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The var ia t ion  of in t r ins ic  s tack ing  faul t  ene rgy  (Vi) in two aus ten i t i c  F e - C r - N i  a l loys  has  
been de t e rmined  f r o m  d i s loca t ion  node m e a s u r e m e n t s  ove r  the range 25 ~ to 325~ by means  
of high t e m p e r a t u r e  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 .  In both a l loys  ?i i n c r e a s e s  with 
t e m p e r a t u r e .  Both r e v e r s i b l e  and i r r e v e r s i b l e  e f fec t s  have been obse rved  in cyc l ic  hea t ing-  
cool ing e x p e r i m e n t s .  Af te r  the f i r s t  hea t ing  to e l eva ted  t e m p e r a t u r e  the i r r e v e r s i b l e  c o m -  
ponent is r emoved  and t h e r e a f t e r  cyc l ic  anneal ing  p roduces  e s s e n t i a l l y  r e v e r s i b l e  changes  
in VS. The l a rge  r e v e r s i b l e  changes  a r e  best  unders tood in t e r m s  of the va r i a t i on  in the 
s tabi l i ty  of aus teni te  with t e m p e r a t u r e .  The s m a l l e r  i r r e v e r s i b l e  e f fec t  appea r s  to a r i s e  
f r o m  the fo rma t ion  of subs t i tu t ional  solute a t m o s p h e r e s  around pa r t i a l  d i s loca t ions  at e l e -  
vated t e m p e r a t u r e .  

T H E  s tacking fault  ene rgy  is an impor tan t  m a t e r i a l s  
p a r a m e t e r ,  de t e rmin ing  to va r i ous  d e g r e e s  such prop-  
e r t i e s  as  s t r e s s  c o r r o s i o n  c rack ing  suscep t ib i l i ty ,  ~ 
c r eep  r e s i s t a n c e ,  2 and v a r i o u s  m e c h a n i c a l  p r o p e r t i e s .  
Howeve r ,  judgments  of the m e r i t s  of a p a r t i c u l a r  m a -  
t e r i a l  in an e leva ted  t e m p e r a t u r e  appl icat ion can often 
be made only on the bas i s  of room t e m p e r a t u r e  m e a s -  
u r e m e n t s  of the s tack ing  fault  ene rgy .  It has  been 
shown, in fact ,  that the in t r ins ic  s tacking  fault  energy  
(~i) of s e v e r a l  a l loys  a-s v a r i e s  with t h e r m a l  h i s t o ry :  
A r e v e r s i b l e  i n c r e a s e  in 7i with i n c r e a s e d  t e m p e r a t u r e  
has been obse rved  in fcc  Ni-Co a l loys ,  a I r r e v e r s i b l e  
changes  on anneal ing have been r e p o r t e d  in fcc  Ag-Sn 4 
and c o p p e r - b a s e d  a l loys ,  s In the case  of the c o m m e r -  
cial ly impor tan t  F e - C r - N i  s y s t e m  (s ta in less  s t ee l s )  the 
twin-dens i ty  m e a s u r e m e n t s  of Cowan and Staehle ~ in- 
dicate the impor tance  of cons ide r ing  the t e m p e r a t u r e  
dependence of s tacking  faul t  ene rgy .  They  found that 
the f r equency  of twinning i n c r e a s e d  with i n c r e a s i n g  
nickel  concen t ra t ion  in a s e r i e s  of these  a l loys ,  sug-  
ges t ing  that the twin boundary ene rgy  ?,t d e c r e a s e d  with 
i n c r e a s i n g  n ickel  concen t ra t ion .  D i s loca t ion  node 
m e a s u r e m e  nts,7 h o w e v e r ,  had p rev ious ly  indicated an 
i n c r e a s e  in ~i with n ickel  content .  Since ~i oc )'t in many 
m a t e r i a l s ,  8 these  obse rva t ions  a r e  in conf l ic t .  Cowan 
and Staehle emphas ized ,  however ,  that Vi had been de-  
t e r m i n e d  at room t e m p e r a t u r e  w h e r e a s  twin f r equency  
de t e rmina t ions  are  made upon m i c r o s t r u e t u r e s  de-  
ve!oped at h ighe r  (1090~ anneal ing  t e m p e r a t u r e s .  
They sugges ted  that the dependence of 7~ on T may have 
d i f fe red  f r o m  one a l loy to the next ,  account ing  fo r  the i r  
ob se rva t ions .  

