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WD 2004/ 067796 PCT/ US2004/ 000897 PRE- PLATI NG SURFACE
TREATMENTS FOR ENHANCED GALVANI C- CORROSI ON RESI STANCE

WO 2BAKEROUND Met al -coated netal (or netal al P@KYS2004/000897
graphite conposite materials have been used in thernal
applications. Unfortunately, conventional nethods for
coating such netal graphite conposite materials have
di sadvant agesRERS ATINGSIRF ACE FREAAARNTY Scover ed
t hat en c e
conpoEOR ENHANCED: Gl ANIC «CORRASION RESISTANCE
into and often protrudes through a netal coating, and
thereby results in the coating to fail. Such a fiber
protruding through a BAGKGERO/NDI Creates a channel
for conmuni cation of h causes corrosion.
AIM@tal-f:D@T@dsmp’tab(cmmet@ alllbybg@lphtte eompmisitagnatesials have been

- hr h th
usedffy Hiorafa 2pbRaRARS, diroRiBaRiicmvenliot memane jonsrating such
metapgephit CobfiRAei rhatefRihavd § |s'a§vér|ﬂ§%;es.t For ?Héztéﬁ(;]@ CiFas been

in the thermal expansion coefficients between t
discoygradthat yihepHianventionalhecaaiag osdtabgraphiie icampositetrhaterials are

met aI tj.ng.
useds{}}%h)hﬁgfe ect s |'ﬂ'{p:)021 ?)ﬁgﬂé)i?ﬁﬁﬁ?%m{gu%}f gt 'P%"n and
thereby aphiltseinthepoating tariler$@dtsa fiber ptdirudigy #88UGH a metal
reasons, it woul d be advantageous to devel op a netal -

coating creaieea Ghenae! fgr spmraunisationsf ﬂ@l&’fﬁfteewhl&h qasesiorrosion.
A YRR, S0Pl 1 FAPER TRy e

tion tlgmaughﬂheoommmﬁete mat eri al that is |rrperV| ous to
reasons, it would be

AT Rt of GSwerisenaly tSaphie gpmpRsite materials is that
the di'ff@hﬁ’fdfﬁh th8 #herhal &X éﬁ§|bﬂrbde?ﬁdléﬁt§rﬂetw§én Y stiftSce ce graphite in

foregoing reasons, there is a need to develop a
the cempesitemederal ang thetcaating davdesetadksgn dph btitlecoetz sotting.

sueh PRIGUS Hhabl B bRe6AEARRLE bl R bP R BimbiSte maters
t Fot thepf o@@%mﬁg réasBis2litweat e émﬁaﬂtaggcﬂm'ot&v%%wafmét%l-

mat er i al IS hermatlcally 30 seal ed
coateddnatah graniiiermompesisonaterms drat is hermetically sealed

For the foregoing reasons, it would be advantageous to develop a metal-

coated metal graphite composite material that is impervious to chemicals.

For the foregoing reasons, it would be advantageous to develop metal-
coated graphite material that is corrosion resistant.

For the foregoing reasons, there is a need to develop a method that
produces a metal-coated metal graphite composite material that is corrosion-
resistant.

For the foregoing reasons, there is a need to develop a method that
produces a metal-coated metal graphite composite material that is hermetically

sealed.
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-2 SUMVARY The invention relates to a nethod that
i nvol ves (a) renoving graphite fromat |east one
wawoftaceIof a netal graphi te conposi te mat eri aPCT/82004/000897

chem cal ly cl eaning or ma etching the surface of

the nmetal graphite con‘posn e material; (c) applying a

5 net al - cont ai ni ng rmterlal to_the surface of the

chem cal ly cl eaned or hed netal graphite

Com@ﬁn'véﬁtl(EWFé?é!e@to aaﬁ‘%tﬁ Yn\;ow nggr fhovi graphite from at

intermedi ate | ayer; pl'ying a coat g on
leasttane surfaoemfd meéallgigpmte anmpbls&e etgtefial; (b nchemiceliytleaning or

pasi i ST huBh R0 SRR SRR S Bl midral () appiing a
metaBtantairig ﬁmmﬁéu tbeth@f%h%b@ofw _enemaup%lerm]% a{ﬂﬁ%ma etched

such a net g., a nme coat ed
metabgmwget@mmseteu faBtQE@lrpﬁﬁdsﬁMQetﬁwjormlm@aallntegnadlalte tayer (d)

appl}g@gqﬁél{agﬁﬁ#ﬂ"é éﬁ lf% g‘ﬁlv' ngcapégpllqs/gétarﬁf;ﬁege% %rmmg a metal-

coatélfmltal@wpfﬂt@cmmﬁit@ meReialt ETHaMeENtie ats%chﬂﬂeé B®a metal-
substrate; and (c) a metal coating on the

coatqchmetataiprRhite seppsita mateszimiveh oandye magerraurEsh a method,
o.0. F1508 BOREEHEL AN R o BB
graphitet d:bmpbﬁteemuale Haelrfgodatl lonétrohealestadepthatis utsktantially free of

ded cl ai ns,  where IS a picture of an
grapiifes b meg}%iﬁﬂt?@'%%%@nchat?d@w lgcatadken the sikdratepand (c)
a metd! cBSEHY Gﬁfiﬁ@lﬁtﬁrrhéﬁna'té‘résral” on; and Fig. 21is a
pi cture of an alum num aphlte conposite materi al
made wi t hout supplenental surface nodifications (not
i n accordance ' fibers
protrude a nic The

