VACUUM COLD SPRAY PROCESS BACKGROUND OF THE I NVENTION (1) Field of the

I nvention [0001] The present invention relates to a nethod for depositing
netal alloys onto a substrate (2) Prior Art [0002] Cold gas dynam c spraying
or "cold spray"” has been recently introduced as a new netallization spray

technol ogy. The cold gas s&&aguﬁrggﬁﬁssﬁégiﬁbéﬁégggen i ntroduced is an
open-air process that uses ccelerate the netallic
particles. Part of the advantage to cold spray is that no oxygen is picked

up during deposition, even in_ open-air, since particles are not nelted and
are contained wthin a hePreArPRINRPRaHE | Ti®re is some concern that

in multiphe passacoat tRESinvhAe SnMY be debonded regi ons between the
initial and subsequent passes. Sone believe that once the initial pass is

deposi t ed000hl tThe gpreserdunmmsrdsi of frelieded deatd erethdte fawter | ayer of

t he depoaited.gateria{ ?xig&ﬁes and the ﬁugseguent pass does not

sufficie ?P?Sb 297 Br Bt ndrur¥de PeRote tRPs*3%Fdati on and therefore, a poor
bond interface results. [0004] The debondi ng i ssue needs to be overcone if

cold sprag is to conpete with other processes for |ow "buy-to-fly" ratio
t echnol o§#&sPT&PT a8kt i ve technol ogi es such as | aser engineered net shape.
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a substrateensinginotddaspedyashacheavoetdslbikrdaionnspragntechnology.
The cold gas spray process which has been introduced is an
open-air process that uses a gas such as helium to accelerate
the metallic particles. Part of the advantage to cold spray
is that no oxygen is picked up during deposition, even in
open-air, since particles are not melted and are contained
within a helium gas stream,.
[0003] There is some concern that in multiple pass coatings,
there may be debonded regions between the initial and
subsequent passes. Some believe that once the initial pass is
deposited, and the spray gun moves off that location, the
cuter layer of the deposited material oxidizes and the
subsequent pass does not sufficiently blast or otherwise
remove this oxidation and therefore, a poor bond interface
results.
[0004] The debonding issue needs to be overcome if cold spray
is to compete with other processes for low “buy-to-fly” ratio
technologies, or additive technologies such as laser

engineered net shape.

SUMMARY OF THE INVENTION
[0005] Accordingly, it is an object of the present invention
to provide a method for forming one or more deposited layers
on a substrate using cold spray which avoids oxidation of an

outermost deposited layer during deposition.



out ernost deposited | ayer during deposition. |I [0006] It is a further object
of the present invention to provide a nethod as above whi ch avoi ds
debondi ng when nmultiple |ayers are deposited. [0007] It is still a further
obj ect of the present invention to provide an inproved systemfor

deposi ti pgpsgf althl G o Eatf%'i"tﬁ %é%c% %Lfb%wa Se P08l Ehg ifd %0' ng

obj ects are attained by the netho sent 1 nvention. [0009] In
accor dangeowidé a hreetpred ems am‘eentwlmmh aavmid@ddébmndﬁn@ouhehnlguhtnplal lic
mat eri al 1onto a substrat e %%oadly conprises the steps of placing the
substrat A AT e inserting a spray gun nozzle into a port of

the vacpemorhankers ardldepoFhirtherdopgwder ed welealdreaaimt arviint i@ 0 a
surface of the substrate without nelting the powdered netal material. The
deposi t i #Q) B%%‘pl%mi%%r%%@%Y%Wrngf%a%@fe%%l%@ neeapbivbler ed net al

mat eri al g gg# g t chapber to a velocity so that upon inpact the
particles astica y de rn1and bond to a surface of the substrate.

