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©  A  method  of  nitriding  nickel  alloy  comprising 
heating  nickel  alloy  in  an  atmosphere  of  fluorine-  or 
fluoride-containing  gas  to  fluorinate  the  nickel  alloy 
and  heating  the  fluorinated  nickel  alloy  in  a  nitriding 
atmosphere.  The  nitrided  nickel  alloy  has  an  im- 
proved  surface  hardness  with  a  deep  uniform  nitrid- 
ed  layer  on  its  surface. 
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This  invention  relates  to  a  method  for  nitriding 
nickel  alloy  for  the  improvement  of  surface  hard- 
ness  and  other  properties  by  forming  a  nitrided 
layer  on  nickel  alloy  surface. 

Alloy  with  a  high  nickel  content,  such  as 
inconel(Ni-Cr),  hastelloy(Ni-Cr-Mo)  and  incolloy.has 
been  becoming  widely  employed  because  of  its 
superior  heat  resistance  and  corrosion  resistance. 
Recently  there  is  an  increasing  demand  for  improv- 
ing  wear  resistance  and  other  properties  of  alloy 
containing  nickel  and  expanding  its  applicable 
fields.  However,  for  the  above-mentioned  nickel 
alloy  such  as  inconel,  the  method  for  the  improve- 
ment  of  surface  hardness  has  not  been  established 
yet.  A  method  of  push-out  hardening  for  the  im- 
provement  of  base  material  intensity  and  a  use  of 
superplastic  articles  employing  powder  material  are 
merely  studied.  However,  since  the  method  of 
push-out  hardening  increases  stiffness  of  whole 
alloy,  workability  of  the  alloy  is  damaged.  Also 
superplastic  articles  employing  powder  material  are 
difficult  to  put  into  practical  use  due  to  extremely 
high  cost. 

Conventional  methods  of  surface  hardening  for 
general  metallic  materials  are  as  follows,  ©  a 
plating  method,  (2)  a  coating  method  such  as  PVD, 
and  ©  a  diffusion  method  such  as  nitriding  and 
bonding.  However,  for  nickel  alloy,  only  some  of 
the  coating  methods,  such  as  full  hard  chrome 
plating  and  alumina  coating,  find  practical  use  as 
mentioned  above.  Those  methods  have  difficulty  in 
quality  control  which  is  peculiar  to  the  coating 
method,  and  limit  the  application  range  due  to  the 
thinness  of  the  coating.  Moreover,  high  cost  for 
treatment  is  another  problem.  For  the  diffusion 
method  of  surface  hardening,  plasma  ion  nitriding 
using  glow  discharge  has  been  also  tried  partly  for 
inconel  alloy  and  hastelloy  alloy.  However,  the 
treatment  of  such  plasma  ion  nitriding  scarcely 
forms  a  hardened  nitrided  layer  on  the  above- 
mentioned  nickel  alloy.  Even  if  formed,  that  would 
be  a  partly  formed  ultra  thin  layer  only  several 
microns  deep.  Therefore,  in  the  present  situation, 
nitriding  the  above-mentioned  nickel  alloy  is  almost 
given  up  and  far  from  turning  it  to  practical  use. 

The  present  invention  can  provide  a  method  of 
nitriding  nickel  alloy  for  the  improvement  of  the 
surface  hardness  of  nickel  alloy  by  which  a  uni- 
formly  nitrided  deep  layer  can  be  formed  on  the 
nickel  alloy  surface. 

The  present  invention  provides  a  method  for 
nitriding  nickel  alloy  which  comprises  steps  of 
holding  nickel  alloy  in  a  fluorine-  or  fluoride-con- 
taining  gas  atmosphere  with  heating  and  holding 
the  fluorinated  nickel  alloy  in  a  nitriding  atmosphere 
with  heating  to  form  the  surface  layer  of  the  nickel 
alloy  into  a  nitrided  layer. 

The  method  of  the  invention  is  applied  to  a 
nickel  alloy,  which  is  nitrided  in  a  nitriding  at- 
mosphere  after  having  been  flourided  in  a  fluorine- 
or  fluoride-containing  gas  atmosphere. 

5  Nickel  alloys  containing  more  than  25  weight 
%  (it  will  be  abbreviated  to  "  %  "  hereafter)  nickel, 
for  example,  Ni-Cr,  Ni-Cr-Mo,  and  Ni-Cr-Fe  are 
mainly  used  in  the  method  of  the  invention. 

