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Description 

Field  of  invention 
The  invention  relates  to  a  method  of  electroplating  a  transition  metal  or  an  alloy  of  several  transition 

5  metals  of  groups  4b,  5b  or  6b  of  the  periodic  table  or  an  alloy  of  said  transition  metals  with  aluminum  at 
near  ambient  temperature  onto  an  electrically  conductive  substrate  in  a  non-aqueous  electrolyte. 

Background  of  the  invention 
It  is  known  to  apply  coatings  of  metals,  alloys  etc.  onto  conductive  substrates  by  way  of  electroplating. 

to  Canadian  patent"  No.  945,935  discloses  the  electrodeposition  of  Al  or  alloys  containing  Al  onto 
substrates  in  electrolytes  based  on  a  non-aqueous  organic  solvent  such  as  toluene  to  which  metal  salts  are 
added  in  the  form  of  bromides  and/or  chlorides. 

However,  this  Canadian  patent  does  not  disclose  the  electrodeposition  of  transition  metals  of  groups 
4A,  5A  or  6A,  or  of  alloys  thereof  with  Al  from  a  non-aqueous  electrolyte. 

15  From  the  "Journal  of  Electrochemical  Society",  January  1  957,  page  21  ,  it  is  known  to  electrodeposit  Ti 
alloys  from  a  nonaqueous  bath,  specially  from  ether  containing  Al  complexes.  Deposits  of  maximum  6% 
Ti,  rest  Al,  could  be  obtained.  Deposits  with  higher  contents  of  Ti  could  not  be  achieved.  Moreover,  because 
of  the  high  flammability  of  ether  and  its  low  electrical  conductivity  the  practical  operating  conditions  are 
highly  disadvantageous. 

20  French  patent  2,494,726  discloses  a  process  of  a  fused  salt  titanium  electrowinning  electrolysis, 
whereby  the  bath  is  heated  to  a  temperature  of  520°C.  A  process  like  this  may  in  principle  be  used  for 
electroplating,  but  it  is  highly  desirable  to  perform  the  entire  procedure  at  low  temperatures. 

25  Object  of  the  invention 
It  is  one  object  of  the  invention  to  provide  a  method  which  allows  to  electrodeposit  transition  metals  or 

alloys  thereof  with  Al  onto  a  substrate  at  temperatures  near  ambient  temperature  under  safe  and  economic 
operating  conditions. 

It  is  another  object  of  the  invention  to  provide  a  method  for  electroplating  the  above  mentioned  metals 
30  or  alloys  in  a  maximum  range  of  compositions  of  the  deposit,  whereby  the  desired  composition  of  the 

deposit  may  be  obtained  by  suitable  choice  of  additives  and  operating  conditions  such  as  plating  current 
density,  bath  composition  and  method  of  bath  preparation. 

Still  another  object  of  the  invention  is  the  provision  of  a  coating  which  has  a  good  resistance  against 
corrosion  and  which  is  applicable  to  complex  as  well  as  simple  structures. 

35 

Summary  of  the  invention 
The  above  objects  are  met  by  a  method  of  electroplating  as  set  out  under  the  heading  "Field  of 

Invention"  which  is  further  characterized  in  that  the  electroplating  is  carried  out  in  an  electrolyte 
40  comprising  an  aromatic  hydrocarbon  and  an  aluminum  halide,  wherein  said  transition  metal(s)  is  (are) 

dissolved  in  the  form  of  halides  of  a  high  oxidation  state,  said  transition  metal(s)  being  pre-reduced  before 
electroplating  to  a  lower  oxidation  state. 

The  pre-reduction  of  the  transition  metal  ions  from  a  high  oxidation  state  to  a  lower  one  allows  use  of 
inexpensive  high  oxidation  state-salts  of  the  particular  transition  metal  for  the  initial  preparation  of  the 

45  plating  bath,  and  may  be  carried  out  by  pre-electrolysis  or  by  metallic  reducing  agents. 
The  pre-reduction  by  metallic  reducing  agents  may  be  carried  out  by  the  addition  of  a  powder  of  the 

same  transition  metal(s)  as  is  (are)  being  plated.  Other  possible  reducing  agents  are  Al,  Mg  or  alkali  metals. 
It  was  found  that  the  use  of  Mg  as  a  reducing  agent  leads  to  the  formation  of  different  complexes  which 

yield  high  contents  of  the  transition  metal(s)  in  the  deposit. 
so  The  aromatic  hydrocarbon  may  be  benzene  or  an  alkyl  benzene  such  as  toluene,  ethyl  benzene,  xylene 

or  a  mixture  thereof..  The  transition  metals  to  be  electroplated  may  be  dissolved  therein  in  the  form  of 
•  bromides  and/or  chlorides.  The  plating  bath  may  further  comprise  an  alkali  metal  halide  such  as  a  bromide 

or  a  chloride  of  Li,  Na,  or  K,  the  amount  of  which  influences  the  acidity  of  the  bath  and  thereby  controls  the 
composition  of  the  deposit. 

55  The  molar  concentration  of  the  halide(s)  of  the  transition  metals:  the  Al  halide:  the  aromatic 
hydrocarbon  may  be  in  the  range  of  0.02  to  0.20:0.20  —  0.50:1.00,  thecathodic  plating  current  density  being 
in  the  range  of  5  —  100  mA/cm2,  a  preferred  range  being  from  15  to  40  mA/cm2. 

The  composition  of  the  deposit  may  be  determined  by  the  appropriate  choice  of  the  plating  current 
density,  as  well  as  by  a  specific  bath  composition  or  its  preparation. 

so  The  reducing  agent  may  have  a  molar  concentration  of  0.02  —  0.2  per  1  mole  of  the  aromatic 
hydrocarbon. 

The  alkali  metal  halide  may  have  a  molar  concentration  of  0.01  —  0.3  per  1  mole  of  the  aromatic 
hydrocarbon. 

In  the  case  of  plating  a  Ti/AI  alloy  the  electrolyte  may  comprise  TiBr4,  AIBr3,  toluene,  Mg  and  one  of  LiCI 
65  and  KBr  in  a  molar  concentration  of 
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TiBr4:  0.025—0.1 
AIBr3:  0.20—0.33 
toluene:  1 
Mg:  0.03—0.13 

5  LiCI  or  KBr:  0.005—0.11 

The  electroplating  process  may  be  carried  out  using  feed  anodes  comprising  the  same  metal(s)  as  the 
one  (those)  which  is  (are)  electrodeposited  onto  a  cathodically  polarized  substrate. 

The  application  of  the  electroplating  method  according  to  the  invention  may  be  of  special  advantage  in 
'o  connection  with  substrates  comprising  nickel  or  an  intermediate  layer  of  nickel  or  a  nickel  alloy  such  as 

super  alloys.  The  particular  advantage  thereof  is  the  formation  of  coatings  comprising  intermetallic 
compounds  of  at  least  one  component  of  the  substrate  and  at  least  one  component  of  the  coating  due  to 
outwards  diffusion  of  e.g.  nickel  into  the  coating  during  a  suitable  heat  treatment  e.g.  at  temperatures 
between  400  —  1200°C.  In  the  case  of  a  Ti/AI  coating  a  nickel  aluminide  intermetallic  compound  is  formed 

w  which  has  an  enhanced  stability  in  high  temperature  environments. 
The  invention  further  relates  to  use  of  the  process  as  set  out  above  for  the  preparation  of  coatings  for 

corrosion  protection  of  the  coated  substrates  in  aqueous  solutions  or  high  temperature  gaseous 
environments. 

20  Detailed  description  of  the  invention 
1.  Basic  principle 

In  a  pure  Al  halide/aromatic  hydrocarbon  system  which  is  considered  to  be  one  of  the  strongest  acidic 
solvents  at  ambient  temperatures  the  Al  species  is  AI2Xe.  The  dissolution  of  a  metallic  halide  in  this  solvent 
system  occurs  according  to  the  following  acid-base  interactions: 

25 
nAI2X6+MXn^M(AI2X7)n 

M(AI2X7)+MXn±;2M(AIX4)n 

30  The  identity  of  the  predominant  Al  species  (AI2X6/  AI2X7,  or  AIX4)  depends  on  the  molar  ratio 
R=MXn:AIX3.  For  values  of  R  which  are  smaller  than,  approximately  equal  to  or  bigger  than  0.5,  AI2X6, 
AI2X7  or  AIX4  respectively  is  the  predominant  form.  The  reduction  potential  of  these  Al  species  gradually 
shifts  to  more  negative  values  in  the  above  indicated  sequence. 

