M CROPLASMA SPRAY COATI NG APPARATUS FI ELD OF THE DI SCLOSURE [ 0001] The
present disclosure generally relates to a portable, hand-held m croplasm
spray coating apparatus, and nore particularly, a portable, hand-held

m cropl asma spray coating apparatus for use in the field. BACKGROUND OF THE
DI SCLOSURE [ 0002] Cenerally, conventional plasma spray coating nmethods and
apparatus are utilized in controlled environnents. These <controlled

envi ronnment s typical | yYMICRGPEASKA SPRMDtCOAT NG ABPARSTH@r encl osure in a
facility. Such containnment is necessary when enploying conventional plasma
spray coating apparatus due to at |east the noise |evel generated during

operation. Presently, Unitegiiates oyehtd@nbshegul ations require an
operator utilize hearing protection when operating equi pnent generating a

noi se | e¥@P0d} Fhedaviassingd ol smasureogenstaddyl refladsmm tspraapadatilegs

apparatu e at _noi | evel s_of roximately 120_decj bels or nore.
Convent | St prad Rl epPhidend fria? appal abdeBParalug | ABREUPEE ar appl ying
their pl papeicsepaayycoat pogsapue, t RahBehsldemaddopl dbhaokpthe pbasimgspr ay
itself. Due to the inprecise nature of applying plasma spray coatings, the
pl asma sPPR§Trebati hgr appar atushfubiebd-utilized and operated in sone type
of operating enclosure in order to prevent environnental and safety
hazards. [0003] There is a need for a plasma spray coating apparatus

capabl e of being transpor BACKGRCIRIDNQFp THEaADISCLOSTREUre to permt spray

coating &gﬁﬁ'is in the field while adhering to United States r %1ations

and provi % a@@é“ﬁréﬁ'ilé"sﬁiwe%ﬁqaﬁg pdﬁ‘%”iat ﬁPrst&\ﬁ\?&W%ﬂ‘eFﬁ% SNVENTI ON
and apparatus are utilized in controlled environments. These
controlled environments typically consist of a booth, rcom, or
other enclosure in a facility. Such containment is necessary
when employing conventional plasma spray coating apparatus due
to at least the noise level generated during operation.
Presently, United States Government regulations require an
operator utilize hearing protection when operating equipment
generating a noise level of 85 decibels or more. Conventional
plasma spray coatings apparatus operate at noise levels of
approximately 120 decibels or more. Conventiocnal plasma spray
coating apparatus are also imprecise at applying their plasma
gpray coatings due to the size and width of the plasma spray
itself. Due to the imprecise nature of applying plasma spray
coatings, the plasma spray coating apparatus must be utilized
and operated in some type of operating enclosure in order to

prevent environmental and safety hazards.

[0003] There is a need for a plasma spray coating apparatus
capable of being transported or being portable in nature to
permit spray coating repairs in the field while adhering to
United States regulations and providing acceptable spray

coating quality.



[0004] In accordance with the present invention, a portable, hand-held

m cropl asna spray coating apparatus broadly conprises an anode, a cathode
and an arc gas enmtter disposed in a housing of a microplasma spray gun; a
powder feeding system connected to the housing; a cooling system connected

to the housing; and a pome@U@m@qeO@OQQgc&ngmIbﬂe apparatus, wherein the
powder feeding system cooling systemand power source are det achabl y

nount ed 6&0@4 hollin eqgicatdegon WiGP0SheTlperegerdi |isiventdms 0@ oy adiisodi nent s
of the mve&nt :P are sei forth in the gcco an%]i:ng dl‘?Wi ngf and t he

descri pt POR7 Bt Qu KRRt 2F 83t ThE3Y OBT bl SRR AV anta38% %t the i nventi on
will be eppptesésfinnubdeedesceaphb@s and fiaytadgas andctepniibgoséal ms.

BRI EF DESCRI PTI ON OF THE DRAWNGS [0006] FIG 1 is an illustration
represent?ngy BOwstRGpPhseMiSpPRY2eBAL FRER G PAR at AsPeVdehel prdipat
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m cropl as Spray coating apparatus S an en?arged
view of @hechectinge sedi atpdwén sbhecel coopéased spralecappangtappar at us of

FIG 2; [0009] FIG 4 hart representjng a process for plying a
m cr opl a@%r%lrﬁ] a@%oﬁ?‘i"‘iﬁr g WoP kY 8EeMi nco i’:]g‘-ﬁ d%ﬁ%%e% ?ﬂdtlﬂﬁwﬁgesent
i nventi ogouRd LPO18Lt Ebfap Dy ﬁoﬁﬂté&s&@t’éeﬂol{?ﬂépﬁ%tﬂérw ew of the

m cropl asnma spray coating apparatus of FIG in operation. 2 [0011] Like
ref erence nunbers and designations in the varl ous dr avvl ngs indicate |like
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are set forth in the accompanying drawings and the descrlptlon
below. Other features, objects, and advantages of the
invention will be apparent from the description and drawings,

and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] FIG. 1 is an illustration representing a microplasma

spray coating apparatus of the present invention;

[0007] FIG. 2 is an exploded, perspective view of the

microplasma spray coating apparatus of FIG. 1;

[0008] FIG. 3 is an enlarged view of an electrode depicted in

the microplasma spray coating apparatus of FIG. 2;

[0009] FIG. 4 is a flowchart representing a process for
applying a microplasma spray coating to a workpiece in

accordance with the present invention; and

[0010] FIG. 5 is an assembled perspective view of the

microplasma spray coating apparatus of FIG. 1 in operation.



m cropl asma spray coatings to a variety of workpieces for many applications.
The portable m cropl asma spray coating apparatus described herein neasures
approximately 3 ft. wide and 5 ft. |ong and wei ghs approxi mately 150 | bs.
In contrast, conventional plasma spray coating apparatus are nmounted in a
booth or simlar enclosure within a stationary facility. Consequently, the
size and scale of the portable mcroplasna spray coating apparatus permt
an oper af0011} echrkecir@f eafencet hamiier odefral ek iyymaminins tihattHes ,vatiicach

and/ or detach, the _a araius to_and fromone nobile platformto another
nobi | e F%Y%69ﬁ1lT@6§gTel 1ke ebRT@RbFat ed that the micropl asma spray
coating apparatus described herein may be nounted on a nobile platform
such as a vehicle, and transported to on-site locations to quickly
facilitate repair work. As anDEX&IpES DESCESRAIONan nmay enpl oy an
autonobil e, truck, or even a notorized cart, or may transport the portable
m cropl asnma spray coating apparatus on an airborne vehicle such as an

ai rpl anefobek] coaptRyrtaid d hewardd ksl @i el el s arLamMenpl ated as
mobi l e platfornms capable of transporting the mcroplasma spray coating
appar at udPeeseEupedeneritbad Berednt Wayberebl hsredsppryaPreddingg appar at us

i ncl udes u t igclLa : t] a u -site
and begi ML CEVRGET IS SEERY af o TR E028 80 o8 L AyBrkhFe00RTE R Fatl)
condui t sappl i basesns havhagp3rteblehsisudbl abent shoapecont iheappabatasan to
wal k or clinb a _djstance with the hand-held nicroglasna spraé %un. [ 0014]

