
J E u r o p a i s c h e s   

Patentamt 

European  Patent  Office  ®  Publication  number:  0   1  4 7   4 8 4  

B 1  Office  europeen  des  brevets 

©  EUROPEAN  PATENT  SPECIFICATION 

(§)  Date  of  publication  of  patent  specification:  13.12.89  (g)  Int.  CI.4:  C  25  D  5 / 1 4  

(D  Application  number:  83113249.3 

(22)  Date  of  filing:  30.12.83 

B 1  

®  A  process  for  obtaining  a  protective  coating  for  surfaces  subjected  to  mechanical  and  thermal  wear,  and 
coating  obtained  by  such  process. 

CO 

0 0  

Q .  
UJ 

(§)  Date  of  publication  of  application: 
10.07.85  Bulletin  85/28 

(§)  Publication  of  the  grant  of  the  patent: 
13.12.89  Bulletin  89/50 

Designated  Contracting  States: 
AT  BE  CH  DE  FR  GB  LI  LU  NL  SE 

References  cited: 
DE-A-1496809 
DE-A-1  521  079 
FR-A-1  301  720 

CHEMICAL  ABSTRACTS,  vol.  92,  1980,  page  504, 
no.  1  18542f,  Columbus,  Ohio,  US;  &  JP  -  A  -  79 
117335  (KOBE  STEEL,  LTD.)  12-09-1979 

The  file  contains  technical  information 
submitted  after  the  application  was  filed  and 
not  included  in  this  specification 

(§)  Proprietor:  INDUSTRIALE  S.r.l. 
Via  San  Quirico,  19 
1-16121  Genova(IT) 

®  Inventor:  Filomeni,  Paolo 
Via  Orsiera,  30 
1-10100  Torino  (IT) 

(74)  Representative:  Bongiovanni,  Guido  et  al 
STUDIO  TORTA  Societa  Semplice  Via  Viotti  9 
1-10121  Torino  (IT) 

Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person  may 
give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition  shall 
be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee  has  been 
paid.  (Art.  99(1  )  European  patent  convention). 

Courier  Press,  Leamington  Spa,  England. 



1 EP  0  147  484  B1 2 

Description 

The  present  invention  relates  to  a  process  for 
obtaining  a  protective  coating  for  metallic  surfaces 
subjected  to  both  thermal  and  mechanical  wear,  5 
for  example,  subjected  simultaneously  to  wear  by 
sliding  and  friction  and  to  oxidation,  such  as  the 
surfaces  of  elements  comprising  the  combustion 
chamber  of  a  heat  engine,  for  example,  the 
cylinders,  valve  stems,  piston  crowns  and,  above  10 
all,  piston  rings.  The  invention  further  relates  to  a 
protective  coating  obtained  by  the  process. 

It  is  known  that  the  components  of  modern  heat 
engines,  and  in  particular  the  elements  of  the 
combustion  chamber  of  a  diesel  engine,  are  15 
subjected  to  high  thermal  and  mechanical 
stresses.  In  particular  the  sliding  surfaces  of  the 
cylinders,  pistons,  valve  stems  and,  above  all,  the 
piston  rings,  must  have  extremely  high  properties 
of  resistance  and  thermal  stability  at  high  tempera-  20 
ture,  resistance  to  adhesive  and  abrasive  wear  and 
to  seizure,  to  fatigue,  to  oxidation  and  to  both 
chemical  and  electro-chemical  corrosion,  as  well 
as  to  fretting.  Such  requirements  have  until  now 
been  at  least  partly  satisfied  by  using  for  the  said  25 
elements  heavily  alloyed  cast  iron  covered  with 
coatings  of  various  types,  both  of  the  electro- 
plated  type  and  the  type  obtained  by  flame  or  a 
coating  obtained  by  plasma  spray.  Known  electro- 
deposited  coatings  are  principally  obtained  by  30 
means  of  coating  a  layer  of  chrome  onto  a  base 
layer  of  nickel  deposited  on  the  surface  to  be 
protected.  The  thickness  of  the  coating  thus 
obtained  does  not  exceed  about  0.45  mm  because 
layers  of  greater  thickness  would  not  be  economic  35 
given  the  long  deposition  times  required  and, 
above  all,  because  they  would  be  incoherent, 
therefore  causing  a  rapid  flaking  of  the  protective 
layer.  The  deposition  processes  are  largely  known, 
as  are  their  operating  parameters,  e.g.  from  40 
DE  —  A  —  1496809,  DE  —  A  —  1  521079,  FR—  A— 
1301720  and  vol.  92  of  Chemical  Abstracts,  1980, 
page  504,  no.  118542f  citing  the  Japanese  patent 
application  JP—  A—  79117335.  They  are  usually 
performed  in  electrolytic  baths  of  sulphate  in  45 
aqueous  solution,  in  the  presence  of  chromium 
dioxide,  with  lead  anodes  and  cathodes,  consti- 
tuted  by  the  work  pieces  to  be  covered,  with  a 
current  density  lying  between  10  and  30  Ampere/ 
dm2  and  a  speed  of  deposition  of  about  20—25  50 
urn/h. 

