
The Composition of Eta Carbide in Hastelloy 
N After Aging 10,000 h at 815~ 

J .  M. LEITNAKER,  G. A. POTTER,  D. J .  BRADLEY, J .  C. FRANKLIN, 
AND W. R. LAING 

The compos i t ion  of the eta carb ide  in Has te l loy  N containing 0.7 wt pct s i l i con  in the a l -  
loy, approaches  M~2C, r a t h e r  than M6C as indicated in the al loy l i t e r a tu r e .  The s i l i con  
content of the eta phase in this case  was ~25 at. pct, much higher  than has been obse rved  
in l ess  highly al loyed m a t e r i a l .  The data do not p e r m i t  a def ini t ion of the l imi t ing  com-  
pos i t ions  of the phases .  

T H E  composi t ion ,  location,  morphology,  and k ine t ics  
of fo rma t ion  of p rec ip i t a t e s ,  in r e l a t ionsh ip  to the i r  
ma t r ix ,  can al l  be impor tan t  in de t e rmin ing  p r o p e r -  
t ies  of i n t e r e s t  of a p a r t i c u l a r  al loy.  However ,  inade-  
quate data ex is t  to es tab l i sh  the exact  na ture  of the 
re l a t ionsh ips  in genera l .  F o r  example ,  F ine  1 wrote ,  
in r e g a r d  to one aspec t  of the p r o b l e m  s e v e r a l  y e a r s  
ago, " I t  is v e r y  diff icul t  to a s c r i b e  quant i ta t ive ly  the 
harden ing  (by p rec ip i t a t e s  in c rys t a l l i ne  sol ids)  to 
spec i f ic  sou rce s  in spec i f ic  a l loys  at the p r e s e n t  
t i m e . "  The eta  carb ide  p r ec ip i t a t e s  s tudied he re  a re  
impor tan t  con t r ibu tors  to the mechan ica l  p rope r ty  be-  
havior  of n i c k e l - b a s e  a l loys .  F o r  example ,  C la rke  and 
Ti tus  2 found that " m o r p h o l o g i c a l  changes in the c a r -  
bide p rec ip i t a t ion  (of Has te l loy  X) appeared  to be the 
most  impor tan t  cont r ibutor  to r o o m - t e m p e r a t u r e  me-  
chanical  p rope r ty  changes,  p a r t i c u l a r l y  for  the sho r t e r  
exposure  t i m e s .  A dense i n t r ag r anu l a r  ne twork  of 
secondary  M6C ca rb ides  p rec ip i t a t e  a f t e r  exposure  at 
1300 and 1450~ which weakens the sol id  solut ion ma-  
t r ix  and causes  a s e v e r e  loss  of duc t i l i t y . "  

In this l abora to ry ,  Gehlback and McCoy 3 inves t i -  
gated another  n i c k e l - b a s e  al loy (Hastel loy N) contain-  
ing the eta phase ,  They wrote ,  " T h e  m i c r o s t r u c t u r e  
is c h a r a c t e r i z e d  by s t r i n g e r s  of m a s s i v e  p r i m a r y  p r e -  
c ip i ta tes  of the NisMo3C t y p e . "  These  a r e  not the only 
examples ;  t he re  a r e  copious r e f e r e n c e s  to M~C in the 
l i t e r a t u r e  of these  a l loys .  

F r a k e r  and S t ade lma ie r  4 inves t iga ted  the M o - N i - C  
t e r n a r y  s y s t e m  at 1000~ and found that the re  were  
two eta  ca rb ides ,  both with na r row carbon content  
r anges .  They indicated the ca rb ides  w e r e  M12C and 
M6C; a two phase r eg ion  was r epo r t ed  to exis t  be-  
tween them.  However ,  in none of the l i t e r a t u r e  on 
n i c k e l - b a s e  a l loys ,  as compared  to r e l a t i ve ly  pure  
t e r n a r y  s y s t e m s ,  was it indicated that the eta  type 
carb ide  was other  than M6C. Even in the s imple  t e rn -  
a ry ,  not until one gets to about 20 at. pct Mo do the eta 
ca rb ide s  become  s table  at 1000~ in the d i a g r a m  r e -  
por ted  by F r a k e r  and S t ade lma ie r .  4 Thus,  t he re  was 
no p a r t i c u l a r  r e a s o n  to suspec t  the s ta ted  fo rmula ,  

