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Description 

The  invention  relates  to  a  process  for  the  production  of  a  high  strength  stainless  steel  belt  having  a  fine 
duplex  structure  of  martensite  and  austenite  and  an  excellent  flatness. 

5  Stainless  steel  belts  are  widely  used  in  various  fields  including,  for  example,  continuous  baking  of  cookies 
at  high  temperatures,  freezing  of  foods  at  low  temperatures,  continuous  pressing  of  ply  wood  and  transpor- 
tation  of  mechanical  parts.  Since  high  strength  and  excellent  fatigue  strength  are  required,  steel  species  con- 
stituting  such  belts  are  generally  selected  from  work  hardened  austenitic  stainless  steels,  low  carbon  mar- 
tensitic  stainless  steels  and  precipitation  hardened  stainless  steels.  Materials  for  such  steel  belts  and  proc- 

10  esses  for  the  production  of  such  steel  belts  are  disclosed  in,  for  example,  JP  B  51-31085  and  JP-A-  61-9903. 
The  known  processes  generally  comprise  preparing  a  flat  stainless  steel  strip  by  a  process  including  a  roll- 

ing  step  for  shape  rectification,  welding  ends  of  the  flat  strip  or  ends  of  a  plate  cut  from  said  strip  to  provide 
an  endless  belt,  and  again  flattening  the  surface  of  the  endless  belt  under  tension. 

Accordingly,  to  produce  a  stainless  steel  belt  having  a  good  shape,  it  has  been  necessary  to  prepare  a 
15  flat  stainless  steel  strip  by  a  process  including  a  rolling  step  for  shape  rectification.  This  step  of  rolling  for  shape 

rectification  should  be  appropriately  carried  out,  while  carefully  selecting  conditions  including,  for  example, 
rolling  reduction,  diameters  of  rolls  and  rate  of  rolling,  depending  upon  the  steel  species,  thickness  of  the  strip 
and  histories  of  the  precedent  production  steps,  or  otherwise  a  flat  stainless  steel  strip  cannot  be  obtained  or 
the  production  yield  is  reduced.  Accordingly,  it  is  eagerly  desired  to  prepare  a  stainless  steel  strip  excellent  in 

20  flatness  without  the  rolling  step  for  shape  rectification.  Unfortunately,  the  desired  technology  is  not  yet  estab- 
lished  on  the  concerned  steel  species. 

Even  if  a  flat  stainless  steel  strip  has  been  prepared  by  rolling  for  shape  rectification,  when  an  endless 
belt  is  prepared  from  the  flat  strip  by  end  welding,  it  is  unavoidable  that  a  strain  due  to  expansion  and  con- 
traction  of  the  material  is  induced  near  the  weld  zone  as  a  result  of  the  welding.  For  this  reason,  the  endless 

25  belt  so  prepared  must  be  again  flattened  under  tension. 
Thus,  in  order  to  produce  a  high  strength  stainless  steel  belt  in  a  high  production  yield,  precise  and  com- 

plicated  steps  have  been  required.  Particularly,  when  a  wide  steel  belt  is  to  be  produced,  two  or  more  starting 
plates  are  longitudinally  welded  side  by  side  to  provide  a  wide  welded  plate,  which  is  then  made  endless  by 
end  welding.  In  such  a  case,  the  flattening  of  the  welded  wide  endless  belt  under  tension  is  further  complicated, 

30  time  consuming  and  technically  very  difficult. 
An  object  of  the  invention  is  to  solve  the  above  discussed  problems  associated  with  the  prior  art 
According  to  the  invention,  there  is  provided  a  process  forthe  production  of  a  high  strength  steel  belt  having 

a  duplex  structure  of  austenite  and  martensite  which  comprises  providing  a  cold  rolled  or  cold  rolled  and  an- 
nealed  strip  of  a  martensitic  structure  from  low  carbon  martensitic  stainless  steel  containing  from  10  to  17  % 

35  by  weight  of  Cr  and  having  a  carbon  content  of  not  exceeding  0.15  %  by  weight,  connecting  ends  of  the  strip 
or  ends  of  a  plate  cut  from  said  strip  to  provide  an  endless  belt,  causing  the  endless  belt  to  circularly  move 
between  rolls  under  tension  and  to  repeatedly  pass  through  a  heating  furnace  where  the  belt  is  heated  to  a 
temperature  within  the  range  from  30°C  above  the  As  point  of  the  steel  totheAf  point  of  the  steel  and  not  higher 
than  900  °C.  so  that  a  part  of  the  martensitic  phase  may  be  changed  to  a  reversed  austenitic  phase,  and  cooling 

40  the  heated  belt  to  ambient  temperature,  wherein  the  As  point  of  the  steel  is  a  temperature  of  the  steel  of  which 
temperature  is  being  raised  at  which  the  transformation  of  martensite  to  austenite  begins  and  the  Af  point  of 
the  steel  is  a  temperature  of  the  steel  of  which  temperature  is  being  raised  at  which  the  transformation  of  mar- 
tensite  to  austenite  is  finished. 

