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Description 

The  present  invention  relates  to  Fe-Mn-AI-C  alloys  and  their  treatment. 
Since  1890,  Hadfield  had  developed  the  Fe-Mn-AI-C  based  alloy  system  which  had  been  designed  and 

5  patented  by  many  people,  for  example,  U.S.  Patent  Nos.  422,403;  1,892,316;  3,111,405;  3,201,230,  and 
Canadian  Patent  No.  655,824.  In  those  years,  this  alloy  system  had  always  failed  to  be  commercialized  and 
industrialized.  According  to  all  of  the  former  patents,  no  detailed  and  practical  manufacture  and  fabrication 
processes  of  this  alloy  system  had  been  invented  before.  Most  important  of  all,  no  good  corrosion  resistant 
Fe-Mn-AI-C  based  alloy  which  is  comparable  to  stainless  304,430  had  been  developed  in  those  past 

w  patents. 
The  melting  process  of  the  mass  production  of  the  Fe-Mn-AI-C  based  alloys  is  also  a  problem  which 

was  never  solved  before.  Only  the  induction  furnace  melting  process  was  used  in  these  past  patents  and 
the  production  quantity  was  restricted  by  the  small  capacity  of  the  induction  furnace.  It  is  also  known  that 
aluminum  can  not  be  melted  in  the  arc  furnace.  Under  such  consideration,  it  is  impossible  to  melt  the  Fe- 

75  Mn-AI-C  based  alloy  directly  in  an  arc  furnace.  A  better  way  to  melt  the  alloy  is  disclosed  herein. 
Also  in  the  prior  art,  CA-A-653569  discloses  an  austenitic  alloy  comprising  aluminium,  manganese, 

carbon,  silicon  and  iron  which  is  rendered  resistant  to  hot  oxidation  by  heating  in  an  oxidizing  atmosphere. 
Said  heating  impoverishes  the  surface  layer  of  the  readily  oxidizable  elements  carbon  and  manganese  and 
enriches  the  surface  with  respect  to  aluminium.  GB-A-949786  discloses  an  alloy  comprising  aluminium, 

20  manganese,  carbon,  silicon,  chromium  and  iron.  This  alloy  is  rendered  resistant  to  corrosion  and  hot 
oxidation  by  balancing  the  aluminium  content  with  respect  to  carbon  and  chromium.  SU-A-1  145047 
discloses  a  stainless  steel  which  is  nitrided  to  produce  a  surface  case  which  protects  the  steel.  JP-A-54- 
160592  discloses  an  anti-corrosion  treatment  for  stainless  steel  which  comprises  electrolysing  the  stainless 
steel  in  an  aqueous  solution  containing  the  salt  of  a  metal.  The  reaction  product  of  the  metal  is  formed  on 

25  the  surface  of  the  steel  to  render  the  steel  resistant  to  corrosion. 
To  obtain  products  of  Fe-Mn-AI-C  based  alloys  with  good  corrosion  resistances  comparable  to  S.S. 

304,430,  cannot  depend  only  on  the  chemical  composition  of  the  alloy.  A  series  of  detailed  manufacture, 
fabrication  processes  and  special  surface  treatments  are  described  herein. 

According  to  one  aspect  of  the  present  invention,  there  is  provided  a  method  for  the  production  of  a 
30  corrosion-resistant  article  or  part  comprising  an  alloy  which  comprises,  by  weight,  from  10-45%  manganese, 

4-15%  aluminum,  0.0-1.4%  carbon,  0-12%  chromium,  up  to  4%  copper,  up  to  2.5%  silicon  and  the  balance 
iron,  including  impurities,  characterised  in  that  the  surface  of  said  article  or  part  is  treated  by  subjecting  it  to 
chemical  pickling,  electrochemical  pickling,  or  high  energy  pulse  heating,  thereby  to  provide  a  surface  layer 
depleted  in  manganese  compared  to  the  alloy  composition  prior  to  said  surface  depletion  of  said 

35  manganese. 
According  to  another  aspect  of  the  present  invention,  there  are  provided  articles  and  parts  of  an  alloy 

which  comprises,  by  weight,  10-45%  manganese,  4-15%  aluminum,  0.01-1.4%  carbon,  0-12%  chromium, 
up  to  4%  copper,  up  to  2.5%  silicon,  and  the  balance  iron,  including  impurities,  characterised  in  that  said 
articles  and  parts  having  been  surface  treated  by  chemical  pickling,  electrochemical  pickling,  or  high  energy 

40  pulse  heating  to  provide  a  surface  layer  depleted  in  manganese  compared  to  the  alloy  composition  prior  to 
said  depletion  of  said  manganese. 

