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(54)  High  chromium-nickel  material  and  process  for  producing  the  same. 

(57)  A  high  chromium-nickel  material  containing  from  50  to  90%  by  weight  of  chromium  and  not  more 
than  0.5%  by  weight  of  impurities,  with  the  remainder  substantially  comprising  nickel,  whose  metallurgi- 
cal  structure  consists  of  two  phases  of  a  hard  phase  and  a  soft  phase  and  whose  crystal  grains  have  a 
diameter  of  not  more  than  50  urn.  The  material  is  excellent  in  workability,  abrasion  resistance,  and 
corrosion  resistance.  The  material  is  produced  by  preparing  an  ingot  having  a  packing  density  of  7 
g/cm3  or  more  by  using  chromium  powder  having  a  purity  of  99%  or  higher  and  nickel  carbonyl  powder, 
heating  the  ingot  in  vacuo  or  in  an  inert  gas,  and  subjecting  the  heat  treated  ingot  to  hot  working. 

O  
CM 
IA 

Q. 
LU 

Jouve,  18,  rue  Saint-Denis,  75001  PARIS 



EP  0  452  079  A1 

FIELD  OF  THE  INVENTION 

This  invention  relates  to  high  chromium-nickel  materials  and  a  process  for  producing  the  same.  Moreover, 
this  invention  relates  to  high  chromium-nickel  wires  produced  from  the  above-described  high  chromium-nickel 

5  materials  and  a  process  for  producing  the  same. 

BACKGROUND  OF  THE  INVENTION 

A  high  chromium-nickel  material  is  widely  used  as  various  targets,  abrasion  resistant  protectors,  materials 
10  for  switching,  various  electrodes,  and  welding  spray  materials. 

Conventional  processes  for  producing  a  high  chromium-nickel  material  are  roughly  divided  into  a  melt  and 
molding  method  and  a  powder  metallurgy  method.  The  melt  and  molding  method  includes  a  high  frequency 
induction  heating  method,  an  arc  melting  method,  etc. 

Arc  melting  is  a  process  for  producing  an  ingot  which  generally  comprises  arc  melting  metals  in  an  inert 
15  gas  using  a  water-cooled  mold.  An  ingot  obtained  by  arc  melting  has  a  metallurgical  structure  showing  develop- 

ment  of  dendrites  to  large  grains.  Since  ferrochromium  or  low  purity  chromium  powder  is  used  as  a  chromium 
raw  material,  the  resulting  ingot  contains  a  phase  which  causes  reduction  in  workability  in  addition  to  a  hard 
phase  and  a  soft  phase.  Such  an  ingot  is  so  brittle  and  inferior  in  workability  that  it  requires  care  in  handling 
and  encounters  difficulty  in  forging  or  rolling.  Further,  voids  in  the  ingot  such  as  molding  defects,  deteriorate 

20  properties  of  final  products.  Furthermore,  cooling  after  melting  tends  to  induce  cracks,  making  it  difficult  to  obtain 
a  large-sized  ingot 

In  powder  metallurgy,  on  the  other  hand,  since  chromium  has  a  high  melting  point  and  a  high  vapor  press- 
ure,  it  has  been  difficult  to  obtain  a  dense  and  crack-free  sintered  product  by  general  molding  and  sintering 
techniques.  Even  hot  pressing  being  adopted,  products  obtained  are  limited  in  size,  and  productivity  is  poor. 

25  These  difficulties  are  enhanced  with  an  increase  in  chromium  content 
Thus,  chromium-nickel  materials,  particularly  high  chromium-nickel  materials,  produced  by  conventional 

processes  are  so  brittle  due  to  internal  defects  that  they  are  apt  to  be  broken  on  cutting  or  other  handling. 
Further,  it  was  impossible  for  these  materials  to  be  molded  by  general  hot  working  operations. 

In  production  of,  for  example,  wires,  where  low-melting  chromium-nickel  materials  having  a  chromium  con- 
30  tent  of  less  than  50%  by  weight  are  used,  a  melting  process  has  been  predominantly  adopted.  However,  high 

chromium-nickel  materials  with  a  chromium  content  of  50%  by  weight  or  more  cannot  be  melted  without  difficulty 
due  to  their  high  melting  point,  only  to  provide  wires  suffering  from  cracks  or  internal  defects,  containing  coarse 
grains,  and  having  deteriorated  workability.  Also  by  powder  metallurgy,  the  high  melting  point  and  high  vapor 
pressure  of  chromium  have  made  it  difficult  to  obtain  dense  and  crack-free  wires  by  usual  swaging  from  a  mol- 

35  ded  and  sintered  body.  Accordingly,  a  wire  has  been  frequently  obtained  by  hot  swaging,  forging  or  rolling  using 
an  ingot  obtained  by  a  hot  press  method  or  a  hot  isotropic  hydrostatic  press  (hereinafter  abbreviated  as  HIP) 
method.  However,  HIP,  etc.  cause  excessive  solid  phase  diffusion  between  chromium  powder  and  nickel  pow- 
der  to  induce  grain  growth,  failing  to  form  a  homogeneous  fine  structure.  As  a  result,  the  ingot  is  likely  brittle 
because  of  an  increased  chromium  content  in  soft  phases  thereof  and  encounters  with  difficulty  in  wire  working. 

40  In  some  cases,  a  mixture  of  chromium  powder  and  nickel  powder  in  a  capsule  is  subjected  to  wire  drawing. 
However,  conditions  for  obtaining  wires  having  a  fine  and  uniformly  dispersed  structure  free  from  defects,  e.g., 
cracks,  are  strictly  limited  due  to  differences  between  a  capsule  material  and  the  chromium-nickel  in  strength, 
thermal  expansion,  working  degree,  etc.  This  tendency  increases  with  an  increase  in  chromium  content 

Thus,  chromium-nickel  materials  obtained  by  conventional  processes,  particularly  high  chromium-nickel 
45  materials,  contain  coarse  grains,  phases  causing  reduction  in  workability,  and  internal  defects  and  are,  there- 

fore,  very  brittle  and  have  inferior  workability. 

SUMMARY  OF  THE  INVENTION 

so  An  object  of  the  present  invention  is  to  provide  a  high  chromium-nickel  material  having  a  dense  structure 
free  from  internal  defects,  exhibits  excellent  workability,  and  undergoes  no  cracking  during  later  handling. 

In  order  to  accomplish  the  above-described  object  the  inventors  have  conducted  extensive  studies  and, 
as  a  result,  found  that  the  object  of  the  present  invention  is  accomplished  by  a  high  chromium-nickel  material 
satisfying  certain  conditions  and  then  completed  the  present  invention. 

55  A  first  embodiment  of  the  present  invention  relates  to  a  high  chromium-nickel  material  containing  from  50 
to  90%  by  weight  of  chromium  and  not  more  than  0.5%  by  weight  of  impurities,  with  the  remainder  substantially 
comprising  nickel,  whose  metallurgical  structure  consists  of  two  phases  of  a  hard  phase  and  a  soft  phase  and 
whose  crystal  grains  have  a  diameter  of  not  more  than  50  urn. 
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A  second  embodiment  of  the  present  invention  relates  to  a  process  for  producing  a  high  chromium-nickel 
material  containing  from  50  to  90%  by  weight  of  chromium  and  not  more  than  0.5%  by  weight  of  impurities, 
with  the  remainder  substantially  comprising  nickel,  whose  metallurgical  structure  consisting  of  two  phases  of 
a  hard  phase  and  a  soft  phase  and  whose  crystal  grains  having  a  diameter  of  not  more  than  50  urn,  which  com- 

5  prises  preparing  an  ingot  having  a  packing  density  of  7  g/cm3  or  more  by  using  chromium  powder  having  a 
purity  of  99%  or  higher  and  nickel  carbonyl  powder,  heating  the  ingot  in  vacuo  or  in  an  inert  gas,  and  subjecting 
the  heat  treated  ingot  to  hot  working. 

