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[57} ABSTRACT

A method for electrostatically applying solid particles
to an article includes the steps of forming the solid
particles into a pattern and- directing them at the arti-
cle, preferably in a relatively flat, fan-like spray. An
electrostatic field is established between the article
and an electrode that creates a single highly ionized
zone offset from and rearwardly of the spray. The per-
centage of solid particles which are sprayed but re-
main undeposited is reduced using this method.
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1
ELECTROSTATIC COATING METHOD

This is a division of application Ser. No. 833,401 filed
June 16, 1969, now U.S. Pat. No. 3,630,442,

BACKGROUND OF THE INVENTION

This invention relates to a method and apparatus for
electrostatically charging and depositing a spray of
solid particles on an article. -

Many coatings are more advantageously applied in
dry powder form than as resins dissolved in a liquid car-
rier. Such. coatings include those formed from pig-
mented resins of polyethylenes, nylon, polyvinyl chlor-
ide and epoxides among others. Because of the expense
of such materials, it is desirable, when applying such
coating, to reduce the amount of material which is not
deposited on the articles being coated.

Where thermoplastic or thermosetting powder mate-
rial is to be applied to an article, the article in some in-
stances is raised to a temperature above the fusion tem-
perature of material but below the temperature at
which the material is deleteriously affected. The solid
particles of material upon being deposited upon the ar-
ticle are fused into a continuous film. In other instances
where electrostatic charging is used, heating is some-
times unnecessary and the solid particles which are de-
posited on the article are retained on the surface of the
article as a coating of discrete particles by virtue of
their electrostatic charge until they can be fused.

Such powdered resin material generally is in the form
ot solid particles having an average size in the range of
200 to 400 mesh. Solid particles other than thermoplas-
tic or thermosetting inaterials having sizes outside of
this range may also be applied using this invention.

Guns for spraying an air-suspension of solid particles
and for electrically charging the spray of solid particles
are now in common use. Many combinations of spray
nozzles and charging electrodes in a variety of configu-
rutions and arrangements are known. For example, it
hiis been common in such guns irrespective of whether
the discharged spray is of either conical or flat, fan-like
form, to effect the charging of powder by the use of an
annular ionizing electrode surrounding the spray. Such

“an annular electrode has been formed at one or both
edges of an annular slot in a nozzle that forms the solid
particles into a conical spray. Annular ionizing elec-
trodes have also been formed on one edge of a nozzle
that forms the solid particles into a spray having a flat,
fan-like form so that they surround the spray near its
source. An annular ionizing electrode located rear-

- wardly of the spray, in some instances, supplemented
the electrode formed on the edge of the nozzle.

Other ionizing charging electrodes disclosed for use
with nozzles having an elongated spray emitting orifice
and creating an elongated, flat spray pattern of solid
particles have included elongated ionizing electrodes
forming one or both edges of the elongated orifice.
Elongated ionizing electrodes have also been posi-
tioned in an elongated flat spray pattern of solid parti-
cles with their long dimension coextensive with the
long dimension of the elongated spray pattern.

In addition, it has been suggested that solid particles

can be formed into a spray pattern and charged by ad- -

justably positioning particle deflectors, which have
been connected to a source of high voltage, in front of

an orifice emitting the solid particles. Such deflectors

have included ellipsoidal, cylindrical and hemispheri-
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cal shapes, among others, located on the axis of the ori-
fice to electrostatically charge and deposit solid parti-
cles.

A single wire ionizing and charging electrode project-
ing forwardly along the axis of a nozzle and within a
spray pattern of solid particles is known. Such single
wire electrodes, however, have not proved to achieve
satisfactory results. Also known is the use of a wire
electrode projecting forwardly beyond the orifice at
one side of and space slightly from the spray. Such an
electrode arrangement, however, provides lower trans-
fer efficiency (the ratio of the weight of material depos-
ited on an article to the weight of material discharged
from a gun) in a powder gun than does an annular-
electrode of the types described above.

FEATURES OF THE INVENTION

In the method of electrostatically depositing solid
particles which comprises this invention, the solid par-
ticles are formed into a pattern and directed at the arti-
cle upon which the particles are to be deposited. An
electrostatic field is established to the article from a
point offset from the spray pattern and located rear-
wardly of the pattern. At this point a single highly ion-
ized zone is created. Apparatus to practice this method
may be achieved by providing, in a system including a
source of solid particles and means to provide a flow of
solid particles, a nozzle of non-conducting material to
form the solid particles into a pattern that is emitted
from an orifice and directed at an article, and a single
elongated electrode, preferably carried by the nozzle,
having a tip located offset from and rearwardly of the

orifice. In such a system when the single elongated
electrode is charged to high voltage with respect to the
articles, it creates a single highly ionized zone and a

- strong electrostatic field to the article. In using this in-

vention, the number of solid particles emitted from the
nozzle that are not ultimately deposited upon the arti-
cle being coated is greatly reduced. With a non-
conducting nozzle that forms solid particles into a flat,
fan-like spray and that includes an electrode formed of
0.020 wire and having a tip located offset one-half inch
laterally from the plane of the spray and about one-half
inch rearwardly of the orifice, the percentage of solid
particles not deposited upon the article can be reduce
by 20 to 30 percent over prior solid particle electro-
static spray methods and apparatus, under similar con-
ditions. v

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective drawing of a system for elec-
trostatically charging and applying solid particles to the
articles to be coated using the method and apparatus of
this invention.

