
0 T T AY! A Februsrg 2 i 1945 ^

R El F Q R m

cf the

ORE D-R:sS3IT NG AP'D 11 :TA: LURIi_CAL :1:ADC>RA:nOR= So

ir.vestïgatâon No, 1?62.

PrQliW.nary Report on Investigation into the Influence of
Carbon on the Rat4s cf CAeop of Austonitic Iron-Nickel-

ChrOruiun x11oys of the 35% Nickel 151,.', ^.k^roi+,ium Type
at Tempera ture s above 3.100 0 C. (20120 F,).



Abstract 
mize.--2:=fflon 

even heats of 35% Nickel 1 5  Chromium 

austenitic iron-nickel-chromium alloy, having 

carbon contents varying fram 0,10 per cent to 

0,60 per cent, have been prepared in a 50-pound 

high-frequency induction furnace. eoom-temperature 

reechanical properties and resistence to creep at 

temperatures between 1100° and 1200° O. have been 

determined. Uicrostructures as cast and after 

creep. tests also have been studied, 

It is shown that up to about 0.35 per 

cent carbon the room-temperature ductility is 

not seriourly impaired,.but that above 0,5 per 

cent carbon this type of alloy can be expected 

tc become fairly brittle ,  lt  is also shown that 

the rate of creep at temporatUres between 1100° 

and 1200° C.  ay be expected to decrease as the 

carbon content io increased. The results are 

somewhat tentative as technical difficulties 

in these early torts rade accurate temperature 

measureicent difficult. 
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Introduction. 

The followinc investigation was  conducted for the 

Dominion Vagnesium Limited, of Haley, actario,  the object 

being to determine the relative merits  of  various  austenitic 

alloys rf the iron-nickel-chromium  type  for service in the  

retort castings used in  the production of magnesium by the 

Cerrusilicon reduction process. 

1.2he immediate aim of  the work reported herein is to 

show how variations in carbon content of alloys of the 35% 

nickel, 15 chromium type  influence the room-temperature 

mechanical properties and  the creep rate at temperatures 

over 1100° c o  (2012 °  1;'). 

Description  of Crean  Testing :Lquipment: 

The type of furnace used  foi  the creo9 measurements 

is shown in Figure 1 0  This furnace was developed by the 

National Research Council,  Otfàwa,  which carried out initiu.1 

work in this field. This furnace is heated by four Type 

 globars, 34 in. x 12 In. x 1 in. These bars are connected ir 

series across 22() volts  

Ct7rgii% 1 comprises  Page 2.; 
(Text continues  on  Paie  3 .  ) 
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(Description of Creep !csting ,equinneet e  contld) 

It is a characteristic rf globar heating elements 

that their resietance increases with use. It is also character-

istic that  in no two globare of the same type and size are the 

rate  .and amount of increase identical. In view of this, it is 

evident that there  are certain inherent disadvantages to this 

type of heating. It is poesible for the reeistance of one  of 

the globars  to become greater than that of the others.  This 

will cause  the temperature in the  neighbourhood of this globar 

to be higher than in the rest of the furnace. The resistance 

of the  globara ueed was measured both before and aftsr the  two 

creep  tests conducted. The values obtained are listed in 

Teble  I. The same glotars were not ueed in both tests. 

TABLE I,  - Globar Rosistanco (in alma). 

Globar 	Before 	After 	Before 
Position 	Test Ne. 1  Test No ,, 1 	Test No. 2   

1 	 - 	 0.'78 	1.2 	 1.6 
2 	- 	0.78 	1.1 	 1.6 
3 	- 	0.78 	4.0 	 1.55 
4 	. 	0.78 	1.4 	 1.6  

Al'  ter  
Test  No, 2 

1.9 
1.85 
1.7 
2.0 

An anticipating thermccouples was installed  far the 

first  test.  A diagrim of this  thermocouple is shown in Figure 2. 

Figure  2. 
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ù ,  Control C-' couple. 

*() 
Thermal  insulation, 

DIAGRAM OF ANTICIPATING  THERIJOCOUPLE. 

