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The present invention relates generally to dry film Iubricants, and more
particularly to dry film lubricants for coating metal-alloy substrates such as steel-,
10 titanium-, nickel-, or aluminum-alloy substrates. The inventive dry film lubricants

can also be applied to non-metals such as plastics, organic matrix composites, and
ceramic matrix composites.

i5 BACKGROUND OF THE INVENTION

Liquid lubricants, including petroleum-based lubricants, vegetable oil and
animal oil-based lubricants do not perform well under a variety of environmenta)
conditions such as high temperature applications, vacuum applications, nuclear

20 radiation applications, and aerospace applications. Moreover, such lubricants, due .
to their nature, require additives such as oxidation inhibitors, or pour-point
depressants that increase the viscosity of the lubricant at elevated temperatures.

Attempts to obtain a more versatile lubricant have resulted in the development
of solid film Iubricants. Solid film Inbricants are typically thin films of a single

25  solid or a combination of solids. Such lubricants perform well under the extreme
pressures and temperatures required in applications where petroleum-based
lubricants are less effective.

Some solid film lubricants that include alkaline earth metals that may be mixed
with a binder system are known. For example, a solid film lubricant including

30 alkaline earth metal fluorides and an aluminum phosphate binder system is known,
However, phosphate binders are acidic and may react with the fluorides and

coagulate the lubricant.
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a substrate, said method comprising applying a basecoat layer comprising 10-70% by
weight of an alkaline earth metal fluoride, 2-65% by weight of an alkyl silicone resin
20  emulsion in water, and water, subsequently applying a topcoat layer comprising a layer-
lattice solid and an alkyl silicone resin emulsion in water and drying and curing said
coating to fix the coating on said substrate.
One object of the present invention is to provide superior dry film lubricant
coatings capable of operating at a temperature of up to 1093°C with good load bearing
25  capability.
Further objects and advantages of the present invention will be apparent from the

following description.
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15 or more alkaline earth metal fluorides, a silicone resin binder system, and water,

An anti-rust agent, a wetting agent, a porosity inducing agent, and some solvent are
also preferably included.

As to the alkaline earth metal fluorides used in the inventive coating
compositions, calcium fluoride, barium fluoride, magnesium fluoride and/or
20 cerium fluoride are preferably used, independently or in combination. All of these
alkaline earth metal fluorides, and others, may be obtained commercially or may
be prepared by methods known to the art.

The alkaline earth metal fluorides are generally present in the aqueous
composition in amounts ranging up to 70% each. For example, BaF, is preferably
25  present in amounts ranging from 10-70%, with 5% to 50% BaF, being more

preferred, and 15-40% being most preferred. CaF; is preferably present in
amounts ranging from 2% to 70%, with 3% to 50% CaF; being more preferred,
and 3-30% being most preferred. MgF; and/or CeF; are preferably present in
amounts ranging from 1% to 70%, with 2% to 20% being more preferred, and 3-
30 10% being most preferred.
In certain preferred embodiments BaF, and CaF, are used in combination.

Preferably, the amounts of those alkali metal fluorides range from 18-27% for
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bi nder may be p8vildetresis mey e provived bassiticone resin emulsion, or it may be
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Most preferably, the silicone resin is an alkyl silicone resin emulsion in water,

15 such as Silres M50E or Silres MP42E, both from Wacker Chemie GmbH. The
preferred emulsions have a silicone resin content of between about 35% and about
60%, with about 40-50% silicone resin being most preferred. As is known to the
art, minor amounts of emulsifying agents may be included in the aqueous silicone
resin emulsions. Alsc, an agueous emulsion may be made from powdered alkyl

20 silicone resin, such as MK resin from Wacker Chemie GmbH, if commercially
available aqueous silicone resin emulsions are not used.

Alternatively, the silicone resin binder may be provided as a solvent-based
system, either by using a commercially available silicone restn/solvent system, or
by making one from powdered alkyl silicone resin such as MK resin. In solvent-

25  based systems the solvent may be an organic solvent such as xylene, toluene, or
MEK, although in some embodiments a VOC-exempt solvent such as Oxol 100®
from Occidental Chemical Co. is preferably used.

In all embodiments the silicone resin binder is used primarily to hold the
lubricating powders on the surface of the substrate. In the broadest aspects of the

30 invention any silicone resin binder system effective for that purpose may be used.

As to the amount of silicone resin binder used in the coating compositions, the

coating compositions preferably include 2-40% silicone resin, more preferably 5-

-5-
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spot” rusting on those metallic alloys which are
prone to rusting when exposed to water and humidity (e.g., low Cr steels). The

anti-rust agent is typically used as a 5% to 15% solution with water, with an 8-12%
solution being more preferred and a 10% solution being most preferred. In the
more preferred embodiments about 0.1-10% of a 10% solution of ammonium

20 benzoate solution is added to the silicone based binder system, with 1-3% of the
dilute ammonium benzoate solution being most preferred.

A surface wetting agent is also preferably included in the aqueous or
solvent-based binder system. The preferred wetting agent is a polyether-modified
dimethylpolysiloxane, although other wetting agents can be selected by persons

25  skilled in the art without undue experimentation. Typically, 0.005 to 5 wt.% of the
wetting agent is added, with the most preferred range being 0.01 to 0.2 weight
percent. The wetting agent provides better adhesion to the substrate during spray
operation. On processing, during the curing cycle, the wetting agent evaporates
and does not remain in the coating system.

30 In another aspect of the present invention the aqueous or solvent-based coating
composition also includes a porosity-inducing agent. The porosity-inducing agent

is a fugitive agent which induces porosity in the coating by evaporating during the

-6
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suspend agueous composition generally includes about 10 to about 80 weight percent water.
15 In other embodiments, about 10% to about 40% by weight or about 10% to about
35% by weight water are used. The silicone:water wei ght ratio of the composition
is preferably about 0.3:1 to about 1.5:1.
The solvent-based composition includes a sufficient amount of solvent to
dissolve the silicone resin solids and suspend the flnoride components of the

20 composition. The amount of solvent will vary as a function of the concentration of
the silicone resin solids and fluorides, althou gh the solvent composition generally
includes about 10% to about 80% {(by weight) solvent. In other embodiments
about 10-60% solvent is used. The silicone:solvent weight ratio preferably ranges
from about 0.1:1 to about 1.2:1.

25 'The water-based compositions are preferably prepared simply by mixing the
silicone resin emulsion, water, and alkali metal fluoride components together, As
indicated above, it is preferable to mix minor amounts of Xylene, ammonium
benzoate and wetting agent into the silicone resin emulsion, and then to add the
alkali metal fluoride to that mixture. Thorough mixing is necessary to uniformly

30  disperse the alkaline earth metal fluorides, as they are only slightly soluble in

water.
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wei ght percent water. 15 In other enbodi ments, about 10%to about 40% by
wei ght or abbuP¥## to about 35% by wei ght water are use@CT/DRen05103
silicone:water weight ratio of the conposition is preferably about 0.3:1
to about 1.5:1. The sol vent-based conposition includes a sufficient anount
of solvent to dissolve the silicone resin solids and suspend the fluoride

conponents of t he T solvemdssctiicomposTias ARPHHRasly pRph¥E Sinply by m}k?{ @S a
an

function of the i‘ﬁ?&}%%@s'iz{s%ﬁihon do% Lhe si(%ll cone resin solids uori des,
al t hough the sofVent ‘eohpost $195h° Skieais and then adduthe, warioup plsali meebfuasidabout  80%
(by wei ght) sol tethat.mikmreotAvndieanAHIEE 1§ prefliit ol GRYmE0} &{ntsiosf used.
The silicone: solh\éﬁvn ' lI)JI y ranges romabout 0.1:1 to

tt.wei ht rat,a,o pr ef er ab
about 1.2:1. 25" FRENREAEM K0 §liconselyentminires Thorongh mixitg iy nprespayod si npl y

by mixing the siifdrabnisgeas iR MmRheal moddHRhmded InVELgh, f 1 uoride
conponent s toget E%Wﬁﬁ I ndi cat ed abovee, It I|zls ’pmgél?cgir%gdb(%néyng@%%x m nor
amounts of xyl eff8™™% FNERt benzoat e and wet t i ng agent into the silicone
resin enul sion, amgetéide by a6 B8by Bletphd flyoride to that m xture.
Thor ough i xi ng i s,neces%a_rgrl tgppElni f_S((_)r my éSISBS%EIIEJtehFSa%e{’ Y’ﬁg&ﬁg REEMhe earth
metal fluori desSPrayang Hdyushing thermoppesitiqpnn the gufacbbta substravgbedipping (h8 ‘

Sept ember 2003 MEDQR3REE ir thEEHh 06,103. The solvent.-based conpositions
are preferably prepared si ??pl_y b %agﬁngﬂﬁﬁ%c essf?ﬁp%%ﬁ%auf‘%ésitﬁ”%"gllyi ds and the
sol vents an& t heRualid HHe.0§ arilsbiosbaltd a7 umn8 trals), hbsten i3en (3.65 higlo M Xt ur e.
As indicated eagl 0 mx the mnor amounts of the

ad ba 1§ PLef er ahl e !
wetting agent to ttﬁjre1 %‘Ph%@ﬂe@&f‘p@%m‘#&ﬂﬁ%ﬁ lﬁmw)mnﬁiah@tﬁd necessary
to 5 uniformy wihgpentke) bheoriskakd QAR AlerBhdly thd 48k ‘?eeféﬂnéqsaédhey are
only slightly soluble in the solvent. The coating may be applied by

met hods known i FEGCHR 2X,the copting qrihegpbatrate. gun

More particularly describing the method of coating a substrate with the
15 = aqueous or solvent-based composition, prior to coating the surface is initially
cleaned to remove any grease or oxide films that may be present. The c]eaning
may be by any method known to the art, including blasting the surface with
appropriate grits (e.g., ceramic beads and alumina) which removes the last
remnants of any oxide film and roughens the sutface to allow the coating to adhere
20 tothe surface. In many instances though, the surface only needs to be
cleaned/degreased without grit blasting, due to the improvement in adhesion
attributed to the silicone binder.
After the coating is applied, the coating is preferably air dried for about 30
minutes, and is then oven heated at temperatures of about 66°C (150°F) to about
25 204°C (400°F) for at least 15 minutes. The coating is then cured by maintaining a
temperature of about 232°C (450°F) to about 371°C (700°F) for about 0.5 hour to
about 2 hours. If required for certain applications, the alkali metal fluoride coating
can also be sintered by maintaining a temperature of about 704°C (1300°F) to
about 927°C (1700°F) for about 1.2 to about 2 hours in air or an inert atmosphere.
30 When the inventive aqueous or solvent-based coating compositions are applied
as described above, the present invention also provides dry film lubricant coatings.

