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APPARATUS FOR COATING SUBSTRATES WITH INDUCTIVELY
CHARGED RESINQUS POWDER PARTICLES

BACKGROUND OF THE INVENTION
1) Field of the Invention
The present invention relates to an apparatus
for dispensing electrostatically charged particles
onto a substrate where they subsequently form a

continuous and uniform coating. 1In one aspect the
invention relates to an apparatus useful for coating
substrates with the resinous powders having the
improved electrostatic charge. 1In another aspect the
invention relates to an apparatus which utilizes a
induction/conduction charging system for coating
substrates.
2) Background Art

In recent years, much progress has taken place
in the field of electrostatic powder coating. Powder
coating, as a separate technology, developed as a
result of a number of clear advantages over other
methods of coating such as brushing, dipping and
conventional spraying. These include the inherent
advantages due to the absence of solvent (safer, less
harmful to the environment, less expensive, cleaner
working environment) as well as decreasing the time
taken for the coating process to produce an article
ready for use. Control of the coating thickness and
the ability to produce a high guality finish from a
single application treatment are also possible with
this method.

Much of the early work in the field resulted in
methods being developed which are capable of reaping
many of these advantages. However, there are still a
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charge. In another aspect the invention relates to an apparatus which
utilizes a induction/conduction charging systemfor coating substrates.

2) Backgwowerd106t t In recent years, nuch progress haBCT/HE®SM3Mdace in .
the field of electrostatic powder coating. Powder coating, as a separate

t echnol ogy, devel oped as a result of a nunber of clear advantages over

ot her nethods of coating such as brushing, dipping and conventi onal
sprayi ng. These include the inherent advantages due to the absence of
solvent (safer, less harnful to the environment, |ess expensive, cleaner
wor ki ng envi ronment) -2 -

number of drawbacks within the technology which need
to be overcome.

Powder coating technology is based on the
principle of electrostatic charging and presently
available practical methods of'charging'are
classified into a corona charging system, a tribo-
electric charging system or a hybrid sYstem. Each
system has evolved from the earliest corona charging
system which is little more than a hollow barrel '
through which powder is pneumatically conveyed, with
charging of the powder being accomplished by ionic
attachment at the barrel, or gun exit.

A brief review of each of the current systems
and the reason for the development of the more recent
tribo and hybrid systems is given here to serve as a
background to the present invention.

The basic corona charging system involves
charging by ionic bombardment using an ion source
such as a high voltage corona electrode or
radicactive element. This method is used gquite often
to apply charge to highly insulating materials such
as plastics. It can be very inefficient when
applying electrostatic charge to powders since many
of the ions produced do not contribute to the
chafging of particles but alight elsewhere, for
example, on the workpiece itself in a powder coating
operation. In some of the worst cases, charging
efficiencies of less than 1% had been quoted in
corona powder coating equipment.

In the corona charging system, powder is
conveyed from a hopper through feed hoses to a spray



as well as decreasing the tinme taken for the coating process to produce an
article ready for use. Control of the coating thickness and the ability to
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resulted in nethods being devel oped which are capabl e of reaping many of
t hese advant ages. However, there are still a WO 96/ 11061

PCT/ US95/ 13094

gun. A sharp pointed electrode in the gun is
connected to a high voltage generator énd the
combination of electrode gecmetry and high voltage
{up to 100 kV in some guns) creates an electric field
in excess of the local breakdown strength of the
surrounding gas, which is usually air. A corona
discharge is generated and frggiions are formed in
front of the charging electrode. Powder particles
are conveyed through this space charge region and are
charged by ionic attachment. The particles follow
the air-flow pattern and those that are sufficiently
charged are deposited onto the workpiece, which is
generally held at ground potential. The polarity of
the charging electrode can be reversed to create
either a positive or negative charge on the particle,
with a negative charge being generally preferred due
to the larger numbers of ions being produced.

The charging efficiency of this system is very
poor since only a small fraction (- 0.5%) of the ions
produced by the corona contributes to the charge on
the powder. The majority of the ions produced by the
corona gun do not attach to the sprayed powder
particles but travel as 'free ions' to the workpiece
where they accumulate rapidly within the deposited
powder layer.

As more free ions reach the workpiece, the
intensity of the charge within the powder layer
reaches saturation. At this point small
electrostatic discharges (back-ionization) can occur
resulting in disruptions in the coating and,
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el ectric charging systemor a hybrid system Each system has evol ved
fromthe earliest corona charging systemwhich is little nore than a

hol | ow barr el t hrough whi ch powder is pneumatically conveyed, with
chargi ng of the powder being acconplished by ionic attachnent at the
barrel, or gun exit. A briefgreview of each of the current systens
and the reason for the devel opnent of the nore recent tribo and hybrid
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the useful coating thickness that can be applied.
using corona charging powder coating equipment.

Besides requiring a high voltage power supply, a
further disadvantage of corona guns is that they are
not suited for applications requiring penetration
into cavities and corners. This is due to all the
voltage which appears at the external high voltage ‘
electrode being dropped between the gun head and the
grounded workpiece with subsequent little, or no,
penetration of the field associated with this voltage
into cavities and recesses. These areas then
approximate enclosed Faraday cages. Under these
conditions internal coating will only be achieved by
pneumatically conveying the particles into such
areas, which can be difficult to achieve while
simultaneously ensuring good coating uniformity
elsewhere.

Perhaps the most common alternative system to
corona charging is triboelectrification or frictional
charging which takes place when two unlike materials
or surfaces which are previously uncharged, that is
in a electrically neutal state; make contact and then
separate. During this process electrostatic charge
is also separated with one of the surfaces attaining
a postive polarity charge and the other a negative
charge. This process occurs commonly in everday
life, Examples are powder being conveyed through a
pipe and a person walking across a carpeted room. In
the latter case, there is friction between the soles
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radi oactive elenment. This nethod is used quite often to apply charge to
hi ghly insulating materials such as plastics. It can be very inefficient
when appl yweageé/gtoétt r ost ati c charge to powders since many  PGT/USHIIPHNS
produced do not contribute to the chargi ng of particles but alight

el sewhere, for exanpl e, on the workpiece itself in a powder coating
operation. In sonme of the worst cases, charging efficiencies of |ess
than 1% had been quoted in corona powder coating equi pnent. In
the corona chargi ng system powder is conveyed from a hopper through
feed hoses to a spray WD 96/ 11061~ 5 -
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of the shoes and the carpet. )

The magnitude and even the polafity of
electrostatic charge generated in this way are
heavily dependent on factors such as surface
contamination, moisture content and the nature of the
contact. Although this method of charge generation
is used in electrostatic powder coating, it has
encountered reliability problems,

While a standard corona gun applies a charge of
approximately 1 x 10-3 C/kg to powder particles,
frictional charging transfers a few hundreds of
electronic charge per contact and, therefore, to
obtain charges equal to a corona gun thousands of
contacts are required. The simplest method by which
this is achieved is a straight tube in which there is
turbulent flow, resulting in a large number of
powder/wall collisions. Wall surfaces are ideally
insulators arranged with grounding points so the high
charge built up on the surface can decay to ground.
PTFE, poly(tetrafiurcethylene), is usually used in
commercial systems and its place in the tribo-
electric series ensures that most powders charge to a
positive polarity on contact with it.

With tribo-electric guns-the free ion current is
eliminated or considerably reduced and, as there is
no applied electric field, the particles are directed
onto the workpiece by a combination of the air flow
and the field produced by the charged powder cloud.
Due to these factors, back ionization does not occur
for 10 to 20 seconds in tribo-electric systems and it
is easier to obtain heavy or thick films with this



- 3 - gun. A sharp pointed electrode in the gun is connected to a
hi gh vol tage generator and the conbi nati on of el ectrode geonetry and hi gh
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of the | ocal breakdown strength of the  surrounding gas, which is usually
air. Acorona discharge is generated and free ions are fornmed-in front
of the charging el ectrode. Powder particles are conveyed through this
space charge region and are charged by ionic attachnent. The particles
follow the air-flow pattern and those that are sufficiently charged are
deposited onto the workpi ece, whiehéis generally held at ground
potential. The polarity of the charging el ectrode can be reversed to
Create either a positive or negative charge on the particle, with a
negati ve chaygtemei n funbher| gdprotagecisdube abdliby bér ghe nunbers of
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poor since only a sna fraction (- uced by the
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produced byfip€tional charging not only overcomes the Faraday
cage effect and reduces back ionization, but
facilitates gun design to accommodate spray heads
that accept different types of nozzles.

The fundamental disadvanitage with a tribo gun is
that a decrease in efficient charge exchange occurs (
after a prolonged period of operation. A still
further disadvantage is that the particle size
distribution of the powder has a significant effect
on tribo charging and its efficiency. A typical
powder for coating contains a combination of small,
medium and large particles, ranging from sub-micron
size up to greater than 80 microns in diameter. It
is known that within such systems hi-polar charging
of the powder can occur, with smaller particles more
likely to charge to a negative polarity. The
efficiency of charging is a function of the diameter
of the particle and as a result the smallest
particles are not electrostatically attracted to the
workpiece resulting in preferential deposition of the
mid-size range particles. Thus transfer efficiency
is reduced and so too the overall operational
efficiency of the system due to the increasing build-
up of deposits in the guns and powder collecting and
recycling equipment. Fluidizing problems in the feed
hopper can also occur.

Finally, there are the so called “"hybrid" guns
which contain both of the aforementioned methods



corona gun do not attach to the sprayed powder particles but travel as
"free ions' to the workpiece where they accunul ate rapidly Wﬁé}éé&“
deposi ted Bongiir1061ayer . As nore free ions reach the t he
intensity of the charge within the powder |ayer reaches saturation.

this point small el ectrostatic di scharges (back-ionization) can occur
resulting in disruptions in the coating and,
- 4- ultimately, a poor quality finish. The onset of back-ionization

essentially limts the useful coating thickness that can be applied using
corona chargi ng powder coating equi pnent’. -

i.e., corona charging and triboelectrification in one
gun, in an attempt to combine the advéntages of both
systems. However, this approach does not remove the
main inherent disadvantages of both guns - poor
powder charging and transfer efficiency.

The coating efficiency is about 70-75% at best
using presently available materials for practical
industrial purposes. Any non-deposited powder will
be wasted or must be recovered by use of special
recovery equipment and reused by adding it in small
portions to virgin powder or by recycling it to the
resin preparation step. Manufacturers of powder
coatings claim that it is possible to achieve 97-98%
usage of powders, citing this as an incentive for
switching from wet spray systems where any overspray
is wasted. A flaw in this argument is that to
achieve such high usage dedicated recycle equipment
must be operated on an exclusive basis on each line,
whereby it is not easy to change the type or hue of
the coating material. Thus, the installation cost of
the recovery apparatus and the awkward scheduling of
its operation and the time required for the recovery
add to the total cost.

Accordingly, one or more of the following objects
can be achieved by the practice of the present
invention. It is an object of the present invention
to provide an apparatus for electrostatically
charging a powder for use in powder coating
applications which is free from the aforementioned
shortcomings. A further object of the invention is
provide an apparatus for charging powders which



Besides requiring a high voltage power supply, a further disadvantage of
corona guns is that they are not suited for applications requiring

penetr aW@B6/1186b cavities and corners. This is due to al IPQGIMSISAI0Age whi ch
appears at the external high voltage el ectrode being dropped between the
gun head and the grounded workpi ece with subsequent little, or no,
penetration of the field associated with this voltage into cavities and
recesses. These areas then approxi mate encl osed Faraday cages. Under these
conditions internal coating will only be achieved by pneumatically
conveying the particles into such areas, which can be difficult to achieve
whi | e simul taneously ensuring good coating uniformty el sewhere.
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process occupelagityniof edectrostatic charge developed and thus
insure the coating of all areas of a workpiece to any
required thickness. Another object of the invention
is to provide an apparatus for applying a charge to
thermoplastic and thermosetting resins which are used (
in powder coating operations. Another object is to
provide an apparatus wherein the electrostatic charge
on powders is improved by incorporating an
electrostatic property modifying agent in, or on, the
surface of the resin. A still further object is to
provide an apparatus for applying electrostatically
charged powders as a coating on solid objects. A
still further object is to an apparatus.for coating
solid objects by inductive means. Another object is
to provide an apparatus for coating solid objects
with a powdered resin which can be subsequently fused
to provide a uniform and continuous coating on such
objects. Another object of the present invention is
to provide an apparatus for the application of powder
coating to solid objects which is efficient and
ﬁiﬁimizes powder waste.

A further object of the invention is to provide

a system useful for spraying the electrostatically
charged powders onto solid objects which can then be
fused to provide a permanent finish. Another object
is to provide a novel system for séraying
electrostatically charged powders onto heated solid
objects whereby fusing of the powder into a



evérday life. Exanples are powder being conveyed through a pipe and a
person malki&g@across a carpeted room In the latter Case’tr“¥éh%§5nmm4

friction bet WRPEHIREL so| es WO 96/ 11061
PCT/ US95/ 13094 of the shoes and the carpet. The
magni tude and even the polarity of el ectrostatic charge generated in
this way are heavi |l y dependent on factors such as surface
contam nation, noisture content and the nature of the
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permanent finish is achieved. These and other ocjects
will readily be achieved in light of Ehe teachings
herein set forth.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic diagram depicting the

basic corona charging principle.

