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This  invention  relates  to  the  heat  treatment  of  metals.  In  performing  heat  treatment  processes  such  as 
annealing,  spheroidising,  sintering,  brazing,  malleabilising  and  hardening,  it  is  generally  desirable  to 
perform  the  treatment  in  a  furnace  under  a  reducing  or non-oxidising  atmosphere.  The  heat  treatment  may 
be  performed  on  a  batch  or  continuous  basis.  Continuous  heat  treatment  furnaces  are  typically 
open-ended.  They  have  an  inlet  for  the  metal  or  work  to  be  heat  treated,  a  thermal  treatment  region,  a 
cooling  region,  and  an  outlet  for  the  work.  The  work  is  advanced  through  the  furnace  at  a  chosen  rate  so 
that  it  is  moved  through  the  thermal  treatment  zone  where  it  is  raised  to  the  necessary  treatment 
temperature  and  is  then  passed  through  the  cooling  region,  in  which  the  work  is  cooled  to  a  temperature  at 
which  it  will  not  become  oxidized  on  exposure  to  ambiant  air.  The  required  atmosphere  is  typically 
generated  in,  for  example,  an  exothermic  or  endothermic  gas  generator  or  an  ammonia  cracker.  The 
atmosphere  is  supplied  to  the  thermal  treatment  region  and  expands  to  fill  the  whole  gas  space  in  the 
furnace.  Since  the  atmosphere  is  particularly  flammable,  it  is  generally  necessary  to  burn  the  atmosphere 
both  the  furnace  entrance,  and  furnace  outlet.  There  is  thus  a  bidirectional  flow  regimen  in  the  furnace  with 
gas  diverging  in  both  directions  from  the  thermal  treatment  zone. 

It  is  necessary  to  supply  gas  to  the  furnace  at  a  sufficient  rate  to  maintain  a  positive  pressure  therein. 
Otherwise,  there  will  be  a  substantial  flow  of  air  into  the  furnace  through  the  inlet  or  the  outlet  with  an 
attendant  risk  of  oxidizing  conditions  being  created  in  the  furnace.  It  has  therefore  been  the  practice  to 
supply  to  the  furnace  at  a  rate  well  in  excess  of  that  theoretically  required  to  provide  the  necessary  reducing 
or  non-oxidising  conditions  in  the  thermal  treatment  region. 

US-A-3  407 366,  US-A-3  950 192,  DE-A-861  569  and  FR-A-55 831  (a  patent  of  addition  to 
FR-A-975  546)  relate  to  processes  of  operating  continuous  heat  treatment  furnaces  in  which  baffles  are 
employed  at  one  or  both  ends  of  the  furnace  and  in  which  the  furnace  has  different  zones,  typically  with 
different  atmospheres  in  the  respective  zones.  None  of  these  documents,  however,  teaches  minimising  the 
gas  consumption  of  the  furnace.  In  US-A-3  407  366  it  is  disclosed  that  suction  is  applied  at  both  ends  of 
the  furnace,  in  US-A-3  950  192  it  is  disclosed  that  each  zone  of  the  furnace  has  its  own  gas  entrance  and 
gas  exit,  and  in  DE-A-861  569  flammable  gas  is  burnt  at  both  ends  of  the  furnace,  those  all  being 
practices  that  tend  to  enhance  and  not  reduce  the  gas  consumption  of  the  furnace.  In  FR-A-55  831  it  is 
disclosed  that  gas  is  withdrawn  from  a  central  region  of  the  furnace  and  is  subjected  to  purification  before 
being  returned  to  the  furnace.  There  is  thus  a  need  for  purification  plant. 

It  is  an  aim  of  the  present  invention  to  provide  methods  of  operating  continuous  heat  treatment 
furnaces  which  are  able  to  keep  down  the  consumption  of  gas  and  which  does  not  rely  on  recycling  of  gas 
vented  from  the  furnace. 

According  to  one  aspect  of  the  present  invention  there  is  provided  a  method  of  operating  a  continuous 
horizontal  heat  treatment  furnace  having,  in  sequence,  an  entrance,  a  thermal  treatment  region,  a  cooling 
region  and  an  exit,  work  to  be  heat  treated  being  passed  through  the  furnace  from  the  entrance  to  the  exit, 
and  the  furnace  being  of  a  kind  that  is  adapted  to  be  operated  conventionally  by  supplying  reducing  gas 
and  non-reactive  gas  selected  from  nitrogen  and  argon  to  its  thermal  treatment  region  with  there  being 
substantial  flows  of  gas  out  of  the  thermal  treatment  region  both  in  the  direction  of  the  entrance  and  in  the 
direction  of  the  exit,  and  with  all  the  gas  that  passes  out  of  the  furnace  leaving  from  the  exit  and  entrance 
regions  of  the  furnace,  wherein  means  are  provided  for  restricting  the  ingress  of  air  into  the  furnace 
through  its  entrance  and  exit,  reducing  gas  is  introduced  into  the  furnace,  and  non-reactive  gas  selected 
from  nitrogen  and  argon  is  introduced  into  the  furnace  at  a  plurality  of  locations  chosen  so  as  to  create  a 
flow  regimen  in  which  atmospheres  of  different  compositions  from  one  another  subsist  in  the  thermal 
treatment  and  cooling  regions  of  the  furnace,  providing  at  least  one  curtain  or  partition  in  the  cooling 
region  at  the  exit  end  of  the  furnace,  and  supplying  non-reactive  gas  to  the  furnace  near  said  curtain  or 
partition  at a flow  rate  such  that  the  flow.of  gas out  of  the  thermal  treatment  region  into  the  cooling  region 
is  inhibited  and  that  gas  flows  out  of  the  thermal  treatment  region  largely  in  the  direction  of  the  furnace 
entrance,  the  overall  rate  of  supply  gas  to  the  furnace  being  less  than  when  the  furnace  is  operated 
conventionally. 

By  the  term  "non-reactive  gas"  as  used  herein,  is  meant  a  gas  which  is  non-reactive  towards  other 
constituents  of the  atmosphere  and  the  work  or  metal  being  heat  treated.  Generally,  nitrogen  is  used  as  the 
non-reactive  gas,  though,  in  certain  instances,  it  may  be  desirable  to  use  argon  as  an  alternative  if  nitrogen 
has  any  deleterious  effect  on  the  metal  being  heat  treated. 

The  term  'heat  treating  metal'  as  used  herein  includes  annealing  (including  spheroidising),  sintering 
(e.g.  of  powders  including  non-metallic  powders)  brazing,  hardening  and  malleabilising.  The  method 
according  to  the  invention  is  particularly  suited  for  use  in  annealing  and  sintering. 

Examples  of  horizontal  continuous  furnaces  which  may  be  operated  in  accordance  with  the  invention 
include  continuous  strip  wire  furnaces,  mesh  belt  furnaces,  roller  hearth  furnaces  and  pusher  furnaces. 

Typically,  non-reactive  gas  and  reducing  gas  are  introduced  directly  into  the  thermal  treatment  region 
of  a  horizontal  furnace.  Alternatively,  they  can  be  introduced  into  the  furnace  at  a  location  in  the  cooling 
region,  for  example,  at  one  or  more  locations  near  to  the  thermal  treatment  region,  but  alternatively  or 
additionally  at  one  or  more  locations  remote  from  the  thermal  treatment  region,  the  flow  being  such  that  a 
substantial  portion  of  the  reducing  gas  flows  into  the  thermal  treatment  region.  Since  the  non-reactive  gas 



and  the  reducing  gas  are  typically  introduced  into  the  furnace  at  about  ambient  temperature,  while  the 
thermal  treatment  region  may  be  at  temperature  of  up  to  1100  degrees  C  depending  on  the  kind  of  heat 
treatment  to  be  performed,  there  is  a  substantial  expansion  of  the  gases  in  the  thermal  treatment  region. 
Accordingly,  there  is  a  tendency  for  gas  to  flow  out  of  this  region  both  in  the  direction  of  the  inlet  to  the 
furnace  and  in  the  direction  of the cooling  region.  In  a  horizontal  furnace  we  prefer  to  create  a  flow  regimen 
in  which  the  flow  of  gas  out  of  the  thermal  treatment  region  at  one  of  its  ends  is  substantially  greater  than 
the  flow  of  gas  out  of  the  region  at  its  other  end.  We  also  prefer  in  such  a  furnace  to  ensure  that  the  gas 
mixture  leaving  the  furnace  at  both  ends  is  non-flammable  while  having  to  resort  to  burning-off 
flammable  gas  near  only  one  end.  Typically  the  end  near  which  gas  is  burned  off  is  the  entrance  to  the 
furnace,  and  flow  of  gas  out  of  the  thermal  treatment  region  to  the  cooling  region  is  impeded.  Means 
providing  a  physical  obstruction  to  the  gas  flow  may  be  employed  in  the  cooling  region  through  the 
furnace  exit.  Preferably,  non-reactive  gas  is  supplied  to  the  cooling  region  at  one  or  more  locations, 
typically  with  a  component  of  velocity  horizontally  in  the  direction  of  the  thermal  treatment  region,  so  as 
further  to  impede  the  flow  of  gases  out  of  the  thermal  treatment  region  through  the  cooling  region.  By  this 
means  it  is  possible  to  reduce  by  a  substantial  margin  the  amount  of  gas  that  flows  from  the  thermal 
treatment  region  into  parts  of  the  cooling  region  remote  from  the  thermal  treatment  region  and  therefore 
the  total  rate  of  supplying  reactive  gas  to  the  thermal  treatment  region  may  be  reduced. 

Since  it  is  possible  by  these  means  to  reduce  substantially  the  amount  of  reducing  gas  which  reaches 
the  exit  of  the  furnace,  it  is  generally  not  necessary  to  burn-off  gas  at  the  exit  of  the  furnace.  Accordingly, 
any  flue  or  the  like  at  or  near  the  exit  is  desirably  sealed  to  prevent  air  from  flowing  into  the  furnace 
therethrough. 

It  is  desirable  to  introduce  non-reactive  gas  into  a  horizontal  furnace  at  one  or  more  locations  at  or  near 
the  outlet  (i.e.  furnace  exit)  if  desired,  with  a  component  of  velocity  in  the  direction  of  the  outlet  or  flow 
restriction  means  so  as  to  provide  a  positive  flow  of  gas  through  the  outlet  which  is  effective  to  prevent  or 
substantially  limit  the  ingress  of  air  into  the  furnace  through  its  exit.  Typically,  such  non-reactive  gas  may 
also  perform  the  above-mentioned  function  of  reducing  the  proportion  of  reactive  gas  in  the  atmosphere 
leaving  the  exit  of  the  furnace. 

