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54)  Heat  treatment  of  metals. 
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Workpieces  to  be  heat  treated  (for  example  to  be  an- 
nealed  or  sintered)  are  passed  through  a  continuous  furnace 
having  in  sequence,  an  entrance,  a  thermal  treatment  region,  a 
cooling  region  and  an  exit.  Ingress  of  air  into  the  furnace 
through  the  entrance  and  exit  is  prevented.  Typically  the  cool- 
ing  region  is  provided  at  its  exit  end  with  one  or  more  curtains 
or  partitions  providing  a  physical  obstruction  to  the  flow  of  air 
into  the  furnace  and  a  flow  of  non-reactive  gas  (eg  nitrogen)  al- 
so  to  inhibit  ingress  of  air.  The  curtains  or  partitions  may  form 
one  or  more  chambers  with  the  furnace  and  the  nitrogen  sup- 
plied  to  such  chamber  or  chambers.  Non-reactive  gas  and  red- 
ucing  gas  (eg  hydrogen)  are  introduced  into  the  furnace  to 
provide  substantially  non-oxidising  conditions  therein.  The 
flow  regimen  is  such  that  atmosphere  or  different  composi- 
tions  are  created  in  the  thermal  treatment  and  cooling  regions. 
By  severely  limiting  ingress  of  air  into  the  furnace  and  creating 
eg  differential  hydrogen  concentrations  along  the  furnace 
overall  consumptions  of  gas  may  be  considerably  reduced. 



This  i n v e n t i o n   r e l a t e s   to  the  heat  t r ea tment   of  me ta l s .   In  p e r f o r m i n g  

heat  t r ea tmen t   p rocesses   such  as  annea l ing ,   s p h e r o i d i s i n g ,   s i n t e r i n g ,  

b raz ing ,   m a l l e a b i l i s i n g   and  ha rden ing ,   it  is  g e n e r a l l y   d e s i r a b l e   to  

perform  the  t r ea tment   in  a  furnace  under  a  reducing  or  n o n - o x i d i s i n g  

a tmosphere .   The  heat  t r e a tmen t   may  be  performed  on  a  batch  o r  

cont inuous   b a s i s .   Continuous  heat  t r ea tmen t   furnaces   are  t y p i c a l l y  

open-ended.   They  have  an  i n l e t   for  the  metal  or  work  to  be  h e a t  

t r e a t e d ,   a  thermal  t r ea tmen t   region,   a  cool ing  reg ion ,   and  an  o u t l e t  

for  the  work.  The  work  is  advanced  through  the  furnace  at  a  c h o s e n  

ra te   so  that  it  is  moved  through  the  thermal  t r ea tmen t   zone  where  it  i s  

r a i sed   to  the  neces sa ry   t r ea tment   t empera ture   and  is  then  p a s s e d  

through  the  cool ing  region,   in  which  the  work  is  cooled  to  a 

t empera ture   at  which  it  wi l l   not  become  ox id i sed   on  exposure  to  . ambien t  



a i r .   The  r e q u i r e d   atmosphere  is  t y p i c a l l y   gene ra t ed   in,  for  example ,  

an  exothermic   or  endothermic   gas  g e n e r a t o r   or  an  ammonia  c racker .   The 

atmosphere   is  supp l ied   to  the  thermal  t r ea tmen t   region  and  expands  t o  

f i l l   the  whole  gas  space  in  the  fu rnace .   Since  the  atmosphere  i s  

p a r t i c u l a r l y   f lammable,   i t   is  g e n e r a l l y   n e c e s s a r y   to  burn  the  a tmosphe re  

both  the  furnace   e n t r a n c e ,   and  furnace  o u t l e t .   There  is  thus  a  b i -  

d i r e c t i o n a l   flow  regimen  in  the  furnace   with  gas  d i v e r g i n g   in  b o t h  

d i r e c t i o n s ,   from  the  thermal   t r ea tmen t   zone .  

It  is  n e c e s s a r y   to  supply  gas  to  the  furnace  at  a  s u f f i c i e n t   rate   t o  

ma in t a in   a  p o s i t i v e   p r e s s u r e   t h e r e i n .   Otherwise ,   there  wi l l   be  a  

s u b s t a n t i a l   flow  of  a i r   in to   the  furnace   through  the  i n l e t   or  t h e  

o u t l e t   with  an  a t t e n d a n t   r i sk   of  o x i d i s i n g   c o n d i t i o n s   being  c rea ted   i n  

the  fu rnace .   It  has  t h e r e f o r e   been  the  p r a c t i c e   to  supply  to  the  f u r n a c e  

at  a  ra te   well  in  excess  of  tha t   t h e o r e t i c a l l y   r equ i red   to  provide  t h e  

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

r e g i o n .  

It   is  an  aim  of  the  p re sen t   i n v e n t i o n   to  provide  a  method  of  h e a t  

t r e a t m e n t   which  is  able  to  a m e l i o r a t e   the  a fo remen t ioned   drawbacks  to  t h e  

c u r r e n t   p r a c t i c e   de sc r i bed   in  the  p reced ing   p a r a g r a p h .  

According  to  the  p re sen t   i n v e n t i o n ,   there  is  provided  a  method  of  h e a t  

t r e a t i n g   metal   in  a  cont inuous   furnace   having  in  sequence  an  en t r ance ,   a 

thermal   t r e a t m e n t   r eg ion ,   a  cool ing   r eg ion ,   and  an  ex i t   compris ing   t h e  

s teps   of  s u b s t a n t i a l l y   p r e v e n t i n g   i ng re s s   of  a i r   into  the  furnace  t h r o u g h  

the  e n t r a n c e   ( i f   r e q u i r e d )   and  the  e x i t ;   i n t r o d u c i n g   n o n - r e a c t i v e   gas  ( a s  

h e r e i n a f t e r   de f ined)   and  reducing   gas  into  the  furnace  at  chosen  l o c a t i o n s ;  

c r e a t i n g   a  gas  flow  regimen  w i th in   the  furnace   to  provide  n o n - o x i d i s i n g   o r  

reduc ing   c o n d i t i o n s   s u b s t a n t i a l l y   th roughout   the  furnace  and,  if  d e s i r e d ,  

a tmospheres   of  d i f f e r e n t   compos i t ions   in  the  thermal   t r ea tmen t   and  c o o l i n g  

r e g i o n s ,   and  pass ing   the  metal  through  the  furnace  from  the  en t rance   to  t h e  

e x i t .  



By  the  term  " n o n - r e a c t i v e   gas"  as  used  he re in ,   i t   is  meant  a  gas  which  i s  

n o n - r e a c t i v e   towards  other   c o n s t i t u e n t s   of  the  atmosphere  and  the  work  o r  

-metal   being  heat  t r e a t e d .   Gene ra l ly ,   n i t r o g e n   is  used  as  the  n o n - r e a c t i v e  

gas,  though,  in  c e r t a i n   i n s t a n c e s ,   it  may  be  d e s i r a b l e   to  use  argon  as  an 

a l t e r n a t i v e   if  n i t r o g e n   has  any  d e l e t e r i o u s   e f f e c t   on  the  metal  being  h e a t  

t r e a t e d .  

The  term  'hea t   t r e a t i n g   metal '   as  used  he re in   inc ludes   annea l ing   ( i n c l u d i n g  

s p h e r o i d i s i n g ) ,   s i n t e r i n g   (e .g .   of  powders  i n c l u d i n g   n o n - m e t a l l i c   powders )  

b raz ing ,   hardening  and  m a l l e a b i l i s i n g .   The  method  accord ing   to  t h e  

i n v e n t i o n   is  p a r t i c u l a r l y   su i ted   for  use  in  annea l ing   and  s i n t e r i n g .  

The  method  accord ing   to  the  i n v e n t i o n   is  s u i t a b l e   for  use  with  b o t h  

h o r i z o n t a l   cont inuous   fu rnaces   ( i . e .   fu rnaces   through  which  the  work 

t r a v e l s ,   g e n e r a l l y   h o r i z o n t a l l y )   and  v e r t i c a l   furnaces   ( fu rnaces   t h r o u g h  

which  the  work  passes  v e r t i c a l l y ) .   Examples  of  h o r i z o n t a l   c o n t i n u o u s  

fu rnaces   inc lude  cont inuous   s t r i p   wire  f u rnace s ,   mesh  bel t   f u r n a c e s ,   r o l l e r  

hea r th   fu rnaces   and  pusher  f u r n a c e s .  

T y p i c a l l y ,   n o n - r e a c t i v e   gas  and  reducing   gas  are  i n t roduced   d i r e c t l y   i n t o  

the  thermal  t r ea tment   region  of  a  h o r i z o n t a l   fu rnace .   A l t e r n a t i v e l y ,   t h e y  

can  be  i n t roduced   into  the  furnace  at  a  l o c a t i o n   in  the  cool ing  reg ion ,   f o r  

example,  at  one  or  more  l o c a t i o n s   near  to  the  thermal   t r ea tmen t   r eg ion ,   b u t  

a l t e r n a t i v e l y   or  a d d i t i o n a l l y   at  one  or  more  l o c a t i o n s   remote  from  t h e  

thermal   t r e a t m e n t   region,   the  flow  being  such  that   a  s u b s t a n t i a l   p o r t i o n   o f  

the  reducing   gas  flows  into  the  thermal   t r ea tmen t   region.   Since  the  n o n -  

r e a c t i v e   gas  and  the  reducing  gas  are  t y p i c a l l y   i n t roduced   into  the  f u r n a c e  

at  about  ambient  t e m p e r a t u r e ,   while  the  thermal  t r ea tmen t   region  may  be  a t  

t empera tu re   of  up  to  1100  degrees   C  depending  on  the  kind  of  heat  t r e a t m e n t  

to  be  performed,   there  is  a  s u b s t a n t i a l   expans ion   of  the  gases  in  t h e  

thermal  t r ea tmen t   reg ion .   Accord ing ly ,   there  is  a  tendency  for  gas  to  f l o w  

out  of  th is   region  both  in  the  d i r e c t i o n   of  the  i n l e t   to  the  furnace  and  i n  

the  d i r e c t i o n   of  the  cool ing   reg ion .   In  a  h o r i z o n t a l   furnace   we  p r e f e r   t o  

c rea te   a  flow  regimen  in  which  the  flow  of  gas  out  of  the  thermal  t r e a t m e n t  

region  a t  one   of  i t s   ends  is  s u b s t a n t i a l l y   g r e a t e r   than  the  flow  of  gas  o u t  

of  the  region  at  i t s   o ther   end.  We  also  p r e f e r   in  such  a  furnace  to  e n s u r e  

tha t   the  gas  mixture  l eav ing   the  furnace   at  both  ends  is  n o n - f l a m m a b l e  



while  having  to  r e s o r t   to  b u r n i n g  -   off  flammable  gas  near  only  one  end .  

T y p i c a l l y   the  end  near  which  gas  is  burned  off  is  the  en t r ance   to  t he  

fu rnace ,   and  flow  of  gas  out  of  the  thermal  t r ea tmen t   region  to  the  c o o l i n g  

region  is  impeded.  Means  p rov id ing   a  phys i ca l   o b s t r u c t i o n   to  the  gas  f l ow  

may  be  employed  in  the  cool ing   reg ion   of  the  furnace  to  help  impede  flow  o f  

gas  out  of  the  cool ing   region  through  the  furnace  e x i t .   P r e f e r a b l y ,   non-  

r e a c t i v e   gas  is  supp l i ed   to  the  cool ing   reg ion   at  one  or  more  l o c a t i o n s ,  

t y p i c a l l y   with  a  component  of  v e l o c i t y   h o r i z o n t a l l y   in  the  d i r e c t i o n   of  t h e  

thermal   t r e a t m e n t   reg ion ,   so  as  f u r t h e r   to  impede  the  flow  of  gases  out  o f  

the  thermal   t r e a t m e n t   region  through  the  cool ing  reg ion .   By  this   means  i t  

is  p o s s i b l e   to  reduce  by  a  s u b s t a n t i a l   margin  the  amount  of  gas  tha t   f l o w s  

from  the  thermal   t r e a t m e n t   region  into  par t s   of  the  cool ing  region  remote  

from  the  thermal   t r e a t m e n t   reg ion   and  t h e r e f o r e   the  t o t a l   ra te   of  s u p p l y i n g  

r e a c t i v e   gas  to  the  thermal   t r e a t m e n t   region  may  be  r e d u c e d .  

Since  i t   is  p o s s i b l e   by  these  means  to  reduce  s u b s t a n t i a l l y   the  amount  o f  

r educ ing   gas  which  reaches   the  ex i t   of  the  fu rnace ,   i t   is  g e n e r a l l y   n o t  

n e c e s s a r y   to  b u r n - o f f   gas  at  the  ex i t   of  the  fu rnace .   Accordingly ,   any  
f lue   or  the  l ike   at  or  rear   the  ex i t   is  d e s i r a b l y   sealed  to  prevent   a i r  

from  f lowing  in to   the  furnace   t h e r e t h r o u g h .  

I t   is  d e s i r a b l e   to  i n t roduce   n o n - r e a c t i v e   gas  into  a  h o r i z o n t a l   furnace  a t  

one  or  more  l o c a t i o n s   at  or  near  the  o u t l e t   ( i . e .   furnace  ex i t )   if  d e s i r e d ,  

with  a  component  of  v e l o c i t y   in  the  d i r e c t i o n   of  the  o u t l e t   or  f l ow  

r e s t r i c t i o n   means)  so  as  to  provide  a  p o s i t i v e   flow  of  gas  through  t h e  

o u t l e t   which  is  e f f e c t i v e   to  prevent   or  s u b s t a n t i a l l y   l i m i t   the  ingress   o f  

a i r   in to   the  furnace   through  i t s   e x i t .   T y p i c a l l y ,   such  n o n - r e a c t i v e   gas  may 
also  perform  the  above-ment ioned  f unc t i on   of  reducing  the  p r o p o r t i o n   o f  

r e a c t i v e   gas  in  the  a tmosphere  l eav ing   the  ex i t   of  the  f u r n a c e .  