Figure 2 is a schematic diagram depicting
basic tribo c¢harging.

Figure 3(a) is a schematic diagram representing
an object resting on a plate between a neutral
electical field.

Figure 3(b} is a schematic diagram depicting an
electrical field applied between the plates of Figure
3{(a) by raising the upper plate to a high voltage
wherein induced charge flows onto the surface of the
object.

Figure 4 is a schematic diagram of an induction
charging gun showing the nozzle.

Figure 5 is a schematic diagram depicting an
induction charged fluidized bed coater.

Figure 6 is a schematic diagram depicting the
apparatus which utilizes the inductive/conductive
principle employed in the present invention.

Figure 7 is a schematic diagram in more detail
of another induction charging gun nozzle.

SUMMARY OF THE INVENTION

In its broad aspect, the present invention is
directed to an apparatus for coating a substrate with
electrically charged resinous powder particles which
subsequently form on such substrates a uniform,
continuous coating. The apparatus of the present
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contact. Although this nethod of charge generation Is used in

el ectrostatic powder coating, it has encountered reliability problens.
Whi |l e a Biadadad corona gun applies a charge of appr opiciRised/ 3094 X
10[err] C/ kg to powder particles, frictional charging transfers a few
hundr eds of el ectroni c charge per contact and, therefore, to. obtain
charges equal to a corona gun thousands of contacts are required. The
si mpl est met hod by which this is achieved is a straight tube in which
there is turbulent flow, resulting in a |arge nunber of powder / wal
collisions. Wall surfaces are ideal1§ - i nsul ators arranged with
groundi ng points so the high charge built up on the surface can decay
to ground.. PTFE, poly(tetrafluroethylene) is usually used in

conmer ci al %@%SQ#EPQHRF|Q@@Rﬁ%ﬁ§§|¢vtrﬁﬂt¢¢mhinationﬁexnrlc seri es ensures
that nost pOWder@aPh3&:9%Iéb@rlcalpﬁsiﬁédfaﬁ’fﬂfrff&ﬁﬁ%ecc?rge twthit.

Wth tribo-el ect ups ree ion current I mnat ed or

consi der abl3P1% d"iéél‘fft’a‘ée InehrTEing repingus iravdawctric field, the
particl es apertlialesd £d onto the workpi ece by a conbi nati on of the air
fl ow and th | el d by the charged powder cl oud. Due to
these factors, E(akg: hg‘fﬁgﬁq‘gtﬁa%%e%e?fﬁ %ﬁ.}ﬂ:}seé) in one portion

of the fluidized bed zone and connected to a

<

variable high voltage power supply,

(c) grounded electrode means disposed in
another portion of the fluidized bed zone, whereby an (
electrical field can be created between the high
vboltage and grounded electrode means to inductively
charge the particles,

(d) fluidizing air means for introducing air
into the fluidizing bed zone, thereby establishing in
the presence of the resinous powder particles, an
electrostatically charged powder cloud within the
fluidizing zone,

(e) conveying means for transporting
electrically charged powder particles from the
fluidizing bed zone, and

(f) dispensing means affixed to the conveying
means for directing the electrically charged
particles onto the substrate.

The use of the apparatus of this invention
imparts an electrostatic charge to organic powders to
render them useful for powder coating applications.
This involves forming a blend of the powders and at
least one electrostatically active modifying agent,
and subjecting the blend to electrically
inductive/conductive conditions sufficient to impart
to the powders a resistivity of from about 1092 to
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for 10 to 20 seconds in tribo-electric systens and it IS easier to

obtain heavy or thick filnms with this WO 96/ 11061

PCT/ US95/ 1309® 96/11061 -6 - sy FEESI313094
further advantage is the ability of the systemto coat inside cavities,
smal | conpl ex parts and products with sharp corners, etc. Furthernore,
frictional charging not only overcones the Faraday - cage effect and
reduces back ionization, but facilitates gun design to acconmodate

spray heads - 11 -

about 1013 ohm.meters at 20 percent relative
humidity. :

Realizing that the drawbacks as previously
enumerated are due to the electrostatics of the
present systems, the current inventors have conducted
extensive and exhausting research into developing a
an apparatus and methed which relies on a completely
new approach to the charging of the powder used in
electrostatic powder coating. As a result it has
been found possible to overcome the above drawbacks
inherent to the powder coating process as currently
practiced by developing a method of charging the
powder by influence, having firstly modified the
powder by adding an electrostatically active agent to
the resin powder. The present invention has been
accomplished on the basis of this discovery.

The present invention provides an apparatus for
electrostatically charging a resinous powder by
influence, known either as induction or conduction
charging and depositing the charged powder on a
substrate.

The term "induction" or "inductive" as used
throughout the specification and appended claims,
encompasses both induction and conduction
electrostatic charging.

The resinous powder composition comprises (i) a
thermosetting or thermoplastic resin and (ii) an
electrostatically active modifyidé agent incorporated
in, or on, the resin. The modifying agent employed
is one which does not alter the melt or durability
characteristics of the resin powder. The modifying

This Sheet Has Been Repiaced r’;‘:‘f’sﬁ/;’ﬂ
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that accept different tybes of nozzl es. * The fundanenta

di sadvantage with a tribo gun is. that a decrease in efficient charge
exchangWwops 06 after a prolonged period of operati oRCTAISH/130p4 .
further disadvantage is that the particle size di stribution of the
powder has a significant effect on tribo charging and its efficiency. A
typi cal powder for coating contains a conbination of small, medi um
and large particles, ranging from sub-mcron size up to greater than 80
mcrons in dianeter. It is known that within such systens hi-polar

char gi ng of the powder can oecdr, -with snmaller particles nore

likely to charge to a negative polarity. The efficiency of charging is
a function of the dianeter of the particle and as a result the small est

particles &980%otlScReEOr YSLEULC AR Prametidgedheoerge withywhitghece

resul ting itlheprcexfa%%ntxisahmmﬁat 20d Pethalified refaddiesd bEnNggeparticles.
Thus transfer effl s_red ced and so too the overall operationa
efficiencys&F 3@?t8§¥8&€ PSIFﬁg encreasing bui | d- up of deposits in
t he guns and pomdemrduhbéwblmgeapﬁesentréuyehtﬁgnegmbp&ﬂas ahl ui di zi ng

DL e | RepARakas) for <180ELsEAN:a19y Whlrging & powabk"dbLY there are

the so call
use 1n powder coatlng, free from the above-mentioned

* conventional shortcomings which allows an
electrostatic charge to be efficiently and uniformly
developed on the powder in a reliable and repeatable (
manner and which, furthermore, can accurately and
reliably control the guantity and polarity of
electrostatic charge developed (thus the ability to
coat all areas of a workpiece evenly to any required
thickness).

The invention also provides an apparatus for
producing a powder intended for surface-coating solid
objects (workpieces) for use with the above-mentioned
method of electrostatic charging.

The objectives of the present invention can be
achieved by placing the modified powder in an area
where an electric field is present, in such a manner
as to allow electric charge to flow onto the powder
particles which, by modification with an
electrostatically active agent, are sufficiently
conducting to facilitate electrical conduction. This
property of the powder is characterized by its
resistivity {(surface or bulk) and generally speaking
the lower the resistivity of the powder the easier it
is to place an electrostatic charge on it by
induction. Once charged, the powder is then
pneumatically transported to the workpiece. The
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whi ch contain both of the aforenentioned nethods WD 96/ 11061
PCT/ US95/ 130 -7 - i.e.,_¢
char gi ng and%??Pﬂ%EﬁéctrLfication in one gun, in an attenptp?ﬁbggﬁﬂwﬁe

t he advantages of both systens. However, this approach does not renove
t he mai n i nherent di sadvantages of both guns - poor powder char gi ng
and transfer efficiency. The coating efficiency is about 70-75% at
best usi ng presently avail abl e naterraﬂg ffor practi cal

charge on the powder will decay once deposited with
the rate of decay increasing with decreasing
resistivity. It is very important tlat the powder
remains attached to the workpiece long enough for the
workpiece to be transported to the curing oven., 1If
the charge decays too quickly, this can not be
guaranteed. Thus, there are two. requirements:

low resistivity for efficient charging and a high
resistivity for longevity of adhesion to the
workpiece.

To meet these contradictory requirements a
number of different countermeasures are proposed.
The first involves a compromise resistivity approach
whereby the resistivity of the powder is modified to
a value of between about 109 -1013 ohn. meters, and
preferably between about 1010-10%2 ohm.meter. At
these values, charging to approximately 63% of a
limiting value (which is a function of particle size,
shape and material as well as the strength of
electric field to which it is exposed) is achieved in
approximately 0.2 to 2 seconds.

Once on the grounded workpiece, charge decay to
37% of the value to which it had been charged occurs
in the same time frame but the period over which the
image force of attraction operates is sufficiently
long to allow the establishment of the adhesion
forces, between the particles and the substrate and
between the particles themselves, to develop. These
forces are sufficient to hold the powder on the
workpiece long enough for it to be transported for
permanent fusing in an oven. Curing times are
usually about 2759-4500F., for about 5-10 minutes.

It should be noted that powder particles with
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further object of the invention is provi de a

ng powders which
A second method involves spraying the charged

powder onto a grounded, heated workpiece. The
temperature of the workpiece is such as to ensure
partial melting of the powder particles as they
alight on it, thus the adhesion to the workpiece is
due to the wetting of the piece by the melted powder
and not to electrostatic forces.

A third method inveolves a slightly different,
but no less important, application of electrostatic
powder spraying: the finishing of electrically
insulating materials such as plastics or ceramics.

In this case, powder charging and spraying is similar
to that in the conventional finishing of conducting,
grounded workpieces but the electrostatic assist to
ensure deposition and even coating is achieved in a
different manner.

As the workpiece is insulating, no image charge
is induced in it as the charged powder cloud
approaches so the powder will not be attracted to the
workpiece unless it itself is precharged to the
opposite polarity of the charge on the powder. This
can be achieved by corona chargiﬁé of the workpiece,
thus setting up a deposition field between the powder
cloud and the workpiece. Coating will continue until
there is no net charge on the workpiece and adhesion
is assured because no charge relaxation can occur

de an
powder

n appar at us
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pomder in a WePHAMSE and repeatabl e manner. Anot her object is to
provide an apparatus which can accurately and reliably control the
quantity and polarity of electrostatic charge devel oped and thus

I nsure the coating of all areas of a workpiece to any required

t hi ckness. Anot her object of the invention is to provide an apparat us
for applying a charge to - 15 -

from the insulating workpiece. Other methods are
possible, some dependent on the geometiy of the
insulating workpiece, e.g. in the case where it is a
thin sheet or film, coating of one side can be made
possible by placing a conducting substrate on the
opposite side and placing a voltage on it, opposite
in polarity to the charge on the powder.

A fourth method inveolves a key discovery made
during the intensive research leading to this
invention The ideal solution to the dichotomous
requirements of low resistivity for efficient
charging and high resistivity for adequate adhesion
can best be met by designing a powder which has a
resistivity which is, in the broadest sense,
situation dependent, this is to say, a resistivity
which is a function of the prevailing conditions at
the charging station and at the workpiece. By
controlling the conditions at both areas, having
first designed the powder to be extremely sensitive
to changes in the environment in which it finds
itself, it has been found possible to ensure low
resistivity at the charging station and high
resistivity at the workpiece.

By examining the activity of various
electrostatic property modifying agents (hereinafter
referred to as modifying agents) as a function of
temperature, moisture content and electric field
strength a family of modifying aéents has een
identified which, when added to currently available
powders for powder spraying, modifies the composite
powders resistivity and makes it dependent on the

ced
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t her nopl astic and thernosetting resins which are used in powder coating
operations. Another object is to provi de an apparatus wherein the

el ect r ojigdeliGoginar ge on powders is inproved by incor pefraishtsoe ‘
el ectrostatic property nodifying agent in, or on, the surface of the

resin. A still further object is to provi de an apparatus for.applying
el ectrostatically charged powders as a coating on solid objects. A
still further object is to an apparatus for coating solid objects by

I nducti ve nmeans. Anot her object is to provide an apparatus for coating
solid objects wi th a powdered_regi 0 which can be subsequently fused

to provide a uniformand conti nuous coating on such obj ects. Anot her
obj ect of the present invention is to provide an apparatus for the
appl i cati onabbveomertioned coatialglés oHl tempéretise phsisteref ficient and

mnimzes p : . . u ject of the invention is to
provi de 8g§€é9§?%%§u%% ﬁ?r%%rf§€$éy%%gg§ﬁggélectrostaticalIy
char ged powders &sthereinbetdrecigdivatedcabhe heesbe powdesf used to provide

a_per manent chhBhslle s 80FOLT e PRLEELstatic! SohOiRE OUF Uend PpUEpeyStem for
sprayi ng . electrostatically charged powlers®onto heated solid
obj ect s whetBB§nELRN ngOBPrifes pdwkReIPAsething or thermoplastic

resin and from 0.01% to 20% by weight of an
electrostatic property modifying agent. This
composition may further contain a curing agent, a
pigment, a metal powder filler, a flow controlling (
agent, a plasticizer or a stabilizer. 1In the present
invention, the thermosetting resin may be a
conventional type such as an epoxy resin, a polyester
resin or an acrylic resin. Likewise, thermoplastic
resin may be a vinyl chloride resin, a polyamide
resin, a cellulose resin, a polyolefin resin, a
polyethylene resin, a polyester resin or a nylen
resin. The resin may be used alone or in combination
as a mixture.

