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above 1100° C.  (2012°  F.). 

Introduction: 

This project was initiate at the reqaest 

Dominion  Magnesium Limited,. of Haley, Criteria, tre det.3rmine 

the relative merits of various austenitic a4loys or the iron-

nickel-chromium type for service in retort castings used in 

the  production of magnesium by the forro-siliconreduztion 

process. 

.• 

Tàe immediate aim of the  work reprted herein is to 

sh ,1 how earietions  in nickel and chromium cont4,nt 

roœe-temperature mechancal properties  and  creep rate  at 

, temperutures  over 110=.2 (J. 

O 
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Description of  Test_u_faut.-.121Lejat: 	 • 

The equipment in use vas fully described in Repert 

of Investigation. No ,  1782. Two furnaces are now in uae. 

The limitatica of the equipment is that it is not 

possible to maintain all test bars at the same temperature. 

A temperature efferencs of as much as 12° C.(21.6° F.) 

bebween hot and cold bars has been measured. 

Temperatures ror these testa were measured with a 

Lecds & Northrup optical, potentiometer type, pyromeer. 

The test bar design haa been changed to threaded 

ends (see Figure 1). A new set of holder bars is cast for 

eh test. 

3 meitcs 

TEST BAR USED FOR CREEP TESTS. 

1•I•1 

Chénuical  Analyses  of Bests Tested: 

Sixteen heats of alloys were-cast into test bars. 

The standard tensile test bar of the Alloy Casting Inatituo 

WR3 used (see  Figure  2). The analyses of these alloys are 

glen in Table I. It was the intention to maintain zarbon 

cc.nstant at 0.30 per cent. 

(Continued on next page) 
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(Chemical Analyses of Heats TestuL, contld)  - 

TABLE I.  -  Chemical  hnj11,1.111. 

: Carbon 	:  Silicon  :  Manganese  :  Chromium  : 	Nickel  __-_ 
A11o7  : 	 ... 	

• . 	 - . 	
,......   

No. 	:Nomi- Actual:Noml- Actual:Nomi- Actual:Nomi- Actual:Nomi-  Actual 
:  na]. 	: nal  ' 	:  na]. 	: na]. 	: nal 

:=Orgiceo==e1=M111Reit 

- Per Cent- 

21 	0.30 0.33 	1.05 1.37 	1.05 1.08 	10 	11.25 	10 	10.23 
22 	.30 	.30 	1.05 1.31 	1.05 1.08 	10 	10.47 	18 	18,01 
23 	.30 	.26 	1.05 1.46 	1.05 1.03 	10 	9.60 	25 	23,e6 
24 	.30 	.25 	1.05 1.47 	1.05 0.97 	10 	10.47 	30 	29 9 6 
25 	.30 	.24 	1.05 1.51 	1.05 1.02 	10 	10.64 	35 	34.62 
26 	.30 	.31 	1.05 1.52 	1.05 0.95 	10 	10.46 	40 	39.69 

27 	.30 	.29 	1.05 1.35 	1,05 1,12 	15 16,78 10 	10.96 
28 	.30 	.29 	1.05 1.27 	1.05 0.99 	15 	15.22 	18 	17.77 
29 	.30 	.22 	1.05  1.44 	1.05 1.02 	15 	14.96 25 	24,84 

213 	.30 	.14 	1.05 1.24 	1.05 1.06 	20 	19.98 	10 	10,70 
214 	.30 	,24 	1.C5 1,22 	1.U5 1.03 	20 	1946, 	18 	17.77 
215 	.30 	.17 	1.05 1.26 	1.05 1.11 	20 	19.72 	25 	25,32 
219 	.30 	.30 	1.05 1.60 	1.05 1.03 	25 	24.48 	18 	17,(J5 
220 	.30 	.28 	1.05 1,51 	1.05 1.03 	25 	24.30 	25 	21“ .7;0 
.224 	.30 	.29 	1.05 1.40 	1.05 0.99 	30 	27.94 	18 	1753 
225 	.30 	,32 	1.05 1.48 	1.05 1.03 	30 	25.43 	25 	220;i0 

nzlnazanws 

«MOM 

(Figure 2 comprises Page 4.) 
(Text  continues on  Page 5,  ) 
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Room-Teue2ature Tensile Tests: 

Tensile tests were carried out on standard :J.505- 

inch-diameter test bars prepared from each heat. The  results 

are shOwn in Tablé II I,  

TABLE  II. -  Room■Tempture  Tensile  Te9t3.  
,-..mfmrerc====1:  

Alloy :Ultimate  Tensile :0.2% Proof :in  2 Inermehaduction in 
2).„1 ent.122. 3.  :Stress>  p.s&i.:per  cent :Ares.L_Rfellent 

