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(54) ELECTROSTATIC COATING GRID AND METHOD

(71)We, ARMCO INC. formerly
ARMCO STEEL CORPORATION, a cor-
poration organized under the laws of the
State of Ohio, United States of America, of
703 Curtis Street, Middletown, Ohio, Un-
ited States of America, do hereby declare
the invention for which we pray that a
patent may be granted to us, and the
method by which it is to be performed, to be
particularly described in and by the follow-
ing statement:

The present invention is concerned with
the coating of objects by the electrostatic
deposition of particles thereon and more
particularly pertains to a grid for estab-
lishing an electrostatic field of high intensity
and controlled geometry.

It is well known in the art to utilize an
electrostatic fluidized bed for the electrosta-
tic deposition of particles on a variety of
objects. In operation powdered piastic coat-
ing material from a conventional fluidized
bed reservoir is given an electrostatic charge
by suitably arranged corona discharges, and
is attracted to an appropriately biased
metallic substrate. The powder-coated subs-
trates are subsequently heated or otherwise
treated so as to cause the plastic powder to
flow into a dense coating layer and to cure.

While electrostatic fluidized beds in gen-
eral have been satisfactorily used to coat a
variety of objects, providing relatively uni-
form coatings on substrates of complex
shape, difficulties have been encountered in
achieving this uniformity. This is so because
the charged particle motions are determined
by the electric field which exists in the space
between the fluidized bed and the substrate,
and by gravity, with the consequence that
most of the particles which pass successfully
to the substrate do so in a rather direct
route, with the charged particles being
deposited upon the most accessible area of
effectively opposite charge, such that the
surfaces of the substrate at different dis-

tances from the bed acquire heavy deposits
upon their portions closest to the bed while
developing progressively thinner coatings
on their other surfaces.

One such method and apparatus is dis-
closed for example in United States Letters
Pat. No. 3,348,243, in the name of J.C.
Barford, et al. Electrostatic charging of the
fluidized bed particles is accomplished by
providing a series of pointed electrodes
positioned within the fluidized bed. Howev-
er, the above mentioned difficulties of
uniformity of coating were encountered.
Accordingly, methods such as the simul-
taneous use of a plurality of isolated elec-
trostatic fluidized bed sources appropriately
positioned surrounding a suitably charged
substrate of complex shape are disclosed.

A United States Letters Patent No.
3.,336.903, in the name of M.A.R. Point,
acknowledges that difficulties are encoun-
tered in providing adequate control over the
spatial extent of the electrostatically
charged particles when using electrostatic
coating equipment of the Barford, et al type
and that the cloud of finely divided coating
material to be applied to the surface of the
substrate exhibited a tendency to wander.
Point endeavoured to eliminate this prob-
lem by providing auxiliary electrodes to
keep the charged particles from wandering.

United States Letters Patent No.
3,670,699, in the name of Gerald P. Sar-
gent, sought to endeavour to solve the
problem of uniform coating by replacing the
series of pointed electrodes of Barford, et al
with a web of moderately conductive parti-
cles or fibers which were incorporated into
the porous membrane of an otherwise con-
ventional fluidized bed.

United States Letters Patent No.
3.828.729. in the name of William C. Good-
ridge. is exemplary of still a further attempt
to solve the uniform coating problem.
According to Goodridge, shields are utilized
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at various points to redistribute the charged
particles in a more uniform manner.

However, it is clear that throughout the
years substantial difficulties have been en-
countered in achieving relatively uniform
coatings on substrates and to date such
difficulties are still being encountered.

According to the present invention there
is provided apparatus for electrostatically
depositing a powdered plastic coating mate-
rial on an elongated metal substrate, com-
prising the combination of:

fluidized bed means including a substan-
tially closed container having a passageway
for receiving an elongated metal substrate
moving in a path of travel above the upper
surface of the bed;

means for conveying said elongated metal
substrate through the passageway of said
fluidized bed on a substantially horizontal
pass line; and

a power grid for producing a cloud of
electrostatically charged particles compris-
ing two co-planar wire mesh elements posi-
tioned beneath the surface of the bed, the
elements having opposed edges in parallel
spaced relationship and defining a gap
therebetween beneath said pass line, said
edges being upturned to form a plurality of
electrode segments. the tips of said elec-
trode segments being substantially coinci-
dent with the upper surface of said bed
when energized, whereby said electrode
segments form a row of localized corona
discharges to either side of said passing
substrate to effect electrostatic deposition of
a thin uniform film coating of said powdered
material thereon.

