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Description 

This  invention  relates  to  current  leakage  in  an 
electrolytic  cell  and  in  particular  to  control  of 
current  leakage  in  order  to  minimise  the  corrosion 
in  an  electrolytic  cell  caused  by  such  current 
leakage. 

The  production  of  chemical  products  by  the 
electrolysis  of  solutions  of  ionisable  chemical 
compounds,  hereinafter  generally  referred  to  as 
electrolytes,  is  widely  practised  in  industry. 

For  example,  the  electrolysis  of  an  aqueous 
solution  of  an  alkali  metal  halide  to  produce 
halogen  and  an  aqueous  solution  of  an  alkali 
metal  hydroxide  or  an  aqueous  solution  of  an 
alkali  metal  halate,  e.g.  by  the  electrolysis  of  an 
aqueous  solution  of  sodium  chloride,  is  practiced 
industrially  on  a  vast  scale. 

Electrolytic  cells  for  the  production  of  chlorine 
and  aqueous  alkali  metal  hydroxide  solution  by 
the  electrolysis  of  aqueous  sodium  chloride  solu- 
tions  generally  are  of  three  basic  types,  mercury 
cells,  diaphragm  cells,  and  membrane  cells.  In  a 
mercury  cell  an  aqueous  sodium  chloride  solution 
is  charged  to  a  cell  comprising  a  flowing  mercury 
cathode  and  anodes  which  may  be  of  graphite  but 
which  in  modern  practice  are  generally  made  of  a 
film-forming  metal,  e.g.  titanium,  having  an  elec- 
tro-conducting  electro-catalytically  active  coating 
thereon,  and  sodium  ions  and  chloride  ions  are 
liberated  in  the  electrolysis,  chlorine  and  a 
sodium  amalgam  being  removed  from  the  cell. 
Aqueous  sodium  hydroxide  solution  is  produced 
by  reacting  the  sodium  amalgam  with  water  in  a 
so-called  denuder  and  the  depleted  amalgam  is 
returned  to  the  electrolytic  cell.  A  diaphragm  cell 
comprises  anodes  and  cathodes  separated  by 
hydraulically  permeable  diaphragms,  for 
example,  asbestos  diaphragms,  to  form  separate 
anode  and  cathode  compartments,  and  the  aque- 
ous  sodium  chloride  solution  is  charged  to  the 
anode  compartments  of  the  cell  where  it  is  elec- 
trolysed,  chlorine  is  removed  from  the  anode 
compartments,  and  an  aqueous  solution  of 
sodium  hydroxide  containing  sodium  chloride  is 
removed  from  the  cathode  compartments  of  the 
cell.  A  membrane  cell  comprises  anodes  and 
cathodes  separated  by  hydraulically  impermeable 
ion  perm-selective  membranes  to  form  separate 
anode  and  cathode  compartments,  and  the  aque- 
ous  sodium  chloride  solution  is  charged  to  the 
anode  compartments  of  the  cell  where  it  is  elec- 
trolysed,  chlorine  is  removed  from  the  anode 
compartments,  and  an  aqueous  sodium 
hydroxide  solution  is  removed  from  the  cathode 
compartments  of  the  cell.  An  electrolytic  cell  for 
the  production  of  aqueous  sodium  chlorate  sol- 
ution  does  not  comprise  a  diaphragm  or  mem- 
brane  and  the  sodium  hydroxide  and  chlorine 
produced  by  electrolysis  are  allowed  to  react  in 
the  electrolytic  cell. 

During  use  of  electrolytic  cells  an  electrolyte, 
for  example  aqueous  sodium  chloride  solution,  is 
charged  from  a  reservoir  of  electrolyte  at  earth 
potential  to  the  cell  which  is  at  a  different  electri- 

cal  potential.  The  liquid  products  of  electrolysis, 
for  example,  an  aqueous  solution  containing 
sodium  hydroxide  or  an  aqueous  solution  con- 
taining  sodium  chlorate,  are  discharged  from  the 

5  cell  to  a  reservoir  at  earth  potential  designed  to 
receive  the  liquid  products  and  there  is  a  differ- 
ence  in  electrical  potential  between  the  electroly- 
tic  cell  and  the  product  reservoir.  Because  of  this 
difference  in  electrical  potential  there  may  be  a 

w  leakage  of  current  between  the  electrolytic  cell 
and  the  reservoir  from  which  the  electrolyte  is 
charged  to  the  cell,  and  between  the  electrolytic 
cell  and  the  reservoir  to  which  the  liquid  products 
of  electrolysis  are  discharged  from  the  cell.  The 

75  leakage  of  current  occurs  particularly  where  a 
continuous  stream  of  electrolyte  is  charged  to  the 
electrolytic  cell  and/or  where  a  continuous  stream 
of  the  liquid  products  of  electrolysis  are  dis- 
charged  from  the  cell,  the  continuous  streams 

20  providing  a  pathway  for  leakage  of  current.  Whilst 
the  leakage  of  current  may  not  of  itself  be  a 
particularly  serious  loss  of  electrical  energy  when 
compared  with  the  overall  electrical  energy 
required  to  carry  out  the  electrolysis  it  may  lead  to 

