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Melting of a semiinfinite steel  body in an i r o n - c a r b o n  alloy is considered.  A solution is 
derived for equations of heat and mass  exchange which are  obtained by means of the inte-  
gral  Laplace t r ans fo rm.  

The process  of melt ing of steel s c rap  which takes place in open hear th  furnaces and in conver ters  is 
little studied at the present  t ime.  The peculiari ty of this process  is that owing to the carbur izat ion the 
solid metal  becomes liquid at a t empera tu re  which is much lower than its melt ing tempera ture .  In [1, 2] 
the t ransi t ion process  of the steel sc rap  tnto a liqnid state is considered purely as a diffusion process .  How- 
ever ,  the authors o f [4 ]no te tha t the  actual ra te  of this p rocess  applied to molybdenum is 3-4 orders  higher 
than according to the calculations based on the diffusion theory.  In [3, 5, and 6] the process  of t ransi t ion 
of the steel  into a liquid state in markedly carbur iz ing melts  is considered as melt ing with simultaneous 
progress ing  of the carbon diffusion p rocess  f rom the melt  ~ to the surface of the metal,  which resul ts  in the 
reduction of the melting t empera tu re  of its surface.  Hence the l inear rate of melting depends on both the 
intensity of the diffusion of the carbon f rom the melt  to the surface of the scrap  and hence also on the heat 
exchange between the liquid and solid phases.  

The melting of the semiinfinite steel body in the liquid i r o n - c a r b o n  alloy is considered below. Melt- 
trig and heating of the body t a k e  place as a resul t  of convective heat exchange between the molten mater ia l  
and the surface of the body. The process  of carbur iza t ion  of the body proceeds as a parallel  p rocess .  It 
is assumed that at each instant of t ime the tempera ture  of the external  layer  is determined by the liquidus 
line of the i r o n - c a r b o n  composit ion diagram.  The indicated process  is descr ibed by the following sys tem 
of equations: 

OT 02T - - = a - - ,  ~(~) ~ < x <  oo, (1) 
0"~ Ox ~ 

OC O~C (2) - - = D  , ~(T) ~ x <  oo, 
O'c Ox 2 

with the initial and boundary conditions 
d~ (~) ~, OT 
- - - -  - - ,  x = ~ ( r  ( s )  a ( T a .  T~)= Tq dT Ox 

OC 
(C m -  Ca) --  d~ (~) ( C , - -  Co) - -  D x = ~ (~), (4) 

d~ ' ~x ' 

OT O, x---~- co, (5) 
Ox 

OCt=o,  x ~ ,  (6) 
Ox 

T (x; o) = 0, (7) 

c (x; 0) = Co. (8) 

The values of T m and C m are  considered as constant with t ime.  
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The equation of the liquidus line of the i r o n - c a r b o n  d i ag ram is wr i t ten  in the f o r m  

L = V~--  ~ (<  - c0), (9) 
Where T ~  is the t e m p e r a t u r e  of the iiquidus at the concentra t ion  Co; m is the f ac to r  de termining  the 
i nc r ea se  of the t e m p e r a t u r e  of the s y s t e m  on reducing the concent ra t ion  by 1~c. 

The es tab l i shed  problem (1) to (8) is re la ted  to the c lass  of p rob l ems  which a r e  cal led the Stefan 
p rob lem in the spec ia l i s t  l i t e r a tu re .  For  such p rob lems  the t e m p e r a t u r e  field is continuous, b u t t h e t e m -  
pe ra tu re  gradient  undergoes a discontinuity which makes  this  p rob lem a nonl inear  one with a weak d i scon-  
tinuity on the boundary.  

We will divide the t ime of the mel t ing  into such smal l  in terva ls  Ar  i = (r i +l - ri) that the ra te  of the 
p r o g r e s s  of the mel t ing  front  at that in terva l  of t ime  can be taken as constant: d~/d~ : ~ = const.  Calcula-  
tions c a r r i e d  out by I. V. Belov [6] showed that as a r e su l t  of the smal l  magnitude of the diffusion coeff i-  
cient D of ca rbon  in the solid phase,  and the sufficiently high r a t e s  of t r a v e l  of the boundary,  the d i s t r ibu-  
t ion of the concent ra t ion  in the body is ve ry  li t t le dependent on the r a t e  of movement  of the boundary and it 
will r e m a i n  prac t ica l ly  the same  as fo r  the ini t ial  in te rva l  of t ime  A~t. 