In the p r e sen t  work ,  the va r i a t ion  of Vi with t e m p e r a -  
ture fo r  two F e - C r - N i  a l loys  has  been d e t e r m i n e d  f r o m  
d i s loca t ion  node m e a s u r e m e n t s  ove r  the range 25 ~ to 
325~ These  t e m p e r a t u r e s  a re  fa r  below the usual  an- 
neal ing point f o r  s t a in l e s s  s t e e l s ,  ye t  a s ignif icant  r e -  
v e r s i b l e  t e m p e r a t u r e  dependence is  o b s e r v e d .  
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I) E X P E R I M E N T A L  

The two high pur i ty  a l loys  studied were  Fe -10 .7  wt 
pct  Ni -18 .3  wt pct Cr  and F e - 1 5 . 9  wt pct Ni-18.7  wt pct 
Cr .  The ca rbon  content  of each  was on the o r d e r  of 
0.005 wt pct .  Thin  shee ts  of these m a t e r i a l s  w e r e  an-  
nealed in evacua ted  capsu les  at l l 00~  fo r  1 h r .  The 
capsu les  w e r e  then r e m o v e d  f r o m  the fu rnace  and a l -  
lowed to cool  to room t e m p e r a t u r e  before  opening.  
The shee t s  w e r e  l ight ly de fo rmed  in bending to in t ro -  
duce f r e s h  d i s loca t ions .  Thin fo i l s  were  p r e p a r e d  by 
the Bo l lman  technique using a 60 pct phospho r i c - 40  pct 
su l fu r ic  acid  e l e c t r o l y t e .  The fo i l s  w e r e  examined  in a 
100 kv e l e c t r o n  m i c r o s c o p e  equipped with a t i l t ing ,  
f u r n a c e - t y p e  hea t ing  stage des igned in our  l abo ra to ry .  
The l a t t e r  was  ca l ib ra t ed  with a s m a l l  t he rmocoup le  
f a s t ened  to a spec imen  and a l so  d i r e c t l y  checked by 
o b s e r v i n g  the m e l t i ng  points  of thin fo i l s  of t in and lead 
in the e l e c t r o n  m i c r o s c o p e .  In v iew of the unce r t a in t i e s  
a s s o c i a t e d  with t h e r m a l  contac t  be tween  the fu rnace  and 
the fo i l s  and with e l e c t r o n  beam hea t ing ,  the t e m -  
p e r a t u r e s  a r e  e s t i m a t e d  to be a c c u r a t e  to about ~: 10~ 
Spec imen contamina t ion  was  reduced  through the use of 
a cold f inge r  in the ob jec t ive  lens  c h a m b e r .  

II) RESULTS 

A) Room T e m p e r a t u r e  M e a s u r e m e n t s  of 7i 

The in t r in s i c  s tacking  fault  e n e r g y  was  de t e r mined  
f r o m  m e a s u r e m e n t s  of the r ad ius  y of a c i r c l e  insc r ibed  
within the extended node a c c o r d i n g  to the e x p r e s s i o n  ob- 
tained by Brown and Th61~nf  

~b2p ~ - 0.06 Cos 2~ 

+ [0.018 (-~_~)2-v + 0.036 ---(-1-~-v) Cos 2~ ] [1] 