25  serious  corrosion  problems  in  the  electrolytic  cell. 
In  particular,  it  may  lead  to  corrosion  in  those 
parts  of  the  cell  through  which  the  electrolyte  is 
charged  to  the  cell  and  through  which  the  liquid 
product  of  electrolysis  is  discharged  from  the  cell, 

30  for  example,  at  the  metallic  ports  through  which 
electrolyte  or  liquid  product  of  electrolysis  is 
charged  to  or  from  the  electrode  compartments  of 
the  cell,  or  at  those  parts  of  the  electrodes 
adjacent  to  the  ports.  Furthermore,  leakage  of 

35  current  may  also  be  caused  by  differences  in 
voltage  to  earth  between  electrolytic  cells  in  a  line 
of  cells  with  the  result  that  corrosion  may  occur, 
for  example  in  pipework  connecting  such  cells 
and  through  which  liquor  flows. 

40  Leakage  of  current,  which  may  be  an  anodic 
current  or  a  cathodic  current,  and  the  associated 
corrosion  problem,  is  particularly  severe  in  an 
installation  comprising  a  large  number  of  indivi- 
dual  electrolytic  cells  to  which  electrical  current  is 

45  supplied  in  series,  for  example  in  an  installation 
comprising  a  large  number  of  membrane  or 
diaphragm  cells  arranged  in  series.  In  such  an 
installation  certain  of  the  cells,  and  in  particular 
those  at  or  near  the  ends  of  the  series,  will  be  at  a 

so  high  potential  relative  to  earth,  that  is  at  a  high 
positive  or  negative  potential  depending  on  the 
position  of  a  particular  cell  in  the  series.  For 
example,  in  a  diaphragm  cell  installation  for  the 
electrolysis  of  aqueous  sodium  chloride  solution 

55  comprising  100  individual  cells  arranged  in  series 
there  may  be  a  potential  difference  of  as  much  as 
200  volts  between  the  cells  at  or  near  the  ends  of 
the  series  and  earth.  Thus  the  leakage  of  current, 
and  the  associated  corrosion  problem,  may  be 

60  particularly  severe  in  the  electrolytic  cells  at  or 
near  the  ends  of  such  a  series. 

Various  prior  proposals  have  been  made  to 
decrease  the  extent  of  this  current  leakage  and  to 
reduce  the  extent  of  the  associated  corrosion 

65  problem. 
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For  example,  in  Japanese  patent  publication 
lo.  53061591  an  electrolytic  cell  for  the  elec- 
olysis  of  alkali  metal  chloride  solution  is 
escribed  in  which  it  is  proposed  to  discharge  the 
quor  from  the  cell  in  a  discontinuous  manner  by 
Drming  the  liquor  into  droplets  in  a  device  corn- 
rising  a  plurality  of  small  diameter  tubes  or  rods, 
i  Japanese  patent  publication  No.  53061592  it 
as  been  proposed  to  provide  electrodes  in  a 
quor  discharging  pipe  in  order  to  reduce  the 
ifference  in  electrical  voltage  at  the  outlet  to  less 
nan  10  volts  in  order  to  suppress  corrosion.  In 
Iritish  Patent  No.  1523045  it  has  been  proposed 
o  so  choose  the  lengths  and  diameters  of  the 
lectrolytefeed  and  discharge  pipes  as  to  limit  the 
urrent  leakage  per  cell  to  not  more  than  4%  of 
he  electrolysis  current  per  cell. 

In  US  Patent  No.  4048045  there  is  described  a 
arget  anode  which  is  said  to  selectively  control 
urrent  leakage  from  an  anode  to  an  anolyte 
lischarge  manifold.  The  US  Patent  describes  an 
ilectrolytic  cell  having  a  passageway  which  con- 
lects  an  anode  compartment  and  an  anolyte 
lischarge  manifold,  and  positioned  in  the 
jassageway  an  electrical  conductor  which  con- 
lects  the  anode  with  the  anolyte  in  the  discharge 
nanifold.  The  conductor,  which  is  positioned 
vithin  the  passageway  acts  as  a  target  anode  and 
nhibits  corrosion  damage  of  the  anode  to  which 
t  is  electrically  connected. 

The  present  invention  provides  an  electrolytic 
:ell  comprising  at  least  one  anode  and  at  least 
jne  cathode  and  pipework  for  charging  liquor  to 
said  electrolytic  cell  and  pipework  for  discharging 
iquor  from  said  electrolytic  cell,  in  which  at  least 
jne  of  said  pipeworks  is  made  in  part  of  an 
jlectrically  non-conducting  material  and  which 
also  comprises  an  electrically  conducting  elec- 
:rode  material  positioned  in  said  pipework,  and  in 
/vhich  said  electrode  material  is  electrically  con- 
nected  directly  or  indirectly  to  said  anode  or 
:athode  by  means  of  an  electrical  connection 
sxtemal  of  the  electrolytic  cell. 

