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@ Method and apparatus for applying ultra-thin coatings to a substrate. .

@ An electrostatic coating method and apparatus layer is required, an electrostatic charge is estab-,
(10) are provided that are capable of applying an lished on the dielectric substrate, at a remote loca-
extremely thin and virtually constant thickness coat- tion, before the substrate is coated in order to neu-
ing to a substrate (48), and includes a coating ap- tralize the electrostatically charged coating material
plicator (18) having an opening (22) formed of di- so that such coatings can be electrostatically ap-
electric material through which coating material (26) plied.

flows for coating purposes. The coating material
(26) supplied to the applicator (16) is pressurized to
maintain a substantially constant voiume of coating

material at the applicator opening output and is ™)
vibrated in the vicinity of the applicator opening (22) LH— TV D DC POWER %
to provide a uniform flow of coating material to the POWER suPPLY | L
S applicator output, to stabilize the shape of the coat- SUPPLY a5 42—
ing material at the applicator output and to preclude ad l_VﬂRATOR
L changes in coating material flow rate caused by FlG ! L ¥

electrostatic field induced coating material dryout.
An electrostatic field of predetermined magnitude is
L0 ostablished between the coating material surface

. i2
(48) and the adjacent substrate to thereby extract +)
minute, uniform size particles from coating material 14

at the applicator opening (22) and subsequently de-
Q. posit an ultra-thin layer of these particles on the
Ll adjacent substrate (48) as the substrate (48) moves
past the applicator opening. In dielectric substrate
coating applications where a relatively thick coating
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METHOD AND APPARATUS FOR APPLYING ULTRA-THIN COATINGS TO A SUBSTRATE

BACKGROUND OF THE INVENTION

The present invention relates to a method and
apparatus for applying a layer of coating material to
a substrate and, more particularly, to a method and
apparatus for applying a thin, virtually constant
thickness coating to a substrate.

In many coating applications, extremely thin,
constant thickness coatings are absolutely essential
in order to avoid degrading the performance of the
coated device andior the equipment with which
such coatings are utilized. In, for example, audio
and video magnetic tapes, if the magnetic media
coating is excessively thick or there are significant
variations in coating thickness, magnetic coupling
and therefore information transferal between the
magnetic media in the coating and, for example, a
read/write head of audio or video recording or
reproducing equipment in which the tape is utilized
could be substantially degraded because of the
increased spacing or the spacing variations be-
tween these components that necessarily result
when such coatings are employed.

A number of coating techniques presently exist
for applying coating materials to a web or other
object surface. Many of these techniques employ
an electrostatic field between the coating applicator
and the web or object surface fo assist in both the
uniform and efficient deposition of coating materials
on such surfaces. In, for example, the well-known
process of electrostatic spray painting, an electro-
static field is established between an electrically
conductive grid and a particular metal object to be
painted. The electrostatic field is created by a
relatively high dc voltage (100,000 V) connected
between grid and object, with the object ordinarily
being spaced several feet from the grid. Air pres-
sure supplied to a reservoir of coating fluid coupled
to one or more orifices in the coating applicator
causes coating fluid droplet formation at the output
of each of said coating applicator orifices. The
droplets are subsequently propelled into the grid
by air pressure generated forces where they be-
come elecirostatically charged and then deposited,
in layer form, on a surface of said particular object
by forces associated with the electrostatic field.

‘Unfortunately, due to the relatively large droplet

size generated by this type of coating apparatus,
the resulting coating layers are well in excess of a
thickness level that would avoid the above-men-
tioned problem associated with excessively thick
magnetic media coatings.

Electrostatic coating apparatus capable of gen-
erating and subsequently depositing relatively
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small coating material particles on a substrate has
been described in the patent literature. In U.S.
Patent No. 2,685,536 to W. A. STARKEY ET AL, for
example, a method and apparatus for electrostati-
cally coating articles are disclosed wherein coating
material is supplied to the orifice of a coating
applicator and an electrostatic field is established
between the surface of the coating material and a
surface of the article to be coated. As described
therein, the coating material oozes through applica-
tor orifices where it is then divided into fine par-
ticles by forces associated with the electrostatic
field. The finely divided particles are then trans-
ported to the surface of the article by forces asso-
ciated with the same elecirostatic field.