A  third  embodiment  of  the  present  invention  relates  to  a  high  chromium-nickel  wire  containing  from  50  to 
90%  by  weight  of  chromium  and  not  more  than  0.5%  by  weight  of  impurities,  with  the  remainder  substantially 

10  comprising  nickel,  whose  metallurgical  structure  consisting  of  two  phases  of  a  hard  phase  and  a  soft  phase 
and  whose  grains  having  a  diameter  of  not  more  than  50  nm. 

A  fourth  embodiment  of  the  present  invention  relates  to  a  process  for  producing  a  high  chromium-nickel 
wire  containing  from  50  to  90%  by  weight  of  chromium  and  not  more  than  0.5%  by  weight  of  impurities,  with 
the  remainder  substantially  comprising  nickel,  whose  metallurgical  structure  consisting  of  two  phases  of  a  hard 

15  phase  and  a  soft  phase  and  whose  grains  having  a  diameter  of  not  more  than  50  jun,  which  comprises  preparing 
an  ingot  having  a  packing  density  of  7  g/cm3  or  more  by  using  chromium  powder  having  a  purity  of  99%  or  higher 
and  nickel  carbonyl  powder,  heating  the  ingot  in  vacuo  or  in  an  inert  gas,  filling  the  heat  treated  ingot  in  a  cap- 
sule,  and  subjecting  the  ingot-containing  capsule  to  hotwire  drawing  at  a  temperature  of  from  300  to  800°C  at 
a  degree  of  hot  wire  drawing  of  not  more  than  30%  per  pass. 

20  A  fifth  embodiment  of  the  present  invention  relates  to  a  process  for  producing  a  high  chromium-nickel  wire 
for  coating  containing  from  50  to  90%  by  weight  of  chromium  and  not  more  than  0.5%  by  weight  of  impurities, 
with  the  remainder  substantially  comprising  nickel,  which  comprises  preparing  an  ingot  having  a  packing  den- 
sity  of  7  g/cm3  or  more  by  using  chromium  powder  having  a  purity  of  99%  or  higher  and  nickel  carbonyl  powder, 
heating  the  ingot  to  a  temperature  of  1300°C  or  lower  in  vacuo  or  in  an  inert  gas,  filling  the  heat  treated  ingot 

25  in  a  cylindrical  metal  capsule,  subjecting  the  ingot-containing  capsule  to  hot  wire  drawing  at  a  temperature  of 
from  300  to  800°C  at  a  degree  of  hot  wire  drawing  of  not  more  than  1  0%  per  pass,  removing  the  capsule,  and 
rolling  the  resulting  wire  to  further  reduce  the  diameter  by  means  of  a  tandem  grooved  roll  mill. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
30 

Figure  1  is  a  graph  showing  tensile  values  (maximum  tensile  breaking  deformation  and  maximum  tensile 
elongation)  of  high  chromium-nickel  materials  according  to  the  present  invention  at  varying  temperatures. 

Figures  2(a)  and  (b)  are  scanning  electron  micrographs  (1000X  magnification)  showing  microstructures  of 
the  materials  obtained  in  Comparative  Example  2  and  Example  1  ,  respectively. 

35  Figures  3(a)  and  (b)  are  scanning  electron  micrographs  showing  microstructures  of  the  wires  obtained  in 
Comparative  Example  18  and  Example  7,  respectively. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

40  Raw  materials  which  can  be  used  in  the  present  invention  include  a  mixed  powder  of  metallic  chromium 
and  nickel  carbonyl  and  a  high  chromium-nickel  alloy  powder.  Metallic  chromium  powder  to  be  used  should 
have  a  purity  of  99%  or  higher.  If  chromium  having  a  purity  of  less  than  99%  is  used,  the  content  of  impurities 
in  the  resulting  material  would  exceed  0.5%  by  weight  to  form  a  segregated  phase  mainly  comprising  the  impuri- 
ties  in  addition  to  a  hard  phase  and  a  soft  phase.  If  nickel  sources  other  than  nickel  carbonyl  or  chromium-nickel 

45  alloys  hereinafter  described,  such  as  metallic  nickel  powder,  are  used,  since  the  degree  of  size  reduction  of 
the  raw  material  is  limited,  sintering  reaction  becomes  insufficient  only  to  provide  a  material  with  defects  or  a 
material  having  reduced  bond  strength  between  the  two  phases. 

High  chromium-nickel  alloy  powderwhich  is  used  as  a  raw  material  has  a  structure  comprising  a  soft  phase 
and  a  finely  dispersed  lamellar  hard  phase.  If  the  distance  between  lamellar  hard  phases  is  10  um  or  more, 

so  the  ingot  filled  in  a  capsule  has  so  poor  workability  that  sufficient  ductility  cannot  be  obtained  at  the  time  of  hot 
working  to  cause  cracks  during  working  of  the  resulting  material.  In  order  to  avoid  this,  workability  of  the  material 
can  be  improved  by  using  an  alloy  powder  having  a  distance  of  not  more  than  1  0  urn  between  the  lamellar  hard 
phases.  Inert  gas  atomizing  is  the  best  method  for  obtaining  such  an  alloy  powder  having  a  so  controlled  struc- 
ture.  Further,  it  is  preferable  to  use  raw  material  powders  having  a  particle  size  of  not  more  than  50  urn.  If  the 

55  particle  size  exceeds  50  urn,  the  resulting  material  suffers  from  troubles  such  as  cracking  on  hot  working  due 
to  insufficient  workability.  It  is  more  preferable  to  use  raw  material  powders  having  a  particle  size  of  not  more 
than  20  urn.  A  material  obtained  from  such  a  raw  material  exhibits  improved  uniformity  of  dispersion  of  hard 
phases,  which  leads  to  improved  workability  during  hot  working  and  improved  abrasion  resistance. 
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The  raw  material  powders  are  thoroughly  mixed  by  stirring,  if  desired,  together  with  a  binder,  e.g.,  an 
alcohol,  diethyl  ether,  and  ethylene  glycol,  and  molded  in  a  cold  isotropic  hydrostatic  press,  etc.  to  prepare  an 
ingot  having  a  density  of  7  g/cm3.  The  resulting  ingot  is  then  heat  treated  in  vacuo  or  in  an  inert  gas.  If  the  density 
of  the  ingot  is  less  than  7  g/cm3,  a  gap  is  apt  to  be  formed  between  a  capsule  wall  and  the  ingot  during  the 

5  subsequent  hot  working  to  produce  a  difference  in  draft  degree  between  the  capsule  and  the  ingot,  causing 
cracks  from  the  surface.  If  the  above-described  heat  treatment  is  omitted,  the  ingot  would  have  internal  defects, 
or  diffusion  between  the  two  phases  becomes  partially  insufficient,  leading  to  breaks  during  hot  working,  for 
example,  hot  swaging. 

