LASER ENHANCEMENTS OF COLD SPRAYED DEPGCSI TS BACKGROUND OF THE | NVENTION (1)
Field of the Invention [0001] The present invention relates to a process and
an apparatus for applying localized inprovenents to cold sprayed deposited

mat eri al s.
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Prior Art [0002] Cold gas dynam c spraying or "cold spray”
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a LASeLRg coating tenperature. [0006] The foregoing objects
using the process and apparatus of the present invention.
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Cold gas dynamic spraying or “cold spray” has been

recently introduced as a new metallization spray technique to

deposit powder metal with or without inclusions onto a

substrate. A supersonic jet of helium and/or nitrogen is formed

by a converging/diverging nozzle and is used to accelerate the

powder particles toward the substrate to produce cold spray

deposits or coatings. Deposits adhere to the substrate and

previously deposited layers through plastic deformation and

bonding. U.S. Patent Nos. 5,302,414 and 6,502,767 illustrate

cold gas dynamic spraying techniques.
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Despite the existence of ceold spray techniques

improvements are needed.
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SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to

provide a process which improves the density of deposited

materials and/or raise the coating temperature.
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It is a further object of the present invention to

provide an apparatus which improves the density of deposited

materials and/or raise the coating temperature.

[oo06]

The foregoing objects may be attained using the process

and apparatus of the present invention.



| [0007] In accordance wth the present invention, a process for depositing
a powder netal onto a substrate is provided. The process broadly conprises
the steps of providing a substrate, depositing at |east one | ayer of powder
nmetal onto a surface of the substrate using a non-oxidizing carrier gas so
that the powder netal plastically deforns without nelting and bonds to a
surface upon inpact with the surface, and subjecting the at |east one
powder netal deposited layer to a treatnment to inprove density and/or raise
a tenper &8000¢E] ofint hecatdhrastwitie fiowgeresemnet dhveapdsnt ed paypeess|fon

referreq enbodi nent of the present. invention, the treatnmenf to inprove
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present 1 nvention, an _apparatus for depositing a powder nmetal onto a
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invention, the treatment to improve density and/or raise a
temperature of the at least one powder metal deposgited layer is
a laser treatment.

{0008] Further in accordance with the present invention, an
apparatus for depositing a powder metal onto a substrate is
provided. The apparatus broadly comprises means for depositing
at least one layer of powder metal onto a surface of the
substrate using a non-oxidizing carrier gas so that the powder
metal plastically deforms without melting and bonds to a surface
upon impact with the surface, and means for subjecting the at
least one powder metal deposited layer to a treatment to improve
density and/or raise a temperature of the at least one powder
metal deposited layer.

[0009] Other details of the laser enhancements of cold sprayed
deposits of the present invention, as well as other cbjects and
means attendant thereto, are set forth in the following detailed
description and the accompanying drawings wherein like reference

numerals depict like elements.
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nuneral s depict |like elenents. BRI EF DESCRI PTI ON OF THE DRAW NGS 2 [0010]
FIG 1 is a schematic representation of an apparatus for depositing cold
sprayed powder netal materials onto a substrate; and [0011]] FIG 2 is a
schematic representation of an alternative enbodinment of an apparatus for
depositing cold sprayed powder netal materials onto a substrate. DETAILED
DESCRI PTI ON OF THE PREFERRED EVMBCODI MENT(S) [0012] The present invention
relates to a process and an apparatus for applying |ocalized inprovenents
to cold spEyledrieposi ieda nediesmaatd is= rEprelcenghtied bfpanveppatstudyide
density _inprovenents and/or raisi t he tenperature of the deposited

mat or i 2l PR LGP o PPERSPE BUFAEF ORSERD TR G it FUPRFERGGE
significgnd heat input to the substrate material or any wunderlying prior
col d sprayed deposits. [0013] The cold spray process for depositing powder
metal nmE@@Fllal EIGnt? LB tFAIRL ST FppaesagEstionnothar f1CprRRt Hes

sufficie C L agtl.c ' L ti.es such

t hat , up%ﬁlb%eg%‘:, t%%h%%pa%)?ia% gngFggt%i%g?%ﬁtmd%%o@%%%?d%%g@e e surface
of the sudbsAY ataegriadmt ondo pr evbetshyyedeposited | ayer. The process all ows
the build up of a relative dense coating or structural deposit. Cold spray
does not netallurgically transformthe particles fromtheir solid state.