[ 0010] FDWW}} Theadouoedaning witjlectlze apeesenb inedehty ahe ametdyst e ftore
depositing a netallic material onto a substrate broadly conprises a vacuum
chanber PHESRRcHTHestPtrate is positioned, and neans for depositing a

powder ed[ @& | iTe alRLSGaRlccOMI@ A t3d etk RS ety ale mitieutrJrel ting
t he pomdered metal material. The depoSiting neans i ncl udes a spray gun

nozzl e pﬂ)@mwm@@gmtmﬁw\ahlp@rmamrmb YRl uan sehapbete PooadlyQrher details

of the vagHum gol 420" Qe PIOSPSS1 adind®lhe SRoANSEe OPhOS! 9280 madvant ages
attendan ereto, are

chamber, inserting a spray gun nozzle into a port of the
vacuum chamber, and depositing a powdered metallic material
onto a surface of the substrate without melting the powdered
metal material. The depositing step comprises accelerating
particles of the powdered metal materials within the wvacuum
chamber to a velocity so that upon impact the particles
plastically deform and bond to a surface of the substrate.
[0010] Further in accordance with the present invention, a
gystem for depositing a metallic material onto a substrate
broadly comprises a vacuum chamber in which the substrate is
positioned, and means for depositing a powdered metallic
material onto a surface of the substrate without melting the
powdered metal material. The depositing means includes a
gspray gun nozzle positioned within a port of the vacuum
chamber.

[0011] Other details of the vacuum cold spray process, as well
as other objects and advantages attendant thereto, are set
forth in the following detailed description and the
accompanying drawings wherein like reference numerals depict

like elements.



forth in the follow ng detail ed description and the acconpanyi ng draw ngs
wherein like reference nunerals depict |ike elenents. 2 BRI EF DESCRI PTI ON
OF THE DRAW NGS (0012] The Figure illustrates a system for depositing
metallic material on a substrate in accordance with the present invention.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT(S) [00131 As pointed out

above, in the past few yeats, pAsckephioNUsE kngmnpREWEREE gas dynam c
spraying é cold spray") has been devel oped. This technique is advantageous

in that i[P01g} O\Thfeflgymei dildmstarpdragy a GvatE e‘ﬁi?t dgRagiting wek i gie
enough vglpgit éfsoﬁughs{lﬂ?&%ﬁeeos_‘n' QE@SI»daBQS h Ehsspr%é gically deform

and bond to the surface o e conponent ey are elng deposi ted
so as toibuehtiantel atively dense coatlng or structural deposit. Cold spray
does not netallurgically transformthe particles fromtheir solid state.
The col d spray process therefore has great utility in a variety of

processes whergetAriSp NEEESRALYION ORPOSEt pRERERRED CEMBOBTMBNTOBj O a
substrate. [00141 Referring now to the Figure, there is shown a system for

f or mi ng éoﬁbbbsﬂ’ts Foimdtes [quE miasid alitorkhe @wst riawe year, system i ncl udes
a spray gupp22 Naving,g .Lon¥eroLog dixerglngonozzhs 20.bArough ybich the

repair I S sprayed on o~a surface 2 The

substratﬁaéObeau hevéebﬁeatatwnmaryeahnnquaaysbadvahahgdouby1@nyhaui&able
means (not shown) known in the art, [00151_The spray gun nozzle 20 is
|nsertedPFﬁde§Sp%P?f5916Ftaen9§EEuHPcﬂ§ﬁﬁé?rB§e Haﬁﬁﬂéﬁeﬁhéosﬁﬂgprate 10 is

I ocat ed éﬂough velocities such that, upon impact, the particles
plastically deform and bond to the surface of the component on
which they are being deposited so as to build a relatively
dense coating or structural deposit. Cold spray does not
metallurgically transform the particles from their solid
state. The cold spray process therefore has great utility in
a variety of processes where it is necessary to deposit
metallic material onto a substrate.

[0014] Referring now to the Figure, there is shown a system
for forming a deposit of metallic material on a substrate.
The system includes a spray gun 22 having a
converging/diverging nozzle 20 through which the repair
material is sprayed onto a surface 24 of the substrate 10.
The substrate 10 may be held stationary or it may be rotated
by any suitable means (not shown) known in the art.

