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ORE DRESSING AND METALLURGICAL LABORATORTES„ 

e'nvestigation j 7,o, 1443, 

% 	 Progress Report on -Investigation into ?act ,Drs 
Affecting Life of Cast Steel otorts as 

Used b7 Dominion Magnesium Limited, 

Material Submitted eaut Ob 4 cot of investigation: 

On May 26th, 1513, samples from six at alloy 

steel retorts were submitted fcr examination by  r, C, F, 

Lockwcoci Asst, :alec Manager, Shawinigan Chemicals Limitcd 

Montreal e  quebec, 'rive o: theso :gamples were takeu from 

retorts thLt had been in service at the Domnion ;agneEium 

•imited's nagnesium reduction plant at Oale.y. 's Station, 

Ontario, Une :Jample was taken from a aimilLr type of 

retort  which  had snct been •.‘r‘,.  service,  3ervice  recorde 

• tlea  used  scrIpls wore markedly different, 

Mle object of tills work wao tc determine whether 

or no --here was any differane 	allurgically among  the  



Sample 
Retort No (,  

2728-D 

2U77-D-2 

2905-B-2 
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(Material  Submitted  and  Object of investigation, cant'd) 

samples submitted which miÉht account for the  variations in 

service perforn-ance. 

This report  is of an interim  nature and àny  conclu-

sions  reached therein should be  regarded as being ten;ative 

only. 

Table I gives  a  list  of  the samples received. 

Table 1:„.....L, 2:11.2.les Ueceived. 

2602-3-1 

2032-B-2 

3162-D-1 

3emarks  

5/8-in0 wall, long life. Selected as  represent-
ative  of  a  thin-walled retort  giving good life. 

Short life. GO days to first  blow-up. 110 days 
total  life, 

5/8- 5 n. wall, 95 daya total life.  Selected as 
representative of a thin-walled retort  giving 
short life 

Given five blow-ups in service. Selec1;ed  te 
 determine.whether or not blow-ups  have  any 

affect on. strucbare, 

This retort was repor"Ged to bave  given  ezception-
ally long life. 215 days  total life with two 
b1ow-ups; 74  dais  between blow-ups. 

- This  retort had never aeen service, It was 
selected to functicn  as an  as  cast'  simple, 

As  pointed  out  in  our Report cf :nvestigation  Ne, 

1415, "Life  cf Stainless Steel -Uvtorts:  A :7,urvey  of  Records  11r .  

to  Zay  12th, 1045, 1  May  26th, 1943) 9  none  of the recorded 

factors,  such  as  chemical analysls .  wall  thickness,  furnace 

used,  position in furnace,  etc.,  appears to have  any  effect 

on  retort  life,  There  are  indications that some  variables f.n 

foundry Iractice,  such as condition of  moulding  sand  and core 

sand,  met.od  of  gating  and  risering,  design cf mould, pouring 

rate, casting temperature, etc., probably have a greater effet 



• 

, 

• 
Test  not  repeated because of short .:erial, 

(ateria: 311.hr-flitted and Object of Investiratiou, contld) 

on the  retort life  thrm  netql quality. Dowever, as  th6 

• 

centrifuL;a1 castine of those retorts, a  procedure that should 

largely elimlnate casting unsoundness, is :lanned,  an  y informa-

ton that could be obtained on  tale effect  of metal quality 

would probably be of value i:r1 the planning of future  operations, 

Densitz2gtarednations: 

Large sanples, about  1"  x 8" in size, were used for 

density determinations, These (eterminations were made by 

weighing in air and in wator .  :7:be results are rzcorded in 

Table 
Table II,  -  De-msity  Determinations, 

	

- 	Density,  gcams per 

	

?,etort  1.o, 	cubic  centirneer 	 Life of etort 

• 

	

277-13-2 	 .  7.,95`) 

	

2905-L-2 	 7,55 

2CO2-D-1 	 7. 9C .:; 

