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The r e l a t ive  effects  of aus teni te  s tack ing  fault  energy  and aus teni te  yield s t rength  on 
m a r t e n s i t e  morphology have been  inves t iga ted  in a s e r i e s  of th ree  F e - N i - C r - C  a l loys .  
Carbon  content  (0.3 wt pct) and M s t e m p e r a t u r e  (- 15~ were held constant  within the 
s e r i e s .  Aus ten i te  yie ld  s t reng th  at M s was m e a s u r e d  by ex t rapola t ing  elevated t e m p e r a -  
tu re  t ens i l e  data .  Aus ten i te  s tacking  fault  energy  was m e a s u r e d  by the d is locat ion  node 
technique.  Mar tens i t e  morphologies  were  cha rac t e r i zed  by t r a n s m i s s i o n  e lec t ron  mi-  
c roscopy and e l ec t ron  di f f ract ion techniques .  A t r a n s i t i o n  f rom plate  to lath m a r t e n s i t e  
occu r r ed  with dec rea s ing  aus ten i te  s tacking fault  energy .  The aus ten i te  yield s t rength  at 
M s for the low SFE, l a th - fo rming  al loy was found to be higher than p rev ious ly  repor ted  
for l a th - fo rming  a l loys .  The re la t ive  effects of these va r i a b l e s  on m a r t e n s i t e  morpholo-  
gies in these al loys is d i scussed .  

F E R R O U S  m a r t e n s i t e  fo rms  f rom aus teni te  by a dif- 
fus ion less ,  shea r - type  t r an s fo rma t ion .  The product  
phase is not unique, however,  and s e v e r a l  morpholo-  
gies have been  identif ied in s t ee l s .  These  morpholo-  
gies a re  genera l ly  divided into th ree  types:  lath m a r -  
t ens i te ,  typical ly  fo rmed  as  packets  of sheets  or 
heavily dis located,  bcc,  untwinned, need le - l ike  units;  
plate mar t ens i t e ,  typical ly  formed as individual  bct  
p la tes  containing many fine twins; and eps i lon  m a r -  
tens i te ,  an hcp phase .  

Many previous  inves t iga t ions  have sought to de t e r -  
mine which va r i ab l e s  cont ro l  the morphology of the 
m a r t e n s i t e  that f o rms  in a given s tee l .  Va r i ab l e s  r e -  
por ted  to affect morphology include:  M s t e m p e r a -  
ture ,  1"4 subs t i tu t iona l  solute content,  1,e,5-~ i n t e r s t i t i a l  
solute content,  1'~~ aus ten i te  shear  s t rength,  s,'~ aus-  
teni te  s tacking fault energy,  13-~6 quench ra te  above 
M s , 1 5  t h e r m o m e c h a n i c a l  p rocess ing ,  ~s and hydros ta t ic  
p r e s s u r e .  ~9 Some of these  a re  of a secondary  na ture ,  
and the fac to rs  cont ro l l ing  m a r t e n s i t e  morphology a re  
usual ly  reduced  to one or a combinat ion  of the follow- 
ing: M s t e m p e r a t u r e ,  carbon content,  aus ten i te  yield 
s t rength ,  and aus teni te  s tacking fault energy .  However,  
these p rope r t i e s  a re  i n t e r r e l a t e d  and a re  difficult  to 
i sola te  for study. As a r e su l t ,  compar i sons  among 
va r ious  e x p e r i m e n t a l  s tudies  a re  difficult .  

Since the m a r t e n s i t i c  t r a n s f o r m a t i o n  occurs  by a 
shear  mechan i sm,  i r r e s p e c t i v e  of the morphology 
produced,  it is e spec ia l ly  impor tan t  to define the ef- 
fects  of aus teni te  SFE and aus teni te  s t rength  on m a r -  
t ens i te  morphology because  these p r o p e r t i e s  s t rong ly  
inf luence shear  p r o c e s s e s  in the aus ten i te .  Aus teni te  
s tacking fault  energy  (SFE) cont ro ls  s l ip cha rac t e r  by 
cont ro l l ing  the abi l i ty  of d i s loca t ions  to c r o s s - s l i p .  
The effect of SFE on m a r t e n s i t e  morphology has been  
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studied by Kelly and Nutting, 14 Breed i s ,  z~ Breedis  and 
Kaufman,  2~ and Holden, 21 et a l .  The genera l  t rend ob- 
se rved  is that the morphology changes f rom plate to 
lath to eps i lon mar t ens i t e  as the SFE d e c r e a s e s .  The 
effect of aus teni te  s t reng th  on m a r t e n s i t e  morphology 
has been  studied by Davies and Mcgee, 6'7'12 who found 
a t r ans i t i on  f rom lath to plate m a r t e n s i t e  occur red  as 
the aus ten i te  yield s t rength  inc reased .  

