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Description 

BACKGROUND  OF  THE  INVENTION 

Electrodes  for  use  in  electrolytic  processes 
have  been  known  which  have  a  base  or  core  metal 
bearing  a  layer  or  coating  of  metal  oxides.  The 
core  metal  of  the  electrode  may  be  a  valve  metal 
such  as  titanium,  tantalum,  zirconium,  niobium  or 
tungsten.  Where  the  coating  is  an  oxide  mixture,  an 
oxide  of  the  core  or  substrate  metal  can  contribute 
to  the  mixture.  As  taught  for  example  in  U.S.  Patent 
3,71  1  ,385,  such  mixture  can  include  an  oxide  of  the 
substrate  metal  plus  at  least  one  oxide  of  a  metal 
such  as  platinum,  iridium,  rhodium,  palladium, 
ruthenium,  and  osmium. 

It  has  also  been  known  that  such  mixture  which 
can  be  termed  a  noble  metal  oxide  mixture,  can  be 
a  mixture  of  ruthenium  oxide  and  iridium  oxide. 
Such  have  been  taught  generally  in  U.S.  Patent 
3,632,498  and  examples  shown  specifically,  when 
combined  with  titanium  oxide,  in  U.S.  Patent 
3,948,751  .  Particularly  for  utilization  as  a  coating  on 
an  electrode  used  in  an  electrolysis  of  an  aqueous 
alkali-metal  halide,  e.g.,  sodium  chloride,  it  has 
been  taught  in  U.S.  Patent  4,005,004  that  such 
noble  metal  oxide  mixture  can  be  particularly  ser- 
viceable  when  in  further  mixture  with  both  titanium 
oxide  and  zirconium  oxide.  Such  a  mixture,  as 
taught  in  the  patent,  yields  a  solid  solution  coating 
that  ostensibly  enhances  the  practical  utilization  of 
the  electrodes  for  their  intended  use. 

More  recently,  it  has  been  proposed  for  en- 
hanced  wear  resistance  of  an  electrode,  especially 
when  utlized  in  electrolysis  producing  oxygen  and 
chlorine  in  combination,  to  provide  the  molar 
amount  of  titanium  oxide  equal  to  or  greater  than 
the  moles  of  the  total  oxides  of  iridium  and 
ruthenium.  Such  has  been  disclosed  in  U.S.  Patent 
4,564,434,  wherein  there  is  also  taught  providing 
the  molar  amount  of  iridium  oxide  about  the  same 
as,  to  greater  than,  the  molar  amount  of  ruthenium 
oxide. 

SUMMARY  OF  THE  INVENTION 

It  would  however  be  desirable  to  provide  an 
electrocatalytic  coating  which  in  electrolysis  of 
halogen-containing  solutions,  e.g.,  chlor-alkali  pro- 
duction  from  brine  electrolysis,  will  achieve  re- 
duced  oxygen  evolution.  It  would  also  be  particu- 
larly  desirable  to  provide  such  a  coating  exhibiting 
retarded  weight  loss  when  exposed  to  caustic.  It 
would  be  most  beneficial  if  such  characteristics 
could  be  achieved,  not  only  in  combination,  but 
without  sacrifice  to  other  wanted  features,  e.g.,  no 
sacrifice  in  the  chlorine  evolution  potential  for  the 
anode.  It  would  also  be  advantageous  to  prepare 

an  electrode  using  a  coating  composition  that  is 
readily  prepared,  has  a  simplistic  formulation,  and 
provides  ease  and  safety  in  handling  and  use. 

The  invention  is  broadly  directed  to  an  elec- 
5  trade  having  reduced  oxygen  evolution  during  elec- 

trolysis  of  halogen-containing  solutions  particularly 
at  low  pH,  such  electrode  comprising  an  electrically 
conductive  metal  substrate  having  a  coating  of 
enhanced  stability  under  alkaline  conditions,  which 

io  coating  comprises  at  least  15,  but  less  than  25, 
mole  percent  iridium  oxide,  35-50  mole  percent 
ruthenium  oxide  and  at  least  30,  but  less  than  45 
mole  percent  titanium  oxide  basis  100  mole  per- 
cent  of  the  oxides  present  in  the  coating.  Thereby 

75  the  coating  has  a  molar  ratio  of  titanium  oxide  to 
the  total  of  the  oxides  of  iridium  and  ruthenium  of 
less  than  1:1,  and  should  have  a  molar  ratio  of 
ruthenium  oxide  to  iridium  oxide  of  greater  than 
1  .5:1  and  up  to  3:1  . 

20  In  another  aspect,  the  invention  is  directed  to  a 
coating  composition  adapted  for  providing  the  fore- 
going  described  mixed  metal  oxide  coating  and  in 
a  still  further  aspect  is  directed  to  the  method  of 
making  an  electrode  which  is  hereinbefore  defined. 

25  The  electrode  will  be  particularly  useful  as  an  an- 
ode  in  a  membrane  cell  used  for  the  electrolysis  of 
brine  that  is  at  a  pH  within  the  range  of  from  about 
2  to  about  4. 

30  DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

The  coating  composition  of  the  present  inven- 
tion  is  broadly  applicable  to  any  electrically  con- 

35  ductive  metal  substrate  which  will  be  sufficiently 
electrically  conductive  to  serve  as  an  electrode  in 
an  electrolysis  process.  Thus  the  metals  of  the 
substrate  are  broadly  contemplated,  but  in  view  of 
the  application  of  an  electrocatalytic  coating,  the 

40  substrate  metals  more  typically  may  be  such  as 
nickel  or  manganese,  or  most  always  the  valve 
metals,  including  titanium,  tantalum,  aluminum, 
tungsten,  zirconium  and  niobium.  Of  particular  in- 
terest  for  its  ruggedness,  corrosion  resistance  and 

45  availability  is  titanium.  As  well  as  the  normally 
available  elemental  metals  themselves,  the  suitable 
metals  of  the  substrate  can  include  metal  alloys 
and  intermetallic  mixtures.  For  example,  titanium 
may  generally  be  alloyed  with  nickel,  cobalt,  iron, 

50  manganese  or  copper.  More  specifically,  Grade  5 
titanium  may  include  up  to  6.75  weight  %  alu- 
minum  and  4.5  weight  %  vanadium,  grade  6  up  to 
6%  aluminum  and  3%  tin,  grade  7  up  to  0.25 
weight  %  palladium,  grade  10,  from  10  to  13 

55  weight  %  molybdenum  plus  4.5  to  7.5  weight  % 
zirconium  and  so  on. 

