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Method and apparatus for multi layer coating a support

least one of the nozzles is provided with means for in-
troducing through the cavity attached thereto at least
two separate streams of coating material for forming at
least two separate layers, such that a number of layers
is brought onto said support being at least one higher
than the number of slots provided.
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Description

[0001] The invention relates to a method for multi lay-
er coating of a support, for forming photographic mate-
rial.

[0002] US 4 297 396 discloses a method and appa-
ratus for applying multi layer coating on a support, com-
prising supplying means in the forms of pumps, pipes,
and supply nozzle connected to slotlike cavities. A sup-
port to be coated, for example a flexible support or web,
is conveyed around a rotating drum. The surface of the
coating head is sloping downward into the direction of
said drum, In the coating head the slotlike cavities ex-
tend over approximately its full width. The coating head
has more than two slots positioned parallel to each oth-
er. A supply nozzle is attached to each cavity for sup-
plying a coating material, which is forced out of said slot
and onto the surface of the coating head. Said coating
material forms a layer on said surface, streaming down-
ward into the direction of said drum. The coating mate-
rial emerging from a slot positioned higher on said slop-
ing surface flows down and over a layer of coating ma-
terial emerging from a slot positioned lower on said sur-
face. Thus a stream of multi layer coating material flows
onto said drum, that is, onto a support positioned on said
drum. Such coating apparatus is shown in and dis-
cussed with respect to Figs. 1 and 2.

[0003] In this known method each cavity is connected
to a nozzle for introducing into said cavity one coating
material, thus resulting in a number of layers of coating
material on the support which corresponds to the
number of slots provided in said surface. This means
that for each extra layer of coating material desired a
new slot with nozzle and supply means has to be pro-
vided, which is time consuming and relatively expen-
sive.

[0004] One object of the present invention is to pro-
vide a method for multi layer coating of a support as dis-
cussed in the introduction, in which the drawbacks of
the known method as discussed hereabove are avoid-
ed, maintaining the advantages thereof. This main ob-
jectis reached according to the presentinvention by pro-
viding a method having the features of claim 1.

[0005] With a method according to claim 1 a number
of layers to be brought onto said support can be chosen,
generally irreepective of the number of slots provided.
By the use of a nozzle means which provides at least
two separate streams of coating materials, each layer
forming of coating material enables to provide a number
of coating layers being at least one higher than the
number of slots provided. This makes it possible to ex-
pand the number of layers of coating material without
the necessity of increasing the number of slots. A further
advantage is that depending on the product to be made
the number of layers can be chosen at will, starting with
the same number of slots.

[0006] In a first further advantageous embodiment a
method according to the present invention is further
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characterized by the features of claim 3.

[0007] By providing at least three different coating
materials, introduced to said at least one nozzle, a rel-
atively large number of layers of different coating mate-
rials can be formed with a relatively small number of
slots.

[0008] The invention further relates to a device for
multi layer coating of a support, especially for forming
photographic material, characterized by the features of
claim 11.

[0009] Such device has the advantage that it can be
of a relatively simple and economical design, offering
the possibility to provide a relatively large number of lay-
ers carried on a support, the layers being positioned on
top of each other without the necessity of providing a
number of slots which is the same as the number of lay-
ers. Such device is especially suitable for use with a
method according to the present invention.

[0010] The novel means provided in a device accord-
ing to the present invention preferably comprises a
number of separate nozzles, one for each cavity, which
nozzles are preferably interchangeable or nozzles hav-
ing a different number of compartments, that is intended
for introducing a different number of separate streams
of coating materials into the cavity attached thereto. This
provides the possibility of rearranging the device de-
pending on the number of layers to be obtained and the
coating materials to be used. Each nozzle is attached
to the cavity preferably from the right hand or left hand
side of the coating head.

[0011] By providing relatively narrow slots in the coat-
ing head layers can be provided having a relatively small
thickness. By introducing two or more separate streams
of coating material through one of these slots, layers of
said coating material can be provided having even
smaller thickness. It will be clear that said thickness can
be adjusted by adjustment of the velocity of the stream.
[0012] In a preferred embodiment a device according
to the present invention is further characterized by the
features of claim 13.

[0013] By providing said at least two compartments at
least substantially beside each other a good flow pattern
of said streams of coating material from said nozzle
through said cavity and onto the coating head can be
obtained, substantially without any mixing or blending
of the different materials.

[0014] Theinvention further relates to a nozzle for use
in a device for multi layer coating of a support, charac-
terized by the features of claim 15.