[0014] Referri mETMIWHD DESGRIPTIONEOE TBE SPRAFERRELY EMAOEMENT (sjepositing a

powder nFESQZIWB%EQISLegQAS fh&%ﬁ?ﬁéf“éélggﬁi %%Sgegkocess and an
apparatus for applying localized improvements to cold sprayed
deposited materials. The localized improvements may be dengity
improvements and/or raising the temperature of the deposited
material high enough for short durations to recover ductility
without significant heat input to the substrate material or any
underlying prior cold sprayed deposits.
[0013] The cold spray process for depositing powder metal
materials onto substrates is advantagecus in that it provides
sufficient energy to accelerate particles to high enocugh
velocities such that, upon impact, the particles plastically
deform and bond to the surface of the substrate or onto a
previously deposited layer. The process allows the build up of a
relative dense coating or structural deposit. Cecld spray does
not metallurgically transform the particles from their solid
gtate,
{0014] Referring now to FIG. 1, there is shown a system 8 for
depositing a powder metal material onto a substrate. The system
8 includes a spray gun 22 having a converging/diverging nozzle
20 through which the powder metal material is sprayed onto a
surface 24 of a substrate 10. The substrate 10 could be a part
or component for an engine or for any other structure and may be
formed from any suitable metallic material known in the art. The

substrate 10 may be held stationary or may be articulated,

3



8 includes a spray gun 22 having a convergi ng/ di verging nozzle 20 through
whi ch the powder netal material is sprayed onto a surface 24 of a substrate
10. The substrate 10 could be a part or conmponent for an engine or for any
ot her structure and may be formed fromany suitable nmetallic material known
in the art. The substrate 10 may be held stationary or may be articul at ed,
3 rotated, or translated by any suitable neans (not shown) known in the
art. [0015] In the process of the present invention, the material to be
deposi t ethtist el .powderedsiatal but enyasuiTddel powseredinmet ahowmt énicah nay be
of the SAE ,CO %sition as the substrate 10 is nade fromor it may be a
conpat i bt &%%srtion. For exanple, the powder netal material may be a

ni ckel bpeExklal IaytBechrasedN of/ fhe IfNe2hr hveA0ioMASPAE MatdN HB% o or
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powder edpEd s 1MRlS7 i) St AL 8hReUsSHpb i f N dda 1leRRTide ke e jgurface
24 preferably have a dianmeter in the range of from about 5.0 mcrons to 50
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effectively reduce the velocity
powdered metal materials that are used to form the deposit on
the surface 24 preferably have a diameter in the range of from
about 5.0 microns to 50 microns (0.2 mils to 2.0 mils). Smaller
particle sizes 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, i.e. insufficient mass to propel the
particle through the bow shock. The narrower the particle size
distribution, the more uniform the particle velocity will be.
This is because the smaller particles in the spray/plume will
hit the slower, larger ones and effectively reduce the velocity
of both.
[0016] The particles to be deposited may be accelerated to
supersonic velocities using compressed gas, such as a gas
selected from the group consisting of helium, nitrogen, another
inert gas, and mixtures thereof. Helium is a preferred gas
because it produces the highest velocity due to its low
molecular weight.
[0017] The bonding mechanism employed by the process of the
present invention for transforming the powdered metal material
into a deposit is strictly solid state, meaning that the