The  electrolytic  cell  may  comprise  a  plurality  of 
3nodes  and  cathodes,  and  the  electrolytic  cell 
may  have  a  separator  positioned  between  each 
adjacent  anode  and  cathode  thus  providing  the 
electrolytic  cell  with  a  plurality  of  anode  and 
cathode  compartments.  The  separator  may  be  a 
hydraulically  permeable  diaphragm  or  a  sub- 
stantially  hydraulically  impermeable  ionically 
perm-selective  membrane,  e.g.  a  cation  perm- 
selective  membrane. 

The  electrolytic  cell  may  be  a  monopolar  or  a 
bipolar  electrolytic  cell. 

Where  the  electrolytic  cell  comprises  a  plurality 
of  anode  and  cathode  compartments  it  may  also 
comprise  a  manifold  or  header  provided  with  a 
plurality  of  branches  which  lead  to,  or  from,  the 
anode  compartments  of  the  cell,  and  a  manifold 
or  header  provided  with  a  plurality  of  branches 
which  lead  to,  or  from,  the  cathode  compartments 
of  the  cell. 

The  pipework,  which  may  lead  to  or  from  the 
manifold  or  header,  or  form  part  of  the  manifold 

or  neaaer,  is  maae  ai  ieasi  in  i  ui  cm  eicuu  n-any 
non-conducting  material  and  an  electrode 
material  is  positioned  in  said  pipework.  For 
example,  the  electrode  material  may  be  in  the 

r  form  of  a  section  of  pipework  made  of  an  electric- 
ally  conducting  material,  e.g.  a  metal.  A  section  of 
pipework  of  electrically  non-conducting  material 
may  be  positioned  between  the  electrolytic  cell 
and  a  section  of  pipework  made  of  an  electrically 

o  conducting  material.  A  section  of  pipework  of 
electrically  conducting  material  may  be  posi- 
tioned  between  two  sections  of  pipework  made  of 
an  electrically  non-conducting  material. 

The  electrode  material  is  electrically  connected 
5  directly  or  indirectly  to  the  anode  or  anodes,  or  to 

the  cathode  or  cathodes,  of  the  electrolytic  cell  by 
means  of  an  electrical  connection  external  of  the 
electrolytic  cell.  For  example,  the  electrical  con- 
nection  may  be  indirect  by  means  of  an  electric- 

o  ally  conducting  lead  attached  to  the  electrode 
material  in  the  pipework  and,  in  the  case  of  a 
monopolar  electrolytic  cell,  to  the  bus-bar  to 
which  the  anodes,  or  the  cathodes,  are  them- 
selves  connected.  In  the  case  of  a  bipolar  elec- 

5  troiytic  cell  the  electrically  conducting  lead  may 
be  attached  to  the  electrode  material  in  the 
pipework  and  directly  to  the  terminal  anode,  or 
terminal  cathode  of  the  electrolytic  cell. 

As  the  aforementioned  electrical  connection  is 
io  external  of  the  electrolytic  ceil  and  is  not  for 

example  within  the  pipework  of  the  cell,  it  pro- 
vides  a  number  of  significant  technical  advan- 
tages.  Thus  the  electrical  connection  is  readily 
made  and  secured,  failure  of  the  connection  may 

15  readily  be  noted  and  repaired,  electrical  connec- 
tion  may  readily  be  made  to  a  meter  for  determin- 
ing  the  direction  and  magnitude  of  leakage  cur- 
rent,  and  the  electrically  conducting  part  in  the 
pipework  and  the  associated  electrical  connection 

to  may  readily  be  installed  with  at  most  only  mini- 
mum  modification  of  the  electrolytic  cell  being 
required.  The  ability  to  monitor  the  direction  of 
the  leakage  current  aids  in  the  choice  of  the 
materials  of  construction,  for  example  of  elec- 

t5  trode  materials.  For  example,  titanium  might  be 
unsuitable  where  there  is  a  cathodic  leakage 
current  as  such  a  leakage  current  may  cause 
embrittlement  of  titanium. 

In  operation  leakage  currents  are  discharged  at 
50  the  electrode  material,  for  example  on  the  elec- 

trically  conducting  parts  of  the  pipework,  rather 
than  at  the  parts  leading  to  or  from  the  anode  or 
cathode  compartments  of  the  cell,  or  on  those 
parts  of  the  anodes  or  cathodes  adjacent  thereto. 

55  The  invention  provides  for  discharge  of  leakage 
currents  in  a  controlled  manner  thus  reducing  or 
even  eliminating  uncontrolled  corrosion  caused 
by  such  leakage  currents. 

The  nature  of  the  electrode  material  will  depend 
eo  on  the  nature  of  the  electrolyte.  The  electrode 

material  may  suitably  be  the  same  as  that  of  the 
anodes  or  cathodes  of  the  electrolytic  cell  to 
which  it  is  electrically  connected. 