Know  electro-deposition  processes  are  not 
entirely  free  from  disadvantages.  In  particularthey 
permit  coating  layers  of  only  a  small  thickness 
which  are  not  suitable  to  ensure  a  long  life  of  the  55 
elements  treated,  which  is  necessary,  on  the  other 
hand  to  be  able  to  extend  the  maintenance  inter- 
vals  of  the  engines  fitted  with  such  elements. 
Further,  there  is  a  tendency  these  days,  for  reasons 
of  economy,  to  use  inferior  fuels,  rich  in  sulphur  60 
and  other  corrosive  elements  and  which  therefore 
cause  a  rapid  corrosive  wear  of  the  protective 
layers,  whether  obtained  by  electro-deposition 
methods  or  with  other  methods,  and  of  the 
elements  potected  thereby.  65 

An  object  of  the  present  invention  is  that  of 
providing  a  process  for  obtaining  a  protective 
coating  for  surfaces  subjected  to  wear,  which  will 
be  free  from  the  described  disadvantages  an  in 
particular  of  geater  thickness  and  resistance  to 
chemical  corrosion  so  as  to  be  able  effectively  to 
protect  the  surfaces  to  which  they  are  applied. 

Another  object  of  the  present  invention  is  that  of 
providing  such  a  protective  coating  by  utilising 
electro-deposited  coating  layers. 

The  said  objects  are  achieved  by  the  present 
invention  in  that  it  relates  to  a  process  for  obtain- 
ing  a  protective  coating  for  metallic  surfaces 
subjected  to  wear  by  sliding  and  oxidation,  in 
particularfor  metallic  surfaces  of  elements  of  heat 
engines,  comprising  a  first  electro-deposition 
phase  depositing  onto  the  said  surfaces  a  first  \ 
layer  of  hard  chrome,  and  a  second  electro- 
deposition  phase  depositing  onto  the  said  first 
layer  of  hard  chrome  a  second  layer  of  hard 
chrome,  characterized  in  that  said  first  electro- 
deposition  phase  is  carried  out  in  an  aqueous 
electrolytic  bath  containing  Cr03  and  chromic  acid 
having  such  a  composition  to  ensure  a  final 
hardness  (Vickers)  of  said  first  layer  lying  between 
400  and  600  kg/mm2,  said  first  electro-deposition 
phase  being  carried  out  with  a  current  density  of 
substantially  30  Ampere/dm2  associated  with  a 
deposition  speed  comprised  between  5  and  1  5  urn/ 
h  and  with  a  voltage  between  the  electrodes  of 
between  4  and  10  volts  until  a  thickness  of  said  first 
layer  lying  between  20  and  40  urn  is  reached;  and 
being  further  characterized  in  that  said  second 
electro-deposition  phase  is  carried  out  in  an 
aqueous  electrolytic  bath  containing  Cr03  and  a 
mixture  of  sulphuricand  hydro-fluoric  acid,  having 
such  a  composition  to  ensure  a  final  hardness 
(Vickers)  of  said  second  layer  equal  to  or  greater 
than  1000  Kg/mm2;  said  second  electro-deposition 
phase  being  carried  out  with  a  current  density 
comprised  between  40  to  70  Ampere/dm2  asso- 
ciated  with  a  deposition  speed  of  four  to  ten  times 
greater  than  the  speed  of  deposition  of  chrome  in 
the  said  first  phase,  the  voltage  between  the 
electrodes  being  comprised  between  5  and  15 
Volts,  said  second  electro-deposition  phase  being 
carried  out  until  a  maximum  thickness  of  said  •< 
second  layer  of  1.2  mm  is  reached.  1 

The  present  invention  further  relates  to  a  protec- 
tive  coating  for  covering  metallic  surfaces  sub-  * 
jected  to  thermal  and  mechanical  wear  of 
elements  of  heat  engines,  in  particular  for 
elements  constituting  the  combustion  chamber  of 
a  diesel  engine  and  particularly  for  piston  rings 
and  piston  sealing  rings  of  reciprocating  engines, 
said  coating  comprising  a  first  layer  of  electro- 
deposited  hard  chrome,  and  a  second  layer  of 
electro-deposited  hard  chrome,  superimposed  to 
said  first  layer,  characterized  in  that  said  first  layer 
has  a  thickness  comprised  between  20  and  40  urn 
and  a  hardness  lying  between  400  and  600  HV,  and 
is  substantially  compact;  in  combination  with  such 
characteristics  said  second  layer  having  a  hard- 
ness  of  at  least  1000  HV  and  a  maximum  thickness 
of  1.2  mm,  said  second  layer  being  further  pro- 
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ided  with  a  plurality  of  micro-cracks  dispersed 
iniformly  therein  and  having  dimensions  lying 
letween  5  and  30  urn  and  a  distribution  frequency 
n  the  sid  second  layer  of  at  least  about  200  micro- 
:racks  per  linear  cm. 

