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Description 

This  invention  relates  to  a  method  of  manufacturing  a  corrosion  resistant  steel  component. 
It  is  known  to  improve  the  corrosion  resistance  of  steel  components  by  heat  treating  such  components 

5  by  two  successive  molten  salt  bath  treatments.  The  first  salt  bath  heat  treatment  is  effected  for  about  2 
hours  at  580  °C  in  a  potassium  cyanide/potassium  cyanate  bath.  The  second  heat  treatment  is  effected  by 
quenching  the  components  at  400  °C  for  about  10  minutes  in  a  second  salt  bath  containing  sodium 
hydroxide,  potassium  hydroxide,  and  sodium  nitrate.  This  is  followed  by  water  quenching  of  the  component. 
If  it  is  important  to  restore  the  oxidized  surface  of  the  product  to  its  original  finish,  it  may  be  necessary  to 

io  effect  a  lapping  operation  at  this  stage  followed  by  re-treatment  in  the  oxidizing  bath  for  20  minutes  at  about 
400  °C  again  followed  by  water  quenching. 

The  above  process  suffers  from  a  number  of  disadvantages  which  are  as  follows:- 
1  .  Toxic  chemicals  are  used  which  present  environmental  hazards. 
2.  In  order  to  oxidize  the  toxic  cyanide  salt  carried  over  from  the  initial  hardening  treatment  to  produce  a 

75  relatively  harmless  carbonate  salt,  a  double  oxidation  route  is  necessary. 
3.  Water  quenching  after  the  oxidizing  treatments  is  essential  to  ensure  removal  of  the  salts  carried  over 
from  the  treatment.  This  in  turn  leads  to  further  effluent  disposal  problems. 

JP-A-48-75433  discloses  a  method  of  anti-corrosion  surface  treatment  of  steel  where  the  steel  is  heat 
treated  in  a  nitriding  gaseous  atmosphere  in  a  furnace  to  produce  an  epsilon  iron  nitride  or  carbonitride 

20  surface  layer  thereon,  and  is  then  removed  from  the  furnace  and  held  in  air  whilst  still  hot  for  60  to  120 
seconds  to  produce  a  2-3u.m  FesCU  layer.  The  component  may  be  allowed  to  cool  in  air  or  it  may  be 
cooled  by  immersion  in  oil  after  the  FesCU  layer  has  been  formed. 

GB-A-693715  discloses  a  process  for  finishing  low  carbon  steel  articles  where  the  articles  are  heated  in 
a  case-hardening  furnace  to  form  a  hardened  surface  thereon,  quenched,  drawn  to  reduce  the  surface 

25  hardness  somewhat,  and  then  tumbled  until  a  polished  surface  is  obtained. 
It  is  an  object  of  the  present  invention  to  obviate  or  mitigate  at  least  some  of  the  earlier  described 

disadvantages. 
According  to  the  present  invention,  there  is  provided  a  method  of  manufacturing  a  corrosion  resistant 

non-alloy  steel  component  comprising  the  steps  of  heat  treating  a  non-alloy  steel  component  in  a  nitriding 
30  gaseous  atmosphere  to  produce  an  epsilon  iron  nitride  or  iron  carbonitride  surface  layer  thereon;  and 

subsequently  oxidising  the  component  to  provide  an  oxide-rich  surface  layer,  characterized  in  that  between 
the  heat  treating  and  oxidising  steps  the  component  is  cooled  and  mechanically  surface  finished. 

Preferred  embodiments  of  the  invention  are  defined  in  the  dependent  claims  2  to  9. 
With  regard  to  the  step  of  heat  treating  the  component  in  a  nitriding  gaseous  atmosphere  to  form  the 

35  epsilon  iron  nitride  or  iron  carbonitride  surface  layer,  this  step  is  typically  effected  at  a  temperature  in  the 
range  of  550  to  720  °C  for  up  to  4  hours  in  an  atmosphere  of  ammonia,  ammonia  and  endothermic  gas, 
ammonia  and  exothermic  gas  or  ammonia  and  nitrogen,  with  the  optional  inclusion  of  at  least  one  or  carbon 
dioxide,  carbon  monoxide,  air,  water  vapour  and  methane.  The  terms  "exothermic  gas"  and  "endothermic 
gas"  are  well  understood  in  the  art.  Carbon  dioxide,  carbon  monoxide,  air,  water  vapour  and  exothermic  gas 

40  are  oxidising  gases.  Carbon  dioxide,  methane  and  endothermic  gas  are  carburizing  gases.  It  is  preferred  to 
effect  the  heat  treatment  operation  so  that  the  epsilon  iron  nitride  surface  layer  has  a  thickness  of  about  25 
micrometres.  Thicknesses  greater  than  about  25  micrometre  can  lead  to  exfoliation  or  cracking  of  the 
surface  layer.  Typically,  such  a  layer  thickness  of  about  25  micrometres  can  be  obtained  by  heat  treatment 
at  660  °  C  for  45  minutes.  Such  a  layer  thickness  may  also  be  produced  by  heat  treatment  of  570  °  C  for  3 

45  hours  or  at  610°  C  for  90  minutes.  However,  the  heat  treatment  temperatures  and  times  may  be  employed 
to  produce  layer  thicknesses  less  than  25  micrometres,  e.g.  down  to  15  micrometres.  For  example,  heat 
treatment  of  570  °C  for  2  hours  can  be  employed  to  produce  a  layer  thickness  of  16  to  20  micrometres. 

