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Description 

The  invention  relates  to  conductive  substrates 
carrying  a  coating  comprising  an  oxyfiuoride  of 
cerium  providing  enhanced  resistivity  against  re-  5 
ducing  as  well  as  oxidizing  environments  up  to 
temperatures  of  1000°C  and  higher. 

The  invention  further  relates  to  a  method  of 
manufacturing  said  coating. 

Coated  substrates  according  to  the  invention  10 
may  be  used  to  form  non-consumable  anodes  for 
electrowinning  metals  from  molten  salts,  but  there 
are  also  other  possible  applications,  e.g.  sensors 
for  the  chemical  composition  of  fluids,  such  as 
oxygen  sensors  for  gases  or  liquid  metals.  Furt-  15 
her  the  coatings  may  privide  corrosion  protection 
of  the  substrates  at  high  temperature,  and  are 
generally  useful  in  applications  where  electronic 
and/or  ionic  conductivity  combined  with  chemical 
stability  at  high  temperatures  are  desirable.  En-  20 
hanced  chemical  stability  at  high  temperatures  is 
desired  e.g.  for  protective  coatings  of  heat  ex- 
changers  exposed  to  corrosive  environments. 

25 
Background  of  the  Invention 

The  European  Patent  Application  0  114  085  pub- 
lished  on  July  25,  1984  discloses  a  dimensionally 
stable  anode  for  an  aluminum  production  cell  30 
comprising  a  conductive  substrate  of  a  ceramic,  a 
metal  or  other  materials  which  is  coated  with  a 
layer  of  a  cerium  oxycompound.  The  anode  is 
essentially  stable  under  conditions  found  in  an 
aluminum  production  cell,  provided  that  a  suffi-  35 
cient  content  of  cerium  is  maintained  in  the  elec- 
trolyte. 

The  anode  as  described  in  the  above  Europe- 
an  patent  application  performs  well  in  respect  of 
dimensional  stability,  however,  contamination  of  40 
the  produced  aluminum  by  substrate  components 
may  occur  under  certain  circumstances.  As 
shown  by  microphotographs,  the  cerium  contai- 
ning  coating  can  be  comprised  of  a  non-homoge- 
neous  and  non-continuous  structure  leaving  small  45 
interstices  between  coated  areas,  which  provide 
access  of  the  electrolyte  to  the  substrate.  In  such 
cases,  the  electrolyte  may  corrode  the  substrate 
leading  to  a  limited  but  undesired  contamination 
of  the  aluminum  by  substrate  components.  50 

It  had  also  been  speculated  that  the  above 
described  coating  may  consist  of  other  rare  earth 
metals  such  as  praseodymium,  samarium,  euro- 
pium,  terbium,  thulium  or  ytterbium  in  a  suitable 
concentration.  However  these  elements  are  not  55 
easy  to  be  coated  under  the  conditions  provided 
in  the  above  publication  which  does  not  contain 
any  instructions  as  to  how  these  elements  may 
be  coated  onto  the  substrate,  nor  in  which  ranges 
of  concentration.  Further,  it  does  not  contain  any  60 
suggestion  as  to  a  possible  beneficial  effect  of 
these  elements. 

French  patent  application  2  407  277  discloses 
a  method  of  electrolyzing  chlorides  of  e.g.  ma- 
gnesium,  sodium,  calcium  or  aluminum  in  electro-  65 

lytes  at  temperatures  between  500  -  800°C  using 
an  anode  comprising  a  substrate  and  a  coating  of 
an  oxide  of  a  noble  metal,  whereby  a  certain  con- 
centration  of  an  oxide  or  oxychloride  of  a  metal 
which  is  more  basic  than  the  metal,  produced  is 
maintained  in  the  bath.  Thus,  by  increasing  the 
basicity  of  the  bath  the  solubility  of  the  anode 
coating  is  reduced. 

This  method  provides  better  stability  of  the 
anode  coating  by  the  addition  of  melt  additives, 
however,  these  additions  relate  to  the  stabiliza- 
tion  of  the  coating  rather  than  to  the  improvement 
of  the  coating  morphology  and  does  therefore  not 
contribute  to  the  improvement  of  the  substrate 
protection,  which  is  not  always  completely  satis- 
factory  in  the  case  of  a  pure  cerium  oxycom- 
pound  coating.  The  substrate  itself  which  is  es- 
sentially  protected  by  the  coating  and  only  sub- 
ject  to  corrosion  at  finite  deficient  locations  there- 
of  may  not  simply  be  protected  against  corrosion 
by  modifying  the  basicity  of  the  bath  as  described 
in  the  French  patent,  since  the  anode  substrate 
according  to  the  present  invention  is  inherently 
unstable  in  a  fluoride  bath  at  e.g.  960°C  and  ne- 
eds  therefore  to  be  completely  shielded  there- 
from.  A  mere  modification  of  the  basicity  would 
not  improve  the  stability  of  the  substrate  as  it  do- 
es  with  a  coating  of  an  oxide  of  a  noble  metal 
which  is  essentially  stable  in  the  bath  per  se. 