Examples  of  such  alloys  with  a  high  nickel 
io  content  are  inconel,  hastelloy,  and  incolloy.  Nickel 

alloys  containing  not  more  than  25%  nickel  can  be 
also  used  in  the  method  of  the  invention.  There- 
fore,  in  the  invention,  the  term  "  nickel  alloy" 
includes  both  alloys  containing  more  than  25% 

75  nickel  and  not  more  than  25%  nickel.  However, 
alloy  containing  more  than  25%  nickel  is  more 
suitable.  A  method  does  not  specify  a  shape  of 
nickel  alloy  nor  a  level  of  processing.  All  the  ma- 
terial,  intermediate  products,  and  finished  products 

20  made  of  nickel  alloy  are  included  to  the  extent  of 
nickel  alloy  in  this  invention. 
,  Fluorine-  or  fluoride-containing  gas  for  a  fluorine- 
or  fluoride-containing  gas  atmosphere,  in  which  the 
above-mentioned  nickel  alloy  is  reacted,  is  fluorine 

25  compound  gas,  such  as  NF3,  BF3,  CF+,  HF,  SFG, 
C2FG,  WFG,  CHF3,  or  SiF+.  They  are  used  indepen- 
dently  or  in  combination.  Besides,  fluorine  com- 
pound  gas  with  F  in  its  molecule  can  be  used  as 
the  above-mentioned  fluorine-  or  fluoride-containing 

30  gas.  Also  F2  gas  formed  by  cracking  fluorine  com- 
pound  gas  in  a  heat  decomposition  device  and 
preliminarily  formed  F2  gas  are  employed  as  the 
above-mentioned  fluorine-  or  fluoride-containing 
gas.  According  to  the  case,  such  fluorine  com- 

35  pound  gas  and  F2  gas  are  mixed  for  use.  The 
above-mentioned  fluorine  or  fluoride-containing  gas 
such  as  the  fluorine  compound  gas  and  F2  gas  can 
be  used  independently,  but  generally  are  diluted 
by  inert  gas  such  as  N2  gas  for  the  treatment.  The 

40  concentration  of  the  fluorine-  or  fluoride-containing 
gas  itself  in  such  diluted  gas  should  amount  to  ,  for 
example,  10,000  to  100,000ppm,  preferably  20,000 
to  70,000ppm,  more  preferably  30,000  to 
50,000ppm. 

45  In  the  invention,  the  above-mentioned  nickel 
alloy  is  held  in  a  heated  condition  in  a  fluorine-  or 
fluoride-containing  gas  atmosphere  of  such  con- 
centration,  and  fluorided.  This  is  the  most  char- 
acteristic  part  of  the  invention.  In  this  case,  nickel 

50  alloy  is  held  with  heating  at  a  temperature  of,  for 
example,  350  to  500  °C.  The  holding  time  of  the 
above-mentioned  nickel  alloy  in  a  fluorine-  or 
fluoride-containing  gas  atmosphere  may  appropri- 
ately  be  selected  depending  on  the  nickel  alloy 

55  species,  geometry  and  dimension  of  the  alloy, 
heating  temperature  and  the  like,  generally  within 
the  range  of  about  ten  minutes  to  several  hours.  30 
minutes  is  a  preferred  exposure  time.  The  treat- 
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ment  of  nickel  alloy  in  such  fluorine-  or  fluoride- 
containing  gas  atmosphere  allows  "N"  atoms  to 
penetrate  into  nickel  alloy,  which  was  impossible  in 
the  past. 

Though  the  mechanism  of  the  penetration  has 
not  yet  been  proven  ,  it  can  be  largely  understood 
as  follows. 

The  oxidized  layer  of  NiO  formed  on  the  nickel 
alloy  surface  inhibits  penetration  of  "N"  atoms  for 
nitrization.  Upon  holding  nickel  alloy  with  an  ox- 
idized  layer  in  a  fluorine-  or  fluoride-containing  gas 
atmosphere  with  heating  as  mentioned  above,  the 
oxidized  layer  of  NiO  is  converted  to  a  fluorinated 
layer  of  NiF2.  "N"  atoms  for  nitrization  penetrate 
more  readily  into  the  fluorinated  layer  of  NiF2  than 
into  the  oxidized  layer  of  NiO,  that  is,  a  nickel  alloy 
surface  is  formed  which  is  in  a  suitable  condition 
for  the  penetration  of  "N"  atoms  by  the  above- 
mentioned  fluorination.  Thus,  it  is  considered  that 
"N"  atoms  in  the  nitriding  gas  penetrate  uniformly 
into  nickel  alloy  to  a  certain  depth  when  nickel  alloy 
is  held  in  a  nitriding  atmosphere  with  such  a  suit- 
able  surface  condition  to  absorb  "N"  atoms  as 
follows,  resulting  the  formation  of  a  deep  uniform 
nitriding  layer. 

