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ELECTROSTATIC COATING
Rederick L. Hines, North Brook, I, assignor to Ford
Moter Company, Dearborn, Mich.,, a corporaticn of
Delaware
Filed Aung. 24, 1962, Ser. No. 221,357
6 Cilaims, (Tl 118--621)

This invention relates to the ccating of articles by elec-
trostatic deposition. In particular, this invention relates
to the application of a fluid coating material to articles
by electrostatically atomizing, projecting and depositing
the coating upon the articles within an electrostatic field
created between the articles and an issuing scurce of the
coating material. More particularly, this invention re-
lates to an apparatus for electrostatic deposition wherein
the fluid to be sprayed is electrostatically atomized iato
discrete droplets from a curved surface.

This application is a continuation in part of my <o-
pending application, U.S. Serial No. 374,325, filed March
27, 1956, now abandoned.

The broad concept of electrostatic atomizing, project-

ng and depositing is known to the art. The improvement
ectrostatic ccating provided by this invention com-
atcmization of the coating liguid from an elec-
ity charged, curved surface having both significant
h and significant breadth under essentially corcna
onditicns.
In clectrostatic coating processes, as gemerally prac-
ticed, the fluid to be atcmized is fed over a surface or
through a small hole to a sharp edged electrode beiween
which and the article a potential difference of sufficient
magnitude is meintained to create an electrostatic field
with a corona dischange in the region adjacent such edge.
In most, if not all, commercial processes, centrifugal
forees are utilized in conjunction with electrostatic forces
to provide the desired atomization. It was considered
necessary that the discharge electrode be provided with
a very sharp radius of curvature in order to provide an
electrical charge concentration sufficient to preduce co-
rena discharge. Apparatus and methods representative
of these point-emission or edge-emission systems are dis-
closed in U.S. Patents 2,722,908, 2,685,536 and 2,658,009.
However, these methods have exhibited certain undesir-
able characteristics resuiting from the difficulties inherent
in attempting to control a corena discharge. These have
izd to a search for auxiliary or secondary centrol systems
to reduce or eliminate the resulting irregular scattering
of ceating matsrial. The problem of fluctuations in the
intensity of the field resulting from corona discharge
from a sharp edge is discussed in the above cited U.S.
Patent 2,658,009.

It now has been discovered that a highly effective elec-
trostatic coating process can be effected by atomization
from a curved surface having 2 broad, as contrasted to
a sharp, angle of curvature under essentially corena free
conditions. In accordance with this invention, the atom-
ization is carried out from a relatively smooth, curved
surface, the radius of curvature of which is above about
one-fourth inch. The design of appticator head may
be varied in accordance with the broad principles of the
method of this invention including, but not by way of
limitation, the spherical and cylindrical heads hereinafter
discussed in greater detail.

The characteristic advantages of the hereinbefore and
hereinafter described inventicn are:

(1) The process admits of greater versatility in design of
e applicater head, which

(a) Permits coating of relatively large objects using

an applicator head that is relatively compact and

eliminating a requirement of edge atomization that
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the applicator head be substantially co-exiensive
with the surface to be coated, and
(5) facilitates adaptation of system to the coating
of a variety of articles.

(2} Surface atomization admits of positioning a maxi-
mum nomber of atomization sites within a given radius
about the center of the atomization area amd hence
maximizes atomization rate from such arca.

(3) Surface atomization permits corona free operation
and greater conirel of dreplet size at high atomization
rates, thus providing,

(a) a more uniform coating of the article or work
piece, and

(b) a substantial decrease in volume requirements
for paint.

(4) Surface atomization by eliminating the narrow atom-
ization site of the edge or point reduces limitations on
the viscosity of the ceating liquid,

(5) Corona free surface atomization reduces electrical
requirements per unit of coating material atomized and
deposited with a resulting increase in safety and a de-
crease in the complexity and quality of the electrical
system employed to produce atomization.

This invention will be more fully understocd from the
accompanying drawings which illustrate two representa-
tive smbodiments of this Invention.

