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Description 

BACKGROUND  OF  THE  INVENTION 

5  1  .  Field  of  the  Invention: 

This  invention  relates  to  Cr-Mo  stainless  steel  used  for  making  razor  blades  and  showing  a  high 
resistance  to  corrosion,  to  razor  blades,  and  also  to  a  process  for  manufacturing  razor  blades. 

io  2.  Description  of  the  Prior  Art: 

High  carbon  steel  containing  1  .2%  by  weight  of  carbon  and  0.4%  by  weight  of  chromium  was  usually 
used  for  making  razor  blades.  This  material  showed  a  high  degree  of  hardness  when  heat  treated  and  could 
make  a  blade  having  a  high  level  of  cutting  quality,  but  had  the  drawback  of  being  poorly  resistant  to 

75  corrosion  and  rusting  easily. 
Every  razor  is  normally  used  in  a  more  or  less  humid  environment.  When  it  is  used,  it  is  brought  into 

contact  with  corrosive  substances,  such  as  the  constituents  of  sweat,  soap,  and  a  shaving  foam.  Moreover, 
the  nature  of  water  which  is  used  for  shaving,  and  the  temperature  of  the  place  where  the  razor  is  used,  are 
likely  to  promote  the  rusting  of  its  blade.  The  high  carbon  steel  razor  blade  was  primarily  intended  for 

20  providing  a  high  level  of  cutting  quality,  and  did  not  usually  withstand  any  repeated  use  under  the 
conditions  as  hereinabove  stated. 

Therefore,  13Cr  martensitic  stainless  steel  has  come  to  be  used  widely  as  a  rust-resisting  material 
which  can  make  a  razor  blade  having  a  high  level  of  cutting  quality.  Martensitic  stainless  steel  containing 
0.6  to  0.7%  of  carbon  and  12  to  13%  of  chromium,  both  by  weight,  is  used  more  often  for  making  razor 

25  blades  than  any  other  stainless  steel.  This  material  has  a  hardness  of,  say,  HV  620  to  650  when  heat 
treated,  and  is  superior  to  high  carbon  steel  in  rusting  and  corrosion  resistance  owing  to  the  13%  Cr  which 
it  contains. 

This  material  is,  however,  not  completely  free  from  the  problem  of  rusting,  either,  but  when  it  is  used  for 
making  razor  blades,  it  is  usual  practice  to  form  a  coating  of  e.g.  platinum,  chromium  or  chromium  nitride 

30  (CrN)  on  the  surface  of  the  material  by  sputtering  to  improve  its  corrosion  resistance.  Although  the  coating 
does  certainly  improve  the  corrosion  resistance  of  the  material,  a  razor  blade  made  of  this  material  still  has 
an  undesirably  short  life  due  to  the  corrosion  which  occurs  at  the  grain  boundary,  and  the  rust  which  forms 
between  the  coating  and  the  substrate.  Moreover,  the  formation  of  the  coating  requires  additional  equipment 
and  incurs  an  additional  cost. 

35  DE-OS  1  533  380  discloses  low  carbon  stainless  steel  as  a  razor  blade  material  having  corrosion 
resistance.  This  steel  contains  0.32  to  0.44%  of  carbon,  11  to  16%  of  chromium,  0.2  to  0.5%  of  silicon  and 
0.2  to  0.5%  of  manganese,  the  balance  of  the  composition  being  iron.  It  contains  at  least  75%  of  martensite 
and  has  a  Vickers  hardness  (HV)  of  at  least  500  (as  tested  under  a  load  of  0.5  kg),  if  it  is  austenitized  at  a 
temperature  between  1080°C  and  1135°C,  hardened  by  cooling  to  a  temperature  between  -25  °C  and 

40  -50  °C,  and  tempered.  This  material  is  intended  for  making  a  blade-forming  band  for  a  "band"  razor.  The 
band  razor  has  a  magazine  for  holding  a  band  in  the  form  of  a  roll  from  which  the  band  can  be  unwound 
little  by  little  to  supply  a  part  defining  a  new  blade  each  time  it  has  been  unwound.  Although  this  low  carbon 
and  high  chromium  steel  may  be  satisfactorily  resistant  to  corrosion  and  be  sufficiently  tough  to  be  wound 
into  a  roll,  its  hardness  as  heat  treated  is  too  low  to  enable  the  manufacture  of  a  blade  having  a  high  level  of 

45  cutting  quality. 
Another  blank  for  razor  blades  is  disclosed  in  GB-A-1  279  482  consisting  of  0.2-1  .5%C,  5-20%Cr,  0- 

4%Ni,  0-4%Mo,  0-4%Mn,  0-4%Cu  0-4%Co,  0-3%W,  0-2%V,  0-3%Si,  0-1%  Ti,  Ta,  Nb,  B,  Be,  the 
remainder  being  iron  and  impurities  with  at  least  40  carbides  grains  per  100u.m2  being  present  in  the  ferrite 
matrix. 

50 
SUMMARY  OF  THE  INVENTION 

Under  these  circumstances,  it  is  an  object  of  this  invention  to  provide  a  material  for  razor  blades  which 
shows  a  sufficiently  high  degree  of  hardness  when  heat  treated,  and  has  a  sufficiently  high  degree  of 

55  corrosion  resistance  without  any  rustproofing  surface  treatment. 
It  is  another  object  of  this  invention  to  provide  a  razor  blade  having  a  high  degree  of  corrosion 

resistance,  as  well  as  a  high  level  of  cutting  quality. 

2 
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It  is  still  another  object  of  this  invention  to  provide  a  process  which  can  easily  and  economically 
manufacture  a  razor  blade  having  a  high  degree  of  corrosion  resistance  and  a  high  level  of  cutting  quality. 

