
The Influence of Martensite and Ferrite on the Properties 
of Two-Phase Stainless Steels Having 
Microduplex Structures 

H. W. HAYDEN AND S. FLOREEN 

The mechan ica l  p rope r t i e s  of a s e r i e s  of s t a in l e s s  s tee ls  rang ing  in composi t ion from 16.5 pct 
Cr, 5.5 pct Ni to 23.9 pct Cr ,  2.9 pct Ni have been de t e rmined .  The s e r i e s  of a l loys lie along 
an approximate  1700~ tie l ine with room t e mpe r a t u r e  m i c r o s t r u c t u r e s  ranging  from 100 pct 
m a r t e n s i t e  to 100 pct f e r r i t e .  Yield and t ens i l e  s t reng ths  i n c r e a s e d  d i rec t ly  with i n c r e a s i n g  
m a r t e n s i t e  content .  In a l loys conta in ing  on the o rder  of 40 to 60 pct m a r t e n s i t e ,  the p resence  
of a fine d i spe r s ion  of tougher ,  a lbei t  s t r o n g e r ,  m a r t e n s i t e  was quite effective in lowering the 
d u c t i l e - t o - b r i t t l e  impact  t r ans i t i on  t e m p e r a t u r e .  

I ~ E C E N T  studies  of two-phase  F e - N i - C r  a l loys  have 
shown that many compos i t ions  having a su i tably  fine 
(microduplex) g ra in  size exhibit  the phenomenon of 
supe rp las t i c i ty  at t e m p e r a t u r e s  s i m i l a r  to and in ex- 
ce s s  of approx imate ly  one-ha l f  the absolute  me l t ing  
t e m p e r a t u r e .  1'2 In addit ion to this  unusual  high t em-  
pe ra tu re  behavior ,  many  of these a l loys  have useful  
i n t e rmed ia t e  and low t e m p e r a t u r e  p rope r t i e s .  In pa r -  
t i cu l a r ,  s tudies  of two-phase  i r on -base  compos i t ions  
have led to the development  of the s t a i n l e s s  s tee l  
IN-744 having a compos i t ion  of 26 pct Cr ,  6.5 pct 
Ni. 2 This  alloy has an exce l len t  combinat ion  of the 
mechan ica l  p rope r t i e s  coupled with ve ry  good c o r r o -  
s ion r e s i s t a n c e .  

The p resen t  au thors  have repor ted  s tudies  of the 
deformat ion  and f r ac tu re  c h a r a c t e r i s t i c s  of IN-744. s 
The tens i le  deformat ion  c h a r a c t e r i s t i c s  s eemed  
c lose ly  akin to the behavior  of f e r r i t i c  s t a i n l e s s  s teel .  
However ,  the two-phase  al loy had a d u c t i l e - t o - b r i t t l e  
Charpy V-notch t r a n s i t i o n  on the order  of 300~ lower 
than that for a f e r r i t i c  s t a in l e s s  s teel  having the 
composi t ion of the f e r r i t e  of the two-phase  a l loy (ap- 
p rox imate ly  32 pct C r - 3  pct Ni). In a subsequent  pub- 
l ica t ion,  4 the mechan ica l  behavior  of a s e r i e s  of a l -  
loys lying along a t i e - l i ne  f rom 32 pct C r - 3  pct Ni-  
ba lance  Fe to 19.5 pct C r - 9  pct Ni -ba lance  Fe were 
invest igated.  It was found that very  useful  combina-  
t ions  of s t rength  and toughness  could be obtained in 
a l loys  with microduplex  s t r u c t u r e s  conta in ing  approxi -  
mate ly  40 to 50 pct aus ten i te .  The improved  tough- 
n e s s  of the two phase al loy was re la ted  to two fac-  
t o r s :  1) the g rea t e r  difficulty of cleavage c rack  in i t i a -  
t ion afforded by the g ra in  r e f i nemen t  of the f e r r i t e  
phase which is eas i ly  a t ta ined  in two-phase a l loys ,  
and 2) blunt ing of propagat ing  cleavage c racks  by 
sof ter ,  tougher ,  and t r a n s f o r m a b l e  (to m a r t e n s i t e )  
aus teni te  pa r t i c l e s .  

