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Dry film lubricant coatings are provided by using a silicone resin binder, either as an aqueous emulsion or in a solveni—based system,
to fix an alkaline earth metal fluoride to a substrate. “The compositions used to apply the coatings may also include relatively mincr amounts
of xylene, ammonium benzoate, a wetting agent, and/or a porosity—inducing agent — although none of those additives remains in the cured
coating. Multi-layer dry film lubricant coatings are also disclosed, with the multi-layer coating having a basecoat Jayer as described above,

and a topcoat layer made of a layer-lattice solid such as graphite or molybdenum disulfide, and a silicons resin, aluminum phosphate or an
alkali metal silicate binder.




particularly to dry filmlubricants for coating netal-auigﬁﬁéMgég%ﬁkes such
as steel-, 10 titanium, nickel-, or alumnumalloy substrates. The
inventive dry filmlubricants can also be applied to non-netals such as
plastics, organic matrix conposites, and ceramc matrix conposites. 15
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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

i with a binder system are known. For example, a solid film lubricant including

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.



5 lubricant can withstand are limted. A need theref ores@gﬁ%ﬁbér%}og dry
filmlubricant that is easy to apply to a surface, has a substantrally
neutral pH and can w thstand hi gher tenperatures conpared to other bonded
m xed fluorjde systens. The present invention addresses this need. 8
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15 Articles coSPBRRTH iPrthenbordad mined flsoridmsyitags., TiendeseRitiindgoef coating
articles with aldiessésiNgntdgve dry filmlubricant coatings, are also ‘ ‘
di scl osed. In the nethod aspect of the invention, it is provided a nethod
of providing a nmulti-layer, dry filmlubricant coating to a substrate,
said nmet hod conprising applying a basecoat |ayer conprising 10-70% by

wei ght of an alkaline earth netal fluoride, 2-65% by weight of an al kyl
silicone resin 20 emulsion in water, and water, subsequently applying a
topcoat |ayer conprising a layer- lattice solid and an alkyl silicone resin
emul sion 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 filmlubricant coatings capable of operating at a tenperature of up to
1093C with good | oad bearing
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are generall resent in the agueous conposition in anounts ranging up to
70% each. pra ym@s gpitie, ?;'rr@qlgb@gmy disulfide, and/or tungsten disulfide.

15 Articles coated with the inventive coatings, and methods of coating articles with
the inventive dry film lubricant coatings, are also disclosed. In the method aspect of the
invention, it is provided a method of providing a multi-layer, dry film lubricant coating to
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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metallic substrates. Referring first to the single-layer, dry film lubricant coatings,

one aspect of the present invention provides an aqueous coating composition for

producing such coatings. The aqueous coating composition generally includes one
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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l'i cation net hods
app Most preferably, the szhconc 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-
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conbi nati on. agent such as ammonium benzoate are added to the silicone resin (emulsion or
15 solute) binder system to prevent “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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concentration ofuriagbyiiesAdcordidyty, GRFRASILY indfcind SRV brerdr My BILSANS
conposi tion generall maigncl udeiJ about 10 to aboﬂ%@%o wel Eg‘ﬂ% pg[%cent wat er .

15 I'n other entSHUFFRHESVPRBETORHALE QBCH: Moskprferokly gistporsitabout 10% t 0
about _35% by vindihip agaitel gigicfindiaRBougk Ao GANBolIBNT clSh gt 1281 0 of the

it ' : Rt- based
osition is.preferably about 0.3:1 to about _ Ve
ggggosition i nCHUGSLONS oF IFF oMPingHen. anpunt of solvent to dissol ve the

il esi n sofh eS8 Agent By bl PRI nent s of dhe 20
composi tion. The Ao sol _ge%?t_n P B g‘sﬁ%@fér‘f & Bt he
concentration direfefaply. G prreghicindecingnecuis proseain ahlanonntché ap tedbolasgh t he

iR ' %t 0. % (by wei ght)

I t conposigyi o to.about 80

ol vent . T ot her eaoq i bt AR ZROH 0ok iamorhe

si | i cone: sol verfreffiEgdgprd amaunts of beseenablowt %mgﬂ?% bjrnbafafg\hafgg%garpgsél.siln;?yaggut
.2:1. 25 The D .are prefera P

#1' >2<i ng the si }ﬁi@écfgﬂri]eg ' @gﬁﬁm?@%ﬁ nlg&?v% et ?ﬁéﬁﬂﬁ%‘?"ﬁé‘%@fﬂﬁﬁfﬁqm"fly R de

conponent s Yogdkkkto abpet 1:1.ndi cat ed above, it is preferable to mx ninor

Fosin omil si on. - ans ERa: FohoRf ABb Sufloss { Sieigl «PPur waer o shrmand m xt ur e,
Thor ough ni xijnghq &y n@fogmsm gf ﬁxﬁcmmi;cfs?rom ?lh@éslniﬁliljxﬁlagbiﬂ% ﬂe\;\bﬁ?ﬁ# Wi’ih gé}g earth
gg;?lerrye?o;l(mg%s a AhchHOEY Y Sl dsA0L! in the composition, however, the
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.



WO 00/ 53702 - PCTI US00106103 The sol vent - based cbnposit@qgﬁﬁ@ﬁ@y@mggerably
prepared sinply by mxing the silicone resin solids and the solvents and
then add the various alkali netal fluoride to that m xture. As indicated
earlier, it _is preferable to mx the mnor anmounts of the wetting agent to
the silicond"QSWH¥Mt ‘nmi xture. Thorough nixing i s necessar PCTES®GIT or n y
di sperse the alkaline earth nmetal fluorides, as they are only slightly
soluble in the solvent. The coating nay be applied by nethods known in the
art, including air-gun spraying or brushing the conposition on the surface

of a substrate, orThdispipemdatedeompmitins eRPRIAGH ffegm{ebﬁ("%wa%qﬂxﬁdg}ﬂ? The
.3 gm (0. m 0

hi ck f the.coating i. ically 10.ab bout
107 o O i | osEARX kot Skt Blvekis ant Bop s b satbus Skmeal fvdry . 6.3 gm
(0.2 nils) to abohitmiRiErairAs idicatid @Hier,308 pRRAMLe B flix tﬂé?ng, r &ndlicSdr O about
an

