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1 A PROCESS FOR FORM NG COATI NGS ON METALLI C
SURFACES FI ELD OF | NVENTI ON 5 Enbodi nent of the
present invention relate to process for formng
coatings on netallic surfaces. BACKGROUND 10

Vari ous nechani cal systens require the use of
netallic parts. For many applications, the parts
nmust not only perforn1nech§n|cally, but must al so
appeal aesthetically. Faor exanple, autonobile wheels
are often made fromlight nmetals or light netallic
CONPORROGESS WOR RORMINGI COATINGTEON METADLIC SURFACHS
alum nium and alloys of magnesium These wheel s
often have coatings that are used to inprove the anti
15 corrosion and wear resistance properties of the
wheel s. Traditionally, wheels have been painted with

FIERBI QRINVENMTKIN al s, i ncl uding various powders, or

EmbO@Refflof Xh@lrﬁé%t UsidMion fRlate X8 Pb&ss B 3bintifg | R%ERSS on
of copper, nickel and chronme with different

meﬁaWP@m@%eﬁes In the painting process, paint sprayed
onto a surface 20 with a tool, such as spray gun. The
pl ati ng process could involve dipping the wheel into
one or nore containers filled with various chem cal

BACKGRGISNDt hen cl eaning and allowing the wheel to

Vang)h%me%f?nigql gﬁtﬁras r%tﬁLErtht gsutse? ocgeﬁlses e}oem al | pp‘lca%ons
the pans rrmzﬁrmm‘ttcailyl per[mﬁrmmiﬂhycg[lyZBuOnestMsmcmaf agsthetically. For

m y | 0 ar. | . .
cxahl Qofofl bhebest Shal MBI FRlAL . jory, v
corr(pmﬂh‘s) suctl @hraturhioimy, Gnpghesiver, allcys t ¢fealumindinai dodl lipys of

ma Qllaned Thgscéna ?é\s Fg?t)éﬁ' t%le cHal thg? BRS hgéoo HJ KnEYR)e the anti-

rocess a clear organi c top-coat
corrgpph ia@@waarde@ﬁae@e properties @'db%whﬁi!i%)w des a V\/neel
having a shiny appearance. The process was devel oped

to elimnate the prior art chem cal plating
Tfa%?%@&bsé’ﬁee'%d‘awﬁfQﬁqnuﬁa*ﬂ@ldyw'ﬂ? HROMTE diategalss inchyging various

pow@@%t bp Qhé?ﬁh@éﬂyq%ed DsihB FoPERGRSNS, AOANE dyersl SWRPpdrNARkel and
roduced art chem cal plati

[
Chr%?%\?&'gg'@cgre”‘rw&ké?%la% In the PERLRY HGCFSS: 8%1%9 ﬁpgaved onto a surface

with a tool, such as spray gun. The plating process could involve dipping the wheel into
one or more containers filled with various chemical liquids, then cleaning and aliowing
the wheel to dry. One problem with these processes, especially the chemical plating

process, is that they are very environmentally uniriendly.

One process for forming a multi-layer coating on car wheel rim applies a base-coat paint
layer. A Nickel Chromium (NiCr) and Chromium (Cr) layer are then individually applied
using a physical vapour deposition (PVD) process. Finally, a clear organic top-coat is
applied and cured. The process provides a wheel having a shiny appearance. The

process was developed to eliminate the prior art chemical plating processes.

Unfortunately, the hardness of the coating provided in the process above is lower than

that produced by prior art chemical plating processes. Therefore, the coating is easily
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2 scratched or abraded. Once abraded, the underlying

base netal of the wheel is subject to corrosion.

Mor eover; the sub-processes used above, i.e.

pai nting/plating of the base |ayer and top |ayer,

gives rise to pollution to the environnent. Usually,

a lacquer is enployed as the material for the base

| ayer and the top layer, w&ch may irritate or 5

damage the lungs if it is breathed in. In the course
scré{éhé‘docfr@b%eh h%nc@éﬁFaﬁed,ﬁhé Bﬁé’érﬁglgtbggé metat %P{he%e I is subject

I's used to change t 'acquer into 0g

to qmrpﬁora [td@retdven éﬂaﬁlm-m@essefr ueegh ahgve. rl@rrp@awmtmg of the base
layé}aé?ﬁnﬁ[.‘) qéﬁo @vé{ Ase LﬁBﬁ’ B el §nVIr-5Hﬁef1to 9U§§a|l9 hgn n?cq uer is

deposi [1c surface such as a
ernpinges 7% Wg‘reﬁﬁlefoeé%a Pﬁ?ﬁ lsvier gl Shgr PR daver.1@hich Wﬁj’u'lr"@ate or

danhd¥Rrt8d %gs P& iSb@atRl ih. PIRY 8HRE of FOrmiiR® thlhyedrd, aying tool,
rocess coatings on a netallic sur face

formn
SUCR 81 HSHRY BYbVF Yegd ?%%ﬂanseé*rec@ﬁ%ef o Adag with Fepaticle diameter

ran@h@ Rbengeveiab falforadilera B s o‘BHh@/&IR&erslSTm %ﬂ?ﬁbe@ésﬁed on
€SS orm ng

tne e w508, sy ST 8 wBRe R i L §riss p i 3td

providing a netalllc base having an outside netalllc

C 03|t|n ceram ing..on said outside .
it v REEerals e 5 o BN 30T P s Biotef i ffming
coatihgs oo Renerlivsutacsl dotit Megirovisédiat overoaien g leway ot of the
proélgfﬂs u‘?&usé@d 5@6 g'_ ceram c coating with a greater

€sl on conpared to applying said nmetallic 20
coatings directly on said outside surface. In sone
suMiiaey nents, the step of depositing the ceramc
coating may include the steps of. inmmersing the
Ongrespedtial thapeegant dvestien profidasea PHvassh dar oming eeaiings, the

proéessr\rﬁélﬁéi h? theebRph %ﬁdﬁl@ld mefiRl Wés%%é%zrﬁfé@ %gtsme metallic
electrical current to base and neta

