UNCLASSIFIED

AD NUMBER

ADB805243

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Di stribution authorized to DoD only;

Adm ni strative/ Operational Use; 12 APR 1943.
O her requests shall be referred to Ofice of
Scientific Research and Devel opnent,

Washi ngton, DC. Pre-dates formal DoD

di stribution statenents. Treat as DoD only.

AUTHORITY

OIS i ndex dtd Jun 1947

THISPAGE ISUNCLASSIFIED




UNCLASSIFIED

AD NUMBER
ADB805243
CLASSIFICATION CHANGES
TO:
uncl assi fi ed
FROM:

confidenti al

AUTHORITY

OSRD |ist no. 5 dtd 21-25 Jan 1946

THISPAGE ISUNCLASSIFIED




Reproduction Quality Notice

This document 1s part of the Air Technical Index
[ATI] collection. The ATI collection is over 50 years
old and was 1imaged from roll film. The collection has
deteriorated over time and is in poor condition. DTIC
has reproduced the best available copy utilizing the
most current imaging technology. ATI documents
that are partially legible have been included in the
DTIC collection due to their historical value.

If you are dissatistied with this document, please feel

free to contact our Directorate of User Services at
[703] 767-9066/9068 or DSN 427-9066/9068.

Do Not Return This Document
To DTIC



Reproduced by
AIR DOCUMENTS DIVISION

A “”f .l:, i
L

 HEADQUARTERS AIR MATERIEL COMMAND
'WRIGHT FIELD, DAYTON, OHIO



r—; B
USGOVERNMENT

IS ABSOLVED

C
L

FROM ANY LITIGATION WHICH MAY
ENSUE FROM THE CONTRACTORS IN- .

FR!NC.iING ON THE FOREIGN PATENT

.\:
y "

RIGHTS WHICH MAY BE INVOLVED.










W

{ —
S ; NATIONAL DEFENSE RESEARCH COMMITTER
_ _ of
OFFICE OF SCIENTIFIC RESEARCH AND DEVELOPMENT

* WAR METALLURGY DIVISION

¥=102

A“t 9 5 10471

Howard C. Oroas

~ _Bupervisor of High Tewperaturs Metals Research
s War Netallurgy Committee

FILE COPY

L nBcETURN T0 '
osso 0. 1337 T Fiald Seierence Ly oS
gorial ¥o. ¥-60 Wiaht Pt g et (1-2)

Copy ¥o. B—?

dpril 12, 1943  g14n op tho revelatis ot.‘ .“The tranemiga

0




—

April 12, 1943
Tos Dr. Jamss B. Conant, Chairman
National Defense Research Committee of the
* Office of Soientific Research and Development

From: War Motallurgy Division (Div. 18), NDRC

A

Subjeot’ Progress Report on Heat Resisting Metals for Gas Turbine Parts
T
The atteched progress report by Howard C. Cross, Researoh Super-

wvisor on NDRC Research Project NRC-8, has been approved by representas
tives of the War Metallurgy Committee in charge of the work.

This report oovers the test data obtained to date by the twelve
oooperating laboratories in this program on the development and testing
of heat-resiasting alloys for gas turbine parts. Data made available by
others than the contracting laboratories are included in the report.
Many different types of tests were used in evaluating these heat-resisting
N alloys., Of partioular interest are the experiments on development of new a
» alloy systems for use in higher temperature ranges than are now feasible.

b The future plan of the test program to produce information needed by
X designsrs in industry end the Armed Foroes is discussed.

‘;I 1 recommsnd acosptance as a satisfactory progress report under
K the following Contraotss

OEMsr-478 Amerioan Brake Shoe and Foundry Company
OEMsr-447 Battelle Memorial Institute
OEMsr-457 Climax Molybdenum Company
& OElsr-462 Crane Company
4 OEMsr-459 Federal Shipbuilding and Dry Deck Company
OEMer-509 Lunkenhsimer Company
OEMsr-508 Massachusetts Institute of Teohnology
OEMsr-506 The Midvale Company
Sym =93¢ National Bureau of Standards
OEMsr-468 University of Michigan
OEMsr-5627 Vanadium Corporation of Amerioa
. OEMsr-840 Researoh laboratory, Westinghouse
Eleotrio and Manufaoturing Company

Respectfully submitted,

i H . (signed) Llouis Jordan

Hk_:‘ . louis Jordan

¢ S Teohnioal Aide to the Chief
[ War Metallurgy Division, NDRC

s Govornraent i
- BOvrnsient is absolyed f iti
um;ho ;ay ensue from the wntml;?"; 'ir'u'{n:::ﬁam
8N patent rights which may be imlolvedg o




- B~

This report ie pertinent to the prodlems designated dy the

Office of the Coordinator of Research & Development, Navy Department, as
$=102, and to the project dseigmated by the War Metallurgy Divielom as
¥DRC Ressarch Project NRC-8,

The distribution of this report is as followe:

Coples ¥o. 1 through 26 ~ Dr. Irvin Stewart, Executive Secretary, OSRD

Gopy ¥o.

Copy Fo.
Copy Fo.

Gopy No.
Capy Xo.
Copy No.

Copy ¥o.
o‘p’ ¥o.
copy Yo,

Copy Yo,
“p, ¥o.

Copy ¥o,
Copy No.
Copy ¥o.
Copy Y¥o.
Copy No.
Copy Fo.
Oopy ¥o.
Copy Fo.
Copy No.
Copy Yo.
Copy ¥o.
Copy Yo,

27 - Clyde Villiams, Chief, War Metallurgy Divieion (Div. 18), NDRC
and Chairman, War Metallurgy Committee

28 = Office of the IExecutive Secretary, War Metallurgy Committes

28 -« ¥, B. Schnee, Chairman, Products Research Division,
¥ar Metallurgy Committee

30 « R, C, Tolsan, Chairman, Sub-Committee for Division 18, NDRC

31 « Roger Adams, Member, Sub-Committee for Division 18, NDRO

32 = W, 7. Davidson, Staff Aide for Division 18, NDRC

Project Liaison Officers

33 = It, (Jg) B. N. Redding, Bureau of Aercnsutics, ¥avy Deparimens
34 - Lt. Comdr, R. ¥V, Kleinscheidt, Bureaun of Ships, Navy Department
35 =« Lt, B, 8, 014, Office of the Coordinator of Ressarch

and Development, Navy Department
36 = J, B, Johnson, Materiale laboratory, AAF, VWright Field

Projsct Committes

37 « H. C, Orose, Chairman Copy Yo, 39 « M, A, Orossman
38 = ¥, L. Badger Copy No. 40 = XK. L, Mochal

Investigators of the Cooperating Contractors

41 « Earnshaw Cook, American Brake Shoe & Foundry Co.

37 « H. C. Cross, Battslle Memorial Institute

42 « W, P. Yoodside, Climax Molybdenum Company

43 « J, J. Kanter, Crane Company

44 - Richard ¥, Miller, Federal Shipbuilding & Drydock (V. 5, Steel)
45 « Howard Montgomery, lunkenheimer Company

46 = ¥, H. Norton, Massachusetts Institute of Technology

47 = 1, B, Yoley, The Midvale Company

48 = D, J. McAdan, National Bursau of Standards

49 =~ A, A, Bates, Research lab,, Westinghouse Electric & Mfg. Co,
S0 = A, E, ¥hite, Uaiversity of Michigan

81 « D, L. Edlund, Vanadium Corporation of Americe

(T

.




Oopies No, 52 through 81 - Office of the Ooordinator of Research
Coples No, 82 through 83 - Commanding General, AAF, ¥right Teld,

Copy Wo, 84 = ¥, J, NoCaan, National Advisory Committee for Aeronautios
Copy ¥o. 86 ~ W, C. Stewart, Naval Ingineering Experiment Station

Copy No. 86
Copy No. 87
co” ¥oe. 88
c‘?’ No. 89
Copy No. 90
Copy Ko, 91
Copy ¥o. 92
Copy ¥o, 93
Copy No. 94

c”’ No. 96
Covy Yo, 97
Copy No, 98
Gopy No, 99
Copy No,100

Copy No, 95 =

and Development, Navy Department

ASsn: Capt. Jay P. AuVerter,
¥DRC Branch Liaison Orficer

Total Weaber of Coples = 100




—G- |

PROGRESS REPORT

on

NDRC Research Projects NRC=0 and 41

HEAT-RESISTING METALS FOR GAS TURBINE PARTS (n=102)

Amarioan Brake Shoe and Foundry Company ORMsr=478 (NRO-8)
Battelle Memorial Institute ORMer-447 -
Climax-lolybdenus Company ORMar-457 "
Crane Company ORMar-462 e
Lunkenhsimer Company ORMs r~509 .
Massachusetis Institute of Technology ORMar=508 .
Midvale Company OBMsr«505 "
National Bureau of Standsrds Grant of funds.
United States Steel Corporation OEMsr=-459 "
University of Miohigan OEMsr-466 .
Vanadium Corporation of Amerioa OEMsr=-527 h

Westinghouse Eleotric and Manufasturing Company OEMsr-840 (MRC=~41)

by
Boward C. Cross

Research Supervisor




TABLE OF CONTERTS

SUMMARY. « o ¢ o ¢ ¢ « ¢ ¢ o s 6 6 6 060606060 06060060se00s9e0
COOPERATING LABORATORIZS o ¢ ¢ ¢ ¢ ¢ ¢ o ¢ ¢ 0 060 060 oo 000
INTRODUCTION « o o ¢ o o ¢ s o ¢ o s o 6 ¢ o 8 606 606 0608 0 0080
EXPERIMENTAL 7TORKe « o o ¢ ¢ ¢ o o s s s ¢ 6 s s s s ¢ 06 0 0 0 oo

4 9 O -

Tost Matorlals « ¢ o« ¢« ¢ o ¢« « o 6 ¢ 6 ¢ 06 6 6 06 6060 00200

¥etallographic Examination sand Heat Treatment of
Tost Materlals « « ¢« ¢« « o ¢ ¢ o ¢ o ¢ o o ¢ 0o 00 000 10

e o

Charpy Impact Resistance of Test Materials . « . « ¢« ¢« ¢ « 21 i
Stress=Rupture Tests . ¢ ¢« ¢« ¢« ¢ ¢ ¢ o s 6 o ¢ ¢ ¢ ¢ s 06 ¢ 00 28
Strass-Rupture Tests at 1500°Fc. o o o o s o = o s o o « o 28
Effoct of Cold-Work mnd Hot=Work ¢« ¢ ¢« ¢ « o s o ¢ « o 48
Stress-Rupture Tests at 1350°Fcc « « « o ¢ o s ¢ o o« s s o BO
Stress-Rupture Tests at 1600°Fes « o o o o = o o a o o ¢ o B3

Additional Stress-Rupture Data liads Available for Comparison
With XRC=B DatBe « ¢« o o 6 o ¢ o 6 o ¢ o 0 o o o o s o e s o B8

Creop TostSe o ¢« ¢ ¢ « ¢ ¢ 4« ¢ s ¢ ¢ ¢ 0o 0 0 ¢ 0640600000 58
Creep Tosts at 1500"Fe o o ¢ ¢ ¢ ¢ ¢ 6 o o ¢ ¢ 6 000+ . 58

Creep Tosts on Heat-Resisting Alloys for the U. S. Naval
Engineering Experiment Station ¢ « ¢« ¢+ ¢ ¢ ¢ ¢ o s 0o s 0 0o 71

Cresp Tosts: + ¢« ¢ ¢ o ¢ ¢ ¢ ¢ 6 6 ¢ o 6 6 0606 06 06cescese T4

Creop Tosts at 1350 and 1600°Fee ¢ o o o ¢ s v s o0 o o o T4

Hardnass of Heat-Resisting Alloys as Heat-Treated and After
Stress-Rupture and Creep Tests at 1500°Fee ¢« ¢ s o o ¢ o s o 7B

Izod Impact Resistanos of Heat-Resisting Alloys After
Gr'op TOSEBe ¢ ¢ 6 6 06 ¢ 6 0 0 ¢ ¢ s ¢ 06000 o0 e s e e T8

Short=Time High Temperature Tension Test Datee + o ¢ o ¢ ¢ ¢ o« 77
High Temperaturs Fatigue Tests . . « ¢ ¢ ¢ « ¢ ¢ 0o ¢ 6 6 0060 79
Corrosion Test in Air-Sulphur Dioxide Mixturee « o« o« s ¢« o« o o B4

Research on Chromium-Tungsten AllOYE « s « ¢ ¢ « s« « ¢ ¢ « o o 87




TABLE OF CONTENTS (Contimued)
Page

Research on‘l'llngaton-nioh Alloy.. A I e+ 91

Effect of Heat Treatment Variables on Structure and High
Temperature Properties of Hnt-Rui-ting Alloys . , ., ,, ,, 93




- -

TABLE OF COMTENTS - TABLES

Table 1. Heat-Resisting Alloys Under Test in FERC=8 Program.

Table 2. Details of Heat Treatments Used on FR Alloys . .., ., .
Table 3. Charpy Notohed-Bar Impact Resistance of Hoeat-Resisting
Alloys at Room Temperaturs and at 1500°F. ., ., .., . e s 2¢

Table 4. Stress-Rupture Properties at 1350,

1500, and 1800°F. of
Heat-Resisting Alloys. s ... , .

L] . . L] . L] L] * o L] L] . L] 26
Table 5. Data From Stress~Rupture Tests at 1500°F.

Stresses to Produce Fracture in 10, 100, 500, and 1000 Bours 29

Table 6. Stress-Nupture Data at 1500“F. on Hent-Rel!:ting Alloys

(Data Supplied by U. S. Naval Engineering Experiment Station
and Westinghouse Electric and Manufacturing Company) « . . 57

Table 7. Creep Test Data on Bnnt-Re-iltlng Alloye . . , ., .., PR

59
Table 8. Rookwell Mm* Hardness of Heat-Resisting Alloys Before and
After Stress-ltupture and Creep Tests at 1500°F. for the

Durations Indicated. I T « 78

Table 9. Short-Time, Hizh-Temperature Tension Test Data for

Heat-Resisting Alloys. (Data from U. §. Naval Engineering
Exporimenbsta.tion-).-..............-.. 78

Table 10. Chemical Composition of Heat-

Resisting Alloys
(Tested in Fatigue by

Westinghouse Zleotrie and Ufg. Cod). 8O

Table 11. Endurance Propertias of Hent-Ran!uting Alloys at High

Temperatures. (Tested by #astinghcuse Eleotrio and
ManufnoturingCompany.)............-..... 81

Table 12. Endurance Properties of Heat-

Temperatures. (Tested by U,
periment Station.)

Resisting Alloys at High
Se. Naval Engineering Ex-

Table 13. Results of Corrosion Tests

in AireSulphur Dioxide Atmosphere 86

Tabls 14, Stress-Pupture Date for Chroniuu-rungnton Alloys . , ., .,

Table 15. Experimental Heats Prepared by
Tested for Hardness at Room T

Table 18. Effeot of Solut

90

Vanadium Corporation and
emperature and at 1500°F. . . 92

peraturs on
A97°7l L] . o L] L] L] 9‘

Tabls 17. Rardness Observations on Gamrea

Columbium, Reat # a9707,
As Quenched in 0i] and Agsd.

Table 18. Rupture Test Observations on Gamma Columb
011 and Aged 50 Hours.,

iun as Quenched in
Teat Temperature - 1600°Fs « . . , g%




e ————— s e ———— o+ e e e

Figure
Figure
Figure
Figure
Tigure
Figure
Figure
Figure
Figure
Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

1.
2.

4.
S.
6.
7
8,
9,

10,

11.

12.

13,

14,

13,

16.

18,

19,

TABLE OF CONTENTS - FICURES

Photom!crographs
Thotomierographs
Photomierographs
Photomiorogrephs
Photomi erogrephs
Photomicrographs
Photomicrogrephs
Photomierographs

Photomicrographa

for Alloy Ne133 (NR«19) o « « o o o
for Alloy N-134 (NR-20) . » « « + «
for Alloy N-133 (VR21) . . . . . .
for Gomma Columbium Alloy {NR-33) .
for 8495 Alloy (NR-34) . . . . ..
for 8658-1 Alloy (NR=43) . . . . .
for Replacement NR-3 Alloy (NR-44)
for S497 Alloy (NR-4B) .. .. . .

for Timken Alloy (NR-49) . . . ..

Stresa Fracture-Time Curves at 1300°F, for
Alloys MR-1 to NR=18 , . « & e .o ¢ ¢ o s ¢ ¢ o s o

Stress Fracture-Time Curves at 1300°F, for
Alloys NR=19 €0 NR=38 . . 4 ¢ ¢ o ¢« « « o o s o »

Streaa Fracture-Time Curves et 1500°F. for
Alloye NR=37 to NR-35 ., . . & o ¢ ¢ ¢ ¢ ¢ s o o &

Stress Fracture-Time Curves et 1500°F, for

Best Alloys .

Time-Deformation

Curves for Stress-Rupture Teste

et 1500°F for Alloy RR=13 ., . . . ¢« ¢ « v ¢ s o o

Time-Deformation Curvss for Stresa-Rupture Tests
et 1300°F, for Al1oy NR=19 . « & ¢ o ¢ o o o« s s «

Time-Deformation

Curves for Stress-Rupture Tests

et 1500°F, for Al1oy NR=20 &+ + o « o « ¢ ¢ o o o &

Time-Deformation

Curves for 3tress-Rupture Tests

at 1500°F, for Alloy NR=21 . & ¢ o o s ¢ o ¢ = o o

Time-Deformation

Curves for Stress-Rupture Tests

et 1500°F, for Alloy NR=24 . + < & ¢ « s ¢ « s « &

Time-Deformation Curves for Stress-Rupture Tests
at 1500°F, for Alloy NR=33 ., « . ¢« s o ¢ « ¢ o & o

Time-Neformation Curves for Stress-Rupture Teats
lthO'r.forAlfloyN'R-:“. ® s o 06 0 06 8 s 6 a2 e

. 13

. 27a i




e

”

Figure

Flgurs

Figure

Figure

Figure

Figure

Figure

Figure

Tigura

Tigure

Pigure

Figure

Maure

Figure

Figure

Figure

81.