This  paper  p r e sen t s  the r e s u l t s  of a p r o g r a m  de- 
s igned to study the re la t ive  effects of aus teni te  SFE 
and aus teni te  yield s t rength  at M s on the morphology 
of mar t ens i t e  which fo rms  in a s e r i e s  of a l loys hav- 
ing a constant  carbon content and a constant  M s t em-  
pe r a t u r e .  By holding these las t  two va r i ab l e s  fixed, 
one can d i rec t ly  observe  the re la t ive  ro l e s  of s l ip 
c ha r a c t e r  and s t rength  in de t e r mi n i ng  the morphology 
of the t r a n s f o r m a t i o n  product .  

ALLOY DESIGN AND PREPARATION 

The requirements of this study necessitated the de- 
velopment of alloys covering a wide range of aus- 
tenite SFE while maintaining carbon content and M s 

temperature constant. Alloying for this purpose was 
based on empirically determined effects of chromium 
and nickel on austenite SFE as reported in the litera- 
ture, 13'16'2~176 An M s t e m p e r a t u r e  below room tem-  
pe ra tu r e  was chosen to p e r m i t  cha rac t e r i za t i on  of 
aus teni te  subs t ruc tu r e  by TEM at room t e m p e r a t u r e .  
Carbon  content  was chosen to be 0.3 wt pct.  This  
amount  of carbon,  by i tself ,  does not favor or prec lude  
the fo rmat ion  of any morphology.  F u r t h e r ,  this ca r -  

Table I. Compositions of Alloys Used in This Investigation, Wt. Pct 

Alloy Cr Ni C Mn Al Si P S N2 

0.30 0.0043 0.008 0.014 0.006 0.004 0.0022 
0.27 0.004 0.006 0.010 0.005 0.005 0.0043 
0.29 0.003 0.004 0.028 0.008 0.006 0.0027 
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bon leve l  p e r m i t t e d  r e a s o n a b l e  a l loy  addi t ions  of 
n i cke l  and c h r o m i u m  to s a t i s fy  the c r i t e r i a  for  SFE 
a n d  M s ,  as  wel l  a s  p rov id ing  suf f ic ient  h a r d e n a b i l i t y .  

T h e s e  a l loys  were  vacuum mel t ed  f r o m  pure  m a t e -  
r i a l s  in 50-1b hea ts  and hot r o l l e d  to about 2.5 m m  
th ick .  P r i o r  to t e s t i ng  each  a l loy  was c leaned,  homo-  
genized  at  1150~ for  48 h under  UHP a rgon  in fused 
qua r t z  ampu le s ,  and wa te r  quenched.  F i n a l  t r e a t m e n t  
of a l l  the a l loys  cons i s t ed  of a 50 pct  r educ t ion  in 
t h i cknes s  by  ro l l ing ,  a 30 rain aus t en i t i z i ng  heat  t r e a t -  
ment  at a t e m p e r a t u r e  chosen  to give a g r a i n  s ize  of 
100 ~, fol lowed by a wa te r  quench.  The aus t en i t i z ing  
t e m p e r a t u r e s  were  1050, 1100, and 1125~ for Al loy  1, 
2, and 3 r e s p e c t i v e l y .  TEM and op t i ca l  examina t ion  of 
the a s - q u e n c h e d  m a t e r i a l  showed that  a l l  t h r ee  a l l oys  
were  s ingle  phase  in the a s - q u e n c h e d  condi t ion .  