Thus  in  varying  the  value  of  R  the  reduction  potential  of  the  Al  species  may  be  adjusted  and  therewith  a 
35  desired  content  of  M  and  Al  in  the  deposit  may  be  obtained. 

However,  the  formation  of  AI2X7  and  AIX4  species  depends  also  on  the  basicity  of  the  used  metal 
halide  MXn,  which  in  the  case  of  transition  metal  halides  of  groups  4A,  5Aand  6A  is  rather  weak,  so  that  the 
inhibition  of  the  Al  reduction  by  the  transition  metal  halide  is  often  incomplete,  which  leads  to  Al  rich 
deposits. 

40  Jo  overcome  this  difficulty,  a  mixed  system  composed  of  a  transition  metal  halide  and  an  alkali  metal 
halide  is  proposed  according  to  a  preferred  embodiment  of  the  invention. 

2.  Pre-reduction  principle 
45  Because  of  the  strong  oxidant  character  of  the  transition  metal  ions  of  groups  4A,  5A  and  6A  at  high 

oxidation  states  (+6,  +5,  +4,  +3),  pre-reduction  of  the  latter  to  a  lower  oxidation  state  is  necessary  before 
the  plating  process. 

For  a  plating  process,  chemical  pre-reduction  is  certainly  more  advantageous  than  pre-electrolysis, 
which  requires  a  specific  cell,  electrodes,  etc..  Specially  in  the  case  where  the  high  oxidation  state 

so  compounds  of  the  transition  metals  have  a  low  solubility,  the  chemical  pre-reduction  to  a  lower  oxidation 
state  increases  the  ionic  character  of  these  compounds  which  in  turn  increases  their  solubility  by  favouring 
the  acid-base  interaction  with  the  Al  halide. 

To  avoid  problems  of  bath  contamination  it  is  preferable  to  use  a  reductant  of  which  the  final  product  is 
one  of  the  elements  of  the  original  bath  composition.  For  example  in  the  case  of  Ti  the  following  reductants 

55  may  be  used: 

a)  Transition  metal  to  be  plated: 

4AIBr3 
60  TiBr4+Ti  »  2(TiBr2  •  2AIBr3) 

b)  Aluminum: 

4/3AIBr3 
65  TiBr4+2/3AI  >  (TiBr2  @  2AIBr3) 

3 
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c)  Alkali  metal: 

4AIBr3 
TiBr4+2M  >  (TiBr2  •  2AIBr3)+2M(AIBr4)2 

5 
In  these  three  cases  the  products  of  the  pre-reduction  are  either  a  complex  of  the  transition  metal  or  the 

latter  plus  the  supporting  electrolyte  complex. 

3.  Pre-reduction  with  magnesium 
io  Theoretically  the  pre-reduction  of  TiBr4  by  Mg  should  follow  the  equation: 

4AIBr3 
TiBr4+Mg  >  (TiBr2  •  2AIBr3)+Mg(AIBr4)2 

15  The  Mg  complex  may  be  used  as  the  supporting  electrolyte  instead  of  an  alkali  metal  complex. 
However,  it  is  known,  that  Mg(AIBr4)2  is  practically  insoluble  in  aromatic  hydrocarbon,  and  therefore  no 
specific  effect  of  Mg  should  be  expected. 

It  was  found,  however,  by  a  composition  analysis  of  the  solution  TiBr4/AIBr3/Toluene  reduced  by  Mg 
that  the  above  reaction  does  not  occur,  the  atomic  ratios  of  Ti:Mg,  and  Ti:AI  in  solution  suggesting  the 

20  formation  of  a  new  complex: 

3AIBr3 
TiBr4+Mg  *.  (TiMgBr4  •  3AIBr3) 

25  which  is  soluble  in  aromatic  hydrocarbon. 
By  using  this  specific  complex  under  appropriate  conditions,  deposits  which  are  rich  in  transition 

metals  (e.g.  64  wt%  Ti,  or  95  wt%  Mo)  can  be  obtained. 
The  above  described  reactions  prepare  the  electrolyte  for  the  plating  step  which  follows  the  reaction: 

30  xTi2++yAI3++(2x+3y)e_^TixAly 

for  the  cathodic  reaction,  and 

xTi-*xTi2++2xe_ 
35 

yAI-»yAI3++3ye~ 

forthe  anodic  reactions  in  the  case  of  use  of  feed  anodes  which  replace  the  deposited  ions  at  the  same  rate 
as  they  are  removed  from  the  bath. 

40 
4.  Substrates 

The  above  described  method  of  electroplating  may  in  principle  be  applied  to  any  metallic  substrates; 
however,  it  reveals  special  advantages  in  connection  with  certain  specific  metallic  substrates. 

Among  those  are  in  particular  nickel,  cobalt,  iron  and/or  titanium  containing  substrates  such  as  super 
45  alloys,  or  any  basic  substrate  comprising  an  intermediate  nickel  containing  layer.  The  specific  advantages 

of  the  above  substrate-coating  combination  become  apparent  after  a  suitable  heat  treatment  of  the  coating 
and  the  substrate,  which  leads  to  a  limited  interdiffusion  of  substrate  components  e.g.  nickel  into  the 
coating.  Thereby,  an  intermetallic  compound  of  e.g.  nickel  and  aluminum  is  formed,  which  is  stable  at  high 
temperatures,  thus  providing  an  enhanced  corrosion  protection  for  the  substrate  at  high  temperatures  up 

so  to  more  than  1300°C. 

Examples 
Example  1 

In  a  glove-box  with  an  Argon  atmosphere  containing  less  than  3  ppm  of  water,  a  solution  of 
55  TiBr4:AIBr3:toluene  was  prepared  by  adding  0.080  mole  of  TiBr4  (Ventron  —  99.6%  pure),  0.330  mole  of 

AIBr3  (Cerac—  99.5%  pure)  to  1.000  mole  of  toluene  (Merck—  pro  analysis—  99.5%—  distilled  and  stored 
over  Na). 

The  solution  was  placed  in  a  cylindrical  glass  cell,  with  a  magnetic  stirrer.  A  Cu  cathode  of  dimensions 
2.5x6.5  cm  and  the  Ti  anodes  of  the  same  dimensions  were  fixed  to  the  cell  top  made  of  TeflonR.  The 

60  cathode-anode  distances  were  about  1.0  cm.  The  solution  temperature  was  maintained  at  60°C. 
The  pre-electrolysis  was  made  at  a  cathodic  current  density  of  20  mA/cm2.  After  the  passage  of  19'200 

Asec,  traces  of  a  "silver-white"  deposit  were  observed  at  the  cathode  surface:  the  pre-electrolysis  step  was 
achieved  and  the  totality  of  Ti4+  species  was  reduced  to  Ti2+  with  a  current  efficiency  of  about  84%.  The 
plating  bath  was  now  ready  for  the  deposition  of  Ti/AI  alloys. 

65  New  Cu  substrates  of  dimensions  2.5x6.5  cm  were  etched  in  a  solution  1:1:1  of 

4 
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HN03:H3P04:CH3COOH  for  30  sec,  rinsed  with  water,  afterwards  with  acetone,  dried  in  air,  and  introduced 
into  the  glove-box. 