[0015] The spray gun nozzle 20 is inserted into a port 50 of a
vacuum chamber 52 in which the substrate 10 is located in
order to seal it from potential oxidation. Even if the gas
which is injected into the chamber 52 via the nozzle 20
overcomes the initial vacuum presgsure, it will not matter if
the gas is an inert gas such as helium, nitrogen, or mixtures
thereof. Using the sgsystem of the present invention, one can
apply the material to the substrate 10 in multiple passes

without any oxidation occurring between deposition passes.



order to seal it frompotential oxidation. Even if the gas which is
Injected into the chanber 52 via the nozzle 20 overcones the initial vacuum
pressure, it will not matter if the gas is an inert gas such as helium
nitrogen, or mxtures thereof. Using the system of the present invention,

one can apPhyviHEagB! €51 Bhet @yLREMSYBSERE! BrdDehp MHLLhEEEnPASSERALW t hoUt
any oxidation occurting between deposition passes. 3 One advantage to the

syst em othehgaprebénh rﬁveﬁedoﬁouédthateashéYgaecmhechdr§hueeahcbbﬁd be

easily recoy red rough.th S np ed_a I Thi s
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n|trogenad&@ﬁﬁﬁkeﬁhslfoﬁnhéheﬁmadhaﬁhagestﬁ MSIﬂgméheth&CUUEthinber 52 is
that particle velocities can be increased beyond those obtainable in an

open- ai rn&FEPERT- I f particle velocity |s |ncreased the coating quality

i ncr ease%oewe% t %elrmr %mh&eraw&h t{r@%cdﬁht%&f‘% of the

present invention, the netal materi feedsto be a powdered netal
naterraI1suthaaspartpokdeveaonetaésabhuybeThBCpeadedebemendlthaserral may be

h | | h f h b
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exanpl e, 1hBEe@9eaertHet abatmhgrqalalﬁra% bceepouEeaqd tbi ¢kphokase
superal l oy, such as IN 718, IN 625 100, WASPALOY, IN 939, and GATORI ZED
MASPALCWdeaﬁ15Yp6mdeﬁ@be§eﬁﬁer base al | oy such as GRCop-84. The powdered
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of the substrate 1 re era aneter Tn ‘the range of 5
nrcrons matéﬁiaicfeeastthlhay barhlpb@dareésmeuah astklraaé such as a

powdered metal alloy. The powdered metal material may be the
same alloy as that forming the substrate or it may be an alloy
material compatible with the material forming the substrate
10. For example, the powder metal material may be a powdered
nickel base superalloy, such as IN 718, IN 625, IN 100,
WASPALOY, IN 939, and GATORIZED WASPALOY, or a powdered copper
base alloy such as GRCop-84. The powdered metal material
particles that are used to form the deposit on the surface 24
of the substrate 10 preferably have a diameter in the range of
5 microns to 50 microns. Smaller particle sizes such as those
mentioned before enable the achievement of higher particle
velocities. Below 5 microns in diameter, the particles risk
getting swept away from the surface 24 due to a bow shock
layer above the surface 24. This is due to insufficient mass
to propel through the bow shock. The narrower the particle
size distribution, the better the velocity 1s. This is
because if one has large and small particles (bi-modal), the
small ones will hit the slower, larger ones and effectively
reduce the velocity of both.

[0018] The fine particles of the material to be deposited may
be accelerated toc supersonic velocities using compressed gas,

guch as helium, nitrogen, other inert gases, and mixtures



menti oned before enable the achievenent of higher particle velocities.
Below 5 mcrons in dianeter, the particles risk getting swept away fromthe
surface 24 due to a bow shock |ayer above the surface 24. This is due to
insufficient mass to propel t hrough t he bow shock. The narrower the

parti cl thékéSfd' ShLd \Ehtn' 24 : CE?e?%ES& éQ% &S{eo%t YelsS: %himqélieéwgﬁ?:a“se i

one has large and sna snmal I "ones w it the
sl ower, waiget anesbaﬁdueéfEEtpyeﬁycesedheehlgheseloelbyioy bot hhe[ 0018] The
fine partlcbes of the material to be deposited nay be accelerated to
superson]i‘%g B8FbcPRF eSOtk ng conpressed gas, such as helium nitrogen, other
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| ow nol ecul ar ht and because it produces the highest velocity at the
hi ghest gassgngtm{feomanﬁ@rbénanﬁéor@ch@tntbm eAptoyed mptenéadetnsd of the
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netal -to-netal _contact is made at very high pressures. 100201 The powdered
metal maPRFFAFlEgedst BIPB?H1PHea8@p5§??h Wﬁ§agetPeBeF61tﬁ@n§BF§y1§un 22