SUriges| deRPsEgadIGeEdMis ‘?ﬁa@ﬂa AR SR COLH$'§% H%.‘F@@e b’ét“ﬂe% ,{nrcro -arc

oxdd’t‘l@n rsRsaRdcH fHat ofbk @F dé hﬂ@[tloﬁm et QIRE cHatingd nﬁ:ﬂﬁbe applied
pul sed electrical current yntjil the first coatin

10 SALLCHBTGCARRED MU R T ealFTe es*ﬂ'?emé"l‘@é?‘il 8 ?Q@y‘ﬁﬁﬁgﬁemeta"‘c

coalihgd Ginsdtly oOR@aRf oftsigelsufaéee and an al um nate. 30 In
sone enbodi nents, the ceram c coating nmay provide an

anti-corrosion barrier on
In some embodiments, the step of depositing the ceramic coating may include the

steps of: immersing the metallic base in an electrolyte solution contained in a
metallic electrolyte cell; applying a pulsed electrical current to the base and the
metallic cell io establish a microplasmic discharge between the base and the
electrolyte; and continuing the pulsed electrical current until the first coating has
reached a desired thickness. The electrolyte may be at least one of a silicate and

an aluminate.

In some embodiments, the ceramic coating may provide an anti-corrosion barrier cn
the surface. The ceramic coating may have a thickness of between 5 and 200

micrometers.
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the surface. The ceram c coating may have a thickness
of between 5 and 200 mcroneters. 3 In alternate
enbodi ments, the process nay further include:
preparing a surface of the ceram c coati ng;
depositing a first netallic coating over the surface
of the ceramc coating. In sonme enbodi nents, the
process may further includé depositing a second
nmetallic coating over the first netallic coating. In
in zgtepnea{te n‘g)%glé”%rr%nﬁ%stﬁ%: ?(I:e ssﬂﬁg t | ngsmbé)r&%nhgea surface of
theawramyl tedied; deposiing qotﬁ;%maﬂalllva@atmg deostheismface of the
cer%ﬂ:c&%ﬁn%-rme cﬁﬂé{ %hﬁ)%l:{l OUhe ?Fo%@@é H 9quﬁfpér9|9c§l§ose §R¥ositing

nclu ne of sputter e Josi t1on an
a selepdshetatiin.copting @v&r témﬂaiunﬁﬁ;ﬁm@ coathng. dnﬁth%raimbmbeamts the

stePEBPILbOGhPHRE RS dHRYsRenBShERNiRBbakiRgs Ja%yt B€ accomplished

presence of” one or nore inert gasses, a m Xt ure of
usinghé PHYYEd YARNG YRROFEiPBAPTOEeSTbt Bt PAYEIES| VBRPUE ofiRpsition

prob&s hA\Line a8 e B Lplittdr@epoatidrNasd mliearIRpOsitidRI €
inert ~ gases nmay be selected froma group consisting

of argon, nitrogen, and acetylene. In sone

In sofieosthp®Inentst e [ﬂfy%ﬁ;ar\l/a’t@)usﬁéﬁbsft&m procdéseanay be pedermed in
pollshln?ﬂthe surfac coa

t
the RERSRTAG OF AR SL7PEE BoGrOFRES A LB Sh oo oan AP g o
obthihea gusifericeololir for liee f Sécsiwdanat‘slhngoaﬂ'hgs pEEhe shmengr mbEpinert

sasBR it shies TR LBt Rt oo EREBen AL echiifle.

| ess than 8 mcrorreters In some enbodi nents, the

In s%é'l%g urfi JJI%%n{su Sﬂépéﬂﬁ éa'tgg n"f‘?yf%rﬁﬁ?lf |ﬂ£lu8é 39@5#118@ gﬁé;%frface

neta
of thtirskcodtiogpwephing e sxra@euqﬁmwgtscoqbogu am:l #ryingtiee surface of

thecwétﬂ gﬁch*g @%g rﬁﬁié@ﬁgn mﬁmﬁﬁgoﬁgﬂ’?p&%hﬁggﬁe spirface of the

firstsapatiog entllmswfﬁqedHS@S@fa@s r%thﬁeﬁ% pliges thand mlcrometers
polishing the outside netallic surface until the
outside netallic surface has a surface roughness of

In gqmae; embadinenis.cihgnioesss may TBRPEFnsliderd S1RPORT BreRayeg the

outsHRAW e el afedithe fordviding @ié@ntnﬁhgfé thiel preparirdedtbplincludes
un, derﬁtood nd readi | gparel1 to ?

polishing the outside metallic surface; washing the ou side metallic surface; and

drying the outside metallic surface The polishing step may include fine polishing

the outside metallic surface until the outside metallic surface has a surface

roughness of less than 2 micrometers.
BRIEF DESCRIPTION OF THE DRAWINGS
Embodiment of the invention will be better understood and readily apparent fo one

of ordinary skill in the art from the following written description, by way of example

only, and in conjunction with the drawings, in which:
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30 of ordinary skill in the art fromthe follow ng

witten description, by way of exanple only, and in

conjunction with the drawings, in which: 4 Figure 1

IS a cross-sectional view of one enbodi nent of a

surface of an object that results from application

of the process of Figure 2 using the apparatus of

Figure 3, according to thé present invention; 5

Figure 2 is a rom;diagran1shomﬁng the steps of one

I r | vj .

Flg@t’éi%nae gr%{gg%g{;]ﬁg%% vi \évccg on% %?ﬁtgédgrg}‘agtg ?faag?urﬁcggﬁf eanlo’bj.ect that
resdtscfmrd|amgli¢ailontdﬂéh@pwem of higeret 2 aisingdhe appguatus & Figure 3,

bl r AEnEERRML ment of an apparatus for
accg'lrdéﬁ%ltﬁ%gﬁrﬁsgrgma% 10 oxidation that fornms part of

the coating process of Figure 2. DETAILED DESCRI PTI ON
F;gﬂé 3 Rs o il oﬁébré’ﬁﬁeérﬁmﬁ%g@té&% 6fh&14’6%9|€59rﬁb$cﬁrqent of a

above, enbodi nents resent invention provid
F”'O%esﬁrf% agrlying rcoghngs fegthg SHEC%EP of thesphied < Figurad. aCCOFdIng to

the?ms@ﬁ{mvér\t@h ad® a wheel, that is environnentally
riendly, yet produces coat i ngs that are

sufficiently hard to withstand environnmental hazards.