Then,  as  mentioned  above,  nickel  alloy  with 
suitable  surface  condition  to  absorb  "N"  atoms  by 
fluorination  is  held  with  heating  in  a  nitriding  at- 
mosphere  to  nitride.  In  this  case,  nitriding  gas 
composing  a  nitriding  atmosphere  is  a  simple  gas 
composed  of  NH3  only,  or  a  mixed  gas  composed 
of  NH3  and  a  carbon  source  gas,  for  example,  RX 
gas.  Mixture  of  both  gases  can  be  also  used. 
Generally,  the  above-mentioned  simple  gas  mixed 
with  an  inert  gas  such  as  N2  is  used.  According  to 
the  case,  H2  gas  is  added  to  those  gases. 

In  such  a  nitriding  atmosphere,  the  above-men- 
tioned  fluorinated  nickel  alloy  is  held  with  heating. 
A  heating  condition  is  generally  set  at  a  tempera- 
ture  of  500  to  700  °C,  and  treatment  time  is  set 
within  the  range  of  3  to  6  hours.  By  this  nitriding 
treatment,  a  close  nitriding  layer  (consisting  of  en- 
tirely  single  layer)  is  formed  deeply  and  uniformly 
on  the  surface  of  the  above-mentioned  nickel  alloy, 
whereby  the  surface  hardness  of  nickel  alloy 
reaches  Hv  =  800  to  1100  in  comparison  with  that 
of  base  material  thereof  Hv  =  280  to  380.  Thickness 
of  the  hardened  layer  basically  depends  on  the 
nitriding  temperature  and  time.  However  the  tem- 
perature  below  500  °  C  causes  difficulty  in  forming 
a  nitriding  layer,  and  at  the  temperature  over  650 
°  C,  a  fluorinated  layer  is  damaged  and  Ni  is  easily 
oxidized  thereby  resulting  in  a  tendency  of  un- 
evenly  nitrided  layer  formation. 

On  the  other  hand,  a  sufficient  fluorinated  layer 
ordinarily  can  not  be  formed  at  the  fluoriding  tem- 
perature  below  400  °  C.  Also  the  temperature  over 
600  °C  is  not  appropriate  for  an  industrial  process 

because  furnace  materials  in  a  muffle  furnace  are 
worn  out  due  to  extreme  fluoriding  reaction.  From  a 
viewpoint  of  forming  a  nitriding  layer,  it  is  also 
preferable  that  the  difference  between  fluoriding 

5  temperature  and  nitriding  temperature  is  as  small 
as  possible.  For  example,  a  proper  nitriding  layer  is 
not  formed  by  nitriding  given  after  fluoriding  and 
cooling  once. 

The  above-mentioned  fluoriding  and  nitriding 
io  steps  are,  for  example,  taken  in  a  metallic  muffle 

furnace  as  shown  in  Fig.  1,  that  is,  the  fluoriding 
treatment  is  carried  out  first,  and  then  nitriding 
treatment  is  put  in  practice  at  the  inside  of  the 
muffle  furnace.  In  Fig.  1,  the  reference  numeral  1  is 

is  a  muffle  furnace,  2  an  outer  shell  of  the  muffle 
furnace,  3  a  heater,  4  an  inner  vessel,  5  a  gas  inlet 
pipe,  6  an  exhaust  pipe,  7  a  motor,  8  a  fan,  11  a 
metallic  container,  13  a  vacuum  pump,  14  a  nox- 
ious  substance  eliminator,  15  and  16  cylinders,  17 

20  flow  meters,  and  18  a  valve.  Nickel  alloy  articles  10 
are  put  in  the  furnace  1  and  fluorided  by  introduc- 
ing  fluorine-  or  fluoride-containing  gas  atmosphere 
such  as  NF3  with  heating.  The  gas  is  lead  into  the 
exhaust  pipe  6  by  the  action  of  vacuum  pump  13 

25  and  detoxicated  in  the  noxious  substance  elimina- 
tor  14  before  being  spouted  out.  And  then,  the 
cylinder  15  is  connected  with  a  duct  to  carry  out 
nitriding  by  introducing  nitriding  gas  into  the  fur- 
nace  1.  After  nitriding,  the  gas  is  spouted  out  via 