According  to  a  first  aspect  of  this  invention,  there  is  provided  a  highly  corrosion-resistant  steel  for 
making  razor  blades  which  contains  more  than  0.45%  and  less  than  0.55%  of  carbon,  0.4  to  1.0%  of  silicon, 

5  0.5  to  1.0%  of  manganese,  12  to  14%  of  chromium  and  1.0  to  1.6%  of  molybdenum,  all  by  weight,  the 
balance  of  the  steel  being  iron  and  inevitable  impurities,  and  has  a  carbide  density  as  annealed  of  100  to 
150  particles  per  100  square  microns,  (square  micron  =  urn2) 

The  steel  preferably  contains  more  than  0.48%  and  less  than  0.52%  of  carbon,  0.45  to  0.60%  of  silicon, 
0.70  to  0.85%  of  manganese,  13  to  14%  of  chromium  and  1.15  to  1.45%  of  molybdenum,  all  by  weight. 

io  According  to  a  second  aspect  of  this  invention,  there  is  provided  a  highly  corrosion-resistant  razor  blade 
formed  from  a  material  containing  more  than  0.45%  and  less  than  0.55%  of  carbon,  0.4  to  1.0%  of  silicon, 
0.5  to  1.0%  of  manganese,  12  to  14%  of  chromium  and  1.0  to  1.6%  of  molybdenum,  the  balance  of  the 
material  being  iron  and  inevitable  impurities,  and  having  a  Vickers  hardness  of  at  least  620  and  a  carbide 
density  of  10  to  45  particles  per  100  square  microns  in  the  finished  razor  blade. 

is  The  blade  preferably  has  at  least  a  part  of  its  surface  coated  with  a  layer  of  polytetrafluoroethylene 
(PTFE)  or  silicone.  The  blade  preferably  has  a  residual  austenite  content  which  is  so  controlled  as  to  range 
between  24  and  32%  at  its  surface,  decrease  gradually  from  its  surface  to  the  center  of  its  cross  section, 
and  range  between  6  and  14%  at  a  depth  of  50  microns  below  its  surface.  The  controlled  residual  austenite 
content  of  the  blade  ensures  the  corrosion  resistance  of  its  surface  and  also  the  sharpness  of  its  cutting 

20  edge,  as  the  decrease  in  austenite  enables  uniform  grinding. 
According  to  a  third  aspect  of  this  invention,  there  is  provided  a  process  for  making  a  highly  corrosion- 

resistant  razor  blade  which  comprises  austenitizing  at  a  temperature  of  1075°C  to  1120°C  continuously  a 
strip  of  steel  containing  more  than  0.45%  and  less  than  0.55%  of  carbon,  0.4  to  1.0%  of  silicon,  0.5  to  1.0% 
of  manganese,  12  to  14%  of  chromium  and  1.2  to  1.6%  of  molybdenum,  all  by  weight,  the  balance  of  the 

25  steel  being  iron  and  inevitable  impurities,  and  having  a  carbide  density  as  annealed  of  100  to  150  particles 
per  100  square  microns;  cooling  the  strip  to  a  temperature  between  -60  °C  and  -80  °C  for  hardening  it;  and 
tempering  it  at  a  temperature  of  250  °  C  to  400  °  C,  so  that  it  may  have  a  Vickers  hardness  of  at  least  620. 

The  steel  of  this  invention  is  at  least  comparable  in  hardness  as  heat  treated  to  the  steel  which  contains 
0.6  to  0.7%  of  carbon  and  12  to  13%  of  chromium  and  is  commonly  used  for  making  razor  blades,  and  is 

30  by  far  superior  in  corrosion  resistance.  It  enables  the  economical  manufacture  of  razor  blades,  as  it  no 
longer  requires  any  rustproofing  surface  treatment. 

The  process  of  this  invention  no  longer  includes  any  particular  surface  treatment  of  the  nature  which 
has  hitherto  been  employed  for  improving  the  corrosion  resistance  of  the  blade.  In  other  words,  the  razor 
blade  of  this  invention  is  free  from  any  coating  of  e.g.  chromium  or  platinum  that  has  often  given  rise  to 

35  problems,  such  as  the  corrosion  which  occurs  between  the  coating  and  the  steel,  and  the  dull  edge  which 
the  coating  gives  to  the  blade.  Therefore,  the  razor  blade  of  this  invention  has  a  long  life  and  a  sharp  cutting 
edge  which  ensures  a  high  level  of  cutting  quality. 

The  steel  of  this  invention  has  a  lower  carbon  content  than  the  conventionally  available  steel,  and  is, 
therefore,  easier  to  punch,  grind  and  otherwise  work  for  making  razor  blades. 

40  Other  features  and  advantages  of  this  invention  will  become  apparent  from  the  following  description  and 
the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

45  FIGURE  1  is  a  drawing  showing  the  temperature  employed  fro  hardening  the  steel  of  this  invention,  its 
hardness  as  hardened,  and  its  residual  austenite  content; 
FIGURE  2  is  a  drawing  showing  the  temperature  employed  for  austenitizing  steel  C-2  embodying  this 
invention,  and  its  hardness  as  tempered; 
FIGURE  3  is  a  drawing  showing  the  amount  of  residual  austenite  varying  along  the  thickness  of  a  razor 

50  blade; 
FIGURE  4  is  a  set  of  photographs  taken  through  an  electron  microscope  of  1000  magnifications  and 
showing  the  carbide  distribution  in  conventional  steel  F-2  and  steel  C-2  embodying  this  invention, 
respectively,  as  annealed;  and 
FIGURE  5  is  a  set  of  photographs  taken  through  an  electron  microscope  of  4000  magnifications  and 

55  showing  the  microstructures  of  the  cutting  edges  of  razor  blades  manufactured  from  conventional  steel 
F-2  and  steel  C-2  embodying  this  invention,  respectively. 
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DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  steel  of  this  invention  contains  more  than  0.45  to  less  than  0.55%  of  carbon,  0.4  to  1.0%  of  silicon, 
0.5  to  1.0%  of  manganese,  12  to  14%  of  chromium  and  1.0  to  1.6%  of  molybdenum,  all  by  weight  the 