Where  aqueous  alkali  metal  chloride  solution  is 
65  to  be  electrolysed  the  anode  is  suitably  made  of  a 
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film-forming  metal  or  an  alloy  thereof,  for 
example  of  zirconium,  niobium,  tungsten  or  tan- 
talum,  but  preferably  of  titanium,  and  the  oper- 
ative  surfaces  of  the  anode  suitably  carry  a  coat- 
ing  of  an  electro-conducting  electrocatalytically- 
active  material.  The  coating  may  comprise  one  or 
more  platinum  group  metals,  that  is  platinum, 
rhodium,  iridium,  ruthenium,  osmium  or 
palladium,  and/or  an  oxide  of  one  or  more  of 
these  metals.  The  coating  of  platinum  group 
metal  and/or  oxide  may  be  present  in  admixture 
with  or  in  the  form  of  a  solid  solution  with  one  or 
more  non-noble  metal  oxides,  particularly  one  or 
more  film-forming  metal  oxides,  e.g.  titanium 
dioxide.  Electro-conducting  electro-catalytically- 
active  materials  for  use  as  anode  coatings  in  an 
electrolytic  cell  for  the  electrolysis  of  aqueous 
alkali  metal  chloride  solution,  and  methods  of 
application  of  such  coatings,  are  well  known  in 
the  art.  The  coating  is  suitably  applied  at  least  to 
those  faces  of  the  anode  which  in  the  electrolytic 
cell  face  the  cathode. 

The  electrode  material,  for  example,  the  elec- 
trically  conducting  part  of  the  pipework,  suitably 
comprises  a  substrate  of  a  film-forming  metal  or 
alloy  thereof  and  a  coating  of  an  electro-conduct- 
ing  electrocatalytically-active  material  as 
described. 

Where  aqueous  alkali  metal  chloride  solution  is 
to  be  electrolysed  the  cathode  is  suitably  made  of 
iron  or  steel,  or  of  other  suitable  metal,  for 
example  nickel  or  nickel  alloy,  particularly  where 
the  cathode  is  to  be  installed  in  a  membrane  cell. 
The  operative  surfaces  of  the  cathode  may  be 
treated,  e.g.  by  roughening  the  surfaces  and/or  by 
coating  the  surfaces  with  a  suitable  material,  e.g. 
a  platinum  group  metal  and/or  oxide  thereof,  in 
order  to  reduce  the  hydrogen  overvoltage  at  the 
cathode. 

The  electrode  material,  for  example  the  electric- 
ally  conducting  part  of  the  pipework,  suitably  is  of 
the  same  composition  as  the  cathode  itself.  For 
example,  it  may  be  of  nickel  or  nickel  alloy. 

Where  the  separator,  if  any,  to  be  used  in  the 
electrolytic  cell  is  a  hydraulically  permeable  dia- 
phragm  the  nature  of  the  diaphragm  will  depend 
on  the  nature  of  the  electrolyte  which  is  to  be 
electrolysed  in  the  cell.  The  diaphragm  should  be 
resistant  to  degradation  by  the  electrolyte  and  by 
the  products  of  electrolysis  and,  where  an  aque- 
ous  solution  of  alkali  metal  chloride  is  to  be 
electrolysed,  the  diaphragm  is  suitably  made  of 
asbestos  or  of  an  organic  polymeric  material 
which  is  resistant  to  degradation,  for  example,  a 
fluorine-containing  polymeric  material,  as  such 
materials  are  generally  resistant  to  degradation 
by  the  chlorine  and  alkali  metal  hydroxide  pro- 
duced  in  the  electrolysis.  Preferably,  the  dia- 
phragm  is  made  of  polytetrafluoroethyiene, 
although  other  materials  which  may  be  used 
include,  for  example,  tetrafluoroethylene-hexaf- 
luoropropylene  copolymers,  vinylidene  fluoride 
polymers  and  copolymers,  and  fluorinated 
ethylenepropylene  copolymers. 

Suitable  microporous  diaphragms  are  those 

described,  for  example,  in  UK  Patent  No.  1503915 
in  which  there  is  described  a  microporous  dia- 
phragm  of  polytetrafluoroethyiene  having  a 
microstructure  of  nodes  interconnected  by  fibrils, 

5  and  in  UK  Patent  No.  1081046  in  which  there  is 
described  a  microporous  diaphragm  produced  by 
extracting  a  particulate  filler  from  a  sheet  of 
polytetrafluoroethyiene.  Other  suitable  micropor- 
ous  diaphragms  are  described  in  the  art. 

10  Where  the  separator,  if  any,  to  be  used  in  the 
cell  is  an  ion-exchange  membrane  the  nature  of 
the  membrane  will  also  depend  on  the  nature  of 
the  electrolyte  which  is  to  be  electrolysed  in  the 
cell.  The  membrane  should  be  resistant  to  degra- 

is  dation  by  the  electrolyte  and  by  the  products  of 
electrolysis  and,  where  an  aqueous  solution  of 
alkali  metal  chloride  is  to  be  electrolysed,  the 
membrane  is  suitably  made  of  a  fluorine-contain- 
ing  polymeric  material  containing  cation- 

20  exchange  groups,  for  example,  sulphonic  acid, 
carboxylic  acid  or  phosphonic  acid  groups,  or 
derivatives  thereof,  or  a  mixture  of  two  or  more 
such  groups. 