51 pom(2 mls), Af & coating the substrate is dried an cured ro fix the
coating on the HGESHTgRETT (PR siliconeiselyens miytuese JbpiobEinmitiheis wetehwdy of
coating a subst nsifeemW didpetsd ehe alialiAMERA W10 FluSPdeY SRt ELASE sition,

prior to coati n?"l‘h’ze' sgrf ceis initially gl eaen’gdg&t%ﬂg%?ee%g&%{ég% grease or
oxide films tha 5" °i9?‘@§%nt. The cleaning may be by any method known
to the art, includh8godtihgsialy B abdhied BYEERGE Mot ; ropriate grits (e.g.,
ceram ¢ beads and al um n% _ \%'\hi ?:l%lﬁr@er_r%ves ﬁ%ﬂo&vg& ﬁl%reretrﬁ%‘élﬁglggﬁ‘?'g%y oxi de
filmand roughetEaRHeT 158 éhercomppsitian anthe sufate ofg substeek)or dipAfg the t he

surface. |n Manfefa\@hioa&s id O Htbosii only needs.to b

cl eaned/ degr eased wi t hout Egr it Dbl ggfglpﬁ'g?ﬁgcfhgﬁgegs ?én%e f?‘?‘BP%VéHB???IYi n adhesi on
attributed t® t3heusip pedAdS milstierabovafl 0 pmt (8 enikn abiung.3iyen ARKY ffd o t NE
coating is pref Vi Al [ for .,about 30 mnutes, and is then oven
heat ed at terrpe%%taﬁléggg%mggoﬁg 95'6[82(%‘%5%%%‘ Ko © mifs) mpd@beut6OF) for at
| east 15 mi nut gsm (T2mikp@dtabild 5i find RSMLs ,uAﬁg}cgyt,-dgqh'@ L enper ature of
about 232C (450F) to.about 371 C (700F) for about 0. k%&%‘?dﬁ%&a"a out 2

hours. If requiEH 1P Ex hekoptinepndppsubsiiate.ons, the al kali netal fluoride

((:(i)gg 6 E )g t g an al soMuge FarfidulirlYe iR At d 6 BarkETRELAL Gt e about 704C
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%



1700F) for about 1.2 to about 2 hours in ai B S¥ptsthbdrPebs
:??rgtspgtzazg. (30 V\hZan the inventive aqueous or solvent-based coating <o
conpositions are applied as described above, the present |nyent|?n ﬁ °
provi des dr (Idl Lubricant coatings. In one aspect of the |$éggm;3\0
dry filml u%‘? ng%}tg coating conprises about 10%-8 8 Sept eﬁﬁ'@’lﬂ_ e
00/53702 - PCT/US00/ 05103 to about 95% by weight of the al kaline eart The
metal fluoride, and about 5%to about 90% by weight of silicone resi {1 (e
Xyl ene, ammoni um benzoate, wetting agent, and porosity-inducing agetn_ L
Vére included i i 2R At bycwsipsif theatkatine saeth met2 MBbrike] MdtdBguiSd £pGat i Ng.

' ' [ lti-layer dry film
A further aspec inventio rowdes a nmu )
I ublrjir cant cogt i g%ﬁhi'wg?gr}rlﬁ%??-ﬁﬁ}é?ﬁmt@g? ’l"ﬂﬂfg‘r HEPORER bsnggaisevesting agenly er

conprising an - aidmrdsieingiacing agent tibi Wdrb aicluded ANEe Reolb6Q5 oGt N DI nder
system as descr j.by -gla] VEied.ca d a topcoat |ayer conprisSing an I norganic
| ayer-lattice SOl ?%lan Categicﬁ%&g: As to the conponents of the topcoat

| ayer, the ihor gawi forthayepeet afttild Iﬁeseﬁahbdﬁtiap?r{aﬁgaﬁﬁpi%@egg@{#g%ez i gﬂlef ?& .

from.the group consis _ C
Ungst en_ di sut  PBECeRUTE o it Ry a8 e esgareoraysr catpransa
material s are sdkamt Eﬁtmﬁﬁﬂglﬂéﬂ%‘aﬂdm%ilﬁ&%ggiﬁtgg@%a&ﬁe% g@sﬁﬁgﬁ%gagé%,y
i . xa e,
el udes ol ybRGAHIEGR SHHeF AP sty s thaecoliodsty timtper at ores of
ahen_the cont od companent” ot oPfic FREGHIE B ek AR bt agfecfifdoen about
isto
316 and aboll - RESEOD CEBERES oneplamers mepoRelkid Somktedpelpoatsor coat o
opane or 204C (400F) to about 316C. The
conponent 1Is U&ﬁéiylﬁien@p diseiiae; t@ﬂ%{eﬁ d%f.llﬂ%P,oaHB aphife Pﬁ“{f& 80%%,8% but na
bi nder of the tqpcoat is preferably a silicoAe®resin- ut nay
20 be an al uni E‘ieﬁ‘métﬁﬁ%l% e gplecied hasidarion thettethpesathicaavhich Wbeae@n al :<al I Cum
. ; . i A 2 47 " botass
netal silicat e cohigobnedi o RpakEr AlltahBE! HdES Ll LOLUM I cate, PO
silicate or sodiumsilicate,  or m xtures thereor:
molybdenum disunifide or tungsten disulfide when temperatures of up to about

15 316°C (600°F) will be encountered. Graphite 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.



As to the relative amunts of the various conponents of gtdwtdimpbdrizobgyer
formulation, in one preferred enbodi nent the topcoat coating conprises
about 15- 25 50%silicone resin emulsion (nore preferably 24-40%, 5-65%
graphite or_other inorganic layer-lattice solid (nore preferably 12-35%,
and the remH¥&%ater (preferably 25-65%. Most pref er B@i/YS00A61896 xy| ene,
0.001-0.2% wetting agent, and 1-3%of a 10% sol ution of anmmoni um benzoate
are al so included as described above. Further, 2-10% of a porosity

i nduci ng agent such as glycerine may al so be 30 used. Wen solid silicone

resin powder i sothesewltablesolyer (most pebrératlyubai 1905%) COMRE S g}}gﬁﬁga 5- 25%
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i norgani c |ayer-lattice SO ,m%}’n"ﬂs bes‘f‘ﬂﬁ‘ilefji‘ ¥edapunt of xylene or -9 8
Sept enber 2003" WOAOAGIEBADRe RETWSHSAGHIGHAR P LRET meyi Jiﬁ&'ce%ﬁo%!r}ésgt (nost
preferably abou 9 i agent _and a porosity 1 nductng agent

t45t"7f@' éq.wett ng ag _
may al so be i néOUEYProedee] pdhe topdaliayesd Sugdvadessrarepraferablnnghdsiphat e or

al kal i netals sialioasts eanRing & 75865% 8} Wefghat i vel y be used in the topcoat

| ayer. Such bi nde[g\s aﬁe ?ref erably incl'uded in 5 anounts ranging from
25-65% by wei ght . A theympthed efcopiite apmbstnin vilytha meitbbyeratrg filt tubriédne

mul ti-layer dryodtink/hé SRfab€ Y sub&GRed ik Rdke rfac f. a strate is
first prepared as descri bed absgve beif.orep%eﬁgreé%sa%gcr%gg?bqvﬁg’gf?’mé&?mri si ng
the al kal i ne eXPYEFORdRISr compyising deg elkaling darttyeetsli fluotde(e and GwisilicBhender syst em

