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This invention relates to a method of coating liquid 
compositions and, more particularly, to an improved 
method of coating liquid photographic emulsions onto 
supports. 

In the process of coating webs of materials such as 
photographic papers or film supports with liquid photo 
graphic emulsions, difficulty is experienced if one attempts 
to employ a high coating speed of the web. 
One difficulty which frequently occurs is the repellency 

of the coating by the support. 
Another difficulty which frequently occurs is the par 

tial rupture of the coating bead. By coating bead is un 
derstood, the continuous liquid mass which is present 
between the supply of the coating composition, and the 
support. 
Many suggestions have been offered for eliminating 

the said difficulties, and the addition of surfactants and 
other types of spreading agents to the composition being 
coated, are the best known ones. 
While the addition of the said agents leads to satis 

factory results in certain instances, their use puts serious 
problems in the manufacture of photographic products 
because of the photographic effects of such added agents. 
Another serious problem encountered in coating pho 

tographic emulsions on support materials is the presence 
of static charges on the support materials. The said charges 
are irregularly distributed in the support and all over its 
surfaces, and thereby may lead to disturbances in the 
coating bead. 

In U.S. patent specification No. 2,952,559, Gale F. 
Nadeau discloses an improved method of coating pho 
tographic emulsions which will overcome the above-men 
tioned difficulties on the average. His method comprises 
the steps of neutralizing the polarization charges in the 
support by passing the support through the bite of a pair 
of opposed grounded metal rollers, rendering the Sur 
face of said support electrically neutral by directing a 
flow of ionized air onto said surface, applying a uni 
form electrostatic charge to said surface to facilitate the 
even spreading of the liquid emulsion on said surface, ap 
plying an electrostatic charge of opposite polarity to a Sup 
ply of said liquid emulsion, and transferring said liquid 
emulsion from said supply to said surface. 

While the above-mentioned method results in higher 
coating speeds and less disturbing effects in coating, it 
has disadvantages which the present invention is intend 
ed to overcome. 
One disadvantage resides in the high tension which 

in practice has to be applied to the hopper and which 
puts serious constructive insulation problems. Further, 
extensive measures have to be taken for duly Screening 
the high tension supporting parts. 
Another drawback is the use of a flow of ionized air 

which is directed to the support prior to coating. In case 
a second photographic emulsion or e.g. an anti-stress layer 
has to be coated after a first photograph layer has been 
applied, the use of said ionized air may give rise to fog 
ging of the first coated photographic layer. 
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One object of the present invention is to provide a 

method of coating photographic emulsions which is an 
improvement over, and overcomes the noted disadvan 
tages of the method according to Gale F. Nadeau. 

Another object of the invention is to provide a method 
of coating allowing high coating speeds and in which the 
difficulties of the repellency of the coating and the rup 
ture of the coating bead are avoided. 

Still another object of the invention is to provide a 
method of coating which can very easily be applied to 
existing coating devices, and necessitates but few con 
structive modifications of such existing devices. 
Yet another object of the invention is to provide a 

method of electrical coating which is suited for the coat 
ing of liquid compositions on electrically non-insulating 
Supports. Under electrically non-insulating supports are 
to be understood, in the present case, supports which 
have a surface resistivity which is less than 109 ohm/ 
square cm. Such supports may be actually non-insulating 
Supports having the said surface resistivity, as well as in 
Sulating supports which are provided at least on one side 
with at least one conductive layer having the mentioned 
surface resistance. 

It may appear peculiar that the conductive properties 
of an actually non-insulating support are indicated by its 
surface resistivity. In the present case, however, it is the 
surface condition of the support which is important, as 
will be explained further in the description, and therefore 
the resistivity is indicated as the surface resistivity. 
An object of the present invention is also the pro 

vision of a method which is particularly suited for mul 
tiple coating, i.e. the coating of more layers, one after 
another, in which a layer is coated before the foregoing 
has been dried. 

