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Calculations of s teel  s c rap  mel t ing  in an acid conver t e r  have been made with the aid of a 
Minsk-22 digital computer  and the resu l t s  a re  p resen ted  here .  

One p rob lem in control l ing the a c i d - c o n v e r t e r  p r o c e s s  is to de te rmine  the t e m p e r a t u r e  of the liquid 
meta l  (pig iron) during the blow, the changes in this t e m p e r a t u r e  being la rge ly  de te rmined  by the dynamics  
of the s teel  s c rap  mel t ing p roce s s .  

A p rocedure  for  the approx imate  calculat ion of s c r ap  mel t ing  in an acid conve r t e r  at constant  t e m -  
pe r a tu r e  and constant composi t ion of the liquid phase  has  been p resen ted  in [1]. An analogous p rob lem 
has been solved in [2] for  cer ta in  given values of these p r o c e s s  p a r a m e t e r s .  In nei ther  work was the ef-  
fect  of the mel t ing  ra te  on the t e m p e r a t u r e  of the liquid meta l  indicated. 

For  the per iod during which the sc rap  me l t s ,  the p rob lem can be stated ma themat ica l ly  in the follow- 
ing genera l  form.  

1. Heat t r a n s f e r  (scrap) 

2. Mass t r a n s f e r  (scrap) 

0t [ •  (2,+ i) or],  
- -  = a  + - - -  . O < x < R ~ - - s ( ' O ;  
& [ Ox 2 x Ox J 

t (x, 0) = ~ (x); 

dt x=o= 0, t(s, ~) = t~; 
Ox 

ds dt 

(1) 

(2) 

(3) 

(4) 

dC . D[O2C (2v-~l)  dC j  
O'~ ~ x  ~ + -x Ox ' O < x < R  o - s ( ~ ) ;  (5) 

C(x,  O) = Co; (6) 

OC ~=o = 0; C (s, z) = Ca; (7) 
ax 

ds d~x x=~o-s [t ( C ~ -  C~) = (C s - -  Cp) ~ + D 
(z) 

(8) 

The mel t ing  t e m p e r a t u r e  t s and the carbon concentrat ion at the sur face  of liquid meta l  Cs a re  i n t e r -  
re la ted  by the equation for  the Iiquidus line on the i r o n - c a r b o n  phase  d iagram.  
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3. The  t e m p e r a t u r e  of  l iqu id  m e t a l  tM i s  d e t e r m i n e d  by  the h e a t  p o w e r  g e n e r a t e d  du r ing  ox ida t ion  of 
the  p ig  i r o n  i m p u r i t i e s ,  by  the  r a t e  of h e a t  supp ly  to the  co ld  m a t e r i a l  ( sc rap)  fo r  r a i s i n g  i t s  t e m p e r a t u r e  
and m e l t i n g  i t ,  and by the hea t  l o s s e s  in  the  c o n v e r t e r .  A c c o r d i n g  to [3], 

k 

%-~Qj W~ qj -- Qcooi-Qloss 
dt~ =: t=l &.  (9) 

GMc M q-- Gsl Csl 

The  coe f f i c i en t  ~?j i n d i c a t e s  the f r a c t i o n  of the  hea t  in the  j - t h  r e a c t i o n  tha t  i s  expended  in he a t i ng  the 
l iquid  m e t a l  and the f r a c t i o n  (1--o/j) that  e s c a p e s  f r o m  the  v e s s e l  t o g e t h e r  with the  f lue g a s e s .  

With  c e r t a i n  s i m p l i f i c a t i o n s ,  Eqs .  (1)-(9) can  be  so lved  e i t h e r  by  the e x p l i c i t  o r  by  the i m p l i c i t  f i n i t e -  
d i f f e r e n c e s  p r o c e d u r e .  

We wi l l  u s e  the  i m p l i c i t  p r o c e d u r e  h e r e ,  a f t e r  hav ing  f i r s t  s i m p l i f i e d  the  cond i t ions  of  the p r o b l e m .  
The  m a s s  f low t o w a r d  the  s u r f a c e  of the  m e l t i n g  body wi l l  be  a s s u m e d  to r e s u l t  s o l e l y  in  c a r b u r i z i n g  the 
s u r f a c e  l a y e r ;  in th i s  c a l c u l a t i o n  the  c a r b o n  c o n c e n t r a t i o n  g r a d i e n t  a c r o s s  t h i s  s u r f a c e  i s  AC = C s - C  0. 

