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An investigation of the Efect of Overheating on 
the Impact Strength or "S-80 n  Stainless Stool„ 

9.EleIrLe.D.21n.9,PIVC»;_9UP.1feta°.  

On. Mach 20the  1945 9  Wing Commander A, j, amith e  

on -behalf of the Director of Aeronautical Inspection »  Depart-

mcnt of National Defonco for Air e  Ottawa »  Ontar5,t4 inquired 

with regard to the effect that high-tomperature forging might 

have on thm impact properties of "S-80 n  stainie2s :stool, • 

A latter expressing a tentative opinion was wrItten from 

•hese Laboratories on April eithe  1943, 

in order tihat this situation might be clarlfied, 0  

a serie s of axporiments was conductod on L“Dll'i6 '3,80' stool 

that was available, Ths precont report prsents tho results 

obtained ln thasi; tests and discusses their implications, 
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(Progrwn of ïnvostigŒtf,w, (.::ortd) - 

Treatmout 	anà 	After Treatments A lund B e  
Heat to 1B1.50°' F. 
Hold for  1 hours o  
AAr cool,„ 
Reeat to l8000•1? 0 , 
'Î',xld for 2 hours e  
Oil quaache 

 Tle,-)at to 1200'" 
Hold for 1 hour o  are 
Oil quench. 

This hott treatmnt was followed because3 it 
apprx.J.mated  o 	Fivan in prevlouo corros- 
pond:In e  Kbout which thers wee,1 soffl argument. 

Treatmont ;,..fter Treatm.ent A o  
Heat to liF500° F., 
Mold Am 10 hourf4 
Oil qucne, 
-fjat to 12000  
Hold for 1 /101;Wp 
011 och nd 
ObtaJm tmpar:3t propertleiY„  
FAtruture„ and hardnee2s. 

Zulo 	treatmont was wArrled, out to dce,r1.1,n 
the affcct 	ab tic hardening tomperaimp€4 

eammar:v or ao...ults 

The:  Impact and hardn:ms valut_is and th  3 key to the 

photomicrographs p.ro glvan in Table II. 	Due to the ilmit, 

amount; of matrial available It was only posibic to makEs 

A2 and 132 wer4 th:- oingle-notch br :i.'rom Al e  A3  and nlo  
notch bas, 
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electrolytically 

10 c.c. hydrochloric acid, 
90 c.c  othyl alcOholo 

Cp 

Vol,tage 
Current 
Time . 

4 vo lte
OA aMpa. 
10 soconds ù .  

.Volti/ge.) 
•• Cup rent 

T 

6 volts 
0,15 ampz Q  
5 to 10 'minutes. 

Pago - 

MICROSCOPIC -  EXAMIWATION: 

The following methods àf preparation of tho 

epecimens for microscopic examination were employed 

Polishing , 

For Figures I„ 2, 4 5, 59 7;8, 11, and 13 to 19 e  
the specimens were electrolytically polishod., 

For  Figures 3.  G e  9, 10 e  12 and 20 0  the specimens 
Were' pollàhod -by  h 4 0  Thls - lattor procodum 

• was found necessary because thé electrolytic 
polishing preopentiàlly attacked the.frée 
carbides at the pral'A toundaries 

Etchine,: 

. To reveal the martens/44c and forritle phases, 
the followine eteing procedures,wero . .amployedg 

Specimens for Figures l e  4e 5, 7, 8„- 11 0  139  14 e  150 
 16e  17.9  'and 18 were'etchad ln the following reagentz 

,5 c o o, hydrochltDric acid 0 
 gram picric aoLL 

100 c.o. -, ethyl 

Specimens for Figures 2, 9 arEld 19 were 
- 	etched .aa fo11 ows:1 

Electrolyte 

The rbaults of the  twe procedures are identical.. 

Specimens for  Figures 3,.6 e - 10 0  12 and 20 were  elect:co. 
lyticallY eteled as follO*tu, 

Electrolyte . 10 grams tartaric acid. 
90 c.c 0  water. 