22,

83.

2¢.

27.

29.

m.

.

36,

-

TABLE OF CONTENTS - FICURES (Continued)

Time-Deformation Curvee for Stress-Fupturs Tests
at 1500°F, for AllJoy NR=45 . & . . ¢ o ¢ o ¢ o o

Ralation Bstwesn Stress and Time to Produce
1, 2, and 5% Totel Deformation at 150C°F, for

Alloys NR-8, 19, 20, 21, 22, end 24

Relation Between 3tress and Time to Produce
1, 2, and 5% Totel Dsformation at 15CO0°F, for
Alloys NR-323, 34, 37, 38, 43, end 45 . . . . . .

Stress Frecturs-Time Dste for Hot-wWorked end
Coli-Worked Alloys MR-2C, 21, ond 22

- e e

Stress Fracture-Time Data at 1350 and 1600°¢F.
for Alloys NR=33, 34, 45, atd 51 . . . ¢ & « « o«

Time-Deformation
3trees-Rupture

Time-Deformation
Stress-Ruptura

Effect of Strese
NR Alloys, . .

Time-Deformation
on Alloy NRe33

Time-Deformation
on Alloy NR-34

Time-Deformation
on Alloy NR=-19

Time-Deformation
on Alloy NR-20

Tims-Deformation
on Alloy NR-21

Time-Deformation
on Alloy NR-22

Tine=-Deformation
on Alloy NR-43

Time-Deformation
on Alloy RR-4%

Curvee at 1600°¥, for
Teste on Alloy NR-34 ., .
Curvee at 1800°F, for
Teets on Alloy NR-45

on Cresp Rate at 1500°F, of

4 & 4 & 9 = & & s s & s =

Curvee for Creep Tests at

Curvas for Creep Tasts st

Curves for Craep Tesats at

4 & 8 & & e & 6 ¢ ¢ s o @

Curvee for Creep Teste at

Curvss for Creep Tests at

Curves for Craep Teets nt

Carves for Craep Teots at

Curves for Creep Tasts at

1500¢F.

1500°F,

1500°F,

1500°F,

1500°F,

1500°F.

1500°F,

1500°F.

K

46

47

49

52

54

55

60

64

87

67




TABLE OF CONTENTS - FIGURES (Continued)

Page

Pigure 37, Time-Deformation Curves for Creep Tests at
mm'r.onMJOYIm-ﬁ'?lnd!JB....-------.o 72

Figure 38, 8.R Curves from ¥atigue Tests st 1200 and
1500°F, on Heat-Resisting AI1O¥E . « o « o ¢« ¢« s ¢« s + » 88




-1-
SUMMARY

The compositions of forty-seven alloys supplied for test and the
resultes of experimantal heat treatments on these alloys are shown. Seven
additional alloys are now being prepared for test in the form of oastings.
Density determinations have besn made on soms of the alloys.

1
q
H
i
1
i

Complete examination of the miorostruotures of the different ale

loys has besn made and for those with promising high-temperature proper-
ties as detemined by ltuu-nlptup and oreep tests, struotures before
and after heat treatment and aging and sfter testing are showmn. All of
these alloys are of the precipitation-aging type and most of them are ine
diocated to be quite stable at 1500°F.

None of the promising alloys show very high impact resistance,
and those with the best load oarrying ability show the lowest values. Ime
pact speoimens tested with "V" notohas showed better impsot resistance than
bars with keyhole notohes and the values for all alloys were higher at

1800°F. than at room temperaturs, indicating low duotility at room tempere-

! ge ture is not necessarily indioative of low duotility at 1500°F.

2 ] Stress-rupture tests have been made or are in progress at 1800°F.
on most of the alloys listed. Widely differing properties are shown with
fraoturs times at 20,000 p.sei. at 1500°F., warying from 2.5 to 84.8 hours.
For the more promising alloys, fraoture times betweasn 500 and 1000 hours
and in a few cases over 1000 hours have been obtained, as follows: Bight-
esn of the alloys show fraoture times of 100 hours at stresses adove

18,000 peseie at 1500°F., and three alloys show fraoture times of 500 hours

' at stresses of 15,000 peseie at 1500°F. Two of the alloys (829& and 8497)
e 3-‘”5
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show a fracture time of 1000 hours at 14,000 p.s.i. at 1500°F. The best

alloys are as-cast X-19, 5495, $497, N-153, N-154, N-155, 4275, and alloys

identified as NR-38 and NR=40. Compositions of these alloys are shown in
Table 1. of the text.

Cold-worked and hot-worked Cr-Ni-Co=Fe alloy, and alloy heat treated
snd aged after either oold (1200°F.) or hot (1700°F.) work,was found to be
inferior in stress-rupture properties at 1500°F. as compared with solution
heat-treated and sged alloy.

A few stress-rupture tests are in progress at 1350°F. For S497
alloy, fracture times of 100, 500, and 1000 hours are indicated at stresses
of about 29,000, 24,500, and 23,000 p.s.i.

Stress-rupture tests ars in progress st 1600°F. on Gamma Columbium,
8495, and 5497 alloys. On 5495 alloy at 1800°F., fracture times at 100,
500, sand 1000 hours are indicated at stresses of 13,200, 10,300, and 9,200
Peseie Additional pertinent stress-rupture data at 1500°F., made available
by the U, S. Naval Engineering Experiment Station and the Westinghouse Eleo-
trio and Manufscturing Company, are included im the report.

Creep tests are in progrsss at 1600°F. on twenty of the alloys tested
in stress-rupture. The alloys with best ereep resisteance are S495 and $497,
with Gasma Columbium, NR=37, H-156, NR=43, NR-57, and NR-58, having slightly
lower oreep resistancs. Alloys 5495 and S497 show & orssp rate of .00001%
per hour at a stress above 7,000 p.s«i., while the others ars close to
7,000 p.ssi. for .00001% per hour. Creep tests are in progress st 1600°F,
and 5,000 p.s.i. on 5495 and 5497 alloys.

Nost of the alloys tested in stress-rupture and oreep tests at

1800°F. show very little ohange in hardness as oompared with their hardness
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as heat treated. Izod impmot tests (0.450-inoh diametsr - "V" notoh)
aftsr oreep and strese-rupture tests at 1600°F. show values of 4 to 14
footepounds for some of the alloys with best load carrying ability.

Short-time tension test data over a range of temperatures have
been made awvailable by the Us S. Naval Engineering Experiment Station for
some of the alloys tested in the NRC program.

Fatigueo test data at 1200 to 1500°F. on heat-resisting alloys
were made available by ths U, S. Faval Engineering Experiment Station and
Westinghouse Eleotric and Manufaocturing Compeny., At 1200°F. some of the
materisls show endurance limits at 2.5 X 108 oyoles over 40,000 pe.ssis
and some do note Some of the well-known alloys such as Timken 16«-26-6,
Gampa Columbium, 18-9 W-Mo and S497 show stresses produoing rupture in
1000 hours at stressss at or near 40,000 p.s.i. This means that in de-
siming parts for e limited service life in which the stresses used are
oonsequently high, it is well to remember that if the part is subjected
to fatiguo stresses, the endurance limits should be taken intc oonsidera-
tion. When the heat-rosieting alloys are to be used for types of servioce
in whioh long service life is desirsd, the lower stresses diotated by the
low creep ratee allowable usually give an ample margin of safety as ocome
pared with the endurance limit and in these cases the creep rate rather
than the endurance limit is the limiting faotor in design.

Corrosion tests at 1500°F. in an air-sulphur dioxide atmosphers
as performed at U. S. N« E,EaS« show no signifioant attack on the Cr-Ni-Fe
types of alloys disoussed in this report.

The research on ohromium-tungsten alloys has developsd materials

with excellsnt stress-rupture properties at 1800°F. in that alloys with

-
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approximately 23 to 26% tungsten, 8 to 15X iron, balance chromium show
tests of 860 to 1150 hours duration at 20,000 p.s.i. without fracture.
The duotility is practiocally nil and efforts are being mede to improve
the duotility. Centrifugal casting in vacuum of supercherger blades for
test purposes is to be attempted.

Tungsten=-rich alloys containing 25 to 30 tungsten and with bal-
ance principally ohromium, nickel, and cobalt show Brinell hardness at
1600°F. of about 400. These ars to be tested in stress-rupture at 1500°F.
soon.

Experiments are in progress on the effect of heat treatment
warisbles on the structures and high-temperature propsrties of Timken
Alloy 16-26-6, Gamma Columbium, and 5495 alloys.

The future work planned is disocussed in detail.

COOPERATING LABORATORIES

Ressarch laboratories of the following organisations, cperating
under NDRC contracts, are coopsrating in the research program.

American Brake Shoe mnd Foundry Compsny

Battelle Memorial Institute

Climax Molybdenum Company

Crane Company

Lunkenhelmer Company

Massachusetts Institute of Technology

Midvale Company
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Bational Bureau of Standards
United States Steel Corporation
Oniversity of Michigan
Yanadium Corporation of America
Westinghouse Electrio and Manufacturing Company.

Of those laboratorics operating undor an NDRC oontraot, stress~
rupturc tests ars being conducted by Amerioan Brake Shoe and Foundry Com~
pany, Battelle Memorial Instituto, and University of ¥iohigan.

Cresp teste are being oonductod by Ameriocan Brake Shoe and Foundry
Company, Battelle Memorial Institute, Crane Company, Lunkenheimer Company,
Kassachusetts Institutc of Technology, Midvals Company, National Bureau of
Standards, and the United Statcs Stecl Corporation, using 30-40 creep test
units.

Tho ClimaxeKolybdenum Company and the Vanadium Corporation are en-
gaged in fundamental research on tho development of new and improved alloy
systoms suitadlc for high-tomperature sorvice. Both companies are oonduot-
ing exporiments on the melting and oasting of the variocus alloys developed
for preparation of both tecst speoimens and bladee for tosting in a turbo-
supercharger under gas turbinc operating conditions.

Yoetinghouee Elootric and Manufaoturing Company is engaged in re-
search on ths offect of heat-treatment variables on the structure and high-
temperature propertics of some of the alleys being studicd in this reeearch
progran.,

In addition to the above-noted oompanies, the following companies
are cocperating by supplying test materials eithor gratis or under purchase

order either to reimburss them for out-ofepocket cxpense or bocause of

Ak




ofe

existing priority restrictions

on the use of raw materials when not coversd
by a proper snd oertified purohase order,

Allegheny-Ludlum Steel Corporation
Cruoible Steel Company

Driver Harris Company

General Electrio Company
Haynes-Stellite Company
International Niokel Company
Stoody Company

Universal Cyolops Stesl Corporation

INTRODUCTION

This resecarch has as ita objeot the development of better heat-

resisting metale for use as gas turbine parts. The research is deing

earried out at the request of the Navy Department,

The initial temperature of interest wae stated to be
and alloys that will withstand 7,000 Petai.

1s500°r.

with & oresp rate not ex-
oeeding .00001% per hour &re presently required.

Present activities of the Bureau of Aercnautios of the Navy De-

partment have developed the need for alloys suitable for use at higher

stresses but with shorter useful 1ife, The research has been directed

toward development.of alloys of the desired low oreep rate,

but at the
same time considerable date of direot value and interest to the second

spplication are being obtainsd,

].-'
{
!
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This report will serve to present all of theo test data obtained to
date in this research program. 5Subsequent reports will present additioml

data as they become available.

EXFERIMENTAL WORK

Test Materials

Table 1 shows the forty-seven alloys that have been supplied for
test. Soms tost data are available on all except NR-268, NR-47, and NR-66.
The Alloys NR-26 and NR=47 are to be supplied in the as-oast oondition and,
to date, sound bara have not been received for test. NR-56 is being forged
and will soon be ready for heat treatment and testing.

Table 1 also shows the compesition of seven alloys which are being
prepared for test. NR-10 and NR=12 are to be prepared in the form of cast-
ings by Haynes-Stellite Company. These are alloys for which sound test
bars have been prepared in small sizes, but for 0.505-inch dismeter test
bars it has been necessary to do considerable research work on gating and
feeding in order to insure sound cast test speoimens. LHeoent trials have
indicated that sound material of the size desired may soon be available for
test. NR-13 and NR-14 have been delayed until a suitable nickel-titanium
alloy for introducing titanium into the melt was obtained. Thease heats are
to be made soon. NR=23 is to be cast by the Genmeral Eleotric Company and
lack of soundness in the as-oast bars has delayed these tests. Nk-10,
MR=23, NR-24, NR=57, and NR-68 are to be cast centrifugally by the Stoody
Company. Cast bars of Alloys NR-10, NR-67, and NR-68 have just been
received from the Stoody Company but have not yet been radiographed for

soundness.,
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HEAT-RESISTING ALLOYS UNDER TESTS IN WRC-8 PROSRAM

Obemical Cowposltlon, Par Ceat

Materiel Renarke
L? 13,9  33.9  10.T8 5.8l  R.28 = -
lﬁi’ 14.08  19.57 20.03 384 489 8.10
M1 1659 24.30 25.07 B30 9.03 -
36 20,87 26,10 25.74 803 - -
H3G 20.80 20,37 26440 298 8.01 -
H439 20039 20.B59 31.33 8.0 - -
3495 (low C) 14430 20.34 - 887 S.84 B.79
MMedd  20.52 - 4+38 309 278
Osmna Oolusblum eBl 2408 - 4edd - 438
1320 o8 L] w L] l.86 T4
Tlaken 1558 26e2 Bedb of
10=3 W-ia 10,37 8.63 &0 1.38 «20 Oodd 21
Refractalay 264 30.0 8«0
70 Co ~ 30 Cr 30.04 €78}
w188 1520 4.9 12.88 .00 2.19 1.08 <07
nise 1617  23.08 20.98 3000 2.20 1.03 «07
8s 21,08 20.60 20464 500 2.13  0.95 ol
nos 1088 B3.23 23.89 8.08 210 1403 «08
Rel0 . 0 48 L]
X~37 28 [  §
Refrectaloy A 20,10 49.60
Wimonle 80 912 74.23 Al «88, Ti 5.04
Tysonlum 28.88 £51.04 60.15
19,27 bale 1.08
Gamma Columblum 13.22 24.50 <20
8496 13.99 9.7 3.87 4.0
Contra-poid 14.77  50.11 » 1.1
a588-2 16.7 181 10.7 128 C Y
8859 17.8 260 197 1.3 )
4374 1286 16.00 AL
4276 18.20 448
4277 19.78 187
22428 20.7T 20,00 3.72
8668-1 19.1 15e1 19.9 12 38
Replecement ¥R-3 16+10 2418 24430 198
M9 1588 1980 19.0 438 441
199 Seliv (mnd.) 18.986  9.08 119 &9 %
X=41 1 Se20 &6 T.8 Orfig 1.78
Tiaken 16072 26623 M7 Dop! for
m-1s
4278 {mod.) 18.82 486 134 27
ATV=3 1440 3Te40 289
M52 (no Go 154 1ded 2.2 108 <1
Ni64 {no Co 184 8.8 53 1400 D)
166 (oo Go) 2led 209 2.8 1.08 B
sss 218  20.7 [ 106 108 <12 o Co, plua Ta
H38D 218 4.0 26,0 303 Replacament for
L S
% ac 30 - 4 [ ) 1.9 ol
13-0 20 30 - 1 3.e7 8.87
Beat-Reslating Alloys Not 7et Avalleble
Titalllm o =10 «20 1’ [
428-10 % m-13 o8 a 18 “ ]
Modified 12230 &5 WR-13 0 I8 10 18 58 [ 18 ] ns
Hodlfied 16 ¥ WA-14 oO0h o «70 10 n L] [  § 1 2.88
1087 - =23 18 18 45 20 20
™A =57 010 158 <36 5.7 B2l 4:22  17.28  Bel5 1
8l A =50 &0 83 0.2 8.0 del2 Fe 1.84

» = Type snalysis

¥ = Yot yet svailabls

A ® Centrlfugslly cast burs ressived but mot
yot azaninaed for soundness prlor to tast
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Density determinations have been made on sowe of the alloys.

Beat-treated and aged speoimens wers used for the density determinations,

exoept in the ocase of Cast Alloy NR=11 and Alloys NR=49 and HR=81. At
L Y

the time, no heat-treated FR-49 (Tixken alloy) was
. was “.t.d in

available and NR-61
stress-rupture and sreep in the oold-rolled oondition so
density was determined on sivilar material.

The specimens were carefully oleansd, weighed in air, and them

welghed immersed in water, Al)l weighings were carried out in a constante

temperature, constant-humidity room.

The density was Somputed according
to the formula ’

tanstty » X - P) s p
v (wy=w)
iu which p = density of the air
dy = density of the water
w ® weight in air
Wy = weight in water
-

= weight of sling used to suspend
sample in water.