A  Cu  substrate  was  placed  as  a  cathode  in  an  electrolysis  cell.  The  deposition  of  Ti/AI  alloys  was  carried 
out  at  60°C,  and  at  different  cathodic  current  densities  within  the  range  of  10  to  37  mA/cm2.  The  cell  voltage 

5  was  between  7  and  20  volts,  depending  on  the  applied  current  density.  After  the  passage  of  800  Asec,  the 
immersed  surface  of  the  Cu  substrate  was  covered  by  a  "silver-white"  coating.  The  qualitative  analysis  of 
the  deposit  was  made  by  x-ray  diffraction,  showing  the  presence  of  metallic  phases  of  Ti  and  Al.  The 
quantitative  analysis  was  made  by  atomic  absorption:  the  deposit  was  dissolved  in  a  boiling  solution  of 
10%  HCI,  and  standard  solutions  of  Ti  and  Al  mixtures  were  used  as  the  references.  The  composition  of  the 

w  deposit,  as  a  function  of  the  applied  current  density,  is  given  in  Table  1. 

TABLE  1 

i  cathodic  CE  Deposit  composition  (wt%) 
(mA/cm2)  (%)  Ti  Al 

10  18.1  2.4  97.6 

20  26.3  '  3.0  97.0 

30  38.2  7.9  92.1 

37  53.9  14.2  85.8 

25 
Example  2 

Asolution  of  TiBr4:AIBr3:toluene  (molar  composition  0.080:0.330:1.000)  was  prepared  as  in  Example  1. 
Afterwards  a  large  excess  of  0.21  gr.at.  of  Ti  powder  (Cerac™—  99.5%—  150+325  mesh)  was  added  to  the 
solution,  which  was  placed  in  a  closed  vessel.  The  mixture  was  heated  to  60  —  80°C  and  strongly  stirred  for  4 

30  to  6  hours.  Afterwards,  the  solution,  with  the  excess  of  Ti  powder,  was  placed  in  an  electrolysis  cell  as 
described  in  Example  1  .  The  electrolyte  temperature  was  maintained  at  60°C,  and  the  Ti  powder  was  kept  in 
suspension  by  a  strong  magnetic  stirrer.  The  electrolysis  was  carried  out  at  30  mA/cm2.  The  deposition  of 
Ti/AI  alloys  occurred  immediately,  without  any  pre-electrolysis. 

Twelve  samples  were  produced  under  the  above  conditions  for  6  days  with  the  same  plating  bath  with 
35  a  charge  of  800  Asec  per  electrolysis.  The  quantitative  analysis  of  the  12  resulting  deposit  samples  gave  a 

composition  of  8  to  10  wt%-Ti  and  90  to  92  wt%  Al.  The  average  value  of  the  current  efficiency  was  about 
50%. 

Example  3 
40  Asolution  of  TiBr4:AIBr3:toluene  (molar  composition  0.080:0.330:1.000)  was  prepared  as  in  Example  1. 

The  pre-reduction  of  Ti4+  to  Ti2+  species  was  made  with  Ti  powder  as  in  Example  2. 
The  electrodeposition  of  Ti/AI  alloys  was  carried  out  in  an  electrolysis  cell  described  as  in  Example  1,  at 

60°C.  A  pulsed  cathodic  current  was  used.  The  peak  current  density  (ipc)  and  the  on:off  time  ratio  of  the 
pulsed  current  were  calculated  to  obtain  a  constant  effective  cathodic  current  density  of  20  mA/cm2.  The 

45  cell  voltage  was  about  12  to  14  volts.  After  the  passage  of  800  Asec,  the  deposit  was  dissolved  in  HCI  10% 
and  the  composition,  given  in  Table  2,  was  analyzed  by  atomic  absorption. 

TABLE  2 

ipc  on:off  CE  Deposit  composition  (wt%) 
(mA/cm2)  (msec)  (%)  Ti  Al 

50  1:2  69.0  16.7  83.3 

80  1:3  69.2  18.2  81.8 

120  1:5  55.0  10.7  89.3 

Example  4 
Asolution  of  TiBr4:AIBr3:toluene  (molar  composition  0.080:0.330:1.000)  was  prepared  as  in  Example  1. 

The  pre-reduction  of  Ti4+  to  Ti2+  was  made  with  Ti  powder  as  in  Example  2.  After  the  pre-reduction  step, 
0.032  mole  of  KBr  (Merck™  —  pro  analysis  99.5%)  was  added  to  the  plating  bath. 

65  The  electrodeposition  of  Ti/AI  alloys  was  carried  out  under  similar  conditions  as  described  in  Example 

5 
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3.  A  pulsed  cathodic  current  was  used  with  an  ipc  of  40  mA/cm2  and  an  on:off  ratio  of  1:1  (msec),  giving  an 
effective  cathodic  current  density  of  20  mA/cm2,  and  a  cell  voltage  of  about  5  volts. 

After  the  passage  of  800  Asec,  the  grey  metallic  deposit  obtained  was  analysed  by  atomic  absorption 
and  gave  a  composition  of  21  wt%  Ti  and  79  wt%  Al.  The  current  efficiency  was  65.3%. 

5 
Example  5 

Asolution  of  TiBr4:AIBr3:toluene  (molar  composition  0.100:0.330:1.000)  was  prepared  as  in  Example  1. 
Afterwards,  the  pre-reduction  of  Ti4+  to  Ti2+  was  made  by  addition  of  0.130  gr.at.  of  Mg  particles  (Merck™ 
99%  for  Grignard  reagent)  under  the  same  conditions  as  in  Example  2.  After  the  pre-reduction  step,  0.005 

@  10  mole  of  KBr  was  added  to  the  electrolyte. 
The  electrodeposition  of  Ti/AI  alloys  was  carried  out  directly,  without  any  pre-electrolysis  step.  The 

electrolysis  conditions  were  similar  to  those  described  in  Example  1.  At  a  cathodic  current  density  of  5 
mA/cm2,  with  a  cell  voltage  of  4  to  6  volts,  a  grey  metallic  deposit  was  obtained  onto  a  Cu  substrate.  A  total 
of  800  Asec  of  charge  was  passed. 

15  The  deposit  was  dissolved  first  in  10%  HCI  at  room  temperature.  After  30  minutes  of  dissolution,  the  Cu 
substrate,  still  covered  by  a  thin,  grey  deposit  layer  was  removed  from  the  HCI  solution,  washed  with  water, 
and  the  dissolution  of  the  deposit  was  continued  with  a  new  solution  of  10%  HCI  at  the  boiling  point.  The 
atomic  absorption  analysis  of  the  two  dissolution  solutions  showed  respectively  a  composition  of  31.8  wt% 
Ti  and  68.2  wt%  Al  for  the  first  solution,  and  practically  pure  Ti  for  the  second  one. 

20 
Example  6 

Asolution  of  TiBr4:AIBr3:toluene  (molar  composition  0.025:0.100:1.000)  was  prepared  as  in  Example  1. 
The  pre-reduction  of  Ti4+  to  Ti2+  was  made  by  addition  of  0.033  gr.at.  of  Mg  particles  under  the  same 
conditions  as  in  Example  2.  After  the  pre-reduction  step,  a  mixture  of  0.08  mole  of  KBr  and  0.200  mole  of 

25  AIBr3  was  added  to  the  electrolyte. 
The  electrolysis  was  carried  out  at  60°C,  with  a  cylindrical  rotating  cathode,  made  of  Cu  tube  of  10  mm 

diameter  and  100  mm  length.  A  cylindrical  Ti  anode  of  40  mm  diameter  and  100  mm  length  was  used.  A 
separate  compartment  containing  an  Al  wire  immerged  in  the  plating  solution  served  as  the  reference 
electrode.  The  cathode  rotation  speed  was  about  5000  rpm.  A  pulsed  cathode  potential  was  used  between 

30  the  limits  of  -0.5  and  -0.2  volts  vs/the  Al  reference  electrode,  with  an  on:off  ratio  of  0.5:2.0  (sec)  The 
cathodic  current  density  was  stabilized  between  the  two  limit  values  of  0  and  12  mA/cm2  after  5  minutes  of 
electrolysis.  After  the  passage  of  850  Asec,  a  grey  metallic  deposit  obtained  at  the  immersed  surface  of  the 
Cu  substrate  was  analysed.  The  x-ray  diffraction  analysis,  at  the  surface  deposit,  showed  the  presence  of 
TiAl  intermetallic  phase  as  the  only  crystallic  phase  (composition  64  wt%  Ti  and  36  wt%  Al),  no  pure  Ti,  Al 

35  or  Mg  phase  was  observed.  The  global  composition  of  the  deposit  was  obtained  by  atomic  absorption 
analysis.  No  Mg  was  detected,  the  total  quantity  of  Ti  and  Al  in  the  deposit  corresponded  to  the 
composition  of  53  wt%  Ti  and  47  wt%  Al. 