30  the  exhaust  pipe  6  and  the  noxious  substance 
eliminator  14.  Through  the  series  of  these  oper- 
ations,  fluoriding  and  nitriding  treatments  are  put  in 
practice.  Also  a  device  in  Fig.  2  can  be  employed 
instead  of  one  in  Fig.  1.  This  device  comprises  a 

35  fluoriding  chamber  on  the  left  side  and  a  nitriding 
chamber  on  the  right  side.  In  the  figure,  the  refer- 
ence  numeral  2'  are  metallic  containers,  3'  a  heat- 
er,  5'  an  exhaust  gas  pipe,  6'  and  7'  open-close 
covers,  11'  a  base,  21  a  furnace  body  with  ad- 

40  iabatic  walls,  and  22  a  barrier  movable  up  and 
down.  The  barrier  22  divides  the  inner  space  of  the 
furnace  body  21  into  two  chambers,  23  and  24. 
The  chamber  23  is  designed  for  a  fluoriding  cham- 
ber  and  24  is  for  a  nitriding  chamber.  The  refer- 

45  ence  numeral  25  is  a  rack  comprising  two  rails  on 
which  a  metallic  container  2'  having  nickel  alloy 
articles  therein  can  slide  back  and  forth  between 
chamber  23  and  24.  The  reference  numeral  10'  is 
legs  of  the  rack  25.  The  reference  numeral  26  is  a 

50  gas  introducing  pipe  which  leads  a  fluorine-  or 
fluoride-containing  gas  into  the  fluoriding 
chamber23,  27  a  temperature  sensor,  and  28  a 
nitriding  gas  introducing  pipe.  High-nickel  based 
heat  resistance  alloy  is  desirable  as  material  for  the 

55  above-mentioned  metallic  muffle  furnace  1  instead 
of  stainless  steel  material. 

This  device  is  a  continuous  treatment  system 
in  which  the  inner  temperature  of  a  fluoriding 
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chamber  23  is  raised  by  the  heating  on  nitriding  in 
the  nitriding  chamber  24,  nickel  alloy  articles  are 
introduced  into  the  fluoriding  chamber  23  under 
that  condition  to  be  fluorided.  After  exhausting  the 
gas  in  fluoriding  chamber  23,  the  nickel  alloy  arti- 
cles  together  with  the  metallic  container  are  trans- 
ferred  to  the  nitriding  chamber  24  by  opening  and 
shutting  the  barrier  22.  And  then,  nitriding  is  carried 
out  under  that  condition  thereby  conducting  fluorid- 
ing  and  nitriding  continuously. 

The  adoption  of  NF3  as  fluorine-  or  fluoride- 
containing  gas  is  suitable  in  particular  for  the 
above-mentioned  fluoriding.  That  is,  NF3  is  a  handy 
gaseous  substance  that  has  no  reactivity  at  the 
ordinary  temperature  allowing  operations  and  de- 
toxication  of  exhaust  gas  to  be  easy. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  schematically  shows  a  construction  of  a 
treatment  furnace  for  carrying  out  nitriding  ac- 
cording  to  the  invention, 
Fig.  2  schematically  shows  a  construction  of 
another  furnace,  for  carrying  out  nitriding  ac- 
cording  to  the  invention, 
Fig.  3  is  an  enlarged  sectional  view  of  a  nitrided 
nickel  alloy  plate  (inconel  600), 
Fig.  4  is  an  enlarged  sectional  view  of  a  nitrided 
nickel  alloy  plate  (inconel  751),  and 
Fig.  5  is  an  enlarged  sectional  view  of  a  nitrided 
nickel  alloy  plate  (hastelloy  C  ). 
The  following  modes  for  carrying  out  the  inven- 

tion  illustrate  the  invention. 

