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©  Method  of  heat  treating  ferrous  workpieces. 
©  A  method  of  gas  heat  treating  ferrous  materials  com- 
prises  mixing  air  in  a  predetermined  proportion  with  a  hyd- 
rocarbon  gas  (such  as  methane  or  propane)  and  slowly  intro- 
ducing  the  mixture  to  a  treating  chamber  which  is  held  at  a 
temperature  of  1500-2000  °F  (816-1093°C),  so  that  the  gas 
atmosphere  is  similar  in  composition  to  an  independently 
generated  endothermic  gas-base  atmosphere.  The  flow 
through  the  furnace  chamber  of  the  gas  atmosphere  is  con- 
trolled  to  be  low  so  that  preferably  the  ratio  of  furnace 
chamber  volume  (cubic  feet)  to  flow  rate  (cubic  feet/  hour)  is 
always  at  least  0.2  hours.  This  carburizing  process  can  also  be 
run  in  a  mode  in  which  the  atmosphere  composition  is  auto- 
matically  controlled.  In  carrying  out  the  process,  it  is  preferred 
that  a  constant  flow  of  air  be  introduced  into  the  furnace 
chamber  and  the  hydrocarbon  flow  be  regu  lated  to  maintain  a 
constant  value  of  furnace  atmosphere  C02  content  or  oxygen 
potential. 
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This  i n v e n t i o n   r e l a t e s   to  method  of  heat  t r e a t i n g   f e r -  

rous  w o r k p i e c e s .  

Commercial  heat  t r ea tment   of  s tee l   par ts   for  the  

automotive  indus t ry   is  cus tomar i ly   carr ied  out  in  furnaces   u s i n g  

so -ca l l ed   "endothermic"  gas  as  the  furnace  atmosphere.   In  n e u t r a l  

hardening  o p e r a t i o n s ,   or  anneal ing  o p e r a t i o n s ,   the  f u r n a c e  

atmosphere  serves  to  p r o t e c t   the  s teel   parts   from  c a r b u r i z a t i o n   o r  

d e c a r b u r i z a t i o n .   In  c a r b u r i z i n g   o p e r a t i o n s ,   propane  or  o t h e r  

hydrocarbon  gas  which  is  the  source  of  the  carbon  suppl ied   to  t h e  

s teel   from  the  furnace  a t m o s p h e r e .  

The  endothermic  gas  is  produced  in  a  gas  g e n e r a t o r ,  

separa te   from  the  heat   t r e a t m e n t   furnace  i t s e l f .   The  gas  is  p r o -  

duced  at  e leva ted   t e m p e r a t u r e s ,   cooled  to  ambient  t e m p e r a t u r e s ,  

then  rehea ted   again  in  the  heat  t r ea tment   furnace.   No  p r o v i s i o n  

is  made  for  s t o r i n g   the  genera ted   gas,  thus,  if  the  g e n e r a t o r  

output  cannot  be  fu l ly   u t i l i z e d   nt  any  time,  the  excess  gas  i s  

simply  f l a r e d .   This  e n t i r e   mode  of  ope ra t i on   is  i n e f f i c i e n t   i n  

i t s   use  of  hydrocarbon  g a s .  
Endothermic  g a s   is  usua l ly   produced  at  1 9 0 0 - 2 0 0 0 ° F . ,  

from  methane  or  propane  according  to  the  fo l lowing   app rox ima te  

r e a c t i o n :  

Thus,  the  p r i n c i p a l   c o n s t i t u e n t s  o f   endothermic  gas  are  C0,  H2 and 
N2  with  minor  amounts  of  CO2,  H2O  and  CH4.  The  p ropo r t i ons   of  CO, 

H2  and  N2 vary  with  the  C/H  r a t i o   of  the  hydrocarbon  used  as  f eed  

stock.  Heat  must  be  suppl ied   to  an  endothermic  gas  genera tor   t o  

sus ta in   the  r e a c t i o n   of  a  hydrocarbon  with  q u a n t i t i e s   of  a i r  

s u b s t a n t i a l l y   less   than  that  needed  for  complete  combustion.  To 

f a c i l i t a t e   the  r e a c t i o n ,   a  c a t a l y s t   is  t h e r e f o r e   used  in  t h e  

genera tor   by  the  p r io r   a r t .   The  composi t ion  of  endothermic  gas  i s  



modulated  by  vary ing   the  r a t i o   of  air   and  hydrocarbon  fed  to  t h e  

g e n e r a t o r .   By  th is   means,  i t   is  poss ib l e   to  produce  gases  which  

are  n e u t r a l   to  ( t h a t   i s ,   will  not  c a rbu r i ze   or  d e c a r b u r i z e )   s t e e l  

of  a  c e r t a i n   carbon  content   at  a  p a r t i c u l a r   t empera tu re .   A i r /  

Methane  r a t i o s   of  about  2.5  and  a i r / p r o p a n e   r a t i o s   of  about  7 . 5  

are  commonly  used  when.  methane  or  propane  is  fed  to  the  gas 

g e n e r a t o r .   In  gas  c a r b u r i z i n g   o p e r a t i o n s ,   endothermic  gas  i s  

enr iched   wi th ,   t y p i c a l l y ,  a   3-12%  methane  add i t ion   at  t h e  

c a r b u r i z i n g   furnace   (or  an  equ iva len t   amount  of  other  h y d r o c a r b o n  

gas)  so  that   the  overa l l   a i r / h y d r o c a r b o n   r a t i o   used  to  p roduce  

c a r b u r i z i n g   a tmospheres   may  be  as  low  as  1.6  when  methane  is  u s e d ,  

or  as  low  as  6.0  when  propane  is  u s e d .  

Control   of  the  a i r / h y d r o c a r b o n   r a t i o   for   e i t h e r   n e u t r a l  

ha rden ing ,   annea l ing   or  c a r b u r i z i n g   furnace  atmospheres  is  u s u a l l y  

based  on  an  a n a l y s i s   of  the  amount  of  CO  or  H20  in  the  f u r n a c e  

a tmosphere .   If   the  c o n s t i t u e n t s   of  the  furnace  atmosphere  a r e  

assumed  to  be  in  thermodynamic  e q u i l i b r i u m ,   the  c a r b u r i z i n g  

tendency  of  the  furnace   atmosphere  can  be  r e l a t e d   to  i t s  C02   o r  

H20  con t en t .   Opera t ion   of  endothermic  gas  g e n e r a t o r s   and  t h e i r  

con t ro l   is  d e s c r i b e d   in  d e t a i l   in  the  8th  Ed i t ion   of  the  M e t a l s  

Handbook,  Volume  2,  pp.  67-92  publ i shed   by  the  American  Society   of  

Metals  in  1964.  

As  i n d i c a t e d ,   one  of  the  p r i n c i p a l   d i sadvan tages   of  t h e  

use  of  endothermic  gas  for  furnace  atmospheres  has  been  t he  

requ i rement   tha t   two  furnaces   must  be  run,  namely  the  gas  g e n e r a t o r  

and  the  heat   t r e a t i n g   furnace .   As  a  r e s u l t ,   the  gas  g e n e r a t o r  

often  must  be  run  when  i t s   output  cannot  be  fu l ly   u t i l i z e d .   I n  

a d d i t i o n ,   endothermic  gas  g e n e r a t o r s   are  i n e f f i c i e n t   from  t h e  

s t a n d p o i n t   of  energy  consumption  because  a f t e r   r eac t ing   air   and 

hydrocarbon  in  the  g e n e r a t o r ,   the  reacted  gas  is  cooled  to  room 

t empera tu re ,   piped  to  t h e  h e a t   t r ea tment   fu rnace ,   then  r e h e a t e d  

again  when  it   enters  the  f u r n a c e .  