In one aspect of the invention, the dry film lubricant coating comprises about 10%



[ r brushing the conposition on the surface of @ sdpRshiseriz@o3or
3%3%3% ge net al gorrponent in the conposition. The thickness of tge )
coating is typically 10 about 1.3 gm (0.05 mls) to about 1%72p. mI g) {no ,
about 1.3 g (; Qﬁ%m'ls) to about 51 gm (2 nmls), 5.1 gm( 'sqygls (2
about 127 u?an @? '§), and about 5.1 gm (0.2 mls) to abeUV ’ 19 miz
mls). After coating the substrate is dried and cured to fix t 1(_'a.c L g
on the substrate. Mre particularly describing the nethod of coa |n?
substrate with the 15 aqueous or sol vent-based conposition, prior 'Ode
coating the SurF’a’é’é‘iti%%tPYiWﬁahtIOilthe@ll@Hme&inhmdé%ﬂgg@;ﬂ?w ﬁ‘%{"ﬁ?ﬁg‘ﬁ%@a‘ﬁxi de

[ cl ean may ) ) .
LH msi hgfibdlm;é g‘%???‘% %%féﬁgﬁ??%ﬁlg‘ {Xﬁ‘?wlerﬁpﬁP‘BWP‘&tbé“@ﬁﬁet‘set(lf!g @C?t_,lcera?dc
beads and al umi #nd) povdsity-indueing ugesit ﬂahﬁvér@&icludé&lﬁﬁﬁ@&&c@fnp@{i‘ﬂonh | fi¢ f;cg‘ al .
roughens the surface Eh%cﬁll'éld%\cl)vtt he coating to adhere 20°to the sur :
many i nstances t'1ougP|, t #

e sUft™8ce only needs to be cl eaned/ degreased

i [ i ' i ' ributed to
wi t hout grit5 bl ast fogherdstect of thd RedeATIH RAEOE Hlovidss @ﬁ?ﬁiﬁlh% dry nlé‘l o

ut. ! /
bref ar abl y ai r. P 4 i i e atins o atbosadvetiaysw comprsitacsh at
!to enper at ur es of alidiine barhGfer§l ¥hidfiYe 4 ARAYLe redR bmégggttégloa's:hes%gﬁerd?%l east 15

i i © about
' ting is then cured by maintalning enper a
?32%t (eZEsogl et 80%886‘?9“%‘1&5’6’ FOPRRYISInE ag AnoagRpist layprdattnsisolid end atindet. 2 hours. |f

required for certaismtﬂ@@dmﬁoﬁbﬁt%ﬁh&dﬂ‘é‘oa@laﬁ]ﬁ g,c i ok%gﬁ%ye%%%%(sgo B i:)ngt 0can

' d I ntaining a tenpera . . :
about 527C (7 GRHRAPBORBGSE on o mese setrers el orn eeupnS i
at nosphere. 30 MAigsichig disﬂm%@,ttwg%teﬁ‘a}égﬂfdg, A4 g%?h%f?ﬁéi’cﬁﬁfcqrﬁk?%vppgn Al so
conpositions ar e applied as described above, . \ _ o
provi des dry fi9 ﬁlieF‘h‘Bf‘tFE%ﬁ%mé@afﬂﬂi@Q@d upon theriempsgeetat ahich h@odté&zl 88%' 3\8 e
dry filmlubri coamposeatild &po%R4] ?&*}g%ﬁ@g,tthclgy%c{a?lfer%ﬁ éreﬁgg{q% carth
00/ 53702 - PCT/ US00/ 05103 t0 about 95% by el ght SF PHEaPIK: _ i
metal fluori de MAHRMeaspdisulfds oouagstmidisuliiikoingn weipghiturefofsphd AGE T esi n. The

xyl ene, amBni WIsRERBEFS il WeddchiFer2d e@}aphite is preferably used when the coated

cormponent is to be used at temperatures of between about 316° and about 1093°C
(2000°F), and is optionally included when the coated component is used at a
temperature of about 204°C (400°F) to about 316°C.
The binder of the topcoat is preferably a silicone resin-based system, but may
20 be an aluminum phosphate or an alkali metal silicate. When an alkali metal silicate
is used it preferably includes lithium silicate, potassium silicate or sodium silicate,
or mixtures thereof.
As to the relative amounts of the various components of the multi-layer
formulation, in one preferred embodiment the topcoat coating comprises about15-
25 50% silicone resin emulsion (more preferably 24-40%), 5-65% graphite or other
inorganic layer-lattice solid (more preferably 12-35%), and the remainder water
(preferably 25-65%). Most preferably, 1-5% xylene, 0.001-0.2% wetting agent,
and 1-3% of a 10% solution of ammonium benzoate are also included as described
above. Further, 2-10% of a porosity inducing agent such as glycerine may also be
30 used. When solid silicone resin powder is used the preferred formulations
comprise about 5-25% silicone resin powder {most preferably 12-20%), 12-35%

graphite or other inorganic layer-lattice solid, and a significant amount of xylene or

-9.



and porosity-inducing agent that Wre included in the watsep@msiZobgn do
not remainin the cured coating. 5 A further aspect of the present

i nvention provides a multi-layer dry film lubricant coating. The
multi-layer_coating includes a base coat |ayer conprising an alkaline
earth met al MO 670 ge and a silicone resin binder system aBCcoesionsioed .above,
and a topcoat |ayer conprising an inorganic |ayer-lattice solid and a

bi nder. As to the conponents of the topcoat |ayer, the inorganic

| ayer-lattice solid 10 preferably conprises one or nore nenbers sel ected
fromthe group Qﬁl@msuzmblersglvaft (mmlp;df&emymajtayhg%g% “IeH gs‘ikgﬁ gisulfide, and

graphite. Partl | nat | ons ese materl als are“se ect ed based
upon the tenpe akﬁ im%fmr\}\%?%ﬂnﬁayc%%ﬁ@dndkl% d.will be exposed. For

exanpl e, the tOpCAahotédaabBW ar siainakl phokghel ' fide or
¥ Pl Helelef %l Bl i ung;&gt%% F) will be

tungsten di sul fa?i Fr}g;t r’%%ratures of up to about

encount ered. GPABRITED dhefgpspat lagy: irdses asoprefetabliciodpdment is to
be used at 1serrperoamum§mgffmbﬁzmb ?Reithe 316 and about 1093C (2000F), and
is optionally inc udeg En t he coat ed conponent is used at a tenperature
of about 204C (400¥f BomeBerd et coatEng a sphuraty wihethe ofultt-hgertdop fibatubiicanpr ef er abl y
a silicone resicoagsBe siiass §M subitard TRY; N U sppate or an
al kali metal silicate When an al kal | HSE?QPQ& degrg)néngvﬁgggrqt ®preferably
incl udes | it hi QATeSPRIRYEE eompsisingdhy alkaling bmﬁanﬂald}uosddsluﬁumclsﬂﬁaﬁ@, or

m xt ures ther egdsin Midet GystRe; iRkl variou onponent s of
the multi-layer for rru?yast on aﬁ% %holrl:gefég?gg géef% r?E@&?fﬁ%WFn ‘Pé‘bcoat
coating corPri SE 8B étmppetatre QSabBO%%CI(l&HHomemt mTE‘m{Bso"Bpfo(- BOER: preferably

24- 409 5- 65% r r.gan attjce solid (nore
prefer/() ably 12- %g%%@ @@g{rl\ﬁnég gafr@% tﬁeg%c‘%\%ﬂ% %%IyﬁF%?S&géllﬂﬁk‘W%So |65°/c§ Mbst

preferably, 1- %B?Wléﬁéf aboutoig 72@ (3306 Fhedt ameB%ems,mF)&eﬂabbm?@/g durd 10%

sol ution of anmggyy n 0 _inc)Juded. as_descri bed above.
Further, 2-10% ofkgﬂ%%r?o%?tt%m% %llg‘!ﬁg ﬁO%%%Sﬁ@cﬁP?ﬂi’éfl ne may al so be

30 used. Wen sollhg sefond ayereomessing ptamd:ellamlcs soNaQdd & BRderietheh pRYided

formul ati oRg u 25‘V | | icone resin powder (nost preferably
12-20%, 12- 35§/0§J98§rgb%ﬁ ?@go?h%?eﬁ WEPHLAYE 1§ 2y tPYa"'PffiYH’és bpshing orand a

si gni fi cant andipping ofethods srigkmwn to the art. The topcoat layer is either air dried to
touch or oven dried at about 79°C (175°F) to about 177°C (350°F) for about 30

minutes. The topcoat layer can then be cured as above by placing the coated

component in an oven and heating at about 232°C (450°F) to about 371°C (700°F)
20  for about 0.5 hour to about 1.2 hours.

In an alternative embodiment, the base coat layer may be applied and oven
dried as above, the topcoat layer may be applied and oven dried at 79°C ¢ 175°F) to
about 177°C (350°F) for about 30 minutes and both layers may be cured in a single
curing step in an oven at a temperature of about 177°C {350°F) to about 399°C

25 {750°F) for about 0.5 hour to about 2 hours.