| Mhesé izea dtﬁéme%mrb@ ésﬁ@it@%&ﬁ&%htﬁ?@g of ﬂ)e ;'Sr%%m dention
grap hite from at east one surface o

wil b@%mﬁ.bleéteb ghgersteed witheefetence ty thenfoltbwirid o qesqr@apn g
appeﬁ&ed Blla %I%hl ng the surface of the netal graphl te
03| efial; (c) applying a netal-containing

nﬁiga ri |a|a [blctllrb of surdlastnuoh draghithesmpabity ntdtgaaaHatis made
graphite conposite material,

ma et ched 30 net al
in ac’%ﬁaa'i'?f“epe@‘)‘? IPYeRHHY @89 i nternedi ate | ayer: (d)
gﬁ %Ier X y % ?J;n aﬁlgﬂgﬁﬂ%rﬂ@réﬂl‘ﬁté BEAPBEH HfelidMfibde without
supplemental surface modifications (not in accordance to the invention), in which

fibers protrude a nickel coating.

DESCRIPTION

The invention relates to a method comprising (a) removing graphite from at

least one surface of a metal graphite composite material; (b) chemically cleaning or
plasma etching the surface of the metal graphite composite material; (¢) applying a
metal-containing material to the surface of the chemically cleaned or plasma etched
metal graphite composite material, and thereby forming an intermediate layer; (d)
applying a metal coating on the intermediate layer, and thereby forming a metal-
coated metal graphite composite material. Preferably, the composite material

formed in step (d) of the method has a surface that is hermetically sealed or
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coated netal graphite conposite material. Preferably,

the conposite nmaterial forned in step (d) of the
woreiohoe77h@s a surface that is hernetically seaP@ruUs200¥00897

2004/ 067796 PCT/ US2004/ 000897 -3 corrosion-resi stant

or both hermetically sealed and corrosion resistant.

The ention also relates to a npetal -coat ed
Co"o%'eﬁrfS%'ﬁ %@Fh Ltﬁr neghigally sealpq ayd gorresion reatsm' tldie

|nvenﬁ8ﬁ% fefated tarn"\%t'ial '&6‘!1 é?)gcc%%lﬁfé:ﬁta?%)%lgﬁémﬁ%%d Mta metal

I's substantially free of gra
graphitet cdrapasitess utistgité haeingetileast dneysrfdoechatis substantially free of

e 5 el e U AR

e f renoved can
SUbSt%baﬁ';@Km éﬁ{@é%kg’r%?t" g%%%ggﬁrgﬁ%%tgﬁ%r whi ch when

ud bd metal graphite¢sgarepeditehmaterial freemwihoae serfabe gsaphite is

r oducti on of coated h|te conposi.t e
remoffe 617 b el Beodhi SnBes el PR dpéF TB8a 1A
accordbABE With the ISR, eAabREShE prodidlioheofanniiaIrBoziéd metal

graphite conposite material, a copper graphite

grapmtgrqm@msetermateﬂaépf the inngnien.uPegerally: the metairaraphiter
comef S ALl §3s0be o8 TR Bt BmBos i G 3 b er

grapHiterquespésitembisriah| & magngsksn grapgHileayatsri ot @mbinations of
mat erial s, and conbi nati ons of the faqregoing can be
such mgderials 5 Alsp alwninurg alipy sraphiisrrnsepest %%@éwadts Gapper alloy

I
araptRETAAIE e, fdroshm AR R abitd (Rholias, 4AE2
combmatuop*saxﬁdahe:lfaregoMgrumjse fisdedkrs pernmits a h| gh fi ber

t th t
b T e sl SanniS sfportieTRofiuial B slerab R et lmptriahe.

comp@sﬁe théth%lu@é@%diﬁﬁ M- bfétnetdlséchﬁlrﬁl%[lgqmbeﬁé” U@éfbf‘?énd’om in-
heat sink). Further, by using in-plane 20 oriented

planerdiseantinusus §ibera paimijs alhighofibemelamedractioarin dommetamatrix

compgSie (f BN 85 48eq gt ThbiefGRY «8'tnp S HRne, e.9. the
planeqeelleled ¢id bohded Barfadé of % has k). Fuﬁhér qmtsmg lireglzpie
in-plane fibers, such control is genera

orientgf rf@@é%s‘%&b?'fﬁrﬁtahh @HtOféh‘ﬁfdb%rﬁrﬁafb%ﬁﬂtﬂhgt%@éaﬁé‘@nﬁﬁ@f the
coeﬁlgzg_@zbﬁgf ﬁ’tte?rﬂ Fé&éﬁéoﬂn @’tet £ Qh@CtTh . h%ﬁﬂ%eﬁ& tBeffiBient of

ori en rface o eat
therméd:lemmumg@m tssnhtyt, cargllet Idyhaqﬂammﬁbéta;n such icentrelisfgenerally

unne5Rsant fashegt SinkaRRTGalo T Beciea B R Boraegadicul or other object
is attatPedB an X-Y oriented surface of the heat sink.

Advantageously, use of these in-plane oriented fibers permits selection of a
coefficient of thermal expansion over a wide range of values. A desired volume
fraction of in-plane oriented fibers is selected to obtain a desired coefficient of
thermal expansion. By orienting substantially all of the fibers in the X-Y plane, a
very high volume fraction can be obtained. This permits selection of the volume
fraction over a wide range and a corresponding ability to select a wide range of
coefficient of thermal expansion values.

