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Description

Field of the invention

[0001] The presentinvention relates to a process and
apparatus for the electrolytic recovery of silver from so-
lutions containing silver, in particular used photographic
solutions such as fixing solutions.

Background of the invention

[0002] Electrolytic silver recovery from used photo-
graphic solutions is a common way to extend the life of
such solutions.

[0003] Anapparatus for the electrolytic recovery of sil-
ver from solutions containing silver is known from Euro-
pean patent application EPA 93200427.8 (Agfa-Gevaert
NV) filed 16 February 1993. The apparatus comprises
an electrolytic cell having an anode and a cathode, and
electrical power supply control means for controlling the
supply of electrical power to the anode and the cathode.
[0004] The control of the electrochemical process tak-
ing place at the anode and the cathode is important in
the silver recovery process. If too high a potential differ-
ence is applied, side reactions can occur, depending up-
on the nature of the silver-containing solution, leading
to unwanted by-products.

[0005] The conditions required for optimum de-silver-
ing depend upon a number of factors including the cath-
ode potential, the concentration of silver in the silver-
containing solution, the pH of the silver-containing so-
lution (usually within the range of from 3.5 to 6.0) and
the condition of the cathode. For a given silver concen-
tration, pH and cathode condition, there is an ideal cath-
ode potential, or narrow range of cathode potentials,
which provides fast deposition, good adherence of the
silver to the cathode and a low level of side reactions.
Outside these optimum conditions, these objectives
may not reliably be met. As the de-silvering process con-
tinues, the concentration of silver in the silver-containing
solution changes as silver is deposited and fresh solu-
tion is added, the pH of the solution is unknown or varies
in an unpredictable manner and the condition of the
cathode may change. It has not therefore been possible
to set the electrolytic cell to the optimum de-silvering
conditions and to maintain optimum conditions as the
de-silvering continues.

[0006] There are a number of known methods of con-
trolling the de-silvering process, referred to herein as (i)
galvanostatic, (ii) constant potential difference and (iii)
potentiostatic.

[0007] In galvanostatic control, a constant current
flows through the cell while it is in operation. As the de-
silvering progresses, the level of silver in the solution
falls and the ohmic resistance between the anode and
the cathode increases. It is therefore necessary to in-
crease this potential difference in order to maintain a
constant current. While the instrumentation required for
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this control is very simple, the method suffers from the
fact that at high silver concentrations the potential dif-
ference is small and therefore de-silvering takes place
only slowly, while at low silver concentrations the poten-
tial difference is sufficiently high that undesirable side
reactions are liable to occur, adhesion of the silver to
the cathode is bad and sulphidation of the cathode oc-
curs.

[0008] In a constant potential difference control meth-
od, the potential difference between the anode and the
cathode is kept constant as the de-silvering progresses.
The disadvantage of this method is that the potential dif-
ference between the cathode and the solution is not con-
trolled. The electrochemical reactions taking place at
the cathode are therefore uncontrolled, depending on a
large number of factors such as the size of the anode,
agitation in the neighbourhood of the anode, the pres-
ence or absence of components in the solution which
can be oxidised and the ease with which they can be
oxidised (e.g. SO5~ and S,05™ ), the ohmic potential
drop in the cell and therefore also the cell geometry and
current density, and the current through the cell.
[0009] In potentiostatic control, a reference electrode
is included in the electrolytic cell and the potential dif-
ference between the cathode and the reference elec-
trode is kept constant. This allows complete control over
the cathode potential. This method of operation is there-
fore widely preferred, since it is the cathode potential
which determines electrochemical reactions which take
place in a fixer of a certain composition. By using a ref-
erence electrode, the influence of the anode potential
(and largely also the ohmic potential contributions) are
excluded. This enables the initial cathode potential to
be set at a level where bad silver adhesion, side reac-
tions and sulphiding of the cathode can be avoided, in-
dependently of the anode potential. The use of a refer-
ence electrode makes the equipment more reliable,
since factors such as the current density at the anode,
the surface state of the anode, over-potential at the an-
ode (caused by changes in solution composition), and
ohmic potential drops no longer influence the cathode
potential. As the de-silvering process continues and sil-
ver is removed from the solution, the current through the
cell falls while the potential difference between the cath-
ode and the reference electrode is maintained at a fixed
level. When fresh solution with a higher silver content is
subsequently added, the current through the cell will
normally increase and silver continues to be deposited
on the cathode.

[0010] The advantage of potentiostatic control has
long been recognised (see for example French patent
FR 1357177 (Bayer) and it is also used in commercial
equipment (e.g. ECOSYS F08, ECOMIX and ECORAP
72/51 ex Agfa-Gevaert NV).

[0011] Nevertheless, while the initial conditions may
be optimum, there is a drift away from optimum condi-
tions as the de-silvering process continues or as
processing parameters vary, for example as the silver
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concentration falls, usually resulting in poor adhesion of
the deposited silver to the cathode and/or slower depo-
sition.

[0012] The de-silvering process proceeds by depos-
iting silver upon the cathode. If the silver does not ad-
here strongly to the cathode, there is a risk that it will
become detached therefrom, especially as the weight
of silver deposited increases and especially in continu-
ously operated cells which have a constant flow of elec-
trolyte solution passing over the cathode. The detached
silver may fall to the bottom of the cell where it eventually
builds up to a level which may cause a short circuit be-
tween the anode and the cathode. Alternatively or addi-
tionally the detached silver is flushed out of the cell with
the electrolyte liquid. In either case the de-silvering of
the solution is not optimally achieved. Optimum user-
friendliness is only achievable when the deposited silver
is well attached to the cathode.

[0013] Furthermore, the potentiostatic control takes
no account of all the changes which may occur in the
condition of the cathode. In practice, it is sometimes ob-
served that, although the silver content of the bath to be
de-silvered is high (for example >3 g/l) and the de-sil-
vering apparatus as such is working correctly, no silver
becomes deposited on the cathode. This last effect is
thought to be due to "cathode poisoning". Poisoning oc-
curs when components present in the solution block the
cathode reduction process. Not all cases of cathode poi-
soning are understood, but certain components which
are present in the developer or which are flushed out of
the film may be the cause. A number of photographic
stabilisers exhibit this effect, such as PMT (phenyl mer-
capto tetrazol).

[0014] European patent application EP-A-201837
(Kodak-Pathe) describes the electrolytic recovery of sil-
ver in a cell which is operated at the plateau of the po-
tential difference/current curve for the cell, that is at that
point where the current is determined by the speed of
diffusion (migration or mass transport) of silver to the
cathode surface. This condition is referred to herein as
the diffusion limitation current.

[0015] We have found however that, contrary to the
teaching of EP-A-201837, operating the cell at the dif-
fusion limitation current results in poor silver adhesion.

