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@ Wear-resistant screen product and method for manufacturing thereof.

@ A screen product is described which consists of
metal and in which a plurality of perforations (1) are
present which are separated from each other by
metal (2); the screen product comprises two planes
(6, 7) which are essentially parallel to one another. In
order to, on the one hand, make the screen product
resistant against mechanical wear effects and, on the
other hand, impart to it excellent adhesion for
photoresists applied in pattern-forming, that side (7)
of the screen product, which comes into contact with
a squeegee to be used in screen printing, is clad
with a wear-resistant layer (4), while the metal in or
near the plane (6) opposite thereof remains free of
such wear-resistant material.

There is also described a method for manufac-
turing such a screen product which therefore, on one
side, comprises a wear-resistant layer (4) and on the
other side is free of such a layer.

Rank Xerox (UK) Business Services
(3.10/3.09/3.3.4)
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The invention relates to a screen product com-
prising a plurality of perforations which are sepa-
rated from one another by metal, the metal which
surrounds the perforations defining two planes
which are essentially parallel to one another, and
each of the perforations extending from the one fo
the other of the two planes, while each of the
perforations has a side wall in common with the
metal of the screen product.

A screen product of this type is disclosed, for
example, by the American Patent publication, US-
A-2,226,384. In many cases, a screen product of
this type is manufactured from nickel which is
deposited by electroplating.

A nickel screen product of this type is widely
used, for example, in flat-screen printing or rotary-
screen printing. To this end, the screen material is
provided, in a known manner and with the use of a
photoresist composition, with a sealing pattern,
leaving free the perforations through which in a
printing process printing paste is conveyed by
means of a squeegee from the one side of the
screen product to the other side thereof and there
is deposited on a substrate material which is in
contact with the screen product.

A screen product of this type should have such
a surface quality that the photosensitive materials
employed have excellent adhesion on that side of
the screen product which is in contact with the
material to be printed. In the conventional screen
products such adhesion is excellent in the case of
the conventional photosensitive materials.

Such a conventional screen product has the
drawback that, in contact with the squeegee means
commonly used in the screen-printing industry, it
has a tendency to wear which is related to the
difference in hardness between the frequently em-
ployed squeegee means (for example stainless
steel), and the material of the screen product (for
example nickel).

Said wear phenomenon may in some cases
manifest itself as a local colouration of the printing
paste and thus become visible in the printed im-
age.

The object of the present invention is to pro-
vide a solution for said wear problem, which solu-
tion, however, at the same time retains the capabil-
ity of providing adequate adhesion for the
photoresist materials employed. To this end, the
screen product according to the present invention
is characterized in that the metal in or near one of
the two planes parallel to one another is masked
with a layer of a wear-resistant material and said
wear-resistant material extends, over the side wall
of each of the perforations, at most as far as the
other of the two planes parallel to one another.

It was found that a screen product which is
provided at one side (especially the side in contact
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with the squeegee means) with a wear-resistant
material and in which the other side of the screen
material is free of such a material, provides a
product which, on the one hand, shows excellent
wear resistance on the squeegee side and, on the
other hand, has excellent adhesion capability for
the conventionally used photoresists.

Within the meaning of wear-resistant materials
are included materials which have not only a good
mechanical resistance as well as materials having a
good chemical resistance (especially against the
print media used) or materials showing both prop-
erties, i.e. wear-resistance and corrosion resis-
tance.

It will be understood that within the scope of
the invention furthermore materials having a good
wear-resistance and an excellent adhesion capabil-
ity can be employed.

In the above, mention has been made, by way
of example, of a screen product made of nickel;
other metals are obviously also possible, and the
following may be mentioned: copper, iron and al-
loys of such materials.

As indicated earlier, the screen product can be
used in both flat- and rotary-screen printing. In the
case of rotary-screen printing, the wear-resistant
layer should in each case be located on the inside
of the seamless cylindrical metal screen such as,
for example, a nickel stencil. The screen materials
may be of varying fineness; frequently used
finenesses are from 50 to 500 mesh (the mesh
number indicates the number of holes per lineal
inch equal to 25.4 mm); other finenesses are not
excluded. The thickness of such a screen product
may vary from 50 micrometres to 300 micrometres;
usual thicknesses are from 150 to 250 micro-
metres. In particular, the wear-resistant material is
chosen from metallic and ceramic material.