According  to  a  preferred  embodiment,  the  alloy  contains  3-12%  by  weight  chromuim. 
For  a  better  understanding  of  the  invention,  and  to  show  how  the  same  may  be  carried  into  effect, 

reference  will  now  be  made,  by  way  of  example  only,  to  the  accompanying  drawings,  in  which:- 
45  Figure  1  depicts  the  surface  concentration  gradients  before  pickling  treatment; 

Figure  2  depicts  the  surface  concentration  gradients  after  pickling  treatment;  and 
Figure  3  depicts  the  potentiodynamic  polarization  curves  of  alloys  tested  in  0.1%  NaCI  solution. 
The  present  invention  includes  an  Fe-Mn-AI-C  based  alloy  which  has  been  specially  surface  treated. 

The  chemical  composition  of  the  surface-treated,  corrosion  resistant  Fe-Mn-AI-C  based  alloy  in  accordance 
50  with  certain  embodiments  of  the  invention  comprises  principally  10  to  45  weight  percent  of  manganese,  4  to 

15  weight  percent  of  aluminum,  0.01  to  1.4  weight  percent  of  carbon,  up  to  12  weight  percent  of  chromium, 
up  to  4  weight  percent  of  copper,  up  to  2.5  weight  percent  of  silicon,  up  to  7.5  weight  percent  of  nickel,  and 
the  balance  iron.  It  may  also  further  comprise  one  or  more  of  the  following  elements:  niobium,  cobalt, 
titanium,  nitrogen,  tungsten,  vanadium,  zirconium,  titanium,  tantalum,  scandium,  yttrium  or  hafnium. 

55  In  certain  embodiments,  the  method  of  producing  the  said  Fe-Mn-AI-C  based  alloy  product  comprises 
the  following  processing: 

1.  Melting:  The  combination  of  the  arc  furnace,  induction  furnace,  ladle  furnace,  and  the  like,  with  the 
bubbling  using  a  non-oxidizing  gas  such  as  argon,  nitrogen,  mixture  thereof,  etc.  and  mixing  and 
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controlled  atmosphere  are  used  as  a  melting  practice. 
2.  Surface  treatments:  The  surface  treatment  of  the  products  of  the  Fe-Mn-AI-C  based  alloy  enables 
scale,  rust,  grease,  etc,  to  be  removed  and  a  protective  surface  layer  depleted  in  manganese  or 
enhanced  in  chromium  to  be  formed,  which  increases  the  corrosion  resistance.  These  surface  treatments 

5  may  include  pickling,  electrolytic  pickling  or  polishing,  high-energy  surface  heating  (e.g.,  laser  heating 
process),  anodizing,  colour  development  process,  electrolytic  cleaning  (periodic  reverse  electrocleaning, 
anodic  electrocleaning  and  cathodic  electrocleaning),  emulsion  cleaning,  solvent  cleaning,  acid  cleaning 
abrasive  blast  cleaning,  polishing,  buffing,  mass  finishing,  power  brush  cleaning  and  finishing,  salt  bath 
descaling,  acid  pickling,  passivation  and  rinsing. 

w  The  alloy  in  accordance  with  the  present  invention  has  good  corrosion  resistance  after  surface 
treatment  in  many  environments  (water,  atmosphere,  slat  water  and  etc.)  which  is  comparable  to  conven- 
tional  304,  430  stainless  steels.  In  addition,  the  alloy  in  accordance  with  the  present  invention  also  has  good 
workability,  weldability,  preferable  strength  and  lower  density  than  that  of  conventional  stainless  steels. 

A  method  for  the  production  of  a  corrosion-resistant  alloy  is  included.  The  method  includes  some 
75  special  surface  treatments,  such  as  surface  pickling  and  special  surface  heating  (such  as  high  frequency 

induction  heating)  within  certain  controlled  low  pressure  atmosphere.  With  the  preferential  dissolution  or 
evaporation  of  manganese  by  pickling  solution  or  by  appropriate  high  temperature  surface  treatment, 
concentrations  of  corrosion  resistant  elements  are  increased  on  the  surface  layer  of  the  alloys. 

It  is  believed  a  better  understanding  on  such  treatment  can  be  obtained  from  the  following  detailed 
20  descriptions  and  examples. 

The  chemical  composition  of  the  surface  treated  good  corrosion  resistance  Fe-Mn-AI-C  based  alloy  in 
accordance  with  the  present  invention  consists  of  10  to  45  weight  percents  of  manganese,  4.0  percents  of 
carbon,  up  to  4  weight  percents  of  copper,  up  to  7.5  percents  of  nickel,  up  to  2.5  weight  percents  of  silicon 
and  the  balance  iron.  It  may  further  comprise  up  to  12  weight  percents  of  chromium,  up  to  4.0  weight 

25  percents  of  molybdenum  and  one  or  more  of  the  following  elements:  titanium  (up  to  3.5  wt%),  tungsten  (up 
to  3.5  wt%),  vanadium  (up  to  3.5  wt%),  cobalt  (up  to  3.5  wt%),  boron  (up  to  2000  ppm),  zirconium  (up  to  2 
wt%),  nitrogen  (up  to  0.2  wt%),  niobium  (up  to  2  wt%),  tantalum  (up  to  1  wt%),  yttrium  (up  to  2  wt%), 
scandium  (up  to  1  wt%)  and  hafnium  (up  to  1  wt%). 