_Fugu@aespmofmés p:lfir@\/ieﬁﬂj\:;\oi{cq:l&n?rﬁebﬁrﬁm appatatusg fati gmtdmgb@:gibm-arc
: urtrace o0 t eel . Thi ces i s escCri pe
oo 14 st e FORIDE TR BL A 2. i gur e 1

illTustrates a cross-sectional view of one enbodi nent
of a surface of an object 100 that results from
application of the process of Figure 2 using the
DEBAIECDESCRIPHONIr e 3. The object 100 has a base 102,
having a top netallic surface 25 103. A first coating
104 may be applied to the top surface 103. In sone
In B0 myrteomea seweont theo arehiems odtegegbdye, gppHodiseents of the

preéér?['gg 'r?éﬁfi&? Eroug@ Dbr é&ggs fdr céétlngcé"mété]@c QLQr‘Facelcﬁ aﬂtd?:?é'ct such

an additional coat | ng
as gppihieetl thet i ewirosuentate f:['@'?'d'bjf Y@hd@rg@@@ﬁdceai@eﬁn@at are

sufﬁl:%ﬂy %rﬁ Neot mtﬁstﬁmﬂ) @ivﬂ@ﬁl’henﬁah ?xaEQr%IS 10%eCpdctss PBides a

nmetal|lic material | e of recel vin

Cef%'&t‘i‘ﬁﬁng dieeyppipdhe é&ﬁéﬁ%ag theewheel; hEh'%é%%Ce?%?ﬁ ggspribed
beld¥ vathretaénoshedigures 1-3.

Figure 1 illustrates a cross-sectional view of one embodiment of a surface of an
object 100 that results from application of the process of Figure 2 using the
apparatus of Figure 3. The object 100 has a base 102, having a top metallic surface
103. A first coating 104 may be applied to the top surface 103. In some
embodiments, a second coating 106 may be applied to a top surface 105 of the first
coating 104. In other embodiments, an additional top coating 108 may be applied to
a top surface 107 of the second coating 106. -

In this embodiment, the base 102 can be any type of metallic material capable df
receiving a coating. In a preferred embodiment, the base 102 can be a metal wheel,
such as those used in transportation applications. The metal may be, by way of

exampie and not limitation, aluminum or an aluminum alloy, magnesium or
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such as those used in transportation applications.
The nmetal may be, by way of exanple and not
[imtation, alumnumor an al um num all oy, magnesi um
or 5 nagne5|un1alloys any ot her type of |ight netal
or light nmetal alloy, or any one of various types of
steel or steel alloys. One exanple enbodi nent of a

fl ow di agram showi ng the stheps of a process for 5
appl yi ng coatings to the surface 100 according to the

resent .inventi IS 1| F
magleGRin el datir Jras’ TRHCARRL e InabdH! S of 2y c0e of
varidus hypes tof steekor sdewd aiogsodi nent of an appar atus 300 for
providing micro-arc oxidation that forms part of the
coating process 200 of Figure 2. 10 Wth conti nui ng
Ong ekemplecembodiFiegtiota flovg diadneampshowéng theostepe §f mspiicess for
I
app?hgf’@c%étﬂ B30 Y. %Erﬁagg agg%ko%@%rtgi@ﬂ%%ﬁ% ﬁgeag%@% fus¥ated
in Figiye Beand desigratpd goneralhgas Fﬁfﬁ@ﬂﬁﬁ‘- sumegat 090 E@wr@%ﬁfustrates
onea§r59§§mehh 8f QRtdpplrdi®P 360 FbragRvilihg Picrd-BR: Has&iohORat forms
his may be required, for exanple, if the top
Par%‘efrth%6%3"![’930"6?95(55@0@55@‘41‘@5 of the object 100 has a
hi gh degree of roughness 15 prior to the appllcatlon
of the nmethod 200. The pre:-tryeatnment 202
Wit GphARIng SRR o FakiRd: brino P IEs® 2P dReRBaEhgh ponal
pre%ﬂé@ﬂndarit isteg, atiesigedipd | g€ndraliyt hes t:@reremﬁframeerato&oqf The
treat ment st I ncl ude

preliS SRt Figp 2O IRH “RARPE AT RN Re® LBOTL {IHEE TolsgigeS scross

the ehtireltas eud; 1GBofitap basen02d Thistrhay led excpited; fonewapnaé, if the

204, T Lr { p 2 | S e
top ﬁgé ceSFQ R fh %aegfdr? O'S%'gt%béect% 1683f'\a§f a@lgh rl}%g}'é% ofqﬁgghness
PFiOb&SﬁWelﬂﬁthamorr@‘rihesmm@cﬁ 2001 thee:fr@{ren’m,erm stepr 202 2lpsys for a

moéh&n.fogagghr%q LY i fﬁ%te&fa%ﬁ? TRYwhen acs 9wl 'a?FIﬁéEh' toP¥he top

exa tati on, usling
surfabe 498w the dzaae m@awnTmeb prentseatment step| 202 mav Heclgge a step for

roug'n BQ\rsﬁr?gr hedof @HRQ&&%E of RS RBIADI % ré@r%&té@%nth@eference

rTgnt sandpaper. A 25 polishing nmachine (no
nuregialwi4- male @éet[ﬁ?é'ae'ﬁto?teFﬁ PEBFPhgisP é.'?cdféfjeaﬁ dextestar iof §|e§“'”9

the ftép%urfa%ée:@% Binhd haset AR, ayF Jﬁéﬁerﬁ&iﬂwﬂﬁ rdfBRnba&eméRa 206.
Q' her areas nay be polishe hand, or using fine

pol i shing tools known to those of skill in the art.
The FougBEblishing step 204 may be accomplished, by way of example and not

limitation, using various abrasive media known fo those of skill in the art. In a
preferred embodiment, the abrasive media may be 200-800 grit sandpaper. A
polishing machine (not shown) may be used for preparing large and relatively flat
areas of the top surface 103 of the base 102. Other areas may be polished by
hand, or using fine polishing fools known to those of skill in the art. In some
embodiments, the polishing étep 204 may also use a wax, oil, or other substance to

increase efficiency and provide a uniform top surface 103.