' 	This etching blackans,free carbides wad alile lightly 

etches tompered - martensitut,does not attack ,the  marten- 

.gUte phase formed on cooling. from  ab ove the  critical. - 

temperature (either,in.air 

subsequently temperod. -  

or by quenching)  and  not  

• 

(Continu,ed or.. next;  paso)  



- Pa e 5 

(Microscopic Examination e  contîd) - 

A comparison of Figures l e  4 and 7 reveals that 

i?hase redistribution has taken. place on heating up to 2250e' F, 

The long continuous 'stringers of the ferrltic phase have been 

broken up but there is still some evidence of a banded strue-

ture, .1t IS not possible e  :rom th  ese photomicrographs e  to 

got,any clear idea of the grain,size of the steel *  However e 

 It  do  es not have the appearance of being excessively coarse-

grained and. on comparing Figures 40 .7 9  14, 16 0  and 18 thero 

does not appear to be much grain rofinemont resulting from 

re-heat treatment aftor high-temperature treatment *  About 

the most .  striking effect of the high-temperature treatment 

ha  s been to partly break up the ferrite bands, 

Figures 2 0  11, 13 0  15e  17, and 19 aro'presented to .  

show that  th o struoture of the martensitic phaso in the metal 

in its final quenched-and-drawn condition is about the same 

as in.  th o atoel in its original condition, This fact »  combined 

with the hardness values e  would.tend to indicate that the . 

final teMpering temperature chosen was about the same as that 

used for the original haat treatment, 

One of the reasons for 1-11.elow Impact is evident 

from studying Figures 6 e  9, and 10 *  it will be noted that 

a carbide network has been formed *  This network is more 

general In occurrence at the martensite-ferrite Interface but 

also exists at some'of the grain boundaries in the mertensite *  

When cooled very slowly e  as in Test B e  this carbide evidently 

even precipitates within the ferrite, This can be noon from 

a study  of both Figure 9 and Figure 10, The large grains J...n 

Figures 6 and 10 are martens:Use, These did not etch because 

they wore not tempered *  

(Continued on next page) 



Pa ge g - 

(Microscopic Examinat1on 9  contld) 

• 

Evid«aco that these cabldes'arenotlimînated 

aftor'8 hoiars at 1800 9  F, Is givon'in Figure  

impact strength aftor th1rr treatment is 6 foot,pounds' for 

Al.  and 4 foot pounds for Bi. Thjs is probably because 

more carbides• were formed in Treatmont B. than inTreatment 

-A °  it will be noted that the martenaito in these two 

spedimens etched becauso they were tempered, The original 

boundaries of  the  ferrite .  that masted after Troatments'A 

and B .  are still Outlined- by Garb:ides in Figure -12, Note 

that SOUB bÈ the ferrite  bas  been converted throue the 

deltato-gamma reactien to martens:Ube, 

• FiàUro 20  shows  that even after 10 hours at 

' léO(r' F.  soiie  of 'these carbides till parnot o  The  

improvomont in impact strength Is attributed to the 

eliminatien of mot, of this 'carbide netwerk. 

• It Is evident from Figure that carbides , 

aIse øzit at the'Martensito-ferrite interface in the 
_ 

steel in thiD - 'as imooived" eiDndltion, 

( chart e  referred to in the) 
(PDiseusalen of Results". 'Y 
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DISCUSSION OF RESUYJM ,cmleenem,zurn; 

To facilitate a discussion of the rertulte. of itaG 

'Investigation, a phase diagram  for  this type of stoel io - 

givon (Pags 7). This is made up from informaton obtaine . 

from the following artiolesz 	 . 

"Influence of lackel on  th  ei Chromium-Iron-Garbon Constitu- 

tional Diagram, n  by V,, 31„ Krïeobok and M. A. Grostman. . 

