
A substant ia l  i nc r ea s e  in s t rength  can be obtained by acce l e ra t ing  the sa tura t ion  not to the to ta l  depth but  
to the effect ive d e p t h .  This  is achieved by supplying ammon ia  to the ca rbur iz ing  a tmosphe re  for  2 h and low- 
er ing  the p roces s ing  t e m p e r a t u r e  f r o m  930 to 850°C. In this t ime  per iod the n i t rogen is in solid solution, which 
g rea t ly  i n c r e a s e s  the hardenabi l i ty  of the s tee l .  Fo r  example ,  the effect ive depth of sa tura t ion  is double that 
achieved by the s tandard  method in the case  of s tee l  25KhGT. 

For  s tee ls  containing n i t r i de - fo rming  e lements  ammon ia  is supplied to the ca rbur i z ing  a tmosphe re  in the 
initial  s tage  of the p r o c e s s  at  a t e m p e r a t u r e  of Ac 1 ~ 50°C. H a r d - t o - d i s s o l v e  n i t r ides  inhibit g ra in  growth 
during subsequent  heating, which substant ia l ly  improves  the :mechanical p rope r t i e s  of the  ca rbur i zed  case .  

The r e p l a c e m e n t  of t radi t ional  methods of ca rbur i z ing  and carboni t r id ing  with new complex  p r o c e s s e s  
has made  it poss ib le  to inc rease  labor  product ivi ty  in chemico the rma l  t r ea tmen t s ,  reduce  raw m a t e r i a l  and 
ene rgy  consumption,  and substant ia l ly  improve  the quali ty of machine  pa r t s .  
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The changes in the s t ruc tu re  and energy  that occur  in the sur face  zones of  me ta l s  in the p r o c e s s  of 
c h e m i c o t h e r m a l  t r ea tmen t  lead not only to new phys icoehemica l  p r o p e r t i e s  on the sur face  but also affect  the 
bulk p rope r t i e s .  The effect  of the diffusion layer  is c l e a r l y  apparent  under  the influence of mechan ica l  s t r e s s e s  
in a b road  range  of t e m p e r a t u r e s  (cryogenic,  high), hea t  flows, and magnet ic  and e l ec t r i c  f ields.  

Fo r  example ,  a thin oxide f i lm (1000 ~) on cadmium i n c r e a s e s  the shea r  s t rength  by 50% (Cottrell) ,  
while a f i lm of a luminum oxide 500/f[ thick m o r e  than doubles the c r i t i ca l  shear  s t r e s s  of a luminum (Roscoe).  

Our s tudies  indicate that  the effect  of a diffusion l aye r  m a y  be s t i l l  g r e a t e r .  This depends on the nature  
of the diffusion layer ,  its phys icochemica l  c h a r a c t e r i s t i c s ,  and its th ickness .  

The f r ee  su r face  of a me ta l  is c h a r a c t e r i z e d  by  var ious  defects  of the fine s t ruc tu re ,  d is rupt ion of the 
per iodic  a r r a n g e m e n t  of a toms in the c ry s t a l  la t t ice,  the exis tence  of uncompensated  bonds between a toms,  a 
low coordinat ion number ,  d is tor t ion of the c r y s t a l  lat t ice,  and m i c r o c r a c k s .  The densi ty  of these  defects  is 
high and the su r face  is in a me ta s t ab l e  condition f r o m  the viewpoint of s t ruc tu re  and energy .  

The high level of f r ee  ene rgy  of su r face  zones of the me ta l  p r e d e t e r m i n e s  the high probabi l i ty  of su r face  
damage  (chemical ,  mechanica l ,  etc.) and as a consequence the en t i re  sect ion of the me ta l .  

In the p roce s s  of diffusion sa tura t ion  of the su r face  of a me ta l  (alloy) the re  a r e  changes in the s t ruc tu re  
and ene rgy  of the diffusion zone, accompanied  by  a reduct ion of the the rmodynamic  potential  of the sur face ,  
and changes in the s t rength  of bonds between a toms and in the fine s t ruc tu re  of the me ta l .  The su r face  energy  
changes due to the i nc rea se  in the coordinat ion number  and the m o r e  comple te  bonds between a toms .  

A s imple  method of calculat ing the s t rength  of bonds or the s t rength  was proposed  by Orowan. 

The change in the bonds be tween  neighboring a tomic  planes in an ideal solid solution pe r  unit su r face  in 
tension with changes in the in te ra tomic  dis tance x at absolute ze ro  takes  the form:  

where  k = (E/ r )  (a/a~)) = const;  a0 is  the la t t ice  
the modulus of e l a s t i c i t y  in tension.  

= k s i n  r, ( x - - n o )  , 

constant;  a is the long- range  in terac t ion  of a tomic  fo rces ;  E is 
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According to Orowan, lattice constant a can be determined as 

a~a 
a d x  = 2.,'¢ 

aa 

where ~/ is the surface energy, hence a = (TW)/k. 

E gt 

01' qll:lag ~ 

Thus, the maximum strength of the diffusion layer  must  be optimized by the pa rame te r s  of the constant 
of the radicand. 

Another indirect  charac te r i s t i c  of the surface energy is the work function of e lec t rons .  

The s t rongest  bond between atoms occurs  when electrons occupy orbits with the lowest energies ,  and 
thus the work function will be large in this case .  

The ultimate tensile strength of metals  is related to the work function by the following equation: 

og 12 

~b =8,064. 10 -~ , , 
.~1[2 ' 

where ~0 is the coefficient of surface tension of the metal;  ~ is the work function of e lect rons;  

• / z D  \5to 
oo = 1 ,15.  lo8 C ; ' )  ' 

where z is the number of e lect rons  per atom; D is the density of the metal ;  A is the atomic mass .  