	

21 	 71,700 

	

22 	 76,800 

	

23 	 68,000 

	

24 	 65,000 

	

25 	 69,000 

	

26 	 63,500 

	

27 	 70,500 

	

28 	 68,700 

	

29 	 74,900 

	

213 	 74,500 

	

214 	. 	75;200 

	

215 	 76,500 

	

219 	 66,800 

	

220 	 66,000 

	

224 	 63,200 

	

225 	 70,400 

40,500 
33,000 
33,503 
33,700 
36,700 
42,300 
39,300 
35,200 
35,300 
36,500 
36,500 
36,000 
34,U.00 
34,500 
37,500 
38,700 

23.0 
46.0 
24,0 
20.0 
20.0 
8.0 

25.0 
20.0 
24.0 
35.0 
26.0 
25.0 
14.1 
15.5 
9.5 

14.5 

27,3 
47.0 
320 
23,5 
20.5 
8.5 

29.0 
305 
25.0 
31.5 
28.5 
24.5 
16.1 
15,0 
11.0 
11,5 

"As Cast" Microstructure 

Typical  "as  cast" microstructures are shown in 

Figures 3, 4  and 5. 

(Figures  3 to  5 follow) 
(on Page  6.  Text is ) 

(reaume..L.MLIM2. 7s ) 
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Figure   Flijure 

X200, etchr)d in 
Melia's reagent. 

ALLOY NC. 24.  

X200, etched in 
Melia's  ragent ° 

ALLOY NO. 29. 

X20, etched in 
Vilellals reagent. 

m.,,LOY. no. 225. 
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CIE?  TESTS: 

Creep  tests have been conducted on these alloys  at 

a  temperature  of approximately 1170°  C. However, sine  actual 

temperature  differencen of as much  as  12° C. between  •ifferent 

test  bars have  been  weasured  in the  same furnace, it is 

Impossible  to state an exact test  temperature. The applied 

stress was 500  pounds per square  inch. 

The  results of Creep Tests 'Nos. 4, 5, 6 anc7 7 are 

given  in Table III axed Figures  6, 7, 8, 9  and 10. 

TABLE  II1.  - preep  Test  

Alloy Life  of  Bar, 	Total Elongation at 
No. 	hours   End of  Test  ver cent 

Creep  Test No. 4. 

	

21 	0 	 -- 

	

23 	17.5  

	

25 	23 	 3.12 

	

26 	23 	 2,34 

	

27 	72 	 6,54 

	

28 	10 

	

29 	167,5 	 12,54 

	

215 	Unbroken after 	 20.83 
500 hours. 

qe22221.APAJI2.1_1- 

	

22 	19 

	

24 	43 	 4.43 

	

213 	92 	 9.68 

	

214 	139 	 16,54 

	

219 	Furnace 	 17.49 

	

220 	failed 	 11.79 

	

224 	after 	 17.06 

	

225 	400 hours. 	 12.81 

Cree 	 6. 

21 	1/4 
22 	19 
23 	19 	 2.86 
24 	67 	 7.14 
25 	-- 	 -- 

OM  MP 

1m.  OM 

26 	67 
27 	19 
28 	43 

Creep  Test No.  7. 

29 	263 
213 	215 
214 	145 
215 	167 
219 No fracture  in 500  hours. 
220 	It 	9 

224  n 	n  
225 	9 	9 	9 

9.97 
3,59 
5.42 

26.64 
19.48 
15.99 
24.70 
30.08 
31.61 
32.01 
35.16 

tereiamiszaateratemeerrfflas 
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(Creep Tests, contld) 

In an attempt to illustrate the effect of fncreac-

ing the nickel content while holding the chromium content 

constant, Tables rv to VII are presented below: 

TABLE IV. - Creep Results of 10 Per Cent Chromium_AlLILI 
with Varying  riumi1  eiT7 

	:Chromium,: Nickel,:T/Mp_gOLylteelgijielq:ELUNGATICN,  PEe557-  
Alloy: per 	: per : -Téi-t-TWii7---Flre-it7---:-TWif-77;st :Tesf--  

110. : cent 	: cent  :No. 4 • No. 5 : No. 6 : No. 4 :No. 6 :No. 6  

Alloy: per 	: per 
No. : cent 	: cent 

TABLE V.  - 

Ffire WMACTIMÈ 
: Test : 

ent :No.  4 : No. 6  : 
.....-mmummmmmm-mm 

Results  of  15 
with Varyin  

Results of 15 Per Cent Chromium  Alloys, 
flickel  Content. -71-/ES-Wirvnel 

"WPRÂCedb, HOURS:ELONGAfrUZ-PER CENT 
Test 	: Test :'est :Test 
No. 7  : No. 4  : No. 6:No. 7 'Os/. yeuvo • 

MICJIMMICIMMICICRAW■1111MMI 

TABLE VI. - Creep Results of 20 Per Cent ChromiunAlloys  
with Varying,Nickel Content. 

