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ANTI-WEAR COATINGS FOR COMPRESSOR
WEAR SURFACES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 61/674,663, filed on Jul. 23,2012. The
entire disclosure of the above application is incorporated
herein by reference.

FIELD

[0002] The present disclosure relates to wear surfaces of
compressor components having improved anti-wear coat-
ings, and more specifically, the present disclosure pertains to
methods of making such anti-wear coatings from sprayable
polymer-based materials for wear surfaces of compressor
components.

BACKGROUND

[0003] This section provides background information
related to the present disclosure which is not necessarily prior
art.

[0004] Bearings generally serve the purpose of reducing
friction at interfacing wear surfaces, while supporting radial
and axial loads. In compressors, as well as in other equip-
ment, a cylindrical sleeve-type bearing is commonly used and
typically includes an outer metal sleeve or backer having a
porous metal layer adjacent to the sleeve with a polymer
disposed therein to form the wear surface. For example, a
common bearing used as a journal bearing in compressors has
a steel sleeve/backer with a porous bronze layer having a
well-dispersed PTFE resin, and also having lead particles
dispersed in the resin (e.g., through use of a solvent based
slurry). Global mandates to provide lead-free bearings neces-
sitated development of alternative lead-free designs that pro-
vide equivalent and/or improved efficiency to conventional
bearings, like sleeve-type bearings.

SUMMARY

[0005] This section provides a general summary of the
disclosure, and is not a comprehensive disclosure of its full
scope or all of its features.

[0006] In various aspects, the present disclosure provides
methods of making an anti-wear surface coating and to the
anti-wear coatings themselves. Thus, in one aspect, the
present disclosure provides a compressor component that
comprises a metal and defines one or more wear surfaces.
Such a compressor component optionally comprises an anti-
wear coating disposed on at least a portion of the metal wear
surface of the compressor component. In certain variations,
the anti-wear coating has a thickness of less than or equal to
about 0.006 inches (about 152 pm). The anti-wear coating
may comprise a thermoplastic polymer, a first lubricant par-
ticle, such as molybdenum disulfide (MoS,) and a second
lubricant particle, such as polytetrafiuoroethylene (PTFE).
[0007] Inyetother aspects, the present disclosure provides
a method of making an anti-wear surface coating for a com-
pressor component. The method optionally comprises apply-
ing a precursor powder material to a wear surface of a metal
component of the compressor. The precursor powder material
comprises a powderized thermoplastic polymer, a first lubri-
cant particle, and a second distinct lubricant particle. The
method may also comprise heating the applied precursor
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powder material on the wear surface to at or above a crystal-
line melt temperature of a crystalline thermoplastic polymer,
or at or above a glass-liquid transition temperature of an
amorphous thermoplastic polymer, to facilitate uniform
bonding to the underlying metal component. In certain varia-
tions, the substantially uniform coating has a thickness of less
than or equal to about 0.005 inches (about 127 um).

[0008] In other aspects, the present disclosure further pro-
vides a method of making an anti-wear surface coating for a
component for a rotary compressor. The method may option-
ally comprise applying a precursor powder material to a wear
surface of a metal rotary compressor component. The precur-
sor powder material comprises a powderized thermoplastic
polymer, a first lubricant particle, and a second distinct lubri-
cant particle. The method further comprises heating the
applied precursor powder material on the wear surface to
form a substantially uniform coating covering the underlying
metal rotary compressor component and having a thickness
of'less than or equal to about 0.006 inches (about 152 um).
[0009] In other aspects, the present disclosure pertains to a
rotary compressor component. The rotary compressor com-
ponent comprises a metal surface that defines a wear surface.
The wear surface comprises an anti-wear coating having a
thickness of less than or equal to about 0.006 inches (about
152 pum). The anti-wear coating on the rotary compressor
component comprises (i) a thermoplastic polymer; (ii) a first
lubricant particle and (iii) a second lubricant particle, where
the first and second lubricant particles are distinct from one
another.

[0010] In certain other aspects, the present disclosure fur-
ther provides a bellows-type shaft seal. Such a bellows-type
shaft seal can be used in an open-drive scroll compressor, by
way of non-limiting example. The bellows-type shaft seal
comprises a collar having an opening for receiving a drive
shaft and a compliant bellows region defining a face seal wear
surface. The face seal wear surface has an anti-wear coating
disposed therecon. The anti-wear coating has a thickness of
less than or equal to about 0.006 inches (about 152 pum).
Furthermore, the anti-wear coating comprises a thermoplas-
tic polymer and at least one lubricant particle selected from
the group consisting of: molybdenum disulfide (MoS,), poly-
tetrafluoroethylene (PTFE), graphite, and carbon fibers.
[0011] In other aspects, the present disclosure provides a
bellows-type shaft seal that comprises a collar having an
opening for receiving a drive shaft and a compliant bellows
region defining a face seal wear surface. The face seal wear
surface has an anti-wear coating disposed thereon having a
thickness of less than or equal to about 0.006 inches (about
152 um). The anti-wear coating comprises a thermoplastic
polymer, a first lubricant particle, and a second distinct lubri-
cant particle.

[0012] In yet other aspects, the present disclosure pertains
to a compressor component formed of a metal and defining a
wear surface that comprises an anti-wear coating having a
thickness of less than or equal to about 0.006 inches (about
152 um). In certain variations, the anti-wear coating consists
essentially of (1) a thermoplastic polyaryletherketone (PAEK)
polymer; and at least one lubricant particle selected from the
group consisting of: polytetrafluoroethylene (PTFE), molyb-
denum disulfide (MoS,), tungsten disulfide (WS,), hexago-
nal boron nitride, carbon fiber, graphite, graphene, carbon
nanotubes, thermoset polyimide, and combinations thereof.
In certain preferred variations, the anti-wear coating consists
essentially of (1) a polyaryletherketone (PAEK) thermoplastic
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polymer selected from the group consisting of: a polyether-
ketone (PEK), polyetheretherketone (PEEK), a polyethere-
theretherketone (PEEEK), polyetherketoneketone (PEKK),
polyetheretherketoneketone (PEEKK) polyetherke-
toneetheretherketone (PEKEEK), polyetheretherketonether-
ketone (PEEKEK) and combinations thereof;, (ii) a first lubri-
cant particle and (iii) a second lubricant particle. The first and
second lubricant particles are distinct from one another.
[0013] Further areas of applicability will become apparent
from the description provided herein. The description and
specific examples in this summary are intended for purposes
of illustration only and are not intended to limit the scope of
the present disclosure.

DRAWINGS

[0014] The drawings described herein are for illustrative
purposes only of selected embodiments and not all possible
implementations, and are not intended to limit the scope of
the present disclosure.

[0015] The present disclosure will become more fully
understood from the detailed description and the accompa-
nying drawings, wherein:

[0016] FIG.11is asectional view through a center of a scroll
compressor having a conventional design;

[0017] FIG. 2 is a partial sectional view showing a lower
bearing assembly as in FIG. 1;

[0018] FIG.3 isaperspective view showing a portion of the
components of the lower bearing plate assembly in FIG. 2;
[0019] FIG. 4 is a perspective view of a drive bushing for a
scroll compressor having a conventional design;

[0020] FIG.51is a detailed sectional view of a top portion of
a scroll compressor prepared in accordance with certain prin-
ciples of the present disclosure;

[0021] FIG. 6 is a perspective view of a crankshaft for a
scroll compressor prepared in accordance with certain prin-
ciples of the present disclosure;

[0022] FIG. 7 is a perspective view of a drive bushing for a
scroll compressor prepared in accordance with certain prin-
ciples of the present disclosure;

[0023] FIG. 8A is a perspective view of a main bearing
housing defining a region for interfacing with an Oldham
coupling ring according to certain principles of the present
disclosure;

[0024] FIG. 8B is a cross-sectional view of the main bear-
ing housing of FIG. 8A;

[0025] FIG. 9 is a perspective view of a thrust plate com-
ponent of the main bearing housing shown in FIGS. 8A-8B;
[0026] FIG. 10A is a perspective view of an Oldham cou-
pling ring from a first side prepared in accordance with certain
principles of the present disclosure;

[0027] FIG. 10B is a perspective view from a second side
opposite to the first side shown in FIG. 10A prepared in
accordance with certain principles of the present disclosure;
[0028] FIG. 11A is a perspective view of a first side of an
orbiting scroll component for a scroll compressor according
to certain principles of the present disclosure;

[0029] FIG. 11B is a perspective view showing a second
side opposite to the first side of the orbiting scroll component
of FIG. 11A;

[0030] FIG.12isaperspective view of a fixed non-orbiting
scroll component for a scroll compressor according to certain
principles of the present disclosure.
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[0031] FIG. 13 is a perspective view of one embodiment of
a lower bearing prepared in accordance with certain prin-
ciples of the present disclosure;

[0032] FIG. 14A is a perspective view of an alternative
embodiment of a lower bearing prepared in accordance with
certain principles of the present disclosure;

[0033] FIG. 14B is a sectional view of the lower bearing in
FIG. 14A;
[0034] FIG. 15A is a detailed sectional view of atop portion

of an alternative scroll compressor design prepared in accor-
dance with certain principles of the present disclosure;
[0035] FIG. 15B is a detailed view of the sectional area
shown in FIG. 15A showing a floating seal assembly and an
upper seal plate prepared in accordance with certain prin-
ciples of the present disclosure;

[0036] FIG. 16 is a perspective view of an upper seal plate
of'a floating seal assembly like that shown in FIGS. 15A-15B;
[0037] FIG. 17 is a sectional view of a horizontal open-
drive scroll compressor according to certain aspects of the
present disclosure;

[0038] FIG. 18isaperspective view of a bellows-type shaft
seal assembly prepared in accordance with certain principles
of the present disclosure for use in the horizontal open-drive
scroll compressor of FIG. 17;

[0039] FIG. 19 is a sectional view of a variable capacity
rotary compressor assembly prepared in accordance with cer-
tain aspects of the present disclosure;

[0040] FIG. 20 is a sectional view of the variable capacity
compressor assembly of FIG. 19;

[0041] FIG. 21 is a lower sectional view of another variable
capacity rotary compressor assembly prepared in accordance
with certain aspects of the present disclosure;

[0042] FIG. 22 is a sectional view of the variable capacity
compressor assembly of FIG. 21;

[0043] FIG. 23 is a lower sectional view of yet another
variation of a variable capacity rotary compressor assembly
prepared in accordance with certain aspects of the present
disclosure;

[0044] FIG. 24 is a sectional view of the variable capacity
compressor assembly of FIG. 23;

[0045] FIG. 25 is a lower sectional view of another varia-
tion of a variable capacity rotary compressor assembly pre-
pared in accordance with certain aspects of the present dis-
closure; and

[0046] FIG. 26 is a sectional view of the variable capacity
compressor assembly of FIG. 25.

[0047] Corresponding reference numerals indicate corre-
sponding parts throughout the several views of the drawings.

DETAILED DESCRIPTION

[0048] Example embodiments will now be described more
fully with reference to the accompanying drawings.

[0049] Example embodiments are provided so that this dis-
closure will be thorough, and will fully convey the scope to
those who are skilled in the art. Numerous specific details are
set forth such as examples of specific components, devices,
and methods, to provide a thorough understanding of embodi-
ments of the present disclosure. It will be apparent to those
skilled in the art that specific details need not be employed,
that example embodiments may be embodied in many differ-
ent forms and that neither should be construed to limit the
scope of the disclosure. In some example embodiments, well-
known processes, well-known device structures, and well-
known technologies are not described in detail.
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[0050] The terminology used herein is for the purpose of
describing particular example embodiments only and is not
intended to be limiting. As used herein, the singular forms
“a,” “an,” and “the” may be intended to include the plural
forms as well, unless the context clearly indicates otherwise.
The terms “comprises,” “comprising,” “including,” and “hav-
ing,” are inclusive and therefore specify the presence of stated
features, integers, steps, operations, elements, and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, integers, steps, operations, elements,
components, and/or groups thereof. The method steps, pro-
cesses, and operations described herein are not to be con-
strued as necessarily requiring their performance in the par-
ticular order discussed or illustrated, unless specifically
identified as an order of performance. It is also to be under-
stood that additional or alternative steps may be employed.
[0051] When an element or layer is referred to as being
“on,” “engaged to,” “connected to,” or “coupled to” another
element or layer, it may be directly on, engaged, connected or
coupled to the other element or layer, or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly engaged to,”
“directly connected to,” or “directly coupled to” another ele-
ment or layer, there may be no intervening elements or layers
present. Other words used to describe the relationship
between elements should be interpreted in a like fashion (e.g.,
“between” versus “directly between,” “adjacent” versus
“directly adjacent,” etc.). As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0052] Although the terms first, second, third, etc. may be
used herein to describe various elements, components,
regions, layers and/or sections, these elements, components,
regions, layers and/or sections should not be limited by these
terms. These terms may be only used to distinguish one ele-
ment, component, region, layer or section from another
region, layer or section. Terms such as “first,” “second,” and
other numerical terms when used herein do not imply a
sequence or order unless clearly indicated by the context.
Thus, a first element, component, region, layer or section
discussed below could be termed a second element, compo-
nent, region, layer or section without departing from the
teachings of the example embodiments.

[0053] Spatially relative terms, such as “inner,” “outer,”
“beneath,” “below,” “lower,” “above,” “upper,” and the like,
may be used herein for ease of description to describe one
element for feature’s relationship to another element(s) or
feature(s) as illustrated in the Figures. Spatially relative terms
may be intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the Figures. For example, if the device in the
Figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the example
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0054] Throughout this disclosure, the numerical values
represent approximate measures or limits to ranges to encom-
pass minor deviations from the given values and embodi-
ments having about the value mentioned as well as those
having exactly the value mentioned. Other than in the work-
ing examples provided at the end of the detailed description,

2 <

2 <
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all numerical values of parameters (e.g., of quantities or con-
ditions) in this specification, including the appended claims,
are to be understood as being modified in all instances by the
term “about” whether or not “about” actually appears before
the numerical value. “About” indicates that the stated numeri-
cal value allows some slight imprecision (with some
approach to exactness in the value; approximately or reason-
ably close to the value; nearly). If the imprecision provided by
“about” is not otherwise understood in the art with this ordi-
nary meaning, then “about” as used herein indicates at least
variations that may arise from ordinary methods of measuring
and using such parameters.

[0055] Inaddition, disclosure of ranges includes disclosure
of'all values and further divided sub-ranges falling within the
entire range, including endpoints given for the ranges as well
as sub-ranges excluding endpoints.

[0056] By way of background, standard pressed sleeve
bearings, such as metal-polymer composite materials dis-
posed on a metal backing or sleeve, like the DU® Bearing
Material commercially available from Glacier Garlock Bear-
ings are often used as a drive bearing in a compressor (e.g.,
where a rotating shaft drives a component like an orbiting
scroll of a scroll compressor) or as a journal bearing for
supporting different locations of the rotating shaft. As dis-
cussed above, such a sleeve-type bearing typically includes a
cylindrical steel sleeve having a porous metal layer, like a
porous sintered bronze material layer, formed along one side
of the metal sleeve. A polymer or resin is disposed in the
porous sintered bronze layer to form the wear surface. For
example, a common bearing is a steel sleeve/backer having a
porous bronze layer with a well-dispersed PTFE resin with
lead particles dispersed therein. A drive bearing like the DU®
bearing material typically has tolerances that are rather wide
from a diametrical standpoint. For example, the standard
DU® bearing design can have a 0.065 mm (0.002559 in.)
diametrical tolerance range, which is determined by the
pressing operation and the metal backer associated with the
bearing, for example. This large diametrical tolerance can in
turn result in greater clearances between the bearing wear
surface and the opposing surface(s). A precision machined
surface for a drive bearing (such as for a machined lower
bearing) is far less at about 0.013 mm from a diametrical
standpoint (or approximately 0.0005 in.). Compressor appli-
cations in which low speeds and high loads are typically
experienced require smaller tolerances that are desirably
more similar to the machined bearing surfaces for effective
performance. Thus, the ability to tighten the tolerances of
bearings and between working/interfacing surfaces is gener-
ally advantageous in certain compressor running scenarios,
for example, in variable speed compressor operation.