In one embodiment, the metal graphite composite material has a volume

fraction of random in-plane discontinuous fibers ranging from about 0.15 to about
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fraction of in-plane oriented fibers is selected to

obtain a desired coefficient of thermal expansion. By
wo@eriognei7ag substantially all of the fibers in PEEUXNG000897

pl ane, a very high volune fraction can be obtai ned.

This permts sel ection of “ftie vol ume 30 fraction over

a w de rangqﬂdand a corresponding abiljty to select a
0.6. \i aeotngrgaTRgdimeph mmcerﬁy opthe; feadegl ineRigAg disgpntinuous fibers

r h|
are ofght&foyt dt (e BT BT trediPlER ModiRRING preferred
embaodimigingthe dandomtin dfs'cbﬁf Fudu fiberg aré amifaln tdl&rlbﬁted
to about WO 2004/ 067796 PCT/ US2004/ 000897 -4

withinythe metalanalsin mwos@ nPhefierally.ahetmetal mﬁiahﬁpmq&'saﬂ énaterial

ented out of plane by an
is anddlaﬁe grgpf‘ﬂﬁt (#1 bé%'out %i%{e“l n a preferred

emﬁmﬂmm@tgrapﬂn&a cangosité mepbhidleyetiesaiytiasa@asbén fiesiscontent
are_uniformy |qulgrlbuted wthin the netal matri x
that ig it igigntdo epﬁé gnaterighto beusged i BFEAdaprp vyih e invention.

In on%’ﬁéerﬁ{)r%@me%t ' tﬁeﬁ%&n@dgﬁewg’tegfa?ﬂg% taeceﬁPHﬂ? %Bkt EP@EE{H&T"IS at

conposite material genera
IeastmubBOfwtt%r ocahlleaat abautat0 wk %s ulinf oree embomnentam@md’hel

araptTe Gl mIETEI Mo AP dandinariom aheut S0 Ban about
40 wf D eheGRBER @P%éI’\ﬂMfﬁ co}brﬁi)éélte hRdsial dpedh haleVarfon ‘ﬁbelaéontent of

| east about ) n one enbodi nent, the netal
vanogs a;pantlfeesc okpie embedinentathenaarbancanient is iab ieast abguh@ﬁ%

in angfeARaSlimans dhe Cabort pitent fihalls m EBBLT SR 1o glagut 60%.

Exanﬁmaé eNbuitdble YR taPymphitaonipdite rhatepiats €4 bdifoand in UIS.S.N.
arbon content is at |east about 15%. In anot her

09/8%5166@4 ineprorated hespindiy eieiease in 4a @odirgtyom about 15%

t 0,
iRt B Yo rariGVBY fidmithe HibiaROtbTE i iRl Nrbferial by any
techrﬂ@uﬁ@%hléﬁ @,nablusoglpph Aé ¢éalbb eemaved;fromfaecmfnpesltmmaltalal so that
t It b
a corgpagiie Btz b die EVERTeR Fan TRUMas. FORUPIRRGR, OTARNECan be
remo@@ékb:yeastél'nﬁ dé@eléé’te@%drﬁ‘?ﬁbfs%dsﬁdrpﬁé BXi‘é‘éﬂBﬁ%éﬁlques

a conposi te materi al
vibratony fintshing MhnmeﬁagasrrmtnppmaﬁcbnlqgeamiDWedladnarae

techrgifep Feharfea| Hialing esfRo s, Jepp DBTRHIERfinS, ik 88mbinations

therebf O/IBFAVSSinishiAg MEcHHiGldPHEerafy violkethe WeO¥f components and
di scharge techniques, nechanical blasting techniques,

abragiygmpihag Meuenialafivesto eanh ¢thats sHFfAees; Plasma stripping techniques
generally involve partially ionized gas (e.g. Ar) containing an equal number of

positive and negative charges, as well as some other number of non-ionized gas
particles, striking the surfaces of the components. Glow discharge techniques
generally involve the use of globally neutral regions, as well as regions containing
net positive and negative charge particles striking the surfaces of the components.
Most thin film processes use “plasma” and “glow discharge” interchangeably.
Mechanical blasting techniques generally involve the use of abrasive materials
such as glass beads, alumina powders, impinge under pressure on the surfaces of

components. Lapping techniques generally involve the use of liquid abrasive media
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thereof. Vibratory finishing techniques generally

i nvol ve the use of conponents and abrasives that nove
WO 200a6e6 t 0 each ot her's surfaces. Plasma st rP@pUSZH04/000897

techni ques generally invoéve partially ionized gas

(e.g. Ar) containing an equal nunber of 25 positive

and neaatlve charges, as well as sone other nunber  of

that i, edts .bféweaworqpmenta 23d refeling PIRIeS RB QG PT@ib sifes of
comp'bﬂ@n SQééhnléijé’éN?p% rl‘ftﬂﬁﬁ %gmeegﬂ%&léﬁ%angener al l'y

nvo e use ral regions, as well
aWIn@gonmlatlonns aeller:regi amaltecmﬂqme for remd)vrr@gnaphde the metal

grap@@?rﬁﬂﬁeﬁgiet Gl CEnibe PRFeERICEBLESTGYe BRbeRaples foe
|
remo%?adgﬁt ﬂ%a%t%'eé?ﬁ?&of th'ét%—éﬁer a?%ﬁ?é%ur%@e Me et el qraphlte