Preferably,  in  order  to  help  impede  the  ingress  of  air  into  the  furnace  through  its  outlet,  flow  restriction 
means  are  provided  there  so  as  to  impede  the  flow  of  gas  into  the  furnace  without  preventing  the  metal 
being  treated  from  passing  out  of  the  furnace.  Typically,  said  means  providing  a  physical  obstruction  to  the 
flow  of  gas  out  of  the  cooling  region  are  also  used  to  help  impede  in  leakage  of  gas  into  the  furnace  through 
the  exit.  A  suitable  flow  restriction  means  comprises  one  or  more  curtains  comprising  a  multitude  of 
generally  vertically  depending  fibres  or  filaments  which  when  not  displaced  obturate  substantially  the 
whole  cross-sectional  area  of  the  furnace  at  or  near  the  outlet  but  whose  lower  ends  can  be  displaced 
laterally  by  metal  being  passed  through  the  furnace  to  allow  the  metal  to  pass  through  the  or  each  curtain. 
A  combination  of  such  flow  restriction  means  and  means  for  introducing  non-restrictive  gas  into  the 
furnace  at  or  near  to  the  flow  restrictions  means  is  generally  particularly  effective  in  substantially 
preventing  ingress  of  air  into  the  furnace  through  the  outlet. 

In  preferred  examples  of  the  method  according  to  the  present  invention  a  part  of  the  cooling  region 
near  to  the  furnace  exit  has  spaced-apart  partitions  and/or  curtains  or the  like  defining  at  least  one  chamber 
into  which  nitrogen  or  other  non-reactive  gas  is  introduced,  the  partitions  being  arranged  to  permit  metal 
being  treated  to  pass  through  the  chamber  or  chambers. 

Such  a  technique  may  be  employed  generally  in  heat  treatment  furnaces  to  help  reduce  the  total 
consumption  of  gas.  For  example,  in  sintering,  it  is  known  to  employ  a  pre-heat  region  intermediate  the 
sintering  (or  thermal  treatment  region)  and  the  furnace  entrance.  Thus,  a  limited  flow  of  air  into  the 
oxidised  in  the  pre-heat  region.  Thus,  a  limited  flow  of  air  into  the  furnace  through  its  entrance  may  be 
tolerated  to  help  create  the  necessary  oxidising  conditions.  Accordingly,  the  invention  also  provides  a 
method  of  operating  a  continuous  heat  treatment  furnace  having,  in  sequence,  an  entrance,  a  thermal 
treatment  region,  a  cooling  region  and  an  exit,  work  to  be  treated  being  passed  through  the  furnace  from 
the  entrance  to  the  exit,  and  the  furnace  being  of  a  kind  that  is  adapted  operated  conventionally  by 
supplying  non-reactive  gas  selected  from  nitrogen  and  argon  and  reducing  gas  to  its  thermal  treatment 
region  both  in  the  direction  of  the  entrance  and  in  the  direction  of  the  exit,  and  with  all  the  gas  that  passes 
out  of  the  furnace  leaving  from  the  exit  and  entrance  regions  of  the  furnace,  non-reactive  gas  selected  from 
nitrogen  and  argon  is  supplied  to  the  chamber  or  chambers  so  as  to  restrict  ingress  of  air  from  outside  the 
furnace  through  the  chamber  or  chambers  into  a  part  of  the  furnace  intermediate  the  chambers  and  the 
thermal  treatment  region,  non-reactive  gas,  selected  from  nitrogen  and  argon,  and  reducing  gas  also  being 
supplied  to  the  furnace  at  chosen  locations  to  create  an  atmosphere  for  the  heat  treatment,  providing  a 
plurality  of  curtains  and/or  partitions  in  the  cooling  region  to  define  one  or  more  chambers,  and  supplying 
non-reactive  gas  directly  to  one  such  chamber,  in  such  a  flow  rate  that  the  flow  of  gas  out  of  the  thermal 
treatment  region  into  the  cooling  region  is  inhibited  and  that  gas  flows  out  of  the  thermal  treatment  region 
is  largely  in  the  direction  of the  furnace  entrance,  the  overall  rate  of  supplying  gas  to  the  furnace  being  less 
than  when  the  furnace  is  operated  conventionally. 

The  non-reactive  gas  is  preferably  introduced  directly  into  the  chamber  or  chambers. 
The  introduction  of  non-reactive  gas  into  the  chamber  or  chambers  is  preferably  at  such  a  rate  and  the 

physical  obstruction  that  the  partitions  present  to  the  flow  of  gas  is  preferably  such  that: 



where: 
Pc  is  the  pressure  in  the  chamber  or  chambers 
Pu  is  the  pressure  in  the  furnace  atmosphere  at  a  region  proximate  said  chamber  or  chambers  and 

intermediate  said  chamber  or  chambers  and  the  thermal  treatment  region,  and 
Pa  is  atmospheric  pressure. 
More  preferably,  in  a  horizontal  furnace  there  are  at  least  two  chambers  and 

where: 
Pc  is  the  pressure  in  the  chamber  nearest  the  thermal  treatment  region:  Pu  and  Pa  are  as  before,  and  Pt 

is  the  pressure  in  the  thermal  treatment  region. 
Where  the  chamber  or  chambers  are  in  the  cooling  region  near the  exit  end  of  the  furnace  and  with  the 

pressure  in  the  chamber  or  chambers  greater  than  atmospheric  pressure  the  tendency  for  air  to  flow  or 
seep  into  the  cooling  region  of  the  furnace  through  the  furnace  exit  is  reduced.  With  the  pressure  in  the 
chamber  or  chambers  greater  than  the  pressure  in  the  rest  of  the  cooling  region  and  the  pressure  in  the 
thermal  treatment  region,  the  creation  of  the  desired  flow  regimen  in  the  furnace,  with  a  non-flammable 
gas  mixture  leaving  the  furnace  exit,  is  facilitated  while  enabling  the  total  requirements  for  non-reactive 
and  reducing  gas  to  be  reduced. 

Where  two  or  more  such  chambers  are  employed,  these  chambers  will  typically  intercommunicate 
with  and  be  at  substantially  the  same  pressure  as  one  another. 

Preferably  there  are  at  least  two,  and  typically  three  or  more  chambers,  each  supplied  directly  with 
non-reactive  gas.  With  such  an  arrangement  of  chambers,  in  particular,  it  is  possible,  if  desired,  to  maintain 
a  relatively  high  hydrogen  (or  other  reactive  gas)  concentration  (e.g.  50%  by  volume  or  more)  in  the  part  of 
the  cooling  region  intermediate  the  thermal  treatment  region  and  the  chambers  while  maintaining 
progressively  lower  hydrogen  (or  reactive  gas)  concentrations  in  successive  chambers  from  the  innermost 
to  the  outermost  (the  concentration  of  hydrogen  in  the  outermost  chamber  being  such  that the  atmosphere 
therein  is  non-flammable).  Having  a  high  hydrogen  concentration  in  most  of  the  cooling  region  assists  in 
cooling  the  metal  owing  to  the  relatively  high  specific  heat  of  hydrogen.  Such  a  high  hydrogen 
concentration  may  be  desirable  if  the  furnace  is  required  to  treat  a  particularly  large  mass  of  metal  per  unit 
time,  but  on  other  occasions  may  be  unnecessary,  and,  instead,  it  may  be  desirable  to  confine  the  highest 
hydrogen  concentrations  to  the  thermal  treatment  region  by  introducing  most  of  the  hydrogen  into  the 
thermal  treatment  region  directly,  or  into  a  part  of  the  cooling  region  near  to  the  thermal  treatment  region. 

The  partitions  are  typically  hinged  or  pivoted  to  suitable  supports  at  or  near  the  roof  of  the  furnace.  If 
the  metal  being  treated  is  in  the  form  of  an  elongate  strip,  each  partition  may  take  the  form  of  a  flap  adapted 
to  make  a  substantially  fluid-tight  seal  or  engagement  with  the  metal  being  treated  and  the  sides  of  the 
furnace.  If the  metal  being  treated  comprises  more  bulky  items  (i.e.  gears)  each  partition  may  comprise  a 
row  of  members  of 'fingers'  pivotally  mounted  or  hinged  at  the  top  of  the  furnace,  with  adjacent 'fingers' 
overlapping.  Such  an  arrangement  offers  a  physical  obstruction  to  the  flow  of  gas  while  permitting  the 
metal  to  be  treated  to  pass  therethrough.  Various  materials  may  be  employed  to  form  the  partitions.  For 
example,  they  may  be  of  steel  or  ceramic  material  or  may  be  of  a  suitable  composite  or  laminate. 

The  reducing  gas  may  be  hydrogen,  typically  supplied  from  a  container  of commercial  pure  hydrogen 
under  pressure,  or  an  ammonia  cracker,  or  may  be  a  hydrocarbon  such  as  methane  or  propane.  The 
reducing  gas  may  alternatively  be  a  mixture  of  carbon  monoxide  and  hydrogen  generated  in  situ  by 
thermal  decomposition  of  a  volatile  organic  compound,  such  as  methanol.  At  temperatures  above  700°C 
one  mole  of  methanol  decomposes  to  yield  one  mole  of  carbon  monoxide  and  two  moles  of  hydrogen. 
Methanol  is  a  preferred  source  of  hydrogen  if  the  work  to  be  heat  treated  is  oily.  If  there  is  grease  on  the 
work  it  may  also  be  advantageous  to  introduce  water  into  the  treatment  region  or  a  pre-heat  region  to 
combat  deposition  of  soot  on  the  work.  This  may  be  done  by  passing  non-reactive  gas  through  a  humidifier 
before  it  enters  the  treatment  region.  It  is  important  that  the  metal  itself  is  not  oxidised  and  thus 
non-oxidised  or  reducing  conditions  (so  far  as  the  metal  is  concerned)  are  maintained  substantially 
throughout  the  furnace. 

If  desired,  non-reactive  gas  may  be  introduced  into  the  furnace  at  one  or  more  locations  intermediate 
the  thermal  region  and  the  inlet,  preferably  with  a  horizontal  component  of  velocity  in  the  direction  of  the 
inlet,  so  as  to  help  prevent  or  limit  the  ingress  of  air  into  the  furnace  through  the  inlet.  A  baffle  or  baffles,  or 
arrangement  of  chamber  with  supply  of  non-reactive  gas  thereto  such  as  may  be  employed  in  the  cooling 
region  may  be  used  at  the  inlet  or  entry  end  of  the  furnace.  Typically,  the  reducing  gas  in  the  gas  mixture 
passing  through  the  inlet  is  burnt  off  as  in  conventional  operation  of  a  continuous  heat  treatment  furnace. 

The  composition  of  the  atmosphere  in  the  thermal  treatment  region  of  the  furnace  will  be  chosen  inter 
alia  in  accordance  with  the  treatment  to  be  performed,  the  composition  of  the  metal  to  be  treated,  the  dew 
point  of  the  fluids  used  to  form  the  atmosphere,  whether  or  not  the  metal  to  be  treated  comes  into  the 
furnace  carrying  oil  in  its  surface  and  the  effectiveness  of  the  measure  adopted  to  limit  or  exclude  air  from 
the  furnace. 