The  thus  heat  treated  ingot  is  filled  in  a  capsule.  Although  capsules  to  be  used  are  not  limited  in  material, 
10  it  is  recommended  to  choose  a  capsule  material  which  has  a  coefficient  of  thermal  expansion  close  to  that  of 

the  ingot  material  and  withstands  the  subsequent  hot  working.  For  example,  where  a  metallic  material  is  used 
as  a  capsule  material,  stainless  steel  and  mild  steei  are  generally  employed.  If  there  is  a  gap  between  the  cap- 
sule  wall  and  the  ingot,  the  capsule  and  the  ingot  would  not  have  equality  in  work  elongation  or  workability  on 
pressure  application  from  the  outside  by  swaging,  forging,  and  the  like.  As  a  result,  the  capsule  is  broken  or 

15  the  bonding  strength  between  the  hard  phase  and  the  soft  phase  necessary  for  ingot  molding  is  reduced,  which 
finally  results  in  cracks  or  internal  defects.  It  is  desirable  that  the  capsule  after  being  filled  with  the  ingot  is  sealed 
in  vacuo  or  in  an  inert  gas  to  thereby  prevent  surface  oxidation  of  the  chromium-nickel  ingot  and  to  improve 
workability. 

The  ingot-containing  capsule  is  then  subjected  to  hotworking  to  obtain  a  desired  size.  Hot  working  is  usually 
20  carried  out  by  hot  swaging,  hot  forging,  or  hot  rolling.  The  working  temperature  is  from  300  to  800°C,  and  pref- 

erably  around  600°C.  The  ingot  is  likely  broken  at  a  working  temperature  of  less  than  300°C.  If  the  working 
temperature  exceeds  800°C,  the  capsule  component  is  heat  diffused  into  the  ingot,  resulting  in  production  of 
a  material  having  an  increased  content  of  impurities  and  suffering  from  cracks  due  to  a  difference  in  coefficient 
of  thermal  expansion  between  the  hard  phase  and  the  soft  phase.  It  is  apparent  from  Fig.  1  that  satisfactory 

25  workability  is  manifested  in  the  above-specified  working  temperature  range  of  from  300  to  800°C.  In  Fig.  1  ,  cur- 
ves  1  to  5  each  shows  temperature  dependency  of  maximum  tensile  breaking  deformation  (the  upper  graph) 
and  maximum  tensile  elongation  (the  lower  graph)  of  high  chromium-nickel  materials  having  a  chromium  con- 
tent  of  50,  60,  70,  80,  or  90%  by  weight,  respectively,  a  content  of  impurities  of  not  more  than  0.5%  by  weight, 
with  the  remainder  substantially  comprising  nickel.  It  can  be  seen  from  Fig.  1  that  the  materials  exhibit  the  high- 

30  est  deformation  and  the  highest  elongation,  i.e.,  greatest  plastic  workability,  in  the  temperature  range  of  from 
300  to  800°C. 

The  thus  produced  high  chromium-nickel  material  can  be  further  worked  into  plates,  tubes,  wires,  and  other 
complicated  shapes  by  generally  known  working  techniques,  such  as  mold  casting,  hot  rolling,  perforation,  ext- 
rusion,  wire  drawing,  deep  drawing,  roll  forming,  swaging,  and  the  like. 

35  A  process  for  producing  wires  by  using  the  high  chromium-nickel  material  of  the  present  invention  is  des- 
cribed  below. 

In  this  process,  the  heat  treated  ingot  is  subjected  to  hot  wire  drawing  as  the  above-described  hot  working. 
Hot  wire  drawing  is  conducted  at  least  once  and  usually  through  several  passes  to  obtain  a  desired  diameter. 
What  is  important  here  is  to  conduct  hot  wire  drawing  at  a  degree  of  hot  wire  drawing  of  not  more  than  30% 

40  per  pass.  It  is  generally  recognized  that  easily  workable  iron-based  alloys,  etc.  can  be  drawn  at  a  degree  of 
hotwire  drawing  of  from  5  to  30%  per  pass,  while  sparingly  workable  materials  or  high-melting  materials  should 
be  drawn  at  a  degree  of  hot  wire  drawing  of  from  1  to  10%  per  pass.  However,  sparingly  workable  materials 
like  the  materials  of  the  present  invention  can  be  effectively  drawn  similarly  to  easily  workable  materials  such 
as  iron-based  alloys  as  long  as  the  above-described  specific  conditions  are  satisfied.  In  the  present  invention, 

45  if  a  degree  of  hot  wire  drawing  exceeds  30%  for  each  pass,  the  resulting  wires  suffer  from  cracks. 
In  the  production  of  high  chromium-nickel  wires  for  coating,  wire  drawing  is  carried  out  through  two  stages. 

That  is,  as  a  first  step  of  the  above-described  hot  working,  the  ingot  is  subjected  to  hot  wire  drawing.  In  this 
first  step,  hot  wire  drawing  is  performed  at  least  once  and  usually  through  several  passes.  It  is  essential  that 
each  hotwire  drawing  operation  should  be  conducted  at  a  degree  of  hot  wire  drawing  of  not  more  than  10%. 

so  It  is  generally  recognized  that  workable  iron-based  alloys,  etc.  may  be  drawn  at  a  degree  of  hot  wire  drawing 
of  from  5  to  20%  per  pass,  while  sparingly  workable  materials  or  materials  having  a  high  melting  point  should 
be  drawn  at  a  degree  of  hot  wire  drawing  of  up  to  5%  per  pass.  However,  the  material  of  the  present  invention 
which  is  included  in  sparingly  workable  materials  can  be  effectively  drawn  similarly  to  easily  workable  materials 
such  as  iron-based  alloys  as  long  as  the  above-described  specific  conditions  are  satisfied.  If  each  drawing  oper- 

55  ation  for  obtaining  a  desired  wire  diameter  is  conducted  at  a  degree  of  hot  wire  drawing  exceeding  10%,  the 
resulting  wire  tends  to  have  cracks. 

The  resulting  wire  is  then  subjected  to  a  second  wire  drawing  step  in  which  the  wire  diameter  is  further 
reduced  by  means  of  an  economical  excellent  tandem  grooved  roll  mill.  The  second  wire  drawing  is  carried  out 
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at  a  temperature  of  not  higher  than  500°C,  and  usually  from  200  to  500°C  from  the  viewpoint  of  workability  and 
at  a  degree  of  hot  wire  drawing  of  not  more  than  10%  per  pass  from  the  same  reason  as  described  above. 
Further,  in  order  to  maintain  a  prescribed  temperature,  the  drawing  is  carried  out  at  a  feed  rate  of  10  m/min  or 
more. 

5  The  above-described  process  for  producing  wires  for  coating  is  characterized  in  that  the  first  wire  drawing 
step  is  followed  by  the  second  wire  drawing  step  whereby  slight  surface  micro  cracks,  defects,  etc.,  if  any  pro- 
duced  during  the  first  step,  can  be  modified. 

The  thus  obtained  wire  for  coating  usually  has  a  diameter  of  from  1  to  10  mm. 
The  composition  and  structure  of  the  thus  obtained  high  chromium-nickel  material  according  to  the  present 

10  invention  are  explained  below  in  detail. 
Although  chromium  is  an  element  excellent  in  corrosion  resistance  and  abrasion  resistance  under  various 

environmental  conditions,  it  is  poor  in  workability.  On  the  other  hand,  nickel  is  an  effective  elementfor  improving 
working  characteristics.  Chromium-nickel  materials  composed  of  these  two  elements  form  a  two-phase  struc- 
ture  comprising  a  hard  phase  mainly  comprising  chromium  and  a  soft  phase  mainly  comprising  nickel.  Chro- 

15  mium-nickel  materials  having  a  total  chromium  content  of  less  than  50%  by  weight  have  reduced  resistance  to 
corrosion  and  abrasion,  failing  to  accomplish  the  objects  of  the  present  invention. 

