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SURFACE IMPREGNATION AND TREATMENT 

B O R O N I Z I N G  OF HIGH-ALLOY STEELS 

D r .  t ech .  sc .~  P r o f .  Yu. M. Lakht in  and Eng .  M . A .  Pche lk ina  

Moscow Road T r a n s p o r t a t i o n  Ins t i tu te  

Th i s  work  r e p o r t s  on an inves t iga t ion  of g a s e o u s  i m p r e g -  
na t ion  wi th  boron  of h i gh -a l l oy  s t a i n l e s s  and h e a t - r e s i s t a n t  
s t e e l s  to i n c r a s e  t he i r  h a r d n e s s ,  r e s i s t a n c e  to w e a r  e r o s i o n  
and s c o r i n g  a t  h igh  t e m p e r a t u r e s .  We f i r s t  s tudied  the  
e f fec t  of  c h r o m i u m  and n i cke t  on the  h ~ r d n e s s ,  dep th  and 
p h a s e  compos i t i on  of the  bo ren i zed  l a y e r .  

I m p r e g n a t i o n  wi th  bo ron  w a s  conducted  in d iborane  in 
m i x t u r e  with hyd rogen  (B2HB:H 2 = 1:25) a t  9 5 0 o c / 6  h r s .  [ 1 ] .  

Af t e r  boron iz ing ,  the  s p e c i m e n s  w e r e  he ld  a t  the  i m p r e g -  
na t ion  t e m p e r a t u r e  fo r  4 h r s .  At th i s  t e m p e r a t u r e ,  the  h i g h -  
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Fig .  t .  Ef fec t  of C r  on depth 
of bo ron ized  l aye r :  sol id  l ine - 
total  l a y e r  depth;  d a s h e d  l ine -  
depth  of so l id  l a y e r  o f b o r i d e s .  

F ig .  2.  Ef fec t  of  
n icke l  on depth  and 

h a r d n e s s  of  a 
bo ron ized  l aye r :  
1 - -  total  l a y e r  

depth;  2 - -  depth  
of sol id  bo r ide  

l a y e r  

c h r o m i u m  s t e e l s  had  a m i x e d  s t r u c t u r e  c o n s i s t i n g  of  ), and 
- p h a s e s  whle  al l  the  o t he r  s t e e l s  we re  a u s t e n i t i c .  

F i g u r e s  1 and 2 conta in  da t a  on the  e f fec t  of  C r  and Ni on 
the  depth  of the  borordzed  l a y e r s .  The  d i s t a n c e  be tween  the  
s u r f a c e  of the  s p e c i m e n s  and the  end of the  l a y e r  con ta in ing  
bor ide  p h a s e s  ( F i g u r e  3) was  c o n s i d e r e d  the  full  l a y e r  dep th .  
Th i s  inc luded a l so  the  t r a n s i t i o n  l a y e r  c o n s i s t i n g  of (~ ~sol id 
so lu t ion  with b o r i d e s .  

It i s  s e e n  in F i g u r e  1 tha t  s m a l l  addi t ions  of Cr  to m e d i u m  

ca rbon  s t e e l s  r educed  c o n s i d e r a b l y  the  depth of the  dif-  
fu s ion  l a y e r .  An i n c r e a s e  of  c h r o m i u m  to 3-8% did not  
a f fec t  the  ove ra l l  l a y e r  depth  o r  the  l a y e r  of  m a s s i v e  
b e t i d e s .  At 12-25% Cr  in a 0.51% C s tee l ,  the  depth  of 
the  bo ron ized  l a y e r  d e c r e a s e d ,  F i g u r e  1. 