In the drawings:

FIGURE 1 is a schematic side view of one embodiment

the apparatus used in the process of this invention

g the overall spray system.

2 is a partially cut-away view, to a larger

scale, of the applicator head of FIGURE 1.

FIGURE 3 is a partiaily cut-away view of the appli-
cator head of ancther embodiment of this invention.

FIGURE 4 represents a greatly magnified view in cross
section of jets of coating liquid extending from the ap-
plicator head in accordance with one embodiment of the
invention.

Referring more particularly to FIGURE 1, reference
numeral 1 indicates generally an applicator, atomizer or
spray head. Numeral 2 is a metal supporting element
having a horizontal bore 6. Support element 2 is con-
nected to a suitable (D.C.) high voliage source 19 through
insulated cable 3 to maintain the atcmizer head at a
rather high potential with respect to ground. Support
element 2 is, in turn, supported by stand 17 which is
made of a suitable insulating material. Delivery tube 4,
passing through horizontal bore 6, provides communica-
tion between the interior of head 1 and supply tube §
and is secured in positicn by set screw 12, Tube 4 may
be metal to provide an electrical connaction betwesn
atomizer head 1 and support element 2. In the alterna-
tive, other means of electrical conunection may te em-
ployed to introduce the requisite charge to head 1. Sup-
port element 2 is preferably spherical to eliminate sharp
edges which tend to cause local buildup of charges upon
the element and lead to a corona discharge, therzby im-
pairing the efficacy of the system by reducing the in-
tensity of the field. Tube '5 is connected by suitable
means to end 13 of tube 4 which protrudes from support
2 and together with tube 4 and branch tube 14 provides
a flow path from paint reservoir 15 and solvent reservoir
16 to atomizer head 1. Tubes 5 and 14 are made of an
insulating material, e.g. rubber, polyethylene, polypropyl-
ene, etc., to prevent the charge on support element 2
and tube 4 from leaking to ground. Paint reservoir 15
from which tube § is pressured by suitable means, not
shown, in order to provide the necessary pressure to flow
the paint to the atomizing surface of the atomizer head.
This pressure need only be sufficient to overcome the
static head between the atomizing surface and the reser-
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voir plus the pressure drop through holes 22 and may
be eliminated entirely if the reservoir is located a suffi-
cient distance above the atomizing surface. Solvent reser-
voir 16 is also pressured for similar reascns. Crdinarily,
the paint or other coating material is mixed with a sclvent
and/or thinner before entering paint reservoir 15, How-
ever, the relative proportions of paint and sclvent can be
controlied by manipuiation of mizing valves 8 and 9 in
ines 5 and 14 respectively and the rate of flow of paint
and scivent to the atomizing head can be controlled by
manipulation of valve 7 in line 5. In the event it is
desired to purge the system, the paint suppiy can be shut
off via valve 8 and a stream of solvent run through the
lines. Numeral 18 refers to the article to be coated.

Referring now to FIGURE 2, it is seen that atomizer
head 1 is a hollow sphere having fluid inlet 23 connected
by suitable means such as welding or soldering to tube 4.
The hollow interior of the head forms an inmner paint
reservoir 23. The exterior surfacé 20 of head 1 consti-
tutes the atomizing surface. A series of equaily spaced
holes 22 connect the atomizing surface 28 with paint res-
ervoir 21. In the embodiment shown, these holes cover
one-half of the sphere but, depending on the nature of the
obiect to be sprayed, these holes may cover more or less
of the sphere.

Preferably, the diameter of holes 22 will be only slight-
ly larger than the diameter necessary to permit the paint
or other coating material to flow without plugging. This,
of course, depends upon the coating liquid that is being
sprayed; but it has been found that hole diameters in the
renge of about 0.002 to 0.020, preferably above about
0.003, inch are satisfactory for the common paints and
lacquers. The relationship between the diameter of the
hole and the length of the hole, i.e., the thickness of the
exterior wall of the atomizer head, can be adjusted to
provide the desired pressure drop. In most applications,
a wall thickness of about 0.005 to 0.065 will be preferred
for the atomizer head. This, of course, determines the
length of the holes. With more viscous coating liquids,
the uppar limit of this range can be extended. The spac-
ing of holes 22 is hereinafter discussed in detail with re-
spect to different embediments.

