
Kinetics of Decarburization of Iron-Chromium 
Melts in Highly Oxidizing Atmosphere 

SUSHANTA KUMAR DEY AND DHIRENDRA NATH GHOSH 

The k ine t i cs  of deca rbu r i za t i on  in F e - C r - C  mel t s  were  s tudied to d e t e r m i n e  the r a t e  con-  
t r o l l i ng  step for the p rocess .  The expe r i me n t s  were  c a r r i e d  out under  n i t rogen-oxygen  a t -  
mosphe re  in a r e s i s t a n c e - h e a t e d  v e r t i c a l - t u b e  furnace.  The l iquid mel t  was held in a 
f r e sh ly  p repa red  magnes i t e  c ruc ib le .  Sampling and chemica l  ana ly s i s  of the meta l  phase 
led to t i m e - c a r b o n  concen t ra t ion  cu rves  for the sys tem.  An i ron  oxide layer  jus t  below 
the impinging  a r e a  and a genera l  boil  were  observed .  Resul t s  obta ined by va r y i ng  p a r a m -  
e t e r s  such as t e m p e r a t u r e ,  pa r t i a l  p r e s s u r e  of oxygen, f lowrate  of the oxidiz ing gas and 
amount  of mel t  d e t e r m i n e d  the l i m i t i n g  reac t ion  mechan i sm.  The r a t e  has been found to 
be a lmos t  independent  of flow r a t e  and par t i a l  p r e s s u r e  of oxygen (between 1.0 to 2.0 
l / r a in ,  and 0.5 to 1.0 a tm of oxygen). The amount  of mel t  and t e m p e r a t u r e  have a marked  
effect  on the r eac t ion  ra te .  The apparen t  ac t iva t ion  energy  has been  found to be 48.0 • 5.4 
K c a l / m o l .  The carbon  oxidation r eac t ion  has been proposed to occur  p redominan t ly  at CO 
b u b b l e / m e t a l  in te r face .  On the bas i s  of the expe r imen ta l  r e s u l t s  and d i s c u s s i o n s  r eac t ion  
involving reduc t ion  of oxides by ca rbon  has been proposed to be the r a t e  con t ro l l ing  step. 

D E C A R B U R I Z A T I O N  is one of the mos t  impor t an t  
r eac t i ons  and the p r o g r e s s  of the s tee l  making tech-  
nique can be said as the h i s to ry  of d e c a r b u r i z a t i o n  r e -  
action i tsel f .  Therefore ,  if the m e c h a n i s m  of deca rbu -  
r i za t ion  p roce s s  is more  comple te ly  unders tood it 
should be poss ib le  to improve  on the cont ro l  and t h e r e -  
by the eff ic iency and economy of s tee l  making.  

The k ine t i cs  of deca rbu r i za t i on  of mol ten  F e - C  mel t s  
have been studied by many  inves t iga to r s  us ing  va r ious  
oxidizing agents  and expe r imen ta l  p rocedure s .  Broadly,  
there  a re  two schools  of opinion. Fuj i  et  aI,  Mori et  al, z 
Pade r in  and Phi l ippov 3 See and Warne r  4 e t c  have con-  
cluded that the ra te  is cont ro l led  by gaseous  diffusion. 
On the con t r a ry ,  Swisher and Turkdogan,  s Ghosh and 
Sen, 6 Medvedevskikh et  a l  ~ e t c  have suggested  a chem-  
ical r e ac t i on  cont ro l led  mechan i sm.  

Recent ly  there  has been a major  breakthrough in the 
manufac tu r ing  p rocess  of s t a in l e s s  s tee l  by AOD (Ar-  
gon-Oxygen-Deca rbur i za t ion )  p roces s .  Sta inless  s tee l  
can now be produced without any addit ion of high cost 
low carbon  F e - C r ,  f rom the cheap sou rce s  of c h r o m i -  
um i . e .  high carbon  F e - C r  and s t a i n l e s s  s tee l  sc rap .  
In AOD p r o c e s s  a high carbon  F e - C r  mel t  is p r e f e r -  
en t ia l ly  d e c a r b u r i z e d  to a ve ry  low carbon  by a rgon-  
oxygen gas mix ture .  In this  r e s p e c t  F e - C r - C  sys t em 
p re sen t  an exce l len t  sy s t em for the d e c a r b u r i z a t i o n  
study. 