M6C, as the eta carb ide  in n i c k e l - b a s e  a l loys .  
The  p r e sen t  paper  d e s c r i b e s  the ana lys i s  of p r e -  

c ipi ta te  ex t r ac t ed  f r o m  Has te l loy  N (Ni-16 Mo-7 C r - 4  
Fe),  which had been aged for  10,000 h at 815~ E l e c -  
t ro ly t i c  ex t r ac t ion  of the al loy yie lded m o r e  than twice 
the amount  of p rec ip i t a t e  expected as M6C. This  fact  
tends to indicate  that the eta  phase p rec ip i t a t e  in 
Has te l loy  N approx ima te s  M12C, r a t h e r  than the M6C 
s ta ted  in the a l loy l i t e r a tu r e .  

The d i s c r e p a n c y  of a fac tor  of two between the 
amount  of p rec ip i t a t e  expected in the Has te l loy  N and 
that ex t r ac t ed  led to the p r e sen t  inves t iga t ion .  As it 
became  c l ea r  that the p rec ip i t a t e  was not M6C, but 
approx imated  M12C, the l eve l  of ana ly t i ca l  e f for t  on 
the r e l a t i v e l y  s m a l l  sample  was i nc rea sed ,  to demon-  
s t r a t e  as well  as poss ib le  the compos i t ion  of this p r e -  
c ipi ta te .  F u r t h e r  e f fo r t s  of an even m o r e  ex tens ive  
nature  wil l  be n e c e s s a r y  if one hopes to expla in  the 
r e l a t ionsh ip  be tween p r o p e r t i e s  and s t r u c t u r e  on a 
quant i ta t ive  bas i s .  

E X PE RIM E N T A L  

The Has te l loy  N sample  used in this work was aged 
at 815~ fo r  ~10,000 h by Mr.  David G o s l e r  at Hi t tman 
Corp. ,  Md. At the conclus ion of that p r o g r a m  the s a m -  
ple was t r a n s f e r r e d  to J .  P. Hammonds  at this l abora -  
tory ,  who p e r f o r m e d  mechan ica l  p rope r ty  t e s t s )  One 
of the s p e c i m e n s  was used for  this ana lys i s .  The com-  
posi t ion of the me ta l l i c  sample  is given in Table  I. 

P i e c e s  of the s p e c i m e n  were  ex t r ac t ed  anodical ly  
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Table I. Composition of Hastelloy N 

Content 
Element (wt pct) 

Mo 
Cr 
Fe 
Si 
Mn 
V 
W 

A1 + 
Co 
C 
Cu 
B 
S 
P 
O 
Ni 

Ti 

16.50 
6.96 
3.67 
0.70 
0.56 
0.26 
0.26 
0.13 
0.11 
0.081 
0.01 
0.008 
0.008 
0.001 
0.007 
Balance 
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(1.5 V) to s epa ra t e  the p rec ip i t a t e  f r o m  the ma t r ix .  
The p r ec ip i t a t e  was then X - r a y e d  on a d i f f r a c t o m e t e r  
e spec ia l ly  des igned to detec t  sma l l  amounts  of second 
phases .  The  p rec ip i t a t e  was a lso  ca re fu l ly  analyzed 
chemica l ly  to d e t e r m i n e  its composi t ion .  More  com-  
ple te  de ta i l s  of the ex t r ac t ion  p rocedu re ,  the X-Ray  
p rocedure ,  and the chemica l  ana lys i s  a r e  ava i lab le  in 
Ref.  6. 

RESULTS 

T h r e e  independent examina t ions  indicate  that the 
ca rbon  content  of e ta  ca rb ide  in Has te l loy  N a f t e r  ag-  
ing 10,000 h at 815~ is much less  than that c o r r e -  
sponding to M6C. Two of the examina t ions ,  weight of 
ex t r ac t ed  p rec ip i t a t e  and X - r a y  la t t i ce  p a r a m e t e r ,  
a r e  qua l i ta t ive .  The examina t ion  by chemica l  analy-  
s i s  is quant i ta t ive .  (The e labora te  ca re  used to e s -  
t ab l i sh  confidence in the chemica l  ana lys i s  is cove red  
in Ref.  6.) W e  r e c o r d  the th ree  r e su l t s  s epa ra t e ly .  

