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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 of extending the life
of such solutions.

An apparatus for the electrolytic recovery of silver from
solutions containing silver is known from European pat-
ent 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.
The control of the electrochemical process taking place
at the anode and the cathode is important in the silver
recovery process. If too high a potential difference is ap-
plied, side-reactions can occur, depending upon the na-
ture of the silver-containing solution, leading to unwant-
ed by-products, and adhesion of the silver to the cath-
ode may be poor. If too low a potential difference is ap-
plied, de-silvering takes place only slowly.

The de-silvering process proceeds by depositing silver
upon the cathode. If the silver does not adhere strongly
to the cathode, there is a risk that it will become de-
tached therefrom, especially as the weight of silver de-
posited increases and especially in continuously oper-
ated cells which have a constant flow of electrolyte so-
lution 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. Some detached silver
may be flushed out of the cell with the electrolyte liquid.
In either case the de-silvering of the solution is not op-
timally achieved.

[0003] The theoretical conditions required for opti-
mum de-silvering depend upon a number of factors in-
cluding the cathode potential, the concentration of silver
in the silver-containing solution, the pH of the silver-con-
taining solution (usually within the range of from 3.5 to
6.0), the composition of the seasoned fixer and the con-
dition of the cathode. For a given fixer composition, de-
silvering apparatus, pH and cathode condition, there is
an ideal cathode potential, or narrow range of cathode
potentials, which provides fast deposition, good adher-
ence of the silver to the cathode and a low level of side-
reactions. Outside these optimum conditions, these ob-
jectives may not reliably be met. As the de-silvering
process continues, the concentration of silver in the sil-
ver-containing solution changes as silver is deposited
and fresh solution is added, the pH of the solution is un-
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known or varies in an unpredictable manner and the
condition of the cathode may change. It has not there-
fore been possible to set the electrolytic cell to the opti-
mum de-silvering conditions and to maintain optimum
conditions as the de-silvering continues.

[0004] There is a number of known methods of con-
trolling the de-silvering process, referred to herein as (i)
galvanostatic, (ii) constant potential difference, (iii) qua-
si-galvanostatic, (iv) quasi-potentiostatic and (v) poten-
tiostatic control.

i) Galvanostatic control

[0005] 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
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 may be sufficiently high that undesirable
side-reactions are liable to occur, adhesion of the silver
to the cathode is bad and sulphidation of the cathode
occurs.

ii) Constant potential difference control

[0006] 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 also uncontrolled, depending
on a large number of factors such as the size of the an-
ode, agitation in the neighbourhood of the anode, the
presence or absence of components in the solution
which can be oxidised and the ease with which they can
be oxidised (e.g. and SO;~ S,05™), the ohmic potential
drop in the cell and therefore also the cell geometry and
current density, and the current through the cell.

iii) Quasi-galvanostatic control

[0007] In a quasi-galvanostatic control mode, the cur-
rent through the electrolytic cell is kept at a constant tar-
getvalue, but this target value is itself adjusted from time
to time, according to specific operational parameters of
the de-silvering.

One example of quasi-galvanostatic control is as fol-
lows:

During operation of the cell, the silver content is deter-
mined by (external) analysis. The target current value is
then adjusted to a specified value, depending on the sil-



3 EP 0 803 591 B1 4

ver content measured (high current for high silver con-
tents, low current for lower silver content in the fixer),
After some time, the analysis is repeated and the target
current value is set according to the new silver content
measured. The time interval between two successive
silver analyses is determined by the speed of de-silver-
ing. When de-silvering is very fast, e.g. 50% decrease
of silver content in 60 min, the analysis may be neces-
sary every 15 minutes. When de-silvering is very slow,
e.g. 50% decrease of silver every 600 minutes, a new
analysis of silver content is only required every 200 min-
utes.

(The same may hold, of course, for very fast or slow ad-
dition of silver to the fixer to be de-silvered.)

Generally speaking, in quasi-galvanostatic control, the
frequency of updating of the target current value is de-
termined by the time during which the operational pa-
rameters of the cell remain substantially constant.
These operational parameters may be of electrochem-
ical/chemical or mechanical nature.

[0008] The operational parameters include:

silver content in the fixer to be de-silvered,

pH of the solution to be de-silvered,

presence or absence of toxifying substances in the
fixer,

fixer flow rate through the electrolysis unit,
conductivity of the electrolyte.

[0009] An exhaustive list of possible operational pa-
rameters would include all factors which are important
in the de-silvering process. In general, however, only a
limited number of them are significantly variable in any
given de-silvering situation. In many cases, only one
factor is monitored (e.g. silver content).

Other examples of quasi-galvanostatic control are:

- Estimation of the silver content in the fixer to be de-
silvered by measurement of the rest potential of the
electrolytic cell (rest potential of cathode versus an-
ode) and adjustment of the cell current target value
according to some predetermined relation between
the measured rest potential and the current target
value. The rest potential of the cell could be meas-
ured between the cathode and the anode, or be-
tween the cathode and some other electrode. That
other electrode could for example be a reference
electrode, for example a Ag/AgCI electrode. Alter-
natively, such a reference electrode could be a pH
sensitive electrode.

- Estimation of the electrolyte flow rate through the
electrolysis unit and adjustment of the target current
value according to the flow rate.

- Estimation of the silver content of the solution to be
de-silvered by analysing the response of the current
to changes in the applied potentials (cathode/anode
potential versus cathode/anode/third electrode).

- Estimation of the silver content or detoxification po-
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tential by analysing the response of the current ver-
sus cathode potential (or any other potential differ-
ence between cathode/anode/third electrode) and
adjustment of the current.

iv) Quasi-potentiostatic control

[0010] In quasi-galvanostatic control, it is the target
current which is adjusted as a function of one or more
operational parameters of the de-silvering. In quasi-po-
tentiostatic de-silvering, a target potential difference is
adjusted as a function of one or more operational pa-
rameters of the de-silvering. This target potential differ-
ence may be any accessible potential difference in the
electrolysis cell (potential differences between cathode,
anode, reference electrodes, pH sensitive electrodes,
other electrodes).

An important example of quasi-potentiostatic control is
a control algorithm according to which the anode-cath-
ode potential difference is kept constant at a value which
is determined by the current flowing through the cell.

v) Potentiostatic control

[0011] 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 sulphidation of the cathode can be avoided,
independently of the anode potential. The use of a ref-
erence 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.