[0057] The present technology provides alternative bear-
ings or wear surfaces from those conventionally used, and is
particularly advantageous for use in compressors, especially
scroll compressors or rotary compressors. For example, in
certain variations, the present disclosure provides an anti-
wear coating on a wear surface, such as a metal wear surface
ona compressor component. Thus, in accordance with certain
aspects of the present teachings, a thin polymer composite
coating is applied directly onto a wear surface, such as a
machined metallic surface and is processed to form an anti-
wear coating on the wear surface without additional finish
machining. In certain aspects, the inventive anti-wear coat-
ings are anti-friction coatings, as well. In certain variations,
the thin polymeric composite coating is a sprayable coating.
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Such a material coating is robust, has a low coefficient of
friction, has greater lubricity and tighter tolerances, and fur-
thermore is capable of meeting stringent environmental regu-
lations, such as the European Community’s Registration,
Evaluation, Authorisation and Restriction of Chemical sub-
stances (REACH) or the United Kingdom’s Restriction of the
Use of Certain Hazardous Substances in Electrical and Elec-
tronic Equipment (RoHS), by way of non-limiting example.
The inventive material coatings are capable of withstanding
aggressive environments associated with various compressor
operating conditions. Furthermore, the ability of the inventive
coatings to comply with REACH and RoHS standards makes
it particularly suitable for use in global systems production.
Furthermore, the present anti-wear coating technology can
improve tolerances and can offer performance enhancement
compared to many conventionally used metallic friction and
wear inducing components in certain compressor applica-
tions.

[0058] Incertain aspects, the present disclosure provides an
anti-wear coating disposed on at least a portion of a wear
surface. The wear surface can be a metal wear surface, which
can optionally be a machined metal surface (e.g., a lower
bearing, drive bearing, shaft, or other wear surface). In certain
variations, the anti-wear coating comprises a thermoplastic
polymer and at least one lubricant particle. In certain pre-
ferred variations, the anti-wear coating comprises a thermo-
plastic polymer, a first lubricant particle, and a second lubri-
cant particle that is distinct from the first particle. One or a
plurality of distinct layers of material can be applied to the
anti-wear surface to form the anti-wear coating. In certain
embodiments, a maximum thickness of the inventive thin
substantially uniform anti-wear coating is less than or equal
to about 0.006 inches (about 152 pm). In certain other varia-
tions, a thickness of the inventive thin substantially uniform
anti-wear coating is less than or equal to about 0.005 inches
(about 127 um). In certain embodiments, the inventive thin
substantially uniform anti-wear coating has a thickness of
greater than or equal to about 0.002 inches (about 51 pm) to
less than or equal to about 0.003 inches (about 76 um). Such
athin anti-wear coating on a wear surface provides the ability
to eliminate traditional bearings (e.g., sleeve-type bearings
and/or bushings) or alternatively, can be used with traditional
bearings and/or bushings to further improve performance. In
certain alternative variations, the anti-wear coating may be
used in a conventional sleeve-type bearing or bushing as the
wear surface material disposed over a backing sleeve mate-
rial, for example.

[0059] Where multiple layers of anti-wear materials form
an anti-wear coating, such layers may be formed of the same
compositions or have different compositions. In certain alter-
native variations, an anti-wear material may comprise one or
more pure polymer basecoat layers that can be considered to
be a “primer layer” that comprises a first thermoplastic poly-
mer applied to a wear surface. Such basecoat or primer layers
are free of any lubricant particles. In such embodiments, a
basecoat or primer layer can be built up to a preselected
thickness by using a first thermoplastic polymer with no
fillers, thus forming a base including one or more pure poly-
mer layers. In certain aspects, one to three layers of such a first
thermoplastic polymer can be applied to form pure polymer
layers. Notably, the first thermoplastic polymer may actually
include a plurality of distinct thermoplastic polymer layers,
but for convenience will be referred to as a first thermoplastic
polymer. A topcoat formed from an anti-wear coating layer
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having a second thermoplastic polymer and at least one lubri-
cant particle can be applied over the pure polymer layer(s) to
form an anti-wear topcoat for the anti-wear material. In cer-
tain variations, such an anti-wear coating layer comprises a
second thermoplastic polymer, a first lubricant particle, and a
second lubricant particle that is distinct from the first particle.
Thus, after the one or more pure polymer layers comprising
the first thermoplastic polymer are first formed on the wear
surface, then one or more anti-wear coating layers comprising
the second thermoplastic polymer and one or more lubricant
particles can be applied over the pure polymer layer(s). The
first thermoplastic polymer may be the same as or different
from the second thermoplastic polymer.

[0060] As noted above, in certain alternative variations, an
anti-wear coating material according to any of the embodi-
ments of the present teachings may comprise a basecoat,
binder, or primer layer between the wear surface and the
anti-wear coating layers. In certain variations, an anti-wear
material according to any of the embodiments of the present
teachings may comprise a basecoat, binder, or primer layer
between the wear surface and a basecoat comprising one or
more pure polymer layers, which may be over-coated with an
anti-wear coating layer(s). In other variations, the anti-wear
coating material comprising an anti-wear coating may be
applied directly to the wear surface, without application of
primers or binders.

[0061] Thus, the anti-wear material of the present disclo-
sure is capable of providing one or more of the following
benefits: (i) a coated wear surface (having an anti-wear coat-
ing disposed on a wear surface); (ii) a lead-free anti-wear
composition comprising fillers that are compliant with vari-
ous environmental regulations, such as REACH and RoHS
regulations; (iii) enhanced thermal stability of the bearing
surface having the anti-wear coating applied thereto; (iv)
improved lubricity in low-oil circulation (oil-starved) operat-
ing conditions; and (v) improved dimensional controls over
standardized sleeve-type bearing systems, by way of non-
limiting example.

[0062] In other aspects, the present disclosure provides a
method of making an anti-wear surface coating for a wear
surface of a metal component, such as a wear surface of a
compressor component. Components of various compressors
are contemplated, including for scroll compressors and rotary
vane compressors. For example, the inventive anti-wear coat-
ings can be applied to wear regions of multiple different kinds
of compressors, including scroll, rotary vane, centrifugal,
single screw, twin screw, reciprocating, and the like. The
anti-wear surface coatings are particularly suitable for use
with scroll compressor components and in certain other varia-
tions, rotary compressor components.

[0063] The method comprises applying a precursor powder
material to a wear surface of a metal component. The precur-
sor powder material optionally comprises a powderized ther-
moplastic polymer, a first lubricant particle, and a second
distinct lubricant particle. Such a powderized precursor mate-
rial can be dispersed or suspended in a carrier or liquid carrier
to be applied to a target surface. By “powderized” it is meant
that the dry materials are pulverized or milled to provide a
plurality of solid particles having a relatively small size. In
certain preferred aspects, the plurality of powder particles has
an average particle size diameter of less than or equal to about
50 um, optionally less than or equal to about 40 pm, option-
ally less than or equal to about 30 um, optionally less than or
equal to about 25 um, optionally less than or equal to about 20
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um, optionally less than or equal to about 15 um, and in
certain variations, optionally less than or equal to about 10
pm.

[0064] In various aspects, a thermoplastic resin provides a
heat-resistant and wear resistant binding matrix for the lubri-
cant particle(s), including for two or more distinct lubricant
particles, of various embodiments of the inventive anti-wear
coating. In certain alternative embodiments discussed above,
such thermoplastic resins may be used to build up a basecoat,
as well. As noted above, in certain preferred variations, one or
more thermoplastic polymers are provided in a powderized
dry form. Such a thermoplastic may include polymers from
the polyaryletherketone (PAEK) family. In certain variations,
the polyaryletherketone (PAEK) thermoplastic polymer can
be selected from the group consisting of: a polyetherketone
(PEK), polyetheretherketone (PEEK), a polyetheretherether-
ketone (PEEEK), polyetherketoneketone (PEKK), poly-
etheretherketoneketone (PEEKK) polyetherketoneethere-
therketone (PEKEEK), polyetheretherketonetherketone
(PEEKEK), and combinations thereof. In other variations, the
thermoplastic matrix material may comprise polyamide
imide (PAI), polyphenylene sulfide (PPS), or polyimide (PI)
alone or as combined with any of the other suitable thermo-
plastic polymers discussed just above. In certain variations,
the powderized thermoplastic polymer is selected from the
group consisting of: a polyaryletherketone (PAEK) or other
ultra-performing polymer including, but not limited to poly
(phenylene sulphide) (PPS), poly(sulphone) (PS) polyamide
imide (PAI), poly(benzimidazole) (PBI), or polyimide (PI).
In certain variations, a particularly desirable carrier material
or thermoplastic polymer is an ultra-performance, high tem-
perature thermoplastic resin, namely polyethetherketone
(PEEK), a member of the polyaryletherketone (PAEK) fam-
ily, in a powderized form.

[0065] The lubricant particle fillers can be any number of
friction/wear compounds including, but not limited to inor-
ganic fillers, organic fillers, and polymeric particles used as
fillers. A “lubricant particle” includes a solid material in
particulate form (e.g., a plurality of solid particles) that con-
tributes to a low coefficient of friction or provides additional
tribological or synergistic properties to the overall anti-wear
material composition. In certain preferred aspects, the anti-
wear coating comprises a first lubricant particle and a second
lubricant particle that are distinct from one another. In certain
variations, the anti-wear coating comprises at least one lubri-
cant particle selected from the group consisting of: polytet-
rafluoroethylene (PTFE), molybdenum disulfide (MoS,),
tungsten disulfide (WS,), hexagonal boron nitride, carbon
fiber, graphite, graphene, lanthanum fluoride, carbon nano-
tubes, polyimide particles (or powderized polyimide poly-
mer), polybenzimidazole (FBI) particles, and combinations
thereof. In certain preferred variations, an anti-wear coating
comprises a first lubricant particle and a second lubricant
particle distinct from the first lubricant particle. The first
lubricant particle and the second lubricant particle can be
independently selected from the group consisting of: polytet-
rafluoroethylene (PTFE) particles (or powderized PTFE),
molybdenum disulfide (MoS,) particles, tungsten disulfide
(WS,) hexagonal boron nitride particles, carbon fibers,
graphite particles, graphene particles, lanthanum fluoride,
carbon nanotubes, polyimide particles (or powderized poly-
imide polymer), poly(benzimidazole (FBI) particles (e.g.,
fibers), and combinations thereof. In certain preferred varia-
tions, the first lubricant particle comprises molybdenum dis-
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ulfide (MoS,) and the second distinct lubricant particle com-
prises polytetrafiuoroethylene (PTFE), such as powderized
PTFE particles.

[0066] In certain alternative embodiments, the method may
comprise applying a first precursor powder material to a wear
surface of a metal component. The method optionally com-
prises applying a first precursor powder material without any
lubricant particles, but including a first powderized thermo-
plastic polymer, to a wear surface of a metal component to
form a basecoat (or multiple layers of a basecoat). A second
precursor powder material can then be applied over the
basecoat, which can optionally be applied in multiple coat-
ings to form a plurality of layers of an anti-wear coating. The
second precursor powder material comprises a second pow-
derized thermoplastic polymer, a first lubricant particle, and a
second distinct lubricant particle, as discussed in the embodi-
ments above.

[0067] In one aspect, the one or more lubricant particles
comprise polytetrafluoroethylene (PTFE) and molybdenum
disulfide (MoS,), which are selected as the friction/wear
compounds to improve wear characteristics of the anti-wear
coating material. PTFE is optionally incorporated at greater
than or equal to about 5 to less than or equal to about 30% by
weight, with the most preferred amount of PTFE being
present at greater than or equal to about 15 to less than or
equal to about 20% by weight. In certain aspects, it can be
advantageous to avoid excessively high concentrations of
PTFE (well in excess 0f 30% by weight), as PTFE forms a soft
phase that can capture debris and create undesirable adhesive
wear. MoS, can be incorporated at greater than or equal to
about 2.5 to less than or equal to about 25% by weight,
optionally at greater than or equal to about 2.5 to less than or
equal to about 15% by weight, with a particularly desirable
amount of MoS, being about 10% by weight. Of course, other
anti-wear coatings are likewise contemplated in other
embodiments of the present disclosure, as outlined above.
[0068] In certain aspects, the powderized thermoplastic
may comprise a polyetheretherketone (PEEK) having an
average particle size (diameter) of greater than or equal to
about 2 um to less than or equal to about 25 um, optionally
greater than or equal to about 5 pm to less than or equal to
about 15 um, and in certain variations, about 10 um. Likewise,
a first lubricant particle, such as PTFE, may have an average
particle size (diameter) of greater than or equal to about 2 pm
to less than or equal to about 30 um, optionally greater than or
equal to about 5 um to less than or equal to about 15 um, and
in certain variations, about 10 pm. A second lubricant par-
ticle, such as MoS,, may have an average particle size (diam-
eter) of greater than or equal to about 0.1 um to less than or
equal to about 30 um, optionally greater than or equal to about
2 um to less than or equal to about 10 um, and in certain
variations, about 5 um. In certain cases, tailored chemistry of
filler particles is advantageous to promote enhanced interfa-
cial adhesion between the organic or inorganic fillers and the
organic matrix. In this case, it is optional to utilize those forms
of fillers that may have been encapsulated or reacted with an
organic surfactant whose surface has been modified via sur-
factant addition.

[0069] In certain variations, the precursor powder material
comprises the powderized thermoplastic polymer at greater
than or equal to about 45% to less than or equal to about
92.5% by mass of the total precursor powder material, while
the first lubricant particle and the second lubricant particle are
collectively present at greater than or equal to about 7.5% to
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less than or equal to about 45% by mass of the total precursor
powder material. In certain aspects, the first lubricant particle
is present in the precursor powder material at greater than or
equal to about 2.5% to less than or equal to about 25% by
mass of the total mass of the precursor powder material. The
second lubricant particle is present at greater than or equal to
about 5% to less than or equal to about 30% by mass of the
total mass of the precursor powder material.

[0070] In certain variations, the anti-wear coating consists
essentially of (i) a thermoplastic polyaryletherketone (PAEK)
polymer; and at least one lubricant particle selected from the
group consisting of: polytetrafluoroethylene (PTFE), molyb-
denum disulfide (MoS,), tungsten disulfide (WS,), hexago-
nal boron nitride, carbon fiber, graphite, graphene, lanthanum
fluoride, carbon nanotubes, polyimide, poly(benzimidazole)
(FBI), and combinations thereof. In certain other variations, a
suitable precursor powder material or anti-wear coating in
accordance with the present teachings consists essentially of
a first lubricant particle and a second lubricant particle. The
first and second lubricant particles are distinct from one
another. In such embodiments, the suitable precursor powder
material or anti-wear coating consists essentially of the first
lubricant particle at greater than or equal to about 2.5% to less
than or equal to about 25% by mass of the precursor powder
material or anti-wear coating; the second lubricant particle at
greater than or equal to about 5% to less than or equal to about
30% by mass of the precursor powder material or anti-wear
coating; and the thermoplastic polymer at greater than or
equal to about 45% to less than or equal to about 92.5% by
mass of the precursor powder material or anti-wear coating.

[0071] In certain variations, the precursor powder material
comprises a powderized thermoplastic polymer that com-
prises polyetheretherketone (PEEK); a first lubricant particle
comprising molybdenum disulfide (MoS,), and a second dis-
tinct lubricant particle comprising polytetrafluoroethylene
(PTFE). Thus, in certain embodiments, the precursor powder
material comprises the powderized thermoplastic polymer
comprising PEEK at greater than or equal to about 45% to less
than or equal to about 92.5% by mass of the total precursor
powder material. The first lubricant particle molybdenum
sulfide (MoS,) at greater than or equal to about 2.5% to less
than or equal to about 25% by mass of the total precursor
powder material. The second lubricant particle comprises
polytetrafluoroethylene (PTFE) at greater than or equal to
about 5% to less than or equal to about 30% by mass of the
total precursor powder material.