V 

£ 

Objects  of  the  Invention 

It  is  one  object  of  the  invention  to  provide  a  reme- 
dy  for  the  above  described  contamination  pro- 
blem. 

It  is  another  object  of  the  invention  to  provide 
a  dimensionally  stable  anode  for  electrowinning 
of  a  metal  from  a  molten  salt  electrolyte  contai- 
ning  an  oxide  of  said  metal,  the  anode  having  a 
coating  which  essentially  completely  inhibits  the 
access  of  the  electrolyte  to  the  substrate. 

It  is  a  further  object  of  the  invention  to  provide 
a  method  of  producing  aluminum  or  other  metals 
using  a  dimensionally  stable  anode  comprising  a 
coating  wherein  the  formation  of  crevices  and  ot- 
her  deficiencies  which  allow  access  of  the  elec- 
trolyte  to  the  substrate  is  substantially  eliminated. 

It  is  a  further  object  of  the  invention  to  provide 
a  simple  technique  for  inhibiting  the  contamina- 
tion  of  the  aluminum  by  substrate  components  by 
a  method  which  is  simple  to  apply,  which  is  inex- 
pensive  and  which  does  not  require  any  modifica- 
tions  of  the  anode  itself  or  of  the  cell. 

Finally,  it  is  an  object  of  the  invention  to  pro- 
vide  a  coated  substrate  with  improved  properties 
for  general  applications  where  at  least  one  or  a 
combination  of  the  following  properties  -  electro- 
nic  and  ionic  conductivity  and  chemical  stability 
against  oxidizing  as  well  as  reducing  environ- 
ments  at  high  and  low  temperatures  -  are  desira- 
ble. 

^  
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It  is  convenient  for  the  bath  chemistry  if  the 
compounds  of  the  doping  elements  are  oxides 
and/or  fluorides. 

Further  features  of  the  invention  are  the  em- 
ployment  of  the  above  described  method  of  ma- 
nufacture  for  the  production  of  non-consumable 
anodes  for  metal  electrowinning  from  the  metal 
oxide  dissolved  in  a  molten  salt  electrolyte  such 
as  the  production  of  aluminum  by  electrolysis  of 
alumina  dissolved  in  molten  cryolite,  which  me- 
thod  comprises  adding  to  the  electrolyte  prior  to 
or  during  a  preliminary  period  under  special  elec- 
trolysis  operating  conditions  or  during  normal 
electrolysis  a  sufficient  amount  of  compounds  of 
cerium  and  at  least  one  doping  element  selected 
from  the  group  comprising  yttrium,  lanthanum, 
praseodymium  and  other  rare  earth  metals.  Con- 
tinuing  operation  of  the  anode,  during  metal  elec- 
trowinning,  may  be  assured  by  maintaining  suffi- 
cient  concentrations  of  cerium  and,  if  necessary, 
the  doping  element  throughout  normal  electroly- 
sis. 

The  initial  production  of  the  coating  on  the 
substrate  may  be  carried  out  outside  a  molten 
salt  electrowinning  cell  prior  to  the  use  of  the  an- 
ode  in  said  cell,  or  during  preliminary  or  normal 
electrolysis  operating  conditions  within  said  elec- 
trowinning  cell. 

The  choice  and  concentration  of  the  doping 
elements  from  the  mentioned  group  comprising 
yttrium,  lanthanum,  praseodymium  and  other  rare 
earth  metals  may  be  carried  out  according  to  the 
intended  use  of  the  coating,  and  will  generally  be 
governed  by  considerations  of  how  the  particular 
element  influences  the  morphological,  chemical 
and  electrical  properties  of  the  coating.  Some  of 
the  mentioned  doping  elements  such  as  yttrium 
create  enhanced  ionic  conductivity,  which  may  be 
of  interest  for  the  sensor  application,  however,  for 
its  use  as  coating  for  dimensionally  stable  alumi- 
num  electrowinning  anodes  the  electronic  con- 
ductivity  should  prevail.  Since  the  raise  of  the  io- 
nic  conductivity  with  the  addition  of  most  doping 
elements  of  the  above  group  is  dependent  on  the 
concentration  thereof,  this  concentration  should 
not  be  too  high  in  cases  where  the  electronic  con- 
ductivity  is  the  desired  form  of  conductivity,  provi- 
ded  the  morphology  of  the  coating  is  sufficiently 
improved. 