The walues obtained are shown delow:

NR-11 8.9183 NR=-34 8,2800
WR-16 8.0386 HRe44 8.1988
NR-17 8.0221 ¥R=45 8.5698
NR-19 8.1450 WR-46 7.9328
¥R-20 8.1889 NR-49 8.0686
NR-21 8.2690 WR-51 8.0816
MR-22 8.3710 WR-82 8.0384
MR-29 8.1922 NReE3 8.0964
NR=-38 8.0838 NR-5¢4 8.0586
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¥etallo io Examination and Heat Trsatment of Test Xaterials

All test materiale wers sent to Battelle Memorial Institute for
examination and heat treatment before testing. Struotures of the alloys
ag-received, as-forged, or as-oast were determined. Soms alloys were
teoted in the as-received condition. For those alloys tested as-heat-
trested, a series of experimental heat treatments were used to develop
the struotures thought most euitable for good load-carrying ability at
high temperatures. Heat treatment temperatures, times at temperature,
and modes of 000oling were chosen to produce the maximum oarbide solution
without objectionable grain growth or grain boundary conditions. The
formation of a continucus heavy ocarbide network in the grain boundaries
was avolded.

Table 2. shows the heat treatments thought most suitable for the
various alloys and to which the alloys were subjeoted before test. As a
result of the various experimental hsat treatments, as will be seen in
Table 2., many different oombinations of solution heat-treatment tempera-
ture, times at temperature, and methods of cooling from the heat-treatment
temperature have been used. Speoimens of the alloys to be tested at 1360°F.
were aged 50 hours at 1400°F. prior to test. Speoimens to be tested at
1500 or 1600°F. were aged 60 hours st the test temperature prior to test.
The hest treatmesnts used may not have produced the struotures with the
most desirable high-temperature properties in every cese. Recent data
mde avallable by an alloy manufacturer indicate that higher solution heate
tresatment temperatures oan be used in some cases even though the mioro-
strustures may not appear as desirable. Such indications are being given
oareful considerstion and experiments to evaluate their effeot are being

plunned. As will be related later in this report, oxperimenta on the

- A
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effect of heat-treatment variables on several of the well~-kmown alloys
are in progress.

Figures 1 to 9 show photomiorographs of some of the alloys which
have shown promieing etress~rupture and oreep properties in the tests at
1500°F.

Rather complete examination of the structures of the various ¥R
alloys has been made as-heat-treated and befors test, but space doss not
permit the reproduction of the structures of all of the alloys in this re-
port. Those that are shown serve to illustrats the typss of structures
typioal of these types of preoipitation-hardening, heat~rssisting alloys.
Consideradbls work ie in progreoss at the moment on sxamination of the struce
tures of the alloys after test and determination of the type of fracture
obtained in the stress-rupturs tests, but only a portion of this work is
in shape for presentation in this report. A subsequent report in several

nonthl_will be more complete in this respeot. .

The structures for each alloy are shown on a single psge. Four
oonditions are shown for 2 magnificatiomssach, at 200 and 500. The two
photomiorographs at the top show the structure ase-rsceived; the next two,
the struoture aftsr the solution heat treatment, as noted; the next, the
struoture after sging 50 hours at 1500°F.; and the bottom two, the structure

after stress~rupture or cresp test.

Photomiorographs are shown for Alloys NR-19, 20, 21, 33, 34, 43, .
44, 45, and 49. All of these alloys are of the precipitation-aging type. i
Alloys NR-19, 20, and 21 (Figures 1, 2, and 3) had been sir~cooled
from 2100°F. befors receipt. Solution heat treatment at a slightly higher

temperature effected a more ocomplete oarbide solution and with not too much
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Alloy NR-19
(N-153)

Forged
2100°F,
Alr-coeled

Heat-treated
Preheat-1550°F.,
High Heat
2200°F.=30 min.
0il-guenched

Aged
1500°F.-50 hrs. !
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Etchant—Aqua Regla in Glycerine

Figure 2.

&LL:!L—'NR—ZU
(N-154)

Forgod
2100°F,
Air-cooloed

Heat-treated
Preheat — 155C°F.
High Heat
2150°F. = 30 min.
0il-quenched

Aged
1500°F. - 50 hrs.

Creep Test Bar
NR-~-20-1

Temp. 1500°F,
Stress 10,000 ¢
Time 1500 hrs.

3-FO N

e R




Alloy NR-21
(N-155)

— .ﬂggfsp-_qm,.

Forged
2100°F.
Alr-cooled

e

Heat-treated
Preheat - 1550°F,
High Heat
2200°F, = 30 min.
Oil-quenehed

Creep Test Bar
NR-21-1

Temp. 1500°F.

Stress 10, p.det.

Time 2160 hrs.

Etchant-—Aqua Regla In CGlycerlne

Figure 3.
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grain growth. Aging produced considerable precipitation, but for NR=19
apparently the time at temperature in the solution trestment was not suf-
fioient to allow diffusion of the oarbide to eliminate the initial segre-
gation of carbon. Structurea for speoimens tested at 1500°F. are shown

. for Alloys NR=-20 and 21. The tims at test temperaturs of 1500°F. produced
coalescence of the carbides particularly at the grain boundariesj yet, as
shown in Table 8., little or no change in hardness was noted as compared
with the original heat-treated and aged material.

The Gamma Columbium alloy (NR=33) is shown in Figure 4. Appreci-
able oarbide solution was effeoted in the solution heat treatment. Aging
did not precipitate so much carbide as for ER-19, 20, and 21, and testing
for 2050 hours at 1500°F. did not appear to produce muoh more preoipitate
exospt in the grain boundsries. Table 8. shows only a small decrease in
hardness.

The 5485 alloy (NR=34) is shown in Figure 8. Very substantial
oarbide solution was effected but the massive carbides ware not affected
mgohe Aging produced uniform preoipitation, and testing for 2280 hours
at 1500°F. coarsened the oarbides in both the grains and the grain bound-
ariess 7The hardness was reduced from Rookwsll "A™ 81 to 659.

The 8688-1 alloy (WR=43) whioh is a Cr-Ni-Co-Fe alloy with Mo, W,
and Ta added is shown in Figure 6. and this material reaocted somewhat
sinilarly to 5495 in Figure 5., except that the matrix carbiies were not
ooarssned quite so much.

. The replacement alloy for NR«3 (NR-44), Figure 7., showsd the

§ groatost axount of precipitation on aging but when tested 418 hours at
1500°F. the hardness was reduced from Rookwell "A" 88 to 59.5. The strua=-
ture of this alloy as-tested is not yet available.




Alloy NR-33

(Gamma Columbium)

Forged
5 "y
L _” o a,lm-t-}’alﬁ‘w} "'*
f' ;’J;s;,;'-, -"“"‘l.""&’\‘“i"'_ﬁu- 3 Heat-treated
¥ .'g-; : e R Preheat — 1650°F,
A '-"':-'T P S ,‘.',_ High Heat
;‘ﬁ: i ‘[t;r ‘.r‘-p-?-.*‘ 2250°F. - 45 min,
.::f“ __4_‘;_“__, AR 0il-quenched
‘,q' lé--ﬂh:"v. i 7 3
i3 aggsiod et B gl
B:i.f'.\“-‘- f_:..a.".b ‘;:
Aged

1500°F. = 50 hrs.

Creep Test Bar |
NR-33-1 1

Temp. 1500°F.

Stress 7.000 p.s.!i.

lme 2050 hrs.

200 X 500 X
Etchant-—Aqua Regia in Glycerine

Figure 4.
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Allcy NR-34
0°F. - 2 hrs.
Water-quenched
2280 hrs.
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Figure 5.
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Figure 6.
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Alloy RR-43
(8658-1)

Forged

Heat-treated
2250°F. - 30 min.
0il-quenched

Aged
1500°F, - 50 hrs.

Creep Test Bar
NR-43-3

Temp. 1500°F.
Stress 10,000 p.s.i.
Time 1601 hrs.




Alloy NR-44
(Replacement NR-3)

Heat-treated
2250°F. - 10 min.

Alr-ceoled

Etchant—Agua Regia in Glycerine

T e

Figure 7.
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The 8437 alloy (WR~45) is showr in Figure 8. and the struotures
are similar to those for 5495 alloy (FR=-34).
The Timken 16+25-6 alloy (NR-49) is shown in Figure 9. Solution
heat treatment effects almost.complete oarbide solution,and appreoiable

preoipitation is produced by aging at 1500°F.

Charpy Impact Resistance of Test Materials
Charpy keyhole and "V" notch impact test specimens of some of the

alloys have been tested at room temperature and at 1500°F. The resulta
obtained are shown in Table S.

At room tempersture none of the alloys posssss very high impact
resistance. The alloys showing the best stress-rupture and oresp proper-
ties at 1500°F. (NR-34 and NR-45) show the lowsst impact resistance ex-
ospting Alloy NR-17. These were 5 foot-pounds for NE-34 and 7 foot-pounds
for NR-45, using the keyhcle notch. Although it was suggested that the "V"
notch might show still lower velues for thess alloys in the heat-treated
oocndition, the 3 alloys tested with "V" notoh at room temperature showed
considerably higher values than with the keyhole notoch. The alloys with
highest impact resistance were NR-29 (Nimonic-80) and NR=33 (Camma Colume
bium).

At 1500°F., all alloys showed higher impact resistance than whem
tested at room temperaturs, and when tested with & "V" notoh at 1500°F.
the values were higher than with a keyhole notoh. This ia assuring in
that alloys with low ductility at room temperature will possess better

duotility at the operating temperature., The impact resistance of the Gamme

Columbium alloy (NR=33) continues outstanding.
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Alloy NR-45

e . L S =4

(S497)

Forged

Heat-treated
2250°F. - 2 hre,
Water-gquenched

Aged
1500°F. = 50 hrs.

Stress Rupture Bar
NR-45-1

Temp, 1500°F,

Stress 15, F.8.1.

Time 597 hrs.




Alloy NR-49
(Timken 16-25-6)

Forged

Heat-treated
Prcheat - 1560°F,
High Heat
2150°F. - 45 min.
Water-quenched

Aged
1500°F. = 50 hrs.

Etchant—Aqua Regia in Glycerinc

Figure 9.
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TABLE 3. CHARPY NOTCHED-BAR INPACT RESISTANCE OF HEAT»
RESISTING ALLOYS AT ROOM TEWFERATURE AND AT
1500°F.

T ]

——

Alloy Charpy Impact Resigtance - Foot-Pounds
Material Number Room _Temperature 1500°F.
Notoh Notoh Notch Notoh
Timken 16-25-6 NR-156 13 18 27
Refraotaloy B NR-17 1 (a)
H163 NR-19 1n 2¢
nEE NR-21 13 24
Refractaloy A NR-28 4 (a)
Kimonio 80 WR-29 24 (n)
Oemma Columbium NR-33 15 2¢ 21 42
8495 FR-34 s 7 13 19
8658-2 NR=37 11 22 19 2¢
8689 NR-38 7 (a)
Replagenent NR3 NR-44 8 (a)
8487 NR-45 7 14
19-9 WMo (mod.) NR=48 27 39

(a) To be tested later.
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Stress-Rupture Tests

Stress-Rupture Tests at 18500°F.

Stress-rupture tests have been rum at 1800°F, on test speoimens
of 0.506-1nch diameter end approximately 2-inch gage length. The oom=
plete stress-rupture data are shown in Table 4, and the stress fraoture-
timo ourves are shown in Figures 10, 11, 12, and 13, The ourves for Al-
loys NR-1 through NR=18 are shown in FPigure 10.

The ourves for Alloys
¥R=19 through NR«38 ars shown in Figure 11, and the ourves for NR=37
through NR=56 are shown in Figure 12. This is an arbitrary division
merely to prevent orowding of the data on one graph, and therefore,to
make inspection of the ourves esasier.

Yost of the alloys have been tested at 20,000 p.s.i. st 1500°P.

As avallabls test equipment and the supply of the warious alloys permit-
tasd, tests were run at lower stresses than 20,000 p.s.i. and with conse-
quent longer fracture times.

In eddition to the fracture times for the various stresses smployed
for the alloys, values for elongation, reduotion of ares, and the minimm
rates of deformation messuresd from the time-deformation curves are showm
4n Tedble 4.

Table 5 also shows the time in hours required at each stress used
in the tests to produce total deformations of 1, 2, and 8%. PFor some of
ths better alloys, the time-deformation ourves are shown so that the types
of deformation characteristios and deformations or rates at periods other

than those chosen for ths varicus alloys may be more essily seen than ocan
be obtained from tabular data.




-26-

TABLE 4. STRESS-RUPTURE PROPERT1ES AT 1360, 1500, AND 1600°F. OF HEAT-RESISTING ALLOYS
Tewp. Time Reduetion Minimum
Alloy and Condi- of for [ Rate
2pecimen Number tiom Ilong., Area, #Per Nr,  Dime in Roure for Deformation of
. % 2 % i 3 [

m=1=1 1 3.5 6.2 236 2 4,7 B2 2
FR=1-2 1 1.0 3.0 012 86 - -
ER-1-3 1 = 9,000 428.8 1.0 1.0 «0015 426 - -
WRe2-1 1 1500 20,000 14.1 28.0 21.3 «51 Flaw .
MR=3=2 1 1600 30,000 3.70 5.0 1.23 4 1.2 3.0
R=3-1 1 o 20,000 8l.8 3.5 3.1 «03 11,8 34.5 -
TR=3=3 1 » 14,000 181.0 1.7 79 »0042 150 - -
M=J=A1 1 - 12,000 317.0 68 nl +00189 = - -
KR-3=A2 1 o 8,000 961.0 1.42 ) £33 +00078 & L &
M-44-1 1 1600 14,000 418.0 3.0 1.1 «0017 200 as -
M-4=1 1 1500 20,000 24,0 12.0 13,0 - Not awiledle
m-4-2 1(a) by 14,000 94.8 8.0 2.8 026 11 43 92
M=4=3 1 g 9,000 834.0 5.0 4.3 «0082 218 1] 538
NRe5-1 2 1500 20,000 21.3 1.0 2,7 <027 Flaw
FRe5=-4 2 . 14,000 92.4 0.9 1.28 «008 92 - - I
FR=6~-3 1 1500 20,000 22.0 34.5 2.8 0,64 o8 1.7 8.6
WR=6=2 1 . 18,000 114.8 22.8 23,0 <087 B.2 15.8 60,2
NR=G=4 1 . 10,000 £630.0 8.0 «001
=71 1 1600 20,000 2.8 18.0 21.8 «168 Fot availadle
AR=T2 1 ) 9,000 207.8 8.6 7.7 09 a 180 196 ‘
RRed=1 2 1500 20,000 18.0 8.5 11.9 «168 3.6 7.8 15.6
MR=Be2 2 g 17,000 121.5 8.0 7e3 <0116 59 106 121
m-8-3 2 J 15,000 326.0 7.0 [ -133 o 140 246 320 %
MR=34=) ] 1500 20,000 29.38 20.0 43.4 «21 4 et 18,5 |
WR=34=7 3 . 18,000 674.0 21.0 33.68 00118

3 L 16,500 1423.0 20,0 30,5 «0009 620 1130 1330
WRe3d=17 3 1600 14,000 72,6 23.0 .1 ¥ot awilsdle
M=-34-18 3 . 11,500 264.5 8.0 28 80 248
FRedi-12 3 ] 9,600 445 9.0 1404 «0053 40 288 840
WMe2=) 2 1500 16,600 183.,0 16,0 17.0 »012 47 82 127
Fede2 2 - 11,000 863.0 50 10.7 «0002 648 3008 583
WR=35=3 2 1600 20,000 23,5 24.0 20.9 - Not avalladle
M~33=2 2 . 17,000 83.8 24,0 23.8 «064 17 31 ]
MR-33-4 2 - 13,500 502.0 14.0 22,8 «012 107 187 242
R-33-21 2 - 12,000 In progress
Ma33-19 2 . 10,000 1906.0 8.0 11.1 +00018 1260 1680 1900+
FM=JS-22 1 1500 20,000 S.44 20.8 28.5 1.6 3 1] 2.9
FR-33-25 1 L 15,000 €7.8 17.6 28.5 o1l 50 14 3¢
ER=35~34 2 1800 12,000 38.0 26.0 56,0 24 53 7.4 20
=33~38 2 . 9,800 408 In progress
ER=10-1 [ ] 1600 15,000 328.6 9.21 12.4 +0066 76 147 288 2
iRe-11-1 2 1500 20,000 33.2 15.4 18.2 06 2 - -
ER-11-2 [ ] " 15,000 180,6 16,1 15.2 <092 2 ] 23
WR-15-23 3 1500 20,000 3. 19.% 19.9 2.82 o3 8 1.6 .
FR=-16~4 3 - 10,000 110.4 2.88 10.4 0276 36 6l 2
M-15-12 3 4 7,000 580.0 £ 193 408 #001 100 150 325
Xi-18-12 1 54 15,000 8.0 2.0 51.7 - Not awailedble
M=16-13 1 - 10,000 404.0 17.6 19.2 02 2] ” 220
m=15-1¢ 1 » 7,000 936.0 3.6 - 432 216 -
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TABLE 4, (Continued)