I t   would  be  advantageous  both  from  the  s t andpoin t   o f  

energy  consumption  and  for  improved  ope ra t i ng   e f f i c i e n c y   i f  

furnace  a tmospheres   for  n e u t r a l   ha rden ing ,   anneal ing  and  c a r b u r i z -  



ing  coulu  be  generated  wi thin   t h e  h e a t   t rea tment   furnace  i t s e l f .  

It  has  been  proposed  by  the  p r io r   a r t ,   in  ce r t a in   i n s t a n c e s ,   t h a t  

the  endothermic  gas  be  produced  d i r e c t l y   in  the  actual  f u r n a c e  

used  for  t r ea tment   of  metal  pa r t s .   However,  when  the  process  was 

conducted,   u n d e s i r a b l e   carbon  black  formed  on  the  surfaces   of  t h e  

work  pieces  which  rendered  the  su r faces   of  the  work  p i e c e s  

i n a c t i v e .   To  solve  th is   problem  one  approach  suggested  in  U .S .  

Pa ten ts   3,519,257  and  3 ,620,518,   employed  a  ca t a lys t   on  the  w a l l s  

of  the  furnace  in  which  the  gas  atmosphere  was  to  be  genera ted   i n  

s i tu .   Furnace  t empera tu res   of  870°C  ( for   c a r b o n i t r i d i n g )   and 

900°C  (for   c a r b u r i z i n g )   are  mentioned.  There  is  no  mention  o f  

l i m i t a t i o n s   on  gas  flow  ra tes   or  means  for  v a r i a b l e s   c o n t r o l l i n g  

the  a i r / f u e l   r a t i o .   Such  l i m i t a t i o n s   are  necessary  because  (1 )  

the  t o t a l   c a t a l y s t   surface  area  ava i l ab le   per  unit  volume  of  gas 
will   be  less  in  a  furnace  than  in  an  endothermic  genera to r   r e q u i r -  

ing  an  adjus tment   in  flow  rate  and  thus  gas  residency  time;  t h e  

r e t o r t   of  an  endothermic  gas  genera to r   is  packed  with  po rous  

ceramic  cubes  impregnated  with  c a t a l y s t   through  which  the  gas  
flows  which  f a c i l i t a t e s   f a s t e r   flow  ra tes   and  reduced  r e s i d e n c e  

time;  (2)  chemical  r e a c t i o n s   wil l   proceed  at  a  much  slower  rate  a t  

870-900°C  than  in  an  endothermic  genera tor   at  1050-1100oC.  There  

is  r e fe rence   in  both  pa t en t s   to  using  a  9:1  a i r -p ropane   r a t i o   f o r  

c a r b o n i t r i d i n g   at  870°C.  From  thermodynamic  c a l c u l a t i o n s   ( u s i n g  

the  method  descr ibed   in  the  paper  by  C.A.  S t icke l s   in  Heat  

Treatment  of  Metals ,   Vol.  1,  No.1,  1979)  i t   can  be  shown  that  t h e  

carbon  content  of  steel  in  equ i l ib r ium  with  that  atmosphere  i s  

about  0.13  wt.  pct.  which  is  too  low  for  case  hardening.  If  case  

hardening  occurred  a f t e r   that   t r ea tment ,   it  was  due  sole ly   t o  

n i t rogen   pickup  from  the  ammonia  a d d i t i o n ,   and  not  due  to  ca rbon  

pickup.  In  the  c a r b u r i z i n g   example,  (Example  2,  of  U.S.  p a t e n t  

3 ,620,418) ,   a  9:1  a i r / p r o p o a n e   mixture  is  also  used  with  a  f u r t h e r  

enrichment  of  50  l i t e r s   per  hour  of  propane.  There  is  no  men t ion  

of  the  flow  rate  of  the  9:1  mixture .   Without  this  in format ion   i t  

is  impossible  to  decide  whether  or  not  the  atmosphere  formed  i n  

the  furnace  was  s i m i l a r   to  an  endothermic  gas  atmosphere.  The 



fac t   that  c a r b u r i z i n g   occur red   is  not  s u f f i c i e n t ,   b e c a u s e  

c a r b u r i z i n g   will  occur  ut  900°C  in  an  atmosphere  of  propane  a l o n e .  

I t   is  necessary   to  show  that   c a r b u r i z i n g   occur red   in  an  a t m o s p h e r e  

s i m i l a r   in  composi t ion  to  an  endothermic  gas-base   a tmosphere .   I n  

summary,  the  evidence  a v a i l a b l e   from  the  pa t en t s   3,519,217  and 

3 ,620,518  is  i n s u f f i c i e n t   to  demons t r a t e   tha t   a  furnace  a t m o s p h e r e  

s i m i l a r   in  composi t ion   to  endothermic   gas  could  be  produced  by  t h e  

methods  proposed  h e r e i n a f t e r   and  tha t   such  atmosphere  is  c o n t r o l -  

l ab le   to  promote  uniform  and  c o n s i s t e n t   c a r b u r i z i n g .  

According  to  the  p r e s e n t   i n v e n t i o n ,   there   is  p r o v i d e d  

a  method  of  heat  t r e a t i n g   f e r r o u s   based  workpieces  in  a  f u r n a c e  

chamber  by  heat ing  said  workpieces   t h e r e i n   to  the  t e m p e r a t u r e  

range  of  1500-2000°F  (800-1100°C)  while   in  the  presence  of  a n  

endothermic  type  gas,  c h a r a c t e r i s e d   in  that   the  gas  is  p a s s e d  

through  the  said  chamber  at  a  low  flow  r a t e .  

In  the  p r e f e r r e d   method  of  the  i nven t ion   f e r rous   b a s e d  

workpieces   are  s u b j e c t e d   to  a  hea ted   furnace  chamber  m a i n t a i n e d  a t  

heat   t r e a t i n g   t empera ture   (1500-2000°F)   while  i n t r o d u c i n g   a  s u p p l y  

of  a i r   and  hydrocarbon  gas  in to   the  fu rnace   chamber  at  a  p r e -  

determined  ra t io   which,  when  hea ted   by  the  furnace  chamber,  chem- 

i c a l l y   r e ac t s   to  form  an  endothermic  type  gas,  the  e n d o t h e r m i c  

type  gas  being  c o n t r o l l e d   to  flow  through  the  furnace  chamber  a t  

a  low  flow  ra te   which  p r e f e r r a b l y   ma in ta ins   the  average  r e s i d e n c y  

time  of  the  endothermic  type  gas  in  s a id   furnace   at  l e a s t   0 . 2  

hours  (12  m i n u t e s ) .  

When  the  process   is  employed  for  c a r b u r i z a t i o n   of  t h e  

workpiece ,   i t   is  p r e f e r r e d   t ha t   the  a i r / h y d r o c a r b o n   r a t i o   be  1 . 6 -  

2.4  when  methane  is  s e l e c t e d   and  6 .0 -7 .2   when  propane  is  s e l e c t e d .  

With  such  a i r / h y d r o c a r b o n   r a t i o s ,   s o o t - f r e e   c a r b u r i z a t i o n   can  be 

accomplished  using  the  in  s i t u   g e n e r a t e d   atmosphere  at  l o w e r  

t empera tu res   without   the  n e c e s s i t y   for  specia l   c a t a l y s t s .  

Because  of  the  r e q u i r e d   slower  flow  rate  of  t h e  

endothermic  type  gas  through  the  furnace   chamber,  the  p r o c e s s  
becomes  more  s e n s i t i v e   to  a i r   c o n t a m i n a t i o n   by  leakage  in to   t h e  

furnace   chamber  or  by  being  c a r r i e d   into  the  furnace  chamber  on  o r  



in  the  workpiece.   The  c a r b u r i z i n g   or  d e c a r b u r i z i n g   p o t e n t i a l   o f  

the  endothermic  atmosphere  will   be  d e t r i m e n t a l l y   a f f e c t e d   if  t h e  

a i r / h y d r o c a r b o n   gas  supply  is  not  var iab ly   a d j u s t e d .   It  i s  

p r e f e r r e d   t h e r e f o r e   to  in t roduce   the  air   component  for  the  a i r /  

hydrocarbon  gas  mixture  at  a  cons tan t   flow  rate  and  to  a u t o m a t i c -  

al ly  vary  the  hydrocarbon  gas  supply  to  main ta in   a  constant   v a l u e  

of  CO2  and/or   oxygen  p o t e n t i a l .   The  oxygen  p o t e n t i a l ,  i f   used  a s  

a  r e f e r e n c e ,   is  p r e f e r a b l y   measured  by  a  z i r con ia   oxygen  s e n s o r  

d e v i c e .  