The h a r d n e s s  of the  boron ized  l a y e r  i n c r e a s e d  s o m e -  
what  wi th  c h r o m i u m  conten t .  Fo r  i n s t ance ,  the  h a r d n e s s  
of  a s t ee l  with  0.38% C and 1.06% Cr  was  1290 HAt. In 
s t e e l s  with 0.51% C and 13-19.5% Cr ,  the  h a r d n e s s  was  
1850-2290 HI1. F igu re  3, c shows  a typical  m i c r o s t r n c t a r e  
of  a boron ized  l a y e r  on a c h r o m i u m  s t e e l .  Addition of 
n icke l  up to 4-6% r educed  the  depth  of the  d i f fused  l a y e r .  
At s t i l l  h i g h e r  n icke l  con ten t s  the  overa l l  l a y e r  depth  did 
not  change  bu t  the  con t inuous  l a y e r  of b e t i d e s  b e c a m e  
c o n s i d e r a b l y  th inne r ,  F igu re  2. In s t e e l s  with 6-8% Ni, 
the  a l l - b e t i d e  l a y e r  was  to ta l ly  ab sen t  and only an aus t en i t i c  
zone with b o r i d e s  was  o b s e r v e d  a t  the  i m p r e g n a t i o n  t e m -  
p e r a t u r e  ( F i g u r e s  2 and 3, a) . However ,  bor ide  " w h i s k -  
e r s "  ( F igu re  3, b) p e n e t r a t i n g  to a c o n s i d e r a b l e  depth 
f o r m e d  in s t e e l s  with 7-8% Ni.  The h a r d n e s s  of the  
boron ized  c a s e  d e c r e a s e d  wi th  i n c r e a s i n g  nickel ,  F i g u r e  
2. 

Addi t ion of 6-7% Ni to a s t ee l  with  0.32% C and 15.52% 
Cr  i n c r e a s e d  the  o v e r a l l  depth  of the  boron ized  c a s e  as  wel l  
a s  the  depth  of sol id  b e t i d e  l a y e r .  At a s t i l l  h i g h e r  n icke l  
content ,  the depth  of the  d i f fused  l a y e r  e i t he r  changed  v e r y  
l i t t le ,  if  a t  a l l .  F i g u r e  4_ The  s t r u c t u r e s  of  the  d i f fus ion  
l a y e r  a r e  shown in F i g u r e  3, d.  A solid l a y e r  of b o r i d e s  
of su f f i c i en t  t h i c k n e s s  was  o b s e r v e d  in al l  c a s e s .  The 
p r e s e n c e  of 2.2% W in a h i g h - c h r o m i u m  s t ee l  r educed  the  
boron ized  c a s e  t h i c k n e s s .  

Addit ion to a c h r o m i u m  s t ee l  ( 0.32% C and 15% Cr) of  up 
to 8% Mn had  p r a c t i c a l l y  no ef fec t  on the  depth and s t r u c t u r e  
of t he  d i f fused  l a y e r .  F i g u r e s  5 and 6 d e m o n s t r a t e  tha t  
e o l u m b i u m  and e spec i a l l y  t i t an i t im r educe  c o n s i d e r a b l y  the  
depth  and h a r d n e s s  of  the  boron ized  c a s e  on 18-8 type 
s t e e l s .  

The d e c r e a s e  of the  depth  of the  d i f fus ion  l a y e r  owing to 
a l loy  e l e m e n t s  i s  p robab ly  a s s o c i a t e d  with an i n c r e a s e d  
b inding  s t r e n g t h  in the  b e t i d e s  a s  was  e x p e r i m e n t a l l y  
e s t a b l i s h e d  du r ing  bo ron iz ing  of a l loyed f e r r i t e  [21.  

We boron ized  s e v e r a l  s t a n d a r d  s t a i n l e s s  and h e a t -  
r e s i s t a n t  s t e e l s ,  wi th  the  r e s u l t s  g iven  in t he  Table  on 
fol lowing page .  

F igu re  7 g ive s  the  d i s t r ibu t ion  of h a r d n e s s  a c r o s s  the  
bo ron ized  c a s e  in s t ee l  "C2'. The  h a r d n e s s  change  p a t t e r n  
in  o the r  aus t en i t i c  s t e e l s  i s  the  s a m e  a s  in th i s  one .  
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Fig .  3. M i c r o s t r u c t u r e  of boron ized  l a y e r  on v a r i o u s  s t e e l s ,  300 x: 
a - -  0.41% C, 12 .822Ni ;  b - -  0.41% C, 11%Ni;  c - -  0.38% C, 4 . 7 4 N i ; d - -  0.32% C, 15.52% Cr,  
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Fig .  4.  Ef fec t  of n icke l  
on the  bor0n ized  c a s e  
depth  on a s t e e l  with  

0.32% and 15.52% Cr:  
1 - -  total  l a y e r  depth;  2 --  depth  of 
cont inuous  b o r i d e s  l a y e r .  ( D a s h e d  
l ines  r e f e r  to a s t ee l  wi th  0 .34  % C, 

15.45%Cr, 2.7%W). 

6.6% Ni. 

