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©  Gascarburizing. 
Carrier  gases  formed  by  the  reaction  of  rich  mixtures  of 

hydrocarbon  and  air and  heretofore considered  unsuitablefor 
gas  carburizing  can  be  used  for  gas  carburizing  if introduced 
into  the  heat treamtment  chamber (4)  at  or  below  a  specified 
flow  rate.  This  flow  rate  is  inversely  proportional  to  the 
amount  of  CO2  and  H20  present in  the  carrier  gas  and  can  be 
increased  by,  for  example,  removing  H20  from  the  gas.  The 
invention  has  particular  commercial  value  since  it  enables 
exothermic  gas  generators  (8) to  be  used  for  providing  carrier 
gas  for  gas  carburizing  with  excellent  control  of  the  carbon 
potential  by  monitoring  the  reacted  furnace  atmosphere  and 
making  hydrocarbon  additions  in  the  usual  way.  Three  forms 
of  apparatus  are  also  described  which  may  be  used  for  pro- 
ducing  suitable  carrier  gases  in  the  heat  treatment  chamber 
(4)  itself. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   of  gas   c a r b u r i z i n g .  

T r a d i t i o n a l l y   g a s   c a r b u r i z i n g   has   b e e n   c a r r i e d   o u t  

u s i n g   e n d o t h e r m i c   g a s   as  a  c a r r i e r   gas   t o g e t h e r   w i t h   h y d r o -  

c a r b o n   a d d i t i o n s .   V a r i o u s   s u g g e s t i o n s   h a v e   b e e n   made  as  t o  

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

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

v e r y   s e n s i t i v e   c o n t r o l   e q u i p m e n t   due  to  t h e   h i g h   p r o p o r t i o n  

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

H e r e t o f o r e ,   a t m o s p h e r e s   b a s e d  o n   e x o t h e r m i c   gas   h a v e  

b e e n  r e g a r d e d   as  " n o t   s u i t a b l e   f o r   - -   h a r d e n i n g   of  c a r b o n   o r  

a l l o y   s t e e l s "   ( M e t a l s   H a n d b o o k   page   71  c o l u m n   1)  a l t h o u g h  

s t r i p p e d   and  d r i e d   e x o t h e r m i c   gas   has   b e e n   d e s c r i b e d   a s  

o f f e r i n g   "a  m o d e r a t e   r a n g e   of  c o n t r o l "   ( M e t a l s   H a n d b o o k   p a g e  
94  c o l u m n   2 ) .  

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

g a s e s   f o r m e d   by  t h e   r e a c t i o n   of  a  r i c h   m i x t u r e   of  h y d r o c a r b o n  

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

b u t a n e ,   p r o p a n e ,   and  m i x t u r e s   t h e r e o f   t o g e t h e r   w i t h   a i r   o r  

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

c a r b u r i z i n g   p r o v i d e d   t h a t   t h e y   a r e   m e t e r e d   to   t h e   h e a t   t r e a t -  

m e n t   c h a m b e r   a t   a  r a t e   d e t e r m i n e d   by  t he   e q u a t i o n :  

W h e r e  

V  i s   the   f r e e   ( i . e .   u n l o a d e d )   i n t e r n a l   v o l u m e   o f  
t h e   h e a t   t r e a t m e n t   c h a m b e r   in   c u b i c   f e e t ;  

R  i s   t he   f l o w r a t e   of  c a r r i e r   gas   i n t o   t he   h e a t  
t r e a t m e n t   c h a m b e r   in  s t a n d a r d   c u b i c   f e e t   p e r  
h o u r ;   a n d  

D  i s   the   p e r c e n t a g e   of  C O   and  H O  (by  v o l u m e )  
e n t e r i n g   t h e   h e a t   t r e a t m e n t   c h a m b e r   in  t h e  
c a r r i e r   gas   ( i . e .   e x c l u d i n g   any  h y d r o c a r b o n  
a d d i t i o n s )   ( e . g .   f o r   6%  C02  and  1%  H20  D=7)  

From  t h i s   e q u a t i o n   i t   i s   c l e a r   t h a t   e x o t h e r m i c   gas   c a n  

be  u s e d   f o r   gas   c a r b u r i z i n g   if  t he   f l o w   r a t e   t h r o u g h   t he   h e a t  

t r e a t m e n t   c h a m b e r   i s   r e d u c e d   s u f f i c i e n t l y .   H o w e v e r ,   b e c a u s e  



of  t he   d a n g e r s   of  e x p l o s i o n   a s s o c i a t e d   w i t h   t h e   i n g r e s s   o f  

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

l o w e r   l i m i t   f o r   R  w h i c h   v a r i e s   f r o m   f u r n a c e   to  f u r n a c e .  