e

TN

AR oy

Temp, Time Bedusticn Minimam
Alloy and Condi- of for of Rate
Specimen Number tion  Test, Stress,  Rupture, Elong.,  area, % Per -———-——-__.______H in Bours for Deformaticm
. *F. Pesad, Hours 1 4 4 Hour 1% x [ ]
MR=49-1 3 1600 20,000 608 56,5 4.8 3.2 Not available
KR-49-3 3 . 10,000 In progress
MR=49-11 1 . 20,000 T35 73,0 67.0 2,04
NR=49-14 1 cd 10,000 In progress
NR=16-1 4 1600 20,000 3.6 48,0 7.6 1.7 0.6 1.4 2.2
NR-16-2 < - 13,000 0.5 57,0 0.7 +225 4,75 9.0 18,5
MR=48-1 2 1800 13,000 1145 4.0 5.8 «002 100 110 -
FR=46- 2 .
R-17-1 2 1500 20,000 8.35 20,0 3.4 76 1.2 2.4 5.2
HR-17-2 2 = 12,000 1725 1400 18.4 02 % 80 48
NR-17-3 z . 10,000 44,0 9.0 13.0 011 125 20 as
NR=18-1 1 1500 20,000 .7 1.0 13.0 Not availahle
MR=18-2 1 . 12,000 T8 1.0 15.8 07 10 25 50
MR-19-2 2 1800 20,000 846 23,0 7.9 .08 10 25 ]
KR=19-3 z . 17,000 2605 2.5 2.7 014 € 120 198
NR=19-4 z . 14,000  Bra9 3.2 26.4 +007 205 az
NR-20-2 2 1500 20,000 85,0 33,0 0.7 .19 5 13 29
NR-20-3 2 . 16,000 36,6 2900 37.5 017 80 10 233
NR=20-4 2 - 14,000 67,0 g3 21.0 +00656 100 27 a5
ER-20-12 | 1600 15,000 156.0 2.5 36.0 Not awailable i
MR-20-10 4 180 15,000 30,0 30,0 321 - Not available
MR=20-11 . - 10,000 1248 2400 .7 +0105 “ [ %
MR-20=5 5 1800 16,000 93.6 34,0 4.9 ot awailable r
NR=20~7 6 . 15,000 42.5 17,0 31.8 - Not awailable
NR-20-6 T . 15,000 1955 2509 27.7 04 T 48 108
NR-21-2 2 1800 20,000 0.5 11,0 13.7 a ] 16 32
NR-21-3 2 " 15,600 2930 4.0 8.1 +0043 160 2008 -
NR=21~7 1 1600 15,000 10.0 .0 *.3 Not available
NR-21-6 T - 16,600 161,56 295 27.5 Not awilable
NR=22-2 2 1500 20,000 20.30 .0 8.1 14 3.8 1.2 20.4
KR=22-3 2 . 14,000 2 1.5 2.7 0018 - - -
ER-22-4 s 1600 14,000 1
NR-24-8 '] 1600 20,000 35.87 14,0 27.8 0.27 1.3 2.5 18.5 '
FR-24~4 M . 16,000 342,86 3400 “.9 038 1 2 100
NR-28-1 2 1600 40,000 Td 20,8 18,8 1,33 o 1.6 3.4
MR-25-2 3 1500 30,000 8.4 2.0 1.9 039 8.3 - -
WR-29-1 3 . 20,000 63,0 1.5 1.1 +bo19 62 - -
ER=25=6 s " 15,000  1solo 1.31 1.19 +00035 176 - -
NR=25-13 3 - 13,000 <40
NR=29-11 3 . 12,000 101.3 Broken in thresds
MR-29-14 3 . 10,000 <gs
NR-31=1 2 1800 15,000 1305 g4 23.3 07 & 9.5 2.0
MR=32-2 2 180 20,000 5.50 29,5 27.5 3.0 .2 o5 1.4
NR-35-3 2 1600 20,000 22,6 0.62 mi1 - Not available ‘
ER=35-1 H - 1,000 121, 0.43 N1 0016 - - - ]
MR~36~1 2 1800 20,000 12,6 30,78 0.4 56 1 1.3 2.0 i
|
: ¢
4 |
" A 4 ,
- 3 y ’
st P ;
3 g 1B ATt B g
= <R RN — . Y % .
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TAMLE 4. (Comtinued)

Tempe Time Nedustion Minlmm

Alloy and Condi= of for of Rate
Speoimen Mumber  tiom  Test, Jtress, Rupture, 2longe,  Ares, % Per Zime ia Sews Cor DeCormpbise of

] r. Pesele Bours 4 % Rour 15 2% o

.

M=37=1 3 1500 20,000 14,0 43.0 38.2 - Not evalleble
=376 3 . ° 13,000 93.3 0.4 “e old 2.3 Ted 28
MM=37-6 3 " 11,500 In progress
ER-38-1 2 1500 20,000 13,13 37.8 2648 77 o3 1.3 34 b
m-38-2 2 L) 13,000 3248 11.3 13,7 019 ) [ 178
M=39-1 2 1500 20,000 13,03 3.0 4.7 «071 2.3 13.3 -
m-39=2 3 o 16,000 In progrsss
ER=-40-1 3 1500 20,000 23.0 33.0 6l.1 - fot svailebls
M=40=-2 3 " 15,000 172.0 3b.0 36,0 <032 16 t 100
m-41-1 2 1500 20,000 17.0 36.0 9.4 - ot evallable
xm-41-2 2 L 13,000 60,3 30.0 6447 - Yot evaileble
MR-42-1 1 1800 20,000 937 15.3 30.3 1.0 3 83 3.3
AR=~43-1 1 1500 20,000 14.0 31.0 40.4 - Yot svailebls
EE-43-2 1 L 13,000 213.0 12.0 1444 «009 33 3 170
ER=45-2 3 1600 20,000 43.3 34.0 20.3 - Not evailabls
M=45-3 3 . 16,500 131.5 16.3 35.4 «031 30 60 127
WR~45-1 3 9 18,000 597.0 13.5 23.4 0034 313 as 500
WR=45-10 3 b 13,500
ER~45-% 3 4 13,500 449.3 14,0 17.3 0118 20 154 360
R~45-13 1 1500 20,000 31.38 36,9 43.4 345 1 3 3
WR-48-14 1 - 13,000 309.3 33.1 2.3 «080 14,3 33 37
WR=45-18 3 1600 14,000 In progress
MM=43=7 2 g 10,000 423.0 7.6 3.3 0024 ™ 203 00 g
m=45-13 3 s 9,000 In progress
MR-46-20 3 1380 33,500 28 .0 26.0 33.3 - Not aveilable
NR-45-21 3 v 23,000 432.0 3.0 41.9
HR=48-1 2 1600 13,000 114.3 4.0 653 «003 100 110
ER=48-1 3 1500 20,000 3.08 33.3 473 3.2 ot evailsble
ARe49=2 3 b 15,000 In progress
ER=~49-3 3 ®, 10,000 In progress
NR~43-11 1 1500 30,000 T.23  73.0 37.0 2.04
M-43-13 1 . 13,000 In progross
WAR=49-14 1 - 10,000 In progress

2 3,37 23.0
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TARLE 4. (Centinued)

e

Temp. Tine Reduotion Mlnisum
Alloy and Condl~ of for of Rate
Sposinan Rwaber tion  Test, Stress, Rupturs, klomg., Area, % Por Iime 1a Bours for Lefomation of
L] . petaie Hours | 4 | 4 Bour IV 2%

M-l 3 1500 20,000 42.6 7.8 4.0
s * b=l 3 1800 20,000 11.0 .5 3.8
H
f m=5o-8 a 1500 16,000 " o8 9.3 o33 13 2.8 L J

= Alr sooled

= 011 quenched

« Water

= Cold-worked and aged

a Cold-worked, oil-quenched, snd aged
» Bot-wor

= Hat~worked, oil-quenehed, and aged
= Aged

= Tested as-caat

Yor details of processing, solutlon hest tresimect snd aging, see Teble 2
{A) = Wot aged
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Table 5. shows the stresses estimated to produse fracturs in 10,
100, 500, and 1,000 hourse Thess data for times to produce oertain de-
formations and stresses to produce fractures ia certain time periods are

data of wvalue for use by the designing engineer.

Practure times of 2.6 to 84.6 hours were obtained at 20,000 p.s.i.
at 1500°F. In some cases the longer fracture times were the result of
large elongations tsking place befores fracture, but some of the weaker al-~
loys showed both low fracture time and low elongation and several of the
alloys showed long fracture times with relatively low elongation.

Allom NR~1 to NR=8 wers prepared from small induotioh furnace melts

and were limited in quantity. Ths forging of these heats was sttempted on

small-oapacity hammer squipment and numerous oraoks and flaws were produced
by this forging operation. For this reason the testes on these alloys in

several oases were not representative of their composition. For instancs,

Alloy HR=3, whioh showed promising fraoture times at 30,000 and 20,000 pes.i.,
showed & change in alope of the ourve in Figure 10 below 20,000 p.s.i. Inter-

granular appearing fractures were obtained in specimens tested at 14,000,

12,000 and 9,000 pes.i. Flaws resulting from forging were observed in the

speoimen tested at 14,000 p.seis and may have been present in the specimens

tested at higher loads. A duplicate heat (NR-44) has been melted and this

heat was forged in a production mill. Note in Tadle 4 and Figure 10, the

fracture time of 418 hours for Alloy KR-44 at 14,000 pesei. as oompared with

the 161 hours for Alloy NRe3. A replacement heat for NR=5 has besn melted

and is now being forged preparatory to testing.
Alloy NR-8 (5495 alloy) was one of the small experimental heats

produced at Cirst, and while its stresa-rupture properties were better than

the others, it was not quite the equal of bar stook later supplied by

r e SR L

e

i R e
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TABLE 8. DATA FROM STRESS-RUPTURE TESTS AT 1500°F.
Alloy Stresa, P.S5.1., For Fracture In
Material Mmber Condition* 10 Hre. {5 Frs: 0 Nrs. 1000 Hrs,

L1T2 NR-1 1 17,600 11,600 8,700 7,700*
8497 -2 1 - - - -
B418 NR-3 1 25,800 18,300 10,000 7,900
H3BS MR=-4 1 25,000 13,800 9,200 7,800
H369 -5 2 24,000* 13,500 - -
H439 M=-6 1 23,000* 15,400 10,600 9,000*
8495 (Low C) R-7 1 15,600 10,300 - -
849§ R-8 2 21,000 17,000 14,600 -
Gamma Columbium m-9 2 14,300* 11,800 10,600*
Vitallium MR-10 9 - >»1§,000 - -
1320 M~11 9 - 16,200 11, 700" -
Timker MR~15 3 16,000 10,200 - -
Timken ¥R-18 1 - 18 800 9,800 -
19=9 W=Ko MR=-18 4 16,700 - -
Refractaloy B HR-17 2 19,500 13,000 9,900 a,800*
70 Co = 30 Cr ¥R-18 1 21,000 11,000 7,000* -
N153 =19 2 - 19,500 14,500 12,000*
54 m=-20 2 - 18,500 15,000 12,800
N165 M=21 2 - 17,800 14,600* -
N168 WR-22 ] 22,000* 15,800 12,600 -
x-19 m-24 9 22,800* 18,000 15,000 -
X=-37 NR-28 [] (lot available yot)
Refractaloy A NR-28 2 - - -
Kimonic 60 NR=29 3 29,000 17,200 - -
Tyconium NR-31 2 - - - -

WR-32 2 - - - -
Garma Columbiwm NR=33 2 22,500 16,700 12,500 II.OW
Gezma Columbium NR=-33 1 19,800 14,100 -
8495 MR=-34 3 22,500 18,000 15,30 14.000

WR=3§ 2 - 11,700 - -
Contra=-Acid WR=-36 2 - - - -
8658-2 m-37 ] 21,000 14,600 -
8659 R-38 2 21,000 16,300 13, D:)D'
4274 ¥R-39 2 (In progrou)
4278 WR=-40 2 - R -
4277 MR-41 2 - 13,500* - -
22422 MM-42 1 - - - -
a?ag-l RR-43 1 20,600 16,200 - -
K&, MR-44 1 - - 13, 500" -
$497 MR=-45 3 - 18,000 15,100 14.000
S497 MR=-45 1 - J.B,OOO 13,800
19«9 %=No (mod.) NR-468 2 - 13,200 -
X=4l ER=-47 9 (Not nn:ulbl.o y't)
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TABLE B. (Comtinued)

Alloy Stress, P.8.I., For Fraoture In

. Material Fumber Condition®* 0 Hrs. 135 T BS fira. 1000 Hra.

Zimicen(®) MR-49 3 (In progress)

Timken R-49 1 In progress)
. 4278 (mod.) MR-850 ] In progresa)

ATV-3 ER=51 1 In progress)

ATV=3 XR-51 4 In progress)

¥1563 (no Co) NR-52 3 In progross)

H154 (no co; HR=-83 3 In progress)

M35 (no Co MR=54 2 In progress)

¥166 (no Co plus Ta) MNR=65 2 In progress)

i:; = Replacement for KR-3
= Replacement for NR-18

*1 = Air oooled

2 = 0il quenched

8 = Water quenched

4 ® Oold-worked and aged

8 = Cold-worked, oil quenched, and aged
8 = Hot-worked

7 = Hot-worked, oll quenched, and sged
8 = Aged

9 ® Tested as oast

(Por detalls of processing, solution heat treat~
ment and aging, see Table 2.
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Allegheny=ludlum and assigned the number NR-34. This can be seen in Table 4
and in Figure 10. In Table 4, alloys duplicating & particular oomposition
have been grouped together to faocilitate comparisons. Kote ths better fraoce
ture times of Alloy NR-34 as ocompared with NR-8.

Figure 13 shows the stress fraoture-time ourvss for those NR alloys
with the best stresserupturs properties and it oan be sesn that while the
surves for HR=8 and NR-34 show the same slopes,the values for fracture times
for NR=8 are & 1little lower than for NR=34.

Attention is oalled to the difference in properties shown by Alloys
NR-7 and NR-8. Alloy NR-7 is & low oarbon modifiocation of Alloy NR=-8 whioch
was intended to bs the 5495 alloy composition of the S495 alloy. Alloy ER=7
with low oarbon shows about the poorest stress-rupture fracture times, while
Alloy NR«8 is one of the best. In this one type of alloy composition at
least, oarbon oontent plays a very important part in imparting losd-oarrying
ability at 1500°F.

Alloy WR=1l0 is the Vitallium alloy nominally containing C .20, Cr 28,
Co 65, Mo 6. Of the number of cast-to-gshape bars available, only one was
sound enough to test. At 15,000 pes.i., at 1500°F., the fracture time was
326.5 hourss This one value has bsen plotted in Figure 10 and is a good
oheok with the value for Alloy NR-8 (S495). As soon as some additional test
bars of Vitallium are availadle, the stress-rupture tests will bs continued
at other loads and oresp tests started.

Alloy ¥R-15 is the Timken alloy (nominaily Cr 16, Ni 25, Mo &) and
the heat suprlisi was stated to contain C .10, Np «115. The stress-rupture

properties of this NR-15 alloy were among the lowest tested and lower than

obtained on this alloy composition in several other laboratories. It has

T ;5 R
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deen found that the nitrogen ocontent was lower than normal. This heat in

two different laboratories analyzed .03 and .07% nitrogen. A replacement
. heat, NR=49, oontairing C .08, “2 «145 has been obtained and stress=rupture
tests are in progress. Time-deformation ocurves for NR-15 stress-rupture
tests are shown in Figure 14. The use of some of these alloys in the form
of large forgings for turbine rotors will wake it impossible to water quenoh
them from the solution heat=treatment temperature. Instead, it will be pos-
sidle only to air-cool these large rorgings. For this reason, stress-rupture
properties are being obtained on a few materials as air-cooled from the tem-
perature of the solution treatment. Speocimens of NR-15 Timksn alloy were
{ " tested as air-cooled and, surprisingly, the stress=rupture properties are
1 superior to those of the water-quenched alloy. At 10,000 p.s.i., at 1500°F,,
§ the water-quenched alloy fraotured in 110.4 hours while the air-cooled alloy
fractured in 404 hours and with greater ductility, which may in part be re-
\ sponsible for the greater life. Tests on air-cooled XR-49 are in progress
to determine whether similar effects will be obtained in the Timken alloy i
replacement heat.

Since materials with oreep rates of .00001% per hour at 7,000 p.s.i.

H are desired, it is obvicus that most of the alloys shown in Figure 10 would

not be satisfaotory since many showed stress-rupture properties indicating

fractures would result near 1,000 hours at stresses of about 7,000 Des.i,
R Figure 11 shows the stress fracture-time curves for Alloys NR-19
through XR-36. These alloys show much more promising stresss-rupture proper-

tiee than those in Figure 10, in that early failures at 7,000 pe.s.i. would

not be expeoted.
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Among the better alloys are NR-19, NR-20, and NR=2l. Their time-
deformation curves for stresserupture tests are shown in Figures 15, 16,
and 17, These are Cr-Ni-Co-Fe alloys with carbon contents around 0.35%,
and with Mo 3, W 2, Cb 1, with nitrogen oontained between .04 and 0.11%.

All three of these alloys show 100-hour fracture times at stresses betwsen

17,800 and 19,500 p.s.i. The slopes of their ocurves in Figure 1l are quite

flat and it is regretted that lack of test material prevented extending
these tests as long as desired. If meterial can be obtained, tests with
duration of 1000 hours or more will be made.

Alloy #R-22 which has a different CrelNi ratio as comparsd with

NRe19, 20, and 21, does not show quite as good stress-rupture properties
at 1500°F.

From Cast Alloy NR-2¢4, nominally containing C .10, Cr 25, Wi 20,
Co 46, Mo 5§, Cb §, only two sound test specimens have been supplied.
Stress-rupture tests on these two specimens at 1500°F. show promising
properties with a 100-hour fracture time at about 18,000 p.s.i. The time-
deformation ourves are shown in Figure 18. When additional test material
is available, tests at lower loade and longer fracture times will be run.

Alloy ER-29 is the Mimonio 80 alloy conmtaining C .04, Cr 21, Ni 75,

Al .8, Ti 2.46. The first two stress-rupture tests at 30,000 and 20,000

PeSel. showed very promising fracture times and the rates of deformation

were very low for these stresses. However, the slope of the ourve in Pig-

ure 11 is steeper than for the other materials and the test at 15,000 peseie
produced a fracture time consideradbly lower than for sowe of the other al-
loys such as NR-8, 19, 20, 21, 24, and 34,

Additional tests at still lower
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loads of 10,000, 12,000, and 135,000 p«s.i. on Alloy NR-29 were terminated
by premature failures at unexpsoted low fracture timesj in one test fracture
eoocurred in the threaded saction. The supplier of this alloy, the Internat-
ional Niokel Company, states that the alloy over-ages at temperatures above
about 1475°F. and that developments on ohanging the alloy aging character-
istios so that it will be stable at 1500°F. are in progress with a good
chance of sucoess. .