Combining both equations, we obtain 

ab = B ~, 

where B = 9.6 • 103/2. 

In the formation of a diffusion layer  with the s t ructure  of the solid solution the work function obeys the 
general  law [1 ]: 

q~ (C) = ~oq-aC, 

where ¢0 is the work hmction of the pure component; a is the proportionali ty coefficient; C is the atomic con- 
centrat ion of the element in the diffusion layer .  

The values of constants q00 and a for  solid solutions occur r ing  in saturat ion of the surface of iron with 
chromium, n i cke l  boron, vanadium, and aluminum are given below (according to V. A. Kuznetsov). 

Work 
System fun~tioB, 

eV/at. 70 
Er - *  Fe . . . . . . . . . . . . . . . . . .  + 0 . 0 2 8  
NI --* Fe . . . . . . . . . . . . . . . . . .  +0 .084  
V --~ Fe . . . . . . . . . . . . . . . . . .  +0 .001 
AI ~ Fe . . . . . . . . . . . . . . . . . .  +0 ;008  
B ~ Fe . . . . . . . . . . . . . . . . . .  + 0 . 0 3 3  

The work function for  i ron ~o Fe = 4.17 eV° 
U 

It can be seen f rom the data presented that diffusion saturat ion of iron with these elements  makes it 
possible to increase  the strength of the diffusion layer  in conformity with the ser ies  ( increasing f rom left to 
right) V, A1, Cr, B, Ni. 

598 



After  diffusion chromiz ing  of s teel  El2 the work  function of e lec t rons  i n c r e a s e s  f rom 4.5 to 5.1 eV. 

Other  indi rec t  c h a r a c t e r i s t i c s  for  calculat ing the sur face  energy  a re  the cha r ac t e r i s t i c  t e m p e r a t u r e ,  
ac t ivat ion ene rgy  of se l f -d i f fus ion ,  and ene rgy  of the c ry s t a l  la t t ice .  

The me ta l  on the su r face  of which a diffusion l aye r  is fo rmed  can be regarded  as a compos i t e  ma te r i a l ,  
s ince the composi t ion  and s t ruc tu re  of the su r face  l aye r s  and the core  differ  considerably .  

Invest igat ions have shown that on the f r ee  sur face  and in sur face  zones of a me ta l  a f t e r  diffusion s a t u r -  
ation the fine s t ruc tu re  has dis locat ions,  the densi ty  of which dif fers  within the l imi ts  of the zone, t r a c e s  of 
p las t ic  deformat ion,  and f r agmen t s .  The change in the fine s t ruc tu re  is due to mic rop la s t i c  deformat ion  in-  
duced by  diffusional flow of a toms .  Such subs tant ia l  changes in the fine s t ruc tu re  of the sur face  have a l a rge  
ef fec t  on the p r o p e r t i e s  of the sur face  zones and a lso  on the working capaci ty  of the me ta l  through the sect ion.  

The diffusion l aye r  p reven t s  dis locat ion movemen t s  to the sur face  (during opera t ion of the m e t a l  under 
s t r e s s ) ,  thus slowing down the nucleat ion and growth of m i c r o c r a c k s  on the sur face .  

Thus, f r o m  the ene rgy  viewpoint the sur face  of a me ta l  with a diffusion layer  approaches  the ideal, which 
pe r mi t s  use of the lefthand b ranch  of the O d i n g - B o c h v a r  d iagram,  while the " b a r r i e r  effect"  of the diffusion 
l ayer  and the a s soc ia t ed  high dis locat ion densi ty  below the diffusion layer  make it poss ib le  to use the righthand 
b ranch  of this d i ag ram.  

Studies have shown that the ave rage  level  of the bulk s t rength  hardly  changes in this case ,  but the kinet ics  
of the nucleat ion and growth of m i c r o e r a c k s  on the sur face  under the influence of the s t ruc tu ra l  and ene rgy  
changes indicated above d e c r e a s e  considerably ,  as the r e su l t  of which the s e rv i ce  life of machine  pa r t s  in-  
c r e a s e s .  
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CALCULATION OF THE PARAMETERS OF THE PROCESS 

AND THE GAS CONDITIONS DURING CARBURIZING 

L.  A. M i k h a i l o v  UDC 621.785.51.062.5 

Resul ts  a re  p resen ted  f rom a study conducted to formula te  a method of calculat ing the bas ic  p a r a m e t e r s  
of the ca rbur i z ing  p roce s s  and the gas  conditions that would a lso  made it poss ible  to analyze the effect  of in-  
dividual f ac to r s  on them.  

The f i r s t  s tep was to c r ea t e  a ma thema t i ca l  model  of gas  ca rbur iz ing  taking into account the bas i c  c h a r -  
a c t e r i s t i c s  under actual  conditions and re la t ing  the quali ty of the t r ea tmen t  with the technological  p a r a m e t e r s  
of the p r o c e s s  and the gas conditions in the furnace.  The model  has the fol lowing form:  

w h e r e x >  0, t >  0; 

j = 

Oa (x, y, t) O~-a (x, y, t) 
----- Dtrue , (1) Ot 0 x 2 

lOOj }~a 
Dtme= - - -  ; 

P 

!4847\+O'197aa~n ] [ O . O l f e x p ( - ~ - ~ ) + O . 1 9 7 a o  ] O.Olfexp { ~  
, , 1 /  

O.Olf exp ( - - ~ - )  
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