;:ü32-r,-2 	 7,073 
3102-B-1 	 7953 

5/8-in,  wall, long life 
CZ: days  to  first blz'h-up 
110  dus total, 

5/G-in, wall, 95 days 
total  life 

5  blw-ups, lono 

215 •..4ays total 11fe, 
'New rotorto 

01.1.M.,••••■ ••••■•■■••••■•■ 

•ecnanicul :roiiertiesr 

.Itandurd  tensile bars were preru .red from each retort, 

the rosults obtalc,A 	rcrdod in Table 

72ub'e  1I1, 	=1kr:ICAL 11-e1U/T:r-S, 

Ue•ort No,  1F1timate 	Yield •  '21onation 	lieduction 	Ilardrisss, 
tensile 	strength, in 2  inches, of area, 
stroncth, 	P,s,i, 	per cent 	per cent 	fir ____ 	 IPM■eeM■•■•■■■••• 

C,2)77-B.0 
2R5-13-? 
2L02.r.-1 
0832-13-2 
31C2-B-1 

CO 3 5f›.7 

	

58,000 	31,000 

	

G6,000 	32,0(1) 

	

57„000 	29,50:D 
:Claw In bar..e 

	

41,500 	31e 0fl  

-!r7. 	r 

2 1  
- 

Z2 „5 	42 

r)r; 
•■■•./IIIMI■•■••■•■••••••■■••■■••■••■•■•• 



41» 

0.11 	0,03 0,24 
0,22 C O 27 

arbon jpr cent 
copi;;:r7 	C28 
Foundry  -  0,35 

0.07 	0,12 
0„19 	0.29 

• 

liage 4  - 

Chemical  Ana1z1sis: 

The chem:'..cal analyses obtained on the retort samples , 

 as received here are compared, in  Table IV, below, with those 

reported by the foundry eastin the retorts 

r2ablo  IV, -  C;:ionticfiLAELIlysis, 

Sflmtle  r3etort  No, 
2E :  27'7 — B-2 	r  2. 5-eb'D-B-fîne7reera:17  t ea 	 4 	s. 	 , 

Silicon,  per cent 

	

- 0,78 	0,51 	0,69 	0.52 	 1,24 

	

Foundry - 0,07 	0,52 	3,65 	0,42 	C' 0 01 

Wickel,  per cent  
0,D,U,L, . 35.11. 37.42 	35,37 	36,43 	33,75 	38,16 
Foundry -  34,65 36,90 	35,10 	35.60 	32.65 

0hromiume p . or  cent 
00D,V.L, - 16.7C 17.83 	15,39 	16,38 	16,55 	15.84  • 
Foundry  - 16,62 13,04 	13.73 	16.91- 	16,4C, 

Ilan„Ennese, 12r cent 
0,D,M,L, 	1.02 	0,94 	0.85 	1,06 	1,12 	0,41 

Per  cent  

	

O Q L- 0,020 0,022 	0.020 	0.022 	C.C18 	0,012 

Phosohorus,   
G eD0i,I, -  0,O1 	0,029 	0,02J 	0.C15 	0,021 

o1ybdenurn,  per  cent  
- 0.02 	0.02 	3,02 	0.03 	0,1C 	0.13 

It  wîU  be noted i.Lat  in Retorts Ucs,  2725-B at . j 

• 2C32-B-2 both  gave  over 2CC dais ,  life 	dye; ;?.etcrt  No,  2832-B 

only lost 0 0 07 per cent of  carbon while j:etcrt  No  2832-1 -2  loat 

0,22  per cent cf  carbon, 

Uicros:u21.2 Lxcu.tnaticn; 

Sarpls  :20M each retort were :repareà for  to 

micro.7:.ope,  There was evidence of intoimr.nular microscopic 

shrinkage  in ail  samples, Oharacteristic_:  .i:A.amples of  this 

are 5,.hown in Figures  1,  2 »  71  and  4, 

For  structural examination, either  eIocro1yt i.  
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■ Microscopic Uxamination, cont , d) 
• 

etching in 10 per cent  oxaMc acid,  or  a  solution of 10 grams 

ferric chloride,  3C c,c, hyclrochloric ac.id,  and 12C c.c. water, 

was used.  All poiishing was 

list of the  photomicrographs 

received"  condition 0  

dons  by hand. 

of the structures in the 'as 

Table  1  gives a 

TABLE V.  - :IICTOMInOGRAPTIS OF  "AS P2CE:VED" STRUCTURES. 