P r e f e r r e d   embodiments  of  the  i n v e n t i o n   wi l l   now  b e  

de sc r ibed ,   by  way  of  example  only,  with  r e f e rence   to  the  accomp- 

anying  drawings,   in  w h i c h : -  

F igures   1-4  are  g raph ica l   i l l u s t r a t i o n s   of  various  gas  

furnace  atmosphere  c h a r a c t e r i s t i c s   when  the  furnace   temperature   i s  

maintained  at  927°C.  and  the  gas  flow  ra te   t h e r e t h r o u g h   is  15 

l i t e r s   per  minute  ( a f t e r   a l lowing   for  the  volume  expansion  which 

occurs  when  air   and  propane  r e a c t ) .   Figure  1  d e p i c t s   average  

weight  gain  in  the  c a r b u r i z e d   a r t i c l e   a f t e r   2.5  hours  as  a  f u n c t i o n  

of  a i r -p ropane   r a t i c ,   F igure   2  dep ic t s   the  C02gas  c o n s t i t u e n t   as  

a  func t ion   of  a i r - p r o p a n e   r a t i o ,   Figure  3  d e p i c t s   CH4  content  as  a 

func t ion   of  a i r - p r o p a n e   r a t i o   and  Figure  4  dep i c t s   the  ca rbon  

content   as  a  f unc t i on   of  d i s t a n c e   inwardly  from  the  outer  s u r f a c e  

of  the  tes t   s amples ;  

F igures   5-8  dep ic t   s imi l a r   gas  atmosphere  data  as  t h a t  

in  Figures   1-4  but  for  the  c o n d i t i o n s   where  the  furnace  t e m p e r a t u r e  

is  maintained  at  843°C.,   the  r eac t ed   gas  flow  rate  is  10  l i t e r s  

per  minute,  and  the  c a r b u r i z i n g   time  is  6  h o u r s .  

F igures   9  and  10  are  g raph ica l   i l l u s t r a t i o n s   of  c a r b u r -  

i z a t i o n   process  control   at  927°C  and  843°C,  r e s p e c t i v e l y ,   using  an 

automatic  control   system  based  on  the  output  of  a  z i rcon ia   oxygen 

s e n s o r .  

Figure  11  is  a  schematic  g raphica l   i l l u s t r a t i o n   of  t he  

composit ion  of  the  furnace   atmosphere  gas  p l o t t e d   aga ins t   t ime 

dep i c t i ng   the  rate  of  change  of  furnace  atmosphere  compos i t ion  

when  the  i n l e t   gas  composi t ion   changes  from  CO  to  C1. 



Figure  12  is  a  schematic  g r aph i ca l   i l l u s t r a t i o n   s i m i l a r  

to  F igure   11  with  gas  composi t ion  in  a  d imens ion l e s s   f o r m .  

Figure  13  is  a  g raphica l   i l l u s t r a t i o n   of  the  time  r a t e  

of  change  of  furnace  atmosphere  composi t ion   at  925°C  with  an  i n l e t  

gas  flow  ra te   of  15  l i t e r s   per  minute  for  a  b a t c h - t y p e   s e a l e d -  

quench  c a r b u r i z i n g   f u r n a c e .  

Figure  14.  is  a  g r aph i ca l   i l l u s t r a t i o n   l ike   tha t   i n  

Figure  11  for  the  same  fu rnace ,   but  at  843°C  and  an  i n l e t   gas  f low 

ra te   of  10  l i t e r s   per  m i n u t e .  

Figure  15  is  a  graphical  i l l u s t r a t i o n   d e p i c t i n g   t h e  

e s t ima ted   minimum  mean  r e s idence   time  for  furnace  gases  at  v a r i o u s  

t e m p e r a t u r e s   to  achieve  adequate  r e a c t i o n   of  the  furnace   g a s e s .  

F igure   16  i s  a   schematic  diagram  of  a  gas  b l e n d i n g  

system  used  to  in t roduce   gas  e lements   in  f ixed   p r o p o r t i o n s   to  t he  

fu rnace ;   the  n i t r ogen   gas  supply  being  used  for  purging  of  t h e  

furnace   chamber  and  w o r k p i e c e .  

Figure  17  is  a  schemat ic   diagram  of  a  furnace   a t m o s p h e r e  

con t ro l   system  employing  a  cons t an t   flow  of  air   and  a  v a r i a b l e   f l ow  

of  hydrocarbon   gas.  The  flow  of  hydrocarbon  gas  is  a u t o m a t i c a l l y  

a d j u s t e d   to  ma in ta in   a  c o n s t a n t   vo l tage   output  on  a  z i r c o n i a  

oxygen  s e n s o r .  

For  heat  t r e a t i n g   f e r r o u s   workpieces  accord ing   to  t h i s  

i n v e n t i o n ,   the  method  comprises  supply ing   a i r  a n d   hydrocarbon  gas  
to  a  fu rnace   chamber  at  a  p rede te rmined   r a t i o   where  the  heat  o f  

the  fu rnace   chamber  (main ta ined   at  a  heat  t r e a t i n g  t e m p e r a t u r e   o f  

1500-2000°F)  causes  the  gases  to  react   and  produce  in  s i tu   a n  

endothermic   type  gas  a tmosphere .   The  endothermic  type  gas 

atmosphere  is  caused  to  flow  through  the  furnace  chamber  at  a  low 

flow  r a t e   and  the  gene ra t ion   of  the  atmosphere  can  p r e f e r a b l y   be  

v a r i a b l y   c o n t r o l l e d   to  overcome  the  s e n s i t i v i t y   of  the  method  t o  

i m p u r i t i e s   at  such  low  flow  r a t e .  

In  p a r t i c u l a r ,   the  a i r   and  hydrocarbon  gas  r e a c t s  

r a p i d l y   to  produce  C0,  H2,  CO2,  H2O, CH4 and  N2.  The  p r o p o r t i o n s  

of  these   molecu la r   c o n s t i t u e n t s ,   however,  arc  not  the  p r o p o r t i o n s  

expected   at  thermodynamic  e q u i l i b r i u m .   The  minor  c o n s t i t u e n t s   o f  



the  i n i t i a l l y   reacted  gas, CO2, CO1,  H2O  and  CH4,  are  i n v a r i a b l y  

presen t   in  much  g r e a t e r   q u a n t i t y   than  is  expected  at  e q u i l i b r i u m .  

If  the  reacted  gas  in  allowed  to  rumain  in  the  f u rnace ,   the  C02 
and  H2O  are  slowly  reduced  by  the  methane  by  r e a c t i o n s   such  as  

The  r e s u l t   is  that  the  longer   the  reac ted   gases  remain  in  t h e  

fu rnace ,   the  lower  is  the  amount  of  C02,  H20  and  CH4. 
Carbcn  is  t r a n s f e r r e d   from  the  furnace  atmosphere  t o  

f e r rous   workpiece  or  v i c e - v e r s a ,   by  r e a c t i o n s   such  as 

The  f i r s t   two  of  the  above  r e a c t i o n s   are  known  to  be  much  f a s t e r  

than  the  th i rd   r e a c t i o n .   The  r e s u l t   of  this   behaviour   is  that  the  

c a r b u r i z i n g / d e c a r b u r i z i n g   tendency  of  the  furnace  atmosphere  i s  

s t rong ly   a f f e c t e d   by  the  H20  and  CO2  con ten t s   of  the  a t m o s p h e r e ,  

and  only  weakly  a f f e c t e d   by  the  methane  content .   If  the  C02,  H20 
and  CH4  contents   of  the  atmosphere  are  a l l   much  h igher   than  the  

equ i l i b r i um  amounts,  the  atmosphere  w i l l   be  more  d e c a r b u r i z i n g  

than  it   would  be  if   the  gaseous  cons t i tuen t s  were   in  e q u i l i b r i u m .  