For  a  better  understanding  of  the  present  inven- 
ion  a  non-limitative  embodiment  thereof  will  be 
iescribed  with  reference  to  the  attached  draw- 
ngs,  in  which: 

Figure  1  illustrates  a  photograph  on  an 
inlarged  scale  of  a  section  of  a  sealing  ring  for 
leat  engine  pistons,  provided  with  a  protective 
:oating  formed  according  to  the  invention; 

Figure  2  illustrates  a  micro-photograph 
inlarged  500  times,  of  a  base  zone  of  the  coating 
)f  Figure  1  ; 

Figure  3  illustrates  a  micro-photograph 
jniarged  500  times,  of  an  intermediate  zone  of  the 
:oating  of  Figure  1  ;  and 

Figure  4  illustrates  a  photograph  on  an 
jnlarged  scale  of  a  section  of  a  sealing  ring  such 
as  in  Figure  1,  but  provided  with  a  protective 
;oating  formed  with  a  known  process. 

With  reference  to  Figure  1,  an  element  of  a 
;ombustion  chamber  for  a  heat  engine  is 
generally  indicated  1,  this  being  constituted,  in 
:he  illustrated  example,  by  a  sealing  ring  for  a 
iiesel  engine  piston.  The  element  1,  of  which,  for 
simplicity,  only  an  outer  portion  of  the  radial 
section  is  illustrated,  has  a  surface  2,  in  the 
llustrated  example  the  outer  side  surface,  sub- 
letted  to  wear  both  by  sliding  and  oxidation, 
being  intended  to  form  a  sliding  seal  between 
piston  and  the  side  wall  of  the  cylinder  of  an 
engine  in  operating  conditions.  The  surface  2  is 
provided  with  a  protective  coating  3  which  acts  to 
protect  it  both  from  mechanical  wear  and  from 
thermal  wear  due  to  chemical  and  electro- 
chemical  attack  at  high  temperature  by  the  com- 
bustion  products. 

The  protective  coating  3,  in  the  illustrated 
example,  comprises  two  superimposed  layers, 
electro-deposited  onto  the  surface  2;  a  first  layer  4 
of  hard  chrome,  having  a  Vickers  hardness  of  536 
Kg/mm2  and  a  thickness  of  35  pm  (0.035  mm) 
deposited  immediately  in  contact  with  the  surface 
2  of  the  element  1,  which  is  made  of  cast  iron;  and 
a  second  layer  5  of  hard  chrome,  having  a  Vickers 
hardness  of  1073  Kg/mm2  (1073  HV)  and  of 
thickness  equal  to  1.05  mm,  deposited  over  the 
layer  4.  As  can  be  seen  in  Figures  2  and  3,  the 
layer  4  is  compacted,  substantially  free  from 
cracks,  micro-cracks  and  porosity,  and  adheres 
perfectly  to  the  cast  iron  of  the  element  1.  The 
layer  5  is  perfectly  adherent  to  the  layer  4,  free 
from  blow  holes  and  cracks,  well  formed  and 
having  instead  a  plurality  of  micro-cracks  6  of 
very  small  dimensions  (Figure  3)  lying  between 
about  5  and  30  micron,  uniformly  distributed  in 
the  layer  5  itself. 

More  generally,  the  protective  coating  3  formed 
according  to  the  invention  can  be  applied  to  any 
surface  subject  to  thermal  and  mechanical  wear, 
and  in  the  field  of  engines  not  only  the  piston 
rings,  but  also  the  valve  stems  and  the  cylinder 

sleeves,  ana  tne  piston  crowns  or  cavmes  can  ue 
covered  with  this  coating.  The  coating  3  can  be 
made  with  a  number  of  different  variants, 
depending  on  technical  requirements  of  the 

5  various  applications,  and  therefore  the  layer  4  has 
a  thickness  lying  between  20  and  40  urn  and  a 
hardness  lying  between  400  and  600  HV,  while  the 
layer  5  can  have  a  hardness  equal  to  or  greater 
than  1000  HV  and  a  maximum  thickness  equal  to 

o  1.2  mm.  In  a  variant  not  illustrated  the  coating  3 
further  comprises  a  third  electro-deposited  layer 
for  running  in  made  of  hard  chrome  deposited 
over  the  layer  5,  of  a  hardness  lying  between 
about  650  and  800  HV  and  having  a  thickness 

<s  such  as  to  be  completely  worn  away,  leaving  the 
layer  5  exposed,  during  the  running-in  phase  of 
the  engine  the  elements  of  which  have  had  the 
coating  3  applied  thereto. 

