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1.

INTRODUCTION,

B a la n c e d  R e a c t i o n s  and  D e s u l p h u r i s a t i o n  i n  t h e  B a s ic  
O p e n -H e a r th  F u r n a c e .

The r e a c t i o n s  w h ich  b r i n g  a b o u t  t h e  rem o v a l  o f  i m p u r i t i e s  

from  t h e  b a t h  o f  m e t a l  i n  t h e  b as ic ,  o p e n - h e a r t h  f u r n a c e  have  b e e n  

e s t a b l i s h e d  i n  a  q u a l i t a t i v e  m an n e r .  The f o l l o w i n g  e q u a t i o n s  r e 

p r e s e n t  t h e  p r i n c i p a l  r e a c t i o n s  i n v o l v e d  i n  t h e  p u r i f i c a t i o n  o f

t h e  m o l te n  m e t a l :

C +■ FeO = Fe t  CO -  36 c a l s  . --------------------(1 )

Mn ■+• FeO = Fe -h MnO +  26  c a l s . --------------------(2)

S i  *f* 2FeO = 2Fe +■ S i 0 2 +  65 c a l s . --------------------(3 )

2P +* 5FeO -  5 F e - h  P205 +• 37 c a l s ----------------------(4 )

B e s id e s  t h e s e  fu n d a m e n ta l  r e a c t i o n s ,  s e c o n d a ry  r e a c t i o n s  su c h  a s  

t h e  f o l l o w i n g  may o c c u r :

5C •+• P2 05 = SCO +• 2P -  220 c a l s . --------------------(5 )

The d i f f e r e n t  c o n s t i t u e n t s  o f  t h e  s l a g  a l s o  I n t e r a c t  an d  p ro d u c e  

compounds w h ich  may h av e  a  g r e a t  i n f l u e n c e  on t h e  p r o c e s s  o f  p u r i 

f i c a t i o n .  Thus t h e  f o l l o w i n g  r e a c t i o n  i s  p o s s i b l e :

4CaO -h P205 = 4CaO .P 2 O5 -        ----------------------------------( 6 )

The f o r m a t i o n  o f  t r i - c a l c i u m  p h o s p h a te  i s  a l s o  p o s s i b l e ,  a n d  t h e  

p r o d u c t i o n  o f  t h e  t e t r a -  o r  t r i - c a l c i u m  p h o s p h a te  w i l l  p r o b a b ly  

d e p e n d  on t h e  am ount o f  a v a i l a b l e  l im e  i n  t h e  s l a g .  The re m o v a l  o f  

t h e  i m p u r i t i e s  c o n s i s t s  t h e n  e s s e n t i a l l y  i n  t h e  o x i d a t i o n  o f  t n e  

c a r b o n ,  m a n g a n e se ,  s i l i c o n ,  a n d  p h o s p h o ru s  by means o f  i r o n  o x i d e .



I t  i s  p r o b a b l e  t h a t  t h e  f e r r o u s  o x id e  a l s o  p l a y s  a n  im p o r t a n t

p a r t  i n  t h e  r e m o v a l  o f  s u l p h u r  f ro m  t h e  b a t h  o f  m o l te n  m e t a l .  The

c h i e f  d e s u l p h u r i s i n g  a g e n t s  u s e d  a r e  m anganese  and  l i m e ,  and  t h e i r  

a c t i o n s  may be  r e p r e s e n t e d  by t h e  e q u a t i o n s :

FeS +- GaO = FeO h- CaS — — —   ---------— . - . . . - ( 7)

FeS +  Mn = MnS F e —-------------------------------------------------(8)

Some o f  t h e  MnS fo rm ed  by r e a c t i o n  ( 8 ) r i s e ' s  i n t o  t h e  s l a g  w here i t

i s  o x i d i s e d  a s  f o l l o w s :

2MnS -h 2 0 2 = 2MnO -h 2302 ----------------------------------------------- -(9)

The g r e a t e r  t h e  am ount o f  l im e  a n d  t h e  s m a l l e r  t h e  amount o f  f e r 

r o u s  o x i d e ,  t h e  f u r t h e r  w i l l  r e a c t i o n  (7 )  t e n d  t o  go t o  c o m p le t io n  

to w a r d s  t h e  r i g h t .  I n  o t h e r  w o rd s ,  t h e  l a r g e r  t h e  r a t i o  CaO/FeO, 

t h e  more s u l p h u r  w i l l  be  t r a n s f e r r e d  from  t h e  s t e e l  t o  t h e  s l a g .  

Lime a l s o  com b in es  w i th  P2 O5 t o  fo rm  4 Ca0 .P 2 0 5 , and  t h e  m ore l im e  

t h e r e  i s  t h e  g r e a t e r  w i l l  b e  t h e  am ount o f  c a lc iu m  p h o s p h a te  p r o 

d u c e d .  The P2 O5  r e s u l t s  from  t h e  o x i d a t i o n  of p h o s p h o ru s  by FeO, 

( e q u a t i o n  (4) ) , an d  i f  t h e r e  i s  a n  e x c e s s  o f  l im e  i n  t h e  s l a g ,  

t h e n  t h e  P 2O5 w i l l  q u i c k l y  com bine w i th  t h e  l im e  t o  fo rm  4 CaO.Po0 5 . 

T h i s  w i l l  h a s t e n  t h e  o x i d a t i o n  o f  t h e  p h o s p h o ru s  and  so t h e  FeO 

c o n t e n t  o f  t h e  S l a g  w i l l  f a l l .  As t h e  FeO a l s o  o x i d i s e s  t h e  man

g a n e s e  i n  t h e  b a t h  ( e q u a t i o n  (2 ) ) ,  t h e n  t h e  am ount of m anganese  

i n  t h e  b a t h  w i l l  i n c r e a s e  due t o  t h e  d e c r e a s e  i n  t h e  FeO c o n t e n t  

o f  t h e  s l a g .  T h u s ,  i t  may b e  s a i d  t h a t  t h e  e f f e c t  o f  a d d i n g  e x 

c e s s  l im e  t o  t h e  s l a g  i s  t o  I n c r e a s e  t h e  am ount o f  m anganese  i n  

t h e  b a t h .  T h i s  m anganese  w i l l  t h e n  p r o c e e d  t o  d e s u l p h u r i s e  a s  

shown i n  e q u a t i o n s  ( 8 ) and  ( 9 ) .  The t r a n s f e r e n c e  o f  s u l p h u r  from
1 ' * *'metal to slag thus depends on the ratio CaO/(FeO+-MhO) ^
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w hich  i s  p r e s e n t  e i t h e r  a s  a  d i r e c t  a d d i t i o n  o r  th r o u g h  t h e  r e 

d u c t i o n  o f  MnO from  t h e  s l a g .  The f e r r o u s  o 'xide a l s o  p l a y s  a n  

i m p o r t a n t  p a r t  i n  t h e  r e m o v a l  o f  s u l p h u r ,  b e c a u s e  t h e  lo w e r  t h e  

FeO c o n t e n t  o f  t h e  s l a g ,  t h e  l e s s  m anganese  w i l l  be  o x i d i s e d  and  

so  t h e r e  w i l l  b e  more o f  t h e  l a t t e r  a v a i l a b l e  f o r  d e s u l p h u r i s a t i o n .  

M o re o v e r ,  when FeO i s  ad d ed  t o  t h e  b a t h  i t  p r o b a b ly  r e a c t s  w i th  

t h e  MnS t h u s :

FeO +• MnS = FeS +  MnO-------------;------------------------(10 )

The FeS w i l l  r e m a in  d i s s o l v e d  i n  t h e  m e t a l ,  b u t  t h e  MnO w i l l  go t o  

t h e  s l a g  a n d  so t h e  m anganese  c o n t e n t  o f  t h e  m e ta l  w i l l  d e c r e a s e ,  

w i th  a  c o n s e q u e n t  d e c r e a s e  i n  t h e  p r o c e s s  o f  d e s u l p h u r i s a t i o n .

A l th o u g h  t h e  r e a c t i o n s  w hich  b r i n g  a b o u t  t h e  re m o v a l  o f  im

p u r i t i e s  f rom  t h e  m o l t e n  m e t a l  i n  t h e  b a s i c  o p e n - h e a r t h  p r o c e s s  

h av e  b e e n  q u a l i t a t i v e l y  e s t a b l i s h e d ,  much work h a s  y e t  t o  be 

c a r r i e d  o u t  on t h e  p h y s i c a l  c h e m ic a l  c h a r a c t e r i s t i c s  o f  t h e s e  r e 

a c t i o n s .  A w id e r  and  more a c c u r a t e  know ledge  o f  t h e  e q u i l i b r i u m  

c o n s t a n t s  o f  t h e  b a l a n c e d  r e a c t i o n s  i s  d e s i r a b l e ,  t o g e t h e r  w i t h  

t h e  e f f e c t  on t h e  r e a c t i o n s  o f  v a r i o u s  c o n t r o l l i n g  f a c t o r s ,  s u c h  

a s  t e m p e r a t u r e  an d  t h e  c o n s t i t u t i o n  o f  t h e  s l a g .

Me C ancel h a s  p o i n t e d  o u t  t h a t  d i f f e r e n t  r e a c t i o n s  w h ich  a r e  

i n t e r r e l a t e d  h av e  a  c h a r a c t e r i s t i c  p r o p e r t y  w hich  c a n  b e  u s e d  t o  

d e r i v e  v a l u e s  f o r  t h e  e q u i l i b r i u m  c o n s t a n t s .  The f o l l o w i n g  e x 

am ple  i s  an  i l l u s t r a t i o n  o f  MG C a n c e 's  t e c h n i q u e .  C o n s id e r  t h e  

t h r e e  e q u a t i o n s :
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FeO +- CO s Fe +■ COg-----------------------------------   ( n )

2C02 -  2 CO +  0 2 - -------------------------------- —  1 2 )

2Fe0 » 2Fe +• O g - - ----------------   (13 )

I f  e q u a t i o n  (11) i s  m u l t i p l i e d  by two and  add ed  a l g e b r a i c a l l y  

t o  ( 1 2 ) ,  t h e n  e q u a t i o n  (13) w i l l  r e s u l t .  A s i m i l a r  r e l a t i o n s h i p  

w i l l  h o l d  f o r  t h e  e q u i l i b r i u m  c o n s t a n t s  o f  t h e s e  r e a c t i o n s  and  

t h e r e f o r e ;

Kia -  K fx .K12

w here  Kpq, % 2 5 an<^ % 3  a r e  r e s p e c t i v e  e q u i l i b r i u m  c o n s t a n t s .  

Thus i f  K-j^ a n d  K 1 P  a r e  known i t  i s  p o s s i b l e  t o  d e r i v e  a  v a l u e  f o r  

t h e  e q u i l i b r i u m  c o n s t a n t  o f  t h e  r e a c t i o n  r e p r e s e n t i n g  t h e  d i s s o c i 

a t i o n  o f  f e r r o u s  o x i d e .  T h is  m ethod  c a n n o t  b e  u s e d  when t h e  pow

e r s  o f  t h e  e q u i l i b r i u m  c o n s t a n t s  on b o t h  s i d e s  o f  t h e  e q u a t i o n  a r e  

e q u a l ,  b e c a u s e  t h e  e q u a t i o n  t h e n  becom es an  i d e n t i t y  and  i s  u n s o l -  

v a b l e .

The r e a c t i o n  b e tw e e n  f e r r o u s  o x id e  an d  c a r b o n  i s  one o f  t h e  

m ost i m p o r t a n t  i n  s t e e l - m a k i n g .  I t  i s  t h e  o n ly  one o f  t h e  p r im a r y  

r e a c t i o n s  (1 )  t o  (4 )  w h ich  i s  e n d o th e r m ic  an d  some i n v e s t i g a t o r s  

h a v e  s t a t e d  t h a t  i t  i s  c o n f i n e d  t o  t h e  h i g h e r  t e m p e r a t u r e s  o f  

s t e e l - m a k i n g .  The e q u i l i b r i u m  c o n s t a n t  o f  t h i s  r e a c t i o n  may be' 

w r i t t e n :

K., s  F e .P c o  
FeO.C

w here  Pco ‘t h e  p r e s s u r e  o f  t h e  c a r b o n  m onoxide a n d  i s  t a k e n  a s  

a  m e a su re  o f  i t s  c o n c e n t r a t i o n .  The c o n c e n t r a t i o n  o f  i r o n  i n  t h e  

s t e e l  b a t h  w i l l  be  l i t t l e  a f f e c t e d  by t h e  c o u r s e  o f  t h e  r e a c t i o n

a n d  i t  may b e  t a k e n  a s  c o n s t a n t .  As t h e  p r e s s u r e  o f  t h e  c a rb o n
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m onoxide  w i l l  b e  l i m i t e d  t o  one a tm o s p h e re  - above  t h i s  p r e s s u r e  

t h e  e x c e s s  g as  w i l l  e s c a p e  from  t h e  b a t h  -  t h e n  i t  may a l s o  be 

t a k e n  a s  b e i n g  c o n s t a n t ,  and  t h u s  t h e  f o l l o w i n g  i s  o b t a i n e d :

V ach er  a n d  H a m il to n  o b t a i n e d  a  v a lu e  o f  O -O ll  a t  1620°C f o r  t h i s  

c o n s t a n t  u s i n g  w e ig h t  p e r c e n t a g e s .  The e q u i l i b r i u m  s t a g e  o f  t h i s  

r e a c t i o n  i s  i n f l u e n c e d  by t h e  s o l u t i o n  p r e s s u r e  o f  c a r b o n  m onoxide 

a n d  t h e  d i s s o c i a t i o n  p r e s s u r e  o f  f e r r o u s  o x i d e .  B o th  o f  t h e s e  a r e  

v e r y  lo w , an d  so t h e  r e a c t i o n  p r o c e e d s  u n t i l  t h e  c a r b o n  c o n c e n 

t r a t i o n  i s  v e r y  s m a l l ,  a s  l o n g  a s  t h e r e  i s  s u f f i c i e n t  i r o n  o x id e  

a v a i l a b l e .  The o x i d a t i o n  o f  t h e  c a r b o n  by f e r r o u s  o x id e  h a s  b e e n  

d i s c u s s e d  from  t h e  p o i n t  o f  v ie w  o f  t h e  b a t h  o n l y ,  b u t  i t  i s  a l s o  

n e c e s s a r y  to. c o n s i d e r  t h e  p a r t  p l a y e d  by t h e  s l a g  i n  t h i s  r e a c t i o n .  

The f e r r o u s  o x id e  i s  d i s s o l v e d  i n  b o t h  t h e  s l a g  and  t h e  m o l te n  

m etal)  and  any v a r i a t i o n  i n  t h e  i r o n  o x id e  c o n t e n t  o f  t h e  s l a g  w i l l  

be  co m m u n ica ted  t o  t h e  m e t a l .  The p a r t i t i o n  c o e f f i c i e n t  o f  t h e  

f e r r o u s  o x id e  b e tw e e n  m e t a l  a n d  s l a g  may b e  r e p r e s e n t e d  by Lp@o 

a n d  f o r  p r a c t i c a l  p u r p o s e s  i t  c a n  be  t a k e n  a s  a  c o n s t a n t  d e p e n d 

i n g  o n ly  on t e m p e r a t u r e .

The e q u i l i b r i u m  c o n s t a n t  o f  r e a c t i o n  (2 )  may b e  w r i t t e n  a s i

w here  L MnQ i s  t h e  p a r t i t i o n  c o e f f i c i e n t  o f  MnO b e tw e e n  m e t a l  an d  

s l a g ,  and  ( ) i n d i c a t e s  t h e  c o n c e n t r a t i o n  o f  c o n s t i t u e n t s  i n  t h e  

s l a g ,  an d  [  ]  t h e  c o n c e n t r a t i o n  o f  c o n s t i t u e n t s  i n  t h e  m e t a l .

The c o n c e n t r a t i o n  o f  t h e  i r o n  may a g a i n  be  t a k e n  a s  c o n s t a n t  and

PeO.C

(MnO) O PeJ
(FeO) [Mo]
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t h u s

Kq sc It'MhO (MnO)
Lpe0  (FeO) [Mu]

T h is  e q u a t i o n  i n d i c a t e s  t h a t  t h e  c o n c e n t r a t i o n  o f  m anganese  i n  t h e

m e ta l  i s  d e p e n d e n t  on t h e  r a t i o  o f  t h e  MnO t o  t h e  FeO i n  t h e  s l a g .  
(3)Mc G ance , by p l o t t i n g  many p r a c t i c a l  r e s u l t s ,  h as  shown t h a t  t h i s  

t h e o r y  i s  s u p p o r t e d  by e x p e r i m e n t a l  e v i d e n c e .  K o rb e r  and  O e l s e r ^  

g iv e  t h e  f o l l o w i n g  e q u a t i o n  a s  r e p r e s e n t i n g  t h e  v a r i a t i o n  o f  t h e  

c o n s t a n t  w i t h  t e m p e r a t u r e ;

l o g  K 2  = 6234 _  1  ‘ 026
nr»M.

I n  b a s i c  o p e n - h e a r t h  f u r n a c e  p r a c t i c e  i t  i s  fo u n d  t h a t  s i l i 

co n  i s  t h e  f i r s t  e l e m e n t  t o  b e  o x i d i s e d  an d  t h i s  f a c t  s u p p o r t s  t h e  

t h e r m o c h e m ic a l  d a t a .  The e q u i l i b r i u m  c o n s t a n t  o f  t h e  r e a c t i o n  

( e q u a t i o n  ( 3 } )  by  w h ich  s i l i c o n  i s  rem oved I s  a s  f o l l o w s ;

K3 = F e 2 . S i0 2 
S i  . FeO2

The s i l i c a  fo rm e d  i s  p r o b a b ly  i n s o l u b l e  i n  t h e  s t e e l  b a t h ,  an d  i t s

c o n c e n t r a t i o n  i n  t h e  s t e e l  may be  t a k e n  a s  c o n s t a n t ,  a s  may a l s o

t h e  c o n c e n t r a t i o n  o f  t h e  i r o n .  Thus we h a v e ;

-  S i  . FeO2 << R ,
0 )M° Cance d e d u c e d  t h e o r e t i c a l  v a l u e s  f o r  t h i s  c o n s t a n t  an d  o b t a i n e d  

a  v a l u e  o f  0*56 . 1 0 ~4  f o r  a t  1600°C on a  p e r c e n t a g e  w e ig h t  

b a s i s .  The b e s t  e x p e r i m e n t a l  r e s u l t s  a r e  t h o s e  o f  K n rb e r  an d

O e ls e r fp  whose v a l u e  f o r  Kg a t  1600°G i s  7*1 . IQ”4 . T h e i r  e q u a t i o n

f o r  t h e  v a r i a t i o n  o f  t h e  c o n s t a n t  t e m p e r a t u r e  i s  a s  f o l l o w s :

lo g  K3 r -32  ?360 +  14-153  
T-
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The p h o s p h o ru s  p e n t o x i d e  fo rm ed  th r o u g h  t h e  o x i d a t i o n  o f  t h e  

p h o s p h o ru s  by t h e  i r o n  o x id e  ( e q u a t i o n  (4 } )  i s  u n s t a b l e  and may 

be  a t t a c k e d  by c a r b o n  a s  shown by r e a c t i o n  ( 5 ) .  As c a r b o n  monox

id e  i s  fo rm ed  a s  a  r e s u l t  o f  t h i s  a t t a c k ,  t h e  r e a c t i o n  i s  l i m i t e d  

o n ly  by t h e  low  s o l u b i l i t y  p r e s s u r e  o f  t h e  g a s .  Thus m ost o f  t h e  

p h o s p h o ru s  w i l l  r e t u r n  t o  t h e  m e t a l  u n l e s s  t h e  p h o sp h o ru s  p e n to x 

i d e  i s  ’p r o t e c t e d ’ from  t h e  a c t i o n  o f  t h e  c a r b o n .  I n  t h e  a c i d  

o p e n - h e a r t h  p r o c e s s  no su c h  p r e c a u t i o n  i s  t a k e n  a n d  t h e  re m o v a l  

o f  p h o s p h o ru s  from  t h e  s t e e l  i s  i m p o s s i b l e .  H ow ever, i n  t h e  b a s i c  

p r o c e s s  t h e  l im e  w h ich  i s  ad d e d  com b in es  w i th  t h e  p h o s p h o ru s  p e n t 

o x id e  t o  fo rm  t h e  c a lc iu m  p h o s p h a te ,  4C a0 .p2°5>  w hich i s  u n a t t a c k e d  

by  t h e  c a r b o n .  The o x i d a t i o n  a n d  re m o v a l  o f  t h e  p h o s p h o ru s  t o  t h e  

s l a g  c a n  t h e n  p r o c e e d  a c c o r d i n g  t o  e q u a t i o n  ( 4 ) .  The e q u i l i b r i u m  

c o n s t a n t  o f  t h i s  r e a c t i o n  s h o u ld  bes

K4  = F e 5 . P2 05  

P2 . FeO*3

As h a s  b e e n  i n d i c a t e d  t h e  r e a c t i o n  i s  g r e a t l y  i n f l u e n c e d  by t h e  

p r e s e n c e  o f  l im e  i n  t h e  s l a g ,  an d  e x p e r i m e n t a l  r e s u l t s  show t h a t  

t h e  r a t i o  o f  p h o s p h o ru s  p e n t o x i d e  i n  t h e  s l a g  t o  p h o s p h o ru s  i n  t h e  

m e t a l  i n c r e a s e s  a s  t h e  l im e  c o n t e n t  o f  t h e  s l a g  i s  i n c r e a s e d .  The 

r e s u l t s  o f  t h e  many i n v e s t i g a t i o n s  c a r r i e d  o u t  on t h i s  r e a c t i o n  

show g r e a t  d i v e r g e n c e  a n d  no q u a n t i t a t i v e  c o n c l u s i o n  c a n  be  d e d u c e d  

from  th em . I t  may be s a i d  t h a t ,  a s  t h e  r e a c t i o n  i s  e x o t h e r m ic ,  t h e  

v a l u e  o f  t h e  e q u i l i b r i u m  c o n s t a n t  i n c r e a s e s  w i th  f a l l  i n  t e m p e r 

a t u r e ,  an d  t h e r e f o r e  more p h o s p h o ru s  w i l l  be  o x i d i s e d  a t  a  Tow t h a n  

a  h i g h  t e m p e r a t u r e .



I t  h a s  b e e n  p o i n t e d  o u t  t h a t  m anganese  i s  u s e d  a s  a d e s u lp h 

u r i s i n g  a g e n t .  An a d d i t i o n  i s  made to  t h e  b a t h  i n  t h e  form  o f  

f e r r o - m a n g a n e s e  and  t h e  m anganese  r e a c t s  w i th  t h e  i r o n  s u lp h i d e  

a s  i n d i c a t e d  i n  e q u a t i o n  ( 8 ) .  The c o n c e n t r a t i o n  o f  t h e  i r o n  may 

be  a g a i n  t a k e n  a s  c o n s t a n t  and  so we h a v e :

= MnS .
FeS .Mn

I f  t h e  i r o n  i s  s a t u r a t e d  w i th  m anganese  s u lp h i d e  a t  any  d e f i n i t e  

t e m p e r a t u r e  t h e n  t h e  c o n c e n t r a t i o n  o f  t h i s  compound may be  n e g 

l e c t e d  a n d  we may w r i t e :

Kg = S.Mn,

w here  t h e  c o n c e n t r a t i o n  o f  t h e  s u l p h u r  i s  s u b s t i t u t e d  f o r  t h a t  o f  

i r o n  s u l p h i d e .  S a t u r a t i o n  o f  t h e  m e t a l  w i th  m anganese  s u l p h i d e  

m ust be  a s s u r e d  i n  e x p e r i m e n t a l  work by  h a v in g  p r e s e n t  h ig h  p e r 

c e n t a g e s  o f  m anganese  a n d  s u l p h u r .  By s tu d y i n g  t h e  r e s u l t s  o f
(3)v a r i o u s  i n v e s t i g a t o r s  o f  t h i s  r e a c t i o n  Mc Cance h a s  d e r i v e d  th e .  

f o l l o w i n g  e q u a t i o n  f o r  t h e  v a r i a t i o n  o f  t h i s  e q u i l i b r i u m  c o n s t a n t  

w i th  t e m p e r a t u r e :

l o g  Kg = -6 1 0 0  +  3*67
T

T h is  e q u a t i o n  d o e s  n o t  a p p ly  t o  s t e e l s  w hich  c o n t a i n  so l i t t l e  

s u l p h u r  t h a t  t h e y  a r e  f a r  from  b e i n g  s a t u r a t e d  w i th  m anganese  s u l 

p h i d e .  When t h e  m e t a l  b a t h  i s  c o v e r e d  by  a  s l a g  w hich  c an  d i s 

s o l v e  m an g an ese  s u l p h i d e  t h e n  t h e  p a r t i t i o n  c o e f f i c i e n t  o f  t h e  

s u l p h i d e  b e tw e e n  m e t a l  and  s l a g  w i l l  l a r g e l y  i n f l u e n c e  Kg.

The p ro b le m  o f  t h e  d e s u l p h u r i s a t i o n  o f  t h e  b a t h  i n  t h e  o p e n -  

h e a r t h  p r o c e s s  h a s  so  f a r  b e e n  d i s c u s s e d  m a in ly  from  t h e  p o i n t  o f

v ie w  o f  t h e  s l a g  o n l y ,  b u t  t h e  d i s t r i b u t i o n  o f  t h e  s u l p h u r  b e tw e e n



m e t a l  a n d  g a s  i s  a n  e x t r e m e ly  i m p o r t a n t  one i n  b a s i c  o p e n - h e a r t h  

f u r n a c e  p r a c t i c e .  The f o l l o w i n g  r e a c t i o n s  b e tw e e n  g a s  and  m e ta l  

a r e  f u n d a m e n ta l  s u l p h u r  r e a c t i o n s  i n  t h e  o p e n - h e a r t h  p r o c e s s :

 FeS  +• H2 s Fe +  H2S  ------------  - — (14)

FeS Og - Fe 4- SOg-----------------   (15.)

T h ese  r e a c t i o n s  a r e  r e v e r s i b l e  a n d ,  g i v e n ,  t i m e ,  e q u i l i b r i u m  w i l l

be  r e a c h e d  i n  e a c h  c a s e .