In  the  process  according  to  the  invention,  an  endless  belt  of  a  martensitic  structure  spanning  rolls  under 
45  an  appropriate  tension  is  caused  to  circularly  move  between  the  rolls,  and  during  the  circular  movement  the 

belt  is  caused  to  repeatedly  pass  through  a  heating  furnace  where  it  is  heated  to  a  temperature  within  the  range 
from  30°C  above  the  As  point  of  the  steel  totheAf  point  of  the  steel  and  not  higher  than  900  °C.  In  the  furnace, 
a  part  of  the  martensite  is  reveresed  to  austenite  while  the  belt  is  under  a  longitudinal  tension.  The  belt  is  ef- 
fectively  flattened  as  the  reversion  proceeds,  even  in  cases  wherein  the  belt  is  made  of  a  steel  strip  prepared 

50  by  a  process  without  a  step  of  rolling  for  shape  rectification  and  wherein  a  step  of  flattening  the  endless  belt 
by  tension  has  been  eliminated  after  the  welding  step. 

The  reversed  austenite  grains  are  fine  and  so  stable  that  they  do  not  retransform  to  quenched  martensite 
when  cooled  to  ambient  temperature.  Thus,  the  steel  belt  produced  by  the  process  according  to  the  invention 
has  a  fine  duplex  structure  of  martensite  and  reversed  austenite.  The  fact  that  the  reversed  austenite  does 

55  not  retransform  to  quenched  martensite  upon  cooling  from  the  heating  temperature  leads  to  no  strain  due  to 
quenching,  indicating  that  the  good  flatness  of  the  belt  achieved  in  the  heating  furnace  can  be  retained  to  am- 
bient  temperature. 

Thus,  a  high  strength  steel  belt  having  a  good  shape  can  be  easily  produced  by  the  process  according  to 
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the  invention  wherein  an  endless  belt  of  a  substantially  martencitic  structure  is  concurrently  flattened  and 
transformed  to  a  duplex  structure  by  the  heat  treatment  prescribed  herein.  The  endless  belt  may  be  made  of 
a  steel  strip  prepared  by  a  process  without  a  step  of  rolling  for  shape  rectification,  although  it  may  be  made 

5  of  a  shape-rectified  steel  strip. 
For  the  function  described  above  to  proceed,  it  is  sufficient  that  the  steel  prior  to  the  heat  treatment  has 

a  substantially  martensitic  structure.  The  presence  of  a  small  amount,  for  example,  up  to  20  %  by  volume  of 
ferrite  or  austenite  is  permissible. 

The  basic  concept  of  the  invention  is  to  produce  a  high  strength  steel  belt  excellent  in  flatness  by  forming 
10  a  fine  duplex  structure  of  martensite  and  fine  reversed  austenite  upon  heating  and  maintaining  the  fine  duplex 

structure  to  ambient  temperature.  In  other  words,  the  invention  achieves  a  high  strength  by  making  the  struc- 
ture  fine  as  known  from  the  Hall-Petch'es  formula,  and  realizes  a  tension  annealed  condition  to  ensure  a  good 
shape  by  causing  the  reversion  to  proceed  while  relaxing  the  flattening  tension  on  the  material  passing  through 
the  heating  furnace.  Accordingly,  it  is  essential  to  form  a  stable,  fine  duplex  structure.  If  the  heat  treatment 

15  temperature  is  substantially  lower  than  30°C  above  the  As  point  of  the  steel,  the  amount  of  the  reversed  aus- 
tenite  is  insufficient,  and  if  the  heat  treatment  temperature  is  higher  than  900  °C.or  the  Af  point  of  the  steel, 
no  martensite  is  retained  or  the  amount  of  the  retained  martensite  becomes  too  small,  and  thus,  the  desired 
stable  and  fine  duplex  structure  is  not  obtained. 