In a preferred embodiment, the rough polishing step 204 is continued until the top
surface 103 of the base 102 has a surface roughness that is less than 8
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enbodi nents, the polishing step 204 nay al so use a
wax, oil, or other substance to increase efficiency
and provide a uniformtop surface 103. 30 In a
preferred enbodi nent, the rough polishing step 204 is
continued until the top surface 103 of the base 102
has a surface roughness that is less than 8 6
mcronmeters. It is understdod that other surface
roughness neasurenents, both Ilarger and snaller, may

i e AR B2 Bl e R, b

larger bod senabiere ey \alsoave asgchat i on t hat nmay be present on
the top surface 103 of the base 102. For exanpl e,
ul trasoni c cl eaning techni ques, washing with various
Thel lepnirgsstep206 mey use anatleaningteshniquekndue te titseypb kil iy the art
to rbfSv& LARBbRGRLER %Qﬁmak boprBdr 81 fidl top STHAEL TBHf 1R base
trasonic ean n ess e use
102u| fpa%ﬁﬂﬁiecluﬁféﬁﬁ-’m@ Ci)ﬁe@ms?cwwuqsmaa@eg wt@pgarfoelﬁ liquids to

inclG&s WA Gtc, d%a?' ﬂé Bg'rplcfylaﬁsfbf‘%e %l%gnm&ré%rﬁiioéhelrﬁ @ppreferred
surface 103 o baseée . baseée first

embadirpen, amu"aawatcrﬁ'eammd%oceéﬁﬁtaa.bﬁéﬁﬁd| iquid with a
commerci al wat er-sol ubl e substance for de- maxing and
de oilin knovvntothOSﬁ f Skl# in the
he; WSO FHRMI RIGTRSA (N PSILT eHHERS 0% e BePasrping. Ansing, an

dryid fHeatbp eirfdcedlos rmihegafsasezt The paseeraatiefirgt ﬁlﬁé@lﬁﬁ la®ath, which

esire r

CO”?ﬁr&@%%aéywﬂhrﬁ GER R et s Bng ok HE 38 Fe and ge-oiing
knoWhOim tlhbee bﬁsEﬂll@Zhe ahbr'é@weprpvé e tlearungl effitigndye an ultrasonic

wer éog& té:PJ ma¥ gg gs?gﬁgpexa Gﬁltr oglgl_v%%g%bvﬁ@\bat %e%friﬁti tfrgat?e“?\cy or a
tunatide ienuewly. f dhese vaoen tahssstuint reargwimgcpaskicless framdthet hase 102

MO@E\%P tﬂelhﬁu.afn?ag Jef@.{%ﬁgj v@t & &@%@9' & ayaﬁéa@rb%%t@cg%@ater

her ris are renov
to aftempenahuse of169-8¢ &C oVithtihe Ineshanicst forgh e theulbaseniclgaves and

the %ﬁé/rﬂ.éa B84 u’%Q waﬂer%omfeomsgﬁw mtéd aeoov@ tﬁé Gék NSl and other

I'n sone di ment s, ticul arl

debris A ragoveshiea th%ﬁaéﬁ pitbe ba@& 2. rﬁvn@'@ *a%sed Oasmqw*@ placed

in a@é&@h(ﬁ‘galaﬁ?@ta rt@ﬁ%@ﬁhzqg sWRemiSoRiinerdd, Q}\éﬂf&hlaﬂ@irﬂhe rinsing
st ai ns i ch e associ at ed W|thta water, from

phapg fg-iRgizeR Water B‘é& e useth ag| the 408 @%ber &ierigpizechwater can
prelt@@ivhed sBIMBCRBIEIE af @S Clsbiifdle@BAN pWsterd s fHtIRPHH ihetase.

[ L
The ﬂtrasonic vibration and heating processes described above may also be applied in
this rinsing step. Finally, the base 102 may be subjected to a drying step using, for
example, heated air produced by an electric-resistance heater and a fan.

Once the pre-treatment stage 202 has been completed, the first coating 104 may be
applied to the top surface 103 of the base 102 using a microarc oxidation {(MAO)
process, as indicated by reference numeral 208. In some embodiments, the pre-

treatment stage 202 helps to ensure that the surface 103 of the base 102 is free from

~ contaminants. This allows the electrolyte used in the MAO process (described below) {fo

be re-used, thus resulting in a coating process 200 that is significantly more

environmentally friendly than those of the prior art.
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this rinsing step. Finally, the base 102 may be

subjected to a drying step using, for 25 exanple,

heated air produced by an el ectric-resistance heater

and a fan. Once the pre-treatnent stage 202 has been

conpleted, the first coating 104 may be applied to

the top surface 103 of the base 102 using a mcroarc

oxi dation (MAO process, &s indicated by reference

nunmeral 208. In sone enbodi nents, the pre 30

treatnment stage 202 helps to ensure that the surface

103 of the base 102 is free from contam nants. This
ThealllAOvoddae cah eetudelaydtep obamblying thh era‘k/lé&timgd@esss indicated with
refe %1%??%51%%?82(2 ggmfadsld{jﬁlgr?al Irnﬁsegls S%l afsltn{]:1 f] t?cF Wi t Iéc-,r\}gnce numeral
212enwiith oefierentaltd Yiglura @nﬁbWA@anMdseQ&O ofiayt lb@ apcrqnunhslwd with a

