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[57 ABSTRACT
A new method for generating and substantially uni-

formly electrostatically dispersing very fine spheroi-
dally shaped lubricating particles onto the moving sur-
face of a metal or other electrically conductive sub-
strate. A lubricant material in its liquid state is drawn by
airflow through a small venturi orifice where it is
sheared into droplets of various sizes. Larger droplets
are filtered out of the continuing post-venturi airflow by
gravity, baffles, airflow forces and/or inertia effects
leaving only a mist cloud of extremely small spheroid
particles which are then migrated within a charged
plasma so as to transfer electrical charge thereto in
sufficient quantities to achieve a desired uniform high
charge/mass ratio and thus insure an eventually uni-
form electrostatic dispersion of substantially all the
spheroids over the substrate surface. The mist cloud is
controllably generated for a single narrow substrate or
for each of a plurality of longitudinal sections of the
substrate and permitted to drift or migrate relatively
slowly between transversely positioned electrodes and
the conducting substrate spaced therefrom in a respec-
tively corresponding non-conducting enclosure. A co-
rona discharge is maintained by a voltage differential
between the electrodes and the substrate to form an
electrically charged plasma within the non-conducting
enclosure which, in turn, multiply bombards and
charges the individual particles of the slowly migrating
mist cloud. Thusly charged to uniform charged states,
the particles are then uniformly dispersed substantially
only by electrostatic forces onto the surface of the lon-
gitudinally moving substrate.

20 Claims, 15 Drawing Figures
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METHOD FOR APPLYING LUBRICATING
MATERIALS TO METALLIC SUBSTRATES

This patent application is a continuation of U.S. pa- 5
tent application Ser. No. 570,346 filed Apr. 22, 1975,
(now abandoned), which is a continuation in part of
U.S. patent application Ser. No. 382,980, filed July 26,
1973 (now abandoned). This application is also related
to commonly assigned copending applications Ser. No. 10
751,690, filed Dec. 17, 1976, and Ser. No. 677,782, filed
Apr. 16, 1976, of ourselves together with Robert L.
Hurst. Some of the disclosure presented hereinbelow
for the purpose of fully describing our presently pre-
ferred embodiment and mode of operation represents
the inventive contributions of ourselves and Mr. Hurst
and is accordingly claimed in said concurrently filed
application.

This invention relates to a new article of manufacture
and to a novel method and apparatus for providing such 20
an article by electrostatically uniformly dispersing tiny
spheroids. of a lubricating material onto a conducting
substrate.

In the production of metal cans and other articles of
manufacture, it is often necessary to provide slight 25
amounts of lubrication material upon the surface of
metal stock (e.g. sheets, strips, etc.) before storing the
metal, subjecting the metal stock to further forming
operations, such as passing the stock through various
forming dies, or for other reasons. Failure to apply 30
lubrication prior to such forming operations results in
severe scraping and galling of the dies, rendering them
useless for continued service. In addition, failure to
apply lubrication often results in deformed and defec-
tive finished articles for other reasons as known in the 35
art. Also, as metallic surfaces are often processed with
suitable ornamental effects, it is frequently desirable to
provide the decorated metallic surface with lubrication
immediately following the surface decorating process.
Here again lubrication is required to enable the manu- 40
facturer to pass the decorated sheet or material through
forming dies to punch and form the material without
galling the dies or causing defective materials to be
produced, etc. In all cases it is necessary to apply a
fairly controlled amount of lubrication and to attempt 45
to uniformly distribute it on the metal surfaces since
excessive and/or uneven lubrication can and often does
give rise to its own attendant problems as is also well
known in the art. For instance, excessive wax lubrica-
tion not only wastes materials, it may accumulate on 50
forming die surfaces and/or tend to “tack” or “weld”
lubricated sheets together upon mutual planar contact.

In the past the most conventional method of applying
lubrication upon common metallic surfaces in the form
of flat sheets, strips, etc., was simply to pass the material 55
through a solvent bath saturated with organic lubricat-
ing compositions. Upon emerging from the bath, the
solvent is permitted to evaporate thus leaving the or-
ganic lubricating composition as a thin film upon the
metallic surface. Major disadvantages of this conven- 60
tional procedure are apparent hazardous and often toxic
situations due to solvent fumes in the vicinity of such an
operation as well as the considerable expense of supply-
ing large quantities of solvent material, preparing and
applying the solvent solution, as well as other related 65
disadvantages as known in the art.

Accordingly, there have been repeated attempts to
improve on the conventional solvent bath technique.

—

5

2

However, for a great variety of reasons, such attempts
have heretofore met with eventual failure when put to
the practical test of actual operating conditions with the
result that lubrication of such metal substrates today is
still primarily achieved via the costly and hazardous
solvent bath technique and/or with other less costly or
less hazardous attempts which usually fail to provide
the desired lubrication application.

Now, with-the discovery of this invention, it is possi-
ble to achieve a form of lubricated metal substrate not
heretofor possible through method and apparatus
which is cheap and inherently safe over the solvent bath
technique while at the same time providing superior
lubrication results. Cleaner die surfaces are maintained,
less lubrication material per unit area is required and the
tack or weld tendency of lubricated stock is reduced.

One prior approach to lubricating metallic surfaces
involved the simple passing of the stock metal material
under a bank of nozzles spraying lubricant directly upon
the metal surfaces. However, such a direct spray pro-
cess provides an excessively thick lubricating film
which is typically non-uniform, thereby causing a great
number of attendaut problems as is recognized in the
art.

A great number of prior attempts have been made to
harness electrostatic deposition techniques for applying
the necessary lubricant to the metal substrate. How-
ever, none of these prior attempts is believed to have
been very successful. Some metal manufacturing facili-
ties are known to have made costly investments in elec-
trostatic apparatus purportedly designed for the pur-
pose of applying lubrication to metal substrates only to
abandon same in favor of the more conventional solvent
bath or direct spraying techniques and/or to conclude
that the “electrostatic” lubricator appeared to work
about as well with the electrostatics turned off as when
the electrostatics was turned on.

Evaluating the known prior electrostatic lubricator
attempts in light of our present discoveries it appears
that such prior attempts have failed to properly con-
sider the detailed physical and electrical processes being
attempted and have thus failed to properly provide
suitable method and apparatus capable of fully facilitat-
ing same.

Of course, as is well known, the general object of
electrostatic deposition or precipitation is to charge
mobile particles with an electrical polarity opposite that
of a conducting collector electrode to which the mobile
particles are therefore attracted by the well known
electrostatic forces of attraction between opposite elec-
trical charges.

Many of the prior electrostatic lubrication attempts
have generaily tried to achieve this desired end by:

1. generating a supply of lubrication particles often of
such large size that significant gravity forces influence
particle movement and/or that application would result
in local excesses of lubricant;

2. physically propelling the particles at a significant
velocity through an ionization zone between two
charged electrodes such that not all particles be-
came charged or at least not all became uniformly
charged;

3. physically propelling the thus hopefully charged
particles towards a vertically moving metal strip or the
like in an enclosed vertically rising metal housing (usu-
ally grounded to same potential as the metal strip)
which may or may not include some electrical insulator
therewithin-in. addition to an ambient air; and
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4, providing a secondary upwardly directed air flow
supply or depending upon so called “windage” effects,
etc. to carry the still unattached hopefully charged
particles vertically upward into an extensive deposition
zone where “repeller” electrodes charged to the same
polarity as the particles create an electrical field de-
signed to force the particles (if charged) toward the
metal strip.

Such prior apparatus has been characterized by its
excessive height, its excessive weight and its inability to
perform as anticipated in a practical manufacturing
environment. The present invention has proven capable
of very successful practical performance in an actual
manufacturing environment. While all the reasons for
this noted success may not yet be known or fully appre-
ciated, it is presently believed that the following attri-
butes of our invention are important in varying degrees
to its noted improved performance:

1. method and apparatus is provided for forming
substantially uniform liquid lubrication particles, the
majority of which are uniformly sized to have an aver-
age diameter on the order of one micron to insure that
the resulting mist cloud of particles (spheroids due to
liquid surface tension) is completely airborne with re-
sulting particle movements that are substantially inde-
pendent of any gravity forces acting thereon;

2. a completely non-electrically conducting enclosure
is provided to substantially eliminate any electrostatic
forces tending to attract lubrication particles towards
the enclosure walls rather than towards the conducting
substrate as desired;

3. a charged plasma of ambient gaseous molecules is
maintained within the non-conducting enclosure by
impressing a high voltage difference between electrodes
therein and the conductive substrate of metal rather
than between two sets of electrodes;

4. the airborne mist cloud of spheroids is allowed to
migrate or drift into the plasma area where multiple ion
collisions charge the relatively larger spheroids in a
relatively slow charging process which, as it ap-
proaches a steady state condition, will eventually im-
part substantially uniform maximum electrical charges
on all the available uniformly sized spheroids which are
thereafter uniformly attracted towards and uniformly
dispersed upon the metal substrate;

5. since this process is substantially 100% efficient in
steady state, the percentage coverage of the metal sur-
face is determined primarily only by the quantity of
spheroids supplied to the plasma and the rate of move-
ment of the metal substrate (hence its dwell time within
the non-conducting coating chamber); and

6. complete lubricant film coverage of the metal sub-
strate is not attempted but, rather, only a uniform dis-
persement of lubricant spheroids thereover;

7. many other features as will be apparent from the
description hereinbelow.

There are, of course, still many further indications of
difference between our invention and the prior electro-
static lubrication attempts as will occur to those in the
art. For example, all known prior electrostatic lubrica-
tion application attempts have been constrained to
apply same with the metal strip in a vertical orientation.
It appears that such vertical orientation was considered
necessary, inter alia, because it was necessary to use
gravity forces to collect excess lubrication materials and
to return same to the particle generator for reuse. How-
ever, with this invention, no special orientation of the
metal strip is necessary. In fact, the present preferred
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exemplary embodiment described below happens to
utilize a horizontal orientation of the metal substrate.

The presently known prior attempts at electrostatic
application of lubricant materials to metal strips or
sheets are described in the following prior issued U.S.
Patents which were considered prior to filing this appli-
cation:

U.S. Pat. No. 2,447,664 — Pegg (1948)

U.S. Pat. No. 2,710,589 — Brunner (1955)

U.S. Pat. No. 2,762,331 — Henderson (1956)

U.S. Pat. No. 2,764,508 — Feick (1956)

U.S. Pat. No. 2,994,618 — Landgraf (1961)

U.S. Pat. No. 3,726,701 — Nishikawa et al (1973)

There are of course other prior art patents relating
generally to the electrostatic deposition of particles
onto a metallic substrate (e.g., U.S. Pat. No. 3,155,545
— Rocks et al [1964] relating to electrostatic coating of
dust particles to a metal pipe surface). However, the
above-noted patents are believed to be more pertinent
to the present invention.