EXPERIMENTAL PROCEDURES 

M s temperatures were measured by detecting the 
resistivity change which accompanies the transfor- 
mation, using a technique described elsewhere. 33 

Austenite yield strength measurements were made 
by extrapolating data obtained from elevated tem- 
perature t e n s i l e  t e s t s .  32 Sheet  t en s i l e  s p e c i m e n s  were  
cut p a r a l l e l  to the ro l l i ng  d i r e c t i o n  with gage s ec t i ons  
m e a s u r i n g  5 by 1 by 0.12 cm.  T e s t i n g  was done on an 
In s t ron  t e s t e r  equipped with a hea ted  s i l i cone  oi l  bath.  
The s t r a i n  r a t e  for  a l l  t e s t s  was 4 x 10 -~ s -1. 

Aus t en i t e  s t ack ing  fault  ene rgy  was m e a s u r e d  at  
r o o m  t e m p e r a t u r e  by the d i s loca t ion  node method us -  
ing the t h e o r y  of Brown and Tholen  34 and fol lowing 
the technique d e s c r i b e d  by Ruff.  2s M e a s u r e m e n t s  of 
the r a d i u s  of a c i r c l e  i n s c r i b e d  in the node were  made 
on at  l e a s t  ten nodes in each  a l loy  and the a v e r a g e  
taken to r e p r e s e n t  the SFE.  

Op t i ca l  m i c r o g r a p h s  were  taken to show the g r o s s  
s t r u c t u r e  of the t r a n s f o r m a t i o n  p roduc t .  The fine 
s t r u c t u r e  of the morpho logy  of each  a l loy  was c h a r -  
a c t e r i z e d  on the b a s i s  of habi t  p lane  and s u b s t r u c t u r e  
by t r a n s m i s s i o n  e l e c t r o n  m i c r o s c o p y  and e l e c t r o n  dif-  
f r ac t i on  a n a l y s i s .  The o c c u r r e n c e  of twinning was 
c o n f i r m e d  by e l e c t r o n  d i f f r ac t ion  and d a r k - f i e l d  t ech -  
n iques .  

Foils were prepared for TEM by lap grinding par- 
tially transformed (20 pct ~') foils down to about 0.13 
mm thick. Discs were punched and jet polished at 
r o o m  t e m p e r a t u r e  in 20 pe t  p e r c h l o r i c  ac id  - 8 0  pct  
g l ac i a l  ace t i c  ac id  at  10 to 20 V. The  fo i l s  were  ex-  
amined  in a J E O L  100C TEM o p e r a t e d  at  100 kV. 

The c l a s s i f i c a t i o n  of a morpho logy  as  la th  o r  p la te  
type was made on the b a s i s  of d e s c r i p t i o n s  of these  
morpho log i e s  by  K r a u s s  and M a r d e r .  ~ C h a r a c t e r i z a -  
t ion of the morpho logy  was b a s e d  on m i c r o s t r u c t u r a l  
f e a t u r e s  o b s e r v e d  by t r a n s m i s s i o n  e l e c t r o n  m i c r o s -  
copy.  P l a t e  m a r t e n s i t e  is  c h a r a c t e r i z e d  by indiv idual  
p l a t e - l i k e  units ,  s e p a r a t e d  by r e t a i n e d  aus ten i t e ,  with 
a habi t  p lane  nea r  (259) 7 or  (225) 7 and, in mos t  e a s e s ,  
i n t e rna l  twinning on (112)~,.  Lath  m a r t e n s i t e  i s  c h a r -  
a e t e r i z e d  by p a r a l l e l  and ad jacen t  uni ts  with high in-  
t e r n a l  d i s l oca t i on  dens i ty .  T h e s e  uni ts  f o rm  in bands  
bounded by (111) 7 p l anes  and with the long d imens ion  
of the la ths  roughly  p a r a l l e l  to [110~/. 

