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The following va r i an t s  of s tee l  40 were  p repa red :  40Kh (0.81% Cr),  40Kh2 (2~ Cr),  40Kh3 (3.10% 
Cr),  40Kh5 (4.94% Cr),  40M (0.63% Mo and 1o14% Mo), 40M2 (1.72% Mo), 40T (0.23% Ti and 0.65% Ti). The 
ingots we re  diffusion annealed 10 h at 980~ forged into b a r s ,  and annealed 4 h at 880~ 

Samples  20 x 20 x 50 m m ,  p r e p a r e d  f r o m  the b a r s ,  were  bor ided  in mol ten borax  in a s e m i c o m m e r -  
cial  appara tus  for  4 h at 950~ with a cu r ren t  densi ty 0.2 A / c m  2, and cooled in a i r .  

The dis tr ibut ion of alloying e lements  in the case  and the t rans i t ion  zone was de te rmined  by spec t ra l  
ana lys is  with the use of the IG-3 high-vol tage spa rk  gene ra to r .  
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Fig. i. Distribution of chromium, 
molybdenum, and t i tanium in the 
case  and t rans i t ion  zone. ~ ) 
Total  depth of case  (to the end of 
bor ide  needles) ;  . . . .  ) depth of 
FeB (end of needles)  ; . . . . . .  ) 
depth of continuous FeB laye r .  

The dis t r ibut ion of chromium,  molybdenum, and t i tanium in the 
case  and t rans i t ion  zone is shown in Fig. 1. 

In the ch romium s tee l s  the concentra t ion of ch romium in the 
su r face  zone of the bor ide  case  (FEB) is approx imate ly  one-half  the 
original  concentra t ion.  The ch romium concentra t ion is highest in the 
Fe2B. The t rans i t ion zone beneath  the case  is impover i shed  in c h r o m -  
ium, which points to the  redis t r ibut ion  of ch romium between the bor ide  
phases  and also between the base  meta l  and the bor ide  case  during 
bor id ing (Fig. 1). 

In the molybdenum s tee ls  the molybdenum concentrat ion in the 
su r face  (FEB) is lower than the or iginal  concentra t ion in the s tee l  but 
is approx imate ly  equal to the original  concentra t ion in the Fe2B bor ide .  
The t rans i t ion  zone is enr iched in molybdenum: during boriding the 
molybdenum is forced  f r o m  the bor ide  zone into the base  meta l  (Fig. 1). 

Ti tanium is concentra ted  mainly  in Fe2B. The highest amount 
of t i tanium was found in the sur face  of the bor ide  case .  The t i tanium 
concentra t ion  in FeB matches  the or iginal  concentrat ion in the s tee l .  
The impove r i shmen t  of the t rans i t ion  zone in t i tanium points to the 
migra t ion  of t i tanium f r o m  the base  meta l  to the bor ide  zone during 
bor iding (Fig. 1). 

This  behav io r  of the alloying e lements  in the p r o c e s s  of bor iding 
can be explained by the poss ib i l i ty  of the fo rmat ion  of solid solutions 
in the s y s t e m  of iron b o r i d e -  alloying e lement  boride.  

The conditions for  the fo rmat ion  of a continuous s e r i e s  of solid 
solutions between in te rmeta l l i c  compounds were  desc r ibed  in [1]. The 
r equ i r emen t s  for  the fo rmat ion  of continuous solid solutions between 
in te rs t i t i a l  phases  a re  as follows [2]: 1) i somorphous  compounds; 2) 
the s ame  type of chemica l  bond; 3) the format ion  of continuous solid 
solutions between the meta l s  enter ing into the compound. 
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Fig. 2, Distribution of boron 
in the transit ion zone in steels  
with chromium, molybdenum, 
and titanium. 

Borides of transit ion metals  are compounds intermediate be-  
tween beryll ides and interstit ial  phases,  and therefore the conditions 
given above are  applicable to boride sys tems .  

Two iron borides were found -- FeB (orthorhombie lattice, 
a = 4.061/k, b = 5.506 A, c = 2.952 A [3]! and Fe2B (tetragonal body- 
centered lattice, a = 5.109 A, c = 4.249 A, c / a  = 0.832). Iron borides 
have cova len t - -meta l l i c  bonds with a predominance of metall ic,  pa r t i -  
cular ly in the case of FefB , in which the bond is a lmost  metal l ic .  

Of the chromium borides only Cr2B is isomorphous with Fe2B. 
The type of bond in Cr2B is the same as in FefB. The lattice constants 
of these borides are fa i r ly  close (a = 5.180 ~ and c = 4.316.~ for Cr2B ), 
The difference in the atomic d iameters  of iron and chromium is 1.5%; 
the solubility is unlimited. All of this leads to the conclusion that 
Fe2B and Cr2B must  be mutually soluble to a considerable extent. 

Comparison of chromium borides with FeB leads to the con- 
clusion that their mutual solubility is low. 

Of all the melybdenum borides,  only Mo2B is isomorphous and 
has lattice constants matching those of FefB. The difference in the 
atomic d iameters  of iron and molybdenum is 10%; the maximum solu- 
bility of molybdenum in iron is 5% at room tempera ture  and 34% at 
the melting point. One would expect limited solubility of iron and 
molybdenum borides and the highest solubility in the Fef]3 -- MofB 
system.  

The s t ructure  and pa rame te r s  of the titanium boride lattices, 
the difference in atomic d iameters  of iron and titanium (15%), and 
the low solubility of titanium in iron indicate that titanium borides 
must  have a limited solubility in iron bor ides .  The highest solubility 
would be expected in the F E B - - T i B  system. 

This analysis leads to the conclusion that chromium and molyb-  
denum should have a high solubility in Fe2B , and titanium in FeB, 
which is confirmed by the data on the distribution of alloying elements 
in the boride case.  Figure 2 shows the distribution of boron in the 
transi t ion zone. All the elements investigated (chromium, molyb- 
denum, titanium) ra i se  the boron concentration in the transit ion zone 
and lower it in the base metal,  i.e., redvce the depth of the transit ion 
zone and, consequently, the diffusion rate of boron in austenite~ 

In the p rocess  of boriding steel 40 the carbon in the zone of borides is forced into the transit ion zone. 
The alloying elements have a lmost  no effect on the highest carbon concentration in the transit ion zone but 
reduce the depth of the zone enriched in carbon. 

C O N C L U S I O N S  

1. Alloyed borides of the type (Fe, alloy, el.)B and (Fe, alloy, e l . ) fBare formed ha electrolyt ic  bor id-  
ing, the chromium and molybdenum concentrat ing in Fe2B and the titanium in FeB. 

2. Chromium, molybdenum, and titanium increase  the boron concentration in the transit ion zone and 
reduce the boron concentration in the base metal but do not change the maximum carbon concentration in the 
transi t ion zone. 

i. 
2. 

3. 
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