5  balance  of  the  material  being  iron  and  inevitable  impurities. 
Carbon  is  an  element  which  is  important  for  the  hardness  of  steel  as  heat  treated,  but  lowers  its 

corrosion  resistance  as  its  proportion  increases.  We  have  inquired  into  the  optimum  proportion  of  carbon 
that  ensures  that  the  steel  have  a  Vickers  hardness  of  at  least  620  when  hardened  and  tempered,  as 
measured  under  a  load  of  0.5  kg,  while  also  taking  the  proportions  of  the  other  elements  (mainly  chromium) 

io  into  consideration.  As  a  result,  the  presence  of  more  than  0.45%  of  carbon  has  been  found  essential  from 
the  standpoint  of  hardness  as  set  forth  above.  The  presence  of  0.55%  or  more  of  carbon  has,  however, 
been  found  to  lower  the  corrosion  resistance  of  steel  and  necessitate  such  surface  treatment  for  making  up 
its  lower  corrosion  resistance  as  has  been  given  to  the  presently  available  steel  containing  0.65%  of  carbon 
and  13%  of  chromium.  Therefore,  the  steel  of  this  invention  contains  more  than  0.45%,  but  less  than 

is  0.55%,  of  carbon.  According  to  a  salient  feature  of  the  steel  of  this  invention,  it  has  an  improved  corrosion 
resistance  owing  to  its  carbon  content  which  is  lower  than  that  of  the  presently  available  stainless  steel,  and 
nevertheless,  a  satisfactorily  high  level  of  hardness  as  heat  treated  owing  to  its  specific  carbide  density,  as 
will  hereinafter  be  described. 

Silicon  is  usually  added  to  molten  steel  as  a  deoxidizing  agent.  It  is  also  useful  for  restraining  the 
20  precipitaiton  of  carbide  from  steel  and  its  softening  when  it  is  tempered  at  a  low  temperature. 

A  razor  blade  is  usually  coated  with  a  resin,  such  as  polytetrafluoroethylene  (PTFE)  or  silicone,  after  a 
cutting  edge  has  been  formed  on  it,  so  that  it  may  be  smooth  to  the  skin,  and  on  that  occasion,  it  is  heated 
at  a  temperature  of  350  °  C  to  400  °  C.  Silicon  is  the  most  effective  element  for  restraining  any  reduction  that 
occurs  to  the  hardness  of  steel  when  it  is  heated  when  a  resin  coating  is  formed.  In  this  connection,  the 

25  presence  of  at  least  0.4%  of  silicon  is  essential  to  ensure  that  the  steel  maintain  a  Vickers  hardness  of  at 
least  620. 

Silicon,  however,  forms  a  solid  solution  in  steel,  and  thereby  embrittles  it  and  lowers  its  cold  workability. 
It  also  forms  hard  non-metallic  inclusions,  such  as  Si02.  The  addition  of  too  much  silicon  is,  therefore,  likely 
to  make  the  formation  of  a  proper  cutting  edge  difficult,  or  result  in  an  edge  which  is  easily  broken.  Under 

30  these  circumstances,  the  addition  of  more  than  1  .0%  of  silicon  has  been  found  undesirable.  Therefore,  the 
steel  of  this  invention  contains  0.4to  1.0%  of  silicon. 

Manganese  is  also  used  as  a  deoxidizing  agent.  It  exists  in  the  form  of  a  solid  solution  in  steel,  and  also 
forms  manganese  sulfide  and  manganese  silicate  as  non-metallic  inclusions.  The  hard  inclusions  formed  by 
silicon  must  be  removed  from  the  steel,  as  they  remain  unchanged  even  by  a  strong  force  applied  for  cold 

35  working  the  steel,  and  eventually  disable  the  formation  of  a  proper  cutting  edge  on  a  razor  blade  and  also 
have  an  adverse  effect  on  its  properties.  On  the  other  hand,  manganese  sulfide  and  manganese  silicate 
hardly  present  any  problem  in  the  formation  of  a  razor  blade  or  from  the  standpoint  of  its  properties,  since 
they  are  sufficiently  soft  to  be  deformable  into  a  very  small  thickness  by  cold  working. 

It,  therefore,  follows  that  any  and  all  unavoidable  non-metallic  inclusions  need  be  fixed  in  the  form  of 
40  soft  ones,  such  as  those  formed  by  manganese.  At  least  0.5%  of  manganese  is  necessary  to  form 

manganese  silicate  when  the  proportion  of  silicon  as  hereinabove  defined  is  taken  into  consideration.  The 
addition  of  too  much  manganese  must,  however,  be  avoided,  as  it  lowers  the  hot  workability  of  steel. 
Therefore,  the  steel  of  this  invention  contains  0.5  to  1  .0%  of  manganese. 

Chromium  is  one  of  the  most  important  elements  for  the  rusting  and  corrosion  resistance  of  steel.  At 
45  least  12%  of  chromium  is  necessary  to  form  a  sufficiently  passive  film  to  render  the  steel  of  this  invention 

resistant  to  corrosion.  The  use  of  too  much  chromium  must,  however,  be  avoided,  since  its  formation  of 
carbide  at  the  temperature  employed  for  austenitizing  steel  brings  about  a  reduction  in  the  carbon  content 
of  the  steel  thereby  in  its  hardness  as  heat  treated.  The  hardness  which  the  steel  of  this  invention  is 
required  to  exhibit  when  heat  treated  can  be  attained  only  when  it  contains  not  more  than  14%  of 

50  chromium.  Therefore,  the  steel  of  this  invention  contains  12  to  14%  of  chromium. 
Molybdenum  is  employed  as  the  most  effective  element  for  preventing  any  pitting  that  halogen 

(particularly  chlorine)  ions  would  otherwise  cause  by  destroying  a  passive  film.  The  correlation  which  has 
been  experimentally  found  to  exist  between  the  amount  of  molybdenum  which  is  added,  and  the  potential  at 
which  such  corrosion  can  be  prevented,  teaches  that  it  is  necessary  to  add  at  least  1.0%  of  molybdenum  in 

55  order  to  ensure  that  its  addition  be  markedly  effective.  The  addition  of  molybdenum  provides  another 
advantage,  too.  Steel  containing  molybdenum  can  be  hardened  at  a  higher  temperature  to  achieve  its 
maximum  hardness  as  hardened  than  one  not  containing  molybdenum  can,  since  molybdenum  forms  a 
solid  solution  in  chromium  carbide  and  restrains  the  formation  of  a  solid  solution  of  carbide  at  the 

4 
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temperature  at  which  steel  is  austenitized.  The  use  of  too  much  molybdenum,  however,  results  in  the 
hardening  of  carbide  and  the  strengthening  of  the  solid  solution  in  the  steel  which  lower  its  hot  workability. 
Under  these  circumstances,  the  optimum  upper  limit  of  the  molybdenum  content  of  the  steel  according  to 
this  invention  has  been  set  at  1.6%.  Thus,  the  steel  of  this  invention  contains  1.0  to  1.6%  of  molybdenum. 