By  substantially  limiting  the  ingress  of  air  into  the  furnace,  it  is  generally  possible,  if  desired,  to  work 
with  lower  average  concentrations  of  reducing  agent  in  the  furnace  atmosphere  for  a  given  treatment  than 
would  be  possible  in  conventional  operation  of  the  furnace  without  the  thermal  treatment  region. 
Furthermore,  by  using  supplies  of  commercially  pure  hydrogen  and  nitrogen  rather  than  say  cracked 
ammonia,  it  is  possible to  reduce  the  dew  point  of  the  atmosphere  in  the  furnace,  and  thus  work  with  lower 
levels  of  reducing  gas  than  when,  say,  cracked  ammonia  is  used  as  a  source  of  reducing  gas.  By  inhibiting 
the  flow  of  reducing  gas  from  the  thermal  treatment  region  to  the  cooling  region,  it  is  possible  to  reduce  the 
rate  at  which  reducing  gas  needs  to  be  supplied  to  the  thermal  treatment  region.  Thus,  it  is  possible  in 
many  instances  to  make  considerable  reductions  (e.g.  by  more  than  50%)  in  the  rate  of  supplying  gas  to 
conventional  horizontal  treatment  furnaces  and  thereby  reduce  the  cost  of  operating  them. 

Typical  atmospheres  that  can  be  created  in  the  thermal  treatment  region  for  various  treatment  of 
various  materials  are  set  out  in  Tables  1  and  2  below  (though  in  some  instances  higher  hydrogen 
concentrations  may  be  employed). 

In  a  method  according  to  the  invention  there  is  not  a  uniform  atmosphere  in  the  thermal  treatment  and 
cooling  regions  of  the  furnace.  Typically,  the  atmosphere  substantially  throughout  the  cooling  region 
contains  a  substantially  lower  portion  of  reducing  gas  such  as  hydrogen  than  the  atmosphere  in  the 
thermal  treatment  region.  In  some  instances,  however,  relatively  high  hydrogen  (or  other  reducing  gas) 
concentrations  in  a  major  portion  of  the  cooling  region  may  be  required  (e.g.  for  efficient  cooling  or  to 
enable  an  increased  throughput  of  work  to  be  dealt  with)  and  indeed  the  reducing  gas  concentration  may 
be  higher  than  or  substantially  the  same  as  that  in  the  thermal  treatment  region.  In  such  instances,  there 
will  be  substantially  lower  hydrogen  (or  other  non-reducing  gas)  concentrations  in  the  said  chamber  or 
chambers.  Thus,  even  in  such  instances  the  requirement  for  a  non-uniform  atmosphere  in  the  thermal 
treatment  and  cooling  regions  of  the  furnace  is  met. 



The  methods  according  to  the  invention  will  be  described  in  the  ensuing  examples  with  reference  to 
the  accompanying  drawings,  in  which: 

Figure  1  is  a  schematic  drawing  of  a  mesh  belt furnace  adapted  to  perform  the  method  according  to  the 
invention; 

Figure  2  is  a  schematic  diagram  illustrating  flow  circuited  for  supplying  nitrogen  and  methanol  to  the 
furnace  shown  in  Figure  1; 

Figure  3  is  a  graph  showing  a  typical  example  of  how  a  composition  of  the  atmosphere  in  the  furnace 
there  is  along  its  length; 

Figure  4  is  a  schematic  drawing  of  a  continuous  sintering  furnace; 
Figure  5  is  a  schematic  drawing  of  another  mesh  belt  furnace  adapted  to  perform  the  method 

according  to  the  invention; 
Figure  6  is  a  schematic  diagram  depicting  the  arrangement  of  chambers  from  part  of the  cooling  region 

of  the  furnace  shown  in  Figure  5. 

Example  1 
This  example  relates  to  the  annealing  of ferrous  metal  parts  in  a  standard  Birlex  18"  mesh  belt  furnace. 
Referring  to  Figure  1  of  the  accompanying  drawings,  the  mesh  belt  furnace,  indicated  by  the  reference 

2,  has  an  inlet  4  and  an  outlet  6  for  the  work  to  be  annealed.  The  furnace  has  a  thermal  treatment  region  8 
located  near  to  the  inlet  4,  and  a  cooling  region  10,  intermediate  the  outlet  6  and  the  thermal  treatment 
region  8.  The  thermal  treatment  region  8  is  heated  by  means  of  "glow-bar"  heating  elements  (not  shown). 

Work  to  be  annealed  is  fed  on  to  an  endless  mesh  belt  11  which  is  driven  around  an  endless  path 
extending  through  the  furnace  2  from  the  inlet  4  to  the  outlet  6,  the  belt  11  being  mounted  on  rollers,  12,  at 
least  one  of  which  is  driven  by  means  of  a  motor  (not  shown).  In  operation,  work  to  be  annealed  is  loaded 
on  to  the  belt  just  in  advance  of  the  inlet  4  and  is  conducted  through  the  furnace  at  a  chosen  rate  until  it 
passes  through  the  outlet  6  where  it  is  lifted  off  the  belt. 

Positioned  underneath  the  mesh  belt  11  in  the  thermal  treatment  region  8  are  two  inlets  14  through 
which  gas can  be  supplied  to  the  treatment  region  8.  Inlets  14 form  part  of  the  furnace  before  it  was  adapted 
to  operate  the  method  according  to  the  invention. 

Extending  downwardly  from  the  top  of  the  furnace  to  the  thermal  treatment  region  are  two  coaxial 



nitrogen/methanol  injectors  18  and  20.  The  injector  18  comprises  an  outer  pipe  22  for  nitrogen  and  an  inner 
26  for  methanol  coaxial  with  the  pipe  22.  The  pipe  26  terminates  within  the  pipe  22,  a  short  distance  above 
its  outlet.  The  injector  20  is  substantially  identical  to  the  injector  18  having  an  outer  nitrogen  pipe  24,  and  an 
inner  methanol  pipe  28.  The  injectors  18  and  20  are  operable  such  that  droplets  of  methanol  become 
entrained  in  the  nitrogen  and  vaporise  before  impinging  upon  the  work  to  be  annealed. 

A  directional  nitrogen  injector  30  comprising  a  pipe  having  perforations  or  apertures  pointing  at  an 
angle  of  45°  to  the  vertical  in  the  direction  of  the  outlet  6  extends  into  the  cooling  region  10  from  the  roof  of 
the  furnace  2.  The  injector  30's  position  in  the  cooling  region  is  relatively  near  to  the  outlet  6 of  the  furnace. 
Positioned  intermediate  injector  30  and  the  outlet  6  are  four  rows  of  curtains  34  depending  from  the  roof 
furnace  2  and  ending  a  sufficient  distance  above  the  mesh  belt  11  to  enable  work  to  pass  therethrough. 
Typically,  the  curtains  each  comprise  a  multitude  of  closely  grouped  together,  generally  vertically 
depending,  glass  fibres  which  when  the  curtain  is  "closed"  substantially  obturate  the  outlet  of  the  furnace, 
but  which  may  be  parted  by  metal  passing  through  the  furnace  thereby  permitting  the  metal  to  pass  out  of 
the  furnace. 

Extending  downwardly  into  an  upper  part  of  the  cooling  region  10  is  a  directional  nitrogen  injector  32 
having  apertures  or  perforations  pointing  at  an  angle  of  45°  to  the  vertical  in  the  direction  of  the  thermal 
treatment  region  8.  The  injector  32  is  positioned  intermediate  the  injector  30  and  the  thermal  treatment 
region. 

In  operation  of  the  furnace  2,  nitrogen  is  typically  introduced  into  the  cooling  region  10  from  the 
injectors  30  and  32  so  as  to  purge  air  from  the  furnace.  The  means  for  heating  the  thermal  treatment  region 
8  are  then  activated  so  as  to  raise  the  temperature  therein  to  a  chosen  treatment  value.  Nitrogen  and 
methanol  may  then  be  introduced  into  the  treatment  region  8  so  as  to  create  a  desired  atmosphere  therein. 
As  the  methanol,  introduced  as  liquid,  flows  into  the  treatment  region  8,  so  it  vaporises  with  a  considerable 
expansion  in  volume.  Similarly,  the  nitrogen  introduced  into  the  treatment  region  8  through  the  injectors 
18  and  20  and  through  the  inlets  14  is  warmed  from  about  ambient  temperatures  to  the  treatment 
temperature  and  also  expands.  The  nitrogen  introduced  into  the  cooling  region  10  through  the  injector  32 
has  a  component of  velocity  in  the  direction  of  the  thermal  treatment  region  8  and  its  flow  is  arranged  to  be 
sufficient  so  as  to  inhibit  considerably  the  flow  of  expanding  gases  out  of  the  thermal  treatment  region  8 
into  the  cooling  region  10.  These  gases  thus  flow  largely  in  the  direction  of  the  inlet  4.  They  pass  into  a  flue 
38  where  flammable  constituents  are  burned  off.  A  sliding  plate 40  is  provided  for the  purposes  of  adjusting 
the  flow  of  such  gas  into  the  flue  38. 

Generally,  the  flow  of  gases  under the  plate  40  will  be  sufficient  to  prevent  ingress  of  substantial 
quantities  of  air  into  the  furnace  through  the  inlet  4.  If  desired,  however,  nitrogen  may  be  introduced  into 
the  furnace  intermediate  the  treatment  region  8  and  the  inlet  4  through  a  nozzle  or  injector  (not  shown) 
having  one  or  more  outlets  pointing  towards  inlet  4.  The  additional  nitrogen  flow  thus  created  helps 
prevent  ingress  of  air  through  the  inlet  4. 

The  arrangement  of  the  injector  30  and  the  curtains  34  substantially  limits  the  ingress  of  air  into  the 
furnace  through  the  outlet  6.  If  there  is  any  flue  associated  with  the  outlet  6,  similar  to  the  flue  38,  for 
burning-off  imflammable  gas,  this  should  be  sealed  to  prevent  air  flowing  into  the  furnace  therethrough. 

Suitable  nitrogen-methanol  supply  equipment  for  the  use  with  the  furnace  shown  in  Figure  1  is 
illustrated  in  Figure  2.  The  equipment  includes  a  nitrogen  supply  pipeline  50  communicating  with  a  source 
(not  shown)  of  commercially  pure  nitrogen.  Typically,  this  source  is  a  vacuum-insulated  vessel  containing 
nitrogen  in  its  liquid  state,  the  vessel  being  fitted  with  a  vaporiser  so  as  to  vaporise  liquid  nitrogen.  The 
supply  equipment  also  includes  a  pipeline  52  communicating  with  a  vessel  (not  shown)  containing  liquid 
methanol.  The  methanol  may  be  supplied  to  the  pipeline  52  by  means  of  a  pump  or  under  the  pressure  of 
nitrogen  supplied  to  the  ullage  space  of  the  aforesaid  vessel  containing  methanol. 