Examples of metallic materials which may be
mentioned are: metals or metal alloys such as
chromium, tin-nickel and tungsten. Ceramic wear-
resistant materials which may be mentioned are
silicon carbide, tungsten carbide, titanium nitride,
tin oxide and boron nitride.

If desired other suitable wear-resistant materi-
als may be employed. Examples thereof include
various polymer materials, like rubbers, or other
organic coatings.

The various wear-resistant materials are ap-
plied, depending on their nature, by electroplating
or vacuum techniques; of the latter, vapour deposi-
tion, cathode sputtering, plasma spraying and the
like may be mentioned.

The polymer materials can, for example, be
applied by conventional electrostatic or elec-
trophoretic coating techniques.

The invention further relates to a screen prod-
uct comprising a plurality of perforations which are
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separated from one another by metal, the metal
which surrounds the perforations defining fwo
planes which are essentially parallel to one another,
and each of the perforations extending from the
one to the other of the two planes, while each of
the perforations has a side wall in common with the
metal of the screen product, characterized in that
the metal over both parallel planes and the side
wall of each of the perforations is provided with a
cladding layer of wear-resistant material and then a
chosen plane and, if required, a portion of the side
wall of each perforation emanating from that plane
is provided with a coating layer of material having
good adhesion properties.

Such a screen product will show all character-
istics of the screen product mentioned above.

Throughout the specification a cladding layer is
to be understood as a coating layer of metal,
plastic material, rubber material, ceramic or any
other material which provides the screen product
with a wear resistant character; wear-resistance in
this case should be understood to comprise also
corrosion resistance.

The invention furthermore relates to a method
for making wear-resistant a screen product com-
prising a plurality of perforations which are sepa-
rated from one another by metal, the metal which
surrounds the perforations defining two planes
which are essentially parallel to one another, and
each of the perforations extending from the one fo
the other of the two planes, while each of the
perforations has a side wall in common with the
metal of the screen product, and in which one of
the parallel planes and, if required, a portion of the
side wall of each perforation emanating from that
plane is provided with a cladding layer of wear-
resistant material.

In the method according to the invention, a
layer of wear-resistant material is therefore depos-
ited on one of the two planes, which are essentially
parallel to one another, of the screen product while
leaving free the other plane of the screen product;
if required, a portion of the side wall of each of the
perforations may likewise be provided with a clad-
ding layer.

On the one hand, the wear-resistant material
can be deposited on a plane while the other plane
of the screen product and, if required, a portion of
the side wall of each of the perforations, emanating
from that other plane, of the side wall of each of
the perforations is shielded.

On the other hand, the wear-resistant material
can be applied to the screen product in a com-
pletely enveloping manner, whereafter the wear-
resistant material is removed selectively from that
plane of the screen product which is to remain free
of said wear-resistant material.
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The techniques available for applying the wear-
resistant material are, in general, electroplating or
vacuum application techniques, while any removal,
if required, of the wear-resistant material from a
portion of the screen product can be carried out by
etching or by machining such as grinding or abrad-
ing. Finally, according to claim 10 the screen prod-
uct, in a first step, can also be clad on all sides (i.e.
including the side walls of each perforation) with a
wear-resistant material, followed by applying, to
one plane and, if required, a portion, emanating
from that plane, of the side wall of each perforation
emanating from that plane, a material which has
good adhesion for a medium to be applied later,
such as photoresist. A cladding on all sides with
chromium may, for example, be partly masked with
adhering copper in order to provide a good resist
base there locally.