Chromium-nickel  materials  having  a  total  chromium  content  of  90%  by  weight  or  more  have  reduced  plastic 
workability,  and  the  working  of  such  materials  into  wires  become  difficult  because  of  formation  of  internal  defects 
or  surface  cracks.  From  this  reason,  a  total  chromium  content  should  fall  within  a  range  of  from  50  to  90%  by 

20  weight 
It  is  necessary  that  the  crystal  grains  of  the  material  of  the  present  invention  should  have  a  diameter  of  not 

more  than  50  urn.  If  the  grain  diameter  exceeds  50  nm,  the  material  suffers  from  troubles  such  as  cracking  on 
hot  working  due  to  insufficient  workability.  The  grain  diameter  is  more  preferably  not  more  than  20  jim.  With  a 
grain  size  being  controlled  to  20  urn  or  less,  uniformity  of  dispersion  of  the  hard  phase  during  the  preparation 

25  of  the  material  is  enhanced,  which  leads  to  improved  workability  and  improved  abrasion  resistance. 
The  crystal  grain  size  can  be  so  controlled  by  using  a  raw  material  powder  having  a  particle  size  of  not 

more  than  50  jim  or  by  conducting  hot  working  of  an  ingot  within  the  above-specified  range,  i.e.,  from  300  to 
800°C. 

Should  the  total  content  of  impurities,  e.g.,  C,  Mn,  Fe,  and  Ni,  exceed  0.5%  by  weight,  a  segregated  phase 
30  mainly  comprising  the  impurities  is  formed  in  addition  to  a  hard  phase  and  a  soft  phase.  Besides  causing  reduc- 

tion  in  workability  of  the  material,  such  a  segregated  phase  locally  produces  portions  which  are  inferior  in  cor- 
rosion  resistance.  For  this  reason,  the  material  should  have  a  two-phase  structure  consisting  of  a  hard  phase 
and  a  soft  phase,  with  the  total  content  of  components  other  than  chromium  and  nickel  being  controlled  not  to 
exceed  0.5%  by  weight.  The  content  of  impurities  can  be  controlled  by,  for  example,  use  of  high  purity  raw  mate- 

35  rials. 
The  high  chromium-nickel  material  according  to  the  present  invention  are  suitable  for  use  not  only  as  wires 

as  above  exemplified  but  also  as  anti-corrosion  materials  for  molten  carbonates.  That  is,  since  the  material  of 
the  present  invention  has  excellent  workability  and  very  high  corrosion  resistance  against  molten  carbonates 
containing  traces  of  impurities,  e.g.,  salts,  it  is  particularly  suitable  as  a  vessel  (electrolytic  cell)  for  anode  and 

40  cathode  active  substances  in  a  molten  carbonate  type  fuel  electric  cell.  Carbonates  to  which  the  material  of 
the  present  invention  is  applicable  include  sodium  carbonate,  potassium  carbonate,  lithium  carbonate,  cesium 
carbonate,  magnesium  carbonate,  calcium  carbonate,  strontium  carbonate,  and  barium  carbonate.  Impurities 
which  may  be  present  in  these  carbonates  include  chlorides,  bromides,  iodides  or  fluorides  of  the  above-enum- 
erated  alkali  metals  or  alkaline  earth  metals.  No  case  has  been  reported  in  which  a  corrosion  resistant  material 

45  having  the  composition  specified  in  the  present  invention  is  applied  to  various  kinds  of  molten  carbonates. 
Further,  since  the  material  of  the  present  invention  is  excellent  in  workability,  it  can  be  directly  subjected  to 
secondary  processing  into  complicated  shapes  or  structures  for  various  applications. 

Thus,  the  high  chromium-nickel  material  according  to  the  present  invention  has  excellent  plastic  workability 
and  can  be  produced  by  a  relatively  simple  process. 

so  The  present  invention  is  now  illustrated  in  greater  detail  with  reference  to  Examples,  but  it  should  be  under- 
stood  that  the  present  invention  is  not  deemed  to  be  limited  thereto.  All  the  percents  are  by  weight  unless  other- 
wise  indicated. 

EXAMPLES  1  TO  6 
55 

A  mixed  raw  material  powder  (a  mixture  of  metallic  chromium  powder  and  nickel  carbonyl  powder)  or  an 
alloy  powder  (high  chromium-nickel  alloy  powder)  having  a  composition  shown  in  Table  1  below  was  mixed 
with  2%  of  ethyl  alcohol  and  compressed  in  a  cold  isotropic  hydrostatic  press  to  prepare  an  ingot  having  a  den- 
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sity  of  7.5  g/cm3.  The  ingot  was  sintered  in  an  vacuum  heating  furnace  at  1250°C  for  2  hours  and  then  filled  in 
a  stainless  steei  tube  having  a  length  of  125  mm,  a  diameter  of  33  mm,  and  a  wall  thickness  of  5  mm  so  tightly 
that  no  space  was  left.  After  being  kept  in  an  argon  gas  for  about  15  minutes,  the  tube  was  evacuated  to 
1  0-*  mmHg  at  room  temperature,  and  the  exhaust  vent  was  closed  by  welding. 

5  The  thus  prepared  capsule  was  externally  heated  to  750°C  and  hot  rolled  through  1  1  passes  to  a  degree 
of  reduction  of  area  of  50%,  followed  by  gradually  cooling.  After  being  maintained  at  800°C  for  2  hours,  the 
material  was  again  hot  rolled  at  600°C  in  a  direction  perpendicular  to  the  above  rolling  direction  to  obtain  a  deg- 
ree  of  reduction  of  area  of  93%. 

The  microstructure,  workability,  abrasion  resistance,  and  corrosion  resistance  of  the  resulting  material  were 
10  measured  in  accordance  with  the  following  methods.  The  results  obtained  are  shown  in  Table  1. 

1)  Microtructure: 

The  material  was  buffed  and  electrolytically  etched  with  oxalic  acid.  The  etched  surface  was  observed 
15  under  an  optical  microscope.  A  micrograph  of  the  sample  of  Example  1  is  shown  in  Fig.  2(b). 

2)  Workability: 

With  both  ends  of  the  material  being  fixed,  a  load  of  50  kgf  was  imposed  on  the  center.  The  angle  of  bend 
20  under  load  was  measured. 

Workability  was  evaluated  according  to  the  following  rating  system: 
Good...  Bendable  to  an  angle  of  45° 
Medium  ...  Cracking  occurred  after  bending  to  45° 
Poor  ...  Unbendable  to  45° 

25 
3)  Abrasion  Resistance: 

Hardness  of  hard  and  soft  phases  was  measured  with  a  Vickers  hardness  tester.  A  higher  hardness  was 
taken  as  an  indication  of  higher  abrasion  resistance. 

