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Process for Application of a Fluoropolymer Coating to a Threaded Fastener

Abstract
The present invention is directed to a process for the application of fluoropolymer
to a preselected area of a threaded fastener, and particularly to substantially all of the
threads of the fastener. The fluoropolymer is supplied to a spray nozzle in powder form
and is subjected to a triboelectrostatic charging process so that individual particles

ces o discharged from the spray nozzle are electrically charged. In the preferred form of the

invention, the fluoropolymer powder is triboelectrically charged, entrained in an air stream

discharged from the nozzle and directed onto the preselected area of the fastener. In this

manner a generally uniform powder coating is deposited onto the preselected area of the

fastener while the fastener is maintained at room temperature. Thereafter, the fastener is

heated to a temperature above the melting point of the fluoropolymer to thereby coalesce

the deposited powder into a continuous film coating which adheres, upon cooling, to the
pre-selected area of the fastener. In accordance with a preferred embodiment, the
Te el fastener is heated in a manner which raises the temperature of only the preselected area

of the fastener to the fluoropolymer melting point. This preferred heating technique
minimizes the retention of fluoropolymer inadvertently deposited on areas of the fastener
other than the preselected area, and allows this undesired fluoropolymer to be easily

removed, even after heating.
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Process for Application of a Fluoropolymer Coating to a Threaded Fastener

BACKGROUND OF THE INVENTION

The present invention relates to fluoropolymer coated fasteners, and, more
particularly, tko a new process for effectively and efficiently coating preselected portions of
threaded fasteners with a fluoropolymer.

Ithas been recognized for some time that threaded fasteners may be protected from
thread contaminants By coating the threads with fluoropolymer resin. Typical contaminants
that may interfere with proper threaded coupling of the fasteners include paint, anti-
corrosion primers, weld spatter and solder. Coating the fastener threads with a
fluoropolymer before exposure to these contaminants, reduces or prevents the
contaminants from adhering to the fastener. In the use of such fluoropolymer coatings,
however, it is important, and often critical, that the fluoropolymer coating be applied only
to selected portions of the fastener. Indiscriminate application of the coating over all areas
of the fastener is to be avoided. Examples of prior art teachings in this field are found in
U.S. Patent Nos. RE33,766 and 5,221,170. The disclosures of these patents are
incorporated herein by reference.

Although the processes and coated fasteners as disclosed in the above identified
patents have achieved substantial commercial success, they nonetheless suffer from
certain disadvantages. For example, in the practice of this prior art the fasteners are
heated prior to application of the fluoropolymer powder. As a result, the fasteners are

necessarily heated to a temperature substantially above the fluoropolymer melting point
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to accommodate some cooling of the fastener during transit from the heating station to the

- powder spray station. This elevated temperature, inthe range of about 750° to 900°F, can
damage certéin fastener materials or platings, thus, limiting the applicability of the prior' art
technology.

Another disadvantage associated with the prior art ié that relatively large amounts
of fluoropolymer powder are required to achieve a generally uniform and continuous
coating, thereby raising the cost of the process.

Another disadvantage with the prior art is that, traditionally, fluoropolymer coatings
are baked and sintered for extended periods of time, increasing processing time.

Initial experiments were conducted some time ago in an attempt to electrostatically
deposit fluoropolymer powders using conventional corona charging techniques. However,
the resulting fluoropolymer powder coating was indiscriminately applied onto a wide area
of the fastener, requiring some form of masking to limit the coating to only the preselected
areas where the coating was desired. Additionally, when attempting to coat internally
threaded fasteners, Faraday cage effects come into play, which further limits the integrity
of the resulting coating. The possibility of electrostatically depositing the powder by corona
charging techniques was therefore rejected since masking would prove too difficult and

costly in high volume production.
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There is, accordingly, a need for a new fluoropolymer coating process that émploys

-lower temperatures, less fluoropolymer resin and is less costly; while maintaining the

benefits and advantages of the known powdered fluoropolymer application technology.