In  a d d i t i o n   i t   i s   d e s i r a b l e   to   be  a b l e   to   c o n t r o l   t h e  

c a r b o n   p o t e n t i a l   of  t h e   a t m o s p h e r e   ( f o r m e d   by  a d d i n g   h y d r o -  

c a r b o n   a d d i t i o n s   to   t h e   t h e   c a r r i e r   g a s )   a c c u r a t e l y   and  we 

have   f o u n d   t h a t   t h i s   can   be  r e a d i l y   a c h i e v e d   by  u s i n g   t h e  

same  p r o c e d u r e s   as  u s e d   in   e n d o t h e r m i c   g a s   p r a c t i c e ,   i . e .   b y  

m o n i t o r i n g   t h e   c o n c e n t r a t i o n   of  w a t e r   or  c a r b o n   d i o x i d e   o r  

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

h y d r o c a r b o n   a d d i t i o n s   in  r e s p o n s e   to   s u c h   c o n c e n t r a t i o n s .  

Our  d i s c o v e r y   i s   of  some  s i g n i f i c a n c e   s i n c e  

e n d o t h e r m i c   gas   g e n e r a t o r s   can   now  be  r e p l a c e d   by  m o r e  

e c o n o m i c   e x o t h e r m i c   g e n e r a t o r s   or  by  a p p a r a t u s   d e s c r i b e d  

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

r i c h e r   in   h y d r o g e n   and  c a r b o n   m o n o x i d e   t h a n   t h a t   p r o d u c e d   b y  

e x o t h e r m i c   g e n e r a t o r s .  

In  many  i n s t a l l a t i o n s   we  h a v e   f o u n d   t h a t   t h e   m a x i m u m  

v a l u e   of  R  i s   t o o   low  f o r   s a f e   f u r n a c e   o p e r a t i o n   i f   r i c h  

e x o t h e r m i c   g a s   i s   to  be  u s e d   as  a  c a r r i e r   gas   f o r   gas   c a r b u r -  

i z i n g   and  in   o r d e r   to   d e a l   w i t h   t h i s   p r o b l e m   we  r e m o v e   a t  

l e a s t   p a r t   of  t h e   w a t e r   v a p o u r   f r o m   t h e   gas   t h e r e b y  

i n c r e a s i n g   t h e   maximum  v a l u e   of  R .  

If  c a r r i e r   gas   f l o w r a t e s   g r e a t e r   t h a n   R  a r e   e m p l o y e d  

h y d r o c a r b o n   a d d i t i o n s   r e d u c e   t h e   c o n c e n t r a t i o n   of  c a r b o n  

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

r a i s e   t h e   c a r b o n   p o t e n t i a l   of  t h e   a t m o s p h e r e .   H o w e v e r ,   t h e  

a b i l i t y   of  s u c h   a t m o s p h e r e s   to  p r o v i d e   c a r b o n   to  t h e   work  i s  

s t r i c t l y   l i m i t e d   and ,   in  many  c a s e s ,   s h a l l o w   and  i r r e g u l a r  

c a s e s   a r e   t h e   b e s t   t h a t   can  be  o b t a i n e d   even   a f t e r   p r o l o n g e d  

e x p o s u r e   to   s u c h   a t m o s p h e r e s .  

In  a l l   our   work  so  f a r   we  h a v e   f o u n d   t h a t   p r a c t i c a l  

c o n s i d e r a t i o n s   h a v e   made  i t   v e r y   d i f f i c u l t   to  work  a t   f l o w  

r a t e s   l e s s   t h a n   0 .4R   max.  T h i s   i s   b e c a u s e   i t   i s   i m p o r t a n t   t o  

a d e q u a t e l y   p r e s s u r i z e   t he   h e a t   t r e a t m e n t   c h a m b e r   to  i n h i b i t  



t h e   i n g r e s s   of  a m b i e n t   a i r .   Thus   t h e   l o w e r   l i m i t   of  R 

a p p e a r s   to   be  d e t e r m i n e d   by  p r a c t i c a l   c o n s i d e r a t i o n s .  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   we  t h e r e f o r e  

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

e n r i c h e d   w i t h   a  h y d r o c a r b o n   a d d i t i o n   in   a  h e a t   t r e a t m e n t  

c h a m b e r   a t   or  a b o v e   6 9 0 ° C ,   w h e r e i n   s a i d   c a r r i e r   g a s   i s   f o r m e d  

by  the   p a r t i a l   or  c o m p l e t e   r e a c t i o n   of  a  r i c h   m i x t u r e   of  a  

