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©  Corrosion  protection  systems  which  make  use  of 
a  barrier  (2)  which  is  placed  between  a  corrodible 
substrate  (3)  and  a  counter-electrode  (2).  The  barrier 
can  provide  more  uniform  current  distribution  on  the 
substrate,  and/or  enable  the  counter-electrode  to  be 
more  easily  maintained  or  replaced,  and/or  reduce 
the  rate  at  which  the  current  density  on  an  elongate 
electrode  changes  with  distance  from  the  power 
source,  and/or  provide  a  controlled  environment  ar- 
ound  the  electrode  to  improve  its  efficiency. 
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This  invention  relates  to  the  corrosion  protec- 
tion  of  pipes,  vessels  and  other  corrodible  sub- 
strates. 

It  is  well  known  to  protect  substrates  from 
corrosion  by  establishing  a  corrosion-protecting  po- 
tential  difference  between  the  substrate  and  a 
counter-electrode.  Preferably  a  DC  power  source  is 
used  to  establish  the  desired  potential  difference 
between  the  substrate  as  cathode  and  an  anode 
which  is  composed  of  a  material  which  is  resistant 
to  corrosion,  eg.  platinum,  graphite,  or  a  conductive 
polymer.  Reference  may  be  made  for  example  to 
U.S.  Patents  Nos.  3,515,654  (Bordalen),  4,502,929 
(Stewart  et  al),  4,473,450  (Nayak  et  al),  4,319,854 
(Marzocchi),  4,255,241  (Kroon),  4,267,029 
(Massarsky),  3,868,313  (Gay),  3,798,142  (Evans), 
3,391,072  (Pearson),  3,354,063  (Shutt),  3,022,242 
(Anderson),  2,053,314  (Brown)  and  1,842,541 
(Cumberland),  U.K.  Patents  No.  1,394,292  and 
2,046,789A,  Japanese  Patents  Nos.  35293/1973 
and  48948/1978,  and  European  Patent  Publication 
No.  01479777. 

The  known  corrosion  systems  suffer  from  se- 
rious  disadvantages,  in  particular  a  failure  to  obtain 
sufficiently  uniform  current  distribution  on  the  sub- 
strate.  This  disadvantage  can  arise  from  the  use  of 
one  or  more  discrete  electrodes;  or  from  the  use  of 
a  distributed  electrode,  eg  a  platinum  wire,  whose 
radial  resistance  to  the  substrate  is  low,  so  that  at 
high  currents  the  current  density  on  the  anode 
decreases  rapidly  as  the  distance  from  the  power 
source  increases;  and/or  because  the  substrate  is 
shielded  (including  those  situations  in  which  the 
substrate  has  a  complex  shape  which  results  in 
one  part  of  the  substrate  being  shielded  by  another 
part  of  the  substrate).  The  flexible  elongate  anodes 
disclosed  in  U.S.  Patents  Nos.  4,502,929  and 
4,473,450,  which  comprise  a  low  resistance  core 
surrounded  by  a  conductive  polymer  coating,  are 
very  useful  in  mitigating  this  disadvantage,  but  they 
cannot  be  used  at  the  high  current  densities  which 
are  required  in  certain  situations,  for  example  the 
protection  of  structures  which  have  no  protective 
coating  thereon.  Another  disadvantage  is  the  rela- 
tively  short  life  of  anodes  (including  the  electrical 
connections  thereto),  especially  when  exposed  to 
environments  which  are  highly  corrosive  or  which 
contain  oily  contaminants  (and  in  the  case  of  plati- 
num  anodes,  when  exposed  to  fresh  potable  wa- 
ter),  and  the  difficulty  and  expense  of  repairing  or 
replacing  the  anodes  when  this  becomes  neces- 
sary. 