[0012] These five basic de-silvering control methods
referred to above form the basic principles underlying a
number of possible actual control mechanisms which
are used in commercial equipment. In commercial
equipment, the control method may be a hybrid of a
number of the control methods referred to. For example,
many commercial applications use the combination of
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constant anode-cathode potential difference and quasi-
potentiostatic control, as the applied cathode-anode po-
tential is kept constant to a predetermined level which
is set according to the current measured through the
cell. 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, and ECOMIX from Agfa-
Gevaert NV).

[0013] In practice, it is sometimes observed that, al-
though the silver content of the bath to be de-silvered is
high (for example Ag > 3 g/L) and the de-silvering ap-
paratus as such is in good working order, no silver be-
comes deposited on the cathode. This effect is attribut-
ed to "cathode poisoning". Poisoning occurs when com-
ponents present in the solution block the cathode reduc-
tion process. Not all cases of cathode poisoning are un-
derstood, 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 ex-
hibit this effect, such as phenyl mercapto tetrazol. In Eu-
ropean Patent Application No 95.201.954.5 (Agfa-Ge-
vaert NV), we have proposed a process for de-silvering
a silver-containing solution in which, whereas the poten-
tial difference between the cathode and a reference
electrode normally lies within a de-silvering range to
cause silver to be deposited on said cathode, the cath-
ode potential is at least periodically reduced (i.e. made
more negative) as the de-silvering process continues.
[0014] In such a periodic control method, the cell is
firstly operated under potentiostatic conditions. After a
given period of time, the cathode potential is decreased
to a predetermined level. Thus, when the solution is
placed in the cell, and the apparatus is switched on, the
cell current is rather high and the cathode potential is
set at a first level. As the de-silvering process continues
and the level of silver in the solution falls, the cell current
falls.

During this time the cathode potential is maintained at
its first level. After a given period of time however, the
cathode potential is adjusted to a lower (i.e. more neg-
ative) level. The cathode potential is held at this lower
level for a given period of time, referred to as a detoxi-
fication period, after which it is returned to the first level.
Such process may include a plurality of de-silvering
steps interposed by relatively brief detoxifying steps.
In another control method which may be operated con-
tinuously, it was proposed that the cathode potential be
reduced according to a predetermined relationship be-
tween the cathode potential and the current flowing
through the cell as the de-silvering process takes place,
independently of any changes in the anode potential.
The predetermined relationship between the cathode
potential and the cell current is of a form whereby the
cathode potential is lower (i.e. more negative) as the cell
current falls. In simplified form this relationship may be
expressed as:
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U=U, +k(-I

max)

where U is the cathode potential when the cell current
is I, U, is the cathode potential when the cell current is
at its maximum |,,,,, and k is a positive non-zero coef-
ficient, which in the simplest case is a constant. Note
that if k were zero, this relationship would reduce to

u=u_,

(o]

i.e. the potentiostatic control method.

In such a relationship, k is so chosen that the minimum
cathode potential (which occurs when | = 0) i.e. U, - k.
lmax> iS Not so low that undesirable side-reactions occur
to a significant extent. In the case of cathode poisoning,
it may be advisable to chose larger values for k. This k
is also chosen so as not to fully compensate for the fall
in current, i.e. the cell current will continue to fall as the
de-silvering continues. If k were so chosen as to fully
compensate for the fall in cell current, the cell current |
would remain constant, corresponding to the galvanos-
tatic control method.

[0015] This control method may be carried out so that
the cathode potential is continuously adjusted to a level
determined by the cell current, in accordance with the
predetermined relationship. Thus for example, when the
solution is placed in the cell, the cell current is high and
the cathode potential is at a first level. As the de-silver-
ing process continues and the level of silver in the solu-
tion falls, the cathode potential is adjusted to lower (i.e.
more negative) levels determined by the cell current, in
accordance with the predetermined relationship. When,
for example, the silver levels rise, the cell current rises
and the cathode potential is adjusted to higher (i.e. less
negative) levels determined by the cell current, in ac-
cordance with the predetermined relationship and the
control sequence is repeated.

[0016] That proposal was based upon the discovery
that the effects of poor silver adhesion and cathode poi-
soning during the de-silvering step could be substantial-
ly overcome by applying a lower cathode potential dur-
ing part of the de-silvering process, so that in the next
de-silvering step the efficiency of the process substan-
tially returned and was maintained for a number of fur-
ther de-silvering steps.

[0017] While itis known that the application of a lower
cathode potential may lead to side-reactions and the
generation of unwanted by-products, it was thought that
by limiting the cathode potential to a level determined
by the cell current, or by limiting the total charge which
is passed through the electrolysis cell, the effect of such
side-reactions, such as for example the reduction of sul-
phite at the cathode surface, over the whole de-silvering
process would be minimised.

An even better way to circumvent silver adhesion prob-
lems and cathode poisoning problems is the use of a
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galvano-dynamic control algorithm, as described in Eu-
ropean Patent Application No 95.201.953.7 (Agfa-Ge-
vaert NV). In this mode of operation, the diffusion limi-
tation current is estimated by applying a more negative
potential to the cathode. Afterwards, the current is gal-
vanostatically controlled to a value which is a certain
fraction of this estimated limitation current density. By
doing this, one avoids depositing substantial amounts
of silver while current limitation conditions subsist, thus
avoiding bad silver adhesion.

[0018] Moreover, by the use of a galvanostatic control
routine, cathode poisoning is largely circumvented,
since the cathode potential will automatically be made
negative enough to avoid cathode poisoning. In com-
parison with the automatic decrease of cathode poten-
tial as the current drops, as described in European Pat-
ent Application No 95.201.954.5, the advantage of the
galvano-dynamic control algorithm is that it works better
when de-silvering conditions, such as the pH of the so-
lution, vary.

[0019] The galvano-dynamic current control algo-
rithm performs well when the cathode detoxification po-
tential (the cathode potential at which the poisoning is
overcome by the more negative cathode potential) is not
less negative than the potential used to estimate the dif-
fusion limitation current density (e.g. -530 mV versus a
glass electrode).

If the detoxification potential is more negative (e.g. -590
mV versus a glass electrode), no detoxification will take
place during the measurement of the limitation current
density, and the resulting currents will be very low, re-
sulting in a very slow de-silvering.