[0072] In certain embodiments, the precursor powder
material or anti-wear coating may consist essentially of a
thermoplastic polymer. Such a thermoplastic may include
polymers from the polyaryletherketone (PAEK) family. In
certain variations, the polyaryletherketone (PAEK) thermo-
plastic polymer can be selected from the group consisting of:
a polyetherketone (PEK), polyetheretherketone (PEEK), a
polyetheretheretherketone (PEEEK), polyetherketoneketone
(PEKK), polyetheretherketoneketone (PEEKK) polyetherke-
toneetheretherketone (PEKEEK), polyetheretherketonether-
ketone (PEEKEK), and combinations thereof. Thus, the pre-
cursor powder material or anti-wear coating may consist
essentially of a polyetheretherketone (PEEK), a pol-
yaryletherketone (PAEK), a polyetheretheretherketone
(PEEEK), and combinations thereof; a first lubricant particle,
and a second lubricant particle. In other embodiments, the
precursor powder material or anti-wear coating consists

Jan. 23,2014

essentially of a thermoplastic polymer comprising poly-
etheretherketone (PEEK); a first lubricant particle and a sec-
ond distinct lubricant particle.

[0073] In certain embodiments, a precursor powder mate-
rial or an anti-wear coating consists essentially of a thermo-
plastic polymer selected from the group consisting of: a poly-
etheretherketone (PEEK), a polyaryletherketone (PAEK), a
polyetheretheretherketone (PEEEK), and polyamide imide
(PAI) with at least two distinct lubricant particles selected
from the group consisting of: molybdenum disulfide (MoS,),
polytetrafluoroethylene (PTFE), graphite, carbon fibers, and
combinations thereof.

[0074] Inone embodiment, a precursor powder material or
an anti-wear coating consists essentially of a thermoplastic
polymer selected from the group consisting of: a polyethere-
therketone (PEEK), a polyaryletherketone (PAEK), a poly-
etheretheretherketone (PEEEK), a first lubricant particle
comprising molybdenum disulfide (MoS,), and a second dis-
tinct lubricant particle comprising polytetrafluoroethylene
(PTFE). In yet other embodiments, a precursor powder mate-
rial or an anti-wear coating consists essentially of a thermo-
plastic polymer comprising polyetheretherketone (PEEK);
while the first lubricant particle comprises molybdenum dis-
ulfide (MoS,) and the second distinct lubricant particle com-
prises polytetrafluoroethylene (PTFE).

[0075] In certain embodiments, a precursor powder mate-
rial or an anti-wear coating optionally comprises one or more
primer or subcoating layers and one or more anti-wear top
coating layers. The primer layer may comprise one, two, or
more layers comprising a polyetheretherketone (PEEK), a
polyamide-imide polymer material (PAI), or combinations
thereof. As discussed above, such a primer layer may be
applied as a relatively thin layer, for example, having a thick-
ness of about 0.0005 inches (about 12.7 pm). Each of such
layers may have a total thickness of greater than or equal to
about 0.001 inches (about 25 pm) to less than or equal to about
0.003 inches (about 76 um).

[0076] Thus, a precursor material may comprise (i) a pow-
derized thermoplastic precursor material, (ii) a first lubricant
particle and (iii) a second lubricant particle, which are applied
to a wear surface of a component. In certain variations, the
precursor material further comprises (iv) a solvent, vehicle, or
liquid carrier in which the precursor powder material (includ-
ing the powderized thermoplastic precursor material, the first
lubricant, and the second lubricant) is suspended or dis-
persed. In such variations, the precursor material comprising
the powderized thermoplastic material matrix (i), the lubri-
cant(s) (ii and iii), and (iv) the liquid carrier are sprayed for
ultimate deposition onto the substrate. In certain variations,
the wear surface is a metal wear surface of a scroll compo-
nent. The liquid carrier provides a viscosity such that the
precursor mixture becomes a sprayable fluid (although not a
dissolved mixture). Suitable liquid carriers include water or
other dispersing media. Thus, liquid carriers may comprise
water, ethanol, methanol, hexane, or other suitable combina-
tions thereof. While any conventional solvent may be selected
as the liquid carrier, it preferably will not volatilize too rap-
idly and is non-reactive with any surfactants and powderized
precursor powder constituents. Hence, surfactants may
optionally be combined with the liquid carrier, for example,
water, to improve dispersion of the powderized precursor
particles. In certain variations, the precursor material com-
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prising the powderized precursor particles and liquid carrier
may have less than or equal to about 50% by weight solids and
the balance the liquid carrier.

[0077] Furthermore, regions of the component that are not
to be coated can be protected by masking and the like, so that
the sprayed material is only applied to the exposed regions of
the wear surface. In certain variations, the precursor material
comprising the powderized thermoplastic precursor material,
the first lubricant, and the second lubricant in the liquid car-
rier is subjected to shear forces and/or agitation prior to spray-
ing for minimizing phase separation during the spraying pro-
cess. In certain alternative embodiments, a dry powderized
precursor material may be applied via electrostatic or elec-
trophoretic deposition or other application techniques known
for applying such powderized materials.

[0078] After applying the precursor powder material to the
wear surface, the method of the present teachings further
comprises heating the material to form a substantially uni-
form coating covering the underlying metal component by
taking the base polymer either at or above its crystalline
melting temperature (in the case of a crystalline polymer) or
alternatively at or above its glass-liquid transition (T,) or
softening temperature (in the case of an amorphous polymer)
in order to form a tightly fused matrix. The heating generally
promotes melting and fusion of the powder material (e.g.,
especially of the thermoplastic polymer matrix) onto the wear
surface to form a substantially uniform coating. By “substan-
tially uniform,” it is meant that the coating spreads to form a
contiguous or continuous surface coating with a minimum of
defects (uncoated regions, pin holes, fractures, and the like).
The substantially uniform coating is applied as a thin surface
layer. In certain variations, the substantially uniform coating
has an average thickness of less than or equal to about 0.006
inches (about 152 pm) and in certain variations, optionally
less than or equal to about 0.005 inches (about 127 um). In
certain embodiments, an average thickness of the substan-
tially uniform coating ranges from greater than or equal to
about 0.002 inches (about 51 pm) to less than or equal to about
0.003 inches (about 76 um).

[0079] The heating of precursor powder material disposed
on the wear surface in certain aspects facilitates crystalline
melting of the powderized thermoplastic resin in the precur-
sor powder material, so that the precursor material forms a
contiguous, substantially uniform coating having the first and
second lubricant particles dispersed therein. In the case of an
amorphous material, the heating to at or above the glass-
liquid transition temperature (T,) that facilitates softening
and flow to allow for the substantially uniform surface to be
formed. When the precursor material comprises a liquid car-
rier and is sprayed onto the surface, the liquid carrier volatil-
izes leaving the thermoplastic resin and lubricant particles on
the surface of the substrate. In certain aspects, the first and
second lubricant particles are dispersed in a relatively uni-
form concentration throughout the substantially uniform
anti-wear coating that is formed on the wear surface. In cer-
tain variations, a crystalline melting point of a crystalline
thermoplastic polymer in the precursor powder material is
greater than or equal to about 700° F. (about 371° C.) to less
than or equal to about 775° F. (about 413° C.), so that the
heating step involves at least partially melting the precursor
powder material to facilitate formation of the substantially
uniform coating. In other variations, a glass-liquid transition
temperature (T,) or softening temperature of an amorphous
crystalline thermoplastic polymer in the precursor powder
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material is greater than or equal to about 700° F. (about 371°
C.) to less than or equal to about 775° F. (about 413° C.), so
that the heating step involves at least partially softening the
precursor powder material to facilitate formation of the sub-
stantially uniform coating.

[0080] Incertain aspects, the heating can be conducted by a
conventional heat source, such as in an industrial heater,
furnace, or oven. The heating may be conducted in a heater
having a predetermined temperature of greater than or equal
to about 700° F. (about 371° C.) to less than or equal to about
775° F. (about 399° C.). However, depending on the compo-
sition of the precursor material, other temperatures may be
appropriate to facilitate formation of a uniform coating from
the powderized starting material. In certain variations, the
heating is conducted (e.g., where the heat source is at the
predetermined temperature) for a duration of greater than or
equal to about 15 minutes to less than or equal to about 45
minutes. The heating may be optionally be conducted for a
duration of greater than or equal to about 15 minutes to less
than or equal to about 30 minutes, in certain variations. In
certain preferred embodiments, the heating may be con-
ducted for about 20 minutes.

[0081] Furthermore, the present disclosure contemplates
multiple distinct application steps (e.g., distinct spraying
steps) for the precursor powder material to achieve a desired
thickness and coverage of the coating. Therefore, the methods
of the present disclosure also contemplate multiple distinct
heating steps after each respective application of the precur-
sor powder material. In certain variations, a precursor mate-
rial for forming a basecoat may comprise a powderized ther-
moplastic precursor material without any lubricant particles,
which may be applied by spraying in one or more layers to
form pure polymer basecoat layers. After forming the pure
polymer basecoat layers, a precursor material for an anti-
friction coating layer may be applied in the manner described
above, by spraying (i) a powderized thermoplastic precursor
material, (ii) a first lubricant particle and (iii) a second lubri-
cant particle, to a wear surface of a component.

[0082] In certain aspects, each heating step not only facili-
tates spreading of the powder material to form a substantially
uniform coating over the wear surface(s) of the component,
but in the case where lubricant PTFE particles are present,
further promotes migration and agglomeration of the PTFE
particles at the exposed surface of the coating, so that the
exposed portion of the coating has a higher concentration of
the PTFE particles. Generally, PTFE does not have a strong
affinity to polymer matrices, and its electronegativity leads to
little attraction to conventional polymer molecular architec-
ture, thus forming agglomerations absent shear-induced mix-
ing. Thus, PTFE can migrate to a surface in a polymeric
composite matrix, particularly at the concentrations
employed with certain embodiments of the inventive coat-
ings. While not limiting in the present teachings to any par-
ticular theory, it is believed that PTFE migrates to an exposed
surface mainly for two reasons, including increased density
of PTFE (typically on the order of 2.10 to 2.25 g/cc) versus
that of standard thermoplastic polymer matrices (1.1 to 1.4
g/cc) and the enhanced melt-viscosity of the PTFE compared
to the much lower conventional thermoplastic melt-viscosi-
ties, which tends to lead to composite coatings containing a
PTFE resin rich exposed surface.

[0083] Further, in sliding-type abrasive wear against a
metallic substrate, a portion of the PTFE in a composite
generally transfers as a thin film to the counter-face. The low
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coefficient of friction of PTFE leads to an improved wear
interface between the polymer composite and the metallic
substrate. This sliding layer (the transferred PTFE on the
counter-surface) is not physically bonded to the surface, so it
can be physically removed from the metallic substrate under
certain conditions.

[0084] The substantially uniform anti-wear coating that is
formed thus protects an underlying wear surface and forms an
anti-wear surface or bearing that is a thermoplastic composite
coating applied to a metallic substrate, optionally in distinct
layers. For example, an anti-wear coating can be applied to a
component, such as a drive bearing region or hub directly
machined into an orbiting scroll component of a scroll com-
pressor. The coating is thus capable of being built up to a
desirable thickness in a controlled manner via deposition of
layers of a powderized precursor material (the polymer com-
posite containing appropriate lubricant fillers). Such control
over material thickness is a vast improvement over that of the
standard DU type sleeve bearing, discussed previously. In
certain aspects, each respective layer can be about 25 um
(about 0.001 inches) on a wear surface (e.g., on each side of
a bearing surface), although in certain alternative embodi-
ments, thicknesses for each layer of up to 0.003 to 0.004
inches can be deposited.

[0085] In various aspects, the anti-wear coating thus
formed has a relatively low coefficient of friction. Such a
coefficient of friction generally measures an amount of resis-
tance that a surface exerts on other materials or objects mov-
ing over it and is typically equal to a ratio between a maximal
frictional force that the surface exerts and the force pushing
the material or object toward the surface. A static coefficient
of friction (u,) is the coefficient of friction that applies to
materials or objects that are motionless, while a kinetic or
sliding coefficient of friction (u,) is the coefficient of friction
for objects that are in motion. In certain aspects, the thermo-
plastic polymer comprises PEEK, which has a kinetic coef-
ficient of friction (i) of greater than or equal to about 0.33 to
less than or equal to about 0.36. A PTFE lubricant particle has
akinetic coefficient of friction (1) of greater than or equal to
about 0.06 to less than or equal to about 0.08. A MoS, lubri-
cant particle has a kinetic coefficient of friction () of greater
than or equal to about 0.03 to less than or equal to about 0.06.
In certain non-limiting aspects, the anti-wear coating is a
composite of such a thermoplastic polymer and lubricant
particles that optionally has a kinetic coefficient of friction
(1) of greater than or equal to about 0.03 to less than or equal
to about 0.15.

[0086] In certain aspects, the methods of the present dis-
closure may include further preparing the portions of the wear
surface that will receive the anti-wear coating. Thus, prior to
the applying, the wear surface of the metal component is
optionally exposed to a blasting process. In various aspects,
blasting is conducted with one or more abrasives propelled
towards the metal substrate or surface at a relatively high
velocity. Such abrasives are often referred to as “shot” or
“blast media” and include particles or fragments of materials
which erode the corroded surface layer and/or the metal sub-
strate. A non-limiting list of blast media that may be used for
blasting include glass or sand, cut metal fragments or par-
ticles, such as aluminum oxide or stainless steel particles,
metal shot or beads, and combinations thereof. In certain
aspects, a suitable blasting media comprises aluminum oxide
particles.

Jan. 23,2014

[0087] In certain aspects, the wear surface to be coated is
blasted by a media that is abrasive enough to generate a
surface profile having significant texture and/or surface
roughness. Surface morphology or texture can be character-
ized by roughness, waviness, and lay. The roughness refers to
a shortest wavelength of irregularities of a surface, e.g., the
relatively finely spaced surface irregularities, the height,
width and directions of which establish a predominant sur-
face pattern. Waviness generally measures the more widely
spaced (longer wavelength) deviations of a surface from its
nominal shape. The lay indicates whether the surface texture
has a predominant direction, in other words whether the sur-
face is anisotropic.

[0088] In various aspects, the surface profile (the two-di-
mensional profile of the surface taken perpendicular to the
lay, if any) of the metal surface after the blasting process has
ahigh average surface roughness (R ,), optionally greater than
or equal to about 140 um, optionally greater than or equal to
150 pum, optionally greater than or equal to about 160 pm,
optionally greater than or equal to about 170 um, optionally
greater than or equal to about 180 um, optionally greater than
or equal to about 190 um, optionally greater than or equal to
about 200 pm, optionally greater than or equal to about 210
um, and in certain variations, optionally greater than or equal
to about 220 p.m. In certain variations, the metal surface after
the blasting process has a high average surface roughness
(R,) ranging from greater than or equal to about 140 um to
less than or equal to about 225 pm.

[0089] In certain variations, prior to the applying, the wear
surface of the metal component is exposed to a first blasting
process so as to provide the wear surface with a surface
roughness (R ) of greater than or equal to about 140 um. The
present methods may include multiple distinct successive
blasting processes to achieve the desired surface roughness
(R,) of the wear surface prior to applying the precursor mate-
rial powder. Thus, in certain variations, after a first blasting
process, the wear surface of the metal component is exposed
to a second blasting process. For example, a second blasting
process can be conducted to provide the wear surface with a
surface roughness (R ) of greater than or equal to about 200
um prior to applying the precursor powder material. Other
subsequent blasting processes are likewise contemplated.
[0090] The blast media thus comprises blasting particles.
Surface finish achieved by blasting is often dependent on the
number of blasting steps, the blasting time, pressure, and blast
media selected. The blast media particles may be selected to
achieve a given surface finish, such as those within the surface
roughness ranges (R ) described above. Notably, regions of
the surface that will not have any anti-wear coating applied
may be masked to protect the underlying substrate during the
blasting process, as well as the application process for the
precursor material powder.