I ques I nvol ve the use
comp@bltamaztena’at Iélrefetlafbly, $he medasl gy‘aphske benpositalnaterial is oxidized

by he%ﬁngimmega GBIt o RRE aneteTgbet metat e bal ke
sufﬁcié‘iﬁl i tlBkidizzbthedonspdedl rﬁaiéﬂa?gﬂé}/r%?ﬁ@@raphlte from the
}IUS%OOM 000897 -5 that is injected between

comp@@ﬁpm@arlal daeanewslit thegnpximure temperaiute ababichdhe gretat

arap fERRRRC Gk i BROR S DR A elliorpl e e

metal §réaBHite Gofliptiditetraateribe MR emBodpheétte theotepasérature at which
mat eri al can be oxidized by any techni que that enables

the meital wap@h@camp@ﬁtatmat@aalus Suiehzesd lStaiée@ﬁ"ta?}hﬂLl’l 257 &m a

e cfafy: SriiaPRie LornbRallbf. SORSE ct Rl drente

compoXitdintdriabiy dufidiertdoldhableethal mets ighapittecesm pssﬁe?materlal to
material to a tenperature that is suff|C| ently high

be mage Kxaerardanse te ipsthad eiheinygntiong P&WEPQWQteat
least f‘I b@’”bf Fé%ldlfaqg’é’%{eer iRS iofl or (‘i}ﬁr’t ﬁrfa{: PR i

nperature e netal Ite conposite
grameEtc&Jmpd)sﬁesrrmmmhlz dual anstHee Ieovbddmentell@sm@ahﬂﬁ% raftresidual

net al raphite osj,te teri In one .
arapted SRR O AR SuT B oL ARG Oraifite &P OSie material,
In an8thaP BM&&%@H@%&%@%N ‘aﬁ”of uff‘e gﬁamté%m $h@§u+f§eéts

about 250 C. T he anobunt ite renoved ron1a
remoyed.f fvanother esbastimkeny mpmur@!red oepessitoé thegeaphite is semoved

from ff| ient to enable the nmetal graphite conposite
%% t0 15 be made in accordance to the method of

t Tael MERMYr&shitd corapesitipatiria chn b cheraishllyl 8adkd by any
residual graphite remains_on or below the surface of

technigie thef gnablgedprinetat ginpbiiecompasieimpterightap Mmade in
accorddReg tEBY invefificn! B3BmHa 8f sdifbi& UAbmicals for cleaning a surface

of the metal graphite composite material include chemicals used in higher pH
alkaline chemical cleaning techniques. The metal graphite composite material is
generally cleaned by dipping and rinsing operations. In one embodiment, the metal
composite material is subjected to a plasma etching treatment instead of a
chemically cleaning treatment.

The metal-containing intermediate layer, e.g., a film, that is applied to a
surface of the chemically cleaned or plasma etched metal graphite composite
material can contain a metal that enables the production of a metal-coated metal

graphite composite material of the invention. Examples of suitable metal materials
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graphite remains on or below the surface of the netal

graphite conposite material. |n another enbodi nent,
wGaiwsnertdé al |y all of the graphite fromthe suPEEHUS2004000897

20 renoved. In another enbgdlnent one hundred percent

of the graphite is renoved” fromthe surface. The

metal graphite conposite material_ c gbt?]ﬁchem cally

includg @apedolgyanthgombieaiiangaetapkt Papier? dngia-gontaning
mternﬁ%ﬂgﬁeﬂaﬁefs %’E}fﬁi’em%x'é?ﬁ# CBhtal rﬁng:?rtléfgﬁ ré‘ﬁr‘é@ér%?@}: ®he

nvent'ion es o em cal s
zinc—cdn@aininwnatatalﬁﬁaelr%t@f t he net al graph| te conposite

CRbRal cPalaiNAg malBHAl abs st iB e SyrBhn of Ine chérmicaly
clean%@???ﬁ‘éérﬁa BRded thalp'h?te c%ﬁﬂﬁfs%'rﬁ nj,%'rlﬁfgeﬁ?r%}{}/ SRy &Y

I nsi'ng oper ons one e he net al
internuexiptesiayer t’twt ean dlaves/asiobp ¢oickaessesa Ip Iozmn@m bodimary, the

e T2 A e e SIS SO T RO
emboEIiHtht ttﬁ@tntéﬁn@maié BYet Radla tﬁ’ékﬁé‘é‘@réﬁglr‘@ﬁoﬁh@t%lﬁai ly
cl eaned or plasma etched netal graphite conposite

nanomgtesripaboghd igReAi n a netal that enabl es the

R e Eo R I RS AR By AR b becitah G ATRERL e
chemivallg cledre VD FEShaQteHEd niEdl dSgARd cofpRtite mﬁenabﬂ)yldﬂy
zinc, gold, and conbl nati ons thereof. Preferabl

suitalig tefhrigne thatiengblasihermetd araphigampasiigppiesi i ta b reated
in acdr@n&OY fﬂe%%gw Ahkghverddhearly & lfe?ér%lﬁ#)/forrtnhfcomposﬁe