Alloy HR=33 is the Gamma Columbium alloy (nominally C .40, Cr 18,
Hi 26, Mo 4, Cb 2). The time«deformation ourves are showm in Figure 18.
It differs from the Timksm alloy in that it has higher oarbon, only 4 in-
stead of 6% Mo, and with about 2% Cb addeds This Alloy NP=335 shows better
stress-rupture properties than fimken Alloy WR-16 but not so good proper-
ties as WR-19, 20, and 21, all of which contain about 20% cobalt and 3% Mo,
2% W and 1% Cb. The tests on NR=-33, 19, 20, and 21 suggest that better
stress-rupture propsrties result from a mixturs of small perocentages of the
oarbide-forming elements like Wo, W, and Cb, than from a larger amount of
any one element. The effeot of the oobalt in Alloys KR=19, 20, and 21 e
to be determined by the testing of some heats duplioating their compesi-
tions except with the ocobalt omitted. Note in Figure 11 that there is
quite good agresment between the stress-rupture properties of Alloy NR-9
mads in & emall induotion furnsce and Alloy KR-33 melted and prooessed by
Universal-Cyclops Steel Corporation, a commercial producer of the alloy.

Stress-rupture tests have been made on Alloy NR-33 as air-oooled
from the tempersture of solution heat treatment. The stress-rupturs prop-
orties as indioated in Table 4 and Figure 11 were not so good as the water=

quenched alloys In this respsot Gamma Columbium alloy aiffers from Timben

alloy.

o
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Alloy WR-34 is the S496 alloy (nominally C .40, Cr 14, N¥i 20, Mo 4,
W 4, Cb 4) melted and proosesed, and supplied in bar stook by the Alleghenye
Ludlum Stesl Company. This alloy and HR-45 (S497) to be discussed later,
showed the best stress-rupture properties at 1500°F. Time-deformation
ourves for the stress-rupture tests are ehown in Figure 20. This sllcy did .
not show the longest freacture time at 20,000 p.s.i., but the slope of the
stress fracture-time curve is quite flat and at the lower stresses and
longer fracture times shows superior propertiee. No tests have been made
on this alloy as air-cooled, since experience of the producer indiocated
water quenching was neosssary to produce the best propertiss at 1500°F.
This Alloy NR=34 showed fracture times of 100, 500, and 1000 hours at
18,000, 15,300, and 14,000 p.e.i., respectively; whereas, Alloy ¥R-20
showed 18,500, 15,000, and 12,500 p.s.i. for the sams fracturs times.

Figure 12 shows the etress fracture-time curves for Alloys NR=37
through NR=-65. Some of thess alloys show very promising strese=rupture
properties also.

Alloys ER=-37 and 38 are Ur-¥i-Co-Fe slloys with molybdenum, colum-
biua, and tantalum added. ¥R-38 has a different chromiumenickel ratio and
more Mo and Cb and its stress-rupturs properties at 1500°F. are a 1little
better than for NR=37. Neither is as good as Alloy KR=34. Alloy NR-43 is
similer to NR-37 but has a little more Mo but less Cb and Ta, and its prop-
erties are a little better than NR=37 at 15,000 pes.i., and about the saw~
as NR=-38.

The fracture times shown by Alloy NR-40 {4275), supplied by the Cru- .

oible Steel Company and oontaining C 140, Mn 4.5, Cr 18.,2, Ni 4.4, Mo 3.3,

are higher than were expected. In the tests at 15,000 p.s.i. at 1600°F.,

o - e T
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this lower alloy oontent material ehowed a fracture time only slightly
lowar than Alloys NR=-38 and 43. Sinoce its elongation is greater than for
NR=38 and NR-43,and the minimum rate of deformation during the stress=-rup-

ture tests was .052% per hour as ocomparsd with .019 and ,009% per hour,

this alloy would not be expeoted to show as good creep propertiea. This .

o A
RS

is further indioated in Table 5§ by the hours regquired to reach l,zjud st
for the various tests. Alloy NR-40 deforms at a oconsiderably greater rate,
but when only fracture time is the criterion of comparison, Alloy NRe40
with its low alloy content does quite well.

Alloy NR=41 with C 1.16, Mn 12.52, Cr 19.75, Mo 2.0, W 1,87 shows
shorter fracture times than Alloy NR-40.

Alloy NR-50 is & modified NR-40 alloy supplied by the Cruoible Steel
Company, with the carbon reduced from 0,98 to 0,38%, and with ¥o 1.35, W 1,34,
and Cb 0.6 instead of the 3.3 Mo of Alloy NR=-40. Only ome test at 20,000
pesel. at 1500°F. is available on this alloy to date; but in view of its

" high elongation, reduction of area, and deformation rate combined with a
low fracture time, it seems indicated thst at 1500°F. the modified 4276 Al-
loy NR-50 will be inferior to the regular 4275 Alloy NR-40.

Alloy NR-45 is the 8497 alloy (nominally C .40, Cr 14, ¥i 20, Co 19,

Vo 4, W 4, Cb 4) supplied by Allegheny-Ludlum Steel Company. Time-deforma-
tion for the stress-rupture tests are shown in Figure 21. Thia alloy shows
almost identioal stress-rupture properties to those of §495 Alloy NR-34 with n
100, 500, and 1000-hour: fracture times at 18,000, 15,100, and 14,000 p.s.i.

at 1500°F. In this particular highly alloyed material tested in the hest- .

treated and aged condition, the addition of the cobalt seems to have had no

effect on the etress-rupture properties. By error, one speoimen of Alloy
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WR-45 was aged 50 hours at 1600°F. befors test at 1600°F. This speaimen
HRe45-9 at 13,500 pesei. showsd a fraoture time of 450 hours while a speoi-
men aged at 1500°F., when tested at the higher stress of 15,000 p.s.i.,
showed a longer frsoture time of 597 hours. Over-aging deoreases the stress-
rupture properties of Alloy NR-45 at 1500°F. .

Alloy NRe45 has also been tested as air-cooled from the temperatures
of solution heat treatment. At 20,000 pes.i. the air-cooled bar showsd a
slightly longer fraoture time than the water-quenched material, but at
15,000 p.8.1i. the air-oooled bar fraotured in 310 hours while the water-

quenched bar fraotured in 597 hours. Even though the air-cooled bar is

lower in fracture time, it is still superior to many of the quenched alloys.
‘ Alloy NR«61 is ATVe3, nominally containing C .50, Cr 16, M1 26, W 3.
‘ The slloy 'u_teutsd first in thn'ho‘t-trutod and aged oondition and showed
etress-rupture values at 15,000 pesci. at 1500°F. girilar to those of the
low nitrogen Timken Alloy ¥R-15 and the 19-D W<Mo Alloy KR-18; additiomal
tests are in progroul on this alloy both as coldeworked and as heat-treated,

sinos these data have been requested by a Navy comtraotor.

Alloys NR-52, 63, 64, and 65 are similar to Alloys NRe1D (B-153),

s v e

20 (N-154), 21 (N-156), except that for NR-62, 63, snd 64 the cobalt was

omitted snd in NR<65 similar to XR«21, the cobalt was omitted and 1.0%
tantalum was added. Test data for two tests only are available at this time

but are considerably lower than for the alloys contsining oodbalt. The pres=

ence. of eohlt-in 8497 Alloy NR=456 produced no signifioant difference, but

in an alloy with minimum additions of Mo, W, end Cb, as in Alloys NR-62, .
63, 64, and 55, the cobalt addition may be necessary. Additional data mow

being obtained on these alloys, both from stress-rupture and oreep tests,

will settle this point, s
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Swmmarizing, in the stress-rupture tests at 1500°F., the best al-

loys are NR-24 (Cast X=19), NR-34 (3496), and WR-45 (5497) with NR-19

(%-183) and RR-20 (N-154) slightly lower. Of only slightly lowsr stress-replore

NR~40 (4275), and NR-43,

Table 4 shows, for all of the alloys tested, the etresses at 1500°F.
produoing fractures in 10, 100,

ising alloys, Figures

properties are Alloys NR.21 (N-155), NR-38,

500, and 1000 hours, For some of the prom-

22 and 23 show the relation between etress and time
to produce 1, 2, and 8% total deformation at 1800°F,
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Stress-Rupture Tests at 1500°F,

Effect of Cold-Work end Hot-Rork, For NR-20 and NR-21 slloys,

ber etock wns made aveilsble that had been given a eclution hest treet-

ment by rir-ecoling from 2100°F, For NR-20 this wea followed in one ease

by a 22€ reduntion et 1700°F. end in the second czse by a 25% reduetion

at 1200°F, For NR-£l this wns followed by m 28f reduction at 1700°F, or

8 26€ reduction at L200°F, Tor purposes of thie diseussion, reduetion

at 1700*F. 18 termed hot-work and reduetion at 1200°F, is termed eold-work,
The resulte of the stresa-rupture tests are shown in Table 4 and

the etress fraeture-time data for the tests are shown in Figure 24.
Specimens NR-20-10 apd 11 were tested at 10,000 and 15,000 p.,e.i,

at 1500°F. in the cold-worked and aged condition. Note in Figure 24

the such inforior strese-rupture properties as compsred with the heat-
treated material given the solution heat treatment mnd aged. At 15,000
Pes.i, the cold-worked materiz]l ehowed e fracture time of 30 hours while
the hoat-treated NR-20 alloy showed sbout 450 houre,

Specimen NR-20-5 was given a solution hoat treatment and aging
subssquent to the eold-work and even this did not produce ap good fracture
time 28 the regular hast-treated materiel showed,

Specimen NR-20-7 wae tested as hot-worked and wae but little
different from the eold-worked end aged material] and much {uferior to the
heat-treated NR-20 alloy.

Speciman VR-20-6 wee given a solution heat treatment and aging

eubsequent to the hot-work and this improved tha fracture time con-

giderably but it was atill {nferior to the umorked and heat-treated
materinl,
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Specizen NR-£0-12 was air-cocled from the solution heat treat-
ment temperature snd showed lower fracture time than the regulsr oil-
Quenched NR-20 slloy.

Specimen NR-21-7 was tested et 15,000 p.s.i. s cold-worked and
aged and showed a fracture time of only 10 hours as compared with shout
350 hours for heat-treasted and eged material,

Specimen NR-21-6§ was heat treated snd aged suhsequent to hot-
working snd its freoture time was 161.,5 hours st 15,500 p.s.i, This is
still inferior to the regular hest-treated end aged NR~21 alloy.

A test is soon to he run on Specimen NR-22-4 as heat treated and
aged subsequent to cold-work.

This series of tests indicetes that either eold-worked or hot-
worked material of the composition of NR-20 and 21 is much infasrior in
streas-rupture properties to hant-treated end aged meterial and thst even
hest treatment subsequent to working does not produce comparable stress-
rupture properties to thuse ohtained in heet-treated and sged material

not worked at 1200 or 170C°F.

Stress-Rupture Tests at 1350°F,

In order to distridute the effort in this study of heat-resisting
materirls, it has heen decided that the National Advisory Committee for
Asronauties will sponsor e progrem Of stress-rupture tests et 1350°F,

The following alloys will be tested: 5495, S497, 19-9 W-No (modified), .
N-153, M-154, N-155, Timken 16-25-6, Gamma Columbium, Modified Inconel or
Mimonie 80, mnd 4275 (modified).

Sines it eppesrs that many of these allOys show hetter pruperties

at 1200°F, as cold-worked, hut at 1500°F. butter properties when heat

RIS




«Ble
treated and aged, tha tasta at 1350°F, are to be made on both worked
and heat-treated materinls,

Tests on S495, S497, 19-9 W-Mo, Nimonie 80, and ATV-3 alloy ere
either already in progrees in the NRC-B program or test specimens are
under preparation, No further tests ot 1350°F. will be started or
planned., All eubseaquent tests will be run in the N.A.C.A, program and
data will be made aveila®la in the usuel N.A.C.A, reports,

S$ince the N.A.C.A, stress-rupture dete at 1350°F, will be ob-
tained on smeller specimena (0,160-inch diemeter and 1.0 to 1.25-inch
g8ge length), the opportunity for comparieon with data on & few elloys
as determined on the larger 0,.503-inch diameter specimens in the NRC-8
program would eeem to indiecate that the teste already in progrese at
1350°F, should be continued., Since the tests on 19-9 W-Mo and ATV-3
alloys in particular have baen requested by a Navy contrsector and will
be availehle sooner under the NRC-8 program, thesa will be continued,

Specimen NR-45-20 (8497) et 1350°F, and 32,500 p.s.i. showed e
fracture time of 28 hours with an elongation of £26.0% and e reduction of
area of 36.%%. Specimen NR-45-21, tested at 25,000 p.s.i. at 1350°F,,
frectured after 4582,0 hours with an elongation of 31,0% end a reduction
of arva of 41,9%. The dete on theae two bars indicata fracture times of
1C0, 500, and 1000 hours at etreeaes of 29,000, 24,500, and about 23,000
pe2.i, Several additional taste et stresses of about 29,000 and 23,000
Pef.i, at 1350°F, will be needed to confirm the data indicated by the
two tests completed to data, Theee apecimens were water-quenshed from

£850°F, snd aged 50 houre et 1400°F, prior to tosting et 1330°F,

Tigura 25 shows the etrase fracture-time dete,
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Speoiman NR-81-3 (ATV-3) at 1350°F, and 25,000 p.s.i., showed a
fracture time of 21,8 houre with an elongation of 6.8% and a reduction
of area of 9,66%, A test ie in progress on NR-51-4 at 15,000 p.e.i,
Thess specimens were eir-cooled from 2250°F, and aged 50 houra at 1400°F,

prior to teating.

Strass-Rupturs Tsets at 1800°F,

The Nsvy Dspartment requested thet stress-rupture tests ba startel
at 1600°F, on some of the mnteriesles indioated beet in the tests at 1500°F
Teste are in progress et 1600°F, on Gamma Columbium (WR-33), S495 (NR-34)
and 8497 (NR-45) slloys. The rsaults obteined to dete ere shown in
Tadle 4 and Figurs 25 on specimens given & solution heat treatmeat and
aged 50 houra at 1800°F.

NR-33-34 et 12,000 p.s.i, at 1800°F, ahowsd a fracture time of
36 hours with sn slongation of 28.0% and a reduction of ares of 35.0%,

A test is in progrees on Speocimen NR-33-35 at 8500 p.e.i.

Three tests heve been completed at 1600°F, on 5495 alloy (NR-34),
Time~deformation curves for the stress-rupture teats ere shown in
Figure 26. The results in Figure 25 iniiecats 100, 500, and 1000-hour
fraoturs times at strceses of 13,200, 10,300, end ¥%,200 p.s.i. The
fracture times for the thrse tests fell on a atrsight )ine in the log -
log plot of stress and fracturs tims indicating eurprising stability et
this higher temperature,

One test has been completed on S497 (NR-45) at 10,000 p.e.i.
with a fracturs time of 426 hours which is not quite 30 long as for S49%
(NR-34). The time-deformation ourve for thie test is shown in Figure 27

Two additional tests are in progrsss at 9,000 apd 14,000 p.s.i, at 1600*
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Lack of test material hes prevented testa on several of the other in-
teresting alloys,

Additionel Stress-Ruptura Deta Keds Aveilebls For .
Comparigon With NRC-8 Date

The U. S. Navel Engineering Experiment Station and the Westing-
house Rlectric and Manufacturing Company hava mede available reports con-
taining considerabla strass-rupture and creep test data obtained over the
tempereture range 1200 to 1500°F,

The available tima has not permitted the corralation end preserta-
tion of the data for teats at 1200°F, in these reporta for comparison with,
ond supplementary to, the dats alreedy prasented in previous N.A.C.A. and
NRC-8 veporta for this temperature, !

Some of the date made aveilahle for tests at 1350 and 1500°F,
ere shown in Tabla 6, As compared with the NRC-8 data ehown in Teble 4,
these data show some intereeting variations.

For the datm from the U,S.M.K.2.3,, the strsee-rupture fracture
times for 5495, N-153, N-155, and N-1%Z6 alloys are higher for the NRC-8
date, while for S497 and N-154 the values are lower,

For the Waatinghousa dntz the veluas for S495 are higher and for
8497 the valuee nare lower thezn for NRC-8 data.