[0015] With such nozzle a series of layers of coating
material can be provided from one single slot. Such noz-
zle can be used with a device according to the present
invention. Such nozzle can also replace a nozzle of the
known type, thus changing a device according to the pri-
or art into a device according to the present invention.

[0016] The invention further relates to a multicoated
material, especially photographic material, having the
features of claim 16.
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[0017] Further, advantageous embodiments of a
method and device according to the present invention
are given in the subclaims. In order to further elucidate
the present invention, embodiments of a method, de-
vice, nozzle and multi layer coated material are de-
scribed hereafter, with reference to the drawings. These
show:

Fig. 1 shows, in cross-section, schematically a con-
ventional coating apparatus;

Fig. 2 discloses in perspective view part of an ap-
paratus according to Fig. 1;

Fig. 3 in front and side view a nozzle for use in an
apparatus according to the present invention in a
first embodiment;

Fig. 4 in front and side view a nozzle for use in an
apparatus according to the present invention in a
second embodiment;

Fig. 5 in front and side view a nozzle for use in an
apparatus according to the present invention in a
third embodiment;

Fig. 6a-c in cross section schematically a coating
head according to the invention, during use;

Fig. 7a-7c schematically experimental results.

[0018] Anapparatus accordingto Figs. 1and 2is gen-
erally known as a 'multi layer slide beat coating appara-
tus', Such apparatus comprises a drum 1 around which
a supportlike photographic paper or -film to be coated
is guided in the direction of the arrow S. A coating head
3 is positioned close to said drum 1. Said coating head
3 has a sloping surface 4, the lower end of which ex-
tends parallel to the axis R of rotation of the drum 1. The
coating head 3 is provided with three slotlike cavities 5,
6, 7, in this case parallel to each other and to the axis
of rotation R of the drum 1, extending over the full width
of the surface 4 of the coating head 3. Each cavity 5, 6,
7 is at its lower end connected to nozzle means 8, 9, 10.
17 is a pressure reducing chamber connected to a sec-
tion blower 16. In Fig. 2 a conventional nozzle 10 is
shown, screwed into the right hand side opening of the
lower end of the cavity 7, which nozzle comprises at-
tachment means 11, for example for bolting said nozzle
10 to the coating head 3 and a feed pipe 12 to be con-
nected to supply means 13, comprising pump means 14
and a supply pipe 15. During use the pump means 14
is connected to an appropriate source of coating mate-
rial, not shown. In Fig. 2, the further nozzles are sche-
matically showns as arrows 8, 9.

[0019] In a conventional coating apparatus each noz-
zle 8, 9, 10 comprises only one compartment within the
feed pipe 12, such that through each of these nozzles
8, 9, 10 only one coating solution can be supplied to the
cavity 5, 6, 7 to which each of said nozzles 8, 9, 10 is
attached respectively. During use through each of the
cavities 5, 6, 7 a coating material is forced onto the sur-
face 4, each coating solution forming a free flowing
stream over said surface into the direction of and onto
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the support 2 provided on the drum 1. The stream of
coating solution flowing from the middle cavity 6 will flow
on top of the coating solution provided through the lower
cavity 5, the coating solution flowing from the upper cav-
ity 7 will flow onto the coating solution flowing from the
middle cavity 6. Thus, a three layered coating will be
provided on the support 2. In such conventional coating
apparatus therefore a number of layers can be provided
on a support at most equal to the number of cavities 5,
6, 7 provided in the coating head 3.

[0020] This problem has been solved by the present
invention by providing at least one nozzle with at least
two compartments, each compartement designed for
supplying a specific coating solution to the cavity to
which the nozzle is attached, such that the number of
layers which can be provided onto a support 2 can be
at least one higher than the number of cavities. Exem-
plary embodiments of nozzles according to the present
invention are presented in Figs. 3-5, which however
should not be considered as limiting the scope of the
present invention.