Transaction3 of American. Society for ftf.,,, „.1 Treatln., 
Volum,a 18 July-Dacember 1930„ page eos c  

'A Study of the Iron-Chromium-Carbon Cotitutional 
• 

Diagram," by V. N, Krivobok and M,, A, Grogiman. 

Traneac:tion of AmerfIcan Society for  Se].  Trecting, 
Volume 18, July-Docembàr 1930 0  pge 760, 

'Nature of the Chromiuff.1-Iron-Carbon Diagram, by Marcus 
, 

A. Gron,sman. 

Transaction2 of American Institube of Mining awr,t 
Metalluegical Engineru e  Volume LXXV„ 1927, page 214. 

It :1. not hold that this diagram  1 i-4 absolutaly 

accurate. However, It Is thouht to be a cloo approx'.11iation 

to the phase diagram. For steel In tho range  being inveotiga-

ted it agreas fairly we'll mdth the findd.ngs. At all t=pera-

turcs abovo„ &bout  16W° P., both delta and gamma :Iron. eKl.st. 

At 2250° F, morodl-e,U,(.m e:.Tles than at 11300° F, Thi. :to 

strident from. an  exemïne.tl= of Figure, 12 end IF.; alGo evf,deent 

from the phase diagram. The ratio or the distance betwcwn . 

 tho line nr and 0-f:') to th,o distarlo between limm NA and W, 

at any given taffiperature eveJs an estimate of th  a amount of 

del 	Iron present 9A; equilibrium., The nz,arer HK approachea 

C)1  tho greater will be 'GI-3Jc Rmount of gamma phase (or It-•..; trans- 

-roi.mation prOducm, 

* II% la therpforc; evJdont that the cond«:Ltionei pre .Aet 

In the stlin1 satisfy Ulo requiramentn of the phasa diagram 
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solubility of th o alpha 

9 - Page 

(Discussion of Result's, conted) 

uFJed to facilitate this discunsi 

Line NA represents tha 

or delta iron for carbon, It will be noted that this 

solubility is rathar low  al; 1806-) F .„ but is quite approciablo 

at 2250° F, According to the phase diagram, delta 5,rçn formel .  

at 2250° P. contains about 0,05 por'eent .carbono At 1800  F. 

It.can hold only 0,01 por calt carbon• In solid sOlution. 

The excess will bo proCipitàtod carbtde e,  as is •hown in 

Flgures 6 and 10, Tho slower the codling the greator is tho 

4L S amount of carbf.de forme•d, • This 

Figuros 6,and 10 0  

Owing to the very slow 

also illustrated. in 

rate of solution of this 

carb .Ao at 1600°  F o , as is ovidont'in 'Figures 12 and 20, 

a normal heat treatment could•not be expected to reffldy this 

,situation, 

It is i)vident„ from a comparison of Treatmentà Al 

and A. ,•,, Ulat this carbido networ
I 
 4 has an appreciable' offct 

' , 
on the impact strength of thie•steol„ arà the indreasod btme 

*allowed for solutîon in Treatment A3. b.i..s ralood,the impact 

strength froM 6 foot pounds to 11 foot poundo o  However, thiî.; 
• 

1 ftnel •alua -of 11 foot pounds is still far from the original 

44,7 foot pounds and ln viow.of the sew.11 amnunt of carbide. 

remaining after r.`.'reatmont A5 it is doubtful that complete 

c:41imination would.restora  the  original ',impact strength,. 
, 

Thors are two other prebablo reasons why the 	. , 

Impact strength h a ï2. auffuired:o.draedically from thD,.,.'high-

tempe,ratve treatmnt 	 further  robe al;  troatmOnt wil1 

• not rostore it e  

The:first is the distributlen of territe, -  It will 

be noted that the 54tructure of 't ..he stool in its original 	• 



- Page 10  

1 
(Discussion of Results, cont?d) - . 

condition consists of long narrow stringers of ferrite and 

wide stringers of martensite, In'this condition USe :Cerrito 

would have little effect on the impact strength of the st*el 

when the fracture takes place across t;he direction of rolling, 

Likewise any froo carbides at the ferrite-martensito Inter-

face in this type of otructure would have little  of; 

the impact strength of the stool when the fracture takoo 

, place across the direction of rolling. 	 . 