Example  7 
40  Four  solutions  of  TiBr4:AIBr3:toluene  (molar  composition  0.025:0.100:1.000)  were  prepared  as  in 

Example  1.  The  pre-reduction  of  Ti  species  was  made  with  Mg  particles  as  in  Example  6.  Afterwards,  0.200 
mole  of  AIBr3  and  respectively  0.080,  0.090,  0.100  and  0.1  10  mole  of  KBr  were  added  into  each  of  the  four 
solutions  of  Ti2+  complex. 

The  electrolysis  was  carried  out  under  similar  experimental  conditions  as  in  Example  6,  with  a 
45  cylindrical  rotating  Cu  cathode.  A  pulsed  cathodic  current  was  used  with  an  ipc  of  10  mA/cm2  and  an  on:off 

ratio  of  1  :4  (msec).  After  the  passage  of  850  Asec  the  composition  of  deposits  onto  the  four  Cu  substrates 
was  analyzed  by  atomic  absorption,  the  results  are  listed  in  Table  3. 

TABLE  3 

Molar  ratio  of  the  added  Deposit  composition  (wt%) 
mixture  KBr:AIBr3  Ti  Al 

0.080:0.200  53.0  47.0 

0.090:0.200  54.0  46.0 

0.100:0.200  11.0  89.0 

0.110:0.200  5.0  95.0 

Example  8 
65  A  solution  of  Ti2+  complex  (initial  molar  ratio  0.025  TiBr4:0.100  AIBr3:1.000  toluene+0.033  gr.at.  Mg) 
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was  prepared  as  in  Example  6.  After  the  pre-reduction  step  a  mixture  of  0.090  mole  of  KBr  and  0.200  mole 
of  AIBr3  was  added  to  the  electrolyte. 

The  electrolysis  was  carried  out  under  similar  conditions  as  in  Example  6,  with  a  cylindrical  rotating  Cu 
cathode.  A  pulsed  cathodic  current  was  used,  with  different  values  for  ipc  and  with  an  on:off  ratio  of  1:4 

'  (msec).  After  the  passage  of  850  Asec,  the  deposits  were  dissolved  in  a  boiling  solution  of  10%  HCI,  and  the 
composition  was  analyzed  by  atomic  absorption.  The  deposit  composition,  as  the  function  of  the  applied 
value  of  ipc,  is  given  in  Table  4. 

TABLE  4 
w 

ipc  Deposit  composition  (wt%) 
(mA/cm2)  Ti  Al 

6.4  54.0  46.0 
15 

12.7  47.4  52.6 

25.5  18.2  81.8 

'-0  38.2  13.7  86.3 

Example  9 
A  solution  of  TiBr4:AICI3:toluene  (composition  0.025:0.100:1.000)  was  prepared  at  room  temperature. 

25  The  pre-reduction  of  Ti4+  to  Ti2+  was  made  by  addition  of  0.033  gr.at.  of  Mg  particles,  and  by  heating  at  60°C 
for  6  hours.  After  the  pre-reduction  step,  a  mixture  of  0.12  mole  of  LiCI  and  0.300  mole  of  AICI3  was  added  to 
the  electrolyte. 

The  electrolysis  was  carried  out  under  similar  conditions  as  in  Example  6,  with  a  cylindrical  rotating  Cu 
cathode,  and  an  Al  anode  of  40  mm  diameter  and  100  mm  length.  A  pulsed  cathodic  current  was  used  with 

30  different  values  of  ipo  and  with  an  on:off  ratio  of  1  :4  (msec).  After  the  passage  of  850  Asec,  the  composition 
of  the  deposits  obtained  was  determined  by  atomic  absorption  analysis.  Within  an  ipc  range  of  5  to  25 
mA/cm2  the  compositions  of  the  deposits,  obtained  by  atomic  absorption  analysis,  were  between  9  and  11 
wt%  Ti  and  between  89  and  91  wt%  Al,  with  a  CE  between'  59  and  65%. 

35  Example  10 
Two  solutions  of  TiBr4:AIBr3:toluene  (molar  ratio  0.055:0.330:1.00)  were  prepared  as  in  Example  1.  The 

pre-reduction  of  Ti4+  species  was  made  by  addition  of  0.100  gr.at.  of  Ti  powder,  and  by  heating  at  60°Cfor6 
hours.  Afterwards  a  quantity  of  MgBr2  (Cerac™—  99.8%)  corresponding  respectively  to  0.090  mole  and 
0.130  mole  was  added  to  each  of  the  two  solutions.  The  deposition  of  Ti/AI  alloys  was  made  respectively 

to  from  these  two  baths,  under  similar  experimental  conditions  as  in  Example  6.  The  cathode  potential  was 
maintained  constant  respectively  at  -0.5  and  -1.0  volts  vs.  Al  reference  electrode.  After  the  passage  of  800 
Asec,  the  grey  metallic  deposits  were  dissolved  in  a  boiling  solution  of  HC1  10%  and  the  compositions  were 
analyzed  by  atomic  absorption.  The  results  are  listed  in  Table  5. 

45  TABLE  5 

Bath  composition  Deposit  composition  (wt%) 
TiBr2:AIBr3:MgBr2:toluene  at  -0.5  volt  at  -1.0  volt 

(molar  ratio)  Ti  Al  Ti  Al 

0.110:0.330:0.090:1.000  8.3  91.7  13.5  86.5 

0.110:0.330:0.130:1.000  8.8  91.2  10.7  89.3 

55 
Example  11 

A  solution  of  MoBr3:AIBr3:toluene  was  prepared  by  adding  0.025  mole  of  MoBr3  (Cerac™—  99.8%), 
0.330  mole  of  AIBr3  and  1.000  mole  of  toluene.  The  pre-reduction  of  Mo3+  species  to  the  lower  oxidation 
state  (probably  mixture  of  Mo2+  and  Mo+)  was  made  by  addition  of  0.030  gr.at.  of  Mg  particles,  and  by 

60  heating  at  60°C  for  6  hours.  Afterwards  a  0.198  mole  of  KBr  was  added  to  the  plating  bath. 
A  glass  electrolysis  cell,  with  a  rotating  Cu  cathode,  and  a  cylindrical  Al  anode  described  as  in  Example 

6  was  used.  The  electrolysis  was  carried  out  at  60°C  and  the  cathode  potential  was  maintained  constant  at 
-0.2  volts  vs.  Al  reference  electrode.  The  cathodic  current  density  stabilized  rapidly  at  about  5  mA/cm2. 
After  the  passage  of  800  Asec,  a  thin  layer  of  about  1  .2  micron  of  a  "steel  grey"  deposit  was  obtained.  This 

65  deposit  was  stable  in  a  boiling  solution  of  10%  NaOH.  The  deposit  was  dissolved  in  a  hot  solution  of  HN03 
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concentrated.  The  qualitative  analyze  of  the  resulting  solution  made  with  NH4SCN  showed  the  presence  of 
Mo.  The  x-ray  diffraction  analysis  of  the  deposit  showed  the  presence  of  about  5  wt%  of  Al  phase. 

Example  12 
5  Asolution  of  MoBr3:AICI3:toluene  (molar  ratio  0.025:0.330:1.000)  was  prepared  as  in  Example  11.  The 

pre-reduction  of  Mo3+  was  made  by  addition  of  a  large  excess  (about  5  g)  of  Al  particles.  Afterwards,  0.198 
mole  of  LiCI  was  added  to  the  electrolyte. 

