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Description

[0001] The present invention relates to a device for sin-
gle-sided electrolytic treatment of a flat substrate. Such
a flat substrate may be formed by a part of a strip that
has been unwound from a reel, but also by a discrete
plate. Single-sided electrolytic treatment of a flat sub-
strate can be employed, for example, in the manufacture
of solar panels. The present invention can be used in
particular, but not exclusively, with solar cells wherein a
layer of a semiconductor material, generally indicated by
the acronym CGIS, is applied to a substrate in the form
of a sheet of glass, for example measuring 60 cm x 120
cm. Said semiconductor material is composed of copper,
indium, gallium and selenium.
[0002] The object of the present invention is to provide
a device which makes it possible to carry out the process
of single-sided electrolytic treatment of a flat substrate
as efficiently as possible, so that for example solar cells
provided with the aforesaid CIGS semiconductor mate-
rial can be produced at significantly lower cost.
[0003] From German patent application DE 10 2009
004 249 A1 there is known a device for single-sided elec-
trolytic treatment of strip material from a reel. In said de-
vice, the strip material is passed through the known de-
vice while floating, as it were, on electrolytic fluid in an
electrolytic bath, whilst the substrate is held in as flat a
position as possible, using compressed air which acts on
the strip material from above via an apertured plate, so
as to achieve an optimum contact with the electrolytic
fluid. A slide bearing is provided both upstream and
downstream of the electrolytic bath, onto which the strip
is held down by means of two cathodically (negatively)
charged rollers. An important drawback of this known
device is that the current densities that can be achieved
are limited, so that the deposition rate is limited as well.
Furthermore, the device is not suitable for single-sided
electrolytic treatment of plate-like substrates. The dis-
tance from the foil to the anode will fluctuate strongly,
due to the unstable equilibrium of fluid pressure at the
bottom side and air pressure at the upper side. As a result,
the uniformity of the layer thickness will vary strongly.
Furthermore, the known device is not suitable for treating
substrates in the form of a foil of plastic material with a
(or at least at least one) sputtered base layer present
thereon.
[0004] U.S. patent application US 2003/0,121,790 dis-
cusses a number of variants of contact elements for elec-
trolytic treatment of substrates, which contact elements
are made of an elastic, electrically conductive material.
The contact elements are fully submerged in fluid in use.
[0005] US 4,776,939 discloses a device for electroplat-
ing electric circuit boards. This device includes a plurality
of transporting organs which hold objects to be treated
when they pass the electroplating bath. The transporting
organs are pairs of clamping yokes arranged on a com-
mon endless rotating belt.
[0006] US 2002/020620 A1 discloses a conveyor rised

electroplating device having a plurality of applicated as-
semblies which apply a plating solution to a substrate
and a conveyor device that crisps the substrate.
[0007] US 2010/187068 A1 discloses the electrical
contacting of planar goods by applying electrical external
current while keeping the upper contacting side dry and
tipping the treatment side into a treatment liquid.
[0008] The object of the present invention is to provide
a device which is (also) suitable for single-sided electro-
lytic treatment of a plate-like substrate. In order to ac-
complish that object, the present invention provides a
device for single-sided electrolytic treatment of a flat sub-
strate, comprising a bath for electrolytic fluid, conveying
means for conveying the flat substrate in a conveying
direction at the free surface of the electrolytic fluid in the
bath, with the flat substrate being horizontally oriented
such that the underside of the flat substrate makes con-
tact with the free surface of the electrolytic fluid in the
bath, said conveying-means comprising two conveying
elements disposed opposite each other, which extend
along two respective conveying paths, which two con-
veying paths each comprise an electrolytic part, which
electrolytic parts extend on two opposite longitudinal
sides of the bath, wherein each of the two conveying
elements comprises at least one carrier body of a dielec-
tric material having, at least at the location of the asso-
ciated electrolytic part, a support edge directed toward
the bath for supporting, with an upper side thereof, the
flat substrate on one side thereof, which support edge
forms a moving part of a longitudinal wall of the bath, and
at least one guide member of an electrically conductive
material, which is connected to said at least one carrier
body, for cathodically connecting the underside of the
substrate on the side of the support edge remote from
the bath, said guide member comprising at least one
spring means having an upper side which, in unloaded
condition, is located above the level of the upper side of
the support edge, at least at the location of the bath, the
upper side of which spring means is elastically compress-
ible in downward direction under the influence of a down-
ward force exerted on the spring means by the substrate,
to the level at which the upper side of the spring means
is located at the same level as the upper side of the sup-
port edge.
[0009] Important advantages of the present invention
are the fact that the use of a support edge can provide a
very stable support for plate-shaped substrates as well
as for strip-shaped substrates. The use of the at least
one spring means offers the additional advantage that,
in combination with the aforesaid stable support, a very
reliable cathodic contacting of the substrate near the
electrolytic fluid can moreover be realised, so that field
lines can be kept relatively short and high current densi-
ties can be achieved. Contacting via the underside more-
over makes it possible to make use of substrates which
are at least largely made of a dielectric material, but which
are only coated on the underside with an electrically con-
ductive layer of, for example, copper, to which layer one
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or a number of additional layers can be applied by elec-
trolytic means.
[0010] In a possible embodiment of the device accord-
ing to the invention, the support edge forms a screen for
preventing the electrolytic fluid coming into contact with
said at least one spring means from the bath. Such a
screening at least largely prevents any tendency of ma-
terial to precipitate from the electrolytic bath on said at
least one spring means itself, which would necessitate
frequent cleaning/are stripping of said at least one
spreading means.
[0011] Relatively high current densities can be
achieved in particular if the conveying means are provid-
ed with a number of spring means for each carrier body.
[0012] If at least one recess is provided in each support
edge for each accommodating at least one spring means
associated with the carrier body in question, this will have
the advantage that the contact between the spring means
and the substrate can take place relatively close to the
location of the actual support of the associated substrate
by the support edge. Only a minimal part of the substrate,
at the edges thereof, is not electrolytically treated on ac-
count of the presence of the spring means and the sup-
port edge. Preferably, the support edge is provided with
a recess for each spring means.
[0013] In particular with a view to providing the screen-
ing function by the support edge as discussed in the fore-
going, it may be advantageous if each support edge has
a continuous part on the side facing the bath and if the
recesses are provided on the side of the continuous part
remote from the bath. Because of the support of the sub-
strate by the support edge, no electrolytic fluid, or at least
hardly any electrolytic fluid, can escape from the bath via
the upper side of the support edge, so that spring means
located behind the support edge are screened from the
electrolytic fluid.
[0014] If each guide member is provided with a number
of spring means, this has the advantage that only one
contact with the respective guide member for cathodically
connecting said spring means (temporarily) is needed,
whilst cathodic contact between the spring means and
the substrate will take place at various positions in that
case.
[0015] A constructionally advantageous embodiment
is obtained if the spring means are configured as spring
lips.
[0016] For reasons of simplicity it may be advanta-
geous in that case if each carrier body is provided with
a single guide member.
[0017] In case cleaning/stripping of said at least one
guide member, more specifically of said at least one
spring means thereof, is necessary for process reasons
at some point in time, it is preferable if said at least one
guide member is exchangeably connected to the asso-
ciated at least one carrier body. A guide member having
fouled spring means, for example, or spring means that
otherwise do not function optimally, may even be ex-
changed without interrupting the process, especially if,