The  c a rbu r i z ing   e f f e c t   of  the  high  methane  content   does  not  o f f s . e t  

the  d e c a r b u r i z i n g   e f f e c t   of  the  high  CO2  and  H20  c o n t e n t s .  

As  a  r e s u l t ,   it  has  been  found  that  when  air   and  methane ,  

(or  propane)  in  f ixed  p r o p o r t i o n s   arc  in t roduced   into  a  f u r n a c e ,  

the  furnace  atmosphere  is  more  c a r b u r i z i n g   the  lower  the  flow  r a t e  

of  gas  into  the  fu rnace .   The  r e s i d e n t   time  of  the  gases  in  t h e  

furnace  inc reases   as  the  i n l e t   flow  ra te   decreases ,   so  the  C02, 

H20  and  CH4  conten ts   of  the  furnace   atmosphere  are  lower  the  l o w e r  

the  flow  ra te .   When  the  flow  r a t e s   are  s u f f i c i e n t l y   low,  t he  

furnace  atmosphere  becomes  very  s i m i l a r   in  composit ion  to  an 

endothermic  gas-base  a tmosphere .   In  a d d i t i o n ,   because  t he  



c a r b u r i z i n g / d e c a r b u r i z i n g   tendency  of  the  gas  is  dominated  by 

r e a c t i o n s   (1)  and  (2)  above,  the  C02  and  H20  con ten t s   of  t h e  

furnace  gas  serve  as  i nd i ces   of  i t s   p o t e n t i a l   for   c a r b u r i z i n g   j u s t  

as  with  endothermic  gas-base  a t m o s p h e r e .  

For  the  purposes  of  t h i s   i nven t ion ,   an  endothermic  t y p e  

gas  is  def ined  to  mean  one  where  the  a i r   and  hydrocarbon  gas  a r e  

reacted  to  produce  C0,  H2,  C02, H20,  CH4 and  N2.  In  the  gas  u s e d  

in  the  i n v e n t i o n   the  p r o p o r t i o n s   of  C0,  H2,  CO2 and  H20  a r e  

s u b s t a n t i a l l y   the  same  at  thermodynamic  equ i l i b r i um  as  for   an  

independent ly   genera ted   e rdo the rmic   gas,  but  the  p r o p o r t i o n   o f  

methane  is  t y p i c a l l y   2-3  times  h i g h e r .  

This  i n v e n t i o n   has  provided  a  way  of  o b t a i n i n g   s o o t - f r e e  

c a r b u r i z i n g   wi thout   the  n e c e s s i t y   for  c a t a l y s t   or  p r e - h e a t i n g   o f  

the  oxygen  supply,   and  yet  save  energy  up  to  75%  over  comparab le  

energy  un i t s   used  by  the  s t a t e   of  the  art   c a r b u r i z i n g   t e c h n i q u e s .  

This  is  based  on  the  a p p r e c i a t i o n  t h a t   i f   a i r / h y d r o c a r b o n   b l e n d s  

s i m i l a r   to  those  used  in  endothermic  gas-base   atmospheres  a r e  

pe rmi t t ed   a  long  r e s idence   time  in  the  heat  t r ea tmen t   fu rnace   a t  

t empera ture   by  us ing  very  low  i n l e t   gas  flow  r a t e s ,   a  s a t i s f a c t o r y  

c a r b u r i z i n g   atmosphere  can  b e  p r o d u c e d .  

Low  flow  ra te   or  slow  flow  of  a i r / h y d r o c a r b o n   gas  h e r e i n  

shal l   mean  a  gas  movement  which  is  s u f f i c i e n t l y   long  to  permit  t h e  

immediate  r e a c t i o n   products   of  air   and  hydrocarbon  gas  at  h e a t  

t r e a t i n g   t empera tu re   to  a d d i t i o n a l l y   r eac t   to  lower  the  C02  and 

H20  conten t   of  the  gas  to  s u b s t a n t i a l l y   thermodynamic  e q u i l i b r i u m  

amounts.  "Low  flow  ra te"   can  also  be  de f ined   as  that  rate   of  gas 

movement  which  allows  the  mean  r e s idency   time  for  a l l   molecules   o f  

the  gas  r e a c t i o n   p roduc ts   to  be  in  the  heat  t r e a t i n g   chamber  f o r  

at  l e a s t   0.2  hours  (12  minu tes ) .   The  p r e s e l e c t e d   a i r / h y d r o c a r b o n  

gas  r a t i o   w i l l   c o n t r o l   the  c h a r a c t e r   of  the  equi l ibr ium  a tmosphere  

as  to  being  c a r b u r i z i n g ,   n e u t r a l   or  d e c a r b u r i z i n g   for   purposes  o f  

harden ing ,   annea l ing   or  c a r b u r i z i n g .  

Because  the  flow  r a t e s   are  low  compared  to  c o n v e n t i o n a l  

furnace  o p e r a t i o n s ,   there   is  a  s u b s t a n t i a l   savings  of  h y d r o c a r b o n  

gas.  The  p r i o r   a r t   has  i n t e n t i o n a l l y   avoided  th i s   area  o f  



development;   this  maiy  in  par t   be  exp la ined   by  the  fact   tha t   the  a r t  

has  gene ra l l y   accepted  t h a t   a  low  flow  rate  of  a  methane  or  p r o -  

pane  mixture  would  allow  a i r   i n f i l t r a t i o n   into  the  v e s t i b u l e   of  the 

furnace  c r e a t i n g   p o t e n t i a l l y   explos ive   gas  mixtures   in  the  v e s t i -  

bule  and  d e s t a b i l i z i n g   the  atmosphere  for  c a r b u r i z a t i o n   p u r p o s e s .  

This  concern  has  been  shown  to  be  unwarranted .   Fur thermore ,   i t   was 
the  general  notion  of  those  s k i l l e d   in  the  art  of  c a r b u r i z i n g   w i t h  

endothermic  gas-base  a t m o s p h e r e   that  to  improve  the  rate  o f  

c a r b u r i z i n g ,   i t   was  necessa ry   to  increase   the  flow  of  gases  i n t o  

the  furnace .   It  has  also  been  d iscovered   that   when  a i r / h y d r o c a r b o n  

blends  are  used  to  produce  the  furnace  a tmospheres ,   i n c r e a s i n g   the 

flow  ra te   will  not  help  in  the  c a r b u r i z i n g   process .   I n s t e a d ,   t h e r e  

must  be  an  allowance  of  time  for  secondary  chemical  r e a c t i o n s   t o  

take  place  which  in  turn  w i l l   improve  the  c a r b u r i z i n g   c h a r a c t e r   o f  

the  a tmosphere.   The  rate  of  c a r b u r i z i n g   can  then  be  c o n t r o l l e d   by 

r e g u l a t i n g   the  a i r / h y d r o c a r b o n   r a t i o ,   while  ma in ta in ing   the  flow  of 

r eac ted   gas  e s s e n t i a l l y   c o n s t a n t .  

The  fo l lowing  Examples  i l l u s t r a t e   the  i n v e n t i o n : -  

EXAMPLE  I  

A  f i r s t   se r ies   of  heat  t r e a t   experiments   were  run  t o  

determine  if  c a r b u r i z a t i o n   by  an  in  s i tu   genera ted  endothermic  gas  

atmosphere  at  low  flow  r a t e s   can  in  fac t   take  p lace ,   and  if  so,  can 

be  c o n t r o l l e d   by  r e f l a t i n g   the  p r o p o r t i o n s   of  a i r   and  h y d r o c a r b o n  

gas  e n t e r i n g   the  f u r n a c e .  