The  manufacturing  and  fabrication  processing  techniques  are  described  as  follows: 
30  1.  Melting: 

A.  A  ferromanganese  melt  is  prepared  in  an  arc  furnace,  usually  with  scrap  steel  additions  and  at  least 
one  of  chromium,  copper,  molybdenum,  silicon,  nickel,  niobium,  vanadium,  titanium,  boron,  nitrogen, 
cobalt,  zirconium,  tungsten,  tantalum,  yttrium,  scandium  or  hafnium  introduced  into  the  melt  as 
needed,  with  X-ray  examination  by  standard  samples  to  determine  suitable  compositional  adjustment. 

35  B.  When  the  steel  in  the  arc  furnace  is  fully  melted,  the  liquid  steel  is  evenly  poured  into  the  ladle 
furnace  where  a  suitable  amount  of  aluminum  is  present  either  in  solid  or  liquid  form.  The  mixing  of 
liquid  steel  and  aluminum  will  melt  the  aluminum  if  it  is  solid  and  will  give  off  a  lot  of  heat  which  will 
keep  the  temperature  of  the  ladle  furnace  from  1480  °  C  to  1600  °  C. 
C.  The  liquid  steel  in  the  ladle  furnace  is  further  mixed  with  the  top/bottom/side  blowing  of  nitrogen, 

40  argon  or  argon  and  nitrogen  mixed  gas  to  obtain  a  homogenized  chemical  composition.  The  nitrogen 
will  be  dissolved  into  the  liquid  steel  during  mixing.  The  gas  blowing  time  will  be  from  10  seconds  to 
10  minutes.  Meanwhile,  the  argon  can  be  mixed  with  nitrogen  to  improve  the  stirring  if  necessary,  to 
permit  escape  of  gases.  After  the  blowing,  holding  time  from  1  to  20  minutes  will  permit  escape  of 
gases.  In  order  to  have  a  good  quality  of  the  cast,  the  tapping  temperature  of  the  liquid  steel  will  be 

45  controlled  to  be  between  1  350  °  C  and  1  550  °  C. 
2.  Surface  treatment  and  passivation:  The  Fe-Mn-AI-C  based  hot-worked,  hot-rolled  or  cold-rolled  plates, 
sheets,  strips,  coils  or  products  are  designed  to  pass  the  continuous  annealing  line  or  batch-type 
annealing  furnace  with  argon,  reducing  oxidizing  or  regular  atmosphere  protection.  The  annealed  or  as 
hot-worked  (hot-rolled)  plates,  sheets,  strips,  coils  or  products  may  be  descaled  conventionally.  The 

50  desired  surface  treatment  of  the  invention  is  accomplished  by  means  of  acid  pickling,  electrochemical 
pickling  or  high-energy  pulse  heating.  Surface  treatments  provide  the  formation  of  a  passive  protection 
film.  By  using  the  high-energy  surface  heating  on  the  surface,  the  decreasing  amount  of  manganese  on 
the  surface  layer  or  the  increasing  amounts  of  aluminum  and/or  chromium  will  lead  the  alloys  to  have  a 
more  effective  corrosion  resistant  surface. 

55  The  products  of  the  said  Fe-Mn-AI-C  based  alloys  include  ingot,  slab,  billet,  bloom,  castings,  bar,  rod, 
wire,  plate,  hot-rolled  strip,  hot-rolled  sheet,  hot-rolled  coil,  cold-rolled  sheet,  cold-rolled  strip,  cold-rolled 
coil,  structure  sections,  round,  wire  product,  welding  wire  (rod),  rails,  tube,  pipe,  cold  drawing  wire,  tubular 
products,  seamless  tubes  and  seamless  pipes.  These  products  are  produced  with  at  least  one  of  these 
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processes  described  above. 
The  following  examples  are  offered  to  aid  in  understanding  of  the  present  invention  and  are  not  to  be 

construed  as  limiting  the  scope  thereof.  Unless  otherwise  indicated,  all  composition  percentages  are  by 
weight. 

Example  1  . 