ZI nc-cont al ni materral 1s a zincate
materniad thelvirgpatsairfaca ghates daerrabtld:ma/tseeﬂecapp tordsibo-rebistant or both

norm iRl Sea o P BSIoR 67 LA SHEPTIS Of SHRIR e AieS for

applyin@ttﬁérmetawcgn{eﬁwag rhé¥etiafRa Bar\fscé/af tr@@uérhicahm@éﬁéd or
I diment; the internedi ate |ayer

plasnaheichad seetahgraphitel easspasitermatssial lrmlude:pl@nng |tedHn@tu¢ﬁe re.g.,

mmeRIRE LGRS tsetft SRBiRe PYhaURS Py Sl dgposiion

techn'altésneh@ﬂmémWb?bﬂd@ploslmrefdmdicﬂle% |y e Ochramd@e|t@lﬂn|ftlet:|e|@ﬁques
to a surface of the chemcally cl eane

and compealionst Geregfagiiose teahiades Braelknamniyicikgown to the
skllled; HH s‘%l?ll QDIIe?&%B'I)ﬂ e H@%Ie&{?ﬂg lg@ dh%?erfﬁﬂs%d@é@ﬂ?éts%rface ofa

Ite materi al
metal graphlte composite material by electroplating techniques.

The metal coating that is applied onto the intermediate layer can be made of
any metal that enables the invention to be practiced. Generally, the metal of the
coating will be selected from aluminum, copper, nickel, gold, silver, rhodium,
ruthenium, aluminum alloys, copper alloys, nickel alloys, gold alloys, silver alloys,
rhodium alloys, ruthenium alloys, and combinations of the foregoing. In one
embodiment, the metal coating applied on the intermediate layer includes multilayer
coatings, e.g., a coating made of Ni and Au layers.

The metal coating that is applied by any technique that enables a suitable
metal to be applied onto a surface covered by the metal-containing material. The
metal coating is applied by a technique selected from plating techniques, e.g.,

electroplating, physical vapor deposition techniques, chemical vapor deposition



10

15

20

25

30

i n accordance to the nethod of the invention and
preferably forma conposite material having a surface
wo bat/osdher meti cal |y seal ed or corrosi on-resi BCHI$2004/000897
both 15 hernetically seale? and corrosion resistant.
Exanpl es of suitable techniques for applying the
metal -containing nmaterial to a surface of the
technigiias. éen vapen depesdicsy tecpniskies, and ﬁ@@bmt&nsgihﬁrmft s

ment‘bﬂga AHAVE, ﬂ?ets‘értb@ﬁméﬂ% %g@ \A%lll%&og& %Ig(g Flgdt)\?ﬂ 35 thd Skifled

nmer st on’ coatin ues
amsatnechnl gues), phyS| cal vapor deposition techniques,

chem cal vapor de SItI on techni on vapor
ddpEINEIAd RORMG I ¢RRlIed togh awaeeagaaai%{aysﬁgeﬂg@#'té&@sa

thickng}l%ftﬁaf RB5L ﬂlré‘?rsalgcélﬁ ) i &Bﬂ%‘ng?én%{éﬁlfvmetrﬁet*ahéoatmg is at

ed artisan ef erably, ‘cont ai ni n
least redbenit ahicran, ad fred aboat 'i;mlﬁmmetocr:fbcmt 7Sahi@romny. alBtafer@bly, the
conpos

[ [y mat eri al % at| ? ech ues. The
coatingp oA ORHAN T PPN PesiSisRt PB Calb Sl d iEBng o
| §Y §5e CaBURSDIERAS AP rapg‘i;% d&ﬁ sﬁehﬂbtéﬂ?sﬂ‘@ %eét@@ for

invention to be practil nera ly, the nmetal of the
treatraéntc o@taphitevis Iremoued dlope Bk tealst one suface via roeiabaraphite

compfie st ag el Ggausiy eyt SRERY o & g b anc

other§ ionYifith@Irhétupsurfddeogicidnadedyin. a EstitRsiRidfasRiohoYhe gw.dh.te
conbi nati ons of the foregoing. In one enbodi nent

presené ol the eieari caguriageds generalyrspseel indess thagrabout 60% of

C ti f
the to SRR ARl 1 BREmE@HdH ot 1Badk ondisiifidie BANERHiGtR
grapHite mpb@téﬂmawmwﬁlemoeﬂaéﬂwsb@foemtheammal gnaplate d:mmbesne

urfafe covered by, the net -contﬁ nin hite

mateal s SERISCIAhS ChITER Eiganindh Ol Bl BYIOR Deetel
is ren'°|‘ é;d:erFﬁ %boéﬁrl%\'c@térﬂﬂbéf%@m&é@ﬁpoﬁtegrs’ subjected to chemlcal

ectroplating, physical vapor deposition techniques,
cleanmgam pkazlsmea@mhlnge pow surdaceca besnaeathesed by a technique
Us2004/ 000897 hni. s, 1Lon vapot .de ition
selecl <L kTHine. ot oCaielfal Y Rnailes SBT RET sl 28
peenm QEéhnhhé§ea&f@&ﬂbﬁﬂﬂ@n@ﬁﬁe%ﬁ#| known and ' known to
e skil artisan. The nmetal coating is apﬁ#led to
e

tﬁb’\qerﬁr@phﬁ@hﬁlﬁé)qeﬁv@m%ﬁ’efﬂéml%/S'Hﬁ%CQaOfSth@Hn g&aphite
compﬁﬁé hite coa F‘ché Rdtatd gpﬁltégg{r{@%gg?ﬁﬁeg réfé%ecrh%?r#i%faflyélganed or