The electrostatic property modifying agent as
an essential component of the present invention may
be a polyalkylene ether, a polyethylene glycol, a
polyethoxylated stearyl alcohol, a quaternary
ammonium salt or a halogenated ammonium salt. These
compounds may be used alone or in combination as a
mixture of two or more.

The quaternary ammonium salt includes, for
example, 3-lauramidopropyl trimethylammonium methyl
sulphate (Cyostat LS, manufactured by Cyanamid
Company) and (Cyostat SN, Cyastat SP, Cyastat 609 by
the same Company) and (ATMER anti-static range from



-9 - permanent finish is achieved. These and other objects will readily

be achieved in_light of the teachings herein set forth. BRI Efcrrusosii3es
DESCRI PTI ON CE"?@%Q W NGS Figure 1 is a schematic di agram depi cting

the basic corona charging principle. Figure 2 is a schematic di agram
depicting basic tribo

- 17 -

ICI,}.

The resin powder composition used in the
apparatus of the present invention may be readily
prepared in accordance with a conventional method.
For example, the binder resin and the modifying agent
may be heated, melted and kneaded by means of a
conventional mixing machine such as a single screw or
multi-screw extruder, a Banbury mixer or heat rolls,
then cooled and pulverised to obtain a powder. Any
method commonly employed for the preparation of a
powder mixture, such as any method for mixing a
binder resin powder and a powder of an electrostatic
property modifying agent. In some cases it may be
necessary to form a £ilm on the surface on the binder
resin of the electrostatic property modifying agent
by application of mechanical energy to the mixture.
In this case, the ratio of particle diameters (volume
mean) needs to be greater than 10:1, the binder resin
being the larger.

The particle size of the resin powder for
coating according to the present invention is
preferably within a range of from about 10 to about
250 microns.

The resin powder coating composition of the
present invention may further contain in addition to
the above components, a hardener, a pigment, a metal
powder, a filler, a flow controlling agent, a
plasticizer, a stabilizer and other additives, as the
case requires.

The resin coating powder of the present
invention may be applied to substrates made of



char gi ng. Figure 3(a) is a schematic diagramrepresenting an objectt
resting on a plate between-a_neutral electrical field. Figure 3(b) is
a sclw»sgiiigsdi agram depicting an electrical field applorasgedeioveecn the
plates of Figure 3(a) by raising the upper plate to a high voltage wherein
I nduced charge flows onto the surface of the object. Figure 4 is a
schemati ¢ di agram of an induction charging gun show ng the nozzle.

Figure 5 is a schematic diagram depicting an induction charged fl uidi zed

bed coater. Figure 6 is a schematic di agram depicting the apparatus
which utilizes the inductive/comBuctive principle enployed in the present
I nventi on. Figure 7 is a schematic diagramin nore detai

metals, ceramics, plastics, etc. by a powder coating
apparatus which is also disclosed. Vdrious primers -
may be applied to such substrates, or various other
pretreatments may be applied to such substrates. The
preferred embodiments of the powder coating apparatus
of the present invention will now be described, but
the invention is not limited to the described
configuration. .
The invention will be more readily understocod by (_
reference to the drawings wherein Figures 1 and 2
depict prior art processes for powder coating
applications. Figure 1 is a schematic diagram -
showing the basic corona charging principle while
figure 2 depicts the principle of tribo ch;rging.,
Induction/conduction charging relies essentially
on the flow of electrostatic charge over the surface
of the object or material to be charged. For this
reason, the ocbject or material to be charged cannot -
be highly electrically insulating. Figure 3(a)
illustrates this effect by showing a large particle
between two parallel electrodes. In the figure there
is no power applied to the electrodes and therefore
no charge on the particle. In Figure-3(b) a
potential is applied to the electrodes and -
electrostatic charge flows from the lower electrode
across the surface of the particle and the particle L
becomes charged. If the particle was removed from
the lower electrode and removed from the system, the
charge would be retained by it. It is now charged by
induction. .
The same situation would occur if the polarity



of another induction charging gun nozzle. SUMVARY COF THE | NVENTI ON

In its broad as the present invention is directed to an apparatus for
coating a suW &ﬁﬁi@lw th electrically charged powder parti cl é’p o094
subsequently form on such substrates a uniform continuous coating. The

apparatus of the present -10 -

I nvention is conprised of, in conbination: (a) an electrically

insulating fluidized bed zone for inductively charging powder particles,
- 19 -

of the electrodes was reversed with the lower made to
be the high voltage electrode and thé upper grounded.
In this case, the particle would be charged to a
postive polarity.

If the particle was constructed not from an
electrically conductive or partially conductive
material but from from a insulatdr such as Teflon,
the electrostatic charge from the lower plate would
not be able to flow across the particle surface and
therefore it would not acquire a charge.

It should be noted that the term "induction" can
be applied to cases where the object becoming charged
is either in contact with the ground electrode or the
high voltage electrode. For greater precision,
"induction” is used where the object is in contact
with ground and "conduction" where the object is in
contact with the high voltage source. The situation
is symmetrical and so is the magnitude of the charge
attained.

The important parameters with
induction/conduction charging are the charging and
discharging rates. These are governed by the
electrical conductivity of the material. The more
resistive a material is, the more time it requires to
achieve maximum charge levels. For example, a metal
which is highly conductive will acquire charge by
induction within a fraction of a microsecond. A
doped polymer may requre several seconds.

An approximate guide to the rate at which a
material will acquire or dissipate charge by
induction/conduction is given by the following



(b) high voltage neans di sposed in one portion of the fluidized bed zone
and connected to a variable high voltage power supply, (c) grounded

el ect r od¥MAAB61di sposed in anot her portion of the fl uidi PEA/USEYIIBME, .
whereby an electrical field can be created between the high voltage and
grounded el ectrode neans to inductively charge the particles, ©(d)
fluidizing air means for introducing air into the fluidizing bed zone,

t hereby establishing in the presence of the powder particles, an

el ectrostatically charged powder cloug wi thin the fluidizing zone, (e)
conveying neans for transporting electrically charged powder particles from
the fluidizing bed zone, and (f) dispensing neans affixed to the
conveyi ng neaferdultadi recting the electrically charged particles onto the
substrate. The use of the gpparatus of this jnvention inparts an

el ectrostatic charge to powders St¥ender them useful for powder coating
appl i cati ons.whities ars ires st fidiyniafy theblmartrericfl tive gmGritserdd)d one or

o 11 e ey hE L ARG O AR e YO
er is the ‘dialectric constant and t is the time of
taken for the charge to reach 63% of its maximum when
charging (or 37% of its maximum when discharging).

Both high voltage power~'supplies and powder feed
systems are established technology. The ‘
induction/conduction charging of the powder will be
achieved at the charge transfer platform, which is
one of the key areas of the invention. The exact
design will be varied according to use. To
illustrate, the platform for coating a large and
heavy piece conveyed by a track would in no way
resemble the platform for fuse boxes suspended from
an overhead conveyor. The charge platform can be
incorporated either in the gun head or upstream of
the gun such that the powder is charged in advance of
ejection rather that at the point of ejection. 1In
addition it is possible to incorporate two charging
stages, the first stream of the gun such that pre-
charged powder arrives at the ejection point; the
second use of a high voltage electrode at the gun
nozzle essentially "topping up" the charge on the
powder at this point and using the electric field
established between the high nozzle and the grounded
workpiece to assist in transfer and deposition bf the
powder.

Figure 3(a) is a schematic diagram representing an
object (2) resting on a plate (3) between a neutral
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I nducti ve/ conductive conditions sufficient to inpart to the powders a
resistivity of fromabout 10[err] to -

11 - aboWO20[M¥FL] ohm neters at 20 percent relative hum ’éﬁ’?i"”’“‘”“
Real i zing that the drawbacks as previously enunerated are due to the

el ectrostatics of the present systens, the current inventors have
conduct ed extensive and exhaustive research into devel opi ng an appar at us
and nmethod which relies on a conpletely new approach to the chargi ng of
t he powder used in - 21 =

electical field. Figure 3(b) is a schematic diagram
depicting an electrical field applied between the
plates of Figure 3(a) by raising the upper plate (4)
to a high voltage wherein induced charge flows onto
the surface of the object.

Figure 4 illustrates an alternative induction
coating system. The powder is pneumatically
transferred to a region of high electric field at the
gun head (5) where it acquires charge by induction.
The charged powder (6) is transferred to the
workpiece (7) by a combination of electric field and
air flow. The introduction of a counter electrode
may intensify the field at this point and improve
charging of increased intensity is required. The
effect and the necessity of such an electrode can be
determined through analysis of the field geometry.

Figure 5 illustrates an alternative method of
coating items using an induction/conduction charging
technique. In this case the object (2} to be coated
is suspended above a fluidized bed (8). The powder
in the bed is charged by contact with high voltage
electrodes {4) buried in the powder bulk. the powder
coating is transferred to the workpiece by a
combination of fluidized air (9) and the
electrostatic attraction forces.

Figure 6 is directed to the inventive concept
of the present invention and shows the preferred
representation of the basic design for a powder
induction charging apparatus. It shows a fluidized
bed type electrostatic charger and powder applicator.
Powder is fed continuously to an electrically
insulated bed or zone(10) from powder reservoir (not
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el ectrostati c powder coating. As a result it has been found possible to
overcone the above drawbacks inherent to the powder coatin rocess as
current | WQe@0¢iced by devel oping a nethod of charging tH 23094y

i nfluence, having firstly nodified the powder by addi ng an

el ectrostatically active agent to the powder. The present invention has
been acconplished on the basis of this discovery. The present

i nvention provides an apparatus for electrostatically charging a powder by
i nfluence, known either as induction or conduction charging and depositing
t he charged powder on a substrate: 22 = The term "induction" or

"I nductive" as used throughout the specification and appended cl ai s,

crcompasessh, LS LAY LD Bl o Al S e The
a vibrating table (14) which helps loosen the powder
in the bed. Fluidizing air (16) is fed to beneath
the air distributor plate (18) and transport air
enters the bed near the top in a radial direction
from (20) positioned directly opposite exit port (22)
to nozzle (24) which directs the powder to the
substrate (26). An electric field is set up across
the bed, the electrodes being a high vecltage ‘
electrode (28) supplied by an extra high tension
source (30). The lower electrode is formed by the
upper layers of the fluidized powder, in contact with
a sintered grounded grid (32). Charge is induced on
the powder as it enters the bed and once carried
upwards and out of the bed by the fluidizing and
transport air, this charge is locked on the powder
until it reaches the workpiece. An electric field
created between the high voltage nozzle of the
applicator and the grounded workpiece assists in the
transport and deposition of the charged powder.

In a further embodiment the present invention is
directed to a modification of the aforementioned
apparatus of Figure 6 which is in the form of a hand
held spray gun. This apparatus.is depicted in Figure
7 and is comprised of, in combination:

(a) a reservoir of resinous powder
particles, (not shown),

(b) a spray gun (42) comprised of a barrel
through which particles (38) can be conveyed to a
substrate (60) and means for holding the gun (42),

(c) an electrostatically induction charging
zone {(44) at one end of the barrel, the zone



(1) a thernosetting or thernoplastic resin and (ii), when necessary, an
electrostatically active nodifying agent incorporated in,

resin. The g agent enployed is one which does not aI F@fﬂsc"ﬂé”ﬁ‘élt
or durability characteristics of the resin powder. The nodifying

96/ 11061 PCT/ US95/ 13094
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comprised of two spaced electrodes between which
charged particles can be passed to the:exterior, one
of the electrodes (46) being a high voltage electrode
and the other a grounded electrode (48},

(d) a high voltage resistor {50) high voltage
cable means (52) embedded in the gun barrel and
connected to a high voltage source (not shown),

(e) means (52) and (54) for connecting the
grounded elctrode to an exterior grounding source,
and

(f) means (40) for introducing fluidized powder
particles (38) into the other end of the barrel.

The powder with a resistivity range of from
about 109 to about 10'3 ohm.meters is pneumatically
convey to to the gun by means of flexible hose (40).
The powder is conveyed along the hollow gun barrel
until it reaches the electrostatic induction charging
zone at the end of the barrel. the charging region
is comprised of two electrodes with the high voltage
electrode shown at the bottom in Figure 7. Electric
power up to 60kv is applied to the high voltage
electrode by means of a high voltage cable through a
high voltage resistor embedded in the gun barrel and
in close proximity to the electrode. Powder, forced
into contact with one of the electodes, acquires a
charge due to induction prior to ejection from the
barrel.