This  example  illustrates  the  surface  concentration  redistribution  of  the  novel  Fe-Mn-AI-C  based  alloy 
after  pickling  and  passivation  treatments.  After  these  treatments  the  corrosion  resistance  increases  dras- 
tically.  The  chemical  composition  of  this  alloy  is  25.4Mn-5.6AI-2.8Cr-0.92C  and  the  balance  iron.  This  alloy 
as  cast  round  bar  was  cut  and  homogenized  at  1100°C,  hot  forged  at  1200°C  and  annealed.  After  the 
descaling  processes,  the  alloy  was  cold  rolled  to  2.0  mm  thick  strip.  The  testing  samples  were  simply 
surface  polished  to  #600  SiC  paper  grade  after  full  annealing  and  then  pickling  in  a  solution  having  10% 
nitric  acid,  0.2%  hydrofluoric  acid  and  water.  This  sample  was  immersed  in  the  solution  for  3  minutes  at 
25  °C.  Concentration  of  surface  elemental  redistribution  is  checked  by  the  Auger  Electron  Spectrometer 
(AES).  The  figures  of  the  surface  concentration  gradients  before  and  after  the  treatment  are  shown  in  Fig.  1 
and  Fig.  2,  respectively.  An  important  phenomenon  is  observed  for  the  pickled  sample.  From  the  surface 
concentration  gradient  curve  of  Fig.  2,  the  concentration  of  aluminum  and  chromium  rose,  and  manganese 
content  dropped  near  the  surface  leading  to  improved  corrosion  resistance.  With  certain  arrangements  of 
acid  pickling  methods,  the  corrosion  resistance  would  be  further  improved.  It  is  seen  that  the  surface 
concentration  of  chromium  and  oxygen  are  increased  greatly  after  the  pickling.  It  is  believed  that  the  iron 
and  manganese  are  removed  and  chromium-containing  oxide  films  are  formed.  That  is  the  main  protective 
oxide  layer  which  improves  the  corrosion  resistance  of  this  alloy  to  a  comparable  degree  to  that  of  stainless 
steel  304  and  430. 

Example  2. 

An  alloy  (#623)  of  the  following  composition: 

w 

75 

20 

25 

Manganese  25.3  % 
Aluminum  7.3  % 
Carbon  0.96% 
Chromium  5.6  % 
Molybdenum  1  .2  % 
Iron  balance 

30 

35 

The  cast  round  bar  was  cut,  homogenized,  hot  forged  and  annealed.  After  descaling  by  sand  blasting 
and  acid  pickling,  the  alloy  was  cold  rolled  into  2.0  mm  thickness.  The  mechanical  properties  of  the  alloy 

40  after  the  cold  roll  and  annealing  are  shown  as  following 

Yield  Strength  (ksi) 
Ultimate  tensile  strengths  (ksi) 
%  Elongation 
Hardness  (Rb) 

65 
146 
67 
92 45 

(1  ksi  =  6.89  MPa) 

50 Example  3. 

The  corrosion  experiment  samples  (#623)  prepared  for  the  alloy  in  example  2  are  surface  treated  with 
mechanical  polishing  by  using  SiC  paper  up  to  #600.  Some  of  these  samples  were  further  surface  pickled 
and  passivated  in  acid  solutions  with  various  inhibitors  and  rinse  process.  All  of  these  samples  are 
examined  by  the  potentiodynamic  polarization  test  in  0.1  wt%  NaCI  aqueous  solution  to  check  the  corrosion 
resistance.  The  traditional  stainless  steel  430  and  410  were  also  examined  as  references.  The  experimental 
conditions  and  corrosion  data  are  listed  in  Table  I.  As  the  higher  value  of  the  breakdown  potential  and 
passivation,  the  better  the  corrosion  resistance  would  be.  It  is  found  that  the  corrosion  resistance  of  the 

55 
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properly  surface  treated  sample  is  much  better  than  that  of  the  untreated  sample  and  is  also  better  than 
traditional  stainless  steel  430  and  410. 

Table  I 

alloy  Pickling  condition*  E  break-down  (mv)  E  passive  range  (mv) 

#623  none  130  775 
#623  acid  only®  223  823 
#623  acid  +  Na2Cr0+  205  655 
#623  acid  +  Na2Si03(0.oiM)  263  863 
#623  acid  +  Na2SiO3(0.iM)  252  702 
#623  acid  +  NaNO3  220  870 
#623  acid  +  Na2Si03(0.oo5M)  309  925 
#623  acid  +  NiSiO*  261  1001 
410  acid  only  165  631 
430  acid  only  265  775 

10 

75 

"pickling  condition:  40  °C  for  5  minutes. 
@acid:  10%  HNO3  +  0.2%  HF 

20 

Example  4. 

Three  alloys  (#105,  #106,  #107)  with  the  chemical  compositions  listed  in  Table  II  were  prepared  by 
induction  furnace  in  atmosphere.  After  the  homogenization  and  surface  grinding,  the  alloys  were  hot  rolled 
into  plate  shape.  The  alloys  were  annealed  at  1100°C.  The  plates  were  sand  blasted,  descaled  and  cold 
rolled  to  2  mm  thick  strip,  followed  by  annealing  again.  The  mechanical  properties  of  these  three  alloys  are 
listed  in  Table  III.  They  are  quite  similar  to  those  of  the  200  series  traditional  stainless  steel. 

Table  II 

25 

30 

sample  no.  Mn  Al  C  Cr  others 

#105  24.2  7.5  0.96  3.2  0.005N 
#106  30.4  6.9  0.84  5.6 
#107  27.3  8.0  0.98  0 

alloy  elements  -  %  by  weight. 