30 
3)  Corrosion  Resistance: 

The  material  was  buffed  and  weighed.  It  was  then  soaked  in  a  mixed  aqueous  solution  of  10%  nitric  acid 
and  3%  hydrofluoric  acid  at  50°C  or  in  a  30%  sodium  hydroxide  aqueous  solution  at  150°C,  and  a  rate  of  cor- 

35  rosion  (mm/year)  was  determined  from  weight  changes.  The  test  in  a  sodium  hydroxide  aqueous  solution  was 
conducted  in  an  autoclave. 
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As  can  be  seen  from  Table  1  and  the  micrograph  of  Fig.  2(b),  the  material  according  to  the  present  invention 
was  apparently  free  from  cracks  or  defects  and  had  a  two-phase  structure  in  which  a  hard  phase  and  a  soft 
phase  are  uniformly  dispersed,  with  the  grain  size  being  not  more  than  50  jam.  It  is  also  seen  that  the  material 
exhibited  excellent  workability  in  45°  bending  test,  excellent  abrasion  resistance,  and  excellent  corrosion  resi- 
stance  against  both  a  strong  acid  solution  and  a  strong  alkali  solution. 

COMPARATIVE  EXAMPLES  1  TO  11 

Chromium-nickel  materials  were  produced  in  the  same  manner  as  in  Examples  1  to  6,  except  for  using  the 
10  raw  material  powder(s)  shown  in  Table  2  below.  Differences  from  the  conditions  specified  in  the  present  inven- 

tion  are  shown  in  a  separate  table. 
In  Comparative  Example  1  1  ,  an  alloy  powder  prepared  by  hydraulic  atomizing  was  used  as  a  raw  material 

powder.  The  powder  had  a  particle  size  of  not  more  than  50  nm  and  had  a  sharply  angular  shape  but  not  a 
spherical  shape. 

15  The  resulting  materials  were  evaluated  in  the  same  manner  as  in  Example  1,  and  the  results  obtained  are 
shown  in  Table  2.  A  micrograph  showing  the  metallurgical  microstructure  of  the  sample  of  Comparative 
Example  2  is  shown  in  Fig.  2(a). 
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Difference  from  the  Invention 

C o m p a r a t i v e  
_  E x a m p l e   Mo  . 5 

1  Cr  c o n t e n t   l e s s   t h a n   50  wt% 

2  Cr  c o n t e n t   more   t h a n   90  wt% 

10  3  T o t a l   c o n t e n t   of  i m p u r i t i e s   more  t h a n   0 . 5  

wt% 

4  Raw  m a t e r i a l   p o w d e r   s i z e   g r e a t e r   t h a n   50  um 15 
5  Raw  m a t e r i a l   p o w d e r   s i z e   g r e a t e r   t h a n   50  lira 

6  Raw  m a t e r i a l   p o w d e r   s i z e   g r e a t e r   t h a n   50  um 

20  7  Cr  p o w d e r   p u r i t y   l e s s   t h a n   9 9 . 0 %  

8  M e t a l l i c   n i c k e l   as  raw  m a t e r i a l  

9  Raw  m a t e r i a l   p o w d e r   s i z e   g r e a t e r   t h a n   50  um 
25 

10  Cr  c o n t e n t   more   t h a n   90  wt% 

Since  the  composition  of  the  materials  of  Comparative  Examples  1  to  3,  7,  and  10  is  out  of  the  scope  of 
the  present  invention,  a  black  segregated  phase  was  formed  in  addition  to  a  hard  phase  and  a  soft  phase  as 

30  shown  in  the  micrograph  of  Fig.  2(a).  Further,  micro  cracks  appeared  on  the  surface  of  these  comparative  mate- 
rials,  and  cracks  occurred  during  hot  working.  In  Comparative  Examples  4  to  6  and  9  in  which  raw  material 
powders  had  a  particle  size  exceeding  50  \im  and  in  Comparative  Example  11  in  which  a  non-spherical  raw 
material  powder  prepared  by  a  different  method  was  used,  a  crystal  grain  had  a  size  of  more  than  50  jim,  work- 
ability  was  inferior,  and  cracks  or  micro  cracks  developed  on  the  surface.  Further,  these  samples  showed  scat- 

35  ter  of  hardness  in  abrasion  test,  indicating  tendency  to  undergo  local  abrasion.  Furthermore,  it  is  seen  that  a 
non-uniform  structure  produces  a  potential  difference  between  two  phases  or  among  three  phases  in  a  corro- 
sive  solution,  resulting  in  deterioration  of  corrosion  resistance. 

COMPARATIVE  EXAMPLES  12  TO  15 
40 

Chromium-nickel  materials  were  produced  from  raw  material  powders  shown  in  Table  3  below  by  the  pro- 
cess  shown  in  the  remarks  of  Table  3.  In  Comparative  Example  12,  the  material  was  produced  by  melt  and 
molding.  In  Comparative  Example  13,  the  material  was  produced  by  compressing  a  raw  material  powder  by 
means  of  a  cold  isotropic  hydrostatic  press  to  form  an  ingot  having  a  density  of  7.5  g/cm3,  subjecting  the  ingot 

45  to  HIP  (1200°C,  1  .2  ton/f,  30  minutes,  in  argon  atmosphere)  instead  of  heat  treatment,  and  further  subjecting 
the  ingot  to  hot  working.  In  Comparative  Example  14,  an  ingot  having  a  density  of  7.5  g/cm3  was  directly  sub- 
jected  to  hot  working  without  conducting  heat  treatment.  In  Comparative  Example  15,  an  ingot  having  a  density 
of  6.5  g/cm3  was  subjected  to  heat  treatment  followed  by  hot  working. 

The  surface  condition,  workability,  metallurgical  structure,  and  crystal  grain  size  of  the  resulting  material 
so  were  evaluated  in  the  same  manner  as  in  Example  1,  and  the  results  obtained  are  shown  in  Table  3. 

55 
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The  metallurgical  structure  of  the  material  obtained  in  Comparative  Example  12  showed  development  of 
the  hard  phases  to  dendrites  so  that  the  material  was  very  difficult  to  work  and  liable  to  undergo  cracking.  In 
Comparative  Example  13  wherein  the  ingot  had  a  density  of  7.5  g/cm3  but  was  subjected  to  HIP  instead  of  heat 
treatment,  although  the  resulting  material  showed  reduced  cracks  and  internal  defects,  the  pressing  at  a  high 

5  temperature  caused  crystal  grains  to  grow,  resulting  in  deterioration  of  workability.  Also  in  Comparative  Exam- 
ples  14  and  15,  micro  cracks  developed  on  the  surface  of  the  material  due  to  shortage  of  bonding  strength  be- 
tween  two  phases  and  shortage  of  packing  density  of  the  ingot  Internal  defects  were  also  observed. 

EXAMPLES  7  TO  12 
10 

A  mixed  raw  material  powder  (a  mixture  of  metallic  chromium  powder  and  a  nickel  carbonyl  powder)  or  an 
alloy  powder  (high  chromium-nickel  alloy  powder)  having  a  composition  shown  in  Table  4  below  was  mixed 
with  2%  of  ethyl  alcohol  and  compressed  in  a  cold  isotropic  hydrostatic  press  to  prepare  an  ingot.  The  ingot 
was  sintered  in  an  vacuum  heating  furnace  at  1  1  10°C  for  2  hours  and  then  filled  in  a  stainless  steel  tube  having 

15  a  length  of  125  mm,  a  diameter  of  60  mm,  and  a  wall  thickness  of  5  mm  so  tightly  that  no  space  was  left.  After 
being  kept  in  an  argon  gas  for  about  15  minutes,  the  tube  was  evacuated  to  1O4  mmHg  at  room  temperature, 
and  the  exhaust  vent  was  closed  by  welding. 