In yet another aspect of the multi-layer coating embodiment, 2 porosity-
inducing agent is included in the base coat layer, the topcoat layer, or both.
Amounts of up to about 45% by weight, most preferably 2-10%, may be used. As
with the single-coat embodiment, the porosity-inducing agent is a fugitive agent

30 which induces porosity in the coating by evaporating during the curing cycle.
Most preferably, the porosity inducing agent is glycerine, although nitro-celjulose,

polyester, etc., may be used singly or in combination.

-10-
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[ if desired. As noted above -al
agent may al so be included i ed abov L I T e
rramd icate binder may alternatively be u _
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2 ohper at ur o ot Hb AN ST RE PR ahout . FPCO 3800 el oa o
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;S(r)rgte r gt Egﬁr g él TR PP‘H@P bé)r dmutb’Iaé pmr(f)Beﬁiis@ttiabaﬁt Z%E}ﬁf}fll Ppdspbove. The

attlce S bi ndér is then provi ded
15 a5 deaer i bed anayRoserbiv AR S biok(iRe Sy myarmicns capet podubshaspr ayi 1.

brushing or diipghday arsglusmadsma&rab@ AnewdiesQ stEElen@Eeﬁ-baéQ}it?,&@%C’at | ayer is

d at about t0”"about 177C
(3500 for apoctfmie bed el GhiedSidiinasay tisaoroncamengornd 25 abovs

232C
by placing the Ricsamenlvenumrp@myeuﬂétallsﬂb@:&t&&%@n%ﬂﬁlﬁour b(%gc%ae b(iUtz Force In

F). 20 for about O.
gﬁSgR e£ ga? |b\c/) gt lﬁg?'ré%?% %'H’@ spfaces eroRifageq ybere raélyesiére oafmttm@dve;gm gt 0\7/82:
octire diep lidihg, lrétiin, G bRGARM: dST AR ried
?rl;gg) afoabl:\l;gtfi d177CEOthSOFg for. about 30 m nutes an%lp?fgit ﬂ?!ﬂ}'&ﬁ‘?nrray be
11,

cured in a single PEHM ?{j‘pglfcéb"‘] 1\ gahm&;mnameaommensamamc @bept 177C

our s In yet
(350F) to abOutan&ﬁ@lﬁnéﬁaﬂgﬁeﬁ)anﬁ%auﬁ@%ﬁac& S r‘r%lp% cascstan ﬁout 2 y
anot her aspect mul td -l ayer coating e i men

speeves and threa ed bolis and nuts. The inventive dry film lubricants can also be

applied to non-metallic substrates such as plastics, organic matrix composites,
15 ceramics, and ceramic matrix compaosites.

Reference will now be made to specific examples using the processes described
above. It is to be understood that the examples are provided to more completely
describe preferred embodiments, and that no limitation to the scope of the
invention is intended thereby. The examples indicate preferred aqueous and

20 solvent-based compositions for providing a dry film lubricant coating that are

obtained by combining and mixing the indicated components together.

EXAMPLE 1
An aqueous composition was made by combining the following components
25 with mixing: 18% barium fluoride, 10% calcium fluoride, 24% silicone resin
emulsion (Silres M50E), and 48% water, all on a weight percent basis. The
coating was applied by spray-gun application, and was dried and cured to provide a

coating with superior lubricating properties even after exposure to temperatures in
excess of 300°C.
30
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inducing agent is included in the base coat |ayer, the Bereemibdrapes, or
both. Anmounts of up to about 45% by wei ght, nost preferably 2-10% my be
used. As with the single-coat enbodi nment, the porosity-inducing agent is a
fugitive agent 30 which induces porosity in the coating by evaporating
during the 9% %ycle. Mst preferably, the porosity i RETEBWEEHIent i s
gl ycerine, although nitro-cellul ose, polyester, etc., may be used singly
or in conbination. _10 8 Septenber 2003 ' WD 00/ 53702 PCT/ US00/ 06103 The

t hi ckness of the base coat layer is typically about 1.3 m(0.05 mls) to
about 76 gm (3 nmils) but preferably aEHAMﬁLlﬁzgm (0.3 mls) to about 38 gm
(1.5 mls). The t 'gqllﬁ q]ss%oof ttpe topcagﬁ) is about 2.5 gm (0.1 mls)
to about 76 gm ( (OT PSP YEE &3GH Py © Qiﬁ‘?g?heé‘ﬂéqwl(lg)ccgnnﬂﬂbty; to about
38 gm (1.5 m | syihmitng: [%banin ANl |09 cakind MoAK, 983 sﬁmgﬁ%reéxh' Ml

| ubri cant coat eg @rogﬁb Stﬂ?é h?c des a substrate, prefera

(e.g., steel, nrckéP S B)n eGP WPWWWGW@&@%&IBHQH)subStrate

coated with §he.0oi%p polyletiel-tibditie @ MineB 8ol yifloahe %ﬁn g&?%ﬂé 469‘“68%%';@ Any
ear

metal substrate known in the art_may be coat ed, cularly l'oad i ng
surfaces or surfhd g’glwcé“’atl?ﬁ’és F{}%C%Flﬂg Vas 2pphefl bmrayﬂ.@m@ppimasord el t 0

sliding, rotati @asdrﬁii audl Buirad toqRovIBd 4 Q3RS Witk bl The invention
finds particul a g% i cation % gas turlﬁ)é‘ra{e er%?%@é%%%u%ﬂ??mg&gw as

conpressor  anddf OfWre {5 tlemperansdn excass ofdP0°Rg surf aces such as cases and
fl anges, shafts and sl eeves, and threaded bolts and nuts. The inventive
dry filmlubricants can also be applied to non-netallic substrates such as
pl asti cs, oﬂ%anl c matrix conposites, HSAMBIINI cs, and ceramic matrix

conposi tes. Refer apGguidub Eoﬂﬁﬁﬁ@ﬁﬁ@gﬁdé% Cl%%%‘g\ ﬁag}gpl es using the

processes described “above s to MEFEMPRBTN es are
provi ded to nor Witk ByHRgt 4% barties@udride, %@meumduaﬁda:QRU%m@me régngl t hat no

limtation to thgy f ] s intended thereby. The exanples
i ndicate preferr ed§glg§?6ﬁy%d}% ?gqéﬁ%éet%tal %{%%‘He’égtri’ﬁ%?tt a?J‘Frsi(kF"‘or provi di ng

a dry film | ubr§ogting wesgapliasgytsipeay-gan epplication, and was dried and cured to provide a

15 coating with superior lubricating properties even after €xposure to temperatures in
excess of 300°C.

EXAMPLE 4
An aqueous composition was made by combining the following components
20 with mixing: 27% barium fluoride, 18% calcium fluoride, 40% silicone resin
emulsion (Silres M50E), 5% xylene, 3% ammonium benzoate (10% solution),
.001% polyether-modified dimethylpolysiloxane welting agent, and 7% water, all
on a weight percent basis. The coating was applied by spray-gun application, and
was dried and cured to provide a coating with superior lubricating properties even

25  after exposure to temperatures in excess of 300°C.

EXAMPLE 5
An aqueous composition was made by combinin g the following components
with mixing: 18% barium fluoride, 10% calcium fluoride, 24% silicone resin
30 emulsion (Silres M50E), 2% glycerine, and 46% water, all on a weight percent

basis. The coating was applied by spray-gun application, and was dried and cured
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obt ai ned by conbi ning and m xi ng the indicated conponeng8sebtatdneo03 EXAMPLE
| An aqueous conposition was nade by conbining the follow ng conponents 25
with mxing: 18% barium fluoride, 10% cal ciumfluoride, 24%silicone resin
enul si on (Sivl,(;gt,)3 OE), and 48% water, all on a wei ght percent basis- The
coating was applr by spray-gun application, and was dri &Ta/H/6I98ed to
provide a coating with superior lubricating properties even after exposure
to tenperatures in excess of 300C. 30 8 Septenber 2003 WD 00/ 53702 -

PCT/ US00/ 06103 EXAMPLE 2 An aqueous conposition was nmade by conbining the
fol 1 owi ng conpori@nto¥ide aicedtingivaihsgperibBibliedting propkied va8 afd Q¥ &saleGh UM

fluoride, 24% sigdj, i sion (Silres MbOE), 1% xylene, 1%
anmoni um benzoat e [%1 fgsﬁl%hﬁs%ﬁf){%bfué 001% pol yet her - nodi fi ed

di et hyl pol ysi | oxane wetting -agent, and 46% water, all on a weight percent

basis. The coating was applied by sprﬁg;ﬂun application, and was dried and
cured to provide a coating with super Pcat i ng properties even after

exposure to fenper/at aquesusicompositmSw A ma30 8F cortlnEXANMRL s
conposi tion was c}inelx'.bé, ?@T‘gi ning the fol fowi n cqrrpoﬁ%‘ﬁ?épon\?ﬁﬁ%n?ﬁ Xi ng:
40% bari um fluori de, 380 T4 e Poriflsy 1Q¥e caldipoyhioride; 84% silesharesiamul si on
(Silres MBOE), emdlsibl{ikes ME0ERE% x9Rnd 1%&%&113%%@% teg?ﬁ%s- ) f}@ coating
was applied by %@Ej y-ﬂ,u‘r}l a@plj cation, and was dried an cu?‘ga? provi de a
15 coating with’ %é’r" e mpdified dimethyinobysdetane welting ageaf, L6 glgocpias Uh@ t O

t enper at ures i N44®xaesalleh a3 nEAYR oposi tion was nade
by conbi ni ng,the fol] owing corr%ﬁorgent s L%O%vgg?ﬂﬁ%g%agné?ﬁ'f%é’ﬁgﬂ'ﬁ?ﬂ fluoride,

18% cal ci umf | ud igRtion yasg weas driedhnd cueditoiprogide b soming (Rl supsioMBidatins %
xyl ene, 3% amMDplopdRianNéPRtR eiﬁogf’/fb?&ie%kﬂ&}es in excess of 300°C.

