EH 11101(04-322) APPLYI NG BOND COAT TO ENG NE COVPONENTS USI NG COLD SPRAY
BACKGROUND OF THE INVENTION (1) Field of the Invention [0001] The present

i nvention.rel s.to a process for applying a coating to a conmponent, such
as a hFB?ﬁ@lgégﬂﬁz%% a conbustion chanber liners, used in an engine. (2)

Prior Art [0002] Currently, bond coats are applied using | owpressure 9

pl asma spray (LPPS). Operation and mai ntenance of LPPS systens 1is

expensi ve gand tihi® peRRS U Aol £k (gﬁﬁﬁgyt oyr P equires a
vacuum chanber . The%sngg%? a QFS%hN%%%%E%F |rnf2§r®kﬁgx%%E§§o che parts
that can be processed. [0003] Cold gas dynam c spraying or "cold spray" has
been recently introduc w | i | pray technique to

deposit powder netal miﬁ%% G uéﬁﬁﬁgkohﬁgﬁgegﬁﬁstrate. A supersonic jet
of hel(itynrasdfoss ntis ogerensSidor med by a  convergi ng/ di vergi ng nozzle and

is used to accelerate the powder particles toward the substrate to produce
col d $BPAYIdepssirressnt dBHERRGSN Debdlstt stadhére s s Hersabstvare and

previ deposi ) h_p ke d Lon and.handing. U S
Patenggﬁgg?g5?§0§,%ﬁﬁb%ﬁﬁﬁ%,g%%%?%% FIng%?gﬁeﬁ%gFgaggsgdynanlc qJsfgraying

t echnicgarber SUMMARY, Qs §HE 1 NWENTIo@Ne[.0004] Accordingly, it is an object of
the present invention to provide a process for applying a coating to a
conmponent used in an engine which reduces cycle tines and nai nt enance

costs.(2)[ 8008} Attis a further object of the present invention to
[0002] Currently,'bond coats are applied using low-pressure

plasma spray (LPPS). Cperation and maintenance of LPPS systems

is expensive and time consuming, limiﬁing throughput. Also, LPPS3
requires a vacuum chamber. The size of a given chamber limits
the size of the parts that can be processed.

[0003] Cold gas dynamic spraying or “cold spray” has been
recently introduced as a new metallization spray technique to
deposit powder metal 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 Nocs. 5,302,414 and 6,502,767 illustrate cold gas dynamic

spraying technigques.

SUMMARY - OF THE. INVENTION _
[0004] Accordingly, it is an object c¢f the present invention'to
proﬁide a process for applying a coating to a componént used in
an engine which reduces cycle times and maintenance costs.
[0005] It is a further object of the present invention to
ptovide a process as above whiéh can be used with any. size ' !

. component.



provide a process as above which can be used with any size  conponent. 1
EH 11101(04-322) [0006] The foregoing objects nmay be attained using the
procegﬁmlgfm£m%1g5§pnt i nvention. [0007] In-accordance with the present
invention, a process for applying a coating, such as a bond coat, to a

conponent used in an engine is provided. The process broadly conprises

providing a conponent with at | east one surface to be coated, and

deposi[b00g] ahel gastgonagl ayeecod MmOnWdes Loatiikg Rtieg aheoptacthe at | east
one surface using a non-oxidizing carrier gas so that the powder coating
mat er PAl “PF RIFEEH y HETHARE wi t hout el ting and bonds to the at |east one

sur f aggoapen Ihm@eer%heetmﬁtﬁtuh@q&gels%& %Mﬂtﬁgﬁ, Ehﬁrgeggssnﬁo?f the

present invention has particular utility in applying bond coats to airfoi
porti opslping ur biowtidyd adexsh wanes bondconbtist tona chambered i nevesl fior
protection al nst_ oxi 0008 her .details _of the techni que for

appl ylalﬁge.régjb%%dl%&oa]fovjt eacé'lngir%ﬁe 58&5%%%?8&8??nﬁo%]%ijdS%?)rpd}iP%lf e %r esent

i nventb@peonems wetl &S iy 0k ettk-$aandtaepssScakt enfagid thesalia,ingr e set
forth in_the follow ng detail ed description and the acconpanying draw ngs
wher efh LRREt reterehee Mingralde rdepréinpi katerbatnd’to BRHERDESCRITPTI ON OF

for Aoposriihg cold bor dyed Fonder Morar Trarrral S onte" Comsansnt  used
in anceagine; nanegr 100 10]aFiGald vi sledophet enibrographt big coldl Isprdeyed bond
coat to the at least one surface upon impact with the at least one -
surface. The process of the present invention has particular

utility in applying bond coats to airfoil portions of turbine

blades, vanes or combﬁstion chamber liners for protection

against oxidation, |

[0008] Other details of the technique for applying a bond coat

to engine components using cold spray of the present invention,

as well as other objects and means attendant thereto, are set

forth in the following detailed description and the accompanying

drawings wherein like reference numerals depict like elements.