RESULTS 

M s T e m p e r a t u r e s  and ays  at M s 

The M s t e m p e r a t u r e s  for  A l l o y s  1, 2, and 3 were  
- 17, - 2 0 ,  and - 5~ r e s p e c t i v e l y .  The d i f f e r e n c e s  b e -  
tween the M s t e m p e r a t u r e s  of these  a l l oys  a r e  r e l a -  
t i ve ly  s m a l l ,  and for  the p u r p o s e s  of th is  i nves t i ga -  
t ion M s t e m p e r a t u r e  is  c o n s i d e r e d  to be a cons tan t .  

Aus t en i t e  0.2 pc t  y i e ld  s t r eng th  v s  t e s t  t e m p e r a t u r e  
for  a l l  t h r e e  a l loys  is p lo t t ed  in F ig .  1. The  e x t r a -  
po la ted  va lues  of Cry at M s a r e  170, 212, and 263 MPa 
for  A l loys  1, 2, and 3 r e s p e c t i v e l y .  The e x t r a p o l a t e d  
value  of Cry at M s is  taken as  the m e a s u r e  of aus ten i t e  
s t r eng th ,  s ince  the t e m p e r a t u r e  dependence  of Cry 
varies from alloy to alloy. The monotonic rise of 
yield strength with temperature indicates that all the 
tests were performed above the critical temperature 
for stress induced martensite formation, so that the 
observed strength is a true measure of austenite 
strength. It has been shown ~z that martensite forma- 
tion prior to or during austenite yielding is indicated 
by a drop in the measured yield strength relative to a 
yield strength value extrapolated from higher tem- 
perature tests. 
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Fig. 1--Yield s t r eng th  u s  tes t  t e m p e r a t u r e  for Alloys 1, 2, 
and 3. The curves are extrapolated to the measured M s tem- 
peratures.  

Fig. 2--Optical micrograph of morphology of martensite in 
Alloy 1. 
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Fig. 3--(a) TEM photograph of a midribbed plate in Alloy 1, (b) selected area diffraction pattern from the midrib region, (c) 
solution to (b), showing twin relationship. 

Aus t en i t e  SFE 

The m e a s u r e d  aus t en i t e  SFE for  A l l o y s  2 and 3 were  
42 • 10 Erg / / cm 2 and 17 • 4 e r g f c m  2 r e s p e c t i v e l y .  No 
ex tended  nodes  of m e a s u r a b l e  s i ze  were  found in A l -  
loy 1 so the SFE is a s s u m e d  to be >50 e r g s f c m  2. The 
s e n s i t i v i t y  of th is  technique v a r i e s  s h a r p l y  with the 
l eve l  of SFE be ing  m e a s u r e d .  Desp i t e  th is ,  it  i s  suf-  
f i c i en t ly  a c c u r a t e  to d e m o n s t r a t e  that  these  a l loys  
r e p r e s e n t  a wide range  in s t ack ing  fault  e n e r g i e s .  

M a r t e n s i t e  Morpho logy  

The  m a r t e n s i t e  morpho logy  was d i f fe ren t  for  each  
of these  a l l o y s .  F i g u r e  2 is  an op t ica l  m i c r o g r a p h  
showing the morpho logy  of Al loy  1. The  m a j o r  f r a c -  
t ion of m a r t e n s i t e  is  in the f o r m  of l a rge  l en t i cu l a r  
p l a t e s  with d i s t i nc t  m i d r i b s ,  often f o r m e d  in z ig -  
zagged  a r r a y s  (A in F ig .  2). A l so  ev ident  a r e  s m a l l e r  
chevron  shaped  units  that  a r e  c l u s t e r e d  nea r  the l a r g e r  
p l a t e s  (B in F ig .  2). The fine s t r u c t u r e  of t he se  t a r g e  
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o 1217 (austenite matrix) 

C l 113 (right arm of chevron) 
Fig. 4--(a) TEM photograph of the apex region of a chevron in Alloy 1, showing (225)c ~ habit planes, (b) selected area diffrac- 
tion pattern from the apex region, (c) solution to (b), showing two martensite and one austenite pattern. 

p la tes  (A) was studied by TEM. The habit  plane of the 
l en t i cu la r  p la tes  was nea r  (259)~. As shown in Fig .  3, 
the mid r ib s  of these p la tes  were  a r r a y s  of fine twins .  
Except  for these twins,  the dense s u b s t r u c t u r e  was not 
r e so lved .  The chevron shaped plates  were also in- 
t e rna l l y  twinned on (112)~ but there  was no mid r ib  
s t r u c t u r e .  The habit  plane of chevrons  was nea r  
(225)~, with each a r m  a s s u m i n g  a d i f ferent  va r i an t  of 
(225).~. A typical  chevron is shown in Fig .  4. 