[0020] Reduction of the cathode potential to more
negative values (e.g. -600 mV versus glass electrode)
for determination of the limitation current may not be ad-
visable, since in this case, side reactions such as sul-
phite reduction and eventually also sulphidation of the
cathode may occur. This would result in, among other
unwanted effects, an over-estimation of the silver limi-
tation current, and consequently bad silver adhesion.
[0021] Thus, the galvano-dynamic control algorithmis
not ideally suited for de-silvering fixers of low pH, where
onset of sulphite reduction occurs very rapidly because
the cathode potential at which sulphite reduction starts
to occur is pH dependent. It is also less suited in situa-
tions where very severe cathode poisoning occurs. It
was discovered that e.g. in the field of X-ray processing,
in order to draw current through the cell and deposit sil-
ver on the cathode, it may be necessary to increase the
potential difference between the cathode and the elec-
trolyte to such an extent that in the absence of any poi-
soning, the majority of the current drawn would be due
to sulphidation rather than silver reduction. Thus the po-
tential required to be applied to the cathode to overcome
the poisoning may be so great that in the absence of
any such poisoning, it would engender significant side-
reactions, and in the result it would be impossible to tell
how much of the current flowing was due to desirable
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deposition of silver and how much to such undesirable
side-reactions.

SUMMARY OF THE INVENTION

[0022] It is an object of the present invention to pro-
vide a process for the de-silvering of silver-containing
solutions in which account may be taken of any poison-
ing of the cathode and which enables such de-silvering
to be performed rapidly and efficiently.

[0023] Itis afurther object of this invention to combine
a potentiostatic control mechanism with a specific quasi
galvanostatic control mechanism to counteract specific
de-silvering problems which may be encountered when
de-silvering fixer solutions where the cathode detoxifi-
cation potential is more negative than the potential of
onset of side reactions (i.e. reactions other than silver
reduction reactions) on the cathode surface.

[0024] According to the invention there is provided a
process for de-silvering a silver-containing solution by
use of an electrolytic cell having an anode, a cathode
and a reference electrode, the process comprising:

(i) supplying silver-containing solution to the elec-
trolytic cell to immerse the anode, cathode and ref-
erence electrode therein; and

(ii) applying electrical power to the anode and the
cathode such that the cathode potential relative to
the reference electrode, lies within a de-silvering
range to cause silver to be deposited on said cath-
ode;

characterised in that operation of the cell is controlled
potentiostatically while the current exceeds a certain
threshold value and in that the current is controlled gal-
vanostatically at that threshold (minimum) value in cir-
cumstances in which the potentiostatic control would re-
sult in a current below the threshold value.

[0025] The invention extends to apparatus suitable for
performing the process and accordingly provides appa-
ratus for de-silvering a silver-containing solution includ-
ing an electrolytic cell having an anode, a cathode and
a reference electrode positioned adjacent said cathode,
and electrical power supply control means for controlling
the supply of electrical power to said anode and said
cathode, said power supply control means including
means for adjusting the cathode potential relative to said
anode and said reference electrode, and control means
linked to said adjustment means, characterised in that
said control means includes means for controlling oper-
ation of the cell potentiostatically at a selected cathode
potential, means for monitoring the current drawn
through the cell during such potentiostatic control and
for comparing such current with a threshold current, and
means for controlling the cell galvanostatically at such
threshold current value, means for switching from po-
tentiostatic to galvanostatic control in response to cell
current dropping below said threshold value, means for
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periodically re-establishing said selected cathode po-
tential, and means for reverting from galvanostatic to
said potentiostatic control in response to a cell current
above said threshold value when said selected cathode
potential is re-established.

[0026] It has not previously been proposed to associ-
ate with a single cell a control system which is capable
of being switched between potentiostatic and galvano-
static control modes respectively based on a selected
cathode potential and a selected minimum threshold
current. The advantage of doing so is particularly appar-
ent when operating with electrolyte solutions which are
especially apt to poison the cathode, and also when op-
erating with solutions which have a rather low pH, for
example a pH below about 5, and particularly a pH within
the range 4.2 to 4.8 as may commonly be encountered
in the field of photographic processing solutions used in
X-ray film processing.

[0027] In preferred embodiments of the invention, the
magnitude of said threshold value of current passing
through the cell is determined from an estimation of the
silver content of the solution to be de-silvered. This es-
timation may be performed in any way, but in a preferred
embodiment, it is done by measuring the rest potential
of the cell, preferably the rest potential of the cathode
versus a reference electrode or a pH sensitive elec-
trode. By using a reference electrode with known poten-
tial, itis easy to estimate the silver content by measuring
the rest potential of the cathode versus the reference
electrode. If of a pH sensitive electrode is used, the pH
of the fixing solution has to be approximately known,
since uncertainties in the pH will result in uncertainties
of the estimated silver content.

[0028] In normal operation, the cell is preferably con-
trolled potentiostatically at a cathode potential which is
suitably selected with regard to rest potential of the cell,
which gives an indication of the silver content of the so-
lution. It is especially suitable that such potentiostatic
control is performed to control the magnitude of the po-
tential between the cathode and the reference electrode
at a value between -20mV and -300mV, preferably be-
tween -40mV and -150mV, with respect to the cathode
rest potential.

[0029] The quality of the silver deposition depends not
only on the silver content, but also on other factors which
are not necessarily all known at all times in every de-
silvering situation. Therefore the minimum threshold
current which is used in the control algorithm is prefer-
ably chosen conservatively, this means a not too high
value for the estimated silver content. This avoids un-
desirable effects such as side reactions or bad silver ad-
hesion.

[0030] In normal operation, the cell will be controlled
potentiostatically at a cathode potential which is suitably
selected so as substantially to avoid any undesirable
side-reactions within the electrolyte. In the recovery of
silver from photographic fixing solutions, perhaps the
most important of these side-reactions is the reduction
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of sulphite. The potential at which the reduction of sul-
phite starts to take place is largely dependent on the pH
of the fixing solution. Therefore, it is preferred that the
magnitude of said selected cathode potential is deter-
mined at least in part in dependence upon the pH of the
electrolyte. In order to promote rapid de-silvering, it is
desirable that the selected cathode potential should be
as low (that is as strongly negative) as is possible while
substantially avoiding undesired sulphite reduction re-
actions. In many instances we have found that it is most
beneficial to work at cathode potentials between -500
and -590 mV, and preferably between -530 and -560mV
versus a glass electrode. In cases where the pH of the
silver-containing solution can vary widely, e.g. over
more than unity, it is preferable to use a true reference
electrode as a third electrode to estimate the silver con-
tent more accurately.