I s applied. Prefsafshdey systedei C |s th dried in an 10 oven at
a tenperature of about 83’7353%?1(8?%%? tp%rfeé%o ?ﬁelhf;?fo(aggmf)ls 'F'B‘Fd%ﬁtdlpé%lst about
30 ni nut es.!OCuPrHiRt rémncETE cEDOpl TEEETBY) toxbas i MPCLBSOFRMLh b4t a

t enper at ure of ) t. C (750F) for about 0.5 hour to
about 2 hours. a%%?%?%ﬁg&ha@ﬁg l)ssct)l]i egleaggogélprhlsé%%&fgp%??gzi]é%]éﬁrlS‘é%I above. The

second | ayer c&feragirp gl abotal7@iC (380tH) ceatmnt $a9°@nrboar) Fh bt . $hddign provi ded

é?ugﬁ .i ﬁgs g: i begb(%?@‘ﬁ@urs.-rﬁﬁteﬁﬁgﬁg? alsd BP ga?'r?éd) oult & cﬁerscrlb%d 21?0%.' ed by spraying,

The second layer comprising a layer-lattice solid and a binder is then provided
15  asdescribed above. The second (topcoat) layer is applied by spraying, brushing or
dipping methods as is known 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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substrate knovmgleleyes:[ arlll tﬁahrazgdeg%glts and nuts. The inventive dry film Iubricants can also be

applied to non-metallic substrates such as plastics, organic matrix composites,

15 ceramics, and ceramic matrix composites,

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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particularly load bearing surfaces or surfaces where adBe&sipwsnissr 2008t ting
wear 10 occurs due to sliding, rotation, or vibration notion of mating
parts. The invention finds particular application in gas turbine engine
conponents such as conpressor and turbine blade roots, and mating surfaces
such as cas€® ¥ %| anges, shafts and sleeves, and thr ea8E€HUBMIOE3 and
nuts. The inventive dry filmlubricants can also be applied to
non-netallic substrates such as plastics, organic nmatri x conposites, 15
ceram cs, and ceramc matrix conposites. Reference will now be nade to
speci fic exanpl es using the processesEgaMPiiped above. It is to be

under st ood that t |l es are provided to nore conpletely describe
preferred embodi men agf,ﬁg({a?éao?lﬁ?fuoﬁowasi"?ﬁgf’ YF%b‘P‘Bgfl'ﬁ’eng%BﬁéCQmPOtﬂﬁés
i nvention is intghdéxinghe8% byriund Neorkiarh edcibndiveAle 2048hiRbrEdadUeous and
20 sol vent - baseg][n 9 ?iktﬁ}?jﬁﬁwf %ﬁg{ oviding a dry filmlubricant coating
that are obtainée %B 9] eﬂ?&fﬁﬁ“@ﬂ'@“ﬁﬁ’éﬂ@&ﬁé&%éﬁ‘p@l&nts
t oget her. EXAMPIOH1% pllyctetipodisied gifdeaSigol ﬂo,yg,ﬁ_éwgﬁqF a%xt,ggw%%%grtahe

uor i ae, 0

foll owi ng conponents. ' 25 with m xing: 18% bariumft cal Ci um
fluoride, 24% sPYf &5kt pegentbasislihesasting wpy appliediBOEyay-mndpdgdtiontet , al | on

a wei ght per centvab@fdsnd flved toGR&iddWe ' .ay-gun.appl i cation,
and was dried and cured to proggi de a dﬁ%ﬁ%\?ﬁﬁgdp%g?tﬁm%rﬁc%é?é'%gpﬁrﬁ%re,le%ti ng
properties even®Hf FHIOSURREHPeratuestineisessof 3P&S. i n excess of 300C. 30 8
Sept enber 2003 WD 00/ 53702 - PCT/ US00/ 06103 EXAMPLE 2 An aqueous
conposition_was nmade by conbining the foll ow ng conponents w th m Xing:
18% bari um ¢ uori de, 10% cal ci um f | udEXAMPLEIY si | i cone resin enul si on

(Silres MbOE), 1%axWaedMs cdmBRITRW.LH e . 18\% lytion), 5 .001%
pol yet her - modi f i ed dik.lrret b T f}?ﬂ oxaﬁgg%%?ﬁ%bﬁnglg%t § FRlow g LRGBS or  al |
on a wei ght per ¥éhmieg| 4% mrameoridadOfaccyp fnetic) 0% pilidtre G
appl i cation, angmuision (Silres M50E), and 10% water, all on a weight percent basis. The

coating was applied by spray-gun application, and was dried and cured to provide a

15 coating with superior lubricating properties even after exposure 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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was dried and cured to ‘provide a coating with superior Btﬂeptemgdgéggozio
properties even after exposure to tenperatures in excess oi 300C.

EXAMPLE 3 An aqueous conposition was nade by combining t hef I o] Q\c/im ng20(y
conponent s »W)Bo'?s L.Xi ng: 40% barium fluoride, 30% cal ci um L U(S)élllﬂﬁgiﬁ ¢ 0
silicone resin gﬁﬁl sion (Silres MbOE), and 10% water, al PCH®! gd -
percent basis. The coating was applied by spray-gun application, an

dried and cured to provide a 15 coating with superior |ubri ]E:aglog% S AVPLE
properties even after exposure to tenperatures in excess 0O :

4 An agueous corpBEVidE 8roatiag withdepdopr mbrititing pHptfies &veh LAY RGospRITPONent s 20

] 1 Xi j i i ide, 40% silicone resin
with mxing: 279 bl [ %calcwmfluorl , .
enul si on (%i I resﬂf3 0&8{?} %‘%Q%ﬁ%gfﬁjeo,olé% anmoni um benzoate (10% sol ution),

. 001 % pol yet her-nodi fi ed di net hyl pol ysil oxane wetting agent, and 7% water,

[ [ ' i ed by spray-gun
| on a weight percent basis. The cgating was app _ _ _
lepl I cation, gnd IOwas dried and curedﬁ%mlﬁde a coating with superior

) i ; excess of
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even after gxposure o temperatures in excess of JUOCTEX -2

pplication, and was dried and cured to provide a coating with superior lubricating

properties even after exposure to temperatures 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%

- 13 -



5 An aqueous conposition was nmade by conbi ning the foll 88apteromsroognt s
wth mxing: 18% barium fluoride, 10% cal cium fluoride, 24% silicone resin
enul sion (Silres MbOE), 1% xyl ene, 1% amoni um benzoate (10% sol uti on),