Fig.  1  is  a  schematic  cross-sectional  view  of  a  heat  treatment  installation  which  can  be  used  in  the  process 
20  according  to  the  invention; 

Fig.  2  is  a  perspective  view  of  a  strip  for  illustrating  an  LD  shape  value  used  herein;  and 
Fig.  3  a  perspective  view  of  a  strip  for  illustrating  a  TD  shape  value  used  herein. 
Fig.  1  shows  an  example  of  a  heat  treatment  installation  which  can  be  used  in  carrying  out  the  process 

according  to  the  invention.  An  endless  belt  1  which  is  made  from  a  martensitic  stainless  steel  and  spans  rolls 
25  2  and  3  is  caused  to  circularly  move  between  the  rolls  by  driving  one  of  them.  A  heat  treating  furnace  4  is  pro- 

vided  so  that  the  circularly  moving  endless  belt  1  may  repeatedly  pass  through  the  furnace  4.  The  furnace  4 
may  be  provided  on  its  belt  exit  side  with  an  air  jet  nozzle  5  which  may  serves  to  cool  the  heat  treated  belt 
when  desired.  While  the  furnace  4  is  conveniently  heated  electrically,  it  may  be  heated  by  fuel  combustion 
as  well.  The  atmosphere  of  the  furnace  may  be  air,  but  if  oxidation  of  the  belt  should  be  avoided,  reducing  or 

30  inert  gas  may  be  used. 
The  endless  belt  1  may  be  prepared  by  cutting  out  a  starting  material  plate  having  a  required  length  from 

a  martensitic  steel  strip,  and  welding  ends  of  the  plate.  In  some  cases  ends  of  the  plate  may  connected  by 
rivetting.  When  a  wide  belt  is  desired,  it  may  be  prepared  by  longitudinally  welding  two  or  more  starting  plates 
side  by  side  and  welding  ends  of  the  so  welded  wide  plate  to  make  it  endless.  The  martensitic  steel  strip  from 

35  which  the  endless  belt  1  is  prepared  may  be  one  that  has  not  been  subjected  to  a  rolling  step  for  shape  recti- 
fication.  Furthermore,  the  endless  belt  1  need  not  be  mechanically  shape  rectified  prior  to  the  heat  treatment 
according  to  the  invention.  The  endless  belt  can  be  flattened  by  the  heat  treatment  according  to  the  invention. 

The  endless  belt  1  is  hung  between  rolls  2  and  3  under  an  appropriate  tension  and  caused  to  circularly 
move  between  the  rolls.  A  suitable  tension  is  0.5  kgf/mm2  or  higher  when  the  heat  treatment  temperature  used 

40  is  relatively  low  near  30°C  above  the  As  point.  Whereas  when  the  heat  treatment  temperature  used  is  near 
the  Af  point  a  relatively  low  tension  below  0.5  kgf/mm2  is  preferred.  The  lower  the  heat  treatment  temperature 
the  longer  the  heat  treatment  time,  and  the  higher  the  heat  treatment  temperature  the  shorter  the  heat  treat- 
ment  time.  While  the  optimum  tension  and  heat  treatment  time  depend  upon  the  particular  composition  of 
the  steel  and  the  particular  heat  treatment  temperature,  they  should  be  selected  so  that  a  part  of  the  martensite 

45  may  be  reversed  to  austenite  to  provide  a  fine  duplex  structure  and  the  belt  may  be  flattened  during  the  heat 
treatment.  These  conditions  can  be  determined  by  carrying  out  several  experiments  on  the  particular  steel. 

By  the  heat  treatment  of  the  endless  belt  under  tension  according  to  the  invention  a  desirably  fine  duplex 
structure  is  realized  and  by  maintaining  the  fine  duplex  structure  there  can  be  produced  a  high  strength  steel 
belt  excellent  in  shape,  in  which  the  weld  zone  and  mother  metal  have  substantially  the  same  structure  and 

so  flatness.  Accordingly,  upon  the  heat  treatment  it  is  essential  to  form  a  desirably  stable  and  fine  duplex  struc- 
ture.  If  the  heat  treatment  temperature  is  substantially  lower  than  30°C  above  the  As  point  of  the  steel,  the 
amount  of  the  reversed  austenite  is  insufficient,  and  the  heat  treatment  temperature  is  higher  than  900  °C.or 
the  Af  point  of  the  steel,  a  large  amount  of  austenite  is  formed,  retaining  no  or  an  insufficient  amount  of  mar- 
tensite,  and  thus,  the  desired  stable  and  fine  duplex  structure  is  not  obtained.  Accordingly,  the  heat  treatment 

55  should  be  carried  out  at  a  temperature  within  the  range  from  30°C  above  the  As  point  of  the  steel  to  the  Af 
point  of  the  steel  and  not  higher  than  900  °C. 