Suitable  cation-exchange  membranes  are  those 
25  described,  for  example,  in  UK  Patents  Nos. 

1184321,  1402920,  1406673,  1455070,  1497748, 
1497749,  1518387  and  1531068. 

In  the  electrolytic  cell  the  individual  anode 
compartments  of  the  cell  will  be  provided  with 

30  means  for  feeding  electrolyte  to  the  compart- 
ments,  suitably  from  a  common  header,  and  with 
means  for  removing  products  of  electrolysis  from 
the  compartments.  Similarly,  the  individual 
cathode  compartments  of  the  cell  will  be  provided 

35  with  means  for  removing  products  of  electrolysis 
from  the  compartments,  and  optionally  with 
means  for  feeding  water  or  other  fluid  to  the 
compartments,  suitably  from  common  headers. 

The  common  headers  may  be  formed  by  open- 
40  ings  in  the  gaskets,  and  optionally  in  the  anodes 

and  cathodes  of  the  electrolytic  cell,  which  open- 
ings  together  form  lengthwise  channels  which 
serves  as  headers.  The  means  for  feeding  electro- 
lyte  to,  and  removing  the  products  of  electrolysis 

45  from,  the  anode  and  cathode  compartments  of 
the  cell  may  be  channels  in  the  walls  of  the 
gaskets  or  of  the  anodes  and  cathodes  which  lead 
from  the  lengthwise  channels  to  the  anode  and 
cathode  compartments. 

so  A  specific  embodiment  of  the  invention  is  now 
described  with  the  aid  of  the  accompanying  figure 
which  shows  a  diagrammatic  representation  of  a 
part  of  a  monopolar  electrolytic  cell  and  asso- 
ciated  pipework. 

55  The  electrolytic  cell  comprises  a  plurality  of 
anodes  1  and  cathodes  2  each  anode  1  being 
separated  from  the  adjacent  cathode  2  by  a 
cation-permeable  ion-exchange  membrane  3.  The 
adjacent  anodes  and  cathodes  are  electrically 

60  insulated  from  each  other  by  means  of  gaskets 
(not  shown). 

The  anodes  1,  cathodes  2,  and  gaskets  each 
contain  an  opening  therein,  which  openings  in 
combination  form  a  channel  4  which  runs 

65  lengthwise  of  the  electrolytic  cell  and  which 
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serves  as  a  header  through  which  waste  electro- 
yte  is  discharged  from  the  anode  compartments 
jf  the  cell.  The  anodes  1,  cathodes  2,  and  gaskets 
sach  comprise  three  other  such  openings,  which 
are  not  shown,  but  which  in  the  cell  in  combina- 
:ion  form  headers  through  which  electrolyte  may 
De  charged  to  the  anode  compartments  of  the  cell 
and  through  which  fluid  may  be  charged  to  and 
Droducts  of  electrolysis  may  be  removed  from  the 
:athode  compartments  of  the  cell. 

The  electrolytic  cell  also  comprises  copper 
nembers  5  attached  to  the  anodes  1  of  the  cell, 
tie  copper  members  being  in  turn  electrically 
connected  to  a  bus-bar  6.  Copper  members 
attached  to  the  cathodes  2  and  to  a  bus-bar  are 
not  shown. 

The  channel  4  is  connected  to  a  flanged  dis- 
charge  pipe  7  of  a  non-metallic  material,  for 
sxample  a  glass-reinforced  polyester  resin.  The 
c-ipe  7  is  in  turn  connected  to  a  flanged  pipe  insert 
3  made  of  the  same  material  as  the  anodes  1  ,  and 
then  to  a  discharge  pipe  9  of  a  non-metallic 
material  which  leads  to  a  reservoir  (not  shown) 
For  waste  electrolyte. 

The  flanged  pipe  insert  8  is  connected  electric- 
ally  to  the  bus-bar  6  by  means  of  an  electrical 
connection  10  positioned  externally  of  the  elec- 
trolytic  cell.  The  flanged  pipe  insert  8,  and  the 
anodes  1,  may  be  made  of  titanium  and  may  be 
coated  with  an  electro-conducting  electrocatalyti- 
cally  active  material,  for  example,  a  mixture  of  or 
solid  solution  of  Ru02  and  Ti02,  particularly 
where  aqueous  sodium  chloride  solution  is  to  be 
electrolysed  in  the  cell.  The  cathodes  2  may  be  of 
nickel  or  nickel  alloy. 

In  operation,  the  bus-bar  6  and  the  associated 
anodes  1  are  at  a  positive  potential  whereas  the 
reservoir  to  which  waste  electrolyte  is  passed  is  at 
earth  potential.  Leakage  current  in  the  electrolyte 
passing  through  the  pipe  7  is  discharged  on  the 
flanged  pipe  insert  8,  which,  because  of  the 
electrical  connection  10,  is  at  the  same  potential 
as  the  bus-bar  6.  If  and  when  the  flanged  pipe 
insert  8  corrodes  due  to  discharge  of  leakage 
current  it  may  readily  be  replaced.  The  electrical 
connection  10  may  comprise  a  meter  for  monitor- 
ing  the  direction  of  and  the  magnitude  of  the 
leakage  current. 