according to another possible embodiment, said at least
one guide member is connected to the associated at least
one carrier body by means of a snap connection.
[0018] With a view to cathodically connecting said at
least one spring means it is advantageous if the device
further comprises cathodic contact means which are in
electrically conducting contact, or at least can be placed
into electrically conducting contact, with said at least one
guide member at the location of the electrolytic part. In
particular if the device according to the invention is used
in an industrial environment, in which a plurality of guide
members are used, the associated spring means can be
placed in an electrolytically active state temporarily by
bringing a cathodic contact element into temporary con-
tact with a guide member.
[0019] In particular in an industrial production environ-
ment it may be very advantageous if each of the convey-
ing paths is an endless conveying path, wherein further-
more the successive carrier bodies of each conveying
element are interconnected via the conveying element,
being pivotable about pivot axes which extend vertically,
for example.
[0020] An embodiment which is advantageous for con-
structional reasons is obtained if the conveying elements
each comprise an endless conveyor chain which passes
over two sprockets, upstream and downstream of the
bath, respectively, which sprockets are rotatable about
axes of rotation, wherein carrier bodies associated with
the respective conveying element are pivotally intercon-
nected via the conveyor chain. With a view to realising
an optimum use of the available space it may be advan-
tageous if the axes of rotation extend vertically.
[0021] Another possible embodiment is characterised
in that the pivot axes are formed by pivot pins of the con-
veyor chain, which extend outside links of the conveyor
chain, which pivot pins pivotally interconnect the links of
the conveyor chain.
[0022] In order to be able to compensate for the arc-
chord effect, it may be advantageous if each conveying
element is connected to the associated conveyor chain
via two pivot pins, wherein one of the two pivot pins ex-
tends into a circular hole provided in the conveying ele-
ment and the other of the two pivot pins extends into a
slotted hole of the conveying element.
[0023] In order to realise a continuous change of elec-
trolytic fluid in the bath it is preferable if the bath has two
opposite longitudinal walls, whose upper sides extend
below the underside of the support wall, and that prefer-
ably at most 5 mm, more preferably at most 2 mm.
[0024] Alternatively, or in combination with the above-
described preferred embodiment, it may furthermore be
preferably if the bath has a transverse wall both on the
upstream side of the bath and on the downstream side
of the bath, the upper sides of which transverse walls
extend below the level of the upper sides of the support
edge, and that preferably at most 5 mm, furthermore pref-
erably at most 2 mm.
[0025] In order to realise an even more efficient change
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of electrolytic fluid in the bath, and in particular in the
direct vicinity of the substrate, which will accelerate the
rate at which the electrolytic process takes place, it may
be advantageous if the bath is provided with agitator
means comprising at least one rotary element which ro-
tates about a further rotary shaft, which further rotary
shaft extends transversely to the conveying direction in
the fluid in the bath so as to create a counterflow of elec-
trolytic fluid near the substrate.
[0026] An effective and homogeneous action of the ag-
itation means is obtained in particular if said at least one
rotary element extends over at least substantially the en-
tire width of the bath.
[0027] It has been found that an advantageous flow is
obtained in particular if said at least one rotary element
comprises a number of elongated rotary members ar-
ranged in a circular pattern around and parallel to said
further rotary shaft, which rotary members may advan-
tageously be rod-shaped.
[0028] In order to reduce the consumption of electro-
lytic fluid it is preferable if the device further comprises
recirculation means for recirculating the electrolytic fluid
in the bath. The electrolytic fluid thus moves out of the
bath (temporarily), it may subsequently be cleaned/fil-
tered, after which it is returned to the bath.
[0029] In particular for use in the electrolytic treatment
of substrate material formed by relatively light or relatively
flexible discrete plates or by strip material being unwound
from a reel, it may be advantageous if the conveying
means further comprise hold-down means for pressing
the substrate down against the action of the spring
means, at least at the location of the electrolytic part of
the respective conveying paths.
[0030] In order to prevent frictional contact as much as
possible upon such pressing down of the substrate, the
hold-down means may move along in the conveying di-
rection with the substrate at the location where contact
is made with the substrate, for example in that the hold-
down means are configured as rollers or belts.
[0031] The invention will be explained in more detail
below by means of a description of a possible embodi-
ment of the device according to the invention, in which
reference is made to the following figures.