[0091] Therefore, certain aspects of the present disclosure
may include blasting of one or more regions of the wear
surface prior to applying the precursor material powder. Fur-
thermore, in certain alternative embodiments, prior to apply-
ing the precursor material powder, an undercoating of primer
can be applied to the wear surface, followed by applying of
the precursor powder material to the wear surface (which is
subsequently heated to form the substantially uniform anti-
wear coating). Thus, after the blasting process, the primer
material may optionally be applied to the blasted portions of
the wear surface. In certain variations, a particularly suitable
primer comprises a polyamide imide polymer. In certain
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variations, a primer, like the polyamide-imide (PAI) based
primer, is applied to the metal wear surface at a thickness of
less than about 25 um (about 0.001 inches); optionally at a
thickness of less than or equal to about 15 pm (about 0.0006
inches); and in certain aspects the primer is applied at a
thickness of greater than or equal to about 12 pm (about
0.00047 inches) to less than or equal to about 13 um (about
0.0005 inches).

[0092] In certain embodiments, the methods of the present
disclosure may include the following. First, the substrate may
be optionally heated to remove organic contaminants. Then,
the substrate is bead blasted to create a predetermined surface
roughness. An optional primer is sprayed as a base coating
onto the desired regions of the substrate. Such a primer may
be a polyamide imide (PAI) based primer coating or a poly-
etheretherketone (PEEK) based primer coating. The primer
may then be heated or baked to promote adhesion to the
underlying substrate. The substrate and primer are then
cooled. In alternative embodiments, no primer is necessary,
depending on various factors, including the substrate material
and surface roughness, the polymers applied, fillers applied,
and the like.

[0093] A precursor material comprising the precursor pow-
der material including a thermoplastic polymer and one or
more lubricant particles is then applied via spraying to one or
more target regions of the substrate (in the regions having the
primer coating applied). The precursor powder material is
applied, optionally in multiple distinct layers, to a total thick-
ness of greater than or equal to about 25 pm (about 0.001
inches) to less than or equal to about 38 pum (about 0.0015
inches) in certain variations. In certain aspects, a layer, for
example, comprising a thermoplastic, such as polyarylether-
ketone (PAEK), may be applied at a thickness of greater than
or equal to about 76 um (about 0.003 inches) to about 102 um
(about 0.004 inches) in a single application. This is advanta-
geous as the layer can be built up without multiple passes. The
sprayed on precursor material is then baked to adhere and
promote crystalline melting or softening of the thermoplastic
polymer on the substrate to form the substantially uniform
coating. The substrate having the sprayed precursor material
is allowed to cool. In an optional finishing step, the anti-wear
coated surface may be lapped (polished) to improve surface
roughness and to enhance flatness of the wear surface. Such a
lapping process may enhance sealing where the wear surface
is a face seal, for example.

[0094] In other embodiments, the methods of the present
disclosure may provide the following. First, the substrate may
be optionally heated to remove organic contaminants. Then,
the substrate is bead blasted to create a predetermined surface
roughness. An optional primer is sprayed as one or more
layers of a base coating onto the desired regions of the sub-
strate. Such a primer may comprise: a polyamide imide (PAI)
based primer coating and/or a polyetheretherketone (PEEK)
based primer coating. The primer may then be heated or
baked to promote adhesion to the underlying substrate. The
substrate and primer are then cooled.

[0095] A firstbasecoat precursor material comprising a first
precursor powder material including a thermoplastic polymer
is applied via spraying to one or more target regions of the
substrate (in the regions having the primer coating applied or
in the case where primer is omitted directly to the wear
surfaces). The precursor powder material is applied, option-
ally in multiple distinct pure polymer layers, to a total thick-
ness of greater than or equal to about 20 um (about 0.0008
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inches) to less than or equal to about 35 um (about 0.0014
inches) in certain variations. The basecoat pure polymer
primer layer can be built up as multiple layers with multiple
passes. The sprayed on basecoat/primer precursor material is
then baked to adhere and promote crystalline melting or soft-
ening on the substrate to form a substantially uniform coating.
The substrate having the sprayed precursor material is
allowed to cool.

[0096] A precursor material comprising a second precursor
powder material including a thermoplastic polymer and one
or more lubricant particles can then be applied via spraying to
one or more target regions of the substrate to form an anti-
wear coating topcoat over the basecoat. The topcoat material
is applied, optionally in multiple distinct anti-wear coating
layers, to a total thickness of greater than or equal to about 20
um (about 0.0008 inches) to less than or equal to about 35 um
(about 0.0014 inches). The sprayed topcoat precursor mate-
rial is then baked to adhere and promote crystalline melting or
softening on the substrate to form a substantially uniform
coating. The substrate having the sprayed precursor material
is allowed to cool. In an optional finishing step, the anti-wear
topcoat surface may be lapped (polished) to improve surface
roughness and to enhance flatness of the wear surface. Such a
lapping process may enhance sealing where the wear surface
is a face seal, for example.

[0097] Incertain preferred variations, the anti-wear coating
formed in such a process is formed from a precursor powder
material that comprises a thermoplastic precursor powder
material, which comprises a polyarylether ketone (PAEK),
such as polyetheretherketone (PEEK), a first lubricant par-
ticle comprising MoS, and a second lubricant particle com-
prising polytetrafiuoroethylene (PTFE). In this regard, the
methods of the present disclosure facilitate forming an anti-
wear surface having a PAEK layer filled with both the first
lubricant and the second lubricant particle. In certain embodi-
ments, the methods of the present disclosure facilitate form-
ing an anti-wear surface having a PEEK layer filled with both
the first lubricant and the second lubricant particle. Such
methods are capable of forming a PTFE-rich layer on top of or
along the exposed surface of the anti-wear coating.

[0098] In certain variations, a primer basecoat, like the
polyamide-imide (PAI) based primer or polyetheretherketone
(PEEK) based primer, is applied to the metal wear surface at
a thickness of about 12 to 13 pm (about 0.0005 inches). The
primer layer is sprayed in a single application step and then
baked. Then, a precursor powder material comprising about
71% by weight PEEK having about 11% by weight of MoS,
and about 19% by weight of PTFE is applied in two distinct
sequential spraying steps to the primer layer. A baking pro-
cess is conducted between each of the spraying steps. The
final thickness of the anti-wear coating is optionally greater
than or equal to about 0.002 inches (about 51 um) to less than
or equal to about 0.003 inches (about 76 pum). In certain other
variations, the anti-wear material may comprise one or more
basecoat layers comprising a first thermoplastic polymer and
an anti-wear coating topcoat disposed over the basecoat lay-
ers comprising a second thermoplastic polymer and at least
one lubricant particle, where the total thickness of the anti-
wear material is greater than or equal to about 0.002 inches
(about 51 pum) to less than or equal to about 0.003 inches
(about 76 pum).

[0099] In certain aspects, the anti-wear coatings of the
present teachings are particularly suitable for use in conjunc-
tion with a compressor. For example, the inventive anti-wear
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coatings can be applied to wear regions of multiple different
kinds of compressors, including scroll, rotary vane, centrifu-
gal, single screw, twin screw, reciprocating, and the like. All
potential bearing surfaces or wear surfaces in a compressor
may be coated with an anti-wear coating according to the
present disclosure. Various components can experience harsh
conditions during compressor operation, as many are con-
tinually subjected to refrigerant materials and oils, high tem-
peratures, corrosive environments, and high physical stresses,
particularly torsional stress. The components are thus formed
of materials that are wear-resistant, but also have strength
sufficient to withstand fatigue and stress in such an environ-
ment. In certain preferred aspects, the anti-wear coatings of
the present teachings are particularly suitable for use in con-
junction with a component of a scroll compressor.

[0100] In certain aspects, a wear rate is determined by a
standard pressure-velocity (PV) test, for PV=50,000 ft-1b/
in*>min (with Wear Factor Units=(in®> min/ft/Ib/hr)E~1°. A
standard velocity of 200 ft/min is used for testing and a
counter-face surface is formed of C1018 Steel. A standard
thermosetting polyimide has a wear rate under such condi-
tions of about 8 to about 10. The anti-wear coating compos-
ites on the other hand have a wear rate of greater than or equal
to about 8 to about 100. In certain variations, the wear rate is
greater than about 100. As appreciated by those of skill in the
art, such wear rates can vary significantly depending on the
surface finish of components, use of fluid media versus dry
conditions, temperature, and substrate (metallic composi-
tion) to which the coatings are applied.

[0101] In certain aspects, a scroll compressor component
comprises a metal that defines at least one wear surface. In
other aspects, a rotary compressor component comprises a
metal that defines at least one wear surface. In either embodi-
ment, the metal may include iron, aluminum, and titanium,
including alloys thereof, like steel or stainless steel. Further,
the components may be formed of a metal by casting, sinter-
ing of a powder metal, stamping, extruding, die-casting, and
the like. The metal wear surface of the component may be
machined, lapped, and/or polished, prior to applying the anti-
wear coatings of the present teachings.

[0102] In certain scroll compressor machines, without
adequate lubricity and robust wear surfaces, components
formed of conventional ferrous-based or aluminum-based
metal materials have the potential to prematurely degrade
upon prolonged exposure to high friction conditions and
inadequate lubrication, so that particulate and debris can form
in the compressor which adversely contaminate certain bear-
ings, particularly the lower bearing, to reduce service life.
This is particularly an issue in hermetic scroll devices, which
require long-term durability of all internal components her-
metically sealed in the shell, because maintenance and
replacement components or bearings are typically not an
option. However, use of the inventive anti-wear coatings pro-
vides low friction wear surfaces having long-term thermal
stability and robustness that can prolong the service life of the
various components in a compressor.

[0103] In certain aspects, a compressor having a compo-
nent with an inventive anti-wear coating can withstand run-
ning high loads without showing significant wear and is
capable of use for at least 1,500 hours of compressor opera-
tion without failure. In certain aspects, a compressor having a
component with an inventive anti-wear coating can withstand
at least 2,000 hours of compressor operation. In yet other
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aspects, the compressor component having an inventive anti-
wear coating is capable of use for at least 2,500 hours of
compressor operation.

[0104] As further reference, the drawings and in particular
FIG. 1, show a conventional refrigerant scroll compressor 10
that includes a generally cylindrical hermetic shell 12 having
a cap 14 welded at the upper end thereof. Cap 14 is provided
with a refrigerant discharge 18, which may have the usual
discharge valve therein. Other major elements affixed to the
shell include a compressor inlet 79 having a fitting (not
shown); a transversely extending partition 22 which is welded
about its periphery at the same point that cap 14 is welded to
shell 12. A discharge chamber 23 is defined by cap 14 and
partition 22.

[0105] A motor 28 including a motor stator 30 is disposed
between the main bearing housing 24 and lower bearing
support 26. A drive or crankshaft 32 (an alternative embodi-
ment of which is shown in detail in FIG. 5) has an eccentric
crank pin 34 at the upper end thereof and is rotatably jour-
naled in an upper bearing 35. The upper bearing 35 can
include a conventional drive bushing 36 adjacent to (e.g.,
press-fitted therein). Thus, a cylindrical hub 61 of an orbiting
scroll 58 receives the eccentric crank pin 34 and the upper
bearing 35. The crankshaft 32 is also supported by and rotat-
ably journaled in a lower bearing assembly 38 attached to a
lower bearing support 26. In a central region of the scroll
compressor 10, the crankshaft 32 passes through and rotates
within an aperture 41 of main bearing housing 24, which may
include a cylindrical main bearing member 37 disposed
within aperture 41.

[0106] A main bearing housing 24 and lower bearing sup-
port 26 each define radially outwardly extending legs, which
are each secured to the shell 12. The upper surface ofthe main
bearing housing 24 is provided with a flat thrust bearing
surface 56 on which is disposed the orbiting scroll 58 having
a spiral wrap or vane 60 extending therefrom. Projecting
downwardly from the lower surface of orbiting scroll 58 is the
cylindrical hub 61. As discussed previously, in conventional
designs, the upper bearing 35 is a self-lubricating sleeve type
bearing that receives the drive bushing 36 therein. The cylin-
drical hub 61, upper bearing 35 and drive bushing 36 each
define a concentric inner bore 66, in which crank pin 34 of
crankshaft 32 is drivingly disposed.

[0107] As shown in more detail in FIG. 4, drive bushing 36
has an inner generally circumferential bore 66. However, a
portion of the bore 66 defines a drive flat surface 27 that can
receive the crank pin 34, which itself has a flat surface that
drivingly engages the drive flat surface 27 formed in a portion
of bore 66 to provide a radially compliant driving arrange-
ment, such as shown in assignee’s U.S. Pat. No. 4,877,382,
the disclosure of which is hereby incorporated herein by
reference.

[0108] Non-orbiting scroll 70 is provided having a spiral
wrap or vane 72 positioned in meshing engagement with the
orbiting spiral vane 60 of orbiting scroll 58. Non-orbiting
scroll 70 has a centrally disposed discharge passage 74
defined by a base plate portion communicating with an
upward opening 82 which is in fluid communication with the
muffler discharge chamber 23 defined by cap 14 and partition
22. Non-orbiting scroll 70 also includes an annular hub or
raised shoulder portion 77 which surrounds the discharge
passage 74. An annular recess 76 is also formed in non-
orbiting scroll 70 within which is disposed a floating seal
assembly 71.
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[0109] An intake compartment 75 is in fluid communica-
tion with compressor inlet 79 through which the fluids (e.g.,
refrigerant) to be compressed within the intermeshed spiral
vanes 60, 72 (for compression) are introduced. After the fluid
passes through intake compartment 75, it is compressed in the
spiral vanes 60, 72, so that the pressurized fluid is then
released through the discharge passage 74. A reed valve
assembly 78 or other known valve assembly is provided in the
discharge passage 74 to regulate flow from the discharge
passage 74 to through opening 82 and into discharge chamber
23.

[0110] The floating seal assembly 71 is supported by the
annular recess 76 of non-orbiting scroll 70 and engages a seat
portion 73 mounted to the partition 22 for sealingly dividing
intake compartment 75 from discharge chamber 23. Recess
76 and floating seal assembly 71 cooperate to define an axial
pressure biasing chamber which receives pressurized fluid
being compressed by spiral vanes 60 and 72 so as to exert an
axial biasing force on non-orbiting scroll 70 to thereby urge
the tips of respective spiral vanes 60, 72 into sealing engage-
ment with the opposed baseplate surfaces.

[0111] The lower portion of the interior of shell 12 defines
an oil sump 46 which is filled with lubricating oil. Bore 40
acts as a pump to force lubricating fluid up the crankshaft 32
and into bore 42 and ultimately to all of the various portions
of'the compressor which require lubrication. Crankshaft 32 is
rotatably driven by electric motor 28 including motor stator
30, windings 48 passing there through, and a motor rotor 50
press fitted on crankshaft 32 and having upper and lower
counterweights 52 and 54, respectively.

[0112] An Oldham coupling 68 is disposed between orbit-
ing scroll 58 and main bearing housing 24. The Oldham
coupling 68 is keyed to orbiting scroll 58 and non-orbiting
scroll 70 and thus prevents rotational movement of orbiting
scroll 58. Oldham coupling 68, as shown in FIG. 1, for
example, can be of the type disclosed in assignee’s U.S. Pat.
No. 5,320,506, the disclosure of which is hereby incorporated
herein by reference

[0113] Asillustrated in FIGS. 2 and 3, a conventional lower
bearing assembly 38 includes a lower wear surface having a
cylindrical opening 202 extending there through and a radi-
ally extending flange portion 38" having a plurality of mount-
ing openings 38" therein that allow the bearing housing 38' to
be mounted to the lower bearing support 26. A self-lubricat-
ing cylindrical lower bearing 39 is received in the bearing
housing 38' and is disposed directly against the crankshaft 32.
Crankshaft 32 has at the lower end a relatively large diameter
concentric bore 40 which communicates with a radially out-
wardly smaller diameter bore 42 extending upwardly there-
from from the top of crankshaft 32.