[0031] Inthe case where the variation of the pH of the
fixer is limited, it may be preferable to use a glass elec-
trode as reference electrode, since it allows a better de-
silvering in potentiostatic control, as has been disclosed
in European patent specification EP 598144 (Agfa-Ge-
vaert NV).

In order to take account of any such limited variation in
the pH of the electrolyte as de-silvering proceeds, it is
most preferable, since it allows a better de-silvering in
potentiostatic control, for the cathode potential to be
measured with reference to a reference electrode which
is itself pH-sensitive, such as a glass electrode, a hy-
drogen electrode, a quinhydrone electrode and an anti-
mony electrode, most especially a glass electrode which
is relatively maintenance free and which is moreover in-
sensitive to hydrostatic pressure variations. The use of
a suitable glass electrode has been disclosed in Euro-
pean patent specification EP 598144 (Agfa-Gevaert
NV). The potentials mentioned herein referring to glass
electrodes refer to such an electrode having a potential
of +208mV versus NHE at a pH of 7.

Uncertainties in the pH must then be considered in the
conservative estimation of the threshold current for any
silver concentration. 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 sil-
ver is deposited on the cathode, which is thus growing
thicker. When the reference electrode is placed further
from the cathode, say 20 mm therefrom, ohmic potential
drops will cause the potentiostatic de-silvering not to be
truly potentiostatic. It has therefore been proposed to
place the reference electrode on the far side of the cath-
ode 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 ref-
erence electrode is placed nearer to or further from the
cathode, an appropriate correction needs to be applied.
In any event, the reference electrode should preferably
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be positioned at a location, such as from 1 mm and 50
mm from the cathode, where the potential measured
while the cell is in operation, corresponds within 100 mV,
preferably within 30 mV, to the potential that would be
measured with the reference electrode in front of the
cathode.

[0032] In one embodiment of the electrolytic cell, the
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. The reference electrode may conven-
iently be positioned adjacent an outlet port of the cell.
[0033] In preferred embodiments of the invention, the
magnitude of said threshold value of current passing
through the cell is determined at least in part in depend-
ence upon the rest potential of the cell. The rest potential
of the cell gives an indication (if the pH of the electrolyte
is known) of the silver concentration in the electrolyte,
and it is of course the silver concentration within the
electrolyte which determines the magnitude of the cur-
rent which can be drawn through the cell in order to de-
posit silver at the cathode. In fact the pH of the electro-
lyte will generally be predictable with a range of usually
about 1 or less, depending on the particular species of
solution which is to be de-silvered. For example in the
photographic processing art, fixing solutions used in
medical X-ray processing tend to have a pH within the
range 4.2 to 4.8, whereas people working in the graphic
arts field are accustomed to working with fixing solutions
having a pH within the range 4.4 to 5.6.

[0034] Given the rest potential of the cell, i.e. the nat-
ural potential of the cell at which no current is drawn, a
range of silver concentrations corresponding to the pos-
sible range of pH of the electrolyte can be predicted.
Taking a conservative estimate, for example the mini-
mum theoretical silver concentration, there can be cal-
culated a current which will be sustainable without any
substantial ill effects in all reasonably foreseeable prac-
tical situations. This current may be taken as the thresh-
old value of current magnitude.

A current of that magnitude will thus be sustainable by
the deposition of silver without any adverse side-reac-
tions, no matter what potential has to be applied in order
to draw that current through the cell. It will be appreci-
ated that while the cathode remains poisoned, it may be
necessary to operate the cell at very low (strongly neg-
ative) cathode potentials.

It is for this reason that in accordance with the invention,
the cell is controlled galvanostatically during this phase
of operation. A constant current is thus drawn through
the cell. As cathode detoxification proceeds, the poten-
tial difference required to draw this current will decrease
and the cathode potential may be increased. Thus even
in cases where severe cathode poisoning is intermittent-
ly present, de-silvering can take place without a high
proportion of current flow due to unwanted side-reac-
tions.
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[0035] During the course of operation, and depending
on the processing conditions, the degree of cathode poi-
soning will fluctuate, and the cathode will become de-
toxified to a lesser or greater extent.

Periodic monitoring of the current which actually flows
through the cell at the (potentiostatically maintained)
normal operating cathode potential and comparison of
that current with the galvanostatically maintained cur-
rent allows switching back to potentiostatic control when
sufficient detoxification has taken place to allow silver
deposition at that potential and thus permits more rapid
de-silvering than maintaining the (rather conservatively
selected) threshold current.

[0036] 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-con-
taining solution is a fixing solution, the process of the
invention 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 replenishment rates, the importance of unwanted
side-reactions becomes greater, and the likelihood of
cathode poisoning increases.

[0037] Preferably, the magnitude of said threshold
value of current passing through the cell is determined
atleastin partin dependence upon analysis of response
of the current to changes in the applied potentials (cath-
ode/anode potential against cathode/anode/third elec-
trode).

[0038] The silver-containing solutions which can be
de-silvered using the present invention include any so-
lution containing silver compelling 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 stabilising 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-
biliser to the silver halide emulsion. Suitable examples
are inter alia the heterocyclic nitrogen-containing com-
pounds such as benzothiazolium salts, nitroimidazoles,
nitrobenzimidazoles, chlorobenzimidazoles, bromo-
benzimid-azoles, mercaptothiazoles, mercaptobenzo-
thiazoles, mercapto-benzimidazoles, mercaptothiadia-
zoles, aminotriazoles, benzo-triazoles (preferably
5-methylbenzotriazole), nitrobenzo-triazoles, mercap-
totetrazoles, in particular 1-phenyl-5-mercapto-tetra-
zole, mercaptopyrimidines, mercaptotriazines, benzo-
thiazoline-2-thione, oxazoline-thione, triazaindenes,
tetrazaindenes and pentazaindenes, especially those
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described by Birr in Z. Wiss. Phot. 47 (1952), pages
2-58, triazolo-pyrimidines 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.

[0039] The process is particularly applicable in cases
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 stabilis-
ers, surfactants and sensitisers), are more concentrat-
ed. In particular, surfactants may aggravate the poison-
ing effects of stabilisers such as phenyl mercapto tetra-
zol. The de-silvering process can be carried out batch-
wise or continuously, the apparatus being connected to
the fixing solution forming part of a continuous process-
ing sequence.