Figure 1 is an isometric view of a possible embodi-
ment of a device according to the invention;
Figure 2 is an isometric longitudinal sectional view
of the device of figure 1;
Figure 3 is an isometric cross-sectional view of the
device of figure 1;
Figure 4 is a more detailed view of a part of figure 3;
Figures 5a and 5b are vertical cross-sectional views
showing a spring lip that forms part of the conveying
element of the device of figure 1 in loaded condition
and in unloaded condition, respectively;
Figure 6 is an isometric view showing part of the
forward part and the return part of a conveying ele-
ment forming part of the device of figure 1;

Figure 7 is a more detailed isometric view of a part
of the device of figure 1;
Figure 8 is an isometric view showing the area
around a sprocket wheel that forms part of the device
of figure 1;
Figure 9 is an isometric view comparable to the view
shown in figure 7, which shows part of a variant of
the device as shown in the preceding figures.

[0032] Figure 1 shows a device 1 according to the in-
vention for single-sided electrolytic treatment of a flat
substrate 21 (see also figures 2, 5b and 6). The device
1 comprises a frame 2. The frame 2 is made up of uprights
3 having adjustable legs 4, longitudinal girders 5 and
cross girders 6, which girders 5, 6 interconnect the up-
rights 3. For the sake of clarity not all longitudinal girders
5 are shown in figure 1.
[0033] The device 1 further comprises two opposite
conveying elements 7 disposed on two opposite long
sides of the frame 2. Each of the two conveying elements
7 comprises an endless conveyor chain 8 with an endless
row of link elements 19 connected thereto, which link
elements are each at least essentially made up of a car-
rier body 9 and a guide member 81, which will be dis-
cussed in more detail yet hereinafter (see also figures 4
and 8). In figure 6 a complete link element 19 is left out
from the forward (inner) part of the endless path followed
by the conveying element 7, whilst only the guide member
81 of a link element 19 of the return part is shown. The
conveyor chain 8 (figure 4) of each of the conveying el-
ements 7 passes over two sprocket wheels 10a, 10b and
11 a, 11 b. The sprocket wheels 11 a, 11 b can be driven
synchronously in opposite directions by means of an
electric motor 12 and right-angled transmissions 13a,
13b. The conveying elements 7 are supported by the
frame 2.
[0034] The frame 2 further supports an electrolytic bath
14 containing, at least in use, an electrolytic fluid 120
(see figures 5a, 5b) as known to those skilled in the art.
As will be explained in more detail yet hereinafter, it is
possible, using the conveying elements 7, to carry plate-
shaped flat substrates 21, for example made of a vitreous
material that is provided with a thin electrically conductive
layer on the underside, in a horizontal orientation be-
tween the two facing sides of the conveying elements 7,
in a conveying direction 15 over the electrolytic bath 14,
such that the underside of the flat substrate makes con-
tact with the upper side of the electrolytic fluid 120 in the
electrolytic bath 14, whilst the upper side of the substrate
in principle does not make contact with the electrolytic
fluid 120 present in or at least originating from the bath
14. Thus it is possible to apply a layer to the Underside
of the substrate 21 in question by electrolytic means.
[0035] Figures 2, 3 and 4 show in different isometric
views and sectional views the area surrounding the elec-
trolytic bath 14 including, at least in figure 2, a substrate
21. The electrolytic bath 14 comprises a bottom 22, an
upstream transverse wall 23, a downstream transverse
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wall 24, and two opposite longitudinal walls 25, 26. Pro-
vided on the bottom 22 of the electrolytic bath 14 are two
anode containers 27, 28 which, in use, contain anodic
material, for example in the form of metal balls, which
material dissolves in the electrolytic fluid during the elec-
trolytic process and subsequently precipitates again on
the underside of the substrate 21. The anode containers
27, 28 are made of an electrically conductive material,
they are anodically connected during the electrolytic
process, that is, to the positive side of a rectifier.
[0036] Provided above the anode containers 27, 28 is
a horizontal distributor plate 29, which extends over the
full area of the bottom 22. The distributor plate 29 is pro-
vided with holes arranged in a regular pattern. The dis-
tributor plate 29 contributes to the homogenisation of the
field lines that extend from the anodic material in the an-
ode containers 27, 28 to the substrate 21 during the elec-
trolytic process.
[0037] Provided in the upper part of the electrolytic bath
14 are agitator means 31, which function to create a flow
of electrolytic fluid in the direction opposite the conveying
direction 15 in the electrolytic bath 14, along the under-
side of the substrate 21, so as to increase the efficiency
of the electrolytic process. The agitator means 31 (see
in particular figure 4) comprise a number of rotary wheels
32 arranged one after the other. Each rotary wheel 32
comprises a horizontal shaft member 33, which is rotat-
able about its central axis as indicated by the arrow 34,
which shaft member extends transversely to the convey-
ing direction 15. The shaft members 33 each carry, dis-
tributed along their length, a number of more or less star-
shaped disc members 35 provided with regularly spaced
points 36. Each point 36 has a U-shaped recess, in which
a rod 37 can be clamped. The rods 37 associated with
each rotary wheel 32 extend, at least substantially, over
the entire width of the electrolytic bath 14, being provided
in a circular pattern around and parallel to the shaft mem-
ber 33. The rotary motion of the rotary wheels 32 ar-
ranged one after the other ensures that the electrolytic
fluid in the electrolytic bath 14 flows in counterflow to the
substrate 21, at least in the immediate vicinity of said
substrate 21.
[0038] The electrolytic bath 14 is disposed in an over-
flow bath 51. The overflow bath 51 has a bottom 52, an
upstream transverse wall 53, a downstream transverse
wall 54 and two longitudinal walls 55, 56. In use, electro-
lytic fluid 120 flowing out of an electrolytic bath 14 (more
about this below), will flow into the overflow bath 51. Two
outlet openings 57, 58 are provided in the bottom 52 of
the overflow bath 51. Said outlet openings 57, 58 form
part of a recirculation circuit (not completely shown in the
figures) which connects to the outlet openings 57, 58.
Set recirculation circuit includes a pump as well as filter
means / cleaning means for filtering/cleaning electrolytic
fluid 120 that has flown out of the overflow bath 51 via
the outlet openings 57, 58 to be subsequently supplied
again via the supply line 59 that extends through the bot-
tom 52 of the overflow bath 51 and terminates in the