An  isolating  or  shut-off  valve  54  is  positioned  in  the  nitrogen  pipeline  50  and  is  operable  to  isolate  the 
inlet  14,  the  injector  18,  20,  30  and  32  from  the  source  of  nitrogen.  A  pressure  regulator  56  is  located 
downstream,  of  the  valve  54  in  the  pipeline  50  and  is  operable  to  adjust  the  supply  in  pressure  of  nitrogen 
to  pipes  58,  60,  62  and  64,  communicating  with  the  pipeline  50  downstream  of  the  regulator  56.  A  pipe  58 
communicates  with  two  subsidiary  pipes  72  and  74,  serving  the  injectors  30  and  32  respectively.  The  pipe 
60  communicates  with  the  inlets  14,  the  pipe  62  with  the  nitrogen  pipe  22  of the  injector  18  and  the  pipe  64 
connects  the  source  of  nitrogen  to  the  pipe  24  of  the  injector  20.  Flow  control  valves  66  are  located  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  pressure 
regulator  70  located  downstream  of  the  respective  flow  meter  68. 

The  pipe  58  ends  in  the  union  of  the  pipes  72  and  74  and  flow  control  valves  76  and  78  are  provided  in 
the  pipes  72  and  74  respectively.  The  apparatus  shown  in  Figure  2  has  means  for  humidifying  nitrogen 
supplied  to  the  injector  20.  This  means  comprises  a  drum  82  containing  water  having  an  inlet  80  which  is 
submerged  beneath  the  water  and  which  communicates  with  the  pipeline  64  downstream  of  the  valve  70. 
The  drum  82  has  an  outlet  communicating  with  a  pipe  86  leading  to  the  nitrogen  pipe  28  of the  injector  20.  If 
it  is  desired  that  the  nitrogen  flowing  through  the  pipeline  64  downstream  of the  union  of the  latter  with  the 
inlet  80  should  be  dry  the  valve  84  is  opened  and  all  the  nitrogen  in  the  pipe  64  flows  through  the  valve  84 
and  thence  into  the  pipe  86,  whereas  when  the  valve  84  is  closed,  all  the  nitrogen  entering  the  pipeline  64 
flows  through  the  drum  82.  The  purpose  of  the  humidifier  will  be  described  below. 



The  methanol  pipeline  52  has  first  shut  off  or  isolating  valve  88,  disposed  therein.  Downstream  of  the 
methanol  pipe  88  is  a  filter  90  to  remove  any  suspended  solids  from  the  methanol.  A  pipeline  96 
communicates  with  the  pipeline  52  downstream  of  filter  90,  the  pipeline  96  communicating  with  the 
methanol  pipe  26  of  the  injector  18.  A  flow  control  valve  98  is  provided  in  pipe  96,  and  downstream  of  the 
valve  98  is  a  flow  meter  100.  Downstream  of  the  union  of  the  pipeline  96  with  the  pipeline  52,  is  a  flow 
control  valve  92,  and  downstream  of  that  a  flow  meter  94.  Downstream  of  the  flow  meter  94,  the  pipeline  52 
communicates  with  the  methanol  pipe  28  of  the  injector  20. 

Before  adaption  by  fitting  the  injectors  18, 20, 30  and  32  and  the  curtains  34,  and  connecting  the  inlets 
14  to  the  nitrogen  (as  well  as  shutting  off  any  flue  at  the  outlet  end  of  the  furnace),  the  furnace  2  was 
operated  by  supplying  2,000  standard  cubic  feet  per  hour  (57  standard  cubic  metres  per  hour)  of  rich 
exothermically  generated  gas  to  the  thermal  treatment  region  8  through  the  inlets  14  and  16.  The  resulting 
flammable  gas  mixture  was  burned  off  at  both  ends  of  the  furnace.  Ih  was  found  that  bright  work  could  be 
obtained  by  operating  the  method  according  to  the  invention  when  the  furnace  was  adapted  as  shown  in 
Figures  1  and  2.  In  a  tyical  example,  universal  joint  forgings  were  annealed  at  800'C  in  the  thermal 
treatment  region  8  and  then  cooled  to  near  ambient  temperature  in  the  cooling  region  10.  The  supply  of 
nitrogen  and  methanol  to  the  respective  fluid  inlets  and  injectors  was  as  follows: 

Inlets  14:  220  standard  cubic  feet  per  hour  (6.3  standard  cubic  metres  per  hour)  of  nitrogen. 
Injectors  18  and  20:  440  standard  cubic  feet  per  hour  (12.5  standard  cubic  metres  per  hour)  of  nitrogen 

and  2  litres  per  hour  of  methanol. 
Injector  30:  100  standard  cubic  feet  per  hour  (2.8  standard  cubic  metres  per  hour)  of  nitrogen. 
Injector  32:  100  standard  cubic  feet  per  hour  (2.8  standard  cubic  metres  per  hour)  of  nitrogen. 
The  flow  was  equally  divided  between  the  injectors  18  and  20.  One  litre  of  methanol  per  hour 

decomposes  at  the  working  temperature  to  yield  20  standard  cubic  feet  per  hour  (0.57  standard  cubic 
metres  per  hour)  of  carbon  monoxide  and  40  standard  cubic  feet  per  hour  (1.1  standard  cubic  metres  per 
hour)  of  hydrogen.  It  can  thus  be  seen  that  the  total  flow  of  gas  into  the  furnace  amounted  to  1,000  standard 
cubic  feet  per  hour,  (28  standard  cubic  metres  per  hour)  that  is  half  the  flow  rate  with  exothermically 
generated  gas. 

Parts  from  large  castings  to  small  pressings  were  treated  in the  furnace  with  the  nitrogen  and  methanol 
supplied  to  the  furnace  at  the  rates  described  above  and  at  maximum  thermal  treatment  region 
temperatures  in  the  range  720  to  1060°C. 

Figure  3  illustrates  the  variation  in  the  composition  of  the  furnace  atmosphere  with  the  location  in  the 
furnace  when  the  treatment  region  8  is  operated  at  970°C.  It  can  be  seen  that  the  concentration  of  hydrogen 
in  the  atmosphere  in  the  treatment  region  8  was  in  the  order  of  7%,  but  it  decreased  progressively  along 
the  cooling  region  10  in  the  direction  of  the  outlet  6,  falling  to  below  1%  before  the  outlet  6  is  reached. 
Similarly,  the  carbon  monoxide  level  falls  from  between  3.5%  and  4%  in  the  thermal  treatment  region  to 
below  1%  at  the  end  of  the  cooling  region  10  remote  from  the  thermal  treatment  region  8.  There  is  a 
corresponding  fall  in  carbon  dioxide  concentration  from  about  0.4%  in  the  thermal  treatment  region  8  to 
below 0.1 %  at the end  of the cooling  region  10  remote  from  the  thermal  treatment  region  8  (all  percentages 
are  by  volume).  Thus  the  gas  leaving  the  furnace  through  the  outlet  6  was  substantially  free  of flammable 
reducing  gas. 

In  this  example,  methanol  was  chosen  as  the  source  of  reducing  gas  in  view  of  the  oily  condition  of 
some  of  the  work  to  be  treated.  This  gave  an  atmosphere  having  a  relatively  high  dew  point  in  the  thermal 
treatment  zone,  eliminating  the  deposition  on  the  heating  elements  caused  by  entrained  oil  when  using  a 
nitrogen-methane  or  nitrogen-hydrogen  atmosphere.  Nonetheless,  owing  to  the  supply  of  nitrogen  to  the 
cooling  region  10,  a  substantially  non-reactive  atmosphere  is  created  there  under the  prevailing  conditions, 
thus  enabling  a  bright  finish  to  the  work  to  be  obtained. 

The  injectors  18  and  20  were  designed  with  the  pipes  22  and  24  closed  at  their  respective  bottoms  but 
with  orifices  in  their  sides.  Thus,  methanol  leaving  the  pipes  26  and  28  struck  the  closed  ends  of  the  pipes 
22  and  24,  breaking  into  droplets  which  were  carried  by  the  nitrogen  through  orifices  in  the  pipes  22  and  24 
into  the  treatment  region  8.  This  prevented  relatively  fast  moving  methanol  jets  striking  the  heating 
elements  or  other  parts  of  the  furnace  before  vaporising,  had  this  event  taken  place,  there  would  have  been 
a  tendency  for  carbon  to  have  been  deposited  on  the  work. 

It  was  also  found  that  at  the  levels  of  hydrogen  and  carbon  monoxide  employed  in  the  thermal 
treatment  region  8,  it  was  generally  desirable  to  direct  nitrogen  from  the  injector  30  at  the  curtains  34  in 
order  to  ensure  that  ingress  of  air  into  the  furnace  was  not  so  great  as  to  depress  the  dew  point  of  the 
atmosphere  in  the  cooling  region  10  to  a  level  at  which  inferior  quality  work  was  produced. 

When  particularly  oily  or  greasy  work  was  encountered,  the  humidifier  drum  82  was  used  to  add  water 
vapour  to  the  atmosphere  and  thereby  help  prevent  soot  formation  on  the  work  and  the  furnace  structure. 

A  flame  curtain  was  provided  under  the  mesh  belt  10  at the  inlet  end  of the  furnace  when  treating  large 
pressings.  The  purpose  of  this  was  to  consume  oxygen  in  trapped  air  from  the  underside  of  the  pressings. 

Example  2 
This  example  relates  to  the  sintering  of  bronze  on  to  a  steel  backing  in  a  suitable  continuous  sintering 

furnace  as  illustrated  in  Figure  4. 
Referring  to  Figure  4,  a  continuous  furnace  200  has  an  entrance  202  for  work  to  be  sintered,  a  thermal 



treatment  region  204  having  means  (not  shown)  for  raising  it  to  a  treatment  temperature,  a  region  206 
intermediate  the  entrance  202  and  the  thermal  treatment  region  204,  and  an  exit  208.  Located  in  the  cooling 
region  210  near  the  thermal  treatment  region  204,  is  an  inlet  pipe  212  which  is  used  for  conveying  to  the 
region  204  a  gas  mixture  suitable  for  providing  the  required  atmosphere  in  the  region  204.  This  inlet  212  is 
part  of  the  conventional  fittings  of  the  furnace.  Eight  injectors  214 terminate  in  the  cooling  region  210,  each 
injector  being  associated  with  its  own  nitrogen  supply  pipeline  216  in  which  are  disposed  a  flow  control 
valve  218  and  a  calibrated  orifice  220  downstream  of  the  flow  control  valve  218. 

The  pipes  are  all  connected  to  a  common  pipeline  222  for  the  supply  of  nitrogen. 
Located  near  to  the  outlet  208  is  a  nitrogen  distribution, pipe  224  terminating  in  the  furnace.  The 

orientation  of  the  distribution  pipe  224  is  adjustable  so  as  to  enable  the  direction  at  which  gas  issues 
therefrom  to  be  varied.  It  is  preferably  set  such  that  there  is  a  substantial  component  of  velocity  in  the 
direction  of  the  exit.  Typically,  the  distributor  pipe  224  has  outlet  orifices  whose  axes  extend  at  an  angle  of 
45°  to  the  vertical. 