The apparatus according to the invention may be de-
signed to be operated manually, automatically or auto-
matically with manual over-ride.

[0040] The material used for the anode is not espe-
cially critical, although platinised 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.

[0041] 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.

[0042] Inapreferred 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 an-
ode and an outer face directed towards the reference
electrode. In use, silver from the silver containing solu-
tion is deposited on the face of the cathode which is di-
rected towards the anode.
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In a suitable embodiment of the invention, the electro-
Iytic cell housing is formed of electrically non-conductive
material and may be generally cylindrical, although oth-
er 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 configu-
ration axially located within the housing. The cathode
has an open circular cross-sectional configuration sur-
rounding the anode. The reference electrode is located
in a side arm of the housing. Preferably, the housing fur-
ther comprises a liquid inlet and a liquid outlet for the
electrolyte liquid, predetermining a liquid level within the
cell. In an embodiment of the cell, the housing is provid-
ed with an electrically conductive contact surface above
the liquid level and clamping means serve to clamp a
contact portion of the cathode against the contact sur-
face of the housing to complete an electrical connection
to the cathode. The contact portion of the cathode
should have an electrically conductive surface. The pro-
vision of the contact surface in an upper part of the elec-
trolytic cell housing, in particular an annular contact sur-
face, enables this surface to be above the level of the
electrolyte in the cell in use, thus reducing the risk of
leakage and corrosion.

[0043] 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 inlet and
continuously removing de-silvered solution from the out-
let. The silver-containing solution may be supplied to the
electrolytic cell at rate of from 5 to 25 L/minute.

PREFERRED EMBODIMENTS OF THE INVENTION

[0044] 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;
Figure 3 is a schematic representation of a control
circuit for use in the present invention;

Figure 4 is a graph of cathode rest potential against
threshold current for a particular set of conditions;
and

Figures 5 and 6 are graphs respectively of cathode
potential (in mV) and current (mA) against time
(seconds) for a particular cell during one cycle of
operation.

[0045] 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
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of the cell.

An anode 20, in the form of a platinised titanium 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
which is an electrode having a potential of +208mV ver-
sus NHE at a pH of 7.

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-con-
ically shaped, having its narrower radius downwards.
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. Posi-
tioned in the neck of the cell, above the level of the an-
nular ring 22, is a sealing ring 14.

[0046] 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.

The cathode 30, formed for example of a flat stainless
steel sheet 50 having a thickness of 100 mm, is wrapped
around into a frusto-conical configuration, where the up-
per radius is marginally larger than the lower radius by
afactor of 1.05. The cathode 30 has a deformable upper
edge portion. The sheet material of which the cathode
is formed is sufficiently resilient to allow upper edge por-
tion to bend outwardly in response to outwardly directed
force.

The deformable upper edge portion of the cathode lies
adjacent the stainless steel ring 22. Tightening of the lid
causes the upper edge portion of the cathode 30 to be
clamped firmly by the lid against the ring 22, thereby es-
tablishing good electrical contact there-between.
[0047] 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.

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 level of the outlet
port 19, so maintaining an air space above the liquid and
preventing contact between the liquid 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 be-
cause the air space fulfils a compression-decompres-
sion function.
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Referring to Figure 2 it will be seen that the anode 20,
the cathode 30 and the reference electrode 45 of the
electrolytic cell 10 are connected to a potential control
device 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).
The contaminated fixing solution is topped up from time
to time with fresh fixing solution from a second fixer con-
tainer 44, while the total liquid volume is maintained at
a constant level by means of an overflow 46.

[0048] 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 potential
control device 41 is provided for controlling the supply
of electrical power to the anode 20 and the cathode 30.
[0049] The potential control device 41 includes a po-
tentiometer 60 for adjusting the potential difference ap-
plied from a power source 62 between the anode 20 and
the cathode 30. A voltage meter 64 measures the po-
tential difference between the cathode 30 and the refer-
ence 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 con-
nection between the power source 62 and the cathode
30. A timer 68 measures the time elapsed from the op-
eration of the start switch 66. A control circuit 70 is linked
to the voltage meter 64, the current meter 65 and the
timer 68 and is programmed to adjust the potentiometer
60 in response to the timer 68, the voltage meter 64 and
the current meter 65 in accordance with the invention.

EXAMPLE 1

[0050] Initially, voltage meter 64 provides an indica-
tion of the rest potential of the cell 10. This is used to
determine a suitable threshold value for current passing
through the cell. By way of example, in the field of X-ray
film processing one expects to work with fixer solutions
having a pH within the range 4.2 to 4.8.

Arest potential of -458 mV in a silver-containing solution
with a pH of 4.6 implies that the solution contains silver
in an amount of 1 g/L. However, if the pH were 4.2, that
rest potential would imply a silver content of about 2.5
g/L and if the pH were 4.8, the silver content would be
about 0.63 g/L for that rest potential. A solution contain-
ing silver about 0.63 g/L will support a de-silvering cur-
rent in the equipment described of at least 1250 mA.
Thus this conservative value is taken as the threshold
value of current magnitude corresponding to that rest
potential.

It has been demonstrated in EP-A-92 2 03 439.2 (Agfa-
Gevaert NV) that a normal potentiostatically maintained
operating potential of -530 mV can be tolerated without
giving rise to any significant unwanted side-reactions.
The cathode is accordingly placed at a potential of -530
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mV with respect to a glass reference electrode and the
current is monitored. In the absence of poisoning, the
resulting current might be about 2300 mA or more, that
is, well above the threshold value of 1250 mA. The cath-
ode is then maintained at that potential with respect to
the reference electrode.

[0051] It may be expected that cathode poisoning will
develop, and as a result, despite that cathode potential
being maintained, the magnitude of the current through
the cell will drop below the threshold value.

[0052] When this happens, the control system switch-
es to control the cell galvanostatically at that threshold
current value. Eventually, the cell will naturally become
detoxified, at least the threshold current will be main-
tained and the fixer will continue to become de-silvered.
[0053] Asthe cathode starts to become detoxified, the
cathode potential necessary to maintain the threshold
current will become progressively less negative, thus is
may go from, say, -590mV through -570mV, -550mV,
-540mV, -535mV, and so on, until the potentiostatic po-
tential, in this particular example -530mV, is reached. At
that stage, potentiostatic control is re-instated, and the
cathode potential is no longer permitted to become less
negative, but is instead maintained at the potentiostatic
potential, namely-530mV.