particles plastically deform but do not melt. Any oxide layer
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of both. [0016] The particles to be deposited nmay be accelerated to
supersoni c vel ocities using conpressed gas, such as a gas selected fromthe
group consisting of helium nitrogen, another inert gas, and m xtures
thereof. Heliumis a preferred gas because it produces the highest velocity
due to its low nolecular weight. [0017] The bondi ng mechani sm enpl oyed by
the process of the present invention for transform ng the powdered netal
material into a deposit is strictly solid state, nmeaning that the

parti cl eshgd aist ifeairey daf ohe partdolasi oelis pesend do Itheeswdfelhat s
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known in“ﬂ‘%@” arpe Boefesed MRt 3} é‘%ftt%@ﬁalu%ﬁr 5¢ ferderi® drROTLStoRY
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of Ceveland, Ohio. This feéder has an”auger type feed mechanism Fluidized
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metal medgiBr slit may also be used.
[0019] In the process of the present invention, the feeders may
be pressurized with a gas selected from the group consisting of
helium, nitrogen, another inert gas, and mixtures thereof.
Feeder pressures are generally 15 psi above the main gas or head
pressures, which pressures are usually in the range of from 200
psi to 500 psi, depending on the powder metal 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 once it expands past the
throat of nozzle 20. The net effect is a surface temperature on
the substrate 10 of about 115 degrees Fahrenheit during
deposition. Any suitable means known in the art may be used to
heat the gas.
[0020] To deposit the powdered metal material, the nozzle 20 may
pass over the surface 24 of the substrate 10 being repaired on
multiple occasions. The number of passes is a function of the
thickness of the material to be applied. The process of the

present invention is capable of forming a deposit having any



conposition. The main gas is preferably heated so that gas tenperatures 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 fromrapidly cooling and freezing once it expands past the
throat of nozzle 20. The net effect is a surface tenperature on the
substrate 10 of about 115 degrees Fahrenheit during deposition. Any
suitabledemiMEdIuhﬁmkda$stheoadtspuyybeauspmbdmneruhﬂntﬂﬁyqyﬂaramgﬁzg] To

deposit the po red net aI t he nozzle pass over the
surface ’LZEf’"bfo }[Qﬂ) slﬁﬁéjtersat é’n? Sgél ﬁfdcf)%%a?? ed” O emﬁ"z’tyl pl e occasions. The
nunber ofogris eshe smaif uges | thatofid Rsed hicckiepssief thbepondersé@l métalbe

applied. The process of the present invention is_capable of formng a
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rangi ng 24 refm G.0Q2 isRches af 18w02Qcknshesrfigero Sdd0l eSS d00@2ky, The main
gas that is used to deposit the powlered netal particles onto the surface

24 may hereterdd y irogdle rRageogt| §ror0lyi SCiMItee 30 HiFM fIhew rate of from
0. 001 SCFM&%’ EI}Q_:{ FIM raREf EE%PE¥SEQr£Q§f{ﬁe Qi flrsoq]%% %g:Mhteomg§nSCFM

The foregoi oW rates are rred i rumis used as the marn
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mai n gaSzcﬁedm%r &illﬁmﬁ raRy: g lfﬁzrotnhe.bamggcm td 00 @Iﬁrm, preferably from
4.0 SCFM to 30 SCFM.
[0022] The main gas temperature may be in the range of from 600
degrees Fahrenheit to 1200 degrees Fahrenheit, preferably from
700 degrees Fahrenheit to 1000 degrees Fahrenheit, and most
preferably from 725 degrees Fahrenheit to 200 degrees
Fahrenheit.
[0023] The pressure of the spray gun 22 may be in the range of
from 200 psi to 500 psi, preferably from 200 psi to 400 psi, and
most preferably from 275 psi to 375 psi. The powdered metal
material is preferably fed from a hopper, which is under a
pressure of 10 to 50 psi higher than the specific main gas
pressure, preferably 15 psi higher, 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.
[0024] The powdered metal material is fed to the spray gun 22
using a non-oxidizing carrier gas. The carrier gas may be
introduced via inlet 30 at a flow rate of from 0.001 SCFM to 50
SCFM, preferably from 8.0 SCFM to 15 SCFM. The foregoing flow
rate is useful if helium is used as the carrier gas. If nitrogen
by itself or mixed with helium is used as the carrier gas, a
flow rate of from 0.001 SCFM to 30 SCFM, preferably from 4.0 to
10 SCFM, may be used.