The  coating  3  has  the  dual  function  of  constitut- 
'.o  ing  a  protective  layer  for  the  surface  2  with  regard 

to  oxidising  and  chemically  aggressive  agents  in 
general,  and  constitutes  a  consumable  anti-wear 
layer  for  the  surface  2.  According  to  the  invention 
this  dual  function  is  performed  separately  by  the 

»5  two  layers  4  and  5.  The  layer  4,  thanks  to  its  high 
compactedness  and  excellent  adhesion  to  the 
base  material,  whether  it  be  cast  iron  or  steel, 
guarantees  the  anti-corrosive  and  anti-oxidative 
protection  even  in  the  presence  of  high  tempera- 

so  tures  (such  as,  for  example,  those  in  the  combus- 
tion  chambers  of  super-charged  engines)  and 
aggressive  fuels  such  as  heavy  diesel  having  a 
high  sulphur  content.  Thanks  to  its  high  thermal 
stability  and  to  its  capacity  for  rapid  passivation, 

35  in  fact,  the  chrome  layer  4  prevents  the  formation 
of  local  electro-chemical  corrosion  pairs  and  the 
penetration  of  corrosive  agents  towards  the  base 
material. 

The  layer  5,  on  the  other  hand,  serves  to  be 
40  slowly  consumed  during  the  operating  life  of  the 

element  1  in  such  a  way  as  to  prevent  direct 
sliding  of  the  surface  2  and  consequent  possible 
gripping  or  seizure.  Thanks  to  the  great  thickness 
(more  than  three  times  the  normal  thickness  of 

45  electro-deposited  chrome  protective  layers)  it 
allows  about  three  times  the  operating  life  of  the 
element  1  permitting  the  maintenance  intervals  of 
the  engines  on  which  the  elements  provided  with 
protective  coatings  3  are  fitted  to  be  extended. 

50  One  characteristic  of  this  layer  5,  as  well  as  its 
thickness,  is  represented  by  the  presence  of  the 
micro-cracks  6.  These  have  dimensions  such  as  to 
be  able  to  collect  and  retain  lubricating  oil  in  such 
a  way  as  to  allow  the  formation  of  an  internal  oil 

55  reserve  in  the  layer  5,  which  can  be  used  in  the 
event  of  crtical  lubrication  conditions  preventing 
any  risk  of  seizure  or  damage  to  the  protective 
coating  3.  Experimental  tests  have  verified  that 
improved  results  of  durability  and  adequacy  of 

eo  lubrication  are  obtained  when  the  distribution 
frequency  of  the  micro-cracks  in  the  layer  5  is 
equal  to  or  greater  than  about  200  micro-cracks 
per  liner  cm,  which  represents  a  critical  value. 

The  protective  coating  3  previously  described  is 
65  obtained  with  the  following  process. 

3 
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After  having  proceeded  with  an  accurate  clean- 

ing  of  the  element  1  to  be  coated,  there  is 
deposited  on  the  surface  2,  by  means  of  electro- 
deposition  treatment,  the  layer  4  by  operating  in 
an  electrolytic  vessel  with  lead  anodes  and 
cathodes  constituted  by  the  elements  to  be 
coated,  in  an  electrolytic  bath  containing  chrome 
in  solution,  preferably  as  Cr03,  and  chromic  acid 
and  with  a  voltage  between  the  electrodes  of 
between  4  and  10  volts.  To  obtain  a  layer  4  having 
the  characteristics  described,  and  therefore  high 
compactedness,  free  from  cracks  and  porosity, 
with  good  adhesion  to  the  base  metal,  it  is 
necessary  however  to  operate  in  conditions  with 
particular  operating  parameters,  selected  follow- 
ing  a  long  experimenting  period  which  has  per- 
mitted,  surprisingly,  layers  of  electro-deposited 
chrome  having  the  said  characteristics  to  be 
obtained  and  which  can  be  deposited  with  excel- 
lent  adhesion  directly  on  the  base  metal  (cast  iron 
or  steel),  without  the  inter-position  of  an  anchor- 
ing  layer  of  nickel.  These  operating  parameters 
consist  in  a  high  cathode  current  density  of 
substantially  30  Ampere/dm2,  associated  with  a 
very  slow  deposition  speed  lying  between  about  5 
and  15  um/hour.  The  combination  of  these  values 
allows  an  electro-crystallisation  process  to  be 
obtained  for  the  deposition,  characterised  by  the 
presence  of  a  very  large  number  of  nucleii  of 
crystallisation  and  by  crystals  of  very  small 
dimensions;  this  permits  the  best  characteristics 
of  compactedness  and  adhesion  of  the  chromium 
deposits  to  be  obtained,  which  results  in  total 
impermeability  to  corrosive  agents. 

The  hardness  and  thickness  of  the  layer  4  can 
instead  be  chosen  in  dependence  on  the  single 
coating  requirements,  by  varying  in  a  known  way 
the  duration  of  the  deposition  operation  and  the 
percentage  composition  of  chrome  in  the  bath; 
these  must  however  remain  between  the  follow- 
ing  values: 

—  thickness  of  the  layer  4: 
20—40  urn 

—  Vickers  hardness  of  the  layer  4: 
400—600  Kg/mm2 

After  having  obtained  the  layer  4  a  washing 
operation  is  performed  and  then  a  second  electro- 
deposition  operation,  this  time  utilising  an  aque- 
ous  electrolytic  bath  containing  Cr03  and  a  mix- 
ture  of  acids  based  on  sulphuric  acid  (H2S04) 
mixed  with  hydrofluoric  acid  (HF)  and  possibly 
with  other  mineral  acids. 