The invention will now be described in more
detail with reference to the schematic drawing in
which:

- Figure 1A shows, in cross-section, a portion
of a screen product which in one plane is
provided with a wear-resistant coating,

- Figure 1B is a cross section of a dam be-
tween two perforations of a screen product of
a second type according to the invention,

- Figure 1C shows, in cross section, another
embodiment of a screen product of the sec-
ond type,

- Figure 1D is a cross section of a dam be-
tween two perforations of a screen product of
still another type according to the invention,

- Figure 2 shows, diagrammatically, a set-up
for removing, by means of etching, a portion
of a wear-resistant cladding, applied on all
sides, of a previously formed cylindrical
screen product by means of etching;

- Figure 3 shows a set-up as in Figure 2, for a
flat screen product;

- Figure 4 shows a set-up for plating a cylin-
drical screen product on the inside.

Figure 1A shows, in diagrammatic form, a sec-
tion in which the perforations of the screen product
are designated by 1 and the metal surrounding the
perforations is indicated by 2. The side wall of
each of the perforations is designated by 3, while 4
indicates a wear-resistant cladding mainly disposed
in the plane 7. The other plane 6, which is defined
by the portions 5 of the screen product, is left free
of wear-resistant coating. It can be seen that the
wear-resistant coating 4 extends, over a short dis-
tance, across the side wall 3 of each of the perfora-
tions.

Figure 1B shows schematically a second em-
bodiment of the screen product of the invention.
For convenience only one dam is shown in this
figure. The base metal 2 is provided with a wear-
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resistant cladding over the whole surface. On the
convex-side a layer material 8 having good adhe-
sion properties is deposited.

Figure 1C shows diagrammatically another em-
bodiment of the screen product of the invention. As
in figure 1B the base metal is clad with a wear-
resistant material, for example chromium, over the
surface thereof. Instead of providing a layer ma-
terial having good adhesion properties the chro-
mium layer 4 is locally, on the convex side of the
base metal, converted into a chromate layer 8
using any suitable method. The chromate layer 8
has excellent properties as required for adhesion of
photoresists.

In figure 1D still another embodiment of the
screen product according to the invention is shown,
wherein the surface of the chromium layer 4 is
totally converted to a certain depth thereof into a
chromate layer 8. When using such a screen prod-
uct the chromate layer 8 upon coming into contact
with a squeegee will rapidly wear away, usually
within a few strokes in flat-screen printing or a few
rotations in rotary-screen printing, so that after-
wards the underlying wear-resistant layer will come
in contact with the squeegee, while on the other
side the chromate layer 8 with good adhesion
capability is present for adhesion enhancement of
a photoresist pattern (not shown) which was formed
in a separate step.

Figure 2 indicates diagrammatically that a
screen product 20 is subjected to a selective etch-
ing operation whose purpose is to remove a wear-
resistant cladding, which in an earlier operation had
been applied on all sides to the screen product,
from the outside of the cylindrical screen product
20. In order to provide for the selective etching
operation, a rubber bag 21, which is attached tfo
flanges 24 and 25 which are arranged on a shaft
22, is brought to bear against the inside of the
cylindrical seamless screen product 20 and, by
means of a valve (not shown) in one of the flanges,
is pressurized with gas, so that an intimate contact
is achieved between the rubber bag 21 and the
inside of the screen product 20. The assembly thus
formed can be introduced into a conventional etch-
ing bath or possibly a gas etching device, in order
fo be subjected to an etching operation in which a
previously applied wear-resistant layer is removed
selectively from the outer face of the cylindrical
material as well as from the side walls which bound
the perforations, as far as the inner surface of the
screen material which bears against the wall of the
rubber bag. The etching operation will in general
be carried out by means of an etchant which is
able to dissolve the wear-resistant material; in the
case of chromium, use will as a rule be made on
iron chloride, hydrochloric acid, sulphuric acid; lye
(electrolytic etching). Etching in the case of the
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last-mentioned three etfchants is essentially ma-
terial-selective, in the case of a chromium layer on
a nickel base, for example, the chromium being
etched away.