EXAMPLE 7
An aqueous composition was made by combining the following components
15 with mixing: 27% barium fluoride, 18% calcium fluoride, 40% silicone resin
emulsion (Silres M50E), 10% glycerine, and 5% water, all on a weight percent
basis. The coating was applied by spray-gun application, and was dried and cured
to provide a coating with superior lubricatin g properties even after exposure to
temperatures in excess of 300°C.
20
EXAMPLE 8
An aqueous composition was made by combining the following components
with mixing: 22% barium fluoride, 15% calcium fluoride, 40% silicone resin
emulsion (Silres M50E), 5% xylene, 3% ammonium benzoate (10% solution),
25 .001% polyether-modified dimethylpolysiloxane wetting agent, 10% glycerine, and
5% water, all on a weight percent basis. The coating was applied by spray-gun
application, and was dried and cured to provide a coating with superior lubricating

properties even after exposure to temperatures in excess of 300°C.
30 EXAMPLE 9

A solvent-based composition was made by combining the following

components with mixing: 18% barium fluoride, 10% calcium fluoride, 12%
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. 001 % pol yet her-nodi fi ed di nethyl pol ysil oxane wetting ag@=ptemisir@0d% wat er,
all on a weight percent basis. The coating was applied by spray-gun
application, and was dried and cured to provide a coating wi th superior
| ubri cati ngvﬁf@%%fo&i es even 25 after exposure to tenperatures in excess of
300C. EXAMPL N aqueous conposition was nmade by conbi nPAFUSE6K] |.owi ng
conponents wth mxing: 18% bariumfluoride, 10% cal ciumfluoride, 24%
silicone resin 30 emulsion (Silres MbOE), 2% gl ycerine, and 46% water, all
on a wei ght per C,Fnt basis. The coating was applied by spray-gun
appl i cation, and"GRRS TeH RAdanFileas MIg), 20D6Ws Seipiec Dok a 4OQRB: pARAPIER. 702 .
PCT/ US00/ 06103 Thd éba ! A i it h. superior |lubricating properties’
even after exposure %ﬁ?ﬂﬁﬁg? at uﬁj}eagg%uﬁﬁa Q{?&%‘Q‘- gd wsseieed pndgiaditos 5 An
aqueous conposi PIoYide daeatina skithisypesiontnbricanigg plopertiol dvoih G eSEHSHmQQS”t s wth

i co

m xi ng: 18% bar AR Telext % | cium fluoride, 24% si ne resin
emul sion (Sil resH%}éOIlE]) , ]100 )%i/sljogr{%(?%l% anmoni um benzoate (10% sol ution),

. 001 % pol yet her-nodi fi ed di nethyl pol ysi | oxane wetting agent, 2% gl yceri ne,
and 44%water, all on a weight per Cﬁ%&l\iﬁﬁhs The coating was applied by
spray-gun 10 application, and was dr dlred to provide a coating with

superior |ubri cat trsglvepirtapei doirpssiGoteRasihi® by @S RBRMEGhd Rubeaper atures in
excess of 300C. . XA nk'sﬁgilh An.aqulgg S ,C%%OS_I tion Wis made ltrl)gg conbi ni ng the
fol | owi ng conponents 15 W EH & |‘1l#§f:““ Jokige.i 10 calcinon flaeride 18% cal ci um
fluoride, 40% silidoporeinpewis (SeetihEd) 000 Bpbiese NEReq 10% ol ycerine, and 5%
water, all gn ad.vvg' glht Pg)rcent _basis. The Coating was applied by spray-gun
application, and VALPpTIoFans weting agant. and 69foxsice, Al anceweipig paickit basiper i or

| ubr i cating prGferateg vew apil by bpre) BSHpficdidn, 4§ VRELALL LG lc] EXCESS Of

300C. ‘ : : -
provide a coating with superior lubricating properties even after exposure to

temperatures in excess of 300°C.

15 EXAMPLE 11
A solvent-based composition was made by combining the following
components with mixing: 27% barium fluoride, 18% calcium fluoride, 20%
silicone resin powder (Silres MK), and 35% xylene, all on a weight percent basis.
The coating was applied by spray-gun application, and was dried and cured to
20 provide a coating with superior lubricating properties even after exposure to

temperatures in excess of 300°C.

EXAMPLE 12
A solvent-based composition was made by combining the following
25 components with mixing: 27% barium fluoride, 18% calcium fluoride, 20%
silicone resin powder (Silres MK), .001% polyether-modified
dimethylpolysiloxane wetting agent, and 35% xylene, all on a wei ght percent basis.
The coating was applied by spray-gun application, and was dried and cured to

provide a coating with superior lubricating properties even after exposure to
30  temperatures in excess of 300°C.
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20 EXAMPLE 8 An aqueous conposition was made by conbi ni B8 GebleentdfepDOBM Ng
conponents wth mxing: 22% barium fluoride, 15% cal cium fluoride, 40%
silicone resin emulsion (Silres MoOE), 5% xyl ene, 3% ammoni um benzoat e

(10% sol uti 8{86 y %% . 001% pol yet her - nodi fi ed di net hyl pol ysi | oxane wetting
agent, 10% yé’é |?1e,' and 5% water, all on a wei ght percBEI/USRE6183 The
coating was applied by spray-gun application, and was dried and cured to
provide a coating with superior lubricating properties even after exposure
to tenperatures in excess of 300C. 30 EXAMPLE 9 A sol vent-based conposition
was made by conbining the foll ow ng EXNMPLETE3S with mxing: 18% bari um

fluoride, 10% cal ¢ YiklHQLl 2% -13 8. Sept enber 2003 WO 00/ 53702
PCT/ US00/ 06103 si ﬁ con&fé11 tr}%éc? g&nﬂj&%\ﬁ‘e? w@ﬁuﬁqeymb}m%@e 6095988 ene, all on a
wei ght percent’ $amfosents Phb mixiag:i iy vatmafpiridech 09y cARnRYLEMNG:. P! | cati on,

and was dried a Vi a,coating with superior [ubricating
properties evenglg?o'?lgE£%$%gﬁ$§ﬂfaﬁm)eﬁ%§%fi anq 58% xylers; alhpn 3@Eight 5
EXAVPLE 10 AS soberemt basixs dtie cammipg siat ipphiedGspimd GHB B fol I owi ng
conponents wi t h, i xi ng; 18% barium f | uori de A u.rﬁ%?glg%[lﬂ?g, 12%
silicone resin powder {5i I‘rd08§ CRAGNE With§1BRrion {upEeatag Prapeities extn 2fer

di met hyl pol ysi | expasuee wetmpaigugBitxcesa BB @030 Xyl ene, all on a wei ght percent
basis. The coating was applied by spray-gun application, and was dried and
cured to provide a coating with superior lubricating properties even after

exposure to tenperatures in excess gkAMPEE 14
10 A solvent-based composition was made by combining the following
components with mixing: 18% barium fluoride, 10% calcium fluoride, 12%
silicone resin powder (Silres MK), .001% polyether-modified
dimethylpolysiloxane wetting agent, 2% glycerine, and 58% xylene, all on a
weight percent basis. The coating was applied by spray-gun application, and was

15  dried and cured to provide a coating with superior lubricatin g properties even after

exposure to temperatures in excess of 300°C.

EXAMPLE 15
A solvent-based composition was made by combining the following
20 components with mixing: 27% barium fluoride, 18% calcium fluoride, 20%
silicone resin powder (Silres MK), 10% glycerine, and xylene, all on a weight
percent basis. The coating was applied by spray-gun application, and was dried
and cured to provide a coating with superior lubricating properties even after
exposure to temperatures in excess of 300°C.
25
EXAMPLE 16
A solvent-based composition was made by combining the following
components with mixing: 22% barium fluoride, 15% calcium fluoride, 20%
silicone resin powder (Silres MK), .001% polyether-modified
30 dimethylpolysiloxane wetting agent, 10% glycerine, and 33% xylene, all on a

weight percent basis. The coating was applied by spray-gun application, and was

- 15



Fol lowi ng _component s wi th m i ng. - 27% bar{ am Ff‘dbésjifsyﬁff‘?mﬁi .
[Luoride, 20% oi l1cone resin pouder (S)11es M. and Ss%xyl ene, all o
\Qﬁhg%spgif%%ﬁgﬁ’cur’ed to .20 provide a cgﬁﬁ |eggi \r/]\n ggczggeg¥mg%lglgob IE;:(%\/:DE%
?rZOReLE): SZn?Yggsggt g(r)ng)(;g?tsiu(r)ﬁ ;[/vgs ngge.[)g coggiynicglgc} Bren H)LIO(r):Mdgg gg%
i1 come T s n BOUAEH CPi fo BSVIlKG coa D witpakyio RO blohEfles cven

ter

, : % xyl ene, all on a wel gﬁﬁ per cent
di met hyl pol ysi | @g@&ﬁe%&b&?m?egﬁg xccss%gg?/@géonxgppl S arion and e drPed and
basis. The coating was applied by sSpr: ! - roperti es even after

i ating with superior lubricating prop
cured to provide a coating \ ss.0f 300C. 8 Septenber 2003 WD 00/ 53702
exposure to 30 tenperatures in exce mggr}aosi tion was made by conbi ning
PCT/ US00106103 EXAMPLE 13 A sol vent -

the foll owi ng coPﬁﬂ(ﬁqwscmmpdsitimshMamg%déﬁ@edgw&wggﬁf&%%%m#g@ aIOIC|5 g(r;)
[ eh LS i n. powder | S . [4 e,
fx'yFSL'edeal ﬁz?n gltﬁe}”?’gﬁf %@%’ﬁhﬂ\‘%&%i ‘3% cpfrinre §nerideg30fasiliappirestd by

. . i th
SPr . qun apn) | mison(Slanaisa, 2 ko, S0t b0 BRIt 9L "0 4
[ [ ' erti.es e 3 : L

excess of 300, ERAPPRARGRAER Sorbuhelbleser o o by
corby 9, e, ot seinacommman it sty 10 g AL,

- . I I { = A . . . e .
Sg: flle;J rrPe]; l lrjnéﬁfd: ﬂ? aeséme#f“mss "B BTy KeiagRetmg with superipr Abeiniting 2% @S S¥ene, and
58% xyl ene, al lafterexposure to temperatures in excess of 300°C.