In a la ter  inves t iga t ion ,  5 an alloy of 50 pct F e - 50  
pct Cu having a microduplex  s t ruc tu re  was analyzed.  
Again it was found that the d u c t i l e - t o - b r i t t l e  t r a n s i -  
tion t empera tu re  was about 300~ lower than that of 
the t i e - l i ne  i ron phase.  The improvemen t  in tough- 
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n e s s  was re la tab le  to the diff icul ty of cleavage c rack  
in i t ia t ion  and to c rack  blunt ing by sof ter ,  tougher ,  
but non t r ans fo rmab le  copper pa r t i c l e s .  This  study 
demons t r a t ed  that me tas t ab i l i t y  of the second phase is  
not a n e c e s s a r y  condit ion for toughening in microduplex  
a l loys .  

The p resen t  inves t iga t ion  was under taken  to de te r -  
mine if s i m i l a r  toughening behavior  could be a t ta ined 
in s t a i n l e s s  s t ee l s  having a microduplex  s t ruc tu re  
composed of a soft,  c l eavage-prone  f e r r i t e  phase and 
a s t r onge r ,  tougher phase,  in this case mar t ens i t e .  

EXPERIMENTAL PROCEDURE 

All of the p re sen t  a l loys  were p r epa red  as  30 lb 
vacuum induct ion mel t s  f rom v i rg in  raw m a t e r i a l s .  
The composi t ions  of the p resen t  s e r i e s  of "tie-l ine" 
al loys  a re  l i s ted  in Table  I. The pe rcen t  f e r r i t e  in 
each heat ,  de t e rmined  by l inea l  a na l y s i s ,  is  included in 
the table .  The " t i e - l i n e "  was e s t ima ted  by cons ide r -  
at ion of s eve ra l  fac tors :  1) m ic rop robe  ana lys i s  of 
a much r i c h e r  two-phase al loy composi t ion  annealed  
at 1700~ 6 2) the t i e - l i n e s  at 1832~ de t e rmined  by 
P i l l i a r  and Kirkaldy 7 and 3) phase ana ly se s  of nom-  
inal  21 pct Cr ,  5 pct Ni, 0.3 pct T i  s t ee l s  by Sergeeva 
and Khaklova. 8 Fig.  1 c o m p a r e s  the " t i e - l i n e "  of the 
p r e se n t  work with that d i s cus sed  in Ref. 4. 

All  the heats  were cast  as  4 by 4 in. ingots.  The 
ingots were soaked at 2200~ and ro l l ed  to 2 by 2 in. 
b i l le t s .  These  b i l l e t s  were subsequent ly  ro l l ed  to �88 
in. d iam bar  stock f rom 1700~ 

1 1 in. d iam,  1-~ in. gage length tens i le  spec imens ,  and 
s tandard  Charpy V-notch impact  spec imens  were m a -  
chined f rom the a s - r o l l e d  bar .  After  machin ing ,  the 
spe c i me ns  were annea led  in argon for  1 hr  at 1700~ 
followed by e i ther  a i r  cooling or water  quenching.  

Table I. Chemical Composition of Materials Investigated 

Heat N1 Cr C A1 Ti Pct cr 

1 5.54 16.5 0.007 0.05 0.18 8.4 
2 5.37 17.2 0.007 0.06 0.16 15.6 
3 4.69 18.8 0.022 0.06 0.16 39.5 
4 4.18 20.2 0.011 0.05 0.16 62.9 
5 3 54 21.9 0.017 0.06 0.16 87.3 
6 2.85 23.9 0.022 0.06 0.16 100 
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Fig. 1--Ternary diagram of materials used in this investiga- 
tion as well as those discussed in Ref. 4. Closed circles in- 
dicate alloys studied in Ref. 4. 
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All samples  were then r e f r i g e r a t e d  16 hr at -106~ 
to ensu re  complete t r a n s f o r m a t i o n  of the aus ten i te  to 
m a r t e n s i t e .  

The resu l tan t  m i c r o s t r u c t u r e s  were ve ry  s i m i l a r  in 
cha r ac t e r  to those found in the a u s t e n i t e - f e r r i t e  a l -  200 
loys.  4 Alloys in the cen t r a l  por t ion of the two-phase  
region  showed fe r r i t e  m a t r i c e s  containing e longated 

5~ 

f ibe rs  of mar t ens i t e .  The gra in  s i zes  of both phases  i 
were quite sma l l ,  on the o rde r  of seve ra l  m i c r o n s .  ~ 160 
The al loys at the ends  of the t i e - l i n e s  were gene ra l ly  
equiaxed in cha rac te r  and the gra in  s i zes  were approxi -  
mate ly  25 ~. 