Carbur iz ing   exper iments   were  run  in  a  b a t c h - t y p e   s e a l e d  

quench  c a r b u r i z i n g   furnace  manufactured  by  the  Lindberg  D i v i s i o n  

of  Sola  Basic  I n d u s t r i e s .   Test  specimens  were  made  of  smal l  

stampings  of  AISI  1010  sheet  s t e e l ;   each  specimen  weighed  a b o u t  

65  grams  and  each  had  a  surface  area  of  about  63  square  c e n t i m e t -  

ers.   About  20  specimens  were  run  for  each  t r i a l .   Propane  and  a i r  

were  in t roduced   into  the  furnace  chamber  at  a  predetermined  r a t i o  

and  flow  ra te .   The  i n l e t   gases  were  d i r e c t e d   toward  the  i n l e t   s i d e  

of  a  r e c i r c u l a t i n g   fan  wi th in   the  furnace   chamber.  The  fan  i s  

employed  to  insure   a  uniform  flow  from  i n l e t   to  furnace  o u t l e t .  

The  flow  r a t e s   were  computed  as  f o l l o w s :  



F:  Tota l   flow  of  gas  mixture  at  ambient  t empera tu re   and 

p re s su re   a f t e r   complete  r e a c t i o n   to  form  CO,  H2  and  N2.  
A/P:  Ra t io   of'  a i r   flow  to  propane  f l o w .  

A:  Flow  r a t e   of  air   measured  at  ambient  t e m p e r a t u r e  

and  p r e s s u r e .  
To  produce  a  given  flow  F  at  a  p a r t i c u l a r   a i r - p r o p a n e  

ra t io   (A/P),  the  neces sa ry   air   and  propane  flows  a r e :  

From  p r e l i m i n a r y   exper iments   i t   was  found  tha t   s a t i s -  

fac tory   c a r b u r i z i n g   could  be  a c h i e v e d  a t   927°C.  (1700oF)  us ing   a  

flow  rate  F  of  15  l i t e r s   per  minute.  Keeping F  c o n s t a n t ,   a  s e r i e s  

of  experiments   were  run  for  2.5  hours  at  927°C,  at  va r ious   a i r -  

propane  r a t i o s   to  determine  the  e f f e c t   of  atmosphere  c o m p o s i t i o n  

on  the  amount  of  c a r b u r i z i n g .   Figure   1  shows  the  average  w e i g h t  

gain  (due  to  carbon  p ick-up)   of  f ive   specimens  taken  from  each  o f  

these  t r i a l s   as  a  f u n c t i o n   of  a i r - p r o p a n e   r a t i o   to  obta in   a  d e s i r -  

ed  c a r b u r i z a t i o n .   F igures   2  and  3  show,  r e s p e c t i v e l y ,   the  CO2  a n d  

CH4  contents   of  the  furnace  gas  (measured  by  i n f r a r e d   g a s  a n a l y s i s  

near  the  end  of  each  t r i a l )   as  a  f unc t i on   of  a i r - p r o p a n e   r a t i o .  

The  solid  l i nes   are  computed  assuming  thermodynamic  e q u i l i b r i u m  

under  two  d i f f e r e n t   c o n d i t i o n s :  

(I)  when  methane  is  s tab le   in  the  f u r n a c e   a t m o s p h e r e ,  

( I I )   when  the  furnace  atmosphere  is  in  e q u i l i b r i u m   w i t h  

g r a p h i t e .  

The  s i g n i f i c a n c e   of  F igures   2  and  3  is  tha t   w h i l e  

thermodynamic  e q u i l i b r i u m   i s  n o t   ach ieved ,   i t   is  approached  r e a s o n -  

ably  c lose ly   so  tha t   the  process  is  c o n t r o l l a b l e   using  C02  a n a l y s i s  

if  that  is  d e s i r e d .   At  high  flow  r a t e s   with  the  same  gas  b l e n d s ,  

weight  gains  would  be  low,  and  the  CO2 and  CH4  contents   much  h i g h e r ,  

far  from  t h e  e q u i l i b r i u m   values .   F u r t h e r m o r e ,   at  high  flow  r a t e s  

ca rbur i z ing   is  not  uniform.   Pa r t s   near  the  gas  i n l e t   in  the  f u r -  

nace  chamber  w i l l   c a r b u r i z e   less  than  pa r t s   l o c a t e d   at  some  d i s t -  

ance  from  the  gas  i n l e t .   Figure  4  shows  the  g r a d i e n t   of  c a r b o n  

content  measured  by  e l e c t r o n   microprobe  a n a l y s i s   for  samples  f rom 



severa l   of  these  t r i a l s .   Figure  4  demons t ra tes   that  tho  invent ive  

process  can  ob ta in   the  same  carbon  i n c r e a s e s   as  would  the  p r i o r  

ar t   at  about  the  same  a i r -p ropane   r a t i o s ,   except   that   i t   i s  

accomplished  wi thou t   p r io r   r e a c t i o n   of  the  air   and  propane  in  a 

gas  g e n e r a t o r .  

In  a  s i m i l a r   manner,  another   s e r i e s   of  t r i a l s   were  r u n  

at  843°C.  (1550°F.)   for  six  hours  at  a  flow  rate   F  of  10  l i t e r s  

per  minute.  F igures   5,  6  and  7 show  the  average  weight  g a i n ,  

a tmospher ic   C02  and  CH4  contents   as  a  f u n c t i o n   of  a i r -p ropane   r a t i o .  

Figure  8  s i m i l a r l y   shows  the  carbon  g r a d i e n t   found  on  samples  t a k e n  

from  severa l   of  the  t r i a l s .   Figure  5-8  demonst ra te   a  s i m i l a r  

degree  of  con t ro l   and  r e l a t i v e l y   close  approx imat ion   to  t h e o r e t i c a l  

c a l c u l a t i o n s .  

These  r e s u l t s   show  that   over  the  range  of  t e m p e r a t u r e s  

most  f r e q u e n t l y   used  for  gas  c a r b u r i z i n g ,   the  amount  of  c a r b u r i z i n g  

which  takes  place  can  be  c o n t r o l l e d   by  r e g u l a t i n g   the  p r o p o r t i o n s  

of  a i r   and  propane  e n t e r i n g   the  furnace .   If  endothermic  gas  i s  

produced  from  propane  using  a i r -p ropane   r a t i o   of  7.5  at  the  gas  

gene ra to r   a cco rd ing   to  p r io r   art   t e c h n i q u e s ,   and  if  the  endo the rmic  

gas  is  then  en r i ched   with  1.5%  propane  as  it  en t e r s   a  ca rbur iz ing  

furnace ,   the  o v e r a l l   a i r -p ropane   r a t i o   used  to  form  the  f u r n a c e  

atmosphere  is  6.25.  At  the  sane  a i r - p r o p a n e   r a t i o   ( 6 . 25 ) ,   the  

present   i n v e n t i o n   y i e l d s   product  r e s u l t s   which  are  e s s e n t i a l l y  

i d e n t i c a l   to  those  obta ined  with  conven t iona l   endothermic  g a s - b a s e  

a t m o s p h e r e s .  