bottom 22 of the electrolytic bath 14, and that between
the two anode containers 27, 28.
[0039] Downstream of the overflow bath 51, the device
1 comprises a cleaning station 71. The cleaning station
71 is intended for cleaning the substrate 21 directly after
it has been subjected to the electrolytic treatment at the
electrolytic bath 14, to which end the cleaning station 71
is provided with blow and spray nozzles.
[0040] Figure 4 is a more detailed view of a link element
19 mainly consisting of a carrier body 9 with an associ-
ated guide member 81 supported by the carrier body 9.
The carrier body 9 is made of a dielectric plastic material
such as polyoxymethylene (POM). To prevent any mis-
understanding, it is noted that in figure 4 limited parts 19’,
19" of an upstream and a downstream link element, re-
spectively, are shown.
[0041] The carrier body 9 comprises a horizontally ex-
tending part 139 having an upper surface 82 whose cir-
cumference is defined by an inner longitudinal edge 83,
an inclined front edge 86, a transverse front edge 85, an
outer longitudinal edge 84, an outer transverse front edge
88, an inclined rear edge 87 and an inner transverse front
edge 89. Two through holes 91, 92 are provided in the
upper surface 82. The hole 91 is a round hole. The hole
92 is a slotted hole which concentrically surrounds the
centre of the round hole 91.
[0042] The upper surface 82 extends above a station-
ary guide member 93, which is mounted to the frame 2.
The stationary guide member 93 extends substantially
along the entire length of the two straight parts of the two
endless conveying paths for the conveying elements 7.
Each stationary guide member 93 is provided with a lon-
gitudinal groove 94, which is open at the upper side. A
conveyor chain 8 extends within the longitudinal groove
94 (see also figure 6). The conveyor chain 8 has links
101, which are pivotally interconnected via pivot pins 102.
The pivot pins 102’ are lengthened at regularly spaced
intervals, so that they also extend above the links 101,
viz. into the holes 91, 92. When the conveyor chain 8 is
driven, this will therefore result in the carrier bodies 9
being conveyed along the endless conveying path as
well.
[0043] The rectangular part of the upper surface 82
that is defined by the transverse front edge 85, the outer
longitudinal edge 86 and the outer transverse front edge
87 is largely recessed (numeral 100), as is visible in par-
ticular for the carrier body 9’ shown in sectional view in
figure 4 but also in figure 8. The carrier body 9 has an
upright stop edge 99 at the location of the transition be-
tween the recessed part 100 and the remaining part of
the upper surface 82.
[0044] The carrier body 9 is provided with a downward-
ly extending part 151 at least substantially below the re-
cessed part 100. As is also shown in figure 8, the carrier
body 9 is provided with vertically extending grooves 152
on the outer side of the downwardly extending part 151,
with vertical edges 153 present therebetween. The edges
153 extend above the level of the recessed part 100, they
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each have a horizontal groove 104 directed towards the
recessed part 100. At the bottom side of the downwardly
extending part 151, the carrier body 9 is provided with a
support edge 105 directed toward the outer side, which
support edge continues on the outer side of the conveying
element 7 (i.e. on the side facing toward the electrolytic
bath 14), and which has a length equal to that of the outer
longitudinal edge 86. The support edges 105 of succes-
sive carrier bodies 9 butt closely together, leaving only a
very limited gap 106 therebetween. Provided in the sup-
port edge 105, in line with the grooves 152 and between
the edges 153, therefore, are recesses 107.
[0045] Each of the recesses 107 provides space for a
spring-loaded contact lip 110 (figures 5a and 5b). The
contact lip 110 has a free end, in the immediate vicinity
of which a slight upwardly bent part 111 functioning as a
contact element is provided. In use, the (upper side of
the) contact lip 110 butts against the underside of a sub-
strate 21 at the location of said bent part 111 (figure 5b).
The contact lip 110 extends at least substantially hori-
zontally, abutting an at least substantially vertically ex-
tending spring arm 112 on the side remote from the free
end, which spring arm is located within the grooves 152.
At their upper ends, the spring arms 112 abut a horizontal
contact plate 113 having a flanged edge 114. The contact
plate 113 lies on the recessed part 100 of the upper sur-
face 82, being clamped between the stop edge 99 and
the horizontal grooves 104. Together with the flanged
edge 114, the spring arms 112 abutting the contact plate
113 and the contact lips 110, the contact plate 113 forms
the guide member 81, which is entirely made of an elec-
trically conductive material, such as copper or spring
steel (stainless steel 301). Said guide member 81, one
of which is provided for each carrier body 9, can be readily
exchanged, if desired, by levering the contact plate 113
off the stop edge 99 at the location of the flanged edge
114, after which the contact plate 113 can come out of
the horizontal grooves 104 and the guide member 81 can
be removed so as to be exchanged for another guide
member 81.
[0046] As is shown in figure 5a, the bent part 111 of
the contact lip 110 extends just above (for example 1 - 2
mm) above the upper side of the support edge 105 in the
unloaded condition, that is, without a substrate 21 being
present. As is also shown in figure 5a, the electrolytic
bath 4 is filled with an electrolytic fluid 120, and that pre-
cisely to the level of the upper side of the support edge
105. Any electrolytic fluid 120 flowing over the support
edge 105 will subsequently flow into the overflow bath
51 via the recess 107, which is a through recess, and via
the outer side of the longitudinal wall 25. Figures 5a and
5b furthermore clearly show that the support edge 105
and the longitudinal wall 25 are in line with each other,
at least on the side that faces toward the electrolytic fluid
120. Present between the support edge 105 and the lon-
gitudinal wall 25 is a narrow gap 121, which has a typical
height of, for example, 1 mm. Numeral 122 indicates how
electrolytic fluid 120 flows into the overflow bath 51 via