We  have  now  discovered  that  these  disadvan- 
tages  can  be  mitigated  or  overcome  by  means  of  a 
barrier  which  lies  between  the  substrate  and  the 
counter-electrode,  which  is  spaced  part  from  the 
substrate  and  the  counter-electrode,  and  which 
directs  the  flow  of  ions  between  the  substrate  and 

the  counter-electrode,  and  thus  provides  an  im- 
proved  current  distribution  on  the  substrate,  and/or 
enables  the  counter-electrode  to  be  more  easily 
maintained  or  replaced,  and/or  reduces  the  rate  at 

5  which  the  current  density  on  an  elongate  electrode 
changes  with  the  distance  from  the  power  source, 
and/or  provides  a  controlled  environment  around 
the  electrode  to  improve  its  efficiency,  eg.  by  re- 
ducing  contamination  or  by  making  it  possible  to 

io  surround  the  counter-electrode  with  an  electrolyte 
which  is  different  from  the  electrolyte  which  con- 
tacts  the  substrate. 

In  one  aspect,  the  present  invention  provides 
an  assembly  for  cathodically  protecting  an  elec- 

75  trically  conductive  substrate  from  corrosion,  and  a 
method  of  corrosion  protection  which  makes  use  of 
such  an  assembly,  the  assembly  comprising 

(1)  an  electrically  conductive  substrate  which  is 
liable  to  corrosion; 

20  (2)  an  elongate  distributed  anode,  ie.  an  anode 
which  has  a  shape  corresponding  generally  to 
the  shape  of  the  substrate  and  which  is  rela- 
tively  close  to  all  points  on  the  substrate;  and 
(3)  a  barrier  which  (i)  lies  between  the  substrate 

25  and  the  anode,  (ii)  is  spaced  apart  from  the 
substrate  and  from  the  anode,  and  (iii)  is  in  the 
form  of  a  tube  which  surrounds  the  anode  and 
has  a  plurality  of  ion-permeable  sections  therein 
such  that,  when  the  anode  and  the  substrate  are 

30  electrically  connected  to  opposite  poles  of  a  DC 
power  source  and  are  electrically  connected  by 
means  of  an  electrolyte,  the  barrier  restricts  the 
flow  of  current  between  the  substrate  and  the 
anode  so  that  the  resistance  between  the  sub- 

35  strate  and  the  anode  is  Q  times  the  resistance 
between  them  in  the  absence  of  the  barrier, 
where  Q  is  at  least  1  .5. 

In  another  aspect,  the  present  invention  pro- 
vides  a  method  of  cathodically  protecting  an  elec- 

40  trically  conductive  substrate  from  corrosion  by  an 
electrolyte  which  contacts  it,  which  method  com- 
prises  establishing  a  potential  difference  between 
the  substrate  and  a  discrete  anode  which  is  located 
in  an  anode  chamber  containing  an  electrolyte  and 

45  having  at  least  one  ion-permeable  section  therein, 
the  electrolyte  being  fed  into  the  chamber  and 
being  driven  by  hydrostatic  pressure  from  the 
chamber  through  said  at  least  one  ion-permeable 
section. 

50  The  barrier  which  is  used  in  the  present  inven- 
tion  modifies  the  way  in  which  current  flows  be- 
tween  the  substrate  and  the  anode  so  as  to  pro- 
duce  one  or  more  of  the  desirable  results  noted 
above.  In  general,  this  will  result  in  the  resistance 

55  between  the  substrate  and  the  anode  being  sub- 
stantially  higher  than  it  would  be  in  the  absence  of 
the  barrier,  preferably  by  a  factor  of  at  least  10,  for 
example  at  least  100,  or  even  more,  balancing  the 
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resulting  advantages  against  the  disadvantage  of 
the  higher  voltages  required  as  the  resistance  in- 
creases. 