It can be demonstrated that the rate of electro-
static field generated, coating material particle
movement toward a surface o be coated in, for
example, the above-noted STARKEY ET AL ap-
paratus, is dependent, in part, upon the intensity of
the electrostatic- field. Therefore, variations in elec-
trostatic field intensity when coating, for example, a
moving web will produce corresponding variations
in the thickness of an electrostatically deposited
coating layer. It is well known that the intensity of
an electrostatic field established between a pair of
electrodes spaced a fixed distance from one an-
other is very much dependent upon the shape of
the electrode ends between which the electric field
is established. The smaller the radius of curvature
at the end of an electrode, for example, the greater
will be the electrostatic field intensity in the vicinity
of the small radius of curvature electrode for any
particular electrode-to-electrode voltage. Variations
in electrode shape, therefore, can produce cor-
responding variations in an electrostatic field in the
vicinity of the electrode surface where the shape is
varying.

If, for example, the external surface of coating
material oozing through an applicator opening in
Fig. 2 of STARKEY ET AL, is considered to be an
end of an electrically conductive electrostatic field
generating electrode, variations in the shape of this
external coating materials will produce variation in
an electrostatic field in the vicinity of said coating
material surface and corresponding variations in
the thickness of coating material being atomnized
and deposited on a surface by such a varying
electrostatic field. Such surface shape variations
can be caused by any number of different factors.
One factor is the pressure variations that are nec-
essarily produced when a mechanical pump is is
employed to pressurize coating material supplied
to the coating applicator. Another factor could be
the presence of air bubbles entrained within the
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coating material. These bubbles would momentarily
disturb or change the external surface shape of the
coating material when passing through an applica-
tor orifice. Yet another factor might be changes in
the coating surface shape that may result as coat-
ing material particles are slectrostatically extracted
from said coating surface during the coating pro-
cess. Each of these electrostatic field intensity al-
tering factors can produce variations in web coating
layer thickness.

Also, the electrostatic coating apparatus de-
scribed in STARKEY ET AL is employed where the
object to be coated is itself electrically conductive.
In such an arrangement, the ability to coat a par-
ticular object is primarily dependent upon the abil-
ity to establish an electrostatic field of sufficient
intensity between the coating applicator and a sur-
face of the object to be coated to both atomize the
coating material particles and then transport same
to said object surface. However, this type of coat-
ing apparatus is relatively ineffective when em-
ployed to coat insulative materials, such as a di-
electric web, because the electrostatic field needed
to coat such materials is significantly attenuated by
the dielectric web. Present practice is to overcome
this problem by coating the web with an electrode
forming layer of electrically conductive material and
then electrostatically coat this layer with the pre-
ferred- or final layer of coating material. Unfortu-
nately, this technique both increases the cost of
coating a web and adds the characteristics of the
conductive layer to that of the coated web which
may prevent its subsequent use in many coated
web applications.

In addition, it can readily be demonstrated that
fluids are dried by or have moisture removed from
them when exposed to an electrostatic field. If
coating material flow rates are in the near-zero flow
rate range, as in the STARKEY ET AL patent, the
external surface of the coating material at the coat-
ing applicator orifices or outputs may dry out or
coagulate due to the presence of an electrostatic
field at said coating material surfaces and thereby
block or substantially reduce the flow of coating
material through each coating applicator orifice,
within a relatively short period of time. A flow rate
change of this type would also produce detrimental
variations in web coating layer thickness.

It is a primary object of the present invention,
therefore, to provide coating apparatus that is ca-
pable of applying a relatively thin, virtually constant
thickness layer of coating material to a substrate.

It is another object of the present invention to
provide extremely low flow rate coating apparatus
having a flow rate that will remain fairly constant for
an extended period of time.

It is a further object of the present invention to
provide low flow rate coating apparatus that is
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capable of properly functioning within an electro-
static field for an extended period of time.

An advantage of the present invention is the
ability of the coating apparatus employed therein to
apply coating materials having significantly greater
conductivity than that of coating materials presently
applied by conventional elgctrostatic coating tech-
niques.

Other objects, features and advantages of the
present invention will be readily apparent from the
following detailed description of a preferred em-
bodiment thereof taken in conjunction with the ac-
companying drawings.

SUMMARY OF THE INVENTION

In accordance with the present invention, & low
flow rate coating method and apparatus are dis-
closed that are capable of depositing relatively thin,
virtually constant thickness coatings on a substrate.
The method and apparatus include a coating ap-
plicator coupled to a source of coating material
having an opening therein formed of a dielectric
material through which coating material flows for
substrates coating purposes. Means are provided
for forming a substantially unvarying shape on the
surface of that portion of the coating material at
said applicator opening, during the entire coating
process. The substrate is supported’ in a spaced
relation from the output of the coating applicator to
thereby form a coating gap between the coating
applicator output and said substrate. Means are
provided for estabiishing an electrostatic field in
said coating gap between said coating material
surface and the substrate spaced therefrom to
thereby atomize or extract coating material par-
ticles from said coating material surface and subse-
quently transport said particles to the substrate.
Means are also provided for moving the substrate
at a constant rate through said coating gap where-
by a relatively thin, uniform thickness layer of coat-
ing material is deposited on said substrate. In di-
electric web coating applications where a relatively
thick layer of coating material is required, an elec-
trostatic charge is established on the dielectric web
at a location remote from the coating applicator,
before being moved past the coating applicator
opening, in order to neutralize electrostatic charges
present in the initial portion of the coating layers
that would otherwise interfere with (repel) a subse-
quently deposited portion of the same layer nec-
essarily having the same charge polarity.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1 is a diagrammatic illustration of a web
coating arrangement employing a preferred em-
bodiment of the coating method and apparatus of
the present invention.