The  steel  used  herein  is  substantially  martensitic  in  the  annealed  condition.  The  structure  of  the  endless 
belt  prior  to  the  heat  treatment  should  be  substantially  martencitic.  The  endless  belt  can  be  prepared  from  an 
annealed  steel  strip  which  has  been  made  martensitic  in  the  final  annealing  step,  a  cold  rolled  steel  strip  pre- 
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pared  by  finish  cold  rolling  the  above  mentioned  annealed  steel  strip,  or  a  cold  rolled  strip  in  which  strain  in- 
duced  martensite  has  been  formed  by  cold  rolling.  The  structure  of  the  belt  prior  to  the  heat  treatment  need 
not  be  100  %  martencitic.  The  presence  of  a  minor  amount,  for  example,  up  to  20  %  by  volume,  of  ferrite  or 

5  austenite  is  permissible.  In  any  event,  it  is  intended  that  the  belt  should  have  a  tensile  strength  as  high  as  the 
order  of  100  kgf/mm2  or  higher  in  the  heat  treated  condition. 

As  to  the  chemical  composition,  the  steel  used  herein  is  a  low  carbon  martensitic  stainless  steel  containing 
from  10  to  17  %  by  weight  of  Cr  and  having  a  carbon  content  of  not  exceeding  0.15  %  by  weight.  Ni  can  also 
be  a  principal  alloying  element.  Furthermore,  the  steel  may  contain  other  alloying  elements  normally  contained 

10  in  low  carbon  martensitic  stainless  steel. 
Typical  alloying  elements  and  contents  thereof  by  weight  are  as  follows: 

C  :  0.15  %  or  less  (exclusive  0), 
Si  :  6.0  %  or  less  (exclusive  0), 
Mn  :  10.0  %  or  less  (exclusive  0), 
Ni  :  8.0  %  or  less  (exclusive  0), 
Cr  :  10.0  to  17.0%, 
N  :  0.3  %  or  less  (exclusive  0), 
Mo  :  4.0  %  or  less  (inclusive  0), 
Cu  :  4.0  %  or  less  (inclusive  0), 
Co  :  4.0  %  or  less  (inclusive  0). 

In  addition,  the  steel  used  herein  may  contain  Ti,  Al,  Nb,  V,  Zr,  B  and  rare  earth  elements  in  an  amount  of 
1.0  %  or  less  in  total,  and  unavoidable  impurities. 

Furthermore,  amounts  of  the  alloying  elements  are  mutually  controlled  so  that  the  nickel  equivalent,  Nieq, 
of  the  steel  may  fall  within  the  range  between  8.0  and  17.5.  The  nickel  equivalent,  Nieq,  of  the  steel  is  defined 

25  as  follows. 
Nieq  =  Ni  +  Mn  +  Cu  +  Mo  +  0.2Co  +  0.5Cr  +  0.3Si  +  20  (C  +  N), 

in  the  case  wherein  the  steel  contains  none  of  Ti,  Al,  Nb,  V,  Zr,  B  and  rare  earth  elements,  whereas 
Nieq  =  Ni  +  Mn  +  Cu  +  Mo  +  0.2Co  +  0.5Cr  +  0.3  Si 

in  the  case  wherein  the  steel  contains  any  one  of  Ti,  Al,  Nb,  V,  Zr,  B  and  rare  earth  elements. 
30  The  reasons  for  such  numerical  restriction  are  as  noted  below. 

C  is  an  austenite  forming  element  and  serves  not  only  to  effectively  stabilize  the  reversed  austenitic  phase 
formed  during  the  heat  treatment  according  to  the  invention  at  a  temperature  within  the  range  from  30°C  above 
the  As  point  of  the  steel  to  the  Af  point  of  the  steel  but  also  to  effectively  strengthen  the  martensite  and  reversed 
austenite  phases.  However,  the  presence  of  an  excessive  amount  of  C  results  in  the  formation  of  Cr  carbide 

35  during  the  heat  treatment  step  which  Cr  carbide  may  impair  the  corrosion  resistance  of  the  steel.  Accordingly, 
the  upper  limit  of  C  is  set  herein  as  0.15  %. 

Cr  is  a  basic  alloying  element  of  stainless  steels,  and  at  least  10.0  %  of  Cr  is  required  to  achieve  a  satis- 
factory  corrosion  resistance.  However,  since  Cr  is  a  ferrite  forming  element,  the  presence  of  an  excessive 
amount  of  Cr  results  in  the  formation  of  a  quantity  of  8  ferrite,  and  therefore,  in  the  production  of  the  starting 

40  strip,  it  is  difficult  to  achieve  a  substantially  martensitic  phase  after  annealing  and  cooling  to  ambient  temper- 
ature.  Accordingly,  the  upper  limit  of  Cr  is  set  herein  as  17.0  %. 