Magnifcation 

X100 
X25 
X100 
X25 
X100 
ycr; 
X100 
X25 
X100 

5 
À100 

Ficure —1_1_  • - 

5 

8 
9 

10 
11 
12 
13 
14 
15 
1C 

2stort  No. 

2728-D 
2728-n 
2877-B-2 

2905-B-2 
2003-T3-2 
28c2-  n-1 
2802-1-1 
2832-B-2 
2FM-D ,2 
51G2-E-1 
31G2-B-1 

-Fec13-1101  soin, 
Fo13-11C1 soln 
20C13-11C1 soln, 
FoC13-rF31 soln, 
FeC13-HC1 acln. 
..7eC13-11C1 soin, 
IUloctrolytic 
Mectrolytic etch. 
FeG134MC1 soln 
FeC*U1 soln. 
lUectrolytic otch. 
Electrolytic etch 0  

7itch 

Heat-Treatment  Tests: 

A series  of hent- reatment experiments  were concted 

to determine whether or  not it  was possible for carbiC.es 

exist  in  the steel  at the operating tamperature  of the reLort 

which  is 1150° 	(2103e  P. approx,) 0  Table VI g ive s  a  list 

of the  various heat  treatments tried  nnd 

tures  as  recorded  in phctomicrographs, 

the resulting struc- 

Continued  on next page; 
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(Heat Treatment Yoeta, cont'd) 
• 

U.BLE  VI,  - KEAT-TilUTMENT  2XP2RI1ENTS. 

Retort No. Temperature, Time at 	.rethod of Figure Yagni- 
or, 	Temperature, Cooling 	No 0 	f4 cation 

in hours 
■■••••• ..J.1.••■■•■■••••• 	■■••■■••■• 

5162-B-1 	2000 	 10 
2100 	 20 
2200 	 10 
230C 	4 10 

2877-B-2 	2100 	 20 
2200 	 10 
2500 	 10 

2905-B-2 	2300 	 10 
2728-3 	2500 	 10 
3162 4 -1 	2500 	 10 

2100 	 10 
2905-B-2 	2500 	 10 

2100 	 10 
2726-0-2 	2500 	 IO 

2100 	 10 
2877-B-2 	2300 	 10 

2100 	10  

'°i0QO 
WOO 

WOQ.0 
W.Q. 

o 

W.t1)4.. 

W 0  Q.  
) 

weZ.) 
w.Q.) 
W.C.) 

W.Q. 
W 0  Q0 

W.Q.G 

17 	X25 
16 	Z25 
19 	X25 
20 	X25 
21 	X100 
22 	X100 

X100 
24 	X100 
25 	X100 
4.1/4.1 	 X100 

27 	X100 

23 	X100 
29 	X1000 
30 	X100 
31 	X1000 

The following facts ,N111 be noted from an  examination 

of the  photomicrographs, Figures  17 to 31: 

1.  In  the case of  the 'as cast' sample, Iïetor: 

No, 3162-B-1, a temperature of 23000  F, was required to 

effectively disperse the 'as cast' structure,  (See 

Figures 17 to 20), 

2 .,  After 20 hours at 2100°  F.,  the carbides 

appearing in Utorts  No  2077-13-2, 2903- 13 -2 9  and  2723-B 

-  are still present.  (Se  e  ?igure 21). 