35 

40 

Table 

sample  no.  yield  strength  (ksi)  ultimate  tensile  strength  (ksi)  %  elongation  hardness  (Rb) 

#105  64.5  145.8  52  91.5 
#106  62  142  53  89.8 
#107  65  146.5  53  92 

(1  ksi  =  6.89  MPa) 

45 

50 

Example  5. 

55  The  corrosion  experiments  for  the  alloys  (#105,  #106,  #107)  in  example  4  were  surface  treated  by 
mechanical  polishing  by  SiC  paper  up  to  #600.  Certain  of  these  samples  were  further  pickled  in  different 
acid  solution  and  then  rinsed  in  weak  basic  water.  Immersing  test  for  all  three  alloys  are  carried  in  the  3.5 
wt%  NaCI  aquous  solution  to  determine  the  corrosion  resistance.  The  resulting  data  are  shown  in  Table  IV. 



EP0  411  061  B1 

Table  IV 

pickling  solution  5%HNO3  +  0.2%  HF  10%HNO3  +  0.2%  HF  7%H3PO++  without  pickling 
corrosion  rate*  sample  25g/IH2Cr04 

#105  0.018  0.020  0.70  0.098 
#106  0.010  0.015  0.050  0.074 
#107  0.150  0.140  0.120  0.160 

"corrosion  rate  in  mm/yr  unit. 
10 

Example  6. 

75  This  example  illustrates  that  the  corrosion  resistance  of  the  Fe-Mn-AI-C  based  alloy  enhanced  greatly 
by  the  surface  electropolishing  process.  The  alloys  used  in  this  example  are  the  same  as  those  used  in 
example  4  and  5,  and  all  the  preparation  processes  were  the  same.  The  samples  for  the  electropolishing 
process  were  held  at  20  °  C  for  5  minutes  and  the  current  density  was  kept  at  1  .4  amp/cm2  in  two  different 
solutions.  These  electropolished  samples  were  rinsed  in  weak  basic  water  and  clean  water.  After  the 

20  immersion  experiment  in  the  3.5  wt%  NaCI  aquous  solution  for  one  month,  the  corrosion  data  are  shown  in 
Table  V,  improvement  that  came  from  the  surface  treatment  for  these  Fe-Mn-AI-C  based  alloys  is  found. 

Table  V 

electropolishing  solution  80%HCIO+  +  10%CrO3  +  70%H3PO+  +  without  electropolishing 
corrosion  rate*  sample  20%CH3COOH  20%H2SO+ 

#105  0.022  0.068  0.098 
#106  0.015  0.014  0.074 
#107  0.130  0.119  0.160 

25 

30 

"corrosion  rate  in  mm/yr  unit 

35  Example  7. 

Three  alloys  #501,  #911,  #912  with  the  chemical  compositions  listed  in  Table  VI  were  prepared  with 
similar  processes  that  are  indicated  in  example  4.  The  mechanical  properties  were  measured  after  the 
annealing  process  and  were  listed  in  Table  VII.  The  mechanical  properties  of  the  traditional  stainless  steels 

40  200  series  were  also  listed.  It  is  obvious  that  the  workability  and  formability  of  the  Fe-Mn-AI-C  based  alloys 
are  quite  similar  to  the  traditional  200  series  stainless  steel. 

Table  VI 

alloy  Mn  Al  C  Cr  Mo 

#501  29.7  7.8  0.99  0  0 
#911  24.9  5.9  0.9  5.3  0 
#912  25.4  5.7  0.99  5.2  1.1 
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Table  VII 

alloy  yield  strength(ksi)  ultimate  tensile  strength(ksi)  %  elongation  Hardness  (Rb) 

#501  61  128  60  90 
#911  60  126  62  88 
#912  62.5  130  65  91 
S.S.201  55  115  55  90 
S.S.201  55  105  55  90 

(1  ksi  =  6.89MPa) 10 

Example  8. 

Electrochemical  corrosion  tests  for  the  three  alloys  in  example  7  are  carried  by  using  potentiodynamic 
polarization  curves  in  0.1  wt%  NaCI  aquous  solution,  as  shown  in  Fig.  3.  The  breakdown  potential  and  the 
passivation  range  of  these  samples  are  listed  in  Table  VIII.  With  the  adding  of  chromium  to  the  Fe-Mn-AI-C 
based  alloys  (#501),  the  corrosion  resistance  is  greatly  improved  by  the  forming  of  chromium  oxides  in  the 
surface  (for  alloy  #911).  For  the  further  adding  of  molybdenum  to  alloy  #911,  the  molybdenum  contained 
alloy  #912  exhibits  an  even  better  corrosion  resistance.  It  is  believed  that  molybdenum  inhibits  the 
formation  of  MnS  particles  and  enhances  corrosion  resistance. 

Table  VIII 

75 

20 

25 

sample  no.  break-down  potential  (mv)  passive  range  (mv) 

#501  -380  340 
#91  1  +  40  740 
#912  +90  790 30 

Example  9. 