the gap 121. Because of this configuration, the support
edge 105, which moves in the conveying direction 15,
can also be regarded as a (moving) part of the longitu-
dinal wall for the electrolytic bath 4.
[0047] Figure 5b shows how a substrate 21 is support-
ed on the support edge 105 on one longitudinal side.
Because of said support, electrolytic fluid 120 is in any
case prevented from flowing over the support edge 105
unless the substrate 21 is pushed up temporarily under
the influence of an increased pressure in the electrolytic
fluid 120, which will not happen during normal operation.
[0048] In order to suppress this possible tendency,
which might manifest itself in particular if the substrate
is not a discrete plate having a considerable self-weight
but a relatively light discrete plate or strip from a reel, it
is also possible within the framework of the present in-
vention to make use of hold-down belts or hold-down
rollers which push the substrate down in the direction of
the support edge 105 and the contact lips 110, in any
case within the length of the bath 14. Reference is made
within this framework to figure 9, which relates to an al-
ternative embodiment of a device 180 according to the
invention, which device 180 is rather similar to the device
1. The device 180 comprises stationary hold-down rollers
181, only one of which is shown in figure 9, which rollers
are provided within the length of the electrolytic bath, on
opposite sides thereof. The hold-down rollers 181 are
each connected to a bracket 184, being freely rotatable
about horizontal axes of rotation extending perpendicu-
larly to the conveying direction. The bracket 184 may be
configured so that each hold-down roller 181 presses
onto the substrate 182 with a slight bias. In this way it is
ensured that there will be contact between the underside
of the substrate 182 and the contact lips 183, which slight-
ly project above the support edge 185 in the unloaded
condition. The support edge 185 is provided with recess-
es 184 for each of the contact lips 183. The hold-down
force exerted by the hold-down rollers 181 ensures that
the contact lips 183 are pressed down to the level of the
support edge 185, and that the substrate 185 will at least
substantially be supported on the support edge 185. In
figure 9 the substrate 182 is plate-shaped, but the use
of the hold-down rollers 181 may also be advantageous
in particular if the substrate is formed by a part of a strip
unwound from a reel. As an aside it is furthermore noted
that the carrier body 187 of the device 180 is different
from the carrier body 9 because of the different position
and orientation of the circular all 188 and the slotted hole
89 into which extended pins of the chain 190 extend. The
slotted hole 189 extends in the conveying direction so as
to provide space for the arc-chord effect that occurs at
the location of the sprocket wheels 10a-11b.
[0049] Returning to the description of figure 5b, the
contact lip 110 has been pressed down onto the side of
the support edge 105 remote from the electrolytic fluid
120 under the influence of the weight of the substrate 21,
with the bent part 111 making contact with the underside
of the substrate 21 with a certain bias. Furthermore, the
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lower part of the spring arm 112 butts against the inner
side of the groove 152 at the location indicated at 123.
The support edge 105 (together with the substrate 21)
forms a screen which prevents (at least to a significant
degree) electrolytic fluid 120 from the electrolytic bath 4
from coming into electrically conductive contact with elec-
trolytic fluid 120 in or at least from the electrolytic bath 4,
which would result in electrolytic precipitation of material
on the contact lip 110 as well. Such precipitation would
necessitate quite frequent cleaning of the contact lips
110, and thus also of the entire associated guide member
81, of course. Owing to the screening of the contact lip
110 by the support edge 105, the frequency with which
such cleaning is to be carried out is at least significantly
reduced.
[0050] A first further guide member 161 and a second
further guide member 162 are provided parallel to the
guide member 93 for guiding the movement of the link
elements 19, at least along the straight parts of the end-
less conveying paths of the conveying means 7. Both
guide members 161, 162 are stationary guide members.
The first further guide member 161 has a pointed upper
edge. In the corner between the parts 139 and 151 of the
carrier body 9, the carrier body 9 is provided with a groove
having a shape which is complementary to that of the
pointed upper edge of the guide member 161. The sec-
ond further guide member 162 is provided with a stop
edge on the side facing the downwardly extending part
151 of the carrier body 9, against which the stop side 163
on the bottom side of the part 151 butts in use. Thus the
carrier bodies 9 are slidingly guided by the further guide
members 161, 162.
[0051] Above the stop side 163, each carrier body 9 is
provided with a guide groove 164. At the location of each
of the sprocket wheels 10a-11b, said guide grooves 154
guidingly cooperate with a part of the circumferential
edge of the moving disc-shaped guide member 165 (see
figure 8). Thus the link elements 19 are guided also in
the semicircular parts of the endless conveying paths.
[0052] Figure 7 shows an important part of the means
with which the device 1 is provided for connecting at least
the underside of the substrate 21 negative for the purpose
of attracting ions dissolved in the electrolytic bath 14, as
is known per se for electrolytic processes. The device 1
is to that end provided with a number of stationary contact
members 171 arranged one behind another at regular
intervals, which contact members are attached to the un-
derside of a strip 172, which is in turn attached to the
frame 2. The contact members 171 are each connected
to the negative side of a rectifier (not shown) and, in use,
make sliding contact with the upper sides of contact
blades 113 of the contact members 81, the associated
link elements 19 of which are located beside (i.e. within
the length of) the electrolytic bath 14. The row of contact
members 171 extends along the entire length of the elec-
trolytic bath 14. The spacing between the contact mem-
bers 171 is smaller than the pitch distance between the
link elements 19. Thus, at least one contact member 14