5  The  chemical  composition  of  steel  which  has  been  described  is,  however,  not  the  only  factor  that 
dictates  its  hardness  as  heat  treated.  There  is  another  factor  having  a  critical  bearing  on  its  hardness.  It  is 
the  microstructure  of  steel  as  annealed. 

The  hardness  which  steel  acquires  when  hardened  depends  on  the  amount  of  carbide  which  is  formed 
in  a  solid  solution  at  the  austenitizing  temperature.  If  only  too  small  an  amount  of  carbide  is  formed,  the 

io  insufficiency  of  carbon  in  the  steel  prevents  it  from  being  hardened  to  a  satisfactorily  high  hardness.  If  too 
large  an  amount  of  carbide  is  formed,  an  increase  of  residual  austenite  prevents  the  hardening  of  steel  to  a 
high  hardness.  Insofar  as  the  carbides  which  are  formed  in  the  steel  of  this  invention  are  of  the  formula 
M23C8,  where  M  is  Cr,  Fe  or  Mo,  the  formation  of  too  small  an  amount  of  carbide  can  also  mean  an 
insufficiency  of  chromium  which  renders  the  steel  unsatisfactorily  resistant  to  corrosion. 

15  Thus,  the  formation  of  an  adequate  amount  of  carbide,  which  is  neither  too  large  nor  too  small,  is 
essential  for  the  production  of  steel  having  both  a  high  corrosion  resistance  and  a  satisfactorily  high 
hardness  when  hardened.  It  is,  moreover,  necessary  that  the  formation  of  an  adequate  amount  of  carbide  in 
a  solid  solution  take  place  within  a  short  period  of  time,  since  a  strip  of  steel  which  is  used  for  making  razor 
blades  is  hardened  in  a  continuous  furnace. 

20  The  analysis  of  factors  which  may  play  an  important  role  in  satisfying  those  requirements  has  revealed 
that  the  carbide  density  of  steel  as  annealed  is  the  most  important  factor.  If  steel  has  a  carbide  density 
which  is  as  low  as  less  than  100  particles  per  100  square  microns,  the  carbide  particles  are  too  coarse  to 
undergo  any  satisfactory  reaction  to  form  a  solid  solution,  resulting  in  the  failure  of  steel  to  obtain  any 
desired  hardness.  If  steel  has  a  carbide  density  which  is  as  high  as  over  150  particles  per  100  square 

25  microns,  the  carbide  particles  are  so  large  as  to  form  an  excessively  large  amount  of  solid  solution.  This 
can  bring  about  various  problems  including  a  reduction  in  hardness  of  steel  due  to  an  increase  of  residual 
austenite,  the  coarsening  of  crystal  grains,  and  the  development  of  strain  by  excessive  expansion  due  to  a 
non-uniform  solid-solution  or  martensitic  transformation. 

Therefore,  the  steel  of  this  invention  has  a  carbide  density  of  100  to  150  particles  per  100  square 
30  microns  as  annealed,  which  has  been  found  as  the  optimum  range  for  producing  a  strip  of  steel  having  a 

Vickers  hardness  of  6520  to  670,  and  a  satisfactorily  high  degree  of  corrosion  resistance,  when  hardened 
and  tempered  in  a  continuous  furnace.  The  optimum  range  of  carbide  density  can  be  achieved  by  an 
appropriate  control  of  the  cold  rolling  and  annealing  conditions.  More  specifically,  it  can  be  achieved  by  an 
appropriate  control  of  the  heating  rate  and  temperature  which  are  employed  for  annealing.  For  example,  it  is 

35  sufficient  to  heat  steel  containing  a  complete  solid  solution  of  carbide,  which  has  been  formed  during  the 
hot  rolling  of  steel,  to  a  temperature  of  800  °C  to  840  °C  at  a  heating  rate  of  at  least  15  °C  per  hour  in  a 
continuous  annealing  furnace  and  hold  it  at  that  temperature  for  an  appropriate  length  of  time,  whereafter  it 
is  allowed  to  cool  in  the  furnace. 

The  razor  blade  of  this  invention  is  manufactured  by  heat  treating  a  strip  of  steel  having  the  specific 
40  composition  as  hereinabove  described,  and  a  carbide  density  of  100  to  150  particles  per  square  microns  as 

annealed.  The  steel  is  first  austenitized  at  a  temperature  of  1075°C  to  1120°C.  This  temperature  range 
makes  it  possible  to  avoid  the  excess  of  carbide  not  forming  a  solid  solution,  and  the  coarsening  of  crystal 
grains.  The  austenitized  material  is  immediately  cooled  in  air,  and  is  then  subjected  subzero  cooling  at  a 
temperature  between  -60  0  C  and  -80  0  C.  This  subzero  cooling  is  important  for  the  decomposition  of  residual 

45  austenite  and  thereby  ensures  that  the  steel  have  a  satisfactorily  high  hardness  as  hardened.  Then,  the 
steel  is  tempered  at  a  temperature  of  250  0  C  to  400  0  C  to  attain  a  Vickers  hardness  of  at  least  620.  If  the 
tempering  temperature  is  lower  than  250  °C,  the  steel  is  not  tough  enough,  and  if  it  exceeds  400  °C,  the 
steel  can  hardly  attain  a  Vickers  hardness  of  at  least  620.  The  material  which  has  been  quenched  and 
tempered  has  a  carbide  density  of  10  to  45  particles  per  100  square  microns  which  ensures  that  it  have 