EXAMPLE  I I  

When  u t i l i z i n g   low  flow  ra tes   for  the  i n t r o d u c t i o n   o f  

an  a i r / h y d r o c a r b o n   gas  mixture ,   the  c a r b u r i z i n g   process  becomes 

more  s e n s i t i v e   to  air   con tamina t ion   (a i r   that  leaks  into  t h e  

furnace  chamber  or  air   that  is  c a r r i ed   into  the  furnace  chamber  by 

the  workp iece ) .   If  a  f ixed ,   p rede te rmined   a i r / h y d r o c a r b o n   r a t i o  

were  to  be  r e l i e d   upon,  the  atmosphere  would  not  compensate  f o r  

such  air   c o n t a m i n a t i o n   and  heat  t r e a t i n g   q u a l i t y ,   p a r t i c u l a r l y  

c a r b u r i z a t i o n   q u a l i t y ,   would  decrease .   Because  of  the  CO2  c o n t e n t ,  



oxygen  p o t e n t i a l   of  the  furnace  gas  va r i e s   s y s t e m a t i c a l l y   w i t h  

a i r / p r o p a n e   r a t i o   in Example  I,  au tomat ic   con t ro l   of  the  f u r n a c e  

atmosphere  composi t ion  based  on  C02  or  oxygen  p o t e n t i a l   a n a l y s i s  

is  p o s s i b l e .   In  this   example,  it  wil l   be  shown  that   a u t o m a t i c  

atmosphere  composi t ion   con t ro l   is  p o s s i b l e   u s i n g  a   z i r con i a   oxygen 

sensor  to  measure  the  oxygen  p o t e n t i a l   of  the  a t m o s p h e r e .  

The  automatic   c o n t r o l   system  is  des igned  so  tha t   t h e  

t o t a l   r e ac t ed   gas  flow  does  not  change  a p p r e c i a b l y   as  the  i n l e t  

a i r / h y d r o c a r b o n   r a t i o   changes.   I d e a l l y ,   this   can  be  done  by 

r e g u l a t i n g   the  flows  of  both  a i r   and  hydrocarbon  gas.  However,  i f  

j u s t   the  hydrocarbon  flow  is  a l t e r e d ,   w i t h . t h e   a i r   flow  h e l d  

c o n s t a n t ,   the  v a r i a t i o n   in  r e ac t ed   gas  f law  (and  r e s idence   time  o f  

the  gases  wi th in   the  fu rnace)   is  small  enough  so  tha t   i t   does  n o t  

a p p r e c i a b l y   a f f e c t   process   con t ro l . .   Table  1  shows  that   the  

computed  flow  of  r e ac t ed   gas  va r i e s   only  20%  for  a i r / p r o p a n e  

r a t i o s   from  3  to  9  and  a  c o n s t a n t   a i r   f l o w .  

Using  an  automat ic   c o n t r o l   system  to  r e g u l a t e   the  f low 

of  propane  gas,  t e s t   samples  were  run  at  927°C  and  843°C  as  in  t h e  

previous   example.  Figure  9  shows  that   the  weight  gain  due  t o  

c a r b u r i z a t i o n   a f t e r   2.5  hours  at  927°C  i n c r e a s e s   s y s t e m a t i c a l l y   a s  
the  set  oxygen  sensor  vo l t age   is  i nc r ea sed .   The  sur face   c a r b o n  

content   of  samples,  de te rmined   by  microprobo  a n a l y s i s ,   a l s o  



i n c r e a s e s   s y s t e m a t i c a l l y   as  the  oxygen  sensor  vo l t age   i n c r e a s e s .  

The  a i r   flow  rate  employed  was  chosen  to  give  app rox ima te ly   t he  

same  r e s i d e n c e   time  for  gases  within  the  furnace  as  in  the  p r e v i o u s  

example,  F igures   1 -   4 .  

Figure  10  shows  s imi la r   r e s u l t s   for  samples  c a r b u r i z e d  

for  6  hours  at  8 4 ° C .   Again,  the  air   flow  rate   was  chosen  to  g ive  

app rox ima te ly   the  same  res idence  time  for  gases  wi th in   the  f u r n a c e  

as  in  the  previous   example,  Figures   5 -   8. 

One  of  the  main  advantages  of  au tomat ic   process   c o n t r o l ,  

as  i l l u s t r a t e d   in  th is   example,  is  that   the  i n a d v e r t a n t   ent ry   o f  

a i r   into  the  furnace   chamber  is  a u t o m a t i c a l l y   o f f s e t   by  a d j u s t m e n t s  

to  the  a i r - h y d r o c a r b o n   r a i t o   of  the  i n l e t   gases .   In  Example  I ,  

samples  were  held  in  the  furnace  v e s t i b u l e   for  s eve ra l   hours  w h i l e  

the  furnace   and  v e s t i b u l e   were  purged  in  order  to  minimize  t h e  

entry  of  a i r   into  the  furnace  chamber  when  the  samples  were  c h a r g e d  

into  the  fu rnace .   A  long  purging  time  was  necessa ry   because  t h e  

flow  r a t e s   employed  were  low.  In  Example  I I ,   on  the  o ther   h a n d ,  

no  spec i a l   e f f o r t   was  made  to  avoid  entry  of  a i r   into  the  f u r n a c e  

chamber.  Samples  were  held  in  the  furnace  v e s t i b u l e   f o r  a b o u t   15 

minutes  be fo re   charg ing   into  the  fu rnace ;   th is   holding  time  in  t h e  

v e s t i b u l e   is  t y p i c a l   of  commercial  p r a c t i c e   with  endothermic  g a s -  
base  a t m o s p h e r e s .  

De t e rmina t ion   of  A p p r o p r i a t e  

Flow  R a t e  

In  the  previous  examples,  s u i t a b l e   flow  r a t e s   at  two 

d i f f e r e n t   t e m p e r a t u r e s   were  found  by  t r i a l   and  e r ro r .   Under  t h e  

s e l ec t ed   c o n d i t i o n   of  temperature   and  flow  rate  there  is  s u f f i c i e n t  

time  for  the  C02  and  H2O  in  the  atmosphere  to  be  reduced  by 

r e a c t i o n   with  CH4 so  that   c a r b u r i z i n g   can  take  place.   If  the  gas  

res idency   time  is  know,  then  for  any  other   furnace  ( r e g a r d l e s s   o f  

size  or  des ign)   flow  r a t e s   can  be  ad jus t ed   to  produce  the  same  gas 

res idency   time.  If  the  gas  res idency   time  is  the  same  in  the  two 

d i f f e r e n t   f u rnaces   ope ra t i ng   at  the  same  tempera ture   with  f u r n a c e  

atmospheres  formed  from  air   and  a  hydrocarbon  gas  in  the  same 

p r o p o r t i o n s ,   s i m i l a r   ra tes   of  c a r b u r i z i n g   (or  s imi l a r   e f f e c t i v e  



carbon  p o t e n t i a l s )   an  e f f e c t e d .  

All  gas  molecules   e n t e r i n g   a  furnace  chamber  do  n o t  

remain  in  the  chamber  for  the  same  length  of  time.  At  any  f i x e d  

i n l e t   gas  flow  rate  there  is  a  d i s t r i b u t i o n   of  r e s i d e n c e   time  f o r  

the  molecules   ..  The  mean  r e s i d e n c e   time  for  all   the  gas  m o l e c u l e s  

can  be  r e a d i l y   de f ined   and  m e a s u r e d .  

Mean  r e s idence   times  were  measured  by  the  f o l l o w i n g  

exper iment .   The  furnace  at  the  t empera ture   of  i n t e r e s t   is  p u r g e d  

with  n i t r o g e n   at  the  flow  rate   of  i n t e r e s t ,   F.  A  gas  sample  i s  

drawn  from  the  furnace  chamber  and  is  con t i nua l l y   moni tored   by  

i n f r a r e d   a n a l y s i s   for  C02  c o n t e n t .   Af t e r   a  number  of  hours  o f  

purging,   a  low  s table   value  for  CO2  content   of  the  furnace   i s  

ob ta ined .   This  value  is  def ined  as  C0 .   At  th i s   po in t ,   the  i n l e t  

gas  compos i t ion   is  swi tched  to  C1%  CO2  in  n i t r o g e n   and  the  t i m e  

rate   of  change  of  the  furnace   gas  composi t ion  is  r e c o r d e d .  