The ejected charged powder (56} is transported
to the workpiece or substrate (60) by a combination
of the transport air and the electric field (62) and
will impinge on the substrate. The powder particles
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agent is also useful in pronoting the ease with which t he
I nparted and retai ned regardl ess of the si ze of the powder
Accor di n§¥Q/96/x1B& present invention provides an appar at F&T

charge is
8idos! &

4

el ectrostatically charging a powder for use in powder coating, free from

t he above-nenti oned conventional shortcom ngs which all ows
el ectrostatic charge to be efficiently and uniformy devel

an
oped on the

powder in a reliable and repeatable manner and whi ch, furthernore, can
accurately and reliably control_tgg quantity and. polarity of

el ectrostati c charge devel oped (thus™the ability to coat all areas of a
wor kpi ece evenly to any required t hi ckness). The i nvention al so

surface-coating soli ects (wo r.use w

provides an gppar Blte_uﬁefler B tﬂ%OQ?EkP%eiégggg?%%g
above- ment i oR€deleckErrsatic éPEEFFostEFPcW€H§P§Pﬁg,is then

EnkggqegyLﬁéﬁ%S

The obj ectives

of the presesranBfepiredntoathbecuriaghboeadabyontiag Bbet B8waRE £5ed powder
N an area wher e gn eleﬁt&&c %be|g (IS age?enk, In aUC a hanner as to
al | ow el ect r FBSEnar B PFERY onFBSt ABSABIUEE thepRPWABFeSaRhi ch, by

nodi fi cati onbegtih an contact by preheating the sustrate.
Both the apparatus of Figures 6 and 7 can be

fabricated from mater:als which will be evident to

those skilled in the :.rt after gaining knowledge of

the present invention.

It should also be ncted that the apparatus of

figures 6 and 7 can be employed together to be

certain that all of the particles are fully charged

before deposited on the substrate.
The invention will be further explained by
consideration of the following examples:
Example 1
Powder Modification Step

Evlast 1000/1W104, a commercially supplied

white polyester resin powder manufactured by EVTECH

Co. of North Carolina, USA, was used in this test
example.

The resistivity of the powder at 20% relative
humidity was determined to be 1.5 X 105 ohm.meters.

The resistivity was measured using a powder
resistivity measurement cell developed by Wolfson
Electrostatics, University of Southampton, UK.

One kilogram of this powder was mixed with 2% by
weight of Cyostat LS agent. The mixture was melted,

extruded, cooled and ground to a fine powder. The

resulting powder was further sieved and the portion
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e]ectrostatically active agent, are sufficiently conducti ng to_

WO

facilitate el ectrical conduction. This property of the powder

char act er i zeO}§/11063 resistivity (surface or bulk) and gengg{qs?mm“
speaki ng the lower the resistivity of the powder the easier it is to
pl ace an electrostatic charge on it by I nduction. Once charged, the
powder is then pneumatically transported to the workpi ece. The

96/ 11061 PCT/ US95/ 13094

- 13 - charge on the powder will depmy. once deposited with

rate of decay increasing wth decreasing

passing 150 pm used in this test example.

The resistivity of the test powder at 20%
relative humidity was determined to be 1 x 101!
ohm.meters. The volume average diameter of the test
powder was determined to be 40 microns.

A feed of 4g.min-! of the test powder was
supplied to an apparatus similar to that shown in
Figure 6. Once a sufficient reservoir of powder was
present in the bed, the fluidizing air and transport
air supplies were opened and adjusted so that steady
state conditions were reached, that is, exactly as
much powder left the bed through the nozzle as
entered in the feed. Once these conditions had been
reached, a voltage of 20 kV was applied to the upper
electrode. The gap between the upper-electrode and
the grounded plate was 10 cm, thus a minimum electric
field of 2 kV cm-1 was set up across the bed.

A conductive target plate (test workpiece) of
approximately 100 cm? was placed 30 cm directly in
front of the nozzle. the target plate was grounded
via an electrometer which was capable of measuring
the amount of charge flowing to the plate.

Powder was collected on the plate for 20
seconds, beginning 5 seconds after the voltage was
applied. In this time 1.1g of powder was collected
on the plate, to which 9.4 x 10-8 Couloms of charge
had flown. This indicates that 'a charge of almost 1
x 10~4 Coulombs per kilogram has been applied to the
powder by induction charging. Such specific charge
levels are sufficient for good powder adhesion. All
of the powders adhered to the plate for at least 2
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resistivity. It is very inportant that the powder remai ns attached to
the work |ece Iong enough for the wor kpi ece to be tran rte o0 the
curing o o76/11¢61 t he charge decays too quickly, this cgﬁ%ﬁ§54%§
guaranteed. Thus, there are two requirenents: | ow resistivity for
efficient charging and a high resistivity for longevity of adhesion to
t he wor kpi ece. To neet these contradictory requirenents a
nunber of different counternmeasures are proposed. The first involves a
conprom se resistivity approach - Pgereby the resistivity of the powder
Is nodified to a val ue of between about 10[err] -10[err] ohm neters,
and preferably between about 10[err] -10[err] ohmneter. At t hese
val ues, chargingtes afipeoxitimt spyragdngohad ceaskdniting value (which is a
function of particle size, E§Qﬁggeaad material,as well as the strength
of electric field to whi osedé i s achi eved in

approxi mately 0. 2599t9h§§@6n3§3r a commergiadlynsupsldedudusdonor kpi ece,

charge decaypbfded e§3%§0i'e§|iﬁ pakide rt aaMEabtu&eaabe%ﬁ@ ghgy di occurs
u
g

in the sane tinme frame t the periooqd o t he i mage force of

attraction offéPBEESTRs Ufpr WEse F? in tﬁbﬁg FﬁtaFPﬂﬂlﬁhe establlshnent of

t he adhesi on One kilogram of this powder was dry mixed with
20g of antistat. The powders wer blended together in
a Waring blender until an ordered mixture was
obtained. Before and after modification, the (
resistivity of the binder resin and composite powder
was determined to be 3 x 1014 ohm.meters and 1.2 x
102 ohm. meters respectively at 20% relative
humidity. The volume average diameter of the test
powder measured at 25um.

A feed of 3g.min-! of the test powder was
supplied to the apparatus in a similar manner to
Example 1. Again, an attainment of steady state
conditions, a voltage of 20 kV was applied to the
upper electrode. This time the target plate was
heated to a surface temperature of 115°9C and powder
was sprayed onto the plate for 30 seconds. During
this time 1.35g of powder was transferred to the
plate and a charge of 5.5 x 10-7 Coulombs flowed to
the plate. All of the powder adhered to the plate
with the layer in contact with it fusing.

In addition to replacing conventional powder
coating systems, the present invention finds
applications in other industrial coating areas.
Provided that the material to be apploed cna be
charged by induction/conduction and that the flow
characteristics of the material are suitable, the use
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forces, between the particles and the substrate .and bet ween t he

particles ther{?ﬁl‘e)g&%m to devel op. These forces are suffici egﬁlgg,s{l%{,ﬂ

t he- powder on wor kpi ece | ong enough for it to be transp

permanent fusing in an oven. Curing tines are usual | y about ,
275[err]-450[err]F. for about 5-10 m nutes. It should be noted that
powder particles with WO 96/ 11061

PCT/ US95/ 13094 - 14 - resistivities

below the lower Iimt set forth above, . 27 .

of induction/conduction as a method of charging has
advantages in number of industrial appfications.

For example, there is a great interest in
applying good quality coatings to electrically
insulating materials. One such instance, is the
application of decorative coating to glass, such as
bottles. There is in fact an inherent problem in
achieving this with conventional electrostatic
systems since the corona discharge on standard
coating equipment produces a high proportion of free-
ions which charge the surface to be coated to the
same polarity as tha applied material. Since the
surface to be coated is electrically insulating, the
charge cannot escape and quickly repels the on-coming
particles resulting in poor transfer efficiency and
poor quality coatings. In the case of an
induction/conduction charged powder, the free-ions
are not produced and thersfore this problem does not
arise.

There are also a number of other specific
industries where the use of induction/conduction
charging of powder prior to application to an object
or surface may be advantageous. Application of good
quality coating to insulators, anti-corrosion lining
of pipes and containers, internal coating of light
bulbs, frosting of glass and decorative coatings on
wooden or plastic furniture, can be achieved by the
practice of this invention.

It is also known that popular flavorings such as
chili or cheese and onion on packet snacks are
currently applied in powder form in a relatively



are not retained on the workpiece or substrate |ong enough to establish
adhesion, while at a resistivity above the upper Iimt the process is

di ffi clWW@911061 control . A second net hod i nvol vCTHRISNINAY t he

char ged powder onto a grounded, heated workpi ece. The t enper at ure of
the workpiece is such as to ensure partial nelting of the powder
particles as they alight onit, thus the adhesion to the workpiece is
due to the wetting of the piece by the nelted powder and not to

el ectrostatic forces. A th£ d nmethod involves a slightly different,
but no less inportant, application“of  electrostatic powder spraying: the
finishing of electrically I nsulating materials such as plastics or

ceramcs. crudl hlhRef a0 RN ShoLRAL ML 0L AN e PLAY | (iistdesim lar 1O
that in the conventional Tinjishing of conducting, grounded wor kpi eces
but the el¥anyofeedstufifsifallioint ehsipelisfeboliyard of mcoating is

achi eved 983 ohfllhéeLeLt whiBENEhakes them fedDecaiidi€ss #5¢i nsul ating,
no i mage ch rge is.induced [n it _as fhe ch ed powder cl oud
approachesegﬁ Fﬁ%sﬁﬁﬁﬂﬁrlﬁﬁ??t+ﬁﬁ ?EPE@%?%tte@i D t SngeK%kpi ece unl ess
it itself batprenbangedet povddered flavorings are applied are
: often themselves imperfect electrical conductors and
this reinforces the advantages of induction charging
due to the absence of free ions.
Although the invention has been illustrated by (
the preceding examples, it is not to be construded as
being limited to the materials employed therein, but
rather, the invention relates to the generic area as
hereinbefore disclosed. Various modifications and
embodiments thereof can be made without departing

from the spirit or scope thereof.




dpposite polarity of the charge on the powder. This can be achi eved by
corona char of the workpiece, thus setting up a deposj jel d
bet ween thég gﬂ cl oud and the workpi ece. Coating wll E%h@gﬁ%gﬁ%htil
there is no net charge on the workpi ece and adhesi on I s assured because

no charge rel axati on can occur - 15 -
fromthe insulating workpiece. Qher methods are possible, some dependent

on the geonetry of the insulating workpiece, e.g. |n ere it is a
thin sheet or film coating of one sidegan be made m g ng a
‘voltt a

conducting substrate on the opposite side and placing a
opposite
WHAT IS CLAIMED IS:
)

1. An apparatus for coating a substrate with
electrically charged resinous powder particles which
subsequently form on such substrates a uniform,
continuous coating, said apparatus comprised of, in
combination:

(a) an electrically insulating fluidized bed
zone for inductively charging resinous powder
particles,

(b} high voltage means disposed in one portion
of the fluidized bed zone and connected to a
variable high voltage power supply,

{c) grounded electrode means disposed in
another portion of the fluidized bed zone, whereby an
electrical field can be created between the high
vboltage and grounded electrode means to inductively
cgarge the particles,

(d) £fluidizing air means for introducing air
into the fluidizing bed zone, thereby establishing in
the presence of the resinous powder particles, an
electrostatically charged powder cloud within the
fluidizing zone, '

{e) conveying means for transporting
electrically charged powder particles from the
fluidizing bed zone, and

(f) dispensing means affixed to the conveying
means for directing the electrically charged
particles onto the substrate.

2. The apparatus of claim 1 wherein the high
voltage means provides up to 60 kv.

Wi



in polarity to the charge on the powder. A fourth nmethod involves a

key di scovery made during the i-ntensivé Tesearch leading to this invention

The i dealWe8p06bn to the di chotﬁm‘@‘\‘ﬁmrem&nts of | ow PEUPEBIHHy for

efficient charging and hi g‘m\m adequat e adhesi on can best be
met by designing a powder seststivity which is, in the broadest

sense, situation dependent, this is to say, a resistivity mhich Is a
function of the prevailing conditions at the charging station and at the
wor kpi ece. By controlling the conditi3ms-at both areas, having first

desi gned the powder to be extrenely sensitive to changes in the environnent
in which it finds itself, it has been found possible to ensure | ow
resistivity at the .cheﬁ'l'gé mppaztun ehdlaigh ¥ ediereintyhat the workpi ece.

By exanmini ng 4 4 \Wduadf YA ARS B ﬁ%}@éé&@%ﬂéy modi f ying

agents (hereina ter erred 0 as a function of
t emper at ure, ?ﬁﬁ’ﬁ%‘@%rﬁ%rﬁr%(ﬁ@%ﬂr tf?ear uh rb‘hg‘?h a famly of

nodi fyi ng agesims. Meeeit 4 dedtdfiwsl Hﬁlﬁf&hty\ﬁw 20ldgg-doncurrently

vai | abl
avai | abl e 4. An apparatus for coating a substrate with

electrically charged resinous powder particles which
subsequently form on such substrates a uniform,
continuous coating, said apparatus apparatus
comprised of, in combination: ‘

(a) a reservoir of resinous powder particles,

(b) a spray gun comprised of a barrel through
which particles can be conveyed to a substrate
and means for holding the gun,

(c) an electrostatically induction charging
zone at one end of the barrel, the zone
comprised of two spaced electrodes between which
charged particles can be passed to the exterior, one
of the electrodes being a high voltage electrode and
the other a grounded electrode,

(d) a high voltage resistor high voltage cable

means embedded in the gun barrel and connected to a
high voltage source,

(e) means for connecting the grounded elctrode
to an exterior grounding source, and

(f) means for introducing fluidized powder
particles into the other end of the barrel.