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

g a s ,   m e t h a n e ,   b u t a n e ,   p r o p a n e   and  m i x t u r e s   t h e r e o f   t o g e t h e r  

w i t h   a i r   or  o x y g e n - e n r i c h e d   a i r ,   c h a r a c t e r i z e d   in   t h a t   t h e  

v o l u m e t r i c   r a t i o   of  s a i d   h y d r o c a r b o n   to  o x y g e n   u s e d   t o  

p r o d u c e   s a i d   c a r r i e r   g a s   ( d i s c o u n t i n g   any  h y d r o c a r b o n   w h i c h  

d o e s   n o t   r e a c t )   i s :  

1.  when  t h e   h y d r o c a r b o n   is   m e t h a n e   or  n a t u r a l  

g a s ,   b e t w e e n   0 . 8 : 1 ;   and  1 . 5 : 1  

2.  when  t h e   h y d r o c a r b o n   i s   b u t a n e ,   b e t w e e n  

3 . 6 : 1   and  5 : 1 ;   a n d  

3.  when  t h e   h y d r o c a r b o n   is   p r o p a n e   b e t w e e n  

1 . 8 : 1   and  3 : 1 .  

and  s a i d   c a r r i e r  g a s   is   i n t r o d u c e d   i n t o   s a i d   h e a t   t r e a t m e n t  

c h a m b e r   a t   a  r a t e   d e t e r m i n e d   by  t h e   e q u a t i o n  

W h e r e  

V  is   t he   f r e e   i n t e r n a l   v o l u m e   of  t he   h e a t   t r e a t -  
m e n t   c h a m b e r   in   c u b i c   f e e t ;  

R  i s   t he   f l o w r a t e   of  c a r r i e r   gas   i n t o   t he   h e a t  
t r e a t m e n t   c h a m b e r   in   s t a n d a r d   c u b i c   f e e t   p e r  
h o u r ;  a n d  

D  i s   t h e   p e r c e n t a g e   of  C O   and  H20  (by  v o l u m e )  
e n t e r i n g   t h e   h e a t   t r e a t m e n t   c h a m b e r   in   t h e  
c a r r i e r   gas   ( i . e .   e x c l u d i n g   any  h y d r o c a r b o n  
a d d i t i o n )  

The  p r e s e n t   i n v e n t i o n   is   a p p l i c a b l e   to  b o t h   b a t c h   a n d  

s e m i - c o n t i n u o u s   c a r b u r i z i n g   f u r n a c e s .  

P r e f e r a b l y   D  is   b e t w e e n   2 .5   and  10  and  more  p r e f e r a b l y  

b e t w e e n   3  and  7 .  



If  an  e x o t h e r m i c   gas   g e n e r a t o r   i s   u s e d   t h e   e x o t h e r m i c  

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

t r e a t m e n t   c h a m b e r   as  c a r r i e r   g a s .  
In  one  e m b o d i m e n t   of  t h e   i n v e n t i o n ,   s a i d   c a r r i e r   g a s  

i s   p r e p a r e d   by  i n d i r e c t l y   h e a t i n g   s a i d   a i r   or  o x y g e n - e n r i c h e d  

a i r   in   s a i d   h e a t   t r e a t m e n t   c h a m b e r ,   m i x i n g   s a i d   h e a t e d   a i r   o r  

o x y g e n   e n r i c h e d   a i r   w i t h   s a i d   h y d r o c a r b o n ,   r e a c t i n g   s a i d  

m i x t u r e   in   a  c h a m b e r   w i t h i n   s a i d   h e a t   t r e a t m e n t   c h a m b e r   a n d  

u s i n g   t h e   h o t   g a s   to   p r e h e a t   s a i d   a i r   or  o x y g e n - e n r i c h e d   a i r .  

In  a n o t h e r   e m b o d i m e n t   of  t h e   i n v e n t i o n   t h e   c a r r i e r   g a s  
i s   p r e p a r e d   by  p r e m i x i n g   a i r   or  o x y g e n   e n r i c h e d   a i r   w i t h   s a i d  

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

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

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

m i x t u r e .  

A d v a n t a g e o u s l y   t he   gas   e m e r g i n g   f r o m   s a i d   c h a m b e r   ( i n  

e i t h e r   e m b o d i m e n t )   i s   a t   l e a s t   p a r t i a l l y   d r i e d   b e f o r e   b e i n g  

i n t r o d u c e d   i n t o   s a i d   h e a t   t r e a t m e n t   c h a m b e r .  