It should be noted thet the values for $495 from both laboratoriee
sre for one teet only,to dmte,end that at the high load of 20,000 p.s.i.
producing reletively short fracture times,

These d~te, while they do mot line the alloye up in exsctly tha N
eams order as the NRC-8 date, do indicate the dest of the elloys teeted
ere found mmong the group of alloys previouely listed on the braia of
NRC-8 tests, namely, 5495, S457, N-153, N-154, N-155, X-19, NR-38, 4275

(NR-40), snd NR-43,
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TABLE &6, STRESS-RUPTURE DATA AT 1500°F. oM HEAT-RESISTING ALLOYS

(Data Suppliad by U, §. Kaval Engineering Experimont Station
and Westinghousa Electrio and hnu:'ncturing Company. )

T —
Reduction
Test Fraoture of
Material Temp., Streas, Time, Elongation, Area,
Pesod, Hours [ 1
ATV-3 (a) 1200 30,000 157 38,5 37.0
i 1350 20,000 60 21.0 23.0
- 1350 10,000 734 22,0 24,5
b 1500 20,000 2.75 29,0 38.8
. 1500 8,000 3.75 27.0 31.2
5497 (a) 1360 40,000 T 23.0 23.8
- 1350 30,000 97.6 24,0 28.0
- 1800 20,000 24 18.0 27,76
» 1500 16,000 217 19.56 31.0
£495 (a) 18600 20,000 68 18.0 31,0
N153 (a) 1500 26,000 9.0 42,6 35.6
" 1600 20,000 82,3 26.0 43.1
" 1500 15,000 517.0 27.6 28,0
N154 (a) 1500 20,000 23.5 10,0 13.2
K165 (a) 1500 20,000 115.0 18.0 1l8.1
i 1500 16,000 1600 7.0 13.3
N156 (a) 1600 20,000 41,7 9.5 10.0
" 1600 16,000 377.0 4.3 2.8
Gaxma Columbium (b) 1500 20,000 Tel 16.4 -
i el 1500 16,000 58,0 14.3 -
" . 1500 12,500 241.0 16.4 -
5407 (b) 1500 20,000 32.0 5.9
" 1500 15,000 365.0 2.35
or 1500 10,000 Unbroken-1500 o=
5406 (b) 1600 20,000 115 37.3

(a) Tested at u, s, Naval Enginesring Experiment Station,
(b) Tested at Westinghouse Elantrio ang Manufacturing Company.
For Type Compositions yee Table 1

ATV=3 = o3 raosived oold rolled.
$497(a) - 2200°F,-) hour, Watar Quenched, aged 1500°F,~4 hours.

5495(a) - 2250%p.-2 hours.mater Quenched, aged 1500°p,-16 houre,
Feat Traatment; N163, N164, N165, N1&66 (a)
= 2200°F.~1 hour. Water Quenched, agad 1500°F.-4

hours .
Gamma Columbium (b) = Praheat 1/2

hour - 1680°F.,2250°F . ~3/4 hour.
01l Quenched, aged 1600 °F. «50 hours,
5495, 497 (b) - 2250°F,-1 hour.Vater quenched, aged 1500°F.~16 hours,




Cresp Testa at 1500°F,

Creep tests have been run or are in progress at 1500°FY, on

twenty of the slloys teeted in streas-rupture at 1500°F, The test speci~

mens used had a diameter of 0,505-inch and e gage length of eporoximately

2 inches, The complete creep teat data are shown in Table 7 end a grsph

uhaung the log - log relntion between strsss end crssp rate for aome of

the hetter =1loys {s shown in Figure 28, The order of lieting of the

alloys in ths cresp test data tabls is similsr to the order used in th2

streas-rupture test dsta tshle, The actual time-dsformetion curves elso

aye given for the bstter materials, For all creep tssts, Table 7 ehows

il

the initinl deformation upon spplication of the loed, the creep rates in

bl

per cent per hour and the total dsformstions in per ecent at the 500, 1000,

1500, and 2000-hour pericds or the duration of the taets. Thase complets

data are presented so that the designing enginecrs, or nny persons ueing

this report, mey utilize the date for mathematical treatments and ocom-

perisons in =ny mannsr in which they ese fit. Precentation of the complete

data, including tima-deformation curves, provides the opportunity for each

pereon to inspsct the date ecritically so as to dstsrmine which slloy or

alloye best msst the requiremsnt at hand., with the tims-dsformation

« curves evailnbls, ths possible errors involved in coneidering only cresp

o rates without st ths enme tims coneidering the daformations involved or

. the timss and deformetions heyond which the minimum creep rats is passed,

are largely slimineted,

Alloy NR-2 end Alloy NR-44 (replacemsnt for Alloy NR-3) were

tested in crssp at 7,000 and 10,000 p.s.i, At 7,000 p.s.i. NR-2 showed
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TABLE 7. CREEP TEST DATA OK BEAT-KESISTING ALLOYS

Alloy Tomp. Deformetlon
and Condl= of Upon Creep Rate-Per Cent Per Nour at, Total Deformmtica = Per Cent ot,
Specluen tlom, Test, Applleatlon Hours Hours |
Fumber . "F. of Losd % 500 1000 1600 2000 500 1000 1600 2000
MRe-2=4 1 1500 #0064 +00033  .00043 0.48 0.63
Retest +00082  .00072  .00073 0.423 0,781 1.13
WR=2-6 1 1800 056 «000081 000043 00004 0.18 0.163 163 o19 () .
Beplecemant MR-3 +032 «00032(b)
-44-2 1 100 10,000 T80 036 00040 00007 0.28  0.86 (o)
1 1500 7,000 032 +000087 .000085 .0Q0OSL In progress 0.116 0.146 0.72
2 1500 12,000 910 #0356 00092  .00196 (d) 0,32 (d) .
2 1500 6,000 2013 083 «000093 000064 .000083 000088 o214 281 279 312
3 1500 10,000 2280 <062 «00012 .000178 .00019  .00O04 «108 «178 287 «420 (o)
3 1800 6,000 1993 «041 <000028 .000012 .00001  .OQOOO4 «101 +108 «d12 2113
3 1500 8,000 047 1n progress
3 100 6,000 2019 «038 «000012 000012 .00001  ,OOOOO2 #0713 <078 <063 <088
[ 1600 8,000 1n progress
NR=33-10 2 1500 8,500 283 044 +000186(¢) In progress 193 ()
KRe33-1 2 10 7,000 2080 <036 00003 .00001(g) 000022 116 122(g) 277
WR=33=-20 2 1600 7,000 «031 «000081 .000048 .0J0031 In progrees «163 «191 208
¥R-13-16 3 1500 7,000 680 #0680 «007 1,204 Fractured 580 hours.
ER-16-14 1 1500 7,000 968 #0682 «00192 1.1 ] 936 *
M=49-8 3 1500 9,000 1n progreas
ER=~49-6 3 1500 6,000 500 024 «00021 A
MR=49-12 1 1600 7,000 1n progress
KR=-49-14 1 1800 6,000 "
KR=19-1 2 100 10,000 360 (h) 137 00028 (h) 0.273 (n)
MR=19=2 2 1500 10,000 «070 +0003 «00022 1) 0.389 0.488 (1)
Retest(i) «00017  LO0019 0.211 0.300
WR-19-6 2 1600 7,000 1920 <067 «000033 .000063 .000086 000066 0,009 g.102 0.133 0.162
FR=20=1 2 1500 10,000 1500 o120 00054 .0007TS 00138 0.468 31 1.468
WR=20-9 2 1500 7,000 042 +00008  ,0001(J) In progress «08 «12(4) L
WR=20-8 7 1600 7,000 788 <049 «00076  ,00106(k) o852 «312(k)
¥R-21el 2 1300 10,000 2160(1) <043 +00009 ,00002 .00009  LOO0L7 #1086 <160 188 272
WR+21-12 2 1800 7,000 «037 «00008 0000468 ~.008 <014
AR=22-1 2 1800 10,000 2000 087 00019 LO00019 00016  .00021 <168 «261 «388 «463
BReZ2e7 2 1600 8,500 20 #0001 (m) In progress «126 (m)
FR~22-6 2 1600 7,000 043 000054 000083 .000023 .000033 «107 «130 4
WR=22~L i 1500 10,000 a9se 04K «0076 +022 (n) 6.6 (n)
MR-3T-4 2 1500 10,000 1777 29 «000803 000794 .000066 <609 1.013 1,473 (e
WR=37=3 2 1600 7,000 1777 047 «000107 000107 000012 <172 «228 229 (r
=qg3S=3 2 1600 10,000 1601 002 «00163 .00217 0069 913 1.92 3.7 &0 (g)
=436 2 1500 8,000 1n progress
NRedd=4 2 100 7,000 1920 031 .00012  ,000021 ,000021 .00024(r) 079 4008 o109 «208(r)
MR=43-8 [} 1800 10,000 43 «000052 .000064 ,000062 .000082 «204 +240 287 293 C
MR=-46-4 3 1500 8,000 In progr
RR=45=11 3 18600 8,000 In progress
WR-46-3 3 100 7,000 $033 4000016 000018 X1l In progress ,082 «091 091
R=46-17 8 1800 6,000 In progress .
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TABLE 7. (Continued)

Alioy Temp. Deforeatlon
and Condl= of pon Creop Rate=Por Cent Per Hour at, Tatal Deforwation = Per Cant eot,
Spenlses  tion, Tast, Applleatien .. .. _ _BWes. ... Jeure
Humber L *F. of Load,% 500 1000 1500 2000 500 1000 1600 2000
NR=48=4 2 1600 <031 In pragrese
WR=51=1 4 1600 <059 §171
WR~G1-2 4 1500 #0087 «00442
m-51-3 4 1600 2007 «0002
V=24 2 1500 8,500 In prograss
NM=52-3 2 1500 7,000 iy
Ni=53=4 2 1600 8,800 In progruse
NR=33-3 2 1600 7,000 '
HR=34=4 2 1600 &, 500 In progrics
AR=54~3 2 1600 7,000 L
NR=55=1 2 1600 5,800 In prograss
MM=58=~4 2 1600 7,000 L
WR=E7-1 3 1600 10,000 01 (s) :
M=b7=4 3 1600 5,600 2110 038 »00006 .000027 ,00002% ,000033 «D81 «110 #1168 <130
m=57=2 b 1600 7,000 2640 2067 00012 ,000035 000036 .0Q0045 t; 2142 18 o19 «22 (t)
MM=57=-3 ] 1600 7,000 23156 20285 -000025 ,00002 ,00001 .NOOO1E(u) ,OT 090 «095 .102(s)
WR=68=1 1 1800 7,000 1100 04 == «00001 In progress »115 o121
8) Discontlzuad 1764 hours. L]

At 450 hours, temperuture dow to 1350°F.

Dlesgontinued et 750 hours.

Discontinued 910 hours.

Disnontinued 2260 hours.- 0.535% deformatlon.

At 266 hours.

Ruta and deformation shown et 756 hours, acoled to rocs temperstura
with ioad on, and reheated te 1600"F. with load om,
big stap 1o surve.

Overhsstad to 1830"F,= 31 hours; at 360 hours, test dlsnontinued.
Puse faiiure at 1336 houre,furnaea down %o room tempersture,
rahoated end epeclmen is showing slmilar nreap rate.

At 500 hours,

At 785 hours.

0.3% at 2180 hours,

At 200 hours,

Reta and deformatlon when dlseontinusd et 508 hours.

1. at 1777 hours.

«231% ot 1777 hours,

At 1601 hours - tast dlscontinued,

When diseamtinued at 1920 hours.

At 225 hours.

+000065% per hour at 2540 hours, ,260 total dafnrmation.

+000015% por hour et 2315 hours. .1057 total deformation.

1. = Alr oooled,

2. = 0il quenched.
3. = Mater guenched.
4. = Cold-worked and eped.
5. = Cold-worked, 0ii quenched end aged.
e = Hoteworiad.
7« = Hoteworked, nii quenohed apd eged.
8. = Aged.
-

Testad as-sast.

For detaiis ol processing, snlution
heat treatasnt, and eging, see
Tebla 2.
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a minimum rate of 00004% per hour while NR-44 showed ,000031% per

hour, While these retes are low, the data from these two teete indi-
cate a rate of ,00001% per hour would be produced by s strese of 5500 to
6000 p.a.i., To be eartsin of this, tests should be run at lower loeds
than 7,000 p.e.i,

Theee first two alloys {llustrate very clearly the difficultiee
involvad in & teat program of the ecope now in progreee, For both of
theae 8lloys only two tests wers run =nd to extrapolate evsn to slightly
lower loade from two points ie admittedly questionable procedure., Un-
fortunately, lack of testing equipment for hendling more long-time ereep
teete hue restricted the numher of teste that ocould be made on each alloy
while there were so many alloys to be etudied, When it is realized that
only 33 to 40 creep test unite ere evailable for thie work in addition to
the units sngsged in etress-rupture teasting and that & 2000-hour creep
teet takes mlmost thrse months, the lack of additional dsts on eome of
these slloys is not difficult to underetand. Every effort ie heing made
to keep every availeble crasep test unit in eervice and it ie necesaary
thet greater cttention ehoull bs given first to thoese few alloye thet
eppear most promising. As opportunity providee, additionsl tests will be
run on many of the alloys at other loade than those ehown in Table 7,

Alloy NR-8 (S495) at &,000 p.s.i., showed & minimum creep rate of
.000066% per hour. This elloy was e emall induction furnscc hsat. The
8495 elloy ohtsined from Allegheny Ludlum (NR-34) showed e minimum creep
rate at 8,000 p.s.i. lees than ,00001% per bour, indiceting the small ex-
perimental hest inferior to ths production alloy. At 5,000 p.s.i, the
rate wes definitsly leee than ,N0001% per hcur snd so low that it ocould
not be measured propsrly. A check test at 8,000 p.e.i, has heen started

recently but has run too short a time to produce usable dats. There suems

1ittle doudt that this Alloy NR-34 meets the requirement for a rate not
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in excess of ,00001% per hour at 7,000 p.s.i. at 1500°F, The time-
deformation curves sre shown in Figure 29,
Alloy NR-35 (Gamma Columbium) hue been tested at 7,000 and .
8,500 p.s,i. The time-deformation curves 2re shown in Figure 30, The
test at 8,500 p.s.i. ia 8till in its early etnges. The teet on Speeci- *
men NR-33-1 at 7,000 p.s.i, waa interrupted after 785 houre when the
temporature by accident fell to room temperature with the load on and
then wne reheated to 15C0°F, with the loed on., A big etep in the time-
deformetion curve resulted se ia ahown in Figure 30 and, subsequently,
the rate of deformation was higher. A check test running st 7,000 p.s.i,
now in progress over 1500 houre shows a minimum rate of .000031% per hour,
It sppeare thnt for Alloy NR-33 a strees between 6,000 and 7,000 p.s.i, |
will produce = rate of deformation of .00001% per hour,
Alloy NR-15 is the Timken 16-25-8 alloy »nd thie alloy fractured
at 7,000 p.e.i. It ¥ill be recnlled that this heat wae low in nitrogen ]
content and is not considered repreeentative of Timken alloy, Table 7
indicatees thet teets ere in progreass on Alloy NR-49 (replacement for
Timken NR-15) et 6,000 and 9,000 p.s.i, at 1500°F. as weter-quenched and
at §,000 and 7,000 p.s.l, as air-cooled from the eolution hest treatment
tempersture. Data sireedy made available on Timken alloy by Timken Steel
and Tube Company and Allis-Chalmere Manufacturing Company, and reported
in 0,5.R.D. Report No, 722, Serial M-12, dated July 22, 1942, indieate
that » stress between 4,500 and 5,000 p.e.i. at 15CO0°F, will produce a
rate of .00001% per Lour, .
Alloy NI-19 is heing tested at 7,000 and 10,000 p.s.i. The time-
deformation curvee rre shown in Figure 31. The unit in which Specimen
NR-19-5 was under test had a fuse failurs at 1236 houre and the heating

furnace cooled down to room temperature and was then reheated to 1500°F,

— i [P DS . - . R e —— . W —— i e =
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The ereep rate after recheating was very similer to thet obtained be-
fore the interruption. At 7,000 p.e.i., NR-19-6 showed & oresp rate of
«000065% per hour, Conaidering the promising stresa-rupture test data
for Alloy NR-19, the creep rate was somewhat higher then expected.

Alloy NR-20 is being teated at 7,000 and 10,000 p.s.i. The time-
deformation eurves are shown in Figure 32, The rete st 800 hours at
7,000 p.s.i. ia .0001% per hour, For thie alloy =a well aa NR-19, the
oreep rate seems high in view of the good etreas-rupture proparties,

Specimen NR-20-8 was tested et 7,000 p.s.i. at 1500°F, as heat
treated and aged subsequent to hot-working at 1700°F, As with the
stress-rupturs tests previously discussed, the heat-treated material is
superior to the hot-worked and heat-treated material,

Alloy NR-21 is being tested at 7,000 end 10,000 p.s.i. The time-
deformation curvea sre shown in Figure 33, Specimen NR-21-1 tested at
10,000 p.s.i. showed a minimum rate of ,00009f par hour, The test on
Specimen NR-21-12 et 7,00C p.s.i. has progreeesed 900 houra and the rete
is now ,000046% per hour, Another test wes etarted on Specimen NR-21-5
hut wag diecontinued owing to overheating after about 200_houru under
loed. This teat had ahown a2 low rate of creep and for this reason it is
expected that the rate on NR-21-12 at 7,000 p.s.i. will finally reach &
lower rata than the present indicated ,000046% per hour, and may go as
low as ,00001% per hour.

Alloy NR-22 ia being tested at 7,000, 8,50C snd 10,000 p.s.i.

The time-dsformation curves sre shown in Figure 34, The creep rates of

.00003%% per hour et 7,000 p.a.i. end ,00019% per hour et 10,000 p.s8.i.,
indicata a rate of .00001% per hour would he obtejned at a stresa of
88500 to 6,000 p.s.,i, The test at the intarmedierte loed of 2,500 p.s.i.

will saeist in the interpretation and extropolation of the date,
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Speoimen NR-22-5 was tssted st 10,000 p.s.i. as heat treated
and sged subsequent to hot-working (1700°F.) and,es in the cass of
Alloy NR-20, the ereep rete wes much higher than for the heat-trsated
saterisl,

Alloy NR-37 ie being tested st 7,000 and 10,000 p.s.i. Ths rate
st 10,000 p.e.i, on NR-37-4 is Quits high, Sperimsn NR-37-3, after about
1000 houre loeding at 7,000 p.e.i., hae shown a conejdersble decreaes in
rate and at 1500 hours ie down to 0000127 per hour. This will need io
bs checked by additional tests dbut 1if true thie elloy, containing C 33,

Cr 19, N1 15, Co 20, Mo 3.86, Cb 1,53, Ta .98, is qQuite promising.