"Anticipating Thermocouple for Close Temperature Control" - 
by R. L. Longine e  Product "engineering, Jan. 1944 e 	42, 
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(Description of Gree)p Icsting quipment, c•Dilttd 

The control couple in the installation used 

Leeds & Northrup Ray-o-Tube (with micromex  eontrol)0 The 

anticipating couple  consisted of two chrome).-alumel  th=o-

couples. • Cee  of these thermocouples was also  intended  to be 

used  L'or  temperature measurenents, 

This type of  control arrangement gave control  witb.; 

2°  C, of the  mean temperature0 it was  used  for the  first 

creop test.  However, at  the  temperature of operation the 

oalibration of  the chromel-alumel thermocouples  shifte rf'.. badly b  

and before the test  vas corrileted these thermocouples  . J came  

useless. The exact temperature  of the  test  wan therefore not 

kncwn. 

For the seccnd test a  device known as the  nGouy 

Modulatoree  was  installed.  A photograph cf the apparatus is 

shown in  Figure 3, and a diaGram showing the constructi.Dn  end 

electrical  circuit Is shown  in Figure 4. 

Pleura 3. 

1 ohm reststance  cire  

CONSTRUCTION OF 
GOUY MODULATOR„ 

"Temperature, its Measurement  and Control in Science ‘. -nd 
Industry n  Symposium,  November, 1939 ;  American Institut* 
of Physics. Published by Roinhold Publishing Corp., 
Pp.  613-614. 
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(Description of Creep Tenting Equipment, contfd) 

With this equipment the temperature was controlled 

within limits of 	C. During this test a platinum, platinr- 

rhodium thermocouple was  used to measure the  temperature. 

However, this thermocouple became contaminated  due to faulty 

protection and installation, and it was not  possible to deter-

mine the exact temperature of  this test. 

The test bars  used to measure creep are shown in 

Figure  5. These bars have  a nominal length of 2; inches 

(dimension A)  and a diameter of 0.232 inch in the sauge 

length. Dimensions  A and 13 are indicated in Fielre 5. 

A shoulder 'type of  grip was used. Figures 6, 7 and 8 show 

this grip in detail and  assembled on the holder bars. 

Figure_ . . 	 Fi;eure 6. Figure 

PHOTOGRAPH, 
ACTUAL SIZE, 

OF CREEP 
TEST EAR. 

PMTOGRAPH, ABOUT 
1/8 ACTUAL SIZE, 

SHOgING TEST BAR 
AND ROLURS 
ASS14;M3LED AS 
IN TESTING.  

PHOTOGRAPH, ABOUT 
i ACTUAL SIZE, 
SHOINING HUN 
TE3T ?AR 
FITS IN 
HOLD.RS. 
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(Description of Creep Testing jequipment s  centid) - 

Figure 8. 

PHOTOGRAPH SHOWING DETAIL 
OF TEST BAR HOLDER. 

(Approximately size). 
«BRIM 

This. type of holder was used in an attempt te 

facilitate the removal of the test bar after testing. However ;  

it was found  to be impossible to remcve the test bar even from 

this holder. The  grips muet  still  be remelted from the fur-

nace and this  necessitates taking the roof off the furnace 

after every  teet. 

In the original tests eonducted at the National 

Research Council s  thC test bar ends were threaded and fitted 

into holee drilled  and taPped in the ends cf the holder bars. 

It was Impossible  to remove the bars from theee holdere after 

a test ;  thereby necessitating the use of new holder bars for 

each test,  In view of the difficulties encountered with the 

new type of  grip used for the tests conducted here e  it Is 

considered  advieable to return to the original elethod, He:.der 

bars will be cast  in our own fcundry as required. 

The  creep  is  determiiied by measuring the distance 

between reference  narks on the upper and lrwer holder bare 

above and below  the furnace, These measurements are made 

with a  eathetometer, which is shown In Fleur° 9. 

(Ccntinuéd on next page) 
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(Description of Creep Testing Equipment, conttd) - 

Figure  9.  

CATHETOMLTER. 

(Approximately 1/10  actual size) 
«1111011•111•■• 

leelL1L-91-112L_EML: 

Seven heats  of  alloy wore prepared in a 50-p ,:und- 

capacity highmfrequency  induction furnaoe. These a11c:7Î 

were melted without the addition  of flux. Calcium sir_on 

was used as a deoxidizing agent, Uxty Grais cf this wus 

added to each heat. No  aluminiun was used. 