R 
logw 7 

where  bp is  the pa r t i a l  d i s loca t ion  B u r g e r s  v e c t o r ,  
the d i s loca t ion  c h a r a c t e r  angle ,  R the ou te r  rad ius  of 
c u r v a t u r e ,  v is P o i s s o n ' s  r a t i o ,  and ~ is  the cutoff d i s -  
tance r e l a t ed  to the d i s loca t ion  core  r ad ius .  The use 
of th is  e x p r e s s i o n  was d e s c r i b e d  in de ta i l  e a r l i e r .  *~ 
The e f fec t ive  n shea r  modulus  ~t(6.7 • 101~ per  sq m) 
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a n d  t he  e f f e c t i v e  v a l u e  of P o i s s o n ' s  r a t i o  (0.43) w e r e  
c a l c u l a t e d  f r o m  the  a n i s o t r o p i c  e l a s t i c  c o n s t a n t s  g i v e n  
by  S a l m u t t e r  a n d  S t a n g l e r  12 f o r  a 12 pc t  C r - 1 2  p c t  Ni  
a l l o y ,  in  the  a b s e n c e  of i n f o r m a t i o n  on  the  p a r t i c u l a r  
c o m p o s i t i o n s  of i n t e r e s t .  T h e  d e t e r m i n a t i o n s  of the  
B u r g e r s  v e c t o r s  and  " c h a r a c t e r  a n g l e s  t o g e t h e r  w i t h  
i m a g e  i n c l i n a t i o n  c o r r e c t i o n s  w e r e  c o n d u c t e d  in the  
u s u a l  m a n n e r .  ~o 

O v e r  the  y e a r s  s e v e r a l  i n v e s t i g a t o r s  ~s-~6 h a v e  m e a s -  
u r e d  Yi f o r  d i f f e r e n t  s t a i n l e s s  s t e e l s .  S e v e r a l  of t h e s e  
v a l u e s  a r e  g i v e n  in T a b l e  I t o g e t h e r  w i t h  the  p r e s e n t  

r e s u l t s  on the  b a s i s  of  the  q u a n t i t y  ) J p b .  A m o r e  d i -  
r e c t  c o m p a r i s o n  i s  v i r t u a l l y  i m p o s s i b l e  s i n c e  t h e r e  
h a s  b e e n  a s t r i k i n g  l a c k  of u n i f o r m i t y  in  the  s e l e c t i o n  
of the  v a l u e s  f o r  e l a s t i c  c o n s t a n t s ,  P o i s s o n ' s  r a t i o ,  and  
the  m e t h o d  of c a l c u l a t i o n .  T h e  s i g n i f i c a n c e  of v a r i a -  
t i o n s  in  t h e s e  p a r a m e t e r s  h a s  b e e n  c o n s i d e r e d  in d e t a i l  
by Ruff .  ~7 S ince  t h e  u s e  of e f f e c t i v e  e l a s t i c  c o n s t a n t s  
r a t h e r  t h a n  i s o t r o p i c  v a l u e s  i s  c o n s i d e r e d  to give m o r e  
m e a n i n g f u l  r e s u l t s ,  ~7 we s u g g e s t  t h a t  the  v a l u e s  of 7i 
r e p o r t e d  h e r e i n ,  T a b l e  I I ,  a r e  the  b e s t  a v a i l a b l e  f o r  
t h e s e  a l l o y s .  

Table I. Comparison of Reported Stacking Fault Energy Values in Fe-Ni-Cr 
Alloys for the Indicated Compositions, Wt Pct 

Alloy 103 ?//lh Ref. 

9.5 Ni-16.6 Cr 1.03 15 
10 Ni-20 Cr 0.98 13 
10.7 Ni-18.3 Cr 0.98 This work 

14 Ni-18 Cr 1.08 16 
15 Ni-20 Cr 1.20 13 
15.9 Ni-18.7 Cr 1.41 This work 

Table II. Average Values for the Intrinsic Stacking Fault Energy 3'i 
Determined from Extended Dislocation Nodes. 

The Number n of Individual Measurements and the 95 Pct Confidence 
Interval About the Mean are Given. Temperature Corrected 

Values of the Shear Modulus Were Used. 