Curtains  226  are  positioned  in  the  furnace  between  the  injector  224  and  the  outlet  208. 
The  array  of  curtains  226  is  analogous  to  that  described  with  reference  to  Figure  1  of  the  accompanying 

drawings. 
The  distribution  pipe  224  has  its  own  nitrogen  supply  pipe  228  in  which  is  disposed  a  flow  control  valve 

230  upstream  of  a  calibrated  orifice  232.  The  pipe  228  is  connected  to  the  pipeline  222. 
The  cooling  region  210  is  typically  cooled  by  an  arrangement  of  water  jackets  234. 
Nitrogen  may  also  be  supplied  to  the  region  206  of  the  furnace  200  through  a  distributor  pipe  238  that 

is  analogous  to  the  distribution  pipe  224.  The  pipe  238  is  positioned  such  that  gas  issuing  from  it  has  a 
substantial  component  of  velocity  in  the  direction  of  the  inlet  202.  Typically,  the  arrangement  of  the  pipe  is 
such  that  gas  leaves  the  pipe  at  an  angle  of  45°  to  the  vertical.  The  pipe  238  is  associated  with  pipe  240 
having  a  calibrated  orifice  242  disposed  therein  and  a  flow  control  valve  244  upstream  thereof. 

The  gas  inlet  212  is  connected  to  a  gas  mixing  panel  246  which  is  in  turn  connected  to  a  source  of 
nitrogen  (not  shown),  and  a  source  of  cracked  ammonia.  At  its  inlet  and  outlet  ends,  the  furnace  is  provided 
as  a  standard  fitting  with  gas  pipes  (not  shown).  These  pipes  are  sealed  off.  Also  at  the  inlet  and  outlet  ends 
of  the  furnace  are  flues  252.  The  flue  at  the  outlet  end  of  the  furnace  is  sealed. 

The  operation  of  the  furnace  shown  in  Figure  4  is  substantially  similar  to  that  shown  in  Figure  1.  Work 
to  be  sintered  is  advanced  through  the  furnace  200  by  means  (not  shown).  A  chosen  mixture  of  nitrogen 
and  cracked  ammonia  is  introduced  to  the  thermal  treatment  region  204  of  the  furnace  from  the  inlet  pipe 
212  located  in  the  cooling  region  210.  The  injectors  214  are  used  to  introduce  nitrogen  at  spaced  apart 
locations  in  the  cooling  region  210  so  as  to  create  in  the  cooling  region  a  nitrogen  flow  that  helps  to  prevent 
free  flow  of  gas  from  the  entrance  202  and  the  thermal  treatment  region  204  in  the  direction  of  the  outlet 
208.  It  is  to  be  appreciated  that  the  curtains  226  act  as  an  impedance  to  the  flow  of  gas  out  of  the  furnace 
200  through  the  exit  208,  and  also  the  nitrogen  directed  thereat  from  the  distributor  pipe  224  to  help  to 
prevent  the  ingress  of  air  into  the  furnace  through  the  exit  208.  Similarly,  the  nitrogen  directed  to  the 
entrance  202  from  the  distributor  pipe  238  helps  to  prevent  ingress  of  air  into  the  furnace  through  the  inlet. 

Nitrogen  and  cracked  ammonia  entering  the  thermal  treatment  region  204  tend  to  expand  and  by 
virtue  of the  introduction  of  nitrogen  through  the  injector  214  into  the  cooling  region  210  tend  to  flow  out  of 
the  thermal  treatment  region  204  through  region  206,  and  then  into  the  flue  252  where  the  content  of 
inflammable  gas  (hydrogen)  is  burned-off.  It  is  to  be  appreciated  that  the  effect  of  the  production  of 
nitrogen  into  the  cooling  zone  210  through  the  injectors  214  and  the  distributor  224  renders  negligible  the 
amount  of  inflammable  gas  in  the  gas  leaving  the  furnace  through  the  outlet  208. 

Typically,  in  the  sintering  of  powdered  bronze  on  to  a  steel  backing,  an  atmosphere  containing  from  20 
to  30%  by  volume  of  hydrogen  and  a  balance  of  nitrogen  is  conventionally  used,  this  atmosphere  being 
supplied  to  the  furnace  through  the  inlet  212  and  the  inlet  250.  We  believe  that  the  hydrogen  requirements 
can  be  substantially  reduced  and  that  the  nitrogen  flow  to  each  of  the  injectors  214  and  the  distributor  224 
may  typically  amount  to  some  400  to  500  standard  cubic  feet  per  hour,  the  nitrogen  flow  being  evenly 
divided  between  the  eight  injectors  and  the  distributor  pipe. 

The  gas  mixture  supplied to  the  pipe  212  and  thence  to  the  thermal  treatment  region  may  typically  be  a 
mixture  of  50  standard  cubic  feet  per  hour  (1.42  standard  cubic  metres  per  hour)  of  cracked  ammonia  (25% 
nitrogen,  75%  hydrogen)  and  up  to  300  standard  cubic  feet  per  hour  of  nitrogen  (8.5  standard  cubic  metres 
per  hour).  Nitrogen  is  preferably  supplied  to  the  distributor  238  at  a  rate  of  150  to  200  standard  cubic  feet 
per  hour  (4.2  to  5.7  standard  cubic  metres  per  hour). 

Example  3 
This  example  relates  to  the  bright  annealing  of  ferrous  or  non-ferrous  metal  strip  in  an  FHD  mesh  belt 

furnace. 
Referring  to  Figure  5  of  the  drawings,  a  mesh  belt  (not  shown)  advances  strip  (or  other  metal  to  be 

treated)  from  the  inlet  or  entry  602  to  the  furnace  to  the  outlet  or  exit  604  from  the  furnace.  The  furnace  has, 
in  sequence,  advancing  from  the  entry  602  to  the  exit  604,  an  inlet  region  606,  a  thermal  treatment  region 
608,  and  a  cooling  region  610.  At  the  end  of  the  cooling  region  610  remote  from  the  thermal  treatment 
region  608  are  chambers  612,  614  and  616  defined  by  generally  vertical  partitions  618  that  co-operate  with 



the  walls  of  the  furnace  to  define  the  chambers.  A  sliding  plate  619  is  provided  at  the  exit  604  and  defines  a 
further  chamber  621  with  the  nearest  of  the  partitions  618  thereto. 

A  flare-off  means  620  is  provided  in  communication  with  the  top  or  roof  of  the  inlet  region  606  at  a 
location  intermediate  a  chamber  622  in  the  inlet  region  606  and  the  thermal  treatment  region  608.  The 
chamber  622  is  defined  between  the  walls  of  the  furnace,  a  first  sliding  plate  626,  inclined  at  an  angle  to 
vertical,  at  the  entry  602,  and  a  hinged  plate  624  which  may  be  raised  or  lowered  to  vary  the  size  of  the  gap 
between  the  bottom  edge  of  the  plate  624  and  the  mesh  belt  (not  shown). 

The  chambers  612,  614  and  616  each  communicate  with  upper  and  lower  nitrogen-supply  plenum 
chambers  628  and  630,  and  the  chamber  622  with  analogous  nitrogen-supply  plenum  chambers  632  and 
634. 

The  furnace  is  also  provided  with  a  variable  angle  nitrogen  injector  636  situated  in  the  inlet  region  606 
of  the  furnace  intermediate  the  plate  626  and  the  thermal  treatment  region  608.  A  nitrogen  inlet  640  to  the 
furnace  is  also  provided  at  a  location  in  the  cooling  region  610  near  to  the  thermal  treatment  region.  A 
variable  angle  hydrogen  injector  638  is  also  provided  in  the  cooling  region  outside  but  near  to  the  chamber 
612.  The  arrangement  of  the  chambers  612,  614  and  616  is  shown  schematically  in  Figure  6. 

The  partitions  618  comprise  steel  plates  or  flaps  each  hinged  to  a  support  642  depending  from  the  roof 
644  of  the  furnace.  The  floor  646  of  the  furnace  and  the  roof  644  are  formed  with  spaced-apart  slots  648 
therein  to  allow  nitrogen  to  pass  into  each  of  the  chambers  612,  614  and  616  from  the  chambers  628  and 
630.  The  chambers  628  and  630  have  nitrogen  inlets  650  and  652  connectible  to  a  source  of  nitrogen.  Baffle 
plates  654  and  656  are  provided  in  the  chamber  to  block  the  direct  path  between  the  inlets  650  and  652  and 
the  respective  sets  of  slots  648.  Thus,  in  operation,  nitrogen  flows  around  the  baffles  654  and  656  and 
through  the  slots  648,  typically  providing  a  laminar  flow  of  gas  into  the  furnace.  The  partitions  hang  at  an 
angle  at  about  10°  to  the  vertical  (with  their  bottom  edges  nearer  to  the  exit  604  than  their  top  edges)  so  as 
to  enable  some  of  the  nitrogen  to  be  deflected  thereby  and  thus  to  be  given  a  horizontal  component  of 
velocity  in  the  direction  of  the  exit. 

The  bottom  edge  of  each  partition  618  contacts  the  metal  strip  being  heat  treated  as  it  is  passed 
through  the  furnace.  If  desired,  each  partition  618  may  be  provided  at  its  edges  with  sealing  means  (not 
shown)  to  prevent  substantially  all  gas  flow  between  the  partition  and  the  side  walls  of  the  furnace.  There  is 
however  intercommunication  between  the  chambers  over  the  top  edge  of  the  partitions  and  through  the 
mesh  belt  658  of  the  furnace,  but  seals  at  such  top  edge  can  readily  be  provided,  if  desired.  Indeed,  in 
general  the  more  limited  the  intercommunication  between  the  chambers  612,  614  and  616,  the  greater  is 
the  obstruction  to  the  flow  of  hydrogen  and  other  gas  out  of  the  furnace  through  the  exit  end  604  thereof 
and  to  inflow  or  inleakage  of  air  through  the  exit  604,  and  hence  the  less  nitrogen  is  required  to  meet  the 
objectives  of  achieving  a  high  hydrogen  concentration  in  the  cooling  region  610  intermediate  the  chambers 
612,614  and  616  and  the  thermal  treatment  region  608  while  obtaining  a  non-flammable  atmosphere  in  the 
chamber  621  by  the  exit  604  and  substantially  no  inleakage  of  air  into  the  furnace  through  the  exit  604. 

The  furnace  shown  in  Figures  5  and  6  may  be  operated  as  follows. 
Nitrogen  is  supplied  to  the  chambers  628,  630,  632  and  634  and  this  is  effective  to  flush  air  out  of  the 

furnace.  The  thermal  treatment  region  608  of  the  furnace  is  raised  to  a  treatment  temperature  by  heating 
means  (not  shown)  associated  with  the  furnace.  Hydrogen  is  then  supplied  to  the  furnace  through  the 
variable  angle  injector  638,  typically  orientated  so  as  to  direct  gas  downwards  at  an  angle  of  20°  to  the 
vertical  with  a  horizontal  component  of  velocity  in  the  direction  of  the  inlet  end  of  the  furnace.  The 
hydrogen  reacts  with  any  residual  air  in  the  thermal  treatment  region  and  once  substantially  all  such 
residual  air  has  been  removed,  strip  to  be  annealed  may  be  advanced  continuously  through  the  furnace. 
For  this  process,  the  furnace  is  typically  set  up  with  the  inlets  636  and  640  closed,  and  the  plates  624,  626 
and  619  in  their  lowermost  positions. 