Fig. 2A is primarily a side elevational view of
an enlarged detail of the dielectric output end of
the coating applicator nozzle shown in drawing Fig.
1.

Fig. 2B is the same view as that in Fig. 2A
additionaily showing changes in the shape of the
coating material surface at the applicator output
that might occur due to entrained gas bubbles
and/or changes in coating material pressure levels:

Fig. 3 shows a portion of the web coating
arrangement of drawing Fig. 1 and means for elec-
trostatically charging a dielectric web prior to de-
positing coating material on a web surface.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

The coating apparatus of the present invention
is capable of coating conductive as well as in-
sulative or high dielectric substrates. Presently
available electrostatic coating apparatus such as
that described in U.S. Patent No. 2,893,894 to
RANSBURG can readily coat conductive substrates
with relatively thick coatings, but are relatively in-
effective in coating dielectric substrates. Inasmuch
as the more difficult task is that of coating dielectric
substrates, the coating apparatus to be described
below is primarily directed to apparatus for coating
such substrates. However, this apparatus may be
employed to coat conductive substrates, alsc.

Turning now to Fig. 1 of the drawings, there is
shown a diagrammatic illustration of web coating
apparatus 10 employing the relatively thin, virtually
constant thickness coating method and apparatus
of the present invention. As shown in said Fig. 1,
coating apparatus 10 includes cylindrically shaped
and electrically conductive backing roll 12 that is
mounted for rotation about backing roll axis 14.
Apparatus 10 also includes exirusion-type coating
applicator 16 mounted in a fixed position with re-
spect to said backing roll axis 14 and spaced from
the cylindrical surface of backing roll 12 by the gap
18.

Coating applicator 16 comprises pressurizable
coating material vessel, 20 having electrically con-
ductive nozzle 22 projecting through a wall thereof
and having dielectric tube or sleeve 24 slidably
mounted on its external surface with an end of said
tube extending beyond the end of said nozzle 22.
The term "dielectric” as employed herein means a
material having a resistivity equal to or greater than
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10° ohms per square. Nozzle 22 is formed of
stainless steel, is of circular cross-section and has
a coating material 26 conducting circular opening
through the center thereof that is 0.075 inch in
diameter. Dielectric tube 24 is of circular cross-
section and is formed of polytetrafluorethylene hav-
ing a tube wall thickness of 0.10 inch with its
circular opening having a diameter of 0.030 inch.
The free end of dielectric tube 24 preferably ex-
tends approximately 0.25 inch beyond the end of
conductive nozzle 22. As shown in Fig. 2A, the free
end of dielectric tube 24 is truncated or cut at 90°
or at a right angle with respect to the longitudinai
axis of or the principal direction of coating material
flow through the center of said tube 24. However,
acceptable thin coatings may also be obtained
when the free end of tube 24 is cut at an angle
other than 90°. Pump 28, coupled to vessel 20
through path 30, pressurizes coating material 26
within said vessel 20 to a pressure level that will
produce the desired coating material 26 flow rate
through applicator nozzle 22 and dielectric tube 24.
Pump 28 includes a conventional pump pressure
regulator (not shown) to mechanically limit, to the
extent possible, fluctuations in the output pressure
of said pump 28 and coating material 26 within
applicator 16 coupled thereto. Pressure generated
by pump 28 is ideally adjusted to a level that will
maintain a substantially constant or unvarying vol-
ume of coating material 26 at the output end of
dielectric tube 24 or at that end of tube 24 extend-
ing beyond the output end of electrically conduc-
tive nozzle 22 as best shown in drawing Fig. 2A.
With reference to both Figs. 1 and 2A, me-
chanical vibrator 32 is provided whose primary
function is to insure that a uniform flow of coating
material 26 is supplied to outer edge 34 (Fig. 2A)
of dielectric tube 24. Mechanical vibrator 32 is of
conventional design and is preferably of the type
whose vibration amplitude can be selectively ad-
justed and whose vibration frequency can be car-
ried over a range of from 5 to 10,000 Hz with its
vibrating member being coupled to dielectric tube
24 through path 36. Vibrator 32 is electrically
powered with its operating power being derived
from dc power supply 38. Forces applied to dielec-
tric tube 24 by vibrator 32 must be applied in a
direction that is transverse of the principal direction
of coating material 26 flow through said tube 24
and preferably at a right angle thereto in order to
produce thin web surface coatings. Forces in the
direction of such coating material flow of a mag-
nitude sufficient to alter the flow rate of coating
material 26 to edge 34 of dieleciric tube 24 would
cause variations in coating thickness by coating
apparatus 10 for reasons to be explained below.
Applying a component part of a transverse vibrator
32 force in the principal direction of coating ma-
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terial 26 flow through tube 24 would be acceptabie
so long as the force level does not adversely affect
the flow rate of coating material 26 to edge 34 of
said tube 24.