The tensi le  spec imens  were tes ted at t e m p e r a t u r e s  "' 120 
between room t e m p e r a t u r e  and -320~ us ing  approp-  ~ 
r ia te  l iquid equ i l ib ra t ing  baths for the low t e m p e r a -  
tu re  tes ts .  Charpy s p e c i m e n s  were tes ted  at t e m p e r a -  
t u r e s  ranging f rom -320  ~ to 212~ 80 

RESULTS AND DISCUSSION 

Tens i l e  Behavior  

The yield and t ens i l e  s t r eng ths  of the heats  were 160 
de t e rmined  at va r ious  t e m p e r a t u r e s  after  annea l ing  
1 hr  at 1700~ and water  quenching.  These  r e s u l t s  
a re  shown in Fig.  2. It can be seen that there  is  a 
r easonab ly  l inear  r e l a t ion  between yield s t rength  and ~. 120 
pe rcen t  f e r r i t e  at a l l  t es t  t e m p e r a t u r e s .  Th i s  might  
be expected inasmuch as  the two components  of the 
f e r r i t e - m a r t e n s i t e  heats  have bcc s t r u c t u r e s  and 
s i m i l a r  work ha rden ing  behavior .  The va r i a t i ons  in ~ 8o 
g ra in  size evident ly  had l i t t le  effect on the t ens i l e  ,., 
p roper t i e s .  7- 

The var ia t ion  of room t e m p e r a t u r e  yield s t rength  
with percent  f e r r i t e  of both the f e r r i t e - a u s t e n i t e  heats  40 
of Ref. 4 and f e r r i t e - m a r t e n s i t e  hea ts ,  a l l  annea led  
1 hr  1700~ and e i the r  water  quenched or a i r  cooled, 
is  shown in Fig.  3. In the case of the f e r r i t e - a u s t e n i t e  
s e r i e s ,  composed of bcc and fcc phases ,  the obse rved  
nonl inear  change of yie ld  s t rength  with f e r r i t e  content  

is probably  re la ted  to the d i f fe rent  work hardening  be-  
havior  of the two phases .  4 As had been observed in the 
f e r r i t e - a u s t e n i t e  t i e - l i n e ,  the f e r r i t e - m a r t e n s i t e  se -  
r i e s  also shows that with higher  f e r r i t e  contents  a i r  
cooling led to higher yield s t r eng ths  than water  
quenching.  

In s u m m a r y ,  the tens i le  p r o p e r t i e s  of the f e r r i t e -  
m a r t e n s i t e  seem to be cons i s t en t  with the en t i re ly  bcc 
s t r u c t u r e s  of the a l loys .  In con t ras t  to the f e r r i t e -  
aus teni te  a l loys  of Ref. 4, i n c r e a s i n g  f e r r i t e  contents  
lead to lower ,  r a the r  than higher  y ie ld  s t rengths .  In 
both s e r i e s  of a l loys ,  u l t imate  t ens i l e  s t reng ths  de-  
c r e a se d  with i n c r e a s i n g  f e r r i t e  content .  

F r a c t u r e  Behavior  

The Charpy V-notch impact  e n e r g i e s  of the t i e - l i ne  
s e r i e s  of heats  are  shown as  a function of test  t e m p e r -  
a ture  in Fig.  4. Samples were annea led  1 hr  at 1700~ 
and e i ther  a i r  cooled or water  quenched,  as noted. As 
in the f e r r i t e - a u s t e n i t e  t i e - l i n e ,  the s lower cooling 
ra te  s igni f icant ly  r a i s e d  the duc t i l e - b r i t t l e  t r ans i t ion  
t e m p e r a t u r e  of the more  f e r r i t i c  a l loys .  There  was 
ve ry  l i t t le  effect of cooling ra te  on the impact  p r o p e r -  
t ies  of the more  m a r t e n s i t i c  a l loys .  