EXAMPLE 18
An aqueous composition was made by combining the following components
15 with mixing: 25% barium fluoride, 15% calcium fluoride, 30% silicone resin
emulsion (Silres M50E), 3% xylene, 2% ammonium benzoate, .003% polyether-
modified dimethylpolysiloxane wetting agent, 5% glycerine, and 20% water, ali on
a weight percent basis. The coating was applied by spray-gun application, and was

dried and cured to provide a coating with superior lubricatin £ properties even after
20 exposure to temperatures in excess of 300°C.

EXAMPLE 19

An aqueous composition was made by combining the following components by
mixing: 24% barium fluoride, 3% CaF,, 3% MgF, and/or CeF,, 24% silicone resin
25 emulsion, 1% xylene, 0.01% wetting agent, 1% ammonium benzoate (10%

solution), and 44% water.

EXAMPLE 20

An aqueous composition was made by combining the following components by

30 mixing: 32% BaF,, 8% CaF,, 8% MgF; and/or CeF;, 40% silicone resin emulsion,

5% xylene, 0.2% wetting agent, 3% ammonium benzoate (10% solution) and the
balance water.
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wei ght percent basis. The coating was applied by spray- gwWepipmbdrcapson, and
was 15 dried and cured to provide a coating with superior lubricating
properties even after exposure to tenperatures in excess of 300C. EXAMPLE
15 A sol vent - based conposition was nade by conbining the follow ng 20
conponent s WP ng: 27% bari um fl uoride, 18% cal ci um HdTvsod/aRes 20%
silicone resin powder (Silres M), 10% gl ycerine, and xylene, all on a

wei ght percent basis. The coating was applied by spray-gun application,
and was dried and cured to provide a coating with superior |ubricating
properties even after exposure to tenperatures in excess of 300C. 25
EXAMPLE 16 A sol vent-based conpositign was made by conbining the foll ow ng
conmponents with mxing: 22% bari um f FE4MBRE 2150 cal ci um f1 uori de, 20%

ili i N pondaguepl doBsily Y : : i.fied 30

3: ”Ltcﬁgﬁpgﬁf’ls{” gganaq);%‘ag salM(?}&vas lgg&o%%lrb%}é%ﬁ%gﬁe %ﬁg{y%&)ﬁ@?rgﬂgwal | on a
wei ght percent Iﬁlég’iggg 2’27%&Fglfmswg%ﬂﬁ¢%éﬂelﬁy32§{asiﬁwngmireqmﬂ&icrati on, and
was -15 8 Sept avheylent00.83%R 23402 B ehidRRn 8k, e?(é@%iégjgﬁgrggapéﬂj%ed to

provi de a coati,ng with superior [ubricating proper exposure
to tenperatur egmgﬁcce‘%gss of 300C. EXAMPLE 17 5 An aqueous conposition was
made by conbining the follow ng conponents wth m xing: 25% barium
fluoride, 15%cal ciumfluoride, 30%silicone resin enulsion (Silres MOE),
3% xyl ene, 2% amoni um benzoat e (10-BEAMRIIK22 on), .003%

pol yet her - nodi fi egy Bl hBONsH & ORRE pyeL Lin ent, and 25% water, all
on a wei _ght-operc_e_nt_ asiss._ %ﬁgée{%{o‘gti ng ke S° k‘ﬁﬁ‘ﬁ@% %b"‘%‘ﬁﬁﬁ?ﬁm@%ﬁmby .
appl i cat | orf! afiX e Yk barture fueritd, 3% Call,, BG MEBY D4R sic6RatdMNEMM{R Super i or
lubricating pr qgﬁi}tlén%,sil.@l\%?@etﬁng agent, 1% ammonium benzoate (10% solution), 1%

glycerine, and the balance water.

EXAMPLE 23
An aqueous composition was made by combining the following components by

mixing: 32% BaF,, 8% CaF,, 8% MgF, and/or CeF,, 40% silicone resin emulsion,

15

5% xylene, 0.2% wetting agent, 3% ammonium benzoate (10% sohution), 5%
glycerine, and the balance water.

20 EXAMPLE 24
An aqueous composition was made by combining the following components by
mixing 28% BaF,, 7% CaF», 5% MgF; and/or CeF,, 32% silicone resin emulsion,
3% xylene, 0.03% wetting agent, 2% ammonium benzoate (10% solution), 2%
glycerine, and the balance water.
25
EXAMPLE 25
A solvent-based composition was made by combining the following
components by mixing: 24% barium fluoride, 3% CaF,, 3% MgF; and/or CeF,,

12% silicone resin solids, 1% xylene, 0.01% wetting agent, and the balance xylene.

-17-



after exposure to tenperatures in excess of 300C. EXAMPBEBebterdderaqogous
conposition was nmade by conbining the foll ow ng conponents 15 with m Xi ng:
25% barium fl uoride, 15% cal cium fluoride, 30%silicone resin emnulsion
(Silres MoOE) o /;g%%yl ene, 2% amoni um benzoate, .003% pol yether- nodified
di net hyl pol ysi'0xane wetting agent, 5% gl ycerine, and 20%CAA{S8¢1061e8 | .on a
wei ght percent basis. The coating was applied by spray-gun application, and
was dried and cured to provide a coating with superior lubricating
properties even after 20 exposure to tenperatures in excess of 300C.
EXAMPLE 19 An aqueous conposition waBXAMRLIR6 conmbi ning the foll ow ng

conponents by m XisARentdddnRanbwg fluori de, 3% CaF2, 3% MyF2 and/or CeF2,
24% si | i cone resin 25 emul s?@h%gn%]a%ﬁ%ﬁg?’ cobpingghedelowine agent, 1 %

anmoni um benzo&PEPPIOMbYSekinEi 326 BaBn B IAL, V& B1gF, RWWREIE, 2Q9A;agUeous
conposi ti on Wagepas 0% . N t he follow.ng conponents by 0 m xi ng:
32% BaF2, 8% Cak2. 8% M ar?’m'%% Wégff‘ﬁ,ag%o iths Ramee ¥desien enul si on, 5%
xyl ene, 0.2% wetting agent, 3% anmoni um benzoate (10% sol ution) and the
bal ance water. - 16 8 Septenber 2003%)%)»/&)0/ 53702 PCT/ US00/ 06103 EXAMPLE 21
An aqueous conposition was nmade by |%2'1 he foll owm ng conponents by

m Xi ng 28% BaF2, P?%l@f—zasea%rt@ﬁaioamﬂéﬁfad&@;ﬁ?omb%%‘r’(%ﬁlielfgl %rf resin enmul sion,
5 3% xyl ene, O 9 ing .a % anmoni um benzoat e % % sol ut | on) and

[~ 8116 K/@Eng . L
the bal ance wat et . A aEy d édfcrd> cXhivieEh ariddor Gelis 16%dtlidoyie COMmbi Ni Ng
the fol | owi ng esimpolidnt Aylene, I03% kififlg agkh?RPihb Yilhdde V0L dE: 3% CaF2, 3%
MyF2, 24% slbl i cone resin enul sion, '

EXAMPLE 28
A solvent-based composition was made by combining the following components
by mixing: 24% barium fluoride, 3% CaF,, 3% MgF; and/or CeFs, 12% silicone

resin solids, 1% xylene, 0.01% wetting agent, 1% glycerine, and the balance
15 MEK.

EXAMPLE 29
A solvent-based composition was made by combining the following
components by mixing: 32% BaF,, 8% CaF,, 8% MgF, and/or CeF,, 20% silicone

20 resin solids, 5% xylene, 0.2% wetting agent, 5% glycerine and the balance toluene,

EXAMPLE 30
A solvent-based composition was made by combining the following
components by mixing 28% BaF,, 7% CaF,, 5% MgF, and/or CeFs,, 16% silicone
25 resin solids, 3% xylene, 0.03% wetting agent, 2% glycerine and the balance MEK.