Henderson discloses in U.S. Pat. No. 2,762,331 an
apparatus for applying a film of lubricant onto a metal-
lic sheet passing vertically through an enclosed metal-
lic, grounded chamber having an internal layer of heat
insulation. The atomized lubricant, together with an air
flow, is passed into a manifold having a plurality of
output holes therealong and sprayed upwardly into an
electrostatic precipitation zone. The metallic sheet is
apparently constrained to pass in a vertical direction so
that relatively large droplets being sprayed from the
manifold will fall under the force of gravity and be
recovered. Henderson teaches that lubricants which are
semi-solid at room temperature can be utilized provided
they are sufficiently heated and the internal heat insula-
tion of this chamber is apparently to insure that the
lubricant is in liquid form when coated onto the metallic
sheet.

Feick in U.S. Pat. No. 2,764,508 discloses an electro-
static lubricating apparatus which is somewhat similar
to Henderson's since Feick utilizes an atomizer and a
distributing manifold to spray lubricant particles up-
wardly onto a metallic sheet vertically passing through
a closed metallic chamber. In order, however, to pro-
vide for a more uniform distribution of the liquid drop-
lets from the atomized spray onto the sheet, Feick
teaches forming the ionizing wire holder in the form of
a loop on both sides of the metallic sheet passing
through the enclosed chamber in an attempt to establish
a more uniform electrostatic field. Feick also discloses
the use of a lubricant, such as palm oil, which is nor-
mally semi-solid at room temperature and which is
heated to about 160° F so that it can be readily atomized
and directed in the form of a spray directly into an
electrostatic precipitation zone.

The Rocks et al teaching in U.S. Pat. No. 3,155,545 is
also directed to a direct spray electrostatic coating ap-
paratus where dust particles are forced out of a first
nozzle and air under pressure is forced out of a second
nozzle proximate the first nozzle to disperse the parti-
cles forced out of the first nozzle in a direction toward
an electrostatic deposition zone.

In such direct spray electrostatic precipitators, there
is apparently a substantial amount of overspray which
must be removed and either reclaimed or discarded.
Some of the spray would also presumably be attracted
to the surrounding metallic enclosure as well. In addi-
tion, such direct spraying techniques are believed to
result in a non-uniformity of the application of the lubri-
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cant to the conductive material being coated as well as

to present an inherent difficulty in precisely regulating
the quantity of lubricant being deposited on the conduc-
tive material. Further, because there is no means for
limiting the size of the particles, the larger lubricant
particles do not acquire a sufficient charge to cause
them to adhere to the metal and/or if they should hap-
pen to collide with the metal, they have a tendency to
coalesce and run together thereby providing for a non-
uniform coverage of the lubricant over the surface of
the material being coated.

With respect to electrostatic precipitators wherein a
cloud or mist is formed of particles to be deposited onto
the surface of a vertically oriented conducting metallic
strip, Brunner discloses in U.S. Pat. No. 2,710,589 an
apparatus wherein a liquid lubricant is initially atomized
in a first chamber to form a fog therein. The air causing
the atomization of the lubricant forces the particles of
lubricant through a zig-zag passageway to first elimi-
nate large oil droplets from the oil spray before propel-
ling the smaller oil droplets into a metallic electrostatic
charging enclosure. After being relatively rapidly
forced through a charging zone, the hopefully ionized
particles are then forced outwardly towards the verti-
cally moving metallic sheet where a portion of the
larger droplets fall downwardly into an oil recapturing
reservoir. Because of the speed in which the droplets
pass through the electrostatic charging enclosure, it is
believed that a substantial portion of the droplets do not
acquire a sufficient charge and accordingly do not ad-
here to the metallic strip and are forced upwardly by
the “windage” of the moving strip between the strip
and repeller or precipitation plates. The repeller plates
generate a field which is supposed to result in moving
the droplets toward the metallic strip. The Brunner
apparatus appears to have a number of drawbacks in-
cluding the fact that the liquid particles are not suffi-
ciently charged to permit their adherency to the surface
of the metal without the assistance of an auxiliary pre-
cipitation field. In addition, the larger particles which
adhered to the metal before it passed into the precipita-
tion field tended to coalesce on the metal to thereby
form an uneven distribution of the lubricant over the
surface of the metal. Further, the flexibility of the Brun-
ner lubricator was limited because it had to be posi-
tioned so that metallic strips moved therethrough only
in the vertical directions. This limited the capability of
the lubricator to apply lubricants to individual sheets of
metal because of the difficulty of conveying such sheets
upwardly through the lubricator.

Subsequently, Landgraf disclosed in U.S. Pat. No.
2,994,618 an electrostatic coating apparatus wherein a
mist or fog of liquid lubricant droplets were generated
with the smaller droplets passing upward past a baffle
into an jonization or particle charging zone. Within
each charging chamber, there exists a turbulent electro-
static field surrounding the ionizing wires which tends
to precipitate the oil mist onto the walls of the chamber,
from whence the material refluxes back into a fog cham-
ber. Accordingly, a second supply of air was coupled to
the fog chamber which forced increased quantities of
the lubricant droplets upwardly into a metallically en-
shrouded charging zone and forced the particles being
charged upwardly into a precipitating zone before they
precipitated into the walls of the ionization chamber.
Apparently, because of the speed of movement of the
particles through the ionization chamber caused by the
secondary supply of air, the particles received insuffi-
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cient charge to directly adhere to the metallic sheet
being lubricated, thus the precipitation zone was re-
quired in which a field was generated for assisting in
directing the droplets onto the sheet. By varying the
quantity of air forced into the fog chamber, the relative
quantity of lubricant deposited on the conductive mate-
rial passing through the precipitator could be con-
trolled. This apparatus suffered from the same draw-
backs as the aforementioned Brunner apparatus since
the liquid droplets are not sufficiently charged to permit
their adherency to the surface of the metal without the
assistance of an auxiliary precipitation field. In addition,
the larger particles which adhered to the metal before it
passed into the precipitation field tended to coalesce on
the metal to thereby form an uneven distribution of the
lubricant over the surface of the metal. Further, the
flexibility of the Brunner lubricator was limited because
it had to be positioned so that metallic strips moved
therethrough only in the vertical direction. This limited
the capability of the lubricator to apply lubricants to
individual sheets of metal because of the difficulty of
conveying such sheets upwardly through the lubricator
and the wind curreats which pushed the charged lubri-
cant droplets up into the precipitating zone caused a
non-uniformity in the -deposition of the particles onto
the material being coated.

More recently, Nishikawa et al disclosed in U.S. Pat.
No. 3,726,701 an electrostatic coating apparatus of simi-
lar design to the Landgraf apparatus but which further
controlled the quantity of lubricant applied-to the con-
ductive material vertically passing through a metalli-
cally enshrouded precipitator by varying the electro-
static charge applied to the lubricant droplets as well as
the air flow which forced the droplets from a cloud or
mist chamber through the ionization chamber and into
the precipitation zone. Thus, the Nishikawa et al precip-
itator also forces the droplets into the precipitation zone
by a fast air flow and the droplets are prevented from
acquiring sufficient charge to prevent them from coal-
escing on the metallic strip to thereby form a non-
uniform application on the sheet or material being lubri-
cated.

Pegg discloses in U.S. Pat. No. 2,447,664 a metalli-
cally enshrouded vertical electrostatic coating appara-
tus wherein a liquid spray is directed into ionizing and
coating zones. A complex arrangement of blowers and
shutters was provided to attempt to force movements of
the lubricating spray and to more uniformly apply the
lubricant in the form of a film onto a material passing
vertically through the precipitation zone. While the
Pegg apparatus may have overcome some problems of
non-uniform distribution of a spray onto a sheet being
lubricated to a certain extent, the system utilized was
quite complex. Further, as aforementioned, the use of a
liquid spray is inherently difficult to control and accord-
ingly, the application of a film of lubricant to the sheet
passing through the Pegg apparatus would presumably
have a tendency to be non-uniform in thickness. Finally,
Pegg required the use of electrostatic repelling plates to
achieve his coating which added to the expense of the
Pegg precipitator.

In summary, none of the prior known attempts to
lubricate a moving metal strip, sheet or the like using
electrostatic precipitation are believed to have actually
achieved a uniform substantially random dispersion of
minute lubricant particles to conductive substrates in a
practical highly efficient manner in actual production
line environments. Nor have any of the prior attempts
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provided precipitating apparatus for this purpose of
such simple and economical design as that to be de-
scribed herein.

It therefore is an object of this invention to provide
an improved method and apparatus for applying lubri-
cating material uniformly and efficiently onto a metallic
substrate such as sheets, strips, etc.

Accordingly, this invention relates to a method and
apparatus for uniformly electrostatically dispersing lu-
brication particles onto a conductive substrate. In the
exemplary embodiment, a lubricant, which is preferably
solid at room temperature, is heated to form a liquid.
The liquid lubricant is then sheared within an air fed
orifice into an airborne mist of droplets directed down-
wardly towards an underlying liquid supply. Larger
droplets are filtered out of the air flow by gravity, baf-
fles, air flow forces and inertia effects to leave only a
mist cloud of extremely small, substantially uniformly
sized, spheroid particles, the majority of which have
average diameters on the order of one micron and
which are substantially independent of gravity forces.
This mist cloud is then migrated or drifted toward an
enclosure and preferably a non-electrically conducting
enclosure having a plurality of electrodes therein. Co-
rona discharge from the electrodes produced by a volt-
age difference maintained between the electrodes and
the metal substrate causes the atmosphere within the
enclosure to, in effect, become a plasma of ions, i.e.,
charged molecules of the ambient gases. The mist or
cloud of lubricating spheres is introduced into the
plasma as a migrating sheet cloud permitting each parti-
cle to randomly move and collide with ions in the
plasma thus acquiring a charge from the relatively
smaller ions. Due to the relatively slow random move-
ment and the uniformly small size of particles, they will
all eventually acquire a substantially uniform maximum
electrical charge giving rise to electrostatic forces
which uniformly disperse the particles onto the con-
ducting substrate passing through the nonconducting
chamber to form a uniform, substantially random distri-
bution of lubricating spheres over at least one surface of
the conductive substrate. In the preferred embodiment,
the lubricant spheroids become frozen to a solid state
before being dispersed onto the metallic surface. Uni-
formity of distribution of the spheres on the conductive
substrate is-insured because the particles are uniformly
small and permitted to rather slowly migrate about the
nonconducting chamber long enough to acquire uni-
form maximum electrical charges sufficient to strongly
adhere same to the conductive substrate while at the
same time repelling one another to thereby prevent
coalescing of the particles. Since this process is substan-
tially 100% efficient, the percentage coverage of the
tiny lubricating spheres on the conducting substrate is
dependent only upon the quantity of particles supplied
to the chamber and the relative velocity of the substrate
(hence its dwell time in the enclosure).