In t e r m s  of f in i t e  d i f f e r e n c e s ,  cond i t ions  (1)-(9) can  be  e x p r e s s e d  a s  fo l lows:  

t ~ ' ~ - - t ~  x '  " - : a  [ t ~ + l " ~ - 2 t i "  + t ~  _ .  _]_(2v + l) . ( t~ .~ - - t~ - l .~ )  ] 

"rn h z x i h ' 

i = l ,  2, . . . ,  N - - n - - l ,  n =  1, 2 . . . .  , N - - 2 ;  (10) 

�9 t1 ,~-'--to n t o . - - t o  . . . .  1 - - ( 4 v ~ - 4 ) a  " " , 
T n h 2 

n =  l, 2 . . . . .  N - - 2 ;  (11) 

~N--n,n = is.n, n = l, 2 . . . . .  N; (12) 

ti, 0 = q~(xi), i =  0 ,  1, 2 . . . . .  N ;  ( 1 3 )  

q._l==cq, l(t~,.  1 - - t ~ .  ~ ) = x p - - h  - i ~  tN . . . .  - - tN--~-- l . .__ n = : t ,  2, N - - l ;  (14) 
T n h 

TN --- TN_I ; 

Ci, 0 = C0, i = 0 ,  1, 2 . . . . .  N ;  ( 1 5 )  

j3~ (C~,, ~ -- Cs,,~) D C~ -- C O = ' n = 1, 2, N - -  1; (16) 

k 

t~,n = t~,~ 1 q- i=l (17) 
, -- mGr,~,n_ 1 cr, i ' 

le 

6~,,~ = G . . . .  ~ + AV._~ p - -  ~_ .Wjz~ .  (18) 
] = 1  

CM,~ = GM,~_ 1C . . . . .  1 - -  100 ( W c o +  Wco,) ~n , (19) 

G M , n  

n = 1, 2 . . . . .  N - - 1 .  (20) 

The  equa t ion  of the  l i qu idus  l i ne  on the  i r o n - c a r b o n  p h a s e  d i a g r a m  can  be  w r i t t e n  a s  fo l lows :  

t~,, = 1539 - -  90Cs, ~. (21) 

C o r r e s p o n d i n g  to Eqs .  (10)-(15),  the  body  is  b r o k e n  down into N equa l  l a y e r s  of he igh t  h. The  t i m e  
i n t e r v a l  i s  c h o s e n  depend ing  on n so tha t  only  one s u c c e s s i v e  l a y e r  m e l t s  d u r i n g  the  r e s p e c t i v e  p e r i o d  Tn. 
The  s y s t e m  of n o n l i n e a r  equa t ions  (10)-(15) wi l l  be  so lved  by  the i t e r a t i o n  m e t h o d  [5], f o r  which we w r i t e  

• o< T~~ 
qTl--1 

0 
and (10)-(13) are solved for ti, n. From the equation 

~ ~ t~ -n - , ,n  ) (22) ~n_~l__ 1 •  k tN . . . .  - -  , ~ = 0 ,  1, 2 . . . .  
q~-.1 h 
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Fig. 1. Dynamics of melt ing steel 
cyl inders  in an i r o n - c a r b o n  bath with 
a constant thermal  flux: 1) test  data; 
2) calculated values. 

we determine Tin, when ~ = 0. Then f rom (10)-(13), using this 
1 value of T~n, we calculate ti, n, etc. The p rocess  of determina-  

ing the melting t ime of a given layer  and the tempera ture  field 
in the remaining mass  is complete when ~+1-7~  ~ 0. -n  -n  

Having determined T n from (17)-(21), we find all the 
neces sa ry  data for calculating the thermal  flux which enters  
into the solution of Eqs. (10)-(15) for the next time interval.  

The heat losses  in the conver ter  stack are  determined 
by special calculations as losses  through a plane s ing le - layer  
wall, according to the procedure  shown in [6], with a given 
power- law variat ion of the thermal  flux on the active side of 
the wall and with quasis teady-s ta te  conditions at the stack. 

In o rder  to check the validity of the proposed procedure ,  
we have made control calculations assuming a constant ther-  
mal flux and compared them with labora tory  test  data on mel t -  

ing (dissolving) cyl indrical  steel specimens in liquid iron containing 2.5-3.5% carbon at t empera tures  with- 
in the 1573-1673~ range. These tests  were per formed in an induction furnace containing a 150 kg charge.  
Cold specimens 32-51 mm in d iameter  and 200 mm long were f i rs t  weighed and then dropped into the melt  
one after  another,  held there for a definite length of time, and then weighed again. The cr i ter ia l  melt ing 
numbers  and the thermal  flux were calculated for each specimen according to the equation [1]: 

(2v + 2)F~ 1--c~ (2v +-~4)1 [ ] = 2N- - + 1 - ( - -  AVo) , 

where 

c o = l - - ~ ;  A = ( 2 v + 2 ) ( 2 v + 4 ) ;  
Ro 

(23) 

N c  _ cs q R o  

2 (2v -~,- 2) • 

With the values of q and N c for the cyl inders  found here,  the melting p rocess  was calculated according to 
Eqs. (10)-(15). 