Summary of the invention

[0016] It is an object of the present invention to pro-
vide a process for the de-silvering of silver-containing
solutions in which the above mentioned disadvantages
are minimised.

[0017] We have now discovered that the optimum cur-
rent for obtaining good silver adhesion, while not corre-
sponding to the diffusion limitation current, is neverthe-
less related thereto, and in particular that the optimum
current is less than the diffusion limitation current.
[0018] Thus according to a first aspect of the inven-
tion, there may be provided a process for de-silvering a
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silver-containing solution in an electrolytic cell having an
anode and a cathode, characterised by the following
steps:

(a) estimating the diffusion limitation current density
of the electrolytic cell by measuring a current flow
there-through; and

(b) causing silver to be deposited on the cathode at
a de-silvering current density which is lower than
the diffusion limitation current density.

[0019] The invention also provides, according to a
second aspect, an apparatus for de-silvering a silver-
containing solution comprising an electrolytic cell having
an anode and a cathode, characterised by:

(a) means for estimating the diffusion limitation cur-
rent density of the electrolytic cell by measuring a
current flow there-through; and

(b) means for causing silver to be deposited on the
cathode at a de-silvering current density which is
lower than the diffusion limitation current density.

[0020] It has not previously been proposed to esti-
mate the diffusion limitation current density and then to
set the de-silvering current density at a level which is
related thereto. As stated above, operating the cell at
the diffusion limitation current results in poor silver ad-
hesion. Making the cathode potential still more negative
may increase the plating speed, but side reactions at
the cathode (usually sulphite reduction) begin to occur.
[0021] Intheory,itis possible to calculate the diffusion
limitation current density from data such as silver con-
centration in the solution, agitation, temperature, cath-
ode surface area etc., butin practice there are a number
of uncertainties which make this calculation somewhat
unreliable. For example, a reliable measurement of the
silver concentration is difficult to carry out in a simple
manner and the solution temperature may change. The
diffusion limitation current density is greatly dependant
upon the surface structure of the cathode. New polished
cathodes tend to exhibit lower diffusion limitation current
densities than cathodes where silver has already been
deposited thereon. The diffusion limitation current den-
sity will tend to increase as the silver is being deposited,
especially at the beginning of the lifetime of the cathode,
but this increase is unpredictable. The surface structure
of the cathode is also dependant on the plating history
of the cathode. Agitation of the solution may vary with
time, especially in practical situations where filters in the
solution supply circuit clog over time, supply tubes may
bend or kink and as the cathode surface grows the ge-
ometry of the cell will change.

[0022] The result of these uncertainties is that in the
case of conservative judgements being made of the fac-
tors involved, an under-calculation of the diffusion limi-
tation current density is likely to be made resulting in the
cell being operated at too low a current density, resulting
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in slow deposition. If, on the other hand, the diffusion
limitation current density is overestimated, bad silver ad-
hesion will result.

[0023] Steps (a) and (b) of the process are preferably
performed in respect of the same cathode surface, it be-
ing less preferred that a different cathode or only part of
the surface of the cathode be used to estimate diffusion
limitation current density. To have the maximum de-sil-
vering speed, itis advisable to measure the diffusion lim-
itation current density on the cathode which is actually
used for de-silvering and under the de-silvering condi-
tions. Where the estimate of diffusion limitation current
density and the de-silvering use the same cathode sur-
face, then the comparison may be between currents per
se rather than current densities. However, should the
cathode surface used for estimating the diffusion limita-
tion current density be different from that used for the
de-silvering, the comparison needs to be in respect of
current densities and the area of the cathode used for
de-silvering needs to be known in order to derive the
total current which needs to be applied thereto.

[0024] There are a number of ways to estimate the
diffusion limitation current density of the cell.

[0025] Firstly, estimating the diffusion limitation cur-
rent density of the cell may be carried out by potentio-
statically setting the cathode to a predetermined cath-
ode potential and measuring the current flow through
the electrolytic cell. In this case, the diffusion limitation
current density is estimated by measuring the current
density at a specified i.e. predetermined potential. The
predetermined cathode potential may be set relative to
the anode or, more preferably relative to a third elec-
trode, not being the cathode nor the anode. This third
electrode may be a reference electrode. Reference
electrodes suitable for use in electrolytic de-silvering in-
clude standard calomel type electrodes or Ag/AgCl type
electrodes, but we particularly prefer the use of a pH
sensitive electrode such as a glass electrode, a hydro-
gen electrode, a quinhydrone electrode and an antimo-
ny electrode, most especially a glass electrode which is
relatively maintenance free and which is moreover in-
sensitive to hydrostatic pressure variations. The prede-
termined cathode potential may be from -510 mV to -590
mV, such as from -530 mV to -560 mV, versus the glass
electrode. When set to this potential, the silver plating
current will be diffusion limited, except where the pH is
low (such as below 4.5) when more negative cathode
potentials are preferred. The predetermined cathode
potential must not be so negative that substantial side
reactions occur, which would lead to an over-estimate
of the diffusion limitation current density. Except where
the reference electrode is a pH electrode, this is partic-
ularly the case for low pH fixers where sulphite reduction
tends to occur at less negative cathode potentials. At
higher pH values, the sulphite reduction potential is
more negative and the sulphite reduction current also
tends to be lower. Thus the cathode may be set to a
potential where no more than 40%, most preferably no
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more than 20%, of the current at the cathode may be
consumed by side reactions, as measured from the ef-
ficiency of the silver deposition process.

[0026] When the diffusion limitation current density is
estimated by potentiostatically setting the cathode po-
tential to a predetermined value, it is preferable to select
a value which is more negative than the de-poisoning
potential of the cathode, since otherwise under-estima-
tion of the diffusion limitation current, and therefore too
slow de-silvering, may occur. The diffusion limitation
current is not substantially affected by poisoning. For
each solution, there is a potential at which the current
increases sharply, due to de-poisoning of the cathode.
This potential is defined as the de-poisoning potential.
[0027] In some cases, poisoning will cause the diffu-
sion limitation current density to be under-estimated.
This will, for example, be the case when the de-poison-
ing potential is equal to the cathode potential during the
estimation of the diffusion limitation current density.
[0028] In this case, it may be advisable to apply a
short current surge to activate the cathode. This current
surge may be applied in the normal plating step, but
preferably, it is given during the step where the diffusion
limitation current density is estimated. Thus, prior to es-
timating the diffusion limitation current density of the cell
a current surge may be applied to the cathode during
which the cathode potential is at least 20 mV more neg-
ative than the predetermined cathode potential for a pe-
riod of less than 10 seconds, most preferably at least 50
mV more negative than the predetermined cathode po-
tential for a period of less than 3 seconds.