171 is in contact with the guide member 81 at all times,
at least within the length of the electrolytic bath. On ac-
count of the electrically conductive properties of the ma-
terial of the guide member 81, the negative voltage that
is transferred via the contact plates 113 is transferred to
the contact lips 110 and, via the bent parts 11 thereof, to
the (underside of) the substrate 21. The use of a relatively
large number of contact lips 110 within their relatively
small length makes it possible to achieve relatively high
current densities, with the field lines moreover being of
a relatively homogeneous nature, so that the electrolytic
process can take place with a high degree of efficiency.
[0053] The supply of (discrete) substrates 21, 182 to
be treated can take place by lowering such substrates
from above, just downstream of the sprocket wheel’s 10a,
10b, onto the support edges 105, 185 of the two opposite
conveying means 7, whilst the discharge of treated sub-
strates 21, 182 can take place by lifting the treated sub-
strates from the support edges 105, 185 again just down-
stream of the sprocket wheels 11 a, 11 b. Alternatively it
is also possible to supply the substrates 21, 182, or pos-
sibly a strip-shaped substrate, in horizontal direction par-
allel to the conveying direction 15 at the location of the
sprocket wheels 10a, 10b and discharge them in the
same direction at the location of the sprocket wheels 11a,
11 b. It is also possible to arrange a number of devices
according to the invention one behind the other, in which
case the substrates 105, 185 will be transferred from one
device to a next device.

Claims

1. A device (1) for single-sided electrolytic treatment of
a flat substrate (21), comprising a bath (14) for elec-
trolytic fluid (120), conveying means for conveying
the flat substrate in a conveying direction (15) at the
free surface of the electrolytic fluid in the bath, with
the flat substrate being horizontally oriented such
that the underside of the flat substrate makes contact
with the free surface of the electrolytic fluid in the
bath, said conveying means comprising two convey-
ing elements (7) disposed opposite each other,
which extend along two respective conveying paths,
which two conveying paths each comprise an elec-
trolytic part, which electrolytic parts extend on two
opposite longitudinal sides of the bath, wherein each
of the two conveying elements comprises at least
one carrier body (9) of a dielectric material having,
at least at the location of the associated electrolytic
part, a support edge (105) directed toward the bath
for supporting, with an upper side thereof, the flat
substrate on one side thereof, which support edge
forms a moving part of a longitudinal wall of the bath,
and at least one guide member (81) of an electrically
conductive material, which is connected to said at
least one carrier body, for cathodically connecting
the underside of the substrate on the side of the sup-
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port edge remote from the bath, said guide member
comprising at least one spring means (111) having
an upper side which, in unloaded condition, is locat-
ed above the level of the upper side of the support
edge, at least at the location of the bath, the upper
side of which spring means is elastically compress-
ible in downward direction under the influence of a
downward force exerted on the spring means by the
substrate, to the level at which the upper side of the
spring means is located at the same level as the
upper side of the support edge.

2. A device according to claim 1, wherein the conveying
means are provided with a number of spring means
for each carrier body.

3. A device according to any one of the preceding
claims, wherein each guide member is provided with
a number of spring means.

4. A device according to any one of the preceding
claims, wherein each carrier body is provided with a
single guide member.

5. A device according to any one of the preceding
claims, wherein said at least one guide member is
exchangeable connected to the associated at least
one carrier body.

6. A device according to any one of the preceding
claims, wherein the device further comprises cathod-
ic contact means (171) which are in electrically con-
ducting contact, or at least can be placed into elec-
trically conducting contact, with said at least one
guide member at the location of the electrolytic part.

7. A device according to any one of the preceding
claims, wherein each of the conveying paths is an
endless conveying path.

8. A device according to any one of the preceding
claims, wherein the bath has two opposite stationary
longitudinal walls (25, 26), whose upper sides extend
at most 5 mm, more preferably at most 2 mm, below
the underside of the support wall and/or wherein the
bath has a transverse wall (23, 24) both on the up-
stream side of the bath and on the downstream side
of the bath, the upper sides of which transverse walls
extend at most 5 mm, more preferably at most 2 mm,
below the level of the upper sides of the support
edge.

9. A device according to any one of the preceding
claims, wherein the bath is provided with agitator
means (31) comprising at least one rotary element
(32) which rotates about a further rotary shaft (33),
which further rotary shaft extends transversely to the
conveying direction in the fluid in the bath so as to

create a counterflow of electrolytic fluid near the sub-
strate.