X-Ray  La t t i ce  P a r a m e t e r  

The  la t t ice  p a r a m e t e r  was d e t e r m i n e d  on p r e c i p i -  
ta tes  f r o m  two d i f fe ren t  ex t r ac t ions  of the m a t e r i a l .  
The  va lues  w e r e  both 1.089 • 0.001 nm. In the pure  
M o - N i - C  t e r n a r y  F r a k e r  and S t ade lma ie r  4 indicate  
the phase M12C has the la t t ice  p a r a m e t e r  1.0894 nm 
(no e r r o r  stated),  while M6C v a r i e s  between 1.1161 
and 1.1255 nm, depending on the e s t i m a t e d  Ni -Mo con- 
tent.  The eta  carb ide  can be eas i ly  d is t inguished  f r o m  
the tau ca rb ide  (M23C6) in that the (420) X - r a y  peak 
has z e r o  in tens i ty  for  the eta carb ide  while that in- 
t ens i ty  in the pa t t e rn  of the tau carbide  is apprec iab le .  

Quanti ty of p r e c i p i t a t e  

Ex t r ac t i on  r e s u l t s  for  f ive e x p e r i m e n t s  a r e  given 
in Tab le  II. T h e r e  is  found 5.55 + 0.24 wt pct p r e c i p i -  
ta te  f r o m  four of the f ive ex t r ac t ions .  It appea r s  that 
the th i rd  ex t r ac t ion  is in e r r o r .  F u r t h e r ,  the s c a t t e r  
in the data is l a r g e r  than has usual ly  been e x p e r i -  
enced,  sugges t ing  that the s amples  a r e  mhomogeneous .  
One can e s t i m a t e  the amount  of p r ec ip i t a t e  expected  
for  M6C in a N t -ba se  a l loy containing 0.081 wt pct c a r -  
bon ( f rom Table  I): F r o m  F r a k e r  and S t ade lma ie r  4 the 
n i c k e l - r i c h  end of the 1V/~C phase is 48 at. pet  Ni, 40 
at. pet  Mo, and 12 at. pet  C. If all the carbon is as -  
sumed  to r e a c t  at 815~ one ca lcu la tes  3.82 wt pet 
p rec ip i t a t e  could be ex t rac ted .  Cons ide rab ly  m o r e  

p rec ip i t a t e  than this was obtained,  tending to indicate  
a lower  carbon content  in the p rec ip i t a t e  phase than 
indicated by the fo rmula  M6C. 

C h e m i c a l  Ana lyses  

The p rev ious  two pa r ag raphs  tended to indicate  the 
eta carb ide  in Has te l loy  N can be l ess  r i c h  in carbon 
than indicated by the fo rm u la  M6C. A r ea sonab le  ob- 
jec t ion  to this poss ib i l i ty  might be that oxygen is con- 
tained in the p rec ip i t a t e  giving both a low la t t ice  
p a r a m e t e r  and addi t ional  wt pct p rec ip i t a t e .  A l t e r -  
na t ive ly ,  one might  suppose that at 815~ m o r e  n icke l  
could d i s so lve  in the eta  phase  giving the lower  la t t ice  
p a r a m e t e r ,  and, fu r the r ,  a second phase was p r e s e n t  
in the ex t r ac t ed  p rec ip i t a t e  giving the addi t ional  weight 
pe rcen t age  fotmd. The  answer  to these  objec t ions  is,  
of course ,  an accu ra t e  c h e m i c a l  ana lys i s  of a s ing le -  
phase  m a t e r i a l .  

The p rec ip i t a t e  was dem ons t r a t ed  to be a wel l -  
c ry s t a l l i z ed ,  s ingle  phase by X - r a y  d i f f rac t ion  of two 
d i f fe ren t  e x t r a c t e d  samples .  F igu re  1 is a r ep roduc -  
tion of a por t ion of a pa t t e rn  f r o m  the d i f f r a c t o m e t e r .  
Note the e x t r e m e l y  low background,  r e l a t i ve  to the 
eta phase peak in tens i t i e s .  (The TaC is added as an 
in terna l ,  c a l i b ra t ing  s tandard  for  la t t ice  p a r a m e t e r  
m e a s u r e m e n t s .  In this case  the TaC (200) peak ove r -  
laps the (422) X - r a y  peak of eta phase.)  F i g u r e  1 
shows that any phase with a peak giving a d i f f rac t ion  
in tens i ty  of 50 counts (5 pct) would be eas i ly  seen.  
Twenty counts above background probably  would be 
seen.  M o r e o v e r ,  this a r e a  of the spec t rum,  near  the 
eta  (333) peak, is the leas t  s ens i t i ve  r eg ion  of the 
s p e c t r u m  because  of the high intensi ty  of the eta (333) 
peak. Thus,  it is c l ea r  that the spec imen  on which the 
c h e m i c a l  ana lys i s  was done is s ingle phase.  