I n v e s t i g a t i o n s  o f  t h e  e q u i l i b r i u m  o f  t h e  r e a c t i o n  b e tw e e n

i r o n  a n d  h y d ro g e n  s u l p h i d e  h ave  b e e n  c a r r i e d  o u t  by  J e l l i n c k  an d
(6) (7) (8 )

Z a k o w s k i , B r i t z k e  a n d  K a p u s t in s k y ,  a n d  B i e r n e r ,  r e s p e c t i v e l y ,  b u t

t h e s e  w ere  c o n c e r n e d  o n ly  w i th  e q u i l i b r i a  a t  t e m p e r a t u r e s  b e lo w

t h e  m e l t i n g - p o i n t  o f  i r o n .
(9)

M a u re r  a n d  B i s c h o f  s t u d i e d  how t h e  s u l p h u r  m  t h e  g a s ,  i n  

t h e  fo rm  o f  h y d ro g e n  s u l p h i d e  o r  s u l p h u r  d i o x i d e ,  r e a c t s  w i th  

l i q u i d  s t e e l  c o n t a i n i n g  s u l p h u r .  The e q u i l i b r i u m  p o i n t s  o f  t h e  

two r e a c t i o n s  a n d  t h e i r  d e p e n d e n c e  on t h e  t e m p e r a t u r e  w ere d e t e r 

m ined  f o r  s u l p h u r  c o n t e n t s  i n  t h e  m o l te n  i r o n  o f  up to  30%. They 

c i r c u l a t e d  m i x t u r e s  o f  known c o m p o s i t i o n  o f  HgS/Hg? an d  SQg/Og? 

r e s p e c t i v e l y ,  o v e r  m o l t e n  m i x t u r e s  o f  i r o n  an d  i r o n  s u l p h i d e  a t  

d i f f e r e n t  t e m p e r a t u r e s .  The e q u i l i b r i a  w ere  a p p r o a c h e d  from  b o t h  

s i d e s  o f  t h e  e q u a t i o n s . They e v a l u a t e d  a  l a r g e  num ber o f  p r a c 

t i c a l  o p e r a t i n g  a n a l y s e s ,  a n d  t h e y  c o n c lu d e d  t h a t  t h e  r e a c t i o n  

w i th  s u l p h u r  d i o x i d e  was t h e  c h i e f  c o n t r o l l i n g  f a c t o r  o f  s u l p h u r  

a b s o r p t i o n  o r  d e s u l p h u r i s a t i o n  i n  t h e  o p e n - h e a r t h  p r o c e s s .  The 

r a t i o  o f  h y d ro g e n  s u l p h i d e  t o  h y d ro g e n  i n  t h e  f u e l  g a s ,  t h e y  c o n 

c l u d e d ,  was o f  no a i d  I n  d e d u c in g  any  e f f e c t  on t h e  s u l p h u r



c o n t e n t  o f  t h e  s t e e l  b a t h .  M au re r  an d  B i s c h o f  a l s o  made o b s e r 

v a t i o n s  i n  p r a c t i c a l  o p e r a t i o n  c o n c e r n i n g  t h e  d e p e n d e n c e  o f  t h e  

s u l p h u r  c o n t e n t  o f  t h e  b a t h  on t h e  r a t i o  o f  t h e  s u l p h u r  t o  t h e  

o x y g en  i n  t h e  w a s te  g a s ,  and  t h e y  c l a im e d  t h a t  t h e s e  o b s e r v a t i o n s  

g av e  s a t i s f a c t o r y  a g re e m e n t  w i th  t h e  t e s t  r e s u l t s .

e q u i l i b r i u m  i n  r e a c t i o n  ( 1 4 ) .  V a lu e s  o f  t h e  e q u i l i b r i u m  c o n s t a n t  

w ere  o b t a i n e d  f o r  t e m p e r a t u r e s  above  t h e  m e l t i n g - p o i n t  o f  i r o n .  

The i r o n  was m e l t e d  i n  a  h i g h - f r e q u e n c y  i n d u c t i o n  f u r n a c e  i n  a  

g a s e o u s  m i x t u r e  o f  h y d ro g e n  s u l p h i d e  and  h y d ro g e n  o f  known com

p o s i t i o n .  Chipman assum ed  t h a t  e q u i l i b r i u m  h ad  b e e n  e s t a b l i s h e d  

when t h e  c o m p o s i t i o n  o f  t h e  g a s  f l o w in g  from  t h e  f u r n a c e  was t h e  

same a s  t h a t  e n t e r i n g  i t .  A t t h i s  s t a g e  t h e  m e l t  was q u e n c h e d  

by  s u d d e n ly  c u t t i n g  o f f  t h e  pow er s u p p ly  o f  t h e  f u r n a c e .  The 

i r o n  was t h e n  a n a l y s e d  c h e m i c a l l y  f o r  s u l p h u r .  The e q u i l i b r i u m  

p o i n t  was a p p r o a c h e d  from  t h e  h i g h - s u l p h u r  and  lo w - s u l p h u r  s i d e s .  

The e x p e r i m e n t a l  d a t a  o b t a i n e d  by  Chipman a r e  su m m arised  by  t h e  

e q u a t i o n :

Thus a t  1 5 3 5 °C , K = 0 * 0 0 4 1 . I t  i s  w o r th y  o f  n o t e  t h a t  M au re r  

an d  B i s c h o f 1s v a l u e s  a r e  a b o u t  one h u n d re d  t i m e s  a s  L a rg e  a s  t h i s .  

Chipman s t a t e s  t h a t  t h e  f r e e  l im e  i s  t h e  m ost i m p o r t a n t  v a r i a b l e  

i n  t h e  d e s u l p h u r i s a t i o n  o f  l i q u i d  s t e e l  by  s l a g  i n  t h e  o p e n - h e a r t h  

p r o c e s s .  He a l s o  c o n c lu d e s  t h a t  t h e  d e s u l p h u r i s i n g  pow er o f

C hipm an°\i a s  c a r r i e d  o u t  an  i n v e s t i g a t i o n  o f  t h e  c o n d i t i o n  o f

l o g  K = - 4 ,5 0 0  _l_ 0 * 0 9 5 ,
T

w here  K = HoS (vo lum e r a t i o )  x 1

h 2 %S i n  m e l t



11.

m e t a l l i c  m anganese  i s  e s s e n t i a l l y  e q u i v a l e n t  t o  t h a t  o f  an  e q u i 

l i b r i u m  am ount o f  m anganese  o x id e  i n  t h e  s l a g .

At t h e  p r e s e n t  t im e  t h e  t e n d e n c y  i n  m e t a l l u r g i c a l  r e s e a r c h  i s  

to w a r d  t h e  a p p l i c a t i o n  o f  t h e  m e th o d s  o f  th e rm o d y n a m ic s  t o  m e t a l 

l u r g i c a l  r e a c t i o n s .  The u se  o f  th e rm o d y n am ic  m ethods  c a n  c o n t r i b 

u t e  g r e a t l y  t o  i n v e s t i g a t i o n s  i n t o  t h e  b e h a v i o u r  o f  s u l p h u r  i n  t h e  

b a s i c  o p e n - h e a r t h  f u r n a c e ,  and  may p e r h a p s  r e s u l t  i n  a  b e t t e r  

u n d e r s t a n d i n g  o f  t h e  m eth o d s  o f  s u l p h u r - c o n t r o l  i n  o p e n - h e a r t h  

o p e r a t i o n .  An a c c u r a t e  d e t e r m i n a t i o n  o f  t h e  v a l u e ,  an d  v a r i a t i o n  

w i th  t e m p e r a t u r e ,  o f  t h e  e q u i l i b r i u m  c o n s t a n t  o f  t h e  r e a c t i o n :

w i l l  e n a b l e  t h e  kn o w led g e  o f  d e s u l p h u r i s a t i o n  t o  be  p l a c e d  on a  

more q u a n t i t a t i v e  b a s i s .  As h a s  b e e n  i n d i c a t e d ,  t h e  e q u i l i b r i u m  

c o n s t a n t  o f  t h i s  r e a c t i o n  h a s  b e e n  i n v e s t i g a t e d  by  M aurer  and

t h e  f o r m e r s ’ v a l u e s  f o r  t h e  c o n s t a n t  a r e  a b o u t  one h u n d re d  t im e s  

a s  l a r g e  a s  C h ip m a n 's  v a l u e s .  B e c a u se  o f  t h i s  i t  seem ed d e s i r a b l e  

t o  r e - i n v e s t i g a t e  t h e  r e a c t i o n .  The f o l l o w i n g  i s  an  a c c o u n t  o f  

s u c h  a n  i n v e s t i g a t i o n .



la.

PRINCIPLE OF METHOD

When p u re  i r o n  i s  m e l t e d  i n  an  a tm o sp h e re  o f  h y d ro g e n  

s u l p h i d e  a n d  h y d ro g e n  t h e  m e ta l  p i c k s  up s u lp h u r  from  t h e  g as  

m i x t u r e .  The s u l p h u r  com bines  w i th  some o f  t h e  i r o n  t o  form  

i r o n  s u l p h i d e  w h ich  i s  r a i s c i h l e  i n  a l l  p r o p o r t i o n s  w i th  l i q u i d  

i r o n .  The m o l te n  i r o n  w i l l  c o n t i n u e  t o  p ic k  up s u lp h u r  u n t i l  

a  s t a t e  o f  e q u i l i b r i u m  h a s  b e e n  r e a c h e d ,  w hich  w i l l  be i n d i c 

a t e d  by t h e  p e r c e n t a g e  o f  h y d ro g e n  s u l p h i d e  i n  t h e  g a s  m ix tu re  

r e m a in in g  c o n s t a n t .  At e q u i l i b r i u m ,  t h e  t o t a l  amount o f  s u l p h u r  

i n  t h e  i r o n  w i l l  r e m a in  t h e  sam e, p r o v i d i n g  t h a t  t h e  t e m p e r a t u r e  

an d  t h e  c o m p o s i t i o n  o f  t h e  g as  s u p p l i e d  a r e  n o t  a l t e r e d .  The 

r e a c t i o n  b e tw e e n  t h e  i r o n  and  t h e  h y d ro g e n  s u lp h i d e  w i l l  s t i l l  

be  p r o c e e d i n g ,  b u t  a s  t h e  i r o n  d i s p l a c e s  h y d ro g e n  from some o f  

t h e  h y d ro g e n  s u l p h i d e  s o ,  s i m u l t a n e o u s l y ,  some h y d ro g en  w i l l  

r e c o m b in e  w i t h  s u l p h u r  i n  t h e  m e l t  t o  p ro d u c e  an  e q u i v a l e n t  

am ount o f  h y d ro g e n  s u l p h i d e .  T h is  s t a t e  o f  a f f a i r s  can  be 

a p t l y  d e s c r i b e d  a s  a  s t a t e  o f  "dynam ic e q u i l i b r i u m " .  I f  t h e  

m e l t  w ere q u e n c h e d  a t  t h i s  s t a g e ,  t h e n  t h e  r e s u l t i n g  s o l i d  

w ould  c o n t a i n  t h e  e q u i l i b r i u m  amount o f  s u l p h u r .  Knowing t h e  

p e r c e n t a g e  o f  s u l p h u r  i n  t h e  m e l t ,  an d  t h e  c o m p o s i t io n  o f  t h e  

g a s  m i x t u r e ,  i t  w ou ld  t h e n  be p o s s i b l e  t o  c a l c u l a t e  t h e  e q u i 

l i b r i u m  c o n s t a n t  f o r  t h a t  t e m p e r a t u r e .  T h is  i s  an  a p p l i c a t i o n  

o f  a  w e l l -k n o w n  m ethod  o f  d e t e r m i n i n g  e q u i l i b r i u m  c o n s t a n t s ,  

an d  t h e  m ethod  i s  o f t e n  r e f e r r e d  t o  a s  " f r e e z i n g  t h e  e q u i l i b r i u m ."



T h is  was t h e  p r i n c i p l e  o f  t h e  m ethods u se d  by M aurer and
(q) . (10)

B i s c h o f ,  and  Chipm an, r e s p e c t i v e l y .

I f  t h e  i r o n  c o u ld  be  w eighed  a t  i n t e r v a l s  d u r in g  t h e  c o u r s e  

o f  t h e  r e a c t i o n ,  i t  w ould  be  p o s s i b l e  t o  r e c o r d  t h e  r a t e  o f  p i c k 

up o f  s u l p h u r  and. t o  n o te  i t  d e c r e a s i n g  p r o g r e s s i v e l y  a s  e q u i 

l i b r i u m  was a p p r o a c h e d .  At e q u i l i b r i u m ,  t h e  w e ig h t  o f  t h e  m e l t  

w ou ld  r e m a in  c o n s t a n t  a n d ,  a s  t h e  g a i n  i n  w e ig h t  o f  t h e  i r o n  

•would be  due t o  s u l p h u r  p i c k e d  u p ,  t h e  e q u i l i b r i u m  c o n s t a n t  c o u ld  

be  r e a d i l y  c a l c u l a t e d .  I f  n e c e s s a r y ,  t h e  m e l t  c o u ld  be q u en ch ed  

a n d  t h e n  w e ig h ed  a t  room t e m p e r a t u r e  i n  o r d e r  t o  ch eck  t h e  h ig h -  

t e m p e r a t u r e  w e ig h in g .  T h is  i s  t h e  p r i n c i p l e  o f  t h e  m ethod w hich  

was u s e d  i n  t h e  p r e s e n t  i n v e s t i g a t i o n .  I t  i s  t h e  m ethod o f  t h e  

" H ig h -T e m p e ra tu re  B a l a n c e ” , and  was p r e v i o u s l y  u se d  t o  good 

e f f e c t  by  W hit i n  r e s e a r c h  on e q u i l i b r i u m  a t  h ig h  t e m p e r a t u r e s  

i n  s y s te m s  c o n t a i n i n g  i r o n  o x i d e s .



APPARATUS

F u r n a c e  and  B a la n c e

The s o u r c e  o f  h e a t  was a molybdenum ~ wound alundum tu b e  

which, was p l a c e d  v e r t i c a l l y  i n s i d e  a  s t e e l  c a s i n g .  T h is  ty p e  o f  

f u r n a c e  h a s  b e e n  d e s c r i b e d  many t im e s  p r e v i o u s l y .  The molybdenum 

w ire  was h e a t e d  i n  an  a tm o sp h e re  o f  n i t r o g e n  and  h y d ro g e n ,  w hich 

was o b t a i n e d  b y  c r a c k i n g  ammonia o v e r  i r o n  t u r n i n g s  h e a t e d  to  

a b o u t  900°C i n  a  n ic h ro m e  f u r n a c e .

The a c t u a l  m e l t i n g  and  w e ig h in g  o p e r a t i o n s  were c a r r i e d  o u t  

i n s i d e  a  r e f r a c t o r y  t u b e  w hich  was f i x e d  v e r t i c a l l y  i n  t h e  f u r 

n a c e  an d  p r o j e c t e d  o u t  a b o u t  38 cm s. a t  t h e  t o p  and  a b o u t  18 cms 

a t  t h e  b o t to m .  The i n s e r t i o n  o f  t h i s  tu b e  i n  t h e  f u r n a c e  p e r m i t 

t e d  t h e  u s e  o f  c o n t r o l l e d  a tm o s p h e r e s .  The t u b e s  u se d  were o f  

s l i g h t l y  s m a l l e r  d i a m e t e r  t h a n  t h e  alundum  f u r n a c e  t u b e ,  so t h a t  

t h e  t o p  a n n u l a r  s p a c e  b e tw e e n  t h e  t u b e s  c o u ld  be t i g h t l y  pack ed  

ro u n d  w i th  a s b e s t o s  w oo l.  The b o t to m  a n n u l a r  s p a c e  b e tw een  th e  

r e f r a c t o r y  t u b e  an d  t h e  s t e e l  c a s i n g  was p l a s t e r e d  up w i th  a 

m i x t u r e  o f  a lundum  and  a s b e s t o s .  T hese  p r e c a u t i o n s  h e lp e d  to  

p r e v e n t  a i r  e s c a p i n g  i n t o  t h e  f u r n a c e  c a s i n g  an d  o x i d i s i n g  t h e  

molybdenum w in d in g .

The r e f r a c t o r y  t u b e s  u s e d  i n  t h e  e a r l i e r  e x p e r im e n ta l  work 

w ere  o f  P y th a g o r a s  c o m p o s i t i o n ,  a n d ,  a l t h o u g h  i t  b e g in s  t o  s o fu e n  

above  1450°C , i t  c a n  e n d u re  t e m p e r a t u r e s  up t o  a t  l e a s t  1650 C. 

F u r t h e r m o r e ,  i t  i s  im p e rv io u s  t o  g a s e s  an d  i t  i s  n o t  a t t a c k e d  

c h e m i c a l l y  b y  h y d ro g e n  o r  h y d ro g e n  s u l p h i d e .  H ow ever, i f  to o



g r e a t  a  s t r a i n  i s  p l a c e d  on a  P y th a g o r a s  tu b e  a t  t e m p e r a tu r e s  

above  145G°C, t h e n  i t  i s  l i a b l e  t o  c r a c k .  G re a t  c a r e  had  t h e r e 

f o r e  t o  be  o b s e r v e d  when h e a t i n g  and  c o o l i n g  th e  t u b e ,  I t  was 

fo u n d  t h a t  t h e  b e s t  m ethod  o f  a v o i d i n g  undue s t r a i n  was t o  f i r s t  

s u s p e n d  t h e  t u b e  i n s i d e  t h e  f u r n a c e  so t h a t  i t  hung f r e e l y .  The 

t u b e  was s u s p e n d e d  from  two c o rd s  w hich  were t i e d  t o  a 'wooden 

b o a r d  ab o v e  t h e  f u r n a c e .  T hese  c o r d  s u s p e n s io n s  p a s s e d  th ro u g h  

a s t e e l  r i n g  w hich  was s c re w e d  a ro u n d  t h e  P y th a g o r a s ,  n e a r  i t s  

t o p  e n d .  The b o t to m  a n n u l a r  s p a c e  b e tw e e n  t h e  o u t s i d e  o f  t h e  

P y t h a g o r a s  an d  t h e  s t e e l  c a s i n g  was t h e n  p l a s t e r e d  up a s  a l r e a d y  

m e n t io n e d .  . When t h e  f u r n a c e  was b e i n g  h e a t e d ,  t h e  c o rd  s u s p e n 

s i o n s  w ere  k e p t  f a i r l y  t a u t  and  t h i s  p r e v e n t e d  to o  heavy  a lo a d  

from  b e a r i n g  on t h e  h o t t e s t ,  an d  t h e r e f o r e  w e a k e s t ,  p a r t  o f  t h e  

t u b e .  When t h e  f u r n a c e  was b e i n g  c o o l e d ,  t h e  s u s p e n s io n s  were 

s l a c k e n e d  p r o g r e s s i v e l y ,  so  t h a t  t h e  tu b e  c o o le d  w i th o u t  b e in g  

u n d u ly  s t r a i n e d .

D e s p i t e  t h e s e  p r e c a u t i o n s ,  b r e a k a g e s  o f  t u b e s  o c c u r r e d  

ow ing t o  t h e  e m b r i t t l e m e n t  o f  t h e  o u t s i d e  s u r f a c e  o f  t h e  t u b e s ,  

c a u s e d  by  many h o u r s  h e a t i n g  a t  o v e r  1530°C. Some tu b e s  a l s o  

f a i l e d  b e c a u s e  o f  s p a l l i n g .  P y th a g o r a s  i s  a  German p r o d u c t  and  

l a t t e r l y  i t  was n o t  p o s s i b l e  t o  o b t a i n  t h e  t u b e s .  M o rg a n i te  

t u b e s ,  a  B r i t i s h  m ake, were t h e r e f o r e  t r i e d  and  th e y  p ro v e d  to  

be  e v e r y  b i t  a s  g o o d . The same p r e c a u t i o n s  were t a k e n  w i th  t h e  

M o rg a n i te  t u b e s  a s  d e s c r i b e d  f o r  t h e  P y th a g o ra s  t u b e s .

The b a l a n c e  f o r  t a k i n g  t h e  w e ig h in g s  was p lacec t  on a  wooden 

s h e l f  w h ich  p a s s e d  o v e r  t h e  f u r n a c e  . The a r ra n g e m e n t  o f  b a la n c e
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and  f u r n a c e  i s  shown i n  . - f ig .  1 . The b a l a n c e  u s e d  was a v e ry  

s e n s i t i v e  a s s a y  b a l a n c e  which, had  b e e n  s u i t a b l y  m o d i f i e d .

B a f f l e  p l a t e s  made o f  alundum  w ere f i t t e d  i n s i d e  t h e  lo w e r  

p a r t  o f  t h e  r e f r a c t o r y  t u b e  i n  o r d e r  t o  p r e v e n t  d r a u g h t s  from  

a f f e c t i n g  t h e  w e ig h in g s .  T h ese  b a f f l e s  a l s o  p r o t e c t e d  t h e  lo w e r  . 

r u b b e r  b u n g  from  e x c e s s i v e  h e a t .  The f i r s t  b a f f l e  p l a t e s  made 

were f i t t e d  t o  a n  alundum  c y l i n d e r .  T h i s  c y l i n d e r  was made so 

. t h a t  i t s  e x t e r n a l  d i a m e t e r  was s l i g h t l y  l e s s  t h a n  t h e  i n t e r n a l  

d i a m e t e r  o f  t h e  r e f r a c t o r y  t u b e .  The t o p  end  o f  t h e  c y l i n d e r  

was c l o s e d  by a  b a f f l e  p l a t e  c o n s i s t i n g  o f  a  t h i n  d i s c  o f  a lu n d u m , 

A n o th e r  d i s c  was f i t t e d  i n t o  t h e  t u b e  a t  t h e  m id d le .  A h o le  was 

c u t  i n  t h e  c e n t r e  o f  e a c h  o f  t h e  b a f f l e s  so t h a t  t h e  P y th a g o r a s  

s h e a t h  (w h ich  e n c l o s e d  t h e  th e r m o c o u p le  w i r e s )  c o u ld  p a s s  t h r o u g h  

th em . T h i s  s h e a t h  p r o j e c t e d  a b o u t  3 cms. above  t h e  t o p  o f  t h e  

c y l i n d e r ,  an d  t h e  l a t t e r ,  w h ich  was open  a t  t h e  b o t to m ,  r e s t e d  on 

th e  lo w e r  r u b b e r  b u n g .  T h is  t y p e  o f  b a f f l e  sy s te m  was l a t e r  

a l t e r e d  i n  o r d e r  t o  r e d u c e  t h e  am ount o f  a lundum  i n s i d e  t h e  r e 

a c t i o n  t u b e .  I n  t h e  new s y s te m ,  a  lo n g  n a r ro w  tu b e  o f  a lundum  

vtfas made so t h a t  i t  f i t t e d  l o o s e l y  o v e r  t h e  P y th a g o r a s  s h e a t h .  

T h is  t u b e  was c u t  i n t o  t h r e e  p a r t s  and  e a c h  p i e c e  was u s e d  t o  

■support a b a f f l e  p l a t e .  T h is  a r r a n g e m e n t  ca n  be  s e e n  i n  f i g .  1 .

The c r u c i b l e s  u s e d  th r o u g h o u t  a l l  t h e  e x p e r im e n t s  w ere made 

by t h e  i n v e s t i g a t o r .  They w ere com posed o f  a  m i x t u r e  o f  t e n  

p a r t s  o f  c o a r s e  t o  one p a r t  o f  f i n e  a lundum . When a lundum  i s  

m ixed w i th  w a te r  i t  becom es p l a s t i c  an d  i t  i s  t h e n  p o s s i b l e  t o  

mould i t .  The c r u c i b l e s  w ere f i r s t  m oulded  t o  t h e  ro u g h  s h a p e .
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The alundum  was t h e n  d r i e d ,  t h i s  b e i n g  c a r r i e d  o u t  s lo w ly  i n  o r d e r  

t o  p r e v e n t  c r a c k i n g .  The r o u g h ly - s h a p e d  c r u c i b l e s  w ere  n e x t  s a n d 

p a p e re d  down t o  t h e  a p p r o p r i a t e  s i z e ,  and  w ere  g i v e n  a  p r e l i m i n a r y  

f i r i n g  a t  1000°C i n  a  g a s  m u f f l e .  They w ere t h e n  f i r e d  a t  a b o u t  

160G°C i n  an  a tm o s p h e r e  o f  h y d ro g e n  i n  t h e  molybdenum f u r n a c e .

The t y p e  o f  c r u c i b l e  u s e d  i n  t h e  i n v e s t i g a t i o n s  i s  i l l u s t r a t e d  i n  

f i g .  2 .  The d im e n s io n s  o f  t h e s e  c r u c i b l e s  were a p p r o x i m a te ly  a s  

f o l l o w s ;  2*5 cm s. h i g h ,  3 cm s. t o p  d i a m e t e r ,  a n d  1*5 cms. b o t to m  

d ia m fe te r .  The a v e r a g e  w e ig h t  o f  t h e  c r u c i b l e s  was a b o u t  15 gms.

The g r e a t e r  l e n g t h  o f  t h e  w i r e  u s e d  t o  s u s p e n d  t h e  c r u c i b l e  

i n s i d e  t h e  r e a c t i o n  t u b e  was com posed o f  p l a t i n u m .  The p l a t in u m  

w ire  was h o o k ed  t o  t h e  l e f t - h a n d  pan  o f  t h e  b a l a n c e ,  an d  e x t e n d e d  

t o  a b o u t  17*5 cms. from  t h e  t o p  o f  t h e  h o t  zone  o f  t h e  f u r n a c e .

The r e m a in d e r  o f  t h e  s u s p e n s i o n  c o n s i s t e d  o f  two e q u a l  l e n g t h s  

o f  molybdenum w i r e  (0 * 0 4  i n c h  d i a m e t e r )  w h ich  w ere  h o o k ed  th r o u g h  

th e  two h o l e s  i n  t h e  c r u c i b l e .  The p la t i n u m  w i r e  c o n s i s t e d  o f  

two d i f f e r e n t  s i z e s ;  t h e  lo w e r  p a r t  was 1*0  mm. d i a m e t e r  a n d  

15 cm s. l o n g ,  an d  t h e  r e m a in d e r  c o n s i s t e d  o f  p l a t i n u m  w ir e  o f  

0*5 mm. d i a m e t e r .  The s u s p e n s i o n  was made o f  su c h  a  l e n g t h  t h a t  

t h e  c r u c i b l e  w h ich  was h o o k ed  t o  i t  swung j u s t  c l e a r  o f  t h e  t o p  

o f  t h e  P y t h a g o r a s  s h e a t h  ( e n c l o s i n g  t h e  th e r m o c o u p le  w i r e s )  when 

t h e  l e f t - h a n d  p an  o f  t h e  'b a la n c e  was a t  t h e  lo w e s t  p a r t  o f  i t s  

sw in g .

W eigh ing  D e v i c e .