FIG. 2 is a front view of a nozzle and electrode em-
bodying this invention.

FIG. 3 is a cross-sectional view of this nozzle and
electrode along the plane illustrated by line 3—3 of
FIG. 2, through the center of the nozzle.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The articles to be coated, which may be plate-like
members 10 as illustrated in FIG. 1, are hung from con-
ductive supporting members 11 depending from a con-
veyor 12, which is maintained at ground potential. The
articles 10 are electrically connected to ground poten-
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tial by electrical contact with the conductive depend-
ing members 11 and the grounded conveyor 12,

Solid particles of the coating material to be applied
are placed in the material source 13. Source 13 of coat-
ing material for the spray gun 14 includes a foraminous
plate (not shown) upon which the solid particles of
coating material rest: Compressed air is supplied below
and flows through the foraminous plate within the
source of coating material 13. In operation, the flow of
compressed air to the chamber is controlled by a regu-
lator (not shown). The air passing through the forami-
nous-plate produces a fluidized bed of solid particles
within the source 13. An injection pump within the flu-
idized bed is used to withdraw coating material parti-
cles from the bed and to entrain them as a suspension
in a flow of compressed air for delivery to spray gun 14.

Solid particles of coating material are conveyed
through an elongated flexible tube 18, as a suspension
in compressed air, into spray gun 14. Delivery of coat-
ing material to spray gun 14 is controlled by the opera-
tor of the spray gun by manipulation of a trigger which
actuates solenoid valve (not shown) controlling the
flow of air through the injection pump. Coating mate-
rial particles are withdrawn from the fluidized bed 13
and entrained in the compressed air by the injection
pump. When the operator of the spray gun wishes to
apply coating material particles to an article to be
coated, he merely depresses the trigger of the spray
gun. Coating material particles are withdrawn from the
source 13 in the manner described and delivered
through the elongated flexible tube 15 to an orifice in
spray nozzle 16 on the spray gun. Actuation of the trig-
ger also turns on a source of high voltage 17. Electric
charge is delivered through a high voltage conductor
18 to spray gun 14, Coating material particles issuing
from the orifice are formed into a pattern suitable for
application of the solid materials to the article and di-
rected at the article. Solid particles emitted from the
orifice are electrostatically charged and deposited by
establishing an electrostatic field to the article from a
highly ionized zone offset from and rearwardly of the
spray pattern. Using such a method, the operator can
apply solid particles to the article to be coated with lit-
tle waste. The method can be practiced with apparatus
permitting the operator to easily manipulate the spray
gun directing a flow of charged solid particles at the ar-
ticle 10 to achieve a uniform coating on the article.

FIGS. 2 and 3 show the front end of spray gun 14.
The front end of barrel 20 is adapted to accept spray
nozzle 16 and charging electrode 21. The barrel con-
tains a threaded portion 22 to accept nut 23 which at-
taches spray nozzle 16 to. the front end of barrel 20.
Spray nozzle 16, nut 23, and barrel 20 are all made of
non-conductive material such as nylon, acetal resin
solid under the trade mark Delrin by E. 1. du Pont de
Nemours Co:, polyethylene, polypropylene, polytetra-
flourethylene, phenolic, or nonconductive ceramics
and the like. The solid particles are conveyed as a sus-
pension in a flowing gas through passageway 24 in the
barrel 20. Solid particles are formed by nozzle 16 into
a spray pattern issuing from an orifice 26 at the front
of the gun. Spray nozzle 16 includes a body 16 of non-
conductive material including a bore within the body
defined by walls 25 that converge at an elongated. ori-
fice 26 at its forward end. The structure includes means

27 carried within the bore including a surface protrud-
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ing into the bore rearwardly of the orifice 26 and an
elongated electrode 21 carried by the body with its for-
wardmost tip 19 offset from and rear-wardly of the ori-
fice 26.

As will be clear from the drawings, the tip of the elec-
trode 21 is offset laterally from the orifice 26 in a direc-
tion perpendicular to the common plane of the elon-
gated orifice 26 and the spray discharged therefrom.
Also as is clear from the.drawing, the tip of the elec-
trode is displaced rearwardly from the orifice of the
nozzle. It is in this respect that the electrode of this in-
vention differs from the fine-wire electrodes previously
used in electrostatic guns. The distance between the
electrode tip and the plane of the front face of the noz-
zle may vary.