Accordingly, one aspect of the present invention
provides an electrostatic method and apparatus for ap-
plying a uniform distribution of finely divided particles
upon a metallic substrate.

Another aspect of the present invention provides an
electrostatic precipitation method for depositing resin-
ous and resinous-like materials on metallic substrates.

From another aspect, the present invention provides
an improved process and apparatus for economically
coating metallic substrates with wax and wax-like mate-
rial by electrostatic means.
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It is still another aspect of this invention to provide a
process and apparatus which will deposit finely divided
organic lubricating particles of relatively high molecu-
lar weight on metallic substrates without the occur-
rence of concentrated spots or areas thereon.

Another aspect of the instant invention provides a
novel article of manufacture produced by electrostatic
means, the article having uniform distribution of dis-
crete particles of lubricant affixed to a metallic sub-
strate.

Another aspect of the instant invention provides a
lubricated substrate which requires far less lubricating
material than the prior art.

Another principal aspect of the subject invention
provides an article of manufacture that has a markedly
reduced tendency to tack or weld upon being placed
together upon mutual planar contact.

Another principal aspect of the present invention
provides a novel lubricated substrate which has less
tendency of accumulating lubricant material upon dies,
jigs, and associated fixtures during forming operations
than produced by conventional lubricating means.

Briefly, in accordance with this invention, 2 method
is herein described for applying a lubricating material
upon a metallic substrate in a finely divided form. This
method comprises forming a mist of finely divided par-
ticles of said lubricating material, the particles of said
material having an average size of less than 10 microns
in diameter, passing the particles into a second contain-
ing means having an electrostatic field while maintain-
ing the particles within a closely confined space within
the electrostatic field whereby said particles are
charged therein, and conveying the metallic substrate
through said first and second containing means as to
electrostatically deposit the lubricating material upon
said substrate.

One exemplary apparatus of this invention is designed
to apply a uniform distribution of finely divided parti-
cles upon a metal substrate and comprises: means for
generating a mist of lubricating material in the form of
droplets having an average particle size of less than
about 10 microns diameter, first means associated with
said generating means for containing the mist of finely
divided particles within a closely confined space, sec-
ond means adjacent said first means for containing said
mist and including means for impressing a high direct
current potential across the substrate and at least one
pair of electrodes opposingly situated adjacent said
second containing means, said electrodes extending
transversely the width of the metal substrate and defin-
ing an electrostatic field, and means for advancing the
substrate through said field.

The term lubricating material denotes herein low-
melting organic mixtures or compounds of relatively
high molecular weight which are normally solid at
room temperature and generally similar in composition
to fats and oils. Although this generally embraces the
hydrocarbons and more particularly the paraffinic hy-
drocarbons, other compounds such as esters or fatty
acids and alcohols are also included. Generally such
substances are non-toxic in nature and are free from
objectionable order and color. These lubricating materi-
als are generally combustible, and have good dielectric
properties. Further, the lubricating materials may be
divided into two groups, natural and synthetic. The
natural lubricating materials include beeswax, lanolin,
shellac wax, carnauba, petroleum waxes including par-
affin, microcrystalline wax, and petrolatum. The syn-
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thetic waxes include ethylenic polymers and polyol
ether-esters including polyethylene glycols and me-
thoxypolyethylene glycols and sorbitol, chlorinated
naphthalenes and various hydrocarbon types produced
by synthetic means such as the Fischer-Tropsch.

Other objects, features and advantages of the present
invention will become more fully apparent from the
following detailed description of the preferred embodi-
ment, the appended claims and the accompanying
drawings in which:

FIG. 1 is a perspective view of lubricating apparatus
and auxiliary equipment constructed according to one
exemplary embodiment of the present invention;

FIG. 2 is a cross-sectional view of the exemplary
electrostatic lubricating apparatus taken along the line
2—2 of FIG. 1;

FIG. 3 is a cross-sectional view of the exemplary
electrostatic chamber taken along the line 3—3 of FIG.
1

FIG. 4 is a section view of an exemplary venturi
atomizer utilized to form a mist of lubricant particles;

FIG. 5 is a side elevation view of an alternate, pres-
ently preferred exemplary embodiment of the present
invention;

FIG. 6 is a plan view of the preferred exemplary
lubricating apparatus illustrated in FIG. § shown in
partial section;

FIG. 7 is an elevation view shown in partial section of
the upper mist forming exemplary apparatus of the
present invention;

FIG. 8 is a partial plan view of the upper mist forming
exemplary apparatus illustrated in FIG. T,

FIG. 9 is a section view of the lower mist forming
exemplary apparatus of the present invention;

FIG. 10 is a partial plan view of the exemplary mist
forming apparatus illustrated in FIG. 9;

FIG. 11 is an entrance end view of the lubricating
apparatus of the preferred exemplary embodiment of
the present invention;

FIG. 12 is the exit end view of the lubricating appara-
tus of the preferred exemplary embodiment of the pres-
ent invention; :

FIG. 13 is a schematic illustration of the exemplary
process of applying fine particles of lubricant to a con-
ductive substrate;

FIG. 14 is a photo illustrating new article of manufac-
ture resulting from this invention and showing the den-
sity and substantially uniform distribution of solid
spheres of lubricant onto a tin plate conductive sub-
strate formed while the tin plate was moving through
the lubricating apparatus at 300 feet per minute and

when 50 cubic feet per hour of air is introduced into the

mist generators of the apparatus of FIG. § to produce
the mist cloud that is slowly migrated into the non-con-
ducting precipitation enclosure; and

FIG. 15 is a photo of the new article of manufacture
showing solid spheres of lubricant deposited on a tin
plate while the plate was moved through the lubricating
apparatus at 45 feet per minute and when 50 cubic feet
per hour of air was being introduced into the mist gen-
erators of the FIG. 5 embodiment.

Turning now to the drawings and particularly FIG.
1, an electrostatic lubricating apparatus 10 is shown
having an electrostatic chamber 11 affixed to a genera-
tor 12 provided with generating means to form a mist of
lubricating material and communicating the same to the
electrostatic chamber 11. The chamber 11 is provided
with a pair of slots 13 situated centrally the chamber 11
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through which pass a substrate to be coated. A remov-
able panel 14 is held in place to electrostatic chamber 11
by a series of connecting bolts 15. '

FIG. 2 shows in more detail a cross-sectional view of
the electrostatic lubricating apparatus of FIG. 1. The
electrostatic chamber has a lower portion 16 and an
upper portion 17, the latter portion containing four
pairs of electrodes 18 evenly distributed therein. The
electrodes 18 extend transversely the width of the upper
portion 17. Electrodes 18 are connected through suit-
able circuitry via line 19 which impresses a high direct
current potential across the substrate 24 and the pairs of
electrodes opposingly situated within upper portion 17.
Electrostatic chamber 11 is connected to the generator
12 by suitable clamping or connecting means (not
shown). A conduit 20 is provided on either side of sub-
strate 24 to communicate from the generator 12 directly
into the lower portion 16 of chamber 11. Generator 12
is provided with a reservoir 21 of lubricating material.
The generator 12 is provided with an atomizing unit 22
having hollow tube 23 depending therefrom and being
partially situated beneath the reservoir 21 of lubricating
material. Generator 12 may be provided with heating
means 38 to maintain the lubricating material in a fluid
condition.

FIG. 3 shows a cross-sectional view of the electro-
static lubricating chamber 11. The electrodes 18 are
shown within the upper portion 17 and positioned in
pairs at equal distance from the substrate 24 to be lubri-
cated. The lower portion 16 shows two openings or
headers 25 spaced from the substrate 24. A mist of finely
divided lubricating material is introduced into the lower
portion 16 via header 25 which produces an even distri-
bution thereof across the full width of the substrate 24.

In FIG. 4 a conical opening 26 formed between an
hourglass plug 27 and keyed member 28. Tubing 31 is
joined by locking nut 29 to keyed member 28 to provide
communication into the apex of conical opening 26 via
passage 30 situated in member 28. The tube 23 commu-
nicates into an inlet orifice 32 which leads into the coni-
cal opening 26 at its upper surface. The apex of the
conical opening 26 terminates into a cylindrical section
33 which in turn communicates downwardly to a funnel
shaped mouth 34.

In the operation of the apparatus described, the me-
tallic substrate 24 moves upwardly and centrally
through the slots 13 into the electrostatic chamber 11.
Chamber 11 is preferably made of a transparent or
translucent thermoplastic material which adequately
insulates the substrate 24. The portion of the substrate
24 moving through the electrostatic chamber 11 first
encounters the lower portion 16 having space 36 into
which issues through headers 25 a mist of finely divided
lubricating material which passes through slots 39 into a
second space 35 formed by the upper portion 17 of
chamber 11. Generally, the volume encompassed by
space 35 is at least four times the volume encompassed
by space 36. The mist is charged as it passes through an
ionization field around the electrodes 18 thereby estab-
lishing a precipitating electrostatic field which causes
the particles to be charged and to be drawn onto the
metallic substrate 24. In the preferred embodiment the
distance between the substrate 24 and the electrodes is
approximately 3 inches. The mist of lubricating material
is formed by passing compressed air supplied through
tubing 31 directly into passage 30 wherein, drawn by
the venturi, the lubricating material is reservoir 21
moves upwardly through a tube 23, and thence to ori-
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fice 32 and then into the conical opening 26 to be force-
fully issued through section 33 and outwardly through
the mouth 24 to the space 35 of generator 12. The mist
then passes over the reservoir 21 of lubricating material,
through conduit 20 and outwardly through headers 25
into the space 36.

Various metals may be utilized as the substrate in
accordance with this invention, including aluminum,
iron, copper, tin, and sundry alloys thereof. The appara-
tus and method of this invention may be used on various
forms of the metal, especially when in coil stock form,
generally from six to twenty-six inches wide and vary-
ing in thickness from 0.1 to 0.001 inch in thickness. It is
often advantageous to incline the electrostatic lubricat-
ing chamber to properly accommodate the various coil
stock configurations. Generally, an angle of about 20°
to 45° from the vertical may be used. The linear speed of
the metallic substrate may vary over a wide range in
accordance with numerous factors known to those
skilled in the art. Generally, the speed may range from
25 feet per minute to 400 feet per minute. Preferably
with most metallic substrates the linear speed should
range between 70 and 250 feet per minute.

A number of factors influence the lubricating mate-
rial deposition relationships. Thus by regulating the air
or other gas to the atomizer an increase or decrease in
the amount of deposition may be achieved. Also, the
amount of deposition may be readily controlled by
regulating the speed of travel, design of the venturi
structure, type of oil used, etc.