Test  sample  for  the  alloy  (#625)  with  the  chemical  compositions  as  following: 35 

Manganese  26.8  % 
Aluminum  7.2  % 
Carbon  0.97% 
Chromium  5.3  % 

40 

was  prepared  with  the  similar  processes  as  described  in  the  previous  example  1  . 
The  density  of  the  alloy  is  measured  by  using  Archimedes  principle.  The  densities  of  the  Fe-Mn-AI-C 

base  alloy  in  this  example  and  the  traditional  stainless  steel  304,  201  are  listed  in  Table  IX.  The  novel  alloy 
is  about  14%  lighter  than  the  traditional  stainless  steel.  The  apparently  lower  density  of  the  Fe-Mn-AI-C 
based  alloy  is  a  characteristic  property  in  excess  of  the  traditional  stainless  steel  which  makes  the  alloy 
lighter  in  weight  and  more  economical  in  applications. 
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Table  IX 

sample  no.  density  (g/cm3) 

#625  6.85 
S.S.201  7.8 
S.S.304  8.0 
S.S.430  7.8 

10 

Example  10. 

Alloys  that  are  shown  in  Table  X  produced  in  the  ways  described  in  example  2,  and  then  tested  for 
mechanical  properties  as  listed  in  Table  XI.  Alloys  #724,  #141  are  cracked  during  cold  rolling. 

It  shows  that  as  the  chromium  content  reaches  to  7.4  wt%,  the  alloy  is  always  broken  during  cold 
rolling,  even  when  the  manganese  is  as  high  as  29.8  wt%.  In  addition,  when  the  nickel  content  reaches  to 
3.4  wt%,  the  alloy  also  becomes  very  brittle  during  cold  working.  The  casting  and  hot  working  properties 
are  still  very  good. 

These  alloys  were  further  surface  treated  by  mechanical  polishing  to  #600  SiC  paper  and  were 
examined  for  corrosion  resistance  by  electrochemical  corrosion  tests.  The  breakdown  potential  and  passive 
range  are  listed  in  Table  XII.  The  examples  shown  contain  manganese  between  19  wt%  to  30.5  wt%,  the 
aluminum  content  between  4.9  wt%  to  7.5  wt%,  the  chromium  content  between  2.8  wt%  to  6.5  wt%,  the 
carbon  content  between  0.69  wt%  to  1  wt%,  the  molybdenum  content  up  to  2.1  wt%,  the  copper  content  up 
to  3  wt%,  the  nickel  content  up  to  1  wt%,  the  silicon  content  up  to  1.5  wt%,  up  to  0.1  wt%  columbium,  up 
to  0.2  wt%  titanium  with  the  balance  iron,  although  one  or  more  minor  elements  such  as  nitrogen,  boron, 
zirconium,  vanadium,  tungsten,  cobalt  under  suitable  range  control  may  be  added. 

Table  X 

75 

20 

25 

30 
Alloy  No.  Mn  Al  C  Cr  Other 

#139  26.1  5.5  1.0  2.9 
#220  25.3  6.4  0.69  4.9  1  Ni 
#106  25.0  5.7  0.89  5.6  — 
#316  21.0  6.2  0.78  5.8 
#633  25.5  6.9  0.99  5.5  1Cu,1.2Mo 
#121  28.0  6.8  0.9  6.7  2.1Mo,0.2Ti 
#727  29.8  5.9  0.83  7.4 
#141  30.3  7.5  0.85  5.6  3.4Ni 
#201  19.6  6.4  0.97  6.4  1.6Mo,2Cu 
#822  27.1  4.9  0.95  6.5  1.75Mo,0.1Nb 
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Table  XI 

sample  no.  yield  strength(ksi)  ultimate  tensile  strength(ksi)  %  elongation  Hardness  (Rb) 

#139  53.4  134.4  63  87 
#220  57.2  112.8  65  88 
#106  58.3  135.2  62  89 
#316  63.1  142.0  58  92 
#633  63.8  144.3  65  92 
#121  63.0  140.2  59  91 
#201  62.2  142.5  65  91 
#822  59.0  136.6  63  91 

(1  ksi  =  6.89MPa) 

10 

75 

Table  XII 

sample  no.  break-down  potential  (mv)  passive  range  (mv) 

#139  +10  543 
#220  +115  638 
#106  +62  587 
#316  +100  620 
#633  +180  675 
#121  +131  761 
#201  +115  745 
#822  +180  660 

20 

25 

30 

Claims 

1.  A  method  for  the  production  of  a  corrosion-resistant  article  or  part  comprising  an  alloy  which 
comprises,  by  weight,  from  10-45%  manganese,  4-15%  aluminum,  0.01-1.4%  carbon,  0-12%  chro- 
mium,  up  to  4%  copper,  up  to  2.5%  silicon  and  optionally  at  least  one  of:  up  to  2000  ppm  boron;  up  to 
3.5%  niobium,  titanium,  cobalt,  vanadium  or  tungsten;  up  to  0.2%  nitrogen;  0.1-4%  copper;  up  to  4% 
nickel;  up  to  4%  molybdenum;  and  0.01-1%  of  scandium,  tantalum,  hafnium  or  yttrium  and  the  balance 
iron,  including  impurities,  characterised  in  that  the  surface  of  said  article  or  part  is  treated  by  subjecting 
it  to  chemical  pickling,  electrochemical  pickling,  or  high  energy  pulse  heating,  thereby  to  provide  a 
surface  layer  depleted  in  manganese  compared  to  the  alloy  composition  prior  to  said  surface  depletion 
of  said  manganese. 