[0029] Secondly, the diffusion limitation current den-
sity may be estimated from the responses to known po-
tential variations applied to the cathode, as described in
EP-A-201837 referred to above.

[0030] Thirdly, the diffusion limitation current density
may be estimated from the shape of current-potential
curves. This is possible by periodically measuring the
current-potential characteristic of the de-silvering cell
under actual de-silvering conditions. The current-poten-
tial characteristic may be the curve of current versus 1)
potential difference between the cathode and a third
electrode, 2) potential difference between the cathode
and the anode, or 3) the potential difference between
the anode and a third electrode not being the cathode.
The diffusion limitation current can, for example, be de-
termined by identifying the cell current at the cathode
potential when the second derivative of the current-po-
tential characteristic is zero and the first derivative is
minimal. In these methods, the third electrode may be
a standard calomel electrode or a silver/silver chloride
electrode, a pH sensitive reference electrode, especially
a glass electrode, or a silver electrode (used for meas-
uring the rest potential). Low maintenance electrodes
with good durability are preferred.

[0031] Estimating the diffusion limitation current den-
sity of the cell may be carried out at a frequency suffi-
ciently high that the silver content of the silver-contain-
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ing solution falls by less than 50%, most preferably by
less than 20%, in the immediately preceding de-silver-
ing step.

[0032] The diffusion limitation current density may be
estimated from the shape of the curve of current density
versus potential difference between the anode and the
cathode or from the shape of the curve of current density
versus potential difference between the cathode and a
third electrode, other than the anode and the cathode.
[0033] Estimating the diffusion limitation current den-
sity of the cell may be carried out automatically, such as
by an intelligent control device which forms part of, or
may be connected to the apparatus.

[0034] Steps (a) and (b) may be performed alternate-
ly, that is, estimation the diffusion limitation current den-
sity of the cell may be repeated after each de-silvering
step and the sequence may be continued.

[0035] The de-silvering current density is lower than
the diffusion limitation current density by a predeter-
mined fraction, which may, for example, be from 10% to
90%, such as from 30% to 80% of the diffusion limitation
current density.

[0036] The de-silvering current may be controlled po-
tentiostatically, that is the de-silvering cathode potential
may be so controlled as to not vary by any more than
+15%.

[0037] Alternatively, the de-silvering current may be
controlled galvanostatically to a substantially stable val-
ue, that is the de-silvering current may be so controlled
as to not vary by any more than +20%. Galvanostatic
control, or a hybrid of galvanostatic and potentiostatic
control, is preferred for two reasons. Firstly, in the case
of poisoned cathodes, the current-potential characteris-
tic may be very steep, which makes potentiostatic con-
trol liable to instabilities. Secondly, again in the case of
poisoned cathodes, diffusion limitation current density
is preferably estimated at a potential more negative than
the de-poisoning potential, so that there is little or no
interference from the poisoning of the cathode. In the
case that the de-silvering current density is controlled
potentiostatically, it can happen that the cathode starts
to poison and that the current drops. In the case of gal-
vanostatic control, the cathode potential will automati-
cally be made more negative as the cathode starts to
be poisoned.

[0038] In a preferred embodiment of the invention
therefore, the control of the de-silvering current density
is carried out by a hybrid of potentiostatic and galvano-
static control. After the diffusion limitation current den-
sity is estimated, the anode-cathode potential difference
is slowly decreased. At the moment when the predeter-
mined fraction (say 60%) of the estimated diffusion lim-
itation current density is reached, the potential is meas-
ured and potentiostatic control takes over with the target
potential equal to that measured potential. Moreover,
every few seconds, such as every 6 seconds, the meas-
ured current is compared with the target current (in this
case 60% of the diffusion limitation current density). If
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the current value is too low or too high, the target poten-
tial for the potentiostatic control is adjusted accordingly.
[0039] The time taken for estimating the diffusion lim-
itation current density of the cell may be from 1 to 25%,
such as from 2% to 10%, of the total de-silvering time,
that is of the total time taken for both steps (a) and (b).
[0040] The silver-containing solution may be selected
from photographic fixing and bleach-fixing solutions.
The silver concentration in the silver-containing solution
is typically from 0.1 g/l to 5 g/l. Where the silver-contain-
ing solution is a fixing solution, the process of the inven-
tion is particularly effective if the fixing solution has a
volume of less than 100 ml/g, most preferably less than
40 ml/g of silver to be fixed thereby, because at low re-
plenishment rates, the importance of unwanted side re-
actions becomes greater.

[0041] The silver-containing solutions which can be
de-silvered using the present invention include any so-
lution containing silver complexing agents, e.g. thiosul-
phate or thiocyanate, sulphite ions and free and com-
plexed silver as a result of the fixing process. The ap-
paratus can also be used with rinsing water or concen-
trated or diluted used fixing solutions, possibly contam-
inated with carried-over developer. Apart from the es-
sential ingredients, such solutions will often also contain
wetting agents, buffering agents, sequestering agents
and pH adjusting agents. The silver-containing solution
may comprise compounds preventing the formation of
fog or stabilizing the photographic characteristics during
the production or storage of photographic elements or
during the photographic treatment thereof. Many known
compounds can be added as fog-inhibiting agent or sta-
bilizer to the silver halide emulsion. Suitable examples
are inter alia the heterocyclic nitrogen-containing com-
pounds such as benzothiazolium salts, nitroimidazoles,
nitrobenzimidazoles,  chlorobenzimidazoles,  bro-
mobenzimidazoles, mercaptothiazoles, mercaptoben-
zothiazoles, mercaptobenzimidazoles, mercaptothiadi-
azoles, aminotriazoles, benzotriazoles (preferably
5-methyl-benzotriazole), nitrobenzotriazoles, mercap-
totetrazoles, in particular 1-phenyl-5-mercapto-tetra-
zole, mercaptopyrimidines, mercaptotriazines, benzo-
thiazoline-2-thione, oxazoline-thione, triazaindenes,
tetrazaindenes and pentazaindenes, especially those
described by Birr in Z. Wiss. Phot. 47 (1952), pages
2-58, triazolopyrimidines such as those described in
British patent Nos. GB 1203757, GB 1209146 and GB
1500278 and Japanese patent application No.
75-39537, and 7-hydroxy-s-triazolo-[1,5-a]-pyrimidines
as described in United States patent No. US 4727017,
and other compounds such as benzenethiosulphonic
acid, benzenethiosulphinic acid and benzenethiosul-
phonic acid amide. Other compounds that can be used
as fog-inhibiting compounds are metal salts such as, for
example, mercury or cadmium salts and the compounds
described in Research Disclosure No. 17643 (1978),
Chapter VI.