Summary  of  the  Invention 

The  above  and  other  objects  are  met  by  a  con- 
ductive  substrate  carrying  a  coating  comprising 
an  oxyfluoride  of  cerium,  characterized  in  that  the  5 
coating  is  a  substantially  impervious  layer  further 
comprising  at  least  one  doping  element  selected 
from  the  group  consisting  of  yttrium,  lanthanum, 
praseodymium  and  other  rare  earth  metals,  the 
concentration  of  the  doping  elements)  in  the  coa-  10 
ting  being  less  than  10  w.-%  in  respect  of  cerium. 

The  coating  may  comprise  the  doping  ele- 
ments)  in  a  concentration  between  0,  1  -  5  w.-% 
of  the  cerium  content. 

The  coating  may  be  deposited  onto  a  substra-  15 
te  being  a  metal,  an  alloy,  a  ceramic  material,  a 
cermet  and/or  carbon.  A  particularly  preferred 
substrate  is  SnO2,  or  SnCte  based  materials. 

The  substrate  may  be  coated  by  deposition  of 
the  coating  constituents  onto  the  substrate  im-  20 
mersed  in  an  electrolyte  containing  said  constitu- 
ents  in  dissolved  state. 

The  coated  substrate  according  to  the  inven- 
tion  may  serve  as  an  anode  for  electrowinning  of 
metals  by  molten  salt  electrolysis,  in  particular  for  25 
the  production  of  aluminum  from  alumina  dissol- 
ved  in  molten  cryolite. 

However,  other  uses  are  intended  and  cover- 
ed  by  the  scope  of  the  invention.  Such  other  pos- 
sible  uses  and  applications  were  already  mentio-  30 
ned  in  the  preamble  of  this  specification  and  com- 
prise  chemical  sensors,  corrosion  protection,  and 
chemically  stable  coatings  for  high  and  low  tem- 
peratures. 

In  accordance  with  the  invention  a  method  of  35 
coating  a  substrate  as  described  above  is  charac- 
terized  by  adding  sufficient  amounts  of  com- 
pounds  of  cerium  and  at  least  one  doping  ele- 
ment  selected  from  the  group  consisting  of  yttri- 
um,  lanthanum,  praseodymium  and  other  rare  40 
earth  metals  to  a  molten  salt  electrolyte  and  pas- 
sing  electrical  current  therethrough  with  the  sub- 
strate  and  coating  kept  under  anodic  polarization. 

Good  results  for  the  morphology  of  the  coa- 
ting  have  been  achieved  with  concentrations  of  45 
the  doping  element(s)  in  respect  to  cerium  ran- 
ging  from  approximately  1  :  1  in  example  2  to 
approximately  4.7  :  1  in  Example  3.  The  cerium 
concentration  in  the  electrolyte  was  1.2  w.-%  in 
both  cases.  The  concentration  of  the  doping  ele-  50 
ments  in  the  deposit  does  not  significantly  chan- 
ge  with  variations  of  their  concentration  in  the 
electrolyte  above  a  certain  level,  since  a  maxi- 
mum  concentration  of  the  doping  element  in  the 
coating  is  expected  which  corresponds  to  the  55 
thermodynamic  solubility  of  the  doping  elements 
in  the  cerium  oxyfluoride  crystal  lattice.  On  the 
other  hand,  however,  the  given  values  for  the 
concentration  of  the  doping  elements  may  not  be 
substantially  decreased  without  affecting  the  coa-  60 
ting  composition  and  morphology.  According  to 
the  different  doping  elements  and  parameters  of 
the  coating  process  the  concentration  of  the  do- 
ping  elements  in  respect  to  cerium  may  vary  from 
0.1  :1  to  100:1.  65 

Detailed  Description  of  the  Invention 

The  invention  is  now  described  in  view  of  its  ap- 
plication  for  dimensionally  stable  anodes  for  elec- 
trowinning  of  metals  by  molten  salt  electrolysis. 

The  dimensionally  stable  anodes  over  which 
the  anodes  of  the  present  invention  are  an  impro- 
vement  are  described  in  European  Patent  Appli- 
cation  0  114  085. 

Known  anode  coatings  comprised  of  cerium 
oxyfluoride  lead  to  a  contamination  of  the  alumi- 
num  by  corrosion  of  the  substrate  to  which  the 
electrolyte  finds  limited  access  by  small  imperfec- 
tions  of  the  cerium-containing  coating. 
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The  present  invention  is  based  on  the  finding 
that  the  addition  of  small  amounts  of  doping  ele- 
ments  which  coprecipitate  with  the  cerium  on  the 
anode  substrate  modifies  the  coating  morphology 
in  such  beneficial  manner  that  the  coating  is  de-  5 
veloped  with  a  continuous  coherent  structure, 
thereby  providing  a  substantially  impervious  layer 
on  the  substrate,  which  completely  sheathes  the 
latter  and  avoids  thereby  any  access  of  electroly- 
te.  10 

The  cerium  based  coating  including  these  do- 
ping  elements  selected  from  yttrium,  lanthanum, 
praseodymium  and  other  rare  earth  metals  may 
be  applied  outside  the  electrolysis  cell  or  within 
the  cell  during  preliminary  operating  conditions,  or  15 
it  may  be  established  during  normal  operation  by 
immersing  an  uncoated  substrate  into  the  electro- 
lyte  to  which  controlled  amounts  of  compounds 
such  as  oxides  and/or  fluorides  of  cerium  and  the 
doping  elements  are  added  to  the  electrolyte  and  20 
maintained  at  a  certain  concentration. 