degrees Fahrenheit to 1200 degrees Fahrenheit, preferably from 700 degrees
Fahrenheit to 1000 degrees Fahrenheit, and nost preferably from 725 degrees
Fahrenheit to 900 degrees Fahrenheit. [00231 The pressure of the spray gun
22 may be in the range of from 200 psi to 500 psi, preferably from 200 psi
to 400 psi, and nost preferably from 275 psi to 375 psi. The powdered netal
material is preferably fed froma hopper, which is under a pressure of 10
to 50 psi higher than the specific main gas pressure, preferably 15 psi

hi gher, to the spray gun 22 via line 34 at a rate in the range of from 10
gr ans/ m Eanﬁllo'Dhgramlsammpzzlm éferigbhelfy et asdgenaBLai f\r@lo B%= gr ans/ mi n.
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before, the(&%Q“%%f%%sneE%lhas Eggldlsgovered that the deposited
layer(s) could receive localized improvements from laser
processing. With proper settings, a laser could be passed
directly over a deposited layer to improve density {(sintering)
and/or raise the coating temperature high encugh, for a short
duration, to recover ductility without significant heat input to
the substrate material or underlying prior cold sprayed layer
(small thermal gradient). To this end, the system 8 includes a
laser 60 which may be movable to allow the laser beam to apply
heat to the entire powder metal material deposit. The laser 60
may comprise any suitable laser known in the art such as a YAG
laser. The laser processing may be performed after each
successive cold sprayed layer deposit.
[0028] As shown in FIG. 2, the laser 60 may be mounted to the
nozzle 20 if desired so that the laser 60 moves with the nozzle
20. Such a laser would track along the spray beam while locally
enhancing the deposit (in situ heat treatment).
[0029] Cold spray coatings are highly cold worked due to the
extreme impact velocity and the nature of the bonding mechanism,
This degree of cold work results in very low tensile ductility
of the deposited material. Also, some high hardness materials
produce fairly porous deposits even at the highest possible

spray parameters. The use of the laser 60 helps improve the



deposited onto the surface 24 so as to forma coating having one or nore

| ayers. It has been di scovered that the deposited |ayer(s) could receive

| ocal i zed i nprovenents fromlaser processing. Wth proper settings, a |aser
could be passed directly over a deposited |layer to inprove density
(sintering) and/or raise the coating tenperature high enough, for a short
duration, to recover ductility without significant heat input to the
substrate material or underlying prior cold sprayed |layer (small thernmal

gr adi entguctlia ity Sretthe Weposystanmm8téentdldest acarl asieio Ghordlazle KRy be
novable to allow the | aser beamto, appl heat to_the entire powder netal
nateriald?ﬁﬁﬁﬁﬁtqr'ﬂﬁgqcﬁséPeGQOrﬁﬁﬁtEoﬂ%r@%ﬁ?%ﬂﬁﬁ@nﬁ%%ﬁﬂ%?q°aser known in the

art suchi@gs@ Yl L@B&Mspddlf PAsds PIATRIS RAnYFRUADEnPEEE ST 8BEr abtgd, each
successive cold sprayed layer ‘deposit. [0028] AS shown in FIG 2, the |aser
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gg{/gf}it ;é%és)é%d}g‘?loﬁ s JRR ke sl 90301 T06n £R) AP e RIAGERT el S many
the feedstock. Also, because relatively low temperatures are
used, thermal distortion of the substrate will be minimized.
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 subseguent heat
treatments.
[0031] It is apparent that there has been provided in accordance
with the present invention laser enhancements of cold sprayed
deposits which fully satisfy the objects, means, and advantages
set forth hereinbefore. While the present invention has been
described in the context of specific embodiments thereof, other
alternatives, modifications, and variations will become apparent
to those skilled in the art having read the foregoing
description. Therefore, it is intended to embrace those
alternatives, modifications, and variations which fall within

the broad scope of the appended claims.



