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An analytical solution is given for the diffusion problem as regards  carbur iza t ion annealing 
of steel.  Nomograms are constructed for the concentrat ion distribution and the time re -  
quired. 

There  is some loss of carbon f rom the surface layer  when steel billets are heated for rolling; the 
depth of the decarbur ized  layer  is dependent on the material ,  the heating time, the carbon potential, and 
the tempera ture .  Accumulation of carbon by reduction is also provided by appropriate annealing; calcula-  
tions have been reported [1] on this carburizat ion.  The time required is found by considering the carbon 
distribution in the surface layers  subject to an a rb i t r a ry  given initial distributiol~ of the form 

c(x, O) = Q @ (Co--Q) exp (-- czx), (1) 

where a is a coefficient charac ter iz ing  the rate of approach of the concentrat ion to c i during motion within 
the specimen, and this is determined by experiment.  A disadvantage of the method of [1] is the need to 
const ruct  a set  of e = e(x, t) curves  for each par t icu lar  case in order  to calculate the time. 

We have constructed a general  solution in dimensionless var iables  by using as our initial distr ibution 
the exact solution for the diffusion problem for a semiinfinite body [2]: 

c(x, O ) - - c  o = (Q--co)  q~ y4Dltl " 

where q, is the e r r o r  integral .  

Figure 1 compares  the initial distr ibution for ShKh-15 steel (points) with caleulated resul ts  f rom (1) 
(curve 1) and (2) (curve 2). We used the data given in [1] for this purpose.  It.is c lear  f rom Fig. 1 that 
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J Fig. 1. Reductive carbur izat ion of ShKh-15 

steel  [1]. The solid lines represent  the p re -  
sent method, the broken lines the method of 
[1]; the points correspond to the exper imen-  
tal initial distribution; 1, 2) calculated ini- 
tial distribution; 3, 4) concentrat ions after  3 
h and 6 h respectively,  c, wt.%; x, #. 
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Fig. 2. C a l c u l a t e d  nomograms  for  concentra t ion 
and t ime.  The broken lines a re  initial d i s t r ibu-  
tions for  ~? of: a) 1.0; b) 1.1; c) 1.25. The numbers  
on the curves  a re  values  of T. 

r ep resen ta t ion  of the initial  dis t r ibut ion via  (2) c o r -  
responds  m o r e  closely to the exper imenta l  o b s e r -  
vat ions;  therefore ,  the concentra t ion dis t r ibut ion 
during ca rbur iza t ion  is de te rmined  by the dif-  
fusion behavior  for a semiinf ini te  body with the 
initial  d is t r ibut ion of (2) and the boundary condition 

c ]~=o = % (3) 

The following is the solution [2] 

c (x, t) - -  Co 

C~. - -  C o 

i{[ ( )] = 1 - -  1 C l ~ -  

v 4:~D2t 6 1 - - .  c2 ~ coC~ ~ |/4-~1tl 

(4)  

x {exp[ ( x - -  ~)2 + ~)~ ]}} d~. 40# ]-exp[ (x4i~ t 
We introduce the d imens ion less  va r i ab l e s  

x - -  x -,~ _ V" 4D~t 
t 4 1 ) 1 l :  ] /"  ~ - : t  1 

and the d imens ion less  p a r a m e t e r  ~? = (c2-c0) / (c~-e0)  , 
which enables us to p re sen t  the resu l t s  in the di -  
mens ion less  fo rm 

_ c (x, 1) - c0 f (x_ ~, n ) -  
C 1 - -  C O 

Calculat ions pe r fo rmed  with a Minsk-22 computer  
enabled us to cons t ruc t  n o m o g r a m s  for  the carbon 
concentra t ion  as a function of ~? (Fig. 2). The base  
quantity ( ~ )  can be found by p rocess ing  the 
c = c(x, 0) exper imenta l  data via  (2) or  f r o m  the 
depth 5 of the deca rbu r i zed  layer ,  which is d e t e r -  
mined as in [1] via the dis tance f r o m  the su r face  
cor responding  to a carbon concentra t ion of 0.9c1: 

( 5  ) 0,9c~--c o (6) 

Iff~ ]//'4-D~1/~ c1 - -  CO 

The argument  6 4 / r  1 is found f rom tables  of the 
e r r o r  in tegra l  [3]. 

Calculations of the ca rbur iza t ion  via these n o m o g r a m s  amounts to d e t e r m i n i n g ~  as cor responding  to 
the requi red  dis tr ibut ion pa t te rn ;  the p rocess ing  t ime t is found from-~ in accordance  with 

t - ~ (4Dxtl) (7) 
4D 2 ' 

while the dimensional  coordinates  of the points a re  found f r o m  the fo rmula  

x = x V 4 D l t  1. (8) 

On the whole, the concentrat ion dis t r ibut ion c = c(x, t) is found f rom the n o m o g r a m s  as above by con-  
ver t ing  the d imens ion less  va r i ab les ,  ~, % and K as well as the p a r a m e t e r  ~? to d imensional  quantit ies in 
accordance  with (5), (7), and (8). 

Curves  3 and 4 of Fig. 1 compare  the calculat ions by the above method with the resu l t s  of [1] for  
ShKh-15 s tee l  t rea ted  for  3 and 6 h respec t ive ly ;  Fig. 1 shows that calculat ions by the method of [1] give 
somewhat  higher  values .  It was assumed  in solving the p rob lem [1] that the s tee l  during ca rbur iza t ion  was 
in the T s tate .  
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co, ci, and c 2 

D 1 and D 2 

t 1 and t 
6 
X 

N O T A T I O N  

are  the % carbon at su r face  of deca rbur ized  metal ,  in bulk, and during carbur iza t ion ,  r e -  
spect ive ly ;  
a re  the diffusion coeff icients  (m2/sec)  for  carbon during deca rbur i za t ion  and carbur iza t ion;  
is the exper imen ta l  fac tor  (m-i) ;  
a re  the ca rbur iz  ation and carbur iz  ation t imes ;  
is the depth (m) of deca rbur i zed  layer ;  
is the coordinate  reckoned f r o m  the su r face  into the meta l .  

1o 
2. 

3 . .  
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