It will be appreciated that the silver content of the elec-
trolyte solution will drop as de-silvering continues.

It will also be appreciated that the silver content may rise
as further electrolyte solution is added to the cell. Ac-
cordingly the opportunity is also taken of periodically re-
measuring the rest potential of the cell in order to re-
estimate the silver content of the solution and thus re-
set the threshold current value.

EXAMPLE 2

[0054] This example illustrates a cycle of operation of
a cell utilising the principles of this invention for the on-
line de-silvering of fixer using an HT330 processor and
materials commercially available from Agfa-Gevaert
NV. The fixer used was G334c (hardening) fixer
processing Curix™ ortho HT film with fixer regeneration
of 200mL/m?2.

[0055] Under these conditions, a desirable relation-
ship between cathode rest potential (versus a glass ref-
erence electrode) and threshold current for the de-sil-
vering cell is shown in the graph which forms Figure 4.

[0056] With reference to Figures 5 and 6, at time T=0,
no current is drawn (Figure 6),and the cell is allowed to
establish equilibrium conditions for the measurement of
its rest potential. By time T=180 (i.e. after 3 minutes),
the rest potential has stabilised at -495mV (Figure 5).
From the graph of Figure 4, this value corresponds with
a minimum threshold current value of 600mA.

[0057] Again, itis known that in these circumstances,
a normal potentiostatically maintained operating poten-
tial of -530 mV can be tolerated without giving rise to
any significant unwanted side-reactions, and this work-
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ing potential is set after T=180.

[0058] The cell is operated potentiostatically at
-530mV briefly, but it is noted that the current is low and
indeed decreasing, thus giving only a slow de-silvering
of the fixer. Accordingly, at about T=250, the potential
applied to the cathode is given greater negative values
while monitoring the current passing the cell, until that
current has reached the value of 600mA which it does
at T=800.

[0059] Between T=800 and T=1400, a constant cur-
rent of approximately 600mA is drawn. During this peri-
od it is noted that there is a slight rise in the cathode
potential required to draw that current (i.e. the cathode
becomes less negative). This is due to detoxification of
the cell.

At T=1400, a new cycle commences with a re-measure-
ment of the rest potential of the cell.

Claims

1. A process for de-silvering a silver-containing solu-
tion by use of an electrolytic cell (10) having an an-
ode (20),

a cathode (30) and a reference electrode (45), the
process comprising:

(i) supplying silver-containing solution to the
electrolytic cell (10) to immerse the anode (20),
cathode (30) and reference electrode (45)
therein; and

(ii) applying electrical power to the anode (20)
and the cathode (30) such that the cathode po-
tential relative to the reference electrode (45),
lies within a de-silvering range to cause silver
to be deposited on said cathode (30);

characterised in that operation of the cell (10) is
controlled potentiostatically while the current ex-
ceeds a certain threshold value and in that the cur-
rent is controlled galvanostatically at that threshold
(minimum) value in circumstances in which the po-
tentiostatic control would result in a current below
the threshold value.

2. A process according to claim 1, wherein such po-
tentiostatic control is performed to control the mag-
nitude of the potential between the cathode and the
reference electrode at a value between -20mV and
-300mV, preferably between -40mV and -150mV,
with respect to the cathode rest potential.

3. A process according to claim 1 or 2, wherein the
magnitude of the cathode potential at which such
potentiostatic control is performed is determined at
least in part in dependence upon the pH of the elec-
trolyte.
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A process according to any preceding claim, where-
in the cathode potential is measured with reference
to a reference electrode (45) which is itself pH-sen-
sitive.

A process according to claim 4, wherein the cath-
ode potential is measured with reference to a glass
reference electrode (45).

A process according to claim 5, wherein the cath-
ode potential is measured with reference to a glass
reference electrode (45) having a potential of
+208mV with respect to NHE at pH 7, and during
potentiostatic operation, the cathode potential is
maintained between -500mV and -600mV, prefera-
bly between -520mV and -580mV with respect to
that electrode.

A process according to any preceding claim, where-
in the cell has inlet (18) and outlet (19) ports via
which electrolyte is circulated through the cell.

A process according to any preceding claim, where-
in the magnitude of said threshold value of current
passing through the cell (10) is determined at least
in part in dependence upon the rest potential of the
cell (10).

A process according to any preceding claim, where-
in the magnitude of said threshold value of current
passing through the cell (10) is determined at least
in part in dependence upon analysis of response of
the current to changes in the applied potentials.

A process according to claim 8 or 9, wherein the
magnitude of said threshold value of current pass-
ing through the cell (10) is periodically redeter-
mined.

Apparatus for de-silvering a silver-containing solu-
tion including an electrolytic cell (10) having an an-
ode (20), a cathode (30) and a reference electrode
(45) positioned adjacent said cathode (30), and
electrical power supply control means (41) for con-
trolling the supply of electrical power to said anode
(20) and said cathode (30), said power supply con-
trol means (41) including means (60) for adjusting
the cathode potential relative to said anode (20) and
said reference electrode (45), and control means
(70) linked to said adjustment means (60), charac-
terised in that said control means (70) includes
means for controlling operation of the cell potentio-
statically at a selected cathode potential, means for
monitoring the current drawn through the cell during
such potentiostatic control and for comparing such
current with a threshold current, and means for con-
trolling the cell galvanostatically at such threshold
current value, means for switching from potentio-
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static to galvanostatic control in response to cell
current dropping below said threshold value, means
for periodically re-establishing said selected cath-
ode potential, and means for reverting from galva-
nostatic to said potentiostatic control in response to
a cell current above said threshold value when said
selected cathode potential is re-established.

Apparatus according to claim 11, wherein the cath-
ode potential is measured with reference to a glass
reference electrode (45) having a potential of
+208mV with respect to NHE at pH 7.

Apparatus according to claim 11 or 12, wherein said
control means (70) includes means for analysing re-
sponse of the current to changes in the applied po-
tentials and for adjusting the magnitude of said
threshold value of current passing through the cell
(10) at least in part in dependence thereon.

Apparatus according to any of claims 11 to 13,
wherein the control means (70) comprises means
for determining the rest potential of the cell (10).

Apparatus according to claim 14, wherein the con-
trol means (70) comprises means arranged to re-
determine the rest potential of the cell (10) periodi-
cally.

Patentanspriiche

1.