Components  produced  by  the  method  of  the  present  invention  have  a  fine  surface  finish  without  the 
need  to  have  a  wax  protection  system  to  give  a  good  corrosion  resistance.  For  example  to  produce  a 

50  damper  rod  or  a  piston  rod,  which  is  often  hard  chromium  plated,  the  component,  after  being  heat  treated  in 
the  nitriding  gaseous  atmosphere,  is  cooled  in  any  desired  medium,  and  then  subjected  to  a  lapping  or 
other  mechanical  surface  finishing  process  to  a  surface  roughness  of,  for  example,  not  more  than  0.2 
micrometres  Ra.  This  lapping  or  polishing  process  will  remove  any  oxide  film  which  may  have  formed  on 
the  component,  depending  upon  the  medium  used  for  cooling.  After  the  lapping  or  polishing  process,  the 

55  component  can  then  be  oxidised  at  a  temperature  of  300  to  600  °  C.  The  actual  temperature  depends  upon 
the  appearance  required  of  the  steel  component  and,  more  importantly,  upon  the  properties  thereof.  If  the 
component  is  a  component  such  as  a  damper  rod  which  is  not  required  to  have  very  high  fatigue 
properties,  then  the  oxidising  heat  treatment  is  preferably  effected  at  350  to  450  °C  for  about  15  to  5 
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minutes  depending  upon  the  temperature  in  unstripped  exothermic  gas.  However,  for  good  fatigue 
properties,  the  component  is  preferably  heat  treated  at  500  to  600  °C,  more  preferably,  550  to  600  °C 
followed  by  quenching  to  retain  nitrogen  in  solid  solution  in  the  ferritic  matrix  of  the  steel  microstructure. 
Instead  of  using  unstripped  exothermic  gas,  another  type  of  oxidising  atmosphere  may  be  employed  such 

5  as  steam,  air  or  other  mixture  of  oxygen  and  nitrogen,  carbon  dioxide  and  nitrogen,  or  carbon  dioxide  alone 
or  any  mixture  of  these  gases. 

Quenching  is  preferably  effected  into  an  oil/water  emulsion.  In  the  case  of  components  which  have  been 
oxidised  and  then  quenched  into  an  oil/water  emulsion,  an  aesthetically  pleasing  black  finish  is  obtained. 
Quenching  the  component  directly  into  an  oil/water  emulsion  without  the  intermediate  oxidation  step  does 

io  not  give  a  black  finish  but  a  grey  finish  where  the  oxide  layer  is  only  0.1  micrometres  thick.  However, 
quenching  an  already  oxidised  component  into  the  oil/water  emulsion  does  increase  the  degree  of  oxidation 
to  a  small  extent  and  thereby  darkens  the  colour. 

During  quenching  in  the  oil/water  emulsion,  an  atmosphere  of  steam  is  produced  as  a  small  pocket 
around  the  component  within  the  emulsion  to  give  a  controlled  cooling  rate.  This  will  give  a  distortion-free 

is  component  with  maximum  properties  (e.g.  a  component  less  than  1.5  milli-metre  thick  can  have  a  yield 
strength  of  up  to  800MPa). 

Quenching  into  the  oil/water  emulsion  after  oxidation  produces  a  black  surface  with  extremely  good 
corrosion  resistance  and,  by  virtue  of  the  residual  oily  film,  improved  bearing  properties,  if  these  are 
required.  In  a  particular  embodiment,  a  steel  component,  after  having  had  an  epsilon  iron  nitride  surface 

20  layer  formed  thereon  by  heat  treatment  at  570  °  C  for  about  2  hours  in  an  atmosphere  50%  ammonia  and 
50%  endothermic  gas  mixture  is  exposed  to  ambient  air  for  two  seconds  to  effect  surface  oxidation  and 
then  immersed  in  a  bath  of  an  oil-in-water  emulsion  which,  in  this  embodiment,  is  produced  by  mixing  a 
soluble  oil  sold  under  the  trade  mark  EVCOQUENCH  GW  with  water  in  an  oihwater  volume  ratio  of  1:6. 
Since  the  component  being  quenched  is  at  a  temperature  greater  than  550  °  C,  the  resultant  product  has  a 

25  good  fatigue  strength  and  yield  strength  in  addition  to  having  an  aesthetically  pleasing  black  surface  with 
extremely  good  resistance  to  corrosion  and  good  bearing  properties  in  view  of  the  absorption  of  oil  into  the 
surface. 

Components  produced  in  accordance  with  the  invention  which  have  been  cooled  after  exposure  to  the 
nitriding  atmosphere,  polished  and  then  oxidised  are  more  economical  to  manufacture  than  hard  chromium 

30  plating  which  also  suffers  from  the  disadvantage  of  creating  effluent  disposal  problems.  Additionally  the 
gaseous  treatment  is  cheaper  than  the  above-mentioned  salt  bath  treatment,  particularly  since  the  latter 
requires  the  double  oxidising  step. 

Non-alloy  steel  components  produced  according  to  the  present  invention  have  a  hard  wear  resistant 
layer  and  a  surface  having  an  extremely  good  resistance  to  humidity  and  salt  spray  corrosion.  Such 

35  components  also  have  a  low  coefficient  of  friction  (similar  to  polished  hard  chromium  plating)  so  that  they 
are  capable  of  being  used  in  sliding  applications.  Further,  such  components  possess  a  high  surface  tension 
which  gives  extremely  low  wettability  which  is  of  great  help  in  a  resisting  humidity  and  salt  spray  corrosion 
attack  and  also  have  a  pleasing  aesthetic  appearance  (gloss  blue/black  according  to  the  temperature 
employed  in  the  oxidising  treatment).  Additionally,  steel  components  which  have  been  quenched  from 

40  550  °  C  to  keep  nitrogen  in  solid  solution  also  have  good  fatigue  and  yield  strength  properties. 
The  method  of  the  invention  has  the  advantage  that,  being  of  an  all  gaseous  nature,  the  effluent 

problems  associated  with  the  salt  bath  heat  treatment  process  are  avoided. 
The  method  of  the  invention  can  be  performed  by  processors  with  modern  gaseous  atmosphere  heat 

treatment  plant  without  the  requirement  for  further  capital  investment  in  plating  or  salt  bath  equipment. 
45  We  have  found  that  the  mechanism  of  oxygen  introduction  upon  oxidation  in  the  gaseous  state  in 

accordance  with  the  invention  is  by  way  of  displacement  of  nitrogen  not  merely  by  way  of  absorption  of 
oxygen. 