Ni  is  an  austenite  forming  element  and  serves  to  effectively  stabilize  the  reversed  austenitic  phase  formed 
during  the  heat  treatment  according  to  the  invention  at  a  temperature  within  the  range  from  30°C  above  the 
As  point  of  the  steel  to  the  Af  point  of  the  steel.  However,  if  the  Ni  content  is  unduly  high,  in  the  production  of 

45  the  starting  strip,  it  is  difficult  to  achieve  a  substantially  martensitic  phase  after  annealing  and  cooling  to  am- 
bient  temperature.  Accordingly,  the  content  of  Ni  is  preferably  8.0  %  or  less. 

Si  acts  to  broaden  the  temperature  range  between  the  As  and  Af  points.  This  is  advantageous  in  obtaining 
a  stable  duplex  structure  of  austenite  and  martensite.  Si  further  serves  to  effectively  strengthen  the  marten- 
sitic  and  reversed  austenitic  phases  formed  in  the  heat  treatment  according  to  the  invention.  However,  the 

50  production  of  a  steel  strip  having  an  unduly  high  Si  content  is  not  easy.  Accordingly,  the  content  of  Si  is  pre- 
ferably  6.0  %  or  less. 

Mn  is  an  austenite  forming  element  and  serves  to  effectively  stabilize  the  reversed  austenitic  phase 
formed  during  the  heat  treatment  according  to  the  invention  at  a  temperature  within  the  range  from  30°C  above 
the  As  point  of  the  steel  to  the  Af  point  of  the  steel.  However,  if  the  Mn  content  is  unduly  high,  there  happens 

55  such  a  trouble  that  Mn  fume  is  formed  in  the  production  of  such  a  high  Mn  steel  by  melting.  Accordingly,  the 
content  of  Mn  is  preferably  10.0  %  or  less. 

N  is  an  austenite  forming  element  as  C  is  and  serves  not  only  to  effectively  stabilize  the  reversed  austenitic 
phase  formed  during  the  heat  treatment  according  to  the  invention  at  a  temperature  within  the  range  from  30°C 
above  the  As  point  of  the  steel  to  the  Af  point  of  the  steel  but  also  to  effectively  strengthen  the  martensitic  and 

4 
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reversed  austenitic  phases.  However,  the  presence  of  an  excessive  amount  of  N  results  in  the  formation  of 
blow  holes  in  the  production  of  such  a  high  N  steel  by  melting,  and  thus  does  not  provide  a  sound  ingot.  Ac- 
cordingly,  the  content  of  N  is  preferably  0.30  %  or  less. 

5  Mo  serves  not  only  to  enhance  the  corrosion  resistance  of  the  steel  but  also  to  effectively  strengthen  the 
martensitic  and  reversed  austenitic  phases  formed  in  the  heat  treatment  according  to  the  invention.  However, 
since  Mo  is  a  ferrite  forming  element,  the  presence  of  an  excessive  amount  of  Mo  results  in  the  formation  of 
a  quantity  of  8  ferrite,  and  therefore,  in  the  production  of  the  strip,  it  is  difficult  to  achieve  a  substantially  mar- 
tensitic  phase  after  annealing  and  cooling  to  ambient  temperature.  Accordingly,  the  content  of  Mo  is  preferably 

10  4.0  %  or  less. 
Cu  is  an  austenite  forming  element  as  Ni  is  and  effective  in  the  formation  of  austenite  during  the  heat  treat- 

ment  according  to  the  invention.  However,  the  presence  of  an  excessive  amount  of  Cu  adversely  affects  the 
hot  workability  of  the  steel.  Accordingly,  the  content  of  Cu  is  preferably  4.0  %  or  less. 

Co  is  an  austenite  forming  element  as  Ni  is  and  effective  in  the  formation  of  austenite  during  the  heat  treat- 
is  ment  according  to  the  invention.  However,  since  Co  is  expensive,  the  content  of  Co  is  preferably  4.0  %  or  less. 