The novel article of manufacture in accordance with
the invention herein disclosed relates to a metal sub-
strate upon which is substantially uniformly dispersed
thereover numerous, discrete or preferable spheroidal-
shaped particles of solid lubricant material. An impor-
tant aspect of said article of manufacture formed in
accordance with the subject invention is that said article
offers discrete, multi-point lubrication heretofore not
available to the art. In general for a given weight of
lubricating material a multi-point lubricated substrate as
disclosed herein renders a relatively small but important
effective area comprising discrete points of contact
between two parallel planar metallic substrate surfaces
as compared with the conventional continuous or film
type of contact that presents a relatively larger area of
such contact. This latter feature of achieving a rela-
tively small effective area of mutual planar contact is
essential to avoid tacking or the tendency to weld.
Thus, in accordance with this invention lubricated
stocks have a markedly reduced tendency to cling to-
gether, a problem which has been common in numerous
coiling and sheeting operations.

Although the apparatus in accordance with this in-
vention provides deposition on both sides of a substrate
it will be appreciated that the lubrication may be ap-
plied to a single side by blocking one of the headers and
not allowing current to be passed to the electrodes on
one side of the electrostatic chamber.

As the mist or cloud of fine solid spheres or lubricant
migrate toward and into the ionization field they are
caused to be charged. The solid spheres assume random
distribution since they acquire a like charge and repel
one another and therefore remain independent of one
another. Thereafter, the charged particles in the form of
a mist or cloud are drawn at once to the conducting
substrate having opposite charge where they are at-
tached to and uniformly and randomly dispersed onto
said substrate. It is believed that upon reaching and
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making contact with the conductive substrate the finely
divided charged particles lose or dissipate their charge.
Further, it is postulated, but the invention is not to be
assumed restricted thereby, that the particles still retain
for a very brief period of time a surface charge on the
particles prior to loss or dissipation of charge. This is
believed to be the case since there is seemingly very
little particle-to-particle contact observed in a conduct-
ing substrate so treated. Note here, in particular FIGS.
14 and 15 herein. Of course, other randomly dispersed
particles within the field of attraction will be drawn to
the conductive substrate with the effect that some parti-
cles will fall proximate and very close to the particles
already attached upon the conducted substrate while
others will fall upon the substrate at random points
spaced from the already attracted and attached parti-
cles. Owing to the random distribution of the cloud of
particles the net result is that they are deposited in a
random distribution on the substrate. Such a distribu-
tion is by its nature a uniform one.

An important feature associated with the subject
lubricated article in accordance with the invention
herein is the fact that superior lubrication results there-
from. In particular, it is noted that there is produced no
tacking of sheets or coiled metal surfaces, i.e., the ten-
dency of lubricated stock to adhere or weld themselves
together. This particular disadvantage overcome by the
material and method disclosed herein is one which has
plagued the industry in cutting and dieing operations
where more than one sheet may be introduced into the
forming operation resulting in malfunction and mis-
alignment. As to this invention, the sheets are easily
separated due to air pockets or areas of which there is
no lubricant. In effect, the uniform distribution of finely
divided spheroidal shaped particles over the substrate
allows for the formation of air pockets when planar
sheets are stacked or sheets are coiled upon themselves
and therefore render an easy removal or separation of
one substrate from that of the adjacent substrate prior to
the aforementioned forming operations.

It may be mentioned that the plurality of spheriodal
shaped particles dispersed over a given surface cling to
the substrate and are not easily removed therefrom.
Thus, upon blowing air over the surface, mechanical
agitation of such a treated substrate, or the ordinary
handling of such lubricated materials it is observed that
the spheres remain emplanted and attached thereto. It is
hypothesized that the finely divided spheres being very
tiny are bonded tenaciously to the surface by various
physical forces including van der Waals forces or the
like.

In the conventional technology of lubrication of a
substrate such as lubricant/solvent dips and lubricant
spray systems there is generally produced a continuous
film of lubricating material. It is readily apparent that
this lubricated material so-formed upon standing would
set up or assume a rigid shape with the result that the
substrate, upon being changed in configuration such as
upon uncoiling, would exceed its fracture limitation and
cause minute cracking resulting in loss of lubricant from
the substrate. Apparently, flaking of lubricant in various
degrees is often noted in substrates treated via conven-
tional processes. It should be appreciated that the flak-
ing of lubricant often results in excessive lubricant
build-up in certain areas and that flakes of lubricant fall
into portions of substrates which may cause undue
build-up of lubricant and problems in the forming oper-
ation. This often times happens in conventional solvent-
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lubricant spray systems in that large concentrations or

globs of lubricant are produced in certain areas where
other areas are of light concentration. Furthermore, in
conventional hot lubricant spray technology it is often
discovered that there are areas of lubricant-free surfaces
which of itself presents potential problems in forming
operations. In order to compensate for this, it is often
the practice to use more lubricant to achieve a continu-
ous although uneven distribution of lubricant. How-
ever, when attempting to apply more lubricant to the
substrate it is observed that excessive amounts of lubri-
cant are found and accumulate on critical forming,
tooling surfaces and edges which buildup and often
times cause further problems. Thus, in accordance with
this invention there is no requirement for frequent
cleaning the forming tools, die equipment, etc., as often
associated with the prior technology. In addition, the
subject invention is found to require less lubrication
material per unit area than is required by the prior art.

The amount of lubricating material which may be
applied on a given substrate can vary over a relatively
wide range. However, a preferred range of coverage
for the lubricating material generally varies from about
2 percent to about 40 percent surface area, and more
preferably from about 5 to 15 percent surface area, said
surface area being measured by totalling the vertically
projected areas (i.e. maximum cross-sectional areas) of
said lubricating spheres. In general, it will be appreci-
ated that the substrate to be lubricated has at least one
surface thereof coated only to the extent that a minor
portion of the surface is covered by the lubricating
material. Furthermore, a major portion of the lubricat-
ing particles have diameters less than about 10 microns
in diameter and the majority of the particles in the
major portions have an average diameter on the order
of ‘about one micron.

The lubricating particles are of a size such that the
average diameter to weight ratio is such that the parti-
cles assume a mist or cloud, are airborne, and substan-
tially independent of gravity forces in a substantially
quiescent atmosphere. In viewing the enclosure in
which there is such a mist of said particles it is noted
that the mist takes on the appearance of smoke or
smoke-like suspension.

As used herein the term “‘substantially quiescent at-
mosphere” is used to denote an atmosphere such that
lubricating particles having a given diameter to weight
ratio would remain suspended in said atmosphere inde-
pendently of forces of gravity.

As an indication of the application of our invention as
shown in FIGS. 1-4, an apparatus in accordance with
this invention was operated in which aluminum plate
stock of about 12 inches wide and 0.014 inch thick was
continuously passed, at a rate of about 85 feet per min-
ute, through an electrostatic unit having a lower rectan-
gular enclosure provided with two openings for the
passage of finely divided lubricating material there-
through, and an upper enclosure having an electrostatic
unit proper. The pair of openings in the lower enclosure
were equally spaced from the advancing metal stock
and situated so that the generated lubricating material
was played fully over the surface of the advancing
plate. The particles were carried by air currents
through the slotted opening in the enclosure into the
upper enclosure provided with the electrodes. The elec-
trodes were spaced about 5 inches from the advancing
stock and generally about 3 inches from the enclosure
walls. It was found that proper operation was main-
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tained when the slotted opening in the lower enclosure
were about # to } inch in distance from the plate stock.
The plate may be advanced through the enclosures by
means well known to those skilled in the art. A direct
current voltage of about 65,000 volts was connected
between the grounded part and the insulated electrodes
comprising the electrode wires. A paraffin wax was
heated to a temperature of about 160° F., and drawn
into six atomizers, maintained at that temperature, and
the air flow was adjusted through each atomizer to
about 150 cubic feet per hour. The wax in finely divided
form issued into the lower enclosure and was carried
via air currents into the upper enclosure where the
material was precipitated upon the advancing metal
plate at about 10 milligrams per square foot per side.
The wax was consumed at approximately 100 gms., per
hour. Generally, high voltage and low amperage power
supply are preferred and impressed upon the electrodes
in the electrostatic enclosure. It has been found that a
small amount of the AC electrical energy may be passed
through the electrodes in order to melt any wax or
lubricating material which deposit thereon as indicated
in FIG. 2.

As the mist or cloud of fine solid spheres of lubricant
migrate into the chamber 11, they move upwardly into
and about the area between the wire grids 18 and the
conductive substrate 24 which passes into the chamber
via slot 39 and out of the chamber via slot 13. Because
the articles are of such small size, gravity has a negligi-
ble effect on their movement and accordingly, move-
ment of the particles upwardly into the area about the
grid 18 is not inhibited thereby. Further, the slot open-
ings 39 and 13 are maintained such that windage caused
by the moving substrate has only a minimal effect on the
substantially random distribution of the solid lubricant
spheres. As the fine spherical particles collide with the
relatively smaller ionized gas molecules, charge is trans-
ferred to the lubricating spheres which are then at-
tracted to the surface of the substrate 24 as it moves
through the chamber 11. The lubricant spheres moving
into the chamber are substantially uniform sized spheres
and tend to randomly disperse about the chamber and
accordingly, when they become charged to a substan-
tially uniform maximum charge level, they substantially
uniformly disperse onto the conductive substrate 24 in a
generally random manner to thereby provide a uniform
distribution of the particles over the surfaces of the
substrate 24. This uniformity. of distribution of the parti-
cles over the surface of the substrate is insured because
windage and spray currents do not disturb the generally
random movement of the particles within the plasma as
a charge is being acquired thereby. Further, and of
substantial importance to the successful operation of
this invention, is the fact that the particles are of such
small size and are permitted to randomly move within
the chamber 11, for sufficient time so as each acquire a
relatively strong maximum charge which causes the
particles to strongly adhere to the substrate while at the
same time repelling one another to thereby prevent
coalescing of the particles before and after they are
attracted to the substrate.

It should be emphasized that once the particles are
attracted to the surface of the conductive substrate,
they will not coalesce and thereby form streaks of lubri-
cant on the substrate since the spherical particles are
each fully charged and accordingly strongly adhere to
the substrate. Further, in the case where a lubricant
normally solid at room temperature is utilized, the solid,
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dry spheres of lubricant provide point-to-point contact
between respective layers of the conductive substrate
whether the substrate is rolled in the form of a coil or
cut into sheets and stacked on top of one another. Thus
the spheres of lubricant have the load bearing qualities
of conventional spherical bearings with air pockets
therebetween so that respective layers of the substrate
can be separated from one another in a simple and easy
manner.