The  chrome  layer  5  is  deposited  after  the  layer 
4,  acting  in  vessels  with  lead  anodes  and 
cathodes  constituted  by  the  elements  to  be 
treated  and  a~"voltage  between  the  electrodes  of 
about  5  —  15  volts.  To  obtain  a  great  thickness  of 
the  layer  5,  equal  to  more  than  three  times  the 
normally  obtainable  thickness,  and  simul- 
taneously  obtain  a  regular  and  compacted 
deposit,  provided  with  micro-cracks  6,  it  has, 
surprisingly,  been  found  that  it  is  necessary  to 
Dperate  with  an  unusually  high  cathode  current 
density,  lying  between  40  and  70  Ampere/dm2  in 
combination  with  a  speed  of  deposition  which  is 

also  high,  between  four  and  ten  times  greater 
than  the  speed  used  for  depositing  the  layer  4  and 
lying  between  40  and  80  urn  per  hour.  In  this  case, 
too,  by  varying  the  composition  of  the  bath  in  a 

5  known  way  the  hardness  of  the  deposit,  which 
must  be  greater  than  or  equal  to  1000  Kg/mm2 
(Vickers)  can  be  determined.  The  maximum 
economic  thickness  of  the  layer  5  is  of  the  order  of 
1.2  mm. 

io  Optionally,  a  further  electro-deposition  oper- 
ation  can  subsequently  be  performed  by  deposit- 
ing  on  the  layer  5  a  further  hard  chrome  layer  of 
Vickers  hardness  lying  between  650  and  800  Kg/ 
mm2  by  working  with  a  cathode  current  density  of 

15  about  30  —  40  Ampere  and  a  speed  of  deposition 
equal  to  that  used  in  the  deposition  phase  of  the 
layer  5.  This  produces  a  layer  having  characteris- 
tics  similar  to  those  of  the  layer  5  but  somewhat 
softer,  which  can  be  used  as  a  running-in  layer. 

20  Micro-cracks  6  can  also  be  obtained  in  this  layer. 
From  what  has  been  described  the  advantages 

of  the  process  according  to  the  invention  will  be 
apparent.  It  allows  chrome  protective  coatings  of 
a  new  concept  and  very  high  characteristics  of 

25  strength  and  durability  to  be  obtained.  Above 
all,  the  process  described  allows  a  chrome  protec- 
tive  coating  layer  of  great  thickness  to  be 
obtained  (a  thickness  greater  than  three  times  the 
thickness  of  current  layers)  in  times  substantially 

30  equal  to  those  necessary  to  obtain  conventional 
layers  (of  smaller  thickness)  with  known  pro- 
cesses,  thanks  to  the  high  speed  of  deposition 
which  is  about  three  times  that  normally  used. 
From  a  comparison  between  the  photographs  of 

35  Figures  1  and  4,  respectively  illustrating  two 
electro-deposited  chrome  layers  5  of  equal  thick- 
ness,  the  first  (Figure  1  )  deposited  on  a  base  layer 
4  of  pure  chrome  and  with  the  process  of  the 
invention,  and  the  second  (Figure  4)  with  a  con- 

40  ventional  process  onto  a  base  layer  of  nickel,  one 
can  see  how  the  chrome  layer  of  Figure  4, 
because  of  the  great  thickness,  has  numerous 
macroscopic  cracks  which  would  in  use  lead  to  a 
rapid  flaking  of  the  layer  itself. 

45 
Claims 

1.  A  process  for  obtaining  a  protective  coating 
(3)  for  metallic  surface  (2)  subjected  to  wear  by 

50  sliding  and  oxidation,  in  particular  for  metallic 
surfaces  (2)  of  elements  (1)  of  heat  engines, 
comprising  a  first  elecro-deposition  phase 
depositing  onto  the  said  surfaces  (2)  a  first  layer 
(4)  of  hard  chrome,  and  a  second  electro-deposi- 

55  tion  phase  depositing  onto  the  said  first  layer  (4) 
of  hard  chrome  a  second  layer  (5)  of  hard  chrome, 
characterized  in  that  said  first  electro-deposition 
phase  is  carried  out  in  an  aqueous  electrolytic 
bath  containing  Cr03  and  chromic  acid  having 

so  such  a  composition  to  ensure  a  final  hardness 
(Vickers)  of  said  first  layer  (4)  lying  between  400 
and  600  Kg/mm2,  said  first  electro-deposition 
phase  being  carried  out  with  a  current  density  of 
substantially  30  Ampere/dm2  associated  with  a 