BRIEF.DESCRIPTION—OF THE DRAWINGS
- [0009] FIG. 1 is a schematic representation of an apparatus for
s depositing cold_s?rayed powder metal materials onto a component
used in an enginé; and _
[0010] FIG., 2 is a photomigrograph_of-cold sprayed bond coatl

material at a magnification of 200X.

DETAILED DESCRIPTION CF THE PREFERRED EMBODIMENT(S)
[0011] The present invention relates to a process for applying a
-coating to a component used in an engine. For example, the
process of the pfﬁsent invention may be used to apply é;MCrAlY

coating to-at least one surface of an airfoil portion on a
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material at a magnification of 200X. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENT(S) [0011] The present invention relates to a process for

appl yi.ng i to a conmponent used in an engi ne. For exanple, the
procegg 6?1Pﬁ28%?€2%ht i nvention may be used to apply a, MorAlY coating to
at | east one surface of an airfoil portion on a 2 EH 11101(04-322) turbine
bl ade where Mis N and/or Co or a variation. It may also be used to apply
a bonduepahel B1Ad&ophust indn Chanhels Ainer cusedyhpi £ peket engines. [0012]
The col d sgray process for depositing powdered materials onto ‘portions of
a conpobAenPewhfeh hectartw heresicendd tesa agwbns hgevushambehalinar provi des
sufficient.en fo elerate particles to high enough velocities such
that,%hggnlﬁngégg?{t?é§§%é§%icIes pl astically deformand bond to the
surfageonklt Mhe coipoBentybprogekestor etkss ionitra; addERHeoUslay cdepdsi t ed

| ayer. The cold sprfy process allows the build up of a relative dense ='1)

coati AGTBr PRFFUCREIr &t dePBH e o Meishr BFed8etOnbe TRetar drii cal Iy

transtaiahthgepatt i€l @sad ramdheiiqesol ¢ rstatae eLQQ&?] Yhen-Prepard ng to
coat an article or conponent, 1t 1S of ten necessary 0O renove any

- pre-eRistiAgeeobei hiwlrendiwh aralicsligicor sonpohkat. Waynsiipabl e Etai pping

t echni . b e r ve an re-.exi.sting._coating and to provide a
freshbggg%ggga ?%aaﬁ%c fé&(é%ﬁéé%}%%ét%?ﬁ&ltgahhgesggpgg?t%ﬁ.t or exanpl e,
any premexhshtnge Coat oy her stntoppedrust bgsl reabpds Cadd oraghem cal

technigues. &0014 Referring nowto FIG 1, there is shown a system 8 for
. The cold spray process allows the bulld up of a relative deénse _

‘§F3 coating or structural deposit. Cold spray does not

metallurgically transform the particles from their solid staté.

- [0013] When preparing to coat an article or component, it is
‘often necessary Lo remove any pre-existing coating on the
article or component. Any sultable stripping technique may be
used to remove any pre-existing coating and to provide a fresh
surface to which a coating material can be deposited. For
example, any pre-existing coating may be stripped using
mechanicai or chemical techniques.

[0014] Referring now to FIG. 1, there is shown a system.B.for
depositing a powder coating material onto a surface 24 of an
article or component 10 to be coated. The article cor component
may be a turbine blade or vane used in a turbiﬂe engine. The
syétém 8 includes a spray gun 22 having a converging/diverging
nozzle 20 through which the powdered coatiﬂg-material is sprayed
onto the surface 24. The article or component 10 may be formed
from any suitable material known in the art. In the case of a

“turbine blade or wvane, the article cor component 10 may be formed
from a superalloy material such as a nickel based alloy. In the
casé of a combustion chamber liner, the article or componeht 10

| maﬁ be formed from a nickei or copper—baéﬁd alloy. During the

coating operation, the article or component 10 may be held
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depositing a powder coating material onto a surface 24 of an article or
conponent 10 to be coated. The article or conponent may be a turbine bl ade
or vane used in a_turbine engine. The system 8 includes a spray gun 22
havi ng*a 1§§H%é?6lﬁﬁgblverglng nozzl e 20 through which the powdered coating
material is sprayed onto the surface 24. The article or conponent 10 may
be formed fromany suitable material known in the art. In the case of a

turb'@%a?&%ﬂ§r9r0¥3ﬂ§y %Qeéfgfddﬁ bas%%%@ﬁnto}0 ﬁ?gtégrﬂfd nJron1a

superal l oy material such as a nlc allo case o
conbustiiéabéhanbens | (met Sh@dwerl arkmomdrewlr tb@rrp@raent 10 may, be for rred from