The quantity and relative density of the lubricating
particles dispersed onto the conductive substrate is de-
pendent only upon the quantity of particles migrating
into the chamber 11 and the relative velocity of the
conductive substrate (and hence its dwell time) as it
passes through the precipitation chamber. Generally
acceptable lubrication is achieved while the speed of the
conductive substrate passing through the precipitation
chamber may range from 25 feet per minute to 400 feet
per minute or more and the quantity of solid lubricating
particles is that generated by an air supply of from 25
cubic feet per hour per venturi orifice and up.

Various conductive substrates can be coated with
lubricant in keeping with the present invention. Such
substrates include but are not limited to aluminum, iron,
steel, copper, tin and various alloys thereof. In addition,
the lubricating apparatus of this invention may be used
to lubricate various forms or configurations of metal
since whatever the form of the metal, the dispersion of
the lubricating particles onto the surface thereof will be
substantially random and hence, uniform.

The direct current voltage which may be applied
between the advancing metal substrate and the elec-
trode means may vary over a wide range. In general,
the distance between the metallic substrate and the
electrode wires may be from about 1 inch to about 10
inches, preferably between about 3 and 6 inches. The
potential difference between the ground and the elec-
trodes may vary from about 10,000 to about 100,000
volts. In general, a preferred potential difference should
be of the order-of about 10,000 volts per inch. It is
generally believed that the velocity of particles having
average sizes less tha 10 microns under influence of an
electrical field of about 10,000 volts per inch would be
an average velocity of about 0.5 feet per second within
the enclosure.

Refer now to FIG. 5 which is a side elevation view of
an alternate presently preferred exemplary embodiment
of the present invention. As illustrated, the lubricating
apparatus includes a longitudinally partitioned, non-
electrically conducting precipitation chamber §1 which
preferably is formed of a plastic material such as poly-
propylene. The precipitation chamber 51 has an upper
portion 53 which is above the plane §5 through which
the conductive substrate passes and includes a lower
portion 57 which is positioned below the plane 55. A
plurality of transversely extending electrodes or wires
59 forming a grid on each side of the substrate are
charged to a common potential with respect to the
conductive substrate and are positioned transversely
with respect to the direction of movement of the con-
ductive substrate through the lubricator. The electrodes
are spaced with respect to the conductive substrate by a
suitable distance, e.g., five inches, on each side of the
substrate and are spaced with respect to one another.
An AC voltage is preferably superimposed across the
length of individual wires 59 to heat the wires and thus
prevent an accumulation of lubricant deposits on the
wires. A schematic showing of such a heating arrange-
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ment may be seen in FIG. 13. It has been discovered
that unless such heating of the electrodes is present,
undesirable accumulations of lubricant materials often
quite quickly build up on the electrodes thereby greatly
decreasing the ionizing efficiency thereof.

An upper mist generator 61 is illustrated which in the
preferred embodiment is sectioned into a plurality of
transversely aligned mist generating units, one associ-
ated with each partitioned chamber within the precipi-
tation chamber 51. Each section of the mist generator 61
includes a reservoir 63 which contains the lubricant
material to be disposed onto the upper surface of the
conductive substrate. Preferably, the lubricant is solid
at room temperatures and accordingly, a heating ele-
ment 65 is positioned within the reservoir in order to
heat the lubricant to a liquid state. As will be explained
more fully hereinbelow, air or another suitable gas sup-
ply is coupled to a venturi atomizer 67 which is posi-
tioned in the upper portion of the mist generator. The
passage of air under pressure into the venturi causes a
pressure drop at the top of feedline 69, thereby causing
the liquified lubricant to be sucked up into the venturi
where the lubricant is sheared into individual droplets.
The droplets then drop downwardly into reservoir 63
where the larger droplets are returned to the bath of
liquid lubricant. The remaining droplets in the mist
migrate through a baffle filter arrangement (see FIG. 7)
into the air flow outlet chamber in the upper portion of
the mist generator and then through a channel 71 into
the precipitation chamber 51. The baffle filters out rela-
tively large particles, so that only particles of suffi-
ciently small size, e.g. on the order of 10 microns in
diameter or less, and the majority on the order of one
micron migrate into the precipitation chamber. The
migration of the tiny spherical particles is so slow that
during this migrating process, the particles solidify and
become dry and accordingly undertake the characteris-
tics of hard, solid spheres. The particles enter the pre-
cipitation chamber 51 in the form of a cloud which is
substantially uniformly distributed across the width of
each longitudinally partitioned section or portion of the
chamber.

A second series of transversely aligned mist genera-
tors 73 are positioned on the underside of the plane 55§
along which the conductive substrate passes. The sec-
ond set of mist generators each includes a reservoir 74
which contains the lubricant to be applied to the under-
side of the conductive substrate. A heater 75 is illus-
trated for maintaining the lubricant in its liquid state. A
venturi atomizer 77 is positioned at the top of the reser-
voir and includes a venturi through which air under
pressure passes. As the air under pressure passes
through the venturi, the liquified lubricant is sucked up
through feedline 79 and is sheared into droplets by the
air passing through the throat of the venturi. The larger
droplets fall back downwardly into the liquid bath
while smaller particles not affected by gravity tend to
flow through a zig-zag path 81 defined by a set of baffle
filters into the lower portion 57 of the precipitation
chamber 51. These particles migrate quite slowly into
the precipitation chamber 57 and accordingly, because
of the low heat capacity thereof, solidify in the case of
the preferred lubricant which is a solid at room temper-
atures. Because of the migration of the particles into the
chamber 57 and the small size of the particles, its parti-
cles each aquire a strong charge, i.e. a relatively large
charge to mass ratio. Thus, the particles not only tend to
be randomly dispersed before being charged but also




ht t p: / / ww. Pat ent Gopher . com

4,073,966

17

are randomly and uniformly dispersed onto the conduc-
tive sheet passing through the chamber after being
charged. Thus, a substantially uniform distribution of
the solid spheres on the conductive substrate is
achieved.

Air supply for shearing the liquid lubricant in the
throats of the venturis 67 and 77 is coupled to the lubri-
cator via an air filter 83. After the air has passed
through the air filter 83, it passes through an air pressure
regulating valve 85 and then into upper and lower air
flow distributors 87 and 89, respectively. The air cou-
pled to each of the flow distributors 87 and 89 is con-
trolled by meter valves 91 and 93, respectively. Thus,
for example, the total air flowing into air flow distribu-
tor 87 is controlled by meter valve 91. The air passing
into the distributor 87 is coupled to each of the six dis-
tributor conduits 95 via flow metering valves (not
shown) of conventional design. Each of these conduits
is coupled to an individual upper mist generator 61. In
addition, the air flow coupled to the lower distributor
89 is controlled by meter valve 93 with the distributor
89 coupling air to each of a plurality of distributor con-
duits 99 via flow metering valves. Each of the flow
metering valves is manually adjustable to control the air
flow into the conduits 95 (not shown). The conduits 99
couple the air under pressure to each of the plurality of
individual mist generators 73 positioned on the under-
side of the substrate which passes through the lubrica-
tor.

The conductive substrate is fed into the lubricator via
a powered friction roller drive and is then passed along
the plane 55 within the lubricator by means of a belt
drive 129. The substrate is passed out the exit end 103 of
the lubricator and onto an output friction roller drive.
The substrate being lubricated may be in the form of
individual sheets, a coil which is unravelled as it passes
through the lubricator and is then wound up at the
output end of the lubricator, an endless strip in a strip
line manufacturing environment, or may be in any other
suitable form as will be appreciated by those in the art.
The lubricator itself is of relatively small size and, as
illustrated, can be easily moved from place to place by
retracting the supports 107 so that the lubricator is
supported by the rollers 109. As shown to approximate
scale in the drawings, the FIG. 5 lubricator has an over-
all width of about 68 inches, a height from the floor to
the pass line of the sheet metal of about 45 inches and an
overall length of about 8 feet, 2 inches.

In the case where no conductive sheets are being
passed through the lubricator, a blower 111 positioned
at the output end of the lubricator is activated and is
coupled to an outlet chamber 113 which is positioned at
the outlet end of chamber 51 about the upper and lower
portion of the plane 55 through which the substrate
passes. The blower collects and filters out of the ambi-
ent air the lubricating spheres which, of course, are not
deposited on a substrate at such times since no substrate
is then passing through the precipitation chamber 51. It
should be understood, of course, that when a conduc-
tive substrate is passing through the precipitation cham-
ber 51, substantially all of the particles are electrostati-
cally dispersed onto the substrate and accordingly, the
blower 111 is not activated when the lubricator is in
normal operation.

Refer now to FIG. 6 which is a plan view of the
lubricator of the present invention shown in partial
cutaway. The precipitation chamber 51 formed of a
suitable plastic material is shown divided or partitioned
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longitudinally into a plurality of sections or chambers
by means of longitudinally extending partitions 52. The
electrodes or corona discharge wires 59 are illustrated
extending transversely with respect to the longitudi-
nally oriented chambers. At the inlet end of the precipi-
tation chamber are a plurality of mist generators 61,
each one associated with an individual partition or
chamber of the precipitation chamber 51. Each mist
generator is illustrated (see FIG. 7) having a separate air
flow conduit 95 coupled thereto for supplying air to its
respectively associated venturi atomizer 67 and for
forcing the sheared lubricant droplets downwardly into
the reservoir 63 positioned therebelow. In the preferred
embodiment, each mist generator actually has four con-
trollable venturi atomizers 115-118 to which the air
from the conduit 95 is coupled. Each venturi, as will be
seen hereinbelow, generates fine lubricating spheres
which are migrated into the precipitation chamber 51.
By having the precipitation chamber 51 partitioned as
illustrated, swirling of the air and lubricating particles
from one side of the chamber to the other is prevented
and accordingly, a random uniform distribution of the
lubricating spheres on the conductive substrate is in-
sured. Further, because the entire chamber housing is
non-conductive, the charged lubricant particles move
freely within the chamber without becoming attracted
to the housing. Because of this the particles within the
chamber continue to acquire charge until the particles
acquire sufficient charge to become accelerated toward
the substrate.

At the input side of the lubricator the conductive
substrate is fed into the precipitation chamber 51 via
friction rollers 121 which are driven by a motor 119 via
a chain drive assembly 123. At the outlet side of the
lubricator, a second set of friction drive rollers 125
driven by motor 127 pulls the conductive substrate
away from the lubricator. Preferably, the friction rol-
lers 125 are driven at a faster rate than the input friction
rollers 121 in order to give the substrates passing
through the lubricator added momentum. for ease of
stackability in the case where individual sheets of metal
are being lubricated. As the conductive substrate passes
through the lubricator and particularly through the
precipitation chamber 51, the substrate is supported and
guided by means of a plurality of belts 129 which are
driven by the motor 127 via a chain drive assembly 131.
Each of the belts 129 is relatively thin so that only a
small portion of the total of the total surface of the
conductive substrate passing through the lubricator will
be contacted by the belts 12¢ and accordingly, only a
small portion of the total surface area of the substrate
will not have a lubricant dispersed thereon.