A  glass  cylindrical  cell  with  a  rotating  cathode  and  a  cylindrical  Al  anode  described  as  in  Example  6  was 
used.  A  tube  of  mild  steel  of  10  mm  diameter  and  100  mm  length  was  used  as  the  substrate,  which  was 

w  etched  in  10%  HCI  for  five  minutes,  rinsed  with  water  and  with  acetone  and  dried  in  air.  Before  the  cathodic 
deposition,  the  substrate  was  anodized  at  10  mA/cm2  for  5  minutes.  Afterwards  the  polarity  of  the 
electrodes  was  reversed  immediately  and  the  deposition  of  Mo/AI  alloys  was  carried  out  at  different 
cathodic  current  densities  within  the  range  of  8  to  40  mA/cm2.  Very  dense  and  bright  deposits  were 
obtained  after  a  short  polishing  step  with  Al203  powder.  The  adherence  of  the  deposit  onto  steel  substrates 

15  was  proved  by  cutting  and  bending  tests  of  the  tube.  The  composition  of  the  deposits  was  analyzed  by  SEM 
method.  Microhardness  measurements  were  also  made.  The  results  are  listed  in  table  6. 

TABLE  6 

20  Deposition  current  CE  Comp.  (wt%)  Hardness 
density  (mA/cm2)  (%)  Mo  Al  (HV) 

8  84  20.9  79.1  232.8 

25  20  93  18.6  81.4  259.6 

25  97  16.3  83.7  282.3 

37  95  18.0  82.0  257.8 
30 

40  90  15.6  84.4  222.5 

Example  13 
35  A  Ti/AI  plating  bath  was  prepared  as  in  Example  8  with  the  same  composition.  The  electrolysis  were 

carried  out  with  the  cell  described  as  in  Example  12.  The  mild  steel  substrates  were  etched  in  HCI  solution 
as  above.  Before  the  cathodic  deposition  of  Ti/AI  the  substrate  was  anodized  at  20  mA/cm2  for  2  to  5 
minutes.  Afterwards  the  electrolysis  circuit  was  opened  and  the  substrate  was  allowed  to  stay  in  the 
electrolyte  for  about  30  minutes.  During  this  rest  period,  a  strong  agitation  is  necessary. 

40  After  the  surface  treatment  step,  the  deposition  of  Ti/AI  alloys  was  carried  out  with  a  pulsed  current  at 
an  ipc  between  3  and  13  mA/cm2  and  an  on:off  ratio  between  0.25  and  2.5  (sec).  Following  the  experimental 
conditions,  three  series  of  Ti/AI  coatings  of  composition:  a)  5  to  10%  Ti;  b)  16  to  20%  Ti  and  c)  30  to  37%  Ti 
were  obtained  on  the  steel  tube.  The  deposits  were  polished  with  a  mixture  of  Al203+water.  The  thickness 
of  the  deposit  was  between  30  and  40  micron.  The  adherence  was  proven  by  cutting  and  bending  tests.  The 

45  corrosion  resistance  of  the  coating  was  evaluated  by  a  standard  saline  spray  test,  the  results  are  listed  in 
Table  7. 

TABLE  7 

Sample  Life  time  in  saline  spray  test  (hours) 

a)  More  than  2592  hrs. 
b)  More  than  2592  hrs. 
c)  More  than  2592  hrs. 

pure  Al  1224  hrs.  (75%  red  rust) 

60  Example  14 
A  solution  of  LiCI:AICI3:Toluene  (molar  ratio  0.198:0.330:1)  was  prepared  at  room  temperature. 

Afterwards  0.033  moles  of  CrCI3  (  Ventron-puriss™  quality)  and  about  3  g  of  Al  particles  were  added  to  the 
electrolyte.  The  solution  was  heated  up  to  80°C  in  a  closed  vessel.  CrCI3  which  is  practically  insoluble  was 
kept  in  suspension  by  a  strong  magnetic  stirrer.  The  reduction  of  Cr3+  to  Cr2+  was  completed  after  about 

65  .10—  12  hours,  and  a  dark  green  final  solution  was  obtained. 
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The  electrolyte  was  placed  in  an  electrolysis  cell  as  described  in  Example  1.  A  Cu  cathode  ot 
dimensions  2.5x6.5  cm  and  two  Al  anodes  of  the  same  dimensions  were  used. 

The  electrolysis  was  carried  out  at  different  current  densities.  The  deposit  compositions  were  analysed 
by  atomic  absorption,  the  results  of  which  are  listed  in  Table  8. 

TABLE  8 

Deposit  composition  (wt%)  Hardness 
i(mA/cm2)  Cr  Al  (HV) 

m 
10  21.5  78.5  '  322 

20  30.0  70.0  464 

15  30  43.0  57.0  464 

40  52.5  47.5  420 

50  6.0  94.0  116 

Example  15 
A  quantity  of  TiBr4  corresponding  to  0.010  moles  was  added  to  the  electrolyte  of  Example  14.  The 

interaction  between  Ti4+  and  Cr2+  occurred  immediately  and  led  to  the  formation  of  a  dark  precipitate. 
25  Afterwards  2  g  of  Al  particles  were  added  to  the  mixture,  and  the  solution  was  heated  to  80°C  for  4  hours.  A 

final  dark  brown  solution  was  obtained. 
The  electrolysis  was  carried  out  under  similar  conditions  as  described  in  Example  14.  The  results  of 

deposit  composition  analysis  are  listed  in  Table  9. 

30  TABLE  9 

Deposit  composition  (wt%)  Hardness 
i(mA/cm2)  Cr  Ti  Al  (HV) 

35  10  2.0  6.0  92.0  116 

15  1.0  7.6  91.4  200 

20  1.0  12.0  87.0  180 
40 

30  1.0  14.3  84.7  200 

40  6.7  26.0  67.3  322 

45  50  16.0  9.0  75.0  300 

60  18.0  9.0  73.0  300 

so  Example  16 
In  a  glove  box  with  an  inert  atmosphere  of  nitrogen,  a  plating  bath  was  prepared  with  the  following 

molar  composition: 

TiBr4:AICI3:LiCI:Toluene+0.033:0.330:0.198:1.00 
55 

The  Ti  (IV)  species  were  reduced  to  Ti  (II)  by  reaction  with  an  excess  of  about  5  g  of  Al  particles,  at 
60—  80°C  during  24  hours. 

The  electrolyte  was  placed  afterwards  in  a  cylindrical  glass  electrolysis  cell.  Two  plane  Al  anodes  of 
dimensions  5.0x2.5x0.2  cms  were  used.  The  agitation  was  insured  by  a  magnetic  stirrer. 

so  A  sample  of  Ni  base  superalloy  Inconel™  738  of  dimensions  3.5x6.0x0.5  cms  was  sandblasted, 
degreased  in  hot  acetone  and  dried.  Afterwards,  the  sample  was  introduced  into  the  electrolysis  cell. 
Before  the  deposition  step,  the  surface  of  the  superalloy  sample  was  cleaned  by  an  anodisation  step,  in  the 
same  electrolyte,  at  4  mA/cm2  with  a  charge  corresponding  to  5  Asec/cm2.  Afterward  the  deposition  of  TiAl 
alloy  was  made  with  a  pulse  current  with  ip=20  mA/cm2  and  on:off=1:1  msec.  After  the  passage  of  a 

55  charge  of  160  Asec/cm2,  a  deposit  thickness  of  about  40  urn  of  TiAl  (20  wt%  Ti,  80  wt%  Al)  was  obtained. 
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After  washing  with  water  and  acetone  to  remove  the  traces  of  electrolyte,  the  coated  Inconel™  738 
sample  was  introduced  into  a  furnace  heated  at  1000°C.  in  air.  The  diffusion  treatment  lasted  24  hours. 

After  the  thermal  treatment,  a  coating  layer  of  55  —  60  urn  was  observed  under  the  microscope.  The 
thickness  of  the  coating  was  limited  by  a  diffusion  zone  constituted  by  a  chromium  rich  layer,  resulting 

5  from  the  preferential  diffusion  of  Ni  from  the  Inconel™  738  substrate.  The  composition  of  the  coating,  as 
shown  in  Table  10  below. 