55  deposition  speed  comprised  between  5  and  15 

1 
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im/h  and  with  a  voltage  between  the  electrodes 
jf  between  4  and  10  volts  until  a  thickness  of  said 
irst  layer  lying  between  20  and  40  |im  is  reached; 
and  being  further  characterized  in  that  said 
second  electro-deposition  phase  is  carried  out  in 
an  aqueous  electrolytic  bath  containing  Cr03  and 
a  mixture  of  sulphuric  and  hydrofluoric  acid, 
laving  such  a  composition  to  ensure  a  final 
wdness  (Vickers)  of  said  second  layer  (5)  equal 
:o  or  greater  than  1000  Kg/mm2;  said  second 
slectro-deposition  phase  being  carried  out  with  a 
;urrent  density  comprised  between  40  to  70 
\mpere/dm2  associated  with  a  deposition  speed 
Df  four  to  ten  times  greater  than  the  speed  of 
deposition  of  chrome  in  the  said  first  phase,  the 
/oltage  between  the  electrodes  being  comprised 
Detween  5  and  15  Volts,  said  second  electro- 
deposition  phase  being  carried  out  until  a  maxi- 
num  thickness  of  said  second  layer  of  1.2  mm  is 
■eached. 

2.  A  process  according  to  Claim  1,  characterised 
oy  the  fact  that  it  further  includes  a  third  phase, 
subsequent  to  the  said  second  phase,  comprising 
slectro-deposition  of  a  third  layer  of  hard  chrome 
Df  Vickers  hardness  lying  between  about  650  and 
300  Kg/mm2,  said  third  layer  being  deposited  onto 
said  second  layer  (5)  operating  such  as  in  said 
slectro-deposition  phase,  but  with  a  current  den- 
sity  comprised  between  30  and  40  Ampere/dm2. 

3.  A  protective  coating  (3)  for  covering  metallic 
surfaces  (2)  subjected  to  thermal  and  mechanical 
wear  of  elements  (1  )  of  heat  engines,  in  particular 
for  elements  (1)  constituting  the  combustion 
chamber  of  a  diesel  engine  and  particularly  for 
piston  rings  and  piston  sealing  rings  of  recipro- 
cating  engines,  said  coating  (3)  comprising  a  first 
layer  (14)  of  eiectrodeposited  hard  chrome,  and  a 
second  layer  (5)  of  eiectrodeposited  hard  chrome, 
superimposed  to  the  said  first  layer  (4),  charac- 
terized  in  that  said  first  layer  (4)  has  a  thickness 
comprised  between  20  and  40  urn  and  a  hardness 
lying  between  400  and  600  HV,  and  is  sub- 
stantially  compact;  in  combination  with  such 
characteristics  said  second  layer  (5)  having  a 
hardness  of  at  least  1000  HV  and  a  maximum 
thickness  of  1.2  mm,  said  second  layer  (5)  being 
further  provided  with  a  plurality  of  micro-cracks 
dispersed  uniformly  therein  and  having  dimen- 
sions  lying  between  5  and  30  um  and  a  distribu- 
tion  frequency  in  the  said  second  layer  of  at  least 
about  200  micro-cracks  per  linear  cm. 

4.  A  coating  (3)  according  to  Claim  3,  charac- 
terised  by  the  fact  that  it  further  includes  a  third 
layer  of  hard  chrome  overlying  the  said  second 
layer  (5)  and  having  a  hardness  lying  between 
about  650  and  800  HV,  having  a  thickness  such  as 
to  wear  completely  during  the  running-in  phase 
of  the  said  heat  engines. 

Patentanspruche 

1.  Verfahren  zum  Herstellen  eines  Schutzuber- 
zuges  (3)  fur  Metallflachen  (2),  die  durch  Gleiten 
und  Oxidation  Abnutzung  unterliegen,  insbeson- 
dere  fur  Metallflachen  (2)  von  Elementen  (1)  von 

Warmekraftmaschinen,  umtassena  eine  ersxe 
elektrolytische  Fallungsphase,  die  auf  diesen 
Oberflachen  (2)  eine  erste  Schicht  (4)  aus  Hart- 
chrom  abscheidet,  und  eine  zweite  elektrolytische 

5  Fallungsphase,  die  auf  diese  erste  Schicht  (4)  aus 
Hartchrom  eine  zweite  Schicht  (5)  aus  Hartchrom 
abscheidet,  dadurch  gekennzeichnet,  dalS  die 
erste  Elektrolytische  Fallungsphase  in  einem  was- 
serigen  Elektrolysebad  enthaltend  Cr03  und 