A d v a n t a g e o u s l y   s a i d   d r y i n g   i s   c a r r i e d   o u t   by  w i t h d r a w -  

i n g   s a i d   gas   f rom  s a i d   c h a m b e r   to  a  l o c a t i o n   o u t s i d e   t h e   h e a t  

t r e a t m e n t   c h a m b e r ,   c o o l i n g   s a i d   gas   to   c o n d e n s e   a t   l e a s t   p a r t  
of  t he   w a t e r   v a p o u r   t h e r e i n ,   s e p a r a t i n g   s a i d   c o n d e n s e d   w a t e r  

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

c h a m b e r .  

A d v a n t a g e o u s l y   t h e   h y d r o c a r b o n   i s   n a t u r a l   gas   o r  

m e t h a n e   and  s a i d   r a t i o   of  h y d r o c a r b o n   to   o x y g e n   i s   b e t w e e n  

1 . 0 : 1   and  1 . 3 5 : 1 .  

When  the   h y d r o c a r b o n   i s   p r o p a n e   t h e   r a t i o   of  h y d r o -  

c a r b o n   to   o x y g e n   i s   p r e f e r a b l y   b e t w e e n   2 : 1   and  2 . 6 : 1 .  

The  p r e s e n t   i n v e n t i o n   a l s o   p r o v i d e s   an  a p p a r a t u s   f o r  

p r o d u c i n g   a  c a r r i e r   gas   f o r   use   in   a  m e t h o d   in   a c c o r d a n c e  

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

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

o x y g e n   e n r i c h e d   a i r ,   a  c h a m b e r ,   and  m e a n s   f o r   m i x i n g   s a i d  

h e a t e d   a i r   or  o x y g e n   e n r i c h e d   a i r   w i t h   a  h y d r o c a r b o n   s e l e c t e d  



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

p r o p a n e   and  m i x t u r e s   t h e r e o f   in  s a i d   c h a m b e r   w h e r e i n   s a i d  

m i x t u r e   can   r e a c t   and  m e a n s   f o r   u s i n g   t he   h o t   gas   p r o d u c e d   b y  

s a i d   r e a c t i o n   to   h e a t   s a i d   a i r   a n d / o r   o x y g e n   e n r i c h e d   a i r .  

The  p r e s e n t   i n v e n t i o n   f u r t h e r   p r o v i d e s   an  a p p a r a t u s  

f o r   p r o d u c i n g   a  c a r r i e r   gas   f o r   use   in   a  m e t h o d   in   a c c o r d a n c e  

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

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

c o n v e y i n g   a  m i x t u r e   of  a i r   or  o x y g e n   e n r i c h e d   a i r   a n d  

h y d r o c a r b o n   i n t o   t h e   c o n f i n e s   of  s a i d   h e a t   t r e a t m e n t   c h a m b e r ,  

a  c h a m b e r   d o w n s t r e a m   of  s a i d   i n n e r   t u b e   in   w h i c h   s a i d   m i x t u r e  

can   c o m b u s t ,   and  an  o u t e r   t u b e   f o r   d i r e c t i n g   t he   h o t   g a s  

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

t u b e   t o ,   in   u s e ,   h e a t   s a i d   m i x t u r e   as  i t   f l o w s   t h r o u g h   s a i d  

i n n e r   t u b e .  

P r e f e r a b l y   t h e   a p p a r a t u s   i n c l u d e s   m e a n s   to  d r y   t h e  

r e a c t e d   m i x t u r e .  

A d v a n t a g e o u s l y ,   t h e   means   c o m p r i s e s   means   to  c o o l   s a i d  

gas   to   c o n d e n s e   w a t e r   t h e r e f r o m ,   and  m e a n s   to  s e p a r a t e   t h e  

r e m a i n i n g   gas   f r o m   s a i d   w a t e r .  



For   a  b e t t e r   u n d e r s t a n d i n g   of  t h e   i n v e n t i o n   and  t o  

show  how  t h e   same  may  be  c a r r i e d   i n t o   e f f e c t   r e f e r e n c e   w i l l  

now  be  m a d e ,   by  way  of  e x a m p l e ,   to  t he   a c c o m p a n y i n g   d r a w i n g s ,  

in  w h i c h :  

F i g u r e   1  s h o w s   a  s e a l e d   q u e n c h   f u r n a c e  

c a r b u r i z i n g   on  d r i e d   e x o t h e r m i c   gas   w i t h   h y d r o -  

c a r b o n   a d d i t i o n ;  

F i g u r e   2  shows   t h e   same  f u r n a c e   b e i n g   u s e d  

to   c a r b u r i z e   on  a  m i x t u r e   of  c a r r i e r   g a s   s u p p l i e d  

by  one  e m b o d i m e n t   of  an  a p p a r a t u s   in   a c c o r d a n c e  

w i t h   t h e   p r e s e n t   i n v e n t i o n   e n r i c h e d   w i t h   h y d r o -  

c a r b o n   a d d i t i o n ;  

F i g u r e   3  s h o w s   a  m o d i f i c a t i o n   of  t h e   a p p a r -  
a t u s   shown  in  F i g u r e   2;  a n d  

F i g u r e   4  shows   a n o t h e r   e m b o d i m e n t   of  a p p a r -  

a t u s   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n .  