Nitrogen  passes  into  the  chambers  612,  614  and  616  from  the  upper  and  lower  supply  chambers  628 
and  630.  A  pressure  in  the  chambers  612,  614  and  616  in  excess  of  atmospheric  pressure  is  built  up.  Some 
nitrogen  will  thus  flow  from  chamber  616  into  the  chamber  621  and  out  of  the  furnace  through  exit  604. 
Introduction  of  hydrogen  into  the  cooling  region  from  the  injector  638  and  flow  of  nitrogen  from  the 
chambers  616,  614  and  612  into  the  cooling  region  610  provides  a  flow  of  a  gas  mixture  comprising 
nitrogen  and  hydrogen  into  the  thermal  treatment  region  608.  This  directional  flow  is  caused  partly  by  the 
obstruction  to  flow  in  the  opposite  direction  presented  by  the  partitions  618  and  the  gas  pressure  in  the 
chambers  612,  614  and  616,  and  partly  by  burning  flammable  gas  issuing  from  the  thermal  treatment 
region  608,  such  flammable  gas  being  burned  in  the  flare-off  means  620.  (The  burning  helps  to  induce  a 
flow  in  the  direction  of  the  entry  602  to  the  furnace).  As  the  gas  flows  or  diffuses  in  the  direction  of  the 
thermal  treatment  region  so  it  is  progressively  warmed  (by  convection  from  the  thermal  treatment  region). 
Such  warming  causes the  gas  to  expand  and  thus  tends to  create  a  back  pressure  in  the  cooling  region  610. 
Thus,  the  pressure  in  the  cooling  region  610  at  a  point  near  to  the  chamber  612  and  intermediate  the 
chamber  612  and  the  thermal  treatment  region  608  will  be  greater  than  atmospheric  pressure  and  greater 
than  the  pressure  in  the  thermal  treatment  region  608  itself,  provided  nitrogen  is  supplied  at  a  suitable  flow 
rate  to  the  chambers  628  and  630. 

It  is  to  be  appreciated  that  some  hydrogen  will  diffuse  through  the  chambers  612,  614  and  616  in  the 
opposite  direction  to  that  of  the  general  direction  of  time.  The  rates  of  introduction  of  nitrogen  and 

. hydrogen  can  be  chosen  so  as  to  give  a  relatively  high  concentration  of  hydrogen  in  the  cooling  region  610 



and  the  thermal  treatment  region  608  of  the  furnace  (e.g.  over  50%  by  volume)  while  hydrogen  diffusing 
through  the  chambers  612,  614  and  616  in  the  general  direction  of  the  exit  604  is  progressively  diluted  by 
the  nitrogen  to  yield  a  non-flammable  gas  mixture  leaving  the  outlet  of  the  furnace. 

Owing  to  the  pressure  differential  in  the  direction  of  net  flow  of  gas  through  the  furnace,  most  of  the 
gas  in  the  thermal  treatment  region  608  of  the  furnace  passes  out  of  this  region  in  the  direction  of  the 
furnace  entrance  602,  although  some  gas  will  diffuse  into  the  cooling  region  610.  Flammable gas  mixture  is 
burned  in  the  flare-  off  means  620  as  aforementioned.  Nitrogen  supplied  to  the  chamber  622  from  the 
supply  chambers  632  and  634  impedes  flow  of  hydrogen  past  the  burn-off  zone  and  also  helps  to  impede 
flow  of  air  into  the  furnace  through  the  entrance  602. 

By  keeping  down  the  rate  at  which  air  enters  the  furnace  it  is  possible  to  use  less  reducing  gas  than 
would  otherwise  be  necessary  to  provide  a  non-oxidising  atmosphere.  Moreover,  by  providing  a  flow 
regimen  with  only  one  flare  or  burn-off  outlet  it  is  possible  to  keep  down  the  total  amount  of  gas  employed 
in  the  furnace  per  unit  time.  We  believe  these  advantages  can  be  achieved  without  impairing  the  quality  of 
the  treatment  given  to  the  metal  or  work. 

A  summary  of  experimental  results  obtained  when  operating  the  thermal  treatment  region  at  a 
temperature  of  800°C  is  given  in  Table  4.  The  concentration  of  hydrogen  was  measured  by  taking  samples 
at  different  locations  A  to  I in  the  furnaces  and  the  samples  were  also  employed  to  measure  the  oxygen 
potential  of  the  atmosphere  at  the  locations  A  to  I. 

The  positions  A  to  I are  as  follows: 

A -   in  the  chamber  622 
B  -   in  the  inlet  region  606  near  to  the  flare-off  means  620  C 
C -  in  the  thermal  treatment  region  608 
D -   in  the  thermal  treatment  region  608  but  nearer  to  the  cooling  region  610  than  is  the  position  C 
E  -   in  the  cooling  region  610  intermediate  the  thermal  treatment  region  608  and  the  chamber  612 
F  -   in  the  chamber  612 
G -   in  the  chamber  614 
H -  in  the  chamber  616 
I  -   in  the  chamber  621 

Experiments  Nos  1  and  2  show  that  relatively  high  concentrations  of  hydrogen  can  be  obtained  in  the 
cooling  and  thermal  treatment  regions  while  ensuring  that  the  gas  leaving  the  furnace  through  the  exit  604 
is  non-flammable.  In  Experiment  No  3,  additional  nitrogen  was  admitted  into  the  furnace  through  the  inlet 
640.  In  consequence,  the  proportion  of  hydrogen  in  the  thermal  treatment  region  was  substantially  less 
than  in  Experiments  Nos  1  and  2  while  still  obtaining  a  relatively  high  proportion  of  hydrogen  in  the  cooling 
region.  This  demonstrates  that  a  generally  unidirectional  flow  regimen  from  the  cooling  region  to  the 
thermal  treatment  region  was  obtained. 

Experiment  Nos  4  and  5  show  that  all  of  the  nitrogen  supplied  to  the  chambers  612,  614  and  616  may 
be  introduced  from  the  upper  plenum  chamber  628,  and  that  all  of  the  nitrogen  supplied  to  the  chamber 
622  may  be  introduced  thereto  from  the  lower  plenum  chamber  634. 

The  chambers  near the  exit  end  of  the  furnace  maybe  provided  by  means  of  a  custom-built  unit  fitted  to 
the  exit  end  of  the  furnace,  thereby  extending  the  length  of  the  furnace. 

Example  4 
The  method  according  to  the  present  invention  may  be  operated  on  continuous  furnaces  used  for 

sintering  and  having  a  region  in  which  oil  and  lubricant  on  the  work  being  sintered  is  oxidised.  Such  region 
is  intermediate  the  inlet  of  the  furnace  and  the  thermal  treatment  region.  Typically,  the  sintering 
temperature  in  the  thermal  treatment  region  is  1100°C  and  the  delubrication  region  is  maintained  at  a 
temperature  in  the  range  500  to  700°C.  The  furnace  may  be  provided  with  chambers  at  its  entry  and  exit 
ends  in  the  manner  shown  in  and  described  with  reference  to  Figures  5  and  6.  In  such  a  furnace  a  suitable 
flow  regimen  may  be  created  by  burning  off  gas  only  near  the  entry  end  with  gas  being  supplied  at  the 
following  rates.  Nitrogen  is  supplied  to  the  chambers  at  the  end  of  the  cooling  region  remote  from  the 
thermal  treatment  region  at  a  rate  of  from  150  to  200  cubic  feet  per  hour  (4.2  to  5.7  cubic  metres  per  hour) 
and  at  a  similar  rate  to  the  chamber  at  the  entry  end  of  the  furnace.  Gas  generated  in  an  endothermic 
generator  (typically  including  about  40%  by  volume  of  hydrogen)  is  passed  into  the  cooling  region  at  a 
location  outside  but  near  to  the  chambers  in  that  region  at  a  rate  of  100  cubic  feet  per  hour  (2.8  cubic  metres 
per  hour).  Such  endothermic  gas  is  also  introduced  into  the  cooling  region  at  a  location  near  to  the  thermal 
treatment  region  at  a  rate  of  250  cubic  feet  per  hour  (7.1  cubic  metres  per  hour)  and  nitrogen  is  introduced 
into  the  same  region  at  a  rate  of  350  to  400  cubic  feet  per  hour  (10  to  11.3  cubic  metres  per  hour).  There  is 
thus  a  flow  of  nitrogen  and  hydrogen  in  the  general  direction  of  the  thermal  treatment  region,  reducing 
conditions  being  maintained  in  both  the  cooling  and  thermal  treatment  regions.  In  order  to  provide 
conditions  that  are  oxidising  to  oil  and  lubricant  etc  in  the  oxidising  region,  200  cubic  feet  per  hour  of 
humidified  nitrogen  is  admitted  to  the  region  of  the  furnace  intermediate  the  thermal  treatment  region  and 
the  oxidising  region.  This  addition  of  humidified  nitrogen  is  made  so  as  to  oxidise  lubricant  etc  on  the  work 
to  be  sintered  without  decarburising  the  work  itself.  Flammable  gas  mixture  leaving  the  oxidising  region  is 



burnt-off,  this  steps  helps  to  induce  a  general  flow  of  gas  in  the  direction  of  the  furnace  entrance. 
Substantially  less  gas  is  required  than  when  the  furnace  is  operated  conventionally  with  burn-off  of 
flammable  gas  mixture  at  both  its  entrance  and  exit  ends. 

In  each  column  the  first  figure  is  the  flow  rate  in  standard  cubic  feet  per  hour  and  the  following  figure, 
in  brackets,  is  the  flow  rate  in  standard  cubic  metres  per  hour. 



1.  A  method  of  operating  a  continuous  horizontal  heat  treatment  furnace  having,  in  sequence,  an 
entrance,  a  thermal  treatment  region,  a  cooling  region  and  an  exit,  work  to  be  heat  treated  being  passed 
through  the  furnace  from  the  entrance  to  the  exit,  and  the  furnace  being  of  a  kind  that  is  adapted  to  be 
operated  conventionally  by  supplying  reducing  gas  and  non-reactive  gas  selected  from  nitrogen  and  argon 
to  its  thermal  treatment  region  with  there  being  substantial  flows  of  gas  out  of  the  thermal  treatment  region 
both  in  the  direction  of  the  entrance  and  in  the  direction  of  the  exit,  and  with  all  the  gas  that  passes  out  of 
the  furnace  leaving  from  the  exit  and  entrance  regions  of  the  furnace,  wherein  means  are  provided  for 
restricting  the  ingress  of  air  into  the  furnace  through  its  entrance  and  exit,  reducing  gas  is  introduced  into 
the  furnace,  and  non-reactive  gas  selected  from  nitrogen  and  argon  is  introduced  into  the  furnace  at  a 
plurality  of  locations  chosen  so  as  to  create  a  flow  regimen  in  which  atmospheres  of  different  compositions 
from  one  another  subsist  in  the  thermal  treatment  and  cooling  regions,  in  which  non-oxidising  or  reducing 
conditions  are  provided  throughout  the  thermal  treatment  and  cooling  regions  of  the  furnace,  providing  at 
least  one  curtain  or  partition  in  the  cooling  region  at  the  exit  end  of  the  furnace,  and  supplying  non-reactive 
gas  to  the  furnace  near  said  curtain  or  partition  at  a  flow  rate  such  that  the  flow  of  gas  out  of  the  thermal 
treatment  region  into  the  cooling  region  is  inhibited  and  that  gas  flows  out  of  the  thermal  treatment  region 
largely  in  the  direction  of  the  furnace  entrance,  the  overall  rate  of  supply  gas  to  the  furnace  being  less  than 
when  the  furnace  is  operated  conventionally. 