. 001 % pol y%&&ps:,, di fied di met hyl pol ysil oxane wetting agent, 2% gl ycerine,
and 44%water, all on a weight percent basis. The coati n§CWHE0QMMOB | ed by
spray-gun 10 application, and was dried and cured to provide a coating with
superior lubricating properties even after exposure to tenperatures in
excess of 300C. EXAMPLE 7 An aqueous conposition was made by conbining the
fol | owi ng conpoMdffing Tesitspayiden(SitresiMig), a&760% aylensuli bzua)%%ﬁu pek&¥e K@sCi um
fluoride, 40% sThéd &an Wty [ﬁ;p! 1.0 Silres MbOE), 10% gl ycerine, and 5%
water, all on a wei ghfg%_gsrsdggiﬁ? bgzdb’sg.an%ﬁ%lm@%?i‘t PG> Yhesied arel qusefl ey spr ay- gun
appl i cation, anBfoWds agpatiae withgurenioekibritating pybidies svek AidrieRgbstlel) Super i or

| ubricating propgptiftesqYSe&lr8hpepXPOSUre to tenperatures in excess of
300C. 20 EXAMPLE 8 An aqueous conposition was nade by conbining the

fol | owi ng cohponents with mxing: 22% barium fluoride, 15% cal ci um
fluoride, 40%silicone resin enulsi %Qf@é\ibl res MbOE), 5% xyl ene, 3%
anmoni um benzoate (10% sol ution), 25%3@¥BLEdPyet her - nodified

di met hyl pol ysi | oxArrelvesttbasaigoapesition az&%]ﬂiem%ﬁ]ﬂﬁmémdfouﬁ?%n ter, all on a
wei ght percent i The coati s, appliéed by spray-gun “application,
and was dried aérgf éﬁ?néde%omﬁ?%ﬂg@@"e@efgloﬁées\ﬁpéw&bmmmdejlﬂ%i cating
properties eversilioteresiaxppedati(SihcOMKDITDEIB bbLESeL HofXGeSS of 300C. 30

% .

EXAMPLE 9 ol yent - based conposition was made by conbi ning the foll ow ng
conponent splv(\%l!S t h&{%‘%ﬂﬁ ysl %egg‘?"i“lﬁrﬁgf'”l“u@di@& xy1€9%6 allainci weigiitipeehithasis, 12% - 13

8 Sept enber 200Bhe 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 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.

-14 -



WO 00/ 53702 PCT/ US00/ 06103 silicone resin powder (Silres Sedemtando6d%

xyl ene, 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 lu 618%%?’0 g properties even after exposure to tenperatures in
excess of 3 g MPLE 10 A sol vent-based conposition REEUsRGelhy -
conbining the following conponents with m xing: 18% barium fluoride, 10%
calciumfluoride, 12% silicone resin powder (Silres M), .001%

pol yet her-nodi fi ed 10 di met hyl pol ysi | oxane wetting agent, and 60% xyl ene,
all on a weight percent basis. The @&XAMPIRMEss applied by spray-gun
application, and i red to rovide a coating wth superior

| ubri cati ng propeﬁ%é%meggﬁég%@r%@yﬁgssﬁ? lfyd:omt%é"ll‘b%ﬁhéf‘ﬂ]loé@gi n excess of
300C. 15 EXAVPL®mpongots with exting abisel barmmpisdride O M edcit® kY. §94DI ni ng the
following conp ' | %dkNga 27% bari ym fluoride, 18% cal ci um
fluoride, 20% gpﬁﬁ%?ﬁg éogvsdg} neéﬁ}&"?\/a@?” &ia?}f%gﬂmé S8hyyismyabon ameightl | on a
wei ght per ceht pasingbasisTHbe caming ngs APHcEPPo BN apRaAYs QH&"'WQQ@,JFJdcati on,
and was dried a&%cﬁ%‘eﬁ%’ t0: 5. 20 aFr ovi,ge a coating W th sudperior Iubricating
properties even Sftor SR9SEHALOIRE Wilh tpestior inbHealing propericsevsh aBOOC. EXANVPLE
12 A sol vent - baspdswomnaspdratons wWaskcddR8e3dpycconbi ning the fol | owi ng 25
conponents with m xing: 27% barium fl uoride, 18% cal ciumfluoride, 20%
silicone resin powder (Silres MK), .001% pol yether-nodified .

di met hyl pol ysi | oxane wetting agent, aRANPPgy! ene, all on a weight percent
basis. The 0coati ?\% gas appl i ed by spray-gun application, and was dried and
cured to plbvi de”=OBEHRaNG SRmPRSiELE?s made|byispinbintrignie fotlowiEt i es even after
exposure to 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



30 tenperatures in excess of 300C. 8 Sébtenber 2003 WO @(E@Eeg-megzog%nbi i ng
PCT/ US00106103 EXAMPLE 13 A sol vent - baseg(ycgrrppm t:‘?ﬂo\rl\?gemlg% zzlal omb! !
W n conponents W th m xing: 18% barium .

1EIhEo]; ?lolle0 1%\(?/6 O%SJ:TEcone resin powder (Silres M), 2% glyceri ng, m{;lir;d 58%
xyl ene él I on(l a 'v(\)/ei ght 5 percent basis. dThe cgatl ngr\glsisdgp'guclgat i ﬁg ith

: ' ' dried and cure o] \
spray-gun application, and was o ey arued It

[ bricatin roperties even after expos e

Zggg;;ogflgooc EXA%/PEE 14 10 A solvent-based conposition was nmade by

. NN ' i de, 10%
conbi ning the f H{I?Wﬁgmfimﬂdem:@tm Mhmli’en(ﬂﬂéllulbﬁl:iiaifh%ﬁr;dpbi‘ggi %}{éﬁ) Lhdle
cal ci um f 1 uori dexpohigto iy rﬁtg%?g}{s%%és@ OPg&a@tt

: [ 2% gl ycerine, and
-nodi fied dinmethy oxane’ ing agent, o glycer ,
Eglyg/i;[/lhg:lemal | on a weight percent basis. The coating was applied by

' ' [ red to provide a coating with
ray-gun application, and was 15 drw cu (
:3pe¥i gr IuBIroi cating properties even EE(—:1>?posure to tenperatures in

ugoud Borndpasivion eiak mRAS B BMRASIHE FQRWRS.JBde. by

conbi ni ﬁg ?g%e)c%gﬁmw 2?5@1?:) opent s w?ﬁcmxuﬁ%; 21% b__?b“r%"f“?“u%ru de, 18%
cal ci um 1 uori de, %)gbgm |‘fc‘”’61’r}‘§1 ﬁ'&’&dﬁ Ipuicpspurp Qwrnct@ssmymcdr@%g: iyggr we,
and xyl ene, al | enyHsion M@gﬂsom,e{j%ﬁﬁﬁnebgﬁhaﬁﬁorﬁggn ?%E%%tg\%o\al\@%&sacg Yng wi th

-gun appl i ) ne ie | . \
SUperior 1 ubri coriagoys fapetiied @%y@pw@mxmmgeﬁ?wﬁﬁy._n
excess of 300C. on2EwdiXAlBicEnt bsid\ mlc»sat};g-@‘Q§sﬁi59%g1ggrsa§,gun A LT
conbi ni ng tnﬁ f@ésld%\é\égr%cured to provide a coating with superior lubricating properties even

after exposure 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

emulsion, 1% xylene, 0.01% wetting agent, 1% ammonium benzoate (10%
solution), and 44% water.