[0114] The following detailed discussion pertains to the
various wear surfaces in a scroll compressor on which the
anti-wear coating of the present teachings can be applied. Any
variation or combination of the anti-wear coating embodi-
ments described above is contemplated for use in conjunction
with the scroll component wear surface. The inventive anti-
wear coatings are particularly suitable for coating various
wear surfaces (in other words, surfaces that experience
repeated frequent contact with nearby surfaces or parts and
thus experience wear) in a scroll compressor, including vari-
ous bearing surfaces. In certain aspects, the present teachings
contemplate use of the inventive thin anti-wear coating(s) on
awear surface or bearing surface in a scroll compressorinlieu
of'atypical conventional sleeve bearing. In certain aspects, an
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anti-wear coating can be used on various wear surfaces in lieu
of the sleeve-type main bearing member 37, the sleeve-type
upper bearing 35 within cylindrical hub 61 of orbiting scroll
58, and/or the sleeve-type lower bearing assembly 38.
[0115] More specifically, the anti-wear coating can be
applied to a wear surface, such as a flat portion of a drive shaft
that defines a wear surface that can then interface with the hub
or a bushing in the orbiting scroll by way of non-limiting
example. Thus, a conventional bearing or bushing disposed in
the hub is not required. Alternatively, the scroll compressor
component having the wear surface coated with an anti-wear
coating may include the hub or a bushing that interfaces with
the flat portion of the crankshaft having anti-wear coating to
improve overall performance and reduce wear.

[0116] For example, in FIG. 5, an alternative embodiment
of a scroll compressor 10A is shown where conventional
sleeve-type bearings (the sleeve-type main bearing member
37, the sleeve-type upper bearing 35 and the sleeve-type
lower bearing 39 in FIG. 1) have been eliminated. For brevity,
to the extent that the components in the following embodi-
ments and the accompanying Figures are the same as those
described in the context of FIG. 1, they can be assumed to
have the same configuration and function and will not be
expressly discussed herein. In the scroll compressorin FIG. 5,
one or more anti-wear coatings 90 can be optionally intro-
duced instead to these wear surfaces to rotatably support and
interface with rotating crankshaft 32A in accordance with
certain aspects of the present teachings. It should be noted
that while each of the sleeve-type main bearing member 37,
the sleeve-type upper bearing 35 and the sleeve-type lower
bearing 39 of FIG. 1 are shown to be replaced in FIG. 5, it is
contemplated that only a single one of these bearing members
(or two of the three bearing members) can be replaced by
applying an anti-wear coating. Furthermore, the anti-wear
coatings 90 may have the same composition or there may be
distinct anti-wear coating compositions used in different
locations in the scroll compressor, as appreciated by those of
skill in the art. This holds true for each scroll component and
its respective wear surfaces, as discussed further below.
[0117] As best seen in FIG. 11B, a cylindrical hub 61A of
orbiting scroll 58A defines an inner circumferential wear
surface 92 capable of receiving rotating crankshaft 32A. The
circumferential wear surface 92 of cylindrical hub 61A may
house a drive bushing 36 A (FIG. 7) define a drive flat surface
130 into which a flat drive surface 62A of crank pin 34A is
drivingly disposed. In FIG. 11B, the hub’s inner circumfer-
ential wear surface 92 has a first anti-wear coating 102 dis-
posed on and covering the wear surfaces that will encounter
friction in the inner diameter of cylindrical hub 61A.

[0118] Anupper region of crankshaft 32A corresponding to
crank pin 34A likewise defines a wear surface 104 (including
flat drive surface 62A), onto which a second anti-wear coating
106 is disposed (see also FIG. 6). In alternative variations, the
drive bushing 36 A may omit a fifth anti-wear coating 134, but
have a similar shape to the crankpin 34A can be attached to
the crankshaft 32A as an additional component with a drive
flat surface like 62A. Such a drive bushing may be similarly
coated with an anti-wear coating in other regions besides on
the drive flat 130. Notably, it is preferable that two wear
surfaces that engage and contact one another are formed of
distinct materials to reduce friction and improve tribological
properties. Thus, if both the inner circumferential wear sur-
face 92 of cylindrical hub 61A and the wear surface 104 of
crank pin 34A are coated with the first and second anti-wear
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coatings 102, 106, respectively, it is preferably that these
material compositions are distinct from one another. In cer-
tain preferred variations, only one of the inner circumferential
wear surface 92 of cylindrical hub 61A or the wear surface
104, including flat drive surface 62A of crank pin 34A has an
anti-wear coating (either 102 or 106), while the other wear
surface is not coated (for example, an exposed machined
metal wear surface).

[0119] In alternative embodiments, the inner circumferen-
tial wear surface 92 of cylindrical hub 61A can receive a drive
bushing (shown in FIG. 4) having the drive flat surface 27 for
receiving the flat drive surface 62A of crank pin 34A for
driving the orbiting scroll 58A. In such an embodiment, the
first anti-wear coating 102 on the hub’s 61A inner circumfer-
ential wear surface 92 can optionally be omitted. Therefore,
drive bushing 36 can be seated in the cylindrical hub (61 of
FIG. 1 or 61A of FIG. 5) and can thus receive crank pin (34 or
34A). Referring to FIG. 7, the drive bushing 36 A prepared in
accordance with certain aspects of the present technology is
shown. Specific wear surfaces of the drive bushing 36A,
which may be optionally machined and can further have the
fifth anti-wear wear coating 134 disposed thereon, including
a drive flat surface 130, an inner bore 66A, and/or an outer
circumferential surface 132 corresponding to an outer diam-
eter of the drive bushing 36A. In FIG. 7, the fifth anti-wear
coating 134 is disposed only on the drive flat surface 130 and
outer circumferential surface 132 (but may be applied to other
regions, such as the inner bore 66A). As discussed above,
these surfaces are subject to wear from being engaged with
the inner circumferential wear surface 92, optional upper
bearing 35, or crank pin 34 or 34 A and therefore one or all of
these surfaces may be coated with the fifth anti-wear coating
134.

[0120] Similarly, as shown in FIGS. 5 and 8A-8B, main
bearing housing 24A includes a centrally disposed aperture
41A disposed therein to receive crankshaft 32 A. A plurality of
arms or protrusions 140 connect and attach the main bearing
housing 24A to the compressor shell 12. The centrally dis-
posed aperture 41A (which as shown has two distinct diam-
eters, including a wider diameter upper region and a narrower
diameter lower region). The narrower region of the centrally
disposed aperture 41A receives and supports the crankshaft
32A and thus defines a third wear surface 108 onto which a
third anti-wear coating 110 may be disposed. A middle region
of crankshaft 32A likewise defines a mid-shaft wear surface
112, or a main journal bearing surface, onto which a fourth
anti-wear coating 114 can be disposed (see FIGS. 5 and 6). As
discussed above, it is preferable that two wear surfaces that
engage and contact one another are formed of distinct mate-
rials to reduce friction and improve tribological properties.
Thus, if both the third wear surface 108 of the centrally
disposed aperture 41A and the mid-shaft wear surface 112 of
crankshaft 32 A are coated with the third and fourth anti-wear
coatings 110 and 114, respectively, it is preferably that these
material compositions are distinct from one another. In cer-
tain preferred variations, only one of the mating third wear
surface 108 and the mid-shaft wear surface 112 has an anti-
wear coating (either 110 or 114), while the other wear surface
is not coated (for example, an exposed metal wear surface).

[0121] With renewed reference to FIGS. 8 A and 8B, other
wear surfaces on the main bearing housing 24 A that can be
coated with anti-wear coatings are as follows. An annular
thrust bearing surface 56 A is shown on main bearing housing
24A onto which orbiting scroll 58A rests and orbits (as best
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shown in FIG. 5). FIG. 9 shows a perspective view of a thrust
plate 57 that could be utilized in other scroll compressor
designs (e.g., FIG. 15A). The thrust plate 57 likewise shows
the annular thrust bearing surface 56A. This thrust bearing
surface 56 A can be likewise be coated with the sixth anti-wear
coating 144 prepared in accordance with various aspects of
the present teachings. In FIGS. 8A-8B, the third anti-wear
coating 110 and the sixth anti-wear coating 144 are shown as
discrete coatings, potentially made of different materials.
Notably, while not shown, the third anti-wear coating 110 and
the sixth anti-wear coating 144 maybe formed from the same
material composition and thus form a same contiguous coat-
ing extending from a terminal end of the centrally disposed
aperture 41 A across an internal surface 145 corresponding to
a first diameter of a circumferential region 147 to the annular
thrust bearing surface S6A.

[0122] Another wear surface in the main bearing housing
24A is as follows. A plurality of structural recesses 146 is
formed in the plurality of arms or protrusions 140 that attach
the main bearing housing 24 A to the shell 12. These recesses
146 extend around the circumferential region 147 to define
one or more Oldham coupling receiving surfaces 148 onto
which an Oldham coupling can be seated and disposed, so
that the Oldham coupling 68 may slide in these recesses 146
against receiving surfaces 148 when the scroll compressor is
assembled and operated. As shown, the Oldham coupling
receiving surfaces 148 are formed as a single annular region
disposed about the outer circumference of the circumferential
region 147. Each of these Oldham coupling receiving areas
(wear surfaces) 148 can also be optionally coated with a
seventh anti-wear coating 150.

[0123] Turning now to FIGS. 10A and 10B, an Oldham
coupling 68A is shown (assembled into the scroll compressor
10A in FIG. 5, as well). A first side 160 is shown in FIG. 10A,
while a second opposite side 162 of the Oldham coupling 68 A
is shown in FIG. 10B. As discussed above, the Oldham cou-
pling 68A is keyed to orbiting scroll 58A and to non-orbiting
scroll 70 to prevent rotational movement of orbiting scroll
58A as it is driven by crankshaft 32.

[0124] A plurality of Oldham keys 170 is provided on Old-
ham coupling ring 171. A first pair of keys 172 is in a gener-
ally diametrically aligned relationship and each projects
upward from a surface 174 of Oldham coupling ring 171. A
second pair of keys 176 is likewise aligned diametrically
apart on the Oldham coupling ring 171 and also projects
upward from surface 174. The second pair of keys 176 gen-
erally extends farther upwards, so that the second pair of keys
is capable of engaging with a non-orbiting scroll 70. The first
pair of keys 172 is shorter and thus is capable of engaging
with the orbiting scroll 58A. Oldham coupling 68A is guided
in its translational movement by non-orbiting scroll keys 176
while being driven by orbiting scroll keys 172.

[0125] As shown in FIGS. 11A and 11B, a baseplate 300 of
orbiting scroll 58A is provided with a pair of outwardly
projecting flange portions 302 each of which is provided with
an outwardly opening slot 304. Slots 304 are sized to slidingly
receive the first pair of Oldham keys 172. Likewise, as shown
in FIG. 12, a baseplate 350 of fixed non-orbiting scroll 70A is
provided with a pair of outwardly projecting flange portions
352, each of which is provided with an outwardly opening slot
354. Slots 354 are sized to slidingly receive the second pair of
Oldham keys 176. The keys 172 and 176 have an axial length
or height to engage with the respective scroll component,
while avoiding projecting so far as to impede movement or
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operation of other components. Generally, vertical motion of
Oldham coupling 68A is limited by contact of a plurality of
Oldham pads 173 disposed on the second side 162 of Oldham
coupling ring 171. As Oldham coupling 68A is driven, inertial
and frictional forces tend to cause the plurality of Oldham
pads 173 to contact the one or more Oldham coupling receiv-
ing surfaces 148 of the main bearing housing 24A.

[0126] Thus, a first plurality of Oldham coupling wear sur-
faces 178 is formed on the contact regions at the terminal end
of'each Oldham key 170 (whether in the first pair of keys 172
or second pair of keys 176). Each wear surface 178 on each
Oldham key 170 can be coated with an eighth anti-wear
coating 180. A second plurality of Oldham coupling wear
surfaces 182 is raised and forms discrete contact regions
along the first side 160 of the Oldham coupling ring 171 in a
region near or adjacent to the Oldham keys 170. A third
plurality of Oldham coupling wear surfaces 186 is formed on
the contact regions at the terminal end of each Oldham pad
173 along the second side 162 of Oldham coupling ring 171.
Thus, each respective wear surface, including wear surfaces
178, 182, or 186, on the Oldham coupling 68A can be coated
with an eighth anti-wear coating 180. As noted above, for
brevity, the coating is referred to as an eighth anti-wear coat-
ing, but may indeed include multiple distinct coatings applied
to distinct wear surfaces of the component. Further, the anti-
wear coating may be applied on only one of or only select
wear surfaces of those described.

[0127] Thus, various wear surfaces of the Oldham coupling
68A that may be machined and can have an anti-wear wear
coating applied, include the entire region of the Oldham keys
170 (or only the terminal contact regions/wear surfaces 178 of
keys 170), any surfaces adjacent to the Oldham keys 170,
including wear surfaces 182, and the Oldham pads 173 or
other regions that may experience contact on Oldham cou-
pling ring 171. As discussed above, these surfaces are subject
to wear from being engaged with various other surfaces,
including the orbiting scroll 58 A and the non-orbiting scroll
70, or main bearing housing 24A.

[0128] With renewed reference to FIGS. 11A and 11B,
various wear surfaces on the orbiting scroll 58A may also
have an anti-wear coating applied in accordance with certain
aspects of the present teachings, in addition to the first coating
102 applied to the inner circumferential wear surface 92 ofthe
cylindrical hub 61A. One or more surface regions 310 on a
first side 311 of baseplate 300 form wear surfaces that contact
the opposing spiral wrap or vane during compressor operation
(here a terminal end or tip of spiral wrap or vane 72 of
non-orbiting scroll 70 in FIG. 1, for example). Likewise, the
spiral vane 60A has various wear surfaces, including side-
walls 312 and terminal tips 314, which contact the opposing
spiral vane 72 when they are intermeshed during compressor
operation. Furthermore, as discussed above, the baseplate
300 comprises a slot 304 that slidingly receives the first pair
of Oldham keys 172 and thus a wear surface is formed on the
interior surface ofthe slot. Other portions of the baseplate 300
that contact other components (like portions of the main
bearing housing or Oldham coupling or other adjacent scroll
components) define wear surfaces that may be coated with the
inventive anti-wear coatings, as well.

[0129] On a second opposite side 313 of baseplate 300
various wear surfaces are shown that can be coated with the
inventive anti-wear coatings. In addition to the wear surfaces
corresponding to the slots 304 on flange portions 302 for
receiving the Oldham coupling keys, an annular thrust bear-
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ing surface 315 can contact the main bearing housing 24 and
thus form a wear surface that can be coated with an inventive
anti-wear coating (e.g., the ninth anti-wear coating 318).
[0130] Any ofthese orbiting scroll wear surfaces, including
the one or more surface regions 310, internal surfaces of slots
304, annular thrust bearing surface 315, spiral vane 60A
sidewalls 312 or terminal tips 314, can be coated with a ninth
anti-wear coating 318. As discussed above, in conventional
designs a sleeve-type bearing (having a cylindrical metal
sleeve with a porous metal layer and a resin disposed therein)
is press fitted into the cylindrical hub 61 and receives either
the drive bushing 36 or can directly receive the crank pin 34 of
crankshaft 32.

[0131] Further, baseplate 300 has cylindrical hub 61A that
defines an the inner circumferential wear surface 92 that
receives and rotatably supports either a flat surface of the
crank pin 34A or drive bushing 36A disposed therein to
receive the crankshaft 32A. In accordance with certain
aspects of the present disclosure, the upper bearing 35 can be
eliminated altogether, because the first anti-wear coating 102
can be applied directly to the hub’s inner circumferential
wear surface 92. When the first anti-wear coating 102 is
present, a conventional sleeve bearing and/or bushing can be
eliminated altogether, which provides environmental benefits
and improvements in compressor performance.