In the p r e s e n t  invest igat ion,  F e - C r - C  mel t s  have 
oxidized by oxygen-n i t rogen  gas mix tu re s .  The effects 
of v a r i a b l e s  such as pa r t i a l  p r e s s u r e  of oxygen, f low- 
r a t e  of gas mix ture ,  amount  of mel t  and t e m p e r a t u r e  
were  s tudied and a r eac t i on  m e c h a n i s m  has been p ro -  
posed for the carbon  oxidation reac t ion .  
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EXPERIMENTAL S E T - U P  AND 
PROCEDURE 

The e x p e r i m e n t a l  se t  up has been  d i s cus sed  in deta i l  
e l sewhere .  6 In the p r e s e n t  inves t iga t ion  200 g of Fe -  
C r - C  mel t  were  p r e p a r e d  in a f resh ly  p r epa red  mag-  
nes i te  c ruc ib l e  in the graphi te  r e s i s t a n c e  furnace ,  un-  
der  a rgon  a tmosphe re .  The s t a r t i ng  compos i t ion  of the 
mel t  was approx ima te ly  10 pct c h r o m i u m  and 1.0 pct 
c a r b o n .  Sample were  t a k e n  at 5 min  in te rva l .  Carbon 
in the s a mp l e s  was analyzed by the combus t ion  method. 

EXPERIMENTAL OBSERVATIONS 

Dur ing  the e x p e r i m e n t s ,  the mel t  su r face  was ob-  
se rved  f requent ly  to d e t e r m i n e  the effect of oxygen 
pa r t i a l  p r e s s u r e .  In the high flow r a t e  region ,  when 
gas mix tu re  of low pa r t i a l  p r e s s u r e  of oxygen, was 
blown on the mel t  su r face ,  a b r igh t  spot at the imping-  
ing a r e a  was obse rved .  The spot however van i shed  
when the gas flow was stopped. With i n c r e a s i n g  p a r -  
t ial  p r e s s u r e  of oxygen the a r e a  over  which the br igh t  
spot was obse rved  i n c r e a s e d  and boi l ing  could be ob-  
se rved .  At 100 pct oxygen, the br igh t  a r e a  covered  
a /mos t  the whole su r face  of the mel t  and apprec iab le  
boi l ing was seen.  

EXPERIMENTAL RESULTS 

Resul t s  a re  shown in Figs.  1 through 12. Carbon 
concen t ra t ion  in meta l  shows a l i nea r  r e l a t i onsh ip  with 
t ime  under  al l  e x p e r i m e n t a l  condi t ions,  indica t ing  a 
zero  o rde r  r eac t ion .  The s lopes  of these  cu rves  r e p -  
r e s e n t  the speci f ic  r a t e  cons tan ts  of the d e c a r b u r i z a -  
t ion r eac t ion .  The expe r imen ta l  r e s u l t s ,  obtained under  
d i f ferent  condi t ions  a re  given below. 
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E F F E C T  OF FLOW RATE OF 
THE GAS 

Rates  of deca rbu r i za t i on  were  studied using di f ferent  
flow ra te  of the gas mix tu re .  The t e m p e r a t u r e  was 
main ta ined  cons tant  at 1600~ For  100 pct oxygen as 
the oxydent the r eac t i on  was s tudied under  the flow 
r a t e s  of 0.5, 1.0, 1.5 and 2.0 1 /min whereas  for 50 pct 
02-50 pct Nz gas mix ture ,  the expe r imen t  was c a r r i e d  
out at 0.5, 1.0 and 1.5 1/min.  The change of carbon  
concen t ra t ion  with t ime  at d i f fe rent  flow r a t e s  is shown 
in Fig.  1. The r a t e  of d e c a r b u r i z a t i o n  was then plotted 
aga ins t  flow r a t e  as shown in Fig. 2. In both the curves  
a non l inea r  r e l a t ionsh ip  was obtained with a gradual  
d e c r e a s e  of inf luence of gas flow r a t e  on the d e c a r b u -  
r i z a t i o n  ra te .  For  pure  oxygen the r a t e  was found to 
become  independent  of flow ra te  between 1.0 to 2.0 
1/min.  For  50 pct O2-50 pct N 2 the r a t e  i n c r e a s e  with 
the i n c r e a s e  of gas flow ra te ,  but at higher  flow ra t e s  
it  becomes  a lmos t  independent  of flow ra te .  
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Fig .  1 - - C h a n g e  of c a r b o n  c o n c e n t r a t i o n  of ba th  with t i m e  for  
d i f f e r e n t  flow r a t e s  of g a s  m i x t u r e .  