5. The apparatus of claim 4 wherein the high
voltage means provides up to 60 kv.

6. The apparatus of claim 4 wherein the
resinous powder particles upon ejection have a
resistivity of from about 102 to about 1013

. c»‘
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poners for powder spraying, nodifies the conposite powders resistivity and
makes it dependent on the WO 96/ 11061

PCT/ US95/ 1303V 96/11061 - 16 - abREH¥RPBRed
vari abl es of tenperature, noisture content and electric field strength
As hereinbefore indicated, the resin powder conposi tion for

el ectrostatic coating of the pr esent I nvention conp

t hernosetting or thernoplastic resin and from 0. 01% Mﬂmmm m”;!"l of
an - 31 -

ohm.meters at a relative humidity of 20 percent.

7. A process for forming a durable coating of a
resin on a substrate which comprises applying to said
substrate electrostatically charged powdered resin
particles prepared by the apparatus of claim 1 and
fusing said resin to said substrate before the charge
on the said particle is dissipated.

8. A process for forming a durable coating of a
resin on a substrate which comprises applying to said
substrate electrostatically charged powdered resin
particles prepared by the apparatus of claim 4 and
fusing said resin to said substrate before the charge
on the said particle is dissipated.

Has Been Replaced
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el ectrostatic property nodi fying agent. This conposition may further
contain a cur%ﬁg&{lt, a pignent, a netal powder filler, g flow

controlling

a plasticizer or a stabilizer. In the pFEEWm"

i nvention, the thernnsetting resin may be a conventional type such as

an epoxy resin,

t hernopl astic

a pol yester resin or g acryllc resin. Likew se,
resin may be a vinyl chl

| de resin, a polyam de

resin, a cellulose resin, a polyolefin resin, a polyethylene resin, a
pol yester resin or a nylon resin. The resin may be used alone or in

conbi nati on

as a m xture. The el ectrostatic property nodifying

agent as an essential conponent of the present invention nay be a

pol yal kyl ene et her,
al cohol, a quaternary ammoni um salt or a haloggzaﬁﬁue
These conpounds nmay be used alone or in conbin

two or nore.

exanpl e, 3-1auram dopropyl trinethyla hyh._ o-=sul ph
LS, manufactured by Cyananid Co and (Cyost %?g?‘

Cyastat 609 by

L

a pol yethyl ene glycol, a pol yet h

The quaternary a fjikﬂuﬂés for

t he sane Conpany) d (ATMER anti -
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- 17 - The resin powder conposition used in the appar at us of
t he present wosearioéion nay be readily prepared in accor danGeCTasYs/13094
conventi onal nethod. ‘For exanple, the binder resin and the nodifying
agent may be heated, nelted and kneaded by neans of a conventi onal

m xi ng machi ne such as a single screw or 2/4u|ti-screw extruder, a Banbury
m xer or heat rolls, t hen cool ed and pul verised to obtain a powder. Any

R ks I
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+
-
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met hod commonly enpl oyed for the preparation of a powder m xture, such
as any nethod for mxing a bi nder resin powder and a powder of an

el ectrost at iwogsnpeeperty nodi fying agent. In sone cases it npgT/v895/13094
necessary to forma filmon the surface on the binder resin of the

el ectrostatic property nodi fyi ng agent by application of nechani cal
energy to the m xture. In this case, th@f4atio of particle dianeters

(vol une mean) needs to be greater than 10:1, the binder resin bei ng
the | arger. The particle size of the resin powder for coating
according to the present invention is preferably within a range of from
about 10 to about 250 m crons. The resin powder coating
conposition of the present i nNventi ORe=Rejfsiet=ldas contain in addition to
t he above conponents, a hardener, a plgnent a netal . powder, a filler, a
flow controlling agent, a plastlc 2r and ot her addltlves
as the case requires. The reS|n co tlng powder of the present

i nvention may be applied to substrates made o
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WO 96/ 11061 PCT/ US95/ 13094

- 18 - netals, ceramcs, plastics, etc. by a powder coating

appar at us whW&P6/14063| so di scl osed. Various priners may be ZEBUSSEH13084
such substrates, or various other pretreatnents may be applied to such
substrates. The preferred enbodi nents of fhe powder coating apparatus

of the present invention will now be descr# dd, but the invention is not
limted to the described configuration. The invention will be
nore readily understood by reference to the drawi ngs wherein Figures 1
and 2
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- 1
depict prior art processes for powder coating applicatiron | gur 1zg
a schematic di agram showi ng the basic corona charging priﬁ!p | &0
figure 2 depicts the principle of tribo charging. )

cT™

I nducti on/ conduction charging relies essentially on the flow of

el ectrostatic charge over the surface -f-the object or material to be
charged. For this reason, the object or material to be charged cannot -
be highly el ectricalitjmareiv.atipnpr R ljayet Bish. illustrates this effect

by showi ng a large partigleqonge Sg\éfatg%,tgﬁ%%@gg% Iregl eﬂﬁ%&fﬂﬁﬁt In the

figure there is no power applie es and’therefore no
charge on the part itdecusefnlFegatimg3thickness thateenn bk appligplied to the

el ectrodes and gl8ak! aslaki &&Q@ﬁ&?o@h@%ﬁc&;wﬁq tRG: b, el ectrode
an cle

across the surface of %he particlé and the parti becones charged. If
the particle was renovePsaigas requprinsnhdehigh yeltagseravrr SerRPWEd from t he

system the  charge,yopl,d dbgadvahehdebeb¥oldna bind Ss"OMeCRREPEd Dy
i nducti on. The sane situation would occur If the polarity
are not suited for applications requiring penetration
into cavities and corners. This is due to all the
voltage which appears at the external high voltage
electrode being dropped between the gun head and the
grounded workpiece with subsequent little, or no,
penetration of the field associated with this voltage
into cavities and recesses. These areas then
approximate enclosed Faraday cages. Under these
conditions internal coating will only be achieved by
pneumatically conveying the particles into such

areas, which can be difficult to achieve while
simultaneously ensuring good coating uniformity
elsewhere.

Perhaps the most common alternative system to
corona charging is triboelectrification or frictional
charging which takes place when two unlike materials
or surfaces which are previously uncharged, that is
in a electrically neutral state, make contact and
then separate. During this process electrostatic
charge is also separated with one of the surfaces
attaining a postive polarity charge and the other a
negative charge. This process occurs commonly in
everday life. Examples are powder being conveyed
through a pipe and a person walking across a carpeted
room. In the latter case, there is friction between

the soles
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VO 96/ 11061 PCT/ USOS/ 1
- 19 - of the el ectrodes was reversed with the | ower ms 2189001"9!

t he high voltage el ectrode and the upper grounded. In" this case,
particle would be charged to a postive polarity. If the
particle was constructed not froman - 9etectrically conductive or
partially conduct b¥&nanent "Bifishals Ridhidsdd ffﬁggeaah@%&hg;or such as Tefl on,
the electrostatic charge fromthe |ower plate would not be able to flow
across the particPbieghsf gitl s88dily beraghirypd in 1ighR @fnbke acquire a

char ge. EEa&ﬁQ@Edn&%mOé&d fbbat. the term "induction" can be

applied to cases mhere charged Is either in contact

with the ground eRS

he o ect becom n

Figure 1 is a schematic diagram depicting the
basic corona charging principle.

Figure 2 is a schematic diagram depicting basic
tribo charging.

Figure 3{a) is a schematic diagram representing
an object resting on a plate between a neutral
electical field.

Figure 3(b) is a schematic diagram depicting an
electrical field applied between the plates of Figure
3(a) by raising the upper plate to a high voltage
wherein induced charge flows onto the surface of the
object.

Figure 4 is a schematic diagram of an induction
charging gun showing the nozzle.

Figure 5 is a schematic diagram depicting an
induction charged fluidized bed coater.

Figure 6 is a schematic diagram depicting the
apparatus which utilizes the inductive/conductive
principle employed in the present invention.

Figure 7 is a schematic diagram in more detail
of another induction charging gun nozzle.
SUMMARY OF THE INVENTION

In its broad aspect, the present invention is
directed to an apparatus for coating a substrate with
electrically charged resinous powder particles which
subsequently form on such substrates a uniform,

continuous coating. The apparatus of the present

This Sheet Has Been Replaced
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hi gh vol tage el ectrode. For greater precision, "iadeet—i?“’w i JJ &3a§ﬁ
where the object is in contact with ground and "conduc Me 218?(}0.{’96
obj-ect is in contact with the high voltage source. The situation
symmetrical and so is the magnitude of the charge at t ai ned.

The inportant parameters with i nduct3%n/ conduction charging are the

char gi ng and di scharging rates. These are governed by the

el ectrical conductivity of the materjal. The nore resistive a materi al
is, the nore tinme iPventd@n iecomgrised gfhi iR coMinatia® cHa gt evel s.  For

exanple, a metal ejectWiically Sidsudit thaC eDBLEN el Ebn@%h“ re charge by

I nduction within a fraction of a_mcrosecond. A c{)ed pol ymer may
requre several sedBf@etively charging reginous RAVIETBREBI4I6She rate at which
a material will acgyire aighlivelt@gd heah@ i8pbyed in émdlucti on/ conduction

I's given by the foll ow ng
portion of the fluidized bed zone and connected to a

variable high voltage power supply, _

{c) grounded electrode means disposed in
another portion of the fluidized bed zone, whereby an
electrical field can be created between the high .
voltage and grounded electrode means to inductively
charge the particles,

{d) fluidizing air means for introducing air
into the fluidizing bed zone, thereby establishing in
the presence of the resinous powder particles, an
electrostatically charged powder cloud within the
fluidizing zone,

{e) conveying means for transporting
electrically charged powder particles from the
fluidizing bed zone, and

(f) dispensing means affixed to the conveying
means for directing the electrically charged
particles onto the substrate.

The use of the apparatus of this invention
imparts an electrostatic charge to organic powders to
render them useful for powder coating applications.
This involves forming a blend of the powders and at
least one electrostatically active modifying agent,
and subjecting the blend to electrically
inductive/conductive conditions sufficient to impart

to the powders a resistivity of from about 10° to

This Sheet Has Been Replaced
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- 20 - formul a: t = e[err]e[err]p where p i S ryppegiy 't?

of the material in ohmneters, eo is the permttivity of free MSS 80CT
10-12), er is the dielectric constant and t is the tine of taken for the

charge to reach 63% of its maxi num when chggging (or 37%of its maxinmm

when di schargi ng) . Bot h hi gh voltage power supplies and powder feed
systens are established technol ogy. The induction/conduction chargi ng of

t he powder will be a?ﬁ%“??éﬁge%%“&g@iﬁg'&%%a%%@gSfﬂ’ep"‘Q‘]“f‘gﬁ ar0hi ch is one

of the key areas of 1'on. esign w e varied
according to use. Topéddihder ciome dépengentt four bivd @ecwelyi a§ &hel arge and heavy

pi ece conveyed by 2 LEARKIG L A0, WG T SRVHY EabdiSpbptitoGp 0T [ use

boxes suspended from an overhe conveyor. e charge at form can be
i ncorporated either thin sbeefurprhEdln,oroatiser efipngf side can be made

possible by placing a conducting substrate on the
opposite side and placing a voltage on it, opposite
in polarity to the charge on the powder.

A fourth method inveolves a key discovery made
during the intensive research leading to this
invention The ideal solution to the dichotomous
requirements of low resistivity for efficient
charging and high resistivity for adequate adhesion
can best be met by designing a powder which has a
registivity which is, in the broadest sense,
situation dependent, this is to say, a resistivity
which is a function of the prevailing conditions at
the charging station and at the workpiece. By
controlling the conditions at both areas, having
first designed the powder to be extremely sensitive
to changes in the environment in which it finds
itself, it has been found possible to ensure low
resistivity at the charging station and high
resistivity at the workpiece.