[0132] As discussed above, typical sleeve bearings can
have a 0.065 mm (0.002559 in.) diametrical tolerance range
for the hub. This is a relatively large diametrical tolerance (far
greater than the tolerances for a machined surface alone),
which can result in greater clearances between the bearing
wear surface and the opposing surface(s), such as between a
hub’s inner circumferential wear surface 92 and the crank pin
34. Because the overall thickness of the anti-wear coating is
relatively small or thin, eliminating the typical bearing sur-
faces with the inventive anti-wear coatings advantageously
tightens the tolerances between working or interfacing sur-
faces. This is particularly advantageous for scroll compressor
applications in which low speeds and high loads are typically
experienced, because smaller tolerances (more similar to the
machined bearing surfaces) are desirable for more effective
performance.

[0133] In certain alternative embodiments, the hub’s inner
circumferential wear surface 92 can be coated with the first
anti-wear coating 102, but a bushing can also be used to
receive the crankshaft. For example, drive bushing 36A
described previously in the context of FIG. 7, for example,
may be seated within the cylindrical hub 61A.

[0134] FIG. 12 shows the various wear surfaces on the
non-orbiting scroll 70A, which may also have an anti-wear
coating applied in accordance with certain aspects of the
present teachings. One or more surface regions 358 on a first
side 360 of baseplate 350 form wear surfaces that contact the
opposing spiral wrap or vane during compressor operation
(here aterminal end or tip of spiral wrap or vane 60 of orbiting
scroll 58 in FIG. 1, for example). Likewise, the spiral vane
72A has various wear surfaces, including sidewalls 362 and
terminal tips 364, which contact the opposing spiral vane 58
or baseplate 310 when they are intermeshed during compres-
sor operation. Furthermore, as discussed above, the baseplate
350 comprises a protrusion 352 defining a slot 354 that slid-
ingly receives the second pair of Oldham keys 176 and thus a
wear surface is formed on the interior surface of the slot 354.
Other portions of the baseplate 350 that contact other com-
ponents (like portions of the partition 22, floating seal assem-
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bly 71, or other adjacent scroll components) define wear
surfaces that may be coated with the inventive anti-wear
coatings, as well. Hence, each respective wear surface on the
non-orbiting scroll component 70A, including the one or
more surface regions 358, the internal surfaces of slots 354,
spiral vane 72A sidewalls 362 or terminal tips 364, can be
coated with a tenth anti-wear coating 370. As with the prior
embodiments, the present disclosure contemplates that the
tenth anti-wear coating 370 can be applied to only one of the
wear surfaces (or to select regions of a wear surface) and
further can include a plurality of compositionally distinct
coating materials disposed on different discrete wear surface
regions.

[0135] Withreference to FIG. 13, alower bearing assembly
38A includes a bearing plate 222 that defines axially-extend-
ing legs 224 on opposite ends thereof. The bearing plate 222
is configured to extend across the interior of shell 12 with legs
224 engaged with and welded to the interior surface of shell
12 to hold bearing plate 222 in position. Bearing plate 222
may be made from a variety of materials, such as stamped
metal. A lower hub 226 is centrally disposed within bearing
plate 222, and includes an opening 228 through which crank-
shaft 32 A extends. Lower hub 226 has an upwardly projecting
portion 232 and a lower projecting portion 234 that has a
generally circular periphery. The upwardly projecting portion
defines an annular lower thrust bearing surface region 236,
which is a wear surface that potentially contacts the crank-
shaft 32A. Lower hub 226 is rotationally and axially fixed to
bearing plate 222 with a plurality of fasteners 238. An internal
circumferential surface of lower hub 226 likewise defines a
lower journal wear surface 240 that rotatably supports crank-
shaft 32A. Each of the wear surfaces on the lower bearing
assembly 38A, such as the annular lower thrust bearing sur-
face region 236 or the lower journal wear surface 240, can be
coated with an eleventh anti-wear coating 250. As with the
prior embodiments, the present disclosure contemplates that
the eleventh anti-wear coating 250 can be applied to only one
of the wear surfaces (or to select regions of a wear surface)
and further can include a plurality of compositionally distinct
coating materials disposed on different discrete wear surface
regions.

[0136] In an alternative embodiment of a lower bearing
assembly 38B, as shown in FIGS. 14A and 14B, a support
structure 251 defines four orthogonally-oriented legs 252.
The support structure 251 is configured so that legs 252
extend across the interior of shell 12 and engage with and are
fastened to the interior surface of shell 12 to hold the support
structure 251 in position. A central region 254 of the support
structure 251 is formed where legs 252 intersect and includes
a centrally disposed opening 260 through which crankshaft
32A extends. A recessed annular lower thrust bearing surface
region 262 is formed around centrally disposed opening 260
and thus is a wear surface that potentially contacts the crank-
shaft 32A during compressor operation. The centrally dis-
posed opening 260 further defines an integrated circumferen-
tial surface that defines a lower journal wear surface 264 that
rotatably supports crankshaft 32A. Each of the wear surfaces
on the lower bearing assembly 38B, such as the recessed
annular lower thrust bearing surface region 262 or the lower
journal wear surface 264, can be coated with a twelfth anti-
wear coating 270. As with the prior embodiments, the present
disclosure contemplates the twelfth anti-wear coating 270
can be applied to only one of the wear surfaces (or to select
regions of a wear surface) and further can include a plurality
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of compositionally distinct coating materials disposed on
different discrete wear surface regions.

[0137] With renewed reference to FIG. 6, a terminal region
of crankshaft 32A defines a lower wear surface 280 that
interfaces with an opposing lower journal bearing wear sur-
face in the lower bearing assembly (for example, annular
lower thrust bearing surface region 236 or the lower journal
wear surface 240 in lower bearing assembly 38A in FIG. 13 or
the recessed annular lower thrust bearing surface region 262
or the lower journal wear surface 264 in lower bearing assem-
bly 38B in FIGS. 14A and 14B). Each of the wear surfaces on
the lower bearing assembly 38A or 38B can be coated with
the eleventh or twelfth anti-wear coatings 250, 270. Likewise,
the lower wear surface 280 of crankshaft 32A may include a
fourteenth coating 282. As discussed above, in certain varia-
tions, counter surfaces that interact with one another are
formed of material compositions that are distinct from one
another to enhance tribological properties. In certain pre-
ferred variations, only one of the mating lower wear surface
280 of crankshaft 32A, lower journal wear surface 240 in the
embodiment of FIG. 13 or the lower journal wear surface 264
shown in the embodiment of FIGS. 14A and 14B in the lower
bearing assembly 38 A or 38B has an anti-wear coating, while
the other wear surface is not coated (for example, an exposed
metal wear surface).

[0138] Certainaspects of the present teachings are reflected
in another alternative embodiment shown in FIGS. 15A,15B,
and 16, which show a scroll compressor 10B having an
embodiment of an inventive floating seal assembly prepared
in accordance with certain aspects of the present teachings (as
compared to a conventional floating seal assembly 71 shown
in FIG. 1). To the extent that the scroll compressor 10B shares
features with scroll compressor 10 in FIG. 1, these features
will not be reintroduced or discussed here. Non-orbiting
scroll 70B includes an annular hub or raised shoulder portion
77 which surrounds the discharge passage 74. The annular
recess 76 is also formed in non-orbiting scroll 70B within
which is disposed a floating seal assembly 71B.

[0139] An intake compartment 75B is in fluid communica-
tion with compressor inlet (not shown) through which the
fluids (e.g., refrigerant) to be compressed into the inter-
meshed spiral vanes 60, 72 pockets. After the fluid is com-
pressed in the spiral vanes 60, 72, it is then released through
the discharge passage 74. A reed valve assembly 78B or other
known valve assembly is provided in the discharge passage
74 to regulate flow from the discharge passage 74 through
opening 82B and into discharge chamber 23B. The design and
configuration of the partition 22B forms a tapered conical
shape in relation to the cap 14, which is distinct from the
design in FIG. 1. Thus, the discharge muffler chamber 23B is
in fluid communication with discharge 18.

[0140] The floating seal assembly 71B includes a floating
annular seal 440 and an upper seal plate 452. Upper seal plate
452 includes an upwardly projecting sealing lip or annular
rim 454 which engages an insert 456 fitted into opening 82B
in partition 22B to separate the discharge area of scroll com-
pressor 10B (e.g., discharge chamber 23B) from the suction
area of scroll compressor 10B (e.g., intake compartment
75B). The insert 456 can serve as a wear ring attached to
partition 22B and seals against the sealing annular rim 454 of
the upper seal plate 452. In lieu of a wear ring or insert 456,
the lower surface of partition 22B can be locally hardened by
nitriding, carbo-nitriding or other hardening processes
known in the art. The floating annular seal 440 is supported by
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annular recess 76 of non-orbiting scroll 70B. As shown in
FIG. 15B, floating annular seal 440 can be seated in a plurality
of apertures 442 formed in the upper seal plate 452. Thus, the
floating annular seal 440 can extend through the apertures 442
from a first side 444 to a second side 446 of lateral portions of
the upper seal plate 452.

[0141] In accordance with certain aspects of the present
teachings, as shown in FIG. 16, an annular upper seal plate
wear surface 458 is defined on a terminal face of the project-
ing sealing annular rim 454 on the upper seal plate 452. The
annular upper seal plate wear surface 458 contacts an oppos-
ing surface on insert 456 when assembled in scroll compres-
sor 10B. A thirteenth anti-wear coating 460 can be disposed
on the upper seal plate wear surface 458 is defined on a
terminal face of the projecting sealing annular rim 454 on the
upper seal plate 452.

[0142] In the embodiment shown in FIGS. 15A-15B and
16, the thirteenth anti-wear coating 460 optionally comprises
aprimer layer 470 disposed on and adjacent to the upper seal
plate wear surface 458. The upper seal plate 452 may be
formed from a metal, such cast iron, powdered metal (like an
iron containing powder metal), aluminum, or other materials,
such as partially formed of a plastic, which can meet perfor-
mance requirements. Any of the wear surfaces described here
may be pre-treated by blasting to enhance surface roughness,
as discussed previously above.

[0143] Asdiscussed above, in certain variations, the primer
layer 470 optionally comprises a polyamide-imide (PAI)
polymer material applied (e.g., applied once in a spraying
process, followed by baking). Such a primer layer 470 is
applied as a relatively thin layer, for example, having a thick-
ness of about 0.0005 inches (about 12.7 um). One of more
layers of anti-wear top coating 472 can be applied over the
primer layer 470. By way of example, two distinct layers may
be applied by first spraying and then applying heat (e.g.,
baking) between applications of sprayed precursors. Such
layers may have a total thickness of greater than or equal to
about 0.002 inches (about 51 pm) to less than or equal to about
0.003 inches (about 76 pm). In one embodiment, a suitable
anti-wear top coating 472 may comprise a polyetheretherke-
tone (PEEK) with about 19 weight % polytetrafluoroethylene
(PTFE) and about 11 weight % molybdenum disulfide
(MoS,).

[0144] Like any of the other anti-wear coatings, the thir-
teenth anti-wear coating 460 may optionally be lapped (pol-
ished) after both the primer layer 470 and the anti-wear top
coating 472 are applied to the upper seal plate wear surface
458. Such a lapping process generally makes the surface
flatter and reduces surface roughness, which maybe particu-
larly desirable in certain applications for a face seal (that
forms intimate contact with an opposing surface to achieve
fluid sealing).

[0145] As noted above, in various aspects, the lower bear-
ing assembly 38 includes the lower bearing 39 comprising a
self-lubricating bearing material. The main bearing member
37 and/or the upper bearing 35 within the cylindrical hub 61
of orbiting scroll 58 may also optionally include such self-
lubricating bearing materials. Such a material must fulfill
certain performance criteria while avoiding degradation by
exposure to various refrigerants. Certain refrigerants may
behave as an organic solvent and/or corrosion agent and may
potentially permeate into a material and cause physical or
chemical alterations. Thus, in accordance with the present
disclosure, it is desirable to provide a self-lubricating bearing
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material that is stable upon exposure to refrigerant throughout
compressor operating conditions. Hermetic compressors, in
particular, require bearing materials having long service life
and superior long-term wear resistance; as such materials
generally cannot be replaced via maintenance.

[0146] In yet another embodiment shown in FIG. 17, a
horizontal open-drive scroll compressor is shown, although
the present teachings are applicable for incorporation into
various different types of scroll and rotary compressors. For
exemplary purposes, open drive compressor 510 is shown as
a horizontal scroll compressor, which is described in U.S.
Pub. No. 2009/0136372 to Elson et al., which is herein incor-
porated by reference. It is noted that compressor 510 has
similar operating principles to scroll compressor 10 in FIG. 1
or10A in FIG. 5, but has an open-drive configuration employ-
ing a bellows-type shaft seal assembly 556 that will be dis-
cussed herein.

[0147] Compressor 510 may include a compressor housing
assembly 512, a main bearing housing assembly 514, a drive
shaft assembly 516, a compression mechanism 518, a retain-
ing assembly 520, a seal assembly 522, a discharge valve
assembly 524, an oil separator 526, and an oil feed mecha-
nism 528. Housing assembly 512 may include a cylindrical
hermetic shell 530, an end cap 532, a transversely extending
partition 534, a base assembly 536, a suction gas inlet fitting
538, and a refrigerant discharge fitting 540.

[0148] Cylindrical hermetic shell 530 may include an open-
ing 542 having suction gas inlet fitting 538 attached thereto.
End cap 532 and transversely extending partition 534 may
generally define a discharge chamber 544. More specifically,
transversely extending partition 534 may be fixed to a first
end of shell 530 and end cap 532 may be fixed to transversely
extending partition 534. End cap 532 may include an opening
546 having refrigerant discharge fitting 540 fixed thereto.
Partition 534 may include an opening 548 to provide fluid
communication between compression mechanism 518 and
discharge chamber 544. Discharge chamber 544 may gener-
ally form a discharge muffler for compressor 510. Base
assembly 536 may be fixed to shell 530 at an end generally
opposite partition 534.

[0149] Base assembly 536 may include a base member 550,
abearing assembly 552, a seal housing 554, and a seal assem-
bly 556. Base member 550 may include a central opening 558
including first and second portions 560, 562 and a radially
inwardly extending protrusion 564 disposed therebetween.
Bearing assembly 552 may be located in first portion 560 of
opening 558 and may include a ball bearing assembly. Seal
housing 554 may be located in second portion 562 of opening
558 and may be fixed to base member 550.

[0150] Seal assembly 556 may be located within seal hous-
ing 554 and may include a shaft seal 566, as shown in FIGS.
17 and 18. The shaft seal 566 in certain variations is a bellows-
type seal defining a central opening 642 for receiving shaft
586 and having a first end 644 and a second end 646. More
specifically, the shaft seal 566 defines a collar 652 at second
end 646 and a bellows region 654 that is compliant at first end
644. The collar 652 thus receives and can be coupled to the
drive shaft 586. The first end 644 further defines a face seal
contact or wear surface 648 that seats against and interacts
with a counterpart wear surface 650 of seal housing 554. The
counterpart wear surface 650 is typically a distinct stationary
mating ring seated within a recess of the seal housing 554.
[0151] Main bearing housing assembly 514 may include a
main bearing housing 568 and a thrust member 570. Main



US 2014/0024563 Al

bearing housing 568 may be press fit into shell 530 and may
abut a step 572 therein to locate main bearing housing 568
within shell 530. Drive shaft assembly 516 may include a
drive shaft 586, a first counterweight 588 and a second coun-
terweight 590. Drive shaft 586 may include first and second
ends 592, 594 and first and second journal portions 596, 598
disposed therebetween. First end 592 may include an eccen-
tric crank pin 600 having a flat 602 thereon. Second end 594
may extend axially past base assembly 536 and may be dis-
posed external to housing assembly 512, thus forming the
open-drive compressor configuration. A drive mechanism
(not shown) may engage second end 594 to power rotation of
drive shaft 586. First and second journal portions 596, 598
may be rotatably disposed within bearing 576 and bearing
assembly 552, respectively.