For exanPfeCriRefnReaftRr BPRSHRBBsEPYTO¥AR2LGLYi Aeltenlifes@Bent Ght |y wear

and the ¢graNLSyO%e TELE! gbgrssa%geaﬁﬁ P50 PabL S, 15hEgHdSaspNd the i ke,

erode. A tetChnician equipped wth the mcrosplasna spray apparatus

descri bedoheert honay plasma spray coating apparatus are mounted in a
booth or similar enclosure within a stationary facility.
Consequently, the size and scale of the portable microplasma
spray coating apparatus permit an operator, technician or
other to detachably mount, that is, attach and/or detach, the
apparatus to and from one mobile platform to another mobile

platform.

[0013] It is contemplated that the microplasma spray coating
apparatus described herein may be mounted on a mobile platform
such as a vehicle, and transported to on-gite locations to
guickly facilitate repair work. As an example, a technician
may employ an automobile, truck, or even a motorized cart, or
may transport the portable microplasma spray ceoating apparatus
on an airborne vehicle such as an airplane, helicopter and the
like; all such vehicles are contemplated as mobile platforms
capable of transporting the microplasma spray coating
apparatus described herein. Since the microplasma spray
coating apparatus includes a power source, the technician can
activate the apparatus on-site and begin using it immediately.

The apparatus may be equipped with conduits, or hoses, having



repair such worn turbine engine parts while the engine is still nounted to
the aircraft's wing and the aircraft parked on a runway or in a hangar.
Certain gas turbine engines are even |arge enough to acconmopdate a person
such that a technician may walk or crawl into the turbine engine The

techni ci a0, gy ot DGRs ARPLYL L Pﬁeﬂ%%%' @ﬁﬁ%@ﬁﬂcf&’ﬁt Eng%gkt Bg ¢ gnd

eroded part shrouds, and ke w't incurrin |t|ona tlne and
nanpomerdietannevelthetheghandihehdlmscr@pbasm@sspnayhguaLrcraft. I'n
addition, it is contenplated that other turbine applications, such as
industrial gas turbines, may also be repaired on-site in the field. Such

industri abo9ap Foi @ﬁ&%l@e 1GOTAARN ) rétrlal firZ Qeh Gl RYPINRG: BSRNR for powver
pl ants. A technician a\illtrans port the microplasnma sprday coating apparatus

to a | ocanygonedneenrisu Ynwe@healp@mehepcemmleroevteﬁtablacremtengecat| on

contalnlngp%hetgomgh 8u§”ta$ndegﬂepfeﬁ gchen%erﬁgf?§9$2%%§seﬁg§ an

2, a mcroptrasna’ spray I'Ng appara US ed by

t he dashegdthbeke onititeplssdepsstey. aﬁe@ﬁa@léydeﬁa:ﬁle@aaﬁaﬁeﬁﬁrﬁaycoatl ng
apparatus 10 may conprise a mcroplasma gun 12 having a housing 13
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stream 21 is fornmed when a quanti arc’gas is rnjec € arc gas
emtter @4 athuowgh ¢heiare B@ngérpo@deteﬂnn@aertafbnneeehginéﬁ drspenses a

quantity of powdered material into the glasna stream whi ch 4 transports the
powder ed®Hal et PLPE { BRAUUBr kPi BEEODHCIALS o7 (PHEEONsBUFRet B8t @ powder feeding

syst em 28eRn £0Phh Nat |Héﬂk5¥§t§%willﬁﬂg EhPOVEEDL SANT Efgidearenal |
connected to nlcroplasna gun 12. The power source nmy operate in a power

range neteskmigiap may then apply the microplasma spray coating to the
worn and eroded parts, shrouds, and the like without incurring
additional time and manpower to remove the engine from its
moorings on the aircraft., In addition, it is contemplated that
other turbine applications, such as industrial gas turbines,
may also be repaired on-site in the field. Such industrial gas
turbines are commonly utilized in pumping systems for power
plants. A technician may transport the microplasma spray
coating apparatus to a location on-site within the power plant
or even to a remote location containing the power plant's

equipment .

[0015] Referring now to FIGS. 1 and 2, a microplasma spray
coating apparatus 10 schematically represented by the dashed
box outline is depicted. Generally, microplasma spray coating
apparatus 10 may comprise a microplasma gun 12 having a
housing 13 containing an arc gas emitter 14, an anode 16, and
a cathode 28. An electric arc 20 is generated between the
anode 16 and cathode 28. A plasma stream 21 is formed when a
quantity of arc gas 1is injected from the arc gas emitter 14
through the arc 20. A powdered material injector 22 dispenses

a quantity of powdered material into the plasma stream which



performthe intended application of mcroplasm spray coating apparatus 10.
Preferably, the power source operates at a relatively | ow power range of
about 0.5 kilowatts to about 4 Kkilowatts. The power source nay conprise any
power source capable of providing the aforenenti oned desired power ranges,

and i ncl o] g {0 [ [ ut | et fLlter

systen1lgg$%? %§€¥§%?§n%gg§§£§§ ﬁ?g?%% %sﬁ% gs%§g§8§%§?o%8pom§e$rﬁa eri al

may be iachudedlsn appavdacnsfd8dingi syetemyss enallogehrgaklyvidospeters a

hi gh efficienéya articulate air filter_ having a hand held vacuum capabl e of
S
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system 19 is preferably nounted to the nobile platfornialong wth apparatus

10. [001BirRefwrthaginbended Fropl 2cat henhofisihhgropl asvaopbasyacgahing? may
conprise_a gri ortion 4 Qr dwall 48 a first idewal | 49, a top
wall 51 B gk Rus FO  nBrSLreRRtY” abhe PBuRg R Rt eRRFFAERSt SenBun) | The
housi ng peeheiobly Towppb®es ranberst Avbiic 18asandiewseesntdohabbuid3h; each
hal f 13a, 13b includes a reciprocal nale/fenale fastening mechani sm such
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i nt egral ormed therein. nozz shroud p05|%|one ona forward wal |
48 of m endpiashadgsnal@oway cosdt BabneAghgzzverioser i28dapdwarcent er
aperture 52. The _nozzle insert 50 may be threadingly attached to an end of
nozzl e sArblataes. A ALLhFer dSHakeRah 5HCRRGObLE pbLRE | BHEESS Al GEBRL2AB2 2| e
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shroud 4Bilter system 19 generally comprises a high efficiency

particulate air filter having a hand held vacuum capable of

removing excess powder from the air attached to a collection

area, for example, a bag or container, where the excess powder

is collected. Filter system 19 is preferably mounted to the

mobile platform along with apparatus 10.