The p r o c e s s  of boron ized  l a y e r  f o r m a t i o n  in a l loy  s t e e l s  
d i f f e r s  f r o m  the  m e c h a n i s m  tak ing  p lace  in i r o n  o r  o the r  p u r e  
m e t a l s  [1 ] .  Dur ing  bo ron iz ing  of i r on  ( o r  o the r  meta l )  
m i x t u r e s  of p h a s e s  such  as  ~ - so l i d  so lu t ion  and b o r i d e s  
cannot  ex i s t  [1 ] .  Dur ing  the  i m p r e g n a t i o n  with boron  of 
c o m p l e x  aus t en i t i c  s t e e l s  with h igh  Ni, C r  and o t he r  e l e m e n t s ,  
the  f o r m a t i o n  of a d i f fus ion  l a y e r  appa ren t l y  t ake s  p lace  as  
fol lows:  

When the  s a t u r a t i o n  l i m i t  fo r  bo ron  in the  a l loyed sol id  
solut ion i s  r e ached ,  b o r i d e s  appea r  at  the  i m p r e g n a t e d  s u r -  
f ace  a longs ide  the  s a t u r a t e d  a - so l u t i on .  The f o r m a t i o n  of 
b o r i d e s  i s  a ccompan i ed  by  a deple t ion  of the  sol id  solut ion in 
b o r i d e - f o r m i n g  e l e m e n t s .  

The bo r ide s  a r e  located  wi thin  the  sol id  solut ion in p a t c h e s .  
With t i m e ,  t h e i r  f o rma t i on  t a k e s  p lace  not only at  the  fu r f ace  
but  wi thin  the  l a y e r  at  a c e r t a i n  depth as  we l l .  The  h i g h e r  

Steel  Grade  

1Kh18N9T 
s t ee l  "A") 

Kh18N12M3T 
( s t e e l  "t~ ')  

Kh18N25S2 
s tee l  "C")  

Kh23N18 
( s t ee l  "I7 ')  

Kh25N20S2 
( s t e e l  "E")  

Kh25N25T 
( s t ee l  ,, 1~,) 

KhI5N37V3T 
s t ee l  "G") 

TABLE 
i 

Bo ron iz ing  
schedu le  

I 950 6 
1100 2 

900 4 

900 4 
II00 2 

950 6 
II00 2 

950 6 I 

950 6 

850 2 
8.50 4 
850 6 
850 10 
95O 2 

1050 2 

Case  r depth,  : 

2 ~  

~ 100 2200 
120 2200 

2O 100 2290 

25 115 2"_)90 
70 150 22O0 

15 130 2190 
20 130 2190 

15 7O 1890 

12 130 2090 

15 60 2190 
25 7'5 2190 
30 125 2190 
45 160 2190 
30 80 2190 
50 120 2190 

the  con ten t  of  b o r i d e - f o r m i n g  e l e m e n t s  (Ni ,  Cr  and etc . ) ,  
the  m o r e  b o r i d e s  a r e  f o r m e d  dur ing  the  t r e a t m e n t .  As  a 
r e s u l t ,  a sol id  l a y e r  of bo r ide s  a p p e a r s  on the  s u r f a c e  and 
an a u s t e n i t e - b o r i d e  zone fol lows u n d e r n e a t h .  

F igu re  8 shows  m i c r o s t r u c t u r e s  of the  boron izcd  e a s e  
of s t e e l s  "17 ' .  

S h o r t - t i m e  s a t u r a t i o n  with boron  at h igh  t e m p e r a t u r e  



Boronizing of High-Alloy Steels 113 

\ 
?000 

I6 2 ~ % D 1300 

I r f 

| 60 ~,, 

40 \ ! - ,  ~ \ " 
40 " 

- -  + 2 0  " 

0 2 4 %7"1 

Fig.  5. Effect of t i tanium 
on depth and h a r d n e s s  of 
boronized case  on s teel  with 
0.15% C, 18.39% Cr, 8.4% 
Ni, 2.05% W: Solid l ines - 
total layer  depth, dashed 
l ines - depth of solid bor ides  

l aye r .  