Ti,  Al,  Nb,  V  and  Zr  are  effective  not  only  in  maintaining  the  stable,  fine  and  uniform  duplex  structure  of 
martensite  and  reversed  austenite  but  also  in  suppressing  the  formation  of  Cr  carbide  to  maintain  the  corrosion 
resistance.  However,  since  the  presence  of  unduly  high  amounts  of  these  elements  adversely  affects  the  easi- 
ness  of  the  production  of  the  steel  strip,  the  amounts  of  these  elements  are  preferably  1.0  %  or  less  in  total. 

20  As  already  discussed,  in  the  process  according  to  the  invention,  a  high  strength  steel  belt  having  excellent 
fatigue  properties  can  be  produced  by  reversing  a  part  of  martencite  to  fine  austenite  to  form  a  fine  duplex 
structure  and  maintaining  the  fine  duplex  structure.  Accordingly,  it  is  essential  to  form  a  stable  fine  duplex 
structure.  If  the  nickel  equivalent,  Nieq,  of  the  steel  is  substantially  below  8.0,  the  amount  of  austenite  reversed 
during  the  heat  treatment  at  a  relatively  low  temperature  within  the  range  of  between  30°C  above  the  As  point 

25  and  the  Af  point  is  insufficient,  and  if  Nieq  is  substantially  higher  than  17.5,  the  amount  of  inverse  formed  aus- 
tenite  becomes  excessively  large,  and  thus,  it  becomes  difficult  to  realize  the  desirably  stable  and  fine  duplex 
structure.  Accordingly,  amounts  of  alloying  elements  of  the  steel  are  preferably  adjusted  so  that  the  nickel 
equivalent,  Nieq,  of  the  steel  may  fall  within  the  range  between  8.0  and  17.5. 

30  Examples 

Each  steel  having  a  composition  indicated  in  Table  1  was  prepared  by  melting,  forged,  hot  rolled  to  a  thick- 
ness  of  6  mm,  solution  treated,  pickled,  cold  rolled,  annealed,  and  finish  cold  rolled  to  a  thickness  of  1  mm. 
For  a  purpose  of  confirming  a  beneficial  effect  of  shape  rectification  during  the  heat  treatment  according  to 

35  the  invention,  cold  rolling  conditions  used  were  willfully  selected  so  that  a  cold  rolled  material  having  a  bad 
shape  might  be  obtained.  Some  of  the  finish  cold  rolled  strips  were  annealed  at  a  temperature  of  1030  °C.  and 
pickled.  A  starting  material  plate  was  cut  from  each  strip  so  prepared,  and  ends  of  the  plate  were  welded  to- 
gether  by  TIG  welding  to  provide  an  endless  belt  having  a  width  of  300  mm  and  a  length  of  5  m,  which  was 
subjected  to  the  heat  treatment  according  to  the  invention  as  described  below.  Table  1  indicates  the  As  and 

40  Af  transformation  points  of  the  steels  tested  as  well.  These  transformation  points  were  determined  from  in- 
flection  points  of  a  temperature-electrical  resistance  curve  obtained  on  each  steel  the  temperature  of  which 
was  being  raised  at  a  rate  of  1  °C./min.  in  an  electrical  resistance  measuring  device. 

Each  belt  was  heat  treated  in  a  heat  treatment  installation  as  shown  in  Fig.  1  under  conditions  indicated 
in  Table  2.  The  heat  treatment  time  shown  in  Table  2  is  the  total  of  the  time  for  which  the  belt  travelled  through 

45  the  heating  furnace. 
Heat  treatment  time  =  Time  of  circular  movement  of  belt  x  Effective  length  of  furnace/Length  of  belt  (5 

m) 
After  the  heat  treatment  a  specimen  was  taken  from  the  heat  treated  belt  and  tested  for  the  proof  strength 

and  tensile  strength.  Furthermore,  the  shape  of  the  belt  was  examined  before  and  after  the  heat  treatment. 
so  Results  are  shown  in  Table  2,  wherein  the  LD  shape  value  is  a  height  of  an  undulation  h  (mm)  divided  by  a 

length  1  (mm)  in  the  rolling  direction,  as  shown  in  Fig.  2,  while  the  TD  shape  value  is  a  height  of  an  undulation 
h  (mm)  divided  by  a  width  1  (300  mm)  of  the  belt,  as  shown  in  Fig.  3. 