25

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.

-16-



conponents with m xing: 22% barium fluoride, 15% cal ci umddptsamnbete0020%
silicone resin powder (Silres M), .001% pol yether-nodified 30
di et hyl pol ysi | oxane wetting agent, 10% gl ycerine, and 33% xylene, all on a
wei ght percent basis. The coating was applied by spray-gun application, and
was -15 8 SHPL¥RIEY 2003 WO 00/ 53702 PCT/ US00/ 061 03 dri extTavsdoeseed -t o
provide a coating with superior lubricating properties even after exposure
to tenperatures in excess of 300C. EXAMPLE 17 5 An aqueous conposition was
made by conbining the follow ng conponents wth mxing: 25% barium
fluoride, 15% cal ciumfluoride, 30%silicone resin emulsion (Silres MOE),
3% xyl ene, 2% amoni um benzoate (10-12% solution), .003%
pol yet her-nodi fi ed di net hyl pol ysi | OXQWE%Q agent, and 25% water, all
on a wei ght per ceAh abasiscombPogiti6OFhd b ray-gun

aoe T lﬂgdev@%oal@ﬁlldg‘jge MO@R‘IE%%E%BPW Yuperi or

application, and_10 zg%s%g;lﬁ%d and cured to provide a coa

| ubricating prdp&FEi e 7 Spkaes %o and/er €t ¥ siliedne restn énnigagess of
300C. EXANPISE 18 A¥leral06%% Sy Sittd ; ini.ng the follow ng
conponents 15 wth m xing: 25% bari uc}?n ?i UOIP%,EZ‘%E%/QQ%F%{&H fapﬁgﬁ”i de, 30%
silicone resin ¥n (Silres MBOE), 3% xyl ene, 2% ammoni um benzoat e,

. 003% pol yet her- nodified di net hyl pol ysil oxane wetting agent, 5% gl yceri ne,

and 20% water, all on a weight percent basis. The coating was applied by
spray-gun application, and was dri edXAMPIdI22d to provide a coating with

superior |ubricat AfRguREAREHb fter 20 exposure to tenperatures in
excess of 300C. EXA%DLE 19&%&3%“%%32%8%258@ If’inéﬁh‘?\/ﬁéo‘?‘?ﬁﬁémﬁl}ﬁmé@iﬁblf ning the

fol | owi ng cBnp&HEREs24% banikink fineride22%0(aBs, BEMEFY 049 ABicor%e SrERu1sRY@ MIF2
andfor CeF2,  24% )1duk 599% “R&HE 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-



25 emul sion, 1 %x'yl ene, 0.0l %wetting agent, 1 % ammosiSsmdpesszeade (10%

solution), and 44% wat er.

EXAMPLE 20 An aqueous conposition was nmade by

conmbining the follow ng conponents by 30 mxing: 32% BaF2, SZA;/CaF:[ZJ,[ i ErBI%
MyF2 and/ ory,Gefe..,,40% silicone resin enulsion, 5% xylene, 0.2% we g

agent, 3% ammoni um bénzoate (10% sol ution) and the

bal arR€87ugae/es103 - .16 8

Sept enber 2003 WD 00/ 53702 PCT/ US00/ 06103 EXAI\/PIBE 21 An aq;goo/usBagtz)rrpgos/(i) tion
ining the follow ng conponents by m xing () ,
o W CogﬁldlmorgOeFZ, 32% silicone resin emulsion, 5 3%xylene, 0.03%
2% ammoni um benzoat e EXAMRIEA6i on) and the bal ance water.

Ltion. by canbi ning the foll ow ng
aqg URQH@@&%&Q%@&B@%&}O&%&S lrirnaa & by é?m@@g]égﬁglkgmmg/g F2, 24%

CaF2, 5% MgF2
wetting agent,
EXAMPLE 22 An
conponents by

10 m xi ng: 249 uorl

silicone resinCEMBPIENESHY mikigx §2% BaF2, B Z0CaFY) 896 MaF) GndA@RiE,, 2bo %

benzoate (10%
15 An aqueous

emul sion, 5%
solution), 5%

sokHLAn )59 iy%ne%é‘?%ri n and the bal ance water.

ni um
LE 23

e, :
conposi ti on “was' rade By EEgHEi "}’Ffjﬁ‘@”{aﬁé"@fﬂllfff@w ng coimr::onents by
I Xi ng: 9 d/or CeF2, 40%silicone res
el o1 32%SBa)I;2/|, eﬁoeA) CgFg% \ie/(; {\/?Es gégg@ BW%_]gmmni um benzoate (10%

i ne Ikt %er

glycerine, and the b

20 25 EXAMPLE 24 An

agueous conposi t i dsolwas-bawd eothyostiRAiN 8 iage B}h&ﬁt@ﬂihg%@&m&?ﬁ?onem s by

10

15

20

25

30

components by mixing 28% BaF., 7% Cal, 5% MgF, and/or CeF,, 16% silicone

resin solids, 3% xylene, 0.03% wetting agent, and the balance toluene.,

EXAMPLE 28
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, 1% glycerine, and the balance
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

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
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
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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m Xxi ng 28% BaF2, 7% CaF2, 5% MgF2 and/or CeF2, 32%sili egﬁ'mternaﬁérlzoeiﬂmlzos/; on,
3% xylgene 0. 03% wetting agent, 2% ammoni um benzoiat e '518/0 sgl gf)lngg)m 2%
i ne, the bal ance water. EXAMPLE 25 A sol vent - ase :
o ycrenraldgeb e ng the follow ng conponents by m xing: 24% bari urln o
:‘A?Sori de %mi%B% MyF2 and/or CeF2, 12%silicone resPﬁT@Gﬁowdm;Od?, ?/\D
X :Jene 0 01 %vve'éti ng agent, and the bal ance xylene. 8 Septenber 203 W
00/ 53702 . PCT/ USOQY 06103 EXAVPLE 26 A sol v_enft-basgtzj(ycgglp;gm tion was mac
i ni he follown conmponents by i xi ng: 0 , 2,
%F‘éogﬁh /nlo pg C;[jFEonqu%‘?qﬂ%‘éidﬁ@gﬁﬂpgwmosmelvg&ing%l myi?@g,gg,g,gzgg?gv%gyi : tnigOn -
: LE 2 .sol vent - ba S
made by conbi i hg- s he o aar eeE TG SoBl ey s 0eg BRI CaF?, 5%
MoF2 andi or Core: Ve et 'th’supﬂidédg;gc%\%gﬁ%/%mgs g%ge %gerrposi tg i on
ne.. 10 ent - be :
aggntﬁidgngyt Egnﬁhﬁg%tﬁgﬁ#ﬁ}ﬁ%‘%ﬁeﬁ&es% n%nt; by mxing: 24%; bgrl ulmo/
:‘I\?uori de, 3% CaF2, 3% MyF2 and/ or CeF2, 12%silicone resi nlgoN:EKs, EXA(I)\/PLE
xyl ene 0 01% wetting agent, 1% gl yﬁﬁgéne and the bal ﬁncfe oM n.g
29 A sol vent-based conposition was Wﬁ%éﬁbl ning t eCeIC;Z wng o
0 Temi 1 Sol | o Syl one 0 S on e U R Sl BrB e ¢ ne
§O| resi nt 2?Lgﬁzoasé%of%lo§§§d is?dac?ie %cvc\:grding tg any of exémplcs 1-30. That layer is then
al ance .