The impact  r e su l t s  are  replot ted  in Fig.  5 as impact  
energy  vs f e r r i t e  content  for s e ve r a l  d i f ferent  tes t  
t e m p e r a t u r e s .  Selecting an impact  energy  of 40 f t - lb  
as  a t r a n s i t i o n  from ductile to b r i t t l e  behavior ,  the 
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Fig. 2--0.2 pct offset yield strength and ultimate tensile 
strengths of ferrite-martensite alloys vs ferrite content. 
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t r ans i t ion  t e m p e r a t u r e  for both a i r  cooled and water  
quenched samples  is  shown as a function of f e r r i t e  
content  in Fig.  6. In going from al loys which are  al l  
f e r r i t i c  to a l loys having on the o rder  of 40 to 50 pct 
m a r t e n s i t e ,  it can be seen that there  was a lower ing  
of the duc t i l e - t o -b r i t t l e  impact  t r ans i t ion  t e m p e r a t u r e  
on the o rder  of 500~ for a i r  cooled samples  and 300~ 
for water quenched s amp le s .  These  r e su l t s  a re  s i m i -  
l a r  to r e su l t s  observed  in microduplex  s t r u c t u r e s  
composed of f e r r i t e  and aus teni te  4 and i ron and cop- 
per .  5 In d is t inct ion to the two above ment ioned  
s tud ies ,  the p re sen t  r e s u l t s  indicate that a c l eavage-  
prone phase (ferr i te)  can be toughened by a fine d i s -  
pe r s ion  of a s t ronge r ,  tougher phase (mar tens i te )  as 
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Fig. 3--Room temperature 0.2 pet yield strengths of ferri te- 
martensite and ferrite-austenite, Ref. 4, alloys vs ferrite 
content. 

well as  by a d i spe r s ion  of a weaker ,  tougher phase 
(austenite or copper).  

In o rde r  to de te rmine  if the toughening effects  of 
f inely d i spe r s e d  m a r t e n s i t e  de r ived  from its  influ- 
ence on c rack  ini t ia t ion or c rack  propagat ion,  s tand-  
a rd  Charpy V-notch s a mp l e s  of a l l  heats  were  an-  
nea led  1 hr  1700~ water  quenched,  and then fatigue 
c racked  to a depth of about 0.031 in. below the ma-  
chined notch before tes t ing .  The in t roduct ion  of a 
sha rpe r  notch would be expected to lower the crack 
in i t ia t ion  energy ,  but not affect the c rack  propagat ion 
behavior .  The r e su l t s  a re  shown in Fig.  7. Impact  
t r a n s i t i o n  t e m p e r a t u r e s  were de t e rmined  by se lec t ing 
an ene rgy  of 400 f t - lb  per  sq in. as  a d u c t i l e - t o - b r i t t l e  
t r ans i t i on .  This  is approximate ly  equivalent  to 40 
f t - lb  for s t andard  Charpy spec imens .  These  are  shown 
with the t r ans i t ion  t e m p e r a t u r e s  of s t andard  Charpy 
s a mp l e s  in Fig.  6. In going f rom the comple te ly  f e r r i t i c  
alloy to a l loys  containing 40 to 60 pct ma r t ens i t e  the 
t r a n s i t i o n  t e m p e r a t u r e  was lowered on the o rder  of 
250~ The r e s u l t s  indicate that when the energy ex-  
pended in c rack  ini t ia t ion was lowered  by fatigue p re -  
c rack ing ,  the t r ans i t ion  t e m p e r a t u r e s  of highly f e r r i t i c  
a l loys were i nc rea sed  by about only 70~ while the 
t r ans i t i on  t e m p e r a t u r e s  of highly m a r t e n s i t i c  al loys 
were i n c r e a s e d  on the o rder  of 140~ 

Fig.  8 shows r e su l t s  of impact  t e s t s  on fatigue p r e -  
c racked  and s tandard  Charpy samples  of a l loys  con- 
ta in ing  approximate ly  8, 40, and 100 pct f e r r i t e  plotted 
in t e r m s  of impact  energy  per  unit  a r ea  vs tes t  t em-  
pe ra tu re .  The difference between the two cu rves  for 
each al loy should be a m e a s u r e  of the change in c rack  
in i t ia t ion energy.  At subzero  t e m p e r a t u r e s  there was 
obviously l i t t le  difference in energy  absorbed  by the 
f e r r i t e ,  whereas  the 92 pct m a r t e n s i t e  al loy showed 
s igni f icant  d i f fe rences  over the whole range of t e m p e r -  
a ture .  The 40 pct f e r r i t e  al loy was s i m i l a r  to the 92 

240 

Fig. 4--Charpy V-notch impact energies 
of air cooled and water quenched sam- 
ples as a function of test temperature. 
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Fig.  5 - - C h a r p y  V - n o t c h  i m p a c t  e n e r g y  as  a funct ion  of f e r -  
r i t e  content  (a) a i r  coo l ed ,  (b) w a t e r  quenched.  
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pct martens i te  a l loy ,  showing dist inct  d i f f erences  in en-  
e r g i e s  over the whole temperature  range.  