[0021] Fig. 3 shows a nozzle 109, in side and front
view, comprising attachment means 111, such as a
flange provided with a number of through bores for bolt-
ing said nozzle 109 to a coating head 3 in a conventional
manner. The nozzle 109 further comprises a feed pipe
112, which is devided into two compartments 117, 118
by a dividing wall 121 which, during use, extends in a
plane, approximately vertical and parallel to the cavity
6 to which the nozzle 109 is to be connected. The first
end 122 of the compartments 117, 118 is open to be
connected to said cavity. The opposite second end 123
of the first compartment 118 is connected to a first adap-
tor 124 having first connecting means 125 for connec-
tion to a first supply pipe 115 (not shown in Figs. 3-5) for
supply of a coating solution. The second end 123 of the
second compartment 117 is connected to a second
adapter 126 provided with second connecting means
127 for connection to a second supply pipe 115 for a
further coating solution. The first adaptor 125 is elbow
shaped, the second adaptor 126 being straight, such
that sufficient room is provided for connecting said sup-
ply pipes 115 to said connecting means 125, 127 re-
spectively. The dividing wall 121 extends through the full
length of the feed pipe 112, such that the adaptors 124,
126 and the compartments 117, 118 are strictly separat-
ed, as are coating solutions provided therethrough.
[0022] Fig. 6a shows, by way of example, the use of
a nozzle 109 connected to the middle cavity 6 of a coat-
ing head 3. A first coating solution | is provided on the
surface 4 by the lower cavity 5, a second Il and third 11l
coating solution by the middle cavity 6 and a fourth coat-
ing solution IV by the upper cavity 7. To this end, the
second coating solution Il is introduced through the sec-
ond compartment 118, the third coating soluting Ill
through the first compartment 117 when the nozzle 109
is connected to said cavity 6 at the right hand side, seen
from the lower end of the coating head 3.
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[0023] Fig. 4 shows a second embodiment of a nozzle
209 according to the present invention having attach-
ment means 211 comparable to Fig. 3. In this embodi-
ment the feed channel 212 is divided into three compart-
ments 217, 218, 219, by two dividing walls 221a, 221b.
Said dividing walls 221a, 221b can be parallel or not par-
allel to each other. These two walls can be curved such
that the compartment 218 has a special shape of cross
section. Said dividing walls are extended during use, to
the cavity 6 to which the nozzle 209 is attached. A first
adaptor 224 having first connecting means 225 for a first
supply pipe 15 is elbow shaped and is connected to the
second end 223 of the first compartment 217 and the
third compartment 219, for supplying the same coating
solution through both compartments 217, 219. A second
adaptor 226, having second connection means 227 is
connected to the second end 223 of the second, middle
compartment 218, for supplying a further coating solu-
tion through said middle compartment. The first end 222
of the compartments 217, 218, 219 is during use con-
nected to one of the cavities of a coating head 3.
[0024] When a nozzle 209 is connected to the middle
cavity 6 of a coating head 3, conventional nozzles 8, 10
being connected to the lower and upper cavities 5, 7,
five layers of coating solution can be brought onto the
surface 4 and onto the support 2. This is, by way of ex-
ample, shown in Fig. 6b. A first coating solution | is sup-
plied through the lower cavity 5, a second coating solu-
tion Il and third coating solution Il are supplied through
the middle cavity 6 and a fourth coating solution IV is
supplied through the upper cavity 7. To supply the sec-
ond and third coating solutions Il, Il the second coating
solution is supplied through the first adaptor 224 and the
first, outer compartments 217, 219, the third coating so-
lution 11l through the second adaptor 226 and the sec-
ond, middle compartment 218 of the nozzle 209. Thus,
with a coating head 3 having three cavities, five layers
can be provided on a support 2, the first layer 31 made
of solution |, the second layer 32 of solution Il, the third
layer 33 of solution Ill, the fourth layer 34 agains of so-
lution Il and the fifth layer 35 of solution IV.

[0025] Fig. 5 shows a third embodiment of a nozzle
309, comparable to the nozzle 209 as shown in Fig. 4.
However, in this embodiment the compartments 317,
318, 319 are, at the second end 323 of the feed pipe
312 connected to individual adaptors. The first compart-
ment 317 is connected to a first adaptor 324 with first
connecting means 325, the second, middle compart-
ment 318 is connected to a second adaptor 326 having
second connecting means 327, whereas the third com-
partment 319 is connected to a third adaptor 328 having
third connecting means 329. The nozzle 309 is once
again provided with attachment means 311 as dis-
cussed before. The first 324 and third 328 adaptors are
elbow-shaped, the second 326 is straight.

[0026] In Fig. 6¢ the result of the use of a nozzle 309,
connected to the middle cavity 6 is shown, conventional
nozzles being connected to the further cavities. A first
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coating solution | is provided onto the surface 4 through
the lower cavity 5, second I, third 11l and fourth IV coat-
ing solutions through the middle cavity 6. A fifth coating
solution V is provided through the upper cavity 7. To this
end, the second coating solution is introduced through
the first compartment 319, the third coating solution IIl
through the second, middle compartment 318, the fourth
coating solutin 1V through the third compartment 317
when the nozzle 309 is connected to the coating head
at the right hand side, seen from the lower end of the
coating head 3. Thus, a first layer 41 is made of the first
solution |, the second layer 42 is made of the second
solution 1l, a third layer 43 is make of the third solution
Ill, a fourth layer 44 is made of the fourth solution IV, a
fifth layer 45 of the fifth solution V.