Tho charges were  ide  up of  swap  natal of t.:le 
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(Casting of Test Bars, contld) 

allproxinate analysis required; high-carbon and low.carbon 

ferrechromiuto adjust the carbon content; electrolytic 

:;ickel and nickel "F" shot, also used  in the proper propor-

tions to  cive the  desired carbon and silicon; boiler pinte 

scrap;  and, where nea.zssary, ferrcsilicon and ferromanganese. 

The  analyses of  the heats produced and  their 

temperatures are .;ivein in  Tublc It. 

TADT.i!:  II Analysis and Casting  Tem  eratvre 
of eIloys Froduce  

10 	- 0.10 
11 - 0.17 
12 - 0.30 
13 - 0.37 
14 	- 0.54 
15 - 0.60 
19 - 0.20 

2.1C 
1.14 
1.16 
1.40 
1.51 
1.25 
1.51 

1.08 
1.26 
1.08 
1.27 
1.27 
1.50 
0.67 

17.80 
19.44 
18.40 
19.95 
21.42 
19.44 
18.49 

37.58 
37.17 
37.54 
38.84 
38,55 
38.52 
39.23 

15...- 
159<e 
1466 
1610 
1560 
1532 
154j 

The  design of the test bar used is shown in Figure 10 

All test bar  catin gs were radiographed before machininr test 

bars from them, in order to be assured of thair teundnees. 

colîiFIeen 
(Text continues on Page 10.) 
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X100. X1500. 
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"As Cast" Microstructure: 

The "as cast e '  microstructure of threse alloys is  . 

shown in Figures 11 to 24, inclusive G  These photomicrorsphe 

were taken at magnifications of 100 and 500 diameters, with 

the exception  of Figures 14  and  16 whi(:h were taken at a 

magnification  of 1500 diameters. 

EIEM-1-11Q 	 ;C£1..we 120 

ALLOY NO. 11,  AS  CAST. 
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VAS Cast ?' Iecrostructure e  cont ,  

Fi4ure 15, F17ure 16. 

ALLOY NO. 19, AS GAST, 

Figure 1'7. 18. 
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-("As Cast" biioroatruoture, cort +d)
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Room Tealperature Mechanical Piser1/21:  

Standard tensile test bars, 0,505 inch in diameter and 

having a 2-inch gauge  length,were prepared from each heat.  Theue 

bars were pulled at room temperature .  The raeulte obtained  are 

given in Table III,below.  A second bar was pulled from Heat  No, r 

since the results of the first bar seemed to be out or line. 

-TABLE  Ili, - Roomeemperature Mechanical Properties. 

Carbon s  
per 
cent 

Ultimate 
tensile 
strength, 
---,----- 

0.2 per cent 
nroof 
strose, 
P• S °Jo  

Elongation Reduction 
in two 	in area s  
inches 0 	per 

per cent 	cent 

- 0.I0 
- 0.17 
- 0.20 

12 	- 0,30 
13- 0.37 
14 	- 0,54 
15 	- 0.60 

72,500 
73,000 

 53,000 
65,700 
74,000 
72,000 
68,100 
65,700 

29,500 
33,800 
31,200 
32,500 
35,000 
33,000 
32,100 
33,000 

48.5 
27.0 
10.0 
1/.0 
24.0 
17.0 
8.0 
6.5 

37.0 
30.5 
13J5 
19.0 
25.0 
19.0 
7.0 
400 

These  data are shown graphicall7 in Figure 25. It 

is apparent that, with the exception of Heat No, 19, there is 

evidence of a  relationship between roam-temperature ductility 

propertioe  and carbon content° 

Figure 25. 
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CREJC   UST  NO. 1. 

One test bar frem  each of the heats shown in  Table II 

was  tested under a stress of 500  pounde per  square  inch for  a 

peried of 600 hours. As  previously peinted  out, an accurate meas-

urement ef  the  temperature throueout this test was  not 

obtained,  but  it is known that the temperature was over  1100° ee 

(2012 °  F.). 

The typo of test bar  shown in Figure 5 was  ueed . 

laasurements taken on these bars before and after test are 

shown in Table IV. 

