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Description
[0001] The present invention relates to a method for
activating a cathode suitable for activation on site at a

production plant.

Background of the invention

[0002] Electrodes are commonly, when in operation,
immersed in an electrolyte in an electrolytic cell where
chemical products are produced by way of oxidation and
reduction reactions of reactants presentin the electrolyte.
The reduction reactions take place at the cathode where
reduction products are obtained. The oxidation reactions
take place at the anode where oxidation products are
obtained.

[0003] Overtime, the electrodes will become exhaust-
ed and deactivated due to various deactivation process-
estaking place while the electrolytic cells are in operation.
In most electrolytic processes, the electric energy is the
most expensive "raw material" in the electrolytic reac-
tions.

[0004] In the chlorine and alkali metal hydroxide pro-
duction, it has been found that the cathodes are liable to
progressive deactivation over time. The cathodes are
subjected to deposition and precipitation of materials
present in the electrolyte and to other deteriorating proc-
esses deactivating the cathode. The decrease in activity
leads to a higher power consumption due to an increased
overvoltage.

[0005] Itis thus a big concern in electrolysis processes
to provide active cathodes throughout the whole electrol-
ysis cycle.

[0006] Earlier attempts to solve this problem have in-
volved transportation of the deactivated cathodes to the
electrode manufacturer for reactivation. However, the
transportation of cathodes is a very expensive and time-
consuming alternative to carry out. Another approach of
providing active cathodes has involved replacement of
the exhausted cathodes with new ones.

[0007] US 5 164 062 describes a method for preparing
a new cathode comprising coating a cathode substrate
of e.g. Niwith palladium and another electrocatalytic met-
al. The pH of the coating solution may be adjusted by an
organic acid, e.g. acetic acid, oxalic acid and formic acid,
orinorganic acids to maintain the pH below 2.8. However,
the activation by this method is not always satisfactorily
increased. Furthermore, a portion of the active coating
solution is wasted in the method described above, be-
cause some of the acidic electrocatalytic coating solution
is rinsed away from the cathode substrate in order to
avoid corrosion of the cathode. The rinsing solution that
has taken up remaining electrocatalytic material must
then be decontaminated from substrate ions, e.g. nickel
or other contaminating ions, which also are present on
the cathode before the electro catalytic material can be
reused as coating material in an electrocatalytic solution
again. Such decontamination procedure may involve
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several cleaning steps before the electrocatalytic mate-
rial has been satisfactorily cleaned. The present inven-
tion intends to solve the above problems.

The invention

[0008] The present invention relates to a method of
activating a cathode suitable for the production of e.g.
chlorine and alkali metal hydroxide. The term "activate"
or "activation" etc. as used herein encompass both acti-
vation of a new electrode, which is to be prepared, and
activation of an electrode, which has already been in op-
eration in an electrolytic cell and which may have lost at
least some of its initial activity.

[0009] Ithas been surprisingly found that the activation
of a cathode comprising at least a cathode substrate,
which may have some remains of an electrocatalytic
coating on the substrate, can easily can be performed
on site at the production site. The method comprises at
least the following steps:

¢ cleaning the cathode by means of an acid

* coating the cleaned cathode with at least one elec-
trocatalytic coating solution

e drying the coated cathode until it is at least substan-
tially dry, and thereafter contacting the cathode with
a solvent redissolving precipitated electrocatalytic
salts or acids formed on the cathode, originating from
the electrocatalytic coating solution, to form dis-
solved electrocatalytic metal ions on the cathode sur-
face, so that the electrocatalytic metal ions can pre-
cipitate as metals on the cathode.

[0010] The solvent mustbe able to redissolve any pos-
sible precipitated electrocatalytic salts or acids on the
cathode originating from the electrocatalytic coating so-
lution. The solvent may contain a small amount of elec-
trocatalytic metals dissolved therein, which may originate
from a rinsing solution containing remains of an electro-
catalytic solution. The contacting of the solvent with the
cathode is suitably performed by spraying or in any other
way putting solvent on the cathode in a suitable amount.
[0011] Bytheterm"substantially dry"is meantacoated
cathode which contains only a small quantity of solution
onits surface such that the solution does not substantially
flow away from the cathode. Suitably, such quantity rang-
es from about 0 to about 10 mi/m2, preferably from about
0 to about 5 mI/mZ2 solution.

[0012] The cathode comprises a substrate of e.g. nick-
el, cobalt, copper, iron, steel, particularly stainless steel,
or alloys or mixtures thereof, preferably nickel. The cath-
ode may also comprise remains of an electrocatalytic
coating deposited on the substrate, and/or contaminants
from an electrolytical process.