The  mentioned  doping  elements  and  their 
oxyfluorides  do  not  precipitate  on  anode  substra- 
tes  such  as  SnO2  other  than  together  with  the 
cerium  compounds  and  even  in  the  presence  of  25 
cerium  the  doping  elements  precipitate  onto  the 
anode  substrate  in  a  rate  which  is  substantially 
lower  than  could  be  expected  according  to  their 
concentration  in  respect  of  the  cerium  content  in 
the  electrolyte.  The  doping  elements  or  their  oxy-  30 
fluorides  are  completely  dissolved  in  the  solid  ce- 
rium  oxyfluoride  phase  of  the  coating.  It  may  the- 
refore  be  possible  that  the  content  of  the  doping 
elements  at  least  in  an  inner  region  it  hereof  be 
kept  at  its  initial  level,  thus  maintaining  the  imper-  35 
viousness  in  this  region  even  without  further  do- 
ping  elements  being  added  to  the  electrolyte, 
whereby  only  the  concentration  of  cerium  needs 
to  be  maintained.  Alternatively,  in  order  to  main- 
tain  the  concentration  of  cerium  and  the  doping  40 
elements  in  the  molten  salt  electrolyte,  Misch 
metal  oxides  may  be  added  thereto  which  contain 
a  major  amount  of  cerium  oxide  and  minor 
amounts  of  other  rare  earth  metal  -  as  well  as 
yttrium  -  oxides.  A  suitable  composition  among  a  45 
variety  of  different  natural  ores  containing  Misch 
metal  oxides  may  be  chosen  according  to  the  fi- 
nal  use  of  the  coating. 

The  doped  oxyfluoride  coating  is  extremely 
resistant  to  strong  reducing  as  well  as  oxidizing  50 
environments  such  as  found  in  a  Hall-Heroult  cell. 
The  material  is  resistant  to  oxygen  which  is  relea- 
sed  in  substantial  amounts  from  the  melt  in  the 
case  of  non-carbon  anodes,  and  against  fluorine 
or  fluorides  from  the  cryolite.  The  coating  is  resi-  55 
stant  against  these  gases  since  it  is  an  oxyfluori- 
de  compound  which  is  inert  against  further  attack 
by  fluorine  and  oxygen.  However,  the  cryolite  in 
such  cells  contains  a  certain  concentration  of  dis- 
solved  metallic  aluminum  which  is  highly  reducing  60 
in  particular  at  the  temperatures  involved.  The 
above  coating,  however,  is  neither  reduced  by 
liquid  aluminum  in  bulk  nor  dissolved  in  cryolite, 
since  the  oxides  of  cerium  and  the  other  doping 
elements  are  more  stable  than  aluminum  oxide.  65 

These  very  slowly  dissolving  anode  coatings 
may  be  operated  under  constant  conditions,  whe- 
reby  an  equilibrium  between  the  dissolution  rate 
of  the  coating  in  the  electrolyte  and  the  deposition 
rate  of  the  dissolved  constituents  is  maintained, 
or  the  operation  conditions  may  be  controlled  in- 
termittently,  whereby  the  anode  is  operated  until 
a  minimum  coating  thickness  representing  a  safe- 
ty  limit  is  achieved,  beyond  which  contamination 
of  the  bath  and  the  product  metal  by  corrosion  of 
the  substrate  may  not  be  avoided.  Alternative  me- 
thods  may  then  be  provided  which  comprise  re- 
growing  the  coating  by  adding  to  the  electrolyte 
the  necessary  compounds  as  mentioned  above 
or  withdrawing  the  spent  anodes  to  put  in  new 
ones,  and  recoating  the  used  anodes  outside  the 
cells  for  further  use. 