Twinning  was observed  on the ( l12)a p lanes  in 
chevrons ,  but there  was no mid r ib  s t r u c t u r e .  F ina l ly ,  
chevrons  did not fo rm z ig-zagged  a r r a y s  but r a the r  
c [us te red  nea r  midr ibbed  p la tes .  It is thought that 

the i r  fo rmat ion  is  a s s i s t ed  by the s t r a i n  assoc ia ted  
with the fo rmat ion  of the large p la tes .  This  is sup- 
por ted by the observa t ion  that s t r a i n i ng  the aus teni te  
p r i o r  to t r a n s f o r m a t i o n  great ly  enhances  chevron 
for marion.33 

Alloy 2 also had a plate morphology.  As shown in 
F ig .  5, the m a r t e n s i t e  took the form of na r row pla tes  
runn ing  along or out f rom gra in  boundar ies  and twin 
boundar i e s .  The plates  formed at many angles  within 
a gra in  and a few z ig-zagged  a r r a y s  were  found. 
T h e r e  were no chevrons  as observed  in Alloy 1. 

TEM conf i rmed that these uni ts  a re  i r r e g u l a r  p la tes  
sepa ra t ed  by r e t a ined  aus ten i te .  An example  of the 
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Table II. Summary of Morphology, Austenite Strength, and 
Austenite Stacking Fault Energy 

SFE, o at Ms, 
Alloy ergs/cm 2 MPa ksi Morphology 

1 > 50 170 (24.7) (259), (225) plate 
2 42 212 (30.7) (259) plate 
3 17 263 (38.2) Lath 

Fig. 5--Optical micrograph of martensite morphology in Al- 
loy 2. 

plate  s t r u c t u r e s  observed  in Alloy 2 is  shown in Fig .  
6. The m a r t e n s i t e  habit  plane was found to be near  
(259)./. Twins  in these pla tes  were c o a r s e r  and more  
i r r e g u l a r  than in Alloy 1 and did not fo rm a mid r ib  
s t r u c t u r e .  The twin plane was ( l12)a .  

The m a r t e n s i t e  morphology observed  in Alloy 3 is 
typical  of lath ma r t ens i t e .  As shown in Fig.  7, an 
optical  micrograph ,  p a r a l l e l  bands proceed ac ros s  
gra in  i n t e r i o r s  in only a few growth d i r ec t ions .  Ob- 
se rva t ions  by TEM, Fig .  8, show that these bands a re  
composed of p a r a l l e l  a r r a y s  of heavily d is located  
m a r t e n s i t e  la ths .  Although it  was not poss ib le  to 
de t e rmine  the habit  plane for individual  laths,  the lath 
bands were  typical ly  del ineated by (111)./ p lanes .  
Twinn ing  was not observed  within individual  laths,  a l-  
though adjacent  laths were s o m e t i m e s  found to be twin 
re la ted .  

No evidence of eps i lon  m a r t e n s i t e  was found e i ther  
by e lec t ron  d i f f rac t ion  or X - r a y  d i f f rac t ion  at room 

t e m p e r a t u r e  in a s - a u s t e n i z e d  or in pa r t i a l ly  t r a n s -  
fo rmed  spec imens  of Alloy 3. The low SFE of this a l -  
loy was expected to promote  the fo rmat ion  of eps i lon  
m a r t e n s i t e .  The absence  of eps i lon  mar t ens i t e  may 
be an effect of the s igni f icant  carbon  content  of this  
al loy,  s ince  carbon has been  repor ted  to s tab i l ize  
agains t  the hcp phase .  24 

DISCUSSION 

The data obtained in this inves t iga t ion  a re  s u m -  
mar i zed  in Table  II, The m a r t e n s i t e  morphology 
changed f rom plate to lath as aus teni te  SFE dec reased ,  
At the same t ime,  the aus teni te  yield s t reng th  at M s 

was found to be higher for the al loy with the lath m o r -  
phology than for the two al loys exhibi t ing the plate 
morphology,  