2.  A  method  as  claimed  in  claim  1,  in  which  reducing  gas  is  also  introduced  into  the  cooling  region,  and 
flows  into  the  thermal  treatment  region. 

3.  A  method  as  claimed  in  claim  1  or  claim  2  characterised  in  that  gaseous  atmosphere  leaving  the 
furnace  is  burnt  off  only  near  the  entrance  end  of  the  furnace. 

4.  A  method  as  claimed  in  any one  of  the  preceding  claims  characterised  in  that  said  partitions  and/or 
curtains  are  defining  at  least  one  chamber  adapted  to  permit  metal  being  treated  to  pass  therethrough,  and 
non-reactive  gas  is  introduced  into  the  chambers  or  at  least  one  of  the  chambers. 

5.  A  method  of  operating  a  continuous  heat  treatment  furnace  having,  in  sequence,  an  entrance,  a 
thermal  treatment  region,  a  cooling  region  and  an  exit,  work  to  be  heat  treated  being  passed  through  the 
furnace  from  the  entrance  to  the  exit,  and  the  furnace  being  of  a  kind  that  is  adapted  operated 
conventionally  by  supplying  non-reactive  gas  selected  from  nitrogen  and  argon  and  reducing  gas  to  its 
thermal  treatment  region  with  there  being  substantial  flows  of  gas  out  of  the  thermal  treatment  region  both 
in  the  direction  of  the  entrance  and  in  the  direction  of  the  exit,  and  with  all  the  gas  that  passes  out  of  the 
furnace  leaving  from  the  exit  and  entrance  regions  of  the  furnace,  non-reactive  gas  selected  from  nitrogen 
and  argon  is  supplied  to  the  chamber  or  chambers  so  as  to  restrict  ingress  of  air  from  outside  the  furnace 
through  the  chamber  or  chambers  into  a  part  of  the  furnace  intermediate  the  chambers  and  the  thermal 
treatment  region,  non-reactive  gas,  selected  from  nitrogen  and  argon,  and  reducing  gas  also  being 
supplied  to  the  furnace  at  chosen  locations  to  create  an  atmosphere  for  the  heat  treatment,  providing  a 
plurality  of  curtains  and/or  partitions  in  the  cooling  region  to  define  one  or  more  chambers  and  supplying 
non-reactive  gas  directly  to  one  such  chamber,  in  such  a  flow  rate  that,  the  flow  of  gas  out  of  the  thermal 
treatment  region  into  the  cooling  region  is  inhibited  and  that  gas  flows  out  of  the  thermal  treatment  region 
is  largely  in  the  direction  of  the  furnace  entrance,  the  overall  rate  of  supplying  gas  to  the  furnace  being  less 
than  when  the  furnace  is  operated  conventionally. 

6.  A  method  as  claimed  in  claim  5,  characterised  in  that: 

where 
Pc  is  the  pressure  in  the  chamber  or  the  chamber  nearest  the  thermal  treatment  region; 
Pu  is  the  pressure  in  the  cooling  region  proximate  said  chamber  or  chambers  and  intermediate  said 

chambers  and  the  thermal  treatment  region;  and 
Pa  is  atmospheric  pressure. 
7.  A  method  as  claimed  in  claim  6,  wherein  there  are  at  least  two  chambers;  and 

where 
Pc  is  the  pressure  in  the  chamber  nearest  the  thermal  treatment  region: 
Pu  and  Pa  are  as  defined  in  claim  6,  and  Pt  is  the  pressure  in  the  thermal  treatment  region. 
8.  A  method  as  claimed  in  any one  of  claims  5  to  7,  characterised  in  that  there  is  a  hydrogen 

concentration  of  greater  than  50%  by  volume  created  in  the  part  of  the  cooling  region  intermediate  the 
thermal  treatment  region  and  the  chambers  and  that  a  non-flammable  gas  mixture  leaves  the  exit  end  of 
the  furnace. 

9.  A  method  as  claimed  in  any one  of  the  preceding  claims,  characterised  in  that  in  which  at  least  one 
chamber  is  provided  at  the  entrance  end  of  the  furnace,  non-reactive  gas  selected  from  nitrogen  and  argon 
being  provided  directly  to  such  chamber. 



1.  Verfahren  zum  Betrieb  eines  kontinuierlichen,  waagerechten  Wärmebehandlungsofens,  der  in  Folge 
aufweist:  einen  Eintritt,  einen  Wärmebehandlungsschnitt,  einen  Kühlabschnitt  und  einen  Austritt,  wobei 
wärmezubehandelndes  Gut  durch  den  Ofen  von  dem  Eintritt  zu  dem  Austritt  geführt  wird  und  der  Ofen  zu 
einer  Art  gehört,  welche  zum  konventionellen  Betrieb  mittels  Zufuhr  von  reduzierendem  Gas  und 
nichtreaktionsfähigem  Gas,  ausgewählt  unter  Stickstoff  und  A r g o n ,   zu  seinem 
Wärmebehandlungsabschnitt  eingerichtet  ist,  und  wobei  wesentliche  Gasströmungen  aus  dem 
Wärmebehandlungsabschnitt  sowohl  in  Richtung  auf  den  Eintritt  als  auch  in  Richtung  auf  den  Austritt 
vorliegen,  und  wobei  das  gesamte  Gas,  das  aus  dem  Ofen  austritt,  aus  den  Austritt-  und  Eintrittabschnitten 
des  Ofens  abgegeben  wird,  und  wobei  Einrichtungen  vorgesehen  sind,  um  das  Eingringen  von  Luft  in  den 
Ofen  durch  den  Eintritt  und  den  Austritt  einzuschränken  und  reduzierendes  Gas  in  den  Ofen  eingeführt wird 
und  nichtreaktionsfähiges  Gas,  ausgewählt  unter  Stickstoff  und  Argon,  in  den  Ofen  an  einer  Vielzahl  von 
derart  ausgewählten  Orten,  daß  ein  Strömungsmuster  gebildet  wird,  in  welchem  Atmosphären 
unterschiedlicher  Zusammensetzungen  zueinander  in  den  Wärmebehandlungs-  und  Kühlabschnitten 
bestehen,  eingeführt  wird,  worin  nicht-oxidierende  oder  reduzierende  Bedingungen  über  die 
Wärmebehandlungs-  und  Kühlabschnitte  des  Ofens  hergestellt  werden,  wobei  wenigstens  ein  Vorhang 
oder  eine  Abtrennung  in  dem  Kühlabschnitt  am  Austrittsende  des  Ofens  vorgesehen  ist  und  nicht- 
reaktionsfähiges  Gas  in  den  Ofen  nahe  bei  diesem  Vorhang  oder  dieser  Abtrennung  mit  einer  solchen 
Strömungsrate  zugeführt  wird,  daß  die  Strömung  des  Gases  aus  dem  Wärmebehandlungsabschnitt  in  den 
Kühlabschnitt  gehemmt  wird  und  daß  Gas  aus  dem  Wärmebehandlungsabschnitt  in  starkem  Maße  in 
Richtung  zum  Ofeneintritt  strömt,  wobei  die  Gesamtrate  en  Versorgungsgas  zu  dem  Ofen  geringer  als  bei 
konventionellem  Betrieb  des  Ofens  ist. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  daß  reduzierendes  Gas  ebenfalls  in  den 
Kühlabschnitt  eingeführt  wird  und  in  den  Wärmebehandlungsabschnitt  strömt. 

3.  Verfahren  nach  Anspruch  1  oder  2,  dadurch  gekennzeichnet,  daß  die  den  Ofen  verlassende 
Gasatmosphäre  nur  nahe  dem  Eintrittsende  des  Ofens  abgebrannt  wird. 

4.  Verfahren  nach  einem  der  vorhergehenden  Ansprüche,  dadurch  gekennzeichnet,  daß  die 
Abtrennungen  und/oder  Vorhänge  wenigstens  eine  Kammer  begrenzen,  die  ausgelegt  ist,  um  zu 
behandelndes  Metall  hierdurch  durchtreten  zu  lassen,  und  daß  nicht-reaktionsfähiges  Gas  in  die  Kammern 
oder  wenigstens  eine  dieser  Kammern  eingeführt  wird. 

5. Verfahren  zum  Betrieb  eines  kontinuierlichen,  waagerechten  Wärmebehandlungsofens,  der  in  Folge 
aufweist:  einen  Eintritt,  einen  Wärmebehandlungsabschnitt,  einen  Kühlabschnitt  und  einen  Austritt,  wobei 
wärmezubehandelndes  Gut  durch  den  Ofen  von  dem  Eintritt  zu  dem  Austritt  geführt  wird  und  der  Ofen  zu 
einer  Art  gehört,  welche  zum  konventionellen  Betrieb  mittels  Zufuhr  von  reduzierendem  Gas  und 
nichtreaktionsfähigem  Gas,  ausgewählt  unter  Stickstoff  und  Argon,  zu  seinem 
Wärmebehandlungsabschnitt  eingerichtet  ist,  und  wobei  wesentliche  Gasströmungen  aus  dem 
Wärmebehandlungsabschnitt  sowohl  in  Richtung  auf  den  Eintritt  als  auch  in  Richtung  auf  den  Austritt 
vorliegen,  und  wobei  das  gesamte  Gas,  das  aus  dem  Ofen  austritt,  aus  den  Austritt-  und  Eintrittabschnitten 
des  Ofens  abgegeben  wird,  nicht-reaktionsfähiges  Gas,  ausgewählt  unter  Stickstoff  und  Argon,  zu  der 
Kammer  oder  den  Kammern  zugeführt  wird,  um  den  Eintritt  von  Luft  von  der  Außenseite  des  Ofens  durch 
die  Kammer  oder  die  Kammern  in  einen  Teil  des  Ofens  zwischen  den  Kammern  und  den 
Wärmebehandlungsbereich  einzuschränken,  nicht-reaktionsfähiges  Gas,  ausgewählt  unter  Stickstoff  und 
Argon,  und  reduzierendes  Gas  ebenfalls  in  den  Ofen  an  vorgewählten  Orten  zur  Erzeugung  einer 
Atmosphäre  für  die  Wärmebehandlung  zugeführt  wird,  wobei  eine  Vielzahl  von  Vorhängen  und/oder 
Abtrennungen  in  dem  Kühlbereich  zur  Begrenzung  von  einer  oder  mehreren  Kammern  vorgesehen  sind 
und  nicht-reaktionsfähiges  Gas  direkt  in  eine  solche  Kammer  mit  einer  solchen  Strömungsrate  zugeführt 
wird,  daß  die  Gasströmung  aus  dem  Wärmbehandlungsabschnitt  in  den  Kühlabschnitt  gehemmt  wird  und 
daß  Gas  aus  dem  Wärmebehandlungsabschnitt  weitgehend  in  Richtung  des  Ofeneintrittes  ausströmt, 
wobei  die  Gesamtrate  des  zu  dem  Ofen  zugeführten  Gases  geringer  als  beim  konventionellen  Betrieb  des 
Ofens  ist. 