EXAMPLE 31
A multi-layer coating is provided as follows. First, an aqueous or solvent-
based composition is made according to any of examples 1-30. That layer is then
30 dried and cured as described above. Then, a topcoat composition is made by
combining the following components with mixing: 25% graphite, 30% silicone

resin emulsion (Silres M50E), 3% xylene, 2% ammonium benzoate, .003%
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- _ _ y

| % xyl ene, 0.01 % wetting agent, 1 % arrlr_rgnlzgmlge/r&rz]ogaﬁeguﬁsé%gﬁr?pegtszi[)??éh \II\B{OS

i ne, d the bal ance water. EXAMP An aqu
?nlaége[);,ngbnginni ng the follow ng conponents by mxi nog. 32% BaFg, 208/%meC?'|[:izhg
8% MygF2 and/ , 40%silicone resin enulsion, 5% Xyl gge, " 'olam(;bal ting
a (:ant 3% ammonium-'bénzoate (10% sol ution), 5% glycerine] 'a/ﬁnbog ig3bal an
vvgteri 20 25 EXAMPLE 24 An aqueous conposi ';lyoga\llzvgs ggd(l\a/gllgg ;ﬁdll)r CgFZ 3204

i onponents b m Xxi ng 28% BaF2, o CaF2, () ( ,
Ts?: ! g\(l)mnggrgsinﬁ equl Si o%, 3% xyl ene, 0.03% wetting agent, 2% anmoni um

. . v MPLE 25 A
benzoate (10% sbY mtpgﬂnyqdlf‘@%dngptgzy;lmlymb;caxﬁbrvﬁt?dg&g?ﬁle ﬁ?%ﬁ%@ﬁ%ﬂd % rente
sol vent - basggwcgm@@8156?%8%@%%&&%@3%%@&;@@%@%@ §driedmpl curetizes si | i cone
by m xi ng: obariumitll ' o e : | ene. 8
el o i ottt G 0

Sept enber 2003 ARQ04 l%?tgrgéer tullggr-{ex?%%o&gﬂ)ltgm ng

DEl conponents by mi xing: 32%

BaFo. 8% ggFf\zAéssgfﬁ/Sngaﬁd/ or GdF2, 20%silicone resin solids, 5%xylene,
et 0 280 B L1 D a0t BGIR ATLE T B5 en hesed,
Egggos |7(t)/(|) Cégp\’;\éSSg:;Ngtﬂﬁ—lmdqt@tin@ Ipovide He Folllbivs OfiEst, An%aghddud 8 doflRy. 3% Xyl ene,
0. 03% vet t i ng arﬂ?é?itc’om%ggticgnhig mt?a elzgcrc]:gr%ir}g% gx?yn(?f'examples 1-30. That layer is then

dried and cured as described above, Then, a topcoat composition is made by

10 combining the following components with mixing: 25% graphite, 15% silicone

resin powder dissolved in solvent (Silres MK in xylene, toluene or MEK), .003%

polyether-modified dimethylpolysiloxane wetting agent, 5% glycerine, and 50%

xylene. The topcoat is applied by spray-gun application, and is dried and cured to

provide a multi-layer coating with superior lubricating properties even after

15  exposure to temperatures in excess of 300°C.

EXAMPLE 33
A multi-layer coating is provided as follows. First, an agueous or solvent-

based composition is made according to any of examples 1-30. That layer is then
20 dried and cured as described above. Then, a topcoat composition is made by

combining the following components with mixing: 5% molybdenum or tungsten

disulfide, 30% silicone resin emulsion (Silres M50E), 3% xylene, 2% ammonium

benzoate, .003% polyether-modified dimethylpolysiloxane welting agent, 5%

glycerine, and 55% water. The topcoat is applied by spray-gun application, and is
25  dried and cured to provide a multi-layer coating with superior lubricatin g

properties even after exposure to temperatures in excess of 300°C.

EXAMPLE 34
A multi-layer coating is provided as follows. First, an aqueous or solvent-
30 based composition is made according to any of examples 1-30. That layer is then
dried and cured as described above. Then, a topcoat composition is made by

combining the following components with mixing: 30% molybdenum or tungsten
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10 EXAMPLE 28 A sol vent-based conposition was nade by C 8Bbidniter bhes

foll ow ng conponents by m xing: 24% barium fluoride, 3% CaF2, 3% MyF2
and/ or CeF2, 12%silicone resin solids, |%xylene, 0.01%wetting agent, 1%
gl yceri ne, %‘B%ﬁﬁz bal ance 15 MEK. EXAMPLE 29 A sol vent-based conposition
was made by conbining the followi ng conponents by m xi ngECTABINEAIY, -8%
CaF2, 8% MgF2 and/or CeF2, 20% silicone 20 resin solids, 5% xyl ene, 0.2%
wetting agent, 5% glycerine and the bal ance tol uene. EXAMPLE 30 A

sol vent - based cgnposition was made by conbining the followi ng conponents
by m xing 28% Efg fide7 43 % aitiooneggsinpeaden (e OF ISR ), 0D6% ol yleiteARRIRRD I €Si N
solids, 3% xyl| eigethO1n0iR2 | t v, 2% Qgl.yCer|j and t he bal ance MEK
EXAVPLE 31 A nul ti -}f?%){gggﬁdg%‘a%\’i"ﬂgnﬁa%@%f oG {ec ! sm?#h%ﬁwg?neFiTrhéttQPC% aqueous
or sol vent- basaPRisApyanrey-gm ipplicatics, aad Gsalridd Bg duledd YréVhdesaRmaligR 1- 30.

That |ayer is tdgs, | ured as described above. Then, "a topcoat
conposition is nmade ‘g@] %@%ﬁq%‘%ﬁga‘fﬂ”@& S I AGHELTHRoNBHodemparatutes ji ng:  25%

graphite, 3% sXr¢seeh#0°Cesin enul sion (Silres MGOE), 3% xyl ene, 2%

anmoni um benzoate, . 003% - 18 8 Sept enber 2003 WO 00/ 53702 . PCT/ USOQ 06103

pol yet her-nodi fi ed di net hyl pol ysi |l oxane wetting agent, 5% gl ycerine, and

35% water. The topcoat is applied bEXamMPyE gsn application, and is dried
er coating with superior lubricating

and cured to pro%(%gcﬁjcgusn(}y t --ég ! L0 .
properties even after exposarecn Basessdy sompisingithe iollowing cobp@ROE. 5
EXAMPLE 32 with mixing: 45% barium fluoride, 40% silicone resint emulsion (Silres M50E),

10 1% xylene, 1% of a 10% solution of ammonium benzoate, .003% polyether-
modified dimethylpolysiloxane wetting agent, 2% glycerine, and balance water, all
on a weight percent basis. The coating was applied by spray-gun application, and
was dried and cured to provide a coating with superior lubricating properties even
after exposure to temperatures in excess of 300°C.

15

EXAMPLE 36
An aqueous composition was made by combining the following components by
mixing 28% BaF,, 32% silicone resin emulsion, 3% xylene, 0.03% wetting agent,
2% ammonium benzoate (10% solution), 2% glycerine, and the balance water.
20
EXAMPLE 37
An aqueous composition was made by combining the following components by
mixing 50% BaF,, 32% silicone resin emulsion, 3% xylene, 0.03% wetting agent,
| 2% ammonium benzoate (10% solution), 2% glycerine, and the balance water,
25
EXAMPLE 38
An agueous composition was made by combining the following components by
mixing 28% CakF,, 32% silicone resin emulsion, 3% xylene, 0.03% wetting agent,

2% ammonium benzoate {10% solution), 2% glycerine, and the balance water.
30
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A nulti-layer coating is provided ‘as follows. First, an8&gptmisracodol vent-
based conposition is made according to any of exanples 1-30. That |ayer is
then dried and cured as described above. Then, a topcoat conposition is
made by 10 CVP(%H/ jfong the foll owi ng components with m xing: 25% graphite,
15% silicone - resf powder dissolved in solvent (Silres MECtmsoopbmse,-

tol uene or MEK), .003% polyether-nodified dinmethyl polysiloxane wetting
agent, 5% glycerine, and 50% xylene. The topcoat is applied by spray-gun
application, and is dried and cured to provide a nmulti-layer coating with
superior lubricating properties even EXAMPLER9exposure to tenperatures in
excess of 300C. EXGMR i.-layer,coating is provided as foll ows. :
First, an aqueous or qggfu\%g?lt-gggg)éé" s%ﬁﬁ&?ﬁ@%ﬁng@eﬁﬂwiwmesbp any of
exanpl es 1-30. WHERE $0 EaF4 32% hikinone28sitlb@ion W kR o 5T BEY above.
Then, a topcoat Q%QWIE%EHQ&Z&E {’mgoe B% conbi ni ng the’?'o 7ovv| n& ggrﬁ‘ponents
With mxing: 5% ol ybdenum or ¢ ungsaiionk & glyenes. aghis balkiceconers esi n

ermul sion (Sitres MBOE), 3% xyl ene, 2% amoni um benzoate, . 003%

pol yet her - nodi fi ed di net hyl pol ysi | oxape wetting agent, 5% glycerine, and
55% wat er. The topcoat is applied by WLEdﬂ application, and is 25 dried
and cured to provihdegesontédnpokitive vasRadd I Lior |ubricating
properties even aft el? z&p:&gpo%&%o ter_rper%&@e&sﬁ?@ﬂg%&f@&ng&m@@ﬁﬁs BYXAMPLE
34 A multi-layel ¢oa f%’% 25 B8V d@cbilieens whin binsler, BYaene D0BHWEGHS OF

sol vent 30 basexgemo2fpasirionfui benzsmRIQ ding,to any of exanples 1-30.
That |ayer js t‘p&é\ dried and cured g?csgg!g]gllrl)f g?é’(f?yé:ﬁ% e 20dfifg Ralanget opcoat
conposition Is nade by conmbining the follow ng conponents with m xing: 30%
nol ybdenum or tungsten -19 8 Septenber 2003 WO 00/ 53702 PCT/ US00/ 06103

di sul fide, 15%silicone resin powder (e.g., Silres M), 003%

pol yet her-nodi fi ed di nmet hyl pol ysi | O%3AMRIEE 41 ng agent, 5% gl ycerine, and

50% xyl ene. The tAapaqrRbus composition was made by combining the following components by
mixing 12% BaF,, 3% CaF,,

65% silicone resin binder, 3% Xylene, 0.03% wetting

15 agent, 2% anti-rust agent, 2% glycerine, and the balance water.