SUMMARY OF THE INVENTION

The present invention is directed to a process for the application of fluoropolymer
to a preselected area of a threaded fastener, and particularly to substantially all of the
threads of the fastener. |

The fluoropolymer is supplied to a spray nozzle in powder form and is subjected to
a triboelectrostatic charging process so that individual particles discharged from the spray
nozzle are electrically charged. In the preferred form of the invention, the fluoropolymer
powder is triboelectrically charged, entrained in an air stream discharged from the nozzle
and directed onto the preselected area of the fastener. In this manner a generally uniform
powder coating is deposited onto the preselected area of the fastener while the fastener
is maintained at room temperature. Thereafter, the fastener is heated to a temperature
above the melting point of the fluoropolymer to thereby coalesce the deposited powderinto
a continuous film coating which adheres, upon cooling, to the pre-selected area of the
fastener.

The process of the present invention may be used with either internally or externally

threaded articles, such as internally or externally threaded fasteners. In accordance with
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one preferred embodiment, an externally threaded fastener is heated in a mannér which
-raises the temperature of only a preselected area of the_fastener to the fluoropolymer .
melting point: This preferred heating technique minimizes the retention of fluoropolymer
inadvertently deposited on areas of the fastener other than the preselected area, and
allows this undesired fluoropolymer to be easily removed, éven after heating.

Using the present invention, the coating of internally threaded fasteners may be

et * confined to the threaded area only and, therefore, the entire fastener may be heated to
coalesce the deposited powder.
) With the presentinvention, heating times required for fluoropolymer-adherence may

be substantially decreased.

. e BRIEF DESCRIPTION OF THE DRAWINGS
et The novel features which are characteristic of the invention are set forth in the
appended claims. The inventionitself, however, together with further objects and attendant

¢ oo
(K] .

advantages thereof, will be best understood by reference to the following description taken
in connection with the accompanying drawings, in which:

FIGURE 1 is a plan view, illustrating a carousel assembly suitable forimplementing
the process of the present invention with externally threaded fasteners;

FIGURE 2 is a partial perspective view of the assembly illustrated in FIGURE 1;

FIGURE 3 is a partial cross-sectional view of the fastener rotation mechanism;
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FIGURES 4 and 5 are top and side views, respectively, of an appropriate fastener
centering mechanism used in the carousel assembly iIIu_strated in FIGURE 1;

FIGUF%E 6 is a perspective view illustrating details of the powder stream nozzle,
fastener and fastener support, and vacuum nozzle used in the assembly of FIGURE 1; and

FIGURE 7 is a partial cross-sectional view iIIustratiﬁg the positional relationship

between the fastener and heating coils as preferably used in the assembly of FIGURE 1.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The process of the present invention is illustrated in FIGURES 1, 2, 6 and 7 with
respect to the selective fluoropolymer coating of externally threaded fasteners, such as a
conventional weld stud. The invention is not limited, however, to the illustrated fastener,;
but, rather, finds application with both externally and internally threaded fasteners of all
kinds and configurations. Its advantages arise from the ability to easily and expeditiously
coat only preselected areas of the fastener, at high production volumes, without the need
to mask the remaining areas where the coating is neither needed nor desired.

In FIGURE 1, the fluoropolymer powder is provided to the supply port of a
conventional powder spray nozzle 10. Typical spray nozzles of this sort employ high
pressure air at about 40 to 80 psi to aspirate the supply powder and to generate an air

entrained powder stream.
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Preferably, the fluoropolymer powder is a perfluoroalkoxy resin, manufactured by

-DuPont under the trade designation PFA powder-white, product code 532-5100. This .

powder has a particle size of about 20 +3 microns.

A variety of powder spray nozzles and associated supply apparatus may be used
in the practice of the present invention. Su.itable examples ére disclosed in U.S. Patents
Nos. 3,579,684; 4,815,414; 4,835,819; 5,090,355; 5,571,323; and 5,792,512 whose
disclosures are incorporated herein by reference.