From  the  results  shown  in  Table  2,  it  is  understood  that  all  belts  prepared  by  the  process  according  to  the 
invention  have  a  high  strength  represented  by  the  proof  strength  as  high  as  at  least  80  kgf/mm2  and  an  excellent 

55  shape  represented  by  an  LD  shape  value  of  not  in  excess  of  2.5/1000  and  a  TD  shape  value  of  not  in  excess 
of  1/300.  In  contrast,  belts  prepared  in  control  Runs  Nos.  2,  6,  9  and  14  outside  the  scope  of  the  invention  are 
unsuitable  as  a  high  strength  steel  belt  because  of  their  bad  shape  or  low  strength. 
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By  the  process  according  to  the  invention  both  the  properties,  flatness  and  high  strength  essential  in  a 
stainless  steel  belt,  can  be  concurrently  achieved  in  the  step  of  heat  treatment  after  welding.  This  means  that 
a  steel  strip  prepared  by  a  process  without  a  step  of  rolling  for  shape  rectification  or  a  plate  cut  from  such  a 

5  strip  may  be  used  as  a  starting  material  for  the  production  of  the  steel  belt,  and  that  steps  of  flattening  by  ten- 
sion  before  and  after  the  welding  step  may  be  eliminated.  Accordingly,  the  invention  greatly  contributes  to  sav- 
ing  process  steps  and  enhancing  production  yields.  Furthermore,  the  production  of  a  wide  steel  belt  including 
a  step  of  longitudinally  welding  two  or  more  starting  material  plates  side  by  side  can  also  be  easily  carried  out 
by  the  process  according  to  the  invention. 

Claims 

1.  A  process  for  the  production  of  a  high  strength  steel  belt  having  a  duplex  structure  of  austenite  and  mar- 
is  tensite  which  comprises  providing  a  cold  rolled  or  cold  rolled  and  annealed  strip  of  a  martensitic  structure 

from  low  carbon  martensitic  stainless  steel  containing  from  10  to  17%  by  weight  of  Cr  and  having  a  carbon 
content  of  not  exceeding  0.15  %  by  weight,  connecting  ends  of  the  strip  or  ends  of  a  plate  cut  from  said 
strip  to  provide  an  endless  belt,  causing  the  endless  belt  to  circularly  move  between  rolls  under  tension 
and  to  repeatedly  pass  through  a  heating  furnace  where  the  belt  is  heated  to  a  temperature  within  the 

20  range  from  30°C  above  the  As  point  of  the  steel  to  the  Af  point  of  the  steel  and  not  higher  than  900  °C. 
so  that  a  part  of  the  martencitic  phase  may  be  changed  to  a  reversed  austenitic  phase,  and  cooling  the 
heated  belt  to  ambient  temperature,  wherein  the  As  point  of  the  steel  is  a  temperature  of  the  steel  of  which 
temperature  is  being  raised  at  which  the  transformation  of  martensite  to  austenite  begins  and  the  Af  point 
of  the  steel  is  a  temperature  of  the  steel  of  which  temperature  is  being  raised  at  which  the  transformation 

25  of  martensite  to  austenite  is  finished. 

2.  The  process  according  to  claim  1  wherein  the  endless  belt  contains  up  to  20  %  by  volume  of  a  ferritic  or 
austenitic  phase  before  it  is  caused  pass  through  the  heating  furnace. 

30 The  process  according  to  claim  1  or  2  wherein  the  stainless  steel  contains,  in  addition  to  Cr  and  C,  up  to 
8.0  %  by  weight  of  Ni,  up  to  6.0  %  by  weight  of  Si,  up  to  10.0  %  by  weight  of  Mn  and  up  to  0.3  %  by  weight 
of  N. 

Patentanspruche 

1.  Verfahren  zur  Herstellung  eines  Stahlbandes  oder  -riemens  mit  hoher  Festigkeit,  wobei  das  Stahlband 
eine  doppelte  oder  Duplex-Struktur  aus  Austenit  und  Martensit  besitzt  und  wobei  das  Verfahren  die  fol- 
genden  Schritte  aufweist:  Vorsehen  eines  kaltgewalzten  oder  eines  kaltgewalzten  und  angelassenen 
Streifens  mit  einer  Martensit-Struktur,  und  zwar  aus  einem  martensitischen,  rostfreien  Stahl  mit  niedri- 
gem  Kohlenstoffgehalt,  derzwischen  10  und  17  Gew.  %  Cr  enthalt  und  einen  Kohlenstoffgehaltvon  nicht 
mehrals  0,15  Gew.  %  besitzt,  Verbinden  der  Enden  des  Streifens  oderder  Enden  einer  aus  dem  Streifen 
geschnittenen  Platte,  urn  ein  endloses  Band  bzw.  einen  endlosen  Riemen  vorzusehen,  Bewirken,  dali 
sich  das  endlose  Band  unter  Spannung  umlaufend  zwischen  Rollen  oder  Walzen  bewegt  und  wiederholt 
durch  einen  Heizofen  lauft,  wo  das  Band  aufeineTemperaturinnerhalb  eines  Bereichsvon  30°C  oberhalb 
des  As-Punkts  des  Stahls  bis  zu  dem  Af-Punkt  des  Stahls  und  nicht  hoher  als  900°C  erhitzt  wird,  so  dali 
ein  Teil  der  martensitischen  Phase  in  eine  umgekehrte  austenitische  Phase  umgewandelt  werden  kann, 
und  Kuhlen  des  erhitzten  Bandes  auf  Umgebungstemperatur,  wobei  der  As-Punkt  des  Stahls  eine  Tem- 
peratur  ist,  bei  der  die  Umwandlung  von  Martensit  in  Austenit  beginnt,  wenn  die  Temperatur  des  Stahls 
auf  diese  Temperatur  angehoben  wird,  und  wobei  der  Af-Punkt  des  Stahls  eine  Temperatur  ist,  bei  der 
die  Umwandlung  von  Martensit  in  Austenit  beendet  ist,  wenn  die  Temperatur  des  Stahls  auf  diese  Tem- 
peratur  angehoben  wird. 