[0013] Used cathodes are preferably disassembled
from the cells before activation.

[0014] According to one embodiment, the cathode is
welded to a pan. The used cathode pan structure, i.e.
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the cathode and the pan, is preferably disassembled and
removed from the cell before activation. For simplicity,
the term "cathode", where otherwise not stated, will
henceforth also signify the cathode pan structure.
[0015] The cathode is cleaned with a cleaning solution
comprising at least one acid. The pH of the cleaning so-
lution is suitably adjusted by addition of an inorganic acid,
e.g. HCI, H,SO,4, HNO,, or an organic acid, e.g. oxalic
acid or other organic acids, or mixtures thereof, suitably
to a pH from about -1 to about 6, preferably from about
-1 to about 3. The acid reacts with the cathode substrate
and is also believed to react with precipitated substances
on the substrate and the electrocatalytic coating. The
cleaning time is not critical and may range from about a
few minutes to about 30 minutes or more. The tempera-
ture during the cleaning is not critical and may be at e.g.
room temperature, suitably the temperature ranges from
about 0 to about 100°C, preferably from about 0 to about
35 °C.

[0016] According to one preferred embodiment of the
invention, also a reducing agent is comprised in the
cleaning solution which is believed to prevent corrosion
of the cathode and facilitate removal of deactivating pre-
cipitates on remaining electrocatalytic coating. The re-
ducing agent is also believed to stabilise activated areas
of the cathode. The reducing agent may be present in
the cleaning solution at a concentration of from about 0.5
to about 50 wt%, preferably from about 0.5 to about 10
wt%. The reducing agent is suitably selected from alco-
hols such asisopropyl alcohol or n-pentanol, HCI, H3PO,,
H3PO3, NoHy, NH,OH, NH3, Na,S, NaBH,, sodium hy-
pophosphite  (NaH,PO,), dimethylamine borane
(CH3),NHBH,, or mixtures thereof. Preferred reducing
agents are selected from HCI, H3PO,, H3PO3, NoH,,
NH,OH, and NH3, and most preferably from HCI.
[0017] Afterthe cleaning;the cathode is suitably rinsed
and dried. The cathode is then contacted with at least
one electrocatalytic coating solution, comprising an elec-
trocatalytic metal and preferably a complexing agent.
[0018] According to one embodiment of the invention,
several electrocatalytic coating solutions, e.g. two or
more coating solutions, may be contacted with the cath-
ode. The coating solutions are suitably contacted with
the cathode one after the other, preferably when the pre-
viously applied coating solution has dried on the surface
of the cathode.

[0019] The electrocatalytic coating solution or solu-
tions are suitably applied by means of painting, rolling or
any other plausible method suitable for on-site coating.
The electrocatalytic coating solution suitably comprises
one or several noble metals in the form of salts or acids
orthe like, selected from the platinum group, e.g. Ru, Rh,
Os, Ir, Pd, Pt, Au, Ag, or alloys or mixtures thereof. The
noble metals can suitably be present in the coating so-
lution at a concentration from about 25 to about 200, pref-
erably from about 50 to about 150 g metal/litre coating
solution. The electrocatalytic metals are suitably derived
from salts or acids of e.g. platinum metals such as hexa
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chloro platinum acid, platinum metal alcoxi complexing
materials, chlorides or the like. The coating time of the
cathode is not critical and may be for about one hour or
more. The temperature of the coating solution suitably is
room temperature, but may range from about 0 to about
100 °C. The coating procedure is suitably carried out with-
in the same temperature range, i.e. 0-100 °C, preferably
between 0 and 35 °C. Also a complexing agent may be
added to the coating solution preferably in a concentra-
tion of from about 100 to about 500, and most preferably
from about 350 to about 450 g /litre coating solution. The
optionally added complexing agent facilitates the oxida-
tion and reduction reactions taking place when the coat-
ing solution is contacted with the substrate. The substrate
metal of the cathode is spontaneously oxidised to its cor-
responding ionic form whereas the electrocatalytic metal
or metals in the coating solution is reduced from its ionic
form to its metallic form thereby forming an electrocata-
lytic coating on the substrate. It has been found that the
complexing agent supports the reduction/oxidation reac-
tion taking place so as to improve the precipitation reac-
tion and the adherence of the electrocatalytic metal to
the substrate. Suitable complexing agents comprise hy-
pophosphorous acid, sulphurous acid, nitrous acid, alco-
hols such as glycol, glycerine, acetate, propionate, suc-
cinate, hydroxyacetate, a-hydroxypropionate, aminoac-
etate, ethylenediamine, f-aminopropionate, malonate,
pyrophosphate, malate, citrate, ammonium salts, EDTA,
or mixtures thereof.

