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Boriding conditions were  invest igated for  forging dies working at 600-850~ under p r e s s u r e s  of 40- 
50 k g / m m  ~. 

Boriding was conducted in mol ten borax  (Na~B4OT) by the technique developed at Gipronef temash  [1]. 

The case  depth inc reases  with the t ime,  t empera tu re ,  and up to a ce r ta in  l imi t  cu r ren t  density in 
e lec t ro ly t ic  bor tding [2]. The wear  of forging dies o c c u r s  in  thousandths, hundredths,  and r a r e l y  tenths 
of a m i l l ime te r ,  and the re fo re  the wear  r e s i s t a n c e  of the die hardened by boriding depends not only on the 
depth of the bor ide  ease  but also its quality, the working conditions of the die, etc.  

A study of the effect  of boridtng t ime on the wear  r e s i s t a n c e  of dies subject  to substant ia l  t h e r m o -  
mechan ica l  effects  showed that the durabi l i ty  f i r s t  i nc r ea se s  with the bortding t ime and then d e c r e a s e s  
(see Fig.  1). This  is due to the fo rmat ion  of Fe2B during fo rmat ion  of the bor ide  case .  With fur ther  bo r id -  
trig t ime  FeB is fo rmed ,  which has a m i c roh a rdnes s  of 17,000-19,600[3]~ The hardness  of both bor ides  
is high, and there fore ,  to inc rease  the wear  r e s i s t a n c e  it is n e c e s s a r y  to reduce the b r i t t l eness  of the case ,  
which can be achieved by reducing the depth of the harder  and m o r e  br i t t l e  FeB by shortening the bortding 
t ime  (see Fig.  1). 

The boriding t e m p e r a t u r e  has a cons iderable  effect  on the wear  r e s i s t ance .  At t empe ra tu r e s  above 
IO00~ a complex eutect ic  is fo rmed,  leading to reduction of the wear  r e s i s t ance .  The p r e sence  of a fused 
l ayer  in the case  and the fo rmat ion  of po res  (of diffusion origin) at e levated t e m p e r a t u r e s  also impa i r  the 
p r o p e r t i e s  of the bor ide  case  [3]. 

At e levated boriding t e m p e r a t u r e s  and t imes  the boron diffuses into the base  meta l  on a m a s s i v e  
front ,  ac icu la r  bor ides  a r e  smoothed out, and as a r e su l t  the a r e a  of contact  with the base  meta l  is r e -  
duced, thus lowering the adherence  of the bor ide  layer  to the base  metal~ 

The cu r r en t  densi ty  during bor id ing has no effect  on the wear  r e s i s t ance .  In e lec t ro ly t ic  boriding 
the boron  diffuses into the s tee l  in the f o r m  of posi t ively  charged ions [4], and there fore  the applied e lec -  
t r ic  field has an acce le ra t ing  effect  on the diffusion ra te  of the boron ions [3]. The number  of boron tons 
d i scharged  on the cathode i n c r e a s e s  with the cu r ren t  densi ty  only up to a cer ta in  point .  Beginning with the 
sa tura t ion  voltage,  the number  of boron a toms discharging on the cathode r ema ins  constant;  ft~rther in- 
c r e a s e  of the cu r r en t  densi ty  leads to the d i scharge  of sodium tons on the cathode. With increas ing  cur ren t  
densi ty  the depth of FeB inc rea se s ,  increas ing  the b r i t t l eness  and lowering the durabi l i ty .  Compara t ive  
data on the durabi l i ty  of bor ided and unborided dies a re  given in Table 1. 
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Figs 1. Var ia t ion of the durabi l i ty  of dies with the  boriding t ime  and t e m -  
p e r a t u r e  and depth of the bor ide  case .  1) Steel US; 2) 8Kh3; 3) 5KhNV. 

Lugansk Machinebuilding Insti tute.  T rans l a t ed  f r o m  Metallovedenie i T e r m i c h e s k a y a  Obrabotka 
Metallov, N o . l ,  pp .35-36 ,  January ,  1969. 
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TABLE 1 

Steel 

5KhNV 
8Kh3 
U8 

Hardness, HB, after case 
quenching and Boride 
tempering of un- [ depth, mm 
[borided dies ] 

390--430 
3g0--430 
62--64* 

0,06--0,09 
0,07--0,1 
0,1l--0,17 

Microhardness of 
C as. 

20 600--21 100 
19 100--19 500 
16 700--18 200 

Aaximum wear resistance 
(thous____.~ands .of p a r t s )  

borided :lardened (not 
borided) 

13 000 5000 
16000 4200 
22 500 3500 

* H R C ,  

The wear  r e s i s t ance  of bor ided dies of s tee l  U8 is approximate ly  150% that of bor tded dies p r e p a r e d  
f r o m  alloyed s tee ls  5KhNV and 8Kh3. 

It has been found [3, 5, 6] that such e lements  as manganese ,  nickel,  chromium,  molybdenum, sad 
tungsten inc rease  the amount of FeB in the bor ide  case ,  while an inc rease  of the carbon content of the 
s tee l  reduces  the propor t ion  of this boride,  thus increas ing  the wear  r e s i s t ance  in use.  

The wear  r e s i s t a n c e  is a lso  affected to a g r ea t  extent by the design of the die, the sur face  finish, the 
working conditions, the heat t r ea tmen t  af ter  boriding,  etc.  

The main type of wear  in bor ided dies of alloy s tee ls  is fatigue damage.  To c rea te  a hard sublayer  
and re ta in  the s t rength  and ductil i ty a f te r  boriding,  the dies a re  subjected to i so the rmal  quenching and high- 
t e m p e r a t u r e  temper ing ,  as the r e su l t  of which the fatigue s t rength is r e s t o r e d  to a value equal to that of the 
unborided s tee l  in the original  condition. 

Alloyed s tee ls  a re  m o r e  sensi t ive  to the influence of a l ternat ing loads in the p r e s e n c e  of smal l  s c r a t -  
ches,  notches,  and c r acks .  They requ i re  careful  finishing and heat  t r ea tment ,  sl ight depa r tu re s  f r o m  which 
can cause  cracking and then f r ac tu re  in the f i r s t  s tages  of operat ion.  

C ONC L U S I O N S  

1. Boriding of dies effect ively inc reases  the r e s i s t ance  to pe r iod ica l ly  changing the rmomechan ica l  
influences.  

2. The optimal  conditions for  e lec t ro ly t ic  boriding are  3.5 h at 920-950~ at a cu r r en t  density of 
0.15 A / c m  2. 
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