[0042] The process is particularly applicable in cases
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of low replenishment rates, because components car-
ried over from the developer for example and compo-
nents which are flushed out of the film (such as stabiliz-
ers, surfactants and sensitizers), are more concentrat-
ed. In particular, surfactants may aggravate the poison-
ing effects of stabilizers such as PMT.

[0043] The de-silvering process can be carried out
batch-wise or continuously, the apparatus being con-
nected to the fixing solution forming part of a continuous
processing sequence. The apparatus according to the
invention may be designed to be operated manually, au-
tomatically or automatically with manual over-ride.
[0044] The material used for the anode is not espe-
cially critical, although platinated titanium is usually
used. Platinum, graphite and noble metals are alterna-
tives. The anode may be in the form of a rod, located at
the axis of the electrolytic cell, where this is in cylindrical
form.

[0045] The cathode may be formed from a generally
flat sheet of flexible material, an electrically conductive
surface being provided on one major face thereof, se-
curing means being provided to enable the sheet to be
folded into and secured in an open circular cross-sec-
tional configuration. The cathode preferably ideally has
a frusto-conical cross-section, with its larger radius end
uppermost, that is towards the circular upper opening of
the electrolyte cell. This configuration enables easy re-
moval of the cathode even after a silver deposit has built
up there-on after use. Usable cathode materials include
stainless steel, silver and silver alloys, and other con-
ductive materials, the non-silver containing materials
being preferred from the point of view of costs, while the
silver containing materials cause fewer starting-up prob-
lems.

[0046] The positioning of the reference electrode is
important to the de-silvering process. While in principle
the electrode would be best placed between the cathode
and the anode, as close as possible to the cathode, this
may cause troubles as more and more silver is depos-
ited on the cathode, which is thus growing thicker. When
the reference electrode is placed further from the cath-
ode, say 20 mm therefrom, ohmic potential drops will
cause the potentiostatic de-silvering not to be truly po-
tentiostatic. It has therefore been proposed to place the
reference electrode on the far side of the cathode from
the anode, but close to the cathode. We prefer to place
the reference electrode at a distance of 5 mm from the
cathode, and the potential difference values quoted
herein are based on such a distance. If the reference
electrode is placed nearer to or further from the cathode,
a appropriate correction needs to be applied. In any
event, the reference electrode should preferably be po-
sitioned from 1 mm and 50 mm from the cathode, where
the potential measured while the cell is in operation, cor-
responds within 100 mV, preferably within 30 mV, to the
potential that would be measured with the reference
electrode in front of the cathode.

[0047] In one embodiment of the electrolytic cell, the
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cathode includes an opening extending from the outer
face to the inner face, the opening being located in the
neighbourhood of the reference electrode to ensure that
the reference electrode is located within the electrical
field of the cell.

[0048] The reference electrode may conveniently be
positioned adjacent the outlet port of the cell. The po-
tential at which the reduction of sulphite starts to take
place is dependant on the pH of the fixing solution.
Therefore, the potential to be used for optimum de-sil-
vering is dependant upon the nature of the fixer used
and other parameters such as the pH of the developer
bath, the presence or absence of intermediate rinsing,
the degree of carry over from the developer to the fixer,
and the buffering capacities of the developer and the
fixer solutions.

[0049] We prefer that the reference electrode is a pH
sensitive electrode. A suitable electrode has been dis-
closed in European patent application EP 598144 (Agfa-
Gevaert NV).

[0050] Ina preferred embodiment of the invention, the
electrolytic cell comprises a housing, an anode, a re-
movable cathode and a reference electrode all posi-
tioned within the housing. The cathode has an inner face
directed towards the anode and an outer face directed
towards the reference electrode. In use, silver from the
silver containing solution is deposited on the face of the
cathode which is directed towards the anode.

[0051] In a suitable embodiment of the invention, the
electrolytic cell housing is formed of electrically non-
conductive material and may be generally cylindrical, al-
though other shapes are possible. A cylindrical shape
to the cell enables the cathode to be positioned near to
the wall of the housing. The anode has a generally linear
configuration axially located within the housing. The
cathode has an open circular cross-sectional configura-
tion surrounding the anode. The reference electrode is
located in a side arm of the housing. Preferably, the
housing further comprises a liquid inlet and a liquid out-
let for the electrolyte liquid, predetermining a liquid level
within the cell. In an embodiment of the cell, the housing
is provided with an electrically conductive contact sur-
face above the liquid level and clamping means serve
to clamp a contact portion of the cathode against the
contact surface of the housing to complete an electrical
connection to the cathode. The contact portion of the
cathode should have an electrically conductive surface.
The provision of the contact surface in an upper part of
the electrolytic cell housing, in particular an annular con-
tact surface, enables this surface to be above the level
of the electrolyte in the cell in use, thus reducing the risk
of leakage and corrosion.

[0052] Where the electrolytic cell includes a liquid in-
let and a liquid outlet, the process according to the in-
vention may include the step of continuously supplying
silver-containing solution to the cell through the inletand
continuously removing de-silvered solution from the out-
let. The silver-containing solution may be supplied to the



11 EP 0 754 780 B1 12

electrolytic cell at rate of from 5 to 25 I/minute.

Preferred embodiments of the invention

[0053] The invention will now be further described,
purely by way of example, by reference to the accom-
panying drawings in which:

Figure 1 shows, partly in cross-section, an electro-
lytic cell for use in accordance with the invention;

Figure 2 is a schematic representation of the use of
an apparatus according to the present invention;
and

Figure 3 is a schematic representation of a control
circuit for use in the present invention.

[0054] AsshowninFigure 1,the apparatus comprises
an electrolytic cell 10, formed of electrically non-conduc-
tive material such as PVC, and comprising a base 15,
sides 16 and an upper portion 17. An electrolyte inlet
port 18 is provided towards the bottom of the cell and
an electrolyte outlet port 19 is provided towards the top
of the cell.

[0055] An anode 20, in the form of a platinised titani-
um rod, is secured to the base of the cell by means of
a bolt 21 which acts as an electrical connector for the
anode. The anode 20 lies along the axis of the cell 10.
A reference electrode 45 is positioned in a side arm 24
of the cell 10 and protrudes into the outlet port 19 of the
cell. A suitable reference electrode is a pH sensitive
glass electrode such as a YOKOGAWA SM21/AG2
glass electrode.

[0056] The upper part 17 of the cell is in the form of a
neck portion having an opening defined by a stainless
steel ring 22. The contact surface of the ring 22 is frusto-
conically shaped, having its narrower radius down-
wards. The stainless steel ring 22 is permanently fixed
to one end of a bolt 31 which extends through the wall
of the cell and provides a connector for the cathode 30.
Positioned in the neck of the cell, above the level of the
annular ring 22, is a sealing ring 14.