The  barrier  preferably  comprises  a  plurality  of 
ion-permeable  sections.  Preferred  ion-permeable 
sections  include  simple  apertures,  for  example  a 
hole  in  the  wall  of  a  tube,  or  an  opening  at  the  end 
of  a  tube.  Ion-permeable  sections  which  are  com- 
posed  of  an  ion-permeable  material,  eg.  a  glass  frit, 
can  also  be  used,  especially  when  it  is  desired  to 
have  the  anode  contacted  by  an  electrolyte  which 
is  different  from  that  which  contacts  the  substrate. 
The  size  and/or  the  spacing  of  the  ion-permeable 
sections  can  be  uniform  or  non-uniform,  depending 
upon  the  desired  current  distribution  on  the  sub- 
strate.  The  ion-permeable  sections  are  preferably 
of  fixed  dimensions.  The  distance  between  adja- 
cent  ion-permeable  sections  is  preferably  less  than 
10  times,  particularly  less  than  4  times,  the  dis- 
tance  between  the  ion-permeable  sections  and  the 
substrate.  An  important  factor  in  determining  the 
size  of  the  apertures  can  be  the  need  to  ensure 
that  anodic  reaction  products,  eg  gaseous  chlorine, 
do  not  block  the  apertures.  Unless  the  conditions  of 
operation  are  such  that  anodic  reaction  products 
remain  dissolved  in  the  electrolyte  or  can  be  easily 
vented,  care  must  be  taken  to  prevent  harmful 
build-up  of  such  reaction  products  between  the 
anode  and  the  barrier.  In  some  case  positive  bene- 
fit  can  be  derived  from  such  reaction  products,  eg. 
to  lessen  fouling  of  marine  structures.  To  assist  in 
the  dispersion  of  such  reaction  products,  it  is  pre- 
ferred  to  operate  the  system  in  such  a  way  that 
hydrostatic  pressure  drives  the  electrolyte  through 
the  ion-permeable  section(s)  towards  the  substrate. 
Such  hydrostatic  pressure,  which  is  typically  pro- 
vided  by  a  pump,  can  have  the  alternative  and/or 
additional  advantages  of  (1)  reducing  the  danger 
that  the  ion-permeable  sections  will  be  blocked  by 
contaminants  present  in  the  electrolyte  between  the 
barrier  and  the  substrate,  for  example  oily  con- 
taminants  in  the  water  layer  at  the  bottom  of  an  oil 
storage  tank,  and/or  (2)  making  it  possible,  when  it 
is  desired  to  surround  the  anode  with  an  electrolyte 
which  is  different  from  the  electrolyte  which  con- 
tacts  the  substrate  (eg.  when  protecting  a  potable 
water  tank  with  a  platinum  anode),  to  prevent  sub- 
stantial  contamination  of  the  anode  electrolyte  by 
the  substrate  electrolyte  with  minimal  contamina- 
tion  of  the  substrate  electrolyte  by  the  anode  elec- 
trolyte. 

The  barrier  must  not  be  electronically  con- 
nected  to  the  substrate  or  the  anode,  and  is  prefer- 
ably  composed  of  (including  coated  by)  an  elec- 
trically  insulating  material,  eg.  a  plastic.  Preferred 
barriers  are  in  the  form  of  a  tube  (which  may  be  of 
round  or  other  cross  section)  or  a  plurality  of  tubes 
which  are  joined  together  to  form  a  branched  struc- 

ture.  In  such  a  branched  structure,  the  branch 
tubes  are  preferably  of  smaller  cross-section  than 
the  main  tube,  for  example  so  that  the  total  cross- 
sectional  area  of  the  branch  tubes  is  no  greater 

5  than  the  cross-sectional  area  of  the  main  tube.  The 
tube  or  tubes  can  be  heated  by  an  internal  or 
external  heater  to  reduce  the  viscosity  of  the  elec- 
trolyte  therein  (including  to  prevent  it  from  freezing) 
and/or  to  reduce  its  resistivity.  The  tube  or  tubes 

io  can  be  arranged  as  a  continuous  loop,  so  that 
electrolyte  circulates  through  them,  or  can  simply 
terminate  in  an  open  end  (ie.  an  ion-permeable 
section)  or  a  closed  end. 