In connection ~4th this, in o rde r  to find the dis t r ibut ion of concentra t ion  it is poss ib le  to take advantage 
of the known solution of I~. M. Gol 'dfarb  [7], which is obtained for  the case  of mel t ing  of a semiinf in i te  body 
at constant  mel t ing  rate:  

C ( x ; ' O - - C o  l { e x p [ _ ( ~ "  { af* ) ] e r f c (  x 1 / - ~ 4 - ~  t ( x ) }  
C~--C o 2~ D~ - -  1/ --D--]-berfc - - - _ - -  . (10) 2 D T  

Different ia t ing (10) with r e s pec t  to x, we find the magni tude D ~C/~X on the t r ave l ing  bounda~r 

D - ~  { - - - ~ e r f c ~ - - - ~ - ~  ~_~_~) - 4 . ,--~ e• ( -  - -  4D , ' (11) 

On substituting (II) into Eq. (4) we will find the value of the concentration C s of the carbon in the sur- 
face layer 

2 

where  

~: eric - -  

in order to establish the temperature field in the interval Ar i we will introduce a moving system of 
coordinates relative to which the front of melting is stationary: 

Z ~ X - -  ~ i T ;  T = T. 

The equation of t he rma l  conductivity (1) in such a s y s t e m  of calculat ions has the f o r m  of a "convec-  
tion" equation: 

82T ~T aT 
a ...... -{- ~ -- (13) 

Oz 2 " Oz & 

with conditions 

T(0; ,~) = T~; T(z ;  "q_~) = T~_ 1 (z); T(oo; **) = 0. (14) 

We note that in the instant  of t ime r = 0 the t e m p e r a t u r e  on the su r face  of the body r i s e s  with a jump 
to mel t ing  t e m p e r a t u r e  T s .  

By using the Laplace integral transform 

Y(p) = ~ f(~) exp (--p~) d~:, (15) 

we obtain in the r ep re sen ta t i on  
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with conditions 

The solution of (16) is of the form 

aT"L--~TL=p(TL T~'l(Z) ) P 

T s TL(0; p ) = - - ;  TL(oO; p)= 0. 
P 

Ts TL (Z; p) exp (r2z) -- exp (r~z) == p ,~ a (r~ -- r2) exp (-- rle ) de 
0 

+ exp (qz) j Ti'l exp (-- qe) de -- exp (qz) T~'I 
a ( r l  - r~) a ( r l  - -  r2) 

0 0 

• exp (-- qe) de -~- exp (r~z) ~ Ti't exp (-- r2e) de, 
J a (~1 - r2)  
0 

/ "2 
~i + P is the root of the characteristic equation. where %2=- -  2 a -  ]i/ 4~2 + 7  

On transition from the representations to originals by means of the tables [8], 
system of the calculation: 

T (z; Ti)--T s ~- exp erfc z 
2 r" a'~i 4a ] 

+ erfc 2 V '~  + -+ 2 t' na~. 

X [ ;  Ti.IeX p [ ~  (g--Z)]  {exp[ (z--e)2 ] - e x p [ ~ { / 4 a ~  L aaTi J, de 
0 

(E + II  @ffTil.  exp [)~ (e--z)] {exp [ (e--z)~.]-  exp [ - 4 a z ~  -4~-~ _]J 

and in the stationary system of calculation 

T ( x ; x , ) = T ~ { e x p [ - - (  ~x ~i'~'.)] erfc ( 2 a . - x ,  

+ erfc x + 2 I'na~-~ -- 4~a- 

•  Y T' 'exp[-~a(E--/-t-~'~') 1 "  {exp[ -(x-~':~-E)e4a~i ] 

Thevalues of the temperatures of melting will be found, by substituting C s into (9): 
(C m- Co) 0 --/7/~ Ts = TM D 

__ q , - ~ - ~  
2 

The value of ~ can be found by using expressions (3), (20), and (21) 

[ Cra-C~ ]_+_!OT_A 
,yq __ 'yq Ox 

2 

(16) 

(17) 

(18) 

we find in the moving 

(19) 

(20) 

(2i) 

(22) 
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The average value of the rate of melting is given by: 

{av ~=I 2 (23) 
i=t ' t  

i = !  

The solution obtained character izes the dynamics of the progress of the melt ing process for noniso- 
thermal conditions. Both the phenomenon of heat t ransfer,  and the diffusion from the melt to the surface 
of the mel t ing  body a re  studied.  The fo rmulae  obtained make it poss ible  to de te rmine  the ra te  of mel t ing 
success ive ly  for  s epa ra t e  in te rva l s  of t ime,  s ta r t ing  with the f i r s t .  
r is de te rmined  by the fo rmula  (23). 

The ave rage  ra te  of mel t ing  a f te r  t ime  

a 

A 
D 

~ , f i  
T s 

Tm, Cm 

N O T A T I O N  

is the thermal diffusivfty; 
is the thermal conductivity; 
is the diffusivity; 
are the heat and mass transfer coefficients respectively; 
is the melting temperature of surface layer; 
is the movable boundary coordinate; 
are the temperature and concentration in the melt. 
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