High voltage dc power supply 40, having a
voltage across its output terminals in the range of
several thousand voits, has its positive and nega-
tive output terminals connected between backing
roll 12 and electrically conductive nozzle 22
through paths 42 and 44, respectively. Voltage
from power supply 40 is coupled to coating ma-
terial 26 through said electrically conductive coat-
ing applicator nozzle 22. If nozzle 22 was not
electricaily conductive, voltage from power supply
40 could be coupled to coating material 26 by
means of an electrode (not shown) projecting
through applicator 16 and into contact with said
coating material 26. When power supply 40 is so
connected between backing rolt 12 and applicator
nozzle 22, electrostatic field 46 is established in
gap 18 between coating material 26 at edge 34 of
dielectric tube 24 and the cylindrical outer surface
of conductive backing roll 12. When web 48 is
passed over said cylindrical surface of web-sup-
porting backing roll 12 through gap 18, electrostatic
field 46 is also established between coating ma-
terial 26 at said edge 34 and the surface of web 48
immediately adjacent gap 18.

With continued reference to Figs. 1 and 2A of
drawings, when electrostatic field 46 of predeter-
mined intensity is established between coating ma-
terial 26 at edge 34 of dielectric tube 24 and the
adjacent surface of moving web 48, minute par-
ticles 50 are atomized or extracted from coating
material 26 at edge 34 by forces associated with
electrostatic field 46. These minute coating material
particles 50 formed by electrostatic field 46 are
subsequently transported to and uniformly depos-
ited on the adjacent surface of moving web 48 by
the same electrostatic field 46 in an extremely thin
layer. The rate of coating material 26 fiow through
the orifice in coating applicator nozzle 22 and di-
electric tube 24 is made equal to the rate of
coating material particle 50 extraction by electro-
static field 46 from material 26 at edge 34 of
dielectric tube 24. The rate of coating material 26
flow from edge 34 at the output of dielectric tube
24 onto the adjacent surface of web 48 is primarily
dependent upon the intensity of electrostatic field
46. It should be noted that coating thickness is also
dependent upon the rate of web 48 movement past
the output of dielectric tube 24. Changes in the
intensity of electrostatic field 46 will cause changes
in coating material flow rate and therefore changes
in thickness uniformity of coating material 26 sub-
sequently deposited on moving web 48 by electro-
static field 48.

Coating material 26 at edge 34 of dielectric
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tube 24 can be thought of as the end of an elec-
trode having a particular radius of curvature. As is
well known, changes in this radius of curvature can
produce changes in an electrostatic field in the
vicinity thereof for any selected electrostatic field
generating electrode voitage. If the electrode volt-
age is held constant, an increase in the radius of
curvature at the end of the electrode will produce a
decrease in electrostatic field intensity, whereas a
decrease in the radius of curvature at the end of
the same electrode will produce a corresponding
increase in electrostatic field intensity. Changes in
this radius of curvature can be produced by a
number of different factors. However, all of these
factors are related to the rate at which coating
material 26 flows to edge 34 of dislectric tube 24.
An increase in the flow rate of coating material 26
to edge 34 will produce an increase in the radius of
curvature of coating material 26 at edge 34 where-
as a decrease in the flow rate of coating material
26 to edge 34 will produce a decrease in the radius
of curvature of coating material 26 at said edge 34.
Edge 34 at the free end of tube 24 forms coating
material 26 into what can be considered a relatively
small radius of curvature electrode thereby en-
abling power supply 40 to generate the required
electrostatic field intensity in the vicinity of said
edge 34 at a minimum power suply 40 voltage
level. Also, edge 34 enhances the control of elec-
trostatic field 46 during the coating process by
forcing said field to emanate from a weil-defined
location (edge 34) on applicator 16.