T h e s e  re su l t s  indicate that the presence  of m a r -  
tens i te  in the m i c r o s t r u c t u r e  s igni f icant ly  r a i s e d  the 
crack  init iation energy  of the two-phase  a l loys .  Th i s  
effect  could have resu l ted  from ei ther  the suppress ion  
of c leavage  init iation in the ferr i te ,  or to an effect  of 
the martens i te  in m i n i m i z i n g  premature propagation of 
any c leavage cracks  that might  have formed in the 
f err i t e .  

As  a further me a ns  of studying the e f fects  of m i c r o -  
s tructure  on fracture ini t iat ion,  a s e r i e s  of double V- 
notched tens i le  s a m p l e s  were tes ted  at -200~ The 
rationale for these t e s t s  was that during loading both 

notches  would deform in s i m i l a r  fashion and that 
crack init iat ion might occur in both notches  prior to 
fast  crack propagation from one of the notches .  The 
unbroken notch was then sect ioned and examined  meta l -  
lographica l ly  to revea l  what had happened prior to fast  
crack propagation.  The s p e c i m e n s  showed increas ing  
crack opening d i sp lacements  with i n c r e a s e d  marten-  
s i te  contents .  In a l loys  containing on the order of 
more  than 40 pct martens i t e ,  however ,  there was 
l i tt le  or no ev idence  of m i c r o c r a c k i n g  in the ferr i te  
phase.  Thus ,  the presence  of a fine martens i t e  d i s -  
tribution s igni f icant ly  retarded crack  init iat ion in the 
ferr i te .  

One reason  for this  effect  of m a r t e n s i t e  is  a rather 
indirect  one,  namely  the much f iner  grain s i ze  of the 
ferr i te  when martens i t e  i s  present .  The reduction in 
grain s i z e  i s  a resul t  of the retardat ion of grain 
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Fig.  6 - - - 4 0 f t - l b i m p a c t  t r a n s i t i o n  t e m p e r a t u r e  as  a funct ion  
of f e r r i t e  content .  
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Fig. 8--Impact energy per unit area of three representative 
alloys for both standard and fatigue precracked CVN sam- 
ples vs test temperature. 

growth dur ing hot working  or  anneal ing when l a rge  
amounts  of two phases  a r e  present .  Thus ,  in any mi -  
c roduplex  al loy some i m p r o v e m e n t  in toughness  might  
be obtained because  of a reduc t ion  in g ra in  s i ze .  It 
should be pointed out howeve r ,  that in both the p r e s -  
ent a l loys  and a lso  the a u s t e n i t e - f e r r i t e  a l loys  the 
f e r r i t e  gra in  s ize  was c o m p a r a b l y  sma l l  in m o s t  of 
the two-phase  a l loys  in the tie l ines ,  but the toughness  
was cont inuously i m p r o v e d  by i n c r e a s i n g  amounts  of the 
tougher  phase.  T h e r e f o r e  the reduct ion  in f e r r i t e  gra in  
s ize  i s  not the sole r e a s o n  for the be t t e r  toughness .  

A second fac tor  that  may influence c r a c k  in i t ia t ion  
in the f e r r i t e  i s  s t r e s s  r e l axa t ion  by p las t ic  flow in 
the tougher  phase.  In the a u s t e n i t e - f e r r i t e  and F e - C u  
a l loys  the tougher  phases  had s igni f icant ly  lower  y ie ld  
s t r eng ths  than the f e r r i t e s .  In the p r e sen t  a l loys  the 
0.2 pet offset  y ie ld  s t rength  of the m a r t e n s i t e  was 
h igher  than the f e r r i t e ,  but the e l a s t i c  l imi t  was con-  
s i d e r a b l y  lower .  Thus ,  in a l l  t h r ee  s y s t e m s  the abi l i ty  
of the tougher  phase to de fo rm at r e l a t i ve ly  low 
s t r e s s e s  could help r e l i e v e  local  s t r e s s e s  in the f e r -  
r i t e  that would o the rwise  in i t ia te  c l eavage .  