The  choice  of  a  particular  doping  element  de- 
pends  -  as  already  mentioned  -  on  the  intended 
application.  In  the  case  of  use  for  aluminum  elec- 
trowinning  anodes  it  should  be  considered  that 
oxyfluorides  of  the  metals  in  question  have  elec- 
tronic  and  also  ionic  conductivity.  Electronic  con- 
ductivity  is  the  preferred  form,  while  ionic  conduc- 
tivity  leads  under  particular  conditions  to  the  for- 
mation  of  a  sub-layer  between  the  substrate  and 
the  coating,  this  sub-layer  being  depleted  of  oxy- 
gen  and  comprising  substantially  pure  fluorides  of 
cerium  and  the  doping  elements.  For  this  applica- 
tion,  the  doping  elements  should  therefore  not 
substantially  enhance  the  ionic  conductivity  over 
that  of  cerium  oxyfluoride.  Praseodymium,  yttri- 
um,  lanthanum  and  some  others  are  in  this  re- 
spect  acceptable  candidates.  While  lanthanum 
would  be  acceptable  in  this  respect,  in  an  alumi- 
num  electrowinning  cell  its  electrowinning  potenti- 
al  is  such  that  it  coprecipitates  with  the  aluminum 
produced,  so  that  the  contamination  of  the  pro- 
duct  metal  is  unacceptable.  However,  the  em- 
ployment  of  doping  elements  which  are  not  suit- 
able  for  aluminum  electrowinning  anodes  may  be 
envisaged  for  other  applications. 

The  invention  is  further  described  by  three  ex- 
amples  and  microphotos  demonstrating  the  im- 
provement  of  the  coating  morphology  by  addition 
of  the  above  described  doping  elements. 

Fig.  1  shows  a  coating  achieved  by  immer- 
sion  of  a  SnO2  substrate  into  a  bath  as  described 
in  the  Examples  but  without  any  doping  element, 
only  with  1.2  %  cerium.  It  is  apparent  that  the 
coating  1  covers  the  substrate  2  in  a  non-satisfac- 
tory  manner.  Large  crevices  3  and  voids  4  are 
visible  in  the  coating  which  allow  access  of  the 
electrolyte  to  the  substrate  which  is  not  resistant 
to  the  latter.  In  addition  to  these  large  imperfec- 
tions,  very  fine  microcracks  5  are  visible  which, 
however,  are  due  to  the  thermal  shock  to  which 
all  samples  were  subjected  when  they  were  re- 
moved  from  the  hot  test  cell.  These  microcracks 
which  are  also  visible  in  the  other  Figures  do  not 
occur  under  normal  operation. 

Figs.  2  to  4  show  coatings  which  were  made 
according  to  the  Examples  including  the  doping 
additives.  As  compared  to  Fig.  1,  the  coatings  1 
in  Figs.  2,  3  and  4  are  substantially  improved  in 
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respect  of  their  sealing  effect  for  the  substrate, 
i.e.  their  imperviousness.  All  large  imperfections 
have  disappeared,  only  the  above  mentioned  mi- 
crocracks  which  are  due  to  the  sample  prepara- 
tion  are  still  visible.  It  is  perceivable  that  such 
improved  anode  coatings  are  highly  beneficial  in 
order  to  reduce  corrosion  of  the  anode  substrate 
by  the  electrolyte  and  the  contamination  of  the 
metal  produced. 

Claims 

1.  A  conductive  substrate  carrying  a  coating 
comprising  an  oxyfluoride  of  cerium,  charac- 
terized  in  that  the  coating  is  a  substantially  imper- 
vious  layer  further  comprising  at  least  one  doping 
compound  of  an  element  selected  from  the  group 
consisting  of  yttrium,  lanthanum,  praseodymium 
and  other  rare  earth  metals,  the  concentration  of 
the  doping  element(s)  in  the  coating  being  less 
than  10  w.-%  of  the  cerium. 

2.  The  coated  substrate  of  claim  1,  characterized 
by  comprising  a  structure  of  oxyfluorides  of  ceri- 
um  and  the  doping  element(s),  the  concentration 
of  the  doping  element(s)  being  between  0.1  -  5 
w.-%  of  the  cerium  concentration. 

3.  The  coated  substrate  of  claim  1  or  2,  charac- 
terized  by  the  substrate  being  a  metal,  an  alloy,  a 
ceramic  material,  a  cermet  and/or  carbon. 

4.  The  coated  substrate  of  claim  3,  characterized 
by  the  substrate  comprising  SnO2. 

5.  A  method  of  producing  a  coated  substrate  ac- 
cording  to  any  preceding  claim,  characterized  by 
anodically  polarizing  the  substrate  in  a  molten  salt 
electrolyte  containing  cerium  and  said  at  least 
one  doping  element  selected  from  the  group  con- 
sisting  of  yttrium,  lanthanum,  praesodymium  and 
other  rare  earth  metals. 

6.  The  method  of  claim  5,  characterized  by  the 
electrolyte  being  cryolite. 

7.  The  method  of  claim  5  or  6,  characterized  by 
the  concentration  of  the  doping  elements)  in  the 
electrolyte  being  in  the  range  of  0.1  to  100  times 
the  concentration  of  cerium. 

8.  The  method  of  claim  5,  6  or  7,  characterized 
by  the  compounds  of  the  doping  elements  being 
oxides  and/or  fluorides. 