Ana ly t ica l  data on c h e m i c a l  composi t ions  a r e  given 
in Table  III. The raw data a r e  given in the second 
column.  The  th i rd  column is included so that easy  
c o m p a r i s o n s  can be made by the r e a d e r  be tween a tom 
ra t io s .  The four th  column n o r m a l i z e s  the moles  of 

Table II. Extraction Results from Hastelloy N aged 10,000 h at 815~ 

Precipitate 
Extraction extracted wt pet Remarks 

(mg) 

1 40.87 5.65 X-Rayed 
2 149.61 5.53 Analyzed for metal, N and O 
3 31.61 4.80 a X-Rayed 
4 27.96 5.78 Analyzed for Carbon 
5 16.22 5.23 Analyzed for Carbon 

Average 5.55 -+ 0.24 

aNot counted in average or in error. There was probably an error in weighing. Fig. 1--Diffraction plot of region (40 to 50 deg 20) where 
most second phases would occur in Hastelloy N. 
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Table III. Composition of Precipitate Extracted 
From Hastelloy N aged 10,000 h at 815~ 

Element wt pct Moles/100 g Normalized a Normalized 
Uncertainty 

Cr b 1.2 0.023 l 1.48 0.3 
Ni b 28 0.4769 30.65 1.5 
Mo b 59 0.6150 39.53 2.0 
Si b 10.3 0.3667 23.57 1.2 
C c 1.35 0.1133 7.28 0.07 
O d 0.26 0.0075 0.48 0.08 
N 0.11 0.0079 0.51 0.05 
Al e 0.05 
Co e 0.2 0.0034 0.22 0.2 
Fe e 0.08 
Hg e 0.02 
Mg e 0.02 
Mn e 0.01 
Nb e 0.2 0.0021 0.13 0.1 
Sne 0.3 0.0025 0.16 0.2 
Ti e 0.005 
V e 0.2 0.0039 0.25 0.2 
w e <o.1 
Zr e 0.02 

aNormalization was done, as explained in the text, by multiplying each mole/ 
100 g by 64.27. 

bphotoelectric analysis for which standardization curves are precise to -+ 5 pet 
(2o). Uncertainty of individual values are estimated to be the same except for 
chromium, for which 10 pet must be assigned at this low level. 

CThe tmcertainty (2o) is -+1 pet, based on the 610.3 Leco instrument reading 
which has a standard deviation of 3.8. The weight of precipitate burned was 
39.10 rag, and the uncertainty in weight should be %0.05 rag. An unknown 
amount of atmospheric contaminants were absorbed on the surface, but the 
resulting uncertainty should not be as large as 1 pet (0.4 mg in weight). 

dThe precision stated for oxygen by the Analytical Chemistry group is -+5 pet. 
The moles of oxygen per 100 g is calculated via the assumption that the oxygen 
in the precipitate was that in the steel. Additional oxygen was assumed to be 
absorbed on the precipitate surface. 

eSemiquantitative values. The errors could be as large as a factor of two in the 
quoted value. 

m e t a l  s o  t h a t  t he  s u m m a t i o n  of metal  a t o m s  i s  96.  
T h e  r e a s o n  fo r  t h i s  i s  t h a t  t h e r e  a r e  96 metal  a t o m s  
in the  un i t  c e l l  of  t he  e t a  d i a m o n d  c u b i c  s t r u c t u r e  
p lu s  a d d i t i o n a l  s i t e s  f o r  c a r b o n .  T h e s e  a d d i t i o n a l  
s i t e s  m i g h t  b e  o c c u p i e d  b y  C, N, O, o r  cou ld  be  v a c a n t .  
T h e  f i n a l  c o l u m n  is  t he  u n c e r t a i n t y  in  t he  n o r m a l i z e a  
c o m p o s i t i o n .  T h e  m e t h o d s  b y  w h i c h  t h e s e  w e r e  ob -  
t a i n e d  a r e  g i v e n  in  d e t a i l  in  Ref .  6. 