Since the p rocess  of melting (dissolving) actually begins only after  the solidifying crust  has softened 
under a definite t empera tu re  distribution over the mass  section, the initial t empera ture  distribution 
in the cylinders is in this p rocedure  determined approximately from the heating conditions applicable to 
the mass  here under constraints  of the f i rs t  kind. The heating t ime is taken equal to the t ime in which the 
ingot c rus t  solidifies and softens - this t ime being determined by test.  

( G s m / G ~  

.0 ,iS~,+ 
0 

VM ~ 
mz3 : r 

1723 ~~~ 

1523 
0 gOO #00 800 800 

Fig. 2. Melting of cyl inder-  
shaped scrap in a conver ter  
and changing tempera ture  of 
the liquid metal  during the blow: 
1) R 0 = 0 . 0 3 4 m ;  2) 0 .051m;  
3) 0.085 m; 4) 0.17 m; 5) 0.25 
m. T, sec; t M, ~ 
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Fig .  3. E f f ec t s  of the  i n i t i a l  t e m p e r a t u r e  of the  l iqu id  m e t a l  ba th  and 
of the shape ,  the  s i z e ,  and the amoun t  of  s c r a p  on the c o m p l e t i o n  t i m e  
of s c r a p  m e l t i n g ;  s p h e r i c a l  (1), c y l i n d r i c a l  (2), and p l a t e  (3) s c r a p :  

a) fo r  the  u p p e r  c u r v e s  Teomp 1 = f(R 0) a t  (Gs0/GM0) �9 100 = 20%, tM0 
= 1523~ f o r t  he l o w e r  c u r v e s  Tcomp 1 = f(tM0) a t  (Gs0/GMD). 100 = 20%, 
R 0 = 0.085 m;  b) Tcompl  = f(Gs0) a t  R o = 0.085 m and tM0 = 1523~ 

(Teompl,  sec ) .  

The c a l c u l a t e d  r e s u l t s  and s o m e  t e s t  da t a  a r e  shown in F ig .  1. The  c u r v e s  p lo t t ed  f r o m  both  s e e m  
to a g r e e  c l o s e l y .  T h e r e f o r e ,  the  p r o c e d u r e  (10)-(21) wi th  p r o p e r l y  c h o s e n  v a l u e s  of q(T) i s  s u i t a b l e  fo r  
r a t h e r  a c c u r a t e l y  c a l c u l a t i n g  the  d y n a m i c s  of s c r a p  m e l t i n g  in  an a c i d  c o n v e r t e r .  

Spec i f ic  c a l c u l a t i o n s  of s c r a p  m e l t i n g  (d i sso lv ing)  in  a 100,000 kg c o n v e r t e r  w e r e  m a d e  on a M i n s k -  
22 d ig i t a l  c o m p u t e r :  fo r  v a r i o u s  s c r a p  s i z e s ,  s h a p e s ,  and we igh t s ,  a s  we l l  a s  fo r  v a r i o u s  i n i t i a l  p i g - i r o n  

t e m p e r a t u r e s .  

To d e t e r m i n e  the t e m p e r a t u r e  of l iqu id  m e t a l ,  the m e l t i n g  t i m e  was  t e n t a t i v e l y  b r o k e n  down into 
t h r e e  p e r i o d s :  1) the f i r s t  p e r i o d  of c a r b o n ,  s i l i c o n ,  m a n g a n e s e ,  and i r on  ox ida t ion ;  2) the  s econd  p e r i o d  
of only  c a r b o n  ox ida t ion ;  and 3) the  t h i r d  p e r i o d  of c a r b o n  and i r o n  ox ida t ion .  The  l eng ths  of t h e s e  p e r i o d s ,  
the  i n i t i a l  c o n c e n t r a t i o n s  of i m p u r i t i e s ,  and the  m a s s  r a t e s  of t h e i r  ox ida t ion  d u r i n g  each  p e r i o d ,  a s  we l l  
a s  o t h e r  p e r t i n e n t  da ta ,  w e r e  b a s e d  on p r a c t i c a l  e x p e r i e n c e  a t  one of the  m e t a l l u r g i c a l  p l a n t s .  The i n i t i a l  
v a l u e s  of the  h e a t - t r a n s f e r  and the m a s s - t r a n s f e r  c o e f f i c i e n t s  w e r e  t aken  f r o m  [7, 8]. The  m a x i m u m  va lue  
of coe f f i c i en t  a was  d e t e r m i n e d  f r o m  a c t u a l  r e s u l t s  of m e l t i n g  n i c k e l - s t e e l  s c r a p  in a 55,000 kg c o n v e r t e r .  
F o r  the p e r i o d  of i n t e n s i v e  s c r a p  m e l t i n g  [1], when the t e m p e r a t u r e  g r a d i e n t  a c r o s s  the  m a s s  i s  a l m o s t  
z e r o  and the  t e m p e r a t u r e  of the  l iqu id  m e t a l  i s  above  the m e l t i n g  poin t ,  we c a l c u l a t e d  