metal li zati on processes. Since the powders are not heated to high

t enperatures, no oxidation, deconposition, or other degradation of the
feedstock nmaterials occurs. Powder oxidation during deposition is also
controlled since the particles are contained within the oxygen-free
accelerating gas stream Oher potential advantages include the formation
of conpressive residual surface stresses and retaining the mcrostructure
of the feedstock. Al so, because relatively |ow tenperatures are used,

t her mal wiAT arsg iCuAIMED T :substrate will be m nimzed. Because the
feedstock is not nelted, cold spray offers the ability to deposit materials
t hat cannot be sprayed conventionally due to the formation of brittle

internetal |4 Grddes ARIORRPIsY1hE &F peKALPaRe LD dritth &f SHiFdtiitsubsequent
heat treatnents. [00311 It is apparent that there has been provided in
accor dan@@nPyiing Hdreprde®st Sfivention | aser enhancenents of cold sprayed
deposits which fully satisfy the objects, neans, and advantages set forth
her ei nbefore. While the present invention has been described in the context
of specific emodidie s tshéséohteot her alternatives, nodifications, and
variations will becone apparent to those skilled in the art having read the
foregoing description. Therefore, it is intended to enbrace those

al ternati ves,d¢psh ifd iGRf ia@NSeadndovar layepnst Whbwdef ahdtall tdito & he broad
scope of the appended clainms. 8 WHAT IS CLAIMED | S:, 1. A process for
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that said powder metal plastically deforms without melting and

bonds to a surface upon impact with said surface; and

subjecting said at least one powder metal deposited layer
to a treatment to improve density and/or raise a temperature of

said at least one powder metal deposited layer.

2. The process according to claim 1, wherein said depositing

step comprises depositing multiple layers of said powder metal.

3. The process according to claim 2, wherein said subjecting

step is performed after each said layer is deposited.

4. The process according to claim 3, wherein each =said
subjecting step comprises utilizing a laser to improve sgaid

density and/or raise said temperature.

5. The process according to e¢laim 1, wherein said depositing
step comprises depositing multiple layers of said powder metal
and said subjecting step is performed after said multiple layers

have been deposited.



providing a substrate; depositing at |east one | ayer of powder netal onto a
surface of said substrate using a non-oxidizing carrier gas so that said
powder netal plastically defornms without nelting and bonds to a surface
upon inpact with said surface; and subjecting said at | east one powder netal
deposited layer to a treatnment to inprove density and/or raise a
tenperature of said at |east one powder netal deposited |layer. 2. The
process according to claiml, wherein said depositing step conprises

deposi ti fig The tpdedAvRIcHrafinsaicd powiarimetiedreih Jdd pdapasixkiargcording to
claim2, wherein said subjecting step i erformed after, each said |ayer is
deposi t e8EeR. COMRF iS5t SESVAATEd PRt 8°8$3FW%F3W R ST LaTa

subj ect i gy SAEP: G SRS ditdd 112l RAcarhAgE! of OFFOMI OUE: Sdbifk tdeny ty and/ or
raise said tenperature. 5. The process according to claiml1, wherein said
deposi t i ngcrene b istdaer addpasistildgpputitpee tayerspedd sl dhsowdegenet al
and sai d_supject i r{or a i | : r have been
deposi te%l.§ gh%ﬁ él%g 'érsg(%edszl‘l@?cgn?giwﬁgdt %ﬁ%{»%?ﬁ] !ia V\h&eéréejésﬁléslalﬁ sg—'eeﬁ)osi ting
step conpursiesr pravwdisey Saedlipowdal dnpbetier el i tod ea fapray hedzig at
particle sipze_in the ztg%e of fromz m cron crons, and accel erating

to 50 i
sai d par®i tteS 1% M % #E3PS Q‘éno*f:offg%o%%“%lq d**H4Bd 9's and

wher ei n gai#i denpsd tdd1G: el £riow ther geedpr tsesi easth ner Saddipowder netal to
a spray nozzle at a feed rate of from 10 grams/mn to 100 granms/mn using a
carri er phsregectaPFiedmiteatgoesp eBAsTsXEnEedf tirTeein