It  will  be  appreciated  from  the  previous  discussion  relating  to  the  atmospheres  which  can  be  used 
during  heat  treatment  of  the  component  in  a  nitriding  gaseous  atmosphere,  that,  in  some  embodiments,  the 

50  layer  which  is  formed  on  the  steel  component  would  more  accurately  be  described  as  being  epsilon  iron 
carbonitride  layer  rather  than  an  epsilon  iron  nitride  layer.  Thus,  the  term  "epsilon  iron  nitride  layer"  should 
be  interpreted  accordingly  in  this  description. 

The  fact  that  the  mechanism  of  oxygen  introduction  upon  oxidation  is  by  way  of  displacement  of 
nitrogen  rather  than  merely  by  absorption  of  oxygen  is  surprising  because  the  resultant  component  has  a 

55  surface  finish  which  is  visually  similar  to  the  surface  finish  of  the  known  salt  bath  heat  treated  and  oxidised 
component  discussed  previously.  Such  a  salt  bath  heat  treated  and  oxidised  component  is  disclosed  in  "A 
New  Approach  to  Salt  Bath  Nitrocarburising"  by  I.V.  Etchells  (Heat  Treatment  of  Metals,  1981.4,  pages  85- 
88)  as  having  high  contents  of  both  oxygen  and  nitrogen  in  the  component  down  to  a  depth  of  some  2.5 

4 



EP  0  229  325  B1 

micrometres  from  the  surface  or  the  component.  Below  this,  the  oxygen  content  falls  rapidly  whilst  the 
nitrogen  content  only  falls  relatively  slowly.  It  would  therefore  be  reasonable  to  have  concluded  that  a 
similar  structure  is  obtained  by  the  process  of  the  present  invention.  However,  this  is  not  the  case  as  noted 
above. 

5  In  a  preferred  example  of  the  invention,  the  surface  layer  portion  is  substantially  free  of  nitrogen  atoms. 
Preferably,  the  surface  layer  portion  wherein  substantially  all  of  the  nitrogen  atoms  have  been  displaced 

by  oxygen  atoms  extends  for  a  depth  of  at  least  0.2,  more  preferably  at  least  0.3,  micrometre. 
The  resistance  of  the  oxidised  surface  to  corrosion  is  explained  by  the  predominance  of  iron  oxide, 

mainly  in  the  form  of  FesO  ̂ down  to  a  depth  of  at  least  0.1  micrometre  and  sometimes  down  to  more  than  1 
io  micrometre  in  depth.  However,  to  avoid  oxide  exfoliation,  it  is  preferred  for  iron  oxide  to  be  present  down  to 

a  depth  not  exceeding  1  micrometre. 
In  one  embodiment,  the  surface  layer  portion  has  a  composition  approaching  that  of  Fe3  0+  in  the  part  of 

the  surface  layer  portion  immediately  under  the  surface  whilst,  as  the  depth  increases,  the  composition  has 
an  increasing  FeO  content.  Such  a  surface  layer  can  be  produced  by  exposing  the  component  having  the 

is  epsilon  iron  nitride  layer  thereon  to  air  before  quenching  in  water/oil  emulsion. 
In  another  embodiment,  the  part  of  the  surface  layer  portion  immediately  below  the  surface  has  a 

composition  approaching  that  of  Fe2  03  but,  as  the  depth  increases,  the  composition  becomes  progress- 
sively  closer  to  that  of  Fe3  0+.  Such  composition  can  be  produced  by  allowing  the  component  having  the 
epsilon  iron  nitride  layer  thereon  to  cool  completely  in  air 

20  Attention  is  drawn  to  the  disclosure  in  a  Paper  entitled  "Reappraisal  of  Nitrocarburising  and  Nitriding  when 
Applied  to  Design  and  Manufacture  of  Non-alloy  Steel  Automobile  Components"  by  C.  Dawes,  D.F.  Tranter, 
and  C.G.Smith  presented  during  a  symposium  entitled  "Heat  Treatment  '79'  organised  by  The  Metals 
Society  and  American  Society  for  Metals  in  Birmingham  on  22nd  to  24th  May  1979.  In  this  paper,  there  is 
disclosure  of  a  non-alloy  steel  treated  by  a  gaseous  phase  process  to  produce  an  epsilon  surface  layer.  "Air 

25  cooling"  of  the  material  subsequent  to  gaseous  heat  treatment  is  mentioned  in  such  Paper.  However,  this  is 
not  to  be  construed  as  meaning  cooling  in  air,  ie  an  oxidising  atmosphere.  The  term  "air  cooling"  was  used 
as  a  term  of  art  to  mean  slow  cooling  and  to  distinguish  the  cooling  process  from  oil  quenching  which  is  a 
fast  cooling  process.  In  fact,  the  "air  cooling"  is  more  accurately  described  as  "gas  cooling"  since  cooling 
was  effected  in  the  same  gaseous  nitriding  atmosphere  used  during  the  heat  treatment  step  to  produce  the 

30  epsilon  layer.  It  is  to  be  noted  that  the  Paper  states  that  all  the  experiments  were  conducted  in  a  small, 
sealed  quench  furnace.  In  a  sealed  quench  furnace,  cooling  is  effected  in  a  chamber  which  is  connected 
with  the  furnace  chamber  and  contained  in  the  same  enclosure  as  the  furnace  chamber  so  that  ingress  of 
air  into  both  chambers  is  prevented.  In  the  case  of  the  cooling  referred  to  as  "air  cooling"  in  the  Paper,  the 
samples  were  merely  allowed  to  remain  in  the  furnace  to  cool  naturally  without  being  quenched  in  the 

35  quenching  oil.  That  cooling  in  air  did  not  take  place  can  also  be  deduced  from  Figure  2  in  the  Paper  where 
the  nitrogen  content  remains  at  a  level  consistent  with  epsilon  iron  nitride.  Further  indication  of  the  the  true 
meaning  of  "air  cooling"  as  used  in  the  aforementioned  Paper  is  given  under  the  heading  "Corrosion 
Resistance"  where  it  is  made  clear  that  the  term  "air  cooling"  means  no  oil  protection  rather  than  the  actual 
use  of  air  to  effect  cooling. 