I n  p r e v i o u s  work w i t h  t h e  " h i g h - t e m p e r a t u r e  b a l a n c e 11 (W hite} 

t h e  b a l a n c e  was e n c l o s e d  i n  a  s p e c i a l l y  c o n s t r u c t e d  b e l l - j a r .

The l a t t e r  was c o n n e c te d  t o  a  P y t h a g o r a s  t u b e  by m eans o f  w ide
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g l a s s  t u b i n g  down w h ich  t h e  s u s p e n s i o n  h u n g . By t h i s  m ean s ,

| w e ig h in g  a t  h ig h  t e m p e r a t u r e s  i n  s p e c i a l  a tm o s p h e r e s  was com p ara -  

t i v e l y  e a s y .  I n  t h i s  a r r a n g e m e n t  t h e  b a l a n c e  was e n c l o s e d  i n  t h e  

c o n t r o l l e d  a tm o s p h e r e .  T h i s  m ethod  was s u i t a b l e  f o r  t h e  p r e s e n t  

work p r o v id e d  t h a t  s t e p s  w ere  t a k e n  t o  p r o t e c t  t h e  b a l a n c e  from  

th e  c h e m ic a l  a c t i o n  o f  t h e  h y d ro g e n  s u l p h i d e ,  w h ich  w ould  b e  a  

com ponent o f  t h e  s p e c i a l  a tm o s p h e r e .  At f i r s t ,  a t t e m p t s  w ere  

made t o  t r y  an d  p r o t e c t  t h e  b a l a n c e  by  c o a t i n g  i t  w i th  a  t h i n  

f i l m  o f  c o l l o d i o n .  A s p e c i a l l y - c o n s t r u c t e d  t u b e ,  c o n t a i n i n g  

c o p p e r  p h o s p h a te  f o r  t h e  re m o v a l  o f  h y d ro g e n  s u l p h i d e ,  was a l s o  

made f o r  i n s e r t i o n  b e tw e e n  t h e  b a l a n c e  an d  t h e  f u r n a c e .  H ow ever, 

i t  was n o t  n e c e s s a r y  i n  t h e  p r e s e n t  i n v e s t i g a t i o n  t o  make t h e  

b a l a n c e  a  p a r t  o f  t h e  c o n t r o l l e d  a tm o s p h e r e .  I t  was d e c i d e d ,  

t h e r e f o r e ,  t o  c o n f i n e  t h e  h y d ro g e n  s u l p h i d e / h y d r o g e n  a tm o s p h e re  

to  t h e  r e a c t i o n  t u b e ,  a n d  t o  p e r m i t  t h e  g a s e s  t o  p a s s  t h r o u g h  a n  

o u t l e t  t u b e  f i t t e d  i n t o  t h e  t o p  b u n g  o f  t h e  t u b e .  T h i s  i n t r o d u c e d  

th e  d i f f i c u l t y  o f  c a r r y i n g  o u t  w e ig h in g s  when t h e  i r o n  was b e i n g  

h e a t e d  a t  o v e r  1530°C i n  a  h y d ro g e n  s u l p h i d e / h y d r o g e n  m i x t u r e  o f  

d e f i n i t e  c o m p o s i t i o n .  The d i f f i c u l t y  was overcom e by  f i t t i n g  a  

s p e c i a l  d e v i c e  i n t o  t h e  t o p  r u b b e r  b u n g .  T h i s  a r r a n g e m e n t  i s  

i l l u s t r a t e d  i n  f i g s .  3 a n d  4 .  A g l a s s  t u b e  o f  a b o u t  12 mms. d i 

a m e te r ,  w i t h  a  v e r y  s m a l l  h o l e  a t  one e n d ,  was i n s e r t e d  c e n t r a l l y ,  

w i th  t h e  o r i f i c e  a t  t h e  t o p ,  i n t o  a  h o l e  i n  t h e  b u n g .  T he  p l a t 

inum s u s p e n s i o n  w i r e  p a s s e d  th r o u g h  t h i s  t u b e .  The o r i f i c e  c o u ld  

he s e a l e d  by  s l i p p i n g  a  s h o r t  p i e c e  o f  t i g h t - f i t t i n g  r u b b e r  tu b in g -  

over  t h e  g l a s s  t u b e  a n d  c l i p p i n g  t h e  r u b b e r  b y  means o f  a



s c r e w - c l i p ,  a s  shown i n  f i g .  3 .  When t h e  o r i f i c e  was t h u s  s e a l e d ,  

t h e  g a s  m i x t u r e  p a s s e d  t h r o u g h  t h e  o u t l e t  t u b e .  'When a  weighing- 

had t o  be  c a r r i e d  o u t  t h e  c l i p  was undone a n d  t h e  r u b b e r  t u b e  was 

s l i p p e d  down t h e  g l a s s  t u b e  u n t i l  i t  was c l e a r  o f  t h e  o r i f i c e  ( s e e  

f i g .  4 ) .  The g a s  m i x t u r e  t h e n  e s c a p e d  i n t o  t h e  a tm o s p h e re  b u t ,  a s  

t h e  am ount o f  h y d ro g e n  s u l p h i d e  i n  t h e  m ix tu r e  was a lw a y s  f a i r l y  

low , t h e r e  was n e v e r  any  s t r o n g  s m e l l  o f  h y d ro g e n  s u l p h i d e  i n  t h e  

a i r .  B e f o r e  an  a c c u r a t e  w e ig h in g  c o u ld  b e  m ade, i t  was f i r s t  o f  

a l l  n e c e s s a r y  t o  c e n t r e  t h e  g l a s s  t u b e  so t h a t  t h e  s u s p e n s i o n  w i r e  

d id  n o t  t o u c h  i t  a t  any  p o i n t ,  e s p e c i a l l y  a t  t h e  o r i f i c e .  T h is  

was r e a d i l y  a c c o m p l i s h e d  by  m eans o f  c e n t r i n g  s c re w s  a s  i l l u s 

t r a t e d  i n  f i g .  4 .  The c e n t r i n g  d e v i c e  c o n s i s t e d  o f  a  s t e e l  r i n g ,

8 cm s . d i a m e t e r ,  c o n t a i n i n g  f o u r  e q u i d i s t a n t  h o l e s  t h r o u g h  w h ich  

p a s s e d  s t e e l  s c r e w s ,  6*5 cms. l o n g .  The r i n g  was s c re w e d  t o  a  

wooden b r a c k e t  w h ich  was f a s t e n e d  t o  t h e  b o a r d  above  t h e  f u r n a c e .  

T h is  b r a c k e t  ca n  b e  s e e n  i n  f i g .  1 ( f a c i n g  p a g e l 6 ) .  To f a c i l i t a t e  

th e  re m o v a l  o f  t h e  b u n g  a n d  g l a s s  t u b e  from  t h e  r e f r a c t o r y  t u b e ,  

p a r t  o f  t h e  s t e e l  r i n g  was c u t  aw ay. I n  o r d e r  t h a t  t h e  g l a s s  t u b e  

c o u ld  by  c e n t r e d  from  e x tre m e  p o s i t i o n s  w i t h o u t  any  s t r a i n  b e i n g  

p u t  on i t ,  i t  was c u t  i n  two a n d  t h e  two p a r t s  w ere  c o n n e c te d  t o 

g e t h e r  by  a  s h o r t  p i e c e  o f  r u b b e r  t u b i n g ,  a s  shown i n  t h e  d i a g r a m s .  

I t  was fo u n d  t h a t  when t h e  o r i f i c e  was s e a l e d  by  t h e  r u b b e r  t u b e  

and t h e  s c r e w - c l i p  t h e r e  was no l e a k a g e  o f  g a s  t h r o u g h  t h e  w e ig h in g  

d e v i c e .



t e m p e r a tu r e  D e t e r m i n a t i o n  a n d  C o n t r o l

The t e m p e r a t u r e  i n s i d e  t h e  r e a c t i o n  tu b e  was d e t e r m in e d  by 

means o f  a  p l a t i n u i n / p l a t i n u m - r h o d i u m  th e rm o c o u p le  w h ich  was c o n 

n e c t e d  t o  a  T i n s l e y  v e r n i e r  p o t e n t i o m e t e r .  The t h e r m o c o u p le . w i r e s  

were e n c l o s e d  i n s i d e  a  n a r ro w  s h e a t h  o f  P y th a g o r a s  c o m p o s i t i o n  i n  

o r d e r  t o  p r o t e c t  them  from  t h e  a c t i o n  o f  t h e  h y d ro g e n  s u l p h i d e  and  

h y d ro g e n .  The s h e a t h  p a s s e d  th r o u g h  a  c e n t r a l  h o l e  i n  t h e  r u b b e r  

bung w h ich  was f i t t e d  i n t o  t h e  lo w e r  en d  o f  t h e  r e a c t i o n  t u b e .

The P y t h a g o r a s  s h e a t h  was 50 cms. l o n g  an d  0*6 cm. d i a m e t e r .  I t  

was f i x e d  a t  s u c h  a  h e i g h t  t h a t  t h e  t o p  o f  t h e  th e r m o c o u p le  w i r e s  

were J u s t  b e lo w  t h e  m id d le  o f  t h e  h o t  zone  o f  t h e  f u r n a c e .

The th e r m o c o u p le  was c a l i b r a t e d  a g a i n s t  t h e  m e l t i n g - p o i n t s  o f  

s i l v e r , -  g o l d ,  a n d  p a l l a d i u m ,  r e s p e c t i v e l y .

I n  t h e  m ethod  a d o p te d  f o r  c a l i b r a t i o n ,  t h e  "hot** e n d s  o f  t h e  

th e rm o c o u p le  w i r e s  w ere  c o n n e c te d  by  a  s h o r t  p i e c e  o f  s i l v e r ,  g o l d  

o r  p a l l a d i u m  w i r e .  The th e r m o c o u p le  was t h e n  lo w e re d  t h r o u g h  t h e  

to p  o f  t h e  r e f r a c t o r y  t u b e  u n t i l  t h e  e n d s  o f  t h e  w i r e s  w ere  i n  t h e  

h o t  zone  o f  t h e  f u r n a c e .  A t t h e  m e l t i n g - p o i n t  o f  t h e  w i r e  c o n n e c t  

in g  t h e  th e r m o c o u p le  w i r e s ,  t h e  e n d s  o f  t h e  th e r m o c o u p le  b r o k e  

a p a r t  a n d  t h e  p o t e n t i o m e t e r  c e a s e d  r e c o r d i n g .  The r e a d i n g  on t h e  

p o t e n t i o m e t e r  was t h e n  n o t e d .  The th e r m o c o u p le  was c a l i b r a t e d  

b e f o r e  u s e  a n d  t h e  c a l i b r a t i o n  was c h e c k e d  a t  i n t e r v a l s  d u r i n g  t h e  

c o u r se  o f  t h e  i n v e s t i g a t i o n .

When i t  was f i x e d  i n  p o s i t i o n  i n s i d e  t h e  P y th a g o r a s  s h e a t h  

th e  t h e r m o c o u p le  wa,s c h e c k e d  a g a i n s t  t h e  m e l t i n g - p o i n t s  o f  s i l v e r , 

g o ld ,  p a l l a d i u m ,  a n d  d i c a l c i u m  f e r r i t e ,  r e s p e c t i v e l y .  A s m a l l



s t i r r u p ,  made o f  a lu n d u m , was lo w e re d  t h r o u g h  t h e  t o p  e n d  o f  t h e  

r e f r a c t o r y  t u b e ,  a  s m a l l  p i e c e  o f  s i l v e r  w ir e  h a v in g  b e e n  l a i d  

a c r o s s  t h e  s t i r r u p .  The a lundum  s t i r r u p  was lo w e re d  by  m eans o f  

a l e n g t h  o f  p l a t i n u m  w i r e  u n t i l  i t  was J u s t  t o u c h i n g  t h e  t o p  o f  

t h e  P y t h a g o r a s  s h e a t h .  The s t i r r u p  was t h e n  a l lo w e d  t o  r e m a in  i n  

t h a t  p o s i t i o n .  The f u r n a c e  was h e a t e d  v e r y  s lo w ly  a s  t h e  t e m p e r 

a t u r e  a p p r o a c h e d  t h e  m e l t i n g - p o i n t  o f  s i l v e r ,  an d  t h e  w i r e  was c o n 

t i n u a l l y  k e p t  u n d e r  o b s e r v a t i o n .  At t h e  t e m p e r a t u r e  o f  t h e  m e l t 

i n g - p o i n t  t h e  w i r e  m e l t e d  a n d  b ro k e  a n d ,  a t  t h a t  s t a g e ,  t h e  read in g  

on t h e  p o t e n t i o m e t e r  was n o t e d .  The p r o c e s s  was r e p e a t e d  u s i n g  

g o ld  a n d  p a l l a d i u m  w i r e s .  When u s i n g  t h e  d i c a l c i u m  f e r r i t e ,  a  

l a r g e  c r y s t a l  o f  t h e  compound was s e l e c t e d  an d  t h i s  was p l a c e d  i n  

a  s m a l l  p l a t i n u m  b a s k e t ,  w h ich  was lo w e r e d  i n t o  t h e  r e f r a c t o r y  

t u b e .  The m e l t i n g  o f  t h e  c r y s t a l  c o u l d  t h e n  be  c l e a r l y  o b s e r v e d .

The t e m p e r a t u r e  o f  t h e  f u r n a c e  was c o n t r o l l e d  by m eans o f  a  

v a r i a b l e  r e s i s t a n c e .  By J u d i c i o u s  u s e  o f  t h i s  r e s i s t a n c e ,  i t  was 

p o s s i b l e  t o  m a i n t a i n  t h e  f u r n a c e  a t  a  c o n s t a n t  t e m p e r a t u r e .

Gas S ystem

The g a s  m i x t u r e s  o f  h y d ro g e n  s u l p h i d e  a n d  h y d ro g e n  w ere  c o n 

t a i n e d  u n d e r  p r e s s u r e  i n  a  g l a s s  c a rb o y  w i th  a  c a p a c i t y  o f  a b o u t  

f o r t y - f i v e  l i t r e s . T h i s  v e s s e l  was t h o r o u g h l y  c l e a n e d  a n d  d r i e d  

b e f o r e  s t a r t i n g  t o  u s e  i t .  I t  was c o n t a i n e d  i n  a n  i r o n  b a s k e t  a n d  

was p a c k e d  r o u n d  w i th  s t r a w .  A r u b b e r  b u n g ,  c o n t a i n i n g  two r i g h t -  

a n g le d  g l a s s  t u b e s , was f i t t e d  i n t o  t h e  c a r b o y .

To p r e p a r e  a  g a s  m i x t u r e ,  t h e  c a rb o y  was f i r s t  o f  a l l  e v a c 

u a te d  by  m eans o f  a  Cenco-H yvac pump w h ich  was c a p a b le  o f  p ro d u c in g



a vacuum o f  0*001 mm. m e r c u ry .  A s m a l l  am ount o f  h y d ro g e n  s u l p h 

i d e ,  o b t a i n e d  from  a  K ip p ’ s a p p a r a t u s ,  was t h e n  p a s s e d  i n t o  t h e  

v e s s e l .  B e f o r e  p a s s i n g  i n t o  t h e  c a r b o y ,  t h e  h y d ro g e n  s u l p h i d e  was 

c l e a n e d  by  b u b b l i n g  i t  t h r o u g h  w a te r  an d  i t  was t h e n  d r i e d  by p a s s 

in g  i t  t h r o u g h  a  f l a s k  w h ich  c o n t a i n e d  c a lc iu m  c h l o r i d e .  The r a t e  

o f  f lo w  o f  t h e  g a s  i n t o  t h e  l a r g e  e v a c u a t e d  r e s e r v o i r  w ou ld  n o r 

m a lly  b e  v e r y  f a s t ,  b u t  t h e  f lo w  was c o n s i d e r a b l y  r e d u c e d  by i n 

s e r t i n g  a  f i n e  g l a s s  j e t  i n t o  t h e  r u b b e r  t u b i n g  w h ich  c o n n e c te d  

t h e  r e s e r v o i r  t o  t h e  d r y i n g - f l a s k .  The f lo w  o f  t h e  g a s  was c o n 

t r o l l e d  by  m eans o f  a  s t o p - c o c k  w h ich  was a l s o  f i t t e d  i n t o  t h e  

ru b b e r  c o n n e c t i o n .  I t  was t h u s  p o s s i b l e  t o  c a r r y  o u t  a n  e f f i c i e n t  

c l e a n i n g  a n d  d r y i n g  o f  t h e  h y d ro g e n  s u l p h i d e  b e f o r e  i t  f i n a l l y  

e n t e r e d  t h e  r e s e r v o i r .  A f t e r  t h e  r e q u i s i t e  am ount o f  h y d ro g e n  

s u lp h i d e  h ad  b e e n  a d m i t t e d  i n t o  t h e  c a r b o y ,  h y d ro g e n  from  a  c y l i n 

d e r  was p a s s e d  i n  u n t i l  t h e  p r e s s u r e  i n s i d e  t h e  r e s e r v o i r  was 

ab o u t  two a t m o s p h e r e s .

The c a r b o y  was c o n n e c te d  by  means o f  r u b b e r  t u b i n g  t o  a  g l a s s  

i n l e t  t u b e  w h ich  was f i t t e d  i n t o  t h e  b o t to m  b u n g  i n  t h e  r e a c t i o n  

t u b e .  The l a t t e r  was c o n n e c te d  t o  a  m anom eter  by  means o f  a  g l a s s  

T - p i e c e ,  a n d  i t  was f i r s t  e v a c u a t e d  b e f o r e  t h e  g a s  m i x t u r e  was a d 

m i t t e d .  A f t e r  g o in g  t h r o u g h  t h e  r e a c t i o n  t u b e ,  t h e  h y d ro g e n  

s u lp h i d e / h y d r o g e n  m i x t u r e  p a s s e d  i n t o  a  t r a p  a n d  t h e n  b u b b le d  

th ro u g h  a  l i t t l e  w a t e r  w h ich  was c o n t a i n e d  i n  a  f l a s k .  The m ix 

t u r e  was t h e n  a l l o w e d  t o  e s c a p e  i n t o  t h e  a i r  t h r o u g h  a  w indow. 

Between t h e  t r a p  a n d  t h e  f l& s k  c o n t a i n i n g  w a t e r  a  T - p i e c e  was i n 

s e r t e d  so  t h a t  t h e  o u t g o i n g  g a s  c o u l d  b e  a n a l y s e d  a s  d e s i r e d .



When t h e  r e s e r v o i r  was b e i n g  e v a c u a t e d ,  t h e  g a s  m i x t u r e  was 

p a s s e d  t h r o u g h  a  l o n g  g l a s s  c y l i n d e r  w h ich  c o n t a i n e d  p u m ic e - s to n e  

c h ip s  im p r e g n a te d  w i t h  c o p p e r  p h o s p h a te .  T h is  rem oved t h e  h y d r o 

gen s u l p h i d e  and  so p r e v e n t e d  t h e  pump from  b e i n g  damaged by chem

i c a l  a t t a c k .

The c a rb o y  was c o n n e c te d  t o  a  m e rc u ry  m anom eter  a n d ,  by  

n o t i n g  t h e  p r e s s u r e  r e a d i n g s  d u r i n g  t h e  p r e p a r a t i o n  o f  a  g a s  m ix 

t u r e ,  i t  was p o s s i b l e  t o  o b t a i n  a  good  a p p r o x im a t io n  o f  t h e  com

p o s i t i o n  o f  t h e  m i x t u r e .  The t r u e  c o m p o s i t i o n  was o b t a i n e d  by 

c h e m ic a l  a n a l y s i s .  F o r  t h i s  p u r p o s e  a  g a s - a n a l y s i s  a p p a r a t u s  was 

made a n d  t h i s  was c o n n e c te d  t o  t h e  r e s e r v o i r  when i t  was d e s i r e d  

to  c a r r y  o u t  a n  a n a l y s i s .  T h i s  p i e c e  o f  a p p a r a t u s  c o n s i s t e d  o f  

two b o i l i n g  t u b e s ,  e a c h  c o n t a i n i n g  a n  am m oniaca l s o l u t i o n  o f  

cadmium c h l o r i d e ,  w h ich  w ere c o n n e c te d  t o  e a c h  o t h e r  by  means o f  

g l a s s  a n d  r u b b e r  t u b i n g .  One o f  t h e  b o i l i n g  t u b e s  was c o n n e c t e d  

to  a n  a s p i r a t o r  c o n t a i n i n g  w a t e r ,  a n d  t h e  o t h e r  t u b e  was c o n n e c te d  

to  t h e  r e s e r v o i r .  I n  c a r r y i n g  o u t  a n  a n a l y s i s ,  t h e  g a s  m ix t u r e  

i n  t h e  c a rb o y  was b u b b le d  s lo w ly  th r o u g h  t h e  cadmium c h l o r i d e  

s o l u t i o n s .  The r a t e  o f  f lo w  o f  t h e  g a s  m i x t u r e  was d i m i n i s h e d  by  

p a s s i n g  i t  t h r o u g h  a  f i n e  g l a s s  j e t ,  a n d  i t  was c o n t r o l l e d  by  

means o f  a  s t o p - c o c k .  A l l  t h e  h y d ro g e n  s u l p h i d e  i n  t h e  g a s  m ix 

t u r e  r e a c t e d  w i t h  t h e  cadmium c h l o r i d e ,  a n d  cadmium s u l p h i d e  was 

p r e c i p i t a t e d  a c c o r d i n g  t o  t h e  e q u a t i o n :

H2 S +  CdCl2 — » CdS +  2  HC1.

As t h e  s o l u t i o n  was s t r o n g l y  a m m o n ia c a l ,  t h e  r e v e r s e  r e a c t i o n  

c o u ld  n o t  t a k e  p l a c e .  The h y d ro g e n  a lo n e  t h e n  p a s s e d  i n t o  t h e



a s p i r a t o r  w here i t  d i s p l a c e d  a n  e q u a l  volum e o f  w a t e r  i n t o  a  

m e a s u r in g  c y l i n d e r .  A l th o u g h  two g l a s s  t u b e s  c o n t a i n i n g  cadmium 

c h l o r i d e  s o l u t i o n  w ere  u s e d  i n  t h e  a n a l y s i s  a p p a r a t u s ,  o n ly  t h e  

f i r s t  one e v e r  c o n t a i n e d  any  p r e c i p i t a t e  o f  cadmium s u l p h i d e .

T h is  was b e c a u s e  t h e  r a t e  o f  f lo w  o f  t h e  g a s e s  t h r o u g h  t h e  t u b e s  

was a lw a y s  m a i n t a i n e d  s lo w  so  a s  t o  e n s u r e  t h a t  a l l  o f  t h e  h y d ro g e n  

s u l p h i d e  r e a c t e d  w i t h  t h e  cadmium c h l o r i d e .  When a  g a s  m ix tu r e  

c o n t a i n i n g  a  v e r y  lo w  p e r c e n t a g e  o f  h y d ro g e n  s u l p h i d e  was b e i n g  

a n a l y s e d ,  a  l a r g e  vo lum e o f  t h e  m i x t u r e  was u s e d  i n  o r d e r  t o  g i v e  

a  s u f f i c i e n t l y  l a r g e  p r e c i p i t a t e  o f  cadmium s u l p h i d e .  The cadmium 

c h l o r i d e  s o l u t i o n  c o n s i s t e d  o f  22 gms. C d C l ^  SHgO, 520  c . c s .  d i s 

t i l l e d  w a t e r ,  a n d  480  c . c s .  ammonia ( s p e c i f i c  g r a v i t y ,  0 * 9 0 ) .

50 c . c s .  o f  t h i s  s o l u t i o n  w ere  c a p a b l e  o f  p r e c i p i t a t i n g  a p p r o x 

i m a t e l y  0*175 gna. s u l p h u r  e v o lv e d  a s  h y d ro g e n  s u l p h i d e .

When a  s u f f i c i e n t l y  l a r g e  p r e c i p i t a t e  o f  cadmium s u l p h i d e  h a d  

b e e n  f o rm e d ,  t h e  p a s s a g e  o f  t h e  g a s  m i x t u r e  was s to p p e d .  The p r e 

c i p i t a t e  was d i s s o l v e d  s lo w ly  i n  h y d r o c h l o r i c  a c i d  an d  t h e  l i b e r 

a t e d  h y d r o g e n  s u l p h i d e  was t i t r a t e d  r a p i d l y  a g a i n s t  s t a n d a r d  

i o d i n e  s o l u t i o n ,  u s i n g  s t a r c h  a s  a n  i n d i c a t o r .  The s t r e n g t h  o f  

t h e  i o d i n e  s o l u t i o n  was i n  t h e  r e g i o n  o f  N /60  a n d  i t  was s t a n d a r d 

i s e d  a t  f r e q u e n t  i n t e r v a l s  a g a i n s t  t a r t a r - e m e t i c .  O nly  f r e s h l y -  

p r e p a r e d  s t a r c h  s o l u t i o n  was u s e d  a s  a n  i n d i c a t o r .

The m e th o d  o f  c a l c u l a t i n g  t h e  r a t i o  o f  t h e  vo lum e o f  h y d r o 

g en  s u l p h i d e  t o  100  c . c s .  h y d ro g e n  i n  t h e  g a s  m i x t u r e  was a s  

f o l l o w s :



L e t  v  a volum e ( c . c s . )  o f  i o d i n e  s o l u t i o n  u s e d  i n  t h e  t i t r a t i o n ,

F z n o r m a l i t y  f a c t o r  o f  t h e  i o d i n e  s o l u t i o n ,

T a t e m p e r a t u r e  ( ° A b s o l u t e )  o f  t h e  h y d ro g e n ,

P = a tm o s p h e r i c  p r e s s u r e  (m m s .) ,  

w a w a t e r - v a p o u r  p r e s s u r e  (mms.) a t  T ° A b s o lu t e ,

V = volum e ( c . c s . )  o f  w a te r  d i s p l a c e d  by t h e  h y d ro g e n .

S in c e  one l i t r e  o f  n o rm a l  i o d i n e  s o l u t i o n  i s  e q u i v a l e n t  t o  11*2

l i t r e s  o f  h y d r o g e n  s u l p h i d e  a t  0°C an d  760 m m s., t h e n :

v c . c s .  o f  F -  n o rm a l  i o d i n e  s o l u t i o n  = ( 1 1 2 0 0 . v .F )  c . c s .  HgS,
\1000 )

a t  0°C and  760 mms. p r e s s u r e .
i . e . ,

v c . c s .  o f  F -  n o rm a l  i o d i n e  s o l u t i o n  =(^11*2. v . F . T . 7 6 0 ) c . c s .  H2 S ,
V 2 7 3 .  (P-w) )

a t  T ° A b s o lu te  a n d  (P-w) mms. p r e s s u r e .  