S c h e m a t i c a l l y ,   the  furnace  gas  composi t ion   C  changes  in  r e s p o n s e  

to  a  change  in  i n l e t   gas  compos i t ion   in  the  manner  shown  in  F i g u r e  

11,  where  C  is  the  composition * of  the  gas  phase  in  the  fu rnace   a t  

any  time t and  C0  at  the  moment  the  i n l e t   gas  composi t ion   phase  i s  

changed.  

If   the  compos i t ion   is  expressed   in  d imens ion les s   fo rm 

C1  -  C  

C1 -  C0  the  exper imenta l   data  can  be  r e p l o t t e d   as  shown  in  F i g u r e  

10.  Then,  the  mean  r e s idence   time  t  ,   is  given  by  the  a r e a  u n d e r  

the  curve  in  Figure  12,  that   i s  

Regard less   of  how  complex  the  shape  of  the  curve  e x p e r i m e n t a l l y ,  

the  mean  r e s i d e n c e   time:  can  always  be  found  by  a  method  of  g r a p h -  

ica l   or  numer ica l   i n t e g r a t i o n ,   The  c a l c u l a t i o n   of  mean  r e s i d e n c e  

time  wi l l   be  simpler  if   a  mathemat ica l   model  for  the  fu rnace   i s  

used.  For  example,  i f   the  furnace  chamber  has  a  Volume  V  and  t he  

flow  ra te   of  gas  into  and  out  of  the  furnace   occurs  at  a  rate  f ,  

then  i f   p e r f e c t   mixing  occurs  in  the  furnace  chamber,  i t   can  be  



shown  t h a t  

and  the  moan  r e s i d e n c e   time  i s  

The  gas  flow  behav iou r   of  real  furnaces   wi l l   be  more  complex  t h a n  

the  simple  model .  

Mean  gas  res idence   times  were  measured  in  the  manner  

descr ibed  for  the  Linoberg  c a r b u r i z i n g   furnace  used  to  obta in   t h e  

r e s u l t s   d e s c r i b e d   in  the  previous  e x a m p l e .   For  i n l e t   gas  flows  o f  

15  l i t e r s   per  minute  and  a  furnaco  t empera ture   of  927°C.  the  d a t a  

shown  in  Figure  13  was  obta ined.   At  a  flow  rate  of  10  l i t e r s   p e r  
minute  and  a  fu rnace   tempera ture   of  843°C.,  the  response  shown  i n  

Figure  14  was  measured.   From  these  da ta ,   minimum  mean  r e s i d e n c e  

times  of  26  and  48  minutes ,   r e s p e c t i v e l y ,   were  computed.  T h e r e -  

fore ,   it is  a n t i c i p a t e d   tha t   r e s u l t s   s imi l a r   to  those  d e p i c t e d   i n  

the  se r i es   of  examples  could  be  obtained  on  any  other   f u r n a c e  

provided  that   gas  flow  ra tes   were  ad jus ted   to  y i e ld   m e a n  r e s i d e n c e  

times  at  l e a s t   as  lone  as  26  minutes  at  927°C,  and  48  minutes  a t  
843°C.  The  s teep  l ine  in  each  graph  at  shor t   times  r e p r e s e n t s   the  

inf luence  of  the  volume  of  the  main  furnace  chamber,  and  t h e  

s h a l l o w  l i n e   for  longer   times  r e p r e s e n t s   the  i n f luence   of  the  

volume  of  the  v e s t i b u l e   chamber.  I t   is  very  d i f f i c u l t   t o  

t h e o r e t i c a l l y   c a l c u l a t e   ahead  of  time  the  mean  res idence   t i m e .  

The  volumes  of  such  chambers  can  be  d i r e c t l y   measured  but  the  r a t e  

of  r e c i r c u l a t i o n   of  gases  between  the  furnace   chamber  and  t h e  

ves t ibu le   cannot  be  p r e d i c t e d .   T h e r e f o r e ,   an  e x p e r i m e n t a l  

measurement  of  mean  r e s idence   time  is  needed  to  determine  a p p r o -  

pr ia te   flow  r a t e s .   A l t e r n a t i v e l y ,   a p p r o p r i a t e   flow  r a t e s   can  be  

found  by  p rogress ive ly   lowering  the  flow  ra tes   and  s i m u l t a n e o u s l y  

monitoring  furnace   gas  ccmposi t ion   u n t i l   the  furnace  gas  is  c l o s e  

to  the  e q u i l i b r i u m   c o m p o s i t i o n .  

Figure  15  gives  t yp i ca l   means  res idence   times  needed  t o  

produce  s a t i s f a c t o r y   fu rnace   atmospheres  for  neu t r a l   h a r d e n i n g ,  

annealing  or  c a r b u r i z i n r   by  this  i n v e n t i o n   for  t empera tu res   f rom 



800  to  1000°C. 

An  i l l u s t r a t i v e   method  for  c a r b u r i z i n g   f e r rous   b a s e d  

workpieces   i s  a n   f o l l o w s .  

(a)  Mix  air   and  a  hydrocarbon  gas  to  c rea te   an  e n d o t h e r -  

mic  type  gas  when  reacted   at  heat  t r e a t i n g   t empera ture   l e v e l s ,   t h e  

a i r   and  hydrocarbon  gas  being  mixed  in  a  p rede te rmined   r a t i o   which  

va r i e s   with  the  s p e c i f i c   hydrocarbon  gas  employed.  For  e x a m p l e ,  

prop  ane  gas  which  would  r equ i r e   a  r a t i o   of  6 . 0  -   7.2,   and  methane 

gas  which  would  r equ i r e   a  r a t i o   of  1 . 6  -   2.4  for  c a r b u r i z i n g ;   a 

s u i t a b l e   gas  blending  appara tus   is  shown  in  Figure  16.  Air  and 

propane  are  supp l ied   s e p a r a t e l y   through  passages   10  and  11 ,  

r e s p e c t i v e l y ,   at  ambient  t empera tu re ;   each  are  r e g u l a t e d   as  t o  

p ressure   i n d i c a t e d .   The  n i t rogen   supply  is  u s e d  f o r   pu rg ing   t h e  

furnace   chamber and  is  not  used  for  g e n e r a t i o n   of  the  e n d o t h e r m i c  

type  a tmosphere .   The  amount  of  a i r   and  propane  admi t t ed   to  t h e  

furnace   is  r e g u l a t e d   by  motor ized  valves   12  and  13,  r e s p e c t i v e l y ,  

which  are  c o n t r o l l e d   to  operate  to  main ta in   a  cons t an t   a i r / p r o p a n e  

r a t i o .   The  r a t i o   is  p re se t   in  c o n t r o l l e r   14  and  v a r i a n c e s   in  t h e  

flow  r a t i o   as  sensed  by  flow  meter  s  15  and  16  causes  the  i n d i v i d -  

ual  c o n t r o l l e r s   17  or  18  to  main ta in   the  p r e se t   r a t i o   in  c o n t r o l l e r  

1 4 .   A l t e r n a t i v e l y ,   the  atmosphere  composi t ion  may  be  c o n t r o l l e d  

a u t o m a t i c a l l y   by  moni to r ing   the  furnace   atmosphere  C02  con ten t   by 

i n f r a r e d   gas  ana ly s i s   or  by  measuring  the  oxygen  p o t e n t i a l   of  t h e  

atmosphere  by  means  of  a  z i r c o n i a   oxygen  sensor .   The  h y d r o c a r b o n  

gas  a d d i t i o n   is   a u t o m a t i c a l l y   r e g u l a t e d   to  ma in t a in   p r e d e t e r m i n e d  

l e v e l s   of  C02  content   or  oxygen  p o t e n t i a l .   A  s u i t a b l e   system  f o r  

au tomat ic   atmosphere  cont ro l   is  shown  s chema t i ca l l y   i n  F i g u r e   17 .  