Monopolar  electrolytic  membrane  cells  of  the 
type  described  each  of  which  comprised  60 
anodes  and  60  cathodes  separated  by  perf- 
luoropolymer  cation-exchange  membranes  were 
installed  in  a  cell  room  which  comprised  4  rows  of 
cells  as  follows:  — 

Row  A  cells  1  to  5  —  diaphragm  ceils 
cells  6  to  8  —  membrane  cells 
cell  9  —  diaphragm  cell. 

Row  B  cells  1  to  n  —  aiapnragm  cens 

Row  C  cells  1  to  7  —  diaphragm  cells, 

5  Row  D  cells  1  to  3  —  diaphragm  cells 
cells  4  to  6  —  membrane  cells 
cell  7  —  diaphragm  cell. 

The  cells  were  electrically  connected  in  series 
to  with  electrical  connectors  being  positioned 

between  the  last  cell  in  one  row  and  the  first  cell 
in  an  adjacent  row. 

For  the  purposes  of  experiment  the  electrolyte 
feed  to  and  product  discharge  from  the  dia- 

15  phragm  cells  was  separate  from  the  electrolyte 
feed  to  and  product  discharge  from  the  mem- 
brane  cells. 

Saturated  aqueous  sodium  chloride  solution 
was  charged  to  the  anode  compartments  of  the 

20  three  membrane  cells  of  Row  A  through  a 
common  pipework,  and  water  was  charged  to  the 
cathode  compartments  of  the  three  membrane 
cells  of  Row  A  through  a  common  pipework. 
Products  of  electrolysis  from  the  anode  and 

is  cathode  compartments  of  the  cells,  that  is 
chlorine  and  depleted  aqueous  sodium  chloride 
solution,  and  hydrogen  and  aqueous  sodium 
hydroxide  solution,  respectively,  were  likewise 
discharged  to  common  pipeworks.  The  three 

30  membrane  cells  of  Row  D  comprised  similar 
pipeworks  separate  from  those  of  the  cells  of  Row 
A.  Each  of  the  pipeworks  through  which  depleted 
aqueous  sodium  chloride  solution  was  dis- 
charged  from  the  anode  compartments  and 

35  through  which  sodium  hydroxide  solution  was 
discharged  from  the  cathode  compartments  com- 
prised  a  metallic  part  made  of  the  same  material, 
as  the  anode  or  cathode,  as  the  case  may  be,  and 
being  electrically  connected  through  an  ammeter 

40  to  the  anode  or  cathode  bus-bar  associated  with 
each  of  the  membrane  cells. 

Aqueous  sodium  chloride  solution  was  electrol- 
ysed  in  the  membrane  cells  in  the  manner  herein- 
before  described,  the  voltage  to  the  cell  room 

45  being  of  the  order  of  +63  volts. 
The  voltages  of  the  membrane  cells  were  as 

follows: 

Cell  Voltage,  volts 
so  —  

A6  -45.5 
A7  -42 
A8  -38.5 
D4  52.5 

55  D5  49 
D6  45.5 

The  leakage  currents  which  were  measured 
were  as  follows: 

60 

65 
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Depleted  aqueous  sodium  chloride  solution 
Leakage  current 

Cell  amps 

A6  -0.25 
A7  -0.23 
A8  -0.22 
D4  0.29 
D5  0.27 
D6  0.25 

Aqueous  sodium  hydroxide  solution 
Leakage  current 

Cell  amps 

A6  -0.70 
A7  -0.65 
A8  -0.59 
D4  0.81 
D5  0.75 
D6  0.70 

The  membrane  electrolytic  cells  were  operated 
for  3  months  and  then  dismantled. 

There  was  no  visible  sign  of  corrosion  on  the 
anode  or  cathodes  of  the  cells  not  at  the  exit  ports 
from  the  cells. 

Claims 

1.  An  electrolytic  cell  comprising  at  least  one 
anode  and  at  least  one  cathode  and  pipework  for 
charging  liquor  to  said  electrolytic  cell  and 
pipework  for  discharging  liquor  from  said  elec- 
trolytic  cell,  in  which  at  least  one  of  said 
pipeworks  is  made  in  part  of  an  electrically  non- 
conducting  material  and  which  also  comprises  an 
electrically  conducting  electrode  material  posi- 
tioned  in  said  pipework,  and  in  which  said  elec- 
trode  material  is  electrically  connected  directly  or 
indirectly  to  said  anode  or  cathode  by  means  of 
an  electrical  connection  external  of  the  electroly- 
tic  cell. 

2.  An  electrolytic  cell  as  claimed  in  Claim  1  in 
which  the  electrode  material  is  in  the  form  of  a 
section  of  pipework  made  of  an  electrically  con- 
ducting  material. 