E F F E C T  OF AMBIENT OXYGEN 
PRESSURE 

The exper iment  was c a r r i e d  out at pa r t i a l  p r e s s u r e  
0.1, 0.25, 0.50, 1.0 of oxygen with the flow r a t e s  of 1.0 
1 /min  and 1.5 1 /min at t e m p e r a t u r e  1600~ The plot 
of ca rbon  percentage  with t ime  at d i f fe rent  par t ia l  
p r e s s u r e s  is shown in Fig. 3. The va r i a t i on  of d e c a r -  
bu r i za t ion  r a t e  with pa r t i a l  p r e s s u r e  is i l lus t ra ted  in 
Fig.  4. At both the flow r a t e s  the va r i a t i on  shows a 
non l inea r  r e l a t ionsh ip  with the pa r t i a l  p r e s s u r e  with 
p r o g r e s s i v e l y  d e c r e a s i n g  inf luence  of pa r t i a l  p r e s s u r e .  
The ra te  is independent  of pa r t i a l  p r e s s u r e  of oxygen 
af ter  0.5 atm of oxygen for 1.5 1 /min  of flow ra te .  

E F F E C T  OF TEMPERATURE 

Attempts were  made to d e t e r m i n e  the effect of t e m -  
p e r a t u r e  on the de c a r bu r i z a t i on  r a t e  at 0.5 atm oxygen 
pa r t i a l  p r e s s u r e .  The flow r a t e  was main ta ined  at 1.0 
l / r a in .  The e xpe r i me n t s  were  c a r r i e d  out at 1600, 
1625 and 1650~ The plot of ca rbon  va r i a t ion  with 
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Fig .  3 - - C h a n g e  of c a r b o n  c o n c e n t r a t i o n  of  ba th  wi th  t im e  for  
d i f f e r e n t  p a r t i a l  p r e s s u r e  (02) of  ga s  m i x t u r e .  
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F ig .  2 - - R e l a t i o n  between the f l ow  r a t e  of  gas and the ra te  of  
d e c a r b u r i z a t i o n .  
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Fig .  4 - - R e l a t i o n  b e t w e e n  oxygen  p a r t i a l  p r e s s u r e  of  gas  and  
the  r a t e  of d e c a r b u r i z a t i o n .  
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t i m e  at d i f fe ren t  t e m p e r a t u r e s  is shown in Fig.  5. The 
log of d e c a r b u r i z a t i o n  r a t e  was then plot ted agains t  
the r e c i p r o c a l  of absolute  t e m p e r a t u r e  (Fig. 6). The 
ac t iva t ion  energy ,  ca lcu la ted  f r o m  the graph was 48.0 
K c a l / m o l e .  

E F F E C T  OF THE AMOUNT OF MELT 

In an a t tempt  to find out the e f fec t  of amount  of mel t  
on the deca rbu r i za t i on  r eac t i on  r a t e  the e x p e r i m e n t s  
w e r e  p e r f o r m e d  with 200 and 500 gms of mel t  keeping 
the a r e a  of f r e e  su r f ace  on the me l t  constant .  The c o r -  
r e spond ing  me ta l  depths w e r e  29.8 m m  and 74.5 mm 
r e s p e c t i v e l y .  The study was made  at two d i f fe ren t  oxy-  
gen par t i a l  p r e s s u r e  0.5 a tms  and 1.0 a tms .  The flow 
r a t e  of the gas mix tu re  was main ta ined  at 1.0 l / r a in  
in both ca se s .  The va r i a t i on  of ca rbon  in gms with 
t i m e  is shown in Fig. 7. The r a t e  of d e c a r b u r i z a t i o n  
v e r s u s  amount  of mel t  is plot ted in Fig.  8. 