BB AT M Pl RE LR 02

contrinrse g anetallio, el@trdlyam catll A0di bakls ﬁliadswltlstaepeiedmlyte 306. In a
preﬂeﬂgiﬁ__‘émbggimghf la?]é' 3@3&?&%&%%@ maa&?romvgtéthle'é§fs@éﬁnﬁ%ulse

rocess 21 be acco

POWSK tShlde 5308 gpishelestrado 31@@“8%%9‘ e (ke m’frﬁbwc cell 304

 (cathBE UGS AcbRHbREAE SONESRERA I0hd Bide 10D MRKESIE is

lic electrolytic cell 304 that is filled wt
fea%|péglﬁvydmeése§lo@thqq*{efarolygﬁ #89%rred enbodi ment, the
electrolytlc cell may be nade fron1sta|nless steel. A

su 308 s a first elecgtrode 310
The Mﬁﬁé?f?%é Ot"h%}) ‘é‘%/B%EWGl ‘fﬁPP%'t @ SPfamipgoating HB% surface of,
for ateingle, s»%w@rrdetalbazﬁrme.e afdy3. q&mnn@ba?%loé@ sfhaishisasdior, valve
artia

t t
mettRanaY be iy P &<3va Pak e B, ecbey e A owgesten
zmo‘, aurdmbmslmd ghalrevaaious at@mat i Thgés yaton mistats, Sutheaoeigiotl, state, are

I I iL.all Fog.. .
protsgtF%e%at n0 fsial{ ﬁgah\ﬁgi gghh'@sfdgﬁpe%\; g:ﬁ%@éeclincﬁé){@% ?rmnsa &ﬁugén%sust the
pastagecof twregeimethel hr}odlmdlreemien.al'ihﬁ'mf@ramf usingna gialye metal as an

: anoE@r]{ @ln%gé sfr'ng/qgsr‘é %—E é&)tériti\%gof r%% U?@h‘é@! tsﬁ'?aq: ttQ%'H] h vs1lue- in

I OUs a

| ord@ttatpess sigef cqnt pureant Eough thaianodes elnfthe AHIQ ng:'cess @m the base

1028¢ hﬁfn@ﬂsﬁd % ﬁJeeéiééttloq:th )Sbéi %l‘fdl vd@gé@bﬂ%yfrﬁﬁétr% altdifating current

passage current anodi € direction.
are ‘prpkask f@% ther Puia%myelaswlwéoﬁré?twee@éheahaseam?d ganofle) angl the

eled?r%ﬁr?esééﬂr%tl t(éétﬁo'élleﬁ elntth@ aRQLiCRdH éirlcleQﬁe gy Héﬁ%emﬂl’@ range of
face to ass si ficant

15054400Vl WRBBIe FeDaREdan cire dhrvaUReE SIICEs 0 the gange of O-
1500 base

In the MAO process 210, an electrochemical reaction occurs between the base 102 and
the electrolyte 306 that results in an electric discharge on the base 102 to form the
coating 104. The coatings 104 produced by the MAO process 210 have a high micro-
hardness, high adhe_sion, and high strength. In some embediments, the electrolyte 306
may be a solution of sodium silicate in distilled water with other additives, such as
sodium tungstate (Na,WOQ,). It is understood that other additives and/or electrolytes
may also be used, including, but not limited to various silicates and aluminates. In some

embodiments, the temperature of the electrolyte 306 may be controlied to remain lower
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20 102 is imersed in the electrolyte 306, and

vol tages of asymmetric alternating current are
applied fromthe pul se power supply 308 between the
base 102 (anode) and the electrolyte cell 304
(cathode). In the anodic half circle the voltage may
be in the range of 150-1000 Volts, while in the
cathodic half circle the v@tage may be in the range
of 0- 150 Volts. 25 In the MAO process 210, an

ct L ochem cal ctlon 0 e 102
tha% 83) (? I0ring éﬁ? IJ\@A@ reaéra%nt ﬁ\g cogllngi f ctFo &% g@ec ‘th T @ heat
exchargreh @19 ecoonedtdrk to we cdiD 204 @iaf am nnleeth@M amﬂaan ngtlénad16. It is

und-ggﬁoo%otﬁgtl diss t);r%é P hgﬁ%&gﬁ?@é’%ﬂﬁ@%ﬁﬁ@%ﬁﬁ?@%& I&@‘NIS also

ardneéss,
be @eldength In sone enbodi nents, the electrolyte 306 30
may be a solution of sodiumsilicate in distilled
water with other additives, such as sodiumtungstate
For @nzatunmaim qrialyngniyricriley baeri 1@ dhe enatieg 180@ey b§ @yiminium oxide

(a./s'a 6/ Qﬁd eLRacH ol MArsa tHi'E?(Me% S BGHS Ethe §rBGHIGSF thp%atmg

inted to various si cat es and al im nat es.

104gmiply cdambuth Srofesiurgiee ofhp erasess anchtherayererd f&fwsbu%de For
exagﬁ).)r M %o LRl daf %etd%télﬁé'ﬂabﬁuéu‘@"@ Eurfent WBAdRy %@ 4§ amperes

I'ng t treatment by cooling the electro é@
per JYeangi ltnntea \ﬂhtbaﬁt 30enioHanyeress 1@ ralinnelt tie gnderstope that| different

coaﬁr%th‘i’dkﬁe&@s 'd'L‘J'rr‘éF\t Mlﬂ@@ qarﬁfbr ?)'ngegé d@#fons!daniafso be used. The

under st ood t hat ot her ty heat exchangers,

coafing: | ¢fpradugehbs g MﬁOoWPFEFsérZéO hé‘% thecprapesties @ haikeeranic and

proVifds 8ridANhiY HFRaion dbtiBlaRte i #ld ayseba@ze Mitloﬁil@ the hard
coat|%gP104 may be al umi ni um oxi

cersTaG GSpNSET AgSe i ERNE 0850 Ve, 0Bt iong) wapalc coatings

that'radyebedppliBE R &id agamitQbativej 104y depends on the
duration of the process and the current density used.