using any,§4di Lablg nShkRPWAg kBt he art, such as nodified thermal spray
f eeders. %he custggfseélgged gedgr that may be used is manufactured by
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feeders in the art, such as modified thermal spray feeders. One
custom designed feeder that may be used is manufactured by
Powder Feed Dynamics of Cleveland, Ohioc. This feeder has an
auger type feed mechanism. Fluidized bed feeders and barrel
roll feeders with an angular slit may also be used.
[0021] In the process of the present invention, the feeders
may be pressurized with a gas selected from the group
consisting of helium, nitrogen, other inert gases, and
mixtures thereof. Feeder pressures are usually above the main
gas or head pressures, which pressures are usually in the
range of from 250 psi to 500 psi, depending on the powdered
material composition. The main gas is preferably heated so
that gas temperatures are in the range of from 600 degrees
Fahrenheit to 1200 degrees Fahrenheit. If desired, the main
gas may be heated as high as approximately 1250 degrees
Fahrenheit depending on the material being deposited. The gas
may be heated to keep it from rapidly cooling and freezing
cnce it expands past the throat of nozzle 20. The net effect
is a surface temperature on the part being repaired of about
115 degrees Fahrenheit during deposition. Any suitable means
known in the art may be used to heat the gas.
[0022] To deposit the metal material, the nozzle 20 may pass

over the surface 24 of the part 10 being repaired more than



may be pressurized with a gas selected fromthe group consisting of helium
nitrogen, other inert gases, and mxtures thereof. Feeder pressures are
usual | y above the nmain gas or head pressures, which pressures are usually in
the range of from 250 psi to 500 psi, depending on the powdered nmateri al

conposi t bABe . Thenh&Bhtimgas b5 phsbesabbyuhealiedssa fhihatigascotepperatures are
in the range of from 600 degrees Fahrenheit to 1200 degrees Fahrenheit. |f
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deposit {Beanebafopmt 8" habosi BEcNOZREECSEPEHBY PASEhalVeE LBOegHlface 24 of
the part 10 being repaired nore than 5 once. The nunber of passes required

is a funtetbesohighe Vhenkhessdongt nedapeaitnhererrabit vebalappbezdato the
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the surface 24 that is several _inches high. Wen building a deposit |ayer
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et ween deposit layers. [00231 The nain gas that 1s used to deposit the

particl eshef methéd materiait ental tbat surhacsukfavey2ibemppsbedpabzedghhr ough
the nozzle 20 via inlet 30 and/or inlet 32 at a flow rate of
from 0.001 SCFM to 50 SCFM, preferably in the range of from 15
SCFM to 35 SCFM. The foregoing pressures are preferred if
helium is used as the main gas. TIf nitrogen is used by itself
or in combination with helium as the main gas, the nitrogen
gas may be passed through the nozzle 20 at a flow rate of from
0.001 SCFM to 30 SCFM, preferably from 4 to 30 SCFM.
[0024] The main gas temperature may be in the range of from
600 degrees Fahrenheit to 1200 degrees Fahrenheit, preferably
from 700 degrees Fahrenheit to 800 degrees Fahrenheit, and
most preferably from 725 degrees Fahrenheit to 775 degrees
Fahrenheit.
[0025] The pressure of the spray gun 22 may be in the range of
from 200 psi to 350 psi, preferably from 200 psi to 250 psi.
The powdered metal material is preferably fed from a hopper,
which is under a pressure in the range of from 200 psi to 300
psi, preferably from 225 psi to 275 psi, to the spray gun 22
via line 34 at a rate in the range of from 10 grams/min to 100
grams/min, preferably from 15 grams/min to 50 grams/min.
[0026] The powdered metal material is preferably fed to the
gspray gun 22 using a carrier gas. The carrier gas may be