TABLE IV. - Test Bar Dimensions  efore and After  Test. 

et Bar 	 DIrENSION "A" , 	DMENSIor  "B"* 	  

No. 	Diameter  Before After Difference Before  Afre-Drnerence 
-.In 	Inches. 

	

10 - 0,252 	2,531 2,828 0.297 	3.298 3 3571 	0.273 

	

11 - 0.252 	2.523 2.580 0„057 	33286 3.338 	0.052 
12 	- 	0,253 	2.566 2.692 	0.126 	3.330 3.457 	0.127 

	

13 - 0,251 	2.459 2.558 0.099 	0.246 3.e42 	0.096 

	

14  -  0.251 	2.487 2.545 00058 	3.240 3 3308 	0,068 
15 	- 	0.252 	2.478 2.510  0.032 	3.245 3.282 	0,037 
19 - 	0,252 	2,494 2.716 	0.222 	3.261 3,493 	0.273 

• See Figure 5 for dlnensions. 

Since the increaaes in 'A" and  "Bn  are about  the 

sanie,  it la  essumed that all elongation took place  in the 

reduced portion of the  bar and that the differencee in those 

two increments  are  merely due  to error in meaeuring.  These 

measurements were taken with  inaido callIpers These  two 

increments have r  therefore, been averaged and the  result is 

ehawn as a ner cent elongation of the original dieeonsion  "A" 

in Table V. 

(Continued rr  next page) 

8•11 



iage. 15 - 

• 

0.285 
0.055 
0.227 
0.12/ 
0.098 
0,063 
0.035 

11.26 
2.18 
9.13 
4.90 
3.98 

1.41 

(Creep Test No. 1 0  conted) 

TABLà:  V.  - TqI11.2,1122:12ticAlLyér  Cent Elnuaticn 
and Carbon Content. 

Teat 	Carbon 	Dien:lion "An Average total Total 
Bar 	Content, 	before test, 	elongation, 	e1onE;ation 5  

inches 	inchpe 	_2112_11.2I1L_ 
10  - 	0.10 	 2,531 
11 	- 	0.17 	 2,523 
19  - 	0.20 	 2.494 
12 	- 	0.30 	 2.566 
13  - 	0.37 	 2.495 
14  - 	0.54 	 2.487 
15 	- 	0.60 	 2,478 

r•••■■.«...mese. 

The measurements of creep taken during the test are 

ahown Graphically in Figures 26 and 27,  They are plotted atà 

percentage of elongation against time. 

Tho rate  of creep, in per cent elongaticn per hour, 

was determined from  the slope cf the straight portion cf the 

curves in Figures 26 and 27. These are tabulated againnt 

carbon content  in Table VI: 

TABLE VI, - Rate  of Creep vs. Carbon Contente 

Test  . 	Carbon 	Rate of Creep 5  

	

Bar 	 Content, 	per cent 
21.E..29.1e 	per 'flour  

	

10 	 0.10 	 0,0255 

	

11 	 0,17 	 0.0038 

	

19 	 0.2e 	0.0168 

	

12 	 0,30 	 0.0123 

	

13 	 0.37 	 0.0000 

	

14 	 0,54 	 0.0046 

	

15 	 0,60 	 0.0030 
Maler......aelm.«.............. .••■••••••••■••■■■•■■••■••■•■•■••••■•••••■•■•••••••■•••••••■••••■•■•••••••■■••■■ 

(Flgures 26  and 27 follow, ) 
on Pages  16 and 17. 	) 

(Text continues  on  ?are  18 3 ) 
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(Creep Test No. 1, contld) 

Figure 27. 
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(Creep Test No. 1, COntld) - 

The data given in Tables V and VI are shown graphf.- 

cally in Figure 28 in which rates of creep and total elongati 

are plotted on a logarithmic scale against  per cent  carbon 

which is plotted  on an arithmetic scale. 

21613.m_28 , 

«Me 

At the end  of  500  hours the test was terminated. 

The power was shut off and the  furnace allowed to cool downc 

When cool the 

were then  eut out of the gauge-length for metallographic 

examination. Famples were also taken from the gauge length 

for chemical analysis, to check  on the total carbon loss. 