In  a  particularly  preferred  embodiment,  the 
is  tube  (or  at  least  one  of  the  tubes  where  a  plurality 

of  tubes  are  joined  together)  surrounds  an  elongate 
anode,  for  example  one  whose  length  is  at  least 
100  times,  preferably  at  least  1000  times,  its  small- 
est  dimension,  typically  a  metal  wire,  especially  a 

20  platinum  or  platinum-coated  wire,  having  for  exam- 
ple  a  diameter  of  at  least  0.01  inch  (0.025  cm), 
preferably  0.02  to  0.3  inch  (0.05  to  0.075  cm).  The 
internal  diameter  of  the  tube  containing  the  wire 
anode  is  preferably  P  times  the  diameter  of  the 

25  wire,  where  P  is  2  to  100,  eg.  5  to  30,  for  example 
a  diameter  of  0.125  to  0.6  inch  (0.36  to  1.5  cm). 
The  tube  containing  the  wire  anode  comprises  ion- 
permeable  sections,  or  there  are  branch  tubes 
comprising  ion-permeable  sections  attached  there- 

30  to,  or  both.  The  branch  tubes  can  comprise  per- 
forations  and/or  can  have  an  open  end,  which  may 
be  fitted  with  a  nozzle.  In  this  way,  it  is  possible  to 
obtain  a  much  more  uniform  current  density  on  the 
anode,  and  hence  also  on  the  substrate,  than  in  the 

35  absence  of  the  barrier.  This  desirable  result  is 
achieved  because  the  resistance  between  the  sub- 
strate  and  the  elongate  anode  is  much  greater  than 
it  would  be  in  the  absence  of  the  tube  or  tubes, 
preferably  by  a  factor  of  at  least  10,  for  example  at 

40  least  100  or  even  higher.  This  is  especially  valu- 
able  when  it  is  desirable  to  provide  a  high  current 
from  a  distributed  anode.  Under  these  circum- 
stances,  it  is  not  satisfactory  to  use  an  anode 
comprising  a  metal  core  and  a  conductive  polymer 

45  jacket,  because  such  anodes  cannot  support  the 
high  current  densities  required.  Nor  is  it  satisfac- 
tory  to  use  a  platinum  wire  anode  (or  the  like);  such 
anodes  will  support  very  high  current  densities,  but 
at  the  currents  needed  in  such  circumstances,  the 

50  current  density  on  the  anode  decreases  rapidly  as 
the  distance  from  the  power  source  increases,  as 
demonstrated  for  example  in  Example  2  below. 

In  another  preferred  embodiment,  the  anode  is 
a  discrete  electrode  which  is  placed  in  a  vessel 

55  remote  from  the  substrate,  and  electrolyte  is 
pumped  (or  gravity  fed)  from  the  anode  vessel  to 
the  vicinity  of  the  substrate  via  one  or  more  tubes 
which  constitute  the  barrier  and  which  contain 

3 
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(including  terminate  in)  ion-permeable  sections.  In 
such  a  system,  it  is  important  that  the  resistance  of 
the  electrolyte  in  the  tube  or  tubes  should  not  be 
too  high.  Therefore,  the  resistivity  of  the  electrolyte 
is  preferably  less  than  50  ohm.cm,  particularly  less 
than  20  ohm.cm,  so  that  the  tubes  can  be  of  a 
convenient  size.  In  this  embodiment,  the  main  tube 
or  tubes  conveying  electrolyte  from  the  anode 
chamber  to  the  vicinity  of  the  substrate  may  for 
example  have  an  equivalent  inner  diameter  (ie.  of 
cross-section  equal  to  a  circle  of  that  diameter)  of  1 
to  12  inches  (2.5  to  30.5  cm),  and  the  branch  tubes 
may  for  example  have  an  equivalent  diameter  of 
0.5  to  3  inches  (1.25  to  7.5  cm). 

Any  appropriate  DC  power  source  can  be  used 
in  the  present  invention.  The  voltage  of  the  power 
source  is  preferably  less  than  100  volts,  particularly 
less  than  50  volts,  with  the  system  being  designed 
with  this  preference  in  mind. 

When  there  is  a  net  transfer  of  electrolyte 
through  the  ion-permeable  section(s)  of  the  barrier, 
electrolyte  must  be  supplied  to  the  anode,  and  this 
can  be  done  by  recycling  electrolyte  from  the 
vicinity  of  the  substrate  and/or  by  supplying  fresh 
electrolyte.  When  build-up  of  electrolyte  in  the  vi- 
cinity  of  the  substrate  must  be  avoided,  eg.  in  the 
bottom  of  an  oil  storage  tank,  means  must  be 
provided  for  removing  excess  electrolyte;  the  ex- 
cess  electrolyte  can  be  recycled  to  the  anode,  if 
desired  or  necessary  after  filtering  or  otherwise 
treating  it  to  remove  harmful  contaminants. 