introduced via inlet 30 and/or inlet 32 at a flow rate of from



the nozzle 20 via inlet 30 and/or inlet 32 at a flowrate of from0.001
SCFM to 50 SCFM preferably in the range of from1l5 SCFMto 35 SCFM The
foregoi ng pressures are preferred if heliumis used as the main gas. |If
nitrogen is used by itself or in conmbination with heliumas the main gas,
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degrees Fahrenheit, preferabl from 700, degr ees, Fahrenhei,t to 800 degrees
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Fahrenhethe £QP29drTH8sPrassues ohrbherspeay guboZ2somy be ko gbem,ange of
from 200 psi to 350 psi, preferably from 200 psi to 250 psi. The powdered
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inther f 0 i J-0 ; I ref.er r . DSl 275
psi, to ?ngg r%ﬁeg?r?zf%g’ Iq’\§/cézaé ?%gpffoireaﬂoer%bg'fﬁ{%ﬁh% a?é;]nestzaélo %r}%% 10
grams/ m frb@m 4R sgraasénkn,. praierabkyahtemi&bSkgoansAl Ahkto shb@agr ans/ m n.

[ 00261 The powdered netal paterial is preferably fed to the spray gun 22
usi ng a €aPFPBFegasPTEhereatYr eFP§asPHEY BeStRRERodHCEH FPE FAPGE 90 and/ or
inlet 32f§5malglHmﬁrg%eSQfm&[onl6 0.001 SCFMto 50 SCFM preferably from 8
SUMto 15 SCFM The oregoing flowrate is useful if heliumis used as the

carrier [Q@28]| fThe tvedgenithy off 39id mowddvest meéttdl heltamal peediakes t he
carrier gas,.a flowrate of fromQ, 001 M to SCF referably from4 to
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[0029] The deposit thickness per pass may be in the range of
from 0.001 inches to 0.030 inches.
[0030] Cold spray offers many advantages over other
metallization processes. Since the metal powders used for the
metal material are not heated to high temperatures, no
oxidation, decomposition, or other degradation of the
feedstock material occurs. Powder oxidation during deposition
is also controlled since the particles are contained within
the accelerating gas stream. Cold spray also retains the
microstructure of the feedstock. 8Still further, because the
feedstock is not melted, cold spray offers the ability to
deposit materials that cannot be sprayed conventionally due to
the formation of brittle intermetallics or a propensity to
crack upon cooling or during subsequent heat treatments.
[0031] Cold spray, because it is a solid state process, does
not heat up the substrate appreciably. As a result, any
resulting distortion is minimized. Cold spray induces
compressive surface residual stresses, so the driving force

for strain age cracking is eliminated.



di stance. Preferably, the spray distance is in the range of from10 nm to
50 mMm (00281 The velocity of the powdered netal material particles |eaving
the spray nozzle 20 may be in the range of from825 ms to 1400 nis.
preferably from850 nfs to 1200 m's. 10 0 2 91 The deposit thickness per
pass maywhgri Asthgat@pgergeft from 0. 001 inches to 0.030 inches. [00301 Cold
spray offers many advantages over other netallization processes. Since the
nmetal powders used for the netal material are not heated to high

temperatyres, jo. 8éi98£i839%§589H§°§' L0y, PE ﬁéﬁgrlgfgrﬁgét'on of the

feedstock material "occuUrs: xrdatron darin eposrtion is also
control | edbstpaeet bempat seel ekeaseepend i ned mﬁthln the accel erating gas
stream Cold spray also retains the mcrostructure of the feedstock. Stil
further, because the feedstock is not nelted, cold spray offers the ability

to deposit n%meiﬁésthgaguséemeb@nsar@aegu{aoeragmbbenalIy due to the
formation of Dbrittle intermetallics or a propensity to crack upon cooling

or during subsequent heat treatnents (00311 Col d spray, because it is a
solid state proces€ does __not he %Fihe S bstrateta EreC| k%- As a
result, any VREGFEIHE a.éPs?Y.%Hn g§° ?n%? 4. 2aBPh % ay *-Hdiess ™

conpr essgMembeff agedr esi dual stresses, so the driving force for strain age
cracking is elimnated. 7 WHAT IS CLAIMED IS: 1. A nmethod for depositing a
metallic material onto a substrate conprises the steps of: placing the

substrate in g.¥acupmGhanBslaeBgChELR1 2SRLAY 9D BAZE! § L0LRaRePRE! OF

said vacuum
said substrate without melting said powdered metal material.

2. A method according to claim 1, wherein said depositing
step comprises accelerating particles of said powdered metal
materials within said vacuum chamber to a velocity so that
upon impact the particles plastically deform and bond to a

gsurface of said substrate.