P r e f e r a b l y ,   in  order  to  help  impede  the  i ng ress   of  a i r   into  the  f u r n a c e  

through  i t s   o u t l e t ,   flow  r e s t r i c t i o n   means  are  provided  there   so  as  t o  

impede  the  flow  of  gas  into  the  furnace  wi thout   p r e v e n t i n g   the  metal  b e i n g  

t r e a t e d   from  pass ing   out  of  the  fu rnace .   T y p i c a l l y ,   said  means  p rov id ing   a 

p h y s i c a l   o b s t r u c t i o n   to  the  flow  of  gas  out  of  the  cool ing  region  are  a l s o  



used  to  help  impede  in  leakage  of  gas  into  the  furnace  through  the  e x i t .   A 

s u i t a b l e   flow  r e s t r i c t i o n   means  comprises  one  or  more  c u r t a i n s   compris ing  a 

mul t i t ude   of  g e n e r a l l y   v e r t i c a l l y   depending  f i b r e s   or  f i l a m e n t s   which  when 

not  d i sp l aced   o b t u r a t e   s u b s t a n t i a l l y   the  whole  c r o s s - s e c t i o n a l   area  of  the  

furnace   at  or  near  the  o u t l e t   but  whose  lower  ends  can  be  d i s p l a c e d  

l a t e r a l l y   by  metal  being  passed  through  the  furnace  to  al low  the  metal  t o  

pass  through  the  or  each  c u r t a i n .   A  combinat ion  of  such  flow  r e s t r i c t i o n  

means  and  means  for  i n t r o d u c i n g   n o n - r e s t r i v e   gas  into  the  furnace   at  o r  

near  to  the  flow  r e s t r i c t i o n   means  is  g e n e r a l l y   p a r t i c u l a r l y   e f f e c t i v e   i n  

s u b s t a n t i a l l y   p r e v e n t i n g   i ng re s s   of  a i r   into  the  furnace  through  t h e  

o u t l e t .  

In  p r e f e r r e d   examples  of  the  method  accord ing   to  the  p r e sen t   i n v e n t i o n   a 

par t   of  the  cool ing   region  near  to  the  furnace  ex i t   has  s p a c e d - a p a r t  

p a r t i t i o n s   and/or   c u r t a i n s   or  the  l ike   d e f i n i n g   at  l e a s t   one  chamber  i n t o  

which  n i t r o g e n   or  o ther   n o n - r e a c t i v e   gas  is  i n t r o d u c e d ,   the  p a r t i t i o n s  

being  a r ranged  to  permit  metal  being  t r e a t e d   to  pass  through  the  chamber  o r  

chambers .  

Such  a  technique   may  be  employed  g e n e r a l l y   in  heat  t r e a t m e n t   fu rnaces   t o  

help  reduce  the  t o t a l   consumption  of  gas.  For  example,  in  s i n t e r i n g ,   i t   i s  

known  to  employ  a  p r e - h e a t   region  i n t e r m e d i a t e   the  s i n t e r i n g   (or  t h e r m a l  

t r ea tmen t   r eg ion)   and  the  furnace  e n t r a n c e .   Lubr i can t   and  the  l ike  a r e  

ox id i sed   in  the  p r e - h e a t   reg ion .   Thus,  a  l im i t ed   flow  of  a i r   into  t h e  

furnace   through  i t s   en t r ance   may  be  t o l e r a t e d   to  help  c r ea t e   the  n e c e s s a r y  

o x i d i s i n g   c o n d i t i o n s .   Accord ing ly ,   the  i n v e n t i o n   also  p rov ides   a  method 

of  heat  t r e a t i n g   metal  in  a  con t inuous   furnace  having,   in  sequence,   a n  

e n t r a n c e ,   a  thermal  t r ea tmen t   region,   a  cool ing   region  and  an  e x i t ,   and 

also  having  at  or  near  to  one  end  t he r eo f   s p a c e d - a p a r t   p a r t i t i o n s   a n d / o r  

c u r t a i n s   (or  the  l ike )   d e f i n i n g   at  l e a s t   one  chamber  adapted  to  p e r m i t  

metal  being  t r e a t e d   to  pass  t h e r e t h r o u g h ,   said  method  compris ing   the  s t e p s  

of  i n t r o d u c i n g   a  s u i t a b l e   gas  or  gases  into  the  thermal   t r ea tmen t   r e g i o n  t o  

provide  a  s u i t a b l e   atmosphere  for  the  t r e a t m e n t ,   supply ing   n o n - r e a c t i v e   ga s  

to  the  chamber  or  chambers  so  as  s u b s t a n t i a l l y   to  prevent   i ng re s s   of  a i r  

from  ou t s ide   the  furnace   through  the  chamber  or  chambers  in to   a  part   of  t h e  

furnace  i n t e r m e d i a t e   the  chamber  or  chambers,  and  the  thermal   t r e a t m e n t  

reg ion ,   and  pass ing   metal  through  the  furnace  from  the  en t r ance   to  t h e  

e x i t .  



The  n o n - r e a c t i v e   gas  is  p r e f e r a b l y   i n t roduced   d i r e c t l y   into  the  chamber  o r  
chambers .  

The  i n t r o d u c t i o n   of  n o n - r e a c t i v e   gas  into  the  chamber  or  chambers  i s  

p r e f e r a b l y   at  such  a  ra te   and  the  p h y s i c a l   o b s t r u c t i o n   that   the  p a r t i t i o n s  

p r e s e n t   to  the  flow  of  gas  is  p r e f e r a b l y   such  t h a t :  

where:  Pc  is  the  p r e s su re   in  the  chamber  or  chambers  

Pu  is  the  p r e s s u r e   in  the  furnace  a tmosphere  at  a  r e g i o n  

proximate   said  chamber  or  chambers  and  i n t e r m e d i a t e   said  chamber  or  

chambers  and  the  thermal   t r e a t m e n t   r eg ion ,   and 

Pa  is  a tmosphe r i c   p r e s s u r e .  
More  p r e f e r a b l y ,   in  a  h o r i z o n t a l   furnace   there  are  at  l e a s t   two  chambers  

and  

where:  Pc  is  the  p r e s s u r e   in  the  chamber  n e a r e s t   the  thermal  t r e a t m e n t  

reg ion;   Pu  and  Pa  are  as  be fore ,   and  Pt  is  the  p r e s su re   in  the  t h e r m a l  

t r e a t m e n t   r e g i o n .  

Where  the  chamber  or  chambers  are  in  the  cool ing  region  near  the  ex i t   end 

of  the  fu rnace   and  with  the  p r e s s u r e   in  the  chamber  or  chambers  g r e a t e r  

than  a tmospher i c   p r e s su re   the  tendency  for  a i r   to  flow  or  seep  into  t h e  

coo l ing   reg ion   of  the  furnace   through  the  furnace   ex i t   is  reduced.   Wi th  

the  p r e s s u r e   in  the  chamber  or  chambers  g r e a t e r   than  the  p re s su re   in  t h e  

r e s t   of  the  coo l ing   reg ion   and  the  p r e s s u r e   in  the  thermal   t r e a t m e n t  

r eg ion ,   the  c r e a t i o n   of  the  des i r ed   flow  regimen  in  the  fu rnace ,   with  a 

non-f lammable  gas  mixture   l eav ing   the  furnace   e x i t ,   is  f a c i l i t a t e d   w h i l e  

enab l ing   the  t o t a l   r equ i r emen t s   for  n o n - r e a c t i v e   and  reducing  gas  to  be 

r e d u c e d .  

Where  two  or  more  such  chambers  are  employed,  these  chambers  w i l l  

t y p i c a l l y   i n t e r communica t e   with  and  be  at  s u b s t a n t i a l l y   the  same  p r e s s u r e  

as  one  a n o t h e r .  



P r e f e r a b l y   there  are  at  l e a s t   two,  and  t y p i c a l l y   three  or  more  chambers ,  

each  suppl ied   d i r e c t l y   with  n o n - r e a c t i v e   gas.  With  such  an  ar rangement   o f  

chambers,  in  p a r t i c u l a r ,   i t   is  p o s s i b l e ,   if  d e s i r e d ,   to  ma in t a in   a  

r e l a t i v e l y   high  hydrogen  (or  other   r e a c t i v e   gas)  c o n c e n t r a t i o n   (e .g .   50%  by 

volume  or  more)  in  the  par t   of  the  cool ing   region  i n t e r m e d i a t e   the  t h e r m a l  

t r ea tmen t   region  and  the  chambers  while  m a i n t a i n i n g   p r o g r e s s i v e l y   l o w e r  

hydrogen  (or  r e a c t i v e   gas)  c o n c e n t r a t i o n s   in  s u c c e s s i v e   chambers  from  t h e  

innermost   to  the  outermost   (the  c o n c e n t r a t o i n   of  hydrogen  in  the  o u t e r m o s t  

chamber  being  such  that   the  a tmosphere  t h e r e i n   is  non- f l ammable ) .   Having  a  

high  hydrogen  c o n c e n t r a t i o n   in  most  of  the  cool ing   region  a s s i s t s   i n  

coo l ing   the  metal  owing  to  the  r e l a t i v e l y   high  s p e c i f i c   heat  of  h y d r o g e n .  

Such  a  high  hydrogen  c o n c e n t r a t i o n   may  be  d e s i r a b l e   if  the  furnace  i s  

r equ i r ed   to  t r e a t   a  p a r t i c u l a r l y   large  mass  of  metal  per  uni t   time,  but  on 

other   occas ions   may  be  u n n e c e s s a r y ,   and,  i n s t e a d ,   i t   may  be  d e s i r a b l e   t o  

conf ine   the  h i g h e s t   hydrogen  c o n c e n t r a t i o n s   to  the  thermal   t r e a t m e n t  

region  by  i n t r o d u c i n g   most  of  the  hydrogen  into  the  thermal   t r e a t m e n t  

region  d i r e c t l y ,   or  in to   a  par t   of  the  coo l ing   region  near  to  the  t h e r m a l  

t r ea tmen t   r e g i o n .  

The  p a r t i t i o n s   are  t y p i c a l l y   hinged  or  p ivoted   to  s u i t a b l e   suppor t s   are  o r  

near  the  roof  of  the  fu rnace .   If  the  metal  being  t r e a t e d   is  in  the  form  o f  

an  e longa te   s t r i p ,   each  p a r t i t i o n   may  take  the  form  of  a  f lap  adapted  t o  

make  a  s u b s t a n t i a l l y   f l u i d - t i g h t   seal  or  engagement  with  the  metal  b e i n g  

t r e a t e d   and  the  s ides  of  the  fu rnace .   If  the  metal  being  t r e a t e d   c o m p r i s e s  

more  bulky  items  (e .g .   gears )   each  p a r t i t i o n   may  comprise  a  row  of  members 

of  ' f i n g e r s '   p i v o t a l l y   mounted  or  hinged  at  the  top  of  the  furnace  and 

ex tend ing   downwardly  to  the  w o r k - c a r r y i n g   su r face   of  the  f u rnace ,   w i t h  

a d j a c e n t   ' f i n g e r s '   o v e r l a p p i n g .   Such  an  ar rangement   o f f e r s   a  p h y s i c a l  

o b s t r u c t i o n   to  the  flow  of  gas  while  p e r m i t t i n g   the  metal  to  be  t r e a t e d   t o  

pass  t h e r e t h r o u g h .   Various  m a t e r i a l s   may  be  employed  to  form  t h e  

p a r t i t i o n s .   For  example,  they  mey  be  of  s t e e l   or  ceramic  m a t e r i a l   or  may 
be  of  a  s u i t a b l e   composite  or  l a m i n a t e .  

The  reducing  gas  may  be  hydrogen,   t y p i c a l l y   supp l i ed   from  a  c o n t a i n e r   o f  

commercia l ly   pure  hydrogen  under  p r e s s u r e ,   or  an  ammonia  c r acke r ,   or  may  be 

a  hydrocarbon  such  as  methane  or  propane.   The  reducing   gas  may 

a l t e r n a t i v e l y   be  a  mixture  of  carbon  monoxide  and  hydrogen  genera ted   i n  

s i tu   by  thermal  decompos i t ion   of  a  v o l a t i l e   o r g a n i c   compound,  such  a s  



methanol .   At  t empe ra tu r e s   above  700  degrees  C  one  mole  of  m e t h a n o l  

decomposes  to  y ie ld   one  mole  of  carbon  monoxide  and  two  moles  of  hydrogen .  
Methanol  is  a  p r e f e r r e d   source  of  hydrogen  if  the  work  to  be  heat  t r e a t e d  

is  o i ly .   If  there  is  grease  on  the  work  i t   may  also  be  advantageous  t o  
i n t r o d u c e   water  in to   the  t r e a t m e n t   region  or  a  p r e - h e a t   region  to  combat 

d e p o s i t i o n   of  soot  on  the  work.  This  may  be  done  by  pass ing   n o n - r e a c t i v e  

gas  through  a  h u m i d i f i e r   before   i t   en t e r s   the  t r e a t m e n t   reg ion .   It  i s  

impor t an t   tha t   the  metal  i t s e l f   is  not  ox id i sed   and  thus  n o n - o x i d i s i n g   o r  

r educ ing   c o n d i t i o n s   (so  far   as  the  metal  is  concerned)   are  m a i n t a i n e d  

s u b s t a n t i a l l y   th roughout   the  f u r n a c e .  