I's at

plasnedetshet mlthraDQU|tacblelm:utmldlﬁe nThe@aster, Rarefnderaiddiatet lager forms
coating is a galvanic-corrosjon ?FSIStaH ﬁnd,
by appéfing @ regialyoatainipg r@@,tgfla[]@ the surface of the chemically cleaned or

plasma etched metal graphite composite material. Finally, a metal coating is
applied on the intermediate layer, and the metal-coated metal graphite composite
material forms. The composite material formed by the method of the invention
preferably has a surface that is hermetically sealed or corrosion-resistant or both
hermetically sealed and corrosion resistant. Also, the composite material of the
invention is preferably also impervious to chemicals. Advantageously, the metal-
coated metal graphite composite material of the invention can be corrosion
resistant and/or hermetically sealed under various operating conditions. To test the
corrosion properties of a coated composite material, the coated composite material

of the invention can be salt sprayed according to military or ASTM standards. To



In use, a suitable netal graphite conposite materia
is selected for treatnent. Gaphite is renoved from
wa@eookmeershe one surface of a netal graphite 10 chepUSioD€000897
mat eri al . Advant ageousl y, % bers whi ch extend above
the surfaces and others of/in the netal surface are
a controqlled fashion. The,graghite pr esent

d.i. ( . 3
test fgF hpiECtisit) & .comppliequiptartal of hejeNentian s Peduated i a sealed
. %rof : I
chanife g RN g gt bohE) s eSidar Pl it
checkedposite material is snoothened before the netal

AR GRERRSeT Torsrdiohanboen gosSa D! thapference to
certaftl prRAbHrEd vbsidrRIMeeEof bfﬁert\)éﬁaﬁaﬁ§ aFéPéé”QbI%.efﬁ{e% €, the
~_conposite is subjected to chem ca cl eaning or plasha
spirit appe afiee appeaded chimisshoubnbidre imiied 4o the Haseription of

L. ect tr he.group consisting of |apping
thev?%%ﬁﬁ?%%g F%%Uégﬁﬁﬁng techni ques, peening techniques,

and conbi nati ons thereof. 20 Once graphite has been
renoved froma surface of the nmetal graphite

conposite material, the nmetal graphite conposite
material is chemcally cleaned or plasm etched with
a suitable technique. Thereafter, an internedi ate

| ayer forns by applying a netal-containing nateria
to the surface of the chemcally cleaned or plasm
etched netal graphite conposite material. Finally, a
nmetal coating is 25 applied on the internediate | ayer,
and the netal -coated netal graphite conposite

material forms. The conposite material forned by the
met hod of the invention preferably has a surface that
is hernetically sealed or corrosion-resistant or both
hernetically seal ed and corrosion resistant. Al so, the
conposite material of the invention is preferably

al so inpervious to chem cals. Advantageously, the
nmetal 30 coated netal graphite conposite material of
the invention can be corrosion resistant and/or
hermetically seal ed under various operating
conditions. To test the <corrosion properties of a
coated conposite material, the coated conposite
material of the invention can be salt sprayed
according to mlitary or ASTM standards. To WO

2004/ 067796 PCT/ US2004/ 000897 -8 test for

herneticity, a conposite material of the invention can
be placed in a sealed chanber which is pressured with
a gas (e.g. He), and its | eakage rate can be
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checked. Although the present invention has been
described in detail with reference to 5 certain
w@e@ieer7edl ver si ons thereof, other variati ons BCEUS2004/000897

possi bl e. Therefore, the gpi rit and scope of the
appended cl ai ms should nof“be limted to the
description of the versions contained therein. WO

ISCT/ US2004/ 000897  -9- WHAT 1S CLAIMED | S:
1., A l.sLhg. (a) renoving graphite from at
I e1ast ”?}15‘%2*&‘?“f§@@b§?'“§- netal graphite conposite

mgaRr i abmovinggraphitgifioah by leziseane Burface pf asnetat yedphie
the surface of the netal graphite conposite material;
compasjtedpaleyitkg a netal -containing material to the

. j I |
o dbL 1 ShimicaIy dEsTha R plasifia BRdtifl Be BuiStBoREfGtl
graphite C?]mppsimihmtg_idlflyelr; 10 (d) daltoﬁl yi ng af nmetal coating
the internedia ayer., and there rming a ,
moghl - GoRbERS RevaleFgpataive TeRiepatio e ERF & h chaioally
clearfgatcg]gfgﬁ%a(atéﬁéq Hfreté(el‘yéﬁhi'?e EB/pdsRe Phaterias ah8 l"!F?é{r%y%rming

a t ni que sel ect from the group consisting \
an intetimgaliatedayteszhni ques, vi bratory fini shing techni ques,

I . ppi hni | di
P aBhn qvebimE s ek Somrl S8 meimA 3R ER 2nd tagprtyg
formihg%mlew%atwme@@rg@épmté esmpobRé @dterial3. The net hod
of Claiml1, wherein the conposite material formed in

si?ep (dherasthodsel¢laire 1, derein thergraphitals pmeuadday ar
techriiiie SSleBfd ﬁ&hﬁ@gﬁg&éﬁl@%@tnﬁﬁﬁ g%ﬁgﬁ&ﬁ%h?f@e%d viittory

osron resis Wher ein
finishinyg [mtchpic(wb, plabmansttippingatethnigues, ng:B/ diﬁlﬂﬂr'ﬁeﬁetbﬂﬂﬁméé&
appl i IS a zinc-containing material. 5. The netho
mechgnicg| i?aﬁtwg tﬁﬂ@?'@'ﬂ@ﬁﬁ%@'ﬂgrﬁgcf&f&ﬁ?%rﬁ'}ﬁ’g‘?%@é‘?#aﬂs itt]%e@Of-

Zigncat epefinefiif 6?3’)‘)@99 10 wHer8inthé cofisdsie A fFialRSritled in
coating 1n step (d) 1s
step (d) has a surface that is hermetically sealed or corrosion-resistant or both
hermetically sealed and corrosion resistant.
4. The method of Claim 1, wherein in step (c), the metal-containing

material that is applied is a zinc-containing material.

