                                  - 40» 1». 
39» 9». 54X 100. 

90»        3».          64» 70. 79» 21. 
53»        2».           01» 70. 7700 27. 
96»        3».          7000 90. 95» 23. 

3000        9a.          39» 160. 51» 49. 
a»                         39» UO. 53» 29. 

23» 9». 36» 10». 
44» 2». 99» ». 

F.S.C-4/3/49 
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COBALT AND WICKEL IN 26ECR ALLOYS CONFIDENTIAL 

> -•» f 

Plate Bo.       j* * . ** 
«2601 -       . > 

5 ■vgjit    -jr.. .^ .- 

Figure £ 

2501 

From As-Cast 
D-U Bar. 

Etched: lil HC1 - 15 sees. 
Rot Alk. K/e (CN^  - 30 sees. 

 Chemical Analysis— 
Heat Ho.    C*     Mn<   Sl<     Cr?     Nil     Cot   Fe*   tf 

U-278    .35      .U   l.U   26.2   2^   SLA    -73 .0*2 

Plate No. 
M2801 

Bar Ho. 
5 

r 

/IT 

*-•: 
V 

*■• 

r 
1 *• 

■"V** 
*" 

KOTS St 

250X 

Fron As-Cast 
D-U Bar. 

L **J    Etched« 111 HC1 - 15 sees. 
X .., fi .  jJ?    Hot Alk. K3Fe (CH)6 - 30 sees. 

•       *      ». f.  *        . 

 Chemical Analysis — 
Heat No.    0%   Unit     Si*     Cr*     Hit     Co*   Fe*     Hi 

CONFIDENTIAL    u_27it     35    #59   ^35   ^   ^g   2A.1    .93    -045 

I 
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COBALT AMD WICKEL n Z&CR. ALLOYS COWIDEMTIAL 

5=285=1 

v' 
w S 

% 
• > 

FUte Bo. /     <Sfc 
13001     i 

Bur lo. 
3 

J 

figure Iß 

230X 

Fron As-Cast 
D-U Bar. 

V ̂         .1 (      •'•■     Etched*    ltl HC1 - 15 Moa. 
TS^^f. * | Hot Alk. KjFe (CB)6 - 30 sees. 

—Chemical Aaalysis- 

44-275    .31   .61   1.37   26.4   2m*&  2Ü «97   .036 

Compare with Figure 13, noting the preci- 
pitation of carbides after creep testing 
at 1800*F. 

^ *-£■*'. Hi* 

Flat« Bo. 
13601 

Bar Bo. 
10 

•      • >v 
v • 

( 

UaWtU 
250X 

Fron Aa-Oast 
D.I4 Bar. 

-     Etchedi ltl HC1 - 15 sees. 
A #ri   Bot Alk. &ye (CB£   - X aooi. 

Chemical Analyst s- 

COHFIDEHTIAL 

Heat Bo.     g  jag     gjj   &g     jjj   Cog    Felt     1* 

U-261     .30   .60   1.29   26.4   22ii 4ii2   1*33 .051 
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COBALT AND NICKEL H 8MB lUflB CONFIDENTIAL 

/ 

Plate Ho. * 
M3201 

Bar No. 
5 

V J 

i 

250X 

Acorn As-Cast 
D-U Bar. 

Etched! ltl HC1 - 15 sees. 
,      Bot Alk. K3Fe (CN)6 - 30 sees. 

-Chemical Analysis- 

U-279 .31 .46 1.21 26.6 0.4 69.0 .97 .040 

Compare with Figure 14» observing the 
development of dispersed carbides after 
creep testing at 1800°F. 

CONFIDENTIAL 
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COBALT AKD NICKEL TH 2« CHROMIUM AIXOYS CONFIDENTIAL 

C-385-1 

Plat« Ho. 
10.6001 

. > 
/ •r >? 

•   *\ 

, t" - i». 

CT 
241 

Bar Mo. 
8 

> #A v-' • ■4J> 
■: >;'- •■ .<■ 

i  t 

Figure Ü 

2501 

From D17 casting after 
creep testing at 1800°?.- 
4000 PSI. for 876 hours. 