With additional reference to Fig. 2B of the
drawings, one factor that might effect the rate of
coating material 26 flow to edge 34 of dielectric
tube 24 is the actual electrostatic atomization of
coating material 26 by electrostatic field 46. As
small particles are extracted or atomized from coai-
ing material 26 at edge 34, small voids are created
and then filled, thereby causing changes in the
radius of curvature of coating material 26 at edge
34 and corresponding changes in the intensitly of
the electrostatic field producing such particle atom-
ization. Another factor might be the pressure gen-
erated by the coating material pressurizing pump
28. As shown in Fig. 2B, pump pressure variations
would cause surface 52 of coating material 26 to
vary between surface position 52A and surface
position 52B causing electrostatic field altering
changes to the radius of curvature of coating ma-
terial 26 at edge 34 of tube 24. While it is possible
to limit variations in the output pressure of a me-
chanical pump with a conventional pressure regula-
tor, all such arrangements are incapable of limiting
pump pressure variations below some finite coating
material flow rate altering level. Yet another factor
might be entrained air in the coating material such
as bubbles 54 in coating material 26 within nozzle



9 0 285 794 10

22 and tube 24 as shown in drawing Fig. 2B. When
bubbles 54 reach surface 52 of coating material 26,
the rate of coating material 26 flow to edge 34 is
temporarily altered, thereby causing a temporary
change in the intensity of electrostatic field 46.
However, in addition to its primary function of in-
suring that coating material 26 flows to outer edge
34 of tube 24 during the entire coating process, a
secondary aspect of vibrator 32 is its ability to
gither neutralize or bring to ‘within acceptable limits
all of the factors noted above having a detrimental
effect on the rate of flow of coating material 26 to
edge 34 of tube 24 whenever said tube 24 is
vibrated by vibrator 32 in the above-described
manner. In other words, the overall function of
mechanical vibrator 32 is to stabilize the flow rate
and the surface shape of coating material 26 at
these output end of tube 24.

Extremely slow coating material movement
through a relatively intense electrostatic field such
as the movement of coating material 26 from tube
24 to an adjacent surface of web 48 through elec-
trostatic field 46 as shown in drawing Fig. 1 causes
moisture to be removed from the surface of said
coating material 26 at the output end of tube 24.
Removal of moisture from coating material 26 in
this manner would eventually cause a thickening of
coating material 26 and a subsequent reduction or
even total cessation of coating material 26 flow to
edge 34 of tube 24 which, in turn, would change
the thickness of a layer of coating material depos-
ited on a surface of said web 48 by electrostatic
field 46. Depending upon such factors as coating
material volatility and flow rate and the intensity of
the coating material depositing electrostatic field,
flow altering moisture removal could take place in a
maiter of a few minutes. The greater the coating
material volatility or evaporation rate and/or the
lower the coating material flow rate, for example,
the greater will be the rate of coating material
drying for any particular level of electrostatic field
intensity. Acetone, for example, which has a high
volatility or evaporation rate, will dry out at a much
faster rate than water when both fluids are exposed
to the same level of electrostatic field intensity.
However, when tube 24 is vibrated by mechanical
vibrater 32, thereby vibrating coating material 26 at
the output of said tube 24, flow rate altering dryout
of coating material 26 by electrostatic field 46 is
precluded. By constantly vibrating coating material
26 at the end of tube 24 during the entire coating
process, coagulation of the solids within coating
material 26 at the output end of said tube 24 is
thereby prevented.

As described above, and as shown in Fig. 1 of
the drawings, mechanical vibrator 32 is electrically
powered with its operating power being derived
from separate dc power supply 38. In addition, and
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as also described above, the output terminals of
electrostatic field generating high voltage dc power
supply 40 are connected between conductive back-
ing roll 12 and conductive applicator nozzle 22 with
the low potential terminal being connected to noz-
zle 22 through path 44 and with the high potential
terminal being connected to backing roll 12 through
path 42. This applicator nozzle to backing roll con-
nection scheme is the reverse of that employed in
most web coating operations utilizing electrostatic
assist where the high potential terminal is normally
connected to the coating applicator and the low
potential terminal is normally connected to the con-
ductive backing roll. The reason for reversing the
output terminals of electrostatic field generating
power supply 40 from that normally empioyed in
prior arrangements is so that applicator nozzie 22
and the housing of vibrator 32 mechanically coup-
led thereto can be maintained at the same elec-
trical potential (ground). By maintaining these com-
ponents at the same electrical potential, electrically
powered mechanical vibrator 32 does not have fo
be specially designed to, for example, include ad-
ditional electrical insulation in order to withstand
what might otherwise be a substaniial potential
difference between applicator nozzle 22 and said
mechanical vibrator 32.