9.  A  dimensionally  stable  anode  for  electrowin- 
ning  of  a  metal  from  an  oxide  thereof  dissolved  in 
a  molten  salt  electrolyte,  the  anode  comprising  a 
coated  substrate  according  to  any  one  of  the 
claims  1  -  4  or  as  produced  by  the  method  of  any 
of  claims  5  -  8. 

10.  A  method  of  producing  a  metal  by  electroly- 
sis  of  a  compound  of  said  metal  dissolved  in  a 
molten  salt  electrolyte  using  an  anode  according 
to  claim  9,  characterized  by  adding  to  the  electro- 
lyte  a  compound  or  compounds  containing  at  le- 
ast  one  doping  element  selected  from  the  group 
comprising  yttrium,  lanthanum,  praseodymium 
and  other  rare  earth  metals,  and  maintaining  suf- 
ficient  concentrations  of  cerium  and  optionally  of 
the  doping  element  throughout  normal  electroly- 
sis. 

10 

Examples 

Example  1  : 

To  340g  electrolyte  comprising  90  w.-%  cryolite 
and  10  w.-%  AI2O3  were  added  4  g  CeF3  and  17 
g  Y2O3.  Electrolysis  was  carried  out  for  30  hours 
at  960cC  with  an  anodic  current  density  of  appro- 
ximately  0.2  A/cm2.  After  the  electrolysis,  the  an- 
ode  was  found  to  be  coated  with  a  0.44  mm  thick 
layer  comprising  approximately  98  w.-%  cerium 
oxyfluoride  and  approximately  2  w.-%  yttrium  oxy- 
fluoride.  The  microphoto  (Fig.  2)  shows  a  continu- 
ous  coherent  coating  which  is  free  from  the  afore- 
mentioned  crevices  and  holes,  whereby  no  por- 
tions  of  the  substrate  are  exposed  to  the  electro- 
lyte.  The  microcracks  5  do  not  have  any  influence 
on  the  coating  performance,  since  they  are  due  to 
the  sample  preparation  and  would  not  occur  in 
normal  operation. 
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Example  2: 

To  340  g  electrolyte  comprising  90  w.-%  cryolite 
and  10  w.-%  AI2O3  were  added  4  g  CeF3  and  3.5 
g  Pr6On.  Electrolysis  was  carried  out  for  30 
hours  at  960°C  with  an  anodic  current  density  of 
approximately  0.2A/cm2.  After  the  electrolysis, 
the  anode  was  found  to  be  coated  with  a  0.37 
mm  thick  layer  comprising  approximately  97  w.-% 
cerium  oxyfluoride  and  approximately  3  w.-%  pra- 
seodymium  oxyfluoride.  The  microphoto  (Fig.  3) 
shows  a  continuous  coherent  coating  which  is 
free  from  the  aforementioned  crevices  and  holes, 
whereby  no  portions  of  the  substrate  are  exposed 
to  the  electrolyte. 
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Example  3: 

To  340  g  electrolyte  comprising  90  w.-%  cryolite 
and  10  w.-%  AI2O3  were  added  4  g  CeF3  and  17 
g  LaF3.  Electrolysis  was  carried  out  for  30  hours 
at  960°C  with  an  anodic  current  density  of  appro- 
ximately  0.2A/cm2.  After  the  electrolysis,  the  an- 
ode  was  found  to  be  coated  with  a  0.44  mm  thick 
layer  comprising  approximately  99  w.-%  cerium 
oxyfluoride  and  approximately  1  w.-%  lanthanum 
oxyfluoride.  The  microphoto  (Fig.  4)  shows  a  con- 
tinuous  coherent  coating  which  is  free  from  the 
aforementioned  crevices  and  holes,  whereby  no 
portions  of  the  substrates  are  exposed  to  the 
electrolyte. 
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1  1  .  The  method  of  claim  1  0,  characterized  by  the 
electrowon  metai  being  aluminum. 

12.  The  method  of  claim  10  or  11,  characterized 
by  producing  the  coating  on  the  substrate  outside 
a  molten  salt  electrowinning  cell  prior  to  the  use 
of  the  anode  in  said  cell,  or  during  preliminary  or 
normal  electrolysis  operating  conditions  within 
said  electrowinning  cell. 

13.  Use  of  the  coated  substrate  of  any  one  of 
claims  1  -  5  as  chemical  sensor  for  oxygen  and/or 
fluorine  containing  gas. 

9.  Une  anode  dimensionnellement  stable  pour  la 
recuperation  electrolytique  d'un  metal  a  partir 
d'un  oxyde  de  celui-ci  dans  un  electrolyte  de  sel 
fondu,  I'anode  comprenant  un  substrat  revetu  se- 
lon  n'importe  quelle  des  revendications  1  -  4  ou 
produite  par  la  methode  de  n'importe  quelle  des 
revendications  5  -  8. 