Preferred  uses  for  the  present  invention  include 
the  protection  of  city  water  tanks,  ballast  tanks  in 
ships,  oil  rigs,  cooling  tanks  for  power  stations, 
water  tanks  for  secondary  recovery  in  oil  wells,  oil 
storage  tanks,  heat  exchangers,  condensers,  heater 
treaters,  and  buried  pipes,  in  particular  pipes 
buried  below  the  permafrost  line,  for  example  oil 
pipes  in  frozen  tundra. 

Referring  now  to  the  drawing,  each  of  Figures 
1  and  2  shows  a  DC  power  source  1  which  is 
connected  to  an  anode  2  and  a  corrodible  sub- 
strate  3  which  is  a  cathode.  Anode  2  and  substrate 
3  are  separated  by  a  barrier  4  which  comprises 
ion-permeable  sections  45,  and  are  connected  by 
electrolyte  5  through  sections  45.  A  positive  hydro- 
static  pressure  is  maintained  from  the  interior  of 
the  barrier  4  across  the  ion-permeable  sections  45 
by  means  of  pump  6. 

Figure  1  is  a  diagrammatic  side  view  which 
shows  the  corrodible  substrate  3  within  a  vessel  7 
containing  the  electrolyte  5.  The  anode  2  is  an 
elongate  anode,  and  the  barrier  4  is  a  perforated 
tube  containing  the  anode. 

Figure  2  is  a  diagrammatic  side  view  in  which 
the  substrate  3  is  an  oil  storage  tank  in  which  the 
electrolyte  5  is  a  highly  corrosive  aqueous  mixture 
covered  by  oil  8.  The  anode  is  a  discrete  anode 

which  lies  within  an  anode  chamber  21.  The  barrier 
4  comprises,  in  addition  to  the  part  of  the  anode 
chamber  which  lies  between  the  anode  and  the 
tank  3,  a  tube  41  which  leads  from  anode  chamber 

5  21  to  the  center  of  tank  3  and  branch-tubes  42 
which  communicate  with  tube  41,  which  are  of 
relatively  small  diameter,  and  which  contain  per- 
forations  45.  Means  not  shown  removes  excess 
electrolyte  from  the  tank  5.  Pump  6  maintains  a 

io  positive  pressure  across  the  perforations  45  and 
thus  reduces  the  danger  that  they  will  become 
blocked  by  oily  contaminants  in  the  water  layer. 

Figure  3  shows  in  diagrammatic  plan  view  an 
alternative  way  of  protecting  a  vessel  3.  Tube  44 

is  surrounds  the  vessel  and  contains  elongate  anode 
2.  Branch  tubes  42  communicate  with  tube  44, 
pass  through  the  wall  of  the  vessel,  and  terminate 
in  open  ends  or  nozzles  45  which  can  point  in  one 
or  more  desired  directions. 

20  Figure  4  shows  in  diagrammatic  side  view  a 
system  for  protecting  a  pipe  3  which  is  buried  in 
the  earth  or  immersed  in  the  sea  or  other  elec- 
trolyte.  The  anode  2  lies  within  an  anode  chamber 
21  and  is  surrounded  by  electrolyte  3.  Barrier  4 

25  comprises  a  tube  41  which  extends  downwards 
from  the  anode  chamber  21  and  branch  tubes  42 
which  communicate  with  and  extend  horizontally 
from  the  tube  41  under  the  pipe  3,  and  which 
comprise  nozzles  45  covered  by  protective  caps. 

30  Tube  41  contains  a  heater  9  which  may  be  used  to 
prevent  the  electrolyte  from  freezing  or  reduce  its 
viscosity,  for  example  when  the  tube  41  passes 
through  a  layer  of  earth  which  is  frozen  or  liable  to 
freezing,  and/or  to  decrease  its  resistivity.  A  posi- 

35  tive  hydrostatic  pressure  is  maintained  across  the 
nozzles  45,  and  the  electrolyte  lost  in  consequence 
is  replaced  from  electrolyte  storage  tank  23. 