For exanple, a 5-mcoating 104 can be obtai ned by
Onagsthagoating 104 @as belansppdiyd af thé(ba@e‘rm m@iﬁe MAO piguesse210, the

suiieidpa b Brits B Hieb e 58 3RerR 0Bl wiblrence numera

212cuhr sothe emtnsdnmees tren dhesr sqepozfl@smaxd mmtdemmawitrahe@mzed
by the MAO process
Watgﬁﬁgﬁm?% oper gpsgﬁbegj Qfgtm ceram ¢ and

Once the rinse step 212 has been completed, the suiface 105 of the coating 104 may be
subjected to an optional fine polishing and cleaning stage, as represented by reference
numeral 214. The fine polishing and cleaning stage 214 can include a first step of fine
polishing the surface 105, as represented with reference numeral 216. Additional
washing and drying steps may then be performed, as represented by reference
numerals 218 and 220. These additional washing and drying steps may be similar to
those described with respect to the cleaning step 208. Other processes may also be
used.

The fine poiish-ing process 216 may be accomplished using various abrasive media
known to those of skill in the art. In a preferred embodiment, the abrasive media

may be 1000-1500 grit sandpaper. A polishing machine (not shown) may be used
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provi des corrosion and abrasion resistance to the
base 102. Additionally, the hard ceramc |ayer
provi des a nore adhesi ve base |ayer for any
additional nmetallic coatings 15 that nay be applied
over the ceram c coating 104. Once the coating 104
has been applied to the base 102 using the MAO
process. 210, the surface9105 of the coating 104 may
then be rinsed, as shown with reference nuneral 212.
I n sone enbodj e rin te
or RSB IE  Are BSbSLu IRL P b
Oth&t 8Ragayaabs @olshepesyf lodre dr u@mgefnéhmhsmmg ¢ocsd kpovidi B those

[ d
o s RS S L R A BB PR g v
oil, andthet sabrstargesd atg.eeameff epncasam:t ppvidy a efirerice surface 105.

2 [ [
n £k erfienl 98 LSV PRAELEM BEOVRROS, quce
rougmefsa@éIe$@mam%wwgmemf®&wwrfaceéﬁér0éﬂl,eecqwn@ﬂ ft.
216. Additional washing and drying steps nmay then be
performed, as represented by reference nunerals 218
As thed fire @olistiing grergss t316naaY igswt iy ladent wax i fg 28gepust and

deb%%h&ﬁné'tdﬂh'eaéurfta@e 1b§Q§@I1ed§§éHnlgbﬁﬂ %%Hdlﬁ@ﬁ&%@ép &Owashing,
he cleaning step 206. O her processes may

be
inclyaiagl desuxingb apd - PORTES| ‘H@Y ﬁﬁo%fé%*% ﬁ%mﬁwt%w'th Feference

hunRGTSIOPAY. | $ﬁ@draéﬁh@ Q:Ie\l\ﬂé)hr‘ig@ncﬁbég'rééé?rﬁg £eek ﬁhay ibécénﬁllatrﬂo those
t hose of skil inthe art. In a referr

perfpraed fyringithe C'ﬁé%lf‘% Steﬁs?}psbe]"f@@@ gﬁ‘@&&ﬁ‘& washing
proddsB Ghiys Be NgedB.CThd) @ektnstep S aiihg Im)thebebjestem@ ad siown with
fgh garln%%éﬁgge and relatively flat areas of the top
rEICECr Qree f the coating 104. Qher areas may be
pol i shed by hand or using fine polishing tools known

Oncteﬁge Enﬁ P%Iﬁﬁaﬁa agfl g Eaalfg p%aﬁfl hals &839 %mm@%edé Bﬁ'ﬂstlcsal Vapour
Depotitien (R} eaticg (secondarabagel Oéﬁmaldeeeawyecquh@sm{acaé 0§ of the

fi rst%firgg{ 4 %@ &%klanilﬁ'\ lje?e':_fencgé #11 GnéaPssd efﬁ@g Z?hed clean and dry

process rovi

“basa 162 rnﬁacbe demﬁgm #58 vefsuurwbamh%rrfoqthm WWP@: P& an dﬁtegrated

PV[S ﬂ&é@gcé%QS T8k Ft\nfpﬁ)%ééé me Hﬂgﬁide eﬁuﬂeh @eﬂsdsﬁ%n or multi-arc

rocess resu | 'at ent_ wax, oi|
depgﬁﬁprbqaf the secoad @oatmg 106 In some embod:ments the PVD deposmon stage

may also include depositing a top coating 108 on a surface 107 of the second coating
106. The coating thickness for each of the coatings 106, 108 may range from 5

nanometres to 5 micrometers, as desired.

The adhesion and colour of the coatings 106, 108 may be adjusted depending on
various working parameters. These working parameters may include, but are not limited
to, the type of metal used for the coating(s) 106, 108, the amount of particle energy
used, the specific gas mixture and/or gas pressure inside the chamber, etc. The
strength and hardness of the coatings 106, 108 may be determined by the coating
materials. These materials may inciude, but are not limited to, chromium, titanium,
tantalum, aluminium, zirconium, and stainless or other types of steels. Additionally,

alloys and/or nitrides and/or carbides of these metals may also be used as the top
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debris clinging to the surface 105 of the coating
104, an additional step of washing, 10 including
de-waxi ng and de-greasi ng, nay be applied, as
indicated with reference nuneral 218. The washi ng,
de-waxi ng and degreasing steps may be simlar to
those performed during the cleaning step 206. In
sone enbodi nents, an ultradénic washing process nmay
be used. The next step is drying of the object 100,
coaﬁnq{? (5130 VYn sgrrrfg ﬁmbaoﬁgr% %g}ﬁes%%ggt! gls 1850‘12?8 ﬁbé/gnat ttﬂﬁ:kness that
is les® trpinétO@ dran@mé!bgﬁs iAcauinirvtap <ﬂm¢knesmfcﬁsmatnom¢te(rwm;eferred-
Coating (second coating) 106 nay be applied to the
surface 105 of the first coating 104, as shown wth
In scateeembedimantaethgl cagref tp dop 6patisles WPk AE0abRI agiugted. For