TABLE  10' 

Coating  composition 
As  deposit  After  diffusion 

Component  (wt%)  (wt%) 

Al  82.6  21.7 

Ti  17.4  3.8 

Cr  0  6.2 

Ni  0  61.8 

Co  0  6.5 

25  After  diffusion  the  composition  of  different  coating  components  showed  that  the  coating  layer  was 
principally  composed  of  a  matrix  of  NiAl  with  high  Ti  content. 

Example  17 
A  TiAl  coated  sample  of  Inconel™  738  was  prepared  as  in  Example  16.  The  TiAl  deposit  composition 30  and  thickness  were  in  the  range  of  20%  Ti—  80%  Al  and  35—40  urn. 
The  diffusion  formation  step  of  the  aluminide  coating  from  the  TiAl  deposit  was  performed  directly 

under  the  test  conditions. 
The  oxidation  resistance  of  the  coating  was  tested  under  thermal  cycling  conditions  in  static  air.  The 

thermal  cycle  was  defined  as  follows:  23.5  hours  at  1000°C  followed  by  0.5  hours  at  room  temperature. 35  The  oxidation  resistance,  and  the  stability  towards  diffusion  of  the  coating  were  demonstrated  by  the 
evolution  of  the  specific  weight  modification  and  the  microstructure  of  the  sample.  The  results  after  2500 
hours  of  exposure  are  listed  in  Table  11. 

TABLE  11 

(Al/Ni) 
Weight  gain  Oxidation  penetration  atomic  ratio 

Sample  (mg/cm2)  (um)  of  coating 

TiAl  coated  IN  738  +0.25  None  0.76 

Uncoated  -1.90  200—300  — 

50  These  results  demonstrate  the  good  oxidation  resistance  and  adherence  of  the  Al203  scale  developed 
at  the  coating  surface,  and  the  excellent  stability  of  the  coatings  towards  excessive  outward  diffusion  of  Ni 
from  the  substrate. 

55  Example  18 
A  TiAl  coated  sample  of  Nimonic™  90  (dimensions  2.5x6.0x0.15  cms)  was  prepared  as  in  Example  16. 

The  deposit  thickness  and  composition  were  in  the  range  of  35  —  40  um  and  20%  Ti  —  80%  Al. 
The  coated  sample  was  submitted  directly  to  the  hot  corrosion  conditions  simulated  by  spraying  on  the 

sample  surface  a  solution  of  0.9  mole/l  of  Na2SO4+0.1  mole/l  K2S04,  in  such  a  way  that  the  dried  salt  load 
60  was  in  the  range  of  1.0  to  1.5  mg/cm2.  The  hot  corrosion  test  conditions  were  as  follows: 

Temperature:  900°C 
Salt  load:  1.0  —  1.5  mg/cm2  every  48  hours 
Thermal  cycle:  47  hours  at  900°C  —  1  hour  at  room  temperature. 
The  corrosion  resistance  of  the  coating  was  demonstrated  by  the  evolution  of  the  specific  weight  gain 

65  and  the  microstructure  of  the  sample.  The  results  after  360  hours  of  exposure  are  listed  in  Table  12. 
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TABLE  12 

Weight  gain  Sulfur  penetration  Coating  thickness 
Sample  (mg/cm2)  (um)  after  test  (um) 

TiAl  coated  Nimonic  90  0  None  35 

Uncoated  Nimonic  90  -3.8  150—200  — 

Claims 

1.  A  method  of  electroplating  one  or  an  alloy  of  several  transition  metals  of  groups  4A,  5A  or  6A  of  the 
periodic  table  or  an  alloy  of  at  least  one  of  said  transition  metals  with  aluminum  at  near  ambient 
temperature  onto  an  electrically  conductive  substrate  in  a  non-aqueous  electrolyte,  characterized  by  the 
electroplating  being  carried  out  in  an  electrolyte  comprising  an  aromatic  hydrocarbon  and  an  aluminum 
halide,  wherein  said  transition  metal(s)  is  (are)  dissolved  in  the  form  of  halides  of  a  high  oxidation  state, 
said  transition  metal(s)  being  pre-reduced  before  electroplating  to  a  lower  oxidation  state. 

2.  The  method  of  claim  1,  characterized  by  the  pre-reduction  of  said  transition  metal(s)  being  carried 
out  by  addition  of  a  metallic  reducing  agent. 

3.  The  method  of  claim  2,  characterized  by  the  reducing  agent  comprising  one  of  the  transition  metals 
being  plated,  Al  or  an  alkali  metal. 

4.  The  method  of  claim  2,  characterized  by  the  reducing  agent  being  Mg. 
5.  The  method  of  one  of  the  claims  1—4,  characterized  by  the  aromatic  hydrocarbon  being  benzene,  or 

an  alkyl  benzene  of  the  group  toluene,  ethyl  benzene,  xylene  or  mixtures  thereof,  the  transition  metals 
being  dissolved  therein  in  the  form  of  bromides  and  or  chlorides,  the  electrolyte  further  comprising  an 
alkali  metal  halide. 

6.  The  method  of  claim  5,  characterized  by  that  the  molar  concentration  of  the  halide(s)  of  the  transition 
metal(s):the  aluminum  haliderthe  aromatic  hydrocarbon  is  in  the  range  of  0.02—0.20:0.05—0.50:1,  the 
cathodic  plating  current  density  being  in  the  range  of  5—100  mA/cm2. 

7.  The  method  of  claim  6,  characterized  by  the  reducing  agent  having  a  molar  concentration  of 
0.02  —  0.20  per  1.0  mole  of  the  aromatic  hydrocarbon. 

8.  The  method  of  claim  6  or  7,  characterized  by  the  alkali  metal  halide  having  a  molar  concentration  of 
0.01—0.3  per  1  mole  of  the  aromatic  hydrocarbon. 

9.  The  method  of  claim  8,  characterized  by-the  alkali  metal  halide  being  a  chloride  or  a  bromide  of  Li,  Na 
or  K. 

10.  The  method  of  claim  9,  characterized  by  the  electrolyte  comprising  TiBr4,  AIBr3,  toluene,  Mg  and 
one  of  LiCI  and  KBr  in  the  following  composition  (expressed  in  moles): 

TiBr4:  0.025—0.1 
AIBr3:  0.20—0.33 
toluene:  1 
Mg:  0.03—0.13 
LiCI  or  KBr:  0.005—0.11. 

11.  The  method  of  claim  10,  characterized  by  the  electrolyte  comprising  0.01  —  0.05  gr.  at.  of  Mg 
particles,  0.05—0.15  moles  KBr  and  an  additional  amount  of  0.1—0.3  moles  of  AIBr3  per  mole  toluene,  the 
latter  being  added  to  the  electrolyte  after  the  initial  pre-reduction  of  the  Ti4+  ions  to  Ti2+  ions  by  the  Mg. 

12.  The  method  of  claim  9,  characterized  by  the  electrolyte  comprising  MoBr3,  AIBr3,  toluene,  and  Mg  in 
a  molar  (gr.  at.)  concentration  of  0.01—0.05:0.1—0.5:1:0.01—0.05,  0.1—0.3  moles  KBr  per  mole  toluene 
being  added  to  the  electrolyte  after  pre-reduction  of  the  Mo3+  ions  to  a  lower  oxidation  state  by  the  Mg. 

13.  The  method  of  claim  9,  characterized  by  the  electrolyte  comprising  MoBr3,  AIBr3,  toluene,  and  Al  in 
a  molar  (gr.  at.)  concentration  of  0.01—0.05:0.1—0.5:1:0.01—0.05,  0.1—0.3  moles  LiCI  per  mole  toluene 
being  added  to  the  electrolyte  after  pre-reduction  of  the  Mo3+  ions  to  a  lower  oxidation  state  by  the  Al. 

14.  The  method  of  claim  9,  characterized  by  the  electrolyte  comprising  CrCI3,  AICI3,  LiCI,  toluene  and  Al 
in  a  molar  concentration  of  0.02—0.05:0.2—0.5:0.15—0.25:1:0.05—0.20. 

15.  The  method  of  claim  14,  characterized  by  the  electrolyte  further  comprising  0.025  —  0.100  moles  of 
TiBr4. 