Fig .  6. Effect of 
co lumbium on case  
depth and h a r d n e s s  
on s teel  with 0.27% 
C, 17.5% Cr, 8.1% 

Ni, 2.3% W. 

re su l t s  in the fo rmat ion  of an aus ten i te -bor ide  zone, F igure  
2. In this  case  the solid boride layer  does not fo rm because  
of the v igorous  escape  of boron  a toms  f r o m  the su r face  into 
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deeper  s t r a t a .  When the boroniz ing t e m p e r a t u r e  is  reduced 
and the holding t ime lengthened, a solid l ayer  of bor ide  f o r m s  
on the su r face  and a mixed aus ten i te -bor ide  zone is  found 
f a r t he r  down, F igure  8, a .  

It is  seen  f r o m  Figure  8 that dur ing format ion  of the mixed 
zone, the bor ides  f o r m  at f i r s t  at grain  boundar ies  and gra in  
junctions in the austeni te  and then within the g ra in  body and 

the sub-boundar ies  between la rge  mosa ic  b locks .  Such a 
bor ide  phase  fo rmat ion  sugges t s  that diffusion of boron 
occur s  mainly  along gra in  boundar ies .  

Fig.  8. Mic ros t rue tu re  of boronized case ,  
500 x: 

a -- s teel  "D" boronized at 950oc/6 h r s . ,  
b -- same  steel  boronized at 1100oc/2  h r s .  

A sa tura t ion  of s teel  with boron is  accompanied 
by depletion in carbon of the austeni te  adjacent to the 
boride phase s .  The carbon diffuses into m o r e  r emote  
vo lumes  of the uas teni te  in the direct ion of the cen te r .  This  
is seen in F igure  9 showing the m i e r o s t r u c t u r e  of a boron-  
ized case  on a s teel  with 0.41% C and 12.82% Ni. Hence, 
the t rans i t iona l  aus teni t ic -bor id ic  zone contains,  at  the 
diffusion t empera tu re ,  two ~ -solut ion with low and high 
carbon  concentra t ions  in addition to the boride phase .  

X - r a y  studies of the phase  composi t ion of the boron-  
ized case  on h i g h - c h r o m i u m  ( 13% Cr) , nickel (25%Ni) 

and 18-8 s tee ls  showed that it 
cons i s t s  of i ron bor ides  in which 
a pa r t  of the i ron  a toms  was  
replaced by alloy e lements  [3] . 
Boronizing of h i g h - c h r o m i u m  
s tee ls  is accompanied by f o r m a -  
tion of bor ides  of the types ( Fe, 
Cr)B, (Fe, Cr)2B; in nickel 
s tee ls ,  (Fe, Ni)B, (Fe, Ni)2B; 
in Cr-N~ - - (Fe, Ni, Cr)B and 
(Fe, Ni, Cr)2B. It is poss ib le  

Fig. 9. Mic ro s t ruc tu r e  of boron-  
ized case  on a s teel  with 0.41% C, 
12.82% Ni, 600 x.  

that pa r t  of the boron in the boride is  subst i tuted by carbon.  
Judging f r o m  an analogy with a carbide  phase,  we cannot 
exclude the poss ib l i ty  of format ion  during boronizing of 
phases  containing high amounts  of bo r ide - fo rming  e lements  
such as nickel, i . e . ,  bor ides  of the types of Ni~B and 
Ni2B. 

CONC L USIONS 

1. The poss ibi l i ty  of gas boronizing of h igh-a l loy  s tee ls ,  
including austenit ic  s tee l s  has  been demonst ra ted .  

2. It is shown that, during boronizing of high-alloy 
s tee ls ,  a two-phase  layer  is produced in the ea r ly  s tages  
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at  the  t r e a t m e n t  t e m p e r a t u r e :  a s a t u r a t e d  sol id  so lu t ion  
(borides)  followed by f o r m a t i o n  of a sol id  bor ide  l a y e r .  

3. The boron ized  c a s e  on h igh-a l loy ,  s t e e l s  h a s  a h igh  
h a r d n e s s  and w e a r  r e s i s t a n c e .  
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EFFECT OF PRELIMINARY SURFACE TREATMENTS OF IRON 

A N D  STEEL ON THEIR INTERACTION WITH LIQUID Z INC 

Cand.  t e ch .  s c .  D . Y a .  Gluskin  

L e n i n g r a d  Shipbui lding Ins t i tu te  

Th i s  work  i s  conce rned  with the  s tudy  of the  p o s s i b i l i t i e s  
of r educ ing  the  so lubi l i ty  of  i ron  and s tee l  in mo l t en  z inc .  A 
s u c c e s s f u l  so lu t ion  of t h i s  p r o b l e m  i s  i m p o r t a n t  fo r  the  m a n u -  
f a c tu r e  of equ ipment  with which  hot  dip ga lvan iz ing  i s  e f fec t -  
ed .  I ron  and s tee l  s p e c i m e n s  w e r e  p r e p a r e d  by i m p r e g n a t i o n  
with c h r o m i u m  and s i l i con  to expla in  the  ef fec t  of  t h e s e  p r o c -  
e s s e s  on the  in t e rac t ion  of t he  b a s e  with mo l t en  z inc .  