The  coating  composition  applied  to  the  coated 
metal  substrate  will  be  aqueous,  which  will  most 

2 
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always  be  simply  water  without  any  blending  with 
further  liquid.  Preferably,  deionized  or  distilled  wa- 
ter  is  used  to  avoid  inorganic  impurities.  For  econo- 
my  of  preparation  and  utilization,  the  aqueous  com- 
positions  that  are  serviceable  will  be  solutions  of 
precursor  constituents  in  the  aqueous  medium,  that 
is,  precursors  to  the  oxides  that  will  be  present  in 
the  coating.  The  precursor  constituents  utilized  in 
the  aqueous  solution  are  those  which  can  be 
solubilized  in  water  efficiently  and  economically, 
e.g.,  achieve  solution  without  extensive  boiling  con- 
dition.  Moreover,  the  precursors  must  supply  the 
respective  metal  oxide  on  thermodecomposition. 
Where  they  are  all  present  in  the  same  composi- 
tion,  they  must  also  be  compatible  with  one  an- 
other.  In  this  regard,  they  are  advantageously  non- 
reactive  toward  one  another,  e.g.,  will  not  react  so 
as  to  form  products  which  will  lead  to  deleterious 
non-oxide  substituents  in  the  coating  or  precipitate 
from  the  coming  solution.  Usually,  each  precursor 
constituent  will  be  a  metal  salt  that  most  often  is  a 
halide  salt  and  preferably  for  economy  coupled 
with  efficiency  of  solution  preparation  such  will  all 
be  the  chloride  salt.  However,  other  useful  salts 
include  iodides,  bromides  and  ammonium  chloro 
salts  such  as  ammonium  hexachloro  iridate  or 
ruthenate. 

In  the  individual  or  combination  solutions,  in 
addition  to  the  suitable  precursor  constituent,  most 
always  with  only  one  exception  no  further  solution 
ingredients  will  be  present.  Such  exception  will 
virtually  always  be  the  presence  of  inorganic  acid. 
For  example,  a  solution  of  iridium  trichloride  can 
further  contain  strong  acid,  most  always  hydrochlo- 
ric  acid,  which  will  usually  be  present  in  an  amount 
to  supply  about  5  to  20  weight  percent  acid.  Typi- 
cally,  the  individual  or  combination  solutions  will 
have  a  pH  of  less  than  1  ,  such  as  within  the  range 
of  from  about  0.2  to  about  0.8. 

When  the  coating  composition  is  a  solution  of 
all  precursor  constituents,  such  will  contain  at  least 
15,  but  less  than  25,  mole  percent  of  the  iridium 
constituent,  35-50  mole  percent  of  the  ruthenium 
constituent,  and  at  least  30,  but  less  than  45,  mole 
percent  of  the  titanium  constituent,  basis  100  mole 
percent  of  these  constituents.  A  composition  con- 
taining  an  iridium  constituent  in  an  amount  of  less 
than  15  mole  percent  will  be  inadequate  for  provid- 
ing  an  electrode  coating  having  the  best  caustic 
stability,  such  as  when  the  electrode  is  used  in  a 
chlor-alkali  cell.  On  the  other  hand,  less  than  25 
mole  percent  for  the  iridium  precursor  will  be  desir- 
able  for  best  low  operating  potential  efficiency  for 
the  coating.  In  regard  to  the  ruthenium,  a  constitu- 
ent  amount  in  the  solution  of  less  than  about  35 
mole  percent  will  be  insufficient  to  provide  the 
most  efficient  low  chlorine  potential  for  resulting 
coatings,  while  an  amount  not  greater  than  50  mole 

percent  enhances  coating  stability.  Also,  for  best 
coating  characteristics,  the  molar  ratio  of  ruthenium 
oxide  to  iridium  oxide  in  the  resulting  coating  will 
be  from  greater  than  1.5:1  up  to  3:1. 

5  For  the  titanium  precursor  in  the  coating  com- 
position,  an  amount  providing  less  than  30  mole 
percent  titanium  is  uneconomical  while  45  mole 
percent  titanium  or  more  can  lead  to  higher  operat- 
ing  potential  for  electrode  coatings  operating  in 

io  chlor-alkali  cells.  Preferably  for  best  economy, 
coupled  with  the  overall  most  desirable  coating 
characteristics,  the  coating  solution  will  contain 
constituents  in  a  proportion  such  as  to  provide  from 
about  18-22  mole  percent  iridium,  35-40  mole  per- 

15  cent  ruthenium,  and  40-44  mole  percent  titanium. 
The  resulting  coating  will  furthermore  have  a  molar 
ratio  of  titanium  oxide  to  the  total  of  the  oxides  of 
iridium  ruthenium  of  less  than  1:1,  but  most  always 
above  0.5:1  . 