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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"EXAMPLE 30 A sol vent-based conposition was nade by conbp Bepnidee 2004 | owi ng
conponents by m xi ng 28% BaF2, 7% CaF2, 5% MgF2 and/or CeF2, 16%silicone
25 resin solids, 3% xylene, 0.03% wetting agent, 2% gl ycerine and the

bal ance MEKy EXAMPLE 31 A nulti-layer coating is provided as follows.
First, an aqueous or solvent- based conposition is nade RINWPEX 0 -any of
exanpl es 1-30. That layer is then 30 dried and cured as descri bed above.
Then, a topcoat conposition is made by conbining the foll ow ng conponents
with m xing: 25% graphite, 30%silicone resin emulsion (Silres MbOE), 3%
xyl ene, 2% amﬁ?‘gﬂﬁi%é%%é@@@}e.re@@%wdrs(eeg.,%pemaroomq,mmeg%gﬁz@z .

PCT/ USCO' 06103 giki9lbREitdrRsh fd J yk pol.ysi | e wetting agent, 5%
glycerine, and 35% ?Fv?/a?elr Th\{e’ét?%p%géﬁgt?’sg_ll}%ﬁﬁ%’ @Hpﬁygﬂf”}fy;]"@ﬁgpp&%l i cation,
and is dried arfaeRbiedly sRsay-proapplietion,mad i dried Yot cue QP ipRe/idd £ RuSURRE | OF

| ubricating prapRgdd . exposure to _tenperatures in excess of
300C. 5 EXAMPLE 32 éA@uﬁ?‘%%"éﬁ%“é&’f&?&“’F §VSBrAGT FRasusR toftepesatates /i r st, an

aqueous or sol e&pess ob¥HE conposition is nmade according to any of exanples
1-30. That layer is then dried and cured as descri bed above. Then, a
topcoat conposition is made by 10 conmbi ning the foll owi ng conponents with
m xi ng: 25% graphite, 15%silicone EEaMpOwler dissolved in sol vent
(Silres MK in xyl t ol uene .or MEK), .003% pol yet her-nodified
di et hyl pol ysi | ox‘gﬁgq%glfstﬁoﬂgoﬂﬁ%‘h‘f’?s%%egﬂ’fe@?iﬂ%&f wfelloGd¥comporene. The
topcoal |5 applwidtinisings ES@\agun ALY, 80%isondith Lwlich B A sy ed 10

p

provi de a | ti.-] ayer ating Wi th superior lubricating pro ‘es even
after 15 e@gos&r"ex g% gg’rﬁt? é@%ﬁ@é‘“?‘h" SRERNU berg00E..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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EXAMPLE 33 A nulti-layer coating i's provided as foll ows8 Septetiher 20031queous
or solvent- based conposition is made according to any of exanples 1-30.
That layer is then 20 dried and cured as described above. Then, a topcoat
conposi tionJs Or)gﬁg)g by combi ning. the foll ow ng conponents with mxing: 5%
nmol ybdenum or Vridéten  disul fi de, 30% silicone resin enuPst/osof&iosr es
MbOE), 3% xyl ene, 2% amoni um benzoate,.003% pol yet her-nodi fi ed

di et hyl pol ysi | oxane wetting agent, 5% glycerine, and 55% water. The
topcoat is applied by spray-gun application, and is 25 dried and cured to
provide a nmulti-layer coating with suE¥XAMPLE3¢ricating properties even
after exposure to zmaggig 1 n.excess, of 300C. EXAMPLE 34 A nulti-Ilayer .
coating i s provided as%%%%ﬁ%%fdo i“;agtmaaahy SQyeRiping thsifoliawingenmBoetased
conposi tion is F&HEs Ve Ers H2fb sidicamyed eaxBioR) 26 x1zm00.030 et AV8L,, S then
dried and cur EdZ%%ﬂﬁﬁxﬁfnﬁp&gm@é’ﬁpg' Then, a topcoat Conpositl HeF made by
conbi ning the foll ow ng conponé OW‘{[‘HHW%&K@PHWG%%bPMMW@I tungsten
-19 8 Septenber 2003 WD 00/ 53702 PCT/ US00/ 06103 di sul fide, 15% silicone
resin powder (e.g., Silres M), 003% polyether-nodified

di met hyl pol ysi | oxane wetting agent, EEdPne, and 50% xyl ene. The

topcoat is appli éd ahyeonpeanpogitibn ARPLESE : i ried and cured to
provi de a mul til?dxﬂ{vgelr ﬁ%a{#fg Wi th super)}i%tﬁlbll U%I %:g({lgﬁﬁ’%oﬂ’ﬁg?eﬁlfséﬁ( even
after exposure 10 Bemiebaiogi’Eain S %silicopetesin bind80 8%, xyRXANTIFE, *BuifAp agueous
conposi ti on wasagemd2% asnnearnibd Rinbehid 0689 Bl onponen wi th m xing:
45% bari um {J uoride, 40%sil i cone rdgsi nsglé!#gWé?%ﬁ?y(cgﬁer @‘é&tﬁﬁbﬁ-",ce 10 1 %

xyl ene, | % of a 4% sol uti on of anmoni um benzoat e, .003% pol yet her nodified

di et hyl pol ysi | oxane wetting agent, 2% gl ycerine, and bal ance water, all

EXAMPLE 41

An aqueous 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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on a weight percent basis. The coating was applied by S Bl teiibr 2003
application, and was dried and cured to provide a coating wth superior

| ubricating properties even after exposure to tenperatures in excess of
300C. 15 EXAMPLE 36 An aqueous conposition was nade by conbining the

foll ow ng conponents by m xing 28% BaF2, 32% silicone resin enul sion, 3%
xyl ene, 0.03% wetting agent, 2% amumiippdenzoate (10% sol ution), 2%

gl ycerine, and the bal ance water. 20 EXAMPLE 37 An aqueous conposition was
made by conbining the follow ng conponents by: m xi ng 50% BaF2, 32%

Densonte (oot Lol Ehfas KL REonlo0 R pHElinBY YA areh BB AR ¢ 36

An aqueous Q@ﬁpmmt@mmsmgaﬂﬁobyoﬁpﬂ@hgn ng the foll owi ng conponents by
m Xxi ng 28% CaF2, 32%sijlicone resin enulsion, 3%xylene, 0.03%wetting

agent, 2% anmidhitOri0fehy Watekt pkaline eartimesal fluaridey| yceri ne, and the bal ance
water. 30 8 Sep [, .2003 3 . PCT/ US0Q/ 06103 MPLE 39 An
aqueous conposi®] g"%gﬁﬁwﬁﬁht\e/’}?%%ﬁ‘@'ﬁ?ﬂeﬁﬁq ¥R P SRRrG Component s by

m xi ng 50% CaHg) wafko si |l i cone resin enul sion, 3% xylene, 0.03% wetting

agent, 2% anmmoni um benzoate (10% sol ution), 2%glycerine, and the bal ance
wat er. 5 EXAMPLE 40 An aqueous conposition was nmade by conbi ning the

fol I owi ng conPRNQNESatfA% composition according to claim 1 wherein said composition
10 includes about 20-50% alkaline earth metal fluoride.