2.  A  method  as  claimed  in  claim  1,  characterised  in  that  in  the  alloy  contains  3-12%  by  weight  chromium, 
and  in  that  in  the  surface  thereof  is  enhanced  in  chromium  content  following  said  surface  treatment, 
further  to  improve  the  resistance  to  corrosion. 

3.  Articles  and  parts  of  an  alloy  which  comprises,  by  weight,  10-45%  manganese,  4-15%  aluminum,  0.01- 
1.4%  carbon,  0-12%  chromium,  up  to  4%  copper,  up  to  2.5%  silicon  and  optionally  at  least  one  of:  up 
to  2000  ppm  boron;  up  to  3.5%  niobium,  titanium,  cobalt,  vanadium  or  tungsten;  up  to  0.2%  nitrogen; 
0.1-4%  copper;  up  to  4%  nickel;  up  to  4%  molybdenum;  and  0.01-1%  of  scandium,  tantalum,  hafnium 
or  yttrium  and  the  balance  iron,  including  impurities,  characterised  in  that  said  articles  and  parts  having 
been  surface  treated  by  chemical  pickling,  electrochemical  pickling,  or  high  energy  pulse  heating  to 
provide  a  surface  layer  depleted  in  manganese  compared  to  the  alloy  composition  prior  to  said 
depletion  of  said  manganese. 

4.  Articles  and  parts  as  claimed  in  claim  4,  characterised  in  that  the  alloy  contains  3-12%  by  weight 
chromium,  and  wherein  the  surface  thereof  is  enhanced  in  chromium  content  following  said  surface 
treatment  to  improve  the  resistance  to  corrosion. 
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Patentanspruche 

1.  Verfahren  zur  Herstellung  eines  korrosionsbestandigen  Gegenstandes  oder  Teils,  der  eine  Legierung 
umfaBt,  die  auf  das  Gewicht  bezogen  10  bis  45%  Mangan,  4  bis  15%  Aluminium,  0,01  bis  1,4% 

5  Kohlenstoff,  0  bis  12%  Chrom,  bis  zu  4%  Kupfer,  bis  zu  2,5%  Silicium  und  gegebenenfalls  mindestens 
einen  Bestandteil  der  Gruppe:  bis  zu  2000  ppm  Bor,  bis  zu  3,5%  Niob,  Titan,  Cobalt,  Vanadium  oder 
Wolfram,  bis  zu  0,2%  Stickstoff,  0,1  bis  4%  Kupfer,  bis  zu  4%  Nickel,  bis  zu  4%  Molybdan  und  0,01 
bis  1%  Scandium,  Tantal,  Hafnium  oder  Yttrium  umfaBt  und  der  Rest  Eisen,  einschlieBlich  Verunreini- 
gungen  ist,  dadurch  gekennzeichnet,  dal3  die  Oberflache  des  Gegenstandes  oder  Teils  durch  chemi- 

w  sches  Beizen,  elektrochemisches  Beizen  oder  Erwarmen  mit  einem  hohen  Energieimpuls  behandelt 
wird,  wodurch  eine  Oberflachenschicht  gebildet  wird,  in  der  Mangan  im  Vergleich  zur  Zusammenset- 
zung  der  Legierung  vor  der  Abreicherung  der  Oberflache  mit  Mangan  abgereichert  ist. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  dal3  die  Legierung  3  bis  12  Gew.%  Chrom 
75  enthalt  und  dal3  der  Chromgehalt  in  der  Oberflache  nach  der  Oberflachenbehandlung  erhoht  ist, 

wodurch  die  Korrosionsbestandigkeit  weiter  verbessert  wird. 