R e f e r r i n g   to  F i g u r e   1,  t h e r e   i s   shown  a  s e a l e d   q u e n c h  

f u r n a c e   w h i c h   is   g e n e r a l l y   i d e n t i f i e d   by  r e f e r e n c e   n u m e r a l   1 .  

The  f u r n a c e   1  c o m p r i s e s   a  v e s t i b u l e   2,  a  q u e n c h   t a n k   3  and  a  

h e a t   t r e a t m e n t   c h a m b e r   4  w h i c h   i s   p r o v i d e d   w i t h   a  f a n   5  a n d  

r a d i e n t   t u b e s   6  w h i c h   m a i n t a i n   t h e   h e a t   t r e a t m e n t   c h a m b e r   4 

a t   a p p r o x i m a t e l y   9250C  d u r i n g   c a r b u r i z i n g .  

A  c a r r i e r   g a s   c o m p r i s i n g   (by  v o l u m e )  

was  s u p p l i e d   to  to  t he   h e a t   t r e a t m e n t   c h a m b e r   4  t h r o u g h   p i p e  

7.  The  c a r r i e r   g a s   was  s y n t h e s i s e d   by  t h e   r e a c t i o n   of  1 

v o l u m e   of  n a t u r a l   gas   and  6½  v o l u m e s   a i r   in  an  e x o t h e r m i c   g a s  

g e n e r a t o r   8  and  was  s u b s e q u e n t l y   d r i e d   to  a  dew  p o i n t   of  0 ° C  

u s i n g   a  r e f r i g e r a t o r   90.  H y d r o c a r b o n   a d d i t i o n   was  a d d e d   f r o m  

a  p i p e   1 0 .  



As  t h e   h e a t   t r e a t m e n t   c h a m b e r   4  had  an  i n t e r n a l   v o l u m e  

V  =  4 . 1   f t 3 ,   t h e n :  

The  f o l l o w i n g   r e s u l t s   were   o b t a i n e d :  





R e f e r r i n g   now  to  F i g u r e   2  i n s t e a d   of  u s i n g   e x o t h e r m i c  

g a s   g e n e r a t o r   8,  t h e   c a r r i e r   g a s   was  f o r m e d   by  u s i n g   a n  

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

11.   The  a p p a r a t u s   11  c o m p r i s e s   an  o u t e r   a n n u l a r   p a s s a g e w a y  

12  and  an  i n n e r   a n n u l a r   p a s s a g e w a y   13  w h i c h   a r e  s e p a r a t e d   b y  

a  w a l l   14.  In  u se   a i r   i s   p r e h e a t e d   by  t h e   h o t   g a s e s   in   t h e  

h e a t   t r e a t m e n t   c h a m b e r   as  i t   f l o w s   f r o m   p i p e   15  t h r o u g h   o u t e r  

a n n u l a r   p a s s a g e w a y   11  and  i s   t h e n   f u r t h e r   h e a t e d   as  i t   f l o w s  

a l o n g   i n n e r   a n n u l a r   p a s s a g e w a y   1 3  u n t i l   i t   r e a c h e s   h o l e s   16  

a r r a n g e d   c i r c u m j a c e n t   t h e   o u t l e t   of  a  p i p e   17  c a r r y i n g   h y d r o -  

c a r b o n .   The  p r e h e a t e d   a i r   or  o x y g e n   e n r i c h e d   a i r   r e a c t s   w i t h  

t h e   h y d r o c a r b o n   in   c h a m b e r   18  to  p r o d u c e   t h e   c a r r i e r   g a s .  

U s i n g   t h i s   t e c h n i q u e ,   i t   i s   p o s s i b l e   to  use   a  r i c h e r   m i x t u r e  

of  h y d r o c a r b o n   to   a i r   t h a n   in   an  e x o t h e r m i c   g e n e r a t o r   b e c a u s e  

of  t h e   p r e h e a t i n g   and  t h i s   in   t u r n   l e a d s   to  t he   f o r m a t i o n   o f  

l e s s   H20  and  C O 2 .  
In  t h i s   p a r t i c u l a r   e m b o d i m e n t   t he   f o l l o w i n g   r e s u l t s  

were   o b t a i n e d   on  two  d i f f e r e n t   f u r n a c e s :  







I t   w i l l   be  n o t e d   t h a t   in   t h e   s e c o n d  e x a m p l e ,   b e c a u s e  

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

p e r c e n t a g e   of  w a t e r   t h a n   when  p r o p a n e   i s   b u r n t   t h e   v a l u e   o f  

RMAX  i s   t o o   low  to  e n a b l e   a d e q u a t e   p r e s s u r i z a t i o n   of  t h e  

f u r n a c e .   T h e r e f o r e   in  t h i s   c a s e   n i t r o g e n  w a s   a l s o   a d d e d   as  a  

b u l k i n g   a g e n t .  