Theee promising indiecatione for Alloy NR-37 appear to be some-
whst corroborated hy the tests in progress on Alloy NR-43. The time-
dsformation curves for Alloy NR-43 ere shown {n Figure 35. Alloy NR-43
is similer to NR-37, sxcspt that it conteins slightly emallsr percentsges
of Mo, b, and Ta. Alloy NR-43 is under test at 7,000, 8,000, and 10,000
Pe8.1, Probsbly owing to its lower alloy additione, NR=43-3 et 10,000
p.8s.i. shows e coneiderebly faeter rate than NR-37-4, However, st 7,000
PeB.is the minimum rate wae ,000021% per hour et 1000 and 1500 houre of
the test period, but then the rate inoreaeed until et 1920 hours when
ths test was discontinued the rsts was up to .00024% per hour. Ths tsst
et 8,000 p.e.i. on NR-43~6 will aseist in eppreieal of tha alloy.

Alloy NR-45 (5497) is heing tusted st 7,000, 8,000 (in duplicets)
snd 10,000 p.s.i. at 1500°F, The timc-deformation curvss are ehown in
Figure 36. Spsecimen NR-45-6 at 10,000 p.s.i. showed a minimum rate of
0000627 per hour, which is lower then ths cresp rete at the same load
for NR-34 (S495), Specimen NR-45-5 et 7,000 p.e.i. ehowed a rets of

.000018% per hour up to 1000 hours et which the teet wee interrupted

owing to difficulty with the extensometsr strips. The furnace wss cooled
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t0 room temperature befors the load wes epplied and,when the strips

were replaced, the load was applied before the furnace wee rehaated,

ol ®)

The test hes been in operation for 800 hours since thie interruption

and the spacimen hme shown no measurable creep, The two duplicete teste
now in progress on NR-45-4 and 11 at 8,000 p.s.i, will assiet greatly in
eppraisal of this alloy. However, the dete et 7,000 and 10,000 p.s.i.
indjeete the Alloy NR-45 (S497) is equal to, and probably superior to,

Alloy NR-34 (S495) and will probably show e rete of ,00001% per hour at

a strese in excese of 7,000 p.s.i. st 1500°F,

Alloy NR-46 (19-9 A-Mo modified) ie under test at 1500°F. at

5,000 p.e.i, but no date are avajlable as yet,

—— A ool

At the request of e Navy contrector, creep teets have been in
progreee on Alloy NR-B1 (ATV-3). The elloy was tested es cold-reduced
at 1200°F, and then eged et 1500°F, At 7,000 and 3,500 p.s.i. at 1500°F,
the crecp retes werse very rapid and ths teste were discontinued, Speci- i
men NR-51-3 is undsr test at 1750 p.s.i, and at 400 hours the ecresp rate

: 13 .0002% per hour. Tests ere to be made on thie material es given a

: solution heat treatment amd aged, This ie the elloy with lowest oreep

resistence of those tested at 1500°F, i
Creep tests on Alloys NR-52, 53, 54, end 55 are in progress at

7,000 end 8,500 p.s.i., on each alloy. These elloys were melted with mo

cohalt added snd ere to be compared with the data for NR-19, 20, and £1.

No creep test dets ere es yet aveileble on these slloys. .
Summarizing, ths alloye with best creep resistance ere NR-34

{S495) and NR-45 (S497) with Alloye NR-33 (Ganme Columbium), NR-37

{Cr-Ni-Fe with Mo, Cb, and Ta), NR-22 (Cr-Ni-Co-Fe with Mo, ¥, and ch),

NR-43 (Cr-Ni-Fe with Mo, Cb, and Ta) having elightly lower creep resistence.

! Alloye NR-34 end 43 ehow e rets of ,00001% per hour st e stress ebove
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7,000 p,s.i. while NR-33, 37, snd 43 are close to 7,000 p.s.i, for
+00001% per hour,

Cresp Tests on Heat-Resisting Alloys for the
U. S. Nava) Enginesring Fxperiment Station

The Vassachusetts Institute of Technology, one of the NRC=8
cooperating lesboratories, is alsc workirg in cooperation with U.8.N.E.E.3,
on ths development and testing of heat-resisting slloya, A series of
Cr-Ni-Fe slloys, with varying =aditions of Co, W, Mo, Cb, end Te, were
prepared an’! forged and stress-rupture and crsep tests havs been mmds nt
1600°F,

Two slloys in particulsr havs baen outstanding in their tests snd
these hsve heen acsigned numbers NR-57 and 528, Their ehemjesl ecompositions
arv shown in Table 1, Thess alloys contsip low oarbon snd somewhat more
chromium and nickel than most of tha other alloys tested, They contsin
4% of both Mo and ¥, similnr to 5495 (NR-34), but instead of contsining
golumbium, edditions of tantslum have besn mede with NR-567, showirg 1.9
Ta snd NR-5B with 3.67% Ta,

Stress-rupture tssts on these two mlloys, NR-57 and 58, at 1500°F,
end 20,0C0 p.s.i., while in the hsat-treated end aged condition, show
freacturs times of from 15 to 21 hours, These are in no way outstanding
or even 80 good ss many other NR alloys. However, at lower losds at which
low ereep rates ars obtsined, tte alloys sppear very promising, Additional
streas-rupture dsts to bridge the gap betwasn 10,000 snd 20,000 p.s.i.
st 1500*F, are nseded,

Creep tests have been run at 1500°F, on these mlloys snd their de-
teiled ersep test data are shown in Tabls 7 snd thair time-deformation

curves are shown in Figure 37, At 10,000 p.s.i, and 1500°F,, the test on
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‘MR-B87-1 shows sn unusuelly rapid rate of creep (,01% per hour) for thig

losd ror a material which showe 8ueh a low rate of ereep at slightly

lower 10sda, 1 teat now in Progreas on NK-57 at 12,000 p

«8.1, at 1500°F,
indieatea that this

repid rate on NR-57.1 at 16,000 p.e

l, was §p error
owing to mome ceuse unknown at this time,

Spenimen NR-37-4 et 8,500
Ps8.1, showed ¢ minimum rate of ebhout

+000025% per hour at about 1500
hours

of s totel test duretion of 2110 hours,

Speeimens NR-57-2 and
NR-57-3 were

hoth tested gt 7,000 p.s.i, et 1500*F,

NR-57-2 showed a
minimum rete of

+000035% per hour at about 1000 houre, after which the
rate increased Elowly until et the termination of ¢

he test at 2640 hours
the rate wae ,000065% per hour,

Speoimen NR-57+3 at tha sams load of
7,000 p,s.i, ehowed & minigum rate of

+00001% par hour et about 1500
hours with only e

Blight ineremee to

+000015% per hour st the end of the
teat et 235 hours,

The cooperating laboratory reporte that the difference

in ereep propert ies between NR-57-2 apnd 3 wes prohahly owing to laek of

Proper eontrol of the 8solution haat treetmant temperature in NBR=S57.2,

It is felt that the data for NR.57.3 8re more representutiye of the
particular composition and heat treatment,

Specimen NR-58-1, with ths higher tantelum eontent,

shows a rate
+00001% per hour at about 1000 houra of test,

of

This test is oontinuing,
Thase +

RO s8lloys are interesting becauge thay show creep properties
ebout as good as the best of ths other NR alloys whi

ch ecntain higher car.
bon, around 0,38 to 0,404, Ons of tha difficyltiss in ths use of thess

heat-reliltlng elloys will be Tebrieation ana proessaing. 1If, by the
ehoice of Proper combinstions of alloying elements, the dasired cereep
properties cen bde obtained, batter forgea®ility ang Procassing may be the

This is en importent item and werrantg nareful eonsidernticn,
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The indiceted properties of these amlloys eonteining tantalum
should be ehecked by the melting and preperation for test of » duplionte

heat =pd thie will he done immedietely.
Creep Tests

Creep Tosta at 1350 and 1600°F,

Crecp test specimers of Alloys NR=34 (S495) and NR-45 (8497)
nave been sent out for ereep test at 1600°F. and 5,0C0 p,e,i. No re-

sults sre available at this time,

No ersep tests ere in progress at 1350°F,, but ne stress-mptur.’
dnte from the few alloys uncer test in the NRC progrem become evajilable
and the data on the greater number of alloys in the N.A.C.A. program

become aveilsble, creep testas will be started on those alloys indicated

of interest,
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Test specimena of some eof the NR alloys have been tested to
determine the changs in hardness rsaulting from long-time exposure at the
test temperature of 1500°F. under stress in the stress-rupture and creep

toats. Data for thirtesn different alloys are showm in Table 8.

Of the alloys tested, only Alloys NRel5 (Timken 18-26-8), NR-33
(gammn oolumbium), NR-43, and NR=44 show any apprecisble changs. Alloy

WR-15 dropped from 58.0 to 652.5 Rookwell "A®, NR-33 from 57 to 53, NR-43

from 62 to 67, and NR-44 from 66 to 59.5. Thess are not large redustions

in hardness as & result of the rather long times at the temperature of
1500°F.

Izod Impect Resistanoce of Eeat
-Rnhﬁg; Aﬂyn K?gor Creep Tosts

Two round Izod impact test specimens 0,480 inch diameter
(*V® notoh) ars being cut from the gage length of creep test specimens
or stress-rupture test specimens after test and tested in impact at room
temperature.

Only six specimens have been tested tc date and the results obtained
are shown below.

Hours «t
] 1800°F. Izod Impeot

Alloy in Creep S¢ress Resistance

Material Neo. Tost puloio Ft. Lbse
154 NR=20=1 1500 10,000 10,6
N-188 NR=-21-1 2160 10,000 9.4
Gamma Columbium NR=33=1 2050 7,000 14,0
8-495 NR=34~9 22680 10,000 4.0
8668-1 NR=43=3 1601 10,000 5.0
8497 HRe4¢8a1 697 15,000 7.2
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Unfortunately, no data are availadle as yot for theso materials
tested with the same impact speoimen size and shape in the as-heat-treated
. oondition and before test for comparison with the data shown above, 411
possoss some messure of duotility and as in the impaot tests shown pre-
viously for some of the alloys in the as=heat-treated oondition, the
Gexma Columbium alloy (MR<33) shows the best rosidual impact resistence

after test of the few alloys tested to date in this manper.

Short-Time High Temperature Tension Test Data

A previous report on “Compilation of Curront Data on Selsoted
Alloys Suitable for High Temperature Sorvice in Gas Turbine and Super-
oharger Parts™ by the War |l_oh11urgy Commi ttee to the Rational Defense
Research Comnittee of ths Office of Soientifio Research and Development
0.8.R.D. Report No. 722, Serial No. M=12 dated July 22, 1942, oontainod
short-time high temperature tension teat data om the following alloys)

17 W, 19-9 WMo, Timken 16-25-8,
Comma Columbium, 5486, 8497,

Addi tional data on some of the alloys used in other tests
mentioned in this report have been made available by tho U. S. Nawal
Engineering Experiment Station and ars shown in Tablo 9, Theso inolude
modifiod Inconel (similar in properties to Nimonio 80, NR-29), ATV=3,
{NR-51) K-1563 (NR-19), W-164 (NR-20), N«~155 (NR-21), and N-156 (KR-22),
The treatments used were slightly different from thoso given in this
. report but the data serve to indicats the range of properties obtainable,

Data on 8497 are also included for oomparison, ainos Alloy 8497 (NBe=45)

is one of the beat, both in the streso-rupture and oreop tests.
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mn rature Fati Tes ts

No test program of fatigue tests &t high temperatures has been
sponsored by NRCe8. Considerable deta at 1200 and 1600°F. have been
socumulated at the Research laboratory of the Westinghouse Elsatric and
Nanufaoturing Company and data at 1200, 1350, and 1600°F. have been
obtained by the U. 8. Naval Engineering Experiment Station at Annapolis,
Maryland.

The work at Westinghouse has been done in & Westinghouse 120 ayole
Eleotromagnetic Bending Fatigus Maohine. A ocomplets desoription of this
type of fatigus test equipment was given in & paper by W. P. Weloh and
¥. A, Wiaon(1),

The machine may be olassed as a fixed oantilever, oonstant
deflection type, designed primarily for the application of alternating
bending stress to the speoimen. The operating speed of this mmohine is
7200 oyoles per minute. Heating of the speoimen is mcoemplished by
means of & simple bell=type eleotric furnaocs. Test speoimens are 8.75 inches
long with & minimum diameter in the test seotion of 0.560 inoh,.

Table 10 shows the oompositions of the materials tested Ly Weste
inghouse. Table 11 shows the heat troatmenta and the endurance values
obtained. Figure 38 shows the enduranee ourves for the materials tested
at 1200°F. by Westinghouse.

The endurance values in Table 11 at 1200°F. renge from 23,000
to about 70,000 p.s.i. for tests of 108 oyoles with only a slight lowering

(1) W. P. Weloh and W. A. Wilson, A Kew High-Temperature Fatigue WMachine,
Prooe. AS.TM. vol. 41, 1941. PPe 733=T48,
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of the stress as the mumbor of cycles is inoreased to 2.5 x 108, It will
be noted that some materials show values above 40,000 p.s.i. while about
an equal number of those teated show endurance values below 40,000 pe.seie
This is of oonsideradble interest when it is oonsidered that only a few of
the materials tested to date at 1200°F, show stresses producing rupture
in 1000 hours over 40,000 p.s.i., For instance, the well=known alloys
suoh as Timken 16-25-6, Gamma Columbium, 19=9 W=Mo, and 5497 all show
frastures in 1000 hours at stresses less than 40,000 p.sei. This means
that in designing parts for a limited service life in whioh the stresses
used are oonsequently high, it is well to remember that if the part is
subjeoted to fatigue stresses, the endurance limits should be taken into
oonsideration.

There is another disturbing faotor indioated by these fatigue
tests and the tests rum by the U. 8. Naval Engineering Experiment Station.
Fatigue tests run at room temperaturs on steels devslop an apparsnt
endurenoe limit or limiting stress range below whioh a material will not
fail even after many million stress reversals. But for fatigue tests made
within the range 1200 to 1600°F., there is no apparent tendency for the
stress=oyole=to=fracture graphs to level off and the plotied results tend
to fall along & straight line. Fraotures have been obtained after 2.6 x 108
oyoles at 1200°F. Until tests of greater duration are available, it is
oonservative to assume that at astill lower stresses fraotures may ooour
after a oonsiderably greater number of stress reversals.

When these materials are to be used for types of servioe in whioh
long servioe life is desired, the lower stresses diotated by the oreep

rates allowable usually give an ample margin of safety as oompared with the
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endurance limit and in these oases the oreep rats rather than the

endurance 1limit is the limiting faotor in design.
The endurance values in Table 12 were obtained at the U, 8.

Faval Engineering Experiment Station using a rotating cantilever type of

‘teste In this test the range of streas alternates between tension and

compression with each oyole. The test machines are motor driven and

operate at 1500 r.p.m. Values are shown for testas prinoipally at 1350

and 1800°F. As in the tests by Westinghouse, at thess high temperatures
there seems no indioation of an enduranoe limit. For the limited conm=
parisons available to date, it appears that at the higher temperatures,
the fatigue resistance does not fall off as rapidly as the stress-rupture
and oresp properties, soc that these rather than fatigue are the limiting
faotors in design.

Additional tests on other alloys are in progress at both labora-
tories and these will be supplemented in the near future by tests by
NRC=8 at 1200, 1350, and 1500°F. on mmterimls indicated of interest by
the N.A.C.A. and NRC=B programs of tests and not already inoluded in the
surrent fatigue test programs.

Corrosion Test in Air-Sulphur Dioxide Wixture

(Expsriments at U. S. Naval Enrineering Experiment Station)

Samplss of five heat-resisting alloys were subjeoted to oorrosiom
attaok at elevated temperatures in contaot with a sulfur-oontaining gas
by suspending them in a tubular eleotrioal resistance furneoce through
whioh an air-sulphur dioxide mixture was passed at the rats of 150 oo,
per minuts, This mixture oontained 2 to 3 per cent sulphur dioxide by

weight and wag passed through water before entering the furnace. The
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temperature was regulated so that the center of the tube was maintained

between 1475 and 1510°Fs A water jacket was placed around the protruding

outlet end of the tube. Water was oirculated through this Jaoket in order

to ocool the furnace tube at the outlet end and thus oondense the gas.

Samples of the five lllo-ya were also plaoed in the end of the tube

surrounded by the water jacket. The temperature for this location was

about 70°F. Weight differences for the various alloys after 559 hours

i exposure in the test are shown in Table 13.

TABLE 13. RESULTS OF CORROSION TESTS IN
AIR=SULPOUR DIOXIDE ATMOSPHERE

Change in Weight Per Sq. In., = Grame
at Temperature Ranges Indioated
Fe

in 1050- 1325= 1475-
Material Condenser 1075°F. 1376°F. 1510°F.

Hastelloy B =,00616 =,00013 +,0284 .

Ri 68, Mo 25, Al 2.3

Nichrone =,0068 =, 0802 +.0010 =-+0022
N 60, Cr 18

Inoonel =,0104 +.0009 +,0022 =-+0018
Ni 75, Cr 13, A1 1, ™ .7

Timken Alloy =,0007 =+ 0003 - +,0023
Cr 16, Ni 25, Mo 6

K42 B Co 22, -4 0082 =,00045 +.0027 L

Cr 20, Wi 40, T 2.5, Al .4

—
* Tungsten supporting rod stuok in hole = weight changes not obtained.
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These results show no
Baetelloy

mrked

significant attack X00pt in the omse of

"B" whioh for the 1475-1510°F, temperature range exhibi tegq
growth and exfoliation at the edgos.