3.  An  electrolytic  cell  as  claimed  in  Claim  2  in 
which  a  section  of  pipework  of  electrically  non- 
conducting  material  is  positioned  between  the 
electrolytic  cell  and  a  section  of  pipework  made  of 
an  electrically  conducting  material. 

4.  An  electrolytic  cell  as  claimed  in  Claim  3  in 
which  a  section  of  pipework  of  electrically  con- 
ducting  material  is  positioned  between  two  sec- 
tions  of  pipework  made  of  an  electrically  non- 
conducting  material. 

5.  An  electrolytic  cell  as  claimed  in  any  one  of 
Claims  1  to  4  in  which  the  electrolytic  cell  is 
monopolar  and  in  which  the  electrode  material  is 
electrically  connected  to  a  bus-bar  to  which  the 
anodes,  or  cathodes,  of  the  electrolytic  cell  are 
connected. 

6.  An  electrolytic  cell  as  claimed  in  any  one  of 

Claims  1  to  4  in  which  the  electrolytic  cell  is 
bipolar  and  in  which  the  electrode  material  is 
electrically  connected  to  a  terminal  anode,  on 
terminal  cathode,  of  the  electrolytic  cell. 

5  7.  An  electrolytic  cell  as  claimed  in  any  one  of 
Claims  1  to  6  in  which  the  electrode  material  is  the 
same  as  the  material  of  the  anode  or  cathode  of 
the  electrolytic  cell. 

8.  An  electrolytic  cell  as  claimed  in  Claim  7  in 
10  which  the  electrode  material  comprises  a  sub- 

strate  of  a  film-forming  metal  or  alloy  and  a 
coating  of  an  electro-conducting  electrocatalyti- 
cally-active  material. 

9.  An  electrolytic  cell  as  claimed  in  Claim  7  in 
15  which  the  electrode  material  comprises  a  sub- 

strate  of  nickel  or  nickel  alloy. 
10.  An  electrolytic  ceil  as  claimed  in  any  one  of 

Claims  1  to  9  in  which  said  electrical  connection 
comprises  a  meter  for  measuring  the  magnitude 

20  of  and  direction  of  leakage  current. 

Patentanspruche 

1.  Elektrolysezelle  mit  wenigstens  einer  Anode 
25  und  wenigstens  einer  Kathode  sowie  Rohrleitun- 

gen  zur  Zufiihrung  von  Flussigkeit  zu  der  Elektro- 
lysezelle  sowie  Rohrleitungen  zur  Abfuhrung  von 
Flussigkeit  aus  der  Elektrolysezelle,  bei  der  wenig- 
stens  eine  dieser  Rohrleitungen  teilweise  aus 

30  einem  elektrisch  nicht  leitfahigen  Material  herge- 
stellt  ist  und  die  aulSerdem  ein  elektrisch  leitfahi- 
ges  Elektrodenmaterial,  das  in  diesen  Rohrleitun- 
gen  angeordnet  ist,  aufweist,  und  bei  der  dieses 
Elektrodenmaterial  direkt  oder  indirekt  mit  Hilfe 

35  einer  zur  Elektrolysezelle  externen  elektrischen 
Verbindung  mit  der  Anode  oder  Kathode  elek- 
trisch  verbunden  ist. 

2.  Elektrolysezelle  nach  Anspruch  1,  bei  der  das 
Elektrodenmaterial  die  Form  eines  Rohrleitungs- 

40  abschnitts  aufweist,  der  aus  einem  elektrisch 
leitfahigen  Material  hergestellt  ist. 

3.  Elektrolysezelle  nach  Anspruch  2,  bei  der  ein 
Rohrleitungsabschnitt  aus  einem  elektrisch  nicht 
leitfahigen  Material  zwischen  der  Elektrolysezelle 

45  und  einem  Rohrleitungsabschnitt,  der  aus  einem 
elektrisch  leitfahigen  Material  hergestellt  ist, 
angeordnet  ist. 

4.  Elektrolysezelle  nach  Anspruch  3,  bei  dem  ein 
Rohrleitungsabschnitt  aus  einem  elektrisch  leitfa- 

50  higen  Material  zwischen  zwei  Rohrleitungsab- 
schnitten  aus  einem  elektrisch  nicht  leitfahigen 
Material  angeordnet  ist. 

5.  Elektrolysezelle  nach  irgendeinem  der 
Anspruche  1  bis  4,  bei  der  die  Elektrolysezelle 

55  monopolar  ist  und  bei  der  das  Elektrodenmaterial 
elektrisch  mit  einer  Sammelschiene  verbunden 
ist,  mit  der  auch  die  Anoden  oder  Kathoden  der 
Elektrolysezelle  verbunden  sind. 

6.  Elektrolysezelle  nach  irgendeinem  der 
60  Anspruche  1  bis  4,  bei  der  die  Elektrolysezelle 

bipolar  ist  und  bei  der  das  Elektrodenmaterial 
elektrisch  mit  einer  Endanode  oder  Endkathode 
der  Elektrolysezelle  verbunden  ist. 