R e f e r r i n g   now  to  F i g u r e   3,  i n s t e a d   o f   i n t r o d u c i n g   g a s  
f r o m   c h a m b e r   18  d i r e c t l y   i n t o   t h e   h e a t   t r e a t m e n t   c h a m b e r   4  i t  

i s   l e d   f r o m   t he   c h a m b e r   18  t h r o u g h   p i p e   19  w h e r e   i t   p a s s e s  

some  of  i t s   h e a t   to   t h e   g a s   in   t h e   h e a t   t r e a t m e n t   c h a m b e r .  

The  g a s   i s   t h e n   c o o l e d   in   c o i l   20  in   w h i c h   w a t e r   v a p o u r  
c o n d e n s e s .   The  w a t e r   i s   t h e n   s e p a r a t e d   f r o m   t h e   g a s   in   p h a s e  

s e p a r a t o r   21  and  t h e   d r i e r   g a s   i s   r e t u r n e d   to  t h e   h e a t   t r e a t -  

m e n t   c h a m b e r   22.   (The  c o i l   20  c o u l d   of  c o u r s e   be  r e p l a c e d  

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

t a k e n   to   e n s u r e   t h a t   s u f f i c i e n t   C02  r e m a i n s   to   f a c i l i t a t e  

c o n t r o l ) .   T h i s   e m b o d i m e n t   was  u s e d   to  i n c r e a s e   t h e   v a l u e   o f  

RMAX  in   t h e   B r i t i s h   F u r n a c e  r e f e r r e d   to   a b o v e .   In  p a r t i c u l a r  

t he   d r i e d   c a r r i e r   gas   had  an  a n a l y s i s   of  1 7 %  H 2 ,   1 1 %  C O ,  

4i%  C 0 2  a n d   2.3%  H20  (Dew  P o i n t   20°C)   t h e r e b y   r a i s i n g   RMAX  t o  

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

u s i n g   a  f l o w   r a t e   of  150  s c f h   a l m o s t   i d e n t i c a l   m e t a l l u r g i c a l  

r e s u l t s   w e r e   o b t a i n e d .  

R e f e r r i n g   now  to  F i g u r e   4,  a p p a r a t u s   11  can   b e  

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

r e f e r e n c e   n u m e r a l   40.  The  a p p a r a t u s   40  c o m p r i s e s   an  i n n e r  

t u b e   41  w h i c h   c o n v e y s   p r e m i x e d   a i r   or  o x y g e n  e n r i c h e d   a i r   a n d  

h y d r o c a r b o n   to  a  c h a m b e r   42  w h e r e   t h e y   c o m b u s t .   The  h o t   g a s  

p r o d u c e d   i s   d i r e c t e d   a l o n g   t h e   o u t s i d e   of  t h e   i n n e r   t u b e   41  

by  an  o u t e r   t u b e   43  and  l e a v e s   v i a   a  p i p e   44  f r o m   w h i c h   i t   c a n  

e i t h e r   be  f e d   d i r e c t l y   i n t o   t h e   h e a t   t r e a t m e n t   c h a m b e r   o r  

d r i e d   and  f e d   to  t he   h e a t   t r e a t m e n t   c h a m b e r   as  d e s i r e d .  

V a r i o u s   m o d i f i c a t i o n s  c a n   be  made  to  t h e   p r o c e s s  

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

to  t h e   c a r r i e r   g a s   in  p i p e   7  i n s t e a d   of  t h r o u g h   p i p e   1 0 .  