If  d e s i r e d ,   n o n - r e a c t i v e   gas  may  be  i n t r o d u c e d   into  the  furnace   at  one  o r  
more  l o c a t i o n s   i n t e r m e d i a t e   the  thermal   region  and  the  i n l e t ,   p r e f e r a b l y  
with  a  h o r i z o n t a l   component  of  v e l o c i t y   in  the  d i r e c t i o n   of  the  i n l e t ,   so  

as  to  help  p reven t   or  l i m i t   the  i ng re s s   of  a i r   into  the  furnace  through  t h e  

i n l e t .   A  b a f f l e   or  b a f f l e s ,   or  a r rangement   of  chamber  with  supply  of  n o n -  
r e a c t i v e   gas  t h e r e t o   such  as  may  be  employed  in  the  cool ing   region  may  be 

used  at  the  i n l e t   or  en t ry   end  of  the  fu rnace .   T y p i c a l l y ,   the  reducing  gas  
in  the  gas  mix ture   pass ing   through  the  i n l e t   is  burnt   off  as  i n  

c o n v e n t i o n a l   o p e r a t i o n   of  a  con t inuous   heat  t r e a t m e n t   f u r n a c e .  

The  compos i t ion   of  the  a tmosphere  in  the  thermal   t r ea tmen t   region  of  t h e  

fu rnace   w i l l   b  chosen  i n t e r   a l i a   in  accordance  with  the  t r ea tmen t   to  be 

performed,   the  compos i t ion   of  the  metal  to  be  t r e a t e d ,   the  dew  point   of  t h e  

f l u i d s   used  to  form  the  a tmosphere ,   whether  or  not  the  metal  to  be  t r e a t e d  

comes  in to   the  furnace   ca r ry ing   o i l   on  i t s   sur face   and  the  e f f e c t i v e n e s s   o f  

the  measure  adopted  to  l i m i t   or  exclude  a i r   from  the  f u r n a c e .  

By  s u b s t a n t i a l l y   l i m i t i n g   the  i ng re s s   of  a i r   into  the  fu rnace ,   i t   i s  

g e n e r a l l y   p o s s i b l e ,   i f   d e s i r e d ,   to  work  with  lower  average  c o n c e n t r a t i o n s  

of  r educ ing   agent  in  the  furnace   atmosphere  for  a  given  t r ea tment   t h a n  

would  be  p o s s i b l e   in  c o n v e n t i o n a l   o p e r a t i o n   of  the  furnace   w i t h o u t  

s u b s t a n t i a l l y   reducing   the  c o n c e n t r a t i o n   of  reducing  gas  that   obta ins   i n  

the  thermal   t r e a t m e n t   r eg ion .   Fur the rmore ,   by  using  s u p p l i e s   o f  

commerc ia l ly   pure  hydrogen  and  n i t r o g e n   r a t h e r   than  say  cracked  ammonia,  i t  

is  p o s s i b l e   to  reduce  the  dew  point   of  the  atmosphere  in  the  fu rnace ,   and 

thus  work  with  lower  l e v e l s   of  reduc ing   gas  than  when,  say,  cracked  ammonia 

is  used  as  a  source  of  reduc ing   gas.  By  i n h i b i t i n g   the  flow  of  r e d u c i n g  



gas  from  the  thermal  t r ea tmen t   region  to  the  cool ing   reg ion ,   i t   is  p o s s i b l e  

to  reduce  the  rate  at  which  reducing  gas  needs  to  be  supp l ied   to  t he  

thermal  t r ea tmen t   region.   Thus,  it  is  p o s s i b l e   in  many  i n s t a n c e s   to  make 

c o n s i d e r a b l e   r e d u c t i o n s   (eg  by  more  than  50%)  in  the  rate  of  supply ing   gas  

to  c o n v e n t i o n a l   h o r i z o n t a l   t r e a tmen t   fu rnaces   and  thereby  reduce  the  c o s t  

of  o p e r a t i n g   them. 

Typical   a tmospheres   that   can  be  c rea ted   in  the  thermal   t r e a t m e n t   region  f o r  

va r ious   t r e a t m e n t s   of  va r ious   m a t e r i a l s   are  set  out  in  t ab l e s   1  and  2 

below  (though  in  some  i n s t a n c e s   higher   hydrogen  c o n c e n t r a t i o n s   may  be 

e m p l o y e d ) .  

In  a  method  accord ing   to  the  i n v e n t i o n   there   is  not  a  uniform  atmosphere  i n  

the  thermal   t r ea tmen t   and  coo l ing   reg ions   of  the  fu rnace .   T y p i c a l l y ,   t h e  

atmosphere  s u b s t a n t i a l l y   th roughout   the  cool ing   region  con ta ins   a  

s u b s t a n t i a l l y   lower  p r o p o r t i o n   of  reducing  gas  such  as  hydrogen  than  t h e  

atmosphere  in  the  termal  t r ea tmen t   reg ion .   In  some  i n s t a n c e s ,   however ,  

r e l a t i v e l y   high  hydrogen  (or  other   reducing   gas)  c o n c e n t r a t i o n s   in  a  m a j o r  

p o r t i o n   of  the  cool ing   region  may  be  r equ i r ed   (eg  for  e f f i c i e n t   cool ing  o r  

to  enable  an  i n c r e a s e d   th roughput   of  work  to  be  d e a l t  w i t h )   and  indeed  t h e  

reducing  gas  c o n c e n t r a t i o n   may  be  h igher   than  or  s u b s t a n t i a l l y   the  same  a s  

that   in  the  termal   t r e a t m e n t   r eg ion .   In  such  i n s t a n c e s ,   there  wi l l   be  

s u b s t a n t i a l l y   lower  hydrogen  (or  other   non- reduc ing   gas)  c o n c e n t r a t i o n s   i n  

the  said  chamber  or  chambers.  Thus  even  in  such  i n s t a n c e s   the  r e q u i r e m e n t  

for  a  non-uni form  atmosphere  in  the  thermal   t r ea tmen t   and  cool ing   r e g i o n s  

of  the  furnace   is  me t .  







The  method  accord ing   to  the  i n v e n t i o n   may  also  be  employed  in  the  h e a t  

t r e a t m e n t   of  f e r rous   and  n o n - f e r r o u s   metals   in  cont inuous   v e r t i c a l   h e a t  

t r e a t m e n t   f u r n a c e s .   An  example  of  such  a  furnace   is  a  v e r t i c a l   s t r i p  

annea l i ng   furnace   which  comprises  a  g e n e r a l l y   v e r t i c a l   r i s i n g   leg  having  an  

i n l e t   at  i t s   bottom  and  a  g e n e r a l l y   v e r t i c a l   downward  leg  having  an  o u t l e t  

at  i t s   bottom,  the  two  legs  i n t e r c o m m u n i c a t i n g   at  the  top.  Guide  means  a r e  

t y p i c a l l y   l oca t ed   w i th in   the  furnace   for  gu id ing   the  par t   of  the  s t r i p   f rom 

the  i n l e t   to  the  o u t l e t .   T y p i c a l l y ,   in  the  down  leg,  a  thermal  t r e a t m e n t  

reg ion   is  provided  near  the  top  t h e r e o f ,   and  a  coo l ing   region  t h e r e b e l o w .  

T y p i c a l l y ,   in  o p e r a t i n g   such  a  furnace  in  accordance  with  the  i n v e n t i o n ,  

n o n - r e a c t i v e   gas  such  as  n i t r o g e n   is  supp l ied   to  the  up  leg  at  a  p l u r a l i t y  

spaced  apar t   l o c a t i o n s   and  reducing   gas,  p r e f e r a b l y   compris ing  hydrogen,  i s  

p r e f e r a b l y   i n t r o d u c e d   in to   the  down  leg  in  one  or  both  of  the  c o o l i n g  

reg ion   or  the  thermal   t r e a t m e n t   reg ion .   P r e f e r a b l y ,   one  flow  of  non -  

r e a c t i v e   gas  is  i n t r o d u c e d   in to   the  fu rnace ,   proximate  to  the  i n l e t   t h e r e o f  

and  ano ther   flow  proximate  to  the  o u t l e t   t h e r e o f   so  as  to  i n h i b i t   o r  

p reven t   the  flow  of  a i r   into  the  furnace  t h e r e t h r o u g h .   If  de s i r ed ,   t h e  

a f o r e s a i d   chamber  or  chambers  may  be  employed  at  the  ex i t   (or  o u t l e t )   end 

of  the  fu rnace ,   and,  a l so ,   if  d e s i r e d ,   an  analogous  arrangement   at  t h e  

i n l e t   or  en t ry   end.  In  a  v e r t i c a l   s t r i p   annea l ing   fu rnace ,   as  d e s c r i b e d ,  

above  the  p a r t i t i o n s   may  each  comprise  a  g e n e r a l l y   h o r i z o n t a l   p la te   with  an  

a p e r t u r e   formed  t h e r e t h r o u g h   to  guide  the  s t r i p .   By  s u b s t a n t i a l l y  

i n h i b i t i n g   such  a  flow  of  a i r   in to   the  furnace   i t   is  p o s s i b l e   to  make  a  

r e d u c t i o n   in  the  amount  of  hydrogen  employed  in  the  atmosphere  in  t h e  

thermal   t r e a t m e n t   r eg ion .   It  i s ,   however,  n e c e s s a r y   to  ensure  t h a t  

adequate   cool ing   takes  place  in  the  cool ing   r eg ion .   Accord ingly ,   in  many 

such  f u r n a c e s ,   we  b e l i e v e   tha t   i t   is  advantageous   to  ma in t a in   a  r e l a t i v e l y  

high  c o n c e n t r a t i o n   of  hydrogen  in  the  cool ing   reg ion   in  view  of  i t s  

r e l a t i v e l y   high  thermal   c o n d u c t i v i t y   (in  comparison  with  n i t r o g e n ) .  

Thus,  hydrogen  or  cracked  ammonia  may  be  i n t r o d u c e d   s o l e l y   into  the  c o o l i n g  

r eg ion   to  c r ea t e   an  atmosphere  c o n t a i n i n g   more  hydrogen  than  that   r e q u i r e d  

in  the  thermal   t r e a t m e n t   reg ion .   Owing  to  i t s   r e l a t i v e l y   low  dens i ty   i n  

comparison  with  n i t r o g e n ,   or  argon,  there   wi l l   be  a  c o n s i d e r a b l e   upward 

d r i f t   of  hydrogen  from  the  cool ing   region  into  the  termal  t r ea tment   r e g i o n  
I 

and  thus  the  n e c e s s a r y - a t m o s p h e r e   t h e r e i n   may  be  p r o v i d e d .  



Nitrogen  or  other   n o n - r e a c t i v e   gas  is  p r e f e r a b l y   suppl ied   to  the  r i s i n g   l e g  
of  the  furnace  so  as  to  l imi t   s u b s t a n t i a l l y   or  prevent   a  flow  of  hydrogen  

from  the  down  leg  of  the  furnace  to  the  r i s i n g   leg.  By  th is   means,  t h e  

ra te   at  which  hydrogen  need  be  supp l ied   to  the  furnace  may  be  reduced  i n  

comparison  with  c o n v e n t i o n a l   p r a c t i c e .  

The  method  accord ing   to  the  i n v e n t i o n   wi l l   be  de sc r ibed   in  the  e n s u i n g  

examples  with  r e f e r e n c e   to  the  accompanying  drawings,   in  wh ich :  

Figure  1  is  a  schemat ic   drawing  of  a  mesh  be l t   furnace  adapted  to  p e r f o r m  
the  method  accord ing   to  the  i n v e n t i o n ;  

Figure  2  is  a  schemat ic   diagram  i l l u s t r a t i n g   flow  c i r c u i t s   for  s u p p l y i n g  

n i t r o g e n   and  methanol  to  the  furnace  shown  in  Figure  1; 

Figure  3  is  a  graph  showing  a  t y p i c a l   example  of  how  a  compos i t ion   of  t h e  

atmosphere  in  the  furnace   there  is  along  i t s   l e n g t h ;  

Figure  4  is  a  schemat ic   drawing  of  a  cont inuous   s i n t e r i n g   f u r n a c e ;  

Figure  5  is  a  schemat ic   drawing  i l l u s t r a t i n g   a  v e r t i c a l   furnace  for  t h e  

b r igh t   annea l ing   of  the  s t a i n l e s s   s t e e l ;  

Figure  6  is  a  schemat ic   drawing  of  ano ther   mesh  be l t   furnace  adapted  t o  

perform  the  method  accord ing   to  the  i n v e n t i o n ;  

Figure  7  is  a  schematic   diagram  d e p i c t i n g   the  ar rangement   of  chambers  

from  part  of  the  cool ing   region  of  the  furnace  shown  in  F i g u r e  
6 .  

This  example  r e l a t e s   to  the  annea l ing   of  f e r rous   metal  pa r t s   in  a  s t a n d a r d  

Bi r l ec   18"  mesh  be l t   f u r n a c e .  

R e f e r r i n g   to  Figure  1  of  the  accompanying  drawings,   the  mesh  bel t   f u r n a c e ,  
i n d i c a t e d   by  the  r e f e r e n c e   2,  has  an  i n l e t   4  and  an  o u t l e t   6  for  the  work 

to  be  annealed .   The  furnace  has  a  thermal   t r ea tmen t   region  8,  l o c a t e d  

near  to  the  i n l e t   4,  and  a  cool ing   region  10,  i n t e r m e d i a t e   the  o u t l e t   6  and 

the  thermal  t r ea tmen t   region  8.  The  t h e r m a l  t r e a t m e n t  r e g i o n   8  is  h e a t e d  



by  means  of  "glow-bar"   hea t ing   elements  (not  shown) .  

Work  to  be  annealed  is  fed  on  to  an  endless   mesh  be l t   11  which  is  d r i v e n  

around  an  endless   path  ex tending   through  the  furnace   2  from  the  i n l e t   4  to  

the  o u t l e t   6,  the  be l t   11  being  mounted  on  r o l l e r s   12,  at  lease  one  o f  

which  is  d r iven   by  means  of  a  motor  (not  shown).  In  o p e r a t i o n ,   work  to  be 

annealed   is  loaded  on  to  the  be l t   jus t   in  advance  of  the  i n l e t   4  and  i s  

conducted  through  the  furnace   at  a  chosen  rate   u n t i l   i t   passes  through  t h e  

o u t l e t   6  where  i t   is  l i f t e d   off  the  b e l t .  