20  Before  applying  the  coating  composition  to  the 
substrate  metal,  the  substrate  metal  advantageous- 
ly  is  a  cleaned  surface.  This  may  be  obtained  by 
any  of  the  treatments  used  to  achieve  a  clean 
metal  surface,  including  mechanical  cleaning.  The 

25  usual  cleaning  procedures  of  degreasing,  either 
chemical  or  electrolytic,  or  other  chemical  cleaning 
operation  may  also  be  used  to  advantage.  Where 
the  substrate  preparation  includes  annealing,  and 
the  metal  is  grade  1  titanium,  the  titanium  can  be 

30  annealed  at  a  temperature  of  at  least  about  450  °  C. 
for  a  time  of  at  least  about  15  minutes,  but  most 
often  a  more  elevated  annealing  temperature,  e.g., 
600  °  -875  °  C.  is  advantageous. 

After  the  foregoing  operation,  e.g.,  cleaning,  or 
35  cleaning  and  annealing,  and  including  any  desir- 

able  rinsing  and  drying  steps,  the  metal  surface  is 
then  ready  for  continuing  operation.  Where  such  is 
etching,  it  will  be  with  an  active  etch  solution. 
Typical  etch  solutions  are  acid  solutions.  These 

40  can  be  provided  by  hydrochloric,  sulfuric,  perch- 
loric,  nitric,  oxalic,  tartaric,  and  phosphoric  acids  as 
well  as  mixtures  thereof,  e.g.,  aqua  regia.  Other 
etchants  that  may  be  utilized  include  caustic  etch- 
ants  such  as  a  solution  of  potassium  hydrox- 

45  ide/hydrogen  peroxide  in  combination,  or  a  melt  of 
potassium  hydroxide  with  potassium  nitrate.  For 
efficiency  of  operation,  the  etch  solution  is  advanta- 
geously  a  strong,  or  concentrated,  aqueous  solu- 
tion,  such  as  an  18-22  weight  %  solution  of  hy- 

50  drochloric  acid,  or  a  solution  of  sulfuric  acid.  More- 
over,  the  solution  is  advantageously  maintained 
during  etching  at  elevated  temperature  such  as  at 
80  °C.  or  more  for  aqueous  solutions,  and  often  at 
or  near  boiling  condition  or  greater,  e.g.,  under 

55  refluxing  condition.  Preferably,  the  etching  will  pre- 
pare  a  roughened  surface,  as  determined  by  aided, 
visual  inspection.  Following  etching,  the  etched 
metal  surface  can  then  be  subjected  to  rinsing  and 

3 
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drying  steps  to  prepare  the  surface  for  coating. 
The  coating  composition  can  then  be  applied 

to  the  metal  substrate  by  any  means  for  typically 
applying  an  aqueous  coating  composition  to  a  sub- 
strate  metal.  Such  methods  of  application  include 
brush,  roller,  and  spray  application.  Moreover,  com- 
bination  techniques  can  be  utilized,  e.g.,  spray  and 
brush  technique.  Spray  application  can  be  either 
conventional  compressed  gas  or  can  be  electro- 
static  spray  application.  Advantageously,  electro- 
static  spray  application  will  be  used  for  best  wrap 
around  affect  of  the  spray  for  coating  the  back  side 
of  an  article  such  as  a  mesh  electrode. 

Following  application  of  the  coating,  the  applied 
composition  will  be  heated  to  prepare  the  resulting 
mixed  oxide  coating  by  thermodecomposition  of 
the  precursors  present  in  the  coating  composition. 
This  prepares  the  mixed  oxide  coating  containing 
the  mixed  oxides  in  the  molar  proportions  as  above 
discussed.  Such  heating  for  the  thermodecomposi- 
tion  will  be  conducted  at  a  temperature  of  at  least 
about  440  °  C.  peak  metal  temperature  for  a  time  of 
at  least  about  3  minutes.  More  typically  the  applied 
coating  will  be  heated  at  a  more  elevated  tempera- 
ture  for  a  slightly  longer  time,  but  usually  a  tem- 
perature  of  greater  than  about  550  °C.  is  avoided 
for  economy  and  to  avoid  detrimental  effects  on 
anode  potential  where  the  coated  metal  will  serve 
as  an  anode.  Suitable  conditions  can  include  heat- 
ing  in  air  or  oxygen.  Following  such  heating,  and 
before  additional  coating  as  where  an  additional 
application  of  the  coating  composition  will  be  ap- 
plied,  the  heated  and  coated  substrate  will  usually 
be  permitted  to  cool  to  at  least  substantially  am- 
bient  temperature.  The  resulting  finished  coating 
has  a  smooth  appearance  to  the  unaided  eye,  but 
under  microscopic  examination  is  seen  to  be  non- 
homogeneous,  having  embedded  crystallites  in  the 
field  of  the  coating.  For  best  overall  performance  of 
the  coated  substrate  metal  as  an  electrode,  subse- 
quently  applied  coatings  will  be  of  those  composi- 
tions  of  the  invention  disclosed  herein. 

The  following  example  shows  a  way  in  which 
the  invention  has  been  practiced,  but  should  not  be 
construed  as  limiting  the  invention. 

EXAMPLE 

A  coating  solution  was  prepared  by  combining 
157  g  of  iridium,  using  a  solution  of  iridium  trichlo- 
ride  in  18%  by  weight  HCI,  144  g  of  ruthenium, 
using  a  solution  of  ruthenium  trichloride  in  18%  by 
weight  HCI,  80  g  of  titanium,  using  titanium  tetra- 
chloride  in  10%  by  weight  HCI  solution,  331  g  HCI, 
using  36  weight  %  solution,  then  diluting  to  10 
liters  with  deionized  water.  This  provided  a  coating 
composition  having  21  mole  %  iridium;  36.3  mole 
%  ruthenium,  and  42.7  mole  %  titanium.  Four  liters 

of  93  grams  per  liter  (gpl)  HCI  solution  were  then 
added  to  make  the  final  coating  solution. 