16.  The  method  of  one  of  the  claims  1  —  15,  characterized  by  the  ions  of  the  electroplated  metals  being 
substantially  continuously  fed  into  the  electrolyte  by  means  of  feed  anodes. 

17.  The  method  of  any  one  of  claims  1  —  16,  characterized  by  the  substrate  comprising  nickel,  cobalt, 
iron  and/or  titanium. 

18.  The  method  of  claim  17,  characterized  by  the  substrate  having  an  intermediate  layer  comprising 
nickel. 
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19.  The  method  of  any  one  of  claims  1  —  18,  characterized  by  the  coating  and  the  substrate  being  heat 
treated  at  a  temperature  between  400°C  and  1200°C  to  interdiffuse  substrate  components  with  the  coating. 

20.  Use  of  the  process  of  one  of  claims  1  —  19  for  the  preparation  of  coatings  for  corrosion  and 
oxidation  protection  in-  aqueous  solutions  or  high  temperature  gaseous  environments. 

Patentanspriiche 

1.  Verfahren  zur  Galvanisierung  eines  elektrisch  leitfahigen  Substrates  in  einem  nicht  waftrigen 
Elektrolyten  bei  einer  Temperatur  nahe  der  Raumtemperatur  mit  einem  oder  einer  Legierung  von 
mehreren  Ubergangsmetallen  der  Gruppen  4a,  5a  oder  6a  des  Periodensystems  oder  mit  einer  Legierung 
von  zumindest  einem  der  besagten  Obergangsmetalle  mit  Aluminium,  dadurch  gekennzeichnet,  daft  das 
Galvanisieren  in  einem  Elektrolyten  ausgefuhrt  wird,  der  einen  aromatischen  Kohlenwasserstoff  und  ein 
Aluminiumhalogenid  enthalt,  und  in  welchem  besagte(s)  Obergangsmetall(e)  in  Form  eines  Halogenids 
einer  hohen  Oxidationsstufe  gelost  ist  (sind),  wobei  besagte(s)  Ubergangsmetall(e)  vor  der  Galvanisierung 
zu  einer  niedrigeren  Oxidationsstufe  vorreduziert  wird  (werden). 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  daft  die  Vorreduktion  des  (der)  besagten 
Obergangsmetails(e)  durch  Zugabe  eines  metallischen  Reduktionsmittels  ausgefuhrt  wird  (werden). 

3.  Verfahren  nach  Anspruch  2,  dadurch  gekennzeichnet,  daft  das  Reduktionsmittel  eines  der 
Obergangsmetalle,  mit  denen  galvanisiert  wird,  Al  oder  ein  Alkalimetall  enthalt. 

4.  Verfahren  nach  Anspruch  2,  dadurch  gekennzeichnet,  daft  das  Reduktionsmittel  Mg  ist. 
5.  Verfahren  nach  einem  der  Anspriiche  1  bis  4,  dadurch  gekennzeichnet,  daft  der  aromatische 

Kohlenwasserstoff  Benzol  oder  ein  Alkylbenzol  aus  der  Gruppe  Toluol,  Ethylbenzol,  Xylol  oder  eine 
Mischung  von  Xylolen  ist,  wobei  die  Obergangsmetalle  in  Form  der  Bromide  oder  Chloride  gelost  sind  und 
der  Elektrolyt  ferner  ein  Alkalimetallhalogenid  enthalt. 

6.  Verfahren  nach  Anspruch  5,  dadurch  gekennzeichnet,  daft  die  molare  Konzentration  an  Obergangs- 
metalihalogenid:Aluminiumhalogenid:aromatischem  Kohlenwasserstoff  im  Bereich  von  0,02  —  0,20:0,05  — 
0,50:1  und  die  kathodische  Galvanisierungsstromdichte  im  Bereich  von  5  —  100  mA/cm2  liegt. 

7.  Verfahren  nach  Anspruch  6,  dadurch  gekennzeichnet,  daft  das  Reduktionsmittel  in  einer  molaren 
Konzentration  von  0,02  —  0,20  pro  1,0  Mol  des  aromatischen  Kohlenwasserstoffs  vorliegt. 

8.  Verfahren  nach  Anspruch  6  oder  7,  dadurch  gekennzeichnet,  daft  das  Alkalimetallhalogenid  in  einer 
molaren  Konzentration  von  0,01  —  0,3  pro  1  Mol  des  aromatischen  Kohlenwasserstoffs  vorliegt. 

9.  Verfahren  nach  Anspruch  8,  dadurch  gekennzeichnet,  daft  das  Alkalimetallhalogenid  ein  Chlorid 
oder  ein  Bromid  des  Li,  Na  oder  K  ist.  ' 

10.  Verfahren  nach  Anspruch  9,  dadurch  gekennzeichnet,  daft  der  Elektrolyt  TiBr4,  AIBr3,  Toluol,  Mg 
und  entweder  LiCI  oder  KBr  in  der  folgenden  Zusammensetzung  (angegeben  in  Mol)  enthalt: 

11.  Verfahren  nach  Anspruch  10,  dadurch  gekennzeichnet,  daft  der  Elektrolyt  0,01  —  0,05  Grammatom 
Magnesiumteilchen,  0,05  —  0,15  Mol  KBr  und  eine  zusatzliche  Mengevon  0,1  —  0,3  Mol  AIBr3  pro  Mol  Toluol 
enthalt,  wobei  letzteres  dem  Elektrolyten  nach  der  anfanglichen  Vorreduktion  von  Ti4+  lonen  zu  Ti2+  lonen 
durch  Magnesium  zugefiigt  wird. 

12.  Verfahren  nach  Anspruch  9,  dadurch  gekennzeichnet,  daft  der  Elektrolyt  MoBr3,  AIBr3,  Toluol  und 
Magnesium  in  einer  molaren  (Grammatom)  Konzentration  von  0,01  —  0,05:0,1  —  0,5:1:0,01  —  0,05  enthalt, 
wobei  pro  Mol  Toluol  dem  Elektrolyten  nach  Vorreduktion  der  Mo3+  lonen  durch  Magnesium  zu  einer 
niedrigeren  Oxidationsstufe  0,1  —  0,3  Mol  KBr  hinzugefugt  werden. 

13.  Verfahren  nach  Anspruch  9,  dadurch  gekennzeichnet,  daft  der  Elektrolyt  MoBr3,  AIBr3,  Toluol  und  Al 
in  einer  molaren  (Grammatom)  Konzentration  von  0,01  —  0,05:0,1  —  0,5:1  :0,01  —  0,05  enthalt,  wobei  pro  Mol 
Toluol  dem  Elektrolyten  nach  Vorreduktion  der  Mo3+  lonen  durch  Aluminium  zu  einer  niedrigeren 
Oxidationsstufe  0,1—0,3  Mol  LiCI  zugefiigt  werden. 

14.  Verfahren  nach  Anspruch  9,  dadurch  gekennzeichnet,  daft  der  Elektrolyt  CrCI3,  AICI3,  LiCI,  Toluol 
und  Al  in  einer  molaren  Konzentration  von  0,02—0,05:0,2—0,5:0,15—0,25:1:0,05—0,20  enthalt. 

15.  Verfahren  nach  Anspruch  14,  dadurch  gekennzeichnet,  daft  der  Elektrolyt  aufterdem  0,025  —  0,100 
Mol  TiBr4  enthalt. 

16.  Verfahren  nach  einem  der  Anspriiche  1  bis  15,  dadurch  gekennzeichnet,  daft  die  lonen  des  Metalls, 
mit  dem  galvanisiert  wird,  dem  Elektrolyten  im  wesentlichen  kontinuierlich  mit  Hilfe  von  Opferanoden 
zugeftihrt  werden. 

17.  Verfahren  nach  einem  der  Anspriiche  1  bis  16,  dadurch  gekennzeichnet,  daft  das  Substrat  Nickel, 
Kobalt,  Eisen  und/oder  Titan  enthalt. 

18.  Verfahren  nach  Anspruch  17,  dadurch  gekennzeichnet,  daft  das  Substrat  eine  Nickel  enthaitende 
Zwischenschicht  aufweist. 