"Yi, erg/cm2 or mJ/m 2 

Recovered 
As Nodes, 

Alloy Deformed At 135~ At 325~ At 25~ 

Fe-10.7pctNi-18.3pctCr 16.4 +1.1 27.6 + 1.2 30.4+ 1.6 18.2• 
n = 17 n = 21 n = 16 n = 19 

Fe-15.9pctNi-18.7pctCr 23.6• 28.8• 31.8+ 1.4 24.9• 
n = 21 n = 18 n = 20 n = 20 

B)  T e m p e r a t u r e  C y c l i n g  E x p e r i m e n t s  

F o i l s  of bo th  a l l o y s  w e r e  c y c l i c a l l y  h e a t e d  and  
c o o l e d  in the  e l e c t r o n  m i c r o s c o p e ,  r e c o r d i n g  e x t e n d e d  
n o d e s  a t  t e m p e r a t u r e s  of 25 ~ 135 ~ an d  325~ T h e  
t e m p e r a t u r e  w a s  a l l o w e d  to s t a b i l i z e  ( a p p r o x i m a t e l y  
10 m i n ) b e f o r e  m e a s u r e m e n t s  w e r e  m a d e .  T y p i c a l  r e -  
s u l t s f o r  e x t e n d e d  n o d e s  in  15.9 wt  p c t  Ni  a l l o y  a r e  s h o w n  
in F i g .  1. Note  t h a t  t h e  node  s h r i n k s  (Vi i n c r e a s e s )  
w i t h  i n c r e a s i n g  t e m p e r a t u r e ,  (a) to  (c), bu t  t h a t  t h i s  
e f f e c t  i s  r e v e r s i b l e  an d  the  node  e x p a n d s  a g a i n  on c o o l -  
ing  (d). N o t i c e ,  t oo ,  t h a t  a s i g n i f i c a n t  i r r e v e r s i b l e  
c h a n g e  in node s i z e  o c c u r s  d u r i n g  t h e  f i r s t  t h e r m a l  
c y c l e ,  the  r e c o v e r e d  node  in F i g .  l ( d )  b e i n g  m u c h  
s m a l l e r  t h a n  t h e  f r e s h  node  in l ( a ) .  A f t e r  the  f i r s t  
h e a t i n g  to  e l e v a t e d  t e m p e r a t u r e s  t h e  i r r e v e r s i b l e  e f -  
f e c t s  a r e  r e m o v e d  and  t h e r e a f t e r  c y c l i c  h e a t i n g  p r o -  
d u c e s  e s s e n t i a l l y  r e v e r s i b l e  c h a n g e s  in  the  node s i z e .  
R e v e r s i b l e  and  i r r e v e r s i b l e  h e a t i n g  e f f e c t s  on  the  node  
s i z e  h a v e  a l s o  b e e n  o b s e r v e d  in the  10.7 pc t  Ni a l loy  a s  
i n d i c a t e d  in F i g .  2. S i m i l a r  c h a n g e s  in the  w i d t h s  of 
i n t r i n s i c - e x t r i n s i c  f a u l t  p a i r s  18 in t h i s  a l l o y  w e r e  ob -  
s e r v e d  d u r i n g  the  t h e r m a l  c y c l e s .  

A s u m m a r y  of o u r  r e s u l t s  i s  g i v e n  in  T a b l e  II and  
F i g .  3. T h e  d a t a  p r e s e n t e d  t h e r e i n  r e p r e s e n t  m e a s u r e -  
m e n t s  on  r e l a t i v e l y  i s o l a t e d  d i s l o c a t i o n  n o d e s .  Note  

Fig. 1- -Thermal  cycl ing sequence of nodes (N) in a 15.9 wt pet Ni alloy. (a) As-deformed ,  (b) 135~ (c) 325~ (d) 25~ 
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Fig. 2--Thermal cycling sequence of nodes (N) fn the 10.7 wt pct Ni alloy. (a) As-deformed, (b) 135~ (c) 25~ 
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Fig. 3--Stacking fault 
energy variation with 
temperature for the 
two alloys shown. The 
initial as-deformed 
values are indicated by 
CW. The 95 pct con- 
fidence half-intervals 
are indicated. 