1.  A  m e t h o d   of  gas   c a r b u r i z i n g   u s i n g   a  c a r r i e r   g a s  
e n r i c h e d   w i t h   a  h y d r o c a r b o n ' a d d i t i o n   in  a  h e a t   t r e a t m e n t  

c h a m b e r   a t   or  a b o v e   6 9 0 ° C ,   w h e r e i n   s a i d   c a r r i e r   gas   i s   f o r m e d  

by  t he   p a r t i a l   or  c o m p l e t e   r e a c t i o n   of  a  r i c h   m i x t u r e   of  a  

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

g a s ,   m e t h a n e ,   b u t a n e ,   p r o p a n e   and  m i x t u r e s   t h e r e o f   t o g e t h e r  

w i t h   a i r   or  o x y g e n - e n r i c h e d   a i r ,   c h a r a c t e r i z e d   in  t h a t   t h e  

v o l u m e t r i c   r a t i o   of  s a i d   h y d r o c a r b o n   to   o x y g e n   u s e d   t o  

p r o d u c e   s a i d   c a r r i e r   gas   ( d i s c o u n t i n g   any  h y d r o c a r b o n   w h i c h  

d o e s   n o t   r e a c t )   i s :  

1.  when  t h e   h y d r o c a r b o n   i s   m e t h a n e   or  n a t u r a l  

g a s ,   b e t w e e n   0 . 8 : 1 ;   and  1 . 5 : 1  

2.  when  t h e   h y d r o c a r b o n   i s   b u t a n e ,   b e t w e e n  

3 . 6 : 1   and  5 : 1 ;   a n d  

3.  when  t h e   h y d r o c a r b o n   is   p r o p a n e   b e t w e e n  

1 . 8 : 1   and  3 : 1 .  

and  s a i d   c a r r i e r   g a s   i s   i n t r o d u c e d   i n t o   s a i d   h e a t   t r e a t m e n t  

c h a m b e r   a t   a  r a t e   d e t e r m i n e d   by  t h e   e q u a t i o n  

W h e r e  

V  i s   t he   f r e e   i n t e r n a l   v o l u m e   of  the   h e a t   t r e a t -  
m e n t   c h a m b e r   in   c u b i c   f e e t ;  

R  i s   t he   f l o w r a t e   of  c a r r i e r   gas   i n t o   t he   h e a t  
t r e a t m e n t   c h a m b e r   in  s t a n d a r d   c u b i c   f e e t   p e r  
h o u r ;   a n d  

D  is   t he   p e r c e n t a g e   of  C02  +  H20  (by  v o l u m e )  
e n t e r i n g   t h e   h e a t   t r e a t m e n t   c h a m b e r   in  t h e  
c a r r i e r   gas   ( i . e .   e x c l u d i n g   h y d r o c a r b o n  
a d d i t i o n s .  

2.  A  m e t h o d   a c c o r d i n g   to  C l a i m   1,  c h a r a c t e r i z e d   in  t h a t   D 

i s   b e t w e e n   2 .5   and  1 0 .  

3.  A  m e t h o d   a c c o r d i n g   to  C l a i m   2,  c h a r a c t e r i z e d   in  t h a t   D 

i s   b e t w e e n   3  and  7 .  



4.  A  m e t h o d   a c c o r d i n g   to  C l a i m   1,  2  or  3,  c h a r a c t e r i z e d  

in  t h a t   s a i d   c a r r i e r   g a s   i s   f o r m e d   by  r e a c t i n g   s a i d   a i r   o r  

o x y g e n   e n r i c h e d   a i r   and  h y d r o c a r b o n   in   an  e x o t h e r m i c   g e n e r -  
a t o r   and  d r y i n g   t h e   g a s   l e a v i n g   s a i d   e x o t h e r m i c   g e n e r a t o r .  

5.  A  m e t h o d   a c c o r d i n g   to  C l a i m   1,  2  or  3,  c h a r a c t e r i z e d  

in   t h a t   s a i d   c a r r i e r   g a s   i s   p r e p a r e d  b y   i n d i r e c t l y   h e a t i n g  

s a i d   a i r   or  o x y g e n - e n r i c h e d   a i r   in  s a i d   h e a t   t r e a t m e n t  

c h a m b e r ,   m i x i n g   s a i d   h e a t e d   a i r   o r  o x y g e n   e n r i c h e d   a i r   w i t h  

s a i d   h y d r o c a r b o n ,   r e a c t i n g   s a i d   m i x t u r e   i n   a  c h a m b e r   w i t h i n  

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

s a i d   a i r   or  o x y g e n - e n r i c h e d   a i r .  

6.  A  m e t h o d   a c c o r d i n g   to  C l a i m   1,  2  or  3,  c h a r a c t e r i z e d  

in   t h a t   s a i d   c a r r i e r   g a s   i s   p r e p a r e d   by  p r e m i x i n g   a i r   o r  

o x y g e n   e n r i c h e d   a i r   w i t h   s a i d   h y d r o c a r b o n ,   p r e h e a t i n g   s a i d  

m i x t u r e ,   r e a c t i n g   s a i d   m i x t u r e   in   a  c h a m b e r   w i t h i n   b u t   s e p a r -  

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

t h e   h o t   g a s   to   p r e h e a t   s a i d   m i x t u r e .  