While the invention has been illustrated and described in detail in the forgoing
description, the same is to be considered as illustrative and not restrictive in
character, it being understood that only the preferred embodiments have been

20

shown and described, and that a]l changes and modifications that come within the

spirit of the invention are desired to be protected.
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is applied by spray-gun application, and is dried and cgrs%gtén%etpr g4 de a
multi-layer coating with superior lubricating properties even after
exposure to tenperatures in 5 excess of 300C. EXAMPLE 35 An agueous
conposi tion was made by conbi ning the follow ng conponents wth m xing:
45% barium fluoride, 40%silicone resin enulsion (Silres MbOE), 10 1 %
xylene, 1% of a 10% sol ution of amorgkgvpenzoate, . 003% pol yet her nodifi ed
di et hyl pol ysi | oxane wetting. agent, 2% glycerine, and bal ance water, all

on a wei ght percent basis. The coating was applied by spray-gun

application, anpd | ed.. r t 9 _provi.de ceating with superior

| ubricating prgpeAr I segégv‘g%uﬁg?: P @woggﬁ%goﬁpé°¥1®ngémﬁ§9hﬂ%glgm?tﬁo@gl'&gss of
300C. 15 EXAdRhibstateABaid qopusition epastidin®n was nmade by conbining the
follow ng components b 1 Xi ng 28% BaF2, 32% silicone resin enulsion, 3%

m .
xyl ene, . 03% ReiP7RF glg@fﬁ{g,h‘ Bovedst merabBuarisist e (10% sol ution), 2%

gl ycerine, and | ance ter, 20 EXAVPLE 37 An agueous, conmposition was
Tate by o ni G SORA B SIEEEA AGASs AGTE AR Gypio o R MAG 8098 Baro. 3206
silicone-resincekmatesi on, 3% xyl ene, 0.03% wetting agent, 2% ammoni um

benzoate (10% sol ution), 2% gl ycerine, and the bal ance water. 25 EXAMPLE 38
An agueous conposition was made by conbining the foll ow ng conponents by

m Xi ng 28% CaF, VxSl eS| ; j 9 : Yo wet ting
agent, 2% am?onfﬁ%%@ﬁfgg@gag%g%gbﬁ%ﬁ%@& }&%ﬁ%gﬁﬁﬁ%’g‘}%ﬁgﬂq he bal ance
water. 30 8idwlesabeunt 20080¥% Alkalios saTDmetal AGTTIdISO0/ 06103 : N

3. A coating composition according to claim 1 wherein said alkaline earth
metal fluoride comprises a member selected from the group conﬁisting of BaF;,
CaF;, CeF;, and MgF.. ‘

15

4. A coating composition according to claim 1 wherein said alkaline earth

metal fluoride comprises BaF;.

5. A coating composition according to claim 1 wherein said alkaline earth
20  metal fluoride comprises 5-50% BaF,.

6. A coating composition according to claim 1 wherein said alkaline earth
metal fluoride comprises 15-40% BaF,.

25 7. A coating composition according to claim 1 wherein said alkaline earth
metal fluoride comprises 28-50% BaF;,

8. A coating composition according to claim 1 wherein said alkaline earth
metal fluoride comprises 18-27% BaF,.
30 | ,
9. A coating composition according to claim 1 wherein said alkaline eaﬁh

metal fluoride comprises CaF,.
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EXAMPLE 39 An aqueous conposition was nade by conbi ni nggtdiptdnidr@obsg
conponents by m xing 50% CaF2, 32%silicone resin emulsion, 3% xyl ene,
0.03% wetting agent, 2% amoni um benzoate (10% sol ution), 2% gl yceri ne,
and the bal ance water. 5 EXAMPLE 40 An aqueous conposition was made by
conmbi ning the follow ng conponents by m xing 12% BaF2, 3% CaF2, 5%
si-licone resin binder, 3% xylene, 0.03% wetting agent, 2% amoni um
benzoate (10% sol Ui 8repatingrompositivingscontding tohdainal ehereinlRidakfine EXQMPLE 41

An aqueous conpgsj.tkon.was made hy ining the foll ow ng conponents by
i xi ng 12% Bapz?ééi%’&#f%% Br%’%g@%zssi n binder, 3% xyl ene, 0.03%
wetting 15 agent, 2% anti-rust agent, 2% glycerine, and the bal ance water.

While the invention has been illustrated and described in detail in the
forgoing déscri ptliloh corting sempositon acorlingtosilaar b@hasini saldugkdmkieygy and not

restrictive in cter, it.bei derstood that only the preferred
enbodi nent s hav@ggggﬁpé%%%%seéﬁgﬁgégéﬁbed, and that all changes and
nodi fications that cone within the spirit of the invention are desired to

be protected. 8 Se;lz)tenben 2003 CLAI M5 1. An aqueous coating conpaosition for
providing a dry filBndicopting eempesitian avgording ta claiinslt whdrein saidi alkatiaeRasth t i on

conprising; 5 ( - 709 i l.,.ne earth-nmetal fluoride;, (b) 2-65%
by wei ght of an&%‘ﬁﬁ@?&gﬁ%ﬁ*gggsﬂ%mzsi on in water; and) (c) water. 2.
A coating d@onposition according to claiml wherein said conposition 10

i ncl udes about 20-50% al kaline earth metal fluoride. 3. A coating -
conposi ti on accor &Py CORIRE empasitigreaceprdingp ¢laiimidawhanein saidtalkaline tfrth

fluoride Conprixﬁéﬁlﬁuémnpﬁ-ﬂe?%ﬁﬂ%féﬁ@ t he group consisting of BaF2,

14. A coating composition aceording to claim 1 wherein said alkaline earth
15 metal fluoride comprises 1-20% MgF,, |

15. A coating composition according to claim | wherein said alkaline earth
metal fluoride comprises 3-10% MgF,.

20 16. A coating composition according to claim 1 wherein said alkaline earth
metal fluoride comprises 4-6% MgF,. ‘

17. A coating composition according to claim | wherein said alkaline earth
metal fluoride comprises 1-20% CeF,.
25

18. A coaﬁng composition according to claim | wherein said alkaline earth
metal fluoride comprises 3-10% CeF;.

19. A coating composition according to claim 1 wherein said alkaline earth
30  metal flucride comprises 4-6% CeFs.
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CaF2, CeF2, and MyF2. 15 4. A coating conposition accor giga@idnthefaban |
wherein said alkaline earth netal fluoride conprises BaF2. 5. A coating
conposition according to claiml wherein said al kaline earth 20 netal
fluoride conprises 5-50% BaFF. 6. A coating conposition according to claim

1 wherein said aﬁ(ﬁ@iwﬁjtﬁgaéoﬁﬁmsi@i%h%?d}{iiﬂgr{é Qﬁirﬁ@%&ﬁﬁ%ﬂ%&%ﬂ% Balng. 25 7.

A coating conposition according to claiml wherein sald a I ne earth

met al fl uori dengalfprarglesconpriseos-BaR2ight % Babomkli 36 weigho% Calyn according to
claiml| wherein said alkaline earth netal fluoride conprises 18-27% BaFZ.
30 9. A coating conposition according to claim 1 wherein said al kaline

earth netal flugyiAleoai¥dniRsitienfadeordidd 18 ciRRRY ?Jingﬂg%ll%ﬂnﬁé?rgl?ati ng

conposi tion according to claim| wherein said al kal 1 ne eart

fl uoride cénpringaldl®rBierotprges B-21% BaFgoumili 19¢18%0EpBsi t i on according to
claiml wherein said alkaline earth netal fluoride conprises 5-30% CaF2.
12. A coating conposition according to claiml| wherein, said alkaline earth

metal fluoride CopmkbsAgduidiiicatadeordile 15 clafn § Ateldhd sAATMORHE b

according to claim| wherein'said al kalihe earth neta l"'uor 1 de conpri ses
10- 18% CaF2. metalluagiie cognprisesb 5% Bal,ad-22%dCaly, dnd lelGforMgFaher ei n sai d
al kaline earth 15, netal fluoride conprises 1-20% MgF2. 15. A coating
conposition according to claim 1l wherein said al kaline earth netal

f1uoride qonpri sgs. Bcd&tigindosition accarding to claim 1 wherein said alkaline earth
metal fluoride comprises 24-32% BaF,, 3-10% Cal,, and 3-8% CeFi.

-24. A coating composition according to claim I wherein said alkaline earth
metal fluoride comprises 3-35% BakF;, 3-22% CaF;, and 1-16% MgF,.
15 |
25. A coating compasition according to claim 1 wherein said alkaline earth
metal fluoride comprises 24-32% BaF,, 3-10% CaF;, and 3-8% CeF,.

26. A coating composition according to claim 1 wherein said coating comi)osition

20 comprises 5-30% alkyl silicone resin emulsion in water.

27. A coating composition according to claim 1 wherein said coating composition

‘comprises 10-20% alkyl silicone resin emulsion in water.

25 28 . A coating composition according to claim 1 and further including up to 15
weight % of an organic solvent. '

29. A coating compasition according to claim 28 wherein said organic solvent
is xylene. |
30



20 16. A coating conposition according to claiml wheregsepRintherbbiad i ne
earth netal fluoride conprises 4-6% MgF2. 17. A coating conposition
according to claiml| wherein said alkaline earth netal fluoride conprises
1-20% CeF2. 25 1%. A coating conposition according to claim| wherein said
al kaline earth nmetal fluoride conprises 3-10% CeF2. 19. A coating
conposition according to claiml| wherein said alkaline earth 30 netal
fluoride conprises 4-6% CeF2. -23. 8 Septenber 2003 20. A coating

conposi tion according to claim1 wherein said alkaline earth netal
fluoride conpri se¥- 5-BgingaoghesititnBesedianth GaiB5l whirgih tsailc@aing codgositAncoat i ng
conposition ac i ¢ I id.alkaline earth 5 netal
fluoride conpr ?gﬂélgllfli%?%eg&%g?:g%%%%ﬁﬁg{ ﬁfg%gégﬁfs%gfm' A coating conposition
accordi ng tg claiml wherein said alkaline earth netal fluoride conprises
3-35% BaF2, “3-22% CaF2e and 1-16% MyF2. to 23. A coating conposition

according {o clal m | AWIRIRIAnatidoRbiklie Akl wiBichl sdid UgAisgle cOMPI i ses
24- 32% BaF2, 3-10% CaF2, and 3-8% CeF2. 24. A coati gg conposi tion according

to clai m| wheresimposiion fumthes inclusdes abauy 0.04& (ol abppt 5k iof 8 wesiig 8geps 3- 35%
BaF2, 3-22% CaF2,32aggcl-.16% Fﬁ.. 15 25. A coating, conposition according to
claim1 wherein sard S1HF CHEPWER Recorfipgio ¢lpgh f japd Tt Pemrsising 4o, BaF2,

3-10% CaF2, andmBwgimdekzatc2bnd A vesfiigiaBent CORERAS bdid %htiﬂ%@&ﬁlsﬂsﬁ;gn khsiebsai m 1
wherein said cgg&tﬁg cpnposi tion 20 conprises 5-30% al kyl silicone resin
emul sion i MOwater. 27°"A coating conposition according to claiml wherein

vater 25 28, A 042 10-R0% b SEbL 56 ke hah e TokiBe | as T BL S on 1
including up to 1%b) 5-65% by weight of an alkyl silicone resin emulsion in water;
(c) 1% to 5% xylene;
(d) 0.1% to about 0.5% ammonium benzoate;
15 (e) 0.01% to about 0.05% of a wetting agent; and

(f_) water.