40  In  the  accompanying  drawings:- 
Figs.  1  to  4  are  graphs  plotting  the  iron  and  nitrogen,  iron  and  oxygen,  or  iron,  oxygen  and  nitrogen 
content  in  a  layer  region  of  samples  of  steel  component  against  depth  or  distance  from  the  surface  of  the 
component,  and 
Fig  5  is  a  chart  showing  the  effect  of  oxidation  time  in  air  on  depth  of  oxide  coating. 

45  To  demonstrate  the  effects  obtained  by  various  processing  steps  used  in  the  method  of  the  present 
invention,  four  mild  steel  test  panels  (low  carbon  (0.10%)  steel  to  British  Standard  BS970  045  M10)- 
approximately  25mm  square  and  0.55  mm  thick  were  heat  treated  for  two  hours  at  570  °  C  in  an  atmosphere 
of  50%  ammonia  and  50%  endothermic  gas  mixture  (carbon  monoxide,  carbon  dioxide,  nitrogen  and 
hydrogen).  After  heat  treatment,  the  four  test  panels  were  cooled  in  different  ways. 

50  Sample  1  was  taken  straight  from  the  heat  treatment  zone  and,  whilst  in  the  same  heat  treatment 
atmosphere,  was  immediately  quenched  in  a  water-free  quenching  oil  sold  by  British  Petroleum  under 
the  designation  QUENDILLA  WA  22.  This  operation  was  effected  in  a  sealed  quench  furnace. 
Sample  2  was  removed  from  the  furnace,  exposed  to  air  at  20  °  C  for  5  seconds  and  then  quenched  in  an 
oil-in-water  emulsion  produced  by  mixing  a  soluble  oil  sold  under  the  Trade  Mark  EVOCQUENCH  GW 

55  with  water  in  an  oihwater  volume  ratio  of  1:5.5. 
Sample  3  was  cooled  by  removing  it  from  the  heat  treatment  furnace,  exposing  it  to  air  at  20  °  C  for  1 
second  and  then  quenching  it  into  an  oil-in-water  emulsion  produced  by  mixing  a  soluble  oil  sold  under 
the  Trade  Mark  ILOTEMP  4  at  an  oihwater  volume  ratio  of  1:10. 

5 
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Sample  4  was  removed  from  the  furnace  and  merely  allowed  to  cool  completely  in  air  at  20  °  C. 
After  cooling  the  samples  were  analysed  as  described  below  and  the  results  obtained  given  in  Tables  1 

to  6  below. 
The  oil  quenched  samples  were  first  vapour  degreased  and  then  all  the  test  pieces  were  introduced  into 

5  an  Auger  Electron  Spectrometer  which  was  evacuated  down  to  a  pressure  of  1  x  10-8  torr  and  allowed  to 
remain  under  this  reduced  pressure  overnight  to  remove  any  gases  which  had  been  absorbed  into  the 
surface  of  the  samples. 

All  four  samples  were  then  analyzed  for  the  existence  of  all  elements  except  hydrogen  and  helium  and 
measured  to  the  nearest  0.1  atomic  percent  of  a  mono  layer.  In  the  Auger  Electron  Spectrometer,  the 

io  background  vacuum  was  1  x  10-8  torr,  the  electron  beam  energy  was  1  -  3  KeV,  the  beam  current  was  1 
microampere  and  the  energy  range  was  20  -  1700  eV.  A  layer-by-layer  analysis  was  conducted  by  using 
the  Auger  Electron  Spectrometer  in  conjunction  with  sequential  ion  beam  sputtering  to  remove  the  layers.  In 
the  ion  beam  sputtering  technique,  argon  ions  were  used  at  an  energy  of  3  keV  and  a  current  density  of  75 
and  150  microampere.cm2  under  a  gas  pressure  of  5  x  10-5  torr.  The  results  of  such  analyses  are  given  in 

is  Tables  1  to  4  below.  Additionally,  samples  1  and  3,  in  areas  remote  from  the  ion  beam  sputter  damage, 
were  then  subjected  to  ball  cratering  using  a  30mm  diameter  steel  ball  and  a  1  miro-metre  diamond  paste 
as  the  polising  medium.  The  Auger  Electron  Spectrometer  was  then  used  to  make  line  scans  across  the 
crater  diameters  and  the  elemental  composition  on  these  lines  was  measured  at  a  number  of  depths 
between  2  x  10_G  metres  and  22  x  10_G  metres. 

20  The  elemental  compositions  were  initially  read  in  atomic  percentages  and  were  then  calculated  as 
weight  percentages  and  displayed  in  the  Tables  below. 

The  percentages  by  weight  of  all  detectable  elements  present  in  amounts  greater  than  0.1%  were 
recorded. 

25  TABLE  1 

Sample  1  .  Composition  (wt%) 

Element  Fe  C  N  O  S  CI  Ca 

Depth  (10-9m) 

0  42.3  29.3  5.2  13.9  3.6  4.7  1.1 
16  85.7  1.5  10.1  1.0  1.0  0.2  0.5 

140  89.4  0.8  9.1  0.4  0.2  0  0 
300  90.0  0.9  8.4  0.5  0.2  0  0 
350  91.0  0.8  7.6  0.4  0.2  0  0 

TABLE  2 
40 

Sample  2  Composition  (wt%) 

Element  Fe  C  N  O  S  CI  K  Na 

Depth  (10-9m) 

0  38.6  23.9  1.0  21.1  5.4  0.9  2.0  7.0 
16  72.6  1.0  0  25.3  0.5  0  0.6  0 

140  75.0  0.5  0  24.5  0  0  0  0 
300  76.2  0.3  0  23.4  0  0  0  0 

55 
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TABLE  3 

Sample  3  Composition  (wt%) 

Element  Fe  C  N  0  S  CI 

Depth  (1(T9m) 

0  57.0  8.9  0  31.6  0.7  1.8 
16  72.7  0.3  0  27.0  0  0 

140  74.8  0.2  0.7  24.3  0  0 
300  82.7  0.3  5.1  12.0  0  0 
430  83.8  0.3  6.2  9.8  0  0 
620  85.6  0.3  7.4  6.6  0  0 