[0016] Referring now to FIG. 2, the housing of microplasma gun
12 may comprise a grip portion 47, a forward wall 48, a first
sidewall 49, a top wall 51, a backwall (not shown), and a
gsecond sidewall (not shown). The housing preferably comprises
a first half 13a and a second half 13b; each half 13a, 13b
includes a reciprocal male/female fastening mechanism such as,
but not limited to, snaps, interlocking parts, depressed
plunger and aperture, clips, clasps, combinations thereof, and
the like, that are integrally formed therein. A nozzle shroud
46 positioned on a forward wall 48 of microplasma gun 12 may
contain a nozzle insert 50 and a center aperture 52. The
nozzle insert 50 may be threadingly attached to an end of
nozzle shroud 46. A shield gas cap 54 may be posgitioned
adjacent nozzle shroud 46. An insulator 56 may be positioned

between a shield gas cap 54 and nozzle shroud 46 to



Shield gas cap 54 may be pressed to fit over insulator 56 and onto nozzle
shroud 46. Shield gas cap 54 includes a center aperture 60 to permt high
velocity arc gas to pass through and into the electric arc. Shield gas cap
54 also includes a plurality of through apertures 58 for permtting shield

gas to flow therethrou l.d_t he ar c_ga fron1a ien phere.
The shi ePbEREERERERYr PalRR0 BB L et 3 e R oo  Frah RRER h: RirelHoRind: ng
upon t heshbéeadgdsaprpi sat ingy. bahpreggéaOMbSﬁiayopaft@ﬁ@u@étﬂkCEQphﬁana
stream 21 may also be controlled bﬁ@the nozzl e op enlna size. [0017]
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pluralit hreads 30 for threadi ngly_en i nsul atin |.eeve 18 and
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sl eeve 18)pyefREADEN-SOIRT hAG 8nRena Eﬁ@dafé'ggs EpsHl athbngnpaterial such as
phenolic materials, ceramc materials, polyetheretherketone materials,

conbi nat kbmesphereof Thanghi add| gks. fWﬁEnrehga@éﬂ bea@hodé 28toe4t ends
t hr ough §gter a er%gretSZ 8f ngzle shgogg § Iate?.sl eve i
al so i ncluds"an® rlnﬁusgaﬁ B dedl? Ié%%eﬁ thH tREr*Fetirdat Heat t he
i nterfacgabebwegpraynsatoted skemverdBlasdanserophasibngyinaldo Beferring
specificallé now to FIG 3, cathode 28 may conprise a body having a tip
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with a dFspBroéhed Gvethepnaagleorpeniedasigabstantially flat upper surface
formed at an angle of approxinmately 8 degrees to 30 degrees, preferably
approximately 8 degrees to 20 degrees, and nore preferably approxinmately 8
degrees f0019] degifeaxinthewch HalFTI8d of dardde 3, a cathode holder 26

includes a cathode 28 concentrically disposed within an
insulating sleeve 18 and secured by an internal threaded
mating juncture (not shown). Cathode holder 26 includes an
insulating cap 27 for the holder’'s insertion and removal and a
plurality of threads 30 for threadingly engaging insulating
sleeve 18 and cathode 28 within microplasma gun 12. Insulating
cap 27 and insulating sleeve 18 preferably comprise a non-
conducting, insulating material such as phenolic materials,
ceramic materials, polyetheretherketone materials,
combinations therecof, and the like. When engaged, cathode 28
extends through center aperture 52 ©of nozzle shroud 46.
Insulated sleeve 18 may alsc include an O-ring seal 32 to seal
the leak path that is created at the interface between
insulated sleeve 18 and microplasma gun 12. Referring
specifically now to FIG. 3, cathode 28 may comprise a body
having a tip with a distal end. The tip may comprise a
substantially flat upper surface formed at an angle of
approximately 8 degrees to 30 degrees, preferably
approximately 8 degrees to 20 degrees, and more preferably
approximately 8 degrees to 10 degrees. The distal end of the

tip comprises a height of about 0.008 inches to 0.030 inches,



tip conprises a height of about 0.008 inches to 0.030 inches, 6 preferably
about 0.008 inches to 0.020 inches, and nost preferably about 0.008 inches
to 0.010 inches or, in the alternative, a height neasuring approxi mately
10% to 20% of tﬂg %éaneter of cathode 28. $00181 Referring again to FIG 2,
anode 1695%ﬁ%F?§ Het af - O8F TRFRSS BRI A4l PR pdRft MPehper at ur e

hi gher thaardhgp1y nhEHEEdo 0pEs al hele s eppes ag Us eiRéntHesanogdg LRe M cropl asma
gun 12." Preferably, anode 16 conprises a commercially available pure
si nt er edal UpgRaehive ora shatghedneapgsien apendedmaiehy bR¥des eRhi dfting

refactorghghg{gﬁégéés%%gg??iégg Qg_but not limted to thoria, |anthania,

ceria, zirconra, and and preferably blended with 2% thoria. These
tungsten and oxide blends may be cryogenically treated in order to enhance
and stabilize their performance in _the nmcroplasm spray gun apparatus.