7. The process according to claim 6, wherein said feeding step
comprises feeding said metal powder to said spray nozzle at a
feed rate of from 15 grams/min to 50 grams/min and wherein said
carrier gas is helium and said feeding step comprises feeding
helium to said nozzle at a flow rate of from 0.001 SCFM to 50
SCFM.

8. The process according to claim 7, wherein said feeding step
comprises feeding said helium to said nozzle at a flow rate in

the range of from 8.0 SCFM to 15 SCFM.

9. The process according to claim 6, wherein said carrier gas
comprises nitrogen and said feeding step comprises feeding said
nitrogen to said nozzle at a flow rate of from 0.001 SCFM to 30

SCFM.

10. The process according to claim 9, wherein said feeding step
comprises feeding said nitrogen to said nozzle at a flow rate of

from 4.0 SCFM to 10 SCFM.

11. The process according to claim 6, wherein said depositing

step comprises passing said metal powder particles through said
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nitrogen, another inert gas, and m xtures thereof. 7. The process according
to claim6, wherein said feeding step conprises feeding said netal powder
to said spray nozzle at a feed rate of from 15 grans/mn to 50 grans/mn
and wherein said carrier gas is heliumand said feeding step conprises
feeding heliumto said nozzle at a flowrate of fromO0.001 SCFMto 50

SCFM 8. The process according to claim7, wherein said feeding step
conprises feeding said heliumto said nozzle at a flowrate in the range of
from 8. he8CHM e ity SCRRin9gadheepeored sfagcdrtdi nycup coaists6inghefei n sai d

carrier s.__conprises nitrogen and said feedi Step conprises feeding said
it 1 oger i Whi ALEETIFR . afPaERF Bl PRE e B1°1 101 GUOOTRSERIPESSS0 26CEM 10,
The procesis aeeor@imperaeuekaim fhe WAgi®E oS arbnf erdl M@ozeeR FeBFBhRhEES

feeding said nitrogen to said nozzle at a flowrate of from4.0 SCFMto 10
SCFM 1150 e psoesssafabranhgit o2t £t SRUT SLessaire depsSet FAgISst ep

conpri sesr RaSH BPoSpisd @Bt ghopgusler particles through said 10 nozzle using a
mai n gas selected fromthe group consisting of helium nitrogen, another

inert gas, and m xtures thereof at a nain gas tenperature in the range of

from 60 egrees Fahrenhei 1200_degrees Fahrenheit .and_at .a spra
pressurglélj'ngﬂt’ ee%)rrz(a:%get‘as’(g 8?‘3%’}:8%13%0 opcsfaﬁ% o“"g‘sﬁ?ﬂf’z? epp‘%‘rsts)‘(%re1 sgé%%ordi ng

to cl ai mdhiprishiereipassand pasdi ngtsl epowdapdrsiing epasdiroggbasdiget al powder
particles through said nozzle at a main, gashterrperature in the range of
from 704*°Zzle at a main gas temperature i the range of from 700

degrees Fahrenheit to 1000 degrees Fahrenheit at a spray

pressure in the range of from 200 psi to 400 psi.

13. The procesgs according to claim 11, wherein said main gas
temperature is in the range of from 725 degrees Fahrenheit to
900 degrees Fahrenheit at a spray pressure in the range of from

275 psi to 375 psi.

14. The process according to claim 11, wherein said main gas
comprises helium and said passing step comprises feeding said
helium to said nozzle at a flow rate in the range of from 0.001

SCFM to 50 SCFM.

15. The process according to c¢laim 14, wherein said helium
feeding step comprises feeding said helium to said nozzle at a

flow rate in the range of from 15 SCFM to 35 SCFM.