%ewﬁgr?-a #’S HIFRARS bb&HA | Bath (c);V’ﬂ)@UH&]hé%fr‘@ﬁfﬁ@éaJ Rlxtr& Kithin

- [ication an 1 nt egrat ed PVD t'echnal ogy
the égzynbem@ap\p[p%cg@e Eferpgy cplﬁeﬁquge gﬂgp%w@p coating. In one

KHRIRASHE L B4 a8t gAienB&ides ANtithiuh®abfs 908l that h
e S(m(g; |9.!'re é errb% di ment s the IlE’VD ge?ga ti gn aed

o DRty Alarasieh ey aHana BI0eT (i) 1 e o8 g6s g hgoolors
fron®A I|§ht3}éﬂ$vaqe yéﬁHN Qﬁ gbh@n yeIRANE & daik goidenRfow TBink, may be
eac coat

prodiggety B lniises Aalisha Peced SURP brbout Breass:
deS|red 25 The adhesi on and col our of the coatings

o Peri e R LR b b MR e moon

the pas; lawsilesr coatingat08 mayt be produed. Wign viengng grpeurds$ ofrfdgat |a|added to

the %gﬂ,%ﬁ.gfa?,r.thg %Satﬁ@a{d é)? L{F&QECK 91 ? PFe?e?re@i%d n??ént the ratio of
parti¥cle énerg

C gas m xt
Nitrogedvto Argpmsispd & dle ebied seattive Q@%IIﬁalmleﬁs'lQ%c The 30
strength and hardness of the coatings 106, 108 nay be

determ ned by the coatltg materials. These materials
Additegailynearbides obibe restals sited ahaveimay alsp bekrerip grjust the colour of

the Edpt I%Véruma TG ALY B f&iddl dithEby &h & ddk%@tm@'ﬁﬂathod or by the
i

stainless or other types of steels. onal |
reagive oJRPORIfien SPethpd rysirgs SEYRENBS Yafmitide 8 qigdsabove. In one

eml:i@tn@érﬁ tﬁ@hlﬁé@ﬂoh@ms @Fayt théi‘/tﬂ\tgbﬁ aha ac‘é@r&inbr(gzﬂz@S Vanous
se coatin

cologrst rp?pggﬁ@gtg r{qqggf changlng ?he targel mate%als and mlxeg wgﬁé{ng gases as

known to those of skill in the art.

Embodiments of the present invention provide several advantages over prior art
processes. For example, the electrolyte used in the MAO process is re-usable, thus
resulting in a more environmentally friendly coating process. Additionally, the coatings

formed by the MAO process have a higher hardness than those avai_lable in the prior art.

The various coatings produced by the processes outlined above may be known as
Fulastern’y, coatings. The term Fulastern,, derives from °‘Ful’, meaning Fulita
International Enterprises Pte. Ltd, (Singapore), the applicant of the invention, and ‘stern’
German for star. As such, Fulastern,, means one star of Fulita. . Aiso; within the

characters of Fulastern,, the ‘last’ indicates that the coating can last for a long time.



is |l ess than 500 nanoneters. A mninumthickness of 5
nanoneters is preferred. In sone enbodi nents, the
color of the top coating 108 nay al so be adj usted.
For 5 exanple, when applying a titanium second
coating 106, adjusting the gas m xture wthin the
PVD chanber may produce a different color for the
deposited coating. In one 1énbodi nent, using pure
argon as the gas produces a titaniumcoating 108 that
has a |ight black color. Alternately, by adding
nitrogen (N2) to the argon gas, varying colors from

it wéll bé gippregiddoby at peryal bidlgd nothgodrd Erat ylsl‘riemus \tepiations and/or

ol e t [ Og. . T

- modffiaiot) T P BB 1 P toenlTHucREon (S8 BRAM S e Bfbotc

embzdiyognts mﬂﬂelﬁs@@ar’fm wem dhe spihtoe seaso df ﬁlawtnva@ilongas broadly

deselllﬂég‘ ﬁh@b%%eﬁt@nﬁd%ﬂn&rﬁ@ta}en %eé&greafbdbé’ UorsicRi &R aﬁisrespects to

a silver coatlng be produced.

be 'Wrﬁil\fﬁgarﬁrﬁmm%"c@fe N2 is added to the argon gas, t he
coating 108 may turn black. In a preferred
enbodi ment, the ratio of 15 Nitrogen to Argon used
for the m xed reactive gases is no less 10%
Additionally, carbides of the netals cited above may
al so be used to adjust the colour of the top |ayer
108. They may be forned either by an alloy targeting
nmet hod or by the reactive deposition nethod using
sputtering or multi-arc as cited above. In one 20
enbodi nent, the m xed wor ki ng gases may be Argon and
acetyl ene (C2H2). Various colours nmay be obtained by
changing the target materials and m xed worki ng gases
as known to those of skill in the art. Enbodi nents
of the present invention provide several advantages
over prior art 25 processes. For exanple, the
el ectrolyte used in the MAO process is re-usabl e,
thus resulting in a nore environnentally friendly
coating process. Additionally, the coatings forned
by the MAO process have a hi gher hardness than those
available in the prior art. The various coatings
produced by the processes outlined above may be known
as 30 'Fulastern'tm coatings. The term Ful asterntm
derives from'Ful', nmeaning Fulita |Internationa
Enterprises Pte. Ltd, (Singapore), the applicant of
the invention, and 'stern' German for star. As such,
Ful asternt m means one star of Fulita. . Also, within
the characters of Fulasterntm the'last' indicates
that the coating can last for a long tine.
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11 It will be appreciated by a person skilled in the
art that numerous variations and/or nodifications
may be nade to the present invention as shown in the
speci fic enbodi ments w thout departing fromthe
spirit or scope of the invention as broadly 5

descri bed. The present enbodi nents are, therefore, to
be considered in all respect?s to be illustrative and
not restrictive. 12 CLAIMS Wat is clainmed is: 1. A