[0057] The apparatus further comprises a lid 40 so
shaped as to fit into the neck portion of the cell. The lid
40 is formed of electrically non-conductive material such
as PVC. The lower portion of the lid 40 is shaped to cor-
respond to the shape of the ring 22.

[0058] The cathode 30, formed for example of a flat
stainless steel sheet 50 having a thickness of 100 um,
is wrapped around into a frusto-conical configuration,
where the upper radius is marginally larger than the low-
er radius by a factor of 1.05. The cathode 30 has a de-
formable upper edge portion. The sheet material of
which the cathode is formed is sufficiently resilient to al-
low upper edge portion to bend outwardly in response
to outwardly directed force. The deformable upper edge
portion of the cathode lies adjacent the stainless steel
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ring 22. Tightening of the lid causes the upper edge por-
tion of the cathode 30 to be clamped firmly by the lid
against the ring 22, thereby establishing good electrical
contact there-between.

[0059] The cathode is provided with a number of
openings 57 which extend therethrough. The cathode
30 is located in the cell 10 with its bottom edge support-
ed by a cathode support ledge 35 in the cell. One of the
openings 57 is located in the neighbourhood of the ref-
erence electrode 45.

[0060] In the closed position of the lid, the sealing ring
14 bears against the outer surface of the lid 40, thereby
forming a tight seal. Electrolyte liquid is now fed into the
cell by way of the inlet port 18, fills the cell and exits by
way of the outlet port 19. The effect of the sealing ring
14 is to prevent the electrolyte level rising above the lev-
el of the outlet port 19, so maintaining an air space
above the liquid and preventing contact between the lig-
uid and the surface of the ring 22. The risk of corrosion
of the latter is thereby reduced and the opening of the
cell is made easier because the air space fulfils a com-
pression-decompression function.

[0061] Referring to Figure 2 it will be seen that the an-
ode 20, the cathode 30 and the reference electrode 45
of the electrolytic cell 10 are connected to a control de-
vice 41 which controls the application of electrical power
to the anode and the cathode. The cell 10 is fed with
contaminated fixer from a first fixer container 42 via a
pump 43 which is provided with a filter (not shown).
[0062] The contaminated fixing solution is topped up
from time to time with fresh fixing solution from a second
fixer container 44, while the total liquid volume is main-
tained at a constant level by means of an overflow 46.
[0063] Figure 3 shows the apparatus for de-silvering
silver-containing solutions comprising the electrolytic
cell 10, the anode 20, the cathode 30 and the reference
electrode 45 positioned adjacent the cathode. Electrical
power supply control means in the form of the control
device 41 is provided for controlling the supply of elec-
trical power to the anode 20 and the cathode 30. The
control device 41 includes a potentiometer 60 for adjust-
ing the potential difference applied from a power source
62 between the anode 20 and the cathode 30. A voltage
meter 64 measures the potential difference between the
cathode 30 and the reference electrode 45 and a current
meter 65 measures the current flow through the cell. A
start switch 66 initiates the start of a de-silvering process
by completing the connection between the power
source 62 and the cathode 30. A timer 68 measures the
time elapsed from the operation of the start switch 66.
A micro-processor 70, or other suitable control circuit,
is linked to the voltage meter 64, the current meter 65
and the timer 68 and is programmed to adjust the po-
tentiometer 60 in response to the timer 68, the voltage
meter 64 and the current meter 65.
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[0064] The apparatus shown in the Figures is operat-
ed as follows. The solution to be de-silvered is a (ex Ag-
fa-Gevaert) commercially available photographic fixer
G333 having a pH of 5.3 which is loaded with 1 g/l silver.
A new cathode is used. After the cell is loaded with fixer,
the start switch 66 is closed. The micro-processor 70
sets the control device 41 into its diffusion limitation cur-
rent density estimating mode. The potentiometer 60 is
adjusted to apply a predetermined potential of -560 mV
to the cathode 30. During this mode the current flowing
through the cell, about 2 A, is measured by the current
meter 65, which supplies a signal indicative of this dif-
fusion limitation current to the micro-processor 70. The
micro-processor 70, having been pre-programmed with
the predetermined fraction of say 40%, then calculates
the required de-silvering current of 800 mA.

[0065] After a period of time of 60 seconds pre-pro-
grammed into the micro-processor 70, the latter switch-
es the control device 41 to its de-silvering mode. During
the de-silvering mode, the micro-processor 70 initially
adjusts the potentiometer 60 to cause the anode-cath-
ode potential difference to be slowly decreased while
continuously monitoring the cell current as measured by
the current meter 65. When the cell current reaches the
calculated de-silvering current of 800 mA at 100 sec-
onds from the start, the micro-processor 70 monitors the
cathode potential of -520 mV as measured by the volt-
age meter 64 and applies potentiostatic control by ad-
justing the potentiometer 60 to ensure that the cathode
potential remains constant at this target value. However,
every 6 seconds, the micro-processor 70 monitors the
cell current as measured by the current meter 65. As
soon as this monitored cell current differs from the cal-
culated de-silvering current of 800 mA, the micro-proc-
essor 70 makes an appropriate modification to the target
potential and adjusts the potentiometer 60 accordingly.
[0066] After a given period of time of 10 minutes pre-
programmed into the micro-processor 70, the latter
switches the control device 41 to the diffusion limitation
current estimating mode again and the sequence is re-
peated. The quality of silver adhesion to the cathode is
good.

[0067] Inotherexperiments, itis found that good silver
adhesion can be obtained with a de-silvering current set
at up to 90% of the diffusion limitation current, but that
at 95% and above the silver adhesion is bad.

[0068] On occasions, the frequency of which is pre-
programmed into the micro-processor 70, a small surge
current of 4.3 amps at-615 mV for 2 seconds is applied.
This current surge activates the cathode resulting in a
more accurate subsequent estimation of the diffusion
limitation current.

[0069] For the sake of clarity, potential differences
mentioned throughout this specification are, unless oth-
erwise specified, measured with a glass reference elec-
trode, with a potential of +208 mV relative to NHE (nor-

10

15

20

25

30

35

40

45

50

55

mal hydrogen electrode) at pH 7 at room temperature
and positioned as described in European patent appli-
cation EP 598144, referred to above. Where other forms
of reference electrode are used, or where the electrodes
are positioned in other places in the cell, appropriate
modifications of the potential differences referred to
herein are necessary, as will be clear to those skilled in
the art.

[0070] Inthe apparatus according to the invention, the
means for estimating the diffusion limitation current den-
sity of the electrolytic cell and for causing silver to be
deposited on the cathode at a de-silvering current den-
sity which is lower than the diffusion limitation current
density may together be constituted by a control circuit
which comprises a potentiometer for adjusting the po-
tential difference applied from a power source between
the anode and the cathode, a voltage meter which
measures the potential difference between the cathode
and the reference electrode and a current meter meas-
ures the current flow through the cell. A micro-processor
may be linked to the voltage meter and the current meter
and be programmed to adjust the potentiometer as re-
quired.