10. A device according to any one of the preceding
claims, wherein the device further comprises recir-
culation means for recirculating the electrolytic fluid
in the bath.

11. A device according to any one of the preceding
claims, wherein the conveying means further com-
prise hold-down means for pressing the substrate
down against the action of the spring means, at least
at the location of the electrolytic part of the respective
conveying paths.

12. A method for single-sided electrolytic treatment of a
flat substrate (21), comprising the steps of using a
device (1) according to any one of the preceding
claims and contacting the guide member (81) and
the substrate with each other outside the bath (14)
for cathodically connecting the substrate.

13. A method according to claim 12, wherein said con-
tacting takes place on the underside of the substrate.

14. A method according to claim 12 or 13, wherein the
substrate is a discrete plate.

Patentansprüche

1. Vorrichtung (1) zum einseitigen elektrolytischen Be-
handeln eines flachen Substrats (21), mit einer Wan-
ne (14) für elektrolytisches Fluid (120), Fördermit-
teln, um das flache Substrat in eine Förderrichtung
(15) an der freien Oberfläche des elektrolytischen
Fluids in der Wanne zu fördern, wobei das flache
Substrat horizontal ausgerichtet ist, derart, dass die
Unterseite des flachen Substrats die freie Oberflä-
che des elektrolytischen Fluids in der Wanne be-
rührt, und die Fördermittel zwei einander gegenü-
berliegend angeordnete Förderelemente (7) umfas-
sen, die entlang zweier entsprechender Förderpfade
verlaufen, die jeweils einen elektrolytischen Teil um-
fassen, wobei die elektrolytischen Teile an zwei ge-
genüber liegenden Längsseiten der Wanne verlau-
fen, wobei jedes der zwei Förderelemente mindes-
tens einen Trägerkörper (9) aus einem dielektri-
schen Material umfasst, der zumindest am Ort des
zugehörigen elektrolytischen Teils einen Halterand
(105) hat, der der Wanne zugewandt ist, um mit sei-
ner Oberseite das flache Substrat auf einer Seite
davon zu halten, wobei der Halterand einen beweg-
lichen Teil einer Längswand der Wanne bildet, und
wenigstens einem Führungsglied (81) aus einem
elektrisch leitfähigen Material, das mit dem wenigs-
tens einen Trägerkörper verbunden ist, um eine ka-
thodische Verbindung der Unterseite des Substrats
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auf der von der Wanne entfernt liegenden Seite des
Halterands herzustellen, wobei das Führungsglied
wenigstens ein Federmittel (111) mit einer Oberseite
umfasst, die im unbelasteten Zustand zumindest am
Ort der Wanne oberhalb des Niveaus der Oberseite
des Halterands gelegen ist, wobei die Oberseite des
Federmittels unter dem Einfluss einer nach unten
gerichteten Kraft, die vom Substrat auf das Feder-
mittel ausgeübt wird, elastisch nach unten bis zu
dem Niveau komprimierbar ist, bei dem die Obersei-
te des Federmittels auf demselben Niveau wie die
Oberseite des Halterands liegt.

2. Vorrichtung nach Anspruch 1, wobei die Fördermittel
mit mehreren Federmitteln je Trägerkörper versehen
sind.

3. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei jedes Führungsglied mit mehreren
Federmitteln versehen ist.

4. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei jeder Trägerkörper mit einem einzi-
gen Führungsglied versehen ist.

5. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei das wenigstens eine Führungsglied
mit dem zugehörigen wenigstens einen Trägerkör-
per austauschbar verbunden ist.

6. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei die Vorrichtung ferner kathodische
Kontaktmittel (171) umfasst, die am Ort des elektro-
lytischen Teils mit dem wenigstens einen Führungs-
glied in elektrisch leitendem Kontakt stehen oder zu-
mindest in elektrisch leitenden Kontakt versetzt wer-
den können.

7. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei jeder der Förderpfade ein endloser
Förderpfad ist.

8. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei die Wanne zwei gegenüberliegende,
feststehende Längswände (25, 26) hat, deren Ober-
seiten höchstens 5 mm, bevorzugter höchstens 2
mm, unterhalb der Unterseite der Stützwand verlau-
fen und/oder wobei die Wanne sowohl auf der Ein-
laufseite der Wanne als auch auf der Auslaufseite
der Wanne eine Querwand (23, 24) hat und die Ober-
seiten der Querwände höchstens 5 mm, bevorzugter
höchstens 2 mm, unterhalb des Niveaus der Ober-
seiten des Halterands verlaufen.

9. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei die Wanne mit Rührmitteln (31) ver-
sehen ist, die wenigstens ein rotierendes Element
(32) umfassen, das um eine weitere drehbare Welle

(33) rotiert, die quer zur Förderrichtung im Fluid in
der Wanne so verläuft, dass sie einen Gegenstrom
elektrolytischen Fluids in der Nähe des Substrats er-
zeugt.

10. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei die Vorrichtung weiter Umwälzmittel
zur Umwälzung des elektrolytischen Fluids in der
Wanne umfasst.

11. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei die Fördermittel ferner Niederhalter
umfassen, um das Substrat zumindest am Ort des
elektrolytischen Teils der jeweiligen Förderpfade ge-
gen die Kraft der Federmittel herunter zu drücken.

12. Verfahren zum einseitigen elektrolytischen Behan-
deln eines flachen Substrats (21), das die Schritte
des Nutzens einer Vorrichtung (1) nach einem der
vorhergehenden Ansprüche und des Kontaktierens
des Führungsglieds (81) mit dem Substrat außer-
halb der Wanne (14) zu dessen kathodischer Ver-
bindung umfasst.