Figure  5  shows  a  tube  with  perforations  therein 
through  which  ion-containing  electrolyte  can 

40  emerge;  the  perforations  shown  are  uniformly 
spaced  and  of  uniform  size,  but  they  could  be  of 
different  sizes  and  separations  in  order  to  provide 
desired  current  distribution.  Figure  6  shows  a  tube 
composed  of  an  ion-conducting  membrane  through 

45  which  ions  can  pass,  but  non-ionic  material  cannot. 
Figure  7  shows  a  perforated  tube  which  is  covered 
by  an  ion-conducting  membrane.  Figure  8  shows  a 
part  of  a  perforated  tube  in  which  each  perforation 
is  covered  by  an  ion-conducting  membrane.  Figure 

50  9  shows  an  open-ended  tube  through  the  open  end 
of  which  ion-containing  electrolyte  can  emerge. 
Figure  10  shows  in  open-ended  tube  whose  open 
end  is  covered  by  a  porous  plug.  Figure  11  shows 
a  tube  having  a  plurality  of  branch  nozzles  moun- 

55  ted  thereon.  Figure  12  shows  the  arrangement  of 
the  tube  in  Example  1  ,  as  described  below. 

The  invention  is  illustrated  in  the  following  Ex- 
amples. 

4 
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EXAMPLE  1 

In  this  Example,  procedures  (A)  and  (B)  are 
comparative  Examples,  and  procedure  (C)  is  an 
example  of  the  invention.  5 

(A)  An  18  x  24  inch  (45.7  x  61.0  cm)  stainless 
steel  mesh  screen  was  placed  on  the  bottom  of 
a  tank.  One  end  of  each  of  six  flexible  plastic 
tubes  0.375  inch  (0.95  cm)  inner  diameter  x  6 
foot  (182.9  cm)  long  was  positioned  about  1  inch  10 
(2.5  cm)  from  the  screen;  the  ends  of  the  tubes 
were  placed  in  a  rectangular  pattern  centered 
over  the  screen  as  illustrated  in  Figure  12,  with  x 
being  4.5  inch  (11.5  cm)  and  y  being  4  inch 
(10.2  cm).  The  other  end  of  each  tube  was  is 
placed  in  a  second  tank  adjacent  the  first.  The 
tubes  and  both  tanks  were  filled  with  3%  NaCI 
solution  having  a  resistivity  of  about  20  ohm.cm. 
A  saturated  calomel  electrode  (SCE)  was  placed 
in  the  first  tank  in  a  number  of  different  positions  20 
so  that  the  potential  of  different  parts  of  the 
screen  could  be  measured.  The  corrosion  po- 
tential  of  the  screen  was  measured  to  be 
0.220V,  and  was  uniform  across  the  screen  sur- 
face.  25 
(B)  The  apparatus  described  in  (A)  was  modified 
by  placing  a  single  graphite  anode  1  inch  (2.5 
cm)  above  in  the  center  of  the  screen.  The 
anode  and  the  screen  were  connected  to  a  DC 
power  source  of  sufficient  voltage  to  maintain  a  30 
total  current  of  0.05A.  The  absolute  potential  of 
the  screen  (i.e.  the  potential  measured  by  the 
SCE  minus  the  corrosion  potential)  was  found  to 
be  at  a  maximum  of  0.560V.  The  absolute  po- 
tential  decreased  in  a  radial  pattern  away  from  35 
the  anode,  reaching  0.499V  at  the  edge  of  the 
screen,  a  total  difference  of  0.061V. 
(C)  The  apparatus  described  in  (A)  was  modified 
by  placing  a  single  graphite  anode  in  the  sec- 
ond  tank.  The  anode  and  the  screen  were  con-  40 
nected  to  a  DC  power  source,  and  with  the 
tubes  acting  as  salt  bridges  between  the  tanks, 
sufficient  voltage  (about  45  VDC)  was  applied  to 
maintain  a  total  current  of  0.05VA.  The  absolute 
potential  of  the  screen  was  found  to  be  at  a  45 
maximum  of  0.550  -  0.563V  directly  below  each 
of  the  tube  openings  and  at  a  minimum  of 
0.540V  at  the  edges  of  the  screen,  i.e.  a  dif- 
ference  of  at  most  0.023V  as  compared  to  a 
difference  of  at  most  0.061V  in  (B)  above.  50 

EXAMPLE  2 

In  this  Example,  procedures  (A)  and  (B)  are 
comparative  examples  and  procedure  (C)  is  an 
example  of  the  invention. 