When charged to high voltage, typically 40,000 to
100,000 volts D.C., electrode 21 establishes an electro-
static field to the articles to be coated 10. The tip 19
of the electrode 21 creates a single highly ionized zone.
This zone being located offset from and rearwardly of
the spray pattern emitted from orifice 26 charges the
solid particles in the pattern and results in a greatly re-
duced percentage of undeposited powder. Offset from
and rearwardly of the spray pattern refers to the loca-
tion for the tip of the electrode and the highly ionized
zone it creates that is rearwardly of the orifice of the
nozzle up to on the order of 1 inch or more and offset
from the axis of the orifice a distance of about one-half
inch although the offset -can be up to 1 inch.

A specifically preferred embodiment of my invention
is the pattern forming and electrostatic charging struc-
ture shown in FIGS. 2 and 3. The bore in the body of
spray nozzle 16 has walls 25 that are hemispherical in
form and converge at an elongated orifice 26. In this
specifically preferred embodiment, the elongated ori-
fice 26 is formed at the intersection of a V-shaped
groove 28 extending transversely across the front end
of the nozzle with the hemispherical walls 25 of the in-
terior bore of the spray nozzle. The body of spray noz-
zle 16 is formed of Teflon (registered trade mark of E.
L. du Pont de Nemours Co.) reinforced with glass fi-
bers. Spaced rear-wardly within the nozzle are means
27 to intercept and de-flect a portion of the gaseous -
suspension of solid particles flowing through nozzle 16.
As shown in FIG. 3, the means 27 is a cylindrical pin
within the bore of the spray. nozzle and spaced rear-
wardly from the orifice. The nozzle shown in FIG. 3

" acts upon the flowing.gaseous suspension of solid parti-
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cles emitted from passageway 24, forming the suspen-
sion into an expanding fan-like spray at the orifice 26
and creating an elongated spray pattern with uniformly
distributed particles.

An elongated wire-like electrode 21 is carried by
spray nozzle 16 with its tip 19 rearwardly about one-
half inch of the orifice from which the spray is emitted
and laterally offset from the plane of the spray pattern
about one-half inch. Such an electrode is desirably a
short length (about 1 inch) of music wire having a di-
ameter of 0.020 of an inch. The high voltage from volt-
age supply 17 is carried to the gun by high voltage
cable 18 within the barrel 20 in the spray gun 14, The
hlgh voltage cable 18 is connected to resistor 28 which
is connected at its forward end with conductive plug 30 -
and wire 31. Electrode 21 is electrically connected to
wire 31 when nozzle 16 is attached to the front of the
gun barrel. If desired, the spray nozzle 16 can be
formed with a conductive plastic ring in the rear sur-
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face in contact with the rear end of the elongated wire-
like electrode. Resistor 29 typically has a value of 160
megohms. When short, wire-like electode 21 is con-
nected to high voltage through a sufficiently small wire
31, a plug 30 comprised of material having a high resis-
tivity, and a 160 megohm resistor, the electrostatic
method and apparatus of this invention can be used
safely. '

All parts at the forward end of the gun except the
electrode 21 and the conductive elements through
which high voltage is applied to the electrode are made
of insulating material in order to avoid shielding of the
electrode-tip. When the electrode 21 of the specifically
preferred embodiment is charged with a high voltage of
about 90,000 volts D.C., the spray nozzle 16 is spaced
about 7 inches from a grounded article and supplied
with powder at a rate of about 375 grams per minute,
the percentage of powder not deposited on the article
is reduced below that obtainable with any other rela-
tionship between the spray pattern and the tip of the
- electrode and the single highly ionized zone it creates.

While I have shown and described the preferred em-
bodiment of my invention, it is to be understood that
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it is capable of modification. For example, the electro-
static field and highly ionized zone may be created by
charging the articles to be coated and grounding the
electrode adjacent the spray pattern. Changes, there-
fore, in the construction and arrangement may be made
without departing from the spirit and scope of the in-
vention as disclosed in the following claims.

I claim: . '

1. A method of electrostatically depositing solid par-
ticles on an article comprising, conveying the solid par-
ticles as a suspension in a flowing gas to a nozzle, form-
ing the solid particles at the nozzle into a spray pattern
by expanding the suspension into a plane in a fan-like
form to create an elongated pattern with a uniform dis-
tribution of particles directed at the article, changing
the particles in the pattern for electrostatic deposition
by establishing an electrostatic field between the article -
and a single highly ionized zone offset about one-half
inch from the plane of the elongated fan-like spray pat-
tern and about one-half inch rearwardly of the forma-
tion of the pattern and depositing the charged particles

on an article to form a coating thereon.
R N
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