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T h e r m o d y n a m i c  p rope r t i e s  of t in  t e l lu r ide ,  the only 
s table  compound in the Sn-Te  sys t em,  have been  inves t i -  
gated by a n u m b e r  of workers . l -8  The s t andard  f ree  
energy  of fo rmat ion  of this compound has been de t e r -  
mined,  in most  of the cases ,  by using the data obtained 
f rom c a l o r i m e t r i c  m e a s u r e m e n t s .  The d i r ec t  de t e r -  
mina t ion  of this  p roper ty  by emf method us ing mol ten  
sa l t  e lec t ro ly te  has been in the lower t e m p e r a t u r e  
range  (533 to 668 K) ~ only. In the p r e sen t  work, us ing  
galvanic  cel ls  with ca lc ia  s tab i l ized  z i r con ia  (CSZ) as  
the solid e lec t ro ly te ,  the s t andard  f ree  energy  of for-  
mat ion  of SnTe has been d e t e r m i n e d  in the t e m p e r a t u r e  
range  930 to 1030 K. 

The cel l  used had the following scheme:  

P t ,A i r / /Z rO~(+  CaO) / /SnWe,Te ,SnOJW.  

T in  and t e l l u r i u m  were of 99.99 pet pur i ty  while 
SnO2 was 99.5 pet pure .  The compound SnTe was p r e -  
pa red  by mel t ing  together  the cons t i tuents  in the r e -  
qu i red  ra t io  in i ne r t  a tmosphe re .  The e lec t ro ly te  was 
in the form of one end closed CSZ tubes,  400 m m  long 
and 5 m m  ID. The mix ture  of SnTe, Te and SnO2 was 
f i l led into the CSZ tube up to a height of about 50 mm.  
Pur i f i ed  a rgon  gas flowed through the CSZ tube at 
about 20 m l / m i n .  The cel l  a s s e m b l y  was placed in a 
Kanthal -wound v e r t i c a l  furnace  which could be con- 
t ro l l ed  to +2~ The m e a s u r e m e n t s  were c a r r i e d  out 
in the t e m p e r a t u r e  range  930 to 1030 K. As the vapor  
p r e s s u r e  of t e l l u r i u m  is very  high (10 -2 a tm at 890 K), 
it was found n e c e s s a r y  to add t e l l u r i u m  into the z i r -  
conia tube so as  to e n s u r e  unit  ac t iv i ty  of t e l l u r i u m  
in the e lec t rode  mix tu re .  When this  was not done, the 
cel l  emf r e m a i n e d  s teady for some t ime,  dr i f ted  
a f t e rwards  and became  steady again  but at a d i f ferent  
va lue .  Addit ion of t e l l u r i u m  at this  stage r e s t o r e d  the 
emf  to o r ig ina l  s teady value.  T h e r m a l  emf genera ted  
by W - P t  junct ion was m e a s u r e d  in pur i f ied  a rgon  
a tmosphere  in a separa te  expe r imen t .  The emf v a r i e d  
approx imate ly  l i nea r ly  f rom 8.3 to 10.4 mV as the 
t e m p e r a t u r e  va r i ed  f rom 930 to 1030 K. 

The cel l  emf, a f te r  applying co r r ec t ion  for t h e r m a l  
emf of W - P t  junct ion,  is plotted in Fig .  1 as a funct ion 
of t e m p e r a t u r e .  In the t e m p e r a t u r e  range  of i nves t i -  
gation, the emf (mV) v s  t e m p e r a t u r e  (K) r e l a t ionsh ip  
is  found to be l i nea r  and can be r e p r e s e n t e d  by the 
following equat ion obtained by l e a s t - s q u a r e  method: 

E = 1 2 7 4 . 0 -  0.4568T (+8.5 mY). [1] 
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The e r r o r  l imi t s  given in pa r e n t he se s  above (and 
a l so  in subsequent  equat ions)  r e p r e s e n t  +2 a (+two 
s igma)  l imi t s ,  i . e . ,  approx imate ly  95 pct confidence 
l imi t s ,  where (~ is the s t anda rd  devia t ion  of the m e a s -  
u r e m e n t s .  The devia t ion in any obse rved  emf value 
f rom that obtained,  at the same  t e m p e r a t u r e ,  us ing  
the above e x p r e s s i o n  does not however exceed +7 inV. 