(A)  A  plastic  trough  about  18  feet  (5.5m)  long 
and  of  semi-circular  cross-section,  diameter  4 

inch  (10.2  cm),  was  connected  by  means  of  a 
drain  to  a  plastic  tank  containing  a  submersible 
pump.  The  trough,  the  tank  and  the  drain  were 
filled  with  aqueous  potassium  chloride  electro- 

5  lyte  of  resistivity  20.5  ohm.cm.  A  mild  steel  rod 
about  18  feet  (5.5m)  long  and  0.5  inch  (1.25cm) 
in  diameter  was  placed  in  the  bottom  of  the 
trough.  A  plastic  tube  about  18  feet  (5.5m)  long, 
0.375  inch  (0.95  cm)  in  inner  diameter  and  0.5 

io  inch  (1  .25  cm)  in  outer  diameter  was  secured  to 
the  wall  of  the  trough,  parallel  to  the  mild  steel 
rod  and  spaced  apart  from  it.  The  plastic  tube 
comprised  holes  0.010  inch  (0.025  cm)  in  diam- 
eter  every  3.94  inch  (10  cm)  along  a  straight 

is  line,  and  the  tube  was  secured  to  the  trough  so 
that  the  holes  were  0.75  to  1  inch  (1.9-2.5cm) 
from  the  mild  steel  rod.  One  end  of  the  tube 
was  connected  to  the  submersible  pump  in  the 
tank  and  the  other  end  was  sealed.  The  pump 

20  was  used  to  pump  electrolyte  through  the  tube. 
Excess  electrolyte  returned  from  the  trough  to 
the  tank  through  the  drain.  A  saturated  calomel 
reference  electrode  (SCE)  was  placed  in  the 
trough  in  a  number  of  different  positions  so  that 

25  the  potential  of  different  parts  of  the  rod  could 
be  measured.  The  corrosion  potential  of  the  rod 
was  measured  to  be  between  0.626  and  0.699V, 
an  average  of  0.655V. 
(B)  The  apparatus  described  in  (A)  was  modified 

30  by  securing  a  platinum  wire  anode  0.010  inch 
(0.025  cm)  in  diameter  and  about  18  foot 
(5.49m)  long  to  the  surface  of  the  plastic  tube  so 
that  the  anode  was  0.75  to  1  inch  (1  .9  to  2.5  cm) 
from  the  rod.  The  rod  and  one  end  of  the  anode 

35  were  connected  to  a  DC  power  source  of  suffi- 
cient  voltage  to  maintain  a  current  of  0.5  amp. 
The  absolute  potential  of  the  rod  (i.e.  the  poten- 
tial  measured  by  the  SCE  minus  the  corrosion 
potential)  was  found  to  be  0.62V  at  the  end 

40  which  is  adjacent  the  end  of  the  anode  con- 
nected  to  the  power  source,  and  to  decrease  to 
0.05V  at  the  other  end,  a  total  difference  of 
0.57V. 
(C)  The  apparatus  described  in  (B)  was  modified 

45  by  placing  the  anode  inside  the  plastic  tube. 
The  power  source  was  adjusted  to  provide  a 
current  of  0.5  amp,  and  the  pump  was  adjusted 
to  provide  a  flow  rate  which  ensured  that  the 
holes  in  the  tube  were  not  plugged  by  the 

50  gaseous  products  evolved  at  the  anode  (i.e. 
chlorine  and  oxygen).  The  absolute  potential  of 
the  rod  was  found  to  be  between  0.40  and 
0.55V,  i.e.  a  total  difference  of  0.15V. 