5. The method of Claim 4, wherein the zinc-containing material is a
zincate.
6. The method of Claim 1, wherein the metal coating in step (d) is

selected from the group consisting of aluminum, copper, nickel, gold, silver,
rhodium, ruthenium, aluminum alloys, copper alloys, nickel alloys, gold alloys, silver
alloys, rhodium alloys, ruthenium alloys, and combinations of the foregoing.
7. The method of Claim 1, wherein metal graphite composite
material has a carbon fiber content ranging from about 30 wt.% to about 40 wt.%.
8. The method of Claim 1, wherein the metal graphite composite

material is selected from the group consisting of aluminum graphite composite

~ materials, copper graphite composite materials, magnesium graphite materials,

aluminum alloy graphite composite materials, copper alloy graphite composite

materials, magnesium alloy graphite materials, and combinations thereof.
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selected fromthe group consisting of alum num

copper, nickel, gold, silver, 25 rhodium ruthenium
wa@bwaiosnrse al | oys, copper alloys, nickel all oyspCyubz04/000897

all oys, silver alloys, rhodiumalloys, ruthenium

al  oys, and conbi nati ons” ¢ -t he foregoing. 7. The

nmet hod of Claiml, wherein netal graphite conposite

@t er i Hhe nmg@d obElaim 1.iweerebvint %tgp (PassaRkite isgemaysgtby
.30 W%t t. 40 W . % Th f '
subiolfia e oo 8L e Srthete.Bisnbh FEbIARoR oy igine meta

graphfi€ cBaipRAté hestetiftod wimpeaRsethatie sfficiéntly mighto oxidize the
raphi'te conposite materials, copper {a hite
compesiteppetarial aad semave arapiite Fromihgr %ﬂmp?% %&'@&W% s,
aj um | s | |
ooy "t B 8L GBI € SARALYI el Eb Aol afRaRfapou
o50° @raphite materials, and conbinations thereof. WO

2004/ 067796 PCT/ US2004/ 000897 -10 9, The net hod of
Cl i m The whashed of Claigy @pvherein Heapetrauindempagiie 5 below

subj ecting .t he [ I ; ' ;
the meRb S RpRRHLES of kel Bp e Bef BrapAAT cFRPESHE Indiiia.
mpp er i Fhe hietBod efdidiat Uy whéfe themetdlfcaritaintigymateytal epplied
_ oxi dize the conposite material and. renove ﬁr ?@\Pei t%;ﬂt'
in step (@exforme achinpm elea aiceroripining mgterig] haying Miekgeseingtis
red R tenperature is at |east about 250 C
less tf%r) gﬁlﬁ%’[ 1ma 'é{gg" of Cdaim9, wherein the nmaxi mum

t ¢3per The neethed loé Ckaim 1 heherin iy metalpenmiaining vateriad applied
i nmetal of the netal graphite.conposjte terl 1
i steffed 171 4 BT e G AT SR NGe e i P Agut 1
nanorfBtettd abodPPhigdn. 10 in step (c) forms a thin film of

a zinc-containing material having thickness that is
| #4s t Fihe neetbad of Glaioy dnwhewsin The matalenativg ispaPlied by a

wher ei n _t net.al - cont ai ni. . ' ] .
conn Ao 47 AR AP Tt PRBLA 2, orsion
coatirid¥eekARR@s! p@@im vaperuapesitiorl tecrmiquet, ehetrical vapor 1

mcron. 15 14, The method of Claim 1, wherei g.th.e £
depostiiomechpitlsng iQrvaRspIdeResPnACCRRIBHRS s Sembinatiznp tgreof.

t gr bricgi ¥ i 84 ftRg ik FPRIisd @a zinc-

cgit [ ngH?é‘g‘%‘ﬂf’ga‘}égg'ﬁﬁs%gf%g%%r eposi t |gon@5B _
contalrfisdp iritauesdiatehiegecand tepoetalapatingiras a ticknegsdbat isdess

vapor deposition techni ques, and conbi nations thereof.
than about 100 microns.

16. The method of Claim 1, wherein the metal coating applied on a zinc-
containing film and the metal coating is at least 1 about micron, or from about 1
micron to about 75 microns.

17.  The method of Claim 1, wherein the method further comprises
smoothening a surface of the metal graphite composite material before the metal
graphite composite material is subjected to chemical cleaning or etching.

18. The method of Claim 17, wherein the surface is smoothened by a
technique selected from the group consisting of lapping techniques, peening
techniques, and combinations thereof.