T h e  r e s u l t s  of T a b l e  III s u s t a i n  q u a n t i t a t i v e l y  t he  
q u a l i t a t i v e  i n d i c a t i o n s  of 1) e x t r a c t e d  wt  pe t  p r e c i p i -  
t a t e  a n d  2) X - r a y  l a t t i c e  p a r a m e t e r .  T h e  c o m p o s i t i o n  
of t he  e t a  p h a s e  i s  no t  M6C, a s  i t  h a s  b e e n  r e f e r r e d  to 
e x t e n s i v e l y  in  t he  l i t e r a t u r e  bu t  is  c o n s i d e r a b l y  l e s s  
r i c h  in  c a r b o n  t h a n  i n d i c a t e d  by  the  f o r m u l a .  

DISCUSSION 

T h e r e  a r e  two a s p e c t s  of  t h i s  w o r k  w h i c h  d e s e r v e  
d i s c u s s i o n :  the  i m p l i c a t i o n s  of t he  m e a s u r e d  c o m p o s i -  
t i o n  and  the  c o n s e q u e n c e s  to the  m e c h a n i c a l  p r o p e r -  
t i e s .  H a m m o n d  ~ found  t h a t  the  H a s t e l l o y  N u s e d  in t h i s  
s t u d y  f r a c t u r e d  i n t e r g r a n u l a r l y .  He  a s c r i b e d  t he  
r e a s o n  to m a s s i v e  and  c o n t i n u o u s  p r e c i p i t a t e s  a r r a y e d  
a t  the  g r a i n  b o u n d a r i e s .  T h i s  f i n d i n g  p o i n t s  up the  i m -  
p o r t a n c e  of  two a s p e c t s  of t h e  c o m p o s i t i o n  s t u d y :  1) 
t he  h i g h  m e t a l - t o - c a r b o n  r a t i o  a n d  2) the  h i g h  s i l i c o n  
c o n t e n t  of  t he  p r e c i p i t a t e .  

M E T A L L U R G I C A L  T R A N S A C T I O N S  A 

T a b l e  I r e v e a l s  0 .081 wt  p c t  C was  c o n t a i n e d  in  the  
a l l o y .  T a b l e  II r e v e a l s  5.55 wt pc t  p r e c i p i t a t e  w a s  
e x t r a c t e d .  T a b l e  III r e v e a l s  the  p r e c i p i t a t e  c o n t a i n e d  
1.35 wt pe t  C. A s i m p l e  c a l c u l a t i o n  r e v e a l s  0 .075  wt 
p c t  C w a s  r e c o v e r e d  of  the  0 .081 wt pc t  C in  t he  a l l o y .  
A d d i t i o n a l  c a r b o n  would ,  o b v i o u s l y ,  h a v e  p r o d u c e d  
m o r e  p r e c i p i t a t e  o r  l e s s  c a r b o n  would  h a v e  p r o d u c e d  
l e s s .  T h u s ,  if one  w i s h e s  to a v o i d  the  m a s s i v e  g r a i n  
b o u n d a r y  p r e c i p i t a t e s  s e e n  by  H a m m o n d ,  the  q u a n t i t y  
of c a r b o n  a v a i l a b l e  to  r e a c t  m u s t  b e  r e d u c e d .  T h i s  
c a n  b e  d o n e  e i t h e r  by  r e d u c i n g  the  q u a n t i t y  of c a r b o n  
o r  by  t y i n g  it  up w i t h  a n  a c t i v e  e l e m e n t ,  s u c h  a s  t i -  

t a n i u m .  
T h e  s i l i c o n  c o n t e n t  of the  p r e c i p i t a t e  i s  h i g h e r  t h a n  