3. A coating composition according to claim 1 wherein said alkaline earth
metal fluoride comprises a member selected from the group consxstmg of Ban,
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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m xi ng 12% BaF2, 3% CaF2, 5% silicone resin binder, 3% g\Wephenbd? 20850
wetting agent, 2% ammoni um benzoate (10% sol ution), 2% glycerine, and the
bal ance 10 water. EXAMPLE 41 An aqueous conposition was made by conbi ni ng
the foll owi ng conmponents by m xing 12% BaF2, 3% CaF2, 65%silicone resin
bi nder, 3% xylene, 0.03%wetting 15 agent, 2% anti-rust agent, 2%
glycerine, and the balance water. Wiile the invention has been illustrated
and described in dét Aidoaling compesitigacegrdintenmiiint 1 @herein\RicARR deSaltl e
considered as i]| rative and nqt ictive in character, 1t belng
under st ood thatmgﬁ‘fb“?[ﬁ B%?’BP%?"PBHS@ ‘ments have been 20 shown and
descri bed, and that all changes and nodifications that cone within the °
spirit of the invention are desired to be protected. 8 Septenber 2003
CLAIMS 1. Af aguedisAceatinggompesitei adcomdifgo qhainvi wherginaaidl alkdlink Bafykbr i cant

coating to a s t aid.co j 4 Qn conprising; 5 (a) 10-70% by

wei ght al kal i ne&g%“lﬁprﬁﬁ‘gﬂm?rl’ﬁf)%be 2-65% by wei ght of an al kyl
silicone resin emulsion in water; and) (c) water. 2. A coating conposition
according to claim1 wherein said conposition 10 includes about 20-50%

al kal i ne earth netd Acpaéng eempasition asoomdingto claimolswhérein saidcdkaling gatile C! ai m

1 wherein said &Lm‘&é}?dﬁg‘?%%}ﬁgggg%bé\%“ de conprises a nenber sel ected

fromthe group Consrs *CeF2, and MgF2. 15 4. A coating
conpositiongaccording to claiml wherein said al kaline earth netal _
fluoride conprises_BaF2. 5. A coating conposition according to claim!]
wherein said al ka3 cagiing.composiiansgccondingtp ¢lrimdrphdrsin said-2BmBaith

metal fluoride comprises 10-18% CaF,.

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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6. A coating conposition according to claim1 wherein sgigdpfinktRlrbbgs ear t h
metal fluoride conprises 15-40% BaF2. 25 7. A coating corrp05| tion according
to claim1 wherein said alkaline earth metal fluoride conprises 28-50%
BaF2. 8. A coating conposition according to claiml wherein said al kaline

earth netal flugeAecsHEioniRsinbd aggo{ﬂlﬁélf@claﬁxql%rheﬁxﬁ?ﬁ%i'aﬂ&hﬁé’m' tion

according to claim1 wherein said alkaline earth metal Tluoride conprises
CaF2. -22 8 Septiefbmridecomptices 38 oaight G Balipaondi #-3oweizhc@ir GaFyg to clai m |
wherein said alkaline earth netal fluoride conprises 3-50% CaF2. 5 11. A
coating conposition accordi ng to claim| wherein said al kaline.earth netal

fluor i de compri sep Rodfifymposition bhdidmk kOBLAERTRAR G AdRGRRCLAR, L0 Clai m

| wherein, said alkaline earth netal fluoride conprises 2. 10
13. A coat dng mciakﬂmndmmwhﬁ—ﬁ%t&n&lmdrﬁ&l%@a& n said alkaline earth
metal fluoride conprises 10-18% CaF2. 14. A coating conposition according
to claiml1l wherein said alkaline earth 15, netal fluoride conprises 1-20%

MyF2. 15. A coat nmeg&m@%dm@l@a%&&aﬁg 16 Siafth Awelei BB AREL AR kol | ne

earth metal fluoride conprises 3-1 A coating composition
according to dnaﬂlrﬂuondmommsssé-ﬁ%l&&fu 3}62%6[3:&?3, &ndﬂt-w%fMgB[I de conpri ses
4-6% MgF2. 17. A coating conposition according to claiml wherein said

aI kaline earth pmetal fluoride conprises 1-20% CeF2. 25

10 23. A coating composition according to claim 1 wherein said alkaline earth
metal fluoride comprises 24-32% BaF,, 3-10% Cal,, and 3-8% Cer.

-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 accerding to claim 1 and further mcludmg uptol15
weight % of an organic solvent.

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



1$. A coating conposition according to claiml wherein g&@cgtemidenbdo® earth
nmetal fluoride conprises 3-10% CeF2. 19. A coating conposition according to
claiml wherein said alkaline earth 30 nmetal fluoride conprises 4-6% CeF2.
-23. 8 Septenber 2003 20. A coating conposition according to claiml
wherein said alkaline earth metal fluoride conprises 5-35 weight % BaF2
and 5-35 weight % CaF2. 21. A coating conposition according to claim1l
wherein said alkaline earth 5 netal fluoride conprises 18-27% BaF2, and
10-18% CaF2. 22. A coating conposition according to claiml| wherein said

al kaline earth A% Alcoptingaomgesitioprpoedrdins ta3:l860b Bhdrein s3d 2a¥ngabdgosand 1- 16%

MyF2. to 23. A il hdi r g .0 claiml| wherein said
al kal i ne earth%%‘%ﬁg%ngégﬂi?%gog’rsgﬂf%%ﬂé%‘s@%ﬁ?ﬁ% 3-10% CaF2, and 3-8%

CeF2. 24. A.coating conposition according to claiml| wherein said al kaline
earth metal” fluoride conprises 3-35% BaF2, 3-22% CaF2, and 1-16% MgF2. 15

25. A coating COTTQQSAchﬂIhf% §iti6s atRrdih @t el hefein §ad dodirigal | ne earth
metal fluoride conprises 24-32% BaF2, 3-10% CaF2, and 3-8% CeFZ. 26. A

coati ng conposigompesiivadughen inclusies pbour00 1 Fhterabiont 3% of 2 weiingagenbrposi ti on