In one particular coating operation employing
coating apparatus 10, a 2% solids solution having a
viscosity of 2 centipoise (cps) and an electrical
conductivity of 10™* mhos per centimeter was
coated on a 6 inch wide polyester web having an
electrical resistivity of 10'® ohms per square,
spaced 5 inches from the free end of tube 24. The
web was moving at 10 ft/min and the electrostatic
field generating voltage between applicator nozzle
22 and web-suporting backing roll 12 was 40,000
volts dc. Under these particular conditions, a uni-
form coating of less than 0.1 micron in thickness
was deposited on a surface of said polyester web
by coating apparatus 10.

An unexpected advantage derived from the
coating apparatus of the present invention, such as
coating apparatus 10 shown in drawing Fig. 1, is its
ability to coat relatively high dielectric materials
with lower conductivity coatings than heretofore
possible. In prior coating apparatus employing an
electrostatic field to deposit coating material on the
surface of a substrate, the highest resistivity ma-
terial that could be coated was one having a re-
sistivity of approximately 10* ohms per square and
the conductivity of any coating material electrostati-
cally deposited on such material had to be be-
tween 1075 and 10~% mhos per centimeter. Higher
resistivity webs could not be electrostatically coat-
ed and coating materials having a conductivity
greater than 10~% mhos per centimeter had sub-
stances added to them in order to lower their
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conductivities for substrate coating purposes. The
coatings apparatus of the present invention is ca-
pable of electrostatically coating a substrate having
a resistivity of up to and including 10" ohms per
square with coating material having a conductivity
as low as 10~* mhos per centimeter.

Coating applicator 16 is described herein as
having an output formed of dislectric material. Hav-
ing the applicator .opening formed of a dielectric
material is a major reason why coating apparatus
10 is capable of depositing exiremely thin coating
material layers. The present apparatus is capable
of applying a layer of coating material to a conduc-
tive substate that is substantially thinner than that
possible with, for example, the coating apparatus
described in the above-mentioned RANSBURG
patent. However, this RANSBURG coating appara-
tus could apply substantially thinner coatings if the
farger opening or the output end of the spinning
conical body employed in the coating applicator of
RANSBURG was formed of dielectric material.
Claims of the present application are intended to
encompass such an embodiment.

Coating apparatus 10 described above and il-
lustrated in drawing Fig. 1 is primarily employed in
coating applications where extremely thin (less
than 0.1 micron) coatings are required. Coating
apparatus 10 is considerably less effective, how-
ever, for dielectric substrate coating applications
where the required coating thickness is significantly
greater than 0.1 micron. In coating apparatus 10
when coating material 26 is atomized, the atomized
particles maintain the same polarity as the un-
atomized portion of coating material 26 within coat-
ing applicator 18 which, in this particular instance,
is negative. These negatively charged atomized
particles are extracted toward an adjacent surface
of moving web 48 by positively charged backing
roll 12. The initially atomized coating material par-
ticles are transported to and are uniformly depos-
ited on a surface of web 48 by electrostatic field
46. These initially deposited particles maintain their
negative charge for a considerable period of time
after being deposited on said web 48. This slow
rate of charge dissipation is due to the excellent
insulative qualities of dielectric web 48 and the
normally dry- air surrounding web 48. No such
delay in charge dissipation would occur if the sub-
stratle to be coated was electrically conductive.
This particular phenomenon is acceptable for very
thin (less than 0.1 micron) dieiectric substrate coat-
ing applications. However, when an attempt is
made to apply significantly thicker coatings to a
dielectric substrate, the subsequently transported
negative coating material particles are repelled by
the initially deposited coating material particles be-
cause they have the same negative charge polarity.
The apparatus illustrated in drawing Fig. 3 is able
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to overcome this coating material thickness limita-
tion problem by neutralizing the electrical charge
on the coating material particles as they are depos-
ited on dielectric web 48, before they can repel or
interfere with the subsequently deposited coating
material particles.