However:, whon the ferrite Is arranged as shown 

In Figures 14 and 15 0  the more or less random arrangement 

of the ferrite might have the effect of quite markedly 

reducing the impact strength. 	. 

hnother nessibility Is that there still persists 

a carbon concentration in the form of sub-microscopic 

carbides or a higher-carbon. martensitle phase at the gra-In 

boundaries und that the rate "of solution and 	::fusion of 

the carbides le so sluggish that no &mount of heat treatmont 

alone can restore the toughness of the metal. Forging would 

be the only way to break up this network of carbon concentra-

tion. 

To show what effoct ferrite distribution would have 

on  the  impact properties„ 'impact bare could be obtained acrowe. 

the direction of rolling  and  parallel to the direction of 

rolling of bar atock o  If the rï:Dsults obtained. vary widely, ' 

-lt would indicte that ferrite distribution has an influence 

on the impact ietrengtho 	. 
. 

To  check  on the effect or , carbon concentration 

the following experiment is suggeSted Obtain a piece of 3-80 

steel of known  impact  properties. Neat to 22,50 F o  end air 

cool. Re-heat:treat a portion of this piece and cut izpact 



,Page .11 - 

(Discussion of Results e 'cont 9 d)" ,1  

baresfrom . it.  Forge the  remainder .at. 1900° F. to 1100 ?"-F. 

. in:Such a -manner-as to aveld-directionalpropértieé. 	his 

will thoroUghly.break up the carbide network without- Citing 

an orderly distribution , to the ferrite phase Heattréat 

this forgedpiece and determine its impact value.' :If the. 

original impact strength has'beon 'completely reStoredearbon 

distribution and .not-ferrite - distribution Isthe-OriticaI 

factor In the behaviour of-this . steel ,  If the original 

Impact strength is still-only Partly restoredb -  ferrite 

distribution le  also a ttor 0 	r * 

.CONCLUSIQNS: 
. 	 . 

When nS-80" Stainless steel is heated to 2250? F. 

and sloWly cooled (either'air.-cooled or furnace-cooled)„ 

the orlenal'imPact strength of t'ae steel Is destroyed and 

subséquont.heat treatment . .will not restore it oempletelyé s 

The reason fer etis lies in at least twa„ and ' 
. 	 . 	.. 

pessibly alls -of the folloWing:  
. 	 , . 	. 	 . . 	 . 

.: A carbide network is formed on , cooling ProM this 
tomporature 0 s This. network can .only beremoved - 
byssubsequent'soaking at the quenching temPerature 
for from 10 to 20 hours!, -When, this is done the 
impact strength issamewhat iMproed. 

. - 2„ Although the visible ,carbida network  is  eliminated .  ..., 
. 	-t:he .0 ls the poSsibility that a carboa,concentration 

atilI  persiste .t  the grain boundaries .in the . 
. 

	

	martens:Up and that it.is.impossible to'brealu-this 
up by heat treatment alPhe. 

The more  or less random arrangement of the ferrite •AK 

caused•bythe.htemperature.treatment may be. the 
'cause of the Poor impact properties. 

If 'either - 2 or 3 is correct, only forging at a proper 

temporature-could'restordthe impact properties. Tho experiment 

: out'  ined  ab  the close  of thé discussion:sheuld throw Reillé 

'on'thïs subject. 	- 
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Photoralcrograph e  X100 0 
 Electro-po1i,2ho  etched in 5% 1-1C1 

1% picric acid s  solution in al.cohol 

STRUCTURE AS nECEIVED °  

Photomicrograph,, 
....':lactro•polish, etched in alcçir2o1iç 

.  solution of 5% EC' and 
1 ,0 picric acid, 

"AS RECEIVED" CONDITION,. 
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.e.jA Wed  . p gvf.  