The  valve  c o n t r o l l e r   20  and  21  a d j u s t   the  opening  of  the  r e s p e c t i v e  
motor ized   valve  22  and  23  to  match  the  vol tage   output   of  t h e  

r e s p e c t i v e   f lowmeter  24  and  25  to  the  con t ro l   v o l t a g e .   For  t h e  

a i r   supply,   the  con t ro l   vol tage   is  set  by  a d j u s t i n g   a  p o t e n t i o m e t e r  

on  the  valve  c o n t r o l l e r   21.  For  the  propane  supply,   the  c o n t r o l  

vo l tage   is  der ived  from  the  p r o p o r t i o n a l   c o n t r o l l e r   26.  The  o u t p u t  
of  the  p r o p o r t i o n a l   c o n t r o l l e r   depends  on  the  d i f f e r e n c e   b e t w e e n  

the  s ignal   r ece ived   from  the  z i r c o n i a   oxygen  sensor  27  and  a 



r e f e r e n c e   vol tage  ob ta ined   by  s e t t i n g   a  p o t e n t i o m e t e r .   The 

necessary   v o l t a g e - t o - v o l t a g e   and  v o l t a g e - t o - c u r r e n t   c o n v e r t e r s   a r e  

not  shown. 
(b)  Feeding  said  mixture  to  said  furnace  at  a  slow  f l o w  

r a t e .   For  a  furnace  without   a  v e s t i b u l e ,   or  for  a  large  f u r n a c e  

with  small  v e s t i b u l e s ,   the:  necessa ry   flow,  may  be  e s t imated   by 

requiring  that   the  flow  r a t i o   ( furnace   chamber  volume  in  cubic  f e e t  

d iv ided   by  the  flow  rate  in  cubic  feet   per  hour  measured  at  t h e  

furnace  t empera tu re )   be  g r e a t e r   than  about  0.2  hours.   For  a 

furnace  with  a  large  v e s t i b u l e ,  s u c h   as  was  used  in  these  t r i a l s ,  

the  a l lowable   flow  ra tes   are  h i g h e r ,   but  must  be  determined  e i t h e r  

by  t r i a l   or  by  a  d i r e c t   measurement  of  r es idence   time  of  the  g a s e s .  
For  a  large  commercial  furnace  of  400  cubic  feet   volume  o p e r a t e d  

at  1700°F,  a  slow  flow  ra te   would  be  about  400  s tandard  cubic  f e e t /  

hour  for  a  flow  ra t io   of  0.25  h o u r s .  

(c)  Reac t ing   said  gas  mixture  in  the  furnace  to  g e n e r a t e  

a  d e s i r e d   endothermic  g a s - l i k e   a tmosphere ,   said  r e ac t ed   g a s e s  

having  a  mean  res idence   time  in  said  furnace  in  p r o p o r t i o n   to  t h e  

t empera ture   of  said  a tmosphere ,   which  mean  r e s i d e n c e   t i m e  t y p i c a l -  

ly  may  vary  between  69  minutes  at  800°C  and  17  minutes  at  1000°C. 

The  flow  ra te   is  c o n t r o l l e d   to  achieve  a  s p e c i f i c   mean  r e s i d e n c e  

t i m e .  

It   should  be  poin ted   out  that   the  process  of  t h i s  

i nven t ion   is  not  l imi t ed   to  the  p r e f e r r e d   modes  d e s c r i b e d ,   but  c an  

include  c e r t a i n   m o d i f i c a t i o n s   wi thout   d e v i a t i n g   from  the  i n v e n t i o n .  

For  example;  c a r b o n i t r i d i n g   may  be  c a r r i e d   out  by  the  p r o c e s s  
desc r ibed   provided  a  p rede te rmined   amount  of  ammonia  (up  to  5%, 

p r e f e r a b l y   3-4%)  is  added  to  the  p r e s c r i b e d   atmosphere.   Moreover ,  

carburizing  may  be  c a r r i e d   out  with  specia l   hydrocarbon  a d d i t i o n s  

other  than  the  descr ibed  propane  or  methane,  such  as  b u t a n e .  



1.  A  method  of  heat  t r e a t i n g   f e r rous   based  w o r k p i e c e s  

in  a  fu rnace   chamber  by  hea t ing   said  workpieces   t h e r e i n   to  t h e  

t e m p e r a t u r e   rqnge  of  1500  -2000°F  (800  -   1100°C)  while  in  t he  

p resence   of  an  endothermic  type  gas,  c h a r a c t e r i s e d   in  tha t   t h e  

gas  is  passed  through  the  said  chamber  at  a  low  flow  r a t e .  

2.  A  method  according   to  Claim  1  in  which  s a i d  

endothermic   type  gas  comprises  CO,  H2,  CO2,  H2O  and  CH4  fo rmed  

by  the  r e a c t i o n   of  a i r   and  hydrocarbon  gas  and  a d d i t i o n a l  

p roduc t s   formed  by  the  r educ t ion   of  CO2 and  H20  by  CH4. 

3.  A  method  accord ing   to  Claim  1  o r  C la im  2  in  which  

the  flow  ra te   produces  an  averqge  res idency  time  of  sa id   ga s  

r e a c t i o n   p r o d u c t s   in  sa id   chamber of  at  l e a s t   0.2  h o u r s .  

4.  A  method  accord ing   to  any  one  of  Claims 1  t o  3  

wherein   the  endothermic  type  gas  is  formed  by  the  r e a c t i o n   o f  

a i r   and  propane  or  methane .  

5.  A  method  according   to  Claim  4  wherein   e n d o t h e r m i c  

gas  is  formed  from  a  gas  mixture  having  an  a i r / p r o p a n e   r a t i o   o f  

1 . 6  -   2 . 1  o r  a n   a i r /me thane   r a t i o   of  6 . 0  -   8 . 0 .  

6.  A  method  according  to  Claim  5  where in   the  said  gas  
is  formed  from  a  mixture  having  an  a i r /me thane   r a t i o   of  6 . 0 - 7 . 2 .  

7.  A  method  accord ing   to  any  one  of  Claims  1  to  6 

in  which  the  p r o p o r t i o n   of  hydrocarbon  gas  used  in  the  g e n e r a t i o n  

of  the  endothermic   type  gas  is  c o n t r o l l e d   in  response  t o  

v a r i a t i o n s   in  the  amount  of  oxygen  in  said  chamber  a t m o s p h e r e .  

8.  A  method  according  to  Claim  7  in  which  the  amount 

of  oxygen  is  sensed  by  the  use  of  a  z i r c o n i a   oxygen  sensing  d e v i c e .  



9.  A  method  accord ing   to  any  one  of  Claims  1  to  6 

wherein  the  p ropor t ion   of  hydrocarbon  gas  used  in  the  g e n e r a t i o n  

of  the  endothermic  type  gas  is  c o n t r o l l e d   in  response  t o  

v a r i a t i o n s   in  the  gas  in  t h e  s a i d   chamber.  

10.  A  method  accord ing   to  any  one  of  Claims  1  to  9 

wherein  the  ferrous  based  workpiece  is  exposed  to  said  endo the rmic  

type  gas  in  said  chamber  for  a  per iod  of  time  s u f f i c i e n t   t o  

ob ta in   a  carbon  gradient   in  the  workpiece  proceeding  from  the 

ou te r   region  t h e r e o f .  

11.  A  method  accord ing   to  any  one  of  Claims  1  to  10 

wherein  the  workpieces  are  heated  to  a  t empera ture   of  at  l e a s t  

820°C. 

12.  A  method  accord ing   to  any  one  of  Claims  1  to  11 

wherein  the  endothermic  type  gas  is  fed  into  the  chamber  at  a 

ra te   s u f f i c i e n t   to  provide  a  mean  r e s i d e n c e   time  in  said  f u r n a c e  

in  p r o p o r t i o n   to  the  t empera tu re   of  said  atmosphere  which 

va r i e s   betwecn  69  minutes  at  800°C  and  17  minutes  at  1000°C. 
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