3, At  2300°  F., these carbides dissolve and may 
iiied;44 

be  menage 

Figures 23, 24,  and 25), 

On  sul::sequent reheating to 2100°  F.  carbides 

are precipitated,  The  sample which contained the most 

carbides before heat treatment (Retort No. 2877-B-2), 

precipitate â  the most  upon reheating to  210C° F. after 

a  a olutior. treatment at  23C00  F.  (See.Figures 26 to 51), 

in solution  by water quenching. ( -.3ee 
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Discussion: - 

The slight variations in  density :Ipparently bore no 

relationship to the life  of the retorts. However, this is not 

surprising, A localized segrecation of shrinkage ta  an otr-

wise sound retort could easily cause premature collapse of ':he 

retort. 

The  mechanical propo.r.ties 	ths Jas received ,  

materals,  as  determined nt room temDeraturs e  4 1:10W no  relation

ship to retort life, it is,  however, interesting to note that 

the muchanica:. prerties  o the steel  from Retort No, 2677-13-2, 

wbich had  a s':ructu-e  high en cartidas and a carbon content cf 

0,24 per Gent »  were not appreciably clifferent from those cf the 

stut,1  from Uetert No. 2002-b-1 9  which had a stracturo free 

from carbides and a carbon content  of 0 ) 03 per cant. Evidently 

the presunce  of carbines, :then these art. di?tributcd as in the 

steel under invoctigation, ha.s nü effect an the static mechan-

ical properte_es, 

The  chemical analysis reveals mared differences  of 

retort decarourization, These differences crobably imUicate 

that the atmosrbere is not cnstant in all furnace posit:.cns, 

However &  conditions faveu-ing extreme decar'curization evidently 

have no ilfluence on the life of the retort. Reccrts Poe. 

and 2CO2 t31, whic:;1 weo both seve:'ely decarburfzed, 

and  Pf:tort  No,  2728-13, which was lieltly deutrburized, all 

cave  long  life, whle, Retort No , 2677-B-2, Ithich  was lightly 

decarburized  and etort No. 2905-B-2, which wam fairly heavily 

docarburizod, both cave a short life.. 

Micreslopic examination revealed that thore  'as 

r.nicro.ecopi •Ihr!_nicar,e prosent _n all retort3 so that this 

oondition, prcvidee, th9t ft is uniformly distrlbuted, evideltly 

loes  not seriously impair  the life of  the retort. 

Ut wIll be noted  that  the twe retorts civinG  the 
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(Discussion, cont , d) 

shorteet life exhibit a structure centaining a large quantiey 

of fairly massive carbides (see Figures 8 and 10). Retort 

No. 2877-B-2 (Figure 8), Which only gave a total life of 110 

days, has a structure containing many ,  more carbides than deee 

that of Retort ro, 2728-73, whic7.1 gave a mueh longer lifeq this 

in spite  of the fact that the carbon, both in the 'as cast' 

analysis and in the  analysis after serviza, waa higher in 

:tort  No, 2728-B,  This fnct seeme  to indicate that the 

presence or absence cf carbides mi,pjht have some influence on 

the performance cf the retort and  -that the carbon content of 

the steel is not the  only factor eentrolling the amount of 

carbides prenant,. 

It may also be noted, particularly from Figure 7p 

that these carbides are arraneed  in a  dendritic  pattern 

suggestive of  an 'as cast' structure. This could indicate 

that some factor, such  as freezng rate--which •ould  be 

eoverned by moulding sand conditien, pouring rate, and caeting 

temperature and Which might influence the  amount  of carbides 

present in the as  cast'  structura-cou1z. have  some influence 

on the life of the  retorts. 

The  heat treatment teete have revealed intereating 

facts. First, it has been àhown that the  'as  cast structure 

of Retort No. 3132e.B  will not di.ffeise in a reasonable length 

of  tire  until a temperature  of 2300° F. Is reached 0  iven after 

2C,  hours at 2100° • .» there 13 etill a  trace of thia  structure. 

Secondly,  in the  ease of structures consisting ef massive 

carbides, such al is illuatrate ,:i by Figure 8 (Retort ro. 

2e,77-B-2), these carbideo  are nit  soluble until a temperature 

ef  2300° F, is reaehed. Lastly, after dissolving theme carbides 

by heating to  23)0°  F.,  carbidee  can be caused to re-precipfj_tate, 
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(Discussion, contld) 

in some cases at least &  ty heating to 2100° F. 