The results of this analysis, given in Table VII, show no 

very great less or carbon 0  

(Continued on next  page) 
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(Creep Test No. 1, corted) - 

yAfiLE VII.  - Carbon Content efore  and After Test,: 

Teat Bar 	Carton, per cent Carbon, per cent 
before test 	after test   

le 	- 	0,10 
11 	. 	0.17 
19 	- 	0.20 
12 	- 	0,30 
13 	- 	0.37 
14 	- 	0.54 
15 	- 	0.50 

•••■•■•■ 

0.07 
0.19 
0,10 
0.29 
0,33 
0,50 
0.59 

The microstructures obtained on the specimers cut 

from tho bars after  the test are ehown in Figures 29 to 42, 

at magnifications of 100 and 500 dlametera. 
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(Creep Test No.  1,  conttd) 
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 (Creep Taut No. 1, conttd) 

TEST BAR NO. 14, STRUCTURE 
AFTI1R CREEP TEST. 

Figure 41. 
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TEST EAR  NO. 15, STRUCTURE 
AFTER CRESP TEST. 

mhese structures all show two types of oarbid ,3 

constituent. There are the large, massive carbides and very 

small carbides such as might be formed by a precipitatl'an 

treatment. It is possible that these fine carbide par'Acles 

did precipitate while the  test bars were cooling in the 

furnace. To determine whether or not this was the case 

additional specimens were cut from the  test bars used in 
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(Creep Test No, l e  contld) 

this teat, These were heated to 1180° 0, (2156° F.) for a 

period of 24 hours and thon vater-quenched The rrIsultont 

structures are shown in Figures 43 to 52 e  which are photo-

micrographs taken at magnifications of 100 diameters and 

500 diameters,  - 

Figure 4. 	 Figure 44, 
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(Creep Test No, l e  cont , d) - 

Figure  47, 
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TEST BAR NO, 12, WATER-!QUENCRED 
FROM 1180° C. AFTER CREL2 TEST. 
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(Creep  Test No. 1 0  conttd) - 

Figure 51. 
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It will be noted that  this  heat treatment has 

eliminated this fine carbide constituent It is  therefQre 

reasonable to assume that these fine carbides were  precipl- 
. 

tated while the teet bars were  cooling  in  the  furnace.' 
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CREEP TEST NO. 2. 

Creep  Test  No, I was  duplicated,  The same  type uf 

bar was ueed. The Gouy modulator Wia.3 used to give  finer  tem-

perature controlo nmd a platinumpplatinum-rhodium thermocouple 

was welded onto one of the bars for temperature measurements, 

Owine to contamination cf this couple, the temperature varied 

considerably during the test and.it  was  impossible  to determine 

the exact temperaeure of test. At 239 hours it was ()balms 

that the temperature had become higher than desired, an.J. it 

was therefore reduced by some 80' CO 

The percentage elongation  as  determined from the 

eathetometer readings is plotted against timo in Figuree 53 

and 540  It will be noted that-there are two sharp chaeges 

of slope common to all curves. These occur at 89 hours and 

239 hours. At the latter time the temperature was purposely 

changed. It  is  assumed that another sharp temperature change 

occurred at 89 hours. Accordingly :  this test is divided into 

three periode and rater of creep have been calculated from 

Figures 53 and 54 for each of these periods .  These rates are 

recorded in Table VIII, 

TABLE VIII.  - Rates of Creep vs. Carbon Content ;  
zfejo  Test  No 2. 	---- 

.1.••••■•••••■•• 

10 - 0.10 
11 	- 0.17 
19 	- 0.2C 
12 - 0,30 
13 - 0.37 
14 	- 0,54 
15 - 0.60 

0.0441 
0.0386 
0,0458 
0,0256 
0.0106 
0.0158 
0.0182 

0.0919 	 0.0148 
0.1530 	 0,0259 
0.1104 	 0.0195 
0.0526 	 0,0089 
0 0 0366 	 0,0096 
0,0290 	 0.0049 
0.0326 	 0,0055 

These values are plotted on a semi-logarithmic 

chart e  in Figure 550 

(Figures 53, 54 and 55 follow,) 
( on Pages 26, 27 and 28. 
(  Te;:t continues on Page  2. ) 
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(Creep Test  No  2p cont , d) 

ne£251 0 

Rate of Creep va, Carbon Content. 