The fasteners may be positioned within, or conveyed to intersect, the powder stream
using well known apparatus. Again, suitable examples are illustrated in U.S. Patents Nos.
3,894,509; 4,120,993, 4,775,555; 4,842,890; and 5,078,083. These patents' disclosures
are also incorporated herein by reference. The illustrated apparatus comprises a
horizontally rotating carousel 12 having fastener carrying posts 14 disposed about its
circumference. The carrying posts 14 are preferably constructed from a material having
a relatively high heat transfer coefficient, such as aluminum, brass, steel or copper. In
addition, the posts each preferably house a centrally disposed magnet 15 to assist in
maintaining each fastener in proper position.

Each fastener carrying post 14 is rotationally mounted to the carousel 12 and may
be driven by a gear or sprocket 16 extending from the lower end of the posts. The gear
will rotate when it traverses and engages an appropriately positioned, variable speed,

motor-driven timing belt (not shown), thereby rotating the post and fastener when the
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fastener is in the powder stream. Examples of other suitable rotational fastener carriers
~are disclosedin U.S. Patents Nos. 4,842,890; 5,078,083 anq 5,090,355 whose disclosures
are incorporéted herein by reference. |

A fastener centering station 20 may also be employed. This device centers the
fasteners on carrying post 14 to provide wobble-free rotatic;n when the fastener is in the
powder stream. One preferred form of this centering station is illustrated in FIGURES 2,
4 and 5. It utilizes a fastener engaging wheel 22 which is rotationally driven via drive post
24, drive belt 26 (connected wheel 38 and drive post 24), and a drive assembly 28
including a drive belt 18. Belt 18 engages sprockets 16 to rotate the fasteners. Belt 26
may be driven by the same or a second, suitably positioned, variable speed motor (not
shown). The radial position of wheel 22 relative to carousel 12 is made adjustable by
mounting the drive post 24 on a pivotally mounted support bar 30. The bar 30, inturn, can
be positioned using threaded rod 32. Rotation of rod 32 will pivot support bar 30, thereby
adjusting the radial position of wheel 22.

In accordance with the preferred embodiment of the invention, the powder stream
may be configured or shaped, at least in part, by the geometry of the nozzle discharge
port. Thus, a vertically narrow stream may be formed with a nozzle having a small vertical
dimension and, conversely, a vertically broad stream will result from use of a nozzle having
alarge vertical dimension. The horizontal extent of the stream may be similarly controlled.

In addition, an air knife 40 (see FIGURE 6) can be positioned either below or above (or
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both below and above) the nozzle 10. As illustrated, the air knife 40 positioned below the

-nozzle discharge port will delimit the lower extent of the powder stream, tending to reduce

the depositioﬁ of powder onto the fastener's lower area or the fastener carrying posts 14.

Itis also desirable to employ a vacuum collection system to capture and re-circulate
powder from the powder stream that is not deposited on ihe, fasteners. Typically, the
vacuum nozzle 42 will be located, as illustrated, in juxtaposition to the spray nozzle 10 and
will be sized somewhat larger than the cross-sectional area of the powder stream.

In accordance with an important aspect of the invention, it is necessary to condition
the fluoropolymer powder so that it will be retained on only a preselected area of the
fastener, usually substantially all of the threaded portion of the fastener. The powder must
be evenly deposited onto the preselected area and retained until heated to its melting point
and thereby coalesced into an adherent continuous coating. Moreover, it must be so
retained while the fastener is transported, via the carousel 12 or other conveyor, to the
heating station. Preferably, the powder is triboelectrically charged by its rapid passage
through appropriate tubing from the powder supply reservoir and by its rapid passage
through the spray nozzle itself. In this way, a moderate electrostatic charge, in the range
of about 1 x 107 to about 1 x 10~ coulombs per kilogram, will be generated on the powder
stream.