In this f igure  the r a t e  of carbon  r e m o v a l  was ex-  
p r e s s e d  in g m s / m i n  r a t h e r  than in pe rcen t  per  minute 
(pet C/min) ,  because  g m s / m i n  is an absolute  r a t e  su i t -  
able  for c o m p a r i s o n  of carbon r e m o v a l  f r o m  mel t s  of 
d i f fe ren t  weight.  The plot  c l e a r l y  indica tes  that  the 
r a t e  of d e c a r b u r i z a t i o n  i n c r e a s e s  with the i n c r e a s e  in 
the amount  of mel t .  

E F F E C T  OF OXYGEN PARTIAL PRESSURE 
ON CRITICAL CARBON CONCENTRATION 

The c r i t i c a l  carbon  concen t ra t ion  at which the c ru s t  
of oxide f o r m s  and r a t e  b e c o m e s  dependent  on ca rbon  
concen t r a t ion  has been d e t e r m i n e d  at 0.25, 0.5 and 1.0 
a tm of oxygen.  The r e s u l t  is shown in Fig.  11. The 
c r i t i c a l  ca rbon  concen t ra t ion  was then plot ted agains t  
oxygen pa r t i a l  p r e s s u r e  in Fig.  12. It has been ob-  
s e r v e d  that  oxygen pa r t i a l  p r e s s u r e  has no ef fec t  on 
the c r i t i c a l  carbon  concen t ra t ion  e . i .  on the c h r o m i u m /  
carbon  ra t io .  

DEGREE OF UTILIZATION OF 
OXYGEN 

The oxygen e f f i c iency  was ca l cu la t ed  for  d i f fe ren t  
flow r a t e s  and pa r t i a l  p r e s s u r e s  of oxygen.  The ef f i -  
c iency  as a function of flow r a t e  at 0.5 and 1.0 arms 
pa r t i a l  p r e s s u r e s  of oxygen is shown in Fig.  9. In both 
c a s e s  the e f f i c iency  i n c r e a s e s  in i t i a l ly  and then de -  
c r e a s e s  with flow r a t e s  h igher  than 1.0 I / m i n .  The 
plot  of the oxygen e f f i c iency  with i ts  pa r t i a l  p r e s s u r e  
is shown in Fig. 10. It is c l e a r l y  indica ted  that the e f -  
f i c i ency  fa l l s  l i n e a r l y  with i n c r e a s i n g  pa r t i a l  p r e s s u r e  
of oxygen.  
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REACTION MECHANISM 

Many inves t iga to r s  have studied the m e c h a n i s m  of 
deca rbu r i za t i on ,  z -u  Thei r  expe r imen ta l  condit ions 
and gas a e r o d y n a m i c s  do not differ much f rom the 
p r e s e n t  expe r imen ta l  condi t ions.  Most of them sug-  
gested that  the g a s - m e t a l  in te r face  was the only r e a c -  
t ion s i te .  

Under the p r e s e n t  expe r imen ta l  condi t ions  with a 
cons tant  g a s - m e t a l  in te r face  a r e a  it has been found 
that the r a t e  of deca rbu r i za t i on  depends on the amount  
of a l loy (Fig. 8). This  obse rva t ion  con t rad ic t s  that the 
g a s / m e t a l  in te r face  is the only r eac t i on  si te .  I ron ox-  
ide was obse rved  jus t  below the imping ing  a r ea  along 
with ca rbon  boil .  The c r i t i ca l  ca rbon  concen t ra t ion  at 
which a c r u s t  of oxide is formed and the d e c a r b u r i z a -  
t ion r a t e  becomes  dependent  of ca rbon  concen t ra t ion  
was found to be independent  of pa r t i a l  p r e s s u r e  of oxy- 
gen (Fig. 12). If the r eac t ion  o c c u r r e d  at g a s / m e t a l  
in te r face  only, the i n c r e a s i n g  oxygen pa r t i a l  p r e s s u r e  
would fo rm an oxide layer  at r e l a t i ve ly  higher carbon  
concen t ra t ion ,  which is not t rue  (Fig. 12). All these 
obse rva t i ons  suggest  that the m e c h a n i s m  of d e c a r b u r i -  
zat ion under  the p r e sen t  expe r imen ta l  condit ions mus t  
the re fo re ,  be different .  
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Fig. 9--Change of oxygen effective with oxygen partial pres-  
sure. 
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Fig, lO--Change of oxygen effective with oxygen partial pres-  
sure. 