[0020] The coated cathode is then allowed to dry so it
becomes at least substantially dried, suitably from about
0 to about 10 ml/m2, preferably from about 0 to about 5
ml/mZ2. Preferably, the coated cathode is completely dried
before it is contacted with the solvent. The dried cathode
is then contacted with a solvent suitably comprising a
reducing agent. It has been surprisingly found that the
contacting of the solvent with the cathode results in a
lower overpotential, often 10-30 mV lower or more, than
a cathode not treated in this manner. The solvent may
comprise water, suitably in combination with HCI, H;PO,,
H3PO3, H,O,, NoH4, NH,OH, NHj, Na,S, Na,SO,,
K,SO,, alcohols such as isopropyl alcohol, n-pentanol,
or mixtures thereof. The lower overpotential is consid-
ered to be principally due to a higher deposit level of
electrocatalytic metals on the activated cathode. The
concentration of a possible reducing agent in the solvent
suitably ranges from about 10 to about 70 wt%, preferably
from about 40 to about 50 wt%. The temperature during
the contacting of the cathode with a solvent suitably rang-
es from about 8 to about 60 °C, preferably from about 15
to about 35 °C. The reaction time during which electro-
catalytic metals can precipitate as metals on the cathode
suitably is from about 1 to about 60 minutes or until the
electrode is completely dried. Suitably, solvent can there-
after again be deposited on the cathode to repeat the
precipitation procedure of electrocatalytic metals in case
such remains exist on the cathode in the form of salts or
acids. Suitably, an amount from about 10 to about 100
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ml solvent/m?2 cathode area is contacted with the cath-
ode, preferably from about 50 to about 100 ml solvent/m2.
[0021] The activated cathode is then preferably rinsed
by a rinsing solution such as water to avoid corrosion,
preferably with a basic solution such as NaOH after that
the solvent on the cathode has substantially dried. Pref-
erably, the basic rinsing solution has a concentration of
e.g. NaOH from about 0.0001 to about 50 wt%, and most
preferably from about 0.0001 to about 20 wt%.

[0022] The activated cathodes are usually run in the
electrolytic cells until their activity is found to be too low,
i.e. at an uneconomicaiiy iow level. This crucial extent of
deactivation can be optimised by a person skilled in the
art by estimating the electric energy consumed and the
activation costs. When the reactivation is to be initiated,
the used cathodes are preferably disassembled and re-
moved from their cells. Suitably, the reactivation can be
performed in connection with replacement of the mem-
branes arranged in the electrolytic cell.

[0023] The invention being thus described, it will be
obvious that the same may be varied in many ways. Such
variations are not to be regarded as a departure from the
gist and scope of the presentinvention, and all such mod-
ifications as would be obvious to one skilled in the art are
intended to be included within the scope of the claims.
The following examples will further illustrate how the de-
scribed invention may be performed without limiting the
scope of it.

[0024] Example 1: A cleaning solution was prepared
from concentrated hydrochloric acid (37 wt%) to yield a
final concentration of 20 wt% hydrochloric acid. The cath-
ode to be activated was contacted with the cleaning so-
lution by means of painting. 50 ml cleaning solution/m?
geometric cathode area was applied. The solution was
then allowed to react during 10 minutes at room temper-
ature (25 °C). The cathode was thereafter rinsed thor-
oughly with deionised water. Meanwhile, a coating solu-
tion of RhCl; was prepared by dissolving the rhodium
salt in a 20 wt% hydrochloric acid solution, resulting in a
final rhodium concentration of 50 g Rh metal/litre coating
solution. Also a coating solution of RuCl; was prepared
by dissolving the Ru salt in another 20 wt% hydrochloric
acid solution resulting in a concentration of 50 g Ru metal/
litre coating solution. The rinsed cathode was allowed to
dry in room temperature, whereafter the Rh coating so-
lution was applied thereto in an amount of 50 ml/m?2 ge-
ometric cathode area by means of painting. The cathode
was then allowed to dry for 1 hour. The Ru coating solu-
tion was then applied to the Rh coated cathode in an
amount of 50 ml/m2 geometric cathode area. The cath-
ode was then dried whereafter an aqueous solution of
50 wt% H3PO, was painted on the cathode. Thereafter,
the cathode was allowed to dry whereupon it was rinsed
with water. The cathode obtained showed satisfactory
activation.