Convent i 698l 8hn&ederarias ywaeda 1bp Fdlred f PoRde 6o SRERtinaistteedidloy and
provi de % |, 147 service:life . i |y o] Lautes in
nicroplaéﬁasg%?%yﬂ%%g??ng M%%gé#%t 21€%-@%ﬁ%%%é9§%§ %%%g?EsFﬁg?gtﬂﬁetals
have nel inngndedi opetanjey atempsrétiate ace tloseanddanit heianodeasperatinng

tenperature. As_a result, these netals can nelt and cause an . r edge of
the anodb? t cPERESFEO I t SRCRRALF rFOTRY b95E o FAPTORC SAULEr BERBRSDIR of der to

produce ﬂ%iuﬁ@ QuRtétya €QRLLDES, tPesedoersl thsgapedeniatefeyntn relatively
shar p. o achieve this, a coomercially pure sintered tungsten material has

been devekbped evhppbdime vehareorpbobaranbdeistest seshlas bsgtngotnodes
erosi on THEHEednEe GHErSe prtont BFe anotestS U F1TOPRES Coffter EVal TP Bure
tungst enahd paEPEead by Nabehdet eRsEl theciervhceThése ofingsede dRdsuch that
oxide blends may be cryogenically treated in order to enhance
and stabilize their performance in the wmicroplasma spray gun
apparatus. Conventional anodes are typically formed from a
copper-tungsten alloy and provide a very limited service life
of approximately 10 to 20 minutes in microplasma spray coating
apparatus 10. Copper and other similar metals have melting
point temperatures that are lower than the anode operating
temperature. As a result, these metals can melt and cause an
upper edge of the ancde to become molten and initiate
cavitation and erosion. In order to produce high quality
coatings, the edge of the anode must remain relatively sharp.
To achieve this, a commercially pure sintered tungsten
material has been developed to produce a more robust anode.
Test results using anodes made from sintered tungsten material
has shown marked improvements in the erosion resistance over
prior art anodes. Utilizing commercially pure tungsten in
anode 16 has increased the sgservice life of anode 16 such that
anode 16 may be utilized in operation for approximately 10

hours to 20 hours.



anode 16 may be utilized in operation for approximately 10 hours to 20
hours. 7 [0019] Electric arc 20 may be generated between anode 16 and

cat hode 28 of the mcroplasna gun 12. The arc gas may originate froman arc
gas source 15 conprising a single gas or a mxture of gases, for exanple, a
dupl ex gh8019hy EdEeicdiriat @rcf 2émmay tieploengaa tegubesyean anssindd @ddni t h
each oth oygh ] X S d, fe L Gr asnma spray
coating g%%%é%%u%glﬁf ghé @?%ggggégﬁﬁr%ggl%giST%%néggtgégtﬁgynicroplasna gun
12 vi a conilgihatbavingmaaheagthgssf fbareat 1t ocopprheingl ackisgléhghstbe user

of apparatus 10 may_wal k or _clinb, ascending or descending, with
nicropla%nﬂ?ﬁ%%rﬁzgg IYPEF antRY sEFTRT &nt 2t SUBEE¥ 0¥ AT t hBAY nPEhdeRate
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gun 12. Preferably, arC gas source 15 conprising a single gas 1is

parti cul Bntguavannbgenssapraratns| azdnfed doptles masroplasuaesprawul tipl e
gas sources_and a nixi@ afﬁfr tus_due to | ower fgsts and feger gaterials
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arc gas may conprise, but is not limted to, any inert gas and preferably
conpri seBeERgonslagl acrebreseheanser dfiprerarghgs i Xt wae waykcohrpri se argon

and hydrgg‘fﬁbrhaggcé’ﬁﬂﬁé6‘81—y%%sg%‘r?n&}f?gw%ﬁlgonﬁ%géé?gg abgyy 23 Qydrogen

gas. [00 e afr ¢ gas~ nay d i ctric’arc ~forned

bet ween anetendé snfif taisntlet@8peneraktihé ethtendde applivationecogni ze that
in practice the arc gas can be emtted prior to generating the electric
arc. Gendt&RPYt iReCBFEPEERI ENSwitareCf nEloe i EF oprasha EhFagPEdE®ng
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is particularly advantageous over utilizing a duplex gas
mixture or multiple gas sources and a mixing apparatus due to
lower costs and fewer materials and parts. However, a
pre-mixed duplex gas mixture contained in a single arc gas
gource may also be utilized efficiently and cost effectively.
The arc gas may comprise, but is not limited to, any inert gas
and preferably comprises argon, and a representative duplex

gas mixture may comprise argon and hydrogen, and preferably,

about 98% argon gas and about 2% hydrogen gas.

[0020] The arc gas may be admitted into the electric arc
formed between anode 16 and cathode 28. One skilled in the art
will recognize that in practice the arc gas can be emitted
prior to generating the electric arc. Generally, the arc gas
flow rate into microplasma spray coating apparatus 10 may be
about 0.5 to 3 liters per minute. The electric arc ionizes the
arc gas to create microplasma gas stream 21. The ionization
process removes electrons from the arc gas, thus causing the
arc gas to become temporarily unstable. The arc gas heats up

to about 20,000°F to 30,000°F as it restabilizes. The



arc gas to create mcroplasma gas stream 21. The ionization process renoves
el ectrons fromthe arc gas, thus causing the arc gas to becone tenporarily
unstable. The arc gas heats up to about 20,000F to 30,000F as it

restabilizes. The 8 microplasnma gas streamthen cools rapidly after passing

t hr ough LC o 1 p e J 2 injects an
anount 0?98 ggg%éé ﬁ%%e?F%gg§4LP§P08§?§§ngaggéf ?ggﬁgzggggo ered

naterialtB#ougthhéedlandrﬁupareplasticized in the m cropl asma stream and
is deposited on a workpi ece where the deposited powdered nmaterial may cool

and re-solidify to formthe mcroplasma spray coating. Powdered materi al

i njector [8320RY A GRRIHSR] GnRAER{1 NOPR&S 36.2 POMBRI oL a0l fis  powder

material 34 prior to being injected into mcroplasma gas stream 21 by
powder |np@deaedzmatemppér3361nay DéaamaaghedSt@eami@ﬁ@pP@ydargdn 12 via a
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bet ween aoppsﬁbbva powdngl aoppdra3segabivder4hOppagl 86r abatisveowtiera nor na

axis of the workpiece, while still providing, adequate paterial coating with
a graV|tVaF§€aa%y§9eﬁFlﬂr bPebsdrg F§é80§9§téﬁFBr@%FH@ElGﬁWPnﬁﬁéd angl es

and/ or  ggi-gamabhog gf BEwALE" 9RK@8TB 08D . 13oph0023k WAGt BEr 4R tAEAKKL ¥of eed, @

pressurized system
microplasma gun 12 via a connector 38 formed on microplasma

gun 12. Powdered material 34 may be channeled through a
discharge orifice 40 and contrcolled by a valve 42 positioned
therein. The powdered material 34 may be injected into
microplasma gas stream 21 either through gravity feed or
through a pressurized system {(not known). In the alternative,
powder material 34 may also be injected into microplasma
stream 21 via a powder feeder hose from a standard powder
feeder (not shown). Microplasma spray gun may be oriented
between a positive 45° angle and a negative 45° angle relative
to a normal axis of the workpiece, while still providing
adequate material coating with a gravity feed system. A
pressure feed system provides unlimited angles and/or

orientation for microplasma gun 12.