Etched!    lsl HC1 - 15 sees. 
%   'Hot Alk. K3Pe (GH)6 - 30 sees. 

——.... i ■■ "-Chealcftl Analysis-*« 
HealJo.   QS   lta|     fitf     flrj     |tf       U   U   tt 

U-275    .31    .61   1.37   26.4  j&-£   iLi     .97 .036 

Observe the dispersed carbides produced during 
creep testing. See Figure 10 for as-cast 
structure. 

Plate Ho. 
1O3701 

CT 
222 

Bar Ho. 
8 * 

iMt 

•* 

i» 

f 

' 

/ 

/ 
t 

' 

x/ .♦A 

Flaire VL 

250X 

fron D17 casting after 
creep testing at 1800*7.- 
4000 PSI. for 1765 hours. 

Etched! Ill HC1 - 15 sees. 
Hot Alk. K3Pe (CH)6 - 30 sees. 

——Chemical Analysis  
jbi.   i ü m ai m so* M a 

44-279    .31    -46   1.21   26.6   0^   &0    .97    .040 

CONFIDENTIAL   B?te *J Palpitated carbides wrdch are 
absent in the as-cast condition.    (Figure 12). 
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Plate 
So. 

ML1301 

Bar Ho. 
15 

COBALT ATO NI CKtt IN 26SCR : APPROXIMATELY £■ ££ ALLOYS 

\. 

CONFIDENTIAL 

:* 

*t 
.- 

.• 

figure 1£ 

2501 

From As-Cast 
D-lA Bar. 

•*     Etchedt   ltl RC1 - 15 sees. 
. :*  .     Hot Alk. R3Fe (GH)6 - 30 sees. 

-Chemical Analysis  
Heat Mo. Cg   ]fa£     Si*   Crg     Ni£     Cog     Fg*       N| 

XJ-U2 .30    .53   1.21   26.3  JL9.J7   .^   (51.±)  .105 

S « 

The grey colonies are the lamellar consti- 
tuent, resolvable at higher magnification. 

i   .. 

Plate 
Ho. 
M12003 

Bar Ho. 
9 

Figure JL6 

250Z 

Prom As-Cast 
D-U Bar. 

*  Etched: 111 HC1 - 15 sees. 
Hot Alk. K3Fe (CH)6 - 15 sees. 

 Cheaical AnalyBis- 
Heat Ho. C%   Un%   Si*  Cr*  Hi* Co*  Tej     Nl 

2K-100  .30 .58 1.62 26.7 20.1  - (51.+) .099 

Hote the lamellar structure, generally adja- 
cent to  the grain boundaries. 

CONFIDENTIAL 
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Plate 
No. 

M3502 

Bar No. 
5 

W ■ 
3 

4 

COMFIDEMTIAL 

&£yre_17 

250X 

From As-Cast 
D-14 Bar. 

Etched: lzl HC1 - 15 sees. 
Hot Alk. KjFe (CH)6 - 30 sees. 

 Chemical Analysis  
Heat Mo. Cj     Un%   fttf   ftj     |tf   Co*     Feit     N* 

U-287 .3*      .62 1.29 26.1     2^   ^   51.^    -M6 

Lamellae are here partially resolved in 
the unidentified constituent. 

Plate 
lo. 
H3401 

Bar Ho. 
5 

^W-^'ifi" f* V > 

Figure 18 

250X 

From As-C&st 
D-H Bar. 

Etched: 1:1 HC1 - 15 sees. 
Hot Alk. K3Fe (CN)6- 30 sees. 

 Chemical Analysis  
Heat Ho. G&   Mn£  Si£  Cr£ Si| Co*  FeJ || 

U-280 .30 .58 1.21 26.7 J). 19-4 51.4 .116 

POMR        Eutectic carbides have replaced the 
'«.*»• IDEMTIAL lamellar structure in the nickel-hearing 

alloys. 
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