13. Verfahren nach Anspruch 12, wobei die Kontaktie-
rung auf der Unterseite des Substrats stattfindet.

14. Verfahren nach Anspruch 12 oder 13, wobei das
Substrat eine diskrete Platte ist.

Revendications

1. Dispositif (1) de traitement électrolytique simple face
d’un substrat plat (21), comprenant un bain (14) de
fluide électrolytique (120), des moyens de transport
pour transporter le substrat plat dans une direction
de transport (15) au niveau de la surface libre du
fluide électrolytique dans le bain, le substrat plat
étant orienté horizontalement de sorte que le côté
inférieur du substrat plat soit en contact avec la sur-
face libre du fluide électrolytique dans le bain, lesdits
moyens de transport comprenant deux éléments de
transport (7) disposés de manière opposée l’un à
l’autre, qui s’étendent le long de deux trajets de trans-
port respectifs, lesquels deux trajets de transport
comprennent chacun une partie électrolytique, les-
quelles parties électrolytiques s’étendent sur deux
côtés longitudinaux opposés du bain, où chacun des
deux éléments de transport comprend au moins un
corps porteur (9) d’un matériau diélectrique ayant,
au moins à l’emplacement de la partie électrolytique
associée, un bord de support (105) dirigé vers le bain
pour supporter, avec un côté supérieur de celui-ci,
le substrat plat sur un côté de celui-ci, lequel bord
de support forme une partie mobile d’une paroi lon-
gitudinale du bain, et au moins un élément de gui-
dage (81) d’un matériau électriquement conducteur,
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qui est relié audit au moins un corps porteur, pour
relier de manière cathodique le côté inférieur du
substrat sur le côté du bord de support éloigné du
bain, ledit élément de guidage comprenant au moins
un moyen de ressort (111) ayant un côté supérieur
qui, dans un état non chargé, est situé au-dessus du
niveau du côté supérieur du bord de support, au
moins à l’emplacement du bain, le côté supérieur du
moyen de ressort en question est élastiquement
compressible dans la direction descendante sous
l’influence d’une force descendante exercée par le
substrat sur le moyen de ressort, jusqu’au niveau
auquel le côté supérieur du moyen de ressort est
situé au même niveau que le côté supérieur du bord
de support.

2. Dispositif selon la revendication 1, dans lequel les
moyens de transport sont pourvus d’un certain nom-
bre de moyens de ressort pour chaque corps porteur.

3. Dispositif selon l’une quelconque des revendications
précédentes, dans lequel chaque élément de guida-
ge est pourvu d’un certain nombre de moyens de
ressort.

4. Dispositif selon l’une quelconque des revendications
précédentes, dans lequel chaque corps porteur est
pourvu d’un seul élément de guidage.

5. Dispositif selon l’une quelconque des revendications
précédentes, dans lequel ledit au moins un élément
de guidage est relié de manière échangeable à l’au
moins un corps porteur associé.

6. Dispositif selon l’une quelconque des revendications
précédentes, dans lequel le dispositif comprend en
outre des moyens de contact cathodique (171) qui
sont en contact électriquement conducteur, ou au
moins peuvent être placés en contact électrique-
ment conducteur, avec ledit au moins un élément de
guidage à l’emplacement de la partie électrolytique.

7. Dispositif selon l’une quelconque des revendications
précédentes, dans lequel chacun des trajets de
transport est un trajet de transport sans fin.

8. Dispositif selon l’une quelconque des revendications
précédentes, dans lequel le bain a deux parois lon-
gitudinales opposées fixes (25, 26), dont les côtés
supérieurs s’étendent de 5 mm au plus, plus préfé-
rablement de 2 mm au plus, en dessous du côté
inférieur de la paroi de support et/ou dans lequel le
bain a une paroi transversale (23, 24) à la fois sur le
côté amont du bain et sur le côté aval du bain, les
côtés supérieurs des parois transversales en ques-
tion s’étendent de 5 mm au plus, plus préférablement
de 2 mm au plus, en dessous du niveau des côtés
supérieurs du bord de support.

9. Dispositif selon l’une quelconque des revendications
précédentes, dans lequel le bain est pourvu d’un
moyen d’agitation (31) comprenant au moins un élé-
ment rotatif (32) qui tourne autour d’un autre arbre
rotatif supplémentaire (33), lequel arbre rotatif sup-
plémentaire s’étend transversalement par rapport à
la direction de transport dans le fluide dans le bain
de manière à créer un contre-courant du fluide élec-
trolytique à proximité du substrat.

10. Dispositif selon l’une quelconque des revendications
précédentes, dans lequel le dispositif comprend en
outre un moyen de recirculation pour remettre en
circulation le fluide électrolytique dans le bain.

11. Dispositif selon l’une quelconque des revendications
précédentes, dans lequel les moyens de transport
comprennent en outre un moyen de pression pour
presser le substrat vers le bas contre l’action du
moyen de ressort, au moins à l’emplacement de la
partie électrolytique des trajets de transport respec-
tifs.

12. Procédé de traitement électrolytique simple face
d’un substrat plat (21), comprenant les étapes con-
sistant à utiliser un dispositif (1) selon l’une quelcon-
que des revendications précédentes et à mettre en
contact l’élément de guidage (81) avec le substrat à
l’extérieur du bain (14) pour relier le substrat de ma-
nière cathodique.

13. Procédé selon la revendication 12, dans lequel ladite
mise en contact a lieu sur le côté inférieur du subs-
trat.

14. Procédé selon la revendication 12 ou 13, dans lequel
le substrat est une plaque discrète.
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