Refer now to FIGS. 7 and 8 which illustrate in
greater detail the individual upper mist generators 61
illustrated in FIGS. 5 and 6. With specific reference to
FIG. 7, the individual mist generators each include a
reservoir portion 63 at the bottom thereof. The reser-
voir contains a lubricant which preferably is a solid at
room temperature. Accordingly, a heater 65 of conven-
tional design is positioned within the reservoir 63 proxi-
mate the bottom thereof. The heat generator is appro-
priately energized in a conventional manner to maintain
the lubricant in a liquid state during operation of the
Iubricator. At the top of the reservoir is positioned a
plurality of venturi atomizers 67. Air or any other suit-
able gas under pressure is coupled to each of the venturi
atomizers from the associated distributor conduit 95 via
distributor passages 96. In addition, a plurality of feed



http://ww. Pat ent Gopher.com

4,073,966

19

lines 69 are provided through which the liquified lubri-
cant is drawn upwardly and into the venturi atomizers.
In the preferred embodiment there are four venturi
atomizers and two feed lines in each mist generator with
each feed line supplying liquid lubricant to two of the
venturi atomizers as illustrated in FIG. 8. The venturi
atomizers may be of conventional design but preferably
are of the same design as the venturi atomizer illustrated
in FIG. 4. A coarse air flow control 88 is provided for
each venturi atomizer for shutting off the air flow there-
through if desired. As aforementioned, the lubricant is
preferably solid at room temperature and accordingly, a
heating element 66 is provided in the upper portion 65
of the mist generator 61 in order to maintain the lubri-
cant in a liquified state as it passes upwardly through the
feed line 69 and into the venturi atomizer.

With reference to the exemplary venturi atomizer of
FIG. 4, the air passage 25 has a diameter on the order of
0.05 inch and accordingly, even though the relative
volume of air flowing into the mist generator 61 is small,
the velocity of the air passing through the nozzle 25 and
into the throat 34 of the venturi atomizer is quite high.
Hence, the pressure at the throat of the venturi nozzle is
sufficiently reduced to draw upwardly in the feed line
69 a sufficient amount of lubricant to cause a continuous
shearing of the lubricant into fine droplets. For larger
size venturis it may be desirable to actually force pump
liquid lubricant to the orifice to obtain an increased
production quantity of particles therefrom. The drop-
lets are then forced downwardly into the reservoir 63
under the force of the air flowing through the throat of
the venturi and under the force of gravity. The larger
droplets which are still in the liquified state drop into
the bath of lubricant in the reservoir while finer drop-
lets having a diameter on the order to 20 microns or less
and preferably much less than 10 microns form a cloud
or mist of particles in the upper portion of the reservoir
63. These fine droplets migrate about a first baffle 68
and a second baffle 70 into an air flow outlet box 72
positioned in the upper portion 65 of the mist generator.
The baffles 68 and 70 tend to disperse the air flow and
the fine lubricating droplets so that their distribution
across the width of the mist generator is substantially
uniform and random in nature. In addition the baffles 68
and 70 filter out relatively large droplets which having
a greater momentum than smaller particles can not
negotiate the tortuous path through the baffles and
instead strike the baffles and fall back into the bath. The
fine small diameter droplets which pass upwardly into
the box 72 have such a small size that they move up-
wardly substantially independently of the force of grav-
ity. Applicants have found that only about 5 to 10% of
the droplets formed by the venturi atomizers 67 have
sufficiently small size to migrate upwardly past the
baffles and into the box 72 with the remaining droplets
falling back into the liquid lubricant bath. After the
particles have moved into the box 72, they migrate
downwardly through passage 71 which exits into the
upper portion 53 of the precipitation chamber 51. The
droplets as they migrate through passage 71 are still
substantially in liquid form. However, in the case of the
preferred lubricant which is solid at room temperature,
because of their low heat capacity, as they pass into the
precipitation chamber the droplets solidify the dry,
thereby taking on the characteristics of round, solid
bearings. The droplets pass onto the chamber 51 and
form therein a cloud of randomly dispersed lubricating
spheres which are not attracted to the metal substrate
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passing therethrough until the droplets acquire a suffi-
ciently great change. The migration of the cloud of
lubricating spheres into the chamber 51 is assisted by
the relatively low volume air flow passing through the
venturi 67 and into the upper portion of the reservoir
63. As aforementioned, the electrodes or corona dis-
charge wires 59 positioned within the chamber 51 ionize
the atmosphere therein due to a voltage maintained
between the electrodes and the metal substrate, thereby
creating a plasma of ionized ambient gaseous molecules
about the electrodes 59. This ionized atmosphere in turn
multiply collides with and thus imparts a substantially
uniform maximum charge to the fine but relatively
larger spherical lubricating particles migrating into the
chamber to thereby cause the charged lubricating parti-
cles to be attracted to and uniformly and randomly
dispersed unto the conductive substrate passing there-
through.

Refer now to FIGS. 9 and 10 which illustrate one of
the mist generators positioned on the underside of the
conductive substrate passing through the lubricator. As
illustrated, the lower mist generators each includes a
reservoir 74 which contains a lubricant which is liqui-
fied by means of a heating element 75 of conventional
design. Positioned above the reservoir 74 is a mist form-
ing portion 78 having a plurality of venturi atomizers 77
positioned therein. Air under pressure is coupled to
each of the venturi atomizers 77 via distributor conduit
99 as illustrated in FIG. 10. In addition, a pair of feed
lines 79 are provided which extend downwardly into
the bath of lubricant at one end and which are coupled
to a passageway leading to the throat of two venturi
associated therewith at the other end. A second heating
element 80 is positioned within the upper portion of the
mist generator for maintaining the lubricant in a liquid
state as it passes into and out of the venturi atomizer 77.

In operation as air under pressure is forced into the
throats of the venturi atomizers, lubricant is drawn
upwardly through the feed lines 79 and into each of the
venturi atomizers. The lubricant is then sheared into
droplets which are forced downwardly into the upper
portion of the reservoir 74 by the force of the air acting
thereagainst and under the force of gravity. The larger
droplets which typically constitute 90 to 95% of the
total droplets formed, drop back into the bath of lubri-
cant while the remaining droplets, preferably having a
diameter of less than 10 microns, migrate past baffle 82
and about a second baffle 84 into a passageway 86. The
baffles 82 and 84 cause the droplets to become ran-
domly distributed across the width of the mist generator
and at the same time reduces the speed of movement of
the droplets as they move out of the reservoir 74. In
addition, the baffles filter the larger particles out of the
mist to thereby reduce the average size of the particles
migrating into the chamber 51. The passage 86 has a
large exit area in order to further reduce the speed of
the droplets so that as the droplets enter the lower por-
tion 57 of the precipitation chamber 51, the movement
thereof is migratory in nature with the droplets forming
a slow moving cloud of randomly dispersed solid
spheres of lubricant. These small dry spheres of lubri-
cant are subsequently ionized and randomly dispersed
onto the substrate moving through the precipitation
chamber.

A course control 88 is provided for controlling the air
flow through the throat of each of the venturi atomizers
717. Thus, for example, if it is desired to shut off one or
more of the atomizers, a simple turning of the control 88
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will shut off the flow of air throough the venturi. This

control is provided in addition to a fine control for each

individual mist generator. It is contemplated that these:

and/or similar controls will be either manually or auto-
matically manipulated to control the air supply, i.e.,
pressure or volume metering, etc., to the orifices and/or
the number of such orifices in operation to thereby
control the quantity of lubricating spheroids produced
per unit time and delivered to the coating chamber.

Refer now to FIG. 11 which is a view of the entrance
end of the lubricator of the present invention. As illus-
trated, a motor 119 is fixedly secured to the side of the
lubricator and drives a plurality of friction rollers 121
via a chain drive system 123. The friction rollers 123
pull the conductive substrate into the lubricator for
applying the solid lubricating particles to the surfaces
thereof. A belt drive arrangement is provided haiving a
plurality of belts 129 which are driven by the motor 127
at the opposite end of the lubricator. Thus, the belts 129
support the conductive substrate as it passes through
the lubricator and in addition assist in conveying the
substrate as it passes through the precipitation chamber
51. The belts each pass under the lubricator and then
upwardly in the direction illustrated by the arrows and
then into and through the precipitation chamber 51. At
the top of the lubricator is positioned a plurality of
individual mist generators positioned alongside one
another for generating the tiny solid spherical droplets
which are dispersed onto the conductive substrate. A
plurality of distributor conduits 95 conduct air pressure
from a distributor box 87 to each of the individual mist
generators 61. The air flow into the distributor box 87 is
controlled by means of a meter valve 91. The air filter
83 for filtering the air coupled to each of the venturi
atomizers is also illustrated.

Refer now to FIG. 12 which is an exit end view of the
lubricator of the present invention. As illustrated, a
motor 127 drives a plurality of friction rollers 125
which pull the metal substrate out of the precipitation
chamber 51. In addition, motor 127 drives a plurality of
drive belts 129 via a chain drive assembly 131 and an
axle 132. The drive belts pass outwardly from the pre-
cipitation chamber 51 and downwardly as illustrated by
the arrows and then under the lubricator to the front
end thereof as illustrated in FIG. 11. As aforemen-
tioned, these belts guide the conductive substrate
though the precipitation chamber.

Additionally, in case no conductive substrate is being
passed through the lubricator, the lubricating spheres
passing into the precipitation chamber 51 will not be
attracted to any surface because of the non-conducting
makeup of the precipitation chamber 51. Accordingly, a
blower 111 is provided for drawing the spherical lubri-
cating particles out of the chamber 51 through an ex-
haust conduit 112 and into an appropriate recovery
vessel. It should be understood that the blower 111 is
not used when a conductive substrate is being passed
through the precipitation chamber 51 since substantially
all of the fine spherical particles of lubricant formed are
randomly dispersed onto the substrate as it passes there-
through. Accordingly, such a blower is not required
during normal operation of the lubricator.