16. The process according to claim 11, wherein said main gas
comprises nitrogen and said passing step comprises feeding said
nitrogen to said nozzle at a feed rate in the range of from

0.001 SCFM to 30 SCFM.
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degrees Fahrenheit to 1000 degrees Fahrenheit at a spray pressure in the
range of from 200 psi to 400 psi. 13. The process according to claim 11,
wherein said nain gas tenperature is in the range of from 725 degrees
Fahrenheit to 900 degrees Fahrenheit at a spray pressure in the range of
from 275 psi to 375 psi. 14. The process according to claim 11, wherein
said main gas conprises helium and said passing step conprises feeding said
heliumto said nozzle at a flowrate in the range of from0.001 SCFMto 50
SCFM 15. The process according to claim 14, wherein said helium feeding
step compgri s freediasg sacdrbiéhgunpt ol shn diéozdteredin aaifd evitrateni n t he
range of fr m SCFM t o he, process accordi.ng to Ia|n111

M .1
wher ei n $&i nr?alsnte&agomggﬁrﬁﬁfcggeﬁw?o R S SEE f& SHG SPEF Soﬁﬁr?ses

f eedi ng Saddl ravd Hegehet @apaedopoZzbe a10 acd eed radmm.i n the range of from
0.001 SCFMto 30 SCFM 11 17. The process according to claim 16, wherein
said nitrogen feeding step conprises feeding said nitrogen to said nozzle

at a fepd rafe didddhe Lareeqohyf £8Mefaln L0, Bl Mo aliy AR REQEESS

according to claim1, wherein said depositing step conprises depositing
each Iay%‘-‘reIatCCéIlPtImS@lsnd§@0§ﬁtﬁ-ﬂgnﬁth0D®/¢mc¢te§ ttdhiGkgzes wéhdgoml9. An

apparatQ§({ Eln% azgomggﬁegetal onto a substrate conprising: neans
for deposi |ng at east onée Iayer of powder netal onto a surface of said

substrate using a non-oxidizing carrier
19. An apparatus for depositing a powder metal onto a substrate

comprising:

means for depositing at least one layer of powder metal
onto a surface of said substrate using a non-oxidizing carrier
gas so that said powder metal plastically deforms without
melting and bonds to a surface upon impact with said surface;

and

means for subjecting said at least one powder metal
deposited layer to a treatment to improve density and/or raise a

temperature of said at least one powder metal deposited layer.

20. An apparatus according to claim 19, wherein said subjecting
means comprises a laser and wherein said depositing means
comprises a source of powder metal and means for delivering said
powder metal to a convergent-divergent spray nozzle so that said
powder metal exits said nozzle at a speed of from 825 m/s to

1400 m/s.

21. An apparatus according to claim 20, wherein said delivering
means comprises means for supplying a carrier gas selected from
the group consisting of helium, nitrogen, another inert gas, and
mixtures thereof.
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gas so that said powder netal plastically deforns without nelting and bonds
to a surface upon inpact wth said surface; and neans for subjecting said
at | east one powder netal deposited layer to a treatnment to inprove density
and/or raise a tenperature of said at | east one powder netal deposited

| ayer. 20. An apparatus according to claim19, wherein said subjecting

means conprises a | aser and wherein said depositing neans conprises a
source of powder nmetal and neans for delivering said powder netal to a
convergent -di vergent spray nozzle so that said powder netal exits said
nozzl e a,speed of from825 ms to .1400 _nmis.. 21. An _apparatus according
to clai ?n%ZO?‘nV\PIBP%F?It%%i FLHIVE 57y C]T?éé[hg%{towﬁ?irgég ﬁ‘@g SSHH e ving a

carrier pgasssebfgteded r®Madde HAheORS shliAgsghahehbdfle i trogen, anot her
inert gas, and mxtures thereof. 12 22. An apparatus according to claim 20,
wherein said subjecting neans conprises a |aser attached to said spray
nozzle. 13
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