P o s i t i o n e d   undernea th   the  mesh  be l t   11  in  the  thermal  t r ea tmen t   r eg ion   8 

are  two  i n l e t s   14  and  16  through  which  gas  can  be  supp l ied   to  the  t r e a t m e n t  

reg ion   8.  I n l e t s   14  and  16  form  part   of  the  furnace  before   i t   was  a d a p t e d  

to  ope ra te   the  method  accord ing   to  the  i n v e n t i o n .  

Extending  downwardly  from  the  top  of  the  furnace  to  the  thermal  t r e a t m e n t  

region  are  two  coax ia l   n i t r o g e n / m e t h a n o l   i n j e c t o r s   18  and  20.  The  i n j e c t o r  
18  comprises   an  outer   pipe  22  for  n i t r o g e n   and  an  inner   26  for  m e t h a n o l  

c o a x i a l   with  the  pipe  22.  The  pipe  26  t e r m i n a t e s   wi th in   the  pipe  22,  a  

shor t   d i s t a n c e   above  i t s   o u t l e t .   The  i n j e c t o r   20  is  s u b s t a n t i a l l y   i d e n t i c a l  

to  the  i n j e c t o r   18  having  an  outer   n i t r o g e n   pipe  24,  and  an  inner  m e t h a n o l  

pipe  28.  The  i n j e c t o r s   18  and  20  are  operable   such  that   d r o p l e t s   o f  

methanol  become  e n t r a i n e d   in  the  n i t r o g e n   and  vapor i se   before   i m p i n g i n g  

upon  the  work  to  be  a n n e a l e d .  

A  d i r e c t i o n a l   n i t r o g e n   i n j e c t o r   30  compris ing   a  pipe  having  p e r f o r a t i o n s   o r  

a p e r t u r e s   p o i n t i n g   at  an  angle  of  45  to  the  v e r t i c a l   in  the  d i r e c t i o n   o f  

the  o u t l e t   6  extends  into  the  cool ing   region  10  from  the  roof  of  t h e  

fu rnace   2.  The  i n j e c t o r   30's  p o s i t i o n   in  the  cool ing  region  is  r e l a t i v e l y  

near  to  the  o u t l e t   6  of  the  fu rnace .   P o s i t i o n e d   i n t e r m e d i a t e   i n j e c t o r   30 

and  the  o u t l e t   6  are  four  rows  of  c u r t a i n s   34  depending  from  the  r o o f  

furnace   2  and  ending  a  s u f f i c i e n t   d i s t a n c e   above  the  mesh  be l t   10  to  e n a b l e  

work  to  pass  t h e r e t h r o u g h .   T y p i c a l l y ,   the  c u r t a i n s   each  comprise  a  

m u l t i t u d e   of  c l o s e l y   grouped  t o g e t h e r  ,   g e n e r a l l y   v e r t i c a l l y   d e p e n d i n g ,  

glass   f i b r e s   which  when  the  c u r t a i n   is  "c losed"  s u b s t a n t i a l l y   o b t u r a t e   t h e  

o u t l e t   of  the  f u rnace ,   but  which  may  be  par ted  by  metal  pass ing   through  t h e  

furnace   thereby   p e r m i t t i n g   the  metal  to  pass  out  of  the  f u r n a c e .  



Extending  downwardly  into  an  upper  part  of  the  cool ing  region  10  is  a 

d i r e c t i o n a l   n i t r o g e n   i n j e c t o r   32  having  a p e r t u r e s   or  p e r f o r a t i o n s   p o i n t i n g  

at  an  angle  of  45°  to  the  v e r t i c a l   in  the  d i r e c t i o n   of  the  t h e r m a l  

t r ea tmen t   region  8.  The  i n j e c t o r   32  is  p o s i t i o n e d   i n t e r m e d i a t e   t h e  

i n j e c t o r   30  and  the  thermal  t r ea tmen t   r e g i o n s .  

In  ope ra t i on   of  the  furnace   2,  n i t r ogen   is  t y p i c a l l y   i n t r o d u c e d   into  t h e  

cool ing  region  10  from  the  i n j e c t o r s   30  and  32  so  as  to  purge  air   from  t h e  

furnace .   The  means  for  hea t i ng   the  thermal  t r ea tment   region  8  are  t h e n  

a c t i v a t e d   so  as  to  r a i s e   the  t empera tu re   t h e r e i n   to  a  chosen  t r e a t m e n t  

va lue .   Ni t rogen  and  methanol  may  then  be  i n t roduced   into  the  t r e a t m e n t  

region  8  so  as  to  c rea te   a  des i r ed   atmosphere  t h e r e i n .   As  the  m e t h a n o l ,  

i n t roduced   as  l i q u i d ,   flows  into  the  t r ea tmen t   region  8,  so  it  v a p o r i s e s  

with  a  c o n s i d e r a b l e   expansion  in  volume.  S i m i l a r l y ,   the  n i t r o g e n  

in t roduced   into  the  t r ea tmen t   region  8  through  the  i n j e c t o r s   18  and  20  and 

through  the  i n l e t s   14  and  16  is  warmed  from  about  ambient  t empera tu re s   t o  

the  t r ea tment   t empera tu re   and  also  expands.   The  n i t r o g e n   i n t roduced   i n t o  

the  cool ing  region  10  through  the  i n j e c t o r   32  has  a  component  of  v e l o c i t y  

in  the  d i r e c t i o n   of  the  thermal  t r ea tment   region  8  and  i t s   flow  is  a r r a n g e d  

to  be  s u f f i c i e n t   so  as  to  i n h i b i t   c o n s i d e r a b l y   the  flow  of  expanding  g a s e s  

out  of  the  thermal  t r ea tmen t   region  8  into  the  cool ing   region  10.  These  

gases  thus  flow  l a r g e l y   in  the  d i r e c t i o n   of  the  i n l e t   4.  They  pass  into  a  

f lue  38  where  flammable  c o n s t i t u e n t s   are  burned  off .   A  s l i d i n g   p la te   40  i s  

provided  for  the  purposes  of  a d j u s t i n g   the  flow  of  such  gas  into  the  f l u e  

38.  

Gene ra l ly ,   the  flow  of  gases  under  the  p la te   40  w i l l   be  s u f f i c i e n t   to 

prevent   ingress   of  s u b s t a n t i a l   q u a n t i t i e s   of  air   into  the  furnace  t h r o u g h  

the  i n l e t   4.  If  d e s i r e d ,   however,  n i t r o g e n   may  be  i n t r o d u c e d   into  t h e  

furnace  i n t e r m e d i a t e   the  t r ea t emen t   reg ion   8  and  the  i n l e t   4  through  a  
nozzle  or  i n j e c t o r   (now  shown)  having  one  or  more  o u t l e t s   p o i n t i n g   t owards  

i n l e t   4.  The  a d d i t i o n a l   n i t r o g e n   flow  thus  c rea ted   helps  prevent   i n g r e s s  

of  a i r   through  the  i n l e t   4.  



The  ar rangement   of  the  i n j e c t o r   30  and  the  c u r t a i n s   34  s u b s t a n t i a l l y   l i m i t s  

the  i ng re s s   of  a i r   into  the  furnace   through  the  o u t l e t   6.  If  there  is  any 
f lue  a s s o c i a t e d   with  the  o u t l e t   6,  s i m i l a r   to  the  f lue   38,  for  b u r n i n g - o f f  

inf lammable   gas,  th is   should  be  sealed  to  prevent   air   f lowing  into  t h e  

furnace   t h e r e t h r o u g h .  

S u i t a b l e   n i t r o g e n   methanol  supply  equipment  for  the  use  with  the  f u r n a c e  

shown  in  F igure   1  is  i l l u s t r a t e d   in  Figure  2.  The  equipment  inc ludes   a  

n i t r o g e n   supply  p i p e l i n e   50  communicating  with  a  source  (not  shown)  o f  

commercia l ly   pure  n i t r o g e n .   T y p i c a l l y ,   this   source  is  a  v a c u u m - i n s u l a t e d  

v e s s e l   c o n t a i n i n g   n i t r o g e n   in  i t s   l i qu id   s t a t e ,   the  ve s se l   being  f i t t e d  

with  a  v a p o r i s e r   so  as  to  v a p o r i s e   l i q u i d   n i t r o g e n .   The  supply  equ ipment  

also  i nc ludes   a  p i p e l i n e   52  communicating  with  a  vesse l   (not  shown) 

c o n t a i n i n g   l i q u i d   methanol .   The  methanol  may  be  suppl ied   to  the  p i p e l i n e  

52  by  means  of  a  pump  or  under  the  p re s su re   of  n i t r o g e n   suppl ied   to  t h e  

u l l age   space  of  the  a f o r e s a i d   v e s s e l   c o n t a i n i n g   m e t h a n o l .  

An  i s o l a t i n g   or  s h u t - o f f   value  54  is  p o s i t i o n e d   in  the  n i t r o g e n   p i p e l i n e  

50  and  is  ope rab le   to  i s o l a t e   the  i n l e t   14  and  16,  the  i n j e c t o r   18,  20,  30 

and  32  from  the  source  of  n i t r o g e n .   A  p res su re   r e g u l a t o r   56  is  l o c a t e d  

downstream,  of  the  valve  54  in  the  p i p e l i n e   50  and  is  operable   to  a d j u s t  

the  supply  in  p r e s s u r e   of  n i t r o g e n   to  pipes  58,  60,  62  and  64,  

communicating  with  the  p i p e l i n e   50  downstream  of  the  r e g u l a t o r   56.  A  p i p e  
58  communicates  with  two  s u b s i d i a r y   pipes  72  and  74,  se rv ing   the  i n j e c t o r s  

30  and  32  r e s p e c t i v e l y .   The  pipe  60  communicates  with  the  i n l e t s   14  and 

16,  the  pipe  62  with  the  n i t r o g e n   pipe  22  of  the  i n j e c t o r   and  the  pipe  64 

connects   the  source  of  n i t r o g e n   to  the  pipe  24  of  the  i n j e c t o r   20.  Flow 

c o n t r o l   valves  66  are  loca ted   in  each  pipe  60,  62  and  64.  In  each  such 

pipe  there   is  provided  a  flow  meter  68  downstream  of  the  valve  66. 



A  flow  meter  is  also  provided  in  the  pipe  58.  In  each  of  the  pipes  60,  62 

and  64,  there  is  a  p ressure   r e g u l a t o r   70  l oca t ed   downstream  of  t h e  

r e s p e c t i v e   flow  meter  68. 

The  pipe  58  ends  in  the  union  of  the  pipes  72  and  74  and  flow  c o n t r o l  

valves  76  and  78  are  provided  in  the  pipes  72  and  74  r e s p e c t i v e l y .   The 

appara tus   shown  in  Figure  2  has  means  for  humidi fy ing   n i t r o g e n   suppl ied   to  

the  i n j e c t o r   20.  This  means  comprises  a  drum  82  con t a in ing   water  having  an  

i n l e t   80  which  is  submerged  beneath  the  water  and  which  communicates  w i t h  

the  p i p e l i n e   64  downstream  of  the  valve  70.  The  drum  82  has  an  o u t l e t  

communicating  with  a  pipe  86  l ead ing   to  the  n i t r ogen   pipe  28  of  t h e  

i n j e c t o r   20.  If  it  is  des i r ed   that  the  n i t r o g e n   f lowing  through  t h e  

p i p e l i n e   64  downstream  of  the  union  of  the  l a t t e r   with  the  i n l e t   80  s h o u l d  

be  dry  the  valve  84  is  opened  and  a l l   the  n i t r o g e n   in  the  pipe  64  f l o w s  

through  the  valve  84  and  thence  into  the  pipe  86,  whereas  when  the  valve  84 

is  c losed ,   a l l   the  n i t r ogen   e n t e r i n g   the  p i p e l i n e   64  flows  through  the  drum 

82.  The  purpose  of  the  h u m i d i f i e r   will   be  de sc r ibed   be low.  

The  methanol  p i p e l i n e   52  has  f i r s t   shut  off  or  i s o l a t i n g   valve  88,  d i s p o s e d  

t h e r e i n .   Downstream  of  the  methanol  pipe  88  is  a  f i l t e r   90  to  remove  any 

suspended  so l id s   from  the  methanol .   A  p i p e l i n e   96  communicates  with  t h e  

p i p e l i n e   52  downstream  of  f i l t e r   90,  the  p i p e l i n e   96  communicating  with  t h e  

methanol  pipe  26  of  the  i n j e c t o r   18.  A  flow  con t ro l   valve  98  is  p r o v i d e d  

in  pipe  96,  and  downstream  of  the  valve  98  is  a  flow  meter  100.  Downstream 

of  the  union  of  the  p i p e l i n e   96  with  the  p i p e l i n e   52,  is  a  flow  c o n t r o l  

valve  92,  and  downstream  of  that  a  flow  meter  94.  Downstream  of  the  f l o w  

meter  94,  the  p i p e l i n e   52  communicates  with  the  methanol  pipe  28  of  t h e  

i n j e c t o r   20. 

Before  a d a p t a t i o n   by  f i t t i n g   the  i n j e c t o r s   18,  20,  30  and  32,  and  t h e  

c u r t a i n s   34,  and  connec t ing   the  i n l e t s   14  and  16  to  the  n i t r ogen   (as  w e l l  

as  s h u t t i n g   off  any  f lue  at  the  ou t l e t   end  of  the  f u r n a c e ) ,   the  furnace  2 

was  opera ted   by  supply ing   2,000  s tandard   cubic  feet   per  hour  of  r i c h  

e x o t h e r m i c a l l y   genera ted   gas  to  the  thermal  t r ea tmen t   region  8  through  t he  

i n l e t s   14  and  16.  The  r e s u l t i n g   flammable  gas  mixture  was  burned  off  a t  

both  ends  of  the  furnace .   It  was  found  that  b r igh t   work  could  be  o b t a i n e d  

by  ope ra t i ng   the  method  according  to  the  i n v e n t i o n   when  the  furnace  was 



adapted  as  shown  in  F igures   1  and  2.  In  a  t y p i c a l y   example,  u n i v e r s a l  

j o i n t   fo rg ings   were  annealed  at  900°C  in  the  thermal  t r ea tmen t   region  8 

and  then  cooled  to  near  ambient  t empera tu re   in  the  cool ing   region  10.  The 

supply  of  n i t r o g e n   and  methanol  to  the  r e s p e c t i v e   f l u i d   i n l e t s   and 

i n j e c t o r s   was  as  f o l l o w s : -  

I n l e t s   14  and  16:  220  s t andard   cubic  feet   per  hour  of  n i t r o g e n .  