Claims

1. A process for de-silvering a silver-containing solu-
tion in an electrolytic cell having an anode and a
cathode,

characterised by the following steps:

(a) periodically estimating the diffusion limita-
tion current density of said electrolytic cell by
measuring a current flow there-through; and
(b) adjusting the current density to values lower
than said diffusion limited current.

2. A process according to claim 1, wherein said steps
(a) and (b) are performed in respect of the same
cathode surface.

3. A process according to claim 1 or 2, wherein steps
(a) and (b) are performed alternately.

4. Aprocess according to any preceding claim, where-
in said de-silvering current density is 10% to 90%
of said diffusion limitation current density.

5. A process according to claim 4, wherein said de-
silvering current density is 30% to 80% of said dif-
fusion limitation current density.

6. A process according to claim 4 or 5, wherein said
de-silvering current is controlled galvanostatically

to a substantially stable value.

7. A process according to claim 4 or 5, wherein said
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de-silvering current is controlled potentiostatically.

A process according to any preceding claim, where-
in the time taken for step (a) is from 1 to 25% of the
total de-silvering time.

A process according to claim 8, wherein the time
taken for step (a) is from 2% to 10% of the total de-
silvering time.

A process according to claim 3, wherein step (a) is
carried out at a frequency sufficiently high that the
silver content of said silver-containing solution falls
by less than 50% in the immediately preceding step

(b).

A process according to claim 10, wherein step (a)
is carried out at a frequency sufficiently high that the
silver content of said silver-containing solution falls
by less than 20% in the immediately preceding step

(b).

A process according to any preceding claim, where-
in step (a) is carried out by potentiostatically setting
said cathode to a predetermined cathode potential
and measuring the current flow through said elec-
trolytic cell.

A process according to claim 12, wherein, in step
(a) said cathode is set to a potential where no more
than 40% of the current at the cathode is consumed
by side reactions.

A process according to claim 13, wherein, in step
(a) said cathode is set to a potential where no more
than 20% of the current at the cathode is consumed
by side reactions.

A process according to claim 12, wherein step (a)
is carried out by potentiostatically setting said cath-
ode to a predetermined cathode potential relative
to said anode.

A process according to claim 12, wherein step (a)
is carried out by potentiostatically setting said cath-
ode to a predetermined cathode potential relative
to a third electrode, not being said cathode nor said
anode.

A process according to claim 16, wherein said third
electrode is a reference electrode.

A process according to claim 17, wherein said third
electrode is a pH sensitive reference electrode.

A process according to claim 18, wherein said pH
sensitive reference electrode is a glass electrode.
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A process according to claim 18, wherein said pre-
determined cathode potential is from -510 to -590
mV versus said glass electrode.

A process according to claim 20, wherein said pre-
determined cathode potential is from -530 to -560
mV versus said glass electrode.

A process according to claim 12, wherein said pre-
determined cathode potential is more negative than
the de-poisoning potential of the cell.

A process according to claim 12, wherein prior to
step (a) a current surge is applied to said cathode
during which the cathode potential is at least 20 mV
more negative than said predetermined cathode
potential for a period of less than 10 seconds.

A process according to claim 23, wherein during
said current surge the cathode potential is at least
50 mV more negative than said predetermined cath-
ode potential for a period of less than 3 seconds.

A process according to any preceding claim, where-
in, in step (a) said diffusion limitation current density
is estimated from the shape of the curve of current
density versus potential difference between said
anode and said cathode.

A process according to any preceding claim, where-
in, in step (a) said diffusion limitation current density
is estimated from the shape of the curve of current
density versus potential difference between said
cathode and a third electrode.

A process according to any preceding claim, where-
in, in step (a) said diffusion limitation current density
is estimated from responses to known potential var-
iations applied between said cathode and said an-
ode.

A process according to any preceding claim, where-
in step (a) is carried out automatically.

An apparatus for de-silvering a silver-containing so-
lution comprising an electrolytic cell having an an-
ode and a cathode, characterised by:

(a) means for estimating the diffusion limitation
current density of said electrolytic cell by meas-
uring a current flow there-through; and

(b) means for adjusting the current density
causing silver to be deposited on said cathode
at a de-silvering current density which is lower
than said diffusion limitation current density.

An apparatus according to claim 29, further com-
prising means for galvanostatically controlling said
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de-silvering current to a substantially stable value.

An apparatus according to claim 29, further com-
prising means for potentiostatically controlling said
de-silvering current to a substantially stable value.

An apparatus according to claim 31, further com-
prising a third electrode, not being said cathode nor
said anode.

An apparatus according to claim 32, wherein said
third electrode is a reference electrode.

An apparatus according to claim 33, wherein said
third electrode is a pH sensitive reference elec-
trode.

An apparatus according to claim 34, wherein said
pH sensitive reference electrode is a glass elec-
trode.

An apparatus according to any one of claims 29 to
34, further comprising an intelligent control device
for automatically estimating the diffusion limitation
current density of said electrolytic cell.

Patentanspriiche

1.

ProzefR fur die Entsilberung einer silberhaltigen L6-
sung in einer Elektrolysezelle mit einer Anode und
einer Kathode, der gekennzeichnet ist durch die
folgenden Schritte:

(a) periodisches Abschétzen der Diffusionsbe-
grenzungsstromdichte der Elektrolysezelle
durch Messen eines Stromflusses dort hin-
durch; und

(b) Einstellen der Stromdichte auf Werte unter
dem diffusionsbegrenzten Strom.

Prozeld nach Anspruch 1, bei dem die Schritte (a)
und (b) im Hinblick auf dieselbe Kathodenoberfla-
che durchgefiihrt werden.

ProzeR nach Anspruch 1 oder 2, bei dem die Schrit-
te (a) und (b) abwechselnd durchgefiihrt werden.

Prozel nach einem der vorhergehenden Anspri-
che, bei dem die Entsilberungsstromdichte 10% bis
90% der Diffusionsbegrenzungsstromdichte be-
tragt.

ProzeR® nach Anspruch 4, bei dem die Entsilbe-
rungsstromdichte 30% bis 80% der Diffusionsbe-

grenzungsstromdichte betragt.

Prozel nach Anspruch 4 oder 5, bei dem der Ent-
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silberungsstrom galvanostatisch auf einen im we-
sentlichen stabilen Wert gesteuert wird.

Prozel nach Anspruch 4 oder 5, bei dem der Ent-
silberungsstrom potentiostatisch gesteuert wird.

Prozel nach einem der vorhergehenden Anspru-
che, bei dem die Zeit fur Schritt (a) zwischen 1 und
25% der Gesamtentsilberungszeit betragt.