According to the present invention, the method of coat 
ing a liquid composition on the surface of a support, 
comprises flowing said liquid composition from a supply 
of said liquid composition in a continuous liquid mass 
onto said surface, and establishing an electrical poten 
tial difference between the supply of said liquid compo 
sition and an electrically conductive member extending 
the width of the coating surface and closely spaced rela 
tive to or in contact with the back side of said support 
to increase the contact area and the adhesion between 
the liquid composition to be coated and the surface of 
the support. Under the back side should be understood, 
the side of the support opposite to the side being coated. 

According to a particular embodiment, the method of 
the invention comprises the use of an electrically con 
ductive member, the length of which is slightly smaller 
than the width of the support, to reduce coating on the 
margins of the Support. 
The invention will now be further described in terms 

of non-limitative illustrative embodiments of the accom 
panying drawings, of which: 

FIG. 1 is a diagrammatic vertical sectional view of an 
apparatus which embodies the present invention, taken 
on the line - of FIG. 2. 

FIG. 2 is a diagrammatic horizontal sectional view 
of the apparatus, taken on the line 2-2 of FIG. 1, the 
air-knife being omitted. 

FIG. 3 is a sectional view representing the electrostatic 
field. 

FIG. 4 is a diagrammatic view of a coating apparatus, 
the coating roller of which is provided with an insulating 
layer. 

FIG. 5 is a diagrammatic view of a kiss coating ap 
paratus. 

FIG. 1 and FIG. 2 represent two diagrammatic sec 
tional views of a bead or meniscus coater which is fre 
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quently used for the application of silver halide solutions 
in the photographic industry. 
An electrically insulating Support, in this case a tri 

acetate support 11, is passed over idler roller 12 to the 
backing roller 13. This backing roller is a free-turning 
metal roller which is mounted in an insulated way by 
means of the bearings 14-15, and which is so arranged 
as to let exist a meniscus between the surface of the 
support 11 and the light-sensitive photographic emulsion 
16 in the coating pan 7. Means are provided (not shown 
in the figures) for keeping the level of the emulsion 16 
rigourously constant. Metering of coating is accomplished 
by an air-knife 18 which provides a non-turbulent air 
blast along which the web plus coating is passed. Varia 
tions in air volume, air pressure and angle of incidence 
are used to control the coating thickness. The film Sup 
port is further passed with its back side over idler rollers 
19 and 20 to a drying section. 
The metal coating pan 17, and thereby the coating 

emulsion contained therein, 
grounded, whilst the insulated backing roller is connected 
to one output terminal of the potential source 2. The 
other terminal of said source is connected to the ground. 
The potential difference which is thus applied between 

the backing roller and the supply of the emulsion to be 
coated, creates an electrostatic field, represented by the 
broken lines 22, which traverses the support 11 and which 
increases the contact area between the Surface of the Sup 
port and the coating emulsion 16 as indicated by the 
dotted lines 23 and 24, and also increases the adhesion 
between the emulsion and the said surface (FIG. 3). 
The electrostatic field traversing the support has also a 

very favourable action on the neutralization of the oc 
casional charge distributions in and on the Surface of 
the support being coated, and in practice any previous 
treatment comprising the use of flows of ionized air or 
the pressing between grounded roller pairs has revealed 
itself as superfluous. 

Further it appears that many of the commonly used 
spreading agents and surfactants in the emulsion may be 
omitted, without disadvantageously influencing the flow 
characteristics of the liquid emulsion, and without reduc 
ing the adhesion of the emulsion to the Support. 

In some cases, when not the highest possible coating 
speeds are aimed at, it has been possible to omit the 
addition of any of the said spreading agents to the liquid 
emulsion. 
The proceeding of the coating has been examined by 

means of high speed photography. It was observed that 
the coating bead is of extreme stability and, moreover, 
that the coating bead is considerably thicker than if the 
coating was performed without applying a potential dif 
ference. Although the coating bead is thicker, the final 
coat weight remains unchanged, since more emulsion is 
removed by the air-knife. 
The potential source 21 may be any electric or elec 