6.  Verfahren  nach  Anspruch  5,  dadurch  gekennzeichnet,  daß 

wobei 
Pc  der  Druck  in  der  Kammer  oder  der  dem  Wärmebehandlungsabschnitt  nächstliegenden  Kammer  ist; 
Pu  der  Druck  im  Kühlabschnitt  unmittelbar  anschließend  an  diese  Kammer  oder  diese  Kammern  und 

zwischen  diesen  Kammern  und  dem  Wärmebehandlungsabschnitt  ist;  und 
Pa  der  atmosphärische  Druck  ist. 
7.  Verfahren  nach  Anspruch  6,  dadurch  gekennzeichnet,  daß  wenigstens  zwei  Kammern  vorhanden 

sind,  und; 

wobei  Pc  der  Druck  in  der  Kammer  nächstliegend  zum  Wärmebehandlungsabschnitt  ist; 



Pu  und  Pa  die  in  Anspruch  6  angegebene  Bedeutung  besitzen  und  Pt  der  Druck  in  dem 
Wärmebehandlungsabschnitt  ist. 

8.  Verfahren  nach  einem  der  Ansprüche  5  bis  7,  dadurch  gekennzeichnet,  daß  eine 
Wasserstoffkonzentration  von  größer  als  50  Vol.-%  in  dem  Teil  des  Kühlabschnittes  zwischen  dem 
Wärmebehandlungsabschnitt  und  den  Kammern  erzeugt  wird,  und  daß  ein  nicht-entflammbares 
Gasgemisch  das  Austrittsende  des  Ofens  verläßt. 

9.  Verfahren  nach  einem  der  vorhergehenden  Ansprüche,  dadurch  gekennzeichnet,  daß  wenigstens 
, eine  Kammer  an  dem  Eintrittsende  des  Ofens  vorgesehen  ist  und  nicht-reaktionsfähiges  Gas,  ausgewählt 
uner  Stickstoff  und  Argon,  direkt  zu  dieser  Kammer  zugeführt  wird. 

1.  Procédé  pour  faire  fonctionner  un  four  horizontal  continu  de  traitement  thermique  ayant,  en  série, 
une  entrée,  une  région  de  traitement  thermique,  une  région  de  refroidissement  et  une  sortie,  les  pièces 
destinées  à  subir  un  traitement  thermique  étant  déplacées  dans  le  four  de  son  entrée  à  sa  sortie,  et  le  four 
étant  d'un  genre  adapté  à  fonctionner  de  façon  classique  avec  alimentation  en  gaz  réducteur  et  en  gaz  non 
réactif  choisi  parmi  l'azote  et  l'argon  à  sa  région  de  traitement  thermique,  avec  existence  de  forts 
écoulements  de  gaz  sortant  de  la  région  de  traitement  thermique  pour  se  diriger  à  la  fois  vers  l'entrée  et 
vers  la  sortie,  la  totalité  du  gaz  qui  sort  du  four  quittant  les  régions  d'entrée  et  de  sortie  du  four,  procédé 
dans  lequel  on  prévoit  des  moyens  pour  limiter  la  pénétration  de  l'air  dans  le  four  par  son  entrée  et  sa 
sortie,  on  introduit  du  gaz  réducteur  dans  le  four  et  l'on  introduit  du  gaz  non  réactif,  choisi  parmi  l'azote  et 
l'argon,  dans  le  four  en  plusieurs  endroits  choisis  de  façon  à  créer  un  régime  d'écoulement  dans  lequel  des 
atmosphères  de  compositions  différentes  d'un  endroit  à  l'autre  subsistent  dans  les  régions  de  traitement 
thermique  et  de  refroidissement,  dans  lequel  on  prévoit  des  conditions  non  oxydantes  ou  réductrices  dans 
l'ensemble  des  régions  de  traitement  thermique  et  de  refroidissement  du  four,  en  créant  au  moins  un 
rideau  ou  une  cloison  dans  la  région  de  refroidissement  à  l'extrémité  de  sortie  du  four  et  en  introduisant  du 
gaz  non  réactif  dans  le  four  près  dudit  rideau  ou  de  ladite  cloison  à  un  débit  tel  que  l'écoulement  de  gaz 
sortant  de  la  région  de  traitement  thermique  pour  pénétrer  dans  la  région  de  refroidissement  soit  inhibé  et 
que  du  gaz  s'écoule  pour  sortir  de  la  région  de  traitement  thermique  en  se  dirigeant  dans  une  large  mesure 
vers  l'entrée  du  four,  le  débit  global  de  gaz  d'alimentation  du  four  étant  inférieur  au  débit  d'alimentation 
existant  quand  le  four  est  exploité  de  façon  classique. 

2.  Procédé  selon  la  revendication  1,  dans  lequel  du  gaz  réducteur  est  également  introduit  dans  la 
région  de  refroidissement  et  s'écoule  pour  pénétrer  dans  la  région  de  traitement  thermique. 

3.  Procédé  selon  la  revendication  1  ou  la  revendication  2,  caractérisé  en  ce  que  l'atmosphère  gazeuse 
sortant  du  four  est  détruite  par  combustion,  seulement  au  voisinage  de  l'extrémité  d'entrée  du  four. 

4.  Procédé  selon  l'une  quelconque  des  revendications  précédentes,  caractérisé  en  ce  que  lesdites 
cloisons  et/ou  lesdits  rideaux  délimitent  au  moins  une  chambre  destinée  à  permettre  à  du  métal  soumis  à 
traitement  de  traverser  cette  chambre,  et  du  gaz  non  réactif  est  introduit  dans  les  chambres  ou  au  moins 
dans  l'une  des  chambres. 

5.  Procédé  pour  faire  fonctionner  un  four  de  traitement  thermique  en  continu  ayant,  successivement, 
ou  en  série,  une  entrée,  une  région  de  traitement  thermique,  une  région  de  refroidissement  et  une  sortie,  la 
pièce  destinée  à  subir  un  traitement  thermique  étant  déplacée  dans  le  four  de  l'entrée  à  la  sortie  de  celui-ci, 
et  le  four  étant  du  genre  qui  est  destiné  à  fonctionner  de  façon  classique  par  introduction  d'un  gaz  non 
réactif,  choisi  entre  l'azote  et  l'argon,  et  d'un  gaz  réducteur  dans  sa  région  de  traitement  thermique  avec  de 
forts  écoulements  de  gaz  sortant  de  la  région  de  traitement  thermique  pour  se  diriger  aussi  bien  vers 
l'entrée  que  vers  la  sortie,  et  la  totalité  du  gaz  sortant  du  four  passant  par  les  régions  d'entrée  et  de  sortie  de 
ce  four,  procédé  selon  lequel  du  gaz  non  réactif,  choisi  entre  l'azote  et  l'argon,  est  fourni  à  la  chambre  ou 
aux  chambres  de  façon  à  limiter  la  pénétration  de  l'air,  provenant  de  l'extérieur  du  four,  par  la  ou  les 
chambres  pour  parvenir  dans  une  partie  du  four  située  entre  les  chambres  et  la  région  de  traitement 
thermique,  du  gaz  non  réactif,  choisi  parmi  l'azote  et  l'argon,  et  du  gaz  réducteur  étant  fournis  au  four  en 
des  endroits  choisis  pour  créer  une  atmosphère  convenant  pour  le  traitement  thermique,  le  procédé 
comportant  l'installation  de  plusieurs  rideaux  et/ou  cloisons  dans  la  région  de  refroidissement  pour 
délimiter  une  ou  plusieurs  chambres  et  la  fourniture  d'un  gaz  non  réactif  introduit  directement  dans  l'une 
de  ces  chambres  à  un  débit  tel  que  l'écoulement  de  gaz  sortant  de  la  région  de  traitement  thermique  pour 
pénétrer  dans  la  région  de  refroidissement  soit  inhibé  et  que  le  gaz  s'ecoule  de  lâ  région  de  traitement 
thermique  en  se  dirigeant  dans  une  large  mesure  vers  l'entrée  du  four,  le  débit  global  d'alimentation  du 
four  en  gaz  étant  inférieur  au  débit  existant  quand  le  four  est  exploité  de  façon  classique. 

6.  Procédé  selon  la  revendication  5,  caractérisé  en  ce  que  Pc  est  supérieur  à  Pu  et  Pu  supérieur  à  Pa,  où 
Pc  désigne  la  pression  régnant  dans  la  chambre  ou  dans  la  chambre  la  plus  voisine  de  la  région  de 
traitement  thermique; 

Pu  désigne  la  pression  régnant  dans  la  région  de  refroidissement  proche  de  ladite  chambre  ou  desdites 
chambres  et  entre  lesdites  chambres  et  la  région  de  traitement  thermique;  et 

Pa  est  la  pression  atmosphérique. 
7.  Procédé  selon  la  revendication  6,  dans  lequel  il  existe  au  moins  deux  chambres  et 



Pc  supérieur  à  Pu  supérieur  à  Pt  supérieur  à  Pa  où  Pc  désigne  la  pression  régnant  dans  la  chambre  la 
plus  voisine  de  la  région  de  traitement  thermique; 

Pu  et  Pa  sont  tels  que  définis  à  la  revendication  8,  et  Pt  désigne  la  pression  régnant  dans  la  région  de 
traitement  thermique. 

8.  Procédé  selon  l'une  quelconque  des  revendications  5  à  8,  caractérisé  en  ce  qu'une  concentration  en 
hydrogène,  supérieure  à  50%  en  volume,  est  créée  dans  la  partie  de  la  région  de  refroidissement  située 
entre  la  région  de  traitement  thermique  et  les  chambres,  et  en  ce  qu'un  mélange  gazeux  ininflammable 
quitte  l'extrémité  de  sortie  du  four. 

9.  Procédé  selon  l'une  quelconque  des  revendications  précédentes,  caractérisé  en  ce  qu'au  moins  une 
chambre  est  réalisée  à  l'extrémité  d'entrée  du  four,  et  du  gaz  non  réactif,  choisi  parmi  l'azote  et  l'argon,  est 
fourni  directement  à  cette  chambre. 
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