10.  Une  methode  pour  la  production  d'un  metal 
par  I'electrolyse  d'un  compose  dudit  metal  dissout 
dans  un  electrolyte  de  sel  fondu  utilisant  une  an- 
ode  selon  la  revendication  9,  caracterisee  par 
I'addition  a  I'electrofyte  d'un  compose  ou  de  com- 
poses  contenant  au  moins  un  element  dopant  se- 
lectionne  du  groupe  comprenant  I'yttrium,  le  lant- 
hane,  le  praseodyme  et  les  autres  metaux  terreux 
rares,  et  en  maintenant  des  concentrations  suffi- 
santes  de  cerium  et  optionnellement  de  I'element 
dopant  pendant  la  totalite  de  I'electrolyse  norma- 
le. 

1  1  .  La  methode  de  la  revendication  1  0,  caracteri- 
see  en  ce  que  le  metal  recupere  electriquement 
est  I'aluminium. 

12.  La  methode  de  la  revendication  10  ou  11, 
caracterisee  par  la  production  du  revetement  sur 
le  substrat  a  I'exterieur  de  la  cellule  de  recupera- 
tion  electrolytique  a  sel  fondu  avant  ('utilisation  de 
I'anode  dans  ladite  cellule,  ou  pendant  des  condi- 
tions  d'operation  d'electrolyse  preliminaire  ou  nor- 
male  a  I'interieur  de  ladite  cellule. 

13.  L'utilisation  du  substrat  revetu  de  n'importe 
quelle  des  revendications  1  a  5  comme  senseur 
chimique  pour  un  gaz  contenenant  de  I'oxygene 
et/ou  du  fluor. 

10 

15 
Revendications 

1  .  Un  substrat  conducteur  portant  un  revetement 
comprenant  un  oxyfluorure  de  cerium,  caracterise 
en  ce  que  le  revetement  est  une  couche  substan- 
tiellement  impermeable  comprenant  au  moins  un 
element  dopant  selectionne  dans  le  groupe  con- 
sistant  de  I'yttrium,  du  lanthane,  du  praseodyme 
et  d'autres  metaux  terreux  rares,  la  concentration 
de  l'element(s)  dopant(s)  dans  le  revetement 
etant  inferieur  a  10  en  poids  par  rapport  au  ceri- 
um. 

2.  Le  substrat  revetu  de  la  revendication  1,  ca- 
racterise  par  la  presence  d'une  structure  d'oxy- 
fluorures  de  cerium  et  d'element(s)  dopant(s),  la 
concentration  de  I'el6ment(s)  dopant(s),  la  con- 
centration  d'element(s)  dopant(s)  etant  entre  0,1  - 
5  %  en  poids  de  -concentration  de  cerium. 

3.  Le  substrat  revetu  de  la  revendication  1  ou  2, 
caracterisee  par  le  substrat  etant  un  metal,  un 
alliage,  un  materiau  ceramique,  un  cermet  et/ou 
du  carbone. 

4.  Le  substrat  revetu  de  la  revendication  3,  ca- 
racterisee  par  le  substrat  comprenant  SnO2. 

5.  Une  methode  de  production  d'un  substrat  re- 
vetu  selon  n'importe  quelle  revendication  prece- 
dente,  caracterisee  par  la  polarisation  anodique 
du  substrat  dans  un  electrolyte  de  sel  fondu  con- 
tenant  du  cerium  et  ledit  au  moins  un  element 
dopant  selectionne  du  groupe  consistant  de  I'yttri- 
um,  du  lanthane,  du  praseodyme  et  des  autres 
metaux  terreux  rares. 

6.  La  methode  de  la  revendication  5,  caracteri- 
see  en  ce  que  ('electrolyte  est  la  cryolithe. 

7.  La  methode  de  la  revendication  5  ou  6,  carac- 
terisee  en  ce  que  la  concentration  d'element(s) 
dopant(s)  dans  I'electrolyte  est  dans  I'intervalle 
de  0,1  a  100  fois  la  concentration  de  ce>ium. 

8.  La  methode  de  la  revendication  5,  6  ou  7,  ca- 
racterisee  en  ce  que  les  composes  des  Elements 
dopants  sont  des  oxydes  et/ou  des  fluorures. 
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40  Patentanspruche 

1.  Leitfahiges  Substrat  mit  einer  Ceroxyftuorid 
enthaltenden  Beschichtung,  dadurch  gekenn- 
zeichnet,  daB  die  Beschichtung  eine  im  wesentli- 
chen  undurchlassige  Schicht  ist,  welche  ferner 
mindestens  ein  Element  ausgewahlt  aus  der 
Gruppe  bestehend  aus  Yttrium,  Lanthan,  Praseo- 
dym  und  anderen  Seltenen  Erdmetallen  als  Do- 
ping-Verbindung  enthalt,  wobei  die  Konzentration 
der  (des)  Dopingelemente(s)  in  der  Beschichtung 
weniger  als  10  Gew.-%  des  Cer  betragt. 
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2.  Beschichtetes  Substrat  gemaB  Anspruch  1, 
dadurch  gekennzeichnet,  daB  es  eine  Struktur 
aus  Ceroxyfiuoriden  und  der  (demi)  Dopingele- 
ment(en)  enthalt,  wobei  die  Konzentration  der 
(des)  Dopingelemente(s)  zwischen  0,1  und  5 
Gew.-%  der  Cerkonzentration  liegt. 