Preferably said wire mesh elements com-
prise one-half inch by one-half inch wire
mesh.

Preferably said two wire mesh elements
are connected to a common source of high
voltage.

Preferably said electrode segments of
each of said wire mesh elements are cut so
as to eliminate the longitudinal wire and
provide a series of exposed, sharp. pointed
wire ends. Additionally, the exposed wire
ends may be identically sharpened. and
other sharp protrusions may be removed
from the wire elements, so that the position
and intensity of the corona discharges can
be controlled.

Preferably said co-planar wire mesh ele-
ments are arranged substantially horizontal,
and each said upturned electrode segments
is substantially perpendicular to its respec-
tive wire mesh element.

The present invention also provides a
method of electrostatically depositing a uni-
form coating of a thin film of powdered
plastic material on an elongated metal subs-
trate, comprising the steps of:

providing fluidized bed means including a

substantially closed container having a pas-
sageway for receiving an elongated metallic
substrate;

conveying said elongated metal substrate
through the passageway of said fluidized
bed means in a path of travel above the
upper surface of said bed on a substantially
horizontal pass line; and

forming a row of localized corona dis-
charges to either side of said passing subs-
trate to effect electrostatic deposition of a
thin uniform film coating of said powdered
material thereon by a power grid comprising
two co-planar wire mesh elements posi-
tioned beneath the surface of said bed, said
elements having opposed edges in parallel
spaced relationship and defining a gap
therebetween beneath said pass line, said
edges being upturned to form a plurality of
electrode segments, the tips of said elec-
trode segments being substantially coinci-
dent with the upper surface of said bed
when energized.

The invention will now be described in
detail and is illustrated, by way of example,
in the accompanying diagrammatic draw-
ings, in which:-

Figure 1 is a fragmentary, schematic,
perspective view of an electrostatic fluidized
bed incorporating the power grid of the
present invention.

Figure 2 is a schematic, transverse, cross-
sectional view taken through the fluidized
bed of Figure 1.

Figure 3 is a photomicrograph at 32X of a
section of epoxy coated tubing not in
accordance with the invention.

Figure 4 is a photomicrograph at 36X of a
section of epoxy coated tubing in accord-
ance with the teachings of the invention.

Turning now to Figures 1, 2 and 3 of the
appended drawings. an electrostatic flui-
dized bed 10 incorporating the power grid
12 of the present invention is shown. The
electrostatic fluidized bed 10 includes a base
14 and a cover 16, the peripheral flange 18
of whicn receives the upper edge 20 of the
side wall 22 of the base 14. Means (not
shown) are provided to vibrate the fluidized
bed 10.

As best seen in Figure 2, air inlet ports 24
extend through the bottom wall 26 of the
base 14 and have diffusion plates 28 posi-
tioned thereover. the diffusion plates 28
serving to promote distribution along the
length of the fluidized bed 10 of air injected
through the ports 24.

A fluidized bed membrane 30 joins the
side walls 22 of the base 14 and forms the
bottom of the reservoir for the bath or bed
15 of powdered plastic coating material.

Since it is important that the cover assem-
bly should not be a conducting material, as a
conductor would influence the electric field
in the vicinity of the substrate, the cover 16,
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side walls 22 and base 14 should be con-
structed from non-conductive material. For
best performance the cover assembly should
be fabricated from a high quality insulating
material, such as a high voltage ceramic, as
many poor quality insulators are surprising-
ly conductive at the very high voltages (10 to
70 kv) used in electrostatic fluidized beds.