The operation of the lubricator of the present inven-
tion will now be described in conjunction with FIG. 13
which is a simplified schematic illustration of a portion
of the lubricating apparatus of the present invention. A
conductive substrate 50, which may be of any suitable
material such as, for example, aluminum, iron, steel,
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copper, tin and various alloys thereof, is guided through
the lubricator and in particular the precipitation cham-
ber 51 by means of a plurality of belts 129 spaced acorss
the width of the lubricator. The substrate is passed
through the lubricator at any appropriate speed such as,
for example, 45 feet per minute upwards to 300 feet per
minute or more. As the substrate passes into the precipi-
tation chamber 51, the slot therethrough for receiving
the belts 129 and the substrate 50 is relatively small in
order to contain the desired spherical particles of lubri-
cant substantially totally within the precipitation cham-
ber 51. At the same time as the substrate is moving
through the lubricator, air under pressure is coupled to
each of the distributor conduits 95 and 99 associated
with the upper and lower mist generators 61 and 73,
respectively. The pressurized air is then conducted
through the venturi atomizers 67 in the upper mist gen-
erators which in turn causes liquid or liquified lubricant
to be drawn upward into feed lines 69 and into the
throats of the venturi 67. The resulting droplets thus
formed are forced downwardly into the upper portion
of the reservoirs 63 with the great majority of the drop-
lets falling back into the lubricant bath. However, a
small portion of the droplets, on the order of 5 to 10%
thereof, migrate past a baffle filter arrangement includ-
ing baffles 68 and 70 (see FIG. 7) and upward into an
outlet air flow box 72 positioned in the upper portion of
the mist generator. The baffles act as a filter which
eliminates the relatively large droplets but which per-
mits passage of the relatively small droplets into the box
72. In addition, the baffles and the air flow outlet box 72
slow down the movement of the tiny particles of lubri-
cant and cause the particles to be uniformly and ran-
domly distributed across the width of the mist genera-
tor. The mist then passes from the outlet box 72 into a
passage 71 with the droplets still being substantially in
liquid form. As the droplets migrate into the chamber
§3 above the substrate 50, the droplets, if solid at room
temperature, solidify into tiny hard spherical lubricant
particles having diameters which range between 1 mi-
cron and 10 microns (most may be on the order of one
micron) and which slowly move into and about the
chamber 53 to form a cloud of particles substantially
uniformly spread across the width of each partition
chamber within the upper portion of the precipitation
chamber 51.

At the same time, the grid of interconnected elec-
trodes is appropriately charged with respect to the
substrate so that a sufficient corona current is provided
to ionize the surrounding atmosphere and to overcome
space charge effects which might be imposed by the
relative concentration of the particles passing into the
chamber and any previously implanted coating on the
substrate. The charging of the atmosphere surrounding
the electrodes 59 results in the formation of a plasma
which in turn multiply collides with and charges the
relatively larger lubricant particles as within the cham-
ber. The particles continue to randomly migrate about
the chamber as they continue to acquire charge. When
the particles are sufficiently charged, i.e., the particles
have a relatively large maximum charge to mass ratio,
they are attracted to the surface of the substrate 50 and
are dispersed thereon in substantially a uniform random
distribution. Because the particles are small and hence
have little momentum, they tend to repel one another as
they move within the chamber. Accordingly, coalesc-
ing of the particles does not occur and the particles tend
to be spaced from one another after being attracted to
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the substrate. This insures a substantially random distri-
bution of particles on the substrate.

In the underside of the substrate 50 is a second series
of mist generators 73 which, are aforementioned, gener-
ate a plurality of lubricant droplets, the great majority
of which drop back into the lubricant bath in the reser-
voir 74. However, those droplets of lubricant which
have sufficiently small size, that is, a diameter ranging
between 1 micron and 10 microns (most of the order of
one micron) are not affected by gravity and have a
tendency to migrate about the filter baffles 82 and 84
(see FIG. 9) and into an outlet chamber 86 which is of
sufficiently large size to slow down the movement of
the particles while the baffles 82 and 84 cause the parti-
cles to become randomly distributed across the width of
the mist generator. The resulting cloud of spherical
lubricant particles migrating into the lower portion 57
of the precipitation chamber 51 form a cloud of parti-
cles which are substantially uniformly distributed across
the transverse width of each of the partition chambers
within the precipitation chamber 51. These particles,
after collisions with the plasma created by the electrode
grid 50 become charged to the same polarity as the grid
in the upper portion 53 of the chamber and thus cause
the spheroids to be attracted to the substrate 50. The
particles are dispersed randomly and uniformly across
the width of the substrate 50 as it passes through the
precipitation chamber 51.

With reference to FIG. 14, a photograph is shown of
a portion of a substrate after having the solid lubricant
spheres dispersed thereon with the portion of the sub-
strate photographed magnified 1,000 times. As can be
seen, the solid droplets are randomly distributed over
the surface of the substrate and have not coalesced
together particularly because of the like charge each
particle acquires as it is attracted to the substrate 50.
The substrate illustrated in the photograph is a tin plate
which was passed through the precipitation chamber 51
at 300 feet per minute. In addition, 50 cubic feet per
hour of mist producing air was passed into each of the
mist generators and consequently into the precipitation
chamber 51.

FIG. 15 is a photograph of a portion of a tin substrate
surface magnified 1000 times illustrating the solid, dry,
spherical lubricant particles substantially randomly dis-
tributed thereacross. To obtain the article of manufac-
ture shown in this photograph, the tin substrate was
moved through the precipitation chamber 51 at only 45
feet per minute as opposed to the 300 feet per minute
rate used for the photograph of FIG. 14. Accordingly,
the distribution of the solid spheres on the surface of the
substrate is substantially denser. However, in each case
it is noted that no coalescing of the particles occurs and
that the particles are substantially randomly and uni-
formly distributed over the surface area photographed.
The small particles illustrated (the majority of all parti-
cles) are on the order of 1 micron in diameter while it is
estimated that the few largest particles shown have a
diameter on the order of 4 or 5 microns.

While the number of particles per unit area dispersed
onto the surface of the substrate is dependent primarily
only upon the number of fine solid particles migrating
into the chamber 51 and the relative velocity (and hence
dwell time) of the substrate through the precipitation
chamber, it should also be understood that the percent
of the substrate area covered is also related to the size of
the particles and/or to the weight in milligrams of the
particles deposited on a unit area of the substrate. Thus
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for the same given weight of lubricant deposited on a
unit area of the substrate, particles having a diameter of
one micron will cover twice the area of particles having
a diameter of two microns and four times the area cov-
ered by particles having a diameter of four microns, and
so on. Accordingly, it can be seen that by reducing the
size of the solid particles deposited on the substrate,
substantial quantities of lubricant can be conserved for a
given desired percentage coverage of the substrate.
This is an additional reason why the size of the spherical
droplets is controlled by the baffles in the mist genera-
tors and by the design of the venturi atomizer illustrated
in FIG. 4 so that only the very tiny particles having a
diameter of less than ten microns and the majority being
on the order of one micron are permitted to pass into
the precipitation chamber 51.

In the above described preferred FIG. 5 embodiment
it has been observed that mean lubricating particle ve-
locities within chamber 51 are only on the order of 0.5
feet per second. Furthermore, with line speeds on the
order of 300 feet per minute, controlled dispersions of
lubricating particles on the order of 4-24 milligrams per
square foot (= 20% tolerance) have been obtained by
controlling the number of mist generator venturis in
operation (control valves 88) and/or by controlling the
quantity of particles generated by each venturi such as,
for example, by controlling the air pressure and flow
thereto. As should now be apparent, manual or auto-
matic controls can be effected to increase lubrication
generation to accomodate line speed changes of the
moving substrate. Since there are locations in most
production lines where a designed line speed is nomi-
nally maintsined, it may only be necessary to increase
particle generation in steps (e.g., by turning controls 88
“on” and “off”’). Thus, for example, there could be four
steps in all triggered automatically by a tachometer
electrical signal proportional to line speed. It is believed
that line speeds up to as much as 1,200 feet per minute
can be accomodated with reduced weights of lubrica-
tion per unit area and/or increased variances from a
nominal application rate. However, since the lubrica-
tion produced by the teachings of this invention are of
increased uniformity of smaller sized particles, etc., it
has been discovered that the percentage coverage or
weight per unit area of lubrication on the substrate may
be significantly reduced from what was in the past con-
sidered necessary for proper lubrication using other
methods which produce a lubrication film rather than
the dispersed spheroid coverage of this invention.

Since the lubricated metal product of this invention is
often ultimately used as a food or beverage container, it
is important that the applied lubricant not produce an
“off-taste” in the food or beverage. In this regard, expe-
rience has shown that care must be taken not only with
the type of lubricant being used but also with the metal
or other components of the lubricator with which the
lubricant comes into contact during the application
process. In this regard, it is presently preferred that the
metal portions of the mist generator (e.g., the venturi,
etc.) be made of brass, steel and/or aluminum.

At the present time, 0.05 inch venturi orifices have
been used with the air supplied thereto at 10-30 pounds
per square inch pressure to obtain respectively corre-
sponding air flows through each venturi on the order of
about 0.8-1.4 cubic feet per minute.

As a nonlimiting exemplary description of air pres-
sures, flow rates, coating efficiency, coating weight per
unit area, percentage coverage etc., to be expected with
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the above described preferred exemplary embodiment

of the invention, the following exemplary calculations
are presented using parameters applicable to the exem-
plary embodiment:

5
Let:
W1 = 05 this is an assigned value of 0.5
feet per second velocity of a
charged particle moving toward the
grounded metal surface.
X =4 }he length of the chamber 51 in 10
eet.
D =025 the spacing in feet of the elec-
trode wires 59 from the metal
surface.
C=08 constant chosen to represent ori-
fice sharp edges.
T1 = 530 absolute temperature (°F) of air. 15
Orifice Area = 7R? (0.052” diameter hole in venturi).
PSI = from 5 to 75 pounds per square inch pressure
delivered to venturi input.
Pl =P + 147 pressure corrected to absolute.

W=weight in pounds (per second) of air flowing 20
through the 0.052 inches venturi orifice.

V =volume of air in cubic feet per minute (CFM)
calculated from its weight (one cubic foot of air at
this temperature weighs 0.07494 pounds).

Vi=velocity of air through the chamber 51 (one ;5
'side). This is calculated wsing 54 venturis in a cham-
ber 51 cross-section of 6 feet by 6 inches (3 ft?).

Z=an exponential expression for an electrostatic
precipitator efficiency, where: W1 is the “drift
velocity” of the charged particles; X is the length 39
of the chamber in feet; V1 is the air velocity in feet
per second through the chamber; and D is the
electrode-to-metal spacing in feet.

N = 1I-EXP (Z) this is the expression for effi- 35
ciency where EXP (Z) is the fraction
of material (wax in this case)
remaining in the air after passing
through the chamber 51.

N*100=percent efficiency.
Where,
W=.5303 (A) (C) (P1/VTI)
V=60 (W/.07494)
V1=V (54/((60)0.3))
=—(W1-X)/(V1-D) 45
Then, the following results:

PSI CFM % EFFICIENCY

5 0.61727 100 50
10 0.773937 100

15 0.930605 100

20 1.08727 100

25 1.24394 100

30 1.40061 100

35 1.55727 100

40 1.71394 100 55
45 1.87061 99.9999

50 2.02728 99.9998

55 2.18394 99.9995

60 2.34061 99.9989

65 249728 99.9977

70 2.65395 99.9957

75 2.81061 99.9924 o

As may be seen, this shows that lubricant entering the
chamber 51, under the stated conditions of venturi pres-
sure, would substantially all be deposited on the metal
substrate regardless of the air pressure utilized. 65

It is also possible to calculate the number of lubricant
spheres needed for a given weight per square foot, de-
pending on sphere size and/or to calculate the percent-

26
age of the total area actually covered by the spheres for
a given weight per unit area. For these exemplary cal-
culations, let:

S=0.84 the density of an exemplary wax lubricant in
grams per cubic centimeter

~ B=12 inches converted to centimeters

R =particle radii in centimeters

W=weight per square foot in milligrams

N=total number of spheres of wax per square foot at
a given weight by the weight of a single sphere, at
a given size.