20 conprises 5-30% 94 Ié aItinmcl i cone resin enulsion in water. 27. A coating
conposi tion accordf‘ng G PEPRRSHoORRETstRE Daelaimy b apd Aythen Aesersisinigatylene,

conpri ses 10- 28%smhiayn beidater ante arve:Bing ageRl| Wiebdin bdid WRkiBE comdpdsifiBn chhsiRat i NY
conposition aC%&F&iaﬂ o0 claiml and further including up to 15 weight %
of an organi® sol'vénf. 29. A coating conposition according to claim 28

wherein sai d or gagiy’ o=Rjey B weight of ¥d ARQinerth metal fluoride;
() 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-



8 Septenber 2003 30. A coating conposition accordi ng togdeptdmberanosei n
said coating conposition further includes about 0.1 %to about 10% of an
anti-rust agent. 5 31. A coating conposition according to claiml wherein
said coating co 8§' tcdjﬁf further includes about 0.01 %to about 5% of a
wetting agent. 38)URIUIPREURGRIENt i on according to claim| and further
conprising xyle i : a wetting agent,- wherein said
coat i ng conposi ?@olrl—4gon %E?ﬁ?gaggggﬁt%gﬁl y of . (a) 10-70% by wei ght of an
al kal i ne earth nfgdaaterl uori de; (b) 5-65% by wei ght of an al kyl silicone
resin emulsion in water; (c) 1%to 5% xylene; (d) 0.1 %to about 0.5%
ammoni um benzoat3g; Al®aiirg) canmition eccalsiingt to(:ldm% ofd furthet dopgsiag &plene, and ()
water. 20 3. [ j ti cording ta clajml.wherein said

coati ng cgrrp%@fltgf?gﬁr} ggﬁ?@?ﬁ%ﬁﬁ Iayg}(%%%%ri? e%‘!s ‘g@%g% 331/& et cgppogition

por osi ty-i ndutdmigisesgent. 3 4 . A coating conposition according to claim3 3
wherein said coa(tﬁ} 2 sition conprises 2-10% of said porosity inducing
agent. 35. A coa ﬂ% ZW'H on according to claim3 4 wherein said
porosity 25 i ndughpg-18958ChE). s 9l ycerine. 36. A coating conposition
according to claim1l and fufther conprising xylene, anmmoni um benzoate, a
wetting agent, afedl 28-4pUratigi sificdna chsini englsiogentvateher ei n said coating
conpositi (f@ cons't@tls sscfnti.al ly of: (a) 10-70% al kal i ne earth netal
fluoride; "30 (b) -6% b silicon resin emulsion in water; (c) 1-5%

xyl ene; (d) O0.1-@) GYEITUIMOnB/ Feh2bste: : -

() 0.01-0.02% wetting agent; and

(g) water.



-25 8 Septenber 2003 (e) 0.01-0.05% wetting agent; (1) 8Sépféneroeddy

i nduci ng agent and (g) water. 37. A coating conposition according to claim
| and further conprising xylene, 5 anmonium benzoate, and a wetting agent,
wherein said coating conmposition conprises: (a) 18-27% BaF2; (b) 10-18%
CaF2; (c) 24- 400/6aIAkm{ﬂnsh3}e'r @Q)I’liﬁml’lﬁl&icanteﬁmhgjdbﬁ)phﬁngslat er; 10 (d) 1-$%

xyl ene; (e) O.1- % anmoni um benzoat e; 2% t| ng ent; and
(g) water. 8 Sep A STB0 8 CSBEA T o Ia%s?ﬂh awl Ao, 1 Poahr
coating, conprsilkbiresif ahulsiob@setdaind! ayer corrprl SI ng an al kal | ne earth

nmetal fluoride a ana&<§ 5|I|conef‘;3 |%‘ na nwater:, and (b) a
topcoat |ayer cofprd OPHY LYPraSropPrising i yerd l‘fedso (PR SRS B resi n
ermul sion i g Wedneifsion8n Sept.enber 2003 3 g . A nulti-layer dry filmlubricant
coating according to claim3 8, wherein said layer-lattice solidis a
menber 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 substrate, wherein said dry film

| ubricant coating conprises an alkaline earth netal fluoride and an al kyl
silicone resin enulsion in water.
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41. A conposition of matter conprising a nmulti-layer, dBpepiemher@bd3 cant
coating 10 fixed to a substrate, wherein said nulti-layer, dry film
| ubricant coating conprises: (a) a basecoat |ayer conprising an alkaline

earth metal fluonigde, fidki-Aecdryyiim fablib£RBEar@%cfor@il ke E1aln 3 § WiRidh 5aidnd
(b) a topcoat | ayer corrprl sing a layer-lattice solid and an alkyl silicone

resin enul si odayefrlafiigessolid isa Z@mbEBSdQCtEd\ﬁﬁ@tthQ)ETO@P cpnsipingiof graghite,
mul ti-I|ayer, u t substrate, said nethod
conpri si ng: (a)’xgkﬁp‘i gh%]gﬁéh%gé;énggﬁ‘ aye @rﬁ)rl sing 10-70% by wei ght of an

al kaline earth netal fluoride, 2-65% by weight of an alkyl silicone resin
enul sion in water, and water; (b) subsequently applying a topcoat |ayer
conprising®a | aye40- atanipositiern bf thatkencborprisiag kydry $ifth hehsigent iceging fxeditsron in

wat er; and (c) %A@%%P%I G g.ﬁ;gﬁlﬁ? Xgn V\;ﬁ?‘kéa@ﬁg cgmgﬁ%aw%;kgmt 4R RS2l d

substrate. erel n-sal secoat |ayer further
conpri ses xyI eﬂeqndeandim\ﬂbﬁﬁlbmmmmmlawmtl ng agent, and is applied
as an aqueous coating ~conposition.conprising: (a) 10-70% by wei ght

al kaline earth netal fluoride; (b) 5-65% by weight of an al kyl silicone

ot nag ! LS Dok S ol B Bk S RGP U
Sept enber WO03 fixedtoa substrate wherein said multi-layer, dry film 1ubncant coating compnses
| | (a) a basecoat layer comprising an alkaline earth metal fluoride and an alkyl
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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44. The. nethod of claim4 2 wherein said topcoat | ayer8iSeptpider 200Rs 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 enulsion in ,
water; 5 4 5 The nethod of claim4 4 wherein said |ayer lattice solid is a

menber  sel ect edyf 'R Abiod bpumxﬁ@wﬁéréiﬂgaiaf:%;ﬁbwai{&@s aﬂmiculasisewﬁng
disulfide, and tungsten disulfide. 10 4 6 .' The nethod of claim4

wherei n sai d tesmpsaltion£pEprisidgi ti onal |y conprises a_ wetting agent. 47.
The net hod of cl ?’?@éanf" b‘y'(}%igﬁtrbﬁ%fiertl&%&??&lidl; AET addi tionally conprises a

porosity inducin
(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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