tronic power supply, capable of delivering voltages with 
frequencies ranging from D.C. to 10 cycles, and with 
values situated between 50 and 1000 volts. Said values 
are not limitative and e.g. higher voltages may be applied, 
provided however, that arcing or ionization does not 
occur between the backing roller and the emulsion Supply, 
or at any other place of the apparatus. 
The voltage of the source 21 may undergo slight varia 

tions without influencing the coating process. At any 
rate, the said variations shall not exceed a given value, 
since otherwise the thickness of the coated layers may 
undergo variations. 
The amount of current which may be drawn from 

said sources is at most very small, since no complete or 
closed electrical circuit is created. Leakage currents which 
exist at the insulating areas and currents which arise 
owing to disturbances in the electrostatic field caused by 
static charges in the supports, on the Surface thereof, and 
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4. 
by changes in the dielectric properties of the supports, 
result in a total current which in practice does not ex 
ceed 10 mA. 
The potential source 21 may consist of a simple sepa 

ration transformer connected to the electrical supply 
main, followed by a metal rectifier, a smoothing filter 
and a series resistance, or of an electronically stabilized 
power supply capable of delivering voltages which can 
continuously or step-wise be changed within a consider 
able range, of a L.F. or H.F. generator. 

It has to be noticed that in case a D.C. potential differ 
ence is applied, the conductive member at the back side 
of the support may be positive as well as negative in 
respect of the liquid Supply to be coated. In some cases, 
however, a given polarity yields slightly better results 
than the opposite polarity, and the right choice in such 
cases has to be made empirically by practical tests. 

It appears from FIGURE 2, that the length of the back 
ing roller 13 is somewhat smaller than the width of the 
Support 11, so as to let the support extend with its margins 
aside said roller. 
The width of the extending margin portions of the 

support amounts to a few millimetres. The said extending 
portions prevent the liquid emulsion from touching the 
side walls of the backing roller and consequently estab 
lishing a conductive path between the roller and the 
emulsion. Another consequence of said measure is that 
almost no electrostatic field traverses the said margin 
portions and consequently little if any emulsion is coated 
on the margins of the support. Thereby the loss of emul 
sion in coating edges, which are normally removed in a 
subsequent coating operation, is avoided. The coated part 
of the surface of the support is indicated in FIG. 2 by the 
part 25 hatched in broken lines. 
The described embodiment related to the coating of 

liquid compositions on electrically non-conductive sup 
ports such as paper, polystyrene, polyethylene terephtha 
late, and any other web material with a surface resistivity 
greater than 109 ohm/inch. 

In case e.g. a very thin paper support is coated with a 
Substance of very low viscosity, it may happen that the 
said substance penetrates locally through the support and 
makes the support non-insulating as defined on page 4 
of the description. This conductivity causes a disturb 
ance of the electrostatic field which no longer will be 
concentrated between the emulsion supply and the back 
ing roller but will disperse within the support, and more 
over, said conductivity gives rise to an electrically con 
ductive path between the backing roller and the emul 
sion supply. The said conductive path causes a flow of 
electric current, which unfavourably influences the photo 
graphic properties of the resultant photographic film. 
This conductive path also causes a decrease in the po 
tential difference, resulting in changes in the meniscus. 

Dissipation of the electrostatic field will also result if 
electrically insulating supports are provided with elec 
trically non-insulating layers. Such supports are e.g. nega 
tive and positive multicolor photographic films compris 
ing a support which on its back side is provided with 
an antihalation layer containing graphite for rendering 
such layer conductive so as to avoid electrostatic charge 
distributions, supports provided with a conductive anti 
stress layer on their back side, supports which are pro 
vided on the surface to be coated with a previous layer 
which has not yet completely dried and therefore is still 
conductive, etc. 

In the case a conductive layer is provided on the back 
side of the support, an electric current will flow through 
the said conductive layer to the ground at those places 
where the coated support is conveyed with its back side 
over the metal idler rollers. 