The expe r imen ta l  se t -up  with top blowing is consid-  
e red  bas i ca l l y  s imula t ing  the BOF p rocess .  It is of in -  
t e r e s t ,  the re fo re ,  to cons ider  whether or not the exper -  
imenta l  r e s u l t s  may be explained on the bas i s  what ac-  
tual ly  may occur  in the BOF p rocess .  The f i r s t  ques -  
t ion to be answered ,  and a v e r y  impor tan t  one is, 
" W h a t  is the me c ha n i sm  by which oxygen is r ece ived  
by the meta l  b a t h ? "  It s eems  most  l ikely  that  at low 
pa r t i a l  p r e s s u r e  of oxygen, the step in the r eac t ion  of 
gaseous oxygen with liquid s tee l  is chemisorp t ion ,  0 2 
molecu les  get at tached to the meta l  su r face  probably 
by d i s soc ia t ion  in the p rocess .  At high pa r t i a l  p r e s -  
su re  of oxygen, due to local  en r i chment ,  the i ron  be-  
comes  sa tu ra ted .  The adsorbed  oxygen r e a c t s  with 
the meta l s  to form liquid oxides.  The oxides may be 
swept a c r o s s  the meta l  sur face ,  to d i sso lve  at some 
other point where  the mel t  is not sa tu ra ted  with oxy- 
gen. Hence, oxides act  as a c a r r i e r  for oxygen t r a n s -  
fer .  

Under a given flow ra te  the a r e a  over which the ox- 
ide formed,  was found to be v e r y  sma l l  at 0.1 aim of 
oxygen, which i nc rea sed  and u l t ima te ly  covered  a lmost  
the whole meta l  sur face  with 1.0 a tms  of oxygen. This 
obse rva t ion  suppor ts  the above s ta tement .  Since l i t t le  
work has been done at low pa r t i a l  p r e s s u r e  and low 
flow ra te  ( i .e .  below 0.5 a im and 1.0 1/min),  hence-  
forth the d i s c u s s i o n  will be confined only to the high 
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pa r t i a l  p r e s s u r e  and high flow r a t e  ( i . e .  0.5 to 1.0 a tm 
and 1.0 to 2.0 1/min) .  

The r eac t ion  may occur  at F e / F e O  in ter face ,  CO 
b u b b l e / m e t a l  in te r face  or c r u c i b l e - m e t a l  in te r face .  
This m e c h a n i s m  explains  s a t i s f ac to r i l y  the o b s e r v a -  
t ions  of boi l ing and oxide format ion .  

The r a t e  of deca rbu r i za t i on  i n c r e a s e s  with the in -  
c r e a s e  in amount  of mel t  which ind ica tes  that the r a t e  
d e c r e a s e s  with i n c r e a s i n g  apparen t  specif ic  su r face  
a r e a  (cm~/gram).  This c l e a r l y  ind ica tes  that the gas -  
meta l  and c r u c i b l e - m e t a l  in te r face  a r e a s  do not play 
the p redominan t  ro le  as the r eac t i on  s i t e s  for the de-  
c a rbu r i za t i on  reac t ion ,  although it  is unders tood that 
the i n c r e a s e  in total  m e t a l - c r u c i b l e  in te r face  a r e a  
gives r i s e  to more  probable  nuc lea t ion  s i tes .  If it  is 
a s sumed  that the r eac t ion  occurs  p redominan t ly  at the 
CO b u b b l e / m e t a l  in te r face ,  the actual  specif ic  su r face  
a r e a  in the case  of l a r g e r  amount  of mel t  will be higher  
due to the i nc r ea sed  r e s i d e n t  t ime  of bubbles  ins ide  the 
mel t .  This  leads to the i nc r ea sed  r a t e  i nc r ea sed  r a t e  
of deca rbu r i za t i on  with l a r g e r  amount  of melt  (Fig. 8) 
and also explain the constant  C r / C  ra t io  at al l  pa r t i a l  
p r e s s u r e  of oxygen (Fig. 12). It may  be noted he re  that 
the depth of the me l t  is 8 cms in case  of 500 gms 
aga ins t  3.2 cms  in case  of 200 gins of melt .  