The  thus  prepared  capsule  was  externally  heated  to  750°C  and  subjected  to  hotswaging  through  11  passes 
to  a  degree  of  reduction  of  area  of  50%  (degree  of  hot  wire  drawing  of  5%  per  pass  in  the  1st  to  6th  passes 

20  and  10%  per  pass  in  the  7th  to  1  1th  passes),  followed  by  gradually  cooling.  The  surface  stainless  steel  of  the 
resulting  wire  was  removed  by  lathing.  After  being  maintained  at  250°C  for  30  minutes,  the  wire  was  swaged 
with  a  die  heated  to  200°C  to  a  degree  of  reduction  of  area  of  85%  (degree  of  hot  wire  drawing  of  25%  per 
pass)  to  obtain  a  wire  having  a  diameter  of  3.1  mm. 

The  metallurgical  structure,  workability,  abrasion  resistance,  and  corrosion  resistance  of  the  resulting  wire 
25  were  measured  in  the  same  manner  as  in  Example  1  .  The  results  obtained  are  shown  in  Table  4.  The  micro- 

graph  showing  the  metallurgical  structure  of  the  material  of  Example  7  is  shown  in  Fig.  3(b). 
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As  can  be  seen  from  Table  4  and  the  micrograph  of  Fig.  3(b),  the  material  according  to  the  present  invention 
was  apparently  free  from  cracks  or  defects  and  had  a  two-phase  structure  in  which  a  hard  phase  and  a  soft 
phase  were  uniformly  dispersed,  with  the  grain  size  being  not  more  than  50  urn.  It  is  also  seen  that  the  material 
exhibited  excellent  workability  in  45°  bending  test,  excellent  abrasion  resistance,  and  excellent  corrosion  resi- 

5  stance  against  both  a  strong  acid  solution  and  a  strong  alkali  solution. 

COMPARATIVE  EXAMPLES  16  TO  25 

Chromium-nickel  materials  were  produced  in  the  same  manner  as  in  Examples  7  to  12,  except  for  using 
10  the  raw  material  powder(s)  shown  in  Table  5  below.  Differences  from  the  conditions  specified  in  the  present 

invention  are  shown  in  a  separate  table. 
In  Comparative  Example  25,  the  wire  was  prepared  from  an  ingot  prepared  by  a  melting  method  because 

the  chromium  content  was  less  than  50%.  The  resulting  wire  showed  a  structure  in  which  the  hard  phase 
developed  to  dendrites. 

15  The  resulting  wires  were  evaluated  in  the  same  manner  as  in  Example  1  ,  and  the  results  obtained  are  shown 
in  Table  5.  The  microstructure  of  the  wire  obtained  in  Comparative  Example  18  is  shown  in  Fig.  3(a). 
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Difference  from  the  Invention 

C o m p a r a t i v e  
E x a m p l e   N o .  

5 
!6  Cr  c o n t e n t   l e s s   t h a n   50  wt% 

17  Cr  c o n t e n t   more   t h a n   90  wt% 

10  18  T o t a l   c o n t e n t   of  i m p u r i t i e s   more   t h a n   0 . 5  

wt% 

19  Raw  m a t e r i a l   p u r i t y   l e s s   t h a n   99% 
15 

20  Raw  m a t e r i a l   p o w d e r   s i z e   g r e a t e r   t h a n   50  urn 

21  M e t a l l i c   n i c k e l   as  raw  m a t e r i a l   p o w d e r  

20  22  Cr  c o n t e n t   l e s s   t h a n   50% 

2  3  Cr  c o n t e n t   more   t h a n   90% 

24  T o t a l   c o n t e n t   of  i m p u r i t i e s   more   t h a n   0 . 5 %  

2  5  M e l t i n g   m e t h o d  

Since  the  composition  of  the  materials  of  Comparative  Examples  16  to  18  and  22  to  24  is  out  of  the  scope 
of  the  present  invention,  a  black  segregated  phase  was  formed  in  addition  to  a  hard  phase  and  a  soft  phase 

30  as  shown  in  the  micrograph  of  Fig.  3(a).  Further,  micro  cracks  appeared  on  the  surface  of  these  comparative 
materials,  and  cracks  occurred  during  hotwire  drawing.  In  Comparative  Example  20,  in  which  raw  material  pow- 
ders  had  a  particle  size  exceeding  50  nm,  and  in  Comparative  Example  25  in  which  the  raw  material  powder 
prepared  by  a  melting  method  had  dentrites,  the  resulting  wire  had  poor  workability  and  suffered  from  cracks 
or  micro  cracks  on  the  surface  thereof.  Further,  these  samples  showed  scatter  of  hardness  in  abrasion  test, 

35  indicating  tendency  to  undergo  local  abrasion.  It  is  also  seen  that  a  non-uniform  structure  produces  a  potential 
difference  between  two  phases  or  among  three  phases  in  a  corrosive  solution,  indicating  inferior  corrosion  resi- 
stance. 

COMPARATIVE  EXAMPLES  26  TO  30 
40 

Chromium-nickel  materials  were  produced  in  the  same  manner  as  in  Examples  7  to  12,  except  that  the 
preparation  conditions  were  altered  as  shown  in  Table  6  below. 

The  ingot  was  filled  in  a  stainless  steel  tube  having  a  length  of  125  mm,  a  diameter  of  40  mm,  and  a  wall 
thickness  of  2  mm  so  tightly  that  no  space  was  left.  After  being  kept  in  an  argon  gas  for  about  15  minutes,  the 

45  tube  was  evacuated  to  1CH  mmHg  at  room  temperature,  and  the  exhaust  vent  was  closed  by  welding. 
The  thus  prepared  capsule  was  subjected  to  hot  wire  drawing  through  20  passes  to  obtain  a  wire  having 

a  diameter  of  1.5  mm. 
In  Comparative  Example  26,  the  ingot  had  a  packing  density  of  7.5  g/cm3  but  was  directly  subjected  to  hot 

wire  drawing  without  conducting  heat  treatment.  In  Comparative  Example  27,  the  ingot  having  a  packing  density 
so  6.5  g/cm3  was  heat  treated  at800°C  for  1  hourand  then  subjected  to  hotwire  drawing.  In  Comparative  Example 

28,  the  ingot  had  a  packing  density  of  7.4  g/cm3,  and  wire  drawing  was  carried  out  at  800°C  to  at  a  degree  of 
hot  wire  drawing  of  35%  per  pass.  In  Comparative  Example  29,  hot  wire  drawing  was  carried  out  at  250°C  at 
a  degree  of  hot  wire  drawing  of  15%  per  pass.  In  Comparative  Example  30,  hot  wire  drawing  was  carried  out 
at  1  000°C  at  a  degree  of  hot  wire  drawing  of  25%  per  pass. 

55  The  metallurgical  structure,  workability,  abrasion  resistance,  and  corrosion  resistance  of  the  resulting  wire 
are  shown  in  Table  6.  Test  methods  were  the  same  as  in  Example  1  . 