According to the invention, any dissipation of the elec 
trostatic field between the backing roller and the emul 
sion supply in the coating of an electrically conductive 
support, as well as any current flow, is avoided by pro 
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viding the metal coating roller with an insulating layer 
and by applying an A.C. potential difference between the 
emulsion supply and the coating roller. 
The insulating layer may consist of any suitable mate 

rial, e.g. polyamides such as Akulon (trademark for a 
polyamide, marketed by AKU N.V., Arnhem, Holland), 
polymers such as P.V.C., Teflon (trademark for polytet 
rafluoroethylene, marketed by E. I. du Pont de Nemours 
and Co., Wilmington, Del.), Plexiglas (trademark for 
polymethyl methacrylate, marketed by Rohm and Haas, 
Philadelphia, Pa.) etc. The thickness of the said layer is 
in the order of magnitude of some tenths of a millimetre. 
The use of an A.C. is imperative in the case where 

the support is conductive, since the electrical equivalent 
of the arrangement just described is the parallel connec 
tion of a resistor with a capacitor, which is connected to 
the voltage source (the capacitor representing the capaci 
tance between the backing roller and the emulsion Sup 
ply and the resistor representing the resistance of the elec 
trically conducting support in longitudinal direction). 
The better the conductivity of the support, the higher 

the frequency of the source will have to be for concen 
trating most of the electrical energy in the capacitive 
member of the equivalent parallel connection, and for 
consequently yielding a high efficient process. 
An apparatus for processing conductive webs or sup 

ports in accordance with the invention is represented in 
FIG. 4. The insulated metal backing roller 13' is provided 
with a ground and polished Teflon layer 27. The height 
of the roller relative to the surface of the emulsion 16 
is again so adjusted as to permit the existence of a menis 
cus between the support 11 and the emulsion. The roller 
13 is so mounted as to be electrically insulated and 
is connected to the electrical potential source 21. The 
thickness of the coated layer is in the present embodi 
ment controlled by the stainless steel roller 28 mounted 
at a fixed distance from the periphery of the backing 
roller 13. 
The A.C. voltage source 21 is connected between the 

backing roller 13 and the pan 17 containing the emul 
sion supply 16. The pan as well as the metal roller 28 are 
grounded. 

It has been stated in practice, that for the coating of a 
layer onto a relative good conductive support, e.g. the 
coating of an anti-stress layer on a light-sensitive pan 
chromatic emulsion layer which has been coated im 
mediately before, or the coating of a photographic emul 
sion on the electrically conductive graphite substrate 
layer of a negative black-and-white cine film, frequencies 
up from 10,000 cycles give very good results. 
A third embodiment of the invention representing a 

kiss coating device, is shown in FIG. 5. Here, the arrange 
ment comprises the coating roller 13, the pan 17 con 
taining the liquid emulsion 16, and the idler roller 29. 
The thickness of the coated layer is controlled by the 
doctor knife 31. According to the invention a conductive 
member 30, consisting of a copper bar is provided at a 
distance of a few millimetres above the coating roller 13. 
The said bar extends over the full width of the suppport 
11, and its length equals the length of the coating roller 
13. The potential source 21 is connected between the said 
bar and the pan. 17. 
As in the previous embodiments, an electrostatic field 

is created here also, traversing the support 11 from the 
bar 30 towards the roller 13, increasing thereby the con 
tact area of the emulsion between the roller 13 and the 
surface of the support, and enhancing the adhesion. 

Since there is no direct contact between the bar 30 and 
the support 11, no conductive path can arise between the 
coating roller 13 and the said bar, and therefore the 
present embodiment is also suited for the coating of con 
ductive supports as defined hereinbefore. 

It is clear that the described devices differ but very 
little from the commonly used coating devices, and that 
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6 
simple measures suffice for adapting existing coating de 
vices for the practice of the coating method according to 
the invention. 