19. A metal-coated composite material comprising:

(a) ametal graphite composite substrate having at least one surface that

is substantially free of graphite;
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15. The method of Caim1, wherein the netal coating

is applied to a zinc- 20 containing internedi ate | ayer
w@npw4nbIeret al coating has a thickness that i sPCEES2004/000897

t han about 100 microns. § The nmethod of O aiml,
wherein the nmetal coating gnppl ied on a zi nc-

containing filmand the netal coatin

dbout HEhcoRAMIG RamEHiae BN CPBACP RS aPg of the

t r 25 17. The method of Caiml1, wherein the
subs %&%hﬂ Ei further conprises snoothening a surface of the

neg)al gheathi ceatinonmothd mterateiatellaywt ore the net al

G2 Ehni T EomRosHe Aupoig] ofialTdEhBieEs R dng HiRet ofd surface
of the%ﬁﬁs&gtrﬁﬁtélﬁ‘ Ae&mcticaipsthenped by a t echni que

romthe group consisting of ?
t2t.hni Ghe sprmn@elte mgateﬁel ofeClaimn e wheﬁﬁlﬂ tg@ epgticpgsurface
thereof. 19 -coated .conposite materi al

of the&ﬂﬁ‘ﬂﬁ‘?sﬂer{ﬁafe{@j 1S, CC?fE‘?SA‘P” E45iAM e conposite substrate

hﬁ‘ﬁ’ ' ng?-ﬁé cbﬁﬂﬁsn@rﬂﬁat%%f 8CClairharg, whersinttabaniéadtlone surface
free of graphite; WO 2004/067796 PCT/ US2004/.000897

of the- CDmmdzslteanatﬁrml ischethdiaimedicalli eealediaROCqrEgRion resistarl

f i
8311 nd e ORItk it ot GBI Whsrbih qtaBRkE s present on
the atﬂBé@trdrfé s@fadd il an adhounbragiigiesbehan abeak60 dhef the foale

of the conposite material is hernetically sealed.
surfaczelareﬂqe conposite material of Caim19, wherein the at

Cgf}‘St FRE oWl 56 tanr?QtfeE%hStrﬁ%'moﬁg WhdBinfthedhatetial is selected

rosion re e conposite material of
from {Beajroup ongisting iofi atumainam gmﬂtemmmtfegneter@ﬂs tahgmnum

osite materi a J both h i cal
alloy g@%’mg.cemn%wa g bontinatiofotihedBRdng o
Chgi m ﬁ WA SRlita rﬂéﬂa‘?l’%ﬁl bﬁCla‘?‘mD’@&ﬁ{Hreﬁﬂthettheteitlal hag st
one surface in an anount that is | ess than about 60 %

carbooffitten eonterdIrangiog fieate akeeh15 %4 to Fheulc@ffosi t e materi al
0hed ai‘l‘ﬁ]e%%mg@s?t%erhgtetrﬁ?ope}a%li A diverafl 6! Altal-containing

intermediate layer comprises a zinc-containing material.

27.  The composite material of Claim 19, wherein the metal-containing
intermediate layer comprises a zincate.

28. A metal-coated metal graphite composite material comprising:

(a)  ametal graphite composite substrate having at least one surface that
is substantially free of graphite;

(b)  a metal-containing intermediate layer located on a surface of the
substrate; and

(c)  ametal coating on the intermediate layer,

wherein the composite material is made by a method comprising:

(1)  removing graphite from at least one surface of a metal graphite
composite material;

(2)  chemically cleaning or plasma etching the at least one surface of the

metal graphite composite material;



fromthe group consisting of alum num graphite

conposite materials, alum num 15 alloy graphite
weewpoei7ve mat eri al s, and conbi nati ons of the PCT/US2004/000897

foregoi ng. 25. The conposite material of C aim 19,

wherein the material has” &% -carbon fiber content

rangi ng fromabout 15 %to about 60 % 2

A 01 { $. ThF )
c@posaprlyingtameial-eantanimionmateriahi thg sufgee of the chemically

ctean g hEbESAL B e bR SRR BER 4P feby forming
an intEMh&dib® 1a96r;@ndd m 19, wherein the metal - contai ni ng
internmedi ate | ayer conprises zi nc

te. 28 A
néal - aRRlyiEg arBiaial %iﬁﬁi%th@gﬂ%@e%@%ﬁé?@ri gpd thereby

. conpri sing. | =1 hit e substrate
formirgE (R ol 4paled] bt Bontl BBiRpbEE RGP NPl 1)
fp@e ofhgicapipdsite rastetin) olClaimal8, edrereinthagnetal-coated metal
internediate | ayer |ocated on g surface of the .
graphisaisenRase BALET L IOTEIARID SteT G 1A SHTTRRG (et s PeEmetigall
= b8t i hdRA®sN esistant.
Sealeﬁe%%égo%ﬁ‘pﬁsﬁt%g% ( 1§ ?@h’%‘ﬁ'ﬁ%@éﬁ%ﬁ ? 2 fromat | east
one surface of a nmetal graphite 30 conposite
material; (2) chemcally cleaning or plasma etching
the at | east one surface of the netal graphite
conmposite material; WD 2004/ 067796 PCT/ US2004/ 000897
-12 (3) applying a netal-containing material to the
surface of the chemcally cleaned or plasma etched
nmetal graphite conposite material, and thereby form ng
an internediate |ayer; and (4) applying a netal
coating on the internmedi ate |ayer, and thereby 5
formng the nmetal -coated netal graphite conposite
material. 29. The conposite material of O aim 28,
wherein the netal -coated nmetal graphite conposite
material formed in step (4) has a surface that is
hernmetically sealed or corrosion-resistant or both
hernetically seal ed and corrosion resistant.