Prozel nach Anspruch 8, bei dem die Zeit fiir Schritt
(a) zwischen 2% und 10% der Gesamtentsilbe-
rungszeit betragt.

Prozefd nach Anspruch 3, bei dem Schritt (a) mit ei-
ner Haufigkeit durchgefiihrt wird, die ausreichend
hoch liegt, dal® der Silbergehalt der silberhaltigen
Lésung in dem unmittelbar vorhergehenden Schritt
(b) um weniger als 50% abfallt.

Prozefd nach Anspruch 10, bei dem Schritt (a) mit
einer Haufigkeit durchgefiihrt wird, die ausreichend
hoch liegt, dal® der Silbergehalt der silberhaltigen
Lésung in dem unmittelbar vorhergehenden Schritt
(b) um weniger als 20% abfallt.

ProzelR nach einem der vorhergehenden Anspri-
che, bei dem Schritt (a) durchgefihrt wird, indem
die Kathode potentiostatisch auf ein vorbestimmtes
Kathodenpotential eingestellt und der Stromflu
durch die Elektrolysezelle gemessen wird.

Prozefd nach Anspruch 12, bei dem in Schritt (a) die
Kathode auf ein Potential eingestellt wird, bei der
nicht mehr als 40% des Stroms an der Kathode
durch Nebenreaktionen verbraucht wird.

ProzelR nach Anspruch 13, bei dem in Schritt (a) die
Kathode auf ein Potential eingestellt wird, bei der
nicht mehr als 20% des Stroms an der Kathode
durch Nebenreaktionen verbraucht wird.

Prozel® nach Anspruch 12, bei dem Schritt (a)
durchgefuhrt wird, indem die Kathode potentiosta-
tisch auf ein vorbestimmtes Kathodenpotential re-
lativ zu der Anode eingestellt wird.

Prozel® nach Anspruch 12, bei dem Schritt (a)
durchgefiihrt wird, indem die Kathode potentiosta-
tisch auf ein vorbestimmtes Kathodenpotential re-
lativ zu einer dritten Kathode eingestellt wird, bei
der es sich nicht um die Kathode oder um die Anode
handelt.

Prozel nach Anspruch 16, bei dem die dritte Elek-
trode eine Referenzelektrode ist.

Prozel nach Anspruch 17, bei dem die dritte Elek-
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trode eine fur den pH-Wert empfindliche Referenz-
elektrode ist.

ProzeR nach Anspruch 18, bei dem die fiir den pH-
Wert empfindliche Referenzelektrode eine Glas-
elektrode ist.

Proze® nach Anspruch 18, bei dem das vorbe-
stimmte Kathodenpotential zwischen -510 und -590
mV relativ zu der Glaselektrode betragt.

ProzeR nach Anspruch 20, bei dem das vorbe-
stimmte Kathodenpotential zwischen -530 und -560
mV relativ zu der Glaselektrode betragt.

ProzeR® nach Anspruch 12, bei dem das vorbe-
stimmte Kathodenpotential negativer ist als das
Entgiftungspotential der Zelle.

Prozel nach Anspruch 12, bei dem vor Schritt (a)
an die Kathode ein Stromstof3 angelegt wird, wéah-
rend dessen das Kathodenpotential lber einen
Zeitraum von weniger als 10 Sekunden mindestens
20 mV negativer ist als das vorbestimmte Katho-
denpotential.

ProzeR nach Anspruch 23, bei dem wahrend des
StromstoRes das Kathodenpotential Uber einen
Zeitraum von weniger als 3 Sekunden mindestens
50 mV negativer ist als das vorbestimmte Katho-
denpotential.

ProzeR nach einem der vorhergehenden Anspri-
che, bei dem in Schritt (a) die Diffusionsbegren-
zungsstromdichte anhand der Form der Kurve der
Stromdichte als Funktion der Potentialdifferenz zwi-
schen der Anode und der Kathode geschatzt wird.

ProzeR nach einem der vorhergehenden Anspri-
che, bei dem in Schritt (a) die Diffusionsbegren-
zungsstromdichte anhand der Form der Kurve der
Stromdichte als Funktion der Potentialdifferenz zwi-
schen der Kathode und einer dritten Elektrode ge-
schatzt wird.

ProzeR nach einem der vorhergehenden Anspri-
che, bei dem in Schritt (a) die Diffusionsbegren-
zungsstromdichte aus Reaktionen auf bekannte,
zwischen der Kathode und der Anode angelegten
Potentialschwankungen geschatzt wird.

ProzeR nach einem der vorhergehenden Anspri-
che, bei dem Schritt (a) automatisch durchgefiihrt
wird.

Vorrichtung zum Entsilbern einer silberhaltigen L&-
sung, die eine Elektrolysezelle mit einer Anode und
einer Kathode umfafdt, gekennzeichnet durch:
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(a) ein Mittel zum Schéatzen der Diffusionsbe-
grenzungsstromdichte der Elektrolysezelle
durch Messen eines Stromflusses dort hin-
durch; und

(b) ein Mittel zum Einstellen der Stromdichte,
das bewirkt, daf® bei einer Entsilberungsstrom-
dichte, die unter der Diffusionsbegrenzungs-
stromdichte liegt, an der Kathode Silber abge-
schieden wird.

Vorrichtung nach Anspruch 29, weiterhin mit einem
Mittel zum galvanostatischen Steuern des Entsilbe-
rungsstroms auf einen im wesentlichen stabilen
Wert.

Vorrichtung nach Anspruch 29, weiterhin mit einem
Mittel zum potentiostatischen Steuern des Entsilbe-
rungsstroms auf einen im wesentlichen stabilen
Wert.

Vorrichtung nach Anspruch 31, weiterhin mit einer
dritten Elektrode, bei der es sich nicht um die Ka-
thode oder die Anode handelt.

Vorrichtung nach Anspruch 32, bei der die dritte
Elektrode eine Referenzelektrode ist.

Vorrichtung nach Anspruch 33, bei der die dritte
Elektrode eine fiir den pH-Wert empfindliche Refe-
renzelektrode ist.

Vorrichtung nach Anspruch 34, bei der die fir den
pH-Wert empfindliche Referenzelektrode eine Gla-
selektrode ist.

Vorrichtung nach einem der Anspriche 29 bis 34,
weiterhin mit einer intelligenten Steuereinrichtung
zum automatischen Schatzen der Diffusionsbe-
grenzungsstromdichte der Elektrolysezelle.

Revendications

2,

Procédé de désargentation d'une solution conte-
nant de I'argent dans une cellule électrolytique pos-
sédant une anode et une cathode, caractérisé par
les étapes suivantes :

(a) estimation périodique de la densité de cou-
rant limite de diffusion de ladite cellule électro-
lytique par mesure d'un flux de courant passant
dans celle-ci ; et

(b) réglage de la densité de courant sur des va-
leurs inférieures audit courant limite de diffu-
sion.