This  solution  was  applied  using  a  hand  roller  to 
a  titanium  mesh  substrate  having  a  diamond-pat- 

5  terned  mesh,  with  each  diamond  pattern  having 
about  8  millimeters  (mms.)  long  way  of  design  plus 
about  4  mms.  short  way  of  design.  The  titanium 
mesh  had  been  annealed  at  600  °  C.  for  30  minutes 
and  etched  in  25  wt  %  sulfuric  acid  at  85-90  °C, 

io  then  water  rinsed  and  air  dried.  The  applied  coat- 
ing  was  air  dried  then  baked  at  470  °C.  Eighteen 
(18)  coats  were  applied  in  this  manner.  After  the 
final  coat,  the  anode  was  postbaked  at  525  °C.  for 
4  hours. 

is  Operation  of  eight  samples  of  the  resulting 
coated  titanium  substrate,  when  utilized  as  an  an- 
ode  in  12  normal  NaOH  at  95  °C.  for  4  hours  at  25 
kA/m2  resulted  in  an  average  weight  loss  of  5.27 
g/m2.  Use  of  a  sample  as  an  anode  in  a  chlor-alkali 

20  membrane  cell  operating  at  3.3  kA/m2  resulted  in 
0.  06%,  0.22%,  and  0.38%,  by  volume,  oxygen 
produced  in  the  chlorine  cell  product  at  an  elec- 
trolyte  pH  of  2,  3  and  4,  respectively.  The  operat- 
ing  potential  of  this  anode  in  the  membrane  cell 

25  was  1.09  volts  vs.  a  standard  calomel  reference 
electrode. 

The  average  caustic  weight  loss  of  5.27  g/m2 
was  especially  noteworthy  since  a  comparative 
coating  having  7.8  mole  percent  iridium  oxide,  15 

30  mole  percent  ruthenium  oxide  and  77.2  mole  per- 
cent  titanium  oxide  exhibited  such  weight  loss  of 
8.9  g/m2  when  tested  under  the  same  conditions. 
Moreover,  again  comparatively,  but  as  the  mole 
percent  changed  to  more  closely  approach  the 

35  invention  composition,  but  still  in  a  comparative 
coating,  the  caustic  weight  loss  increased  to  19.2 
g/m2 

Claims 
40 

1.  An  electrode  having  reduced  oxygen  evolution 
during  electrolysis  of  halogen-containing  solu- 
tions  at  low  pH,  said  electrode  comprising  an 
electrically  conductive  metal  substrate  having  a 

45  coating  of  enhanced  stability  under  alkaline 
conditions,  which  coating  comprises  at  least 
15,  but  less  than  25,  mole  percent  iridium 
oxide,  35-50  mole  percent  ruthenium  oxide  and 
at  least  30,  but  less  than  45,  mole  percent 

50  titanium  oxide,  basis  100  mole  percent  of 
these  oxides  present  in  the  coating,  whereby 
the  coating  has  a  molar  ratio  of  titanium  oxide 
to  the  total  of  the  oxides  of  iridium  and 
ruthenium  of  less  than  1:1,  with  the  molar  ratio 

55  of  ruthenium  oxide  to  iridium  oxide  being  from 
greater  than  1.5:1  and  up  to  3:1. 

4 
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2.  The  electrode  of  claim  1  ,  wherein  said  conduc- 
tive  metal  substrate  comprises  a  metal  se- 
lected  from  titanium,  tantalum,  zirconium, 
niobium,  aluminum,  tungsten  and  alloys  and 
intermetallic  mixtures  thereof. 

3.  The  electrode  of  claim  1  ,  wherein  said  conduc- 
tive  metal  substrate  comprises  titanium,  or  an 
alloy  or  intermetallic  mixture  containing 
titanium. 

4.  The  electrode  of  claim  3,  wherein  said  conduc- 
tive  metal  substrate  comprises  an  annealed 
and  etched  titanium  substrate. 

5.  The  electrode  of  claim  1  ,  wherein  said  coating 
is  a  non-homogeneous  but  smooth  coating  of 
mixed  oxides  and  consists  essentially  of  18-22 
mole  percent  iridium  oxide,  35-40  mole  per- 
cent  ruthenium  oxide  and  40-44  mole  percent 
titanium  oxide,  with  a  molar  ratio  of  ruthenium 
oxide  to  iridium  oxide  of  from  1.7:1  to  2.2:1. 

6.  The  electrode  of  claim  1,  wherein  said  elec- 
trode  is  an  anode  in  a  membrane  cell  used  for 
the  electrolysis  of  brine  that  is  at  a  pH  within 
the  range  of  from  about  2  to  about  4. 

7.  A  coating  composition  adapted  for  providing  a 
mixed  metal  oxide  coating  on  a  metal  sub- 
strate,  which  composition  comprises  an  acidic 
aqueous  medium  containing  soluble  constitu- 
ents  of  iridium,  ruthenium  and  titanium  in  pro- 
portion  providing  at  least  15,  but  less  than  25, 
mole  percent  iridium,  35-50  mole  percent 
ruthenium  and  at  least  30,  but  less  than  45, 
mole  percent  titanium,  basis  100  mole  percent 
of  such  constituents,  whereby  the  composition 
has  a  molar  ratio  of  titanium  to  the  total  of  the 
iridium  and  ruthenium  of  less  than  1:1,  with  the 
molar  ratio  of  ruthenium  to  iridium  being  from 
greater  than  1.5:1  up  to  3:1. 

8.  The  coating  composition  of  claim  7,  wherein 
said  acidic  aqueous  medium  contains  strong 
inorganic  acid  in  water  and  is  at  a  pH  within 
the  range  of  from  about  0.2  to  about  0.8. 

9.  The  coating  composition  of  claim  8,  wherein 
said  strong  inorganic  acid  is  hydrochloric  acid. 

said  aqueous  medium  contains  hydrochloric 
acid. 