As aforementioned, the radins of curvature of the
atomizing surface should be above about one-fourth inch.
While there is no sharp upper limit o this measurement,
the radius of curvature for most practical operating con-
ditions will be in the range of about 0.25 to 3.0, prefer-
ably about 0.40 to 1.25 inches.

FIGURE 3 shows another embodiment of the applica-
tor or atomizer head wherein coating material is atomized
from a cylindrical surface. In FIGURE 3 attention is
particularly directed to outlet 24, This outlet provides
means whereby the liquid not passing through the holes
25 to atomization surface 26 may be recycled back to the
fiuid supply line 5, shown in FIGURE 1, thereby permit-
ting higher flow rates through the system if it is desired.
This arrangement is useful for returning foreign particles
or ageregates of particles in the coating liguid to the sup-
ply sources and helps to prevent plugging of the holes of
the atomizer head. If it is desired, a filter may be in-
serted in a recycle line to Temove objectionable oversize
particles.

Referring again to FIGURE 1, the atomizer head 1 is,
in operation, charged to a high potential by suitable
means. The charge is delivered through cable 3, sup-
port element 2, and tube 4 to head 1. The paint is fed
under a slight pressure through tubes 4 and 5, fills up
reservoir 21 and is then forced through holes 22 to atom-
izing surface 28. At the opening of each hole 22 on sur-
face 28 a jet is formed due to the influence of the high
field between the object or article to be sprayed 18 which
is grounded and the highly charged atomizing head. The
spray pattern obtained is uniform without rotating the
head 1. This eliminates the need for rotating equipment
with its attendant cost.
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The minimum separation between holes on the atom-
izing surface is governed by the base diameter of a liquid
jet formed by the action of the electrostatic field. The
base diameter for a given set of conditions can be deter-
mined by direct measurement of a single jet. In general,
the closer the holes are brought together, the greater the
number of jets that can be established per unit surface
area. This tends to maximize the rate of atomization
and provides a more uniform spray. However, this has
its Hmitations and if the holes are tco closely spaced, the
jets tend to coalesce, increasing the size of the droplets
sprayed therefrom with resulting waste and irregularity
of pattern. For most conventional paints and lacquers,
it will be found desirable to maintain the base. diameter of
the jets within a range of about 0.015 to about 0.04 inch.

In one preferred embodiment, the positioning of these
holes is an on-center distance equal to the base diameter
of the liquid jets to be formed at such holes. This em-
bodiment is illustrated in FIGURE 4. In FIGURE 4, in-
dividual jets 39 and 31 are shown cach being fed by a
different hole 22. Here the base of the jets barely touch
at A. In addition to making use of essentially all of the
atomizing surface, this provides the additional advantage
of interposing a layer of dielectric material, ie., the coat-
ing liquid, between the charged atomizer head and the
grounded article which serves to further retard or prevent
the formation of conditions admitting of corona dis-
charge. This is of somewhat greater significance when
the workpiece, i.e., the article to be coated, is made posi-
tive with respect to the atomizing apparatus.

An individual jet base diameter is a function of the in-
tensity of the electric field, the diameter of hole 22, the
mass rate of fluid flow, the viscosity, conductivity and sur-
face tension of the fluid. For a given fluid and a certain
diameter of holes 22, the jet base diameter varies inversely
with the voltage applied to the spray head. The optimum
value of the voltage on the atomizer head, therefore,
would be in the range of about 80 to 100 percent of the
value of the voltage that could be applied without objec-
tionable corona discharge. All other factors being equal,
the diameter of the base of a jet at a voltage within this
range varies little and this distance is herein termed the
minimum jet base diameter for a specified diameter of
hole 22 and a given fluid. Once the atomization has been
initiated and the desired jet size attained, the voltage may
be lowered appreciably from the initiation voltage without
any significant loss of efficiency. For instance, with a
surface upon which the optimum jet size is achieved at
150,000 volts, the voltage may be reduced after initiation
by as much as 20,000 to 30,000 volts without any notice-
able change. This provides a relatively wide area of op-
eration below the field intensity of the onset of corona dis-
charge and simplifies operational control.