----  :Chromium,: Nicke.,:   1th.  t 	AC1:1_1  HO 	ONOA 
Alloy:  per 	:  per 	: Test-  :  Tesf--i-Test 

:  cent 	:  cent  :No.  4  : No.  b  : No. 7 : No. 4 - No. 5:No. 7 
=WOMMIM 	 40111» 

213 
214 
215 

19.98 
19.46 
19.72 

	

10.70 	 92 

	

17.77 	-- 	139.0 

	

25.32 	No 
fractime. 

215 	-- 	9.68  19 0 48 
143 	-- 	18.64  15.99 
167 	20.83 	-- 	24.70 

TABLE VII. - 2£1322_Hesults  of 26 Per Cent  to 28  for  Cent 
,Mde■••••IMMe 

Ai1oy2 viltfilVaulng   Nfan--nntent.  emetmettor•ma....emem■•••■••■•■ •.......... 

î:'C.Zrlp:Nickel,Tuo.Wtf7:N7eebTZT:--1170àr;-nh%EP,  P2R 
Alloy:  per 	: per : 400 HOURS, ÏER CENT: 	 HOUR 
No.  •  cent 	.  cent :W77C-fo-7.1:f;iT-Wo 

17,5 
11.75 
11.2 

	

•  219 	24.48 	17. 0  

	

220 	24.30 	21.90 

	

224 	27.94 	17.35 

	

225 	25.43 	22..10  

	

24.8 	0.4)41 

	

>2.0 	0. 029 

	

26.5 	0.043 
15.5 0.032 

0.062 
0.055' 
0.066 
0.039 



.lim■ 011. .11. ■10. gle 

114. aà■ 1111111 19 72 
21.5 ONO emu am 92 4111,  

	

21 	10.23 	11.25 

	

27 	10.96 	16.76 

	

213 	10.70 	19.98 

dab  AIM. 

6.54 	3.59 	-- 
9.68 --  19.48 

21.5.99 

26.5 

elIMM 

dim ■ 

■ M 
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(Creep Tests, conttd) - 

Tables VIII to X are intended to  illustrate the 

effect of increasing chromium While holding  nickel constant. 

TABLE  VIII - Cree  z Results of 10 Per Cent Nickel Alloy  
with Vârying  Chromium Content. 

:  Nickel, eammttm4:TIME  TO FRACTUREA_HOURS:SLONGATION,  PER CE1 1i---  
Alloy:  per 	: per 	:Test :Test-il-ffl- :Test -;Test  :Test :Test  :Test 

No. :  cent 	: cent :No. 4:No. 5:No ,  6:No. 7:No. 4:No. 5:No.  6:No. 7 

TABLE IX.  - CreeResultsofl_ CentNickelAllo 
th arying  Chromium Content. 

---H=N10 «.- 312W:11CTURE, H0uttele==1212PrIE:::  
Alloy: per 	:  per 	:Test :Test :Test :Test  :Tisà-it- iireat:-Té-ati-Test 

No. 	cent 	: cent :No. 5:No. 6:No ,  4:No. 7:No. 5:No. 6:No. 4:No.  7 

22 	18.01 	10.47 19 	19 ml• 

	

s  28 	17.77 	15.22 	43 	10 	-- 	5.42 

	

214 	 •  17.77 	19.46 139.0 	 -- 	143.0 16.54 	-- 

	

219 	17.05 	24.48 	No fracture. 	17.5 	-- 

	

224 	17.53 	27.94 	No fracture. 	17.2 	- - 

TABLE  X.  - Creep Results of 25  Per   Cent Nickel Alloys,  - 
with Varying_Chromium  Content. 

a■-■•••••••■•■• 

ckeieunrom 
Alloy: per  : per 
No. : cent  : cent 

	

23 	23.86 9.60 

	

29 	24.84 14.96 

	

215 	25.32 19.72 

um.:TIME 	TO FRACTURE,  H0URS:g42t)NGLI±±2_,m2_,..22.m_mttne______  
:Test :Test :Test  :Ter:Tiit-iTiiE-TTiit-ïTè3t--  
:No. 4:No. 5:No. 6:No.  7:No. 4:No.  E:No.  6:No, 7 -.;:amemimati=mr== 

17.5 	-- 	19 	-- 	4.48 	-- 	2.86 	-- 
1675 	-- 	263  12.54 	-- 	--  26.64 

No 	 167  - 20.83 	-- 24  70 

.1•■•••■ 

••■ 

«ID ••• 

220 	21.92 24,30 
225 	22.40 25.43 

frac- 
ture. 