[0152] Shaft seal 566 may be sealingly engaged with drive
shaft 586 at a location between second end 594 and second
journal portion 598 to prevent leakage of oil from housing
assembly 512. Thus, the first end 644 of shaft seal 566 typi-
cally rotates with the drive shaft 586 against the stationary
counterpart wear surface 650 and thus prevents leakage of oil
and refrigerant out of the open-drive compressor. First coun-
terweight 588 may be fixed to drive shaft 586 at a location
between first end 592 and first journal portion 596 and second
counterweight 590 may be fixed to drive shaft 586 at a loca-
tion between first journal portion 596 and second journal
portion 598.

[0153] As noted above, the first end 644 defines a face seal
contact or wear surface 648 that interacts with the counterpart
wear surface 650 of seal housing 554. In accordance with
certain aspects of the present disclosure, the face seal wear
surface 648 of the shaft seal 566 may be coated with a fif-
teenth anti-wear coating 660. Because the wear surface 648 is
coated with the fifteenth anti-wear coating 660, the collar 652
and bellows region 654 of the shaft seal 566 may be formed
from a variety of distinct materials from conventional mate-
rials, but that will reliably form a seal.

[0154] Suitable materials for forming the underlying struc-
ture of the shaft seal 566 include metals, such as iron-based
alloys, such as steel, stainless steel, and cast iron and copper-
based alloys, such as bronze, brass, and the like, as well as
non-metal materials that can meet performance requirements.
For example, suitable materials include bronze, antimony
carbon, graphitized silicon carbide, and any combinations
thereof. The underlying shaft seal 566 can be formed from
such metal materials by casting, forging, or can be wrought.
Any of the wear surfaces described here may be pre-treated
by blasting to enhance surface roughness, as discussed pre-
viously above. In certain variations, the counterpart wear
surface 650, which may be in the form of a distinct mating
ring, can be formed of tungsten carbide, silicon carbide,
graphitized silicon carbide, silicon carbide, or any combina-
tion thereof.

[0155] In certain embodiments, the fifteenth anti-wear
coating 660 optionally comprises one or more primer layers
and one or more top coating layers (not shown, but like the
thirteenth anti-wear coating 460 having the optional primer
layer 470 embodiments shown in FIGS. 15A-15B and 16)
disposed on and adjacent to the wear surface 648. Thus, in
certain variations, one or more thin primer layers are applied
(e.g., applied once in a spraying process, followed by baking).
The primer layer may comprise one, two, or more layers
comprising a polyetheretherketone (PEEK), a polyamide-
imide polymer material (PAI), or combinations thereof. As
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discussed above, such a primer layer may be applied as a
relatively thin layer, for example, having a thickness of about
0.0005 inches (about 12.7 um).

[0156] One or more upper anti-wear top coating layers can
be applied over the primer layer. By way of example, two
distinct layers may be applied by first spraying and then
applying heat (e.g., baking) between applications of sprayed
precursors. Each of such layers may have a total thickness of
greater than or equal to about 0.001 inches (about 25 pm) to
less than or equal to about 0.003 inches (about 76 pum).
[0157] In one embodiment, a suitable fifteenth anti-wear
coating 660 may optionally comprise one or more primer
layers comprising a polyetheretherketone (PEEK) polymer
by itself, followed by application of one or more upper anti-
wear top coating layers thereon comprising a polyetherether-
ketone (PEEK) polymer and at least one lubricant particle
selected from the group consisting of: 0 to less than or equal
to about 30 weight % polytetrafluoroethylene (PTFE), 0 to
less than or equal to about 30 weight % graphite, O to less than
orequal to about 30 weight % molybdenum disulfide (MoS,),
0 to 30 weight % carbon fibers, and combinations thereof. In
certain aspects, the fifteenth anti-wear coating 660 including
the primer layer(s) and upper layer(s) forms a substantially
uniform coating having a dry film thickness of greater than or
equal to about 0.001 inches (about 25 pum) to less than or equal
to about 0.006 inches (about 152 pm), optionally greater than
or equal to about 0.002 inches (about 51 pum) to less than or
equal to about 0.003 inches (about 76 pm). In one embodi-
ment, such an anti-wear coating may include a primer layer
comprising PEEK and an anti-wear coating comprising
PEEK with a first lubricant particle comprising PTFE at about
19 weight % and a second lubricant particle comprising MoS,
at about 11 weight % with a final dry film thickness for both
the primer and anti-wear coating to be about 0.002 inches
(about 51 um) to about 0.003 inches (about 76 um). In another
embodiment, an anti-wear coating may include a primer layer
comprising PEEK and an anti-wear coating comprising
PEEK with a first lubricant particle comprising PTFE at about
30weight % with a final dry film thickness for both the primer
and anti-wear coating to be about 0.002 inches (about 51 pum)
to about 0.003 inches (about 76 um).

[0158] In another embodiment, a suitable fifteenth anti-
wear coating 660 may optionally comprise one or more
primer layers comprising a polyamide-imide polymer mate-
rial (PAI) by itself, followed by application of one or more
upper anti-wear top coating layers comprising a polyethere-
therketone (PEEK) polymer and at least one lubricant particle
selected from the group consisting of: 0 to less than or equal
to about 30 weight % polytetrafluoroethylene (PTFE), 0 to
less than or equal to about 30 weight % graphite, O to less than
orequal to about 30 weight % molybdenum disulfide (MoS,),
0 to 30 weight % carbon fibers, and combinations thereof. In
certain aspects, the fifteenth anti-wear coating 660 including
the primer layer(s) and upper layer(s) forms a substantially
uniform coating having a dry film thickness of greater than or
equal to about 0.001 inches (about 25 pum) to less than or equal
to about 0.006 inches (about 152 pm), optionally greater than
or equal to about 0.002 inches (about 51 pum) to less than or
equal to about 0.003 inches (about 76 pum).

[0159] In one embodiment, a suitable fifteenth anti-wear
coating 660 may optionally comprise one or more primer
layers comprising a polyetheretherketone (PEEK) polymer
by itself, followed by application of one or more upper anti-
wear top coating layers thereon comprising a polyetherether-



US 2014/0024563 Al

ketone (PEEK) polymer and at least one lubricant particle
selected from the group consisting of: 0 to less than or equal
to about 30 weight % polytetrafluoroethylene (PTFE), 0 to
less than or equal to about 30 weight % graphite, O to less than
orequal to about 30 weight % molybdenum disulfide (MoS,),
0 to 30 weight % carbon fibers, and combinations thereof. In
certain aspects, the fifteenth anti-wear coating 660 including
the primer layer(s) and upper layer(s) forms a substantially
uniform coating having a dry film thickness of greater than or
equal to about 0.001 inches (about 25 pm) to less than or equal
to about 0.006 inches (about 152 pum), optionally greater than
or equal to about 0.002 inches (about 51 pum) to less than or
equal to about 0.003 inches (about 76 pum).

[0160] In another embodiment, a suitable fifteenth anti-
wear coating 660 may optionally comprise two or more
primer layers comprising a first primer layer comprising
polyamide-imide polymer material (PAI) followed by a sec-
ond primer layer comprising a polyetheretherketone (PEEK)
polymer. The dual primer layers are followed by application
of'one or more upper anti-wear top coating layers comprising
a polyetheretherketone (PEEK) polymer and at least one
lubricant particle selected from the group consisting of: 0 to
less than or equal to about 30 weight % polytetrafluoroethyl-
ene (PTFE), 0 to less than or equal to about 30 weight %
graphite, 0 to less than or equal to about 30 weight molybde-
num disulfide (MoS,), 0 to 30 weight % carbon fibers, and
combinations thereof. In certain aspects, the fifteenth anti-
wear coating 660 including the primer layer(s) and upper
layer(s) forms a substantially uniform coating having a dry
film thickness of greater than or equal to about 0.001 inches
(about 25 um) to less than or equal to about 0.006 inches
(about 152 pm), optionally greater than or equal to about
0.002 inches (about 51 um) to less than or equal to about
0.003 inches (about 76 um).

[0161] Inyetanother embodiment, a suitable fifteenth anti-
wear coating 660 may optionally comprise one or more
primer layers (e.g., from 1 to 3 primer layers) comprising a
polyamide-imide polymer material (PAI). Over the primer
layer(s), one or more upper anti-wear top coating layers are
applied that comprise a polyamide-imide polymer material
(PAI) polymer and at least one lubricant particle selected
from the group consisting of: 0 to less than or equal to about
30 weight % polytetrafluoroethylene (PTFE), O to less than or
equal to about 30 weight % graphite, 0 to less than or equal to
about 30 weight % molybdenum disulfide (MoS,), 0 to 30
weight % carbon fibers, and combinations thereof. In certain
aspects, the fifteenth anti-wear coating 660 including the
primer layer(s) and upper layer(s) forms a substantially uni-
form coating having a dry film thickness of greater than or
equal to about 0.001 inches (about 25 pm) to less than or equal
to about 0.006 inches (about 152 pum), optionally greater than
or equal to about 0.002 inches (about 51 pum) to less than or
equal to about 0.003 inches (about 76 pum).

[0162] Like any of the other anti-wear coatings, the fif-
teenth anti-wear coating 660 may optionally be lapped (pol-
ished) after both the primer layer and the anti-wear top coat-
ing layer are applied to the wear surface 648. Such a lapping
process generally makes the surface flatter and reduces sur-
face roughness, which maybe particularly desirable in certain
applications for a face seal (that forms intimate contact with
an opposing surface to achieve fluid sealing). Furthermore, as
with the prior embodiments, the present disclosure contem-
plates that the fifteenth anti-wear coating 660 can be applied
to only select regions of wear surface 648 and further can
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include a plurality of compositionally distinct coating mate-
rials disposed on different discrete wear surface regions.

[0163] Itis noted that applying an anti-wear coating 660 to
the wear surface 648 of the shaft seal 566 has particular
advantages. For example, high oil pressures in a high side
sump compressor designed design increases the contact pres-
sure at the seal surface to such a level that the uncoated
conventional wear surface can be potentially be damaged
over time and thus lead to leakage. Further, certain oil addi-
tives may react with certain materials from which the shaft
seal 566 wear surface 648 is formed (e.g., bronze) can react
with the underlying metal and cause flaking and potentially
creating debris. By applying the fifteenth anti-wear coating
660 to wear surface 648, in addition to improving wear prop-
erties, also the amount of potential reaction is minimized and
thus a lower potential for leakage occurs at high oil pressures
in a high side sump compressor. Further, the fifteenth anti-
wear coating 660 allows a higher level of conformance with
the stationary counterpart wear surface 650 of seal housing
554 producing a far superior seal than conventional metal-to-
metal or metal-to-carbide combinations. Furthermore, the
fifteenth anti-wear coating 660 and the counterpart wear sur-
face 650 according to certain aspects of the present teachings
provides the ability for higher operating pressures without
scuffing, because the system has lower friction and better
ability to withstand wear. Furthermore, by using the fifteenth
anti-wear coating 660, a wider range of oil additives are
possible without concern of reactivity with the underlying
metal ofthe wear surface 648 of shaft seal 566. Notably, while
not explicitly discussed here, other wear surfaces and com-
ponents in the compressor 510 may be coated with the inven-
tive anti-wear coatings in addition to the wear surface 648 of
shaft seal 566.

[0164] In yet another embodiment according to certain
aspects of the present disclosure, one or more wear surfaces
of'a rotary compressor are coated with the inventive anti-wear
coatings. With reference to FIGS. 19 and 20, an exemplary
rotary compressor 700 is shown with a capacity modulation
device. A similar compressor is described in detail in U.S. Pat.
No. RE40,830 to Caillat, which is incorporated herein by
reference in its entirety. The rotary compressor 700 includes
aline-start brushless permanent magnet motor assembly 704,
described in PCT Pub. No. WO 2012/041259 to Fargo, et al.,
which is incorporated herein by reference in its entirety.

[0165] The rotary compressor 700 includes an outer shell
702 within which is disposed a compressor assembly and the
motor assembly 704 with the stator 706 and rotor 708 that
turns a shaft 710. A compression rotor 720 is eccentrically
mounted on and adapted to be driven by the shaft 710. Com-
pression rotor 720 is secured to shaft 710 which is rotatably
supported by upper and lower journal bearings 724 and 726,
respectively. Compression rotor 720 is disposed within a
rotor cylinder 730 provided in housing 732 which cooperates
with a vane 734 (shown in FIG. 20) to compress fluid drawn
into rotor cylinder 730 through inlet passage 740. Inlet pas-
sage 740 is connected to suction fitting 742 provided in shell
702 to provide a supply of suction gas to compressor 700.

[0166] A three-way valve 744 operates to alternately con-
nect between suction gas and discharge gas to control the vane
734. When the three-way valve applies discharge gas to the
vane 734, the vane is biased against the compression rotor 720
to load the rotary compressor 700. When the three-way valve
744 applies suction gas to the vane 734, the vane is biased
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away from the compression rotor 720 (as shown in FIG. 20) to
unload the rotary compressor 700.

[0167] Additionally, the three-way valve 744 may be con-
trolled with pulse width modulation to appropriately vary the
loaded state time and the unloaded state time during any given
cycle time. In this way, pulse width modulation can be used,
with an appropriate cycle time, to vary the capacity of the
rotary compressor 700 to any capacity between full capacity
and the intermediate capacity.

[0168] Thus, compression rotor 720 has an outer rotor wear
surface 750 where it interfaces with the rotor cylinder 730
wear surface 752. Thus, as best seenin FIG. 20, the outer rotor
wear surface 750 may have a sixteenth anti-wear coating 760
disposed thereon. As discussed above, it is preferable that two
wear surfaces that engage and contact one another are formed
of distinct materials to reduce friction and improve tribologi-
cal properties. Thus, the wear surface 752 of rotor cylinder
730 may be left without any anti-wear coating. Moreover, the
compression rotor 720 shown in FIG. 20 also has an inner
rotor wear surface 754 that interfaces with a portion of shaft
710, which may be coated with a seventeenth anti-wear coat-
ing 762. Alternatively, the portion of the shaft 710 interfacing
with the inner rotor wear surface 754 may be coated with an
anti-wear coating instead of the inner rotor wear surface 754
of the compression rotor 720.

[0169] In an alternative embodiment shown in FIGS. 21
and 22, rotary compressor 700A includes anti-wear coatings
applied to different wear surfaces than in rotary compressor
700 in FIGS. 19 and 20. For brevity, to the extent that the
components in the following embodiments and the accompa-
nying figures are the same as those described in the context of
FIGS. 19 and 20, they can be assumed to have the same
configuration and function and will not be expressly dis-
cussed herein. Compression rotor 720A has an outer rotor
wear surface 750A where it interfaces with a wear surface
752A of rotor cylinder 730A formed in housing 732A. Wear
surface 752 A has an eighteenth anti-wear coating 770 applied
to the various portions of the wear surface that may interface
with rotor 720A. The eighteenth anti-wear coating 770 can
also be applied to vane 734. Further, as shown in FIG. 22,
inner rotor wear surface 754A of rotor 720A that interfaces
with a portion of shaft 710 is optionally coated with a nine-
teenth anti-wear coating 772.

[0170] In an alternative embodiment shown in FIGS. 23
and 24, rotary compressor 700B includes anti-wear coatings
applied to different wear surfaces than in rotary compressors
700 in FIGS. 19 and 20 or 700A in FIGS. 21 and 22. For
brevity, to the extent that the components in the following
embodiments and the accompanying figures are the same as
those described in the context of FIGS. 19 and 20, they can be
assumed to have the same configuration and function and will
not be expressly discussed herein.

[0171] A compression rotor 720 is eccentrically mounted
on and adapted to be driven by the shaft 710. Compression
rotor 720 is secured to shaft 710 which is rotatably supported
by upper and lower bearings 724 and 726, respectively. Com-
pression rotor 720 is disposed within rotor cylinder 730 pro-
vided in housing 732 and cooperates with a vane 734 (shown
in FIG. 20) to compress fluid drawn into rotor cylinder 730
through inlet passage 740. Inlet passage 740 is connected to
suction fitting 742 provided in shell 702 to provide a supply of
suction gas to compressor 700.