As t h i s  vo lum e o f  h y d ro g e n  s u l p h i d e  i s  p r e s e n t  i n  t h e  m i x t u r e  f o r  

e v e ry  V c . c s .  o f  h y d r o g e n ,  t h e n :

Volume o f  HpS ( c . c s . )  = 11*2 . v . F . T .  760 .100
100 c . c s .  H2 273 . (P-w) .V

By e v a l u a t i n g  t h e  v a r i o u s  c o n s t a n t s ,  t h i s  f o r m u la  may b e  s i m p l i 

f i e d  t o  t h e  fo rm :

Volume o f  HpS = 3 118  . v  . F ... T 
100 c . c s .  H2  (P-w ) . V



PRELIMINARY INVESTIGATIONS

B e f o r e  any  e x a c t  d e t e r m i n a t i o n s  o f  t h e  e q u i l i b r i u m  c o n s t a n t  

were a t t e m p t e d  i t  was n e c e s s a r y  t o  c a r r y  o u t  some p r e l i m i n a r y  

i n v e s t i g a t i o n s .

I t  was f i r s t  o f  a l l  d e s i r a b l e  t o  i n v e s t i g a t e  w hat w ould  be  

t h e  e f f e c t  on t h e  w e ig h t  o f  a n  alundum  c r u c i b l e  o f  h e a t i n g  i t  t o  

o v e r  1530°C i n  a tm o s p h e r e s  o f  h y d r o g e n ,  an d  h y d ro g e n  s u l p h i d e /  

h y d ro g e n ,  r e s p e c t i v e l y .  On f i r s t  h e a t i n g  i n  h y d ro g e n  t h e  c r u c i b l e  

l o s t  w e ig h t  a p p r e c i a b l y  b u t  a f t e r  a b o u t  f i v e  o r  s i x  h o u r s  i t s  

w e ig h t  becam e c o n s t a n t .  The t o t a l  l o s s  i n  w e ig h t  o f  t h e  c r u c i b l e  

was a b o u t  0*05 gm. a n d  p r a c t i c a l l y  a l l  o f  t h i s  was p r o b a b ly  w a te r  

which was d r i v e n  o u t  o f  t h e  a lundum  a t  t h e  h i g h  t e m p e r a t u r e .

When t h i s  c r u c i b l e  was h e a t e d  i n  a  g a s  m ix tu r e  c o n t a i n i n g  a  l a r g e r  

p e r c e n t a g e  o f  h y d ro g e n  s u l p h i d e  t h a n  was l a t e r  t o  b e  u s e d  i n  t h e  

i n v e s t i g a t i o n s ,  i t s  w e ig h t  r e m a in e d  p r a c t i c a l l y  c o n s t a n t  a f t e r  

h e a t i n g  f o r  a b o u t  s i x  h o u r s  a t  o v e r  1530°C . B e f o r e  a  c r u c i b l e  

was u s e d  i t  was h e a t e d  i n  h y d ro g e n  a t  1 5 5 0 ° -1 6 0 0 °C  u n t i l  i t s  

w e ig h t  h ad  become c o n s t a n t .

I n  s p i t e  o f  t h e s e  s a t i s f a c t o r y  r e s u l t s  i t  was t h o u g h t  d e s i r 

a b le  t o  i n v e s t i g a t e  t h e  e f f e c t  on t h e  c r u c i b l e  o f  h e a t i n g  i t  w i t h  

m o lte n  i r o n  i n  a  g a s  m i x t u r e .  I n  s u c h  a  c i r c u m s t a n c e  t h e r e  was a  

p o s s i b i l i t y  t h a t  t h e  alundum  c r u c i b l e  c o u ld  p i c k  up  s u l p h u r  

th ro u g h  t h e  i r o n  s u l p h i d e  i n  t h e  i r o n  f l u x i n g  w i th  t h e  c r u c i b l e .

To t e s t  t h i s ,  a  c r u c i b l e  w h ich  h ad  b e e n  u s e d  i n  many r u n s  w i th



m o lten  i r o n  was b r o k e n  up a n d  p a r t  o f  i t  was w e ig h e d .  The b ro k e n  

p a r t  was t h e n  r o a s t e d  i n  a i r ,  c o o l e d ,  and  r e - w e ig h e d .  The r e s u l t s  

showed t h a t  t h e r e  h ad  b e e n  a  s l i g h t  g a i n  i n  w e ig h t .  T h i s  p i c k - u p  

was p r o b a b l y  due  t o  o x i d a t i o n  o f  i r o n ,  w hich  i s  p r e s e n t  i n  s m a l l  

amounts i n  a lu n d u m . No s u l p h u r  d i o x i d e  was d e t e c t e d  d u r i n g  t h e  

r o a s t i n g .  P a r t  o f  a n o t h e r  c r u c i b l e ,  w h ich  h ad  a l s o  b e e n  u s e d  i n  

many r u n s  w i t h  m o l t e n  i r o n  i n  g a s  m i x t u r e s ,  was c r u s h e d  t o  a  f i n e  

pow der. P a r t  o f  t h e  pow dered  a lundum  was b o i l e d  up w i th  h y d r o 

c h l o r i c  a c i d  ( e q u a l  vo lum es  o f  c o n c e n t r a t e d  a c i d  an d  w a te r )  i n  a  

c o n i c a l  f l a s k .  I n  o r d e r  t o  d e t e r m in e  i f  h y d ro g e n  s u l p h i d e  w ould  

be e v o l v e d ,  t h e  f l a s k  was c o n n e c te d  t o  a  g l a s s  v e s s e l  w h ich  c o n 

t a i n e d  am m o n iaca l  cadmium c h l o r i d e  s o l u t i o n .  No p r e c i p i t a t e  o f  

cadmium s u l p h i d e  was fo rm ed  a f t e r  b o i l i n g  f o r  s e v e r a l  m i n u t e s .  A 

w e t - a n a l y s i s  was c a r r i e d  o u t  on a n o t h e r  p o r t i o n  o f  t h e  pow der an d  

no s u l p h u r  was fo u n d  t o  b e  p r e s e n t .  I t  was t h e r e f o r e  c o n c lu d e d  

t h a t  t h e r e  was no d a n g e r  o f  t h e  c r u c i b l e  p i c k i n g  up s u l p h u r  when 

h e a t e d ,  e i t h e r  a l o n e  o r  i n  c o n t a c t  w i t h  m o l t e n  i r o n ,  i n  a  h y d ro g e n  

s u lp h i d e / h y d r o g e n  a tm o s p h e r e .  T h i s  m ean t t h a t  t h e  t o t a l  g a i n  i n  

w e ig h t o f  a  c r u c i b l e  an d  m e l t ,  a f t e r  h e a t i n g  i n  a  g a s  m i x t u r e ,  

c o u ld  r e a s o n a b l y  be  a t t r i b u t e d  s o l e l y  t o  s u l p h u r  p i c k e d  up by  t h e  

m e l t .  C o n f i r m a t i o n  o f  t h i s  was o b t a i n e d  when m e l t s  w ere  q u e n c h e d  

and a n a l y s e d  f o r  s u l p h u r .  The s u l p h u r  o b t a i n e d  from  t h e  a n a l y s i s  

showed good a g re e m e n t  w i th  t h e  p e r c e n t a g e  s u l p h u r  c a l c u l a t e d  from  

th e  t o t a l  g a i n  i n  w e ig h t  o f  c r u c i b l e  a n d  m e l t .

C r u c i b l e s  w h ich  h a d  b e e n  u s e d  i n  many r u n s  showed no s i g n  o f  

ch em ica l  a t t a c k .  F r e q u e n t l y  i t  was f o u n d  t h a t  when t h e  m e l t  was





t a k e n  o u t  o f  t h e  c r u c i b l e ,  s m a l l  p a r t i c l e s  o f  a lunduin  a d h e r e d  t o  

t h a t  p a r t  o f  t h e  m e l t  w h ich  h ad  b e e n  i n  c o n t a c t  w i th  t h e  c r u c i b l e ,  

b u t  t h i s  was a p h y s i c a l  a c t i o n .  The c r u c i b l e s  a l s o  r e m a in e d  c l e a n ,4 

a p a r t  f rom  a  d a r k  r i n g  a ro u n d  t h e  i n n e r  s u r f a c e  a t  a  h e i g h t  c o r r e s 

p o n d in g  a p p r o x i m a te ly  t o  t h e  t o p  o f  t h e  m e l t .  F i g .  5 i s  a  p h o to 

g rap h  o f  a  c r u c i b l e  w h ich  was b r o k e n  p u r p o s e l y  i n  o r d e r  t o  i l l u s 

t r a t e  t h e  a p p e a r a n c e  o f  t h e  c r u c i b l e s  a f t e r  u s e .  D u r in g  t h e  i n 

v e s t i g a t i o n s  i t  was o f t e n  n e c e s s a r y  t o  q u en ch  a  m e l t  b y  s h a r p l y  

p u l l i n g  up t h e  c r u c i b l e  from  t h e  h o t  zone  o f  t h e  r e a c t i o n  t u b e  t o  

th e  r e l a t i v e l y  c o l d  t o p  p a r t .  T h i s  su d d e n  c o o l i n g  p u t  a  s t r a i n  on

th e  c r u c i b l e s ,  b u t  t h e y  w i t h s t o o d  i t  w e l l  an d  o n ly  showed s i g n s  o f

s e r i o u s  c r a c k i n g  a f t e r  a b o u t  f o u r  q u e n e h in g s .

D u r in g  t h e  e a r l y  i n v e s t i g a t i o n s  t h e  s u s p e n s i o n  g av e  some 

t r o u b l e .  The f i r s t  s u s p e n s i o n s  u s e d  w ere  composed e n t i r e l y  o f

p la t in u m  w i r e .  The s u s p e n s i o n  was a t t a c h e d  t o  t h e  c r u c i b l e  by

means o f  a  s t i r r u p  o f  t h i c k  p l a t i n u m  w i r e ,  t h e  c r u c i b l e  h a v in g  two 

h o le s  i n  i t .  On h e a t i n g  i n  h y d ro g e n ,  t h e  s u s p e n s i o n  f r e q u e n t l y  

b ro k e  a t  a  p o i n t  i n s i d e  t h e  h o t  zone  o f  t h e  f u r n a c e  when t h e  te m 

p e r a t u r e  was o n ly  a b o u t  1200°C . To t r y  a n d  rem edy t h i s ,  t h i c k e r  

p i e c e s  o f  p l a t i n u m  w i r e  w ere u s e d  f o r  t h a t  p a r t  o f  t h e  s u s p e n s i o n  

in  t h e  h o t  zone  b u t  t h e  b r e a k a g e s  s t i l l  o c c u r r e d ,  a l t h o u g h  t h e  

t h i c k e r  w i r e  d i d  e n d u re  a  l i t t l e  l o n g e r .  The b r e a k i n g  o f  t h e  

p la t in u m  was due  t o  r e d - s h o r t n e s s , t h e  g r a i n  b o u n d a r i e s  h a v in g  

been w eakened  by  a b s o r p t i o n  o f  h y d r o g e n .

B e c a u se  o f  t h e s e  b r e a k a g e s , i t  becam e n e c e s s a r y  t o  f i n d  a  

s u i t a b l e  s u b s t i t u t e  f o r  p l a t i n u m .  As t h e  p l a t i n u m  a lw a y s  b r o k e  a t  

a  p o i n t  i n s i d e  t h e  h o t  zone  o f  t h e  f u r n a c e ,  i t  was o n ly  n e c e s s a r y



to  r e p l a c e  t h a t  p a r t  o f  t h e  p l a t i n u m  i n s i d e  t h e  h o t  zone a n d ,  a s  

a s a f e t y  m a r g in ,  two o r  t h r e e  i n c h e s  above  i t ;  t h e  r e m a in d e r  o f  

th e  s u s p e n s i o n  c o u ld  be  l e f t  a s  i t  w as . Alundum was f i r s t  t h o u g h t  

o f  a s  a  s u i t a b l e  s u b s t i t u t e .  I t  i s  a  v e r y  r e f r a c t o r y  m a t e r i a l  and  

when f i r e d  a t  h ig h  t e m p e r a t u r e s  i t  becom es s t r o n g  an d  h a r d .  I t  i s  

a l s o  a  v e r y  s t a b l e  s u b s t a n c e .  I t  was d e c i d e d  t h e r e f o r e  t o  t r y  and  

make r o d s  o f  a lu n d u m , a b o u t  s i x  i n c h e s  i n  l e n g t h .  N o rm a l ly ,  a 

m ix tu re  o f  t e n  p a r t s  c o a r s e  t o  one p a r t  f i n e  alundum  pow der i s  

used  i n  m ak in g  r e f r a c t o r y  a r t i c l e s .  The c o a r s e - g r a i n e d  a lundum  

form s t h e  m ain  b u l k  o f  t h e  m ix t u r e  a s  i t  i s  much l e s s  l i a b l e  t o  

c r a c k  on d r y i n g  t h a n  i s  t h e  f i n e  a lu n d u m . The l a t t e r  i s  ad d ed  

b e c a u s e  o f  i t s  b o n d in g  p o w er .  I n  m a k in g  t h e  r o d s  i t  was d e c id e d  

to  u s e  a  m i x t u r e  o f  e q u a l  p a r t s  o f  c o a r s e  an d  f i n e  a lu n d u m . The 

s u c c e s s ,  o r  o t h e r w i s e ,  o f  t h e  r o d s  w ou ld  b e  d e te r m in e d  by  t h e i r  

a b i l i t y  t o  b e a r  a  l o a d  o f  a b o u t  40 gms. a t  t e m p e r a t u r e s  up t o  

1600°C, a n d  t h i s  w ou ld  d e p e n d  l a r g e l y  on t h e  s t r e n g t h  o f  t h e  b o n d 

in g  a g e n t  u s e d  i n  m ak in g  th e m . The c o a r s e  a n d  f i n e  a lundum  p ow ders  

were t h o r o u g h l y  m ixed  up a n d  t h e n  m o i s t e n e d  w i t h  a  l i t t l e  w a t e r .

I t  was fo u n d  t h a t  b e s t  r e s u l t s  w ere  o b t a i n e d  by  a d d in g  o n ly  a  

s m a l l  am ount o f  w a t e r .  The p l a s t i c  m ass was t h e n  p u t  i n t o  a  s t e e l  

c y l i n d e r  w i t h  a  s m a l l  h o l e  i n  t h e  b o t to m ,  an d  t h e  a lundum  was e x 

t r u d e d  t h r o u g h  t h i s  h o l e  by m eans o f  a  s c re w  a n d  p l u n g e r  a r r a n g e 

m ent. As t h e  r o d  o f  m o i s t  a lundum  came t h r o u g h  t h e  h o l e  i t  was 

c a u g h t  on a  p i e c e  o f  c a r d b o a r d  w h ich  was h e l d  u n d e r n e a t h  t h e  p r e s s . 

The c a r d b o a r d  was h e l d  h o r i z o n t a l l y  a n d  was g r a d u a l l y  moved a l o n g  

as m ore o f  t h e  a lundum  was e x t r u d e d .  The l e n g t h  o f  t h e  r o d s  v a r i e d  

from 6 t o  8 i n c h e s  a n d ,  w h i l e  t h e y  w ere  s t i l l  damp, t h e y  w ere  b e n t
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a t  b o t h  e n d s .  They w ere  t h e n  a lo w ly  d r i e d  a n d  f i r e d  a t  16 0 0 °-  

1 7 00°C i n  a  c a r b o n - g r a n u l e  f u r n a c e .  The r o d s  w ere n e x t  t e s t e d  by 

u s in g  them  i n  t h e  s u s p e n s i o n .  I t  was fo u n d  t h a t ,  on h e a t i n g  i n  

a i r ,  t h e  r o d s  b r o k e  when t h e  t e m p e r a t u r e  was much lo w e r  t h a n  

1530°C . They a lw a y s  b r o k e  a t  a  p o i n t  j u s t  above  t h e  h o o k ed  p a r t s  

a t t a c h e d  t o  t h e  c r u c i b l e .  B e c a u se  o f  t h i s  i t  was t h o u g h t  t h a t  t h e  

hooks w ere  p o i n t s  o f  w eak n ess  and  i t  was d e c i d e d  t o  e l i m i n a t e  t h e  

lo w e r  h o o k s . As t h e  u p p e r  p a r t s  o f  t h e  a lundum  r o d s  w ere  a lw a y s  

r e l a t i v e l y  c o o l ,  i t  was t h o u g h t  u n n e c e s s a r y  t o  a l t e r  th e m . I n 

s t e a d  o f  b e n d i n g  t h e  lo w e r  e n d s  o f  t h e  r o d s ,  s m a l l  b l o b s  o f  a l u n 

dum w ere  a t t a c h e d  t o  them  w h i le  t h e y  w ere  s t i l l  damp. A s p e c i a l

a lundum  c r u c i b l e  w i th  two p a i r s  o f  l u g s  on i t  was made an d  t h e  

r o d s  w ere  s l o t t e d  b e tw e e n  t h e  l u g s ,  w h ich  t h e n  r e s t e d  on t h e  s m a l l

b l o b s  a t  t h e  e n d s  o f  t h e  r o d s .  T h i s  t y p e  o f  c r u c i b l e  i s  i l l u s 

t r a t e d  i n  f i g .  6 . The r o d s ,  h o w e v e r ,  c o n t i n u e d  t o  b r e a k  when 

h e a t e d  u n d e r  l o a d ,  a n d  i t  was n e x t  d e c i d e d  t o  make t h i c k e r  o n e s .

I n  m ak in g  t h e  new r o d s  a b o u t  5% o f  A1F3 was m ix ed  up w i th  t h e  d ry  

a lundum , an d  t h e  r o d s  w ere f i r e d  a t  1800°C i n  t h e  c a r b o n - g r a n u l e  

f u r n a c e .  T h e se  r o d s  d i d  n o t  b r e a k  when t e s t e d  an d  some o f  t h e  

e a r l i e r  r u n s  w ere  c a r r i e d  o u t  w i th  th e m . The u s e  o f  t h e s e  r o d s ,  

h o w ev e r ,  i n t r o d u c e d  some d i s a d v a n t a g e s :  a s  t h e  r o d s  w ere  h e a v i e r

th a n  w i r e ,  t h e y  i n c r e a s e d  t h e  w e ig h t  w h ich  t h e  b a l a n c e  h a d  t o  

c a r r y ;  t h e  c r u c i b l e s  w i t h  l u g s  w ere  a l s o  h e a v i e r  t h a n  t h e  n o rm a l 

c r u c i b l e s ,  a n d  w ere  m ere  d i f f i c u l t  t o  c e n t r e  i n s i d e  t h e  r e a c t i o n  

tu b e  when a  w e ig h in g  h ad  t o  b e  t a k e n ,  a s  t h e  l u g s  l e f t  much l e s s  

c l e a r a n c e ;  a f t e r  e a c h  r u n  t h e  r o d s  showed a n  a p p r e c i a b l e  g a i n  i n  

w e ig h t  ow ing t o  s u l p h u r  d e p o s i t i o n  on t h o s e  p a r t s  o f  t h e  ro d s



o u t s i d e  t h e  h o t  z o n e ,  a n d ,  b e c a u s e  o f  t h e  p o ro u s  n a t u r e  and  r e l 

a t i v e l y  l a r g e  d i a m e t e r  o f  t h e  r o d s ,  t h i s  i n c r e a s e  i n  w e ig h t  was 

g r e a t e r  t h a n  i t  w ould  be  f o r  w i r e .

T h u s ,  a l t h o u g h  t h e  a lundum  r o d s  w ere s a t i s f a c t o r y  up t o  a  

p o i n t ,  i t  was t h o u g h t  d e s i r a b l e  t o  t r y  a n d  im prove  011 th e m . W ith 

t h i s  end  i n  v ie w ,  molybdenum w ir e  was t e s t e d  a s  p a r t  o f  t h e  s u s 

p e n s io n .  A l th o u g h  molybdenum o x i d i s e s  r e a d i l y  on h e a t i n g  i n  a i r ,  

t h i s  w ould  n o t  m a t t e r  a s  t h e  w i r e s  w ould  a lw a y s  be  h e a t e d  i n  a 

r e d u c in g  a tm o s p h e r e .  The w i r e  c h o s e n  was o f  t h e  same d i a m e t e r  

(0*04 in c h )  a s  t h a t  u s e d  t o  make t h e  f u r n a c e  w in d in g .  Two l e n g t h s  

o f  a b o u t  8 i n s .  w ere  h o o k ed  th r o u g h  h o l e s  i n  a  c r u c i b l e ,  a n d  t h e  

lu g s  w ere  t h u s  e l i m i n a t e d .  On t e s t i n g  u n d e r  l o a d  i t  was fo u n d  

t h a t  t h e  molybdenum e n d u re d  t e m p e r a t u r e s  o v e r  1530°C w i t h o u t  

b r e a k i n g .  The w i r e s  a l s o  p i c k e d  up much l e s s  s u l p h u r  t h a n  d i d  t h e  

r o d s .  A l th o u g h  t h e  p a r t s  o f  t h e  w i r e s  i n s i d e  t h e  h o t  zone  becam e 

b r i t t l e  w i t h  c o n t i n u a l  h e a t i n g s ,  t h e y  n e v e r  a t  any t im e  b ro k e  

d u r in g  a  r u n .  As a  p r e c a u t i o n a r y  m e a s u re ,  t h e y  w ere  ren ew ed  from  

t im e  t o  t i m e .  P la t i n u m  w ir e  was o f  c o u r s e  u s e d  f o r  t h e  r e s t  o f  

th e  s u s p e n s i o n ,  t h e  t h i c k e r  p l a t i n u m  w ir e  b e i n g  a t t a c h e d  t o  t h e  

molybdenum *

I n  o r d e r  t o  d i s c o v e r  how much t im e  was r e q u i r e d  f o r  m i x t u r e s  

o f  h y d ro g e n  s u l p h i d e  an d  h y d ro g e n  t o  become hom ogeneous , e x p e r i 

m e n ta l  m i x t u r e s  w ere  p r e p a r e d  f o r  a n a l y s i s .  I t  was a l s o  n e c e s s a r y  

to  t e s t  t h e  g a s - a n a l y s i s  a p p a r a t u s  t o  s e e  i f  i t  g av e  c o n s i s t e n t  

r e s u l t s .  The f i r s t  fe w  a n a l y s e s  g ave  v a r y i n g  r e s u l t s  b u t ,  a f t e r  

t h a t ,  c o n s i s t e n t  r e s u l t s  w ere  o b t a i n e d .  The e a r l y  i n c o n s i s t e n c i e s  

were p r o b a b ly  due  t o  t h e  a b s o r p t i o n  o f  t h e  g a s e s  by d i f f e r e n t



p a r t s  o f  t h e  a p p a r a t u s  u n t i l  t h e y  became s a t u r a t e d .  I t  was fo u n d  

t h a t  t h e  g a s  m i x t u r e s  becam e hom ogeneous a f t e r  b e i n g  a l lo w e d  t o  

s t a n d  o v e r n i g h t .

A c c u r a te  w e ig h in g s  a t  o v e r  1530°C o f  t h e  c r u c i b l e  an d  m e l t  

were fo u n d  t o  be  p o s s i b l e  when a  g a s  m i x t u r e  was p a s s i n g  s lo w ly  

t h r o u g h  t h e  r e a c t i o n  t u b e .  The w e ig h in g  o p e r a t i o n  was a f f e c t e d  

v e r y  l i t t l e  by d r a u g h t s ,  and  s m a l l  c h a n g e s  i n  w e ig h t  c o u ld  be  

r e a d i l y  d e t e c t e d .

I t  was r e a l i s e d  t h a t  t h e  m e l t ,  c r u c i b l e ,  an d  s u s p e n s i o n  

w e ig h ed  s l i g h t l y  m ore i n  a  h y d ro g e n  s u l p h i d e - h y d r o g e n  a tm o sp h e re  

t h a n  i n  a i r  b u t  t h e  d i f f e r e n c e  w as ,  a t  t h e  m o s t ,  a b o u t  two i n  t h e  

t h i r d  d e c im a l  p l a c e .  B e s i d e s ,  t h e  r e a l  c r i t e r i o n  o f  t h e  a t t a i n 

ment o f  e q u i l i b r i u m  was t h e  w e ig h t  c o n s ta n c y  o f  t h e  m e l t ,  an d  so 

t h i s  s m a l l  d i f f e r e n c e  was r e a l l y  i m m a t e r i a l .



EXPERIMBMTAL METHOD

The i r a n  u s e d  t h r o u g h o u t  t h e  i n v e s t i g a t i o n s  was Armco i n g o t  

i r o n ,  w hich  i s  t h e  t r a d e  name f o r  c o m m e r c ia l ly  p u re  i r o n  m a n u fa c 

t u r e d  by  t h e  b a s i c  o p e n - h e a r t h  p r o c e s s .  I t  i s  t h e  p u r e s t  commer

c i a l  i r o n  made a n d  i s  s u r p a s s e d  i n  p u r i t y  o n ly  by e l e c t r o l y t i c  i r o n .  

The p i g  i r o n ,  o r e ,  l i m e s t o n e ,  f u e l  a n d  s c r a p ,  u s e d  i n  t h e  m a n u fa c 

t u r i n g  p r o c e s s , a r e  a l l  c a r e f u l l y  s e l e c t e d  so  a s  t o  k e e p  t h e  im

p u r i t i e s  a t  a  minimum. The m a n u f a c t u r e r s  g u a r a n t e e  l e s s  t h a n  0*16% 

t o t a l  i m p u r i t i e s  i n  t h e  i r o n ,  an d  t h e  f o l l o w i n g  i s  g i v e n  a s  a  t y p 

i c a l  a n a l y s i s :

C arb o n . .  0  * 0 1 2 %

M anganese  * * . .  0-017%

P h o sp h o ru s . .  0-005%

S u lp h u r 0*025%

S i l i c o n • .  t r a c e

TOTAL.. . . . .  0-059%

The f i r s t  s t e p  i n  t h e  d e t e r m i n a t i o n  o f  a n  e q u i l i b r i u m  c o n s t a n t  

was t o  h e a t  a n  a lundum  c r u c i b l e  t o  a b o u t  1580°C i n  a n  a tm o s p h e re  o f  

h y d ro g e n ,  o b t a i n e d  from  a  c y l i n d e r .  The c r u c i b l e  was h e a t e d  u n t i l  

i t s  w e ig h t  was c o n s t a n t .  I t  g e n e r a l l y  l o s t  a b o u t  0*03 gm. a f t e r  

f o u r  h o u r s  h e a t i n g ,  b u t  t h e  r a t e  o f  l o s s  i n  w e ig h t  t h e n  r a p i d l y  

d im in i s h e d  u n t i l ,  a f t e r  a b o u t  s i x  h o u r s ,  when i t  h ad  l o s t  a b o u t  

0*05 g m .,  t h e  w e ig h t  o f  t h e  c r u c i b l e  becam e c o n s t a n t .  The w e ig h t  

o f  t h e  c r u c i b l e  t h u s  o b t a i n e d  was t e r m e d  t h e  " b a s i c  w e i g h t ” . T h i s
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p r o c e s s  was c a r r i e d  o u t  i n  t h e  molybdenum-wound f u r n a c e ,  and  t h e  

w e ig h t  o f  t h e  c r u c i b l e  d u r i n g  t h e  f i r i n g  was n o t e d  on t h e  h i g h -  

t e m p e r a t u r e  b a l a n c e .  I n  t h e  m e a n t im e ,  a  p i e c e  o f  Armco i r o n  o f  

a b o u t  18 gm s. w e ig h t  was c l e a n e d  and t h e n  a c c u r a t e l y  w e ig h e d .