[0027] In the embodiments as shown and discussed
hereabove, the coating head 3 has three cavities, a noz-
zle according to the present invention being attached to
the middle cavity. It will be understood that a different
number of cavities , for axample more than four, can be
provided, whereas a nozzle according to the present in-
vention, as for example shown in Figs. 3, 4 and 5 could
be connected to any one of said cavities. Thus, a differ-
ent number and/or of layers of coating solution could be
provided by an appropriate selection of the number of
cavities and the nozzles used. Moreover, nozzles could
be provided having a different number of compartments,
for example four or more, similar to the two or three com-
partment nozzles as shown.

[0028] By way of example, coating tests will be dis-
cussed, referring to Figs. 7a-c.

[0029] A coating apparatus as shown in Figs. 1 and 2
adapted according to the present invention was used for
multi layer coating on polyethylene resin laminated pa-
per for photographic purposes. The resin contained
white pigment (TiO,) and blue dye (ultramarine). Con-
ventional nozzles 8, 10 were connected to the lower and
upper cavities 5, 7, a nozzle 209 according to Fig. 4 was
connected to the middle cavity 6, at the right hand side,
seen from the lower end of the coating head 3. This re-
sulted in a multi layer structure as schematically shown
in Fig. 6b.

[0030] A first, colourless coating solution | was pro-
vided as underlayer 31. The second 32 and fourth layer
34, provided through the first and third compartments
217,219 were a gelatine coating solution, containing cy-
an dye, the third coating solution Ill, provided through
the second, middle compartment 218 contained magen-
ta dye, whereas the fifth coating solution V was again
colourless, and provided for a protective layer 35. The
colouring dyes were introduced in the various layers (31,
32, 33) in order to establish whether the desired multi
layer coating structure was accomplished or not. When
said multi layer coating structure is accomplished over
the full width of the support, the surface colour of the
coated support would be homogenous, whereas when
said multi layer structure is not appropriately achieved
over the full width of said support the surface colour of
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the side edges of said support would be different from
the surface colour near the center thereof.

[0031] A number of tests were run, varying the flow
ratio of the third coating solution relative to the second
coating solution and/or of the third coating solution rel-
ative to the fourth coating solution and the viscosities of
the second, third and fourth coating solutions. Depend-
ing on the flow ratio and/or viscosity, as will be discussed
hereafter, different colourings of the layer structure were
observed. At the side edges of the support a magenta
band could be observed when the desired multi layer
structure was not reached, the width of said magenta
band being an indication of the disturbance of the
streams of second Il and third Ill coating solutions. The
wider said magenta band, the higher said disturbance.
Said magenta band is the result of the absence of or at
least insufficient covering of the third, middle layer 33
by the second coating solution, containing cyan dye.
The width of the magenta band does indicate an une-
venness of thickness of said coated layers. By adjusting
the viscosity and/or the flow ratio of said coating solu-
tions the width of the magenta band could be minimized
meaning optimisation of the multi layer structure. The
influence of the flow ratio between the third 33 and fourth
layers 34 on the width of the magenta bands (centime-
ters) is shown in Fig. 7a. The influence of the viscosity
of the third coating solution Il on said width of the ma-
genta band (centimeters) is shown in Fig. 7b, whereas
the influence of the viscosity of the second coating so-
lution Il (second 32 and fourth layer 34) on said width of
the magenta band (centimeters) is shown in Fig. 7c. The
viscosities are measured in cP.

[0032] An optimum result was reached using a sec-
ond coating solution Il for the second 32 and fourth layer
34 having a viscosity of more than 130cP, the viscosity
of the third coating solution Il (third layer 33) being less
than 40 cP. Also an optimum result was reached when
the flow ratio between the coating solutions Il, Il for the
third 33 and second layer 32 and 33 the flow ratio be-
tween the coating solutions Il, 11l for the third and fourth
layer 34 was chosen less than 0.5. This resulted in pho-
tographic paper having a multilayer structure with layers
31-35 having good evenness of thickness of each of the
layers over the full width of said paper support 2. Exper-
iments showed that the ratio between viscosities of the
third coating solution Ill and the second coating solution
Il and/or fourth coating solution I, (in the embodiment
of Fig. 6b or IV (in the embodiment of Fig 6¢) should
preferably be less than 0.5, whereas very good results
were reached when said ratio was about 0.25 or less.
Similar experiments showed that the flow ratio between
the third and second coating solutions (Il and Il) and/or
third and fourth coating solutions (lll and Il in the em-
bodiment of Fig. 6b) (lll and IV in the embodiment of Fig
6c¢) should preferably be less than 0.75, whereas best
results were reached when said ratio was less than 0.5,
as indicated above.