The fact that carbides precipitate at 2100° F. 

after being put into solution at a higher temperature, 

indicates that those carbides esent in th  a retort samples 

as  reeeived eery likely were formed-upon casting and have 

never been dissolved. Comparing Retorts Nos, 2728-B and 

2877-B-2 in the  light  of  this  tact,  it would appear that 

the metal in Retort No. 2728-43 , although  higher in carbon e  

has less tendency to form carbides then the metal in Retort 

No  2877-B-2 0  As further evidence of thia, when samples of 

these retorts were given solution treatmente at  2500 F., 

followed by precipitation treatments at 2100° F oe  the amount 

of carbides precipitated in Retort No. 2728-B was much less 

than in Retort No. 2677 43-2, 

It will be noted that following  a  solution treatment 

at  2300° F. and  a precipitation  treatment at 2100° F., no 

carbides were precipitated in  Retort No, 31G2 43 ,  Which had a 

•  carbon content of  0 0 12 per  cent ?  while  sonie carbides were 

precipitated in Retort No. 2905-B-2 0  which had a carbon content 

of 0,11 per cent,  Also, it would  be reasonable to assume that 

fewer carbides  would  be precipitated in Retort No.  2905 4 -2 

than in Retort  No.  2877-B-2 because its carbon content is lower, 

but*when Retort No.  2728.43  precipitates even fewer carbides, 

In  spite  of its higher carbon content, some factor other than 

carbon content must  be  sought.  This e  again, is evidence that 

for metals 	abaut  the SW%  nominal analysis, some  have  a 

3reater tendency to  form  carbides than others, 

Wa...11111■■■■0111(.1ire 
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CONCLUSIONS:  

This  report  la but an  interim report s  describing 

the work done  to dato and commenting  on  the significance of 

the findings, Such conclusions as  are set forth below are 

merely tentative pending developments from experimente now 

in progress or  planned for the  near future: 

Microstructures charaeteristic  of gocd und  bad 

retorts have been identified, 	etorts givinc long life are 

characterized bY low carbide contene, 

2, Atmospheric.conditiona  in the furnace apparently 

vary  considerably, since there is  a wide variance  in the degree 

of decarburization. 

3, The degree of decarburization appeers ee have 

no influence  ci  retort life, 

4, Carbides present in retort metal appear to have 

persisted from the  as eastl structure. 

S ,.  The  metal in seme retorte appears to have e 

tendency to produce more carbides than.the metal in other 

retorts 	̀.;uch metal is characeeristic of poor retorts, There 

e.ppeare to be seme factor ether than carbon content influencire; 

this behaviour. 

1:n4:ram  for  Continued York: 

A type of creep  test, using  a cantilever be r' teat 

bar»  is being developed,  Tests  will be conducted  on  bars cut 

from samples on hand and, if possible, on samples queeched 

from 2300P F. 'It is ale° prcposed to make up all heatt of 

the metal, in an effort to discover  the factor influencileg 

carbide formation and  its effect or the creep properties cf 

the metal, 

• 

00000000000 

00000 

o 
EVY:g113, 
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Elall-r_e 7 . Figure 8. 

111111.1£9_5 0  

X25. 
RETORT NO. 2728-B 0  
Note grain size 

X100. 
RETORT NO.  2728-3. 

Note carbides present 
in small quantity- . 
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X25. 

RETORT - NO. 2877-13-20 
Note grain size and dendritic 

arrangement of carbides. 

o 

• X100. 
RETOET  UO,  2877-B-2. 

Note carbides present 
in largo quantities. 

Comparo  with Figure 10 0  

PHOTOMICROGRAPHS ŒF STRUCTURE 
AS RECEIVW AFTER SERVICE, 
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X25. 
RETORT NO. 2905-B-2. 

Note  grain size. 

X100. 
RETORT NO, 2905-B-2. 

Note presence of carbides. 
Compare with Figures 7 and 8. 