2.  Verfahren  gemali  Anspruch  1  ,  wobei  das  endlose  Band  bis  zu  20  Vol.  %  einer  ferritischen  oder  austeni- 
tischen  Phase  enthalt,  bevor  bewirkt  wird,  dali  es  durch  den  Heizofen  lauft. 

3.  Verfahren  gemali  Anspruch  1  oder  2,  wobei  der  rostfreie  Stahl  zusatzlich  zu  Cr  und  C  bis  zu  8,0  Gew. 
%  Ni,  bis  zu  6,0  Gew.  %  Si,  bis  zu  10,0  Gew.  %  Mn  und  bis  zu  0,3  Gew.  %  N  enthalt. 
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Revendications 

1.  Un  pro-cede  pour  la  production  d'une  courroie  en  acier  a  haute  resistance  ayant  une  structure  de  type 
5  duplex  formee  d'austenite  et  de  martensite,  qui  comprend  les  etapes  consistant  a  : 

obtenir  une  bande  laminee  a  f  raid,  ou  laminee  a  f  raid  et  recuite,  ayant  une  structure  martensitique, 
a  partir  d'acier  inoxydable  martensitique  a  faible  teneur  en  carbone  contenant  de  10  a  17  pour  cent  en 
poids  de  Cr  et  ayant  une  teneur  en  carbone  ne  depassant  pas  0,15  pour  cent  en  poids; 

raccorder  les  extremites  de  la  bande,  ou  les  extremites  d'une  plaque  coupee  dans  ladite  bande, 
10  pour  produire  une  courroie  sans  fin  ; 

faire  deplacer  la  courroie  sans  fin  circulairement  entre  des  rouleaux  sous  tension  et  en  passant 
de  maniere  repetee  dans  un  four  a  rechauffer  ou  la  courroie  est  chauffee  a  une  temperature  situee  dans 
la  region  allant  de  30°  C  au  dessus  du  point  As  de  I'acier  jusqu'au  point  Af  de  I'acier  et  non  superieure  a 
900°  C,  afin  qu'une  partie  de  la  phase  martensitique  puisse  etre  changee  en  une  phase  austenitique  in- 

15  versee  ; 
et  ref  roidir  la  courroie  chauffee  jusqu'a  la  temperature  ambiante  ; 
le  point  As  de  I'acier  etant  la  temperature  atteinte  par  I'acier  lorsque  commence  la  transformation 

de  la  martensite  en  austenite,  et  le  point  Af  de  I'acier  etant  la  temperature  atteinte  par  I'acier  lorsque  la 
transformation  de  la  martensite  en  austenite  est  terminee. 

20 
2.  Le  precede  selon  la  revendication  1  dans  lequel  la  courroie  sans  fin  comprend  jusqu'a  20  pour  cent  en 

volume  d'une  phase  ferritique  ou  austenitique  avant  qu'elle  passe  dans  le  four  a  rechauffer. 

3.  Le  precede  selon  la  revendication  1  ou  2  dans  lequel  I'acier  inoxydable  comprend,  en  plus  de  Cr  et  de  C, 
25  jusqu'a  8,0  pour  cent  en  poids  de  Ni,  jusqu'a  6,0  pour  cent  en  poids  de  Si,  jusqu'a  10,0  pour  cent  en  poids 

de  Mn  et  jusqu'a  0,3  pour  cent  en  poids  de  N. 
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Fig.   2 
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