50  both  a  Vickers  hardness  of  at  least  620  and  a  high  degree  of  corrosion  resistance. 
Reference  is  made  to  the  drawings  illustrating  the  hardness  and  structural  features  of  the  steel  and 

razor  blade  material  according  to  this  invention.  FIGURE  1  shows  the  hardness  (HV)  which  the  steel  of  this 
invention  exhibited  when  hardened,  and  its  residual  austenite  content  (%)  in  relation  to  the  austenitizing 
temperature.  As  is  obvious  therefrom,  the  steel  hardened  at  a  typical  austenitizing  temperature  of  1090°C 

55  has  a  Vickers  hardness  which  is  as  high  as  about  780,  and  its  residual  austenite  content  is  below  30%.  The 
steel  having  such  a  high  hardness  when  hardened  gives  a  final  product  having  a  Vickers  hardness  of  at 
least  620,  or  even  at  least  640  when  the  steel  has  been  hardened  at  the  austenitizing  temperature  of 
1090°C,  as  is  obvious  from  FIGURE  2.  These  levels  of  hardness  are  sufficiently  high  to  ensure  the  high 
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cutting  quality  of  the  razor  blade  according  to  this  invention. 
The  process  of  this  invention  makes  it  possible  to  achieve  a  substantial  difference  in  the  amount  of 

residual  austenite  between  the  surfaces  of  a  strip  of  steel  and  its  internal  region  having  a  depth  of  50 
microns  below  its  surfaces  (which  region  is  equally  distant  from  the  opposite  surfaces  of  a  razor  blade 

5  having  a  thickness  of  0.1  mm  and  defines  its  cutting  edge  when  it  is  ground),  as  is  obvious  from  FIGURE  3. 
The  surfaces  of  the  strip  contain  a  large  amount  of  residual  austenite  which  adds  to  the  corrosion  resistance 
of  a  razor  blade,  while  its  central  portion,  as  viewed  across  its  thickness,  has  a  low  residual  austenite 
content  which  ensures  its  uniform  grindability  to  form  a  sufficiently  hard  cutting  edge.  The  high  corrosion 
resistance  of  the  razor  blade  surfaces  will  be  obvious  from  the  results  of  salt  spray  and  shaving  tests  which 

io  will  hereinafter  be  described. 
More  specifically,  the  razor  blade  of  this  invention  has  a  residual  austenite  content  of  24  to  32%  at  its 

surfaces,  and  of  6  to  14%  at  a  depth  of  50  microns  below  its  surfaces  to  which  its  cutting  edge  is  defined. 
The  razor  blade  is  preferably  coated  with  a  layer  of  polytetrafluoroethylene  (PTFE)  or  silicone  which 

reduces  friction  and  renders  the  blade  smoother  to  the  skin.  This  coating  is  baked  and  its  baking  is  usually 
is  carried  out  by  heating  at  a  temperature  of  about  350  °C  to  400  °C.  Although  this  is  generally  a  level  of 

temperature  at  which  steel  is  tempered  and  lowers  its  hardness,  the  razor  blade  of  this  invention  is  not 
appreciably  affected  by  the  heat  applied  for  baking  such  coating,  and  does  not,  therefore,  show  any 
appreciable  reduction  in  hardness  when  the  coating  is  baked. 

The  invention  will  now  be  described  in  further  detail  with  reference  to  more  specific  examples. 
20 

EXAMPLES 

Steels  of  different  chemical  compositions  were  prepared,  and  are  shown  in  TABLE  1.  In  TABLE  1,  A  to 
E  are  each  steel  embodying  this  invention,  while  F  is  a  typical  steel  which  is  presently  used  for  making 

25  razor  blades,  and  known  as  0.67C-13Cr  steel. 
The  raw  materials  for  making  each  steel  were  melted  in  an  electric  arc  furnace  and  the  molten  steel 

was  formed  into  an  ingot.  The  ingot  was  hot  rolled  into  a  billet,  and  the  billet  was  hot  rolled  into  a  strip 
having  a  thickness  of  1.0  to  2.0  mm,  whereby  carbide  was  completely  converted  to  a  solid  solution.  The 
strip  was  annealed  and  cold  rolled  repeatedly  to  yield  a  strip  having  a  thickness  of  0.1  mm. 

30 
Table  1 

40 

Steel  Chemical  composition  (wt%)  Remarks 

C  Si  Mn  Cr  Mo  Fe 

A  0.41  0.45  0.52  12.5  1.32  Balance 

B  0.45  0.51  0.73  13.2  1.41  Balance  Steel  of  this  Invention 

C  0.50  0.49  0.80  13.6  1.55  Balance  Steel  of  this  Invention 

D  0.54  0.55  0.75  13.5  1.30  Balance  Steel  of  this  Invention 

E  0.51  0.72  0.90  13.8  1.12  Balance  Steel  of  this  Invention 

F  0.67  0.31  0.71  13.5  -  Balance  Conventional  Steel 
45 

Three  samples  of  strip  having  different  carbide  densities  were  produced  from  each  of  steels  A  to  F  by 
employing  an  appropriate  combination  of  continuous  and  batch  annealing  and  varying  the  ratio  of  cold 
reduction.  These  samples  were  prepared  for  evaluation  on  hardness  and  corrosion  resistance. 

Each  sample  was  heat  treated  under  the  conditions  simulating  those  employed  for  making  razor  blades 
in  accordance  with  this  invention.  The  heat  treatment  consisted  of  40  seconds  of  hardening  at  1100°C 
followed  by  air  cooling,  10  minutes  of  subzero  cooling  at  -78  °C,  and  30  minutes  of  tempering  at  350  °C. 
The  sample  as  heat  treated  was  examined  for  hardness.  A  salt  spray  test  was  conducted  for  evaluating 
each  sample  for  corrosion  resistance.  The  results  are  shown  in  TABLE  2. 