«Del 

11. 	 Plamn2_12
0 

X25. 
RETORT NO. 2802-3-1. 

Note grain size. 
.1150  

X100. 
RETORT YO. 2802-B-10 

Note absence of carbides. 
«Mee 

PHOTOMICROGRAPHS  OF  STRUCTURE 
AS  RECEIVED AFTER SERVICE. 
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X25 0  
RETORT NO, 2852-B-2 0  
Uote grain sizo 

11101•0 

Fipure _  

X100. 
RETORT NO, 2032- 13-20  

Note  absnnce of carldes,. 

16. 

• 

•riETORZ  NO, 5162-B-1 0  
gAs cast' 2-trcti.:.ro, 

segragatec;  ratwork, 

RETOR2  1;0,  5162-0-1,> 
4 	.".?•■; 

"Nly. 
1..411.•..t 

• - •-■ -•  7  -. 	 ci  •  nr.r.--  t"r‘ 
J.4 



Eleamn 18 . 
P irru .  

ElE2Fe 19 . Elgure 20. 

(PaAs  

X25 
RETORT NO. 3162-B-1. 
2000°  P.  -  10 hrs., Wog. 

X25 
RETORT YO. 3162-B 4 3 

 2100°  P. -  20 hrs.,  W0Q0 

mg. 

X25 
RETORT NO. 3162-B-1 0 

 22000  F. - 10 hrs., Wr.Q.. 

X25. 
RETCRT NO 3162-B-1. 
23000  F. - 10 hrs., W.Q. 
Note complete absence 

Of  segregations. 
Compare with Figures 17, 18 and 19. 

..rae 
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FLure 21,

A3.\lti,J .

-tES JiT NO. 2877-B-2.
21000 F. - 20 hrs , 9 iri, 01o

Note persisbence of oarbidos,
Compare w; th Figure 8^

,rigwe 23,

Xl^:;' I
RS-TORT NC o 28°77413-2,

2300^^ ?, ^m .1.0 hrSoy

Note absence of cax^b:ides,
Compare with T'ig;zres 21 azid 22,

Figure 22.

p ipo

d 0

d

15

d

^
2

O iCp

C

A

c
L

1LZ QQ,

RETORT NO0 2877-B-2.
220CP F, m "00 hrs, 8

Note persiataroe of carbides.
Compare with 'Figure 21.

Fia,z.rca 24,

^ i1.00,
ili^À ^.1ià,T s^lf. û^0J.+,^.^^2o

23600 P, w ia aW0^0
Note absence of carbides,

vomj:sa:: © with ?iZUre 110.



Figure  25. 
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(e  _17)  

X100. 
RETORT NO, 2728-B0 

2300°  F.  -  10 hrs., 
Note absence  of carbides. 
Compare with Figure 3. 

•••■ 

Figure 27. 

X100. 
RETORT NO.  3162-3-1. 

2300° F.  - 10  hrs., W o g. 
21000  F. -  10  hrsop W.Q. 

Note absence of carbides. 
Compare with Figure  20. 

111••• 

FizuLs_22 . 

X100. 
RETORT NO.  2905-B-2. 
2300° P.- 10 hrs., W0Q4 
2100°  F.- 10 hra.,  er.qo 

Note  precipitation of carbides. 
Compare with Figure 24. 

X100, 
RETORT NO. 272843-2. 

2300P  F.  -  10 hrs., W.Z. 
2100° F. - 10 hrs., W.Z. 

Note  precipitation of carbides. 
Compare with Figure 25. 



Figure 30. 
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(re la) 

X1)00. 
RETORT NO. 2728-8-2 4  
Same as Figure 28. 

.••••■•  

X100. 
RETORT NO. 2877-3-2 4 

 2300° F. - 10 hrs„ W.Q. 
2100P F. - 10 hrs, 9  W.Z. 

Note precipitatien of carbides. 
Compare with Figure  23. 

Figure 31. 

6 

X1000 0  
RETORT NO. 2877-B-2 0  
•Same as Figure  30 4  

RTK:GEB. 