F o r  the cel l  used,  the v i r t u a l  reac t ion ,  in the t em-  
p e r a t u r e  range  of study, can be wr i t ten  as :  

SnWe(s) + O2(air) = SnO2(s) + Te(/) .  [2] 

If A G  R be the f ree  energy  change accompanying  the 
above reac t ion ,  then,  

= _ AGSnTe A G  R - 4 E F  = AV~no2 o - R T  lnpO2(air)  [3] 

where F is F a r a d a y  and R the u n i v e r s a l  gas constant .  
A o GSnO2 and AG~nTe a r e  the s t andard  f ree  e n e r g i e s  of 
fo rma t ion  of SnO2 and SnTe, r e spec t ive ly .  R e a r r a n g i n g  
the t e r m s  in Eq. [3 ], one gets:  

AG~nTe = AG~no2 + 4 E F - R T  lnpO2(air) .  [4] 

L i n e a r  r e g r e s s i o n  a n a l y s i s  of the f ree  energy  of 
fo rmat ion  data  of SnO2 compiled by Bar in ,  Knacke and 
Kubaschewski  9'1~ g ives :  

AG~no2 (J /mole)  = - 568,605 + 194.28T (900to 1900K). 

+ 1600 + 2185 + 1.52 
[5t 

The s t anda rd  f ree  ene rgy  of fo rmat ion  of SnTe f rom 
liquid t in  and liquid t e l l u r i u m  is obtained by com- 
b in ing  Eqs .  [1], [2], [4] and [5J and is given by: 

AG~nTe(S) ( J /mole)  = - 76,927 + 30.94T 
• 4880 (930 to 1030 K). 
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Fig. 1--Corrected cell emf v s  temperature for the cell: 
Pt,Air//ZrO2(+ C aO)//SnTe,Te,SnO/W. 
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At the mean  t e m p e r a t u r e  of 980 K, one gets f rom the 
above e x p r e s s i o n  for AG~nTe a value o f -46 ,606  + 4880 
J / m o l e .  This  is in very  good a g r e e m e n t  with the value 
of -43 ,661  J / m o l e  ca lcula ted  (at 980 K) f rom the data 
compiled by Bar in ,  Knacke and Kubaschewski .  ~~ 

Hul tgren  et  al ~x have c r i t i ca l ly  evaluated  the ava i l -  
able t he rmodynamic  data  on Sn-Te  sys t em.  Based on 
this  evaluat ion,  at  600 K, the s tandard  f ree  energy  of 
fo rma t ion  of SnTe f rom sol id t in  and sol id  t e l l u r i u m  
is given by: 

AG~nTe = -- 60,584 -- 1.397T ( J /mo le ) .  

•  •  +0.837 

[71 
A s s u m i n g  that the heats  of mel t ing  of t in  (7029 J / g  
�9 atom) and t e l l u r i u m  (17,489 J / g  .a tom)  a re  t e m p e r a -  
ture  independent  and that ACp ~-- 0 for the fo rmat ion  
of SnTe, which is suppor ted  by the evaluated  data, Ix 
one may wri te ,  s t a r t i n g  with Eq. [71, for the fo rmat ion  
of SnTe f rom liquid t in  and liquid t e l l u r i u m  accord ing  
to the r eac t ion :  

Sn(/) + Te( / )  = SnTe(s)  

~G~nTe (s) = - 8 5 , 1 0 2  + 36.71T J / m o l e .  [8] 

At 980 K, Eq. [81 y ie lds  for  s a value of - 4 9 , 1 2 6  
J / m o l e  which is in ve ry  good a g r e e m e n t  with the value 
o f - 4 6 , 6 0 6  + 4880 J / m o l e  obtained f rom this work. 

Unce r t a in t i e s  in the s t andard  enthalpy and entropy 
of fo rmat ion  in Eq. [61 can be ca lcula ted  f rom the 
knowledge of the s t anda rd  devia t ion of in te rcep t  and 
slope in Eq. [11. The s t anda rd  deviat ion of in te rcep t  
is found to be 32 mV while that of the slope is 0.0335 
mV/K.  The u n c e r t a i n t i e s  in AH ~ and AS ~ values ,  e s t i -  
mated  f rom these  s tandard  devia t ions ,  a re  quite la rge  
which may be because  of the ve ry  na r row t e m p e r a -  
tu re  range  of inves t iga t ion .  