These measures include an insulated mounting of the 
bearings of the coating roller, the provision of a contact 
strip for contacting the said insulated roller, the covering 
of the roller surface with an insulating layer, the provision 
of a conductive bar closely adjacent the periphery of the 
coating roller, etc. 
The coating pan as well as all other parts of the ap 

paratus are grounded, so that protective screening of the 
coating roller or the conductive element adjacent to the 
back side of the support can be realized in a most simple 
Way. 
The examples given hereinbefore relate to the coating 

of photographic emulsions. It is clear that the invention 
is not limited to a method of coating merely light-sensi 
tive photographic emulsions, but includes the coating of 
all other liquid compositions having a specific conductivity 
of the magnitude of at least 100 mhos per cc. 
The invention can also be practised for the coating of 

anti-stress layers, anti-halation layers, color filter layers 
etc. in the production of photographic material, for the 
coating of zinc oxide and similar photoconductive layers 
in the production of electrophotographic recording ma 
terial, for the coating of thermo-sensitive layers in the 
production of thermophotographic recording material, for 
the coating of image-receiving layers in the production of 
an image-receiving material suited for being used in the 
silver halide diffusion transfer processes, for the coating of 
electrically conductive layers on supports with very good 
insulating properties in the production of electrostatic 
recording material, for the coating of stripping layers in 
the production of photographic stripping films for use 
in photomechanic reproduction processes, for the coacting 
of magnetizable layers in the production of magnetic re 
cording tape, for the coating of subbing layers, for the 
production of X-ray film, for the coating of plastics and 
resins on flexible supporting webs, which themselves may 
or may not be plastics, etc. 

Finally it should be understood, that the coating meth 
od of the invention is not limited to the coating tech 
niques of the described example, but is also applicable to 
other coating techniques including spread coating methods 
wherein use is made of a rubber spreader or a brush 
spreader, roller coating methods using a calender coater, 
a reverse roller coater, a doctor knife or a trailing blade, 
extrusion coaters, etc. 
What we claim is: 
1. The method of coating a flowable liquid composition 

having a specific conductivity of at least 100 mhos/cc. 
onto the surface of a moving web of insulating material 
which comprises: 

(1) Passing said web along a path such that the back 
surface thereof moves in at least close proximity to an 
electrically conductive member extending substan 
tially the width of the web; 

(2) Flowing said liquid composition in a continuous 
liquid mass onto said surface from a supply thereof 
maintained on the opposite surface of said web from 
said member in general alignment therewith; and 

(3) Establishing and maintaining an electrical field be 
tween said liquid composition and said member of a 
potential insufficient to cause ionization therebetween 
but sufficient to increase the contact area and ad 
hesion between said liquid composition and the web 
surface. 

2. The method of coating according to claim 1, wherein 
the effective length of said electrical conductor is slightly 
less than the width of the web support, to reduce coating 
on the margins of the support. 

3. The method of coating according to claim 2, wherein 
the electrical conductor member is a conductive coating 
roller which conveys the web support to the position at 
which the liquid composition is coated thereon, 
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4. The method of coating according to claim 1, wherein 
the said potential source delivers a direct current po 
tential. 

5. The method of coating a flowable liquid composition 
having a specific conductivity of at least 100 mhos/cc. 
onto the surface of a moving web of electrically conduc 
tive material, which comprises: 

(1) Passing said web along a path such that the back 
surface thereof moves in at least close proximity to 
an electrically conductive member extending sub 
stantially the width of the web while maintaining said 
material insulated from said member; 

(2) Flowing said liquid composition in a continuous 
liquid mass onto said surface from a supply thereof 
maintained on the opposite surface of said web from 
said member in general alignment therewith; and 

(3) Establishing and maintaining an electrical field 
between said liquid composition and said member of 
a potential insufficient to cause ionization therebe 
tween but sufficient to increase the contact area and 
adhesion between said liquid composition and the 
web surface, said potenial being an A.C. potential 
having a frequency such that the time per cycle is less 
than the charge decay time of said conductive web. 

6. The method of coating according to claim 5, wherein 
the said liquid composition is a liquid photographic emul 
S10. 
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7. The method of claim 4 wherein said frequency is 

greater than 1,000 cycles. 
8. The method of claim 5 wherein the maximum cur 

rent loss in said field is not greater than 10 ma. 
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