[0022] Whether a gravity feed, a pressurized system or a
standard powder feeder is employed, connector 38 or powdered
feeder hose (not shown) preferably has a length sufficient to
permit slack so that the user of apparatus 10 may walk or
climb a distance sufficient to perform the intended
application. One skilled in the art will appreciate the fact

that as the operator moves with the portable unit and powder



standard powder feeder is enployed, connector 38 or powdered feeder hose
(not shown) preferably has a length sufficient to permt slack so that the
user of apparatus 10 may walk or clinb a distance sufficient to performthe
i nt ended application One skilled in the art wll appreciate the fact that
as the oper ppyes %%tg the ortablg unit aﬁ 5 owder eder hose, the
oper at or n% ﬁesggﬁd t BSfﬁ bel"Bw ?chgge d op8185| ? gBoVE powder
hopper Séscahe poesspbent egHovaypbeaercRoppap| at edther pusesheeeraepr ef erably
have the power cap aC|tgﬁto uniformy force powdered_material 34 through a

powder fEE8CABEeCHBSPIPoABELabBY SR Beretppeﬁséerﬂebbehage tRRJPPEEH t
m cropl a 12t e a nlimted
pl aa aeyg 2ol AntBLER 8323?85 gﬁ&de &sger h Eggé gh 4

angl es an i entation. uto contro so controls
powder pawéerafe8d heed pasétinhedpbhswa gasbetoeapoﬁderphmppeed3snater|aI

34 may be transferred to the workpi ece at a,rate. of bout 1t rans per
ey, ena Rtk robaams CkB EEo R uli ERER L Redn ePEs RehEeRriny T

coating heegydhst apces uhanghpaqaf kAR ABORAQoP bPEBREALQR .1 NChes onto the
wor kpi ece, but may vary dependi ng Upon the coating appllcatlon

requi renents. For exanple, pomdered material 34 may conprise any netallic,

ceramc, | de, cer stic .or net.al lic co ng materia
t hat can [EQES;pI%tEﬁ%%%E s‘%f‘at soplr 5%38’ I@ exarrpcloélt$oolvﬁj di%t erial may be
i ncl ude, mRtdkrik$ e@tfééaltedetenteOpmeémal@eySStaéemlmmntabWQeeednlckel

all oys, e.g., nickel-alumnum all oy 59654% in conmbination wth a ceramc
mat er i al "3E8Kias A4cER¥nbe B%ﬁﬁéfﬁﬁéﬁddFﬁgt puvorkpierpnpted tateyefria

stabi | zedoglr gophas oalyughumoXide,and wiDechl emnal §33%h 2 Mgy op! asma spray

gun 12, hd m cropl as spragbcoa I ng
typlcally apply the microplasma spray coating from distances
ranging from about 1.5 inches to 8 inches onto the workpiece,
but may vary depending upon the coating application
requirements. For example, powdered material 34 may comprise
any metallic, ceramic, carbide, cermet, plastic or other non-
metallic coating material that can be typically plasma
sprayed. For example, powdered material may be include, but
is not limited to, copper alloys, aluminum alloys, nickel
alloys, e.g., nickel-aluminum alloy (95%/5%), in combination
with a ceramic material such as a ceramic oxide including, but

not limited to, yttria stabilized zirconia, aluminum oxide and

the like.

[0024] Microplasma spray gun 12, and microplasma spray coating
apparatus 10, generates a relatively low noise level compared
to conventional plasma spray cocating apparatus. For instance,
conventional plasma spray coating apparatus generate a noise
level of about 120 decibels when taking into account the
gsurrounding equipment and plasma spray coating apparatus
itself. In the present invention, the microplasma spraying
apparatus 10 may generate a noise level of about 40 decibels

to 70 decibels during operation. More particularly, the
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apparatus 10, generates a relatively |ow noise |evel conpared to
conventional plasnma spray coating apparatus. For instance, conventional

pl asma spray coating apparatus generate a noise |evel of about 120 decibels
when taking into account the surrounding equipnent and plasma spray coating

Appar at W TORES P BpkrE BOR5THY PRYEPALRR A0 R SR DEFERE TR 0o be <

during openaélmevembbe photitcubadkyibebe £6 Bscﬂeahhéma sahdywheat i ng

apparatus 10 al gne ma generate a e_level of about 40 deC|beIs to 55
deci bel sSUERAURAEAI %éP BWﬁHFnQSeQHFbHéﬁﬁrlEh?nEPﬁﬁédleYﬁé RBYsELPYPEE may

el evate t&oaaréﬁﬁgeoﬁfaEQQHt5§5d€@9bg§ést&07EOdQQQbQ§ES thnpBehh instances
of operation, mcroplasma spray coating apparatus 10 of the present

|nvent|omngeaecasesfaOper591bevemltaopﬂeama sphay coaténgi eppbrpkasnilspr ay

coating aEpEéatus knogn.toda¥" nIn addiE curren&ﬁUn'tﬁd St at es

Gover nmefi SuPﬁ?FSH 1?338 r8 h%gPFﬁa ﬁﬁo?eg?}Bﬁ ¢froRffEht al noi se

reaches 8handeshbehsioAalaplasumht spPhor 68h8SHAB SppaYa€aat kRewappagayyus 10

al so neets Governnent regul ated sa? é Erotocols [ 0025] Cool ant fluid, such

as wat er IBragfétipRre, chuayepe UnifreppzEga éscﬁéVeFﬁ@eﬁFcFéﬁpééﬁﬁogan 12. The
cool i ng i | LAg
fruid noedubs YraPesd PreChrhibh, vSnr LU PLANRL A notak BBcHEN BRT
shown) |dethbemhcrgpla5ﬁasgmﬂ 12iandpl hewna sbraygboaﬂ1ngnhppapasaage064
into an anode hol der 66 and back through an outlet passage 68. The cooling
fluid reBbEBsTERESt EANEBFANGPE Y8PUARBEE #BLBLYI RGOEPEPAEI on of the

m cropl asma gun 12. The cooling flowrate may be approxinmately 0.1-1
gallons per mnute. A second conduit 70 may be connected to the

m cropl ag@@2§lin d®liantoriderid o pradviae velteot rdxdhepovistg, anxy be

utilized to cool the microplasma gun 12. The cooling fluid may
be delivered to the microplasma gun 12 via a coecling fluid
hoge 62. The cooling fluid traverses through internal passages
(not shown) in the microplasma gun 12 and flows through an
inlet passage 64, into an anode holder 66 and back through an
outlet passage 68. The cooling fluid reduces the temperature
of anode 16 during operation of the microplasma gun 12. The
cooling flow rate may be approximately 0.1-1 gallons per
minute. A second conduit 70 may be connected to the
microplasma gun 12 in order to provide electrical power, arc
gas, and chilled gas to the microplasma gun 12. Second conduit
70 preferably has a length sufficient to permit slack so that
the user of apparatus 10 may walk or climb a distance with
microplasma gun 12 sufficient to perform the intended

application.