3. A method according to claim 1, wherein said depositing step
comprises providing said powdered metallic material in
particle form having a particle size in the range of from 5
micronsg to 50 microns and further comprising feeding said
metallic material powder to said spray gun nozzle at a feed
rate of from 10 grams/min to 100 grams/min at a pressure in
the range of from 200 psi to 300 psi using a carrier gas
selected from the group consisting of helium, nitrogen, and

mixtures thereof.

4. The method according to claim 3, wherein said feeding step
comprigses feeding said metal powder to said spray gun nozzle

at a feed rate from 15 grams/min to 50 grams/min.



chanber; and depositing a powdered netallic material onto a surface of said
substrate without nelting said powdered netal material. 2. A nmethod
according to claim1l, wherein said depositing step conprises accelerating
particles of said powdered netal materials within said vacuum chanber to a

el ocitysSo t ] .the_pariLele | Leal Ly.de . and nd to a
gurfagey%f sgﬁg gﬁ%@?@a%gpégalﬁgn%?h%%ég%c%fgYﬁéi%gﬁc%éﬁgl%ggg%gge?ggsaid
deposi t i ogmstepes chapiuseangr szidi hgedand pospdecedpribtakl| Ceedihgr saiidi n

particle_formhaving, article size in ther e of fro mcrons to 50
i Gr ons. BRY-Pr Efer L anBoF Sy nguP cBATRLCsaF o btHl FRESnRLerFaP BoRALr to
sai d sprgyrgupcnezzserat a feed rate of from 10 grans/mn to 100 granms/ mn

at a pressure in the range of from 200 psi to 300 psi using a carrier gas
selected fromthe group consisting of helium nitrogen, and m xtures

thereof. 4. %138 HE&H&% §8§8#SEH§0£8 §i§iﬂ? g; WheLELR saig FSSS&@& §{;8§
conpriseS feeding sard netal powder to said' spray gun nozzle at-a teed rate
from 15 goapsisges feedOngraatdnhel i8mbtoTheidespodyagunr dorgleoacl ai m 3,
wherein giid carrier gas congrises hel i um and said feeding step conprises
feedi ng §aP¥ TAkFi 9l FE°%aPdtSptaySHti- nozzle at a flow rate of from 0.001
SCFM to 50 SCFM 6. The nmethod according to claimb5, wherein said feeding
step conprises feeding said heliumto said spray gun nozzle at a flowrate
of from B.toThé @SFWd7acThedbrghbd atebmdd ngwherelini ar3d whrreen gasd

rrier ri nitr n_an ig.f in ri N in
carrier gas  COURrlseS. OLLT998":30d #ald;fgedlag sLeR, $ouRr kagg;hgeding

said nitrogen to said spray gun nozzle at a flow rate of from

0.001 SCFM to 30 SCFM.

8. The method according to claim 7, wherein said feeding step
comprises feeding said nitrogen to said spray gun nozzle at a

flow rate of from 4 to 10 SCFM.

9. The method according to claim 3, wherein said depositing
step further comprisges passing said metallic material powder
particles through said spray gun nozzle using a main gas
selected from the group consisting of helium, nitrogen, and
mixtures thereof at a main gas temperature in the range of
from 600 degrees Fahrenheit to 1200 degrees Fahrenheit and at

a spray pressure in the range of from 200 psi to 350 psi.

10. The method according to claim 9, wherein said passing
step comprises passing said metal powder particles through
said spray gun nozzle at a main gas temperature in the range
of 700 degrees Fahrenheit to 800 degrees Fahrenheit at a spray

pressure in the range of from 250 psi to 350 psi.