As can be seen, the cover 16 provides a
substantially closed container having a ver-
tical side and end walls 17 and 19, respec-
tively, with each end wall 19 providing a
suitable passage way 36 therethrough for
receiving an elongated metal substrate, such
as continuous lengths of wire or tubing 38,
which is conveyed through the passage way
36 of the fluidized bed 10 in a path of travel
above the upper surface of the bath or bed
15 on a substantially horizontal pass line 40
by any well known conveying means (not
shown).

The power grid 12 comprises two co-
planar wire mesh elements 32 and 34,
positioned beneath the surface of the bath
or bed 15. The wire mesh elements 32 and
34 are provided with opposed edges 42 and
44, respectively, in parallel spaced relation-
ship and defining a gap 46 therebetween
beneath the pass line 40. The edges 42 and
44 are upturned to form a plurality of
electrode segments. The tips 42a and 44a of
the electrode segments are substantially
coincident with the upper surface 15a of the
bath or bed 15 when energized.

A feed conduit 48 is attached to the cover
16 to provide means for furnishing pow-
dered plastic material to the fluidized bed 10
from a reservoir or supply thereof (not
shown), and means (also not shown) may be
present within the fluidized bed 10 for
detecting the quantity of powdered plastic
material to automatically control the feed
operation on a continuous basis. It will, of
course, be understood that the powdered
plastic material utilized will depend upon
the desired coating on the elongated mem-
ber 38, and that the powdered plastic
material may be, for example, of the ther-
moplastic or thermosetting type.

Mounted through the cover 16 adjacent
the wire mesh segment 34 are cables for
appropriate electrical interconnection, the
cable 50 being connected to the power
source 51 and providing high voltage to the
elements 32 and 34, which are electrically
interconnected by means of the cable 52.
and the cable 56 connected to the elongated
metal substrate 38 to appropriately bias the
substrate. While a single power source 51
has been shown, it will be understood that
each of the segments 32 and 34 could be
connected to a separate power source. As
previously indicated, the means for con-
veying the elongated metal substrate
through the passage way 36 in each end wall

19 of the cover 16 of the fluidized bed 10
may be of any conventional design.

The appropriately biased (eg, electrically
grounded) elongated metal substrate 38 will
move, in operation, from right to left in a
path of travel above the upper surface 15a of
the bath or bed 15 on a substantially
horizontal pass line 40, as indicated by the
arrow in Figure 1. During the operation of
the fluidized bed 10, and as is best seen in
Figure 2, particles 54 of the powdered
plastic coating material in the bath or bed 15
are given an electrostatic charge by corona
discharges and are transported from the
bath or bed 15 onto the surface of the
substrate 38. More particularly, the elec-
trode segments 42 and 44 form a row of
localized corona discharges to either side of
the passing substrate 38 to effect electrosta-
tic deposition of a thin uniform film of the
powdered plastic coating thereon.

1t is believed that the success of the power
grid 12 of the present invention in achieving
a uniform film coating of powdered plastic
material on the elongated metal substrate 38
is a result of the vertical electrode segments
42 and 44. It is believed that the primary
coating flux comes from the immediate
vicinity of the electrode segments 42 and 44
and from the region or gap 46 therebe-
tween. The gap 46 between the electrode
segments 42 and 44 is believed to be
important. because heavy particles 54
thrown out of the immediate vicinity of the
electrode segments 42 and 44 by space
charge effects carry charge into the interme-
diate region. where it is transferred to
lighter particles that are picked up by the
electric field and deposited on the underside
of the substrate 38. It is believed that the
electric wind effect, resulting from the
electric field generated by the planar mesh
elements of the power grid 12, is a factor in
propelling coating particles 54 to the region
above the substrate 38, where they are
attracted to the substrate 38 by the local
electric field adjacent to the surface of the
substrate 38 and coat the upper substrate
surfaces. It is thought that the electrode
segments 42 and 44 play the important role
of making the location of the region of
primary charging of coating particles rela-
tively insensitive to the discharge power.
Thus at low power levels considerably better
coating uniformity is achieveable with the
power grid 12 of the present invention than
with. for example, buried planar screen
electrode geometries of the prior art. At
high power levels the coating uniformity is
less sensitive to the electrode configuration.