[0026] Referring now to FIG. 4, a block diagram generally
illustrating the operation of microplasma spray coating
apparatus 10 is illustrated. Initially, at block 80, arc gas
ig emitted from nozzle insert 50. An electric potential is

generated between anode 16 and cathode 28 of the microplasma
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gas, and chilled gas to the mcroplasma gun 12. Second conduit 70
preferably has a length sufficient to permt slack so that the user of
apparatus 10 may wal k or clinb a distance with mcroplasm gun 12
sufficient to performthe intended application. [0026] Referring nowto

FIG 4, | ock di agram.gener.al | il fustrati t he operation_.of mcrqplasm
Spray codPPag Syl AP AROT8 hEkr¥rat, HHERHE Fifel AFr 8%k BRoCRUBBLEERD gac
is emtted brooxnezzl Brengast mdf. bAndeteet edcepobeghi 8hei 81egengrat ed

bet ween anode 16_and cat hode 28 of the mcroplasnma_ 11 spray gun 12 and is

di rect edPPREBEGAL t he aFeafasPlasMdeSEFERBA2Lt nAhl BLRCB284 Ar EOYEE€Tmay be

di rect edmabégggb $he,gl fﬁﬁé@;eedpﬁleat{é%s&g StpaLf phaspp E&Bg%”hil- Al

bl ock 84, powder nmaterial 34 Is injected Into plasna stream f bl ock
86, thethecmbptrashassareanehmahsathethbewdewdentwatakri8d 86 ao asuper
plasticized" conditjon, such that. the powder terjal 34 _1is | | eabl e when
P s aphrheet Bl RbLRA PR ctanci taSRaRPrastRar sohe PANARE PACEREpoddier od
material 1 §Xhgl188p18 wheADLtENsShpbEicl. 8o, tHB! {i8PkPLORLEtS, that freeze
upon inpact wth the substrate surface and an entrained solid particul ate
state thabuperptagponlrapacrefbrd thetbabbevdesedumpbesialt exbpbeRISEN

powder material 34.is_applied to,an upmaske kpi ece. Powder materjal 34
Phen coors NIt Eor FAETT 8- e o OREFR BaEt RGSonCPRE GFRRFoLEo R GNRRar Ty,

the thickpeasthé shBsthhteoplasaBesphayafioght fginey beldeppadentulaos the
intended application_such as coating an. CEM part or applying the coating
f or repaﬁFagﬁrbhéésme%eézvpon@#@PthgWth/EbeFF@Pssraaem5PK§a@ee fay be

spray cpaLed @%Fh%88&9§rmgﬁﬁﬁﬁgﬁ'3§4ﬁHt%gbZEQ& EBeaHi§§HQERéHB spray

coating apparat us descri bed herein. Plasng gas stream may
workpiece. Powder material 34 then cools and solidifies as a
hard coating on the workpiece. Generally, the thickness of the
microplasma spray coating may be dependent upon the intended
application such as coating an CEM part or applying the

coating for repair purposes.

[0027] Referring now to FIG. 5, a workpiece may be spray
coated with powder material 34 utilizing the microplasma spray
coating apparatus described herein. Plasma gas stream 21 may
be directed toward the workpiece being coated. Microplasma gun
12 may be operated at a relatively low power range of about
0.5 kilowatts to about 4 kilowattgs. The lower power output of
the microplasma gun 12 and microplasma spray coating apparatus
10 significantly reduces the heat flow into the workpiece over
that of conventicnal plasma coating methods. Depending upon
the size of the workpiece, maximum surface temperature of the
workpiece achieved by the application of the microplasma spray
coating process described herein may be about 200°F. As a
result, microplasma spray coating apparatus 10 is capable of
applying a microplasma spray ceating to a thin wall area of
the workpiece, without distortion resulting due to localized

stress caused by high thermal gradients.
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be directed toward the workpi ece being coated. Mcroplasma gun 12 may be
operated at a relatively | ow power range of about 0.5 kilowatts to about 4
kil owatts. The | ower power output of the mcroplasma gun 12 and m cropl asma
spray coating apparatus 10 significantly reduces the heat flowinto the

wor kpi ece over that of conventional plasma coating nethods. Dependi ng upon
the size of the workpiece, maxi num surface tenperature of the workpiece
achi eved[qushem@pltiocaﬂ-jeorlo@i gdm@rrﬁomt@mﬂtamfanamagplamﬁ igpgapr ocess

descri bed herein may be about 2$ result, nlcr pl asma igsw coating

appar at USCABT 7S 2RPABREUBF 10 23BF yHRG %?ﬁ?%?o%?%ﬁﬁ%?%p? m&SE?P a thin

wal | are@u@flzthﬁlMﬁéﬁPA§ﬁ§ sﬁkéﬁogundiﬁtﬂé§'9%51fs &a@geéueoéelﬁgcallzed
stress caused b gh thermal™ gradients e to the | ow power

out put omah¢tl@blaBn® b@@aylz@@a@rﬁg g@p@rw@nbpl@candtthesnaercﬁ/aperture of
m cropl asna un 12 sma_s n,12 i app coating
naterlala?%r%g+% aTl%g%f{ ea ~0n &P %8?%8 ggéyaﬁvg%3|zéi é%ﬁ%fj? ter

1/ 10t h t@ppﬁ@kﬂma@@lﬁ|y/i$20thha&ndfpE@h@éﬁbhbna&p@&@&h@ﬁ@@&%a&l15th, t hat

of conventional plasma stream coating nmethods and_apparatus. The size and
di amet erc@ting Methedp a8du2BPRrEARSf ThRErdbFasHad sptapeednt Phgtappar at us

10 per”%iéréﬁf&éﬂéesﬁ%ééﬂCSfC@f&f?ﬁ%&%ﬁ%r%%%g%ﬁgag??%§§%989§¥£8§ %ézy

cont enpl at ed ‘herei n. exanpl e enerate
m cropl aserEmspe ayccondtagsappacat osatibngeyvegonprhse handdhdlaf dabvdoe 0.5
mllimeters to about 5 mllineters e size of _the m cropl asm

spray codfingtety %E?th?ﬁ%1ﬂ1cFBBI%%ﬁ%Pi%ra R At FRPAPPBR aBbES 2 he st ream

may be apphig ) 0 i SQk4 t rkpi ece which
substan??alIygz%?n?%ategkf %aﬁﬁi é?kanigk?%§§ %éﬁgfﬁggangg ?%gerlng t he

wor kpi ecechpr aseas whétk ¢ofeaboati fig5 millimeters to about 5
millimeters. Due to the size of the microplasma spray coating
stream of the microplasma spray coating apparatus, the stream
may be applied in narrow strips or in isolated areas on the
workpiece which substantially eliminates the need for masking
or otherwise covering the workpiece in areas where the coating

is not desired.