By examining the activity of various
electrostatic property modifying agents (hereinafter
referred to as medifying agents) as a function of
temperature, moisture content and electric field
strength a family of modifying agents has been
identified which, when added to currently available
powders for powder spraying, modifies the composite

powders resistivity and makes it dependent on the

AMENDED SHEET



‘ 5 &y 3? i4v
the gun such that the powder is charged in advance of ej '&"flohém BOCT
at the point of ejection. In addition it is possible to incorp

chargi ng stages, the first stream of the gun such that pre- charged powder
arrives at the ejection point; the second u2€ of a high voltage el ectrode

at the gun nozzle essentially "topping up" the charge on the powder at this
point and using the electric field established between the high nozzle and

t he grounded wor kpi ecéotmmulassi st in transfer and deposition of the powder
Figure 3(a) is a schematic di agraqrg%gﬁenti ng an object (2) resting on a

pl ate (3) between upper plate (4) and & heutral

- 21 - where p is resistivity of the material in ohm.meters,

eo is the permittivity of free space (8.85 x 10-12},
er is the dielectric constant and t is the time of
taken for the charge to reach 63% of its maximum when
charging (or 37% of its maximum when discharging).
Both high voltage power supplies and powder feed
systems are established technology. The
induction/conduction charging of the powder will be
achieved at the charge transfer platform, which is
one of the key areas of the invention. The exact
design will be varied according to use. To
illustrate, the platform for coating a large and
heavy piece conveyed by a track would in no way
resemble the platform for fuse boxes suapended from
an overhead conveyor. The charge platform can be
incorporated either in the gun head or upstream of
the gun such that the powder ig charged in advance of
ejection rather that at the peint of ejection. In
addition it is possible to incorporate two charging
stages, the first stream of the gun such that pre-
charged powder arrives at the ejection point; the
second uge of a high voltage electrode at the gun
nozzle essentially "topping up" the charge on the
powder at this point and using the electric field
established between the high nozzle and the grounded
workpiece to assist in transfer and deposition of the
powder.
Figure 3{(a) is a schematic diagram representing an
object (2) resting on a plate {3) between upper plate

{4) and a neutral
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electrical field. Figure 3(b) is a schematic di agram q?j__gﬁ'ﬁ m 95' ?.JU')
electrical field applied between the plates of Figure a) nggtelﬂc‘rigs
upper plate (4) to a high voltage wherein induced charge flows onto the

surface of the object. Figure 4 illusiyates an alternative induction
coating system The powder is pneumatically transferred to a region of high
electric field at the gun head (5) where it acquires charge by induction

bﬁt vveenkel ect r(()d)esb(e’i)acafl%ba(ﬂ)sielﬁje ?i"gyls_-geﬂ(};pom?a lsgﬁém%ﬁct aﬁ]@l&harreg to
t he workpi ece (7 y. a,conbination of electric fje and air ow. The
introducti on of a cSEREEYNT BB{FISFE A Fﬁ?@n???{r‘eldhae?"feﬁ’d“é‘f this point

and inprove chargi ngiates W eagee BBy Lyidiagl eeluppsk plhee efshect and the
necessity of such an el ectrode. can be t ] ne throu%‘ ana(lmv)tsi s of the

deter
field geonetry. toppgtal ¥o14aggsrheneds HusPE (TIHABE VOB HE® of coating

itenms using an i nduahieosixrardust ithe sdjakgl Nng technique. In this case the
object (2) to be coated s sus quﬁd above a fluidized ,bead 483 The powder
in the bed is charged by @REatt* MREHFATEHHAY GlFatpative induction

coating system. The powder is pneumatically
transferred to a region of high electric field at the
gun head (5) where it acquires charge by induction
between electrodes (3) and {(4}. The charged powder
(6) is transferred to the workpiece (7} by a
combination of electric field and air flow. The
introduction of a counter electrode may intensify the
field at this point and improve charging of increased
intensity is required. The effect and the necessity
of such an electrode can be determined through
analysis of the field geometry.

Figure 5 illustrates an alternative method of
coating items using an induction/conduction charging
technique. In this case the object (2) to be coated
is suspended above a fluidized bed {(8). The powder
in the bed is charged by contact with high voltage
electrodes (4) buried in the powder bulk. The powder
coating is transferred to the workpiece by a
combination of fluidized air (9) and the
electrostatic attraction forces.

Figure 6 is directed to the inventive concept of
the present invention and shows the preferred
representation of the basic design for a powder
induction charging apparatus. It shows a fluidized
bed type electrostatic charger and powder applicator.
Powder is fed continuously to an electrically '

insulated bed or zone(10) from powder reservoir (not
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el ectrodes (4) buried in the powder bul k. The powder cgg_gi'cvuts 92‘/:1: U'
to the workpi ece by a conbination of fluidized air (9) andm ZBLE%T 9‘
el ectrostatic attraction forces. Figure 6 is directed to the inventive
concept of the present invention and shows the preferred representation of
the basic design for a powder induction charging apparatus. It shows a
fluidized bed type electrostatic charger and powder applicator. Powder is
fed continuously to an electrically insulated bed or zone(10) from powder
reservoir (not WO 96/ 11061
PCT/ US95/ 13094 comprised of two spaced electrodedZbetween which

charged particles can be passed to the exterior, one
of the electrodes (46) being a high voltage electrode
and the other a grounded electrode (48},

(a) a high voltage resistor (50) high voltage
cable means (52) embedded in the gun barrel and
connected to a high voltage source (not shown},

(e) means (52) and {54) for connecting the
grounded elctrode to an exterior grounding source,
and

. (£) means (40) for introducing fluidized
powder .particles (38} into the other end of the
barrel.

The powder with a resistivity range of from
about 109 to about 1013 ohm.meters! is pneumatically
convey to to the gun by means of flexible hose (40}.
The powder is conveyed along the hollow gun barrel
until it reaches the electrostatic induction charging
zone at the end of the barrel. The charging region is
comprised of 'two electrodes with the high voltage
electrode shown at the bottom in Figure 7. Electric
power up to 60kv is applied to the high voltage
electrode by means of a high voltage cable through a
high voltage resistor embedded in the gun barrel and
in close proximity to the electrode. Powder, forced
into contact with one of the electodes, acquires a
charge due to induction prior to ejection from the
barrel.

The ejected charged powder {56} is transported
to the workpiece or substrate (60) by a combination
of the transport air and the electric field (62) and
will impinge on the gubstrate. The powder particles

SMENNED SHEET



shown) through port (12). The whole bed can sit on '- a Vngsﬂﬂﬁ@@ﬂ

whi ch hel ps | oosen the powder in the bed. Fluidizing air 'PEA[ ,
beneat h the air distributor plate (18) and transport air t 886(1 96

near the top in a radial direction from (20) positioned directly opposite
exit port (22) to nozzle (24) which di%tects the powder to the substrate
(26). An electric field is set up across the bed, the el ectrodes being a
hi gh vol t age el ectrode (28) supplied by an extra high tension source

(30). The |ower eVikk bedeelds opothfeyopkpiese suxfager (98dyky edPst he fl ui di zed

powder, in contache WikRerrogdtatift £ireds OrN@oskekd {s32hen Charge is induced
on the powder as it enters the bed and once carried upwar ds and out of

the bed by the flt¥ansferEtehta the CRRLHHOVER| FL1WRE té‘ﬁa?i}@ert? ocked on the

powder — until itgeiRAChgSedRRrdDy KRhECRIsiAG & @BbIpdudkkeddh  Created
between the high voltage nozzle of the applicator and the grounded

wor kpi ece assi st sSP§H™ RB °°ﬁtﬁaﬁs‘i¥opfe%ﬁ?&lﬂﬁp% FERYFaSE- t he charged powder.
In a further enmbodi merbth hePaSSAtus VERPLGOIe § andli7r €84 @ tO a

nodi fication of the af orenent i oned
fabricated from materials which will be evident to
those skilled in the art after gaining knowledge of
the present invention.
It should also be noted that the apparatus of
figures 6 and 7 can be employed together to be
o certain that all of the particles are fully charged
before deposited on the substrate.
The invention will be further explained by
consideration of the following examples:
ExamDle 1
Powder Modificati s
Evlast 1000/1W104, a commercially supplied white
polyester resin powder manufactured by EVIECH Co. of
North Carolina, USA, was used in this test example.
The resistivity of the powder at 20% relative
humidity was determined to be 1.5 X 1015 ohm.metexrs.
The resistivity was measured using a powder
resistivity measurement cell developed by Wolfson
Electrostatics, University of Southampton, UK.
One kilogram of this powder was mixed with 2% by
weight of Cyostat LS agent. The mixture was melted,
extruded, cooled and ground to a fine powder. The

resulting powder was further sieved and the portion
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apparatus of Figure 6 which is in the formof a hand hel dcglus 9L§n/‘}=h35094
apparatus is depicted in Figure 7 and is conprised of, i n‘ tiarg UCT'QG
(a) a reservoir of resinous powder particl es, (not shown), (b) a
spray gun (42) conprised of a barrel t hrough which particles (38) can be
conveyed to a substrate (60) and nmeans for holding the gun (42), ,
(c) an electrostatically induction chatgang zone (44) at one end of the
barrel, the zone - 23 -
passing 150 pm used in this test example.
The resistivity of the test powder at 20%
relative humidity was determined to be 1 x 1011
ohm.meters. The volume average diameter of the test
powder was determined to be 40 microns.
A feed of 4g.min-1 of the test powder was'
supplied to an apparatus similar to that shown in
Figure 6. Once a sufficient reservoir of powder was
present in the bed, the fluidizing air and transport
air supplies were opened and adjusted so that steady
state conditions were reached, that is, exactly as
much powder left the bed through the nozzle as
entered in the feed. Once these conditions had been
reached, a voltage of 20 kV was applied to the upper
electrode. The gap between the upper-electrode and
the grounded plate was 10 cm, thus a minimum electric
field of 2 kV cm-1 was set up across the bed.
A conductive target plate (test workpiece) of
approximately 100 cm2 was placed 30 cm directly in
front of the nozzle. The target plate was grounded
via an electrometer which was capable of measuring
the amount of charge flowing to the plate.
- Powder was collected on the plate for 20
seconds, beginning 5 seconds after the voltage was
applied. In this time 1.1g of powder was collected
on the plate, to which 9.4 x 10-8 Couloms of charge
had flown. This indicates that a charge of almost 1
x 10-4 Coulombs per kilogram has been applied to the
powder by induction charging. Such specific charge
levels are sufficient for good powder adhesion. Aall

of the powders adhered to the plate for at least 2
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conpri sed of two spaced el ectrodes between which charg%ﬁ“ﬁ c?eS ﬂ:&.n}b@gl('

passed to the exterior, one of the el ectrodes (46) belng a high volta e

el.ectrode and the other a grounded el ectrode (48), Semsn § OCT '96

vol tage resistor (50) high voltage cable neans (52) enhed

barrel and connected to a high voltage source (not shown), (e) means
(52) and (54) for connecting the groundgg el ctrode to an exterior grounding

source, and () means (40) for introducing fluidized powder
.particles (38) into the other end of the barrel. The pomder with a

resistivity range,Qfuebl URredbord spP ind BRPWeadbd3 ohmneters' is
pneumatically convey to to the gun b\é neans of flexible hose (40). The

powder is conveyed along the hollow el until it reaches the

el ectrostatic inducti 980&4?@:5% %32051%&&&&!&139%%1&@@ fuaieel . The
charging region is conprised of two electrodes with the hi ah vol t age

el ectrode shown atondgé SRVFOREFiR PPYIRTe menufacsured OYpbier Bt o 60kv is
applied to the highneebt8I®sa was used in this test sample.

one kilogram of this powder was dry mixed with
20g of antistat. The powders wer blended together in
a Waring blender until an ordered mixture was
obtained. Before and after modification, the
resistivity of the binder resin and composite powder
was determined to be 3 x 1014 ohm.meters and 1.2 x
109 ohm. meters respectively at 20% relative
humidity. The volume average diameter of the test
powder measured at 25um. )

A feed of 3g.min-1 of the test powder was
supplied to the apparatus in a similar manner to
Example 1. Again, an attainment of steady state
conditions, a voltage of 20 kV was applied to the
upper electrode. This time the target plate was
heated to a surface temperature of 1150C and powder
was sprayed onto the plate for 30 seconds. During
this time 1.35g of powder was transferred to the
plate and a charge of 5.5 x 10-7 Coulombs flowed to
the plate. All of the powder adhered to the plate
with the layer in contact with it fusing.

In addition to replacing conventional powder
coating systems, the present invention finds
applications in other industrial coating areas.
Provided that the material to be applied can be
charged by induction/conduction and that the flow

characteristics of the material are suitable, the use
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e

el ectrode by means of a high voltage cable through a hi gh voIt g ¥e5| sl"or )
enbedded in the gun barrel and in close proximty to the elm Pe\gjﬁm-s%
forced into contact with one of the el ectodes, acquires a

i nduction prior to ejection fromthe barrel. The ej ected charged

powder (56) is transported to the workpiPece or substrate (60) by a

conbi nation of the transport air and the electric field (62) and w ||

i npi nge on the substrate. The powder particles

- 24 - will bef¥r gheningvdabpns yreeriesgr f [ider 3®thpgs Mmrgns of

el ectrostatic fopsasin1dnesdner ¥efier@nt onl BEE geometry of the

insulating workpiece, e.g. in the case where it is a

M

thin sheet or film, coating of one side can be made
possible by placing a conducting substrate on the
opposite side and placing a voltage on it, opposite
in polarity to the charge on the powder.

A fourth method involves a key discovery made
during the intensive research leading to this
invention The ideal solution to the dichotomous
requirements of low resistivity for efficient
charging and high resistivity for adequate adhesion
can best be met by designing a powder which has a
resistivity which is, in the broadest sense,
situation dependent, this is to say, a resistivity
which is a function of the prevailing conditions at
the charging station and at the workpiece. By
controlling the conditions.at both areas, having
first designed the powder to be extremely sensitive
to changes in the environment in which it finds
itself, it has been found possible to ensure low
resistivity at the charging station and high
resistivity at the workpiece.