The s tudy  was  conducted on t echn ica l l y  pu re  i r on  (TPI ) ,  
s t e e l s  with 0 .3 ,  0 .5  and 1% C, and on t echn ica l l y  pu re  z inc 
(99%) S p e c i m e n s  of i r on  and s t e e l  7 m m  din.  and 20 m m  
long w e r e  mach ined  fo r  t he  s t udy .  

Dif fus ion  c h r o m i z i n g  of the  s p e c i m e n s  w a s  conducted  in a 
m i x t u r e  with 71% a l u m i n u m  l ow-ca rbon  f e r r o c h r o m i u m  
(70% c r ) ,  25% a l u m i n u m  oxide and 4% a m m o n i u m  ch lo r ide .  

Si l iconiz ing was  p e r f o r m e d  in a m i x t u r e  of 71% f e r r o -  
s i l i con  (90%Si), 2 5 % a l u m i n u m  oxide and 4 % a m m o n i u m  ch lo -  
r i d e .  To s tudy  the effect  of pu re  c h r o m i u m  on the i n t e r ac t i on  
of a f e r r o u s  b a s e  with mo l t en  zinc,  s o m e  s p e c i m e n s  w e r e  
e l ec t ro ly t i e a l l y  c h r o m i u m  pla ted .  

Data  on the  s p e c i m e n s  in i t ia l ly  sub jec ted  to s u r f a c e  
i m p r e g n a t i o n  a r e  l i s t ed  in Table  1 and shown in F i gu re  1. 
S p e c i m e n s  not  sub jec ted  to the  above p r e t r e a t m e n t s  w e r e  a l so  
t e s t ed  in r e g a r d  to t he i r  i n t e r ac t i on  with mo l t en  z inc .  

A s m a l l  amoun t  (50 g) of  zinc was  me l t ed  in a p o r c e l a i n  
c ruc ib le ;  s p e c i m e n s  f i r s t  wet ted in zinc ch lo r ide  w e r e  
i m m e r s e d  into the  ba th .  The  in t e r ac t i on  be tween  the 
s p e c i m e n s  of m e t a l  and the  zinc was  s tudied  at  500~ s i nce  
the  m a x i m u m  solubi l i ty  of i ron  in  l iquid zinc i s  found at  th i s  
t e m p e r a t u r e  [ 1 ] .  Af t e r  hold ing  for  2 to 10 h r s . ,  t he  
s p e c i m e n s  we re  al lowed cool in a i r .  

T r a n s v e r s e  s p e c i m e n  s ec t i ons  we re  e tched with 4% a lc .  
so lu t ion  of HNO 3 and examined  u n d e r  the  m i c r o s c o p e .  Table  
2 and F i g u r e  2 give i n fo rma t i on  on the  i n t e r ac t i on  of TPI  and 
of s t ee l  (not  sub jec ted  to any  p r e l i m i n a r y  t r e a t men t )  with 
l iquid zinc at  500~ 

F r o m  the  da ta  in Table  2 i t  i s  s e e n  tha t  the  t h i c k n e s s  of 

F ig .  I. M i c r o s t r u c t u r e  of  s p e c i m e n s  
a f t e r  i m p r e g n a t i o n  wi th  c h r o m i u m ,  

200 x: 
a - -  TPI;  b - -  s t ee l  U I O A ( 1 % C ) .  

the  d i f fus ion  l a y e r  i n c r e a s e d  with l onge r  r e ac t i on  t h i m e s  
and so  did the  amoun t  of FeZn~ c r y s t a l s  in the  zinc;  t h i s  
was  accompan ied  by a d e c r e a s i n g  e r o s s  s ec t ion  of the  
s p e c i m e n s .  Thus ,  the  so lubi l i ty  of  the  m e t a l  in mo l t en  