I n j e c t o r s   18  an  20:  440  s tandard   cubic  fee t   per  hour  of  n i t r o g e n   and  2 

l i t r e s   per  hour  of  m e t h a n o l .  

I n j e c t o r   30:  100  s t andard   cubic  feet   per  hour  of  n i t r o g e n .  

I n j e c t o r   32:  100  s t anda rd   cubic  f ee t   per  hour  of  n i t r o g e n .  

The  flow  was  equa l ly   d iv ided   between  the  i n j e c t o r s   18  and  20 .  

One  l i t r e   of  methanol  per  hour  decomposes  at  the  working  t empera tu re   t o  

y ie ld   20  s t anda rd   cubic  feet   per  hour  of  carbon  monoxide  and  40  s t a n d a r d  

cubic  fee t   per  hour  of  hydrogen.   It  can  thus  be  seen  that   the  t o t a l   f l o w  

of  gas  into  the  furnace   amounted  to  1,000  s t andard   cubic  feet   per  h o u r ,  

that   is  ha l f   the  flow  ra te   with  e x o t h e r m i c a l l y   genera ted   g a s .  

Par t s   from  l a rge   c a s t i n g s   to  small  p r e s s ings   were  t r e a t e d   in  the  f u r n a c e  

with  the  n i t r o g e n   and  methonal  suppl ied   to  the  furnace  of  the  r a t e s  

d e s c r i b e d   above  at  the  maximum  thermal   t r ea tment   region  t empera tu res   i n  

the  range  720  to  1060°C. 

Figure   3  i l l u s t r a t e s   the  v a r i a t i o n   in  the  composi t ion  of  the  f u r n a c e  

atmosphere  with  the  l o c a t i o n   in  the  furnace  when  the  t r ea tmen t   reg ion   8  i s  

opera ted   at  970°C.  It  can  be  seen  that   the  c o n c e n t r a t i o n   of  hydrogen  i n  

the  a tmosphere  in  the  t r ea tmen t   reg ion   8  was  in  the  order  of  7%,  but  i t  

dec reased   p r o g r e s s i v e l y   along  the  cool ing  region  10  in  the  d i r e c t i o n   of  t he  

o u t l e t   6,  f a l l i n g   to  below  1%  before  the  o u t l e t   6  is  reached.   S i m i l a r l y ,  

the  carbon  monoxide  l eve l   f a l l s   from  between  3.5%  and  4%  in  the  t h e r m a l  

t r e a t m e n t   region  to  below  1%  at  the  end  of  the  cool ing   region  10  r emote -  

from  the  thermal   t r ea tmen t   region  8.  There  is  a  co r r e spond ing   f a l l   i n  

carbon  d ioxide   c o n c e n t r a t i o n   from  about  0.4%  in  the  thermal  t r e a t m e n t  

region  8  to  below  0.1%  at  the  end  of  the  cool ing   region  10  remote  from  t h e  

thermal  t r ea tmen t   r eg ion   8,  ( a l l   pe rcen tages   are  by  volume).  Thus  the  gas  

l eav ing   the  furnace   through  the  o u t l e t   6  was  s u b s t a n t i a l l y   free  o f  

flammable  reducing  g a s .  



In  this   example,  methonal  was  chosen  as  the  source  of  reducing  gas  in  v i ew 

of  the  oi ly   c o n d i t i o n   of  some  of  the  work  to  be  t r e a t e d .   This  gave  an 

atmosphere  having  a  r e l a t i v e l y   high  dew  point  in  the  thermal  t r ea tmen t   zone 

e l i m i n a t i n g   the  p o s i t i o n   on  the  hea t ing   elements  caused  by  e n t r a i n e d   o i l  

when  using  a  n i t r ogen   methane  or  n i t rogen   hydrogen  a tmosphere .   N o n e t h e l e s s ,  

owing  to  the  supply  of  n i t r ogen   to  the  cool ing  region  10,  a  s u b s t a n t i a l l y  

n o n - r e a c t i v e   atmosphere  is  c rea ted   there  under  the  p r e v a i l i n g   c o n d i t i o n s ,  

thus  enabl ing   a  b r igh t   f i n i s h   to  the  work  to  be  o b t a i n e d .  

The  i n j e c t o r s   18  and  20  were  designed  with  the  pipes  22  and  24  closed  a t  

t he i r   r e s p e c t i v e   bottoms  but  with  o r i f i c e s   in  t he i r   s ides .   Thus,  m e t h a n o l  

leaving  the  pipes  26  and  28  s t ruck   the  closed  ends  of  the  pipes  22  and  24,  

breaking  into  d r o p l e t s   which  were  c a r r i ed   by  the  n i t r ogen   through  o r i f i c e s  

in  the  pipes  22  and  24  into  the  t r ea tmen t   region  8.  This  p r e v e n t e d  

r e l a t i v e l y   fas t   moving  methanol  je ts   s t r i k i n g   the  hea t ing   elements  of  o t h e r  

parts   of  the  furnace  before   v a p o r i s i n g .   Had  this   even  taken  p lace ,   t h e r e  

would  have  been  a  tendency  for  carbon  to  have  been  depos i t ed   on  the  work .  

It  was  also  found  that  at  the  l eve ls   of  hydrogen  and  carbon  monoxide 

employed  in  the  thermal  t r ea tmen t   region  8,  it  was  g e n e r a l l y   d e s i r a b l e   t o  

d i r e c t   n i t r ogen   from  the  i n j e c t o r   30  at  the  c u r t a i n s   34  in  order  to  e n s u r e  

that   ingress   of  a i r   into  the  furnace  was  not  so  great   as  to  depress  the  dew 

point   of  the  atmosphere  in  the  cool ing  region  10  to  a  level   at  which  

i n f e r i o r   q u a l i t y   work  was  p r o d u c e d .  

When  p a r t i c u l a r l y   oi ly  or  greasy  work  was  encoun te red ,   the  h u m i d i f i e r   drum 

82  was  used  to  add  water  vapour  to  the  atmosphere  and  thereby  help  p r e v e n t  

soot  format ion  on  the  work  and  the  furnace  s t r u c t u r e .  

A  flame  c u r t a i n   was  provided  under  the  mesh  be l t   10  at  the  i n l e t   end  of  t h e  

furnace  when  t r e a t i n g   la rge   p r e s s i n g s .   The  purpose  of  this  was  to  consume 

oxygen  in  t rapped  a i r   from  the  unders ide   of  the  p r e s s i n g s .  

Example  2 

This  example  r e l a t e s   to  the  s i n t e r i n g   of  bronze  on  to  a  s t e e l   backing  in  a 
s u i t a b l e   cont inuous   s i n t e r i n g   furnace  as  i l l u s t r a t e d   in  Figure  4.  



R e f e r r i n g   to  Figure  4,  a  cont inuous   furnace   200  has  an  i n l e t   202  for  work 

to  be  s i n t e r e d   a  thermal  t r ea tmen t   region  204  having  means  (not  shown)  f o r  

r a i s i n g   i t   to  a  t r ea tmen t   t e m p e r a t u r e ,   a  region  206  i n t e r m e d i a t e   the  i n l e t  

202  and  the  thermal  t r e a t m e n t   region  204,  an  o u t l e t   208  for  work,  and  a 

cool ing  region  210  i n t e r m e d i a t e   the  thermal  t r ea tmen t   region  204  and  t h e  

o u t l e t   208.  Located  in  the  cool ing  region  210  near  the  thermal  t r e a t m e n t  

reg ion   204,  is  an  i n l e t   pipe  which  is  used  for  conveying  to  the  region  204 

a  gas  mixture  s u i t a b l e   for  p rov id ing   the  r equ i red   atmosphere  in  the  r e g i o n  
204.  This  i n l e t   212  is  part   of  the  conven t iona l   f i t t i n g s   of  the  f u r n a c e .  

In  a d d i t i o n   to  the  i n l e t   212  e ight   i n j e c t o r s   214  t e r m i n a t e   in  the  c o o l i n g  

reg ion   210,  each  i n j e c t o r   being  a s s o c i a t e d   with  i t s   own  n i t r o g e n   s u p p l y  

p i p e l i n e   216  in  which  are  d isposed  a  flow  con t ro l   valve  218  and  a  

c a l i b r a t e d   o r i f i c e   220  downstream  of  the  flow  con t ro l   va lve   218.  

The  pipes  are  a l l   connected  to  a  common  p i p e l i n e   222  for  the  supply  of  

n i t r o g e n .  

Located  near  to  the  o u t l e t   208  is  a  n i t r o g e n   d i s t r i b u t i o n   pipe  224 

t e r m i n a t i n g   in  the  fu rnace .   The  o r i e n t a t i o n   of  the  d i s t r i b u t i o n   pipe  224 

is  a d j u s t a b l e   so  as  to  enable  the  d i r e c t i o n   at  which gas  i ssues   t h e r e f r o m  

to  be  v a r i e d .   It  is  p r e f e r a b l y   set  such  that   there  is  a  s u b s t a n t i a l  

component  of  v e l o c i t y   in  the  d i r e c t i o n   of  the  o u t l e t .   T y p i c a l l y ,   t h e  

d i s t r i b u t o r   pipe  224  has  o u t l e t   o r i f i c e s   whose  axes  extend  at  an  angle  o f  

45°  to  the  v e r t i c a l .  

Cur ta ins   226  are  p o s i t i o n e d   in  the  furnace  between  the  i n j e c t o r   224  and  t h e  

o u t l e t   208. 

The  a r ray   of  c u r t a i n s   226  is  analogue  to  that   desc r ibed   with  r e f e r e n c e   to  

Figure  1  of  the  accompanying  d r a w i n g s .  

The  d i s t r i b u t i o n   pipe  224  has  i t s   own  n i t r o g e n   supply  pipe  228  in  which  i s  

d isposed  a  flow  c o n t r o l   valve  230  upstream  of  a  c a l i b r a t e d   o r i f i c e   232. 

The  pipe  228  is  connected  to the   p i p e l i n e   222. 

The  cool ing  reg ion   210  is  t y p i c a l l y   cooled  by  an  arrangement   of  w a t e r  

j a c k e t s   234.  



Nitrogen  may  also  be  suppl ied   to  the  region  206  of  the  furnace   200  t h r o u g h  

a  d i s t r i b u t o r   pipe  238  that   is  analogous  to  the  d i s t r i b u t i o n   pipe  224.  The 

pipe  238  is  p o s i t i o n e d   such  that  gas  i s su ing   from  it   has  a  s u b s t a n t i a l  

component  of  v e l o c i t y   in  the  d i r e c t i o n   of  the  i n l e t   202.  T y p i c a l l y ,   t h e  

arrangement   of  the  pipe  is  such  that  gas  leaves  the  pipe  at  an  angle  o f  

45°  to  the  v e r t i c a l .   The  pipe  238  is  a s s o c i a t e d   with  pipe  240  having  a 

c a l i b r a t e d   o r i f i c e   242  d isposed   t h e r e i n   and  a  flow  con t ro l   valve  244 

upstream  t h e r e o f .  

The  gas  i n l e t   212  is  connected  to  a  gas  mixing  panel  246  which  is  in  t u r n  

connected  to  a  source  of  n i t r ogen   (not  shown),  and  a  source  of  c r a c k e d  

ammonia.  At  i t s   i n l e t   and  o u t l e t   ends,  the  furnace  is  provided  as  a 

s tandard   f i t t i n g   with  i n l e t   pipes  250  for  gas.  These  pipes  are  sea led   o f f .  

Also  at  the  i n l e t   and  o u t l e t   ends  of  the  furnace  are  f lues   252.  The  f l u e  

at  the  o u t l e t   end  of  the  furnace   is  s e a l e d .  

The  o p e r a t i o n   of  the  furnace  shown  in  Figure  4  is  s u b s t a n t i a l l y   s i m i l a r   t o  

that   shown  in  Figure  1.  Work  to  be  s i n t e r e d   is  advanced  through  t h e  

furnace  200  by  means  (not  shown).  A  chosen  mixture  of  n i t r ogen   and  c r a c k e d  

ammonia  is  i n t roduced   to  the  thermal  t r ea tment   region '204  of  the  f u r n a c e  

from  the  i n l e t   212  loca ted   in  the  cool ing  region  210.  The  i n j e c t o r s   214  a r e  
used  to  i n t r o d u c e   n i t r o g e n   at  spaced  apart   l o c a t i o n s   in  the  cool ing   r e g i o n  

210  so  as  to  c rea te   wi thin   the  cool ing  region  a  n i t r o g e n   flow  that  helps  to  

prevent   free  flow  of  gas  from  the  i n l e t   212  and  the  thermal   t r e a t m e n t  

region  204  in  the  d i r e c t i o n   of  the  o u t l e t   208.  It  is  to  be  a p p r e c i a t e d   t h a t  

the  c u r t a i n s   226  act  as  an  impedence  to  the  flow  of  gas  out  of  the  f u r n a c e  

200  through  the  o u t l e t   208,  and  also  the  n i t r o g e n   d i r e c t e d   t h e r e a t   from  t h e  

d i s t r i b u t o r   pipe  224  to  help  to  prevent   the  i ng re s s   of  air   into  the  f u r n a c e  

through  the  o u t l e t   208.  S i m i l a r l y ,   the  n i t r ogen   d i r e c t e d   to  the  i n l e t   202 

from  the  d i s t r i b u t o r   pipe  238  helps  to  p r e v e n t  i n g r e s s   of  a i r   into  t h e  

furnace   through  the  i n l e t .  