[00289] One or more embodiments of the present invention have
been described. Nevertheless, it will be understood that
various modifications may be made without departing from the
spirit and scope of the invention. Accordingly, other

embodiments are within the scope of the following claims.
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is not desired. [0029] One or nore enbodi nents of the present invention have
been described. Nevertheless, it will be understood that various

nodi fications may be nmade w thout departing fromthe spirit and scope of
the invention. Accordingly, other enbodinents are within the scope of the
following clainms. 13 CLAIMS What is ¢haiiped is: 1. A portable, hand-held

m cropl asnma spray coating apparatus, conprising: an anode, a cathode and an
arc gas ehattes diaspeséddigm a housing of a microplasma spray gun; a powder
feedi ng system connected, to saig housins' a cooling sgsten1connected to
sai d hou$i ng® Bﬂﬁtﬁbg%mePagﬂﬂ BLdcBARERPLESTd FREX¥pParatle, 2hRaF&FHSsai d
powder fegdhpgssygtem said cooling systemand said power source are

det achably mounted on a nobile platform 2. The portable, hand-held

m cropl asma apparnPds, o chbhade, andheneancsaad ambtecrofpsibeesdaisi at ered
tungstenhggg?ﬁiag 3.mThg §9rtable Qand-geld m cropl asma apparatus of claim
1, wherérn-sa?d Ea?hoﬁ% % %8W%eﬁPFlga?Fy’disposed in an insulating sleeve
havi ng sai d catpedeeexteading bhetehnr eonasdreseadi 8giy BrOgagAg;to said
housing by a plurality of threads and_an insulating cap. 4. The portable,
hand- hel d ni cfopPaskad apparFaruscsreetafntg, sahfePelAingi d2B4t hode conpri ses

a body havi ngaagé&gr%&{fré gbﬁﬁéht%ﬁdto%hg h§%89££@9g?1 whaldifekdiq
m cr opl asma apparatus 0 charm , erein sald tip conprises a
subst ant pakBigrf fatdippesystuehacsaifiocoetiiagy apsaagl endf shétiwvpewer

approximately 8 degrees o 30
PP source aregdetachabfy mounted on a mobile platform.

2. The portable, hand-held microplasma apparatus of claim 1,

wherein said anode comprises a sintered tungsten material.

3. The portable, hand-held microplasma apparatus of claim 1,
wherein said cathode is concentrically disposed in an
insulating sleeve having said cathode extending therefrom and
sealingly engaged to said housing by a plurality of threads

and an insulating cap.

4, The portable, hand-held microplasma apparatus of claim 3,
wherein said cathode comprises a body having a tip with a

distal end.

5. The portable, hand-held microplasma apparatus of claim 4,
wherein said tip comprises a substantially flat upper surface
formed at an angle of between approximately 8 degrees to 30

degrees.
6. The portable, hand-held microplasma apparatus of claim 4,

wherein said distal end of said tip comprises a height of

about 0.008 inches to 0.030 inches.
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degrees. 6. The portable, hand-held m croplasma apparatus of claim4,
wherein said distal end of said tip conprises a height of about 0.008
inches to 0.030 inches. 14 7. The portabl e, hand-held m cropl asma appar at us
of claim4, wherein said distal end of said tip conprises a hei ght

measuring approxinately 10% 0% of .a diapeter_of sajd_ electrode, 8. The
portable?‘haﬁ%gh%?EE%?¥?bp?%éﬁéggg%a?é ﬁ%pg S%?a?%?ﬁ?aku e?%iﬁigéWd4anode
conpri sesh@ne thesafdcal byatosdacsdfveaidut epi abmpPisdbeappetighte, hand-hel d
m cropl asma apparatus of claim8, wherein said electrically conductive

mat er i al "ERFPFIRBs2PPEAGEPRRCBY ehABdtRi 21 aff 0% dkaweF @t @8 FRd t he group
consistiggeg{réggfia, | ant hani a, ceria and zirconia. 10. The portable,

hand- hel d m cropl asma apparatus of claim1l, wherein said arc gas emtter
supplies an inert arc gas into an electric arc generated by said anode and

said catphode,, 11. T ortabl e, hand-held m croplasm ar at of claim

70, “ruri hor Batpprtaate Hiaetane R ca Rt areamByALar BE: R Fadmc as
passing LREPHUR Said §hE8ET b&mPrEsed2an TEEBOriaRl By Bandubehden cropl asma
apparatus of claim 10, wherein said inert arc gas I1s a single gas source or

a dupl exagesiaburce. 13. The portable, hand-held nicropl asma apparatus of
claim 12, wherein said single gas source is argon. 14. The portable,

hand- hel d m cropl asma apparatus of claim 12, wherein said dupl ex gas source
conpri ses, a Thatpoecablear gandandlaydicgepladba apparatus of claim 8,

wherein said electrically conductive material comprises
tungsten blended with an oxide selected from the group

congisting of thoria, lanthania, ceria and zirconia.

10. The portable, hand-held microplasma apparatus of claim 1,
wherein said arc gas emitter supplies an inert arc gas into an

electric arc generated by said anode and said cathode.

11. The portable, hand-held microplasma apparatus of claim
10, further comprising a plasma stream generated by said inert

arc gas passing through said electric arc.

12. The portable, hand-held microplasma apparatus of claim
10, wherein said inert arc gas 1s a single gas source or a

duplex gas source.