In wr i t ing  down the v i r t ua l  cel l  r e ac t i on  (Eq. [2 I) 
and the re fo re  in making fu r the r  ca lcu la t ions ,  it has 
been a s s u m e d  that the ac t iv i ty  of SnO2 in the e lec t rode  
mix ture  SnTe + Te + SnO2 is unity.  One may, however,  
a lso  cons ider  the poss ib i l i ty  of the reac t ion :  

SnTe + SnO2 = 2SnO + Te .  [9] 

As the ac t iv i ty  of t in in SnTe (in contact with t in  oxide) 
is very  sma l l ,  Eq. [9] wil l  be pushed in the d i rec t ion  
r ight  to left. Moreover ,  it has been pointed out by 
Shunk x4 that SnO d i sp ropor t iona te s  to Sn and SnO2 at 
~175~ The a s s u m p t i o n  of unit  ac t iv i ty  of SnO2 is,  
the re fo re ,  jus t i f ied .  

The f ree  energy  of fo rma t ion  of the compound SnTe 
can be ca lcula ted  f rom the equ i l i b r i um d iag ram apply-  
ing J o r d a n ' s  r e g u l a r  a s soc ia t ed  so lu t ions  model .  ~2 
Tak ing  the heat and en t ropy  of fusion of SnTe data 
f rom Bar in ,  Knacke and Kubaschewsk i ' s  compi la t ion ~~ 
and the l iquidus of the equ i l i b r i um d i ag ram of the Sn- 
Te s y s t e m  f rom Hansen,  ~s'14 one obta ins  a value of 
-32,635 J for the free energy  of fo rma t ion  of one mole 
of Sno.sTeo.5 at i ts  me l t ing  point f rom liquid t in  and 
t e l l u r i u m .  This  value is  s m a l l e r  than the one obtained 
f rom Eq. [6]. The d i f fe rence  is poss ib ly  due to the 
a s sumpt ions  and approx imat ions  involved in J o r d a n ' s  
mode 1. 
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On the Rate Limiting Step in the 
Decarburization of Iron Droplets in an 
Oxidizing Slag 

G . R .  BELTON 

P a r t i c u l a r l y  s ince  the work of Meyer  and his co- 
workers ,  1 it has been r ea l i zed  that a subs t an t i a l  par t  
of the carbon  e l imina t ion  and other  re f in ing  2 that takes 
place in top blown s t ee lmak ing  p r o c e s s e s  occurs  in 
the s l a g - m e t a l - g a s  emuls ion .  Modeling of the carbon 
e l imina t ion  p rocess  has yielded two confl ic t ing 
opinions about the ra te  cont ro l l ing  m e c h a n i s m  at high 
carbon concen t ra t ion .  Okhotskii  3 has concluded that 
the chemica l  r eac t ion  at the m e t a l / s l a g  in ter face  is 
ra te  de te rmin ing ,  whereas  Aeheson and Hil ls  4 con- 
s ide r  that the p rocess  is cont ro l led  by the ra te  at 
which CO bubbles  can escape f rom the foaming slag.  

Two subs t an t i a l  s tudies  have been made of the na ture  
of the r eac t i on  of i ron  d rop le t s  with oxidizing s lags.  
Mulholland et  al, 5 observed  the phys ica l  na tu re  of the 
d e c a r b u r i z a t i o n  reac t ion  by d i rec t  X - r a y  f luoroscopy 
and, most  recent ly ,  Gaye and Riboud 6 quant i ta t ive ly  
d e t e r m i n e d  the ra te  of de c a r bu r i z a t i on  of drople ts  by 
eontinuons m e a s u r e m e n t  of the flow ra te  of evolved 
gas.  These  la t te r  au thors  a l so  obtained some informa-  
t ion on the ra tes  of S and P t r a n s f e r  by the ana lys i s  
of quenched drop le t s .  

It is the purpose  of the p re sen t  communica t ion  to 
show that the m e a s u r e d  ma x i mum ra tes  of d e e a r b u r i z a -  
t ion of i ron  drople ts ,  conta ining concen t ra t ions  of sul-  
fur typical  of c o m m e r c i a l  s t ee l s ,  a re  cons is ten t  with 
in t e r fac ia l  chemica l  r eac t ion  control  at the m e t a l - g a s  
in te r face  of the s l a g - m e t a l - g a s  sys t em.  
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