12.  The  coating  composition  of  claim  7,  wherein 
5  said  proportions  provide  18-22  mole  percent 

iridium,  35-40  mole  percent  ruthenium  and  40- 
44  mole  percent  titanium,  basis  100  mole  per- 
cent  of  these  constituents,  with  a  molar  ratio  of 
ruthenium  to  iridium  being  from  1.7:1  to  2.2:1. 

10 
13.  The  coating  composition  of  claim  7,  wherein 

said  composition  provides  an  electrocatalytic 
coating  of  said  mixed  metal  oxides  on  an  elec- 
trically  conductive  valve  metal  substrate. 

15 
14.  The  method  of  making  an  electrode  having  an 

electrocatalytic  coating  of  enhanced  perfor- 
mance  in  a  chlor-alkali  cell  when  said  coating 
is  present  in  said  electrode  on  an  electrically 

20  conductive  metal  substrate,  which  method 
comprises: 

annealing  a  titanium  substrate  at  a  tem- 
perature  of  at  least  about  450  °  C.  for  a  time  of 
at  least  about  0.25  hour; 

25  etching  the  resulting  annealed  surface  with 
strong  etching  agent  to  produce  a  roughened 
surface; 

applying  to  the  resulting  etched  surface  an 
aqueous  coating  composition  comprising  con- 

30  stituents  that  are  thermally  decomposable  to 
provide  a  mixed  oxide  coating  of  the  constitu- 
ents  in  the  amount  of  at  least  15,  but  less  than 
25  mole  percent  iridium  oxide,  35-50  mole 
percent  ruthenium  oxide  and  at  least  30,  but 

35  less  than  45,  mole  percent  titanium  oxide,  ba- 
sis  100  mole  percent  of  these  oxides  present 
in  the  coating,  whereby  the  coating  has  a  mo- 
lar  ratio  of  titanium  oxide  to  the  total  of  the 
oxides  of  iridium  and  ruthenium  of  less  than 

40  1:1,  with  the  molar  ratio  of  ruthenium  oxide  to 
iridium  oxide  being  from  greater  than  1.5:1  and 
up  to  3:1  ;  and 

heating  the  resulting  coated  substrate  at  a 
temperature  of  at  least  about  440  °  C.  for  a  time 

45  of  at  least  about  3  minutes. 

15.  The  method  of  claim  14,  wherein  said  an- 
nealed  substrate  is  cooled  to  about  room  tem- 
perature  and  the  resulting  cooled  substrate  is 

50  then  etched. 

10.  The  coating  composition  of  claim  7,  wherein 
said  soluble  constituents  are  compatible  and 
are  selected  from  chlorides,  bromides,  iodides 
and  ammonium  chloro  salts. 

11.  The  coating  composition  of  claim  10,  wherein 
all  said  soluble  constituents  are  chlorides  and 

16.  The  method  of  claim  14,  wherein  said  an- 
nealed  substrate  is  etched  with  strong  inor- 
ganic  acid  etching  agent. 

55 
17.  The  method  of  claim  14,  wherein  said  etched 

surface  is  water  rinsed  prior  to  application  of 
said  coating  composition. 

5 
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18.  The  method  of  claim  14,  wherein  said  etched 
surface  is  a  roughened,  etched  surface. 

19.  The  method  of  claim  14,  wherein  said  coating 
composition  is  applied  to  said  titanium  sub- 
strate  by  electrostatic  spray  application. 

20.  The  method  of  claim  14,  wherein  said  titanium 
substrate  is  annealed  at  a  temperature  within 
the  range  of  from  about  600  °C.  to  about 
875  °  C. 

21.  An  electrode  having  reduced  oxygen  evolution 
during  electrolysis  of  halogen-containing  solu- 
tions  at  low  pH,  while  having  a  coating  of 
enhanced  stability  under  alkaline  conditions, 
which  electrode  is  produced  by  the  method  of 
claim  14. 

Patentanspruche 

1.  Elektrode  mit  verringerter  Sauerstoffentwick- 
lung  wahrend  der  Elektrolyse  von  halogenhalti- 
gen  Losungen  bei  niederem  pH-Wert,  welche 
einen  elektrisch  leitenden  Metalltrager  mit  ei- 
nem  Uberzug  erhohter  Stabilitat  unter  alkali- 
schen  Bedingungen  aufweist,  wobei  der  Uber- 
zug  mindestens  15  aber  weniger  als  25  Mol-% 
Iridiumoxid,  35  bis  50  Mol-%  Rutheniumoxid 
und  mindestens  30  aber  weniger  als  45  Mol-% 
Titanoxid  bei  einer  Basis  von  100  Mol-%  die- 
ser  in  dem  Uberzug  anwesenden  Oxide  ent- 
halt,  wodurch  der  Uberzug  ein  Molverhaltnis 
von  Titanoxid  zu  der  Gesamtheit  von  Iridium- 
und  Rutheniumoxiden  von  weniger  als  1  :  1 
hat,  wobei  das  Molverhaltnis  von  Ruthenium- 
oxid  zu  Iridiumoxid  groBer  als  1,5  :  1  und  bis  3 
:  1  ist. 

2.  Elektrode  nach  Anspruch  1,  in  welcher  der 
leitende  Metalltrager  ein  Metall  ausgewahlt  aus 
Titan,  Tantal,  Zirkon,  Niob,  Aluminium,  Wol- 
fram  und  Legierungen  und  intermetallischen 
Mischungen  derselben  enthalt. 

3.  Elektrode  nach  Anspruch  1,  in  welcher  der 
leitende  Metalltrager  Titan  oder  eine  Legierung 
oder  eine  titanhaltige  intermetallische  Mi- 
schung  enthalt. 

4.  Elektrode  nach  Anspruch  3,  in  welcher  der 
leitende  Metalltrager  einen  ausgegluhten  und 
geatzten  Titantrager  enthalt. 