A =area covered by wax spheres, calculated by mul-
tiplying the total number of spheres by the area of
one sphere (7R?). :

C=percentage coverage

Where:

N= w/((4/3) - 7 R*- S - 10°)
A=N.7-.R?

C= (A/BY - 100

Then the following results:

NUMBER OF
MICRONS SPHERES PERCENT
DIA MG/FT? INMILLIONS  COVERAGE

4. 4 142 19
4. 8 284 3.8
4, 12 426 5.8
4. 16 568 7.7
4. 20 710 9.6
4. 24 852 115
5. 4 72 L5
5. 8 145 31
5. 12 218 4.6
5. 16 291 62
5. 20 , 363 7.7
5. 2% 436 92
6. 4 42 13
6. 8 84 2.6
6. 12 126 3.8
6. 16 168 5.1
6. 20 210 64
6. 24 252 17
7. 4 26 L1
A 8 53 22
7. 12 79 33
7. 16 106 44
7. 20 132 55
7. % 159 6.6
8. 4 17 1

8. 8 35 19
8. 12 53 29
8. 16 7 38
8. 20 88 438
8 2% 106 5.8

Even though only very low percentages of the sub-
strate are actually covered by the lubricant, it has been
discovered that this is nevetheless sufficient, for in-
stance, for lubricating dies uded to form shaped metal
(e.g. cans) from the thusly lubricated metal substrate.

While the present invention has.been disclosed in
connection with only a few exemplary embodiments
thereof, it should be understood by those in the art that
there may be other variations of the preferred embodi-
ment which fall within the spirit and scope of the ap-
pended claims.

What is claimed is:

1. A method of coating a surface of a metallic sub-
strate to form a lubricious coating thereon, comprising:

forming a plurality of finely divided particles of lubri-

cant, said particles having a diameter to weight
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ratio such that they will remain suspended in a
substantially quiescent atmosphere;

physically transporting said suspended particles from

the location of particle formation to the general
location of said metallic substrate; 5

confining said suspended and transported particles in

a non-electrically conductive housing adjacent the
metallic substrate to be coated in a substantially
quiescent atmosphere;

electrically charging said particles while so confined 10

to the degree necessary to enable them to repel one
another while they are suspended; and

electrostatically depositing said particles on the metal

surface while said particles are in a repelling rela-
tionship with respect to one another by establishing 15
an attracting electrical field between said confined
charged particles and said metallic substrate
whereby said particles are deposited on the sub-
strate in a laterally displaced relationship with re-
spect to one another. 20

2. A method as defined in claim 1, wherein the lubri-
cant particles are spheroidal in shape and are initially
formed by melting a lubricant which is a solid at room
temperature, forming the molten lubricant into substan-
tially spheroidal shaped particles, and cooling said parti- 25
cles prior to depositing on the metallic substrate
whereby said particles retain their spheroidal shape
when deposited on the metallic substrate.

3. A method as in claim 2, wherein the suspended
spheroidal particles are confined adjacent the surface of 30
a metallic substrate prior to being electrically charged.

4. A method for electrostatically dispersing tiny
spheroids of lubricating material onto a moving electri-
cally conductive substrate, said method comprising the
steps of: 35

providing a supply of lubricating material in a liquid

phase;

forming a mist of finely divided spheroids from said

supply of liquid lubricating material, a majority of
said spheroids having an average diameter less than 40
10 microns in size such that said mist is airborne
and substantially independent of gravity forces;

providing a housing through which said conductive

substrate is passable longitudinally thereof, the
housing having electrodes extending therewithin, 45
said electrodes being spaced from said moving
substrate;

producing an electrical corona discharge within said

housing by applying a voltage differential between
said moving substrate and said electrodes to 50
thereby produce a plasma therewithin of electri-
cally charged ambient gaseous molecules electri-
cally charged to the same polarity as the electrical
polarity existing on said electrodes;

drifting said airborne mist into said plasma to produce 55

multiple collisions between said charged ambient
gaseous molecules and said relatively larger spher-
oids, thereby accumulating a like electrical charge
on said spheroids;

said drifting step being carried forth so as to cause 60

substantially all of said spheroids to attain a sub-
stantially uniform maximum charged state where-
upon substantially only electrostatic forces cause
substantially all of the thusly charged spheroids to
move toward the oppositely charged substrate 65
surface and to substantially uniformly disperse
thereover whereby substantially all the spheroids
drifted into said plasma are eventually uniformly

28

dispersed onto the substrate surface to produce a
uniform steady state percentage coverage of the
substrate that is defined primarily only by the
steady state quantity of spheroids drifted into the
plasma and by the steady state speed of the sub-
strate moving through said housing.

5. A method as in claim 4 wherein said housing

through which passes said substrate is a non-electrically
conductive housing.

6. A method as in claim 4 wherein said drifting step

comprises average spheroid movements of distance per
unit time towards and into said plasma which are less
than the average substrate movements of distance per
unit time through said housing.

7. A method as in claim 4 wherem said step of form-

ing a mist comprises:

providing a substantially closed container housing
said supply of liquid lubricating material and hav-
ing an air inlet orifice and an outlet port both at the
upper portion thereof;

passing a supply of compressed gas through said inlet
orifice downwardly toward said supply of liquid
lubricating material and generally directed away
from said outlet port;

drawing a stream of said liquid lubricating material
through said orifice and downwardly out through
said output port with said supply of gas thereby
shearing said stream into liquid spheroids of vari-
ous sizes which spheroids are thus propelled down-
wardly towards said supply of liquid lubricating
material and away from said outlet port whereby
only airborne spheroids substantially independent
of gravity forces are passed out through said outlet
port.

8. A method as in claim 4 further comprising the step

of:

heating said elongated electrodes to prevent any ac-
cumulation of said lubricating material thereon.
9. A method as in claim 8 wherein said heating step

comprises passing AC electrical current through said
electrodes.

10. A method for applying a lubricating material

upon a metallic substrate comprising:

forming a mist of finely divided particles of said lubri-
cating material from a plurality of mist sources, the
particles of said material having an average size of
less than 10 microns diameter;

passing the particles from said plurality of mist
sources into a first containing means extending
along the width of said metallic substrate and hav-
ing a substantially quiescent atmosphere therein
and permitting said particles from the different
sources to diffuse together therein and form a sub-
stantially uniformly distributed mist of said parti-
cles along the entire width of the substrate;

passing the particles from said first containing means
into a second containing means having an electro-
static field therewithin while maintaining the parti-
cles within a closely confined space within the
electrostatic field whereby said particles are
charged therein; and

conveying the metallic substrate through said second
containing means while establishing an attracting
electrical field between said confined charged par-
ticles and said metallic substrate so as to electro-
statically deposit the lubricating material upon said
substrate.
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11. The method of claim 10 wherein forming the mist
includes dispersing fluid droplets and depositing said
droplets in the form of solid particles upon the surface
of said substrate.

12. A method of dispensing small lubricating particles
substantially uniformly and randomly across at least one
surface of a moving conductive substrate comprising
the steps of:

forming in an atomizer a plurality of droplets of a

lubricant,

filtering said droplets to form a mist of finely divided

droplets having an average size of less than about
ten microns diameter,

slowly migrating said droplets into a nonconductive

precipitating chamber,

distributing said droplets substantially uniformly

about said chamber, »
moving said droplets substantially randomly within
said chamber,

moving a conductive substrate through said chamber,

and :

continually charging said droplets with respect to

said conductive substrate until said droplets are
accelerated toward said substrate to form a sub-
stantially uniform and random distribution of said
droplets on at least one surface of said substrate.

13. A method of forming a lubricious surface on a
metallic substrate, comprising forming a plurality of
finely divided particles of a lubricant taken from a
group consisting of hydrocarbons and ethylenic poly-
mers, said particles having a diameter to weight ratio
such that the particles will remain substantially sus-
pended in atmosphere, transporting said particles to a
location adjacent the metallic substrate, electrically
charging said particles of lubricant to the degree neces-
sary to enable them to repel one another, and depositing
said particles of lubricant on the metal surface in a repel-
ling relationship with respect to one another whereby
said particles are laterally displaced with respect to one
another.

14. A method as set forth in claim 13, wherein the
lubricant is a hydrocarbon selected from the group
consisting of paraffin wax, microcrystalline wax and
petrolatum and said particles are spheroidal in shape
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and are initially formed by liquefying said lubricant by
heat, forming the liquefied lubricant into substantially
spheroidal shaped particles, and cooling said particles
prior to depositing on the metallic substrate whereby
said particles retain their spheroidal shape when depos-
ited on the metallic substrate.

15. A method as set forth in claim 14, wherein the
non-liquid spheroidal particles are confined in a suspen-
sion at the location adjacent the surface of a metallic
substrate.

16. A method of forming a lubricious surface on a
metallic substrate, comprising providing a liquid supply
of a normally non-fluid dielectric lubricating material,
forming a plurality of finely divided spheroidal parti-
cles, a majority of which have a diameter less than 10
microns, transporting the finely divided particles to a
location adjacent the metallic substrate while returning
the particles to their normally non-fluid state, electrosti-
cally charging said particles of dielectric lubricating ma-
terial to such a degree that they mutually repel one an-
other and are deposited on the metalic substrate while so
charged.

17. A method as set forth in claim 16 wherein said
lubricating material is a hydrocarbon wax.

18. A method as set forth in claim 16 wherein said
lubricating material is petrolatum.

19. A method as set forth in claim 16 wherein the
lubricating material is a synthetic wax selected from the
group consisting of polyethylene glycols, methox-
ypolyethylene glycols, and chlorinated naphthalenes.

20. A method of forming a lubricious surface on a
metallic substrate, comprising forming a plurality of
finely divided particles of a dielectric lubricating mate-
rial, said particles having a diameter to weight ratio
such that the particles will remain substantially sus-
pended in atmosphere, providing a quiescent cloud of
said particles adjacent the surface of the metallic sub-
strate to be coated, electrostatically charging said parti-
cles so that the charged particles mutually repel one
another and are deposited and distributed on said sub-
strate surface while so charged substantially entirely by

electrostatic forces.
* * * * *