Ni t rogen  and  cracked  ammonia  en t e r ing   tho-  thermal  t r ea tmen t   region  204 

tend  to  expand  and  by  v i r t u r e   of  the  i n t r o d u c t i o n   of  n i t r o g e n   through  t h e  

i n j e c t o r   214  into  the  cool ing  region  210  tends  to  flow  out  of  the  t h e r m a l  

t rea tment   region  204  through  region  206,  and  then  into  the  f lue  252  where  

i t s   content   of  inf lammable  gas  (hydrogen)  is  b u r n e d - o f f .   It  is  to  be 

a p p r e c i a t e d   that   the  e f f e c t   of  the  p roduc t ion   of  n i t r o g e n   into  the  c o o l i n g  



zone  210  through  the  i n j e c t o r s   214  and  the  d i s t r i b u t o r   224  r e n d e r s  

n e g l i g i b l e   the  amount  of  inflammable  gas  in  the  gas  l eav ing   the  f u r n a c e  

through  the  o u t l e t   208. 

T y p i c a l l y ,   in  the  s i n t e r i n g   of  powdered  bronze  on  to  a  s t e e l   backing,  an 

atmosphere  c o n t a i n i n g   from  20  to  30%  by  volume  of  hydrogen  and  a  balance  o f  

n i t r o g e n   is  c o n v e n t i o n a l l y   used,  this   atmosphere  being  suppl ied   to  t h e  

furnace   through  the  i n l e t   212  and  the  sealed  i n l e t s   250.  lie  be l ieve   t h a t  

the  hydrogen  rqu i r emen t s   can  be  s u b s t a n t i a l l y   reduced  and  that   the  n i t r o g e n  

flow  to  each  of  the  i n j e c t o r s   214  and  the  d i s t r i b u t o r   224  may  t y p i c a l l y  

amount  to  some  400  to  500  s tandard   cubic  feet   per  hour,  the  n i t r ogen   f low 

being  evenly  d iv ided   between  the  8  i n j e c t o r s   and  the  d i s t r i b u t o r   p i p e .  

The  gas  mixture   supp l ied   to  the  pipe  212  and  hence  to  the  thermal  t r e a t m e n t  

reg ion   may  t y p i c a l l y   be  a  mixture  of  50  s tandard   cubic  fee t   per  hour  o f  

cracked  ammonia  (25%  n i t r o g e n   75%  hydrogen)  and  up  to  300  s tandard   c u b i c  

fee t   per  hour  of  n i t r o g e n .   Ni t rogen  is  p r e f e r a b l y   suppl ied   to  t h e  

d i s t r i b u t o r   238  at  a  ra te   of  150  to  200  s t andard   cubic  feet   per  h o u r .  

Example  3 

This  example  r e l a t e s   to  the  b r igh t   annea l ing   of  s t a i n l e s s   s t e e l   s t r i p   in  a 

v e r t i c a l   annea l i ng   f u r n a c e .  

R e f e r r i n g   to  Figure  5  of  te  drawings,   a  v e r t i c a l   s t a i n l e s s   s t ee l   b r i g h t  

annea l i ng   fu rnace   300  comprises  an  up- leg   302  and  a  down-leg  304  j o i n e d  

t o g e t h e r   at  the  top  by  a  connec t ing   s ec t ion   306.  At  the  bottom  of  the  u p -  

leg  302  there   is  an  i n l e t   308  with  a  s t r i p .   At  the  bottom  of  the  down- leg  

there   is  an  o u t l e t   310  for  s t r i p .   The  i n l e t   308  and  o u t l e t   310  a r e  

r e l a t i v e l y   r e s t r i c t e d   in  comparison  with  the  genera l   cross  s e c t i o n a l   a r e a  

of  the  l egs .   Located  near  to  the  i n l e t   308  is  a  b a f f l e   312  which  r e s t r i c t s  

flow  of  gas  from  above  the  b a f f l e   312  in  the  d i r e c t i o n   of  the  i n l e t   308.  A 

s i m i l a r   b a f f l e   is  l oca ted   near  the  o u t l e t   310  so  as  to  r e s t r i c t   flow  of  gas 
from  thereabove   through  the  o u t l e t   310.  Guide  r o l l s   314  are  loca ted   n e a r  

the  i n l e t   308  and  o u t l e t   310  and  in  the  s ec t ion   306  so  as  to  feed  the  s t r i p  

c o n t i n u o u s l y   through  the  f u r n a c e .  

At  an  upper  region  of  the  down-leg  304  is  loca ted   a  thermal  t r e a t m e n t  



region  320.  This  region  is  surrounded  by  r ad i an t   hea t ing   e lements   322 

ou t s ide   the  down-leg  304.  A  cool ing  region  318  is  l oca ted   beneath  t he  

thermal  t r ea tmen t   region  320  in  the  down-leg  304.  The  cool ing  region  318 

is  provided  with  a  fan  (not  shown)  for  c i r c u l a t i n g   gas  wi th in   that   r e g i o n .  

Gas  i n l e t s   to  the  legs  of  the  furnace  are  provided  at  severa l   spaced  a p a r t  
l o c a t i o n s   with  the  up-leg  302  and  the  down-leg  304.  There  is  a  f i r s t  

n i t r o g e n   i n l e t   324  to  provide  a  flow  of  n i t r o g e n   into  the  up-leg  at  a 

region  near  to  the  i n l e t   308  ( i n t e r m e d i a t e   the  i n l e t   308  and  i t s   b a f f l e  

312)  so  as  to  prevent   the  i ng re s s   of  a i r   into  the  furnace   308.  

There  is  a  p l u r a l i t y   of  i n l e t s   326  a l l   communicating  with  the  up- leg   of  the  

furnace  so  as  to  provide  an  atmosphre  c o n s i s t i n g   s u b s t a n t i a l l y   of  n i t r o g e n  

in  the  up- leg .   There  is  a  th i rd   i n l e t   328  for  n i t rogen   communicating  w i t h  

a  part   of  the  down  leg  304  near  to  the  o u t l e t   310  and  i n t e r m e d i a t e   t h e  

o u t l e t   310  and  i t s   b a f f l e   312.  This  enables  n i t rogen   to  be  suppl ied   to  t h e  

o u t l e t   so  as  to  prevent   s u b s t a n t i a l l y   al l   i ng ress   of  air   to  the  f u r n a c e  

through  the  o u t l e t   310.  There  is  a  p l u r a l i t y   of  i n l e t s   330  for  hydrogen  or 

cracked  ammonia  ( th ree   par ts   hydrgoen  to  one  part  n i t r o g e n )   to  the  c o o l i n g  

region  318.  The  r e l a t i v e   ra tes   of  supplying  n i t rogen   and  hydrgoen  ( o r  

cracked  ammonia)  to  the  furnace  are  chosen  so  as  to  provide  s u i t a b l e  

c o n d i t i o n s   for  the  b r igh t   annea l ing   of  s t a i n l e s s   s t ee l   in  the  c o o l i n g  

region  and  the  thermal  t r ea tment   reg ion .   By  excluding  or  s u b s t a n t i a l l y  

exc luding   a i r   from  the  fu rnace ,   s u b s t a n t i a l l y   less  hydrogen  or  c r a c k e d  

ammonia  than  would  o therwise   be  needed  is  employed.  Fur the rmore ,   by 

a r r ang ing   the  n i t r o g e n   flow  into  the  upper  leg  302  to  be  s u f f i c i e n t   to  

exclude  the  flow  of  hydrogen  from  the  down-leg  304  into  the  upper  leg  302, 

the  ra te   of  supplying  hydrogen  to  the  furnace   may  be  l im i t ed   to  t h a t  

r equ i red   to  provide  s u i t a b l e   a tmospheres   in  the  cool ing  region  and  t h e  

thermal   t r ea tmen t   r eg ion .   It  is  t h e r e f o r e   pos s ib l e   to  use  c o n s i d e r a b l y  

less  hydrogen  in  the  atmosphere  than  is  achieved  in  conven t iona l   t r e a t m e n t  

using  cracked  ammonia.  There  wi l l   be  a  flow  of  n i t rogen   from  the  up- leg  to  

the  down-leg  304.  Thus  the  atmosphere  in  both  the  cool ing  region  318  and 

the  thermal  t r ea tmen t   region  320  con ta ins   both  n i t r ogen   and  hydrogen  t h a t  

in  the  cool ing  region  con ta in s   the  g r e a t e r   p r o p o r t i o n   of  h y d r o g e n .  



T y p i c a l l y ,   in  the  c o n v e n t i o n a l   b r igh t   annea l ing   of  the  s t a i n l e s s   s t ee l   i n  

the  furnace   using  cracked  ammonia,  some  2,600  cubic  feet   per  hour  of  

cracked  ammonia  were  used,  whereas  t o t a l   gas  flows  in  this   example  can  be 

reduced  to  the  order  of  1,700  t o  1 , 8 0 0   cubic  feet   per  h o u r .  

In  order  to  provide  adequate   cool ing  in  the  cool ing  region  318  it  i s  

t y p i c a l l y   d e s i r a b l e   to  use  an  atmosphere  having  a  r e l a t i v e l y   h i g h  

c o n c e n t r a t i o n   of  hydrogen  in  comparison  with  that   used  in  the  t h e r m a l  

t r e a t m e n t   r eg ion .   This  is  because  hydrogen  has  a  high  thermal  c o n d u c t i v i t y  

in  comparison  with  n i t r o g e n .   If  the  source  of  hydrogen  is  cracked  ammonia, 

the  hydrogen  c o n c e n t r a t i o n   in  the  cooling  region  may  be  ar ranged  to  be  60 

to  62%  (dew  p o i n t  -   500C).  Or,  if  the  source  of  hydrogen  is  a  c y l i n d e r  

of  commercia l ly   pure  hydrogen,   54  -   60%  by  volume  hydrogen  (dew  p o i n t  -  
55°C).  However,  in  the  thermal  t r ea tmen t   region,   the  atmosphere  may 

t y p i c a l l y   con ta in   from  36  to  43%  by  volume  of  hydrogen  if  the  source  of  

hydrogen  is  cracked  ammonia,  and  from  28  to  41  by  volume  of  hydrogen  if  t h e  

source  of  hydrogen  is  a  c y l i n d e r   of  compressed  commercia l ly   pure  h y d r o g e n .  

Such  atmosphere  can  be  achieved  by  i n t r o d u c i n g   n i t r o g e n   into  the  u p - l e g  

302,  through  the  i n l e t s   324  and  326  at  the  ra te   of  flow  in  the  range  of  800 

to  1,000  cubic  feet   per  hour,  n i t r o g e n   into  the  down-leg  304  through  t h e  

i n l e t   328  at  a  flow  ra te   of  300  to  400  cubic  fee t   per  hour,  and  c r acked  

ammonia  at  a  flow  ra te   of  400  to  450  cubic  feet   per  hour  (or  hydrogen  at  a  

r a te   of  200  to  300  cubic  fee t   per  hour)  into  the  cool ing  region  318  t h r o u g h  

the  i n l e t   330.  Owing  to  the  upward  mig ra t ion   of  hydrogen  as  a  r e s u l t   o f  

i t s   low  d e n s i t y   and  passage  of  n i t r o g e n   from  the  up- leg  302  to  the  down- leg  

304,  the  gas  ana lyses   set  out  in  Table  3  below  are  t y p i c a l l y   p r o d u c e d .  

The  above  r e s u l t s   were  ob ta ined   when  annea l ing   e s t ima ted   s t a i n l e s s   s t e e l  

s t r i p   (300  s e r i e s )   at  a  t empera tu re   of  1050°C.  The  p r e c i s e   amount  o f  

hydrogen  r equ i r ed   in  the  cool ing  region  depends  on  the  t h i ckness   of  t h e  

s t r i p .   In  g e n e r a l ,   the  t h i c k e r   the  s t r i p ,   the  more  hydrogen  requ i red   i n  

the  cool ing   reg ion .   If  d e s i r e d ,   the  furnace  may  be  shut  down  for  p e r i o d s ,  

e .g.   for  the  weekend  but  s t i l l   main ta ined   in  c o n d i t i o n   by  supplying  a  ga s  

mixture  compris ing  96%  by  volume  of  n i t r o g e n   and  4%  by  volume  of  hydrogen  

to  the  s e c t i o n   306  to  e s t a b l i s h   such  atmosphere  throughout   the  f u r n a c e .  





Example  4 

This  example  r e l a t e s   to  the  b r igh t   annea l ing   of  f e r rous   or  n o n - f e r r o u s  

metal  s t r i p   in  an  FHD  mesh  be l t   f u r n a c e .  

R e f e r r i n g   to  Figure  6  of  the  drawings,   a  mesh  be l t   (not  shown)  advances  

s t r i p   (or  other  metal  to  be  t r e a t e d )   from  the  i n l e t   or  en t ry   602  to  t h e  

furnace   to  the  o u t l e t   or  exi t   604  from  the  fu rnace .   The  furnace  has,  i n  

sequence,   advancing  from  the  en t ry   602  to  the  ex i t   604,  an  i n l e t   r e g i o n  
606,  a  thermal   t r e a t m e n t   region  608,  and  a  cool ing  region  610.  At  the  end 

of  the  coo l ing   reg ion   610  remote  from  the  thermal  t r ea tmen t   region  608  a r e  
chambers  612,  614  and  616  def ined   by  g e n e r a l l y   v e r t i c a l   p a r t i t i o n s   618  t h a t  

coopera te   with  the  walls   of  the  furnace  to  def ine   the  chambers.  A  s l i d i n g  

p l a t e   619  is  provided  at  the  exi t   604  and  def ines   a  f u r t h e r   chamber  621 

with  the  n e a r e s t   of  the  p a r t i t i o n s   618  t h e r e t o .  