5.  Elektrode  nach  Anspruch  1,  in  welcher  der 
Uberzug  ein  nicht-homogener  aber  glatter 
Uberzug  aus  gemischten  Oxiden  ist  und  im 
wesentlichen  aus  18  bis  22  Mol-%  Iridiumoxid, 

35  bis  40  Mol-%  Rutheniumoxid  und  40  bis  44 
Mol-%  Titanoxid  bei  einem  Molverhaltnis  von 
Rutheniumoxid  zu  Iridiumoxid  von  1,7  :  1  bis 
2,2  :  1  besteht. 

5 
6.  Elektrode  nach  Anspruch  1,  in  welcher  die 

Elektrode  eine  Anode  in  einer  Membranzelle 
ist,  die  zur  Elektrolyse  von  Kochsalzlosung  bei 
einem  pH-Wert  in  dem  Bereich  von  etwa  2  bis 

io  etwa  4  verwendet  wird. 

7.  Zur  Bildung  eines  gemischten  Metalluberzugs 
auf  einem  Metalltrager  geeignete  Uberzugszu- 
sammensetzung,  welche  ein  saures  waBriges 

is  Medium  umfaBt,  das  losliche  Bestandteile  von 
Iridium,  Ruthenium  und  Titan  in  Mengenantei- 
len  enthalt,  welche  mindestens  15  aber  mehr 
als  25  Mol-%  Iridium,  35  bis  50  Mol-%  Ruthe- 
nium  und  mindestens  30  aber  weniger  als  45 

20  Mol-%  Titan  bei  einer  Basis  von  100  Mol-% 
dieser  Bestandteile  gewahrleisten,  wodurch  die 
Zusammensetzung  ein  Molverhaltnis  von  Titan 
zu  der  Gesamtmenge  von  Iridium  und  Rutheni- 
um  von  weniger  als  1  :  1  hat,  wobei  das 

25  Molverhaltnis  von  Ruthenium  zu  Iridium  groBer 
als  1  ,5  :  1  bis  zu  3  :  1  ist. 

8.  Uberzugszusammensetzung  nach  Anspruch  7, 
in  welcher  das  saure  waBrige  Medium  eine 

30  starke  anorganische  Saure  in  Wasser  enthalt 
und  einen  pH-Wert  in  dem  Bereich  von  etwa 
0,2  bis  etwa  0,8  aufweist. 

9.  Uberzugszusammensetzung  nach  Anspruch  8, 
35  in  welcher  die  starke  anorganische  Saure 

Chlorwasserstoffsaure  ist. 

10.  Uberzugszusammensetzung  nach  Anspruch  7, 
in  welcher  die  loslichen  Bestandteile  kompati- 

40  bei  sind  und  ausgewahlt  aus  Chloriden,  Bromi- 
den,  Jodiden  und  Ammoniumchlorsalzen  sind. 

11.  Uberzugszusammensetzung  nach  Anspruch 
10,  in  welcher  alle  loslichen  Bestandteile  Chlo- 

45  ride  sind  und  das  waBrige  Medium  Chlorwas- 
serstoffsaure  enthalt. 

12.  Uberzugszusammensetzung  nach  Anspruch  7, 
in  welcher  die  Anteile  18  bis  22  Mol-%  Iridium, 

50  35  bis  40  Mol-%  Ruthenium  und  40  bis  44 
Mol-%  Titan  liefern,  wobei  die  Basis  100  Mol- 
%  dieser  Bestandteile  ist  und  wobei  das  Mol- 
verhaltnis  von  Ruthenium  zu  Iridium  1,7  :  1  bis 
2,2  :  1  ist. 

55 
13.  Uberzugszusammensetzung  nach  Anspruch  7, 

wobei  die  Zusammensetzung  einen  elektroka- 
talytischen  Uberzug  aus  den  gemischten  Me- 

6 
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talloxiden  auf  einem  elektrisch  leitenden  Ventil- 
metalltrager  schafft. 

14.  Verfahren  zum  Herstellen  einer  Elektrode  mit 
einem  elektrokatalytischen  Uberzug  erhohter 
Leistung  in  einer  Chloralkalizelle,  wenn  der 
Uberzug  in  der  Elektrode  auf  einem  elektrisch 
leitenden  Metalltrager  anwesend  ist,  durch: 

Ausgluhen  eines  Titantragers  bei  einer 
Temperatur  von  mindestens  etwa  450  °  C  wah- 
rend  einer  Zeit  von  mindestens  etwa  0,25 
Stunden; 

Atzen  der  erhaltenen  ausgegluhten  Ober- 
flache  mit  einem  starken  Atzmittel  zur  Bildung 
einer  aufgerauhten  Oberflache; 

Aufbringen  einer  waBrigen  Uberzugszu- 
sammensetzung  enthaltend  Bestandteile,  die 
thermisch  zersetzbar  sind,  auf  die  erhaltene 
geatzte  Oberflache,  urn  einen  Uberzug  aus 
gemischtem  Oxid  der  Bestandteile  in  der  Men- 
ge  von  mindestens  15  aber  weniger  als  25 
Mol-%  Iridiumoxid,  35  bis  50  Mol-%  Rutheni- 
umoxid  und  mindestens  30  aber  weniger  als 
45  Mol-%  Titanoxid  auf  der  Basis  von  100  Mol- 
%  dieser  in  dem  Uberzug  anwesenden  Oxide 
zu  schaffen,  wodurch  der  Uberzug  ein  Molver- 
haltnis  von  Titanoxid  zu  der  Gesamtheit  der 
Oxide  von  Iridium  und  Ruthenium  von  weniger 
als  1  :  1  hat,  wobei  das  Molverhaltnis  von 
Rutheniumoxid  zu  Iridiumoxid  groBer  1,5  :  1 
und  bis  zu  3  :  1  ist;  und 

Erhitzen  des  erhaltenen  beschichteten  Tra- 
gers  auf  eine  Temperatur  von  mindestens  etwa 
440  °C  wahrend  einer  Zeit  von  mindestens 
etwa  3  Minuten. 