By examining the activity of wvarious
electrostatic property modifying agents (hereinafter
referred to as modifying agents) as a function of
temperature, moisture content and electric field
strength a family of modifying agents has been
identified which, when added to currently available
powders for powder spraying, modifies the composite

powders resistivity and makes it dependent on the
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transferred to the curing oven allowi ng the powder tp fugmvr >l§09&,’
the fusing of the powder can begin on contact by preh8ati nqumtr t&oc-rngs
materT al

Bt h the apparatus of Figures 6 and 7 can be fabricated from
which will be evident to those skilled in the art after gaining know edge

of the present invention. It shout #%rso be noted that the apparatus
of figures 6 and 7 can be enployed together to be certain that all of the
particles are fully charged before deposited on the substrate. The
invention will befPtRer expl ai ned by consideration of the foll owing
exanpl es: t £>g§é’;e\lle 1 Powder

Modi fication Step Evl ast 1 O0Q | W04, a comyercially supplied white

A y
pol yester resin pUIRKS Pnih eaistivady St theeeatasial o RBP (PSP ol i na, USA,

was used in this ¢gsis ex@rpdrpittivity [be fresi sfacei {4, 88f xtie1ppyder at 20%
relative humdity was determned to be 1.5 X 1015 ohm neters. The
resistivity was ngasdr &8 Feh§eFISofioRAtanEs?Y itvit FhgebEth Sfent cel |

devel oped by Wl f sauenFle6e tunestrRddges to WeavRr &34 BeoitsSadkimipivaen UK
One kil ogram of tct."&'ilasr :ng,dgorr \:/;vgg or?' ):Ete:éi n\gixtipmtg%hgx discharging}.
Both high wvoltage power supplies and powder feed
systems are established technology. The
induction/conduction charging of the powder will be
achieved at the charge transfer platform, which is
one of the key areas of the invention. The exact
B design will be varied according to use. To
illustrate, the platform for coating a large and
heavy piece conveyed by a track would in no way
resemble the platform for fuse boxes suspended from
an overhead conveyor. The charge platform can be
incorporated either in the gun head or upstream of
the gun such that the powder is charged in advance of
ejection rather that at the point of ejection. 1In
addition it is possible to incorporate two charging
stages, the first stream of the gun such that pre-
charged powder arrives at the ejection point; the
second use of a high voltage electrode at the gun
nozzle essentially "topping up" the charge on the
powder at this point and using the electric field
egtablished between the high nozzle and the grounded
workpiece to assist in transfer and depogition of the
powder.
Figure 3{a) is a schematic diagram representing an
ocbject {2} resting on a plate (3) between upper plate

{4} and a neutral
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wei‘ght of Cyostat LS agent. The m xture was nelted, extr&d}IMOQGSﬁw Uif%
ground to a fine powder. The resulting powder was fLHQﬁmTuP' n te e
portion - 25 - passi gmzﬁfﬁlﬁgﬁ

this test exanple. The resistivity of the test powder at 20%rel ative
hum dity was determned to be 1 X 1011” offmiet ers. The vol une aver age
di aneter of the test powder was determned to be 40 m crons. A feed of

shown 11 Fi gure 6 IR RIEH e cHPFBctiIotf DACRIGY fggren | 1T
depicting an electrical field applied between the

plates of Figure 3{a) by raising the upper plate (4)

to a high voltage wherein induced charge flows onto

the surface of the object.

Figure 4 illustrates an alternative induction
coating system. The powder is pneumatically
transferred to a region of high electric field at the
qun head (5) where it acquires charge by induction
between electrodes (3) and (4). The charged powder
{6} is transferred to the workpiece {(7) by a
combination of electric field and air flow. The
introduction of a counter electrode may intensify the
field at this point and improve charging of increased
intensity is required. The effect and the necessity
of such an electrode can be determined through
analysis of the field geometry.

Figure 5 illustrates an alternative method of
coating items using an induction/conduction charging
technique. In this case the object (2) to be coated
is suspended above a fluidized bed (8). The powder
in the bed is charged by contact with high voltage
electrodes (4) buried in the powder bulk. The powder
coating is transferred to the workpiece by a
combination of fluidized air (9) and the
electrostatic attraction forces.

Figure 6 is directed to the inventive concept of
the present invention and shows the preferred
representation of the basic design for a powder
induction charging apparatus. It shows a fluidized
bed type electrostatic charger and powder applicator.
Powder is fed continuously to an electrically '

insulated bed or zone{l10) from powder reservoir (not
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present in
opened and
exactly as
feed. Once
applied to

the bed, the fluidizing air and transport air s
adjusted so that steady state conditions wei€ re
much powder

t he upper el ectrode.

TS 9.0

| eft the bed through the nozzle as' entered in the
t hese conditions had been reached, a voltage of 20 kV was
The gap betmeen t he upper-el ectrode and the

Fdou.
?&mr%

grounded plate was 10 cm thus a mninumygl gectric field of 2 kV cm 1 was

set up across the bed.

A conductive target plate (test workpiece) of

approximately 100 cnR was placed 30 cmdirectly in front of the nozzle. The

target plate was QiQUPHat: Kede ) sph&ld OB RaedidthedRsaaaRabl e of
measuring the anount of charge flowng to the plate. Powder was

col l ected on the piharged darbiclescepeide BRRfathFAghs SEEIHIE: fM%r t he
vol tage was appli g th@ d1RicErdddi® ule»l %eQag FAOMQK MEaQ@'e'l@Eéﬂfheon the

plate, to which 9.4 x 10-8 Coul ons of char had flown. This indicates that
a charge of al npstang khe erhers ggrpRAede 1 rSQFa?ﬁaﬂas been applied to the

powder by induction chagi ng, h%@moggggé frleSi S4EY 480 q,\ighsv@lrtg?guf ficient

for good powder adhesi on.

| east 2

t he. powders adhered to the p
cable means (52) embed ed in the gun barrel and

connected to a high voltage source {(not shown),

{e) means (52) and (S54) for comnecting the
grounded elctrode to an exterior grounding source,
and

(£) means (40) for introducing fluidized
powder .particles {38) into the other end of the
barrel.

The powder with a resistivity range of from
about 109 to about 1013 ohm.meters' is pneumatically
convey to to the gun by means of flexible hose (40)}.
The powder is conveyed along the hollow gun barrel
until it reaches the electrostatic induction charging
zone at the end of the barrel. The charging region is
comprised of‘two electrodes with the high voltage
electrode shown at the bottom in Figure 7. Electric
power up to 60kv is applied to the high voltage
electrode by means of a high voltage cable through a
high voltage resistor embedded in the gun barrel and
in close proximity to the electrode. Powder, forced
into contact with one of the electodes, acquires a
charge due to induction prior to ejection from the
barrel.

The ejected charged powder (56} is transported
to the workpiece or substrate (60} by a combination
of the trangport air and the electric field (62) and
will impinge on the subs;rate. The powder particles

SMFNNED SHEET
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- é6 - m nutes after the spraying had ceased. 5 m% /

Exanpl e 2 Scot chkote 213, a comercially supplied fusi d e

resi n powder manufactured by the 3 Mof M nnesota, USA Wasmwg f& d/CT'QG
test sanpl e. one kilogramof this powder was dry mxed with 20g o

antistat. The powders wer blended togerh& in a Waring bl ender until an

ordered m xture was obtai ned. Before and after nodification, the

resistivity of the binder resin and conposite gomder
will be held on the workpiece surface (58) by means

of electrostatic forces. The workpiece is then
transferred to the curing oven allowing the powder to
fuse. Alternately, the fusing of the powder can
begin on contact by preheating the sustrate.

Both the apparatus of Figures 6 and 7 can be
fabricated from materials which will be evident to
those skilled in the art after gaining knowledge of
the present invention.

It should also be noted that the apparatus of
figures 6 and 7 can be employed together to be
certain that all of the particles are fully charged
_— before deposited on the substrate.

The invention will be further explained by
consideration of the following examples:

ExamDle 1

Evlast 1000/1W104, a commercially supplied white
polyester resin powder manufactured by EVTECH Co. of
North Carolina, USA, was used in this test example.

The resistivity of the powder at 20% relative
humidity was determined to be 1.5 X 1015 ohm.meters.
The resistivity was measured using a powder
resistivity measurement cell developed by Wolfson
Electrostatics, University of Southampton, UK.

One kilogram of this powder was mixed with 2% by
weight of Cyostat IS agent. The mixture was melted,
extruded, cocled and ground to a fine powder. The

resulting powder was further sieved and the portion
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. VI/UO 7D /71y
was determned to be 3 x 1014 ohmneters and 1.2 x 109 ohm ‘EA/(JS }48 ,
respectively at 20%rel ative humidity. The vol une average di aneter UCT'
test powder neasured at 25um A feed of 3g.mn-1 of the test powder
was supplied to the apparatus in a simlar nmanner to Exanple 1. Again, an
attai nment of steady state conditions, a vaol tage of 20 kV was applied to
the upper electrode. This tinme the target” fPafe was heated to a surface
tenperature of 1150C and powder was sprayed onto the pl ate for 30 seconds.

During this tine 1.35g of powder was_transferred to e plate and a charge
of 5.5 x 10-7 Coul onﬁgs?’r%\éﬁ"tﬂff‘ pRRs Jnathts ?ttﬁxa ‘powder adhered to

the plate with the |layer gnhe géutlsdevity bl tHe Eaﬂtrwwder at bewaddition to
repl aci ng conventional powder coating Séste resent jnvention finds

applications in ot heFe}lafdiyst Frmidity Hae getgraiae I5t°o $ded tht the material

to be applied can beggRaiededs byrHenGbiGineOaverage UdiamiBeR it thatrebbe 1 ow

characteristics of the material are suitahle, the use
powder was determined to be 40 microms.

A feed of 4g9.min-1 of the test powder was'
supplied to an apparatus similar to that shown in
Figure 6. Once a sufficient reservoir of powder was
present in the bed, the fluidizing air and transport
air supplies.were opened and adjusted so that steady
state conditions were reached, that is, exactly as
much powder left the bed through the nozzle as
entered in the feed. Once these conditions had been
reached, a voltage of 20 kV was applied to the upper
electrode. The gap between the upper-electrode and
the grounded plate was 10 cm, thus a minimum electric
field of 2 kV cm-1 was set up acress the bed.

A conductive target plate (test workpiece) of
approximately 100 cm2 was placed 30 cm directly in
front of the nozzle. The target plate was grounded
via an electrometer which was capable of measuring
the amount of charge flowing to ﬁhe plate.

- Powder was collected on the plate for 20
gseconds, beginning 5 seconds after the voltage was
applied. 1In this time 1.1g of powder wae collected
on the plate, to which 9.4 x 10-8 Couloms of charge
had flown. This indicates that a charge of almost 1
x 10-4 Coulombs per kilogram has been applied to the
powder by induction charging. Such specific charge
levels are sufficient for good powder adhesion. All
of the powders adhered to the plate for at least 2
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PCT/ US95/ 13094 - 27 - of y J
i nduct i on/ conduction as a nethod of charging has advant ageslPENMSer 108 OCT -
i ndustrial applications. For exanple, there is a great interest in

- 26 =~

minutes after the spraying had ceased.
Example 2

Scotchkote 213, a commercially supplied fusion
bonded epoxy resin powder manufactured by the 3 M of
Minnesota, USA was used in this test sample.

one kilogram of this powder was dry mixed with
20g of antistat. The powders wer blended together in
a Waring blender until an ordered mixture was
obtained. Before and after wodification, the
registivity of the binder resin and composite powder
was determined to be 3 x 1014 ohm.meters and 1.2 x
109 ohm. meters respectively at 20% relative
humidity. The volume average diameter of the test
powder measured at 25um. )

A feed of 3g.min-1 of the test powder was
supplied to the apparatus in a similar wanner to
Example 1. Again, an attainment of steady state
conditions, a vecltage of 20 kV was applied to the
upper electrode. This time the target plate was
heated to a surface temperature of 1150C and powder
was sprayed onto the plate for 30 seconds. During
this time 1.359 of powder was transferred to the

- plate and a charge of 5.5 x 10-7 Coulombs flowed to
the plate. All of the powder adhered to the plate
with the layer in contact with it fusing.

In addition to replacing conventional powder
coating systems, the present invention finds
applications in other industrial coating areas.
Provided that the material to be applied can be
charged by induction/conduction and that the flow
characteristics of the material are suitable, the use

AMENDED SHEET



such instance, is the application of decorative coating , 2 h as
bottles. There is in fact an inherent problemin achi evi ng Wi :ﬁgcr'%
conventional electrostatic systens since the corona discharge on standard
coating equi pnent produces a high pr opoFt%soﬁ of free- i ons whi ch charge
the surface to be coated to the sane polarity as tha applied material.
Since the surface tg be coated |s,electrically insulatin he charge
cannot escape and (‘fﬁ}“g‘?(l"?npﬁﬁé'ﬁgct’h’es ﬁg%diﬁ’ie%lgieﬁ r?’l“glwgg‘?fé‘ém ting in
poor transfer effi olagpcsbodstuffspdall duabid wesbativigg. addnotheoecase of an

i nducti on/ conductign, charged powder,. the free-ipopns. _are.not produced and
therefore this proﬁpéﬁ]%’g‘eg‘eﬁgﬁs "'gh‘?} xes then lélfﬁ%?‘éanéﬁlga%ﬁss °% nunber of
ot her specific i ellestrdseat i dnhaudtionuskamiing Ndwdsb prtheoasinkisi on

chargi ng of powder ior .t licatiaqn .o an object Qr .surface may be
advant ageous. Appl f’gg i"gﬁcgf6'8%88‘”3“535%‘?%3%? iaﬁa ?%’lllﬁgu?ra ors,
anti-corrosion |inofigen themgelpes bmeerdect ailectsicalnterdvebormatdng of |ight
bul'bs, frosting of glass.a drcdet%ﬁgﬁé‘tald\’,gn&é’g%ts' 0P n8lct 1 HPOHGR, QG Pl astic

furniture, can be dchreved ?)y
: due to the absence of free ions.

appl ying good quality coatings to electrically i nsul at’i:nalya ecr}i él/sl 51994

Although the invention has been illustrated by
the preceding examples, it is not to be construed as
being limited to the materials employed therein, but
rather, the invention relates to the generic area as
- hereinbefore disclosed. Various modifications and

embodiments thereof can be made without departing
from the spirit or scope thereof.