Although nylon, vinyl or polyester tubing is preferred, other materials, even

electrically conductive tubing such as metal has also found to perform satisfactorily. An
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electrical charge, or Mass Charge Density, on the powder in the range of about 1x103to
3 x 107 coulombs per kilogram has been found to work well, and this charge may be .
generated us>ing a conventional copper spray nozzle with air velocity through the nozzle
in the range of about 300 to 350 meters per second and powder flow rates of about 1.5 to
3.0 x 10 kilograms per second. |

It has been found that the coverage of a triboelectric charged particle coating is
defined mainly by the direction of the entraining air volume and not by corona field effects.
In other words, the triboelectric charge assists in retaining the fluoropolymer on the areas
of the fastener that directly intersect the air entrained powder stream while the shape of
the powder stream and the use of an appropriately positioned air knife minimize the
deposition of powder on other areas of the fastener where a fluoropolymer adherent
coating is undesirable. Thus, by properly configuring the powder stream and positioning
the fasteners relative to the stream, a suitable fluoropolymer powder coating may be
deposited substantially on only the desired areas of the fasteners. As one example, the
coating of internally threaded fasteners may be confined to the threaded area only and,
therefore, the entire fastener may be heated to coalesce the deposited powder.

It has also been discovered that the use of triboelectrically changed powder results
in a highly uniform and complete powder coating with a minimum volume of powder.
Indeed, very uniform and pinhole free coatings are achieved, after heating, even with

coatings that are less than 1/2 mil (0.0005 in) in thickness.
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After the fasteners have been coated with fluoropolymer powder, fhey are
~ transported via the carousel 12 into a heating station.‘ Again, many different heating .
apparatus méy be employed, but an induction heating coil 44 has been found most
satisfactdry. Such coils are described in U.S. Patents Nos. 5,306,346 and 5,632,327;
whose disclosures are incorporated herein by reference. ’Induction heating raises the
temperature of the fastener at the fastener's surface. Because the fluoropolymer is in
direct contact with this surface, it is heated via conductive heat transfer. As a result, the
fastener need only be heated slightly above the fluoropolymer melting point (about 580°F),
or typically in the range of about 600° to 650°F. This is substantially below the
temperatures required for preheated fastener fluoropolymer coating which typically requires
heating of the fasteners to about 750° to 900°F. Consequently, the process of the present
invention finds barticularly advantageous application when coating plated fasteners, such
as zinc plated fasteners which will often degrade when heated above about 700°F.
According to a preferred aspect of the present invention, the fluropolymer-coated
fasteners are heated for a relatively short period of time, sufficient to melt the
fluoropolymer. Using induction heating coils, the fluoropolymer powder, initia'lly at room
temperature, is quickly heated to temperatures which may be in the range of 600°F-650°F.
Thus, with the present invention, heating times required for application of the fluoropolymer
powder may be substantially lessened, such as to 30 minutes or less. Preferably, heating

times are only 5-10 minutes or less and, still more preferably, are less than about 1 minute.
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In the particularly preferred embodiment, melting of the fluoropolymer coatingj on the
~-desired portions of the fastener is accomplished in less than about 10 seconds, and even
as fast as abbut 1-2 seconds or less.

In one preferred embodiment using the apparatus shown in the drawings, M10 weld
studs were coated. The number of fasteners coated and thevtime,taken to achieve melting

of the fluoropolymer powder for each fastener is shown below:

Number of fasteners coated/minute Seconds to achieve melting
60 9.6 -
120 4.8
180 3.2
240 2.4

In accordance with the present invention, the induction heating coils 44 can be
positioned to selectively heat the fasteners. Asillustrated in FIGURE 7, the weld studs are
supported on the carrying posts 14 so that their threaded shank portions péss directly
between the coils 44 while their heads are positioned below the coils. In this way, the
threaded portions will be heated to the desired temperature while the non-threaded

portions will remain below the fluoropolymer melting point. This selective heating is
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facilitated by using a highly heat conductive carrying post and magnet which act as a heat
-sink to minimize the temperature of the fastener adjacent t_he post.

Selecﬁve heating has several advantages. First, it insures that the adherent
fluoropolymer coating is achieved only in the areas --where fluoropolymer melting point
temperatures are reached -- in the threaded portion. Thué, any fluoropolymer powder
deposited in other areas will be easily removed when the fasteneris submerged in the anti-
corrosion cooling bath. Moreover, lower energy consumption and higher production rates
may also be achieved. Finally, selective heating allows the use of less discriminating
powder application techniques, such as corona charging electrostatic deposition of the
fluoropolymer, where powder is initially deposited over substantially greater areas of the
fastener than are desired for the finally coated part.