The relationship between the pressure drop through
holes 22 and the pressure differential between the top and
bottom of the reservoir 21 should be such that pressure
drop through the holes is much greater than the pressure
differential within the reservoir to assure that the reser-
voir will be completely filled and the fluid will flow through
holes adjacent the top of the reservoir at substantially the
same rate as through those adjacent the bottom.

The pressure differential within the reservoir is due
solely to the hydrostatic head within the reservoir. The
pressure drop through the holes is expressed by the for-
mula:

where:

DP is the pressure drop through the holes

1 is the length of th¢ hole;

u is the viscosity of the liquid flowing through the hole;
R is the radius of the hole; and
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% is the volumetric rate of flow

The pressure drop DP through the holes should pref-
erably be about 10 times the pressure differential from top
to bottom of the reservoir to assure a uniform spray from
the atomizer head. This seis the upper limit upon the
diameter of the holes for a fiuid of given viscosity.

In a second preferred embodiment, the holes through
which the fluid to be sprayed is introduced to the atomiz-
ing surface are positioned slightly farther apart than in the
embodiment hereinbefore discussed. In this embodiment,
the base diameter of the fluid jet is somewhat less than the
distance beiween these feeder holes. Here, the holes
are positioned so as to utilize the greatest possible amount
of the atomization area without bringing the individual
jets into contact with each other. In this embodiment,
the distance between the feeder holes preferably would te
only slightly in excess of the base diameter of the fiuid
jets, ie., jet base diameters of about S0 to about 99.5
percent of the distance between holes. It has been found
that this method of spacing and feeding minimizes or
completely eliminates the tendency of closely spaced jets
to coalesce. This embodiment has proven to be particu-
larly effective when the atomizer head is a cylinder or the
surface closely approximates a cylindrical surface. Al-
though the polarity of the article and atomizer can be
reversed in each of the various embodiments of this proc-
ess, it surprisingly was found to be particularly desirable
to operate with the article negative with respect to the
atomizing surface when the base of the fluid jets are not
permiited to overlap.

The invention will be more fully understood from the
following example which is herein set forth for purpose
of illustration only and should not be construed as a
limitation upon the true scope of the inventicn, as sect
forth in the appended claims.

Example

Electrostatic atomization, projection and deposition of
various coating fiuids and enamels was carried out in ac-
cordance with the invention hereinbefore described em-
ploying an atomizer head of cylindrical shape. The fol-
lowing equipment sizes and operating conditions were
employed:

Atomizer head diameter, In__________ 0.5-0.88
Length of atomizer head, ft._._________ 3-7
Feeder hole diameter, in_ . _______ 0.003-0.10
Feeder hole/it. 1gth. (atm. head)_____ 1400-2400
Spray rates, gal./hr./ft. [gth. (atm. head) 0.6-2.0
Electrode spacing, i ___ 8-30
Electric current flow, microamperes.__ 16-20
Voltage range, VOMSo o ____ 80,000-200,060
Polarity of atomizer head____________ + and —
Paint viscosity—#4 Ford Cup, seco.__ 20-250

1,600-7,000

he various coating materials employed in the above-
recited tests inciuded the following:

Paint resistivity, megohm/centimeter.__

(1) Pigmented primers and enamels
() epoxy and alkyd primers
(b) alkyd melamine enamels, including metallics and
non-metaliics
{¢) acrylic paints, non-metallic
(2) Clear alkyd resins

The solvents employed in the process of this inven-

tion arz well known in the art. The conductivity of
some commercial paints or other coating fluids may be
such that it is difficult to use such material in an elec-
trostaticaily propelied system without additions. Such
paint should have included in their thinner some polar
soivent such as methyl alcoho!l, acstone, etc. to raise
their conductivity. If the paint conductivity is satis-
factory, it may be thinned by conventional non-polar
solvents. FFor mosi applications, it is preferred to operate
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with the paint at a viscosity between about 1.5 and about
20 poise.