‘QMEMD:'\ O



. Dgl]l'/y ),
practice of this invention. It is also known that po Sf Igaﬁo(ilﬂ;OL]
such as chili or cheese and onion on packet snacks are M3 Y s
applied in powder formin a relatively 'PEWS ZBUET 96
28 - crude manner which is both inefficient and wasteful. Many foodstuffs

fall into a resistivity and of 106 1013 ohm neters whi ch nakes them i deal
candi dates for electrostatic induction gargi ng. Al so, the snacks onto

whi ch the powdered flavorings are appliéd are often the ' mH
el ectrical conductors and this reinforces the advant agersTﬂ “ﬁﬂl".“ﬂﬁ n"|
chargi ng due to thgaplgepgerp keee ions. N

1. An apparatus for coating a substrate with
electrically charged resinous powder particles which
subsequently form on said substrate a uniform,
continuous coating,said apparatus, comprising in
combination:

(a) an electrically insulating
fluidized bed for inductively charging resinous
powder particles,

(b) high voltage means disposed in one

o, portion of the fluidized bed and connected to a
variable high voltage power supply,

{c) grounded electrode means disposed
in another portion of the fluidized bed, whereby an
electrical fiéld is created between the high voltage
and grounded electrode means to inductively charge
the particles,

{d) fluidizing air means in
communication with said fluidized bed for
introducing air into the fluidized bed, thereby
establishing in the presence of the resinous powder
particles, an electrostatically charged powder cloud
within the fluidized bed,

{e) conveying means connected to the
fluidized bed for transporting electrically charged
powder particles from the fluidized bed, and

(£) dispensing means affixed to the
conveying means for directing the electrically
charged particles onto the substrate.

2. The apparatus of claim 1 wherein the high
voltage means provides up to 60 kv.

This Sheet Has Been Reﬂlaced
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$alf 0 .
Al t hough the invention has been illustrated by the preced] I ! 094
is not to be construed as being limted to the materials t ]'96
But rather, the invention relates to the generic area as herei nbefore

di scl osed. Various nodifications and enbodi nents thereof can be nade

W t hout departing fromthe spirit or scope thereof.

- 29 - WHAT IS CLAIMED | S: 1. An.gpparatus for mﬁm ﬁ
with electrically charged powder parti cI es whi ch subsgu““l such
substrates a uniform continuous coating, said apparatds Eonpri ‘Sed of, in
conbi nati on:

3. The apparatus of claim 1 which provides
the resinous powder particles upon ejection with a
resistivity of from about 10° to about 10’ ohm.meters
at a relative humidity of 20 percent.
5. The apparatus of claim 9 wherein the high
voltage means provides up to 60 kv.
6. The apparatus of claim 9 wherein the
resinous powder particles upon ejection have a
resistivity of from about 10° to about 10 ohm.meters
at a relative humidity of 20 percent.
e 7. A process for forming a durable coating
- of a resin on a substrate which comprises applying
to said substrate electrostatically charged powdered
resin particles utilizing an apparatus comprising in
combination an electrically insulating fluidized bed
for inductively charging resinous powder particles,
high voltage means disposed in one portion of the
fluidized bed and connected to a variable high
voltage power supply, grounded electrode means
disposed in another portion of the fluidized bed
whereby an electrical field is created between the
high voltage and grounded electrode means to
inductively charge the particles, fluidizing air
means in communication with said fluidized bed for
introducing air into the fluidized bed thereby
establishing in the presence of the resinous powder -
particles, an electrostatically charged powder cloud
within thé fluidized bed, conveying means connected
to the fluidized bed for transporting electrically
charged powder particles from the fluidized bed, and
dispensing means affixed to the conveying means for
directing the electrically charged particles onto
the substrate and fusing said resin to said
substrate before the charge on the said particle is

dissipated.

Sheet Has Been Reﬁaced
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_ — AN VA NE ]
(a) an electrically insulating fluidized bed zone for . lP[Agugctggmp%
sed I n ofneé

char gi ng powder particles, (b) high voltage neans Hispo
portion of the fluidized bed zone and connected to a variabl e-hi gh vol tage
power supply, (c) grounded electrodg means dispo;Ed I n _anot her portion

of the fluidized bed zone, whereby an electrical fi "lﬂﬂﬂ"muﬂl,rﬂmb
s

bet ween the hi gh voltage and grounded el ectrode nea
charge the particles, (d) fluidizing air nmeans for introducing air
into the fluidizing bed zone, thereby establishing in the presence of the
powder particles, an %l ectfh§sPRRITEEPP O IRRARIBA pUREESILCIEBEE Wit hin t he
fluidizi ng zone,dispensir) meany BbmPPisannsinf esmbiha8OSRNT ki fikal ectrical ly
charged powder pag%c\lrians fromthe fluidizing bed zone, and ()

di spensi ng means af 11 Xed to the conveyi ng neans for .

(a) a barrel through which particles are
conveyed to a substrate and means for holding the
gun;

{b) an electrostatically induction charging
zone at one end of the barrel, the zone comprised of
two spaced electrodes between which charged
particles are passed to an exterior, one of the
electrodes being a high voltage electrode, and the

. other a grounded electrode, .

- ' (c) a high voltage resistor means embedded in
the gun barrel and connected to a high voltage
source;

(d) means for connecting the grounded
electrode to an exterior grounding source, and

(e) means for introducing fluidized powder

particles into the other end of the barrel.

This Sheet Has Been Reﬁlaced
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directing the electrically charged particl.es onto the

The appa?at us of claim1l wherein the high voltage mansmﬁﬁ‘@é‘%éﬂﬁﬁﬁeo
Kv. 1 - 30 - : The appar at us
of claim1l wherein the pomder partlcles upon EJECtIOH have a reS|st|V|ty of
from about 10[err] Ak i i ;

percent. 4. An apparatuscHaRgEDaPQNgEn gg&zrgBEg Mﬁth electrlcally

charged powder particles which subsequently form

BACKGROUNI OF THE INVENTION
1) Field of the Invention

The present invention relates to an apparatus for
dispensing electrostatically charged particles onto a
substrate where they subsegquently form a continuocus and
uniform coating. In one aspect the invention relates to
an apparatus useful for coating substrates with the
resinous powders having the improved electrostatic
charge. In another aspect the invention relates to an
apparatus which utilizes a induction/conduction charging

system for coating substrates.

2) Background Art

In recent years, much progress has taken place in
the field of electrostatic powder coating. Powder
coating, as a separate technology, developed as a result
of a number of clear advantages over other methods of
coating such as brushing, dipping and conventional
spraying. These include the inherent advantages due to
the absence of solvent (safer, less harmful to the
environment, less expensive, cleaner working environment)
as well as decreasing the time taken for the coating
process to produce an article ready for use. Control of
the coating thickness and the ability to produce a high
quality finish from a single application treatment are
also possible with this method.

-Much of the early work in the field resulted in
methods being developed which are capable of reaping many

of these advantages. However, there are still a
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1

on such "substr'at es a uniform continuous coating, said apparﬁgm(:gﬂ?ﬁym

of , in conbination: (a) a reservoir of powder particles
spray gun conprised of a barrel through which particles.can be conveyed to
a substrate and neans for holding the gun, (c) an electrostatically

I nduction charging zone at one end of the bar®et, the zone conprised of two
spaced el ectrodes between which charged particles can be passed to the
exterior, one of the electrodes being a high vol tage el ectrode and the

ot her a ground , h v e ras Yol tage
cabl e negns en§Q8§l§§= rlSh arre e%. oghggge B?Obghﬁi Bbg ¥§gg
source, ( DeadEans Heo racmrawa 180 Itildtoofutted tekehiade heraane xkerio
groundi ng source, and (f) means for introducing fluidized powder
particles i nt o fidwEbot her end of the barrel . 5. The appar at us of
claim4 wherein the high voltage

RIEF DESCRIPTION OF WI

Figure 1 is a schematic diagram depicting the basic
corona charging principle.

Figure 2 is a schematic diagram depicting basic tribo
charging.

Figure 3{(a) is a schematic diagram representing an object
resting on a plate between a neutral electrical field.

Figure 3(b) is a schematic diagram depicting an
electrical field applied between the plates of Figure 3(a) by
raising the upper plate tc a high voltage wherein induced
charge flows onto the surface of the object.

Figure 4 is a schematic diagram of an induction charging
gun showing the nozzle. .

Figure 5 is a schematic diagram depicting an induction
charged fluidized bed coater.

Figure 6 is a schematic diagram depicting the apparatus
which utilizes the inductive/conductive principle employed in
the present invention.

— " Figure 7 is a schematic diagram in more detail

of another induction charging gun nozzle.

=] Y CF THE INV. ION

In its broad aspect, the present invention is directed to
an apparatus for coating a substrate with electrically charged
powder particles which subsequently form on such substrates a

uniform, continuocus coating. The apparatus of the present
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néans brovides up to 60 kv. .6. -The apparatus of Clain]4dmg@é?@@§$#§§EE[

powder particles upon ejection have a resistivity of from abo

about 10[err] 9. The apparatus of Caim1l, wherein
sai d di spensi ng neans conprises, in conbination, a spray gun having:

(a) a barrel through which particles are cagveyed to a substrate and neans
for holding the gun;

invention is comprised of, in combination:

(a) an electrically insulating fluidized bed zone for
inductively charging powder particles,

{(b) high voltage means disposed in one portion of the
fluidized bed zone and connected to a variable high voltage
power supply,

{c) grounded electrode means disposed in another portion
5f the fluidized bed zone, whereby an electrical field can be
created between the high voltage and grounded electrode means
to inductively charge the particles,

{(d) fluidizing air means for introducing air into the
fluidizing bed zone, thereby establishing in the presence of

~the powder particles, an electrostatically charged powder
cloud within the fluidizing zone,

(e} conveying means for transporting electrically
charged powder particles from the fluidizing bed zone, and

(f)} dispensing means affixed to the conveying means for
directing the electrically charged particles onto the
substrate.

The use of the apparatus of this invention imparts an
electrostatic charge to powders to render them useful for
powder coating applications. ’This can involve formiﬁg a blend

\ of the powders and one or more electrostatically active
modifying agents. The coating powder, modified when
necessary, is then subjected to electrically
inductive/conductive conditions sufficient to impart to the

powders a resistivity of from about 10° to

!
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(b) an electrostatically inducti.on charging zone at one end f

the zone conprised of two spaced el ectrgdeg bet ween whi ch chgéﬁf}égmgwl@@
are passed to an exterior, one of the electrodes being a high voltage

el ectrode, and the other a grounded el ectrode, (c) a high voltage
resi stor neans enbedded in the gun barrel gpd-connected to a high voltage
sour ce; (d) neans for connecting the grounded el ectrode to an exterior
groundi ng source, and (e) means for introducing fluidized powder

articles into the other end of the barrel.
P about 10* oﬁm. meters atbgo Sercent relative humidity.

Realizing that the drawbacks as previously enumerated are
due to the electrostatics of the present systems, the current
inventors have conducted extensive and exhaustive research
into developing an apparatus and method which relies on a
completely new approach to the charging of the powder used in
electrostatic powder coating. As a result it has been found
ﬁossible to overcome the above drawbacks inherent to the
powder coating process as currently practiced by developing a
method of charging the powder by influence, having firstly
modified the powder by adding an electrostatically active
agent to the powder. The present invention has been
accomplished on the basis of this discovery.

The present invention provides an apparatus for
electrostatically charging a powder by influence, known either
as induction or conduction charging and depositing the charged
powder on a substrate.

The term *induction” or *inductive” as used throughout
the specification and appended claims, encompasses both
induction and conduction electrostatic charging.

The powder may be a resinous powder composition comprises
(i) a thermosetting or thermoglastic resin and (ii),.when
A necessary, an electrostatically active modifying agent

incorporated in, or on, the resin. The modifying agent
employed is one which does not alter the melt or durability

characteristics of the resin powder. The modifying
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- 32 - . " APPARATUS FOR COATI NG ‘SUBSTRATES W TH | NDUCTI VELY
CHARGED POWDER PARTI CLES ABSTRACT OF Hﬁﬁmmm
An apparatus for inproving the electrostatic charge devel oped on a powdéer
conposition for electrostatic coating of solid objects and the nethod of
application thereof. The apparatus conprises neans for charging the powder
by electrical induction/conduction such that the powder particles have a
resistivity of fromabout 10[err] to abouT ﬁé[érr] ohm nmeters at 20
percent relative hum dity and spraying the charged powder onto a grounded
solid object to which it adheres prior to the thermal fusing to produce a
per manent finish. PP FOR C I S TH I IVEL

POWDER P CLE

ABSTRACT OF THE DISCLOSURE
An apparatus for improving the electrostatic charge

developed on a powder composition for electrostatic coating of
solid objects and the method of application thereof. The
apparatus comprises means for charging the powder by
electrical induction/conduction such that the powder particles
have a resistivity of from about 10° to about 10'* ohm.meters
at 20 percent relative humidity and spraying the charged

N/ powder onto a grounded solid object to which it adheres prior

to the thermal fusing to produce a permanent finish.
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