In  prev ious  inves t iga t ions  concern ing  the effects of 
e i ther  aus teni te  s t reng th  or aus teni te  SFE on m a r -  
t ens i t e  morphology, the effects of these va r i ab l e s  
were  s tudied independent ly of one another ,  under  ex- 
p e r i m e n t a l  condit ions too d i s s i m i l a r  to allow com- 
pa r i sons  between s tudies ,  Breedis  16 inves t iga ted  a 
s e r i e s  of F e - N i - C r  al loys cover ing  a wide range  of 
SFE and found that a morphology t r a n s i t i o n  f rom plate 
to lath occu r red  as SFE dec reased ,  However,  the M s 

t e m p e r a t u r e  changes d rama t i ca l ly  at the morphology 

Fig. 6--(a) TEM photograph of plates in Alloy 2, showing twinning, (b) selected area diffraction pattern of one of the plates, (c) 
solution to (b), showing twinning relationships. 
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Fig. 7--Optical rnicrograph of martensite morphology in Al-  
loy 3. 
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t r a n s i t i o n ,  with lath m a r t e n s i t e  f o r m i n g  at  >-60~ and 
p la te  m a r t e n s i t e  fo rming  nea r  - 196~ Aus ten i t e  
s t r e n g t h  was not m e a s u r e d .  Holden,  e t  al, i n v e s t i -  
ga ted  the s t r u c t u r e  of a s - q u e n c h e d  F e - M n  a l loys  and 
concluded  that  the morpho logy  was s i m i l a r l y  con- 
t r o l l e d  by  aus t en i t e  SFE .  Again,  the r e s u l t s  of that  
s tudy were  obta ined at v a r y i n g  M s t e m p e r a t u r e s  and 
did not include aus t en i t e  s t r eng th  m e a s u r e m e n t s .  
Ke l ly  37 s tud ied  the ef fec ts  of aus t en i t e  s t ack ing  faul t  
e n e r g y  and concluded that  la th and p la te  morpho log i e s  
c o r r e s p o n d  to r e l a t i v e  m i n i m a  in the a c c o m m o d a t i o n  

s t r a i n s  which occur  dur ing  the t r a n s f o r m a t i o n  and a r e  
d i f f e r en t i a t ed  p r i m a r i l y  by the s l ip  s y s t e m  ac t ive  
du r ing  the t r a n s f o r m a t i o n .  In a low s tack ing  fault  
e n e r g y  m a t e r i a l  the (111)[121] 7 s l ip  s y s t e m  is  ac t ive  
and p r o d u c e s  lath m a r t e n s i t e .  In high SFE m a t e r i a l s  
the mul t ip le  s l ip  s y s t e m  (110)[1i0].~ is  ac t ive  and p r o -  
duces  lath.  Recen t ly  Khacha turyan ,  38 et al, have p r o -  
posed  a model  of the t r a n s f o r m a t i o n  which d e s c r i b e s  
a m e c h a n i s m  by which aus ten i t e  s t ack ing  faul t  ene rgy  
a f fec t s  the habi t  p lane and thus the morpho logy  of m a r -  
t ens i l e  by the p roduc t ion  and abso rp t i on  of s t ack ing  
faul t s  at  the t r a n s f o r m a t i o n  i n t e r f ace .  