Example  1 

Three  kinds  of  nickel  alloy  plates  made  of 
inconel  600  (  Ni:76,  Cr:16,  Fe:8  ),  inconel  751  ( 
Ni:73,  Cr:16,  Ti:2.5  ),  and  hastelloy  C  (  Ni:56,  Cr:16, 
Mo:7  )  were  charged  into  a  treatment  furnace  as 
shown  in  Fig.  1.  After  vacuum  purging  the  inside  of 
the  furnace,  it  was  heated  to  550  °C.  Then,  in  that 
state,  fluorine-  or  fluoride-containing  gas  (  NF3  10 
Vo1%  +  N2  90  Vo1%  )  was  charged  into  the 
furnace  to  form  an  atmospheric  pressure  in  it  and 
the  condition  was  maintained  for  30  minutes.  Then 
after  exhausting  the  above-mentioned  fluorine-  or 
fluoride-containing  gas  out  of  the  furnace,  nitriding 
gas  (  NH3  50  Vo1%  +  N2  25  Vo1%  +  H2  25 
Vo1%  )  was  introduced  into  the  furnace  and  the 
inside  of  the  furnace  was  heated  to  570  °  C.  Nitrid- 
ing  treatment  was  carried  out  in  this  condition  for  3 
hours.  Through  this  nitriding  process,  surface  har- 
dening  layers  B  of  a  nitrided  layer  were  formed  on 
the  surface  of  three  kinds  of  Nickel  alloy  plates 
made  of  inconel  600,  inconel  751,  and  hastelloy  C 
respectively,  and  their  thickness  each  was  15  urn, 
12  urn,  and  10  urn  as  shown  in  Fig.  3,  Fig.  4,  and 

Fig.  5.  In  these  drawings,  "A"  shows  base  material 
of  nickel  alloy.  Also  surface  hardness  of  those 
surface  hardening  layers  B  was  Hv  =  800-1,  000  in 
each  case. 

5 
Example  2 

Three  kinds  of  nickel  alloy  plates  made  of 
inconel  600,  inconel  751,  and  hastelloy  C  were 

io  charged  into  a  treatment  furnace  as  shown  in  Fig. 
1  .  After  vacuum  purging  the  inside  of  the  furnace,  it 
was  heated  to  350  °C.  Then,  in  that  state,  fluorine- 
or  fluoride-containing  gas  (  NF3  10  Vo1%  +  N2  90 
Vo1%  )  was  charged  into  the  furnace  to  form  an 

is  atmospheric  pressure  in  it  and  the  condition  was 
maintained  for  30  minutes.  Then  after  exhausting 
the  above-mentioned  fluorine-  or  fluoride-containing 
gas  out  of  the  furnace,  nitriding  gas  (  NH3  50 
Vo1%  +  RX  50  vo1%  )  was  introduced  into  the 

20  furnace  and  the  inside  of  the  furnace  was  heated  to 
530  °C.  Nitriding  treatment  was  carried  out  in  this 
condition  for  5  hours.  Through  this  nitriding  pro- 
cess,  surface  hardening  layers  of  a  nitrided  layer 
were  formed  on  the  surface  of  three  kinds  of  nickel 

25  alloy  plates  made  of  inconel  600,  inconel  751,  and 
hastelloy  C  respectively,  and  their  thickness  each 
was  12  urn,  12  urn,  and  10  urn.  Also  surface 
hardness  of  those  surface  hardening  layers  was 
Hv  =  650-1,  050  in  each  case. 

30 
Example  3 

As  to  three  kinds  of  nickel  alloy  plates  made  of 
inconel  600,  inconel  751,  and  hastelloy  C  respec- 

35  tively,  fluoriding  treatment  was  carried  out  in  the 
same  way  as  Example  1.  Then  nitriding  treatment 
was  carried  out  at  the  temperature  of  620  °  C  for  3 
hours  to  them  while  a  mixed  gas  composed  of  NH3 
50  Vo1%  +  N2  50  Vo1%  was  introduced  into  the 

40  furnaces  as  a  nitriding  gas.  After  nitriding  them, 
fluoriding  was  carried  out  at  the  temperature  of 
620  °C  for  3  hours  employing  similar  fluorine-  or 
fluoride-containing  gas  mentioned  to  that  of  Exam- 
ple  1  and  further  nitriding  treatment  was  carried  out 

45  again  at  the  temperature  of  620  °C  for  3  hours 
employing  the  above-mentioned  nitriding  gas.  In 
this  way  fluoriding  and  nitriding  were  put  in  prac- 
tice  two  times  each  to  three  kinds  of  nickel  alloy 
and  thickness  of  the  hard  layers  made  of  a  nitrided 

50  layer  formed  on  those  surfaces  was  measured.  As 
a  result,  the  thickness  of  each  hard  layer  of  inconel 
600,  inconel  751,  and  hastelloy  C  was  25  urn,  20 
linn,  and  18  urn.  It  was  found  their  surface  hard- 
ness  was  the  same  as  that  of  Example  1  . 