[0172] Compression rotor 720B has an inner rotor wear
surface 754B that interfaces with a portion of shaft 710B,
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which may be coated with a twentieth anti-wear coating 780.
Further, as best seen in FIG. 23, an inner diameter wear
surface 782 of a housing of upper journal bearing 724B that
interfaces with portions of shaft 710B is coated with the
twentieth anti-wear coating 780. Likewise, an inner diameter
wear surface 786 of a housing of lower journal bearing 726B
that interfaces with lower portions of shaft 710B has the
twentieth anti-wear coating 780 disposed thereon. As appre-
ciated by those of skill in the art, the twentieth anti-wear
coating 780 may be selectively applied to only certain wear
regions rather than each of inner rotor wear surface 754B,
inner diameter wear surface 782 of housing of upper bearing
724B, and inner diameter wear surface 786 of housing of
lower bearing 726B, for example.

[0173] In yet another alternative embodiment shown in
FIGS. 25 and 26, rotary compressor 700C includes anti-wear
coatings applied to different wear surfaces than in rotary
compressors 700 in FIGS. 19 and 20, 700A in FIGS. 21 and
22,and 700B in FIGS. 23 and 24. For brevity, to the extent that
the components in the following embodiments and the
accompanying figures are the same as those described in the
context of FIGS. 19 and 20, they can be assumed to have the
same configuration and function and will not be expressly
discussed herein.

[0174] In this variation, shaft 710C is rotatably supported
by upper and lower journal bearings 724C and 726C, respec-
tively. The upper shaft wear surface 788 that interfaces with
an inner diameter wear surface 782C of the housing of upper
bearing 788 may be coated with a twenty-first anti-wear coat-
ing 790. Likewise a mid-shaft wear region 792 of shaft 710C
that interfaces with inner rotor wear surface 754C of com-
pression rotor 720C can be coated with the twenty-first anti-
wear coating 790. Further, lower-shaft wear region 794 of
shaft 710C that interfaces with inner diameter wear surface
786C of the housing of lower journal bearing 726C likewise
has the twenty-first anti-wear coating 790 disposed thereon.
[0175] As appreciated by those of skill in the art, the
twenty-first anti-wear coating 790 may be selectively applied
to only certain wear regions of the shaft 710C rather than each
of upper shaft wear surface 788, mid-shaft wear region 792,
and lower-shaft wear region 794 of shaft 710C, for example.
Furthermore, as discussed above, it is preferable that two
wear surfaces that engage and contact one another are formed
of distinct materials to reduce friction and improve tribologi-
cal properties. Thus, it is contemplated that any combination
of wear surfaces could be coated with anti-wear coatings,
such as select combinations of those in FIGS. 19-26. More-
over, while not necessarily shown, it is contemplated that
other wear regions of the compressor, may be coated with an
anti-wear coating. Furthermore, it is contemplated that the
anti-wear coatings may be applied to any rotary compressor
component and the placement and configuration shown in the
variable capacity rotary compressor are merely exemplary
and non-limiting.

[0176] The present disclosure further provides a method of
making an anti-wear surface coating for a component for a
rotary compressor. The method may optionally comprise
applying a precursor powder material to a wear surface of a
metal rotary compressor component. The precursor powder
material comprises a powderized thermoplastic polymer, a
first lubricant particle, and a second distinct lubricant particle.
The method further comprises heating the applied precursor
powder material on the wear surface to form a substantially
uniform coating covering the underlying metal rotary com-
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pressor component and having a thickness of less than or
equal to about 0.006 inches (about 152 um). In certain varia-
tions, a thickness of the substantially uniform coating may be
less than or equal to 0.005 (127 um), and may have the layer
thicknesses specified previously. In such a method, the pre-
cursor powder material may be combined with a liquid carrier
to form a sprayable precursor material, so that applying can
involve spraying of the precursor material onto the wear
surface of the metal rotary compressor component. As noted
above, prior to applying the precursor powder material, a
primer, e.g., comprising a polyamide imide or a pol-
yaryletherketone, is applied to the wear surface. Then the
primer can be heated and/or dried, followed by the applying
of the precursor powder material to the wear surface to form
an anti-wear coating. It should be noted that any of the varia-
tions of methods described elsewhere in this disclosure are
likewise contemplated for these methods, however, for brev-
ity will not be repeated herein.

[0177] In various aspects, one or more wear surfaces (or
portions of the compressor component that contact other
components in the scroll compressor) comprise a metal mate-
rial. The materials of the scroll or rotary compressor compo-
nent having the wear surface may comprise a metal material,
such as iron alloys like grey iron, stainless steel, aluminum, or
aluminum alloys. The scroll or rotary compressor component
may be wrought, cast, or sintered from a powdered metal in a
conventional manner as recognized in the art. After the anti-
wear material is applied to the scroll or rotary component
wear surfaces, for example, by any of the techniques previ-
ously described above, it provides an anti-wear coating that
serves as anti-wear surface, such as a bearing surface. The
anti-wear coating formed in accordance with various aspects
of'the present teachings provides suitable abrasion resistance,
high wear resistance and lubricity, as well as strength and
robustness to withstand various operating conditions in the
scroll or rotary compressor.

[0178] The present anti-wear coating is particularly suit-
able for wear surfaces of a scroll compressor, including bear-
ing surfaces. In certain aspects, the present teachings contem-
plate using the thin anti-wear coating on a wear or bearing
surface in a scroll compressor in lieu of a typical conventional
sleeve bearing. In certain variations, the scroll compressor
component having a wear surface that is coated with an anti-
wear coating is optionally selected from the group consisting
of: a drive flat on a crankshaft, a main journal bearing on a
crankshaft, a lower journal bearing on a crankshaft, a slider
block or a drive flat on a bushing, an outer diameter of a
bushing, an Oldham coupling, an upper seal plate of a seal
assembly, a face seal, a thrust plate, an orbiting scroll, a
non-orbiting scroll, a thrust bearing surface on a main bearing
housing, a lower bearing plate assembly, an Oldham sliding
area on a main bearing housing, a face seal on a bellow-type
shaft bearing, and combinations thereof.

[0179] Incertain particularly desirable variations, the scroll
compressor component having a wear surface that is coated
with an anti-wear coating is selected from the group consist-
ing of’ a drive flat on a crankshaft, a main journal bearing on
a crankshaft, a lower journal bearing on a crankshatft, a lower
bearing plate assembly, an upper seal plate of a seal assembly,
aface seal, a face seal on a bellows-type seal, a thrust plate, an
orbiting scroll, a non-orbiting scroll, a thrust bearing surface
on a main bearing housing, and combinations thereof. In
certain variations, the scroll compressor component having a
wear surface is a face seal that is coated with an anti-wear
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coating. Scroll compressors incorporating such scroll com-
ponents with the inventive low coefficient of friction anti-
wear coatings are robust, have very good lubricity, are lead-
free and more environmentally-friendly, and can have tighter
tolerances and thus improved anti-wear and anti-galling per-
formance, especially for certain scroll compressor operating
conditions and designs, like those that experience slow
speeds and high load operating conditions.

[0180] In other aspects, the present anti-wear coatings can
be used for wear surfaces of a rotary compressor, including
bearing surfaces. In certain aspects, the present teachings
contemplate using the thin anti-wear coating on a wear or
bearing surface in a rotary compressor in lieu of a typical
conventional sleeve or journal bearings. In certain variations,
the rotary compressor component having a wear surface that
is coated with an anti-wear coating is optionally selected from
the group consisting of: an inner wear surface of a rotor, an
outer wear surface of a rotor, a wear surface of a rotor cylin-
der, a wear surface of a vane, an upper journal bearing hous-
ing, a lower journal bearing housing, an upper wear surface
on a shaft, a middle wear surface on a shaft, a lower wear
surface on a shaft, and combinations thereof.

[0181] The foregoing description of the embodiments has
been provided for purposes of illustration and description. It
is not intended to be exhaustive or to limit the disclosure.
Individual elements or features of a particular embodiment
are generally not limited to that particular embodiment, but,
where applicable, are interchangeable and can be used in a
selected embodiment, even if not specifically shown or
described. The same may also be varied in many ways. Such
variations are not to be regarded as a departure from the
disclosure, and all such modifications are intended to be
included within the scope of the disclosure.

What is claimed is:

1. A rotary compressor component comprising:

a metal surface of the rotary compressor component defin-
ing a wear surface that comprises an anti-wear coating
having a thickness of less than or equal to about 0.006
inches (about 152 pum), wherein the anti-wear coating
comprises (i) a thermoplastic polymer; (ii) a first lubri-
cant particle, and (iii) a second lubricant particle,
wherein the first and second lubricant particles are dis-
tinct from one another.

2. The rotary compressor component of claim 1, wherein
the thermoplastic polymer a polyaryletherketone (PAEK)
thermoplastic polymer selected from the group consisting of:
polyetherketone (PEK), polyetheretherketone (PEEK), poly-
etheretheretherketone (PEEEK), polyetherketoneketone
(PEKK), polyetheretherketoneketone (PEEKK), polyether-
ketoneetheretherketone (PEKEEK), polyetheretherketone-
therketone (PEEKEK), and combinations thereof.

3. The rotary compressor component of claim 1, wherein
the thermoplastic polymer is selected from the group consist-
ing of: a polyetheretherketone (PEEK), a polyaryletherke-
tone (PAEK), a polyetheretheretherketone (PEEEK), and
combinations thereof.

4. The rotary compressor component of claim 1, wherein
the anti-wear coating consists essentially of: (i) the thermo-
plastic polymer selected from the group consisting of: a poly-
etheretherketone (PEEK), a polyaryletherketone (PAEK), a
polyetheretheretherketone (PEEEK), and combinations
thereof; (ii) the first lubricant particle; and (iii) the second
lubricant particle, wherein the first and second lubricant par-
ticles are distinct from one another.
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5. The rotary compressor component of claim 1, wherein
the anti-wear coating comprises the thermoplastic polymer
comprising polyetheretherketone (PEEK); the first lubricant
particle comprises molybdenum disulfide (MoS,); and the
second lubricant particle comprises polytetrafluoroethylene
(PTFE).

6. The rotary compressor component of claim 1, wherein
the anti-wear coating comprises the first lubricant particle
comprising molybdenum disulfide (MoS,) at greater than or
equal to about 2.5% to less than or equal to about 25% by
mass of the anti-wear coating; the second lubricant particle
comprising polytetrafiuoroethylene (PTFE) at greater than or
equal to about 5% to less than or equal to about 30% by mass
of the anti-wear coating; and the thermoplastic polymer at
greater than or equal to about 45% to less than or equal to
about 92.5% by mass of the anti-wear coating.

7. The rotary compressor component of claim 1, wherein
the first lubricant particle and the second lubricant particle are
independently selected from the group consisting of: molyb-
denum disulfide (MoS,), polytetrafluoroethylene (PTFE),
graphite, and carbon fibers.

8. The rotary compressor component of claim 1, wherein
the first lubricant particle comprises molybdenum disulfide
(MoS,), and the second lubricant particle comprises polytet-
rafluoroethylene (PTFE).

9. The rotary compressor component of claim 1, wherein
the thermoplastic polymer is a first thermoplastic polymer
and the wear surface further comprises a basecoat primer
layer under the anti-wear coating comprising a second ther-
moplastic polymer selected from the group consisting of: a
polyaryletherketone (PAEK) polymer, a polyamide imide
(PAI) polymer, and combinations thereof, disposed between
the wear surface and the anti-wear coating.

10. The rotary compressor component of claim 1, wherein
the wear surface of the rotary compressor component is
selected from the group consisting of: an inner wear surface
of a rotor, an outer wear surface of a rotor, a wear surface of
a rotor cylinder, a wear surface of a vane, an upper journal
bearing housing, a lower journal bearing housing, an upper
wear surface on a drive shaft, a middle wear surface on a drive
shaft, a lower wear surface on a drive shaft, and combinations
thereof.

11. A bellows-type shaft seal comprising:

a collar having an opening for receiving a drive shaft and a
compliant bellows region defining a face seal wear sur-
face having an anti-wear coating disposed thereon hav-
ing a thickness of less than or equal to about 0.006 inches
(about 152 pum), wherein the anti-wear coating com-
prises a thermoplastic polymer and at least one lubricant
particle selected from the group consisting of: molyb-
denum disulfide (MoS,), polytetrafluoroethylene
(PTFE), graphite, and carbon fibers.

12. The bellows-type shaft seal of claim 11, wherein the
thermoplastic polymer is a polyaryletherketone (PAEK)
polymer selected from the group consisting of: polyetherke-
tone (PEK), polyetheretherketone (PEEK), polyetherethere-
therketone (PEEEK), polyetherketoneketone (PEKK), poly-
etheretherketoneketone (PEEKK),
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polyetherketoneetheretherketone (PEKEEK), polyethere-
therketonetherketone (PEEKEK), and combinations thereof.

13. The bellows-type shaft seal of claim 11, wherein the
thickness of the anti-wear coating is greater than or equal to
about 0.002 inches (about 51 pm) to less than or equal to about
0.003 inches (about 76 um).

14. The bellows-type shaft seal of claim 11, wherein the
thermoplastic polymer is a first thermoplastic polymer and
the face seal wear surface further comprises a basecoat primer
layer under the anti-wear coating comprising a second ther-
moplastic polymer selected from the group consisting of: a
polyaryletherketone (PAEK) polymer, a polyamide imide
(PAI) polymer, and combinations thereof, disposed between
the face seal wear surface and the anti-wear coating.

15. The bellows-type shaft seal of claim 11, wherein the
anti-wear coating comprises 0to less than or equal to about 30
weight % polytetrafiuoroethylene (PTFE), 0 to less than or
equal to about 30 weight % graphite, 0 to less than or equal to
about 30 weight % molybdenum disulfide (MoS,), 0 to 30
weight % carbon fibers, and combinations thereof.

16. A bellows-type shaft seal comprising:

a collar having an opening for receiving a drive shaft and a
compliant bellows region defining a face seal wear sur-
face having an anti-wear coating disposed thereon hav-
ing a thickness of less than or equal to about 0.006 inches
(about 152 pum), wherein the anti-wear coating com-
prises a thermoplastic polymer, a first lubricant particle,
and a second distinct lubricant particle.

17. The bellows-type shaft seal of claim 16, wherein the
thermoplastic polymer is a polyaryletherketone (PAEK)
polymer selected from the group consisting of: polyetherke-
tone (PEK), polyetheretherketone (PEEK), polyetherethere-
therketone (PEEEK), polyetherketoneketone (PEKK), poly-
etheretherketoneketone (PEEKK),
polyetherketoneetheretherketone (PEKEEK), polyethere-
therketonetherketone (PEEKEK), and combinations thereof.

18. The bellows-type shaft seal of claim 16, wherein the
thermoplastic polymer is a first thermoplastic polymer and
the face seal wear surface further comprises a basecoat primer
layer under the anti-wear coating comprising a second ther-
moplastic polymer selected from the group consisting of: a
polyaryletherketone (PAEK) polymer, a polyamide imide
(PAI) polymer, and combinations thereof, disposed between
the face seal wear surface and the anti-wear coating.

19. The bellows-type shaft seal of claim 16, wherein the
anti-wear coating comprises the thermoplastic polymer com-
prising polyetheretherketone (PEEK), the first lubricant par-
ticle comprising molybdenum disulfide (MoS,), and the sec-
ond distinct lubricant particle comprising
polytetrafluoroethylene (PTFE).

20. The bellows-type shaft seal of claim 16, wherein the
anti-wear coating consists essentially of the thermoplastic
polymer comprising polyetheretherketone (PEEK), the first
lubricant particle comprising molybdenum disulfide (MoS,),
and the second distinct lubricant particle comprising polytet-
rafluoroethylene (PTFE).
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