'AI 	«t 
• -4 

- 

e7;:":77:teeePel7P1"ed› k 	• 	
• '27% 	 ;'••-• 	 ej>»_ .44.04!"4%'.;.0 

-)11:;« 	
• 	•• • 

e• 0  ;  • 	
' 	 ' • *-  ' ,.4e11,45 	

- 

' V+ ' 	 • 	 `epee .f •••• 	Ai- 
• t 	 Je .• 

• •••-"' 	:" 

- 

- 	4 >JO 	 • 	. 

,., 	.e.  1 ,1,;,..„..::. > e.  ...,  .i.  :  ;  .; 

•••••-- 

e . 	ere 	- 	•  •  — . e •  frc,:5_,›-'e r-e -/P-••• 
e.,‘,..•••• ••3"  

i44.7 .  a 	 . e 	1 .« 	1>•,...;&-Kir•:  • 
Pi 

Je,eiÉ 
• 

/"'. 	r  • 	))-.--/. , 	4.- •  - 	 - 	 • •  ere% 
• `r 	e 	 -  	 '  	g 	'4,21 

X1000 0  Hand pollshe  electrolytic etch in 
aqueous tartâric acid solution s  GV:  0 0 15A; 8 minute, 

STRUCTURE IN STEEL AS RECEIVED °  
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Figure 4. Figure  5, 
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X100, Electro-polish, 
etch in alcoholic solution 
of 5% HC1 and 1% picric acid, 

STRUCTURE WHEN HEATED TO 22500° F„ 
HELD FOR 5 HOURS, AND AIR COOLED 

X1000 0  Electro-polish, 
etàh in alcoholic solution 

of 5% HC1 and 1% picric  acid e  

STRUCTURE WEEN HEATED TO 22500  F. 9  
HELD FOR 5 HOURS,  AXD.AIP COOLED. 

Li'lzer 	5 . 

X1000 0  Hand polish,  e1ectro1yt5.c etch In 
10% aqueous  tartane  acid solution, eV, 0.15A9  8 minutes, 

CARBIDE NETWORK CREATED BY HEATING TO  2250°  F s , 
HOLDING FOR  5 -.JOURS, AND AIR COOLING, 
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X100 0  Electro-polish, 
etch in alcoholic solution 

of 5% Hel and l% picric acid, 

STRUCTURE WHEN HEATED TO 22500  Pop 

HELD FOR 5 HOURS, COOLED TO 1300° F.„ 
KELD FOR 5 HOURS, AIR COOLED °  

X1000 0  Electro-polish„ 
Etch in alcoholic solution 

of 5% Hel and 1% picric  acide  

STRUCTURE WHEN HEATED TO 2250°  ?, 9  
HELD FOR 5 HOURS, COOLED  fUO 130(Yee 
HELD FOR 5 HOURS, AIR COOLED, 

X2000. Hand polish, electrolytic etch in 
10% alcoholic hydrochloric acid solutien, 4 11, 0 0 4A,  10  aeoonds 

STRUCTURE  WHEN HEATED TO 22500  F o , HELD FOR 5 HOURS, 
COOLED Tà  1300° F., HELD FOR 5 HOURS, AIR COOLED °  

Reveals carbide phase (clear white) around areas of ferrite. 
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X1000 0  Hand polish, electrolytic etch in 
10% aqueous solution cf tartaric acid 6V, 0 0 15A 1, 0 minuted, 

STRUCTURE WHEN HEATED TO 22500  F., HELD FOR 5 HOURS, 
COOLED TO 1300° F., HELD FOR 5 HOURS, AIR COOLED. 

Note carbide at grain boundaries and also 
in ferrite. Large grains ara martensite. 