3.  Gegenstande  und  Teile  einer  Legierung,  die  auf  das  Gewicht  bezogen  10  bis  45%  Mangan,  4  bis  15% 
Aluminium,  0,01  bis  1,4%  Kohlenstoff,  0  bis  12%  Chrom,  bis  zu  4%  Kupfer,  bis  zu  2,5%  Silicium  und 

20  gegebenenfalls  mindestens  einen  Bestandteil  aus:  bis  zu  2000  ppm  Bor,  bis  zu  3,5%  Niob,  Titan, 
Cobalt,  Vanadium  oder  Wolfram,  bis  zu  0,2%  Stickstoff,  0,1  bis  4%  Kupfer,  bis  zu  4%  Nickel,  bis  zu 
4%  Molybdan  und  0,01  bis  1%  Scandium,  Tantal,  Hafnium  oder  Yttrium  umfaBt  und  der  Rest  Eisen, 
einschlieBlich  Verunreinigungen  ist,  dadurch  gekennzeichnet,  dal3  die  Oberflache  der  Gegenstande 
oder  Teile  durch  chemisches  Beizen,  elektrochemisches  Beizen  oder  Erwarmen  mit  einem  hohen 

25  Energieimpuls  behandelt  wurde,  wodurch  eine  Oberflachenschicht  gebildet  wird,  in  der  Mangan  im 
Vergleich  zur  Zusammensetzung  der  Legierung  vor  der  Abreicherung  des  Mangans  abgereichert  ist. 

4.  Gegenstande  und  Teile  nach  Anspruch  4,  dadurch  gekennzeichnet,  dal3  die  Legierung  3  bis  12  Gew.  % 
Chrom  enthalt,  wobei  der  Chromgehalt  der  Oberflache  nach  der  Oberflachenbehandlung  erhoht  ist, 

30  wodurch  die  Korrosionsbestandigkeit  verbessert  wird. 

Revendicatlons 

1.  Procede  de  production  d'un  article  ou  element  resistant  a  la  corrosion,  comprenant  un  alliage  qui 
35  renferme,  en  poids,  10  a  45%  de  manganese,  4  a  15%  d'aluminium,  0,01  a  1,4%  de  carbone,  0  a  12% 

de  chrome,  jusqu'a  4%  de  cuivre,  jusqu'a  2,5%  de  silicium  et,  eventuellement,  au  moins  I'un  des 
elements  bore  (jusqu'a  2000  ppm),  niobium,  titane,  cobalt,  vanadium  ou  tungstene  (jusqu'a  3,5%), 
azote  jusqu'a  0,2%),  cuivre  (0,1  a  4%),  nickel  (jusqu'a  4%),  molybdene  (jusqu'a  4%),  et  scandium, 
tantale,  hafnium  ou  yttrium  (0,01  a  1%),  le  complement  etant  constitue  de  fer  et  d'impuretes, 

40  caracterise  en  ce  que  Ton  traite  la  surface  dudit  article  ou  element  en  la  soumettant  a  un  decapage 
chimique,  un  decapage  electrochimique  ou  un  chauffage  par  des  impulsions  de  haute  energie,  pour 
obtenir  ainsi  une  couche  superficielle  dont  la  composition  est  appauvrie  en  manganese  par  rapport  a  la 
composition  de  I'alliage  avant  I'appauvrissement  en  ledit  manganese  de  ladite  surface. 

45  2.  Procede  selon  la  revendication  1,  caracterise  en  ce  que  I'alliage  contient  3  a  12%  en  poids  de  chrome, 
et  en  ce  que  la  teneur  en  chrome  de  la  surface  de  I'alliage  est  augmentee  a  la  suite  dudit  traitement  de 
surface,  pour  ameliorer  encore  la  resistance  a  la  corrosion. 

3.  Articles  et  elements  en  alliage  qui  renferme,  en  poids,  10  a  45%  de  manganese,  4  a  15%  d'aluminium, 
50  0,01  a  1,4%  de  carbone,  0  a  12%  de  chrome,  jusqu'a  4%  de  cuivre,  jusqu'a  2,5%  de  silicium  et, 

eventuellement,  au  moins  I'un  des  elements  bore  (jusqu'a  2000  ppm),  niobium,  titane,  cobalt,  vanadium 
ou  tungstene  (jusqu'a  3,5%),  azote  (jusqu'a  0,2%),  cuivre  (0,1  a  4%),  nickel  (jusqu'a  4%),  molybdene 
(jusqu'a  4%),  et  scandium,  tantale,  hafnium  ou  yttrium  (0,01  a  1%),  le  complement  etant  constitue  de 
fer  et  d'impuretes,  caracterises  en  ce  que  lesdits  articles  et  elements  ont  ete  traites  en  surface  par 

55  decapage  chimique,  decapage  electrochimique  ou  chauffage  par  des  impulsions  de  haute  energie,  de 
fagon  a  ce  que  Ton  obtienne  une  couche  superficielle  dont  la  composition  est  appauvrie  en  manganese 
par  rapport  a  la  composition  de  I'alliage  avant  ledit  appauvrissement  en  ledit  manganese. 
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4.  Articles  et  elements  selon  la  revendication  3,  caracterises  en  ce  que  I'alliage  contient  3  a  12%  en  poids 
de  chrome,  et  pour  lesquels  la  teneur  en  chrome  de  la  surface  de  I'alliage  est  augmentee  a  la  suite 
dudit  traitement  de  surface,  pour  ameliorer  la  resistance  a  la  corrosion. 
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