75 

TABLE  4 

Sample  4  Composition  (wt%) 

Element  Fe  C  N  O  S  CI  K  Na 

Depth  (10-9m) 

0  46.7  5.0  1.1  32.9  0.8  8.7  3.6.  1.1 
16  70.5  0.3  0  28.8  0  0  0.4  0 

140  73.0  0.1  0  26.8  0  0  0  0 
300  73.1  0  0  26.9  0  0  0  0 

30  TABLE  5 

Sample  1  (Ball  Crater)  Composition  (wt%) 

Element  Fe  C  N  0 

Depth  10-Gm) 

3.9  90.2  0.6  8.9  0.3 
7.4  91.2  0.5  8.1  0.19 

10.7  91.4  0.3  8.1  0.3 
15.0  91.9  0.4  7.6  0.16 
21.7  92.0  0.5  7.4  0.16 

TABLE  6 
45 

Sample  3  (Ball  Crater)  Composition  (wt%) 

Element  Fe  C  N  0 

Depth  (10.-6m) 

2.3  86.8  0.4  7.4  5.5 
4.2  91.0  0.3  8.4  0.4 
6.2  91.1  0.4  8.2  0.3 
9.5  91.6  0.4  7.9  0.2 

11.2  91.5  0.5  7.9  0.2 
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Additionally,  a  more  detailed  measurement  of  the  variations  in  the  elemental  composition  of  the  layers 
was  carried  out  on  a  new  area  of  sample  3  in  the  first  few  microns.  The  results  obtained  are  shown  in  Table 
7  below: 

TABLE  7 

10 

15 

20 

Sample  3  Composition  (wt%) 

Element  Fe  C  N  0  S 

Depth  (10_Gm) 

0.3  83.0  0.4  5.0  11.4  0.2 
0.4  84.1  0.5  5.2  10.3  0 
0.6  85.0  0.3  5.7  9.0  0 
0.9  86.4  0.3  6.3  7.0  0 
1.3  85.9  0.3  6.9  6.9  0 
1.6  86.3  0.14  6.6  6.9  0 
2.3  87.3  0.2  5.8  6.6  0 
2.9  88.9  0.2  6.0  4.9  0 
3.9  90.6  0.4  6.1  2.9  0 
4.9  92.1  0  6.6  1.3  0 

25 

30 

35 

40 

45 

50 

55 

When  considering  the  above  Tables,  it  is  to  be  appreciated  that  the  heat  treatment  process  to  which  the 
samples  were  subjected  is  one  which  produces  an  epsilon  iron  carbonitride  layer  to  a  depth  well  in  excess 
of  20  micrometres.  The  epsilon  iron  carbonitride  layer  consists  of  a  porous  and  a  non-porous  region,  the 
porous  region  extending  from  the  surface  of  the  sample  downwardly  to  a  depth  of  about  10  micrometres, 
and  the  non-porous  region  underlying  this  At  a  depth  of  20  micrometres,  the  epsilon  iron  carbonitride  layer 
has  a  typical  elemental  composition  of  92%  by  weight  of  iron,  7.4%  by  weight  of  nitrogen,  0.4%  by  weight 
of  carbon  and  0.2%  by  weight  of  oxygen. 

In  the  case  of  Sample  1  ,  the  elemental  composition  for  the  whole  layer  is  consistent  with  the  epsilon 
iron  carbonitride  region  of  the  ternary  iron-carbon-nitrogen  system  defined  by  Naumann  and  Langescheid 
(Eisenhuttenwesen  1965,  36,677).  The  layer  of  Sample  1  is  also  consistent  with  the  idealized  iron  nitride 
formula  F62N!-*  where  x  is  0  to  1,  for  the  epsilon  phase  reported  by  Lightfoot  and  Jack  in  "Kinetics  of 
Nitriding  With  and  Without  White  Layer  Formation"  (Proceedings  of  Heat  Treatment  Conference  1973 
organised  by  Heat  Treatment  and  Joint  Committee  of  the  Iron  and  Steel  Institute),  the  nitrogen  content 
being  between  7.5  and  1  1  %  by  weight. 

In  order  to  present  the  information  more  clearly,  reference  is  drawn  to  attached  Figures  1  to  4  which  are 
graphs  plotting  the  iron  and  nitrogen,  iron  and  oxygen,  or  iron,  oxygen  and  nitrogen  contents  in  a  layer 
region  of  Samples  1  to  4  respectively.  The  layer  region  chosen  is  one  which  extends  from  16  x  10-9 
metres  to  about  400  x  10-9  metres  from  the  surface.  The  first  measurement  plotted  on  the  graph  is  that  at 
16  x  10-9  metres,  the  samples  having  been  subjected  to  an  initial  ion  sputtering  technique  to  remove 
foreign  contaminants  from  the  outer  surface. 

As  can  be  seen  from  the  above  Tables  and  Figures,  oxidation  of  the  Samples  after  heat  treatment  either 
solely  in  air  or  initially  in  air  and  followed  by  quenching  in  the  oil/water  emulsion  results  in  displacement  of 
nitrogen  by  oxygen.  Displacement  of  nitrogen  is  total  in  the  outermost  surface  layers  portions  (i.e.  down  to  a 
depth  which  may  vary  between  0.1  micrometre  and  1  micrometre,)  depending  upon  the  time  of  exposure  to 
air  while  the  sample  is  hot  before  quenching,  and  also  on  the  cooling  rate  in  the  quench.  Partial 
displacement  of  the  nitrogen  continues  in  some  instances  to  depths  in  excess  of  1  micrometre. 

Samples  2  and  3  were  corrosion  resistant  becauseof  the  predominance  of  iron  oxide  mainly  in  the  form 
of  Fe30+  to  depth  of  at  least  0.1  micrometre  and  sometimes  down  to  more  than  1  micrometre  in  depth. 

In  Sample  4,  the  iron  to  oxygen  ratio  at  the  extreme  surface  indicates  a  composition  approaching  that  of 
Fe2  03  but  as  the  depth  increases  into  the  layer,  the  composition  becomes  progressively  closer  to  that  of 
Fe30+. 