The  three  samples  prepared  from  each  of  steels  A  to  F  and  having  different  carbide  densities  are 
shown  as  Samples  Nos  1  to  3  in  TABLE  2.  Although  all  of  steels  A  to  E  fall  within  the  scope  of  this 
invention  as  far  as  the  chemical  composition  is  concerned,  it  is  only  Sample  No.  2  that  falls  within  the 
scope  of  this  invention  when  the  carbide  density  of  steel  as  annealed  is  also  taken  into  consideration. 
Sample  No.  2  has  a  carbide  density  as  annealed  which  falls  within  the  range  of  100  to  150  particles  per  100 
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square  microns,  while  Samples  Nos.  1  and  3  do  not,  and  are,  therefore,  designated  as  comparative.  Sample 
No.  2  of  conventional  steel  F  also  has  a  carbide  density  as  annealed  which  falls  within  the  range  specified 
for  the  steel  of  this  invention.  Sample  F'-2  is  equal  to  Sample  F-2  in  chemical  composition  and  carbide 
density  as  annealed,  but  differs  from  it  as  having  a  surface  layer  of  chromium  formed  by  sputtering. 
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As  is  obvious  from  the  results  shown  by  every  Sample  No.  2,  a  Vickers  hardness  falling  within  the 
range  of  620  to  670  can  be  attained  only  by  steel  having  a  carbide  density  as  annealed  which  falls  within 
the  range  of  at  least  100  particles  per  100  square  microns.  It  is  also  noted  that  the  steel  of  this  invention 
exhibits  a  satisfactorily  high  hardness  when  heat  treated,  owing  to  its  appropriately  controlled  carbide 

5  density  as  annealed,  though  its  carbon  content  is  lower  than  that  of  the  conventional  steel.  Steel  having  too 
high  carbide  density  as  annealed  (see  each  Sample  No.  3)  exhibits  an  undesirably  low  hardness  when  heat 
treated,  as  a  result  of  the  stabilization  of  residual  austenite  by  the  excessive  formation  of  a  solid  solution. 

The  salt  spray  test  was  conducted  by  leaving  each  heat-treated  sample  measuring  50  mm  square  in  a 
spray  of  a  5%  aqueous  solution  of  sodium  chloride  having  a  temperature  of  30  °C  for  three  hours.  The 

io  number  of  rust  spots  found,  if  any,  on  each  sample  was  counted  as  a  measure  of  its  corrosion  resistance. 
The  results  shown  in  TABLE  2  confirm  the  extreme  superiority  in  corrosion  resistance  of  the  steel  of  this 
invention  to  the  conventional  steel  F-2,  as  no  or  substantially  no  rust  spot  was  found  on  any  sample 
according  to  this  invention.  Sample  No.  F'-2  having  a  surface  layer  of  chromium  formed  by  sputtering  was 
found  to  improve  considerably  the  corrosion  resistance  of  Sample  No.  F-2  not  having  any  such  layer,  but  its 

is  improved  corrosion  resistance  was  still  very  far  from  what  was  exhibited  by  any  sample  of  this  invention. 
The  comparative  samples  deviating  from  the  scope  of  this  invention  in  their  carbide  density  as  annealed 
were  also  of  good  corrosion  resistance,  but  as  already  stated,  the  hardness  which  they  had  exhibited  when 
heat  treated  was  too  low  for  any  razor  blade  having  a  high  level  of  cutting  quality. 

Samples  A-2,  B-2,  C-2,  D-2  and  E-2  of  this  invention  and  Samples  F-2  and  F'-2  of  the  conventional 
20  steel  were  each  heat  treated  under  the  following  conditions  for  making  double-edged  razor  blades: 

Conditions  of  heat  treatment: 

Austenitizing  temperature  :  1090°C 
25  Holding  time  for  austenitizing:  40  sec. 

Subzero  cooling  temperature:  -70  °  C 
Temperature  for  baking  a  PTFE  coating  after  preliminary  tempering:  350  °C 
Each  razor  blade  was  used  for  a  shaving  test.  The  test  was  continued  for  a  week  during  which  every 

razor  blade  was  used  every  day.  The  test  results  are  shown  in  TABLE  2.  Eight  rust  spots  were  found  at  or 
30  near  the  cutting  edges  of  the  razor  blade  which  had  been  made  of  Sample  F-2,  and  four  rust  spots  on  the 

razor  blade  made  of  Sample  F'-2  having  a  surface  layer  of  chromium  formed  by  sputtering.  On  the  other 
hand,  no  rust  spot  whatsoever  was  found  at  the  exposed  cutting  edge  of  any  razor  blade  made  of  the  steel 
according  to  this  invention,  nor  was  any  corrosion  found  on  the  other  cutting  edge  normally  contacting  a 
blade  holder,  despite  the  fact  that  no  rustproofing  surface  treatment  had  been  given  to  any  razor  blade 

35  according  to  this  invention. 
The  use  of  the  steel  according  to  this  invention  enables  the  economical  manufacture  of  razor  blades  by 

a  simplified  process  which  no  longer  includes  any  passivation,  or  any  rustproofing  oil  treatment.  The  razor 
blade  of  this  invention  does  not  require  any  surface  treatment  for  forming  a  coating  of  chromium  chromium- 
platinum,  chromium  nitride,  etc.  protecting  its  cutting  edge.  The  corrosion  which  is  likely  to  occur  between 

40  any  such  coating  and  the  substrate  has  hitherto  been  a  serious  problem.  Moreover,  the  coating,  which 
usually  has  a  thickness  of  100  to  500  A,  has  often  been  likely  to  deprive  the  cutting  edge  of  its  sharpness. 
The  razor  blade  of  this  invention  not  having  any  such  coating  has  a  sharp  edge  and  exhibits  a  high  level  of 
cutting  quality. 

FIGURE  2  shows  the  hardness  of  Sample  C-2  as  tempered  at  350  °C  in  relation  to  the  hardening 
45  (austenitizing)  temperature.  As  is  obvious  therefrom,  it  showed  a  Vickers  hardness  of  at  least  620  even  after 

it  had  been  tempered  at  350  °C.  These  results  confirm  that  the  razor  blade  of  this  invention  maintains  a 
Vickers  hardness  of  at  least  620  even  after  its  surface  treatment  with  e.g.  PTFE,  and  has,  therefore,  a  high 
level  of  cutting  quality  and  a  long  life. 