Fig. 3 depicts a portion of the dielectric sub-
strate coating apparatus illustrated in drawing Fig.
1. As shown in Fig. 3, dielectric web 48 is movably
supported in a spaced relation from the free end of
dielectric tube 24 by elecirically conductive back-
ing roll 12 as it is in drawing Fig. 1. Applicator 16,
(Fig. 1) supplies coating material 26 {o the free end
of tube 24 and vibrator 32 (Fig. 1) coupled to said
tube 24 through path 38 vibrates tube 24 in the
same way that these components provide these
functions in the coating apparatus shown in draw-
ing Fig. 1. Similarly, electrostatic field 46 causes
the formation of coating material particles 50 and
then transports these particles toward an adjacent
surface of moving web 48 in the same manner that
the same electrostatic field 46 performs these
same functions in the coating apparatus of Fig. 1.
However, before web 48 is moved into the gap
between the end of tube 24 and electrically con-
ductive backing roll 12 for web coating purposes, a
dipole type electrostatic charge is placed on web
48 by dislectric web charging apparatus 56. Dielec-
tric web charging apparatus 56 operates in the
same manner as the dielectric web charging ap-
paratus described in U.S. Patent No. 4,457,256
issued July 3, 1984 tfo Kisler et al. A relatively
intense electrostatic field is established between
conductive bristle brush 58 and electrically conduc-
tive backing roll 80 by such charging apparatus
when the output terminals of energized adjustable
dc power supply 62 are connected between said
brush 58 and said backing roll 60. When web 48 is
passed through this intense field, a dipole-type
electrostatic charge is established on said web 48,
The polarity of this charge is positive due to the
positive terminal of power supply 62 being con-
nected to conductive bristle brush 58. The mag-
nitude of the electrostatic charge on web 48 is
determined by the magnitude of the output voltage
of dc power supply 82. In the coating operation of
Fig. 3, the magnitude of the positive dipole charge
established on web 48 is empirically determined
and is of a magnitude that is sufficient to neutralize
the negative electrostatic charge on each of the
coating material particles 50 that must be depos-
ited on web 48 in order to obtain the required web
coating thickness. Therefore, as each coating ma-
terial particle 50 is uniformly deposited on web 48,
it is neutralized by the electrostatic charge estab-
lished on said web 48 by dielectric web charging
apparatus 56, before the initially deposited coating
material 50 particles can repel or interfere with
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subsequently deposited coating material 50 par-
ticles needed to form the web coating layer.

It will be apparent to those skilled in the art
from the foregoing description of our invention that
various improvements and modifications can be
made in it without departing from its true scope.
The embodiments decribed herein are merely illus-
trative and should not be viewed as the only em-
bodiments that might encompass our invention.

Claims

1. Apparatus for applying a uniform thickness
layer of coating material to a substrate, comprising:
a coating applicator adapted for coupling to a
source of coating material with said applicator hav-
ing an opening therein formed of dielectric ma-
terial;
means for pressurizing coating material within
said coating applicator to a pressure level that will
maintain a substantially constant volume of coating
material at the output of said dielectric applicator
opening;
means for supporting a substrate in a spaced
relation from said applicator opening output to
thereby form a coating gap between said output
and said substrate;
means for applying a force to coating material
at said applicator opening to thereby cause coating
material flow to a selected portion of the output of
said applicator opening;
means for establishing an electrostatic field in
said coating gap between coating material at said
applicator opening output and a substrate spaced
therefrom to thereby extract minute coating ma-
terial particles from coating material at said ap-
plicator opening output and subsequently fransport
said particles to and deposit said particles on said
substrate; and
means for moving said substrate through said
coating gap, at a constant rate, whereby a relatively
thin, uniform thickness layer of coating material is
deposited on said substrate.

2. The apparatus of claim 1 wherein said
means for applying a force to coating material at
said applicator opening includes means coupled fo
said applicator for vibrating coating material at the
output of said applicator opening, at a selected
magnitude and frequency, in a predetermined di-
rection. :

3. The apparatus of claim 2, wherein said ap-
plicator opening is a tube formed of a dielectric
material having a longitudinal axis in the principal
direction of coating material flow through the center
thereof, with the output end of said tube being
truncated at a predetermined angle with respect to
said longitudinal axis.
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4. The apparatus of claim 3, wherein the output
end of said tube is truncated at a right angle with
respect to said longitudinal axis.

5. The apparatus of claim 3, wherein said di-
electric tube is circular in cross-section, has an
inside diameter of 0.30 inch, a wall thickness of
0.10 inch and is formed of polytetrafluorethylene.

6. The apparatus of claim 3, wherein said
means for vibrating coating material at said ap-
plicator opening output is an electromechanical vi-
brator mechanically coupled to said dielectric tube.

7. The apparatus of claim 6, wherein the direc-
tion of the vibration forces generated by said me-
chanical vibrator is at a right angle with respect to
said longitudinal axis.

8. The apparatus of claim 3, wherein the vibra-
tory force produced by said mechanical vibrator
causes coating material to flow to an edge of said
tube formed by the truncated tube end and the
outer tubular surface thereof and the electrostatic
field in said coating gap is established between
coating material at said tube edge and the said
substrate spaced therefrom.