that  ~'i is  g rea te r  in the n i c k e l - r i c h  al loy,  as  expec-  
ted, n-16 although the di f ference in ~'i becomes  l e s s  at 
the higher  t e m p e r a t u r e s .  Node m e a s u r e m e n t s  at  t e m -  
p e r a t u r e s  above 325~ were not a t tempted since oxida-  
t ion of the foi ls  was detected.  As a r e su l t  of the large 
shear  modulus  in this  m a t e r i a l ,  a r easonab le  m e a s u r e -  
m e n t  p rec i s ion  of about 5 to 10 pct was obtained at va l -  
ues of 7i on the o rder  of 30 e rg  per  sq cm, where y was 
typical ly  ~130]k. The sca t t e r  in the d e t e r m i n a t i o n s  of 
7i is  indicated by the 95 pct confidence i n t e rva l s  shown 
in Table  II. 

III) DISCUSSION 

In a recen t  review,  Gal lagher  5 has  d i scussed  the fac-  
to r s  which may affect the size of extended d is loca t ion  
nodes upon changes of t e m p e r a t u r e .  These  f ac to r s  in -  
clude the var ia t ion  in m a t e r i a l  cons tan t s  with t e m p e r a -  
tu re ,  devia t ions  f rom an ideal  random solid solut ion,  
and a t rue ,  r e v e r s i b l e  t e m p e r a t u r e  dependence of ~'i. 

In the f i r s t  place,  one mus t  cons ide r  the effect of 
t empe ra tu r e  changes on the e l a s t i c  modul i  and a tomic  
spacing which appear  in Eq. [1]. The change in la t t ice  
p a r a m e t e r  19 amounts  to about 1 pct over  the range of 
t e m p e r a t u r e s  used in this  study and bp may be a s s u m e d  
constant  to suff icient  accu racy .  In fo rmat ion  on the 
va r i a t ion  of i so t ropic  e las t i c  cons tan t s  with t e m p e r a -  

M E T A [ I U R G I C / ~ t  [ R A N S A C T I O N S  

ture  is avai lable  for  c o m m e r c i a l  aus ten i t ic  s t a in l e s s  
s t ee l s .  2~ P o i s s o n ' s  ra t io  is  r e l a t i ve ly  insens i t ive  to 
t e m p e r a t u r e  changes while the she a r  modulus  is  de-  
c r e a se d  by about 6 pct at 135~ and by about 11.5 pct at 
325~ Even allowing for  th is  va r i a t i on ,  a subs tan t ia l  
t e m p e r a t u r e  dependence s t i l l  r e m a i n s  in 7i, F ig .  3. By 
way of con t ra s t ,  in pure s i l v e r  and dilute s i lve r  a l loys ,  5 
the t e m p e r a t u r e  dependence of ~'i is sma l l  and of the 
same o rde r  and in the same sense  as  that of the shear  
modulus .  

A) Reve r s ib l e  Changes  in 7i 

In the 10.7 pct Ni a l loy,  Yi i nc r e a se d  f rom a r e -  
covered value of about 18 e r g  per  sq cm (m joule per  
sq m) at 25~ to about 30 e r g  per  sq cm at 325~ in a 
r e v e r s i b l e  m a n n e r .  The 15.9 pct Ni al loy showed an in-  
c rease  of about 30 pet in 7i over th is  same t e m p e r a t u r e  
in t e rva l .  These  changes  a re  bel ieved to r e p r e s e n t  the 
ac tua l  t e m p e r a t u r e  dependence of 7i and should be r e -  
lated to the va r i a t ion  in phase s tabi l i ty  with t e m p e r a -  
tu re .  Such a re la t ion  is c l ea r  in an fcc lat t ice s ince  a n  
i n t r i n s i c  s tacking faul t  can be cons idered  a thin r e g i o n  
of hcp m a t e r i a l .  Thus ,  the va r i a t i on  in faulted a r e a  
should be re la ted  to the va r i a t i on  in phase s tabi l i ty  with 
t e m p e r a t u r e .  F o r  example ,  in fcc Ni-Co al loys  the s ta -  
b i l i ty  of the fcc phase i n c r e a s e s  with i n c r e a s i n g  t em-  
pe ra tu re  re la t ive  to the hcp phase and one expects ,  as  
obse rved ,  3 a posi t ive t e m p e r a t u r e  coeff ic ient  of 7i- 