In  Samples  2  and  3,  the  iron  to  oxygen  ratio  suggests  a  structure  close  to  Fe3  0+  in  the  outer  surface 
layer  portions  but  increasing  in  FeO  on  progression  inwards. 

It  will  be  appreciated  from  comparison  of  Tables  2  and  3  and  Figs  2  and  3  that  the  control  of  the  time  in 
air  at  the  pre-quench  temperature  and  also  the  cooling  speed  in  the  quench  medium  is  extremely  critical 
with  respect  to  displacement  of  nitrogen  from  the  outer  surface  layer  portions. 
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Lastly,  it  will  be  apparent  from  an  examination  of  the  Tables  and  Figures  that  the  oxygen  actually 
displaces  nitrogen  from  the  lattice,  in  some  cases  totally  and  in  other  cases  to  a  lesser  extent  but  still  to  an 
extent  of  about  90%  removal  down  to  a  depth  of  about  0.15  micrometre  This  is  in  direct  contrast  to  the 
reported  effects  obained  by  salt  bath  oxidation  following  salt  bath  nitriding  where  oxygen  is  reported  as 

5  being  simply  absorbed  into  the  nitride  lattice. 
With  reference  to  Fig.  5,  the  first  four  blocks  relate  to  exposure  of  nitrocarburised  component  at  above 

550  °C  to  air  for  the  specified  time,  followed  by  quenching  in  a  water/oil  emulsion.  The  last  block  relates  to 
quenching  of  a  nitrocarburized  component  directly  into  oil  without  exposure  to  air. 

Steel  components  according  to  the  present  invention  have  a  corrosion  resistance  which  is  superior  even 
io  to  components  surface  treated  to  produce  an  epsilon  iron  nitride  surface  layer,  oil  quenched,  degreased  (or 

slow  cooled  under  a  protective  atmosphere)  and  then  dipped  in  a  de-watering  oil  so  that  the  de-watering  oil 
is  absorbed  into  an  absorbent  outer  portion  of  the  epsilon  iron  nitride  surface  layer.  Table  8  below 
compares  the  corrosion  resistant  properties  of  various  types  of  steel  component- 

75  TABLE  8 

SAMPLE  SALT  SPRAY  RESISTANCE  (HOURS) 
NO 

1  0 
2  17 
3  96 
4  150  + 

The  salt  spray  resistance  was  evaluated  in  a  salt  spray  test  in  accordance  with  ATSM  Standard  B117- 
64  in  which  the  component  is  exposed  in  a  salt  spray  chamber  maintained  at  95  +  2-3°F  to  a  salt  spray 
prepared  by  dissolving  5  +  /-  1  parts  by  weight  of  salt  in  95  parts  of  distilled  water  and  adjusting  the  pH  of 
the  solution  such  that,  when  atomised  at  95  °  F,  the  collect  solution  has  a  pH  in  range  of  6.5  to  7.2  After 
removal  from  the  salt  spray  test,  the  components  are  washed  under  running  water,  dried  and  the  incidence 
of  red  rusting  is  assessed.  Components  exhibiting  any  red  rusting  are  deemed  to  have  failed. 

In  the  above  Table  8,  the  samples  are  identified  as  follows:- 
Sample  1  =  a  plain,  ie  untreated  steel  component. 
Sample  2  =  a  steel  component  having  an  epsilon  iron  nitride  surface  layer  produced  by  the  first- 
mentioned  heat  treating  step  in  the  method  of  the  invention,  followed  by  oil  quenching  and  degreasing 
(or  slow  cooling  under  a  protective  atmosphere). 
Sample  3  =  the  steel  component  of  Sample  2  additionally  dipped  in  a  de-watering  oil. 
Sample  4  =  the  steel  component  having  an  epsilon  iron  nitride  layer  and  an  oxide-rich  surface  layer 
produced  in  accordance  with  the  present  invention  after  lapping  the  surface  to  a  finish  of  0.2  micro- 
metres. 

It  is  to  be  noted  that,  in  the  case  of  Sample  4,  the  actual  salt  spray  resistance  figure  depends  upon 
the  surface  finish.  In  a  particular  example,  the  steel  component  treated  is  a  shock  absorber  Piston  rod 
with  a  final  surface  finish  of  0.13  to  0.15  micrometres  Ra.  Such  a  component  was  found  to  have  a  salt 
spray  resistance  of  250  hours. 

The  improvement  in  fatigue  properties  will  become  apparent  from  an  examination  of  Table  9  below:- 

TABLE  9 

SAMPLE  ENDURANCE  LIMIT  AT  107  Cycles  N/mm2 
50 Plain  Notched 

5  250  190 
6  440  350 
7  260  195 

55  8  435  345 

The  fatigue  property  was  evaluated  using  an  NPL-type  two  point  loading  rotary  beam  machine 
employing  standard  0.30"  (7.6mm)  diameter  NPL  test  pieces. 

9 
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In  Table  9  above:- 
Sample  5  =  an  untreated  steel  component. 
Sample  6  =  a  steel  component  which  has  an  epsilon  iron  nitride  surface  layer  formed  thereon  by  heat 
treatment  at  570  °C  for  about  2  hours  in  an  atmosphere  of  50%  ammonia  and  50%  endothermic  gas 

5  mixture,  followed  by  oil  quenching. 
Sample  7  =  a  steel  component  having  an  epsilon  iron  nitride  layer  produced  as  in  Sample  6  above,  and 
subsequently  oxidised  in  a  sodium/potassium  hydroxide/sodium  nitrate  salt  bath  mixture  (sold  as 
"Degussa  ABI  salt")  at  a  temperature  of  400  °C  as  recommended  by  the  suppliers  of  the  salt  mixture. 
Sample  8  =  a  steel  component  having  an  epsilon  iron  nitride  surface  layer  formed  by  heat  treatment  as 

io  in  Sample  6  but  subsequently  oxidised  in  steam  at  540  °C  for  30  minutes,  followed  by  oil  quenching. 
It  will  be  seen  that  oxidation  using  the  salt  bath  treatment  as  per  Sample  7  above  reduces  the  fatigue 

properties  almost  back  to  the  level  of  Sample  5.  This  is  caused  by  nitrogen  being  precipitated  from  solid 
solution.  The  gaseous  oxidation  technique  as  per  Sample  8  can  be  applied  over  a  much  wider  temperature 
range.  Consequently  by  using  a  controlled  oxidation  process  at  550  °C  followed  by  oil  quenching,  the 

is  improved  fatigue  properties  associated  with  the  heat  treatment  process  as  per  Sample  6  are  maintained. 
This  occurs  because  at  the  higher  temperature,  most  of  the  nitrogen  remains  in  solid  solution  and  is 

maintained  therein  by  the  subsequent  oil  quenching. 
A  specific  example  of  the  present  invention  will  now  be  described:- 