Figure 3 shows a situation wherein the screen
product 30 is a flat screen product; the roller 31
indicated diagrammatically, with a lining of rubber
or another flexible plastic material 32, has the same
function as the rubber bag 21 from Figure 2. Refer-
ence number 33 indicates diagrammatically a bath
containing efching fluid, while the etching fluid is
designated with 34. The assembly of screen prod-
uct 30 and roller 31 with the flexible coating 32 is
submerged in the etching fluid 34 in such a way
that sufficient submersion depth below the liquid
surface 35 is obtained. The material 30 to be
etched selectively, which is thus provided with a
wear-resistant, completely enveloping layer (not
shown) is kept in intimate contact with the flexible
layer 32 of the roller 31; if required, the screen
material can be unwound from a magazine roll (not
shown) and, with synchronous rotation of the roller
31, etched in the bath 34 and can be wound up
again on a reel on the other side. During submer-
sion and etching, the screen material 30 bears on
the lining 32 under tension.

The set-up shown in Figure 3 is also eminently
usable for selective plating of a screen product to
be provided locally with a wear-resistant layer, by
inverting the screen product in the situation shown
in Figure 3, so that the convex side of the dams
comes to be in intimate contact with the flexible
layer 32. By connecting the metal screen product
as the cathode and arranging a suitable anode in
the bath 33, while the fluid 34 is a metal bath fluid,
it is possible to provide, on one side of the screen
product (here the plane defined by the set of the
non-convex locations of the metal) with a suitable
wear-resistant layer such as made of chromium,
phosphor nickel, tin-nickel or tungsten.

In order to plate a seamless or seam compris-
ing cylindrical screen material, as shown diagram-
matically in Figure 2, selectively on the inside of
the cylinder, a set-up can be employed which is
similar to the set-up from Figure 3, a plating bath
being placed within the circumference of the cyl-
inder and a roller 41 lined with rubber or another
soft plastic being in intimate contact with the
screen product 40, in order to ensure, during the
plating process in the bath 46, shielding of the
outside of the cylindrical material 40. Guidance of
the screen material is ensured by the guide rollers
42 to 45.

In a specific illustrative embodiment, a cylin-
drical seamless screen product consisting of nickel
and having a circumference of approximately 64
centimetres and a fineness of 150 mesh (= 150
perforations per lineal inch) was provided on the
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inside with a chromium cladding having a thickness
of from 0.5 to 15 micrometres, in particular from
3.0 to 6.0 micrometres. The use of such a stencil
which on the inside is provided with a wear-resis-
tant layer, for rotary-screen printing, led to a con-
siderably improved useful life of the stencil and to
the complete absence of undesirable colouration of
the printing paste used and thus to the absence of
undesirable streaks in the printed image.

In the figures 2, 3 and 4 discussed
hereinabove, masking of portions not to be etched
or to be plated is accomplished in a mechanical
manner. Naturally masking can also be accom-
plished using special masking layers made of or-
ganic coatings and, in particular, with suitable etch
resists and plate resists. The known photoresists
can likewise be used effectively for this purpose.

Where, in the above, mention was made of
cladding with a layer of metal such as chromium, it
is to be understood that, for adhesion purposes, a
thin copper layer is often applied to the screen
product made of, for example, nickel, before the
chromium layer is deposited. A thin copper layer
furthermore has a function as a barrier layer
against diffusion of hydrogen to the base metal,
e.g. Ni, during the application of a chromium layer
or similar wear-resistant electroplated layer. Such
adhesion layers may also be advantageous for
other layers to be applied.

Claims

1. Screen product comprising a plurality of per-
forations (1) which are separated from one
another by metal (2), the metal (2) which sur-
rounds the perforations (1) defining two planes
(6, 7) which are essentially parallel to one
another, and each of the perforations (1) ex-
tending from the one (6) to the other (7) of the
two planes (6, 7), while each of the perfora-
tions (1) has a side wall (3) in common with
the metal (2) of the screen product, character-
ized in that the metal in or near one of the two
planes (6, 7) parallel to one another is masked
with a layer (4) of a wear-resistant material and
said wear-resistant material extends, over the
side wall (3) of each of the perforations (1), at
most as far as the other (6) of the two planes
(6, 7) parallel to one another.