In these fcc F e - C r - N i  a l loys  s i m i l a r  c o m p a r i s o n s  
a re  l e s s  d i rec t  for two r e a s o n s .  F i r s t ,  the two al loys  
with which we have worked a re  in metas tab le  equi l ib -  
r i um.  According  to the e q u i l i b r i u m  phase d iagram 21 for  
the p r e se n t  a l loys ,  f e r r i t e  (bcc) is  s table  at room t e m -  
pe r a t u r e ,  however ,  the t r a n s f o r m a t i o n  of aus teni te  is  
so slow that the fcc phase p e r s i s t s  on cooling f rom the 
high t e m p e r a t u r e  aus teni te  reg ion  to room t e m p e r a t u r e .  
In a g r e e m e n t  with th is ,  we obse rve  that heat ing up 
to 1 hr  at 325~ produced ne i the r  a s igni f icant  change 
in the node s i zes  with t ime nor  any indicat ion of t r a n s -  
fo rming  reg ions .  Secondly,  the phase t r a n s f o r m a t i o n  in 
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Fig. 4--Pseudobinary phase di- 
agram 22 indicating the austen- 
ite-ferrite stability regions. 

this  sys tem is  fcc ~ bee (ra ther  than fcc ~ hcp). How- 
eve r ,  we note f rom the pseudobinary  phase d i a g r a m ,  
F ig .  4, 22 that ,  in the range of t e m p e r a t u r e s  employed 
in this  study, the s tab i l i ty  of aus teni te  should i nc r ea se  
with t e m p e r a t u r e .  Th i s  i n c r e a s i n g  s tab i l i ty  p red ic t s  
that  the unfaulted m a t r i x  region  (fcc) su r round i ng  the 
node should i n c r e a s e  in a r e a  (cor responding  to a de-  
c r ea se  in node s i z e ) w i t h  i n c r e a s i n g  t e m p e r a t u r e ;  this  
is p r ec i s e ly  the observed  dependence on t e m p e r a t u r e .  
We also note in Fig .  4 that the (~ + 7) phase boundar ies  
exhibi t  cons ide rab le  cu rva tu re ,  account ing  for  the cu r -  
v i l i n e a r  r e l a t i onsh ip  between 7i and T in Fig .  3. 

An hcp eps i lon  (e) phase has  been observed  to develop 
dur ing  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  in some me ta -  
stable aus ten i t i c  s t a i n l e s s  s t ee l s .  3'23'24 Th i s  t r a n s f o r -  
mat ion  may be induced by r e f r i g e r a t i o n  or  by de fo rma-  
t ion.  Since the degree  of decomposi t ion  of the aus ten i te  
is  re la ted  to i ts  s t ab i l i ty ,  the l ikelihood of t r a n s f o r m a -  
t ion may be reduced by i n c r e a s i n g  the concen t ra t ion  of 
a u s t e n i t e - s t a b i l i z i n g  e l e m e n t s ,  e.g., nickel ,  ca rbon .  If 
one pos tu la tes  that the �9 phase may be re la ted  to the 
s tack ing  faul t  r eg ions  in these a l loys ,  one again expects  
that  the node size wil l  dec rea se  with i n c r e a s i n g  nickel  
content ,  and with i n c r e a s i n g  t e m p e r a t u r e  s ince the 
probabi l i ty  of the m a r t e n s i t e  t r a n s f o r m a t i o n  d e c r e a s e s .  