CLgﬂﬁ§eSS for forning coatings, the process conprising

e steps of: providing a netallic base having an

Whetissiaimedital | i ¢ surface; 5 depositing a ceramc

oat i j t S| . S j MGl :
I b s ekss tofitihd chayrpit) LRGToLEWnibrgh Gifl SBEE of
et al | i Prexdeiny ageetatip base haype redutsiesarlicsudate
coat i ng JuinbBidy A @R4RIc ARG AN HQRALGH slifaceARhy BGicro-
said netallic coatings direcCtly on said outside =
surdraegidatien E'?OG%%S : é%%nebf’f LR ﬁﬁkﬂt_,'oﬂﬁlh @ieéﬁ”ﬁ?_ eqatiggs may
st ap Qf)plié%lpﬂﬁbéitinébr&;ﬂlcdc&ﬁ[ngmmﬁh acgaédté]gamnl 8&fpared to
the steps of: inmrersing said nmetallic base in an
el P9 sad B5IRllG enptingh PapriPn sRiGovRde SUrfRee:
el ectrolyte cell; applying a pulsed electrical 7
éurre?ﬁ to sai d base ﬁrd sai.d me atlicvgell..15 Lg .

st ablf S PEeS9F Hoprigs '&"’W@Efﬁoﬁ"%é §he PlLEBRP NG SH Y Leramic
and sedating&loatirised sHeastergnesf: cont i nui ng said pul sed
el ectrical curren% uq;hl sai d fir§t cg&tin@.has tained i
r eached "AMEEENY &dUTAFAIRLESS 13 G FICHTY S SEREYL coptained in a
cl anetalic eldetolyiencalai d el ectrol yte conpri ses at | east
one of il ] . I .
of Cany oReSkd FRUESERGARa LR Saas] MigaRF fBalic cel
certamestablish a microplasmic discharge between said base and said

electrolyte; and
continuing said pulsed electrical current until said first coating has

reached a desired thickness.

3. The process of claim 2, wherein said electrolyte comprises at least one of

a silicate and an aluminate.

4, The process of any one of the previous claims, wherein said ceramic

coating provides an anti-corrosion barrier on said surface.

5. The process of any one of the previous claims, wherein said ceramic

coating has a thickness of between 5 and 200 micrometers.

6. The process of any one of the previous claims, further comprising:
preparing a surface of said ceramic coating;
depositing a first metallic coating over said surface of said ceramic

coating.
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coating provides an anti-corrosion barrier on said
surface. 25 5. The process of any one of the previous
claims, wherein said ceranic coating has a thickness
of between 5 and 200 m croneters. 6. The process of
any one of the previous clains, further conprising:

30 preparing a surface of said ceram c coating;
depositing a first netallic3coating over said surface
of said ceramic coating. 13 7. The process of claim

, further conprisin siting.a second. nmetallic .
Zoat | TR SRS R eiice OB e TSfrRG g ™ Spedr metatic
pr ocessatod cwkasaid first whealic poatimgd st eps of depositing
said first and 5 second netallic coatings are
acconpl i shed usi ng a physical vapour deposition
Br ocedbe phocetheof mlaimegswbereil ahich Bepanbledenasitingi spid first and
physi a : | 1 0 S
it Soooplo BRI EgRSS B e el TRh g o /g vapour
The pHerRes®NFroeasy. one of clains 8 and 9, wherein
sai d physical vapour deposition process conprises
perform ng said physical vapour deposition process
Pn t héhp pEsent ef sipin fe WHEralp Baidi ypiFalg@pers deppsition process
M Xt UpSnPriiscting of 8REEESIPRkLIEN adll Hhltesrctdpabitighn a
desired colour for at |east one of said 15 first and
second netallic coatings. 11. The process of claim
16. WR& @tdtesfibfl amy @nelof RIS isn@Td 9,0as88inas=fd physical vapour
sel ected froma gr consi st

o ASRaaR P Sosts Taet RS splroRBns 5eR ity iafappiPEosition

- cl ai nprogedslin thieepresenceadfions epardradnest gassebuatrhigture of said

gggﬂ I%‘%sessés b%?nlgl éc’cri]lljer}gd %g Io%’tasirlil E’:lfo%%ﬁeg fcol%ﬁ} ldorfalt rIe?c’atst one of said
ﬁrsi and second metaliic coatings.

11. The process of claim 10, wherein said one or more inert gases are

selected from a group consisting of argon, nitrogen, and acetyiene.

12.  The process of any one of claims 6-11, wherein said preparing step
further comprises:
polishing said surface of said first coating;
washing said surface of said first coating; and
drying said surface of said first coating.

13. The process of claim 12, wherein said polishing step comprises rough
polishing said surface of said first coating until said surface has a surface

roughness of less than 8 micrometers.

14.  The process of any one of the previous claims, further comprising a step
for preparing said outside metallic surface after said providing step; said
preparing step comprising;

polishing said outside metaliic surface;



washi ng said surface of said first coating; and
drying said surface of said first coating. 25 13. The
process of claim 12, wherein said polishing step
conprises rough polishing said surface of said first
coating until said surface has a surface roughness
of less than 8 mcroneters. 30 14. The process of any
one of the previous clains4further conprising a step
for preparing said outside netallic surface after

sai d provi ste aring, step conpri sing;
pO|IShI”@SEQS% 5L?@?8 ”F%?&?Fﬁ%“?u? ace; 14 washing

sai d outsjintesaie taldideemsiallicaueacand drying said

outside netallic surface. 15. The process of claim

14, wherein said polishing step conprises fine 5

p@l i sSThengraaisd afutising el 4mavhereincsajdirctishinaraten osaipgses fine
out si ?cﬂisnﬁéaééd Buéwef xﬂgﬁllllc@ﬁfa@e UEF 866 L EhRREMIC urface

| ess m cronet
has a surface roughness of less than 2 micrometers.