Procédé selon la revendication 1, dans lequel les-
dites étapes (a) et (b) sont effectuées par rapport a
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la méme surface cathodique.

Procédé selon la revendication 1 ou 2, dans lequel
les étapes (a) et (b) sont effectuées alternative-
ment.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel ladite densité de courant
de désargentation représente entre 10% et 90% de
ladite densité de courant limite de diffusion.

Procédé selon la revendication 4, dans lequel ladite
densité de courant de désargentation représente
entre 30% et 80% de ladite densité de courant limite
de diffusion.

Procédé selon la revendication 4 ou 5, dans lequel
ledit courant de désargentation est régulé par voie
galvanostatique a une valeur essentiellement sta-
ble.

Procédé selon la revendication 4 ou 5, dans lequel
ledit courant de désargentation est régulé par voie
potentiostatique.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel le temps mis par I'étape
(a) représente entre 1% et 25% du temps total de
désargentation.

Procédé selon la revendication 8, dans lequel le
temps mis par I'étape (a) représente entre 2% et
10% du temps total de désargentation.

Procédé selon la revendication 3, dans lequel I'éta-
pe (a) est mise en oeuvre a une fréquence suffisam-
ment élevée pour que la teneur en argent de ladite
solution contenant de l'argent chute de moins de
50% a I'étape (b) immédiatement précédente.

Procédé selon la revendication 10, dans lequel
I'étape (a) est mise en oeuvre a une fréquence suf-
fisamment élevée pour que la teneur en argent de
ladite solution contenant de I'argent chute de moins
de 20% a I'étape (b) immédiatement précédente.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel I'étape (a) est mise en
oeuvre en fixant par voie potentiostatique ladite ca-
thode a un potentiel cathodique prédéterminé et en
mesurant le flux de courant circulant dans ladite cel-
lule électrolytique.

Procédé selon la revendication 12, dans lequel, a
I'étape (a), ladite cathode est fixée a un potentiel
pour lequel pas plus de 40% du courant a la cathode
est consommé par des sous-réactions.
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Procédé selon la revendication 13, dans lequel, a
I'étape (a), ladite cathode est fixée a un potentiel
pourlequel pas plus de 20% du courant a la cathode
est consommé par des sous-réactions.

Procédé selon la revendication 12, dans lequel
I'étape (a) est mise en oeuvre en fixant par voie po-
tentiostatique ladite cathode a un potentiel cathodi-
que prédéterminé relativement a ladite anode.

Procédé selon la revendication 12, dans lequel
I'étape (a) est mise en oeuvre en fixant par voie po-
tentiostatique ladite cathode a un potentiel cathodi-
que prédéterminé relativement a une troisieme
électrode, qui n'est ni ladite cathode, ni ladite ano-
de.

Procédé selon la revendication 16, dans lequel la-
dite troisieme électrode est une électrode de réfé-
rence.

Procédé selon la revendication 17, dans lequel la-
dite troisieme électrode est une électrode de réfé-
rence sensible au pH.

Procédé selon la revendication 18, dans lequel la-
dite électrode de référence sensible au pH est une
électrode en verre.

Procédé selon la revendication 18, dans lequel ledit
potentiel cathodique prédéterminé est compris en-
tre -510 et -590 mV par rapport a ladite électrode
en verre.

Procédé selon la revendication 20, dans lequel ledit
potentiel cathodique prédéterminé est compris en-
tre -530 et -560 mV par rapport a ladite électrode
en verre.

Procédé selon la revendication 12, dans lequel ledit
potentiel cathodique prédéterminé est plus négatif
que le potentiel de désempoisonnement de la cel-
lule.

Procédé selon la revendication 12, dans lequel,
préalablement a I'étape (a), une pointe de courant
est appliquée a ladite cathode, au cours de laquelle
le potentiel cathodique est plus négatif d'au moins
20 mV que ledit potentiel cathodique prédéterminé
pendant une période inférieure a 10 secondes.

Procédé selon la revendication 23, dans lequel, au
cours de ladite pointe de courant, le potentiel ca-
thodique est plus négatif d'au moins 50 mV que ledit
potentiel cathodique prédéterminé pendant une pé-
riode inférieure a 3 secondes.

Procédé selon I'une quelconque des revendications
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précédentes, dans lequel, a I'étape (a), ladite den-
sité de courant limite de diffusion est estimée a par-
tir de la forme de la courbe représentant la densité
de courant en fonction de la différence de potentiel
entre ladite anode et ladite cathode.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel, a I'étape (a), ladite den-
sité de courant limite de diffusion est estimée a par-
tir de la forme de la courbe représentant la densité
de courant en fonction de la différence de potentiel
entre ladite cathode et une troisi€me électrode.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel, a I'étape (a), ladite den-
sité de courant limite de diffusion est estimée a par-
tir de réponses a des variations de potentiel con-
nues appliquées entre ladite cathode et ladite ano-
de.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel I'étape (a) est mise en
oeuvre automatiquement.

Dispositif de désargentation d'une solution conte-
nant de I'argent comprenant une cellule électrolyti-
que possédant une anode et une cathode, carac-
térisé par:

(a) un moyen permettant I'estimation de la den-
sité de courant limite de diffusion de ladite cel-
lule électrolytique par mesure d'un flux de cou-
rant passant dans celle-ci ; et

(b) un moyen permettant le réglage de la den-
sité de courant provoquant le dépdt d'argent
sur ladite cathode a une densité de courant de
désargentation inférieure a ladite densité de
courant limite de diffusion.

Dispositif selon la revendication 29, comprenant en
outre un moyen permettant la régulation galvanos-
tatique dudit courant de désargentation a une va-
leur essentiellement stable.

Dispositif selon la revendication 29, comprenant en
outre un moyen permettant la régulation poten-
tiostatique dudit courant de désargentation a une
valeur essentiellement stable.

Dispositif selon la revendication 31, comprenant en
outre une troisiéme électrode, qui n'est ni ladite ca-
thode, ni ladite anode.

Dispositif selon la revendication 32, dans lequel la-
dite troisieme électrode est une électrode de réfé-

rence.

Dispositif selon la revendication 33, dans lequel la-
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dite troisieme électrode est une électrode de réfé-
rence sensible au pH.

Dispositif selon la revendication 34, dans lequel la-
dite électrode de référence sensible au pH est une
électrode en verre.

Dispositif selon I'une quelconque des revendica-
tions 29 a 34, comprenant en outre un appareil de
commande intelligent permettant d'estimer auto-
matiquement la densité de courant limite de diffu-
sion de ladite cellule électrolytique.
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