4n experimental unit for simulating the €8s Jot action of o ges
turbino was alse usod at tho U, §,

Naval nnginooring Experiment Station

for testing blado mterials. with this apparatus, using ghs

dorivod
from the oombustion of o1} as

in the ocase of an actual turbino, 1t 44

Possible to subjeot blades of various alloys to gas temperature ang
veloeity oonditions simulating an sotual installati

on. The tests to
date have been made on Hastulloy "B", Timken 16-25-6, x 42 B, and

ATV-3 alloys using ges at 1350°F, impinging on the blades for 996 hours

ata velooity of 1380 foot per ssoond.

The tests prove tho Hastelloy "p",
whioch ocontains

no ohromium and high niokel, to

be unsuitable for gas
turbino parts subjected to 1350°F,

temperature gas,

The gas causos the
mterial to swell Up and exfoliate at the blade odgo.

The Timken 16-25-4
and the X 42 B alloys withstood the gas attaok satisfao

torily. The ATV-3
alloy (16 cr,

26 N1, 3 W) showed numerous small pits where the

£8s impinged,
Tests are in progress or plannod at 1500°p,

on soveral additional
mterials inoluding Timken alloy,

Hastelloy C, Vitalltum, Gamma Columbiim,
8495, and 5497,

Ressaroh on Chromuu-hmglten Allg_l

This projeot 1a being oonduoted in the

Rosoaroh laboratory of the
Olimax Volybdenunm Company and 1, for the purposo of finding and develop-

of susteining Sensibly greater loads at
than irone,
oould be oxpeoted to sustain,

ing metallio alloys oapable

Semperatures up to 1800°F, niokel, or oobalt-bago alloys
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At the start, alloys of low melting point were exeluded from
consideration and irom~, niokel=, and cobalt=base alloys were already
being studied in the WRC=8 programs Of the remaining clements, the
outstanding metal with respeot to melting point is tungsten. Limi ted
data indicated pure tungsten had geod strength at 1600°F. but not
better than oan be obtained by the best of the well-kmown CreNi-Fe
alloys. Tungsten-base alloys seemed more likely to produce the desired
propsrtics. After due oonsideration, the first alloys were propared
elloying ohromium with tungsten.

In the first trials, mixed tungsten and chromium powders were
melted by resistance fusion in vaouwume Then powdered metal pellets
were melted in vacuum inside a oylindrioal carbon resistor. A sories
of alloys so prepared showed a maximus Viokers hardness of 437 for an
alloy with ohromium 40, tungsten 60.

Further experiments have developed a melting prooedure in the
induction furnsce using rirconia crucibles surrounded by a oarbon
oylinder: All melting and oasting has been dons in & vacuum (1 =mm. Hg
pressure or less )e Nonmetallios have been reduced by the use of Mg
bonded zirconia oruoibles and by dooxidatien of the melts with carbon.
The ohromium and tungsten powders comtained over 0.5 per oent oxygen.
Porosity was sliminated and finer=grained alloys were obtained by
vacuum oasting in big-endeup stesl wolds.

Some qualitative oxidation tests were made in air at 1600°F.

on pure tungeten, pure chromium, sand three Cr-W salloys. The results

are tabulated as followss




:

Oxidation Test, 100 Hours at 1800°F,

Tungsten Badly oxidised after 24 hours
Chromium (0.06% C) 0,00338 g./8q.in. loss in weight
Cr 90, ¥ 10 0.,00860 * * " . n "
Cr 80, W 20 0.,00892 * * " . - "
c> 70, W 30 0.,0233 " % * gain" "

A series of ohromium=tungsten alloys was prspared, machined into
stress-rupture test specimens and submitted to the University of Michigan
for teet. These test specimens have a diameter of 0,160 inoh diameter
with & 1-1/8 inch gage length. The alloys submitted and the data obtained
are shown in Table 14.

All tests were run at 1600°F. and 20,000 p.s.i. except on Heat
¥o. 91 which was at 17,500 pes.i.

When the tungsten contents are below 20 per cent the stress
rupture times are short. Heat No. 178 with 19.,94% W showed & fraoture
time of only 17.0 hours, whereas Heat Fo. 162 with 23.,05% W showed a
fraoture time of 478.5 hours and Heat No. 166 with 23.67X W showed
BB56+3 hours. A test on Heat No. 159 with 26.43% W is still in progress
at 1150 houre and Heat Ko. 169 with 23.207 W 1s still running at 640 hours.

Such fracture times as are shown by these Cr-¥ alloye with over
20 per cent tungsten are outstanding when compared with the values for
Cre=Ri-Fe alloys at 1600°F. The best alloys tested to date at 1500°F. are
the 8495 and 8497 alloys which show & fraoture time of 500 hours at
about 15,000 p.s.i, The Cr-W alloys containirg about 23 per cent ¥ ehowed
about egual fraoture times at a temperature 100 degrees higher or at
1600°F. and at the higher stress of 20,000 pessi. As far as resistance
to fraoture is ooncerned, theee alloys show an outstanding improvement
in properties,
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Their only drawbeck is their lack of ductility. Even in those
hoats with the lower tungsten oontents and with short freoture times,

o the duotility was praotioally sero. It was thought that the introduotion
of iron to replscs a portion of ths ohromium would improve the duotiliiw
but this was not the osse. These alloys as cast are relatively coarse
grained. It is thought possible that oentrifugally cast alloys, which
would be finer grained, might alsc be more duotils ir the stress-rupture
tests.

Equipwent is being assembled to produce oentrifugsl ocsstings in
vasuun, When the eguipment is available, stress-rupture teat speoimens
with finer grain will be prepared. At the same time preparations are
being made to produce in vaouum centrifugally cast Type B 2 superoharger
blades from Cr-W alloys whioh would be tested in a superoharger now
installod at the U. S. Naval Bngineering Experiment Station at Annapolis, |
JMarylend and which will be rn on hot gas formed by the combuation of
o1l as would be used in & gas turdbino.

Resesroh on Tungsten=Rich Alloys

The Verpadium Corporation of Amerioa is also investigating

tungsten=rioh alloys and a number of tungsten~titanium-iron alloys,

tungsten~chromium-niokel alloys, tungaten-chromium-nickel-cobalt alloys,
. snd tungsten-ohromiun-nickel~oobelt-boron slloys have been prepsred. The
ﬁnpolitianl of the alloys preparcd and their hardnesses at room tempers-
ture and 1500°F. are shown in Table 15.

As shown in Tabdle 15, a wide range of oompositions have been

covered, The tungsten-titanium alloys prepared at first did not show
promising hot=hardness values.

e
2

+




syskivm pelavyy (q)
peer +3y 000t (¥)

-92-

| 1 ] 9z°08
19 "1 £yey 0g°02
1 14 Lt 221 fee08
] s2°t 09°3 [ a8 74
17} 29°2 %08
0%z £2°08
o® 892 9902
i8 oz°12
09 99°1 868
1002
£09 ot 2y 148 -
009 o ot 8L°52
s 92 18 od [
ozy 192 29
ez sieog
298 s2°2 98°62
°1%g 2018 *
°1e8 18 z
¥2°08 06°S2
¥6°82 w2
00°02 o00°2¢
992 208  9t°sT
992 L1623 o2l
99°0 LL°62  99°92
8tz 2s°0 86°62 eI°9%¢
°1eg 282 280 0g°ez  si°se
00°2 00°02 0028
09°t TN gTe82
890 TTWD ‘198 = 08°2y
orog o1z Loit
osg 19 o9°e 10°%
osy 39908y oTeg 21°1 00°2L
39809y I 92 48°0%
F143 se0-sy  oTwg 20°01 66°L2
49%0-8Y °ted 99°8 ”nn
0ge 39900V °teg si°L 0L°91
[ 399007 g 08°t 09°0L
98¢ 3980-2Y g £9°2 9912
#se peqouend °1%g 19°y PAL] 14
we peqonend  eyvg 22 gee2e
patedusy
92v Pue perousnyy °tve e 89°81
llewig D [[swieoy __ wiexsys wor3ipues 8 2 € u o 8

*4,009T IV QNV TUAIVELSNLL NOOY IV SSEANNVE W04 Cilsil GEY NOIIVVOSHOD NAIGVAVA If CUIVSNES SIVIN TVIKERINLSII gt TIOV3




«$8~-

The tungsten=chromium alloys with additions of some or all of
niekel, cobalt, titanium, and boron show the best hot-hardness values
at 1500°F, Brinell hardnesses at 1500°F. as high as 475 to 525 were
obtained by Heats AN=22 and AN-23 with about W 30, Cr 30, Ti 2. Heats

. ANa30, AN=30 R, AN=35, AN=45, and AN=47 all show values for Brinell
hardness at 1500°F. over 400.

Efforts are now being oonocentrated on producing oeit spscimens

suitable for stress-rupture testing from those compositions indioated

most promisinge
Effect of Heat Treatment Variables
on Strueture and High Temperaturs
Properties of Heet Resisting Aﬂgxl

Westinghcuse Electric and Manufacturing Company under Projeet

NRC=41 is studying the effect of heat treetment variables on the struoture
' and high temperature properties of the three heat-resisting alloys Timken
18-25-8, Gamma Columbium, end 8495 alloys. Bar etock of the latter two

alloye is available end the work is in progress. The ochemical composition

of the two alloys is as follows:

C ¥Mn 8 Cr ;3 Mo w ch

Gaxms. Columbium o35 .68 52 15.0 25.7 3.88 - 1.68
Heat AS707

8 495 Heat 22788 .48 81 .89 14.0 20,2 3.65 3.74 4.20
Experiments wore made to determine the effeot of solution heat

treatment temperature and time &t that temperaturs on the struoture of

Gamma Columbium &lloy. Table 16 shows the results cbtained. Reorystalli.

sation sterts at 2250°F. and proceeds with increase in temperature and

time at temperature. During reorystallisation there is & complex mixture
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TABLE 16. EFFECT OF SOLUTION TEXPERATURE AND TIME AT TEMPERATURE
ON GRAIN SIZE OF GAMIA COLUMBIUM, HEAT #A9707

Solution z
Treatment ASTM Grain Size No.
ﬁp- . fﬁno,
*F. Hrs. Fine Coarse Mean “
2150 2 100% #8+ = fo+
2250 3/4 50% #8 0% #7 #7.5
: 2250 4 40% §8 607% #6 #7
; 2500 . 20% $3-5 80% 1 #
2370 2 o #7 95% §2-4 #4
2370 4 - 100% #2 #2

90% #3-6
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of grain siszes, whioh 1s indicsated in Table 18 by the perocentage of the
area whioh is relatively fine~grained and of that which {s coarseegrained,
A uniforaly coarsened grain size was obtained after 4 hours heating at
2370°F. and stresg-rupture tests rill be- made on speoimens so treated.
Becsuss oxidation of speoimens heated in air 1s severe above 2250°F,,
a proteotive atmosphere wag used in the heat treatmsnts.

Data on the response of Gamma Columbium to aging after solutionm
treatment have been obtained. The hardness tests were made on transveree
seotions, The dats are shown in Teble 17. It may be geen that there 1is
no signifioant hardening on aging after quenching from 2150 or 2250°F.

A small and typioal reaction to aging is obtained after quenching from
2370 and 2395°F., the hardness inoreasing about 30 points, diamond
pyramid hardness. Maximum hardness 1s reached in a few hours but the
effect of longer aging times is also needed to determine the stability of
the alloy for long-time servioce.

Several stress-rupture tests have been made on Gamma Columbium
elloy given several heat treatments and the data are shown in Table 18,

The rupture time at 20,000 p.s.i. at 1500°F. inoreases moderately with

l the solution temperature as aged efther at 1500 or 1700°F., while the

duotility deoreases. A definlte effect of aging temperature is indioated
sinee the rupture times are lower after aging at 1700°F. then at 1500°F,
This effect seems to be due to the lower hardness resulting from the
higher aging temperature. The inoreased life assoclated with an inoresase
in solution teémperature may be due to ‘either or both of grain coarsening
or of greater inorease in hardness on aging owing to the reprecipitation
during aging of the material taken Into solution which inhibi ted the grain

growth at the lower temperatures. Sufficient test data are not available to

evaluate the relative effeots of grain size and hardness resulting from

-
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TABLE 17. HARDNESS CBSERVATIONS ON GAMMA COLUMBIUM, HEAT #A9707,
AS QUENCHED IN OIL AKND AGED

Solution
Treatment Hardness-DPH - Time to
Temp., Time, As Aged to Reach Max.
°F. Hrs. b J Quenched Max. DPH Bardness, Hrs.

2150 196 200 12
2180 203 206 32
2160 - 203 86
2160 197 209 16

2250 203 220 20
2260 2397 64
2260 - 60
2250 202 16
2250 2417 4

2280 214 2-128
2260 60

2260 201 16

2370 179 8
2370 189
2370 188
2370 179
2370 193
2370 190

23956 196
23986 201
2398 187
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aging on the rupture properties.
Speeimens of Gamma Celumbium are being heet treated at 2350°F.

for 4 hours snd will be tested in stress=rupture for oocuparison with the

L]

tests already run.

This work et Westinghouse has besn started only reeently and @
seon similer experiments will be in progress on all three alloys,
Taken 16-26-6, Oamma Columbium, and S496.

FUTURE WORK

Stress~rupture and oreep properties will eontinue to be ebtained
and amplified on the promising alloys now available and ether alloys seon
to be obtained., Stress-rupture tests with oyclio stress or cyelie temp-
erature or oombirations of the two variables are te be made on & fow
alloys. Similar tests are to be made on the Cr-F and W-Cr=Ni-Ce alloys.
Those alloys of all types indieated promieing are te be presessed into
supereharger blades for insertion and testing in the supercharger installed
at the U. 8. Naval Engineering Experiment Station.

Promising alloys indieated by the tests et 1500*F. are to be
tested in stress-rupture and ersep at both 1350 and 1800°F, Stress~
rupture tests at 1350°F. on all but a few alloys will be oonduoted by i
the Naticnal Advisory Committse for Aeronsuties. Creep tests at 1350°F.
will be ineluded in this NRC test program.

Fatigue test data on all promising alloys will be obtained by
arrsnging for the neeessary teste with Westinghouse Eleotrie and
Manufaeturing Company whenever test data in sddition to those already
supplied by Westinghouse and the Navy are needed.
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Jsperal Fleotric Company is already engaged in determining
danping oapaoity of heat resisting alloys at temperatures up to 1500°F.
Their method 58 so new and the results sre, of suoh apparent interest
°

that it appears desirsble to obtain an independent oorroboration of the
General Eleotrio results. Somewhat similar squiprment is now being
assembled at Battslle Memorial Institute and damping oapacity at 1200,
1350, and 1600°F. will be dotermined on promising alloys.

Bhort~=time tension test properties at 1200 and 1350°F. will be
doetermined and made available Ly the N.A.C.A. Tests at 1600 and 1800°F,
will be mada by NRC=8.

Determinations of ooeffiolent of expansion on N.A.C.A. materials
tested at 1200 and 1350°F. and NRC materials tested at 1500 and 1800°F.
will be made.

Density determinations will be made on all promising N.A.C.A.
and NRC materials not includsd in this report.

The best alloys at 1200, 1350, 1500, and 1600°F. will be tested
for impaot resistance in both the notohed and unnotohed oonditions at
both room temperature and at the various elevated temperaturss at which
load=oarrying ability is promising.

Unnotohed bars are to be tested in impeaot at 1500°F. in two
oonditions; (1) after exposure of 150 hours at 1500°F. to oombustion
produots of fuel oonteainirg tetrsethyl lead and (2) to oombustion products
of bunker "C" fuel 0il burned under gas turbine oombustion oonditions,
Some tests may be made later at 1200°F.

The effeots of stress=conoentrstion on the stress~rupture propere
ties at 1500°F, of N=155, 8495, and Vitallium alloys will de determined,
Tests are to be made with various types of notchas in the gage length of

the stress~rupture speocimens.
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The following oxidation apd eorrosion tests are planned.
In their squipment at West Lynn, Massashusetts, Genersl Eleotrio

1s to run stress-rupture tests on 17 W, Stoody 72 alloy (.10 C, 6 Cr,

PGP MR R *!!'"!"”

82 N1, 17 Mo, 6 W, 4 Co), Vitallium (.20 C, 28 Cr, 65 Co, 6 Me), 61 alloy "
(+40 C, 25 Cr, 60 Co, 4 W), N-1563, K-155, 5495, Hastelloy B (Ki-base with "
’: 26=30 Wo), and X-40 (eomposition not yet availabls). These alloys are to
1 bs rum in sir at & oonstant temperature of 1500°F. and with & oyelic J

temperature of 600=1500°F. while the speeimens are exposed to an atmos-

phere resulting from the oombustion of gmseline eontaining tetraethyl

lead.

The U. S. Steel Corporation is running sowme oxidation tests on

L Y

some of the NRC=8 alloys by heating in alr at 1600°F.

pocomnas =

There 1s a possidility that some tests may be made in an aimosphere
] resulting from the ocombustion of bunker "C" fuel oll in eompressed air.

These may be either witheut lead or leaded for stress-rupture testing.

The possibility ef rumning sueh tests at the U. 8. Nawval Enginesring
Experiment Station will be investigsted.

Yrogressive exidation tests sheuld be run at 1600°F. on all

promising alloys for ocomparison with Timken alloy. The effeots of surface

finish, weld beads (oleaned and uncleaned ), metal oontaot with other oom=

T

position alloys, flat oontaets, wedge eontaets, and preteotive coatings

1 (Cr snd 81) are to be investigated.

The following alloys are to be studied; Timken alloy, 8495, N-158,

Vitallium, 61 alloy, and possibly Hastelloy B. v

This is a researoh jeb. First the conditions whieh produge the

spongy pregressive exidation will need to be determined, and then ocorreotive

measures will be studied.

HCC/1o41M¢kh
April 5, 1943
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