Having found a sa t i s f ac to ry  r e a c t i o n  m e c h a n i s m  the 
r e s u l t s  a re  evaluated in effort  to d e t e r m i n e  the r a t e  
con t ro l l ing  step. 

. 0 ~  

�9 0 2  
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Fig. 13--Rate of decarburization as a function of log (i+ PO2) 
in accordance with the gas transport rate equation. 

p r e s e n t  expe r imen ta l  condit ions,  were  the gas s t r e a m  
impinges  on the su r face  of the mel t  a l i nea r  ve loc i ty  
of 140 c m s / s .  

There fo re ,  the d e c a r b u r i z a t i o n  r eac t i on  ra te  does 
not appears  to be de t e rmined  by gas diffusion under  
the p r e s e n t  expe r imen ta l  condi t ions.  

DIFFUSION OF OXYGEN IN THE 
GASEOUS PHASE 

This step does not appears  to be r a t e  de te rmin ing ,  
under  the p r e s e n t  expe r imen ta l  condit ions on the fol-  
lowing counts.  

1) The apparen t  ac t iva t ion  ene rgy  of 48 + 5.4 K c a l /  
tool is much higher  than the ac t iva t ion  energy  of 1 to 
4 K c a l / m o l ,  for gaseous diffusion cont ro l led  p rocess .  

2) The ra te  is  independent  of oxygen pa r t i a l  p r e s s u r e  
(Fig. 4) and flow ra te  (Fig. 2) which cont rad ic t s  the 
oxygen diffusion cont ro l led  p roces s .  

3) If the r eac t ion  would have been cont ro l led  by the 
gaseous diffusion the amount  of me l t  would not have 
any effect but in the p r e sen t  case  it has (Fig. 8). So 
the poss ib i l i ty  of gaseous diffusion control  is d i s -  
counted. 

It is usual  in inves t iga t ions  of this  type to ca lcula te  
the absolute  va lue  of the r a t e  based  on an a s sum e d  
theore t i ca l  kinet ic  model  and to compare  this r e s u l t  
with the obse rved  ra te .  The equat ion s for d e c a r b u r i -  
za t ion ra te ,  a s s u m i n g  a gaseous d i s su s ion  cont ro l  p ro -  
cess  is given by 

d pct C 2000 1 D 
d------i--- = - L p  RT 5 In (1 + PO2) 

where  p is the dens i ty  of the meta l  and L is the depth 
of the bath. The plot of r a t e  of d e c a r b u r i z a t i o n  as a 
funct ion of In (1 + PO2) is l i nea r  as shown in Fig. 13. 
The slope of the curve  was found to be 1.8 • 10 -~ pct 
C / s  for a bath depth of 2.98 cms .  The mass  t r a n s f e r  
coeff icient  D / 5  is equal to 1.01 c m / s .  F r o m  the k i -  
net ic  theory  of gases ,  the N2-O 2 in te rd i f fus iv i ty  at a t -  
mospher ic  p r e s s u r e  and at 1600~ '2'z4 is DNz:O 2 
= 2.297 cm2/s .  Then the va lues  of 5wi l l  be 2.28 cm. 
This value appears  to be most  u n r e a l i s t i c  under  the 

TRANSPORT IN THE METAL 

In the present investigation all the kinetic curves 
were found to be independent of carbon contents (Figs. 
1, 3, 5, 7), indicating a zero order reaction kinetics. 
The apparent activation energy 48.0 + 5.4 K cal/mole 
obtained in the present investigation is much higher 
than 10 to 17 K cal/mole which has been reported x3 
for the diffusion of carbon in iron melts. It may also 
be regarded that the agitation created in the present 
case during the escape of CO bubbles from the melt, 
makes carbon transport in the melt much faster a pro- 
cess than what would be expected in still baths. 

If the rate controlling mechanism was the diffusion 
of oxygen in the melt then the rate of decarburization 
would have been directly proportional to the partial 
pressure of oxygen which has not been confirmed (Fig. 
4). The activation energy for the diffusion of oxygen in 
melten Iron has been reported z5 to be I0 to 12 Kcal/ 
reel which is much lower than the observed activation 
energy of 48.0+ 5.4 Kcal/mol reported here (Fig. 6). 
Further, independence of decarburization rate on the 
flow rate of the oxidizing gas also contradicts oxygen 
diffusion control process. 