A  f l a r e - o f f   means  620  is  provided  in  communication  with  the  top  or  roof  of  

the  i n l e t   reg ion   606  at  a  l o c a t i o n   i n t e r m e d i a t e   a  chamber  622  in  the  i n l e t  

region  606  and  the  thermal  t r ea tmen t   region  608.  The  chamber  622  is  d e f i n e d  

between  the  walls  of  the  fu rnace ,   a  f i r s t   s l i d i n g   p l a t e   626,  included  at  an  

angle  to  v e r t i c a l ,   at  the  entry  602  and  a  hinged  p l a t e   624  which  may  be 

r a i s e d   or  lowered  to  vary  the  size  of  the  gap  betwen  the  bottom  edge  of  t h e  

p l a t e   626  and  the  mesh  be l t   (not  shown).  

The  chambers  612,  614  and  616  each  communicate  with  upper  and  l o w e r  

n i t r o g e n - s u p p l y   plenum  chambers  628  and  630,  and  the  chamber  622  w i t h  

analogous  n i t r o g e n - s u p p l y   plenum  chambers  632  and  634. 

The  furnace   is  also  provided  with  a  v a r i a b l e   angle  n i t r o g e n   i n j e c t o r   636 

s i t u a t e d   in  the  i n l e t   region  606  of  the  furnace  i n t e r m e d i a t e   the  p l a t e   626 

and  the  thermal  t r ea tmen t   region  608.  A  n i t r o g e n   i n l e t   640  to  the  f u r n a c e  

is  also  provided  at  a  l o c a t i o n   in  the  cool ing  reg ion   610  near  to  t h e  

thermal   t r e a t m e n t   reg ion .   A  v a r i a b l e   angle  hydrogen  i n j e c t o r   638  is  a l s o  

provided  in  the  cool ing  region  ou t s ide   but  near  to  the  chamber  612. 



The  arrangement  of  the  chambers  612  614  and  616  is  shown  s c h e m a t i c a l l y   i n  

Figure  7. 

The  p a r t i t i o n s   618  comprise  s t ee l   p l a t e s   or  f laps  each  hinged  to  a  s u p p o r t  
642  depending  from  the  roof  644  of  the  fu rnace .   The  f l o o r   646  of  t h e  

furnace  and  the  roof  644  are  formed  with  s p a c e d - a p a r t   s lo t s   648  t h e r e i n   to  

allow  n i t rogen   to  pass  into  each  of  the  chambers  612,  614  and  616  from  the  

chambers  628  and  630.  The  chambers  628  and  630  have  n i t rogen   i n l e t s   650 

and  652  c o n n e c t i b l e   to  a  source  of  n i t r o g e n .   Baff le   p l a t e s   654  and  656  a r e  

provided  in  the  chamber  to  block  the  d i r e c t   path  between  the  i n l e t s   650  and 

652  and  the  r e s p e c t i v e   sets  of  s l o t s   648.  Thus,  in  o p e r a t i o n ,   n i t r o g e n  

flows  around  the  b a f f l e s   654  and  656  and  through  the  s lo t s   648,  t y p i c a l l y  

p rov id ing   a  laminar  flow  of  gas  into  the  fu rnace .   The  p a r t i t i o n s   hang  a t  

an  angle  of  about  10°  to  the  v e r t i c a l   (with  t he i r   bottom  edges  nearer   to  

the  exi t   604  than  t he i r   top  edges)  so  as  to  enable  some  of  the  n i t r o g e n   t o  

be  d e f l e c t e d   thereby  and  thus  be  given  a  h o r i z o n t a l   component  of  v e l o c i t y  

in  the  d i r e c t i o n   of  the  e x i t .  

The  bottom  edge  of  each  p a r t i t i o n   618  c o n t a c t s   the  metal  s t r i p   being  h e a t  

t r e a t e d   as  it  is  passed  through  the  furnace .   If  d e s i r e d ,   each  p a r t i t i o n  

618  may  be  provided  at  i t s   edges  with  s ea l ing   means  (not  shown)  to  p r e v e n t  

s u b s t a n t i a l l y   a l l   gas  flow  between  the  p a r t i t i o n   and  the  side  walls  o f  

of  the  fu rnace .   There  is  however  i n t e r commun ica t i on   between  the  chambers  

over  the  top  edge  of  the  p a r t i t i o n s   and  through  the  mesh  be l t   658  of  t h e  

furnace  but  seals   at  such  top  edge  can  r e a d i l y   be  provided ,   if  d e s i r e d .  

Indeed,  in  genera l   the  more  l im i t ed   the  i n t e r c o m m u n i c a t i o n   between  t h e  

chambers  612,  614  and  616,  the  g r e a t e r   is  the  o b s t r u c t i o n   to  the  flow  of  

hydrogen  and  other   gas  out  of  the  furnace  through  the  exit   end  604  t h e r e o f  

and  to  inf low  or  i n l eakage   of  a i r   through  the  exit   604,  and  hence  the  l e s s  

n i t r o g e n   r equ i red   to  meet  the  o b j e c t i v e s   of  ach iev ing   a  high  hyd rogen  

c o n c e n t r a t i o n   in  the  cool ing  region  610  i n t e r m e d i a t e   the  chambers  612,  614 

and  616  and  the  thermal  t r ea tment   region  608  while  ob t a in ing   a  n o n -  

flammable  atmosphere  in  the  chamber  621  by  the  exit   604  and  s u b s t a n t i a l l y  

no  in leakage   of  air  into  the  furnace  through  the  ex i t   604. 

The  furnace   shown  in  Figures   6  and  7  may  be  opera ted   as  f o l l o w s .  



Nitrogen  is  suppl ied   to  the  chambers  628,630,  632  and  634  and  this   i s  

e f f e c t i v e   to  f lush   air   out  of  the  fu rnace .   The  thermal  t r ea tmen t   r e g i o n  

608  of  the  furnace   is  r a i s ed   to  a  t r ea tment   t empera tu re   by  hea t ing   means 

(not  shown)  a s s o c i a t e d   with  the  fu rnace .   Hydrogen  is  then  suppl ied   to  t h e  

furnace  through  the  v a r i a b l e   angle  i n j e c t o r   638,  t y p i c a l l y   o r i e n t a t e d   so  as  

to  d i r e c t   gas  downwards  at  an  angle  of  20°  to  the  v e r t i c a l   with  a  

h o r i z o n t a l   component  of  v e l o c i t y y   in  the  d i r e c t i o n   of  the  i n l e t   end  of  t h e  

fu rnace .   The  hydrogen  r e ac t s   with  any  r e s i d u a l   a i r   in  the  t h e r m a l  

t r ea tmen t   region  and  once  s u b s t a n t i a l l y   a l l   such  r e s i d u a l   a i r   has  been  

removed,  s t r i p   may  be  advanced  c o n t i n u o u s l y   through  the  furnace   to  be 

annea led .   For  th i s   p rocess ,   the  furnace  is  t y p i c a l l y   set  up  with  t h e  

i n l e t s   636  and  640  c losed ,   and  the  p l a t e s   624,  626  and  619  in  t h e i r  

lowermost  p o s i t i o n s .  

Ni t rogen  passes  into  the  chambers  612,  614  and  616  from  the  uppper  and 

lower  supply  chambers  628  and  630.  A  p re s su re   in  the  chambers  612,  614  and 

616  in  excess  of  a tmospher ic   p r e s su re   is  b u i l t   up.  Some  n i t r o g e n   w i l l   t h u s  

flow  from  chamber  616  into  the  chamber  621  and  out  of  the  furnace  t h r o u g h  

exi t   604.  I n t r o d u c t i o n   of  hydrogen  into  the  cool ing   region  from  t h e  

i n j e c t o r   638  and  flow  of  n i t r o g e n   from  the  chambers  616,  614  and  612  i n t o  

the  cool ing   region  610  provides   a  flow  of  a  gas  mixture  compris ing  n i t r o g e n  

and  hydrogen  into  the  thermal  t r ea tment   r eg ion   608.  This  d i r e c t i o n a l   f l o w  

is  caused  p a r t l y   by  the  o b s t r u c t i o n   to  flow  in  the  oppos i t e   d i r e c t i o n  

p r e sen t ed   by  the  p a r t i t i o n s   618  and  the  gas  p r e s su re   in  the  chambers  612,  

614  and  616  and  p a r t l y   by  burning  flammable  gas  i s su ing   from  the  t h e r m a l  

t r ea tmen t   reg ion   608,  such  flammable  gas  being  burned  in  the  f l a r e - o f f  

means  620.  (The  burning  helps  to  induce  a  flow  in  the  d i r e c t i o n   of  t h e  

en t ry   602  to  the  f u r n a c e ) .   As  the  gas  flows  or  d i f f u s e s   in  the  d i r e c t i o n  

of  the  thermal   t r ea tmen t   region  so  it   is  p r o g r e s s i v e l y   warmed  (by  

convec t i on   from  the  thermal  t r ea tmen t   r e g i o n ) .   Such  warming  causes  the  ga  

to  expand  and  thus  tends  to  c r ea t e   a  back  p re s su re   in  the  cool ing   r e g i o n  

610.  Thus,  the  p r e s s u r e   in  the  cool ing  reg ion   610  at  a  point   near  to  t h e  

chamber  612  and  i n t e r m e d i a t e   the  chamber  612  and  the  thermal  t r e a t m e n t  

reg ion   608  w i l l   be  g r e a t e r   than  a tmospher ic   p re s su re   and  g r e a t e r   than  t h e  

p r e s s u r e   in  the  thermal   t r ea tmen t   region  608  i t s e l f ,   provided  n i t r o g e n   i s  

suppl ied   at  a  s u i t a b l e   flow  ra te   to  the  chambers  628  and  630.  

It  is  to  be  a p p r e c i a t e d   that   some  hydrogen  wi l l   d i f f u s e   through  t h e  



chambers  612,  614  and  616  in  the  oppos i te   d i r e c t i o n   to  that   of  the  g e n e r a l  

d i r e c t i o n   of  flow.  The  ra tes   of  i n t r o d u c t i o n   of  n i t r ogen   and  hydrogen  can 

be  chosen  so  as  to  give  a  r e l a t i v e l y   high  c o n c e n t r a t i o n   of  hydrogen  in  t h e  

cool ing  region  610  and  the  thermal  t r ea tment   region  608  of  the  f u r n a c e ,  

(e.g.  over  50%  by  volume)  while  hydrogen  d i f f u s i n g   through  the  chambers 

612,  614  and  616  in  the  genera l   d i r e c t i o n   of  the  exit   604  is  p r o g r e s s i v e l y  

d i l u t e d   by  the  n i t r o g e n   to  y ie ld   a  non-f lammable  gas  mixture   leaving   t h e  

o u t l e t   of  the  f u r n a c e .  

Owing  to  the  p r e s su re   d i f f e r e n t i o n   in  the  d i r e c t i o n   of  net  flow  of  gas 

through  the  fu rnace ,   most  of  the  gas  in  the  thermal  t r e a t m e n t   reg ion   608  of  

the  furnace  passes  out  of  this   region  in  the  d i r e c t i o n   of  the  f u r n a c e  

en t rance   602,  a l though  some  gas  wil l   d i f f u s e   into  the  cool ing   reg ion   610. 

Flammable  gas  mixture  is  burned  in  the  f l a r e - o f f   means  620  a s  

a fo r emen t ioned .   Ni t rogen  suppl ied   to  the  chamber  622  from  the  s u p p l y  

chambers  632  and  634  impedes  flow  of  hydrogen  past  the  bu rn -o f f   zone  and 

also  helps  to  impede  flow  of  air   into  the  furnace   t h r o u g h  t h e   e n t r a n c e  

602. 

By  keeping  down  the  ra te   at  which  a i r   en te rs   the  furnace   it   is  p o s s i b l e   to  

use  less   reducing  gas  than  would  o therwise   be  neces sa ry   to  provide  a  n o n -  

o x i d i s i n g   a tmosphere .   Moreover,  by  provid ing   a  flow  regimen  with  only  one 

f l a r e   or  bu rn -o f f   o u t l e t   it  is  p o s s i b l e   to  keep  down  the  t o t a l   amount  o f  

gas  employed  in  the  fu rnace   per  unit   time.  We  be l i eve   these  advantages   can 

be  achieved  wi thout   imparing  the  q u a l i t y   of  the  t r ea tmen t   given  to  t h e  

metal  or  work.  

A  summary  of  e x p e r i m e n t a l   r e s u l t s   ob ta ined   when  o p e r a t i n g   the  t h e r m a l  

t r ea tmen t   region  at  a  t empera tu re   of  800°C  is  given  in  t a b l e   4.  The 

c o n c e n t r a t i o n   of  hydrogen  was  measured  by  taking  samples  at  d i f f e r e n t  

l o c a t i o n s   A  to  I  in  the  furnaces   and  the  samples  were  also  employed  t o  

measure  the  oxygen  p o t e n t i a l   of  the  atmosphere  at  the  l o c a t i o n s   A  to  I .  



The  p o s i t i o n s   A  to  I  are  as  f o l l o w s :  

Experiments   Nos  1  and  2  show  tha t   r e l a t i v e l y   high  c o n c e n t r a t i o n s   o f  

hydrogen  can  be  obta ined  in  the  cool ing  and  thermal  t r ea tmen t   reg ions   w h i l e  

ensu r ing   that   the  gas  l eav ing   the  furnace  through  the  exi t   604  is  non-  
f lammable.   In  exper iment   No  3,  a d d i t i o n a l   n i t r o g e n   was  admitted  into  t h e  

furnace   through  the  i n l e t   640.  In  consequence,   the  p r o p o r t i o n   of  hydrogen  
in  the  thermal  t r ea tmen t   region  was  s u b s t a n t i a l l y   less  than  in  E x p e r i m e n t s  
Nos  1  and  2  while  s t i l l   o b t a i n i n g   a  r e l a t i v e l y   high  p r o p o r t i o n   of  hydrogen  

in  the  cool ing   reg ion .   This  demons t ra tes   that   a  g e n e r a l l y   u n i d i r e c t i o n a l  

flow  regimen  from  the  cool ing   region  to  the  thermal  t r ea tment   region  was 
o b t a i n e d .  