h a s  b e e n  r e p o r t e d  in  a n y  s u c h  s t u d y .  T h e  l a t t i c e  
p a r a m e t e r  i n d i c a t e s  the  s i l i c o n  d id  no t  d e p o s i t  on  the  
c a r b o n  s i t e s .  T h a t  i s ,  t h e  l a t t i c e  p a r a m e t e r  w i t h  low 
c a r b o n  is  l o w e r  t h a n  w i th  h i g h  c a r b o n .  4 If  the  s i l i c o n  
had  f i l l e d  a c a r b o n  s i t e  one  would  no t  u n r e a s o n a b l y  
a s s u m e  the  l a t t i c e  p a r a m e t e r  would  i n c r e a s e  s i n c e  
s i l i c o n  is  a b i g g e r  a t o m  t h a n  c a r b o n ;  s u c h  a n  i n c r e a s e  
w a s  no t  o b s e r v e d .  I t  i s  m o r e  r e a s o n a b l e  to a s s u m e ,  
a s  d id  M u k h e r j u  and  D y s o n ,  7 t h a t  s i l i c o n  i s  on  the  
m e t a l  l a t t i c e .  T h e  a m o u n t  of s i l i c o n  is  m u c h  h i g h e r  
t h a n  t h e y  i n d i c a t e d ,  h o w e v e r .  

It  i s  i n t e r e s t i n g  to c o m p a r e  t he  s i l i c o n  c o n t e n t  in 
t h i s  a l t o y  w i t h  t h a t  in  low a l l o y  s t e e l s ,  f o r  w h i c h  God-  
d e n  and  B e e c h  8 s h o w  t h a t  12 a t .  p e t  s i l i c o n  i s  in  the  
r e s i d u e  a f t e r  1000 h h e a t i n g  a t  700~ w h e n  1 wt pe t  
s i l i c o n  is  in  t h e  o r i g i n a l  s t e e l .  In  t he  h i g h  a l l o y  s p e c i -  
m e n s  d i s c u s s e d  h e r e ,  a l a r g e r  f r a c t i o n  of  t he  p r e c i p i -  
t a t e ,  ~ 2 5  a t .  pe t ,  i s  m a d e  up of s i l i c o n .  T h e  d i r e c t i o n  
i s  t he  c o r r e c t  one .  T h a t  i s ,  t he  h i g h e r  c o n c e n t r a t i o n  
of Mo in  o u r  a l l o y  (16 wt pe t  vs  3.5 wt  pe t  in  G o d d e n  
a n d  B e e c h ' s  s t e e l )  wou ld  b e  e x p e c t e d  to d r i v e  t he  r e -  
a c t i o n  w i t h  s i l i c o n  in t he  d i r e c t i o n  o b s e r v e d .  

T h e  o b s e r v e d ,  q u a l i t a t i v e  e f f e c t  of e t a  c a r b i d e s  on  
m e c h a n i c a l  p r o p e r t i e s  of n i c k e l - b a s e  a l l o y s  was  
n o t e d }  '3 A l s o  n o t e d  was  t he  d i f f i c u l t y  in  a s c r i b i n g  
q u a n t i t a t i v e  n u m b e r s  to t he  e f f e c t s )  T h e  p r e s e n t  w o r k  
s h o u l d  b e  of a s s i s t a n c e ,  i n d i c a t i n g  t he  wt pe t  of e t a  
c a r b i d e  w h i c h  c a n  b e  f o r m e d  wi th  a g i v e n  c a r b o n  c o n -  
t e n t  in  the  a l l o y .  O b v i o u s l y ,  t h i s  i s  on ly  a s t a r t ,  e v e n  
t h o u g h  a n e c e s s a r y  one .  T e c h n i q u e s  a r e  b e c o m i n g  
a v a i l a b l e  to  d e t e r m i n e ,  q u a n t i t a t i v e l y ,  the  r e l a t i o n s h i p  
b e t w e e n  m i c r o s t r u c t u r e  a n d  p r o p e r t i e s  of a n  a l l o y .  In  
c a s e s  w h e r e  p r e c i p i t a t e s  a r e  i m p o r t a n t ,  t h e  d e t e r m i n a -  
t i on  of  t he  n a t u r e  of t he  p r e c i p i t a t e  a n d  i t s  r e l a t i o n -  
s h i p  to t he  m a t r i x  i s  a l s o  i m p o r t a n t .  

CONCLUSIONS 

i) The composition of the eta carbide phase in Has- 
telloy N is near M12C rather than M6C, as has been re- 
ported in the literature. 

2) The silicon content of the eta phase can be higher, 
relatively, than in low alloy steels. 

3) The relationship of mechanical properties of mi- 
crostructure can be assisted by these data, but addi- 
tional work is needed. 
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