[0025] Example 2: Two deactivated nickel-based cath-
ode samples P1 and P2 were cleaned by means of paint-
ing with a 20wt% hydrochloric acid solution for 5 minutes.
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The cathode samples were thereafter rinsed with water
and thereafter dried. The two samples were both coated
with a 40 ml RhCl; coating solution having a rhodium
content of 150 g/litre /m2. The coated samples were then
allowed to dry for 1 hour. Unreacted rhodium precipitated
during the drying stage and formed rhodium chloride salt
on the cathode substrate. The P1 sample was gently
rinsed with a caustic solution having a pH of 10, where-
upon unreacted precipitated rhodium metal salt (RhCl5)
and nickel chloride were rinsed off the cathode sample.
The remaining amount of rhodium on the P1 sample only
amounted to a small portion of the initially precipitated
rhodium content. This was judged from the rhodium col-
our the rinsing solution got since the metal was partially
washed off. The P2 cathode sample was gently sprayed
with a 20 wt% hydrochloric acid after the RhCl; solution
had dried on the sample, whereupon precipitated RhCl;
was redissolved. Subsequent precipitation of metallic
rhodium could then take place on the P2 sample. The
addition of hydrochloric acid to the P2 cathode was re-
peated once after that the P2 cathode had dried. 15 min-
utes after the second addition of hydrochloric acid, i.e.
after that the cathode was substantially dry, the cathode
was rinsed with caustic solution in the same manner as
the P1 sample. No colour shift could be observed in the
rinsing solution due to rinsed off rhodium. It was thus
shown that a much higher amount of rhodium had ad-
hered to the P2 sample than to the P1 sample as a result
of adding the solvent to the coated and dried sample.
Electrolytic trials performed involving use of the activated
cathodes showed that the cell voltage was 230 mV lower
for the P2 cathode than for the P1 cathode when the used
electrolytic cell was operated at a current density of 4.7
kA/m2,

Claims

1. Method for activation of a cathode comprising at
least a cathode substrate characterised in that

« the cathode is cleaned by means of an acid

« the cleaned cathode is coated with atleast one
electrocatalytic coating solution

« drying the coated cathode until it is at least
substantially dry, and thereafter contacting the
cathode with a solvent redissolving precipitated
electrocatalytic salts or acids formed on the
cathode, originating from the electrocatalytic so-
lution, to form dissolved electrocatalytic metal
ions on the cathode surface, so that said elec-
trocatalytic metal ions can precipitate as metals
on the cathode.

2. A method according to claim 1, wherein the cathode
substrate is selected from nickel, cobalt, copper,
iron, steel, or alloys or mixtures thereof.
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3. A method as claimed in any of the preceding claims,
wherein the cathode substrate is nickel.

4. A method as claimed in any of the preceding claims,
wherein the electrocatalytic coating solution com-
prises a complexing agent.

5. A method according to claim 4, wherein the com-
plexing agent is selected from at least one of hypo-
phosphorous acid, sulphurous acid, nitrous acid, al-
cohols, glycerine, acetate, propionate, succinate,
hydroxyacetate, o-hydroxypropionate, aminoace-
tate, ethylenediamine, [-aminopropionate,
malonate, pyrophosphate, malate, citrate, ammoni-
um salts, EDTA, or mixtures thereof.

6. A method as claimed in any of the preceding claims,
wherein the solvent comprises water.

7. A method as claimed in any of the preceding claims,
wherein the electrocatalytic coating solution con-
tains salts or acids of Pt, Rh, Ru, Pd, Ir, Os, Ag, Au
or alloys or mixtures thereof.

8. A method as claimed in any of the preceding claims,
wherein the activation is performed on a used cath-
ode.

9. A method as claimed in any of the preceding claims,
wherein the activated cathode is rinsed with a basic
solution.

Patentanspriiche

1. Verfahren zur Aktivierung einer Kathode, die minde-
stens ein Kathodensubstrat umfasst, dadurch ge-
kennzeichnet, dass

« die Kathode mittels einer Sdure gereinigt wird
« die gereinigte Kathode mit mindestens einer
elektrokatalytischen Beschichtungslésung be-
schichtet wird

» Trocknen der beschichteten Kathode bis sie
mindestens im Wesentlichen trocken ist, und
danach Inkontaktbringen der Kathode mit einem
Lésungsmittel, wobei abgeschiedene elektroka-
talytische Salze oder Sauren, die auf der Katho-
de gebildet werden und die aus der elektroka-
talytischen Loésung stammen, wieder gelost wer-
den, um geldste elektrokatalytische Metallionen
auf der Kathodenoberflache zu bilden, so dass
die elektrokatalytischen Metallionen sich als
Metalle auf der Kathode abscheiden kénnen. !