Ein Verfahren zur Entsilberung einer silberhaltigen
Lésung durch Verwendung einer elektrolytischen
Zelle (10) mit einer Anode (20), einer Kathode (30)
und einer Bezugselektrode (45), wobei das Verfah-
ren folgende Stufen umfaldt:

(i) die Zufuhr von silberhaltiger Lésung zur
elektrolytischen Zelle, wodurch die Anode (20),
die Kathode (30) und die Bezugselektrode (45)
in dieser L6sung untergetaucht werden, und
(ii) das Beschicken der Anode (20) und der Ka-
thode (30) mit elektrischem Strom, wobei die
Kathodenspannung, bezogen auf die Span-
nung der Bezugselektrode (45), innerhalb ei-
nes Entsilberungsbereichs liegt, der Silberab-
scheidung auf der Kathode (30) ausldst,

dadurch gekennzeichnet, da der Betrieb der Zelle
(10) potentiostatisch gesteuert wird, wenn der
Strom einen bestimmten Schwellenwert Gbersteigt,
und der Strom bei diesem (minimalen) Schwellen-
wert unter Bedingungen, bei denen die potentiosta-
tische Steuerung in einem Stromwert unter dem
Schwellenwert resultieren wiirde, galvanostatisch
gesteuert wird.
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Verfahren nach Anspruch 1, dadurch gekennzeich-
net, dal® durch solche potentiostatische Steuerung
die GroéRenordnung der Spannung zwischen der
Kathode und der Bezugselektrode auf einem Wert
zwischen -20 mV und -300 mV, vorzugsweise zwi-
schen -40 mV und -150 mV, bezogen auf das Ru-
hepotential der Kathode, gesteuert wird.

Verfahren nach Anspruch 1 oder 2, dadurch ge-
kennzeichnet, dal die GréRenordnung der Katho-
denspannung, bei der die potentiostatische Steue-
rung erfolgt, wenigstens teilweise in Funktion des
pHs des Elektrolyts bestimmt wird.

Verfahren nach irgendeinem der vorstehenden An-
spriiche, dadurch gekennzeichnet, dal die Katho-
denspannung im Verhaltnis zu einer Bezugselek-
trode (45), die selbst pH-empfindlich ist, gemessen
wird.

Verfahren nach Anspruch 4, dadurch gekennzeich-
net, da die Kathodenspannung im Verhaltnis zu ei-
ner Glasbezugselektrode (45) gemessen wird.

Verfahren nach Anspruch 5, dadurch gekennzeich-
net, dal die Kathodenspannung im Verhaltnis zu ei-
ner Glasbezugselektrode (45) mit einer Spannung
von +208 mV, bezogen auf eine Wasserstoffnormal-
elektrode bei einem pH von 7, gemessen wird, wo-
bei die Kathodenspannung wahrend der potentio-
statischen Steuerung zwischen -500 mV und -600
mV, vorzugsweise zwischen -520 mV und -580 mV,
bezogen auf diese Elektrode, gehalten wird.

Verfahren nach irgendeinem der vorstehenden An-
spriiche, dadurch gekennzeichnet, dal die Zelle ei-
ne EinlaR6ffnung (18) und eine AuslaRéffnung (19),
durch die Elektrolyt durch die Zelle gefiihrt wird, um-
fafdt.

Verfahren nach irgendeinem der vorstehenden An-
spriiche, dadurch gekennzeichnet, dall die Gro-
Renordnung des Schwellenwerts des durch die Zel-
le (10) flieRenden Stroms wenigstens teilweise in
Funktion des Ruhepotentials der Zelle (10) be-
stimmt wird.

Verfahren nach irgendeinem der vorstehenden An-
spriiche, dadurch gekennzeichnet, dal® die Gro-
Renordnung des Schwellenwerts des durch die Zel-
le (10) flieRenden Stroms wenigstens teilweise
durch Analyse des Ansprechens des Stroms auf
Anderungen der angelegten Spannungen bestimmt
wird.

Verfahren nach Anspruch 8 oder 9, dadurch ge-
kennzeichnet, daft die GréRenordnung des Schwel-
lenwerts des durch die Zelle (10) flieRenden Stroms

10

15

20

25

30

35

40

45

50

55

12

1.

12.

13.

14.

15.

22
periodisch wieder ermittelt wird.

Vorrichtung zur Entsilberung einer silberhaltigen
Lésung, die eine elektrolytische Zelle (10) mit einer
Anode (20), einer Kathode (30) und einer an die Ka-
thode (30) grenzenden Bezugselektrode (45) und
eine Stromsteuerungseinheit (41) zum Steuern der
Zufuhr von elektrischem Strom zur Anode (20) und
Kathode (30) umfal3t, wobei die Stromsteuerungs-
einheit (41) ein Element (60), das die Kathoden-
spannung im Verhaltnis zur Anode (20) und Be-
zugselektrode (45) einstellt, und ein mit dem Ein-
stellelement (60) verbundenes Steuerelement (70)
umfafdt, dadurch gekennzeichnet, dal® das Steuer-
element (70) ein Mittel umfal3t, das den Zellenbe-
trieb bei einer ausgewahlten Kathodenspannung
potentiostatisch steuert, ein Mittel, das den wah-
rend solcher potentiostatischen Steuerung durch
die Zelle gezogenen Strom Uberwacht und diesen
Strom mit einem Schwellenwert vergleicht, ein Mit-
tel, das die Zelle bei solchem Schwellenstromwert
galvanostatisch steuert, ein Mittel, das die Einrich-
tung bei einem Abfall des Zellenstroms bis unter
den Schwellenwert von potentiostatischer auf gal-
vanostatische Steuerung umschaltet, ein Mittel,
das die ausgewdahlte Kathodenspannung peri-
odisch wiederherstellt, und ein Mittel, das die Ein-
richtung wieder von galvanostatischer Steuerung
auf potentiostatische Steuerung umschaltet, wenn
der Zellenstrom nach der Wiedereinstellung der
ausgewahlten Kathodenspannung den Schwellen-
wert Ubersteigt.

Vorrichtung nach Anspruch 11, dadurch gekenn-
zeichnet, daR die Kathodenspannung im Verhaltnis
zu einer Glasbezugselektrode (45) mit einer Span-
nung von +208 mV, bezogen auf eine Wasserstoff-
normalelektrode bei einem pH von 7, gemessen
wird.