55  Claims 

1.  An  assembly  for  cathodically  protecting  an 
electrically  conductive  substrate  from  corro- 

5 



9 EP  0  488  995  A2 10 

sion,  the  assembly  comprising 
(1)  an  electrically  conductive  substrate 
which  is  liable  to  corrosion; 
(2)  an  elongate  distributed  anode  which  has 
a  shape  corresponding  generally  to  the 
shape  of  the  substrate;  and 
(3)  a  barrier  which  (i)  lies  between  the  sub- 
strate  and  the  anode,  (ii)  is  spaced  apart 
from  the  substrate  and  from  the  anode,  and 
(iii)  is  in  the  form  of  a  tube  which  surrounds 
the  anode  and  has  a  plurality  of  ion-per- 
meable  sections  therein  such  that,  when  the 
anode  and  the  substrate  are  electrically 
connected  to  opposite  poles  of  a  DC  power 
source  and  are  electrically  connected  by 
means  of  an  electrolyte,  the  barrier  restricts 
the  flow  of  current  between  the  substrate 
and  the  anode  so  that  the  resistance  be- 
tween  the  substrate  and  the  anode  is  Q 
times  the  resistance  between  them  in  the 
absence  of  barrier,  where  Q  is  at  least  1.5, 
preferably  at  least  10,  particularly  at  least 
100. 

2.  An  assembly  according  to  claim  1  wherein  the 
length  of  the  anode  is  at  least  100  times, 
preferably  at  least  1000  times,  its  smallest 
dimension,  and  the  barrier  is  in  the  form  of  a 
tube  which  is  composed  of  an  insulating  ma- 
terial,  and  which  has  apertures  in  the  walls 
thereof. 

comprises  establishing  a  potential  difference 
between  the  substrate  as  cathode  and  a  dis- 
crete  anode  which  is  located  in  an  anode 
chamber  containing  an  electrolyte  and  having 

5  at  least  one  ion-permeable  section  therein,  the 
electrolyte  being  fed  into  the  chamber  and 
being  driven  by  hydrostatic  pressure  from  the 
chamber  through  said  at  least  one  ion-per- 
meable  section. 

10 
8.  A  method  according  to  Claim  7  wherein  the 

substrate  is  buried  in  soil,  the  electrolyte  is 
driven  into  the  soil,  and  the  anode  is  located  in 
an  anode  chamber  which  is  accessible  from 

is  above  ground,  so  that  the  electrode  can  be 
easily  maintained  or  replaced. 

9.  A  method  according  to  Claim  8  wherein  the 
substrate  is  buried  below  a  permafrost  line  in 

20  the  soil  and  the  ion-permeable  section  is  below 
the  permafrost  line. 

10.  A  method  according  to  Claim  7  wherein  the 
substrate  is  contacted  by  a  mass  of  liquid 

25  electrolyte,  for  example  the  sea,  and  the  anode 
is  located  in  an  anode  chamber  which  is  ac- 
cessible  separately  from  the  mass  of  elec- 
trolyte  so  that  the  electrode  can  be  easily 
maintained  or  replaced. 

30 

3.  An  assembly  according  to  claim  1  or  2  wherein 
the  barrier  further  comprises  a  plurality  of 
branch  tubes,  each  of  the  branch  tubes  com-  35 
municating  with  the  tube  and  having  at  least 
one  aperture  therein. 

4.  An  assembly  according  to  claim  1,  2  or  3 
wherein  the  anode  is  a  metal  wire  having  a  40 
diameter  of  0.05  to  0.75  cm.  and  the  internal 
diameter  of  the  tube  is  P  times  the  diameter  of 
the  wire,  where  P  is  2  to  100,  preferably  5  to 
30. 

45 
5.  An  assembly  according  to  any  of  the  preced- 

ing  claims  wherein  the  anode  has  a  platinum 
surface. 

6.  An  assembly  according  to  any  of  the  preced-  50 
ing  claims  wherein  the  assembly  further  com- 
prises  a  pump  for  pumping  liquid  electrolyte 
down  the  tube  and  through  the  ion-permeable 
sections  towards  the  substrate. 

55 
7.  A  method  of  cathodically  protecting  an  elec- 

trically  conductive  substrate  from  corrosion  by 
an  electrolyte  which  contacts  it,  which  method 

6 
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