7.  A  m e t h o d   a c c o r d i n g   to  C l a i m   5  or  6,  c h a r a c t e r i z e d   i n  

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

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

c h a m b e r .  

8.  A  m e t h o d   a c c o r d i n g   to  C l a i m   7,  c h a r a c t e r i z e d   in   t h a t  

s a i d   s a i d   d r y i n g   i s   c a r r i e d   o u t   by  w i t h d r a w i n g   s a i d   gas   f r o m  

s a i d   c h a m b e r   to  a  l o c a t i o n   o u t s i d e   t h e   h e a t   t r e a t m e n t  

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

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

s a i d   g a s   and  i n t r o d u c i n g   t h e   gas   i n t o   t h e   h e a t   t r e a t m e n t  

c h a m b e r .  

9.  A  m e t h o d   a c c o r d i n g   to  any  p r e c e d i n g   C l a i m ,   c h a r a c t e r -  

i z e d   in   t h a t   s a i d   h y d r o c a r b o n   i s   n a t u r a l   g a s   or  m e t h a n e   a n d  

s a i d   r a t i o   of  c a r r i e r   gas   to   o x y g e n   i s   b e t w e e n   1 . 0 : 1   a n d  

1 . 3 5 : 1 .  

10.   A  m e t h o d   a c c o r d i n g   to   a n y  o n e   of  C l a i m s   1  to  8 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   h y d r o c a r b o n   i s   p r o p a n e   and  t h e  

r a t i o   of  s a i d   h y d r o c a r b o n   to  o x y g e n   is  b e t w e e n   2 :1   and  2 . 6 : 1 .  



11.  An  a p p a r a t u s   f o r   p r o d u c i n g   a  c a r r i e r   g a s   f o r   use   in   a  

m e t h o d   a c c o r d i n g   to   C l a i m   1,  c h a r a c t e r i z e d   in   t h a t   s a i d  

a p p a r a t u s   c o m p r i s e s   means   m o u n t a b l e   in   s a i d   h e a t   t r e a t m e n t  

c h a m b e r   f o r   h e a t i n g   a i r   or  o x y g e n   e n r i c h e d   a i r ,   a  c h a m b e r ,  

and  m e a n s   f o r   m i x i n g   s a i d   h e a t e d   a i r   or  o x y g e n   e n r i c h e d   a i r  

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

n a t u r a l   g a s ,   m e t h a n e ,   b u t a n e ,   p r o p a n e   and  m i x t u r e s   t h e r e o f   i n  

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

u s i n g   t h e   h o t   gas   p r o d u c e d   by  s a i d   r e a c t i o n   to  h e a t   s a i d   a i r  

a n d / o r   o x y g e n   e n r i c h e d   a i r .  

12.  An  a p p a r a t u s   f o r   p r o d u c i n g   a  c a r r i e r   g a s   f o r   use   in   a  

m e t h o d   a c c o r d i n g   to   C l a i m   1,  c h a r a c t e r i z e d   in  t h a t   i t   c o m p -  
r i s e s   an  i n n e r   t u b e   m o u n t a b l e   in  s a i d   h e a t   t r e a t m e n t   c h a m b e r  

f o r   c o n v e y i n g   a  m i x t u r e   of  a i r   or  o x y g e n   e n r i c h e d   a i r   a n d  

h y d r o c a r b o n   i n t o   t h e   c o n f i n e s   of  s a i d   h e a t   t r e a t m e n t   c h a m b e r ,  

a  c h a m b e r   d o w n s t r e a m   of  s a i d   i n n e r   t u b e   in  w h i c h   s a i d   m i x t u r e  

can  c o m b u s t ,   and  an  o u t e r   t u b e   f o r   d i r e c t i n g   t h e   h o t   g a s  

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

t u b e   t o ,   in   u s e ,   h e a t   s a i d   m i x t u r e   as  i t   f l o w s   t h r o u g h   s a i d  

i n n e r   t u b e .  

13.  An  a p p a r a t u s   as  c l a i m e d   in   C l a i m   11  or  12,   c h a r a c t e r -  

i z e d   in   t h a t   i t   i n c l u d e s   m e a n s   t o  d r y   t he   r e a c t e d   m i x t u r e .  

14.  An  a p p a r a t u s   as  c l a i m e d   in   C l a i m   13,   w h e r e i n   s a i d  

means   c o m p r i s e s   m e a n s   to  c o o l   s a i d   gas   to  c o n d e n s e   w a t e r  

t h e r e f r o m ,   and  m e a n s   to  s e p a r a t e   t h e   r e m a i n i n g   gas   f r o m   s a i d  

w a t e r .  
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