It should be noted here, that references to a powder "deposited” on and "retained"
on the fastener are intended to mean only that the powder will remain in place during
transport to the heating station. In this condition, it can be easily removed from the
fastener via high velocity gas streams, mechanical brushing or a liquid wash. On the other
hand, references to an "adherent" coating are intended to mean that the fluoropolymer has
coalesced into a substantially continuous film that adheres to the fastener's surface even
when exposed to high velocity air or liquid streams or moderate mechanical abrasion.

Most preferably, however, even the "adherent” fluoropolymer coating will be dislodged from
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the threaded portions of the fastener when engaged by a mating fastener and s(ijected
~ to appropriate clamping loads.

After t-he fasteners pass through the heating station, they are removed from the
carrying posts by a suitable cam 46 and/or air streams and either air cooled or immersed
in a cooling bath, typically an aqueous based anticorrosion bath or other liquid treatment.
The fasteners may be air cooled for about the same time as they are heated, prior to
immersion in the cooling bath.

The resulting coated fastener has a fluoropolymer film adherent to its threaded
portion. The film is generally uniform in thickness both at the crests and roots of the
threads and is substantially pinhole free. Moreover, it is a substantially pure fluoropolymer
coating having no binders, fillers or other incorporated compounds. In accordance with the
present invention, the film may contain over 98% fluoropolymer, the remainder being a
coloring pigment such as titanium dioxide. If desired, however, other compounds can be
added to enhance the coating's mechanical and/or chemical properties.

The process of the present invention permits the selective coating of relatively small
threaded fasteners at high production volumes without the need for preapplied masks on
portions of the fastener where no coating is desired.

Of course, it should be understood that various changes and modifications to the
preferred embodiments described herein will be apparent to those skilled in the art. Such

changes and modifications can be made without diminishing its attendant advantages. It
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is therefore intended that such changes and modifications be covered by the fbllowing

~-claims:
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The claims defining the invention are as follows:

1. A process for coating at least a selected portion of a threaded fastener with a
fluoropolymer, comprising the steps of:

supplying the fluoropolymer in powder form to a spray nozzle,

supplying high pressure gas to the spray nozzle;

discharging a stream of gas entrained fluoropolymer powder from the nozzle;

subjecting the fluoropolymer powder to a triboelectric charging process so that the
particles of fluoropolymer in the gas entrained powder stream are triboelectrically charged;

positioning the fastener within the gas entrained powder stream to deposit a coating
of the fluoropolymer powder onto at least the selected portion of the fastener; and

heating the fastener to a temperature above the melting temperature of the
fluoropolymer to coalesce the powder into a substantially continuous adherent
fluoropolymer.
2. The process of claim 1, further comprising the step of cooling the coated fastener.

The process of claim 2, wherein the fastener is an externally threaded fastener, and

(OS]

further comprising the step of removing fluoropolymer powder deposited on portions of the
fastener other than the selected portion during or after cooling.
4. The process of any one of claims | to 3 wherein the fastener is an externally
threaded fastener and during the heating step portions of the fastener other than the selected
portion do not reach a temperature above the melting temperature of the fluoropolymer.
5. The process of any one of claims 1 to 4, wherein the threaded fastener includes a
zinc plating and wherein the zinc plating is substantially unaffected by the heating step.
6. A process for coating a selected portion of an internally threaded fastener with a
fluoropolymer, comprising the steps of:

supplying the fluoropolymer in powder form to a spray nozzle;

supplying high pressure gas to the spray nozzle;

discharging a stream of gas entrained fluoropolymer from the nozzle;

subjecting the fluoropolymer powder to a triboelectric charging process so that the
particles of fluoropolymer in the gas entrained powder stream are triboelectrically charged;

positioning the fastener within the gas entrained powder stream to deposit a coating
of the fluoropolymer powder onto the threaded portion of the fastener; and

heating the fastener to a temperature above the melting temperature of the
fluoropolymer to coalesce the powder into a substantially continuous adherent