said nitrogen to said spray gun nozzle at a flowrate of from 0.001 SCFMto
30 SCFM 8. The nethod according to claim7, wherein said feeding step
conprises feeding said nitrogen to said spray gun nozzle at a flow rate of
from4 to 10 SCFM 9. The nethod according to claim3, wherein said

depositifng, stge &EEBBSVa@@BP&iﬁ@stBaéﬁéﬂﬂ §a'ﬂh8§é§h|bﬁlﬁaﬁﬁihagaﬁomder
particles through said spray gun"nozzle using a main gas selected fromthe

group cokerBeraguve kel iunthei rangencf aftomnyRbudegrensr Bahranhaifmta gas
t enper at I r rom 600 degrees Fahrenheit to 1200 degrees
Fahrenhe? a%%g%?&s ﬁlQggaﬁhpr‘téssure in the range of from 200 psi to 350 psi.
10. The nmethod according to claim9, wherein said passing step conprises

passing said netal powder particles through sajd spray gun nozzle at a main
gas tenpefat ufFeeime ‘édr%ﬁ@%rdb‘f“—’f?é@ feaiBel. FARFERMBI BAL8 BBONJEFFees

Fahre”hebémﬁ£1§e§pﬁéyluﬂr§ﬁ&“§§1&”8583%ﬁ§”9€e8fcé&ﬁglgég Eééd&§g359185'-_9

11. The nmethod according to claim eln sald I n gas erature is
in the rhajdunftdéronid28pdeyrees Rahrbahattat pat&7bndeheeesngehpénfispn. 12.

The met hod o ing to.claiLm9, wherein said main gas conprises helium and
sai d pas rﬂgfsgéghcgﬂngségkﬂgeding said heliumto said spray gun nozzle at
arate in the range of from 0.001 SCFMto 50 SCFM 13. The net hod accordi ng

to claim12, wherein said helium feeding step conprises feeding said helium
at a ratelef Thenmeihodoagsouding 1. cThemnee howhagebdrdrAgdt BeELEmm 9,

wherei n a5 d; N8I Or 88ScofBPPLLE B A1 hG9ER 8N F 2L RESS! PAcaL R EQORrI ses

f eedi ng
15 to 35 SCFM.

14. The method according to claim 9, wherein said main gas
compriges nitrogen and said passing step comprises feeding
said nitrogen to said spray gun nozzle at a rate in the range

of from 0.001 SCFM to 30 SCFM.

15. The method according to claim 14, wherein said nitrogen
feeding step comprises feeding said nitrogen to said spray gun

nozzle at a rate in the range of from 4 to 8 SCFM.

l6. The method according to c¢laim 3, further comprising
maintaining said spray gun nozzle at a distance from 10 mm to

50 mm from said substrate,

17. A system for depositing a metallic material onto a

substrate comprising:
a vacuum chamber in which the substrate is positiocned;

means for depositing a powdered metallic material onto a
gurface of the substrate without melting the powdered metallic

material; and
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said nitrogen to said spray gun nozzle at a rate in the range of from 0.001
SCFM to 30 SCFM 15. The nethod according to claim 14, wherein said nitrogen
feeding step conprises feeding said nitrogen to said spray gun nozzle at a
rate in the range of from4 to 8 SCFM 16. The met hod according to claim 3,
further conprising nmaintaining said spray gun nozzle at a distance from 10
mmto 50 mmfromsaid substrate. 17. A system for depositing a netallic

mat eri al ont osaidsddpstdsat engompansi igelad vag uansphapbguni nowhkileh t he
substrate is_positioned; neans for_depositing a powdered netallic materi al
onto o BeFTRbeiet Vhe bune Parb WE: FBG: v AERIR ELRESFonder ed metal i ¢
material; and 10 said depositing neans including a spray gun nozzle
positioned within a port of the vacuum chanber. 18. A system according to

cl ai m 1718wheRepyiskendadepsdingnge abang 1urtWeerebhpppsdsdapansting

accel eraf j par i.j S Sal r i rj : velocity so
t hat upgﬁégg%pg%%tﬁég %%% f%?%g ﬁgﬁggiggfr§&§%#%%%?g%§ E%%EE?%ggaﬁ surface
of said sabdtpeb@erdd. mécsysiemacenidingota cebooitd, sbuthher uponpri si ng
means for providing a ggi%selected fromthe %&oup consistin ni t rogen,

¢ of
helium HARAGT xtir BT hiFe8f PLASHIGRLHY ayeHa ﬁB?zP@n@otﬁcgéFgrate
particleg,pt,sai dr B 8h! bGparEgELal . 11

19. A system according to claim 18, further comprising means
for providing a gas selected from the group consisting of
nitrogen, helium, and mixtures thereof to said spray gun

nozzle to accelerate particles of said metallic material.
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