N e x t ,  t h e  c r u c i b l e  w i t h  t h e  i r o n  i n  i t  was lo w e re d  i n t o  t h e  r e 

a c t i o n  t u b e  an d  a g a i n  h e a t e d  t o  a b o u t  15SG°C i n  a  s t r e a m  o f  h y d r o 

gen  u n t i l  t h e  t o t a l  w e ig h t  was c o n s t a n t .  I t  was fo u n d  t h a t  t h e r e  

was a lw a y s  a  s m a l l  b u t  d e c i d e d  d e c r e a s e  i n  t h e  w e ig h t  o f  t h e  c r u 

c i b l e  a n d  i r o n .  T h i s  l o s s  i n  w e ig h t  was p r o b a b ly  due t o  t h e  

p u r i f y i n g  a c t i o n  o f  t h e  h y d ro g e n  s t r e a m  on t h e  m o l t e n  m e t a l .  When 

t h e  i r o n  h a d  b e e n  t h u s  t r e a t e d  i t  was a l lo w e d  t o  r e m a in  i n  t h e  

c r u c i b l e  d u r i n g  t h e  r e m a in d e r  o f  t h e  i n v e s t i g a t i o n  u n t i l  i t  h ad  

t o  be  a n a l y s e d  c h e m i c a l l y .  By s u b t r a c t i n g  t h e  w e ig h t  o f  t h e  c r u 

c i b l e  from  t h a t  o f  t h e  c r u c i b l e  p l u s  i r o n ,  t h e  ”b a s i c  w e i g h t ” o f  

t h e  l a t t e r  was o b t a i n e d .  The p l a t i n u m  s u s p e n s i o n  w i r e  an d  t h e  two 

molybdenum w i r e s  w ere  e a c h  w eig h ed  a l s o .

The n e x t  s t e p  was t h e  p r e p a r a t i o n  o f  a  g a s  m i x t u r e .  When t h e  

m ix t u r e  had  b e e n  made up i t  was a l l o w e d  t o  s t a n d  u n t i l  i t  h ad  b e 

come c o m p l e t e l y  hom ogeneous . I t  was t h e n  a n a l y s e d  a s  a l r e a d y  d e 

s c r i b e d  an d  t h e  volum e o f  h y d ro g e n  s u l p h i d e  t o  100  c . c s .  h y d ro g e n  

was c a l c u l a t e d .  The c o m p o s i t i o n  o f  t h e  g a s  m i x t u r e s  u s e d  v a r i e d  

b e tw e e n  t h e  l i m i t s  0*05 c . c . - l * 5 0  c . c s .  h y d ro g e n  s u l p h i d e  i n  

100  c . c s .  h y d ro g e n .

The c r u c i b l e  a n d  i r o n  w ere  c a r e f u l l y  lo w e re d  i n t o  t h e  r e 

a c t i o n  t u b e  a n d  s u s p e n d e d  from  t h e  h i g h - t e m p e r a t u r e  b a l a n c e .  The 

s u s p e n s i o n ,  c r u c i b l e ,  an d  i r o n  w ere t h e n  w e ig h e d .  The o r i f i c e  i n  

th e  w e ig h in g  d e v i c e  was s e a l e d ,  t h e  o u t l e t  t u b e  was c l o s e d ,  and



35 .

t h e  r e a c t i o n  tu b e  was e v a c u a t e d  by m eans of* t h e  C enco-H yvac pump 

w hich  was c o n n e c te d  t o  t h e  g a s  i n l e t .  When e v a c u a t i o n  was com

p l e t e ,  t h e  i n l e t  tu b e  was co n n ec ted ,  t o  t h e  r e s e r v o i r  and  some o f  

t h e  g a s  m i x t u r e  was s lo w ly  a d m i t t e d  u n t i l  t h e  p r e s s u r e  i n s i d e  t h e  

r e a c t i o n  t u b e  was a  few  c e n t i m e t r e s  o f  m e rc u ry  above  a t m o s p h e r i c .  

The o u t l e t  was t h e n  o p en ed  and  t h e  e x c e s s  g a s  e s c a p e d .  The c r u 

c i b l e  a n d  i r o n  w ere  t h u s  s u s p e n d e d  i n  a  m ix tu r e  o f  h y d ro g e n  s u l 

p h i d e  a n d  h y d ro g e n  o f  known c o m p o s i t i o n .

The f u r n a c e  was t h e n  h e a t e d  up  t o  a  d e f i n i t e  t e m p e r a t u r e  

w h ich  was m a i n t a i n e d  d u r i n g  t h e  r u n .  The t e m p e r a t u r e s  c h o s e n  

f o r  t h e  d e t e r m i n a t i o n s  w ere  1530°C , 1550°C , 1570°C , and  1600°C 

r e s p e c t i v e l y .  When t h e  f u r n a c e  was b e i n g  h e a t e d  u p ,  t h e  g a s  m ix 

t u r e  i n s i d e  t h e  r e f r a c t o r y  t u b e  expanded, a n d  t h e  e x c e s s  g a s  e s 

c a p e d  t h r o u g h  t h e  o u t l e t .  When t h e  t e m p e r a t u r e  h ad  b e e n  r e a c h e d  

t h e  c o n n e c t i o n  b e tw e e n  t h e  i n l e t  an d  t h e  r e s e r v o i r  was c a r e f u l l y  

o p en ed  u n t i l  a  f a s t  s t r e a m  o f  g a s  m i x t u r e  was p a s s i n g  th r o u g h  t h e  

r e a c t i o n  t u b e .  D u r in g  m ost r u n s  t h e  g a s  m i x t u r e  was p a s s e d  i n  a t  

a  r a t e  o f  a b o u t  50 c . c s . / m i n .  b u t  t h i s  was so m e tim es  i n c r e a s e d  t o  

100 c . c s . / m i n .  I n  t h e  e a r l y  r u n s  t h e  r a t e  o f  f lo w  was a b o u t  

30 c . c s . / m i n .  The e f f e c t  o f  i n c r e a s i n g  t h e  g a s  f lo w  was t o  h a s t e n  

t h e  p i c k - u p  o f  s u l p h u r  by  t h e  m e l t  a n d  so  s h o r t e n  t h e  t im e  t a k e n  

t o  r e a c h  e q u i l i b r i u m .

The m o l t e n  i r o n  r e a c t e d  w i th  t h e  HgS t o  fo rm  F eS , w h ich  r e 

m a in ed  i n  s o l u t i o n  i n  t h e  i r o n .  The m e l t  t h u s  g a i n e d  i n  w e ig h t  

and  t h i s  i n c r e a s e  i n  w e ig h t  was n o t e d  by t a k i n g  w e ig h in g s  a t  

r e g u l a r  i n t e r v a l s  on t h e  h i g h - t e m p e r a t u r e  b a l a n c e .  When a  r e a d 

in g  on t h e  l a t t e r  was b e i n g  made t h e  g a s  f lo w  was r e d u c e d  t o
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a b o u t  8 c . c s . / m i n .  so t h a t  t h e  w e ig h in g  o p e r a t i o n  was n o t  a f f e c t e d  

t o  any  g r e a t  e x t e n t .  I n  t a k i n g  t h o s e  w e ig h in g s ,  u s e  v^as made o f  

t h e  w e ig h in g  d e v i c e  and  i t  was fo u n d  t o  work e f f i c i e n t l y .  A f t e r  

a  w e ig h in g  h a d  b e e n  m ade, t h e  o r i f i c e  was c l o s e d  and  a  f a s t  

s t r e a m  o f  g a s  was a g a i n  a d m i t t e d  t o  t h e  r e a c t i o n  t u b e .

I t  was fo u n d  t h a t  a t  t h e  b e g i n n i n g  o f  t h e  r e a c t i o n  t h e  r a t e  

o f  p i c k - u p  o f  s u l p h u r  by t h e  i r o n  was v e r y  r a p i d .  G r a d u a l l y ,  

h o w e v e r ,  t h e  r a t e  s lo w e d  down u n t i l  i t  becam e r e l a t i v e l y  s m a l l .

The g a i n  i n  w e ig h t  r e c o r d e d  by t h e  h i g h - t e m p e r a t u r e  b a l a n c e  was 

due m a in ly  t o  t h e  s u l p h u r  p i c k e d  up by t h e  i r o n ,  b u t  t h e  m o lyb

denum a n d  p l a t i n u m  w i r e s  o f  t h e  s u s p e n s i o n  a l s o  g a i n e d  i n  w e ig h t  

a. l i t t l e .  When t h e  h i g h - t e m p e r a t u r e  b a l a n c e  was r e g i s t e r i n g  only; 

s m a l l  c h a n g e s  i n  w e ig h t  t h e n  i t  was assum ed  t h a t  e q u i l i b r i u m  h a d  \ 

b e e n  a lm o s t  r e a c h e d .  The m e l t  was t h e n  q u e n c h e d  by p u l l i n g  i t  up! 

s h a r p l y  t o  t h e  c o o l  t o p  p a r t  o f  t h e  r e a c t i o n  t u b e ,  an d  t h e  f u r 

n a c e  was c o o l e d .

When t h e  f u r n a c e  was c o l d  t h e  c r u c i b l e ,  m e l t ,  a n d  s u s p e n s i o n  

w ere  w i th d ra w n .  The p l a t i n u m  and  molybdenum w i r e s  w ere  w e ig h ed  

and  t h e i r  t o t a l  i n c r e a s e  i n  w e ig h t  was o b t a i n e d .  T h is  g a i n  i n  

w e ig h t  was s u b t r a c t e d  f rom  t h e  t o t a l  g a i n  i n  w e ig h t  r e c o r d e d  on 

t h e  h i g h - t e m p e r a t u r e  b a l a n c e  im m e d ia te ly  b e f o r e  t h e  m e l t  was 

q u e n c h e d .  The p i c k - u p  o f  s u l p h u r  by  t h e  m e l t ,  d e n o te d  b y  t h e  

h i g h - t e m p e r a t u r e  b a l a n c e ,  was t h u s  o b t a i n e d .  The c r u c i b l e  and  

m e l t  w ere  a l s o  w e ig h e d  a t  room t e m p e r a t u r e  a f t e r  t h e y  h a d  b e e n  

w i th d ra w n  from  t h e  r e a c t i o n  t u b e .  The g a i n  i n  w e ig h t  o f  t h e  

c r u c i b l e  an d  m e l t  a t  room t e m p e r a t u r e  show ed v e r y  good  a g re e m e n t  

w i th  t h e  g a i n  i n  w e ig h t  o b t a i n e d  from  t h e  h i g h - t e m p e r a t u r e  b a l a n c e .
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T h is  i n c r e a s e  i n  w e ig h t  w as , o f  c o u r s e ,  due t o  t h e  s u l p h u r  p ic k e d  

up by t h e  m e l t .  The m ethod  o f  q u e n c h in g  t h e  m e l t  t h u s  showed i t 

s e l f  t o  b e  q u i t e  e f f i c i e n t .

D u r in g  t h e  r u n ,  two a n a l y s e s  o f  t h e  g a s  m ix tu r e  w ere c a r r i e d  

o u t .  The g a s  was a l s o  so m e tim es  a n a l y s e d  a f t e r  i t  h a d  p a s s e d  

t h r o u g h  t h e  r e a c t i o n  t u b e .

As t h e  o r i g i n a l  w e ig h t  o f  t h e  i r o n  was known, i t  was a  s im p le  

m a t t e r  t o  c a l c u l a t e  t h e  p e r c e n t a g e  o f  s u l p h u r  i n  t h e  m e l t . A 

v a lu e  f o r  t h e  e q u i l i b r i u m  c o n s t a n t  was t h e n  c a l c u l a t e d  u s i n g  t h e  

e q u a t i o n :

K r  HgS Cvolume r a t i o )  x  1______
H7T %S i n  m e l t

I n  o r d e r  t o  e n s u r e  t h a t  t h e  g a i n  i n  w e ig h t  o f  t h e  c r u c i b l e  

an d  i r o n  was due s o l e l y  t o  t h e  f o r m a t i o n  o f  i r o n  s u l p h i d e  i n  t h e  

l a t t e r  some m e l t s  w ere  a n a l y s e d  f o r  s u l p h u r ,  and- good a g re e m e n t  

was o b t a i n e d .  The m ethod  a d o p te d  f o r  s u c h  a n a l y s e s  was a s  f o l l o w s

An a c c u r a t e l y  w e ig h e d  sam p le  was b r u s h e d  i n t o  a  c o n i c a l  f l a s k  

w hich  was t h e n  c l o s e d  w i th  a  r u b b e r  s t o p p e r  f i t t e d  w i th  a  t h i s t l e - '  

f u n n e l  a n d  a  d e l i v e r y  t u b e .  The s tem  o f  t h e  f u n n e l  r e a c h e d  t o  

n e a r  t h e  b o t to m  o f  t h e  f l a s k  a n d  t h e  d e l i v e r y  t u b e  e x te n d e d  from  

t h e  f l a s k  t o  t h e  b o t to m  o f  a  l o n g  g l a s s  c y l i n d e r  w hich  c o n t a i n e d  

am m o n iaca l  cadmium c h l o r i d e  s o l u t i o n .  A m ix tu r e  o f  e q u a l  p r o p o r 

t i o n s  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  a n d  w a t e r  was p o u re d  

r a p i d l y  down t h e  f u n n e l  u n t i l  t h e  end  o f  t h e  s te m  o f  t h e  f u n n e l  

was c o v e r e d .  The f l a s k  was t h e n  c a r e f u l l y  h e a t e d .  H ydrogen  s u l 

p h id e  was l i b e r a t e d  b y  t h e  a c t i o n  o f  t h e  a c i d  on t h e  s a m p le ,  a n d

t h e  g a s  p a s s e d  i n t o  t h e  cadmium c h l o r i d e  s o l u t i o n  w here  i t
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p r e c i p i t a t e d  cadmium s u l p h i d e .  H e a t i n g  was c o n t in u e d  i n t i l  a l l  

t h e  sa m p le  h ad  b e e n  d i s s o l v e d  a n d  a l l  o f  t h e  h y d ro g e n  s u l p h i d e  h ad  

b e e n  d r i v e n  o u t  o f  t h e  f l a s k .  The p r e c i p i t a t e  o f  cadmium s u l p h i d e  

was d i s s o l v e d  s lo w ly  w i th  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  an d  t h e  

l i b e r a t e d  h y d r o g e n 's u l p h i d e  was t i t r a t e d  a g a i n s t  s t a n d a r d  i o d i n e  

s o l u t i o n ,  u s i n g  s t a r c h  a s  an  i n d i c a t o r .  The cadmium c h l o r i d e  and  

i o d i n e  s o l u t i o n s  w ere  t h e  same a s  t h o s e  u s e d  i n  a n a l y s i n g  t h e  g a s  

m i x t u r e s .  The a c c u r a c y  o f  t h i s  m eth o d  was c o n f i rm e d  by c a r r y i n g  

o u t  a n a l y s e s  on s t a n d a r d  s a m p le s  o f  s t e e l  w i th  known p e r c e n t a g e s  

o f  s u l p h u r .

I n  a n a l y s i n g  a  m e l t ,  g r e a t  c a r e  h ad  t o  be  o b s e r v e d  i n  o r d e r  

t o  o b t a i n  s a m p le s  w h ich  w ere  r e p r e s e n t a t i v e  o f  t h e  e n t i r e  m e l t .

T h is  was n e c e s s a r y ,  b e c a u s e  m i c r o - e x a m i n a t i o n  o f  p o l i s h e d  s p e c im e n s  

h a d  shown t h a t  t h e  i r o n  s u l p h i d e  was n o t  a lw a y s  d i s t r i b u t e d  u n i 

f o rm ly  t h r o u g h o u t  t h e  i r o n .  The p r o c e d u r e  was t o  t a k e  b o r i n g s  

th r o u g h  v a r i o u s  p a r t s  o f  t h e  m e l t . The t u r n i n g s  t h u s  o b t a i n e d  

w ere  t h o r o u g h l y  m ixed  u p ,  and  a t  l e a s t  t h r e e  a n a l y s e s  w ere  c a r r i e d  

o u t  on th e m . I t  was fo u n d  t h a t  c o n s i s t e n t  r e s u l t s  w ere  o b t a i n e d  

by t h i s  p r a c t i c e .  S u f f i c i e n t  t u r n i n g s  w ere  w e ig h e d  o u t  i n  e a c h  

a n a l y s i s  t o  g i v e  a  t i t r a t i o n  o f  a b o u t  15 c . c s .  i o d i n e  s o l u t i o n .

The ab o v e  i s  a n  o u t l i n e  o f  t h e  t e c h n i q u e  a d o p te d  i n  t h e  e a r l y  

r u n s .  The f i r s t  r e s u l t s  o b t a i n e d  w ere  r a t h e r  i n c o n s i s t e n t  a n d ,  

d u r i n g  some r u n s ,  t h e  ffle lt seem ed t o  p i c k  up  more s u l p h u r  t h a n  was 

b e i n g  p a s s e d  i n t o  t h e  r e a c t i o n  t u b e  i n  t h e  fo rm  o f  h y d ro g e n  s u l p h 

i d e .  I n  t h e s e  e a r l y  r u n s  t h e  i r o n ^ o u l d  p i c k  up  s u l p h u r  r a p i d l y  

a t  t h e  s t a r t ,  b u t  a f t e r  a b o u t  t h r e e  h o u r s  t h e  r a t e  o f  p i c k - u p



w ould  be v e ry  s lo w .  T h is  seem ed t o  i n d i c a t e  t h a t  t h e  e q u i l i b r i u m  

s t a t e  was b e i n g  a p p r o a c h e d .  H ow ever, on q u e n c h in g  t h e  m e l t  and  

t h e n  c o n t i n u i n g  w i th  t h e  same ru n  t h e  f o l l o w i n g  d a y ,  i t  was fo u n d  

t h a t  t h e  r a t e  o f  p i c k - u p  o f  s u l p h u r  i n c r e a s e d  i n s t e a d  o f  r e m a in 

i n g  a t  t h e  p r e v i o u s  low  v a l u e .  T h is  seem ed a t  f i r s t  t o  i n d i c a t e  

t h a t  t h e  m e l t  h a d  n o t  r e a l l y  b e e n  n e a r  t h e  e q u i l i b r i u m  p o i n t  i n  

t h e  f i r s t  i n s t a n c e ,  b u t  t h i s  was n o t  t h e  f u l l  e x p l a n a t i o n .  An 

a n a l y s i s  o f  t h e  o u t l e t  g a s  f rom  t h e  r e a c t i o n  t u b e  r e v e a l e d  t h e  

t r u e  r e a s o n  f o r  t h e  i n c o n s i s t e n c y . D u r in g  one r u n  t h i s  g a s  was 

fo u n d  t o  c o n t a i n  a lm o s t  tw i c e  a s  much h y d ro g e n  s u l p h i d e  a s  t h e  

i n l e t  g a s .  I t  was o b v io u s  t h a t  t h e  g a s  m i x t u r e ,  i n  i t s  p a s s a g e  

t h r o u g h  t h e  r e a c t i o n  t u b e ,  was p i c k i n g  up s u l p h u r  i n  some fo rm .

T h is  e x t r a  s u l p h u r  c o u ld  n o t  h av e  come from  t h e  m e l t  a s  i t  h ad  

b e e n  g a i n i n g  i n  w e ig h t  d u r i n g  t h e  r u n .  The p o s s i b i l i t y  o f  s u l p h u r  

d e p o s i t i o n  i n  t h e  t u b e  was c o n s i d e r e d  a n d  i t  was d e c i d e d  t o  c a r r y  

o u t  a n  i n v e s t i g a t i o n .  An e x a m i n a t i o n  o f  t h e  r e a c t i o n  t u b e  r e v e a l e d  

t h a t  t h e r e  was a  t h i n  d e p o s i t  o f  s u l p h u r  on  t h e  s u r f a c e  a  few  

i n c h e s  above  t h e  h o t  z o n e .  The h o t  z o n e  i t s e l f  was c l e a n .  The 

lo w e r  p a r t  o f  t h e  t u b e  c o n t a i n e d  t h e  alundum  b a f f l e  p l a t e s , and  

a s  t h e  a lundum  was p o ro u s  i t  w ou ld  o b v i o u s l y  p r o v id e  a  l a r g e  s u r 

f a c e  f o r  s u l p h u r  d e p o s i t i o n .  An e x a m i n a t i o n  r e v e a l e d  t h i s  t o  be  

t h e  c a s e .  B e c a u se  o f  t h i s , t h e  d e s i g n  o f  t h e  b a f f l e  s y s te m  was 

a l t e r e d  so a s  t o  r e d u c e  t h e  am ount o f  a lu n d u m . (S e e  p ag e  16 )

T h e re  w ere  two p o s s i b l e  e x p l a n a t i o n s  f o r  t h e  p r e s e n c e  o f  

s u l p h u r  i n  t h e  r e a c t i o n  t u b e . One was t h a t  t h e  h y d ro g e n  s u l p h i d e  

was b e i n g  decom posed  -  o r  p e r h a p s  d i s s o c i a t e d  w ould b e  a  more
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a p p r o p r i a t e  word -  i n t o  h y d ro g e n  an d  s u l p h u r  d u r i n g  i t s  p a s s a g e  

t h r o u g h  t h e  t u b e .  P a r t  o f  t h i s  s u l p h u r  w ould  t h e n  be d e p o s i t e d  on 

t h o s e  a r e a s  o f  t h e  t u b e  w hich w ere  a t  a  s u i t a b l e  t e m p e r a t u r e  f o r  

c o n d e n s a t i o n  t o  o c c u r .  I t  was a l s o  p o s s i b l e  t h a t  t h e  h y d ro g e n  

s u l p h i d e  g a s  was b e i n g  a b s o r b e d  by t h e  a lundum  and  c e r t a i n  p a r t s  

o f  t h e  r e a c t i o n  t u b e .  A l th o u g h  t h e  s u l p h u r  d e p o s i t i o n  was c o n t i n 

u a l l y  b e i n g  fo rm e d ,  some o f  t h e  s u l p h u r  w ould  a l s o  b e  g i v e n  o f f  

when t h e  t u b e  was h e a t e d  up an d  a  g a s  m i x t u r e  was p a s s i n g  t h r o u g h  

i t .

I t  was n e c e s s a r y  t h a t  t h i s  s u l p h u r  s h o u ld  b e  c l e a n e d  o u t  o f  

t h e  r e a c t i o n  t u b e  b e f o r e  a n  e q u i l i b r i u m  r u n  was s t a r t e d .  The 

m ethod  a d o p te d  f o r  c l e a n i n g  t h e  t u b e  was t o  p a s s  a  r a p i d  s t r e a m  o f  

h y d ro g e n  th r o u g h  i t  a t  a b o u t  1550°C . An a n a l y s i s  o f  t h e  h y d ro g e n  

a f t e r  i t s  p a s s a g e  th r o u g h  t h e  em pty t u b e  showed t h a t  i t  c o n t a i n e d  

a s  much s u l p h u r  a s  some o f  t h e  g a s  m i x t u r e s  u s e d .  T h i s  was d e f i n 

i t e  p r o o f  o f  t h e  e x i s t e n c e  o f  s u l p h u r  d e p o s i t i o n .  The h y d ro g e n  

was p a s s e d  i n  u n t i l  t h e  am ount o f  s u l p h u r  i t  c o n t a i n e d  a f t e r  g o in g  

t h r o u g h  t h e  t u b e  was n e g l i g i b l e .  T h i s  t r e a t m e n t  s o lv e d  t h e  p r o b 

lem o f  s u l p h u r  d e p o s i t i o n .  I t  g e n e r a l l y  t o o k  a b o u t  f o u r  h o u r s  t o  

c l e a n  t h e  t u b e  a n d  i t  was t h e n  p o s s i b l e  t o  c a r r y  o u t  a  r u n  w i th  

t h e  kn o w led g e  t h a t  t h e  g as  i n  t h e  t u b e  was o f  t h e  same c o m p o s i t i o n  

a s  t h a t  b e i n g  p a s s e d  i n  from  t h e  r e s e r v o i r .  The r e a c t i o n  t u b e  was 

c l e a n e d  w i th  t h e  h y d ro g e n  v e r y  f r e q u e n t l y  so  a s  t o  k e e p  t h e  s u l 

p h u r  d e p o s i t i o n  so lo w  t h a t  i t  c o u ld  n o t  i n t e r f e r e  w i th  t h e  e q u i 

l i b r i u m  d e t e r m i n a t i o n s .

The t im e  t a k e n  f o r  t h e  r e a c t i o n  ■ t o  r e a c h  t h e  e q u i l i b r i u m

s t a t e ,  s t a r t i n g  w i th  p u re  i r o n ,  was r a t h e r  l o n g .  I t  was p o s s i b l e



t o  s h o r t e n  t h e  t im e  by i n c r e a s i n g  t h e  r a t e  of* f lo w  of* t h e  g a s  , b u t  

t h e  g a s  r a t e  c o u ld  n o t  be  i n c r e a s e d  to o  much a s  t h e  r e f r a c t o r y  

t u b e  was l i a b l e  t o  c r a c k  i f  t o o  f a s t  a  s t r e a m  was p a s s e d  th r o u g h  

i t .  B e s i d e s ,  t h e r e  was no r e a l  a d v a n ta g e  i n  i n c r e a s i n g  t h e  g a s  

f lo w  above  a  c e r t a i n  v a l u e ,  a n d  t h e  r a t e  o f  f lo w  o f  t h e  g a s  was 

n e v e r  g r e a t e r  t h a n  100 c . c s . / m i n .  I t  was d e c i d e d  t o  t r y  and  

h a s t e n  m a t t e r s  by f i r s t  m e l t i n g  t h e  i r o n  i n  a  m ix tu r e  c o n t a i n i n g  

a  c o m p a r a t i v e l y  h i g h  p e r c e n t a g e  o f  h y d ro g e n  s u l p h i d e .  A f t e r  m e l t 

i n g  t h e  i r o n  i n  t h i s  m ix t u r e  f o r  a b o u t  two h o u r s ,  t h e  r u n  was 

s to p p e d .  A g a s  m ix t u r e  a b o u t  h a l f  a s  s t r o n g  i n  h y d ro g e n  s u l p h i d e  

a s  t h e  p r e v i o u s  one was t h e n  p r e p a r e d  a n d  t h e  m e l t  h e a t e d  i n  i t .  