In addition, the localized corona dis-
charges on the tips 42a and 44a of the
electrode segments 42 and 44, respectively,
localize the primary points of charging of

the coating particles 54 and thereby remove
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the necessity of a plurality of isolated
fluidized beds as suggested in prior art for
obtaining uniform coatings on the sides of a
substrate passing above the bed surfaces.
The fact that the corona discharges exist at
the surface of the fluidized bed rather than
beneath the surface reduces the required
operating voltage, from the 100,000 to
120,000 volts that are required for some
devices which are presently on the market,
to values in the range of 30,000 to 70,000

_volts. This reduction in voltage considerably

reduces the safety hazard in the task of
providing suitable insulators.

It should also be noted that it is believed
that the near-coincidence of the surface of
the bath or bed 15 and the corona discharges
on the tips of the vertical electrode segments
42 and 44 makes control of the fluidized bed
elevation important. Failure to control the
bed height properly appears to cause tem-
poral variations in both the deposition rate
and coating uniformity.

The actual position of the electrode seg-
ments 42 and 44 of the power grid 12 does
not appear to have a critical influence on the
coating uniformity, although situations
which place the substrate 38 too close to the
bath or bed 15 should probably be avoided.
Furthermore, the electrode segment
geometry does not seem to have a major
influence on the deposition rate for a given
elevation of the substrate 38 above the bed
or bath 15.

It is believed that the planar mesh ele-
ments of the power grid 12 should have a
mesh spacing that is small compared to the
inter-electrode spacing. Good results have
been achieved in practice when the power
grid 12 providing the electrostatic charge in
the fluidized bed 10 is constructed of one
half inch by one half inch wire mesh in two
segments 32 and 34, as previously ex-
plained, one on each side of the elongated
metal substrate pass line 40, with about 53
inches between the elements. In addition. it
has been found that good results are
obtained when the electrode segments 42
and 44 of each grid element 32 and 34,
respectively. are bent with a 90° leg, § inch
long parallel and adjacent to the pass line
40. Each electrode segment 42 and 44 is
preferably cut so as to expose the pointed
wire ends of the mesh eliminating the
horizontal wire. The two-grid elements 32
and 34 should be connected to a common
high voltage (eg. < 70 kv) source and best
results are found when the substrate pass
line 40 is within the range of about 27 inches
to 4} inches above the surface 15a of the
bath or bed 15.

Although a leg height of the edge portions
42 and 44 of approximately £ inch should be
effective for a wide range of operating
conditions, it will., of course, be understood

that the distance of separation from the pass
line 40 is dependent on the height, indicated
at 47, of the elongated member 38 above the
upper surface 15a of the bath or bed 15 and
the diameter of the elongated member 38.

In a preferred embodiment it was found
that the bed membrane 30, in a fluidized
bed having a length of approximately 12
inches, contained powder to a depth of
inch without fluidization. Additionally, it
was found that the distance from the top of
the membrane 30 to the top of the exposed
wire ends of the electrode segments 42 and

* 44 of the elements 32 and 34, respectively,
was 1 § inches. The pass line of the tubing 38 ~

was such that the bottom of the tubing 38 to
the top of the membrane 30 was 4% inches.
The vibrator preferably operated in max-
imum air capacity of 75 P.S.1.G.. Fluidiza-
tion air was approximately 2% pounds or
enough to raise the level of the powdered
plastic material to the top of the edge
portions 42 and 44 of the segments 32 and
34, respectively. The high voltage applied to
the grid elements 32 and 34 was 32 KV. The
number of electrode segments 42 and 44 per
unit length was approximately.25 per side
and the approximate average corona current
per vertical electrode segment 42, 44 (i.e.,
per corona discharge) at the specifiedvol-
tage was found to be approximately 1.5 to 2
microamperes per segment. It was found
that the deposition rate for a typical mate-
rial was 25-30 grams per minute on 0.189
inch diameter tubing at 30 feet per minute.
The polarity of the applied potential was
negative. The powder particle size averaged
35 micron.