In  Comparative  Examples  26  and  27,  since  voids  were  formed  between  the  capsule  wall  and  the  chromium- 
nickel  material  during  working,  cracks  developed  in  the  capsule,  and  the  chromium-nickel  material  also  under- 

16 
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went  cracking.  In  Comparative  Example  28,  because  the  degree  of  hotwire  drawing  per  pass  was  as  high  as 
35%,  the  material  underwent  cracking  during  the  3rd  pass.  The  wires  obtained  in  Comparative  Examples  29 
and  30  developed  micro  cracks  at  the  end  of  the  final  drawing  operation. 
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EXAMPLES  13  TO  18 

A  mixed  raw  material  powder  (a  mixture  of  metallic  chromium  powder  and  a  nickel  carbonyl  powder)  or  an 
alloy  powder  (high  chromium-nickel  alloy  powder)  having  a  composition  shown  in  Table  7  below  was  mixed 

5  with  2%  of  ethyl  alcohol  and  compressed  in  a  cold  isotropic  hydrostatic  press  to  prepare  a  cylindrical  ingot  hav- 
ing  a  density  of  7.5  g/cm3  and  a  diameter  of  84  mm.  The  ingot  was  heat  treated  in  a  vacuum  heating  furnace 
at  1  1  10°C  for  2  hours  and  then  filled  in  a  stainless  steel  tube  having  a  length  of  125  mm,  a  diameter  of  90  mm, 
and  a  wall  thickness  of  5  mm.  After  being  kept  in  an  argon  gas  for  about  15  minutes,  the  tube  was  evacuated 
to  1  (H  mmHg  at  room  temperature,  and  the  exhaust  vent  was  closed  by  welding. 

10 
First  Wire  Drawing: 

The  thus  prepared  capsule  was  externally  heated  to  750°C  and  subjected  to  hotswaging  through  1  1  passes 
to  a  degree  of  reduction  of  area  of  30%  (degree  of  hot  wire  drawing  of  5%  per  pass  in  the  1st  to  6th  passes 

15  and  1  0%  per  pass  in  the  7th  to  1  1th  passes),  followed  by  gradually  cooling.  The  surface  stainless  steel  of  the 
resulting  wire  was  removed  to  a  thickness  of  2  mm  by  lathing. 

2nd  Wire  Drawing: 

20  After  being  maintained  at  140°C  for  30  minutes,  the  wire  was  rolled  by  means  of  a  4-tandem  grooved  roll 
while  heating  an  octagonal  grooved  roll  die  at  200°C  to  a  degree  of  reduction  of  area  of  85%  (degree  of  hot 
wire  drawing:  8.5%  per  pass;  feed  rate:  10  m/min)  to  obtain  a  wire  having  an  outer  diameter  of  3.1  mm. 

The  metallurgical  structure,  workability,  abrasion  resistance,  and  corrosion  resistance  of  the  resulting  wire 
were  measured  in  the  same  manner  as  in  Example  1.  The  results  obtained  are  shown  in  Table  7. 

25 

30 

35 

40 

45 

50 

55 

19 





EP  0  452  079  A1 

As  can  be  seen  from  Table  7,  the  wire  materials  according  to  the  present  invention  were  apparently  free 
from  cracks  or  defects.  The  materials  were  also  proved  excellent  in  abrasion  resistance  and  corrosion  resist- 
ance  against  a  strong  acid  solution  and  a  strong  alkali  solution. 

5  COMPARATIVE  EXAMPLES  31  TO  37 

Wires  were  produced  in  the  same  manner  as  in  Examples  1  3  to  1  8,  except  for  using  the  raw  material  pow- 
ders)  shown  in  Table  8  below.  Differences  from  the  conditions  specified  in  the  present  invention  are  shown  in 
a  separate  table. 

10  Workability,  corrosion  resistance,  and  abrasion  resistance  of  the  resulting  wires  as  determined  in  the  same 
manner  as  in  Example  1  are  shown  in  Table  8. 
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Difference  from  the  Invention 

C o m p a r a t i v e  
E x a m p l e   N o .  

5 
31  Cr  c o n t e n t   of  39 .9   wt% 

32  Cr  c o n t e n t   of  9 9 . 5   wt% 

10  33  T o t a l   c o n t e n t   of  i m p u r i t i e s   of  1 .3   wt% 

34  Cr  p o w d e r   p u r i t y   of  98% 

35  Cr  c o n t e n t   of  3 9 . 5   wt% 
15 36  Cr  c o n t e n t   of  9 5 . 5   wt% 

37  C o n t e n t   of  i m p u r i t i e s   more   t h a n   0 . 8 7   wt% 

20  As  is  apparent  from  Table  8,  since  the  composition  of  the  materials  of  Comparative  Examples  31  to  33  and 
35  to  37  is  of  the  scope  of  the  present  invention,  micro  cracks  developed  on  the  surface  of  these  comparative 
materials,  and  cracks  occurred  during  hot  wire  drawing.  Further,  these  samples  showed  scatter  of  hardness 
in  abrasion  test,  indicating  tendency  to  undergo  local  abrasion.  Furthermore,  it  is  also  seen  that  a  non-uniform 
structure  produces  a  potential  difference  between  two  phases  or  among  three  phases  in  a  corrosive  solution, 

25  indicating  inferior  corrosion  resistance. 

COMPARATIVE  EXAMPLES  38  TO  45 

Chromium-nickel  wires  were  produced  in  the  same  manner  as  in  Examples  13  to  18,  except  that  the  pre- 
30  paration  conditions  were  altered  as  shown  in  Table  9  below. 

The  ingot  (diameter:  35  mm)  was  filled  in  a  stainless  steel  tube  having  a  length  of  125  mm,  a  diameter  of 
40  mm,  and  a  wall  thickness  of  2  mm.  After  being  kept  in  an  argon  gas  for  about  15  minutes,  the  tube  was 
evacuated  to  10-*  mmHg  at  room  temperature,  and  the  exhaust  vent  was  closed  by  welding. 

35  1st  Wire  Drawing: 

The  thus  prepared  capsule  was  subjected  to  hot  swaging  through  5  passes  to  obtain  a  wire  having  a  diame- 
ter  of  25  mm.  The  surface  stainless  steel  layer  was  removed  by  centerless  grinding  to  obtain  a  wire  having  a 
diameter  of  23  mm. 

40 
2nd  Wire  Drawing: 

The  wire  was  subjected  to  rolling  by  means  of  a  6-tandem  grooved  roll  mill  to  obtain  a  wire  having  a  diameter 
of  2.0  mm. 

45  In  Comparative  Example  38,  the  ingot  having  a  packing  density  of  7.5  g/cm3  was  directly  subjected  to  hot 
wire  drawing  without  conducting  heat  treatment.  In  Comparative  Example  39,  the  ingot  having  a  packing  density 
6.5  g/cm3  was  heat  treated  at  800°C  for  1  hour  and  then  subjected  to  hotwire  drawing.  In  Comparative  Example 
40,  the  ingot  having  a  packing  density  of  7.4  g/cm3  was  drawn  by  swaging  at  800°C  at  a  degree  of  hot  wire 
drawing  of  15%  per  pass  and  then  by  second  wire  drawing.  In  Comparative  Example  41,  hotwire  drawing  was 

so  carried  out  at  250°C  at  a  degree  of  hot  wire  drawing  of  8%  per  pass.  In  Comparative  Example  42,  hot  wire  draw- 
ing  was  carried  out  at  1000°C  at  a  degree  of  hot  wire  drawing  of  8%  per  pass.  In  Comparative  Examples  43  to 
45,  the  second  wire  drawing  by  the  tandem  grooved  roll  mill  was  conducted  at  a  temperature  of  700°C,  at  a 
degree  of  hot  wire  drawing  of  1  5%  per  pass,  and  at  a  feed  rate  of  5  m/min. 