It is  worth not ing  that at h igher  t e m p e r a t u r e s ,  i .e .  
g rea t e r  than about 900~ one would p red ic t  f rom Fig .  
4 that nodes would begin to expand as  the slope of the 
phase boundary  becomes  posi t ive in con t r a s t  to the 
negat ive  slope at  t e m p e r a t u r e s  below 900~ In a l loys  
more  concent ra ted  in nickel  and ch romium the phase 
boundar i e s  show only a sl ight t e m p e r a t u r e  dependence 
up to about l l00~  It is  therefore  conceivable  that at 
these high annea l ing  t e m p e r a t u r e s ,  7i could be lower  
in n i c k e l - r i c h  a l loys  as  suggested by the twin dens i ty  
m e a s u r e m e n t s  ~ desc r ibed  e a r l i e r .  We had no oppor tu-  

ni ty to examine  this  poss ib i l i ty  fu r the r ,  and c r i t i ca l  ex-  
p e r i m e n t s  at higher  annea l ing  t e m p e r a t u r e s  r e m a i n  to 
be pursued .  

B) I r r e v e r s i b l e  Changes in Yi 

As shown in Fig .  4, a sma l l  but s igni f icant  inc rease  
in 7i is  observed  between the a s - d e f o r m e d  and r e -  
covered spec imens  in both a l loys .  An i r r e v e r s i b l e  
change in node size can be due, for example ,  to the in-  
f luence of segrega t ion ,  solute impedance fo rces  25 or lo- 
cal  i n t e rna l  s t r e s s  v a r i a t i o n s  (see Ref. 5 for detai led 
r e f e r e n c e s ) .  The role that these f ac to r s  may play de- 
pends on the extent to which these p r o c e s s e s  can oper -  
ate at the t e m p e r a t u r e s  involved he re .  

In fo rmat ion  on the effects  of solutes  in i ron  a l loys  of 
about 18 pct Cr  and 13 to 23 pct Ni was repor ted  by 
Swarm and P icke r ing .  28 They found that s t r e s s - a g i n g  oc-  
cu r s  at low t e m p e r a t u r e s  (75~ in shor t  aging t imes  
(apparent ly about 2 rain).  Th i s  s t r e s s - a g i n g  effect was 
g rea t e r  in the more  n i c k e l - r i c h  al loy.  The Por tev in  ~ 
Le Cha te l i e r  effect was a lso  observed  and became more  
p r omi ne n t  at h igher  t e m p e r a t u r e s  (up to 200~ Both 
of these effects  can be a s c r i b e d  to the diffusion of sol-  
ute a toms to d i s loca t ions :  s ta t ic  d i s loca t ions  in s t r e s s -  
aging and mobile  d i s loca t ions  in the case of the P - L  ef-  
fect .  Defo rma t ion -p roduced  vacanc ies  were  thought to 
a s s i s t  subs t i tu t iona l  solute (presumably  n ickel )  diffu- 
s ion.  26'27 It seems  reasonab le  therefore  that solute dif-  
fus ion  could occur  at the modes t  t e m p e r a t u r e s  employed 
in the p r e se n t  e x p e r i m e n t s .  

It i s  impor tan t  next to recognize  that in the p rocess  
of c r ea t ing  isolated extended nodes by the in te rac t ion  of 
two r ibbons  with a common par t i a l ,  11 the f r e sh ly  created 
node mus t  expand by glide f rom the moment  of f o r m a -  
t ion.  Typica l ly  the node inner  rad ius  is of the o rde r  of 
five t imes  the r ibbon width of an extended dis locat ion.  
The equ i l i b r ium node s ize wil l  be de t e rmined  by a 
balance between the fault  ene rgy ,  e las t i c  repu ls ion  be-  
tween the pa r t i a l s ,  the l ine tens ion  of the pa r t i a l s ,  and 
local  fo rces  due to solute a toms .  T h e r e f o r e ,  the effect 
of a solute impedance force  if p resen t  du r ing  room 
t e m p e r a t u r e  deformat ion  would be to i n c r e a s e  the (ap- 
parent )  7i s ince the nodes would be prevented  from 
reach ing  the i r  t rue e qu i l i b r i um size .  Signif icant  im-  
pedance fo rces  are  not  expected dur ing  the fo rmat ion  
of nodes at room t e m p e r a t u r e  in this sy s t em since 
solute mobi l i ty  is ve ry  low (s t ress  aging 26 has not been 
observed at 25~ so that a s - d e f o r m e d  nodes probably 
give a good indicat ion of the fault  energy  at 25~ 