Vorrichtung nach Anspruch 11 oder 12, dadurch ge-
kennzeichnet, dal das Steuerelement (70) ein Mit-
tel umfaRt, das das Ansprechen des Stroms auf An-
derungen der angelegten Spannungen analysiert
und die GroRRenordnung des Schwellenwerts des
durch die Zelle (10) flieBenden Stroms wenigstens
teilweise in Funktion der Analysewerte steuert.

Vorrichtung nach irgendeinem der Anspriiche 11 bis
13, dadurch gekennzeichnet, dal? das Steuerele-
ment (70) ein Mittel zur Ermittlung des Ruhepoten-
tials der Zelle (10) umfalf3t.

Vorrichtung nach Anspruch 14, dadurch gekenn-
zeichnet, dall das Steuerelement (70) ein Mittel zur
periodischen Wiederermittlung des Ruhepotentials
der Zelle (10) umfaft.
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Revendications

Procédé pour désargenter une solution contenant
de l'argent en utilisant une cellule électrolytique (10)
possédant une anode (20), une cathode (30) et une
électrode de référence (45), le procédé comprenant
le fait de:

(i) alimenter une solution contenant de I'argent
a la cellule électrolytique (10) dans le but d'y
immerger lI'anode (20), la cathode (30) et I'élec-
trode de référence (45); et

(i) appliquer du courant électrique sur I'anode
(20) et sur la cathode (30) de telle sorte que le
potentiel de la cathode par rapport a celui de
I'électrode de référence (45) se situe dans un
domaine de désargentation pour provoquer le
dépdt d'argent sur ladite cathode (30);

caractérisé en ce qu'on regle le fonctionnement de
la cellule (10) par voie potentiostatique tandis que
le courant dépasse une certaine valeur seuil et en
ce qu'on regle le courant par voie galvanostatique
a cette valeur seuil (minimale) dans des circonstan-
ces dans lesquelles le réglage potentiostatique
donnerait lieu a un courant inférieur a la valeur seuil.

Procédé selon la revendication 1, dans lequel on
effectue un tel réglage potentiostatique pour régler
la valeur du potentiel entre la cathode et I'électrode
de référence a une valeur entre -20 mV et -300 mV,
de préférence entre -40 mV et -150 mV par rapport
a la tension de repos de la cathode.

Procédé selon la revendication 1 ou 2, dans lequel
on détermine la valeur du potentiel de la cathode a
laquelle un tel réglage potentiostatique est réalisé
au moins en partie en fonction du pH de I'électrolyte.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel on mesure le potentiel de
la cathode par référence a une électrode de réfé-
rence (45) qui est elle-méme sensible au pH.

Procédé selon la revendication 4, dans lequel on
mesure le potentiel de la cathode en se référant a
une électrode de référence en verre (45).

Procédé selon la revendication 5, dans lequel on
mesure le potentiel de la cathode en se référant a
une électrode de référence en verre (45) dont le po-
tentiel s'éleve a +208 mV par rapport a celui d'une
ENH a un pH de 7 et, au cours du régime poten-
tiostatique, on maintient le potentiel de la cathode
entre -500 mV et -600 mV, de préférence entre -520
mV et -580 mV par rapport a cette électrode.

Procédé selon I'une quelconque des revendications
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précédentes, dans lequel la cellule possede des ori-
fices d'entrée (18) et de sortie (19) par lesquels
I'électrolyte circule a travers la cellule.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel on détermine la grandeur
de ladite valeur seuil du courant passant a travers
la cellule (10) au moins en partie en fonction de la
tension de repos de la cellule (10).

Procédé selon I'une quelconque des revendications
précédentes, dans lequel on détermine la grandeur
de ladite valeur seuil du courant passant a travers
la cellule (10) au moins en partie en fonction de
I'analyse de la réponse du courant a des change-
ments apportés aux potentiels appliqués.

Procédé selon la revendication 8 ou 9, dans lequel
on détermine de maniere périodique la grandeur de
ladite valeur seuil du courant passant a travers la
cellule (10).

Appareil pour désargenter une solution contenant
de I'argent, englobant une cellule électrolytique (10)
possédant une anode (20), une cathode (30) et une
électrode de référence (45) disposée en position
adjacente a ladite cathode (30) et un moyen de
commande d'alimentation en courant électrique
(41) pour commander l'alimentation en courant
électrique de ladite anode (20) et de ladite cathode
(30), ledit moyen de commande d'alimentation en
courant (41) englobant un moyen (60) pour régler
le potentiel de la cathode par rapport a celui de la-
dite anode (20) et a celui de ladite électrode de ré-
férence (45), et un moyen de commande (70) relié
audit moyen de réglage (60), caractérisé en ce que
ledit moyen de commande (70) englobe un moyen
pour régler le fonctionnement de la cellule par voie
potentiostatique a un potentiel sélectionné de la ca-
thode, un moyen pour surveiller le courant circulant
a travers la cellule au cours dudit réglage poten-
tiostatique et pour comparer ledit courant a un cou-
rant seuil, et un moyen pour régler la cellule par voie
galvanostatique a une telle valeur de courant seuil,
un moyen pour procéder a une commutation d'un
réglage potentiostatique a un réglage galvanostati-
que en réponse a la chute du courant de la cellule
en dessous de ladite valeur seuil, un moyen pour
rétablir de maniére périodique ledit potentiel sélec-
tionné de la cathode et un moyen pour ramener le
réglage d'un réglage galvanostatique audit réglage
potentiostatique en réponse a une intensité du cou-
rant circulant dans la cellule supérieure a ladite va-
leur seuil lorsque ledit potentiel sélectionné de la
cathode a été rétabli.

Appareil selon la revendication 11, dans lequel on
mesure le potentiel de la cathode en se référant a
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une électrode de référence en verre (45) dont le po-
tentiel s'éleve a +208 mV par rapport a celui d'une
ENH a un pH de 7.

Appareil selon la revendication 11 ou 12, dans le-
quel ledit moyen de commande (70) englobe un
moyen pour analyser la réponse du courant a des
changements apportés aux potentiels appliqués et
pour régler la grandeur de ladite valeur seuil du cou-
rant passant a travers la cellule (10) au moins en
partie en fonction de ces changements.

Appareil selon I'une quelconque des revendications
11 a 13, dans lequel le moyen de commande (70)
comprend un moyen pour déterminer la tension de
repos de la cellule (10).

Appareil selon la revendication 14, dans lequel le
moyen de commande (70) comprend un moyen ar-
rangé pour redéterminer la tension de repos de la
cellule (10) de maniére périodique.
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