The  surface  condition  and  workability  of  the  resulting  wire  are  shown  in  Table  9.  Test  methods  were  the 
55  same  as  in  Example  1. 
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In  Comparative  Examples  38  and  39,  because  voids  were  formed  between  the  capsule  wall  and  the  chro- 
mium-nickel  material  during  working,  cracks  developed  in  the  capsule,  and  the  chromium-nickel  material  also 
underwent  cracking.  In  Comparative  Example  40,  because  the  degree  of  hot  wire  drawing  per  pass  was  as 
high  as  15%,  the  material  underwent  cracking  during  the  3rd  pass.  The  wires  obtained  in  Comparative  Exam- 

5  pies  41  ,  42,  44  and  45  developed  micro  cracks  at  the  end  of  the  final  drawing  operation.  Surface  observation 
of  the  material  of  Comparative  Example  43  revealed  considerable  cracks  of  the  oxidized  film  formed  on  the 
surface  of  the  material. 

EXAMPLES  19  TO  23 
10 

A  mixture  of  99.9%  pure  metallic  chromium  powder  and  nickel  powderwas  melted  in  an  inert  gas  arc  melting 
furnace  (Max:  1000  A,  20  V)  in  a  1  atm.  argon  atmosphere  to  obtain  an  ingot.  An  alloy  mass  for  rolling  was  cut 
out  of  the  ingot. 

The  alloy  mass  was  put  in  a  hot  roll  mill  (roll  diameter  200  mm;  rotation  of  roll:  1  7  rpm),  and  hot  rolling  was 
15  conducted  at  40°C  to  obtain  a  high  chromium-nickel  material  having  a  composition  shown  in  Table  1  0  below. 

The  resulting  material  was  dipped  in  a  molten  salt  shown  in  Table  10,  and  polarization  curves  of  the  anode 
and  cathode  were  determined  by  potential  scanning  to  obtain  a  corrosion  current.  The  results  obtained  are 
shown  in  Table  10. 

20  COMPARATIVE  EXAMPLES  46  TO  48 

Corrosion  test  was  carried  out  in  the  same  manner  as  in  Examples  1  9  to  23  using  each  of  99.9%  pure  nickel 
(Comparative  Example  46),  SUS  347  (Comparative  Example  47),  and  SUS  316  (Comparative  Example  48) 
which  are  anti-corrosion  materials  conventionally  employed  for  molten  carbonates.  The  results  obtained  are 

25  shown  in  Table  10. 

COMPARATIVE  EXAMPLES  49  AND  50 

Chromium-nickel  materials  having  a  composition  shown  in  Table  10  were  produced  in  the  same  manner 
30  as  in  Example  19,  and  the  resulting  materials  were  subjected  to  corrosion  test  in  the  same  manner  as  in 

Example  19.  The  results  obtained  are  shown  in  Table  10. 
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The  results  in  Table  1  0  prove  that  the  materials  according  to  the  present  invention  applied  as  anti-corrosion 
material  for  molten  carbonates  are  by  no  means  inferior  to  nickel  or  other  Ni-Cr-based  alloys. 

While  the  invention  has  been  described  in  detail  and  with  reference  to  specific  examples  thereof,  it  will  be 
apparent  to  one  skilled  in  the  art  that  various  changes  and  modifications  can  be  made  therein  without  departing 
from  the  spirit  and  scope  thereof. 

Claims 

10  1  .  A  high  chromium-nickel  material  containing  from  50  to  90%  fay  weight  of  chromium  and  not  more  than  0.5% 
by  weight  of  impurities,  with  the  remainder  substantially  comprising  nickel,  whose  metallurgical  structure 
consists  of  two  phases  of  a  hard  phase  and  a  soft  phase  and  whose  crystal  grains  have  a  diameter  of  not 
more  than  50  urn. 

15  2.  A  process  for  producing  a  high  chromium-nickel  material  containing  from  50  to  90%  by  weight  of  chromium 
and  not  more  than  0.5%  by  weight  of  impurities,  with  the  remainder  substantially  comprising  nickel,  whose 
metallurgical  structure  consisting  of  two  phases  of  a  hard  phase  and  a  soft  phase  and  whose  crystal  grains 
having  a  diameter  of  not  more  than  50  |xm,  which  comprises  preparing  an  ingot  having  a  packing  density 
of  7  g/cm3  or  more  by  using  chromium  powder  having  a  purity  of  99%  or  higher  and  nickel  carbonyl  powder, 

20  heating  the  ingot  in  vacuo  or  in  an  inert  gas,  and  subjecting  the  heat  treated  ingot  to  hot  working. 

3.  A  process  as  claimed  in  Claim  2,  wherein  a  high  chromium-nickel  alloy  powder  is  used  as  a  raw  material 
powder. 

25  4.  A  high  chromium-nickel  wire  containing  from  50  to  90%  by  weight  of  chromium  and  not  more  than  0.5% 
by  weight  of  impurities,  with  the  remainder  substantially  comprising  nickel,  whose  metallurgical  structure 
consisting  of  two  phases  of  a  hard  phase  and  a  soft  phase  and  whose  grains  having  a  diameter  of  not  more 
than  50  jim. 

30  5.  A  process  for  producing  a  high  chromium-nickel  wire  containing  from  50  to  90%  by  weight  of  chromium 
and  not  more  than  0.5%  by  weight  of  impurities,  with  the  remainder  substantially  comprising  nickel,  whose 
metallurgical  structure  consisting  of  two  phases  of  a  hard  phase  and  a  soft  phase  of  and  whose  grains  hav- 
ing  a  diameter  of  not  more  than  50  jim,  which  comprises  preparing  an  ingot  having  a  packing  density  of  7 
g/cm3  or  more  by  using  chromium  powder  having  a  purity  of  99%  or  higher  and  nickel  carbonyl  powder, 

35  heating  the  ingot  in  vacuo  or  in  an  inert  gas,  filling  the  heat  treated  ingot  in  a  capsule,  and  subjecting  the 
ingot-containing  capsule  to  hotwire  drawing  at  a  temperature  of  from  300  to  800°C  at  a  degree  of  hotwire 
drawing  of  not  more  than  30%  per  pass. 

6.  A  process  as  claimed  in  Claim  5,  wherein  a  high  chromium-nickel  alloy  powder  is  used  as  a  raw  material 
40  powder. 

7.  A  process  for  producing  a  high  chromium-nickel  wire  for  coating  containing  from  50  to  90%  by  weight  of 
chromium  and  not  more  than  0.5%  by  weight  of  impurities,  with  the  remainder  substantially  comprising 
nickel,  which  comprises  preparing  an  ingot  having  a  packing  density  of  7  g/cm3  or  more  by  using  chromium 

45  powder  having  a  purity  of  99%  or  higher  and  nickel  carbonyl  powder,  heating  the  ingot  to  a  temperature  of 
1  300°C  or  lower  in  vacuo  or  in  an  inert  gas,  filling  the  heat  treated  ingot  in  a  cylindrical  metal  capsule,  sub- 
jecting  the  ingot-containing  capsule  to  hotwire  drawing  at  a  temperature  of  from  300  to  800°C  at  a  degree 
of  hot  wire  drawing  of  not  more  than  10%  per  pass,  removing  the  capsule,  and  rolling  the  resulting  wire  to 
further  reduce  the  thickness  by  means  of  a  tandem  grooved  roll  mill. 

50 
8.  A  process  as  claimed  in  Claim  7,  wherein  a  high  chromium-nickel  alloy  powder  is  used  as  a  raw  material 

powder. 
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