FIGURE  4  is  a  set  of  photomicrographs  showing  at  a  magnification  of  1000  the  carbide  distributions  in 
50  conventional  steel  F-2  (0.67%  C)  and  steel  C-2  embodying  this  invention  (0.50%  C),  as  annealed.  FIGURE 

5  is  a  set  of  photomicrographs  showing  at  a  magnification  of  4000  the  structures  of  the  cutting  edges  of 
razor  blades  manufactured  from  the  same  steels,  i.e.  F-2  and  C-2,  respectively.  The  razor  blade  made  of 
the  steel  embodying  this  invention  contains  16  carbide  particles  per  100  square  microns,  while  the  razor 
blade  made  of  the  conventional  steel  contains  39  carbide  particles  per  100  square  microns,  both  as  counted 

55  in  FIGURE  5.  The  lower  carbide  density  of  the  razor  blade  according  to  this  invention  ensures  its  improved 
rusting  resistance,  as  corrosion  is  less  likely  to  occur  between  carbide  and  steel. 

8 
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Claims 

1.  Steel  of  high  corrosion  resistance  containing  more  than  0.45%  and  less  than  0.55%  of  carbon,  0.4  to 
1.0%  of  silicon,  0.5  to  1.0%  of  manganese,  12  to  14%  of  chromium  and  1.0  to  1.6%  of  molybdenum, 

5  all  by  weight,  the  balance  of  its  composition  being  iron  and  inevitable  impurities,  and  having  a  carbide 
density  of  100  to  150  particles  per  100  urn2  (square  microns)  as  annealed. 

2.  Steel  as  set  forth  in  claim  1,  wherein  said  carbon  is  from  more  than  0.48%  to  less  than  0.52%,  said 
silicon  from  0.45  to  0.60%,  said  manganese  from  0.70  to  0.85%,  said  chromium  from  13  to  14%,  and 

io  said  molybdenum  from  1.15  to  1.45%. 

3.  A  razor  blade  of  high  corrosion  resistance  made  of  steel  containing  more  than  0.45%  and  less  than 
0.55%  of  carbon,  0.4  to  1.0%  of  silicon,  0.5  to  1.0%  of  manganese,  12  to  14%  of  chromium  and  1.0  to 
1.6%  of  molybdenum,  all  by  weight,  the  balance  of  its  composition  being  iron  and  inevitable  impurities, 

is  said  blade  having  a  Vickers  hardness  of  at  least  620  and  a  carbide  density  of  10  to  45  particles  per  100 
urn2  (square  microns)  in  finished  razor  blade. 

4.  A  razor  blade  as  set  forth  in  claim  3,  further  including  a  coating  of  polytetrafluoroethylene  or  silicone  on 
at  least  a  part  of  its  surface. 

20 
5.  A  razor  blade  as  set  forth  in  claim  3  or  4,  wherein  said  steel  has  a  residual  austenite  content  which 

gradually  decreases  from  the  surface  of  said  blade,  and  ranges  from  24  to  32%  at  said  surface,  and 
from  6  to  14%  at  a  depth  of  50  urn  (microns)  below  said  surface. 

25  6.  A  process  for  manufacturing  razor  blades  of  high  corrosion  resistance,  comprising: 
austenitizing  continuously  at  a  temperature  of  1075°C  to  1120°C  a  strip  of  steel  containing  more 

than  0.45%  and  less  than  0.55%  of  carbon,  0.4  to  1.0%  of  silicon,  0.5  to  1.0%  of  manganese,  12  to 
14%  of  chromium  and  1.2  to  1.6%  of  molybdenum,  all  by  weight,  the  balance  of  its  composition  being 
iron  and  inevitable  impurities,  and  having  a  carbide  density  of  100  to  150  particles  per  100  urn2  (square 

30  microns)  as  annealed; 
cooling  said  strip  to  a  temperature  between  -60  °  C  and  -80  °  C  for  hardening  it;  and 
tempering  it  at  a  temperature  of  250  °  C  to  400  °  C,  so  that  it  may  have  a  Vickers  hardness  of  at 

least  620. 

35  Patentanspruche 

1.  Stahl  hoher  Korrosionsbestandigkeit  mit  einem  Kohlenstoffgehalt  von  mehr  als  0,45  Gew.  %  und 
weniger  als  0,55  Gew.  %,  einem  Siliziumgehalt  von  0,40  Gew.  %  bis  1,00  Gew.  %,  einem  Mangange- 
halt  von  0,50  bis  1,00  Gew.  %,  einem  Chromgehalt  von  12,00  Gew.  %  bis  14,00  Gew.  %  und  einem 

40  Molybdangehalt  von  1,00  Gew.  %  bis  1,60  Gew.  %,  Rest  Eisen  und  erschmelzungsbedingte  Verunreini- 
gungen,  der  im  warmebehandelten  Zustand  eine  Carbiddichte  von  100  bis  150  Partikeln  pro  100  urn2 
(Quadratmikron)  aufweist. 

2.  Stahl  nach  Anspruch  1  ,  gekennzeichnet  durch  einen  Kohlenstoffgehalt  von  mehr  als  0,48  Gew.  %  bis 
45  weniger  als  0,52  Gew.  %,  einen  Siliziumgehalt  von  0,45  Gew.  %  bis  0,60  Gew.  %,  einen  Mangangehalt 

von  0,70  Gew.  %  bis  0,85  Gew.  %,  einen  Chromgehalt  von  13  Gew.  %  bis  14  Gew.  %  und  einen 
Molybdangehalt  von  1,15  Gew.  %  bis  1,45  Gew.  %. 

3.  Rasierklinge  hoher  Korrosionsbestandigkeit,  die  aus  einem  Stahl  hergestellt  worden  ist,  der  mehr  als 
50  0,45  Gew.  %  und  weniger  als  0,55  Gew.  %  Kohlenstoff,  0,4  Gew.  %  bis  1,0  Gew.  %  Silizium,  0,5  Gew. 

%  bis  1,0  Gew.  %  Mangan,  12,00  Gew.  %  bis  14,00  Gew.  %  Chrom  und  1,00  Gew.  %  bis  1,60  Gew.  % 
Molybdan,  Rest  Eisen  und  erschmelzungsbedingte  Verunreinigungen,  enthalt,  wobei  die  Rasierklinge 
eine  Vickers-Harte  von  wenigstens  620  hat  und  die  fertig  bearbeitete  Rasierklinge  eine  Carbiddichte 
von  10  bis  45  Partikeln  pro  100  urn2  (Quadratmikron)  aufweist. 