2. Verfahren nach Anspruch 1, wobei das Kathoden-
substrat aus Nickel, Cobalt, Kupfer, Eisen, Stahl
oder Legierungen oder Gemischen davon ausge-
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wahlt ist.

3. Verfahren nach einem dervorstehenden Anspriiche,
wobei das Kathodensubstrat Nickel ist.

4. Verfahren nach einemdervorstehenden Anspriiche,
wobei die elektrokatalytische Beschichtungslésung
ein komplexierendes Mittel umfasst.

5. Verfahren nach Anspruch 4, wobei das komplexie-
rende Mittel aus mindestens einem von Hypophos-
phorsaure, schwefliger Saure, salpetriger Saure, Al-
koholen, Glycerin, Acetat, Propionat, Succinat, Hy-
droxyacetat, a-Hydroxypropionat, Aminoacetat,
Ethylendiamin, B-Aminopropionat, Malonat, Pyro-
phosphat, Malat, Citrat, Ammoniumsalzen, EDTA
oder Gemischen davon ausgewahlt ist.

6. Verfahrennacheinem dervorstehenden Anspriiche,
wobei das Losungsmittel Wasser umfasst.

7. Verfahren nach einem dervorstehenden Anspriiche,
wobei die elektrokatalytische Beschichtungslésung
Salze oder Sauren von Pt, Rh, Ru, Pd, Ir, Os, Ag,
Au oder Legierungen oder Gemischen davon ent-
halt.

8. Verfahren nach einem dervorstehenden Anspriiche,
wobei die Aktivierung mit einer gebrauchten Katho-
de durchgefiihrt wird.

9. Verfahren nach einem dervorstehenden Anspriiche,
wobei die aktivierte Kathode mit einer basischen L6-
sung gespult wird.

Revendications

1. Procédé d’activation d’'une cathode comportant au
moins un substrat de cathode, caractérisé en ce
que :

- I'on nettoie la cathode a 'aide d’un acide,

- 'on enduit la cathode nettoyée d’au moins une
solution de matériau de revétement électroca-
talytique,

-I'on fait sécher la cathode ainsi enduite, jusqu’a
ce gu’elle soit au moins sensiblement séche,

- et 'on met ensuite cette cathode en contact
avec un solvant qui redissout les précipités de
sels ou d’acides électrocatalytiques formés sur
la cathode, provenant de la solution de matériau
de revétement électrocatalytique, pour obtenir
sur la surface de la cathode une solution conte-
nantdes ions de métal électrocatalytique, de tel-
le sorte que ces ions de métal électrocatalytique
puissent précipiter sur la cathode, a I'état de mé-
tal.
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Procédé conforme a la revendication 1, dans lequel
le substrat de cathode est en un matériau choisi par-
mi du nickel, du cobalt, du cuivre, du fer, un acier,
leurs alliages et leurs mélanges.

Procédé conforme a I'une des revendications pré-
cédentes, dans lequel le substrat de cathode est en
nickel.

Procédé conforme a I'une des revendications pré-
cédentes, dans lequel la solution de matériau de re-
vétement électrocatalytique comprend un agent
complexant.

Procédé conforme a la revendication 4, dans lequel
I'agent complexant est au moins un agent choisi par-
mi I'acide hypophosphoreux, I'acide sulfureux, I'aci-
de nitreux, les alcools, le glycérol, les ions acétate,
propionate, succinate, hydroxyacétate, o-hydroxy-
propionate, aminoacétate, 3-aminopropionate, ma-
lonate, pyrophosphate, malate et citrate, I'éthyle-
nediamine, les sels d'ammonium et 'EDTA, ainsi
que leurs mélanges.

Procédé conforme a I'une des revendications preé-
cédentes, dans lequel le solvant comprend de I'eau.

Procédé conforme a I'une des revendications pré-
cédentes, dans lequel |la solution de matériau de re-
vétement électrocatalytique contient des sels ou des
acides a base de platine, rhodium, ruthénium, pal-
ladium, iridium, osmium, or ou argent, ou de leurs
alliages ou mélanges.

Procédé, conforme a l'une des revendications pré-
cédentes, d’'activation d’une cathode usagée.

Procédé conforme a I'une des revendications pré-
cédentes, dans lequel la cathode activée est rincée
avec une solution basique.
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