The terms “coating liquid” and “coating fluid” as em-
ployed herein include paint, lacquer, ink, petroleum, the
various fractions and derivations thereof, coal tar deri-
vates and other coating materials that can be electro-
statically atomized, propelied and deposited upon a sur-
face. The term “coating fluid” shall be understood to
include both liquids and liguid coating materials which
contain finely divided solid materials such as pigments,
ete.

What is claimed is:

1. In an apparatus for electrostatically spraying an cb-
ject with a coating fluid comprising a spray head, means
for supplying said coating fluid to eaid spray head, and
means for maintaining an electrical potential between the
spray head and the object to be sprayed, the improvement
which comprises a spray head having an interior surface
and an exterior curvad surface having a radius of curva-
ture above about 0.25 inch and communicating with said
interior surface through a plurality of small cpenings in
said spray head.

2. In an apparatus for electrostatically spraying an ob-
ject with a coating fluid comprising a spray head, means
for supplying said coating fluid to said spray head, and
means for maintaining an electrical potential between
the spray head and the object to be sprayed, the improve-
ment which comprises a spray head having an. interior
surface and an exterior curved surface having a radius
of curvature above about 0.4 inch and communicating
with said interior surface through a plurality of small
openings in said spray head.

3. In an apparatus for elecirostatically spraying an ob-
ject with a coating fluid comprising a spray head having
an opening therein through which said coating fluid can
be supplied for dispersal to said object, means for supply-
ing said coating fiuid to said opening, and means for
maintaining an electrical potential between the spray
head and the object to be sprayed, the improvement
which comprises a spray head having an interior surface
and an exterior curved surface having a radius of curva-
ture above about 0.25 inch and communicating wtih said
interior surface throught a plurality of small openings in
said spray head.

4. In an apparatus for electrostatically spraying an ob-
ject with a coating fluid comprising a spray head having
an opening therein through which said coating fluid can
be supplied for dispersal to said objzct, means for sup-
plying said coating fluid to said opening, and means for
maintaining an elecirical potential between the spray
head and the object to be sprayed, the improvement
which comprises a spray head having an iaterior cavity
and a curved exterior surface having a radius of curva-
ture above about 0.4 inch and communicating with said
interior cavity through a plurality of small openings in
said spray head distributed over a portion of said exterior
surface subtending a subsatantial central angle.

5. In an apparatus for electrostatically spraying an
object with a coating fuid comprising a spray head hav-
ing an opening therein through which said coating fiuid
can be supplied for dispersal to said object, means for
supplying said coating fluid to said opening, and means
for maintaining an electrical potential between the spray
head and the object to be sprayed sufiicient to atomize,
project, and deposit on said obiect coating fiuid supplied
to said opening, the improvement which comprises a sub-
stantially cylindrical spray head having an interior cav-
ity and an exterior surface having a radius of curvature
above about 0.25 inch and communicating with said in-
terior cavity through a plurality of small openings in said
spray head distributed over a portion of said exterior sur-
face subtending a substantial dihedral angle.

6. In an apparatus for electrostatically spraying an ob-
ject with a coating fluid comprising a spray head having
an opening therein through which said coating fluid can
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be supplied for dispersal to said object, means for supply-
ing said coating fluid to said opening, and means for
maintaining an electrical potential between the spray
head and the object to be sprayed sufficient to atomize,
project, and deposit upon said object coating fluid sup-
plied to said opening, the improvement which comprises
a substantially spherical spray head having an interior
cavity and an exterior surface having a radius of curva-
ture above about 0.25 inch and communicating with said
interior cavity through a plurality of small openings in

said spray head distributed over a portion of said exierior

surface subtending a substantial solid angle.
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