<o  Chromsaure  mit  einer  solchen  Zusammenset- 
zung,  dalS  eine  Endharte  (Vickers)  der  ersten 
Schicht  zwischen  400  und  600  kg/mm2  gewahrlei- 
stet  ist,  durchgefuhrt  wird,  wobei  die  erste  elek- 
trolytische  Fallungsphase  mit  einer  Stromdichte 

is  von  im  wesentlichen  30  Ampere/dm2  in  Verbin- 
dung  mit  einer  Abscheidungsgeschwindigkeit 
von  5  bis  15  um/h  und  mit  einer  Spannung 
zwischen  den  Elektroden  von  4  bis  10  Volt  durch- 
gefuhrt  wird,  bis  eine  Dicke  der  ersten  Schicht 

io  zwischen  20  und  40  um  erreicht  ist,  und  weiter 
dadurch  gekennzeichnet,  dalS  die  zweite  elektroly- 
tische  Fallungsphase  in  einem  wasserigen  Elek- 
trolysebad,  das  Cr03  und  eine  Mischung  von 
Schwefel-  und  Fluorwasserstoffsaure  enthalt,  mit 

is  einer  derartigen  Zusammensetzung,  dalS  eine 
Endharte  (Vickers)  der  zweiten  Schicht  (5)  gleich 
oder  grolSer  als  1000  kg/mm2  gewahrleistet  ist, 
durchgefuhrt  wird,  wobei  die  zweite  elektrolyti- 
sche  Fallungsphase  mit  einer  Stromdichte  von  40 

30  bis  70  Ampere/dm2  in  Verbindung  mit  einer 
Abscheidungsgeschwindigkeit,  die  vier-  bis  zehn- 
mal  hoher  ist  als  die  Geschwindigkeit  der 
Abscheidung  des  Chroms  in  der  ersten  Phase, 
durchgefuhrt  wird,  wobei  die  Spannung  zwischen  „ 

35  den  Elektroden  5  bis  15  Volt  betragt,  welche 
zweite  elektrolytische  Fallungsphase  durchge- 
fuhrt  wird,  bis  eine  maximale  Dicke  der  zweiten 
Schicht  von  1,2  mm  erreicht  ist. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
40  zeichnet,  daB  es  weiters  eine  dritte  Phase 

anschlielSend  an  diese  zweite  Phase  aufweist,  die 
die  elektrolytische  Fallung  einer  dritten  Schicht 
aus  Hartchrom  mit  einer  Vickers-Harte  von  etwa 
650  bis  800  kg/mm2  unfalSt,  wobei  die  dritte 

45  Schicht  auf  die  zweiste  Schicht  (5)  abgeschieden 
wird  und  wobie  wie  in  der  genannten  elektrolyti- 
schen  Fallungsphase,  jedoch  mit  einer  Strom- 
dichte  zwischen  30  und  40  Ampere/dm2  gearbei- 
tet  wird. 

so  3.  Schutzuberzug  (3)  zum  Uberziehen  von 
Metallflachen  (2),  die  thermischer  und  mechani- 
scher  Abnutzung  von  Elementen  (1)  von  Warme- 
kraftmaschinen  unterliegen,  insbesondere  fur  Ele- 
mente  (1),  die  die  Verbrennungskammer  eines 

55  Dieselmotors  bilden,  und  insbesondere  fur  Kol- 
benringe  und  Kolbendichtungsringe  von  Kolben- 
kraftmaschinen,  welcher  Uberzug  (3)  eine  erste 
Schicht  (14)  aus  elektrolytisch  gefalltem  Hart- 
chrom  und  eine  zweite  Schicht  aus  elektrolytisch 

60  gefalltem  Hartchrom,  die  auf  die  erste  Schicht  (4) 
aufgebracht  ist,  umfalSt,  dadurch  gekennzeichnet, 
daB  die  erste  Schicht  (4)  eine  Dicke  von  20  bis  40 
um  und  eine  Harte  von  400  bis  600  HV  aufweist 
und  im  wesentlichen  kompakt  ist,  wobei  in  Kom- 

65  bination  mit  derartigen  Merkmalen  die  zweite 
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Schicht  (5)  eine  Harte  von  mindestens  1000  HV 
und  eine  maximale  Dicke  von  1,2  mm  aufweist, 
welche  zweite  Schicht  (5)  weiters  mit  einer  Viel- 
zahl  von  gleichformig  darin  verteilten  Mikrorissen 
mit  Dimensionen  von  5  bis  30  um  und  einer 
Vertielungsfrequenz  in  dieser  zweiten  Schicht  von 
mindestens  etwa  200  Mikrorissen  pro  linearem 
cm  versehen  ist. 

4.  Uberzug  (3)  nach  Anspruch  3,  dadurch 
gekennzeichnet,  dalS  er  weiters  eine  dritte  Schicht 
aus  Hartchrom  aufweist,  die  tiber  der  zweiten 
Schicht  (5)  liegt,  mit  einer  Harte  von  etwa  650  bis 
800  HV  und  einer  derartigen  Dicke,  daS  sie  wah- 
rend  der  Einlaufphase  der  Warmekraftmaschinen 
vollstandig  abgerieben  wird. 