1.11•Igeneeealiffl.0.11 

DISCUSSION OF  RESUEVS: 

(a)Remarks on Furnace  Desiden  -  • 

It has been pointed out that Inequalities of 

temperature are to be expected, owing to the characteristic 

behaviour of globar elements. These inequalities aan  be 

minimized to a certain extent by matching globars according 

to realstance, before every test. However, to obtain a 

high refinement of temperature uniformity, each globar should 

be supplied _from an individual variable tap auto transformer 

so that an even distribution of power input cari  be maintained. 

The  necessity of doing this can botter be judged after  a 

number  of tests 'lave been conducted using thermocouples on 

each test bar.  • 

(b)Roomemperature Mechanical 119£ertim  - 

The roomi-temperature mechanical properties o!' Heat 

No, 19 seem to be out of line with the rest of the heats, The 

chemical analysis has been checked and found to be correct, 

It is possible that the difference in micrcstructure e  as shown. 
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(Discussion of Results, cont ,d) 

in Figures 13,  14, 15 and 15, may be the reason for this. 

Apparently, variations in carbon content have little 

effect on th  s ultimate tensile ctrength and C o2 por cent . proof 

stress of this type of alloy but do have a marked effect on the 

elongation and the reduction in area. From Figure 25 it would 

appear that a carbon content above 0,4 per cent might result 

in a custins not quite as toue as le desirable. 

(c) 	pTests ° 

The results of Creep Test No  1 are very satisfactory, 

with the exception of Teat Bar  No  11. The only possible 

explanation of the aralogoun behaviour of this test bar Is that 

its temperature was lower than that of the oth • r bars. This is 

partially substantiated by the microstructure as revealed by 

Figures 31 and 32. 

Creep Test No. 2 wile, on the whole, very unsatisfac-

tory, awing to technical diffioulties ariaing in temperature 

control and measurement. An attempt has been made to place 

sosie  logical interpretation on the results. It is evident that 

they do, in a very rough qualitative manner, =CI= te  trend 

shown by Creep Test No. 1, but the lack of uniformity !.n them 

leaves much to be desired. 

However, in spite of these irregularities, it is 

felt that the results from both tests do ehow that carbon 

content does influenle the rate of creep of the 35% Nickel 

15% Chromium type of austenitic alloy at temperatures above 

1100 0  C. Higher carbon contents apparently produce lewer rates 

of creel). 
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GENERàL CONCLDSIONS ANL R£COMMUNDATIONS: 

It is indloated, from the work to date ,  that retorts 

cast from a 35% Niekel 15% Chromium type oe alloy having  a 

relatively  hi  gh carbon ccntent should es expected to deform 

leas rapidly than retorts cast in this alloy having a  low 

carbon content« This is . more or less in line with  the  trend 

shown in Figure 3 of Report of rnvestigation N0 0  1415, dated 

May 26, 1943, which was a survey of retort records up ee 

May 12, 1.943. 

Prom the point or view of welding and repairing  these 

retorts, it is not desirable to have the metal tco brittle. 

Brittle metal could result in cracks from thermal sbmck in 

welding or  mechanical shock of chipping before welding. 

For this reaeon, therefore, it is recommended that 

a carbon content of 0.30 per cent to 0,40 per cent, with a 

maximum cf 0,45 per cent, should be expected to result in 

retort castings that would have improved performance. 

FUTURE PLAN: 

The design of the test bar has been altered. The 

critical dimensions cf the gauge length and diameter  have  ber 

 maintained but threaded grips will be used in future. 

Improvements will be made in temperature measuring 

technique. 

It is intended to conduct a third test, ueine the  . 

same eries of bars previously used. Follcwing this, a program 

has been prepared to determine the influence of chremium and 

nickel variations over the range of 10 per cent te 30 per cent 

chromium and 1C per cent te 40 per cent nickel. This wM 

reveal which c2 the two main types of alloys now being used 

for these retorts is the better. The number cf alloye required 

to cover this range has been reduced te 28. 

A ehert erogram Las also been initiated to study 
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(Future P1ans 9  cont ,d) 

quantitatively the effoct of carbon content between  the ranges 

of 0.1 par cent to 0.6 per cont on the susceptibility  of the 

35% Nickel 15% Chromium type of alloy to cracking from  thermal 

shocks due to welding. 
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