fluoropolymer coating on at least the selected portion of the fastener.
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7. A process for coating a selected portion of an internally threaded fastener with a
fluoropolymer, comprising the steps of:
supplying the fluoropolymer in powder form to a spray nozzle;
supplying high pressure gas to the spray nozzle;
discharging a stream of gas entrained fluoropolymer from the nozzle;
subjecting the fluoropolymer powder to a triboelectric charging process so that the
particles of fluoropolymer in the gas entrained powder stream are triboelectrically charged;
positioning the fastener within the gas entrained powder stream to deposit a coating
of the fluoropolymer powder onto the selected portion of the fastener; and
heating the selected portion of the fastener to a temperature above the melting
temperature of the fluoropolymer to coalesce the powder into a substantially continuous
adherent fluoropolymer coating on at least the selected portion of the fastener.
8. A process for coating a selected portion of a threaded fastener with a fluoropolymer,
comprising the steps of:
supplying the fluoropolymer in powder form to a spray nozzle;
supplying high pressure gas to the spray nozzle;
discharging a stream of gas entrained fluoropolymer powder from the nozzle;
subjecting the fluoropolymer powder to a charging process so that particles of
fluoropolymer in the gas entrained powder stream are electrically charged;
positioning the fastener within the gas entrained powder stream to deposit a coating
of the fluoropolymer powder onto the selected portion of the fastener; and
heating the fastener to a temperature above the melting temperature of the
fluoropolymer while maintaining the other areas of the fastener at a temperature below the
melting temperature to coalesce the deposited powder into a substantially continuous
adherent fluoropolymer coating on only the selected portion of the fastener.
9. A process for coating substantially all of the threads of a threaded fastener with a
fluoropolymer, comprising the steps of:
supplying the fluoropolymer in powder form to a spray nozzle;
supplying high pressure gas to the spray nozzle;
discharging a stream of gas entrained fluoropolymer powder from the nozzle;
subjecting the fluoropolymer powder to a triboelectric charging process so that
particles of fluoropolymer in the gas entrained powder stream are triboelectrically charged;
positioning the fastener with the gas entrained powder stream to thereby deposit a

coating of the fluoropolymer powder onto the threaded portion of the fastener; and
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heating the threaded portion of the fastener to a temperature above the melting
temperature of the fluoropolymer to coalesce the powder into a substantially continuous
adherent fluoropolymer coating on the threaded portion of the fastener.
10.  The coating process of any one of claims 6 to 9, wherein during the heating step any
non-threaded portions of the fastener do not reach a temperature above the melting
temperature of the fluoropolymer.
Il. The coating process of any one of claims 6 to 9, wherein the fluoropolymer powder
is charged to between about 1 x 10™ to 1 x 10”7 coulombs per kilogram.
12. A process for coating at least a selected portion of a threaded fastener with a
fluoropolymer, comprising the steps of:

supplying the fluoropolymer in powder form to a spray nozzle;

supplying high pressure gas to the spray nozzle;

discharging a stream of gas entrained fluoropolymer powder from the nozzle;

subjecting the fluoropolymer powder to a triboelectric charging process so that
particles of fluoropolymer in the gas entrained powder stream are triboelectrically charged;

positioning the fastener within the gas entrained powder stream to deposit a coating
of the fluoropolymer powder onto at least the selected portion of the fastener; and

heating the fastener in a relatively rapid fashion from a temperature substantially
below the melting temperature of the fluoropolymer to a temperature above the melting
temperature of the fluoropolymer to coalesce the powder into a substantially continuous
adherent fluoropolymer coating on at least the selected portion of the fastener.
3. The process of claim 12, wherein heating of the fastener is accomplished using
induction coils.
14. The process of claim 12 or 13 wherein the heating process is accomplished in about
30 minutes or less.
I5.  The process of any one of claims 12 to 14, wherein the heating step is accomplished
in about 1 minute or less.
16. The process of any one of claims 12 to 15, wherein the heating step is accomplished
in about 10 seconds or less.

17. The product of the process according to any one of claims I to 16.

Dated 22 June, 2000
Nylok Fastener Corporation

Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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