The a s - de f o r me d  nodes are  observed to shr ink  dur -  
ing heat ing,  due to a genuine r e v e r s i b l e  t e mpe ra tu r e  
dependence of 7i. However ,  the nodes do not expand 
back to the a s - d e f o r m e d  d imens ions  on cooling,  in view 
of the s t r e s s  aging r e s u l t s  mentioned e a r l i e r ,  we sug- 
gest  that solute atom a t m o s p h e r e s  col lect  at the par t ia l  
d i s loca t ion  at the e levated t e m p e r a t u r e s  (135 ~ and 325~ 
At some stage in the subsequent  cooling cycle ,  the ex-  
pansion of the nodes is  impeded by this a tmosphe re .  
Thus ,  the r ecovered  node size at room t e mpe ra tu r e  is  
ac tual ly  r ep re sen t a t i ve  of the equ i l i b r ium size at a 
s l ightly e levated  t e m p e r a t u r e .  The i r r e v e r s i b l e  
changes in 7i observed  he re  a re  sma l l ,  and indicate that 
the solutes  a re  not capable of exer t ing  s t rong  forces  on 
the d is loca t ion  nodes in these a l loys .  We note that this  
explanat ion differs  f rom the solute impedance concept 
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d e s c r i b e d  by  C h r i s t i a n  and  S w a n n ,  ~s s i n c e  w e  p r e d i c t  

t h a t  t he  a s - d e f o r m e d  n o d e  i s  m o r e  l i k e l y  to  be  r e p r e -  

s e n t a t i v e  of  the  e q u i l i b r i u m  r o o m  t e m p e r a t u r e  n o d e  

s i z e  t h a n  r e c o v e r e d  n o d e s .  

T h e  s e g r e g a t i o n  of s o l u t e  to  f a u l t s  b y  a S u z u k i  m e c h -  
a n i s m  28 s e e m s  r a t h e r  u n l i k e l y  to p r o v i d e  a m a j o r  c o n -  

t r i b u t i o n  to t he  p r e s e n t  o b s e r v a t i o n s  o n  the  i r r e v e r s i -  

b le  c h a n g e s  in  Yi. S u z u k i  p o i n t s  o u t  t h a t  t h e  e q u i l i b r i u m  
s o l u t e  c o n c e n t r a t i o n  in  t he  f a u l t e d  r e g i o n  w i l l  c h a n g e  
r e l a t i v e  to t he  f c c  m a t r i x  so  a s  to  d e c r e a s e  t h e  f r e e  

e n e r g y  of  t he  f a u l t .  S i n c e  b o t h  c h r o m i u m  a n d  n i c k e l  i n -  

c r e a s e  Yi in F e - C r - N i  a l l o y s  in t h e  r a n g e  of c o m p o s i -  

t i o n s  u s e d  h e r e ,  7 the  c o n c e n t r a t i o n s  of  t h e s e  s o l u t e s  
w o u l d  h a v e  to  d e c r e a s e  in  t h e  f a u l t .  If  d e s e g r e t a t i o n  

o c c u r s  due  to i n c r e a s e d  m o b i l i t y  of  s o l u t e  a t  e l e v a t e d  

t e m p e r a t u r e s  d u r i n g  a h e a t i n g  c y c l e  o n e  e x p e c t s  Yi to 

d e c r e a s e  b e l o w  the  a s - d e f o r m e d  v a l u e ;  t h i s  i s  n o t  o b -  
s e r v e d .  

CONCLUSION 

Both reversible and irreversible changes in Ti have 
been observed in the present alloys over the range 25 ~ 
to 325~ The large reversible changes seem to be best 
understood in terms of the variation in the stability of 
the fcc (austenite) phase with temperature. The smaller 
irreversible change appears best explained by the for- 
mation of substitutional solute atmospheres around node 
a r m s .  
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