55 
4.  Rasierklinge  nach  Anspruch  3,  gekennzeichnet  durch  einen  Uberzug  aus  Polytetrafluorathylen  oder 

Silikon  auf  wenigstens  einem  Teil  ihrer  Oberflache. 
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5.  Rasierklinge  nach  Anspruch  3  oder  4,  gekennzeichnet  durch  einen  Restaustenitgehalt  des  Stahls,  der 
graduell  mit  der  Materialtiefe  von  der  Oberflache  der  Rasierklinge  aus  abnimmt  und  an  der  Oberflache 
zwischen  24  und  32  %  und  in  einer  Tiefe  von  50  urn  unterhalb  der  Oberflache  von  6  bis  14  %  betragt. 

5  6.  Verfahren  zur  Herstellung  von  Rasierklingen  hoher  Korrosionsbestandigkeit  mit  folgenden  Verfahrens- 
schritten: 
Kontinuierliches  Austenitisieren  eines  Stahlstreifens  mit  mehr  als  0,45  Gew.  %  und  weniger  als  0,55 
Gew.  %  Kohlenstoff,  0,4  Gew.  %  bis  1,0  Gew.  %  Silizium,  0,5  Gew.  %  bis  1,0  Gew.  %  Mangan,  12 
Gew.  %  bis  14  Gew.  %  Chrom  und  1,2  Gew.  %  bis  1,6  Gew.  %  Molybdan,  Rest  Eisen  und 

io  erschmelzungsbedingte  Verunreinigungen,  bei  einer  Temperatur  zwischen  1.075°  C  und  1.120°  C,  der 
eine  Carbiddichte  von  100  bis  150  Partikeln  pro  100  urn2  (Quadratmikron)  im  warmebehandelten 
Zustand  aufweist; 
Abkuhlen  des  Streifens  auf  eine  Temperatur  zwischen  -60°  C  und  -80°  C  zur  Hartung;  und 
Anlassen  des  Streifens  bei  einer  Temperatur  zwischen  250°  C  und  400°  C,  derart,  dal3  er  eine 

is  Vickers-Harte  von  wenigstens  620  aufweist. 

Revendicatlons 

1.  Acier  a  resistance  elevee  a  la  corrosion,  contenant  plus  de  0,45  %  et  moins  de  0,55  %  de  carbone,  de 
20  0,4  a  1,0  %  de  silicium,  de  0,5  a  1,0  %  de  manganese,  de  12  a  14  %  de  chrome  et  de  1,0  a  1,6  %  de 

molybdene,  toutes  ces  valeurs  etant  en  poids,  le  reste  de  sa  composition  etant  constitue  par  du  fer  et 
par  des  impuretes  inevitables,  et  possedant  une  densite  de  carbures  de  100  a  150  particules  pour  100 
urn2  (microns  carres)  a  I'etat  recuit. 

25  2.  Acier  tel  que  expose  dans  la  revendication  1  ,  dans  lequel  ledit  carbone  est  present  dans  une  proportion 
superieure  a  0,48  %  et  inferieure  a  0,52  %,  ledit  silicium  dans  une  proportion  de  0,45  a  0,60  %,  ledit 
manganese  dans  une  proportion  de  0,70  a  0,85  %,  ledit  chrome  dans  une  proportion  de  13  a  14  %  et 
ledit  molybdene  dans  une  proportion  de  1,15  a  1,45  %. 

30  3.  Une  lame  de  rasoir  a  resistance  elevee  a  la  corrosion,  realisee  dans  un  acier  contenant  plus  de  0,45  % 
et  moins  de  0,55  %  de  carbone,  de  0,4  a  1,0  %  de  silicium,  de  0,5  a  1,0  %  de  manganese,  de  12  a  14 
%  de  chrome  et  de  1,0  a  1,6  %  de  molybdene,  toutes  ces  valeurs  etant  en  poids,  le  reste  de  sa 
composition  etant  constitue  par  du  fer  et  par  des  impuretes  inevitables,  ladite  lame  possedant,  a  I'etat 
fini,  une  durete  Vickers  d'au  moins  620  et  une  densite  de  carbures  de  10  a  45  particules  pour  100  urn2 

35  (microns  carres). 

4.  Une  lame  de  rasoir  telle  que  exposee  dans  la  revendication  3,  comprenant  egalement  un  revetement 
de  polytetrafluoroethylene  ou  de  silicone  sur  au  moins  une  partie  de  sa  surface. 

40  5.  Une  lame  de  rasoir  telle  que  exposee  dans  la  revendication  3  ou  4,  dans  laquelle  ledit  acier  a  une 
teneur  en  austenite  residuelle  qui  decroit  progressivement  a  partir  de  la  surface  de  ladite  lame  et  est 
comprise  entre  24  a  32  %  a  ladite  surface  et  entre  6  et  14  %  a  une  profondeur  de  50  urn  (microns)  en 
dessous  de  ladite  surface. 

45  6.  Un  procede  de  fabrication  de  lames  de  rasoir  a  resistance  elevee  a  la  corrosion,  consistant  : 
a  austeniser  de  maniere  continue,  a  une  temperature  de  1  075  °C  a  1  120  °C,  une  bande  d'acier 

contenant  plus  de  0,45  %  et  moins  de  0,55  %  de  carbone,  de  0,4  a  1,0  %  de  silicium,  de  0,5  a  1,0  % 
de  manganese,  de  12  a  14  %  de  chrome  et  de  1,2  a  1,6  %  de  molybdene,  toutes  ces  valeurs  etant  en 
poids,  le  reste  de  sa  composition  etant  constitue  par  du  fer  et  par  des  impuretes  inevitables,  et 

50  possedant  une  densite  de  carbures  de  100  a  150  particules  pour  100  urn2  (microns  carres)  a  I'etat 
recuit  ; 

a  refroidir  ladite  bande  a  une  temperature  comprise  entre  -  60  °  C  et  -  80  °  C  pour  la  durcir  ;  et 
a  la  tremper  a  une  temperature  de  250  °  C  a  400  °  C  pour  qu'elle  puisse  avoir  une  durete  Vickers 

d'au  moins  620. 
55 
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