A  shock  absorber  piston  rod  having  a  length  of  230mm,  a  diameter  of  12.5  mm,  and  an  initial  surface 
20  roughness  of  0.13  to  0.15  micrometres  Ra  was  manufactured  by  machining  a  bar  of  low  carbon  steel 

(BS970-045M10)  and  was  heat  treated  for  two  hours  at  570  °C  in  an  atmosphere  of  50%  ammonia  and  50% 
endothermic  gas  mixture  (Carbon  monoxide,  carbon  dioxide,  nitrogen  and  hydrogen).  The  rod  was  then 
cooled  slowly  under  the  protection  of  the  same  atmosphere  as  used  in  the  above  mentioned  heat  treatment. 
The  resultant  rod  had  a  20  micrometre  thick  layer  of  epsilon  iron  nitride  thereon  and  a  surface  roughness  of 

25  0.64  micrometres  Ra. 
In  view  of  the  high  surface  finish  requirements  for  the  piston  rod,  it  was  lapped  at  this  stage  to  a  surface 

roughness  of  0.13  micrometres  Ra. 
Following  this,  the  rod  was  oxidised  in  an  exothermic  gas  mixture  containing  its  moisture  of  combustion 

for  10  minutes  at  400  °C  to  produce  a  0.5  micrometre  thick  oxide-rich  surface  layer.  The  piston  rod  was 
30  then  cooled  by  water  quenching. 

The  piston  rod  was  found  to  have  a  salt  spray  resistance  of  250  hours  according  to  the  above  described 
salt  spray  test. 

In  a  modification  of  the  above  described  specific  example,  the  rod  was  oxidised  for  15  minutes  at 
400  °C  in  the  exothermic  gas  mixture,  but  during  the  last  5  minutes  of  the  15  minute  cycle,  sulphur  dioxide 

35  was  introduced  into  the  furnace  in  an  amount  such  as  to  give  a  concentration  of  0.25%  by  volume  in  the 
furnace  atmosphere.  Such  a  technique  caused  about  1%  of  the  iron  oxide  (Fe203)  on  the  surface  of  the  rod 
to  be  converted  to  iron  sulphide  which  gave  an  aesthetically  pleasing  shiny  black  surface  to  the  rod. 

The  technique  of  sulphiding  is  not  restricted  to  components  in  the  form  of  damper  rods  and  can  be 
used  in  respect  of  any  components  on  which  it  is  desirable  to  have  a  black  hard-wearing  surface.  With 

40  surface  finishes  greater  than  0.25  micrometres  Ra,  it  will  be  necessary  to  wax  coat  in  order  to  produce  the 
desired  corrosion  resistance.  To  effect  sulphiding,  the  SO2  content  in  the  oxidizing  furnace  may  be  up  to 
1%  by  volume  and  the  temperature  may  be  in  the  range  of  300  °C  to  600  °C.  The  SO2  will  normally  be 
added  to  the  furnace  at  some  stage  after  the  oxidizing  heat  treatment  has  started  in  order  to  convert  some 
of  the  already  formed  iron  oxide  to  iron  sulphide. 

45  The  invention  is  particularly  applicable  to  non-alloy  steels  having  a  low  carbon  content,  for  example  up 
to  0.5%  carbon. 

Claims 

50  1.  A  method  of  manufacturing  a  manufacturing  a  corrosion  resistant  non-alloy  steel  component  comprising 
the  steps  of  heat  treating  a  non-alloy  steel  component  in  a  nitriding  gaseous  atmosphere  to  produce  an 
epsilon  iron  nitride  or  iron  carbonitride  surface  layer  thereon;  and  subsequently  oxidising  the  compo- 
nent  to  provide  an  oxide-rich  surface  layer,  characterized  in  that  between  the  heat  treating  and  oxidising 
steps  the  component  is  cooled  and  mechanically  surface  finished. 

55 
2.  A  method  as  claimed  in  Claim  1,  wherein  the  mechanical  surface  finishing  is  effected  so  that  the 

surface  roughness  of  the  component  does  not  exceed  0.2  micrometres  Ra. 

10 
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3.  A  method  as  claimed  in  Claim  1  or  2,  wherein  the  oxidising  is  effected  by  heat  treating  the  surface 
finished  component  in  a  gaseous  atmosphere  at  300  to  600  °  C. 

4.  A  method  as  claimed  in  Claim  3,  wherein  the  component  is  a  piston  rod. 
5 

5.  A  method  as  claimed  in  Claim  4,  wherein  the  oxidising  is  effected  by  heat  treating  the  component  in  an 
exothermic  gas  mixture  containing  its  moisture  of  combustion. 

6.  A  method  as  claimed  in  Claim  5,  wherein  the  oxide-rich  surface  layer  is  0.5  micrometre  thick  and  is 
io  FesCv 

7.  A  method  as  claimed  in  Claim  4,  wherein  the  surface  finishing  step  is  effected  so  that  the  component 
after  the  oxidising  step  has  a  final  surface  finish  of  0.13  to  0.15  micrometre  Ra. 

is  8.  A  method  as  claimed  in  any  one  of  Claims  1  to  7,  wherein  the  heat  treatment  in  the  nitriding  gaseous 
atmosphere  is  effected  at  a  temperature  of  550  to  720  °  C. 