2. Screen product according to claim 1, char-
acterized in that the wear-resistant material is
chosen from metallic and ceramic material.

3. Screen product according to claim 1 and 2,
characterized in that the wear-resistant material
is chosen from metals or metal alloys such as
chromium, tin-nickel and tungsten.
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Screen product according to claim 1 and 2,
characterized in that the wear-resistant material
is chosen from ceramic material such as sili-
con carbide, tungsten carbide, titanium nitride,
tin oxide, boron nitride, aluminium oxide and
chromium aluminium nitride.

Screen product comprising a plurality of per-
forations (1) which are separated from one
another by metal (2), the metal (2) which sur-
rounds the perforations (1) defining two planes
(6, 7) which are essentially parallel to one
another, and each of the perforations (1) ex-
tending from the one (6) to the other (7) of the
two planes (6, 7), while each of the perfora-
tions (1) has a side wall (3) in common with
the metal (2) of the screen product, character-
ized in that the metal over both parallel planes
(6, 7) and the side wall (3) of each of the
perforations (1) is provided with a cladding
layer (4) of wear-resistant material and a cho-
sen plane (6) and, if required, a portion of the
side wall (3) of each perforation (1) emanating
from that plane is provided with a coating layer
(8) of material having good adhesion prop-
erties.

Screen product comprising a plurality of per-
forations (1) which are separated from one
another by metal (2), the metal (2) which sur-
rounds the perforations (1) defining two planes
(6, 7) which are essentially parallel to one
another, and each of the perforations (1) ex-
tending from the one (6) to the other (7) of the
two planes (6, 7), while each of the perfora-
tions (1) has a side wall (3) in common with
the metal (2) of the screen product, character-
ized in that the metal over both parallel planes
(6, 7) and the side wall (3) of each of the
perforations (1) is provided with a cladding
layer (4) of wear-resistant material and each of
the parallel planes (6, 7) and, if required, the
side wall (3) of each perforation (7) or a portion
thereof is provided with a coating layer (8) of
material having good adhesion properties.

Method for making wear-resistant a screen
product comprising a plurality of perforations
(1) which are separated from one another by
metal (2), the metal (2) which surrounds the
perforations (1) defining two planes (6, 7)
which are essentially parallel to one another,
and each of the perforations (1) extending from
the one (6) to the other (7) of the two planes
(6, 7), while each of the perforations (1) has a
side wall (3) in common with the metal (2) of
the screen product, and in which one of the
parallel planes (7) and, if required, a portion of
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the side wall (3) of each perforation (1) ema-
nating from that plane (7) is provided with a
cladding layer (4) of wear-resistant material.

Method according to claim 7, characterized in
that

the wear-resistant material is deposited by
coating on the relative plane (7) while the other
plane (6) and, if required, a portion of the side
wall (3) of each of the perforations (1) emanat-
ing from that other plane (6) is shielded.

Method according to claim 7, characterized in
that

the wear-resistant material is deposited on
both planes (6, 7) as well as on the side wall
(3) of each of the perforations (1), while this
material is then removed selectively from that
plane (6) and from that portion of the side wall
(3) of each of the perforations (1) which must
remain free of the cladding of wear-resistant
material.

Method according to claim 8 or 9, character-
ized in that the wear-resistant material is de-
posited by means of electroplating or vacuum
application techniques and that any removal is
carried out by etching.

Method for making wear-resistant a screen
product comprising a plurality of perforations
(1) which are separated from one another by
metal (2), the metal (2) which surrounds the
perforations (1) defining two planes (6,7) which
are essentially parallel to one another, and
each of the perforations (1) extending from the
one (6) to the other (7) of the two planes (6, 7),
while each of the perforations (1) has a side
wall (3) in common with the metal (2) of the
screen product, characterized in that the
screen product is provided, over both parallel
planes (6, 7) and the side wall (3) of each of
the perforations, with a cladding layer (4) of
wear-resistant material and then a chosen
plane (6) and, if required, a portion of the side
wall (3) of each perforation emanating from
that plane (6) is provided with a coating layer
(8) of material having good adhesion prop-
erties.
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