Referring now to Figures 3 and 4, the
advantages of the present invention will be
readily apparent. As seen in Figure 3, a
photomicrograph at 32X of a section of
epoxy coated tubing utilizing a conventional
planar grid, the epoxy coating is not uniform

and the surfaces of the tubing at different

distances above the bed have acquired
heavy deposits upon the lower portions and
progressively thinner coatings on the upper
surfaces. In contrast, as seen in Figure 4, a
photomicrograph at 36X of a section of
epoxy coated tubing utilizing the power grid
12 of the present invention, the thin film
coating of epoxy is uniformly disposed
around the outer surface of the tubing.

WHAT WE CLAIM IS:-

1. Apparatus for electrostatically de-
positing a powdered plastic coating material
on an elongated metal substrate, comprising
the combination of:

fluidized bed means including a substan--

tially closed container having a passageway
for receiving an elongated metal substrate
moving in a path of travel above the upper
surface of the bed: - :

means for conveying said elongated metal
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substrate througuh the passageway of said
fluidized bed on a substantially horizontal
pass line; and

a power grid for producing a cloud of
electrostatically charged particles compris-
ing two co-planar wire mesh elements posi-
tioned beneath the surface of the bed, the
elements having opposed edges in parallel
spaced relationship and defining a gap
therebetween beneath said pass line, said
edges being upturned to form a plurality of
electrode segments, the tips of said elec-
trode segments being substantially coinci-
dent with the upper surface of said bed
when energized, whereby said electrode
segments form a row of localized corona
discharges to either side of said passing
substrate to effect electrostatic deposition of
a thin uniform film coating of said powdered
material thereon.

2. Apparatus according to claim 1,
wherein said wire mesh elements comprise
one-half inch by one-half inch wire mesh.

3. Apparatus according to claim 1 or 2,
wherein said two wire mesh elements are
connected to a common source of high
voltage.

4. ~ Apparatus according to claim 1, 2, or
3, wherein said electrode segments of each
of said wire mesh elements are cut so as to
eliminate the longitudinal wire and provide
a series of exposed, sharp, pointed wire
ends.

5. Apparatus according to any one of
claims 1 to 4, wherein said coplanar wire
mesh elements are arranged substantially
horizontal, and each said upturned elec-
trode segments is substantially perpendicu-
lar to its respective wire mesh element.

6. A method of electrostatically deposit-
ing a uniform coating of a thin film of
powdered plastic material on an elongated
metal substrate, comprising the steps of:

providing fluidized bed means including a
substantially closed container having a pas-
sageway for receiving an elongated metallic
substrate;

conveying said elongated metal substrate
through the passageway of said fluidized
bed means in a path of travel above the
upper surface of said bed on a substantially
horizontal pass line; and

forming a row of localized corona dis-
charges to either side of said passing subs-
trate to effect electrostatic deposition of a
thin uniform film coating of said powdered
material thereon by a power grid comprising
two co-planar wire mesh elements posi-
tioned beneath the surface of said bed, said
elements having opposed edges in parallel
spaced relationship and defining a gap
therebetween beneath said pass line, said
edges being upturned to form a plurality of
electrode segments, the tips of said elec-
trode segments being substantially coinci-

dent with the upper surface of said bed
when energized.

7. Apparatus for electrostaticaily de-
positing a powdered plastic coating material
on an elongated metal substrate as set forth
in claim 1, constructed and arranged sub-
stantially as herein described with reference
to, and as shown in, the accompanying
drawings.

8. A method of electrostatically deposit-
ing a uniform coating of a thin film of
powdered plastic material on an elongated
metal substrate, as set forth in claim 6,
substantially as herein described with refer-
ence to the accompanying drawings.

9. A metal article when coated electros-
tatically with a powdered plastic coating
material by the method set forth in claim 6
or 8.

For the Applicants:
CARPMAELS & RANSFORD,
Chartered Patent Agents,

43 Bloomsbury Square,
London WCIA 2RA.

Printed for Her Majesty’s Stationery Office,
by Croydon Printing Company Limited, Croydon, Surrey, 1980.
Published by The Patent Office, 25 Southampton Buildings,
London, WC2A 1AY, from which copies may be obtained.
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