3.  Beschichtetes  Substrat  gemaB  Anspruch  1 
Oder  2,  dadurch  gekennzeichnet,  daB  das  Sub- 
strat  Metall,  eine  Legierung,  ein  keramisches  Ma- 
terial,  ein  metallisch-keramischer  Composit-Werk- 
stoff  und/oder  Kohlenstoff  ist. 
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13.  Verwendung  des  beschichteten  Substrats  ir- 
gendeines  der  Anspruche  1  bis  5  als  chemischer 
Sensor  fur  Sauerstoff  und/oder  Fluor  enthalten- 
des  Gas. 

4.  Beschichtetes  Substrat  gemaB  Anspruch  3, 
dadurch  gekennzeichnet,  daB  das  Substrat  SnO2 
enthalt. 

5.  Verfahren  zur  Herstellung  eines  beschichteten 
Substrats  gemaB  einem  der  vorangegangenen 
Anspruche,  dadurch  gekennzeichnet,  daB  man 
das  Substrat  in  einem  Elektrolyten  in  Form  einer 
Salzschmelze,  welche  Cer  und  mindestens  ein 
Oopingelement  ausgewahlt  aus  der  Gruppe  be- 
stehend  aus  Yttrium,  Lanthan,  Praseodym  und 
anderen  Seltenen  Erdmetalien  enthalt,  anodisch 
polarisiert. 

6.  Verfahren  gemaB  Anspruch  5,  dadurch  ge- 
kennzeichnet,  daB  der  Elektrolyt  Kyrolit  ist. 

7.  Verfahren  gemaB  den  Anspruchen  5  Oder  6, 
dadurch  gekennzeichnet,  daB  die  Konzentration 
der  (des)  Dopingelemente(s)  in  dem  Elektrolyt  im 
Bereich  des  0,1  -  bis  100fachen  der  Cerkonzen- 
tration  liegt. 

8.  Verfahren  gemaB  den  Anspruchen  5,  6  Oder  7, 
dadurch  gekennzeichnet,  daB  die  Verbindungen 
der  Dopingelemente  Oxide  und/oder  Fluoride 
sind. 

9.  Dimensionsstabile  Anode  zur  elektrolytischen 
Gewinnung  eines  Metalls,  welches  in  Form  sei- 
nes  Oxides  in  einem  geschmolzenen  Salz  als 
Elektrolyt  vorliegt,  wobei  die  Anode  ein  beschich- 
tetes  Substrat  gemaB  einem  der  Anspruche  1  bis 
4  oder  ein  mit  Hilfe  des  Verfahrens  gemaB  einem 
der  Anspruche  5  bis  8  hergestelltes  Substrat  ent- 
halt. 

10.  Verfahren  zur  Herstellung  eines  Metalls 
durch  Elektrolyse  einer  Verbindung  des  Metalls, 
welche  in  einer  Salzschmelze  als  Elektrolyt  gelost 
vorliegt,  unter  Verwendung  einer  Anode  gemaB 
Anspruch  9,  dadurch  gekennzeichnet,  daB  man 
zu  dem  Elektrolyt  eine  Verbindung  oder  Verbin- 
dungen  zufugt,  welche  mindestens  ein  Doping- 
element  ausgewahlt  aus  der  Gruppe  enthaltend 
Yttrium,  Lanthan,  Praseodym  oder  andere  Selte- 
ne  Erdmetalle  enthalt,  und  daB  man  wahrend  der 
gesamten  normalen  Elektrolyse  ausreichende 
Konzentrationen  an  Cer  und  gegebenenfalls  an 
den  Dopingelementen  aufrecht  erhalt. 

11.  Verfahren  gemaB  Anspruch  10,  dadurch  ge- 
kennzeichnet,  daB  das  elektrolytisch  gewonnene 
Metall  Aluminium  ist. 

12.  Verfahren  gemaB  Anspruch  10  oder  11,  da- 
durch  gekennzeichnet,  daB  man  die  Beschich- 
tung  auf  dem  Substrat  auBerhalb  einer  Zelle  zur 
elektrolytischen  Metallgewinnung  aus  Salz- 
schmelzen  vor  Verwendung  der  Anode  in  der  Zel- 
le  oder  zu  Beginn  Oder  wahrend  der  normalen 
Elektrolyse  unter  Betriebsbedingungen  innerhalb 
der  Zelle  zur  elektrolytischen  Metallgewinnung 
aufbringt. 
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