33 . A coating composition according to claim I wherein Said coating
composition additionally comprises 1-45% by weight of a porosity-inducing agent.
34. A coating composition accofding to claim 33 wherein said coating

composition comprises 2-10% of said porosity inducing agent.

35. A coating composition according to claim 34 wherein said porosity
25  inducing agent is glycerine.
36. A coating composition according to claim ! and further comprising xylene,

ammonium benzoate, a wefting agent, and a porosity inducing agent, wherein said

coating composition consists essentially of:

(a) 10-70% alkaline earth metal fluoride;

30 (b) 5-65% alkyl silicon resin emulsion in water:
(_c) 1-5% xylene;

(d) 0.1-0.5% ammonium benzoate;

-25-



wei ght % of an organic solvent. 29. A coating conpositi @Bsptsittetiang3t o
claim 28 wherein said organic solvent is xylene. 30 8 Septenber 2003 30. A
coating conposition according to claim| wherein said coating conposition
further includes gﬁ%it 8?% % to about 10% of an anti-rust agent. 5 . 31.A
coating conposi t {OHVALE? Gi¥RIURSH28805i m | wherein said coating canposition
further includes st : %a.0f a wetting agent. 32. A coating
conposition acco(f)g?ﬁg%gol@ é’f@%@_”ggg’gﬁﬁ{%er conpri sing xyl ene, anmoni um
benzoate, and a {gdwatarg agent, wherein said coating conposition consists

10 essentially of. (a) 10-70% by wei ght of an al kaline earth netal

fluoride; (b) 5-65% twptingedayiosiién asroglingyto &dimi ic embfurtbai conpriihg ikglond, N wat er ;
(c) 1%to &% ; 1,%to t_0.5% anmonj um benzoate; 15 (e)
0.01%to agou?ﬁ%‘.&gg%}() g%)zggeﬁe?lt@ ig V%g%%t ?geﬁhdwg??l? W e"PSmﬁo“%%‘?"S%{Oanti ng
conposi ti on at@@déshg to claiml wherein said coating conposition
additionally co Hgﬁﬁé&% by wei ght of a porosity-inducing agent. 3 4 .
A coating conpos ] ¥ing to claim3 3 wherein said coating

conposi tion conpwh $6318% ¢@fp. of said porosity inducing agent. 35. A coating
conposition according te claim3 4 wherein said porosity 25 induci ng agent
is glycerine. 36(c) A4db%talkylsitianp esintenmisioade oa@di;ng to claim 1 and further
conpri si ng, xyl en ni um benzoate, a wetting agent, and a porosity

i nduci ng g%ent, fﬂle‘f@%"ﬁ‘yé%ﬂed coating conposition consists essentially-of:

(a) 10-70% al kal {e)@.15m3 % aniabmiund beaebitde -
() 0.01-0.02% wetting agent; and

(g) water.



30 (b) 5-65%al kyl silicon resin enmulsion in water; (c3 Stpftabeybeo®; (d)

0. 1- 0. 5% ammoni um benzoate: -25 8 Septenber 2003 (e) 0.01-0.05% wetting
agent; (1) 1-40% porosity inducing agent and (g) water. 37. A coating
conposition-according to claim| and further conprising xylene, 5 amonium
benzoate, and a S&A mblg-1AGS Aty filwl IetrRbi cSAing, @aptising corrposi tion conprises:

(a) 18-27% BaF2; , . (b) 10-18% CaF2 C) 24-40% al.k I cone reS| emul si on
0 water: 10 ( d) CLSUSEGRG RESr aprighs b g, s g BepOBatd. o gty
0. 01- 0. 02% wetsilicof: rege ahulsiamnih wa«y)andat er. 8 Sept enber 2003 5 38. A
multi-layer, dry filmlu |cant coatin onprisi.ng: (a asecoat | ayer
conpri sing an al Q)élal frgeog atyF‘f ?P&pgrsmglau%?'?rg ! nﬂ’%ﬁrf%ﬂl‘%‘y%}kﬁssf POHEr esin
emul sion i § Wadneilsion iafvetef.D) a topcoat | ayer conprising a |ayer-lattice
solid and an al kyl silicone resin enulsion in water. 8 Septenber 2003 3 g
A multi-layer dry filmlubricant coating according to claim3 8, wherein
said layer-lattice solid is a nenber selected fromthe group consisting of

graphite, nolybdenum di sul fide, and tungsten disulfide, 40. A conposition
of matter conprising a dry filmlubricant coating fixed to a

. =27-



substrate, wherein said dry filmlubricant coating conp8iSepterser 200l i ne
earth netal fluoride and an alkyl silicone resin enulsion in water. 41. A
conposition of matter conprising a nmulti-layer, dry filmlubricant coating

10 fixed to a sullgt paiiu-WHer @y TileAuBrieat: thadn@kefordip Yo blalriy & WhieteR Mid
coating conprises: (a) a basecoat |ayer conprising an al kaline earth netal
fluoride and araygrdaftice sqliiicomemhes peleatedfromdhe Broupaensisting df gtaphite, t opcoat

| ayer conprisin oy ' | i ; al kyl silicone resin
emul sion in \Natrg?l?bdfgxg'odg@%aéll%sdM"?Hg@a&@pr oviding a nulti-Ilayer, dry
filmlubricant coating to a substrate, said method conprising: (a)

appl yi ng a basecoat |ayer conprising 10-70% by wei ght of an alkaline earth
netal fluor de, 240639%6dmpositidryhf metter matitiyg a siry il hebricant icpatingfixed émai n
water, and water. - LG - I L5ing a
| ayer-lattice é’gﬁsﬁrﬁé’;{%\lﬁ%ﬁ)?ﬁ%#ﬁﬁﬂ%H%ﬁgggﬁg&?lg ichﬂgﬁrr‘%?tsall ggfxﬁ\e %/\égggllri%tﬁand (c)
dryi ng and cur iflngridsahdiarcdlagf sitigone gesin stmulshan igovatdrng on sai d substrate. 43.
The met hod of claim42 wherein said basecoat |ayer further conprises

xyl ene, anmmoni'um benzoate, and a wetting agent, and is-applied as an

cusous coal 19 SRS, SPHRGLSUM e ARG 20% I ML Gl g
emul si on i watfixed to g psttebwhersih endmultielpyed, dty fim keboeant @atitg camprisssum
benzoate; (e) 0.01 tgy abpulcofl 18RV eRbpRindeh kB AAER inetd Bloride 2hd WRERYL - 28
silicone resin emulsion in water; and
(b) atopcoat layer comprisiﬁg a layer-lattice solid and an alkyl silicone resin
emulsion in water.
15 . _
42. A method of providing a multi-layer, dry film lubricant coating to a substrate,
said method comprising:
(2) applying a basecoat layer comprising 10-70% by weight of an alkaline earth
metal fluoride, 2-65% by weight of an atkyl silicone resin emulsion in water, and
water;
20 (b) subsequently applying a topcoat layer comprising a layer-lattice solid and an

alkyl silicone resin emulsion in water; and

(c} drying and curing said coating to fix the coating on said substrate,

43. The method of claim 42 wherein said basecoat layer further comprises xylene,

- ' 25 ammonium benzoate, and a wetting agent, and is applied as an aqueous coating
composition comprising:

(a) 10-70% by weight alkaline earth metal fluoride;

(b} 5-65% by weight of an alkyl silicone resin emulsion in water;

(c) 1-5% xylene;

(d) 0.1 to about 0.5% ammonium benzoate;

(e) 0.01 to about 0.05% of a wetting agent; and

() water.
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8 Septenber 2003 44. The. nethod of claim4 2 wherein saiSépteoibe02003 ayer is
applied as a coating conposition conprising: (a) 5-65% by weight of a

| ayer lattice solid, and (b) 15-50% by wei ght of an alkyl silicone resin ,
emul sion in water; 5 4 5 The nmethod of claim4 4 wherein said |ayer lattice

solid is a menbey, R Meied of&ﬁiﬁlhbﬁwﬂir@iﬁﬁaiﬁ%tﬁ:?gﬂ%ﬂg i@,&gfﬂrcam@mc@aun

nmol ybdenum di sul fide, and tungsten disulfide. he nmet hod of claim

4 2 wherein sa¢@mi§i@p&9m9§§i@g= additionally conprises a_ wetting 'agent_.
47. The net hod o& g—@é%b @cx%%ggg%&qb%cé Qrﬁfﬁ?%d | ayer additionally

conprises a porosSit nduci
(b) 15-50% by weight of an alkyl silicone resin emulsion in water;

45 .The method of claim 44 wherein said layer lattice solid is a member
~ selected from the group consisting of graphite, molybdenum disulfide, and
“tungsten disulfide.- '

10 - 46.The method of claim 42 wherein said topcoat layer additionally comprises a
wetting agent. ' '

47. The method of claim 4 2wherein said topcoat layer additionally compnises a
porosity inducing agent. )
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