X1000, Electro.polish, etch In 
alcoholic solution of 5% HCl e  1% picric acict 

STRUCTURE WHEN HEATED,  TO 2250° 1%, HELD FOR  5 HOURS, 
AIR COOLED; HEATED TO 1800° F., HELD FOR  2  HuURS, OIL 
QUENCHED;  AND  HEATED TO 1200° F., HELD FOR  1 HOUR, 

OIL QUENCHED. 
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Figure  12,  
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X1000 0  Fend polish, electrolytic etch In 10% aqueous 
tartaric acid solution, 6V e  0,154 8 minutes, 

STRUCTURE WHEN  FIELD AT 2250° F. FOR 5 HOURS, 
AIR COOLED; HEATED TO 1800° F., HELD FOR 2 110?'R3 
OIL QUENCHED; AND HEATED TO 12000  F., HELD FOR 

1 HOUR, OIL ZUENCHED, 

Note persistence of carbide network formed by 2250° F. 
treatment, This  exists at the old boundary between 
forrite and martenaîte, , Nct that amount of ferrite 
has de::,reased. 



Figure 13„ Figure  14, 

Ftas,:ure  15 3  

Photomicrograph &  X1000 

pe.7,e 18  - 

X1000 0  Electro-polish, etch 
in alcoholic solution of 5% H01, 

1% picric acid. 

STRUCTURE  WHEN HEATED TO 2250° P„ 
HELD FOR 5  HOURS&  COOLED TO 1300°F 0 , 
HELD FOR  S  HOURS, AIR COOLED; HEATED 
TO  1800°  F o , HELD FOR 2 HOURS, OIL 
QUENCHED;  HEATED TO 12000  F., HELD 
FOR 1 HOUR,  OIL QUENCHED, 

X100 0  Electro-polish, el;oh 
in alcoholic  solution  of 5g  ICI 

and 1% picric acid, 

STRUCTURE WHEN HEATED TO  2250°  F o , 
eELD FOR 5 HOURS, AIR  COOL:43D; 
HEATED TO 1850° F. &  HELD  FOn 
3 HOURS, AIR COOLED; HEATED  TO 
1800° F,„ HELD FOR 2 HOURS,  CIL  
qUENCHED; HEATED TO 1200° 
HELD FOR 1 HOUR, OIL  QUENCHED ,  

Famm_16 . 

X100. Electro-poliSh,  etch  • 
in alcoholic solution  of  5%  H01 

and 1% picric acid. 

STRUCTURE AFTER HEATING TO 2250°  F 
UELD 5 HOURS, COOL TO 1300n  F.0 HELD 5 
1100rW e  AIR COOLED; HEATED TO  18E0° F-,s. 
HELD 3 HOURS, A D C., HEATED TO 1800° 
HELD 2 FOURS, 0 0 Q 0 ; AND HEATED TO 
1200° P c , HELD 1 HOUR, 0.Q. 

SA! E  AS  FIGURE  14. 
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Photamicrograp'rir XA.000a

EI&uro 18,

<U00. ;.,lectro=pQi..ahe o %;ciy
in alcor.u^^1c 3ol-.at3 on of 1l)%

and 1% picric ac;-!d^

STRUi:`i'U£? ; AFT^q ^:i:,ATING TO 212500
SAltiE1 AS ''TGUFF 16, a NOT.! iSy AIR CC:Gâ.aE1?i. "8000

10 :xO?.r^s, Hot JR
0oc^^

X?.0000 : rme as n Ÿgurr3 ï?' :."^ceFt
elei:tr. alyt{ ca].l.y etc-^-:ec' i.r i0?e'
alcokalic s oluti.on of H01 for
.î.0 second -.,i a t 4V a. -d 0,,4Ap
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Pleura 20. 

• 

X1000 0  Hand polish, electrolytic etch in 10% aqueous 
tartaric acid solution, 6V, 0 0 15A, 8 minutes, 

STRUCTURE AFTER HEATING TO 2250° F. »  5 HOURS AND AIR COOLED; 18000  P„ 10 HOURS, 
OIL QUENCH; 1200° F., 1 HOUR, OIL QUENCHED, 

Note that much or  the  carbide network has been 
dissolved by the 10-hour treatment at 1800Ç 

HVK:GHB. 