13. The portable, hand-held microplasma apparatus of claim

12, wherein said single gas source is argon.
14. The portable, hand-held microplasma apparatus of claim

12, wherein said duplex gas source comprises a mixture of

argon and hydrogen.
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15. The portable, hand-held m croplasma apparatus of claiml1l, wherein said
powder feeding system conprises a powder hopper connected to said housing

through a conduit to a powder injector nozzle extending through an aperture
formed in said anode. 16. The portable, hand-held m cropl asma apparat us of

claim 15o whergi gosaith ROWSkaREPAT niOLgS) A0 86058 QUABET LYaoh 1

powdered material” through sald powder 1njector no e into a plasm §tream
gener at edhbyein saecdt pavdegafepdssgngyshenugbmanises est powdarchgeperat ed by

id d d id cathgde. 17. T t abl hand- hel d m I
ppar ot LEOBRCCE ink© 16 AngPuPh gal A= ROGE HARRGT 1 ede HPAFGLi mately 1 to

30 granmenpécpordesedl SvERE AN AT tATOUGR ARt Qp&at drPOorEehed Dheshod Nozzle.
18. The portable, hand-held m croplasnma apparatus of claim 15, wherein said

conduit @@@Peises a length sufficient to pernit a user to nove a distance
sufficient to performan application. 19. The portable, hand-held

m cropl asna apparatus of claim1, wherein said cooling systemconprises a
cool i ng ibui dThenpbirtabtennesh@dhéddsaidrbplasmg sbpavgbuanofEnteaipassage
into an _anode hol der of said housing and exiting_through an outl et

passage. 120. WAtESpor 8abfl ePONIRY- REPECHi RPHPF a3RR Epparatusuehteryi af 19,
wher ei n i | {d it Vi J Lel.at flLowrate
of appr o macely. Briot o] HErPaHR sRIS pPREEE FRRLE00r poMETerinTe =

hand- hel dlasoa opt nsam apparates by ghaineri9areheaei pasaidgcobronghf &ui d

condui t_conpri ses, 2! ength, sy 1 CLent LO.RETINL 3, V30L LR pYe @ di stance

17. The portable, hand-held microplasma apparatus of claim
15, wherein said powder hopper feeds approximately 1 to 30
grams of powdered material per minute into said powder

injector nozzle.

18. The portable, hand-held microplasma apparatus of claim
15, wherein said conduit comprises a length sufficient to
permit a user to move a distance sufficient to perform an

application.

19. The portable, hand-held microplasma apparatus of claim 1,
wherein said cooling system comprises a cooling fluid conduit
connected to said housing through an inlet passage into an
anode holder of said housing and exiting through an outlet

passage.

20. The portable, hand-held microplasma apparatus of claim
19, wherein said cooling fluid conduit provides a cooling
fluid at a flow rate of approximately ¢.1 to 1 gallons per

minute.,
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performan application without interrupting a flow of a powder material.
22. The portabl e, hand-held m cropl asnma apparatus of claim1, wherein said
power source generates a power output of about 0.5 kilowatts to about 4
kil owatts. 23. The portable, hand- hel d m cropl asma apparatus of claim1,

wherein d Quer s e rechargeable. 24. The portable, _hand-held
nicroplagza appgrg? gaéi %Fﬂgigeiah@rgfﬁpig?@apgﬁg?rggﬁﬁcgf TééWnected to
said nicreplaﬁaaeiﬁpéaydguaobyng €00ddi EohavifgcampengeB sufikhgtant to

permt a user to nove a distance sufficient to performan application
wi t hout PREEFFUPEFNECaPEFBR of HSPBWHEr MAHEeR| @l St2BceTRELfbFEGBFelO

hand- hel e?ESEﬂ, ﬁSHBE%EB$E§BHSw9EB§LE'Eh ﬁrﬁﬁﬁsiﬁén aS# Qw”B?'EegBkééiorm

conprises a vehicle e porta crop asma appar at us of
claim 1 mataerthér conprising a conpressed carrier gas source connected to
sai d housing through a second conduit. 27. The portable, hand-held

m cr opl asna apparatus of claim 26, wherein said second conduit conprises a

I engt h SﬂﬁfiPTEQtBOEQaBEé”1Baﬁduﬁéidtﬂlﬁ?&?lésﬂhséﬁPﬁ%aﬁﬁéfb%'@mhlholperform
an application. 28. The portable hand- hel d m cropl asma apparatus of claim

1, mherehﬁrséndShedspﬁgeeoﬁpurgesgeneeamasdamaowehavuhgua agzabeutshr oud
dlsposed theyeypon, . a ozz Enﬁ lconEEntrlcaIIy 17 di sposed within an
aperture of saird"hozZl e”sh rou and-a reld gas cap di sposed upon an

i nsul ator of said nozzle shroud. 29. The portable, hand-held m croplasm
apparatus of claim1l, further conprising a portable filter system
conprisiAg-a ﬁh@hpoéFFPe?enb?néahgﬁéuWaFéoaiﬁsmﬁlPEPaééﬁﬁﬁl@ﬁn5131Waéuum

device ynerein said power source is rechargeable.

24. The portable, hand-held microplasma apparatus of claim 1,
wherein said power source is connected to said microplasma
spray gun by a conduit having a length sufficient to permit a
user to move a distance sufficient to perform an application

without interrupting a flow of a powder material.

25. The portable, hand-held micrcoplasma apparatus of claim 1,

wherein said mobile platform comprises a vehicle.

26. The portable, hand-held microplasma apparatus of claim 1,
further comprising a compressed carrier gas source connected

to said housing through a second conduit.

27. The portable, hand-held wmicroplasma apparatus of claim
26, wherein said second conduit comprises a length sufficient
to permit a user to move a distance sufficient to perform an

application.

28. The portable, hand-held microplasma apparatus of claim 1,
wherein said housing comprises a forward wall having a nozzle

shroud disposed thereupon, a nozzle insert concentrically
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and a collection area for holding a quantity of excess powder material and
m cropl asnma spray. 30. A portable, hand-held m croplasnma spray coating
apparatus nounted to a nobile platform conprising: an anode, a cat hode and

an arc gas emtter djsposed in a housing; .a powder feedi.ng system connected
to said bﬁg?ﬁﬁé withy I?ﬂga8§§F%ﬁ?c%gn%g%%dn$632%iﬁhHSHgina?gaapomer sour ce

capabl e ghigenegaki BepaqPeyBEeQULpYh 2h 1ABQUALOrSoKi bavat hszkoeabout 4
kil owatts connected to the apparatus; and a filter system conprising a high

efficienggrpadticulate air filter, wherein said powder feeding system said
cooling system said power source and said filter systemare nounted on a
nobile platform 18

29. The portable, hand-held microplasma apparatus of claim 1,
further comprising a portable filter system comprising a high
efficiency particulate air filter comprising a vacuum device

and a collection area for holding a quantity of excess powder

material and microplasma spray.

30. A portable, hand-held microplasma spray coating apparatus
mounted to a mobile platform, comprising:

an anode, a cathode and an arc gas emitter disposed in a
housing;

a powder feeding system connected to said housing;

a cooling system connected to said housing;

a power source capable of generating a power output of
about 0.5 kilowatts to about 4 kilowatts connected to the
apparatus; and

a filter system comprising a high efficiency particulate
air filter, wherein said powder feeding system, said cooling
system, said power source and said filter system are mounted

on a mobile platform.
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