A number  of the f r a c t u r e d  t ens i l e  and impac t  spec i -  
m e n s  were  nickel  p la ted on the f r a c t u r e  su r f aces .  
The c r ack  propagat ion behav io r  was then s tudied by 
c r o s s  sec t ioning and me ta l l og raph i ca l l y  examin ing  the 
s a m p l e s .  As expec ted  at low t e m p e r a t u r e s  f a i lu re  of 
the f e r r i t e  was a lmos t  e n t i r e l y  by c l eavage ,  w h e r e a s  
the m a r t e n s i t e  fa i led  p r i m a r i l y  by a duct i le  mode 
except  at the lowest  t e m p e r a t u r e s  where  some  c l e a v -  
age was obse rved .  Occas iona l  de laminat ion  f r a c t u r e s  
pe rpend icu l a r  to the main  c r a c k s  were  o b s e r v e d  but 
these  did not appear  to be a s igni f icant  fac to r .  Num-  
e r o u s  ins tances  of c l eavage  c r a c k s  in the f e r r i t e  that 
were  stopped when they r eached  a m a r t e n s i t e  l aye r  
were  observed .  An example  is  shown in Fig.  9. Th i s  
s a m e  type of c r a c k  blunt ing was a lso  commonly  ob- 
s e r v e d  in the o ther  m i c r o d u p l e x  al loys.  It s e e m s  quite 
l ike ly ,  as in the o ther  a l l oys ,  that the abi l i ty  to stop 
or  at l ea s t  delay c l eavage  propagat ion in this manner  
mus t  s ignif icant ly  r a i s e  the c r a c k  propagat ion  ene rgy  
and make an impor tan t  contr ibut ion  to the i m p r o v e -  
ment  in toughness.  

Fig. 9--Example of cleavage cracks in the ferrite,  phase 
being stopped and blunted by martensite particles in a 
Charpy sample of Heat 5 tested at --200~ 10 pct oxalic 
acid etch. Magnification 690 times. 

CONCLUSIONS 

I) The presence of a strong tough martensite phase 
in mic rodup lex  f e r r i t e - m a r t e n s i t e  s t a i n l e s s  s t ee l s  
leads  to i m p r o v e d  s t rength  and toughness  o v e r  the 
l eve l  of p r o p e r t i e s  of a comple t e ly  f e r r i t i c  a l loy.  

2) At roughly 50 pct m a r t e n s i t e ,  the impact  t r a n s i -  
t ion t e m p e r a t u r e  is  s igni f icant ly  lower  than that of an 
a l l - f e r r i t i c  al loy.  Th is  r e s u l t  is s i m i l a r  to r e s u l t s  
for  m ic rodup lex  f e r r i t e - a u s t e n i t e  s t a in l e s s  s t e e l s  and 
mic rodup lex  F e - C u  a l loys .  

3) The p r e sen t  r e su l t s  sugges t  that  the p r i m a r y  
p r e r e q u i s i t e  for a second phase to toughen a c l eav -  
age prone m a t r i x  i s  that the second phase be tougher 
than the p r i m a r y  phase.  Strength d i f f e r e n c e s  between 
the two phases  or t r a n s f o r m a b i l i t y  of the second phase 
do not s e e m  to be s ignif icant  for  producing  lower  
t r ans i t ion  t e m p e r a t u r e s .  

4) The i m p r o v e d  toughness  of m ic rodup lex  a l loys  
appea r s  to be r e l a t ed  to the e f f ec t s  of a f inely d is -  
p e r s e d  tough second phase on both the e n e r g i e s  for 
c r a c k  ini t ia t ion and c r a c k  propagat ion .  

5) F r o m  a p rac t i ca l  point of v iew the best  combina-  
tion of s t rength  and toughness  o v e r  the f e r r i t e - m a r -  
t ens i t e  t i e - l i n e  s e r i e s  i s  obtained for  an a l l - m a r t e n -  
s i t ic  a l loy ,  r a t h e r  than at a 50-50 phase ra t io  which 
had been o b s e r v e d  for the m o r e  usefu l  f e r r i t e -  
aus teni te  s t a in l e s s  s t e e l s .  
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