O~ma x --~- (1,6 - -  1,7). 10 ~ W/m2,deg, 

and,  by  the  ana logy  be tween  hea t  and m a s s  t r a n s f e r ,  we found tha t  a p p r o x i m a t e l y  

~max ~--- ~0 ~max 

(Z 0 

The  t r e n d  of changes  in the  c o e f f i c i e n t s  of h e a t  and m a s s  t r a n s f e r  was  a s s u m e d  to fo l low the changes  
in the  r a t e  of p i g - i r o n  d e c a r b u r i z a t i o n .  

A s  i l l u s t r a t i o n ,  we show in F ig .  2 a few m e l t i n g  c u r v e s  fo r  s c r a p  s h a p e d  into c y l i n d e r s  and t e m p e r a -  
t u r e  c u r v e s  fo r  the  l iqu id  m e t a l  du r ing  the  b low un t i l  the  c o m p l e t i o n  of the m e l t i n g  p r o c e s s .  It i s  ev iden t  
h e r e  that ,  with a l l  o t h e r  cond i t ions  unchanged ,  an i n c r e a s e  of the  s c r a p  s i z e  c a u s e s  a r i s e  in the  t e m p e r a -  
t u r e  of  the l iqu id  m e t a l  d u r i n g  the i n i t i a l  m e l t i n g  p e r i o d  and e n s u r e s  a m o r e  s t e a d y  coo l ing  ef fec t ,  which 
has  a b e n e f i c i a l  in f luence  on r e f i n i n g  and s l a g  f o r m a t i o n .  

I n c r e a s i n g  the amoun t  of i m m e r s e d  s c r a p  by  1000 kg l o w e r s  the  t e m p e r a t u r e  of  the  m e t a l  by  10-15~ 
t o w a r d  the e igh th  minu t e  of b lowing .  

C a l c u l a t i o n s  have  shown tha t  with a s c r a p  s i ze  R 0 > 0.085 m the e n t i r e  m e l t i n g  p r o c e s s  b e c o m e s  u n -  
s t e ady :  the t h e r m a l  t lux  i s  expended  on m e l t i n g  the  s u r f a c e  l a y e r s  and  he a t i ng  the i n n e r  c o r e .  

The  g r a p h s  in F ig .  3 r e p r e s e n t  the  e f f ec t s  of the  i n i t i a l  t e m p e r a t u r e  of the  p ig  i r o n  and of the  s i z e ,  
the  shape ,  and the amoun t  of i m m e r s e d  s c r a p  on the t i m e  of c o m p l e t i o n  of s e r a p  m e l t i n g .  
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The proposed calculation procedure is relatively simple and makes it possible to evaluate the effect 
of various factors on the rate of scrap melting in an acid converter as well as the effect of the melting 

dynamics on the ingot temperature. 

NOTATION 

t 

OZ, k 

14 

q 

Qj 

Qeool 
Qloss 
CM, Csl, Cs 
wj 
WCO, WCO2 
~j 
C s, Cp 

Co 
D 
R 
S 

P 
GM, Gsl, G s 
Fo 
n 

p 

F n 

k 

is the temperature of the melting body; 
are the thermal diffusivity and thermal conductivity of the body; 
is the specific heat of melting; 
is the heat flux intensity; 
is the thermal effect of the j-th reaction; 
is the heat absorbed by the melting body; 
is the heat loss through the converter stack; 
are the heat capacity of metal, slag, and scrap, respectively; 
is the mass rate of oxidation of the j-th element; 
are the mass rate of carbon oxidation into CO and CO 2, respectively; 
is the coefficient of heat utilization of the j-th reaction; 
are the carbon concentration along the liquidus line and along the solidus line on the iron 
-carbon phase diagram; 
is the initial carbon concentration in the scrap; 
is the diffusion constant for carbon in steel; 
is the radius of the melting body; 
is the moving melting boundary; 
is the density of the scrap; 
are the weight of metal, slag, and scrap, respectively; 
is the Fourier number; 
is the number of the time interval; 

is the shape factor for the melting body: v = -1/2 for a plate; v = 0 for a cylinder; v = 1/2 
for a sphere; 
is the surface area of the melting body; 
is the quantity of impurities in pig iron during each of the melting stages. 

m = GMC M + GslCsl/GMc M = 1.14 [3]. 

1 ,  

2. 
3. 

4. 

5. 
6. 
7. 
8. 
9. 
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