These  obse rva t ions ,  the re fore ,  r u l e  out the pos s ib i l -  
i ty of t r a n s p o r t  of r e a c t a n t s  in the mol ten  meta l  phase  
as the r a t e  d e t e r m i n i n g  step. 

CHEMICAL REACTION CONTROLLED 
PROCESS 

Since all other steps involved in decarburization pro- 
cess have been ruled out, it appears that some chemi- 
cal reaction controls the overall reaction rate. The 
following experimental observations also support the 
above statement. 
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1) The  a p p a r e n t  a c t i v a t i o n  e n e r g y  w a s  found to be  
48.0~- 5.4 K c a l / m o l  

2) The  r a t e  was  i n d e p e n d e n t  of  o x y g e n  p a r t i a l  p r e s -  
s u r e  (F ig .  4) 

3) The  r a t e  was  i n d e p e n d e n t  of f low r a t e  (F ig .  2) 
4) The  o x y g e n  e f f i c i e n c y  d e c r e a s e d  wi th  i n c r e a s i n g  

f low r a t e  (F ig .  9) and o x y g e n  p a r t i a l  p r e s s u r e  
(F ig .  10) 

It  ha s  b e e n  found tha t  the  r a t e  of  d e c a r b u r i z a t i o n  in 
F e - C r - C  m e l t  i s  m u c h  l o w e r  than  F e - C  m e l t  m'17 under  
t he  s a m e  e x p e r i m e n t a l  c o n d i t i o n s .  The  a c t i v a t i o n  e n -  
e r g y  of  48.0=~ 54 K c a l / m o l  r e p o r t e d  h e r e ,  i s  m u c h  
h i g h e r  than  the  a c t i v a t i o n  e n e r g y  of  18 to 29 K c a l s /  
m o l  r e p o r t e d  16,n in F e - C  m e l t s .  T h e r e f o r e ~  i t  m a y  be  
c o n s i d e r e d  tha t  r e d u c t i o n  of o x i d e s  by c a r b o n  a p p e a r s  
to  be  the  r a t e  c o n t r o l l i n g  s tep .  

P O S S I B I L I T Y  O F  MIXED C O N T R O L  

The  c o n c l u s i o n  was  d r a w n  in th i s  s t udy  b a s e d  on the  
a s s u m p t i o n  tha t  one  s t e p  in the  r e a c t i o n  was  s l o w e r  
than  the  r e s t  and thus  c o n t r o l s  the  o v e r a l l  r a t e  of  r e -  
a c t i on .  H o w e v e r ,  the  s l i g h t  i n f l u e n c e  of the  f low r a t e  
and p a r t i a l  p r e s s u r e  (be tween  0.5 and 1.0 1 / m i n  of the  
gas )  on the  r a t e  of  d e c a r b u r i z a t i o n  and t r a n s i t i o n  of  
o x y g e n  u t i l i z a t i o n  e f f i c i e n c y  at  1 l i t e r / m i n  f low r a t e  
(F ig .  9) shows  the  p o s s i b i l i t y  of t he  e x i s t a n c e  of  a 
m i x e d  c o n t r o l  m e c h a n i s m .  As d i s c u s s e d  p r e v i o u s l y  
t he  m e c h a n i s m  of o x y g e n  a b s o r p t i o n  by  bath  change  
f r o m  the  d i s s o c i a t i v e  a d s o r p t i o n  of o x y g e n  to the  o x y -  
gen t r a n s f e r  v i a  o x i d e s ,  i t  a l s o  i n d i c a t e s  s o m e  p o s s i b l e  
e x i s t a n c e  of a m i x e d  c o n t r o l  m e c h a n i s m  at  the  t r a n s i -  
t i on  poin t .  

F u r t h e r  w o r k  in t h i s  r e s p e c t  i s  c l e a r l y  i nd i ca t ed ,  
p a r t i c u l a r l y  at  low p a r t i a l  p r e s s u r e  and low f low r a t e .  