9.  A  method  as  claimed  in  any  one  of  Claims  1  to  7,  wherein  a  sulphur-containing  compound  is 
introduced  into  the  oxidising  atmosphere  to  produce  iron  sulphide  whereby  the  surface  of  the 

20  component  contains  iron  sulphide  as  well  as  iron  oxide. 

Patentanspruche 

1.  Verfahren  zur  Herstellung  eines  korrosionsbestandigen  Nichtlegierungsstahl-Bauteils,  das  die  Schritte 
25  der  Warmebehandlung  eines  Nichtlegierungsstahl-Bauteils  in  einer  nitrierenden  Gasatmosphare,  urn 

eine  Epsilon-Eisennitrid-  oder  Eisencarbonitridschicht  darauf  zu  erzeugen,  und  der  anschlieBenden 
Oxidation  des  Bauteils  vorsieht,  urn  eine  oxidreiche  Oberflachenschicht  vorzusehen, 
dadurch  gekennzeichnet, 
dal3  das  Bauteil  zwischen  den  Warmebehandlungs-  und  Oxidationsschritten  abgekuhlt  und  mechanisch 

30  oberflachenendbearbeitet  wird. 

2.  Verfahren  nach  Anspruch  1  , 
bei  dem  die  mechanische  Oberflachenendbearbeitung  so  erfolgt,  dal3  die  Oberflachenrauhigkeit  des 
Bauteils  0,2  urn  Ra  nicht  ubersteigt. 

35 
3.  Verfahren  nach  Anspruch  1  oder  2, 

bei  dem  die  Oxidation  durch  Warmebehandlung  des  oberflachenendbearbeiteten  Bauteils  in  einer 
Gasatmosphare  bei  300  bis  600  °  C  erfolgt. 

40  4.  Verfahren  nach  Anspruch  3, 
bei  dem  das  Bauteil  eine  Kolbenstange  ist. 

5.  Verfahren  nach  Anspruch  4, 
bei  dem  die  Oxidation  durch  Warmebehandlung  des  Bauteils  in  einer  ihre  Verbrennungsfeuchtigkeit 

45  enthaltenden  exothermen  Gasmischung  erfolgt. 

6.  Verfahren  nach  Anspruch  5, 
bei  dem  die  oxidreiche  Oberflachenschicht  0,5  urn  dick  ist  und  FesO  ̂ ist. 

50  7.  Verfahren  nach  Anspruch  4, 
bei  dem  der  Oberflachenendbearbeitungsschritt  so  durchgefuhrt  wird,  dal3  das  Bauteil  nach  dem 
Oxidationsschritt  einen  Endoberflachenzustand  von  0,13  bis  0,15  urn  Ra  hat. 

8.  Verfahren  nach  irgendeinem  der  Anspruche  1  bis  7, 
55  bei  dem  die  Warmebehandlung  in  der  nitrierenden  Gasatmosphare  bei  einer  Temperatur  von  550  bis 

720  °  C  erfolgt. 

11 
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9.  Verfahren  nach  irgendeinem  der  Anspruche  1  bis  7, 
bei  dem  eine  schwefelhaltige  Verbindung  in  die  oxidierende  Atmosphare  zur  Erzeugung  von  Eisensulfid 
eingefuhrt  wird,  wodurch  die  Oberflache  des  Bauteils  Eisensulfid  sowie  Eisenoxid  enthalt. 

5  Revendicatlons 

1.  Procede  de  fabrication  d'un  element  en  acier  non  allie  resistant  a  la  corrosion,  comprenant  les  etapes 
de  traitement  thermique  d'un  element  en  acier  non  allie  dans  une  atmosphere  gazeuse  de  nitruration 
pour  produire  sur  celui-ci  une  couche  superficielle  d'epsilon  nitrure  de  fer  ou  de  carbonitrure  de  fer  ;  et 

io  d'oxydation  subsequente  de  I'element  pour  fournir  une  couche  superficielle  riche  en  oxyde,  caracterise 
en  ce  qu'entre  les  etapes  de  traitement  thermique  et  d'oxydation,  I'element  est  refroidi  et  sa  surface  est 
finie  de  fagon  mecanique. 

2.  Procede  selon  la  revendication  1  ,  dans  lequel  la  finition  superficielle  mecanique  est  effectuee  de  sorte 
is  que  la  rugosite  superficielle  de  I'element  ne  depasse  pas  0,2  urn  Ra. 

3.  Procede  selon  la  revendication  1  ou  2,  dans  lequel  I'oxydation  est  effectuee  en  traitant  thermiquement 
I'element  fini  en  surface  dans  une  atmosphere  gazeuse  de  300  a  600  °  C. 

20  4.  Procede  selon  la  revendication  3,  dans  lequel  I'element  est  une  tige  de  piston. 

5.  Procede  selon  la  revendication  4,  dans  lequel  I'oxydation  est  effectuee  en  traitant  thermiquement 
I'element  dans  un  melange  de  gaz  exothermique  contenant  I'humidite  de  sa  combustion. 

25  6.  Procede  selon  la  revendication  5,  dans  lequel  la  couche  superficielle  riche  en  oxyde  presente  une 
epaisseur  de  0,5  urn  et  est  constitute  par  le  Fe304. 

7.  Procede  selon  la  revendication  4,  dans  lequel  I'etape  de  finition  superficielle  est  effectuee  de  sorte  que 
I'element,  apres  I'etape  d'oxydation,  ait  une  surface  de  finition  de  0,13  a  0,15  urn  Ra. 

30 
8.  Procede  selon  I'une  quelconque  des  revendications  1  a  7,  dans  lequel  le  traitement  thermique  dans 

I'atmosphere  gazeuse  de  nitruration  est  effectue  a  la  temperature  de  550  a  720  °  C. 

9.  Procede  selon  I'une  quelconque  des  revendications  1  a  7,  dans  lequel  un  compose  contenant  du 
35  soufre  est  introduit  dans  I'atmosphere  oxydante  pour  produire  du  sulfure  de  fer,  de  sorte  que  la  surface 

de  I'element  contienne  du  sulfure  de  fer  ainsi  que  de  I'oxyde  de  fer. 

40 

45 

50 

55 
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