Revendications 

1.  Procede  pour  obtenir  un  revetement  de 
protection  (3)  pour  des  surfaces  metalliques  (2) 
soumises  aux  contraintes  par  glissement  et  oxy- 
dation,  en  particulier  pour  des  surfaces  metalli- 
ques  (2)  d'elements  (1)  de  moteurs  thermiques, 
comprenant  une  premiere  phase  d'electro-depo- 
sition  sur  lesdites  surfaces  (2)  d'une  premiere 
couche  (4)  en  chrome  dur,  et  une  seconde  phase 
d'electro-deposition  sur  ladite  premiere  couche 
(4)  en  chrome  dur  d'une  seconde  couche  (5)  en 
chrome  dur  caracterise  en  ce  que  ladite  premiere 
phase  d'electro-deposition  est  realisee  dans  un 
bain  electrolytique  aqueux  contenant  du  Cr03  et 
de  I'acide  chromique  presentant  une  composition 
telle  qui  assure  une  durete  finale  (Vickers)  de 
ladite  premiere  couche  (4)  comprise  entre  400  et 
600  kg/mm2,  ladite  premiere  phase  d'electro- 
deposition  etant  realisee  avec  un  courant  de 
densite  de  pratiquement  30  A/dm2  associee  a  une 
vitesse  de  deposition  comprise  entre  5  et  1  5  u/h  et 
avec  une  tension  entre  les  electrodes  comprise 
entre  4  et  10  V  jusqu'a  ce  que  I'epaisseur  de  ladite 
premiere  couche  comprise  entre  20  et  40  u  soit 
atteinte;  et,  en  outre,  en  ce  que  ladite  seconde 
phase  d'electro-deposition  est  realisee  dans  un 
bain  electrolytique  aqueux  contenant  du  Cr03  et 
un  melange  d'acide  sulfurique  et  fluorhydrique 
presentant  une  composition  telle  qui  assure  une 
durete  finale  (Vickers)  a  ladite  seconde  couche  (5) 
egale  ou  superieure  a  1000  kg/mm2;  ladite 
seconde  phase  de  deposition  par  electrolyse  etant 
realisee  avec  une  densite  de  courant  comprise 
entre  40  et  70  A/dm2  associee  a  une  vitesse  de 

deposition  superieure  a  4  ou  10  fois  la  vitesse  de 
deposition  du  chrome  dans  ladite  premiere 
phase,  la  tension  entre  les  electrodes  etant  com- 
prise  entre  5  et  15  V,  ladite  seconde  phase 

5  d'electro-deposition  etant  realisee  jusqu'a  ce 
qu'une  epaisseur  maximale  de  1,2  mm  de  ladite 
seconde  couche  soit  atteinte. 

2.  Procede  selon  la  revendication  1  caracterise 
en  ce  qu'il  comporte  une  troisieme  phase,  poste- 

io  rieure  a  ladite  seconde  phase,  comprenant  une 
electro-deposition  d'une  troisieme  couche  en 
chrome  dur  de  durete  Vickers  comprise  entre 
environ  650  et  800  kg/mm2,  ladite  troisieme 
couche  etant  deposee  sur  ladite  seconde  couche 

15  (5)  agissant  comme  dans  ladite  seconde  phase 
d'electro-deposition  mais  avec  une  densite  de 
courant  compris  entre  30  et  40  A/dm3. 

3.  Revetement  de  protection  (3)  pour  recouvrir 
les  surfaces  metalliques  (2)  soumises  aux 

20  contraintes  mecaniques  et  thermiques,  en  parti- 
culier  pour  des  elements  (1)  constitutifs  de  la 
chambre  de  combustion  d'un  moteur  diesel  et 
particulierement  pour  des  segments  de  piston  et 
des  segments  d'etancheite  de  piston  de  moteurs 

25  reciproques,  ledit  revetement  (3)  comprenant  une 
premiere  couche  (4)  en  chrome  dur  electro-depo- 
see,  et  une  seconde  couche  (5)  en  chrome  dur 
electro-deposee  superposee  sur  ladite  premiere 
couche  (4)  caracterise  en  ce  que  ladite  premiere 

30  couche  (4)  presente  une  epaisseur  comprise  entre 
20  et  40  microns  et  une  durete  comprise  entre  400 
et  600  HV,  et  est  pratiquement  compacte;  en 
combinaison  avec  de  telles  caracteristiques  de 
ladite  seconde  couche  (5)  presentant  une  durete 

35  d'au  moins  1000  HV  et  une  epaisseur  maximale 
de  1,2  mm,  ladite  seconde  couche  (5)  etant  en 
outre  munie  d'une  pluralite  de  micro-fissures 
dispersees  uniformement  a  I'interieur  et  presen- 
tant  des  dimensions  comprises  entre  5  et  30  u  et 

40  une  repartition  de  distribution  dans  ladite 
seconde  couche  d'au  moins  environ  200  microfis- 
sures  par  cm. 

4.  Revetement  (3)  selon  la  revendication  3 
caracterise  en  ce  qu'il  comporte,  en  outre,  une 

45  troisieme  couche  en  chrome  dur  recouvrant  ladite 
seconde  couche  (5)  et  presentant  une  durete 
comprise  entre  environ  650  et  800  HV,  et  une 
epaisseur  telle  qu'elle  soit  completement  usee 
lors  de  la  periode  de  rodage  desdits  elements  des 

so  moteurs  thermiques. 
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