55 
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Example  4 

A  mixed  gas  composed  of  F2  10  Vo1%  +  N2 
90  Vo1%  was  employed  as  fluorine-  or  fluoride- 
containing  gas.  Except  this  difference,  all  the  same 
fluoriding  and  nitriding  treatments  were  carried  out 
to  three  kinds  of  nickel  alloy  plates  as  Example  1. 
As  a  result,  the  same  nitrided  hard  layers  as  Exam- 
ple  1  were  formed  on  the  surface  of  three  kinds  of 
plates  after  the  treatments,  and  surface  hardness 
was  the  same  as  that  of  Example  1  . 

As  mentioned  hereinbefore,  the  method  of 
nitriding  nickel  alloy  according  to  the  invention 
comprises  holding  nickel  alloy  with  heating  in  a 
fluorine-  or  fluoride-containing  gas  atmosphere  to 
thereby  eliminate  organic  and  inorganic  contamin- 
ants  stuck  to  nickel  alloy  and  at  the  same  time 
causing  an  oxidised  layer  on  the  nickel  alloy  sur- 
face  to  be  converted  to  a  fluorinated  layer,  and 
then  subjecting  the  alloy  to  the  nitriding  treatment. 
Since  the  oxidised  layer  on  the  nickel  alloy  surface 
is  converted  to  a  fluorinated  layer  in  that  manner, 
an  existence  of  the  fluorinated  layer  protects  the 
nickel  alloy  surface.  Therefore,  even  after  a  lapse 
of  certain  time  from  fluoriding  to  nitriding,  the 
above-mentioned  fluorinated  layer  protects  the 
nickel  alloy  surface.  As  a  result,  no  oxidized  layer 
can  be  formed  again  on  the  nickel  alloy  surface. 
Since  such  a  fluorinated  layer  can  transmit  "N" 
atoms,  "N"  atoms  can  penetrate  uniformly  into  the 
nickel  alloy  surface  layer  to  a  certain  depth  at  the 
time  of  nitriding.  The  resulting  uniform  penetration 
can  leads  the  formation  of  a  close  uniform  nitriding 
layer  in  the  depth  only  in  the  nickel  alloy  surface 
layer  and  the  surface  hardness  is  drastically  im- 
proved  without  raising  the  base  material  stiffness  of 
the  nickel  alloy. 

(c)  pre-formed  F2  gas; 
optionally  together  with  an  inert  gas. 

3.  A  method  for  nitriding  nickel  alloy  according  to 
5  claim  1  or  2  in  which  the  nickel  alloy  is  heated 

in  a  fluorine-  or  fluoride-containing  gas  atmo- 
sphere  at  a  temperature  between  350  °C  and 
600  •  C. 

io  4.  A  method  for  nitriding  nickel  alloy  according  to 
any  preceding  claim  in  which  the  nitriding  at- 
mosphere  is  NH3  gas  a  mixture  of  NH3  gas 
and  RX  gas,  an  inert  gas  mixture  of  an  inert 
gas  and  NH3  gas  or  NH3  gas  RX  gas  mixture, 

is  or  a  gas  mixture  formed  by  mixing  H2  gas  with 
the  inert  gas  mixture. 

5.  A  method  for  nitriding  nickel  alloy  according  to 
any  preceding  claim  in  which  the  nickel  alloy  is 

20  heated  in  a  nitriding  atmosphere  at  a  tempera- 
ture  between  500  °  C  and  700  °  C. 

25 

30 

35 

Claims 
40 

1.  A  method  for  nitriding  nickel  alloy  comprising 
heating  nickel  alloy  in  a  fluorine-  or  fluoride- 
containing  gas  atmosphere  to  fluorinate  the 
nickel  alloy  and  heating  the  fluorinated  nickel 
alloy  in  a  nitriding  atmosphere  to  form  a  nitrid-  45 
ed  layer  in  the  surface  layer  of  the  nickel  alloy. 

2.  A  method  for  nitriding  nickel  alloy  according  to 
claim  1  in  which  the  fluorine-  or  fluoride-con- 
taining  gas  atmosphere  is  composed  of  at  50 
least  one  of: 

(a)  a  fluorine  compound  gas  containing  at 
least  one  component  selected  from  the 
group;  NF3,  BF3,  CF+,  HF,  SFG,  C2FG,  WFG, 
CHF3,  and  SiF+;  55 
(b)  F2  gas  formed  by  cracking  the  above- 
mentioned  fluorine  compound  gas  (a);  and 
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