The i r o n  p i c k e d  up s u l p h u r  d u r i n g  t h o s e  r u n s ,  and  t h e  p r o c e s s  o f  

r e d u c i n g  t h e  c o n c e n t r a t i o n  o f  h y d ro g e n  s u l p h i d e  was c o n t i n u e d  u n 

t i l  t h e  i r o n  e i t h e r  g a i n e d  o n ly  a  l i t t l e ,  o r  s t a r t e d  t o  l o s e  s u l 

p h u r  i n  a  g a s  m i x t u r e .  The g a s  m i x t u r e  i n  w h ich  t h i s  o c c u r r e d  

w a s  n o t  a l t e r e d  an d  t h e  r u n  was c o n t i n u e d  u n t i l  e q u i l i b r i u m  h a d  

b e e n  r e a c h e d  i n  i t .  I t  was f o u n d  t h a t  t h e  m e l t  was u s u a l l y  n e a r  

e q u i l i b r i u m  i n  t h e  t h i r d  o r  f o u r t h  m i x t u r e .  The g a s  m i x t u r e s  were 

n o t  p r e p a r e d  i n d i s c r i m i n a t e l y 5 i f  i t  was t h o u g h t  t h a t  t h e  m e l t  

was n o t  v e r y  f a r  from  b e i n g  i n  e q u i l i b r i u m  w i th  a  m i x t u r e ,  t h e  

l a t t e r  was n o t  a l t e r e d  t o o  m uch. T h is  m e th o d  w orked  q u i t e  w e l l ,  

b u t  i t  h a d  t h e  d i s a d v a n t a g e  o f  c a u s i n g  l a r g e r  s u l p h u r  d e p o s i t i o n s  

i n  t h e  r e a c t i o n  t u b e ,  ow ing t o  t h e  r e l a t i v e l y  s t r o n g  g a s  m i x t u r e s  

u s e d  a t  t h e  s t a r t .  More t im e  was t a k e n  up i n  re m o v in g  t h o s e  d e 

p o s i t s .

When t h e  v a l u e  o f  K was known a t  l e a s t  a p p r o x i m a t e l y ,  i t  was 

p o s s i b l e  t o  c a l c u l a t e  t h e  c o m p o s i t i o n  o f  t h e  m e l t  w h ich  w ould  be



n e a r l y  i n  e q u i l i b r i u m  w i t h  a  g a s  m i x t u r e ,  t h e  c o m p o s i t io n  o f  w hich  

was known f ro m  a n a l y s i s .  The f i r s t  d e p e n d a b le  v a lu e s  o f  K o b t a i n e d  

w ere t h u s  u t i l i s e d .  M e l t s  w hich  h a d  a l r e a d y  b e e n  u s e d  f o r  e q u i 

l i b r i u m  d e t e r m i n a t i o n s  w ere  fo u n d  t o  b e  c o n v e n i e n t  f o r  p r e p a r i n g  

t h e  s y n t h e t i c  m e l t s . When t h e  p e r c e n t a g e  o f  s u l p h u r  i n  a  m e l t  

, was known i t  was p o s s i b l e  t o  p r e p a r e  a  m e l t  w i th  a  s m a l l e r ,  b u t  

known, s u l p h u r  c o n t e n t .  T h is  was a c c o m p l i s h e d  by a d d in g  a  w e ig h ed  

am ount o f  t h e  m e l t ,  u s u a l l y  i n  t h e  form  o f  t u r n i n g s ,  t o  a  w e ig h e d  

p i e c e  o f  Armco i r o n .  The u s u a l  p r o c e d u r e  was t o  p r e p a r e  a  g a s  

m ix tu r e  o f  known c o m p o s i t i o n  a n d  t h e n  a  m e l t  was made up c o n t a i n 

i n g  t h e  a p p r o p r i a t e  s u l p h u r  c o n t e n t .  This, p r o c e s s  c o u ld  a l s o  b e  

r e v e r s e d ,  t h e  m e l t  b e i n g  made f i r s t  an d  t h e n  t h e  c o r r e s p o n d i n g  

g a s  m i x t u r e .  The f o r m e r  m ethod  was m ore f a v o u r e d ,  a s  s y n t h e t i c  

m e l t s  c o u l d  b e  p r e p a r e d  m ore a c c u r a t e l y  t h a n  t h e  g a s  m i x t u r e s .

A n o th e r  m e th o d  a d o p te d  f o r  r e a c h i n g  t h e  e q u i l i b r i u m  s t a g e  

more q u i c k l y  was t o  m e l t  i n  h y d ro g e n  a  sam ple  w hich  had p r e v i o u s l y  

r e a c h e d  e q u i l i b r i u m  i n  a  known g a s  m i x t u r e .  T h is  t r e a t m e n t  r e 

d u ced  t h e  s u l p h u r  c o n t e n t  o f  t h e  m e l t .  A t t h e  same t i m e ,  t h e  

r e m a in in g  g a s  m ix tu r e  i n  t h e  r e s e r v o i r  was d i l u t e d  w i th  h y d ro g e n  

and  so  a  g a s  w e a k e r  i n  h y d ro g e n  s u l p h i d e  c o n t e n t  was p r e p a r e d .

T h is  g a s  was a n a l y s e d .  Knowing a t  l e a s t  t h e  a p p r o x im a te  v a l u e  o f  

K a n d  t h e  g a s  c o m p o s i t i o n ,  i t  was p o s s i b l e  t o  c a l c u l a t e  a  v a lu e  

f o r  t h e  s u l p h u r  c o n t e n t  o f  t h e  m e l t  a t  e q u i l i b r i u m .  The m e l t  

c o u ld  t h e n  b e  h e a t e d  i n  t h e  h y d ro g e n  u n t i l  i t s  s u l p h u r  c o h t e n t  

h ad  b e e n  r e d u c e d  t o  t h e  a p p r o p r i a t e  p e r c e n t a g e .

By t h e  j u d i c i o u s  a p p l i c a t i o n  o f  t h e s e  v a r i o u s  t e c h n i q u e s ,

i t  was p o s s i b l e  t o  r e a c h  t h e  e q u i l i b r i u m  s t a t e  from  b o th  t h e



h i g h - s u l p h u r  an d  l o w - s u l p h u r  s i d e s .  A l l  b u t  one o f  t h e  f o l l o w i n  

r e s u l t s  w ere o b t a i n e d  by  u s i n g  t h e s e  m e th o d s .  T h a t  i s ,  i n  o n ly  

one c a s e  was t h e r e  no s u l p h u r  i n  t h e  i r o n  a t  t h e  s t a r t  o f  t h e  

e q u i l i b r i u m  r u n .



EXPERIMENTAL 'RESULTS.

The r e s u l t s  o f  t h e  i n v e s t i g a t i o n  may be d i v i d e d  b r o a d l y  i n t o  

two g r o u p s ;  t h e  e a r l y  r e s u l t s ,  w hich  w ere i n c o n s i s t e n t  b e c a u s e  o f  

s u l p h u r  d e p o s i t i o n ,  a n d  t h e  r e s u l t s  o b t a i n e d  when p r o v i s i o n  was 

made t o  e l i m i n a t e  t h e  s u l p h u r  d e p o s i t i o n .  The s a m p le s  u s e d  i n  t h e  

e a r l y  i n v e s t i g a t i o n s  a r e  r e f e r r e d  t o  a s  Sample I ,  Sample I I ,  e t c .

| The m e l t s  from  w hich  more r e l i a b l e  d a t a  w ere o b t a i n e d  a r e  d e n o te d  

by a l e t t e r  t h u s .  Sam ple A, Sam ple B, e t c .  Runs w i th  t h e  same m e l t  

i n  d i f f e r e n t  g a s  m i x t u r e s  a r e  num bered  Run 1 ,  Run 2 ,  e t c .  F o r  e x -

[ a m p le ,  t h e  f i r s t  r u n  w i th  Sam ple A i n  a  g a s  m ix t u r e  i s  te rm e d  a s

I Sam ple A Run 1 ,  a n d  t h e  n e x t  r u n  w i th  Sam ple A i n  a  d i f f e r e n t  g a s

I m ix tu r e  i s  c a l l e d  Sam ple A Run 2 .  S i m i l a r l y ,  t h e  f i r s t  r u n  w i th

Sample B i s  d e n o te d  a s  Sam ple B Run 1 ,  a n d  so on w i th  t h e  o t h e r  

m e l t s .

The f i r s t  r e s u l t s  w ere o b t a i n e d  f o r  t h e  t e m p e r a t u r e  1550°C 

an d  t h e  s t a r t i n g  m a t e r i a l  was Armco i r o n .  As h a s  b e e n  p r e v i o u s l y  

e x p l a i n e d ,  t h e  e a r l y  r e s u l t s  w ere  i n a c c u r a t e  b e c a u s e  o f  t h e  s u l p h u r  

d e p o s i t i o n  i n  t h e  r e a c t i o n  t u b e .  T h i s  c a u s e d  t h e  i r o n  t o  p i c k  up 

: more s u l p h u r  t h a n  i t  w ou ld  h a v e  i f  t h e  s u l p h u r  c o n t e n t  o f  t h e  g a s

i n  t h e  tu b e  h a d  b e e n  t h e  same a s  t h a t  o f  t h e  g a s  i n  t h e  r e s e r v o i r .  

The e q u i l i b r i u m  c o n s t a n t  o f  t h e  r e a c t i o n ;

FeS 4- H2 Fe +• HgS,

may b e  r e p r e s e n t e d  a s :

& z  H2 S (vo lum e r a t i o ) X  . — A-------
%S m  m e l t
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The e f f e c t  o f  t h e  s u l p h u r  d e p o s i t i o n  was t h a t  on c a l c u l a t i n g  K 

a v a l u e  w h ich  was to o  low  was o b t a i n e d ,  b e c a u s e  t h e  p e r c e n t a g e  o f  

s u l p h u r  i n  t h e  m e l t  o c c u r s  i n  t h e  d e n o m in a to r  o f  t h e  above  e q u a t i o n .

F i g .  7 i s  a good i l l u s t r a t i o n  o f  t h e  e f f e c t  o f  s u l p h u r  d e p o s 

i t i o n .  I n  t h i s  g r a p h  t h e  w e ig h ts  o f  s u l p h u r  p i c k e d  up by t h e  i r o n  

(Sam ple  I I )  h av e  b e e n  p l o t t e d  a g a i n s t  t h e  c o r r e s p o n d i n g  t i m e s .

The r u n  was s t a r t e d  w i t h  19*920 gm s. Arrnco i r o n  an d  t h e  compos

i t i o n  o f  t h e  g as  i n  Hun 1 was 0*203 c . c .  h y d ro g e n  s u l p h i d e  to  

100 c . c s .  h y d ro g e n .  The f lo w  o f  t h e  g a s  m ix tu r e  th r o u g h  t h e  tu b e  

was m a i n t a i n e d  a t  a b o u t  30 c . c s . / m i n . ,  e x c e p t  o f  c o u r s e  when i t  

was r e d u c e d  w h i l e  a  w e ig h in g  was b e i n g  made. The r a t e  o f  p i c k - u p  

o f  s u l p h u r  by t h e  m e l t  d e c r e a s e d  p r o g r e s s i v e l y  a s  t h e  r u n  was c o n 

t i n u e d  u n t i l ,  a f t e r  a b o u t  t h r e e  h o u r s ,  t h e  p i c k - u p  was v e r y  s lo w .

At t h i s  s t a g e  Run 1 was s t o p p e d .  ( P o i n t  X on t h e  g r a p h )  The m e l t  

h ad  t h e n  g a i n e d  i n  w e ig h t  by 0 -0 2 8  gm. s u l p h u r  a f t e r  t h r e e  h o u r s  

a t  155QqC. A m i x t u r e  c o n s i s t i n g  o f  0*072 c . c s .  h y d ro g e n  s u l p h i d e  

t o  100 c . c s .  h y d ro g e n  was p r e p a r e d ,  an d  on t h e  f o l l o w i n g  day t h e  

m e l t  was r e h e a t e d  t o  1550°C i n  t h i s  new a tm o s p h e r e .  T h is  was Run 

2 w i th  Sam ple I I .  The f lo w  o f  t h e  g a s  t h r o u g h  t h e  r e a c t i o n  tu b e  

was m a i n t a i n e d  a t  t h e  same r a t e  a s  i n  Run 1 ,  and  i t  was e x p e c t e d  

t h a t  t h e  r a t e  o f  p i c k - u p  o f  s u l p h u r  by  t h e  m e l t  w ould  a t  t h e  m ost 

be  t h e  same a s  a t  t h e  c o n c l u s i o n  o f  Run 1 .  a s  t h e  m e l t  h ad  seem ed 

t o  b e  a p p r o a c h i n g  e q u i l i b r i u m  i n  t h e  f i r s t  r u n ,  an d  a s  t h e  se c o n d  

ru n  was i n  a  g a s  c o n t a i n i n g  a  much s m a l l e r  c o n t e n t  o f  h y d ro g e n  

s u l p h i d e ,  I t  was t h o u g h t  p o s s i b l e  t h a t  t h e  m e l t  w ould  l o s e  s u l p h u r  

i n  t h i s  new r u n .  I t  was f o u n d ,  h o w e v e r ,  t h a t  t h e  m e l t  p i c k e d  up 

s u l p h u r ,  and  a t  a  much g r e a t e r  r a t e  t h a n  b e f o r e  (X —»Y on t h e  g r a p h ) .
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W hereas p r e v i o u s l y  i t  h ad  t a k e n  t h r e e  h o u r s  t o  g a i n  0*028 gm. 

s u l p h u r ,  i t  now p i c k e d  up 0*040 gm. s u l p h u r  i n  45 m i n s . ,  a f t e r  

w h ich  t h e  r u n  was s t o p p e d .  On c o n t i n u i n g  t h e  ru n  t h e  f o l l o w i n g  

d a y ,  w i th  t h e  same g a s  m i x t u r e ,  t h e r e  was a n  a d d i t i o n a l  p i c k - u p  o f  

0*036 gm. d u r i n g  60 m in s .  (Y— > Z  on t h e  g r a p h ) .  The e v id e n c e  i n 

d i c a t e d  t h a t  t h e  m e l t  was n o t  y e t  a t  t h e  e q u i l i b r i u m  s t a g e ,  b u t  a 

v a l u e  f o r  K was c a l c u l a t e d  by  t a k i n g  t h e  t o t a l  p i c k - u p  o f  s u lp h u r  

a s  0*104  gm. T h i s  r e p r e s e n t e d  0*52% s u l p h u r  i n  t h e  m e l t ,  a n d  t h u s :

K * Q ' 0 7 2  x 1 = 0*00138
.100 0*52

B u t ,  a s  t h e  s u l p h u r  c o n t e n t  o f  t h e  m e l t  was s t i l l  i n c r e a s i n g ,  t h e n  

K was r e a l l y  l e s s  t h a n  0 * 0 0 1 3 8 . I t  was i n  t h i s  m anner t h a t  t h e  

s u l p h u r  d e p o s i t i o n  r e s u l t e d  i n  t h e  v a l u e s  o b t a i n e d  f o r  K, i n  t h e  

e a r l y  i n v e s t i g a t i o n s ,  b e i n g  to o  s m a l l .  T h is  p a r t i c u l a r  i n v e s t i g 

a t i o n  was c a r r i e d  o u t  u s i n g  f r e s h l y - m a d e  a lundum  r o d s  a s  p a r t  o f  

t h e  s u s p e n s i o n  f o r  t h e  c r u c i b l e ,  a n d ,  d u r i n g  t h e  r u n s ,  t h e  a lundum  

p ic k e d  up an  a p p r e c i a b l e  am ount o f  s u l p h u r .  H ow ever, i n  d ra w in g  

t h e  g r a p h  i n  f i g .  7 , a  c o r r e c t i o n  was a p p l i e d  f o r  t h e  s u l p h u r  p i c k e d  

up by t h e  s u s p e n s i o n ,  a n d  t h e  s u l p h u r  g a i n s  r e c o r d e d  i n  t h e  g r a p h  

w ere  t h o s e  o f  t h e  m e l t  a l o n e .  The t im e  o c c u p ie d  i n  t a k i n g  a  w e ig h 

i n g  on t h e  h i g h - t e m p e r a t u r e  b a l a n c e  was o n ly  a b o u t  two m i n u t e s , 

d u r i n g  w h ich  t im e  t h e  g a s  f lo w  was r e d u c e d  t o  8 c . c s . / m i n .

As t h e  r e s u l t s  o f  t h e s e  e a r l y  r u n s  p ro v e d  t o  b e  f a l s e ,  t h e y  

w i l l  n o t  b e  d i s c u s s e d  i n  d e t a i l .  They w ere a l l  c a r r i e d  o u t  a t  

1550°C and  t h e  v a l u e s  o b t a i n e d  f o r  K v a r i e d  f ro m  a b o u t  0*00130 t o  

0*0 0 2 5 0 . L a t e r ,  new v a l u e s  f o r  K w ere  r e - d e t e r m i n e d  a t  1550°C.
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One p o i n t  w h ich  i s  w e l l  i l l u s t r a t e d  by f i g .  7 i s  t h e  t im e  

t a k e n  by a  m e l t  t o  r e a c h  e q u i l i b r i u m .  T h e p ic k -u p  o f  s u l p h u r  by t h e  

i r o n  was f a i r l y  f a s t  a t  t h e  s t a r t  o f  Run 1 . b u t  i t  s lo w e d  down c o n -  i 

s i d e r a b l y  b e f o r e  e q u i l i b r i u m  was a t t a i n e d .  I t  was f o r  t h i s  r e a s o n  

t h a t  new t e c h n i q u e s  f o r  r e a c h i n g  t h e  e q u i l i b r i u m  s t a g e  more q u i c k l y  

w ere e v o lv e d .  T h e se  t e c h n i q u e s  have  a l r e a d y  b e e n  d e s c r i b e d  i n  

g e n e r a l  t e r m s  i n  t h e  EXPERIMENTAL METHOD. A l l  b u t  one o r  t h e  s u b -  ^

s e q u e n t  v a l u e s  o b t a i n e d  f o r  t h e  e q u i l i b r i u m  c o n s t a n t  w ere a r r i v e d  j
ji

a t  by  u t i l i s i n g  t h e s e  v a r i o u s  m e th o d s .  T h e se  r e s u l t s  a r e  p r e s e n t e d  

i n  c o n c i s e  fo rm  i n  T a b le  I .  (P age  4 8 ) .

The r e s u l t s  a r e  n o t  w r i t t e n  i n  t h e  t a b l e  i n  t h e  o r d e r  i n  w hich  

t h e y  w ere  c a r r i e d  o u t .  The num bers  g i v e n  f o r  t h e  r u n s  a r e  t h o s e  o f  

t h e  e q u i l i b r i u m  r u n s .  A l l  t h e  m e l t s  ( e x c e p t  Sample F) a l r e a d y  c o n -  I 

t a i n e d  s u l p h u r  p r i o r  t o  t h e  s t a r t  o f  t h e  e q u i l i b r i u m  r u n .  T h u s ,  j
a p a r t  f ro m  Sam ple F ,  t h e  f i g u r e s  g i v e n  f o r  t h e  p e r c e n t a g e s  o f  s u l -  |

!
p h u r  i n  t h e  m e l t s  r e p r e s e n t  t h e  t o t a l  s u l p h u r  p i c k - u p ,  a n d  do n o t  1 

r e p r e s e n t  t h e  s u l p h u r  p i c k e d  up d u r i n g  t h e  e q u i l i b r i u m  r u n .  S am p lesJ
I

D a n d  E w ere s y n t h e t i c  m e l t s . The l a t t e r  was made from  p a r t  o f  I
!Sample A an d  some arm co i r o n .  Sam ple D was p r e p a r e d  by c o m b in in g  j 

p a r t s  o f  S am ples  C and  A. The f i g u r e s  g i v e n  f o r  t h e  b a s i c  w e ig h ts  

o f  S am p les  D a n d  E w ere  o b t a i n e d  by c a l c u l a t i o n .  The s u l p h u r  p e r 

c e n t a g e s  a t  t h e  c o n c l u s i o n  o f  t h e  e q u i l i b r i u m  r u n s  w ere  a l l  c a l c u 

l a t e d  from  t h e  g a i n s  i n  w e ig h t  o f  t h e  m e l t s .  The v a l u e s  g iv e n  f o r  

t h e  g a s  c o m p o s i t i o n s  w ere t h o s e  o f  t h e  g a s  m i x t u r e s  i n  t h e  r e s e r v o i r .  

I t  i s  now p ro p o s e d  t o  g i v e  t h e  d e t a i l s  o f  t h r e e  r e p r e s e n t a t i v e  

d e t e r m i n a t i o n s .  j

j
]{
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K
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-H2 % S

A 4 1530 16-9933 17* 1333 0  -1400 0 * 817 0' 293 0*00359

B 3 1530 17 * 2400 17- 4204 0 -1804 1* 036 0* 466 0*00450

B 4 1530 1 7 -2 4 0 0 17*3285 0* 0 8 8 5 0*511 0 *217 0*00425

B 5 1530 17- 2400 17*2877 0* 0477 0* 276 0 *113 0  *00410

C 1 1550 2 0 -1 2 3 0 2 0 -2 6 0 0 0 -1 3 7 0 0 * 676 0*277 0*00410!

C 2 1550 2 0 -1 2 3 0 20- 1863 0*0633 0 * 3 1 4 0 '  115 0*00366

D 1 1550 1 5 -1 8 6 1 15- 2994 0*1133 0 -7 4 1 0*323 0*00436

E 1 1570 15*9506 16* 0145 0 -0 6 3 9 0*399 0*181 0*00454

E 2 1570 15*9506 15*9933 O' 0427 0*267 0 * 100 0*00375

P 1 1570 20*2481 20*3291 0*0810 0*398 0*178 0*00447

G 2 1600 19*8255 19 * 9496 0 * 1241 0 * 622. 0*261 0*00420

G 3 1600 19*8255 19*9601 0 -1 3 4 6 0 - 6 7 4 0*308 0*00457
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Sam ple S was t h e  f i r s t  s y n t h e t i c  m e l t  made. A g a s  m ix tu r e  

was f i r s t  p r e p a r e d .  An a n a l y s i s  o f  t h i s  g a s  gave  0*181 c . c .  h y d r o 

gen  s u l p h i d e  t o  100 c . c s .  h y d ro g e n .  The v a l u e  o f  K was t a k e n  a s  

b e i n g  known a t  l e a s t  a p p r o x i m a t e l y ,  an d  f o r  p u r p o s e s  o f  c a l c u l a t i o n  

i t  was a ssu m ed  t o  b e  0 * 0 0 4 0 . T h e se  two v a l u e s  f o r  t h e  g a s  compos

i t i o n  an d  K w ere s u b s t i t u t e d  i n  t h e  e q u a t i o n :

K r  HgS x 1  }
%  S

w here  S z  % s u l p h u r  i n  m e l t .  Thus -

*004 = *181 x  1 
100 S

.*. S = *181 x  _ 1_
100 *004

= 0*45% s u l p h u r .

I t  was t h u s  n e c e s s a r y  t o  p r e p a r e  a  m e l t  c o n t a i n i n g  0*45% 

s u l p h u r ,  w h ich  w ould  b e  n e a r l y  i n  e q u i l i b r i u m  w i th  t h e  g a s  m i x t u r e .  

Such a  m e l t  was o b t a i n e d  by  m ix in g  p a r t  o f  Sam ple A w i th  armco i r o n .  

I n  p r e p a r i n g  t h e  m e l t  t h e  p e r c e n t a g e  o f  s u l p h u r  i n  Sam ple A was 

t a k e n  f rom  t h e  a n a l y s i s  o f  i t  and  n o t  f rom  t h e  g a i n  i n  w e ig h t .

T h e se  two p e r c e n t a g e s  d i f f e r e d  s l i g h t l y  a n d  t h e y  w i l l  be  d i s c u s s e d  

l a t e r .  The s y n t h e t i c  m e l t  p r e p a r e d  i n  t h i s  p a r t i c u l a r  exam ple  c o n 

t a i n e d  0*445% s u l p h u r ,  an d  on h e a t i n g  i t  a t  1570°C i n  t h e  g a s  

m ix tu r e  i t s  w e ig h t  had  n o t  c h a n g e d  g r e a t l y  a f t e r  205 m in s .

Sam ple B, Run 3 i s  a  good exam ple  o f  t h e  t e c h n i q u e  o f  r e a c h i n g  

e q u i l i b r i u m  by  m e l t i n g  t h e  i r o n  f i r s t  i n  a  r e l a t i v e l y  h ig h  c o n c e n 

t r a t i o n  o f  h y d ro g e n  s u l p h i d e  a n d  t h e n  i n  m i x t u r e s  w hich  a r e  s u c c e s 

s i v e l y  w eak e r  i n  h y d ro g e n  s u l p h i d e .  The w e ig h t  o f  t h e  armco i r o n  

a f t e r  i t  h ad  b e e n  m e l t e d  t o  c o n s t a n t  w e ig h t  i n  h y d ro g e n  was 17*2400
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gms. A g a s  m i x t u r e  c o n t a i n i n g  a  r e l a t i v e l y  h ig h  p r o p o r t i o n  o f  

h y d ro g e n  s u l p h i d e  was p r e p a r e d ,  a n d  on  a n a l y s i s  i t  was. fo u n d  t o  

c o n t a i n  1*310 c . c .  h y d ro g e n  s u l p h i d e  t o  100 c . c s .  h y d ro g e n .  The 

i r o n  was m e l t e d  i n  t h i s  a tm o s p h e re  f o r  two h o u r s  a t  1530°C . A f t e r  

t h a t  r u n  (Run 1 ) ,  t h e  p i c k - u p  o f  s u l p h u r  by t h e  i r o n  was 0*1275 gm. 