No fracture. 
No fracture. 

-- 11.75 
-- 12.8 

--  22,u 
-- 15.5 

The  data given in Tables IV and  VII are  shown graphi- 

cally  in Figure 11. The data given in Tables  VIII to  X are 

shown graphically  in Figure 12. 

(Figures 11 and 12 ) 
(follow,on Page 13.) 
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DISCUSSION OF RESULTS: 

It wae noted that the test bars that contained  only 

10  per cent chromium oxidized very readily  at  the  test tempera-

ture of 1170° C.  (2138°  F.). *  However, retorts of 15 par cent 

chromium, 35 per cent nickel have Shown excellent oxidation 

resistance  when exposed  to  a  normal air atmosphere at this 

temperature over  periods  as  long as one year. It is therefore 

evident that to give adequate  protection against oxidation in 

a normal air atmosphere at temperatures over 1100° C.(20120  

at least 15 per cent chromium is necessary. 

An examination  of the data as arranged in Tables 

IV to VII,and as depicted graphically in Figure  6, shows  that 

nickel has a'strengthening effect. With 15 per cent  chromium 

present, as the nickel increases from 10 per cent to  25 per cent 

the life of the test bar increases. However, even  25 per cent 

nickel in conjunction with 15  per cent of chromium  le  not 

enough to satisfactorily strengthen the alloy.  Since  35 per 

cent nickel in conjunction  with  15 per cent Chromium does give 

an alloy that behaves satisfactorily in the retorts in the 

Pidgeon magnesium process, it would be a reasonable essuiption 

that in the presence of 15 per cent chromium at least  35  per 

cent nickel ie necessary to impart the required strength  to 

the alloy. 

The data as  arranged in Tables VIII to X and shown 

graphically in Figure 7 show  that as the chromium is inorease 

less nickel is required to give the alloy satisfactory  strengb.. 

However, the strengthening effect of increasing nickel is  etiil 

In evidence When  the  chromium content is  in  the  range of  24  -px,  

cent to 28 per cent, as  is evident in Table VII. Alloys Nos. 

219 and 224 show  a higher creep  rate than do Alloys  Toe.  220 

225. The extra chromium in Alloy No. 224 does not •eem  to 

have  any beneficial effect here.. However, the higher. nickel 
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(Discussion of Results, cont , d) - 

in Alloys Nos. 220 and 225 seems to stiffen the metal con- 

eiderably. 

CONCLUSIONS:  

1. Chromium must be present in excess  of 15 per 

cent  in nickel-chromium austenitic steele to give satisfac-

tory resistance to oxidation at temperatures over 11000  C. 

(2012°  P.) in a normal air atmosphere. 

2. Increasing chromium above 15 per  cent inoreseee 

the reaistance to creep. 

3. Increasint: nickel increases reeistance to creep . 

 With 15 per cent chromium, 25 per cent nickel is not enough 

but 55  per cent nickel gives good strength at high  tempera-

turcs.  

FUTURL  wow 

To round out the phase of the work that his to do 

with the variations in the nickel-chromium ratio of the nickel-

chromium austenitic alloys, and in an attempt to determine 

whether the 28 per cent chromium, 20 per cent nickel alloy 

or the 35 per cent nickel, 15 per cent chromium alloy is 

better for applications at temperatures above 1100 °  C. 

(2012°  P.), a test will be run ueing Alloys Nos.  12, 13, 19, 

220 and 224. Nos. 12, 13 and 19 are of the 55 per  vent nicke:, 

15 per cent chromium type and Alloys Nos. 220 and  224 are of 

the 28 per cent chromium, 20 per cent nickel type. 

It is not considered expedient at present to 

investigate further the effect of variations in the  nickel-

chromium ratio on the propertiee of these alloys at tempera-

tures over 500 0  P. 

The next stage will be to inveetigate the  effect of 

silicon on a 35 per cent nickel, 15 per cent chromium typo 
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of alloy. Silicon is reported to  retard the decarburizing 

rate of these alloys. Accordingly, a aeries of heats ranging 

from 0.25 per cent silicon to  2.0  per cent silicon hey° been 

prepared. l'hese will be tested at 1170° C,  (2138°  P,) to 

determine both the relative rates of decarburization and the 

relative strength, 
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HVK:LB. 