15.  Verfahren  nach  Anspruch  14,  bei  welchem  der 
ausgegluhte  Trager  auf  etwa  Zimmertempera- 
tur  abgekuhlt  wird  und  der  erhaltene  abgekuhl- 
te  Trager  dann  geatzt  wird. 

16.  Verfahren  nach  Anspruch  14,  bei  welchem  der 
ausgegluhte  Trager  mit  einer  starken  anorgani- 
schen  Saure  als  Atzmittel  geatzt  wird. 

17.  Verfahren  nach  Anspruch  14,  bei  welchem  die 
geatzte  Oberflache  vor  dem  Aufbringen  der 
Uberzugszusammensetzung  mit  Wasser  ge- 
spult  wird. 

18.  Verfahren  nach  Anspruch  14,  bei  welchem  die 
geatzte  Oberflache  eine  aufgerauhte  geatzte 
Oberflache  ist. 

19.  Verfahren  nach  Anspruch  14,  bei  welchem  die 
Uberzugszusammensetzung  auf  den  Titantra- 
ger  durch  elektrostatisches  Bespruhen  aufge- 
bracht  wird. 

20.  Verfahren  nach  Anspruch  14,  in  welchem  der 
Titantrager  bei  einer  Temperatur  in  dem  Be- 
reich  von  etwa  600  °C  bis  etwa  875  °C  aus- 
gegluht  wird. 

5 
21.  Elektrode  mit  verringerter  Sauerstoffentwick- 

lung  wahrend  der  Elektrolyse  von  halogenhalti- 
gen  Losungen  bei  niederem  pH-Wert,  welche 
einen  Uberzug  erhohter  Stabilitat  unter  alkali- 

io  schen  Bedingungen  aufweist,  wobei  die  Elek- 
trode  nach  dem  Verfahren  von  Anspruch  14 
hergestellt  ist. 

Revendicatlons 
15 

1.  Electrode  a  degagement  reduit  d'oxygene  pen- 
dant  I'electrolyse  de  solutions  contenant  un 
halogene  a  bas  pH,  ladite  electrode  compre- 
nant  un  substrat  en  metal  electriquement 

20  conducteur  ayant  un  revetement  de  stabilite 
amelioree  sous  des  conditions  alcalines,  lequel 
revetement  comprend  au  moins  15,  mais 
moins  de  25,  mole  pourcent  d'oxyde  d'iridium, 
35-50  mole  pourcent  d'oxyde  de  ruthenium  et 

25  au  moins  30,  mais  moins  de  45,  mole  pourcent 
d'oxyde  de  titane  sur  la  base  de  100  mole 
pourcent  de  ces  oxydes  presents  dans  le  reve- 
tement,  le  revetement  ayant  un  rapport  molaire 
d'oxyde  de  titane  sur  le  total  des  oxydes  d'iri- 

30  dium  et  de  ruthenium  inferieur  a  1:1,  et  un 
rapport  molaire  d'oxyde  de  ruthenium  sur 
I'oxyde  d'iridium  de  plus  de  1,5:1  et  jusqu'a 
3:1. 

35  2.  L'electrode  de  la  revendication  1  ,  dans  laquelle 
ledit  substrat  en  metal  conducteur  comprend 
un  metal  selectionne  parmi  le  titane,  le  tantale, 
le  zirconium,  le  niobium,  I'aluminium,  le  tungs- 
tene  et  leurs  alliages  et  les  melanges  interme- 

40  talliques  de  ceux-ci. 

3.  L'electrode  de  la  revendication  1  ,  dans  laquelle 
ledit  substrat  en  metal  conducteur  comprend  le 
titane,  ou  un  alliage  ou  un  melange  intermetal- 

45  lique  contenant  du  titane. 

4.  L'electrode  de  la  revendication  3,  dans  laquelle 
ledit  substrat  en  metal  conducteur  comprend 
un  substrat  en  titane  recuit  et  attaque. 

50 
5.  L'electrode  de  la  revendication  1  ,  dans  laquelle 

ledit  revetement  est  un  revetement  non-homo- 
gene  mais  lisse  d'oxydes  melanges,  et  consis- 
te  essentiellement  de  18-22  mole  pourcent 

55  d'oxyde  d'iridium,  35-40  mole  pourcent  d'oxy- 
de  de  ruthenium  et  40-44  mole  pourcent 
d'oxyde  de  titane,  avec  un  rapport  molaire 
d'oxyde  de  ruthenium  sur  I'oxyde  d'iridium  de 

7 
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1,7:1  a  2,2:1. 

9.  La  composition  de  revetement  de  la  revendica- 
tion  8,  dans  laquelle  I'acide  inorganique  fort  est 
I'acide  chlorhydrique. 

10.  La  composition  de  revetement  de  la  revendica- 
tion  7,  dans  laquelle  lesdits  constituants  solu- 
bles  sont  compatibles  et  sont  selectionnes  par- 
mi  les  sels  de  chlorure,  bromure,  iodure  et 
chloro-ammonium. 

11.  La  composition  de  revetement  de  la  revendica- 
tion  10,  dans  laquelle  lesdits  constituants  solu- 
bles  sont  les  chlorures,  et  ledit  milieu  aqueux 
contient  de  I'acide  chlorhydrique. 

12.  La  composition  de  revetement  de  la  revendica- 
tion  7,  dans  laquelle  les  proportions  donnent 
18-22  mole  pourcent  d'iridium,  35-40  mole 
pourcent  de  ruthenium  et  40-44  mole  pourcent 
de  titane,  sur  la  base  de  100  mole  pourcent  de 
ces  composants,  avec  un  rapport  molaire 
d'oxyde  de  ruthenium  sur  I'oxyde  d'iridium  de 
1,7:1  a  2,2:1. 