H ydrogen  was t h e n  p a s s e d  i n t o  t h e  g a s  i n  t h e  r e s e r v o i r ,  an d  a n  

a n a l y s i s  o f  t h e  new m i x t u r e  g av e  0*620 c . c .  h y d ro g e n  s u l p h i d e  t o  

100 c . c s .  h y d ro g e n .  The m e l t  was h e a t e d  a t  1530°C f o r  two h o u r s  i n  

t h i s  w e a k e r  m i x t u r e .  T h i s  was Run 2 ,  an d  a t  t h e  end  o f  t h i s  r u n  

t h e  m e l t  h ad  p i c k e d  up a  f u r t h e r  0*0600  g m .,  m ak in g  a  t o t a l  g a i n  

i n  w e ig h t  o f  0*1875 gm. A t t h i s  s t a g e  i t  was n e c e s s a r y  t o  c l e a n  

t h e  s u l p h u r  d e p o s i t i o n  o u t  o f  t h e  r e a c t i o n  t u b e  by p a s s i n g  h y d r o 

gen  t h r o u g h  i t  a t  a b o u t  1580°C . Some h y d ro g e n  was a d d e d  t o  Run 2 

m i x t u r e ,  an d  t h e  r e s u l t i n g  g a s  when a n a l y s e d  was fo u n d  t o  c o n t a i n  

0*466 c . c .  h y d ro g e n  s u l p h i d e  t o  100 c . c s .  h y d ro g e n .  A f t e r  two 

h o u r s  a t  1530°C i n  t h i s  m i x t u r e  (Run 3 ) ,  t h e  m e l t  l o s t  0*0081  gm. 

a n d ,  b e c a u s e  o f  t h i s ,  t h e  m i x t u r e  was u n a l t e r e d .  The r u n  was t h e n  

s to p p e d  b y  q u e n c h i n g  t h e  m e l t ,  a n d  t h e  s u l p h u r  d e p o s i t i o n  was 

c l e a n e d  o u t  o f  t h e  r e a c t i o n  t u b e .  On c o n t i n u i n g  w i th  Run 3 ,  t h e  

m e l t  g a i n e d  i n  w e ig h t  by  o n ly  0*0010 gm. i n  165 m in s .  a n d  K was 

t h e n  c a l c u l a t e d  from  t h e  a v a i l a b l e  d a t a .

I t  h a s  a l r e a d y  b e e n  m e n t io n e d  how t h e  p e r c e n t a g e  o f  s u l p h u r  

i n  some m e l t s  was r e d u c e d  b y  m e l t i n g  i n  a  s t r e a m  o f  h y d ro g e n  so  a s  

t o  d e c r e a s e  t h e  t im e  t a k e n  t o  r e a c h  e q u i l i b r i u m  i n  a  known g a s  m ix 

t u r e .  Such a  m e th o d  was a d o p te d  i n  t h e  c a s e  o f  Sam ple E , Run 2 .  

A f t e r  Run 1 ,  t h e  m e l t  c o n t a i n e d  a p p r o x i m a te ly  0*064  gm. s u l p h u r .

The c o m p o s i t i o n  o f  t h e  Run 1 g a s  m i x t u r e  was 0*181 c . c .  h y d ro g e n
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s u l p h i d e  t o  100  c . c s .  h y d ro g e n  a n d ,  a t  t h e  c o n c l u s i o n  o f  t h e  r u n ,  

h y d ro g e n  was p a s s e d  i n t o  t h e  r e m a in in g  g a s .  The new g a s  c o n t a i n e d  

0*100 c . c .  h y d ro g e n  s u l p h i d e  t o  100 c . c s .  h y d ro g e n .  T a k in g  K a s  

b e i n g  0 * 0 0 4 ,  a n d  l e t t i n g  S = w e ig h t  o f  s u l p h u r  i n  t h e  m e l t ,  t h e n :

•004 = *1 x (15*95 H-S) ,
100 1 0 0 . S

w here  15*95 (g m s .)  i s  t h e  a p p r o x im a te  Tlb a s i c  w e i g h t ” o f  t h e  i r o n .  

On e v a l u a t i n g ,  S = 0 * 0 4  gm. Thus t h e  s u l p h u r  i n  t h e  m e l t  h ad  t o  

be  r e d u c e d  from  a b o u t  0*064 gm. t o  0*040 gm. The m e l t  h a d  t h e r e 

f o r e  t o  l o s e  0*024  gpa. s u l p h u r  t o  b e  n e a r l y  i n  e q u i l i b r i u m  w i th  

t h e  new g a s  m i x t u r e .  The sam p le  was a c c o r d i n g l y  m e l t e d  i n  h y d r o 

g e n  i n  o r d e r  t o  d e c r e a s e  t h e  p e r c e n t a g e  o f  s u l p h u r  i n  i t .  I t  was 

h e a t e d  i n  t h e  h y d r o g e n  u n t i l  i t  h a d  l o s t  a b o u t  0*018 g jn . , so t h a t  

i t  c o n t a i n e d  som ew hat more t h a n  t h e  e q u i l i b r i u m  am ount o f  s u l p h u r .  

On m e l t i n g  i n  t h e  m i x t u r e ,  t h e  sam p le  l o s t  0*003 gm. d u r i n g  180 

m i n u t e s ,  a n d  K was t h e n  c a l c u l a t e d .  T h u s ,  t h i s  was a l s o  a n  exam

p l e  o f  a p p r o a c h i n g  t h e  e q u i l i b r i u m  s t a t e  from  t h e  h i g h - s u l p h u r  

s i d e .

I t  h a s  a l r e a d y  b e e n  p o i n t e d  o u t  t h a t  t h e  h i g h - t e m p e r a t u r e  

b a l a n c e  r e c o r d e d  t h e  s l i g h t  p i c k - u p  o f  s u l p h u r  by  t h e  s u s p e n s i o n  

a s  w e l l  a s  t h e  m e l t .  T h u s ,  e v e n  a t  t h e  e q u i l i b r i u m  s t a g e ,  t h e  

h i g h - t e m p e r a t u r e  b a l a n c e  was r e c o r d i n g  w e ig h t  c h a n g e s . T hese  

c h a n g e s  i n  w e ig h t  d u r i n g  t h e  l a t t e r  p a r t s  o f  t h e  e q u i l i b r i u m  r u n s  

a r e  g i v e n  i n  T a b le  I I  (p a g e  52 )  u n d e r  t h e  h e a d i n g  H .T .B . A lso  

g i v e n ,  u n d e r  t h e  h e a d i n g  L .T .B .  ( l o w - t e m p e r a t u r e  b a l a n c e ) , a r e  t h e  

c h a n g e s  i n  t h e  w e ig h t s  o f  t h e  m e l t s  a f t e r  t h e  e q u i l i b r i u m  r u n s ,  

when t h e  c r u c i b l e  a n d  m e l t  a l o n e  w ere  w e ig h e d  a t  room t e m p e r a t u r e .
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H .T .B .
S u lp h u r  P i c k - u p  

d u r i n g  E q u i l i b r i u m  
Run.

L .T .B .
S u lp h u r  P i c k - u p  
from  E q u i l i b r i u m  

Run,

W eight 
(Gms.)

Time 
(M in s . )

W eigh t
(Gms.)

Time 
( M in s . )

A 4 1530 O'.’359 +  0 -0 0 5 0 110 + 0 -0 0 6 0 200

B 3 1530 0*450 + 0*0040 90 + 0 -0 0 1 0 165

B 4 1530 0 -4 2 5 -0 * 0 0 2 6 2 1 0 -0 -0 0 7 7 210

B 5 1530 0 -4 1 0 + 0 * 0 0 6 0 ISO +  0 -0 0 0 6 180

C 1 1550 0*410 + 0 * 0 0 3 0 30 + 0 -0 1 3 0 180

c 2 1530 0*366 + 0 * 0 0 5 0 60 -0*0 0 1 7 180

D 1 1550 0*436 + 0 * 0 0 5 0 30 + 0 -0 1 0 4 150

E 1 1570 0*454 - 0 * 0 0 1 0 140 - 0 - 0 0 7 4 205

E , 2 1570 0*375 - 0  *0010t 40 - 0 -0 0 3 0 180

F 1 1570 0*447 +0.-0025 50 - 0 -0 0 1 0 240

G 2 1600 0*420 -0 * 0 0 3 0 60 + 0 -0 3 8 0 21 0

G 3 1600 0*457 + 0 -0 0 1 3 30 + 0 -0 1 0 5 180
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The p l u s  s i g n  d e n o t e s  a  g a i n  i n  w e i g h t ,  an d  t h e  n e g a t i v e  s i g n  a  

l o s s  i n  w e i g h t .  The t im e s  g i v e n  a r e  t h o s e  d u r i n g  w h ich  t h e  

c h a n g e s  i n  w e ig h t  o c c u r r e d .  I t  c a n  be s e e n  from  t h i s  t a b l e  t h a t ,  

e x c e p t  f o r  f o u r  r e s u l t s ,  t h e  c h a n g e s  i n  w e ig h t  g i v e n  u n d e r  L . T . 3 .  

a r e  a l l  i n  t h e  t h i r d  d e c im a l  p l a c e .  I n  t h e  f o u r  e x c e p t i o n s  (Sam ple 

C Run 1 ,  Sam ple D Run 1 ,  a n d  Sam ple G Runs 2 and  3.) t h e  m e l t s  had  

c h a n g e d  w e ig h t  m ore a p p r e c i a b l y  a f t e r  t h e  e q u i l i b r i u m  r u n ,  b u t  t h e  

c h a n g e s  I n  t h e  w e ig h t s  o f  t h e s e m e I t s , r e c o r d e d  by t h e  h i g h - t e m p e r a t u r e  

b a l a n c e ,  d u r i n g  t h e  l a t t e r  p a r t s  o f  t h e  e q u i l i b r i u m  r u n s  a r e  r e l a 

t i v e l y  s m a l l e r ,  when a l l o w a n c e s  a r e  made f o r  t im e  a n d  t h e  g a i n  i n  

w e ig h t  o f  t h e  s u s p e n s i o n .

As t h e  m e l t s  h a d  b e e n  c h a n g in g  s l i g h t l y  i n  w e ig h t  a t  t h e  c o n 

c l u s i o n  o f  t h e  r u n s ,  i t  c o u ld  n o t  be  assu m ed  t h a t  t h e y  w ere  com

p l e t e l y  i n  e q u i l i b r i u m  w i th  t h e  g a s  m i x t u r e s .  H ow ever, a s  i t  was 

known w h e th e r  a  m e l t  h a d  b e e n  g a i n i n g  o r  l o s i n g  s u l p h u r ,  i t  was 

p o s s i b l e  t o  i n d i c a t e  w h e th e r  K was s m a l l e r  o r  l a r g e r  t h a n  t h e  

c a l c u l a t e d  v a l u e .  F o r  e x a m p le ,  t h e  v a l u e  o f  K f o r  Sample B Run 3 

i s  0 * 0 0 4 5 0 ,  b u t  a t  t h e  end  o f  Run 3 t h e  m e l t  h a d  b e e n  p i c k i n g  up 

s u l p h u r  s l o w l y ,  t h u s  K w ould  b e  r e a l l y  s l i g h t l y  l e s s  t h a n 0*00450.

On t h i s  b a s i s  t h e  v a l u e s  o f  K h a v e ,  i n  T a b le  I I I  (p a g e  5 4 ) ,  b e e n  

g ro u p e d  i n t o  two s e c t i o n s  a c c o r d i n g  t o  w h e th e r  t h e  m e l t  was l o s i n g  

(K i n c r e a s i n g )  o r  g a in in g .  (K d e c r e a s in g . )  s u l p h u r  a t  t h e  c o n c l u s i o n  

o f  t h e  r u n .  The a v e r a g e  v a l u e s  f o r  K a t  e a c h  t e m p e r a t u r e  a r e  a l s o  

g i v e n  a n d  i t  c a n  be  s e e n  t h a t  t h e y  a r e  good r e p r e s e n t a t i o n s  o f  t h e  

e x p e r i m e n t a l l y  f o u n d  v a l u e s .  F o r  e x a m p le ,  t h e  a v e r a g e  v a l u e  a t '  

1 5 3 0 °C i s  p r a c t i c a l l y  t h e  same a s  t h a t  f o r  Sam ple B Run 5 ,  an d  

d u r i n g  t h i s  r u n  t h e  m e l t  o n ly  c h a n g e d  w e ig h t  by 0*0006 gm. a f t e r
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T A B L E  I I I

T e m p e ra tu r e  °G K i n c r e a s i n g K d e c r e a s i n g A v erag e  o f  K

1530 0*00425

0*00359

0*00450

0*00410

0*00411

1550 0*00366 0*00410

0*00436

0*00404

1570

0*00454

0*00375
0*00447

0*00425

1600 0*00420 0*00457 0*00439

t h r e e  h o u r s .  The same s o r t  o f  t h i n g  a p p l i e s  t o  t h e  o t h e r  t e m p e r 

a t u r e s  .

The e q u i l i b r i u m  c o n s t a n t  o f  t h e  r e a c t i o n  may a l s o  be  c a l c u 

l a t e d  b y  e x p r e s s i n g  t h e  c o n c e n t r a t i o n s  o f  t h e  i r o n  a n d  FeS i n  t h e  

m e l t  a s  m ole f r a c t i o n s .  R e p r e s e n t i n g  t h i s  c o n s t a n t  a s  KM, t h e n :

Km  :  HpS y  Fe
%  *  FeS

s HgS (vo lum e r a t i o )  w Fe i n  m e l t  . 88  
Hg PeS i n  m e l t  . 56

I n  T a b le  IV (p a g e  55)  t h e  d a t a  f o r  c a l c u l a t i n g  t h e  c o n s t a n t s  

i n  t h i s  m an n er  a r e  t a b u l a t e d  an d  t h e  v a l u e s  o f  a r e  g i v e n .
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15*9506 

15 *9506 

20*2481  

19 *8255 

19*8255

17

17

17

17

20

20

15

16 

15 

20 

19 

19

1333

4204

3285

2877

2600

1863

2994

0145

9933

3291

9496

9601

16*750  

16*920  

17*090 

17*160 

19*880  

2 0 *0 1 0  

14*990  

15 *840 

15-880  

20  *110 

19 -610 

19 '590

0*3850  

0*4961  

0*2434  

0*1312  

0*3768  

0*1741  

0*3116  

0*1757  

0*1174  

0*2228  

0 *3413 

0 *3702

0*293

0*466

0*217

0*113

0*277

0*115

0*323

0*181

0*100

0*178

0*261

0*308

2003

2498

2394

2323

2297

2077

2442

2565

2125

2524

2356

2562
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The a v e r a g e  v a l u e s  o f  I (^  a t  e a c h  t e m p e r a t u r e  a r e  a s  f o l l o w s :

Temp.
°c ,  k m (A v e ra g e )

1530 0*23.05

1550 0*2272

1570 0*2405

1600 0*2459

I n  f i g .  8 , l o g  h a s  b e e n  p l o t t e d  a g a i n s t  t h e  r e c i p r o c a l  o f  

t h e  a b s o l u t e  t e m p e r a t u r e .  The g r a p h  so o b t a i n e d  s h o u ld  be  t h e o r 

e t i c a l l y  a  s t r a i g h t  l i n e ,  a n d  i t  c a n  b e  s e e n  t h a t  t h e  v a l u e  o f  

a t  1 550°G i s  o b v i o u s l y  on t h e  low  s i d e . The o t h e r  t h r e e  v a l u e s  l i e  

n e a r l y  on a  s t r a i g h t  l i n e ,  and  t h e  e q u a t i o n  o f  t h i s  l i n e  i s :

l o g  Km  = —1341 , *107 ,
T

w here  T » t e m p e r a t u r e  ( ° A b s o l u t e ) .

A l l  t h e  v a l u e s  o f  K ( a n d  KM) so f a r  c o n s i d e r e d  w ere o b t a i n e d  

by u s i n g  t h e  g a i n  i n  w e ig h t  o f  t h e  m e l t  t o  c a l c u l a t e  t h e  s u l p h u r  

p e r c e n t a g e .  M ost o f  t h e  m e l t s  w ere  a n a l y s e d  c h e m i c a l l y  f o r  s u l p h u r  

a n d ,  a s  T a b le  V (p a g e  57) i l l u s t r a t e s ,  q u i t e  good  a g re e m e n t  was 

o b t a i n e d  b e tw e e n  t h e  two p e r c e n t a g e s .  S am ples  I I ,  I I I ,  an d  IV w ere  

t h r e e  o f  t h e  e a r l y  m e l t s  w h ich  w ere  a n a l y s e d .  Sam ples  B a n d  E f e l l  

o u t  o f  t h e  c r u c i b l e s  when f u r t h e r  r u n s  w i th  them  w ere  b e i n g  a t t e m p t 

e d ;  t h e  c r u c i b l e s  h a d  b e e n  r a t h e r  b a d l y  c r a c k e d  due to. many q u e n c h -  

i n g s , a n d  t h e y  b r o k e  d u r i n g  t h e  e x t r a  r u n s . Sam ple 0  was n o t  

a n a l y s e d .  The v a l u e s  o f  K c a l c u l a t e d  from  t h e  s u l p h u r  a n a l y s e s

a r e  i n c l u d e d  i n  T a b le  V, t o g e t h e r  w i th  t h e  c o r r e s p o n d i n g  v a l u e s



Sam ple
% S from  

A n a l y s i s  o f  
M e lt

% S f ro m  
G ain  i n  W eigh t 

o f  M e lt

K . 102
( A n a l y s i s )

K . 10 2 
(W eigh t G ain)

I I 0*964 1*012 — -----

I I I 0*765 0*808 ----- -----

IV 0*155 0*157 ----- -----

A 0 * 810 0*817 0*362 0 -3 5 9

B ----- 0*276 ----- 0*410

C 0*320 0*314 0*359 0*366

D 0*732 0*741 0*441 0*436

E ----- 0*267 - - - 0*375

F 0*400 0*398 0*445 0*447

G ----- 0*674 ----- 0*457

o b t a i n e d  from  t h e  i n c r e a s e  i n  w e ig h t  o f  t h e  m e l t s .  T h e re  i s  l i t t l e  

d i f f e r e n c e  b e tw e e n  t h e s e  v a l u e s  a n d ,  a s  m ost m e l t s  w ere u s e d  t o  

o b t a i n  more t h a n  one v a l u e  f o r  K, i t  i s  b e t t e r  t h a t  a l l  t h e  c o n 

s t a n t s  c o n s i d e r e d  s h o u l d  be  t h o s e  b a s e d  on t h e  g a i n  i n  t h e  w e i g h t  

o f  t h e  m e l t .

Some a n a l y s e s  w ere  c a r r i e d  o u t  on t h e  g a s  m i x t u r e s  a f t e r  t h e y  

h ad  p a s s e d  t h r o u g h  t h e  r e a c t i o n  t u b e  b u t  t h e  c o m p o s i t i o n s  o f  t h e  

i n l e t  a n d  o u t l e t  g a s e s  a lw a y s  d i f f e r e d  s l i g h t l y .  I n  t h e  e q u i l i b 

r ium  r u n s ,  w hich  w ere  a l l  c a r r i e d  o u t  a f t e r  t h e  s u l p h u r  d e p o s i t i o n  

h ad  b e e n  rem oved  from  t h e  r e a c t i o n  t u b e ,  t h e  p e r c e n t a g e  o f  h y d ro g e n
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s u l p h i d e  i n  t h e  o u t l e t  g a s  was lo w e r  t h a n  i n  t h e  i n l e t  g a s .  T h is  

d i f f e r e n c e  was p r o b a b ly  c a u s e d  by t h e  f o r m a t i o n  o f  f r e s h  s u lp h u r  

d e p o s i t i o n .  E x a m in a t io n  o f  t h e  r e a c t i o n  tu b e  showed t h a t  t h e  

s u l p h u r  d e p o s i t i o n  o c c u r r e d  m a in ly  a  few  i n c h e s  above  t h e  h o t  zone 

i n  t h e  r e a c t i o n  t u b e  -  t h a t  i s ,  a f t e r  t h e  g as  had  p a s s e d  o v e r  t h e  

m e l t .  As t h e  molybdenum s u s p e n s i o n  w i r e s  a l s o  a b s o r b e d  some s u l 

p h u r ,  i t  was p r o b a b l e  t h a t  t h e  i n l e t  g a s  was more r e p r e s e n t a t i v e  

o f  t h e  g a s  w h ich  was i n  e q u i l i b r i u m  w i th  t h e  m e l t .  F o r  t h i s  

r e a s o n  a l l  t h e  v a l u e s  f o r  t h e  c o n s t a n t s  w ere c a l c u l a t e d  u s i n g  t h e  

i n l e t  g a s  c o m p o s i t i o n .

M e l t s  w hich  h a d  b e e n  q u e n c h e d  u s u a l l y  c o n t a i n e d  b l o w - h o l e s ,  

and  o f t e n  t h e  s u r f a c e  o f  t h e  m e l t  r o s e  c o n s i d e r a b l y .  F i g s .  9 and  

10 a r e  e x a m p le s  o f  two m e l t s  c o n t a i n i n g  b l o w - h o l e s . When t h e  m e l t s  

w ere  c o o le d  s lo w ly  i n  t h e  f u r n a c e  t h e y  s o l i d i f i e d  t o  a  s o l i d  m a ss .  

F i g .  11 ( o v e r l e a f )  i l l u s t r a t e s  t h e  n o rm a l  a p p e a r a n c e  o f  t h e  m e l t s .  

P i e c e s  o f  a lundum  from  t h e  c r u c i b l e s  c a n  be  s e e n  s t i c k i n g  t o  t h e s e  

l a t t e r  m e l t s  b u t ,  a s  h a s  b e e n  m e n t io n e d  i n  t h e  PRELIMINARY INVES

TIGATIONS (pageJlft) , t h i s  was m e r e ly  a  p h y s i c a l  a c t i o n .  The b lo w 

h o l e s  i n  t h e  q u e n c h e d  m e l t s  w ere  p r o b a b ly  due  t o  t h e  v e ry  su d d e n  

d e c r e a s e  i n  t h e  s o l u b i l i t y  o f  t h e  h y d ro g e n  (a n d  t h e  h y d ro g e n  s u l 

p h id e )  when t h e  t e m p e r a t u r e  f e l l  q u i c k l y  b e lo w  t h e  f r e e z i n g - p o i n t  

o f  t h e  m e l t .  The g a s e s  w ould  b e  much l e s s  s o l u b l e  i n  s o l i d  t h a n  i n  

l i q u i d  i r o n ,  and  so a t  t h e  f r e e z i n g - p o i n t  t h e r e  w ould  b e  a  su d d e n  

e v o l u t i o n  o f  g a s ,  w i th  t h e  c o n s e q u e n t  f o r m a t i o n  o f  b l o w - h o l e s .
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DISCUSSION OF RESULTS.

C o m p ar iso n  w i t h  o t h e r  I n v e s t i g a t o r s .

The' e q u i l i b r i u m  c o n s t a n t  o f  t h e  r e a c t i o n  b e tw e e n  h y d ro g e n

s u l p h i d e  and  i r o n  a t  t e m p e r a t u r e s  o f  l i q u i d  i r o n  h a s  b e e n  s t u d i e d
(9̂  deftp r e v i o u s l y  by M au re r  an d  B i s c h o f ,  and  Chipman a n d  L i .  The f o r m e r s '

v a l u e s  f o r  K a r e  a b o u t  one h u n d re d  t i m e s  a s  l a r g e  a s  t h e  p r e s e n t  

v a l u e s .  I n  f i g .  1 2 ,  t h e  l o g s  o f  t h e  a v e r a g e  v a l u e s  o f  K o b t a i n e d  

i n  t h e  p r e s e n t  i n v e s t i g a t i o n  a r e  p l o t t e d  a g a i n s t  t h e  r e c i p r o c a l s  

o f  t h e  c o r r e s p o n d i n g  a b s o l u t e  t e m p e r a t u r e s ,  and  t h e  same p r o c e d u r e  

i s  a d o p te d  w i th  C h ip m a n 's  r e s u l t s .  I t  c a n  be s e e n  t h a t  t h e r e  i s  

f a i r l y  good  a g r e e m e n t  b e tw e e n  t h e s e  two s e t s  o f  r e s u l t s .  I t  I s  

o b v io u s  from  t h e  g r a p h  t h a t  C h ip m a n 's  v a l u e  f o r  K a t  1546°C i s  t o o  

h i g h ,  a n d  t h e  v a lu e  a t  1550°C i n  t h e  p r e s e n t  work i s  t o o  low . 

A l th o u g h  Bflaurer an d  B i s c h o f ' s  c o n s t a n t s  d i f f e r  g r e a t l y  from  C h ip 

man ’ s and  t h e  p r e s e n t  r e s u l t s ,  a l l  t h r e e  a g r e e  i n  one r e s p e c t  -  

n a m e ly ,  t h a t  t h e  e q u i l i b r i u m  c o n s t a n t  i n c r e a s e s  i n  v a l u e  a s  t h e  

t e m p e r a t u r e  r i s e s .  T h is  a g r e e s  a l s o  w i th  t h e  f i n d i n g s  o f  i n v e s 

t i g a t o r s  o f  t h e  r e a c t i o n  i n  t h e  s o l i d  s t a t e .

M a u re r  an d  B i s c h o f  c a r r i e d  o u t  t h e i r  i n v e s t i g a t i o n  i n  a 

Tammann f u r n a c e .  I n  i t  a  c h a r g e  o f  s t e e l  was m e l t e d ,  an d  a  g a s  

o f  known c o m p o s i t i o n  was c i r c u l a t e d  i n  t h e  s p a c e  above  t h e  c h a r g e .  