7.  Elektrolysezelle  nach  irgendeinem  der 
65  Anspruche  1  bis  6,  bei  der  das  Elektrodenmaterial 

6 



1 =P  0  187  001  B1 

das  gleiche  Material  wie  das  der  Anode  oder 
<athode  der  Elektrolysezelle  ist. 

8.  Elektrolysezelle  nach  Anspruch  7,  bei  der  das 
Elektrodenmaterial  ein  Substrat  aus  einem  film- 
3ildenden  Metall  oder  einer  derartigen  Legierung 
jnd  eine  Beschichtung  aus  einem  elektrisch  lei- 
tenden  elektrokatalytisch  wirksamen  Material  auf- 
weist. 

9.  Elektrolysezelle  nach  Anspruch  7,  bei  der  das 
Elektrodenmaterial  ein  Substrat  aus  Nickel  oder 
siner  Nickellegierung  aufweist. 

10.  Elektrolysezelle  nach  irgendeinem  der 
Anspruche  1  bis  9,  bei  der  die  elektrische  Verbin- 
dung  ein  MefJgerat  zur  Messung  der  GrolSe  und 
Richtung  des  Streustroms  umfaUt. 

Revendications 

1.  Cellule  electrolytique  comprenant  au  moins 
une  anode  et  au  moins  une  cathode  et  une 
tuyauterie  d'introduction  de  liqueur  dans  ladite 
cellule  electrolytique  et  une  tuyauterie  d'evacua- 
tion  de  liqueur  de  ladite  cellule  electrolytique, 
dans  laquelle  au  moins  I'une  des  dites  tuyauteries 
est  fabriquee  en  partie  d'une  matiere  electrique- 
ment  non  conductrice  et  qui  comporte  egalement 
une  matiere  d'electrode  electriquement  conduc- 
trice  placee  dans  ladite  tuyauterie,  et  dans 
laquelle  ladite  matiere  d'electrode  est  electrique- 
ment  connect.ee,  directement  ou  indirectement,  a 
ladite  anode  ou  cathode  au  moyen  d'une  liaison 
electrique  exterieure  a  la  cellule  electrolytique. 

2.  Cellule  electrolytique  suivant  la  revendication 
1,  dans  laquelle  la  matiere  d'electrode  est  sous  la 
forme  d'un  trongon  de  tuyauterie  fabrique  en  une 
matiere  electriquement  conductrice. 

3.  Cellule  electrolytique  suivant  la  revendication 
2,  dans  laquelle  un  trongon  de  tuyauterie  en 
matiere  electriquement  non  conductrice  est  place 
entre  la  cellule  electrolytique  et  un  trongon  de 

tuyauterie  fabrique  en  une  matiere  electrique- 
ment  conductrice. 

4.  Cellule  electrolytique  suivant  la  revendication 
3,  dans  laquelle  un  trongon  de  tuyauterie  en 

5  matiere  electriquement  conductrice  est  place 
entre  deux  trongons  de  tuyauterie  fabriques  en 
une  matiere  electriquement  non  conductrice: 

5.  Cellule  electrolytique  suivant  I'une  quelcon- 
que  des  revendications  1  a  4,  dans  laquelle  la 

10  cellule  electrolytique  est  monopolaire  et  dans 
laquelle  la  matiere  d'electrode  est  electriquement 
connectee  a  une  barre  de  distribution  generale  a 
laquelle  sont  raccordees  les  anodes  ou  cathodes 
de  la  cellule  electrolytique. 

15  6.  Cellule  electrolytique  suivant  I'une  quelcon- 
que  des  revendications  1  a  4,  dans  laquelle  la 
cellule  electrolytique  est  bipolaire  et  dans  laquelle 
la  matiere  d'electrode  est  electriquement  connec- 
tee  a  une  anode  terminale  ou  une  cathode  termi- 

20  nale  de  la  cellule  electrolytique. 
7.  Cellule  electrolytique  suivant  I'une  quelcon- 

que  des  revendications  1  a  6,  dans  laquelle  la 
matiere  d'electrode  est  la  meme  que  la  matiere  de 
I'anode  ou  de  la  cathode  de  la  cellule  electrolyti- 

25  que. 
8.  Cellule  electrolytique  suivant  la  revendication 

7,  dans  laquelle  la  matiere  d'electrode  comprend 
un  substrat  d'un  metal  ou  alliage  de  formation  de 
film  et  un  revetement  d'une  matiere  electrique- 

30  ment  conductrice  et  electro-  catalytiquement 
active. 

9.  Cellule  electrolytique  suivant  la  revendication 
7,  dans  laquelle  la  matiere  d'electrode  comprend 
un  substrat  de  nickel  ou  d'alliage  de  nickel. 

35  10.  Cellule  electrolytique  suivant  I'une  quelcon- 
que  des  revendications  1  a  9,  dans  laquelle  ladite 
liaison  electrique  comprend  un  instrument  de 
mesure  de  la  grandeur  et  du  sens  du  courant  de 
fuite. 
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