The effect  of a s - q u e n c h e d  aus t en i t e  s t r eng th  on m a r -  
t en s i l e  morpho logy  was s tud ied  by Davies  and Magee .  8'7 
They found that  for  a wide range  of s t e e l s  the m o r -  
phology of m a r t e n s i t e  c o r r e l a t e d  with the aus t en i t e  
y ie ld  s t r eng th  at  M s .  Strong  aus t en i t e s  (oy > 207 MPa)  
p roduced  (259)~ type p la te  m a r t e n s i t e  and weak aus -  
t en i t e s  (cry > 103 to 138 MPa) p roduced  lath m a r t e n -  
s i t e s .  Ca rbon  conta in ing a l loys  with y i e ld  s t r e n g t h s  
be tween 138 and 207 MPa  f avo red  the f o r m a t i o n  of 
(225)y type p la te  m a r t e n s i t e s .  F r o m  these  o b s e r v a -  
t ions ,  i t  was pos tu l a t ed  that  the morpho logy  of m a r -  
t ens i t e  which f o r m e d  in a given a l loy  was the one 
which involved the l e a s t  p l a s t i c  work  for  the l a t t i ce  
i nva r i an t  s h e a r .  However ,  a l though a wide v a r i e t y  of 
a l loys  was s tud ied  in that  inves t iga t ion ,  t h e r e  were  no 
a l l oys  known to have a low SFE e i t he r  by m e a s u r e m e n t  
or  by app l i ca t ion  of e m p i r i c a l  f o r m u l a  24'3~ r e l a t i n g  
compos i t i on  to SFE .  

Th i s  p r e s e n t  inves t iga t ion  was under t aken  to d i r e c t l y  
a d d r e s s  the ques t ion  of the r e l a t i v e  e f f ec t i venes s  that  
aus t en i t e  s t ack ing  faul t  e n e r g y  and aus t en i t e  s t r e n g t h  
have in con t ro l l i ng  m a r t e n s i t e  m o r p h o l o g i e s .  The 
f indings  a r e  s i m i l a r  in many r e s p e c t s  to those  ob-  
t a ined  in p r e v i o u s  inves t iga t ions  d i s c u s s e d  above,  and 
sugges t  that  aus t en i t e  SFE and aus t en i t e  y ie ld  s t r eng th  
a r e  compe t ing  f a c t o r s  in d e t e r m i n i n g  m a r t e n s i t e  m o r -  
phology.  

The two p la te  f o rming  A l l o y s  (1 and 2) had r e l a t i v e l y  
high aus t en i t e  s t ack ing  fault  e n e r g i e s  t yp i ca l  of the 
s t e e l s  s tud ied  by Dav ies  and Magee .  The m e a s u r e d  
aus t en i t e  y ie ld  s t r e n g t h s  of A l loys  1 and 2 we re  170 
and 212 M P a  r e s p e c t i v e l y ,  and they  showed a mixed  
(225) 7 - (259) 7 type and a (259) 3, type  morphology ,  
r e s p e c t i v e l y .  T h e s e  da ta  a r e  c o n s i d e r e d  in good 
a g r e e m e n t  with the s t r e n g t h - m o r p h o l o g y  c o r r e l a t i o n .  
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Fig. 8--(a) TEM brightfield photograph of a lath band in Alloy 3, (b) selected area diffraction pattern from the lath band area 
containing A and B, (c) solution to (b), showing twin related (311)c~ zones. Laths A and B are twin related. 

Alloy 3, however,  which had a low SFE, had both a 
higher  s t r eng th  (263 MPa) and a lath morphology.  This  
leve l  of SFE is typical  of the lath fo rming  al loys f rom 
prev ious  s tudies  but the s t r eng th  level  is much higher 
than that p rev ious ly  repor ted  for lath fo rming  a l loys .  
These  r e s u l t s  a re  i n t e rp r e t ed  in  the following way. If 
it is  cons ide red  that s l ip  is  the domina t ing  p roc e s s  
for lath fo rmat ion  and that twinning is the domina t ing  
p roce s s  for plate format ion ,  the observed  morphology 
is a r e s u l t  of these two compet ing p r o c e s s e s .  The ef- 
fect of low SFE is to r e s t r i c t  s l ip to the s tacking  fault  
shea r  s y s t e m  that has been  repor ted  37 to favor lath 
fo rmat ion .  This  forced se lec t ion  of a sl ip s y s t e m  p ro -  

motes  lath fo rmat ion  in Alloy 3 at a s t reng th  level  
higher than p rev ious ly  observed for lath fo rming  a l -  
loys.  A t r ans i t i on  to plate m a r t e n s i t e  with i nc r ea sed  
s t reng th  would s t i l l  be expected, although at a higher 
s t reng th  in a l loys  with s i m i l a r l y  low SFE.  
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