A f t e r  a d e f i n i t e  t im e  h a d  e l a p s e d ,  t h e  g a s  was a n a l y s e d  f o r  s u l p h u r  

a f t e r  p a s s i n g  o v e r  t h e  c h a r g e .  They knew from  t h e  a n a l y s i s  w h e th e r

t h e  g a s  h a d  l o s t  o r  g a i n e d  s u l p h u r  a n d  on t h i s  i n f o r m a t i o n  t h e y



6 0 .

d e d u c e d  t h e  d i r e c t i o n  i n  w h ich  t h e  movement to w a rd  e q u i l i b r i u m  

was t a k i n g  p l a c e .  The i n i t i a l  c o m p o s i t i o n  was com pared  w i th  t h e  

f i n a l  c o m p o s i t i o n  o f  t h e  r e s i d u a l  g a s  a n d  by  t h i s  means th e y  

f i n a l l y  a s c e r t a i n e d  t h e  d i r e c t i o n  o f  t h e  r e a c t i o n .  They fo u n d  

t h a t  a t  t h e  h ig h  t e m p e r a t u r e s  o f  t h e  I n v e s t i g a t i o n  t h e  c r u c i b l e s  

a n d  r e a c t i o n  t u b e s  w ere  u n a b le  t o  r e s i s t  f o r  more t h a n  60 m i n s . a t  

a  t im e  t h e  c h e m ic a l  a t t a c k  o f  t h e  r e a c t a n t s ,  a p a r t  from  t h e  p h y s 

i c a l  s t r e s s e s  t o  w h ich  t h e  v e s s e l s  w ere  s u b j e c t e d .  B e c a u se  o f  

t h i s ,  i t  was i m p o s s i b l e  f o r  them  t o  p r o l o n g  t h e  o p e r a t i o n  s u f 

f i c i e n t l y  t o  a t t a i n  t h e  p o i n t  o f  c o m p le te  e q u i l i b r i u m .  I t  c an  

t h u s  b e  s e e n  t h a t  M au re r  a n d  B i s c h o f ' s  v a l u e s  a r e  b a s e d  on  d a t a  

w h ic h  a r e  f a r  from  c o n c l u s i v e  a s  r e g a r d s  i n d i c a t i n g  t h e  t r u e  e q u i 

l i b r i u m  p o i n t .  T h e i r  h ig h  r e s u l t s  w ere  p o s s i b l y  due i n  p a r t  t o  

t h e  r e l a t i v e l y  s h o r t  t im e  w h ich  th e y  w ere f o r c e d  to  a l l o w  f o r  t h e  

m e l t  t o  a t t a i n  e q u i l i b r i u m  w i th  t h e  c i r c u l a t i n g  g as  m i x t u r e .  T h i s  

w ou ld  r e s u l t  i n  t h e  p e r c e n t a g e  o f  s u l p h u r  i n  t h e  m e l t  b e i n g  t o o  

lo w ,  a n d  t h u s  K w ould  b e  t o o  h i g h .  They a l s o  u s e d  b e r y l l i a  c r u 

c i b l e s ,  a n d  a c c o r d i n g  t o  Chipman t h e s e  c r u c i b l e s  a b s o r b e d  s u l p h u r ;  

p a r t  o f  t h e  s u l p h u r  i n  t h e  g a s  w ould  t h e r e f o r e  b e  t a k e n  up by t h e  

c r u c i b l e  i n s t e a d  o f  t h e  m e l t ,  a n d  t h i s  w ou ld  a l s o  t e n d  t o  make t h e  

v a l u e  o f  K t o o  h i g h .

A l th o u g h  C h ip m a n 's  v a l u e s  f o r  K do n o t  d i f f e r  g r e a t l y  from  

t h e  p r e s e n t  v a l u e s ,  he  makes some s t a t e m e n t s  w hich  a r e  n o t  i n  

a c c o r d a n c e  w i th  w hat was fo u n d  i n  t h e  p r e s e n t  i n v e s t i g a t i o n .

Chipm an p r e h e a t e d  t h e  g a s  m i x t u r e  b e f o r e  i t  e n t e r e d  t h e  r e a c t i o n  

t u b e ,  w hich  was made o f  s i l i c a .  T h is  p r e h e a t i n g  was c a r r i e d  o u t

by  m eans o f  molybdenum f i l a m e n t s  w h ich  w ere  p l a c e d  i n s i d e  t h e  u p p e r
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p a r t  o f  t h e  s i l i c a  t u b e .  A c c o rd in g  t o  Chipm an, t h e s e  f i l a m e n t s  

w ere  n o t  c o r r o d e d  by  t h e  g a s e o u s  m i x t u r e ,  an d  no h y d ro g e n  s u l p h i d e  

was decom posed  o r  a b s o r b e d  by t h e  m olybdenum . I n  t h e  p r e s e n t  i n 

v e s t i g a t i o n  i t  w a s  fo u n d  t h a t  t h e  molybdenum w i r e s ,  w hich  w ere u s e d  

i n  t h e  s u s p e n s i o n ,  g a i n e d  s l i g h t l y  i n  w e ig h t  a f t e r  e a c h  r u n .  T h is  

i n c r e a s e  i n  w e ig h t  m u s t  h av e  b e e n  c a u s e d  by t h e  a c t i o n  o f  t h e  g a s  

m i x t u r e  on t h e  w i r e s .  I t  i s  p r o b a b l e  t h a t  t h e  molybdenum r e a c t e d  

s l i g h t l y  w i th  t h e  h y d ro g e n  s u l p h i d e  t o  fo rm  s m a l l  am o u n ts  o f  m o ly b 

denum s u l p h i d e . A l s o , i t  was fo u n d  u s u a l l y  t h a t  a f t e r  a  r u n  a  t h i n  

d e p o s i t  o f  e l e m e n t a r y  s u l p h u r  c o a t e d  t h e  molybdenum s u s p e n s i o n s  f o r  

a  s h o r t  d i s t a n c e  ab o v e  t h e  h o t  z o n e .  A l th o u g h  t h i s  d e p o s i t  was 

r e a d i l y  ru b b e d  o f f ,  i t  i s  p r o b a b l e  t h a t  some s u l p h u r  was a b s o rb e d  

by  t h e  m olybdenum . H. M o is sa n  ( s e e  M e l l o r ’s " I n o r g a n i c  a n d  T h e o r 

e t i c a l  C h e m is t r y " ,  Longm ans, G reen  an d  C o . ,  1 9 3 1 ,  v o l .  XI p .  513) 

h a s  fo u n d  t h a t  s u l p h u r  h a s  no a c t i o n  on molybdenum a t  4 4 0 °C , b u t  

t h a t  h y d ro g e n  s u l p h i d e  a t  1200°C c o n v e r t s  t h e  m e t a l  i n t o  a  s u l p h i d e  

c l o s e l y  r e s e m b l i n g  m o ly b d e n i t e  (M oSg). Chipman d o e s  n o t  s t a t e  t o  

w hat t e m p e r a t u r e  t h e  f i l a m e n t s  w ere  h e a t e d ,  b u t  i t  seem s r e a s o n a b l e  

t o  assum e t h a t  t h e y  w ould  be  h e a t e d  t o  a b o u t  1200°C i n  o r d e r  t o  

g i v e  e f f e c t i v e  p r e h e a t i n g  o f  t h e  g a s .  H is  g a s  c o m p o s i t i o n s  w ere o f  

t h e  same o r d e r  a s  t h o s e  u s e d  i n  t h e  p r e s e n t  i n v e s t i g a t i o n .  I t  was 

fo u n d  i n  t h e  p r e s e n t  i n v e s t i g a t i o n  t h a t  t h e  a c t i o n  o f  t h e  g a s  m ix

t u r e  on t h e  molybdenum w i r e s  was n o t  a  c o r r o d i n g  o n e ,  and  t h e s e  

w i r e s  l a s t e d  f o r  many r u n s  a n d  c o u l d  b e  u s e d  e v e n  when b r i t t l e .

T h is  a g r e e s  w i t h  w hat Chipman f o u n d .

A c c o r d in g  t o  C hipm an, t h e  p r e h e a t i n g  o f  t h e  g a s  m i x t u r e  h ad  a  

d e c i d e d  e f f e c t  on t h e  am ount o f  s u l p h u r  a b s o r b e d  by t h e  i r o n  i n
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s u c h  a  m anner t h a t  t h e  lo w e r  t h e  t e m p e r a t u r e  t o  w hich  t h e  g a s  was 

p r e h e a t e d ,  t h e  l e s s  was t h e  am ount o f  s u l p h u r  a b s o r b e d  by t h e  i r o n .  

T h is  p r e h e a t i n g  o f  t h e  g a s  i s  p r o b a b ly  o f  u s e  i n  h a s t e n i n g  t h e  

a t t a i n m e n t  o f  e q u i l i b r i u m ,  b u t  i t  i s  d o u b t f u l  i f  i t  h a s  any  e f f e c t  

on t h e  f i n a l  e q u i l i b r i u m  s t a t e .  I t  was fo u n d  i n  t h e  p r e s e n t  e x 

p e r i m e n t s  t h a t  v/hen p u re  i r o n  was u s e d  i t  r e a c t e d  r a p i d l y  a t  t h e  

s t a r t ,  d e s p i t e  t h e  f a c t  t h a t  t h e  g a s  was n o t  p r e h e a t e d .

Chipman a l s o  s t a t e s  t h a t  t h e r e  was no e v id e n c e  o f  any  k in d  a s  

t o  t h e  d e p o s i t i o n  o f  l i q u i d  o r  s o l i d  s u l p h u r  i n  t h e  c o l d  p a r t  o f  

t h e  f u r n a c e ,  a n d  t h a t  t h i s  c o n f i r m e d  p r e l i m i n a r y  c a l c u l a t i o n  t h a t  

t h e  g a s  m i x t u r e  p a s s i n g  t h r o u g h  t h e  f u r n a c e  s h o u ld  n o t  b e  decom

p o s e d .  One o f  t h e  c h i e f  d i f f i c u l t i e s  o f  t h e  p r e s e n t  work h a s  b e e n  

t h e  s u l p h u r  d e p o s i t i o n  on t h e  c o o l e r  p a r t s  o f  t h e  r e a c t i o n  t u b e ,  

a n d  t h e  p r e s e n c e  o f  s u c h  a  d e p o s i t i o n  h a s  b e e n  shown e x p e r i m e n t a l l y .  

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  D a h ls t ro m  a n d  A hren  s t a t e  t h a t  any  

h y d ro g e n  s u l p h i d e  p r e s e n t  i n  p r o d u c e r  g a s  i s  t o  a  l a r g e  e x t e n t  d i s 

s o c i a t e d  when t h e  g a s  i s  p r e h e a t e d ;  t h e y  f o u n d  t h a t  an  a v e r a g e  o f  

3 5 % o f  t h e  s u l p h u r  i n  t h e  p r o d u c e r  g a s  was r e t a i n e d  i n  t h e  r e g e n 

e r a t o r  ch a m b e r .

Chipman h a d  d i f f i c u l t y  i n  f i n d i n g  a  s u i t a b l e  t y p e  o f  c r u c i b l e  

i n  w h ich  t h e  r e a c t i o n  c o u l d  o c c u r  w i t h o u t  t h e  c r u c i b l e  r e a c t i n g  

w i th  t h e  m e l t  o r  t h e  g a s  a tm o s p h e r e .  One o f  t h e  t y p e s  he  t r i e d  

was p o r c e l a i n  c r u c i b l e s ,  b u t  t h e y  r e a c t e d  w i th  t h e  m e l t .  As a n  

e x p l a n a t i o n  f o r  t h e  r e a c t i o n ,  Chipman s a y s  t h a t  i t  i s  p r o b a b l e  t h a t  

t h e  a lu m in a  i n  t h e  c r u c i b l e s  r e a c t e d  w i t h  t h e  h y d ro g e n  s u l p h i d e .  

Alundum c r u c i b l e s ,  w h ich  a l s o  c o n t a i n  a lu m in a ,  w ere u s e d  i n  t h e  

p r e s e n t  i n v e s t i g a t i o n  a n d  t h e s e  c r u c i b l e s  w ere  fo u n d  t o  b e  s t a b l e



a n d  t h e y  d i d  n o t  r e a c t  w i th  t h e  m e l t  o r  h y d ro g e n  s u l p h i d e ,  n o r  d i d  

t h e y  a b s o r b  s u l p h u r .  F u r th e r m o r e ,  t h e s e  alundurn c r u c i b l e s  w ere 

q u i t e  c a p a b l e  o f  e n d u r i n g  many h o u r s  h e a t i n g  w i th  t h e  m e l t s  i n  

h y d r o g e n  s u l p h i d e / h y d r o g e n  a t m o s p h e r e s . ;  Chipman*s b e s t  r e s u l t s  

w ere  o b t a i n e d  when u s i n g  s i l i c a  c r u c i b l e s ,  w h ich  s o f t e n e d  a t  te m 

p e r a t u r e s  ab ove  1530°C a n d  so m etim es  y i e l d e d  so much t h a t  t h e  m e l t  

f lo w e d  o u t .

V a r i a t i o n  o f  t h e  E q u i l i b r i u m  C o n s t a n t  w i th  T e m p e r a tu r e .

I t  h a s  a l r e a d y  b e e n  s e e n  t h a t  t h e  c o n s t a n t  i n c r e a s e d  w i th  

t e m p e r a t u r e . T h u s , w r i t i n g ;

k m  -- x  - £ a -  >
H2 FeS

i n c r e a s e  o f  t e m p e r a t u r e  f a v o u r s  t h e  f o r m a t i o n  o f  H2S and  F e .  A c c o r 

d i n g  t o  t h e  th e o re m  o f  Le C h a t e l i e r ,  when h e a t  i s  a d d e d  t o  a  s y s te m  

i n  e q u i l i b r i u m  a  ch an g e  t a k e s  p l a c e ,  i f  p o s s i b l e ,  w h ich  i s  accom 

p a n i e d  b y  t h e  a b s o r p t i o n  o f  h e a t .  Mow, a s  a  r i s e  I n  t e m p e r a t u r e  

f a v o u r s  t h e  f o r m a t i o n  o f  HgS an d  Fe t h e n ,  from  Le C h a t e l i e r * s  

th e o r e m ,  i t  i s  p r o b a b l e  t h a t  t h e  p r o d u c t i o n  o f  HgS a n d  Fe i s  accom 

p a n i e d  by t h e  a b s o r p t i o n  o f  h e a t .  C o n v e r s e l y ,  when H2S a c t s  on 

m o l t e n  i r o n  h e a t  i s  e v o l v e d .  T h e r e f o r e  t h e r e  w i l l  b e  a  s m a l l e r  

p e r c e n t a g e  o f  s u l p h u r  i n  a  m e l t  w h ich  h a s  b e e n  q u e n c h e d  from  a  

h ig h  t e m p e r a t u r e , t h a n  i n  one w hich  h a s  b e e n  q u e n c h e d  from  a  lo w e r  

t e m p e r a t u r e ,  when b o t h  m e l t s  h av e  b e e n  h e a t e d  i n  t h e  same g a s  m ix 

t u r e  f o r  t h e  same p e r i o d  o f  t i m e .

The E f f e c t  o f  H ig h  T e m p e ra tu r e s  on  H ydrogen  S u l p h i d e .

From t h e  o b s e r v a t i o n s  made d u r i n g  t h i s  i n v e s t i g a t i o n ,  i t  seems
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p r o b a b l e  t h a t  h y d ro g e n  s u l p h i d e  i s  decom posed  i n t o  h y d ro g e n  and  

s u l p h u r  a t  t e m p e r a t u r e s  b e tw e e n  1530°C an d  1600°C . The a c t i o n  

w ould  p r o b a b l y  be  b e t t e r  d e s c r i b e d  a s  one o f  d i s s o c i a t i o n  r a t h e r  

t h a n  o f  s im p le  d e c o m p o s i t i o n ,  an d  may be w r i t t e n ;

H2 S <=± % f  S .

The d i s s o c i a t i o n  was p r o b a b l y  g r e a t e s t  i n  t h e  h o t  zone o f  t h e  r e 

a c t i o n  t u b e .  The t e m p e r a t u r e  i n  t h i s  zone  w ould  be  t o o  h ig h  t o  

a l l o w  any  s u l p h u r  t o  d e p o s i t .  T h is  v ie w  i s  s u p p o r t e d  by t h e  f a c t  

t h a t  a n  alundum  c r u c i b l e ,  w h ich  h a d  b e e n  u s e d  f o r  many r u n s ,  was 

a n a l y s e d  and  f o u n d  t o  c o n t a i n  no s u l p h u r .  A l s o ,  t h e  s u r f a c e  o f  

t h e  r e a c t i o n  t u b e  i n  t h e  h o t  zone  was c l e a n .  T h e re  w as ,  o f  c o u r s e ,  

a n  upw ard  f lo w  o f  g a s  t h r o u g h  t h e  r e a c t i o n  t u b e ,  a n d  t h i s  c u r r e n t  

w ou ld  c a r r y  up w i t h  i t  some o f  t h e  e l e m e n t a r y  s u l p h u r ,  w h ich  w ould 

t h e n  c o n d e n s e  on t h e  c o o l e r  p a r t s  o f  t h e  t u b e .  The e r r o r s  i n  t h e  

e a r l y  r u n s  w ere  p r o b a b l y  c a u s e d  by  t h e  s u l p h u r  d e p o s i t i o n s ,  a n d  by 

t h e  h y d ro g e n  s u l p h i d e  w h ich  was a b s o r b e d  by t h e  a lundum  b a f f l e  s y s 

tem  a n d  t h e  r e a c t i o n  t u b e  i t s e l f .  T h a t  t h e r e  was a  s u l p h u r  d e p o s 

i t i o n  o f  some s o r t  i n  t h e  r e a c t i o n  t u b e  was p ro v e d  c o n c l u s i v e l y  

when h y d ro g e n  f ro m  a  c y l i n d e r  was p a s s e d  t h r o u g h  t h e  em pty t u b e  a t  

1550°C . The e s c a p i n g  h y d ro g e n  was fo u n d  t o  c o n t a i n  a s  much s u l p h u r  

a s  some o f  t h e  g a s  m i x t u r e s  u s e d  i n  t h e  i n v e s t i g a t i o n .

I t  i s  t h u s  p r o b a b l e  t h a t  t h e  f o l l o w i n g  r e a c t i o n s  o c c u r r e d  

s i m u l t a n e o u s l y  i n  t h e  h o t  zxme o f  t h e  r e a c t i o n  t u b e :

Fe -h S FeS 
F e  +" HgS ^—- FeS+-H2
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A l l  t h e  g a s  m i x t u r e s  c o n t a i n e d  a  l a r g e  e x c e s s  o f  h y d r o g e n ,  and  

t h i s  w ou ld  t e n d  t o  d e c r e a s e  t h e  d i s s o c i a t i o n  o f  t h e  h y d ro g e n  

s u l p h i d e .  As t h e  s u l p h u r  w ou ld  b e  p r e s e n t  i n  t h e  fo rm  o f  v a p o u r ,  

t h e  r e a c t i o n  b e tw e e n  i t  a n d  t h e  i r o n  w ould  be  r e v e r s i b l e .



6 6 .

CONCLUSION

An e x p e r i m e n t a l  i n v e s t i g a t i o n  h a s  b e e n  made o f  t h e  e q u i l i b 

r iu m  c o n s t a n t  o f  t h e  r e a c t i o n s

FeS ■+- H2 Fe -h H2 S , 

when i t  o c c u r s  a t  1530°C , 1550°C , 1570°C , a n d  160Q°C, r e s p e c t i v e l y .  

T h i s  e x p e r i m e n t a l  s t u d y  was u n d e r t a k e n  i n  o r d e r  t o  e n l a r g e  t h e  

p r e s e n t  kn o w led g e  o f  t h e  th e rm o d y n a m ic s  o f  m e t a l l u r g i c a l  r e a c t i o n s  

a n d  to  f a c i l i t a t e  t h e  s tu d y  o f  s u c h  o t h e r  b a l a n c e d  r e a c t i o n s ,  a n  

i n v e s t i g a t i o n  was a l s o  t h o u g h t  d e s i r a b l e  b e c a u s e  o f  t h e  l a r g e  d i s 

c r e p a n c i e s  b e tw e e n  t h e  r e s u l t s  o b t a i n e d  by  p r e v i o u s  i n v e s t i g a t o r s  
/ (9) do}
(M au re r  an d  B i s c h o f ,  a n d  Chipman a n d  L i )  o f  t h i s  r e a c t i o n .

The r e s u l t s  o b t a i n e d  may be  su m m arised  by  t h e  e q u a t i o n :  

l a g  %  = -1 3 4 1  +  •1 0 7 ,

w here  KM = H2 S (vo lum e r a t i o )  x  Fe (m ole  f r a c t i o n s )
H jf  FeS

a n d  T = t e m p e r a t u r e  ( ° A b s o l u t e ) .

I t  h a s  t h u s  b e e n  shown t h a t  t h e  c o n s t a n t  i n c r e a s e s  s l i g h t l y  w i th  

r i s e  i n  t e m p e r a t u r e .  The r e s u l t s  o b t a i n e d  a g r e e  r e a s o n a b l y  w e l l  

w i t h  t h o s e  o f  C hipm an, an d  t h e y  d i f f e r  g r e a t l y  from  M au re r  an d  

B i s c h o f ’ s .  Of t h e s e  tw o ,  t h e  f o r m e r ’ s  d a t a  a r e  b a s e d  on t h e  m ore, 

d e f i n i t e  i n f o r m a t i o n  c o n c e r n i n g  t h e  s t a t e  o f  t h e  r e a c t i o n  a s  

r e g a r d s  e q u i l i b r i u m .

I n  p r e v i o u s  i n v e s t i g a t i o n s  o f  t h i s  r e a c t i o n ,  t h e  s o l e  f a c t o r  

u s e d  a s  a n  I n d i c a t i o n  o f  t h e  p r o x i m i t y  o f  t h e  r e a c t i o n  t o  t h e  

e q u i l i b r i u m  s t a t e  was a  c h e m ic a l  a n a l y s i s  o f  t h e  h y d ro g e n  s u lp h i d e / J
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h y d ro g e n  g a s  m i x t u r e ,  b e f o r e  and  a f t e r  i t  h ad  p a s s e d  o v e r  t h e  m e l t .  

I n  t h e  p r e s e n t  i n v e s t i g a t i o n  u s e  h a s  b e e n  made o f  t h e  ’’h i g h -  

t e m p e r a t u r e  b a l a n c e ” . By m eans o f  t h e  h i g h - t e m p e r a t u r e  b a l a n c e  i t  

h a s  b e e n  p o s s i b l e  t o  t a k e  w e ig h in g s  o f  t h e  m e l t  d u r i n g  t h e  c o u r s e  

o f  t h e  r e a c t i o n ,  a n d  t h i s  h a s  b e e n  a  u s e f u l  i n d i c a t i o n  o f  t h e  n e a r 

n e s s  o f  t h e  r e a c t i o n  t o  t h e  e q u i l i b r i u m  s t a t e .  The a c c u r a c y  o f  

t h e  h i g h - t e m p e r a t u r e  b a l a n c e  h a s  b e e n  c o n f i r m e d  by t h e  a g re e m e n t  

b e tw e e n  i t  a n d  w e ig h in g s  t a k e n  a t  o r d i n a r y  t e m p e r a t u r e s  a f t e r  t h e  

m e l t  h a d  b e e n  q u e n c h e d .  The v a l u e s  o b t a i n e d  f o r  t h e  e q u i l i b r i u m  

c o n s t a n t  h av e  b e e n  b a s e d  on t h e  g a i n  i n  w e ig h t  o f  t h e  m e l t  and  

c r u c i b l e  when w e ig h e d  a t  room t e m p e r a t u r e .  The h i g h - t e m p e r a t u r e  

b a l a n c e  h a s  b e e n  u s e d  c h i e f l y  a s  a  p o i n t e r  t o  t h e  s t a t e  o f  t h e  

m e l t  a s  r e g a r d s  e q u i l i b r i u m .  T h a t  t h e  g a i n  i n  w e ig h t  o f  t h e  m e l t  

a n d  c r u c i b l e  was d u e  t o  t h e  s u l p h u r  i n  t h e  f o rm e r  was shown by 

t h e  s u l p h u r - a n a l y s e s  w h ich  w ere  c a r r i e d  o u t  on t h e  m e l t s .  The 

e q u i l i b r i u m  s t a t e  was a p p r o a c h e d  from  b o t h  s i d e s  o f  t h e  e q u a t i o n .

O th e r  i n v e s t i g a t o r s  e x p e r i e n c e d  d i f f i c u l t y  i n  o b t a i n i n g  a  

c r u c i b l e  o f  s u i t a b l e  c o m p o s i t i o n  f o r  c o n t a i n i n g  t h e  m e l t s ,  and  

t h e y  d i d  n o t  s o l v e  t h e  p ro b le m  s a t i s f a c t o r i l y .  T h is  d i f f i c u l t y  

was s o l v e d  i n  t h e  p r e s e n t  r e s e a r c h  by  u s i n g  a lundum  c r u c i b l e s  

w h ich  w ere  made from  a  m i x t u r e  o f  c o a r s e  a n d  f i n e  a lundum  p o w d e rs .  

The m a in  s o u r c e  o f  t r o u b l e  i n  t h e  p r e s e n t  w ork was t h e  s u l p h u r  

d e p o s i t i o n  i n  t h e  r e a c t i o n  t u b e ,  b u t  t h i s  d i f f i c u l t y  was s u rm o u n te d  

by  p a s s i n g  a  r a p i d  s t r e a m  o f  h y d ro g e n  t h r o u g h  t h e  t u b e  a t  1580°C , 

a n d  so  d r i v i n g  o u t  t h e  s u l p h u r .  The p ro b le m  o f  a  s u s p e n s i o n  f o r  

t h e  c r u c i b l e  an d  m e l t  was s o l v e d  by  t h e  u s e  o f  molybdenum and  

p l a t i n u m  w i r e s .
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T h e re  i s  no d o u b t  t h a t  t h e  m eth o d  o f  t h e  h i g h - t e m p e r a t u r e

b a l a n c e  i s  a  v e r y  u s e f u l  one f o r  i n v e s t i g a t i n g  m e t a l l u r g i c a l  ( a n d

o t h e r  r e a c t i o n s .  By i t s  u s e  one m ig h t  a lm o s t  s a y  t h a t  i t  i s

p o s s i b l e  t o  w i t n e s s  t h e  p r o g r e s s  o f  t h e  r e a c t i o n .  R e f e r e n c e  h a s
(11)a l r e a d y  b e e n  made t o  i t s  f r u i t f u l  u s e  by  W h ite ,  an d  t h e r e  a r e  many 

o t h e r  s i m i l a r  a v e n u e s  o f  r e s e a r c h  w i t h  i t .  F o r  e x a m p le ,  t h e  e f f e c t  

o f  v a r i o u s  m e t a l l i c  o x id e s  (A l2 -Og , MgO, CrgC^, e t c . )  on t h e  d i s 

s o c i a t i o n  o f  f e r r i c  o x id e  c a n  b e  s t u d i e d  t o  good  e f f e c t  a n d ,  i n  

f a c t ,  some p r e l i m i n a r y  work on t h i s  was c a r r i e d  o u t  d u r i n g  t h e  

c o u r s e  o f  t h e  p r e s e n t  i n v e s t i g a t i o n .  I t  s h o u ld  a l s o  b e  p o s s i b l e  

t o  make u s e f u l  i n v e s t i g a t i o n s  o f  many i m p o r t a n t  m e t a l l u r g i c a l  r e 

a c t i o n s ,  s u c h  a s  t h a t  b e tw e e n  m anganese  and  i r o n  s u l p h i d e ,  i n  t h e  

p r e s e n c e  o f  v a r i o u s  g a s  c o m p o s i t i o n s .
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