[0033] The present invention is by no means limited
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to the embodiments as shown and discussed herea-
bove. Many variations should be considered as falling
within the scope of the present invention as defined by
the accompanying claims.

[0034] In a coating head according to the present in-
vention, different numbers of cavities and nozzles can
be used, at least one of said nozzles being according to
the present invention. Moreover, said nozzles can have
a different number of compartments, chosen appropri-
ately with respect to the number of layers desired. The
nozzles could have a different but similar design and
could for example be connected to both sides of a cavity.
Moreover, the or each dividing wall of said nozzle could
extend beyond the attachment means 111, 211, 311,
during use, into the lower end of the cavity to which the
nozzle is attached, such that during use the compart-
ments extend into said cavity. A nozzle, preferably ac-
cording to the present invention, could be attached to
the underside of the cavity, providing for a more straight
path of travel of the coating solutions. Different attach-
ment means and supply means could be provided, de-
pending on for example the coating solutions to be used.
A similar coating head could also be used with different
means for supplying the support to be multi layer coated,
as long as the coating solutions can flow onto said sup-
port.

Claims

1. Method for multi layer coating of a support, for form-
ing photographic material, in which a number of lay-
ers of coating material is positioned on a support by
supplying said coating materials through nozzles in-
to slot-like cavities, wherein the coating materials
are forced out of said cavities and onto said support,
wherein at least one of the nozzles is provided with
means for introducing at least two separate streams
of coating material for forming at least two separate
layers to a cavity attached thereto, such that a
number of layers is brought onto said support being
at least one higher than the number of slots provid-
ed.

2. Method according to claim 1, wherein through said
at least one nozzle at least three separate streams
of coating material are introduced into the cavity at-
tached thereto.

3. Method according to claim 2, wherein at least three
different coating materials are introduced through
said at least one nozzle.

4. Method according to any one of the preceding
claims, wherein streams of coating material are pro-
vided through at least three subsequent slots,
wherein through at least one slot, positioned be-
tween the slots being first and last in the row of sub-
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sequentslots, at least two separate streams of coat-
ing material are provided.

Method according to any one of the preceding
claims, wherein three layers are provided by one
nozzle, of which a middle layer is made of a material
having a viscosity being low relative to the viscosity
of one of the coating materials of the layers next
thereto.

Method according to claim 5, wherein the ratio of
viscosities between the middle layer and one of the
layers next to it of said three layers is less than 0.5.

Method according to claim 6, wherein the ratio of
viscosities between the middle layer and one of the
layers next to it of said three layers is less than 0.25.

Method according to any one of the preceding
claims, wherein at least three layers are provided
by one nozzle, wherein the ratio of velocity between
the middle layer and one of the layers next thereto
of said three layers is less than 1.

Method according to claim 8, wherein said ratio is
less than 0,75.

Method according to claim 9, wherein said ratio is
less than 0,5.

Device for multi layer coating a support, for forming
photographic material, comprising a number of slot-
like cavities, nozzle means being connected to the
or each cavity, through which coating material can
be forced through said cavity attached thereto,
wherein a coating head is provided for guiding said
coating materials from said at least one cavity onto
a support, wherein at least one of said nozzle
means is provided with at least two separate com-
partments connected to one cavity, at least one of
said compartments being connectable to supply
means for a first coating material, at least one fur-
ther compartment being connectable to supply
means for a second coating material, such that at
least two separate streams of coating materials can
be introduced from said nozzle, through the cavity
attached thereto and onto said support.

Device according to claim 11, wherein at least two
cavities are provided, separate nozzles being pro-
vided for each cavity.

Device according to any one of claims 11 or 12,
wherein said at least one nozzle means is provided
with at least two compartments positioned at least
substantially beside each other seen in a direction
substantially perpendicular to the direction of out-
flow of said nozzle.
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14.

15.

16.

10

Device according to any one of claims 11-13,
wherein said at least one nozzle has at least two
flow channels with a substantially elliptical or rec-
tangular cross section, at least two supply channels
being connected to the first ends of said flow chan-
nels, the opposite ends thereof being at least sub-
stantially open.

Nozzle for use in a device for multi layer coating a
support, for forming photographic material, said
nozzle having atleast two flow channels and at least
two supply channels being connected to the first
ends of said flow channels.

Multi coated photographic material provided by a
method according to any one of claims 1 - 10, a de-
vice according to any one of claims 11 - 14 or a noz-
zle according to claim 15.
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