Experiment  Nos  4  and  5  show  that   of  the  n i t r o g e n   suppl ied   to  the  chambers 

612,  614  and  616  may  a l l   be  i n t roduced   from  the  upper  plenum  chamber  628, 

and  that   of  the  n i t r o g e n   suppl ied   to  the  chamber  622  a l l   may  be  i n t r o d u c e d  

t h e r e t o   from  the  lower  plenum  chamber  634. 

The  chambers  near  the  exi t   end  of  the  furnace  may  be  provided  by  means  of  a 
c u s t o m - b u i l t   un i t   f i t t e d   to  the  exi t   end  of  the  fu rnace ,   thereby  e x t e n d i n g  

the  length   of  the  f u r n a c e .  

Example  5 

The  method  accord ing   to  the  p resen t   i n v e n t i o n   may  be  opera ted   on  c o n t i n u o u s  



furnaces   used  for  s i n t e r i n g   and  having  a  region  in  which  oil  and  l u b r i c a n t  

on  the  work  being  s i n t e r e d   is  ox id i sed .   Such  region  is  i n t e r m e d i a t e   t h e  

i n l e t   of  the  furnace  and  the  thermal  t r ea tment   r eg ion .   T y p i c a l l y ,   t h e  

s i n t e r i n g   t empera tu re   in  the  thermal  t r ea tment   region  is  1100°C  and  t h e  

d e l u b r i c a t i o n   region  is  main ta ined   at  a  t empera tu re   in  the  range  500  t o  
700°C.  The  furnace   may  be  provided  with  chambers  at  i t s   ent ry   and  e x i t  

ends  in  the  manner  shown  in  and  desc r ibed   with  r e f e r e n c e   to  F igures   6  and 

7.  In  such  a  furnace   a  s u i t a b l e   flow  regiment  may  be  c rea ted   by  b u r n i n g -  

off  gas  only  near  the  ent ry   end  with  gas  being  suppl ied   at  the  f o l l o w i n g  

r a t e s .   Ni t rogen   is  suppl ied   to  the  chambers  at  the  end  of  the  c o o l i n g  

region  remote  from  the  thermal  t r ea tmen t   region  at  a  ra te   of  from  150  t o  

200  cubic  feet   per  hour  and  at  a  s i m i l a r   rate  to  the  chamber  at  the  e n t r y  
end  of  the  fu rnace .   Gas  genera ted   in  an  endothermic  g e n e r a t o r   ( t y p i c a l l y  

i n c l u d i n g   about  40%  by  volume  of  hydrogen)  is  passed  into  the  c o o l i n g  

region  at  a  l o c a t i o n   ou t s ide   but  near  to  the  chambers  in  that   region  at  a  

ra te   of  100  cubic  feet   per  hour.  Such  endothermic  gas  is  also  i n t r o d u c e d  

into  the  cool ing   region  at  a  l o c a t i o n   near  to  the  thermal  t r ea tmen t   r e g i o n  

at  a  ra te   of  250  cubic  feet   per  hour  and  n i t rogen   is  i n t roduced   into  t h e  

same  region  at  a  ra te   of  350  to  400  cubic  feet   per  hour.  There  is  thus  a 

flow  of  n i t r o g e n   and  hydrogen  in  the  genera l   d i r e c t i o n   of  the  t h e r m a l  

t r ea tmen t   r eg ion ,   reducing  cond i t i ons   being  main ta ined   in  both  the  c o o l i n g  

and  thermal   t r e a t m e n t   r eg ions .   In  order  to  provide  c o n d i t i o n s   that   a r e  

o x i d i s i n g   to  oi l   and  l u b r i c a n t   etc  in  the  oxiding  r eg ion ,   200  cubic  f e e t  

per  hour  of  humid i f i ed   n i t r o g e n   is  admit ted  to  the  region  of  the  f u r n a c e  

i n t e r m e d i a t e   the  thermal  t r ea tmen t   region  and  the  o x i d i s i n g   reg ion .   Th i s  

a d d i t i o n   of  humid i f i ed   n i t r o g e n   is  made  so  as  to  ox id i se   l u b r i c a n t   etc  on 
the  work  to  be  s i n t e r e d   wi thout   d e c a r b u r i s i n g   the  work  i t s e l f .   Flammable 

gas  mixture  l eav ing   the  o x i d i s i n g   region  is  b u r n t - o f f ,   this   step  helps  to  

induce  a  genera l   flow  of  gas  in  the  d i r e c t i o n   of  the  furnace   e n t r a n c e .  

S u b s t a n t i a l l y   less   gas  is  r equ i red   than  when  the  furnace  is  o p e r a t e d  

c o n v e n t i o n a l l y   with  bu rn -o f f   of  flammable  gas  mixture  at  both  i t s   i n l e t   and 

o u t l e t   e n d s .  



All  flow  ra tes   are  in  cubic  feet   per  hour  



1.  A  method  of  heat  t r e a t i n g   metal  in  a  cont inuous   furnace  having  i n  

sequence  an  en t rance   i n l e t ,   a  thermal  t r ea tmen t   region,   a  c o o l i n g  

reg ion ,   and  an  ex i t ,   compris ing  the  steps  of  s u b s t a n t i a l l y  

p r even t ing   ingress   of  air   into  the  furnace  through  the  e n t r a n c e  

and  the  ex i t ;   i n t r o d u c i n g   n o n - r e a c t i v e   gas  (as  h e r e i n b e f o r e   d e f i n e d )  

and  reducing  gas  into  the  furnace  at  chosen  l o c a t i o n s ;   c r e a t i n g   a  gas  
flow  regimen  wi th in   the  furnace  to  provide  n o n - o x i d i s i n g   or  r e d u c i n g  

c o n d i t i o n s   s u b s t a n t i a l l y   throughout   the  furnace  and  atmospheres  o f  

d i f f e r e n t   composi t ions   in  the  thermal  t r ea tmen t   and  cool ing  r e g i o n s ,  

and  pass ing  the  metal  through  the  furnace  from  the  en t rance   to  t h e  

e x i t .  

2.  A method  as  claimed  in  claim  1,  in  which  the  cont inuous   furnace  is  a 

h o r i z o n t a l   f u r n a c e .  

3.  A  method  as  claimed  in  claim  1  or  claim  2,  in  which  gas  flow  out  o f  

the  thermal  t r ea tment   region  is  s u b s t a n t i a l l y   in  the  d i r e c t i o n   of  s a i d  

en t rance   r a t h e r   than  the  e x i t .  

4.  A  method  as  claimed  in  claim  2  or  claim  3,  in  which  n o n - r e a c t i v e   gas 
is  suppl ied   to  the  cool ing  region  at  one  or  more  l o c a t i o n s   so  as  t o  

impede  the  flow  of  gases  out  of  the  thermal  t r ea tmen t   region  t h r o u g h  

the  cool ing  r e g i o n .  

5.  A  method  as  claimed  in  claim  2  to  4,  in  which  n o n - r e a c t i v e   gas  and 

reducing  gas  are  in t roduced   into  the  cool ing  reg ion ,   the  flow  reg imen  

being  such  that  a  s u b s t a n t i a l   po r t ion   of  the  reducing  gas  flows  i n t o  

the  thermal  t r ea tmen t   r e g i o n .  



6.  A  method  as  claimed  in  any one  of  claims  2  to  5,  in  which  n o n - r e a c t i v e  

gas  is  i n t roduced   into  the  furnace  at  one  or  more  l o c a t i o n s   in  t h e  

coo l ing   region  at  or  near  to  the  o u t l e t   so  as  to  provide  a  p o s i t i v e  

flow  of  gas  through  the  o u t l e t   which  is  e f f e c t i v e   to  prevent   or 

s u b s t a n t i a l l y   l i m i t   the  i ng ress   of  a i r   into  the  furnace  through  i t s  

o u t l e t .  

7.  A  method  as  claimed  in  any one  of  claims  2  to  6,  in  which  f low 

r e s t r i c t i o n   means  are  l oca ted   at  the  o u t l e t   so  as  to  impede  the  f l o w  

of  a i r   into  the  furnace   without  p r even t ing   the  metal  being  t r e a t e d  

from  pass ing   out  of  the  f u r n a c e .  

8 .  A  method  as  claimed  in  claim  7,  in  which  said  means  comprises  a  

p l u r a l i t y   of  c u r t a i n s ,   p a r t i t i o n s   or  the  l i k e .  

9 .  A  method  as  claimed  in  any one  of  claims  2  to  8,  in  which  a  part  of  

the  cool ing   region  near  to  the  furnace  exi t   has  s p a c e d - a p a r t   p a r t i t i o n s  

and/or   c u r t a i n s   (or  the  l ike)   de f i n ing   at  l e a s t   one  chamber  adapted  to  

permit   metal  being  t r e a t e d   to  pass  t h e r e t h r o u g h   and  in  which  n o n - c t i v e  

r e a c t i v e   gas  is  i n t roduced   into  the  chambers  or  at  l e a s t   one  of  t h e  

chambers .  

10.  A  method  of  heat  t r e a t i n g   metal  in  a  cont inuous   furnace  having,  i n  

sequence,   an  e n t r a n c e  ,   a  thermal   t r ea tmen t   region,   a  cool ing  r e g i o n  

and  an  e x i t ,   and  also  having  at  or  near  to  at  l e a s t   one  end  t h e r e o f  

s p a c e d - a p a r t   p a r t i t i o n s   and/or   c u r t a i n s   (or  the  l ike )   de f in ing   a t  

l e a s t   one  chamber  adapted  to  permit  metal  being  t r e a t e d   to  p a s s  

t h e r e t h r o u g h  ,   said  method  compris ing  the  steps  of  i n t r o d u c i n g   a  

s u i t a b l e   gas  or  gases  into  the  thermal  t r ea tmen t   region  to  provide  a  

s u i t a b l e   a tmosphere   for  the  t r e a t m e n t  ,   supplying  non  r e a c t i v e   gas  t o  

the  chamber  or  chambers  so  as  s u b s t a n t i a l l y   to  prevent   ingress   of  a i r  

from  o u t s i d e   the  furnace   through  the  chamber  or  chambers  into  a  p a r t  

of  the  furnace   i n t e r m e d i a t e   the  chamber  or  chambers  and  the  t h e r m a l  

t r e a t m e n t   reg ion ,   and  pass ing   metal  through  the  furnace  from  t h e  



en t rance   to  the  e x i t .  

11.  A  method  as  claimed  in  claim  9  or  claim  10,  in  which  n o n - r e a c t i v e   gas 
is  i n t roduced   d i r e c t l y   into  the  chamber  or  chambers .  

12.  A  method  as  claimed  in  anyone  of  claims  9  to  11 

where 

Pc  is  the  p re s su re   in  the  chamber  or  one  of  the  chambers ;  

Pu  is  the  p ressure   in  the  cool ing  region  proximate  s a i d  

chamber  or  chambers  and  i n t e r m e d i a t e   said  chamber  or 

chambers  and  the  thermal  t r ea tmen t   r e g i o n .  
Pa  is  a tmospher ic   p r e s s u r e .  

13.  A  method  as  claimed  in  claim  14,  in  which  there  are  at  l e a s t   two 

chambers  and 

where  Pc  is  the  p ressure   in  the  chamber  nea re s t   the  t h e r m a l  

t r ea tment   r e g i o n :  

Pu  and  Pa  are  as  def ined  in  claim  14,  

and  Pt  is  the  p re s su re   in  the  thermal  t r ea tment   r e g i o n .  

14.  A  method  as  claimed  in  any one  of  claims  9  to  13,  in  which  a 

r e l a t i v e l y   high  c o n c e n t r a t i o n   of  reducing  gas  is  main ta ined   in  a  p a r t  
of  the  cool ing  region  i n t e r m e d i a t e   the  chamber  or  chambers  and  t h e  

thermal  t r ea tment   r e g i o n .  



15.  A  method  as  claimed  in  claim  1,  in  which  the  furnace  is  a  v e r t i c a l  

furnace   which  has  two  g e n e r a l l y   v e r t i c a l   legs  i n t e r communica t ing   a t  

the  top,  work  for  heat  t r ea tmen t   being  passed  upwardly  through  one 

let   (" the  up - l eg" )   and  downwardly  through  the  other  leg  ("the  down- 

leg")   a  thermal  t r ea tmen t   region  is  provided  in  the  down-leg  at  o r  

near  the  top  t h e r e o f  ,   and  a  cool ing  region  is  provided  in  the  down- 

leg  at  a  region  below  the  thermal  t rea tment   reg ion;   in  which 

reducing   gas  is  i n t roduced   into  the  cool ing  region  and/or  t h e  

thermal  t r ea tmen t   r eg ion ,   and  n o n - r e a c t i v e   gas  is  i n t roduced   into  t h e  

up- leg   at  a  p l u r a l i t y   of  l o c a t i o n s   so  as  s u b s t a n t i a l l y   to  prevent  the  

flow  of  reduc ing   gas  into  the  up - l eg ;   in  which  n o n - r e a c t i v e   gas  
is  i n t roduced   into  both  the  up  and  down  legs  at  or  near  the  o u t l e t s  

so  as  s u b s t a n t i a l l y   to  prevent   the  i ng ress   of  air   into  the  furnace  and 

in  which  the  reducing  gas  is  hydrogen  and  is  i n t roduced   s o l e l y  

into  the  cool ing   r eg ion ,   the  cool ing  regions   and  thermal  t r e a t m e n t  

regions   c o n t a i n i n g   atmospheres  compris ing  n i t r ogen   and  hydrogen,  t h e r e  

being  a  g r e a t e r   p r o p o r t i o n   of  hydrogen  in  the  cool ing  r e g i o n  

atmosphere  than  in  the  thermal  t r ea tmen t   region  a t m o s p h e r e .  

16.  A  furnace   adapted  to  perform  a  method  claimed  in  any  preceding   c l a i m .  
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