13.  La  composition  de  revetement  de  la  revendica- 
tion  7,  dans  laquelle  ladite  composition  donne 
un  revetement  electrocatalytique  desdits  oxy- 
des  de  metaux  melanges  sur  un  substrat  en 

metal  d'arret  electriquement  conducteur. 

14.  Methode  pour  fabriquer  une  electrode  ayant  un 
revetement  electrocatalytique  avec  des  perfor- 

5  mances  ameliorees  dans  une  cellule  chloro- 
alcaline,  lorsque  ledit  revetement  est  present 
dans  ladite  electrode  sur  un  substrat  en  metal 
electriquement  conducteur,  laquelle  methode 
comprend: 

io  la  recuite  d'un  substrat  en  titane  a  une 
temperature  d'au  moins  environ  450  °C  pour 
une  duree  d'au  moins  0,25  heure; 

I'attaque  de  la  surface  recuite  resultante 
avec  un  agent  attaquant  fort  pour  produire  une 

is  surface  rugueuse; 
I'application,  sur  la  surface  attaquee  resul- 

tante,  d'une  composition  de  revetement  aqueu- 
se  comprenant  des  constituants  qui  sont  ther- 
miquement  decomposables  pour  donner  un  re- 

20  vetement  en  oxydes  melanges  avec  des 
constituants  dans  la  quantite  d'au  moins  15, 
mais  moins  de  25,  mole  pourcent  d'oxyde 
d'iridium,  35-50  mole  pourcent  d'oxyde  de  ru- 
thenium  et  au  moins  30,  mais  moins  de  45, 

25  mole  pourcent  d'oxyde  de  titane  sur  la  base 
de  100  mole  pourcent  de  ces  oxydes  presents 
dans  le  revetement,  le  revetement  ayant  un 
rapport  molaire  d'oxyde  de  titane  sur  le  total 
des  oxydes  d'iridium  et  de  ruthenium  inferieur 

30  a  1:1,  et  le  rapport  molaire  d'oxyde  de  ruthe- 
nium  sur  I'oxyde  d'iridium  etant  de  plus  de 
1,5:1  et  jusqu'a  3:1;  et 

rechauffer  le  substrat  resultant  revetu  a 
une  temperature  d'environ  440  °  C  pendant  une 

35  duree  d'environ  au  moins  3  minutes. 

15.  La  methode  de  la  revendication  14,  dans  la- 
quelle  ledit  substrat  recuit  est  refroidi  jusqu'a 
environ  la  temperature  ambiante  et  le  substrat 

40  refroidi  resultant  est  alors  attaque. 

16.  La  methode  de  la  revendication  14,  dans  la- 
quelle  ledit  substrat  recuit  est  attaque  avec  un 
agent  attaquant  qui  est  un  acide  inorganique 

45  fort. 

17.  La  methode  de  la  revendication  14,  dans  la- 
quelle  ladite  surface  attaquee  est  rincee  avant 
I'application  de  ladite  composition  de  revete- 

50  ment. 

18.  La  methode  de  la  revendication  14,  dans  la- 
quelle  ladite  surface  attaquee  est  une  surface 
rugueuse,  attaquee. 

55 
19.  La  methode  de  la  revendication  14,  dans  la- 

quelle  ladite  composition  de  revetement  est 
appliquee  audit  substrat  en  titane  par  I'applica- 

6.  L'electrode  de  la  revendication  1  ,  dans  laquelle 
ladite  electrode  est  une  anode  dans  une  cellule 
a  membrane  utilisee  pour  I'electrolyse  de  sau-  5 
mure  a  un  pH  dans  I'intervalle  d'environ  2  a 
environ  4. 

7.  Composition  de  revetement  adaptee  pour  don- 
ner  un  revetement  en  oxyde  de  metal  melange  10 
sur  un  substrat  en  metal,  laquelle  composition 
comprend  un  milieu  aqueux  acide  contenant 
des  constituants  solubles  d'iridium,  de  ruthe- 
nium  et  de  titane  dans  des  proportions  don- 
nant  au  moins  15,  mais  moins  de  25,  mole  15 
pourcent  d'iridium,  35-50  mole  pourcent  de 
ruthenium  et  au  moins  30,  mais  moins  de  45, 
mole  pourcent  de  titane  sur  la  base  de  100 
mole  pourcent  de  ces  composants,  le  revete- 
ment  ayant  un  rapport  molaire  de  titane  sur  le  20 
total  d'iridium  et  de  ruthenium  inferieur  a  1:1, 
avec  le  rapport  molaire  du  ruthenium  sur  I'iri- 
dium  de  plus  de  1  ,5:1  et  jusqu'a  3:1  . 

8.  La  composition  de  revetement  de  la  revendica-  25 
tion  7,  dans  laquelle  le  milieu  aqueux  acide 
contient  un  acide  inorganique  fort  dans  I'eau,  a 
un  pH  dans  I'intervalle  d'environ  0,2  a  environ 
0,8. 
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tion  par  giclage  electrostatique. 

20.  La  methode  de  la  revendication  14,  dans  la- 
quelle  ledit  substrat  en  titane  est  recuit  a  une 
temperature  dans  I'intervalle  d'environ  600  °C  5 
a  environ  875  °  C. 

21.  Une  electrode  ayant  un  degagement  reduit 
d'oxygene  pendant  I'electrolyse  de  solutions 
contenant  un  halogene  a  un  bas  pH,  tout  en  10 
ayant  un  revetement  avec  une  stabilite  amelio- 
ree  sous  des  conditions  alcalines,  laquelle 
electrode  est  produite  par  la  methode  de  la 
revendication  14. 
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