9. The apparatus of claim 3, wherein a portion
of said applicator is electrically conductive, said
means for supporting a substrate is a rotatably
mounted electrically conductive backing roll, said
means for establishing an electrostatic field in-
cludes a first dc power source having positive and
negative output terminals with the positive terminal
being coupled to said backing roll and said nega-
tive terminal being coupled to the said electrically
conductive portion of said applicator, said sleciro-
mechanical vibrator includes an electrically conduc-
tive housing and positive and negative electrical
power input terminals, said electromechanical vi-
brator is powered by a second dc power source
having positive and negative power output termi-
nals, said positive vibrator input terminal is elec-
trically coupled to the positive output terminal of
said second dc power source, said negative vibra-
tor terminal is electrically coupled to the negative
output terminal of said second dc power source, o
said vibrator housing and to the said electrically
conductive portion of said coating applicator.

10. The apparatus of claim 1, wherein said
substrate is a dielectric, said coating material par-
ticles deposited on said dielectric substrate have
electrostatic charges established thereon by the
electrostatic field in said coating gap and said
apparatus further comprises means for applying an
electrostatic charge on said substrate at a location
remote from said coating gap having a magnitude
and polarity sufficient to neutralize electrostatic
charges on the deposited coating material particles
as said charged substrate is moved into said coat-
ing gap for substrate coating purposes.

L1}
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11, Apparatus for applying a uniform thickness
layer of coating material to a dielectric substrate,
comprising:

a coating applicator adapted for coupling to a
source of coating material, said applicator having
an opening therein formed of a dielectric tube
having a longitudinal axis in the principal direction
of coating material flow through the center thereof
with the output end of said tube being truncated at
a predetermined angle with respect to said longitu-
dinal axis;

means for pressurizing coating material within
said coating applicator {0 a pressure level that will
maintain a substantially constant volume of coating
material at said truncated end of said dielectric
tube; .

means for movably supporting a dielectric
substrate in a spaced relation from said applicator
opening output to thereby form a coating gap be-
tween said output and said substrate;

means coupled to said applicator for vibrating
coating material at said applicator opening output,
at a selected magnitude and frequency, in a direc-
tion that is at an angle with respect to said longitu-
dinal tube axis;

means for establishing an slectrostatic field in
said coating gap between coating material at the
truncated end of said applicator output opening and
a dielectric substrate spaced therefrom to thereby
extract minute coating material particles from coat-
ing material at said output and subsequently trans-
port said particles to and deposit said particles on
said dielectric substrate; and

means for moving said dielectric substrate
through said coating gap. at a constant rate, where-
by a thin, uniform thickness layer of coating ma-
terial is deposited on said moving substrate.

12. A method of applying a uniform thickness
layer of coating material to a substrate, comprising
the steps of:

forming a coating applicator adapted for
coupling to a source of coating material with said
applicator having an opening therein composed of
dielectric material; .
pressurizing coating material within said
coating applicator to a pressure level that will main-
tain a substantially constant volume of coating ma-
terial at the output of said applicator opening;
supporting a substrate in a spaced relation
from said applicator opening to thereby form a
coating gap between said- output and said sub-
strate;
applying a force to coating material at said
applicator opening to thereby cause coating ma-
terial flow to a selected portion of the output of said
applicator opening;
establishing an electrostatic field in said
coating gap between coating material at said ap-
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plicator opening output and a substrate spaced
therefrom to thereby extract minute coating ma-
terial particles from coating material at said ap-
plicator output and subsequently transport said par-
ticles to and deposit said particles on said sub-
strate; and

moving said substrate through said coating
gap. at a constant rate, whereby a thin, uniform
thickness layer of coating material is deposited on
said substrate.

13. The method of applying a uniform thick-
ness layers of coating material to a substrate in
accordance with claim 12, in which said applicator
opening is a tube formed of a dislectric material
having a longitudinal axis in the principal direction
of coating material flow through the center thereof
and wherein the said force applied {0 coating ma-
terial at said applicator opening is applied by a
mechanical vibrator in a direction that is at a right
angle with respect to said longitudinal axis.

14. The method of applying a uniform thick-
ness layer of coating material to a dielectric sub-
sirate in accoradance with claim 11, wherein the
said coating material particies deposited on said
dielectric substrate have electrostatic charges es-
tablished thereon by the electrostatic field in said
coating gap and said method further comprises the
step of applying an electrostatic charge on said
substrate at a.location remote from said coating
gap having a magnitude and polarity sufficient to
neutralize electrostatic charges on the deposited
coating material particles as said charged substrate
is moved into said coating gap for substrate coat-
ing purposes.

15. An extrusion-type coating applicator for ap-
plying an extremely thin layer of coating material to
a substrate, said applicator having an input and an
oufput and at least said output is formed of dielec-
tric material.
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