TiBr4: 
AIBr3: 
Toluol 
Mg: 

0,025—0,1 
0,20—0,33 
1 
0,03—0,13 
0,005—0,1  1 LiCI  Oder  KBr: 
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19.  Verfahren  nach  einem  der  Anspriiche  1  bis  18,  dadurch  gekennzeichnet,  daB  der  Uberzug  und  das 
Substrat  bei  einer  Temperatur  zwischen  400°C  und  1200°C  warmebehandelt  werden,  um  die  Substrat- 
bestandteile  mit  dem  Uberzug  zur  interdiffusion  zu  bringen. 

20.  Verwendung  des  Verfahrens  nach  einem  der  Anspriiche  1  bis  19  zur  Herstellung  von  Uberziigen 
5  zum  Schutz  vor  Korrosion  und  Oxidation  in  waSrigen  Losungen  oder  in  Gasen  bei  hoher  Temperatur. 

Revendications 

i°  1.  Une  methode  pour  la  gaivanopiastie  d'un  ou  d'un  alliage  de  plusieurs  metaux  de  transition  des 
groupes  4A,  5A  ou  6A  du  tableau  periodique  ou  un  alliage  d'au  moins  un  des  dits  metaux  de  transition  avec 
I'aluminium  a  une  temperature  presque  ambiante  sur  un  substrat  conducteur  de  I'electricite  dans  un 
electrolyte  non-acqueux,  caracterisee  en  ce  que  la  gaivanopiastie  est  menee  dans  un  electrolyte  contenant 
un  hydrocarbure  aromatique  et  un  halogenure  d'aluminium,  dans  lequel  le(s)  dit(s)  metal  (metaux)  de 

15  transition  est  (sont)  dissout(s)  sous  forme  d'haiogenures  a  un  etat  d'oxydation  eleve,  le  dit  metal  de 
transition  etant  pre-reduit  avant  I'electrodeposition  a  un  etat  d'oxydation  moins  eleve. 

2.  La  methode  de  la  revendication  1,  caracterisee  en  ce  que  la  pre-reduction  du  (des)  dit(s)  metal 
(metaux)  de  transition  est  menee  par  I'addition  d'un  agent  reducteur  metallique. 

3.  La  methode  de  la  revendication  2,  caracterisee  en  ce  que  I'agent  reducteur  comprend  un  des  metaux 
20  de  transition  a  deposer,  Al  ou  un  metal  alcalin. 

4.  La  methode  de  la  revendication  2,  caracterisee  en  ce  que  I'agent  reducteur  est  Mg. 
5.  La  methode  de  I'une  des  revendications  1  —  4,  caracterisee  en  ce  que  I'hydrocarbure  aromatique  est 

le  benzene,  ou  un  alkyl  de  benzene  du  groupe  toluene,  ethyl  benzene,  xylene  ou  des  melanges  de  ceux-ci, 
les  metaux  de  transition  y  etant  dissouts  sous  la  forme  de  bromures  et  ou  de  chlorures,  I'electrolyte 

25  contenant  de  plus  un  halogenure  de  metal  alcalin. 
6.  La  methode  de  la  revendication  5,  caracterisee  en  ce  que  la  concentration  moiaire  de  I'halogenure 

(des  halogenures)  du  metal  (des  metaux)  de  transition:de  I'halogenure  d'aluminium:de  I'hydrocarbure 
aromatique  est  dans  I'intervalle  de  0,02—0,20:0,05  —  0,50:1,  la  densite  de  courant  de  deposition  cathodique 
etant  dans  1'intervalle  de  5  —  100  mA/cm2. 

30  7.  La  methode  de  la  revendication  6,  caracterisee  en  ce  que  I'agent  reducteur  a  une  concentration 
moiaire  de  0,02  —  0,20  par  mole  d'hydrocarbure  aromatique. 

8.  La  methode  de  la  revendication  6  ou  7,  caracterisee  en  ce  que  I'halogenure  de  metal  alcalin  a  une 
concentration  moiaire  de  0,01—0,3  par  mole  d'hydrocarbure  aromatique. 

9.  La  methode  de  la  revendication  8,  caracterisee  en  ce  que  I'halogenure  de  metal  alcalin  est  un 
35  chlorure  ou  un  bromure  de  Li,  de  Na  ou  de  K. 

10.  La  methode  de  la  revendication  9,  caracterisee  en  ce  que  I'electrolyte  contientTiBr4,  AIBr3,  toluene, 
Mg,  et  I'un  de  LiCI  et  KBr  de  la  composition  suivante  (exprimee  en  moles): 

TiBr4:  0,025—0,1 
40  AIBr3:  0,20  —  0,33 

toluene:  1 
Mg:  0,03—0,13 
LiCI  ou  KBr:  0,005—0,11. 

45  11.  La  methode  de  la  revendication  10,  caracterisee  en  ce  que  I'electrolyte  comprend  0,01  —  0,05  at.  gr. 
de  particules  de  Mg,  0,05  —  0,15  moles  de  KBr  et  une  quantite  supplemental  de  0,1  —  0,3  moles  de  AIBr3 
par  mole  de  toluene,  ce  dernier  etant  ajoute  a  I'electrolyte  apres  la  pre-reduction  initiale  des  ions  Ti4+  en 
ions  Ti2+  par  le  Mg. 

12.  La  methode  de  la  revendication  9,  caracterisee  en  ce  que  I'electrolyte  comprend  MoBr3,  AIBr3, 
so  toluene,  et  Mg  dans  une  concentration  moiaire  (at.  gr).  de  0,01—  0,05:0,1—  0,5:1  :0,01—  0,05,  0,1—0,3  moles 

de  KBr  par  mole  de  toluene  etant  ajoutes  a  I'electrolyte  apres  la  pre-reduction  des  ions  Mo3+  a  un  etat 
d'oxydation  inferieur  par  le  Mg. 

13.  La  methode  de  la  revendication  9,  caracterisee  en  ce  que  I'electrolyte  comprend  MoBr3,  AIBr3, 
toluene,  et  Al  dans  une  concentration  moiaire  (at.  gr.)  de  0,01  —  0,05:0,1—  0,5:1  :0,01—  0,05,  0,1—0,3  moles 

55  de  LiCI  par  mole  de  toluene  etant  ajoutes  a  I'electrolyte  apres  la  pre-reduction  des  ions  Mo3+  a  un  etat 
d'oxydation  inferieur  par  I'AI. 

14.  La  methode  de  la  revendication  9,  caracterisee  en  ce  que  I'electrolyte  comprend  CrCI3,  AICI3,  LiCI, 
toluene,  et  Al  dans  une  concentration  moiaire  de  0,02—0,05:0,2—0,5:0,15—0,25:1:0,05—0,20. 

15.  La  methode  de  la  revendication  14,  caracterisee  en  ce  que  I'electrolyte  comprend  en  plus 
60  0,025—0,100  moles  de  TiBr4. 

16.  La  methode  d'une  des  revendications  1  —  15,  caracterisee  en  ce  que  les  ions  des  metaux  deposes 
electriquement  sont  alimentes  dans  I'electrolyte  de  maniere  essentiellement  continue  au  moyen  d'anodes 
d'alimentation. 

17.  La  methode  d'une  des  revendications  1  —  16,  caracterisee  en  ce  que  le  substrat  contient  du  nickel, 
65  du  cobalt,  du  fer  et/ou  du  titane. 
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18.  La  methode  de  la  revendication  17,  caracterisee  en  ce  que  le  substrat  a  une  couche  intermediate 
contenant  du  nickel. 

19.  La  methode  d'une  des  revendications  1  —  18,  caracterisee  en  ce  que  le  revetement  et  le  substrat  sont 
traites  par  la  chaleur  a  une  temperature  entre  400°C  et  1200°C  pour  interdiffuser  les  composants  du  substrat 

s  avec  le  revetement. 
20.  L'utilisation  du  procede  d'une  des  revendications  1  —  19  pour  la  preparation  de  revetements  pour  la 

protection  contre  la  corrosion  et  I'oxydation  en  solutions  acqueuses  ou  dans  des  environnements  gazeux  a 
haute  temperature. 
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