C R I T I C A L  C A R B O N  C O N C E N T R 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  a t  wh ich  c h r o m i u m  o x i -  
d i z e d  p r e f e r e n t i a l l y  to c a r b o n  and r a t e  of  d e c a r b u r i -  
z a t i o n  b e c o m e s  v e r y  s m a l l  and d e p e n d e n t  on c a r b o n  
c o n c e n t r a t i o n  was  found to be i n d e p e n d e n t  of o x y g e n  
p a r t i a l  p r e s s u r e  (F ig .  12). Th i s  o b s e r v a t i o n  c o n t r a -  
d i c t s  the  t h e r m o d y n a m i c s  c o n s i d e r a t i o n  on which  
a r g o n - o x y g e n  s t a i n l e s s  s t e e l  m a k i n g  p r o c e s s  is  b a s e d ,  
w h e r e  a g r e a t e r  r a t i o  of  C r / C  w a s  o b t a i n e d  wi th  d e -  
c r e a s i n g  p a r t i a l  p r e s s u r e  of oxygen .  T h i s  is  due to the  
d i f f e r e n t  e x p e r i m e n t a l  c o n d i t i o n  and m e c h a n i s m  of d e -  
c a r b u r i z a t i o n .  S ince  in the  p r e s e n t  i n v e s t i g a t i o n s  a 
v e r y  sof t  b low is  u s e d  and the  d e c a r b u r i z a t i o n  r e a c -  
t ion  o c c u r s  m a i n l y  a t  the  CO b u b b l e / m e t a l  i n t e r f a c e  
i n s i d e  the  m e t a l  bath ,  the  p a r t i a l  p r e s s u r e  of  CO r e -  
m a i n s  c o n s t a n t  and p e r h a p s  a t  1.0 a t m  i r r e s p e c t i v e  of  
t he  p a r t i a l  p r e s s u r e  of  o x y g e n  a b o v e  the  bath.  The  
c o n s t a n t  v a l u e  of  CO p r e s s u r e  g i v e s  r i s e  to a c o n s t a n t  
v a l u e  of C r / C  r a t i o  a t  a l l  p a r t i a l  p r e s s u r e s  of oxygen .  

Th i s  a l s o  p e r h a p s  e x p l a i n s  t he  i n i t i a l  f a i l u r e  of  AOD 
p r o c e s s  w h e n  the  a r g o n - o x y g e n  was  b lown  f r o m  the  top 
of the  f u r n a c e .  

In a c t u a l  A r - O  2 r e a c t i o n  v e s s e l  the  c o n d i t i o n  is  
s o m e w h a t  d i f f e r e n t .  The  a r g o n - o x y g e n  m i x t u r e  i s  
b lown  f r o m  the  b o t t o m .  T h e r e f o r e ,  the  p a r t i a l  p r e s -  
s u r e  c h a n g e s  a l s o  at  the  r e a c t i o n  s u r f a c e  and t h e r e b y  
the  g r e a t e r  C r / C  r a t i o .  

C ONC LUSIONS 

The  f o l l o w i n g  c o n c l u s i o n s  a r e  d r a w n  on the  b a s i s  of 
the  e x p e r i m e n t a l  r e s u l t s  and d i s c u s s i o n  wh ich  have  
b e e n  m a d e .  

1) The  r a t e  of d e c a r b u r i z a t i o n  is  i n d e p e n d e n t  of f low 
r a t e  and  p a r t i a l  p r e s s u r e  of o x y g e n  (be tween  0.5 
to 1.0 a rm of o x y g e n  and 1.0 and 2.0 1 / m i n  of f low 
r a t e ) .  

2) The  a c t i v a t i o n  e n e r g y  h a s  b e e n  found to be  48.0 
+ 5.4 K c a l / m o l  

3) C r i t i c a l  c a r b o n  c o n c e n t r a t i o n  is  i n d e p e n d e n t  of  
p a r t i a l  p r e s s u r e  of  oxygen .  

4) D e c a r b u r i z a t i o n  r e a c t i o n  o c c u r s  p r e d o m i n a n t l y  at  
CO b u b b l e / m e t a l  i n t e r f a c e .  

5) The  m e c h a n i s m  of d e c a r b u r i z a t i o n  of  i r o n - c a r b o n -  
c h r o m i u m  m e l t s  a p p e a r  to be  c o n t r o l l e d  by r e d u c -  
t i on  r e a c t i o n  of o x i d e s  by  c a r b o n .  
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