based Du h h I
o congBAgh: 20 Uey BeTeracs, EREITIDNT0 S0P Lo | B G Ay Be

artl cileatiegost otat ed, 2 Osowdansd a:taacéramanxfhespbwabk@dn’@@aﬁlﬁ@ot shovvn)
known in the art. [0015] I'n the process of the present invention, the

naterF@FeFéalb@aHe%%%@¥%ﬁﬁ|%F¥1%%Mﬂ%ﬂéﬁC@ﬁﬁéﬁﬁamat¢ﬁéaboﬁH@W%dl%ddﬁing
mat er gk Yy COMPRyPe, Ao SUNAANIP £AALAG MBhepLal HRoMly I hstdie art. For

exanple, ‘the coating mafer can be a AI'Y materia ere I's nickel
or cobakte ﬁuch Jascmmmoball\ﬂl,()rsﬁc‘h @S N@@@CARYY,TNECCBBYMQ material may

be a co such, as a ., copper-chrom um al l

coppe(r\c- g%ﬁiﬁ kﬁ%l TRT e 419 la@hénayc@ﬁl né’oﬁﬁte F‘gﬁoﬁa@u?%r?ﬁa st and
al one ce@pkirAgh PEmauR oA #9alr £ UogRiraldn-emand-6eualhamoYeI§pat e [ 0016]
- The powdered coating materials that are used to formthe deposit on the

sur f aC@aZATAEYeRavE i a BrAnkEr ofS B0 afcerofes “1pPePtr abbynad @ralet er of
52310 M GLeNgePL1h 88Sahd 8L Woercoats.

[0016] The powdered cecoating materials that are used to form the
deposit on the surface 24 may have a diameter of 5-80 microns,
preferably a diameter of 1.0 microns or less if the alloy
material being deposited is hard. In a most preferred
embodiment, the powdered coating materials has a diameter in the
rénge of from about 5.0 microns to 10 micrcons. 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, 1.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.

[0017] The particles o ke deposited may be acceleréted to
supersonic velocities using compressed gas, such as a gas
selected from fhe group consisting of helium, nitrogen, another
inert gas, and mixtures thereof. Helium is a preferred gas
because it produces the hiéhest velocity due to its low 1

molecular weight.




‘a dep

mat eri al being depdsited is hard. In a nost preferred enbodinent, the
powdered coating materials has a dianmeter in the range of fromabout 5.0

m cropns_ ) C s. Smaller particle sizes enable the achievenent of
highe?ﬁp%?%%gf@lvéggkities. Below 5 microns in diameter, the particles
risk getting swept away fromthe surface 24 due to a bow shock | ayer above

the surface 24, i.e. insufficient mass to propel the particle ,.., 1
througboibe bow shackngThecRAR L gWELd NS RAY The $i1%Rcsdi ST ltﬁﬁtl on, the
nore uniformthe particle velocity wll be. ™ This“is because the snaller

parti BFegeph imeespray/iunsansicrming the stedered| eogernonesandl

eff eciLygly saduee. e al.oahly 50 0okl [ 0pd Ll Jpe par tigles to be
deposited may be accel erate 0~ ‘supersoni't ve oclgies usi'ng conpressed
gas, sachiasea mgkesstiselidot etk foranbluhe dgr aup eensi skhngovidheldwyn nitrogen,

anothgé %nert as, and q%xtur s thereof. Heliumis a preferred gas because

it proddced?Y aYﬁgﬁhﬁﬁe é?béﬁfypéﬁélfée?tso¥ohﬁ,Pr%%?%EdﬁéﬁjWéight. 4

EH 11404€04< 322) of 0018]-cEhe thandiang -@8¢haRni § namgﬁ@épy@@ by, d:he jprocess of

t he gresent invention for transforim ng the powdered coating material into
spkensurtar¢tisedolaxd dsrdiree woahiag iharadheat paety diedh pl astically

deform put,. do,not nelt. Any oxide layer that may have formed on the

particles, of is present on the surface 24, or is present in a previously

deposioeti®] ayer, posdebrakenatupnandafeeisdl axede-tior @ rgonhactiepsside at very

hi gh ressures. '

9 mgy ge %eg to the spray gun 22 using any thermal spray feeder
known in the art with the capability to feed the powder or the
stated size. One such feeder that may be used is manufactured by
Powder Feed Dynamics of Cleveland, Ohio. This feeder has an
auger type feed mechanism. Fluidized bed feeders and barrel roll
feeders with an angular slit may also be used.

[0020] In the process of the present inventicn, the feeder may
be pressurized with a gas selected from the group consisting of
helium, nitrogen, another inert gas, and mixtures thereof.
Feeder pressures are geherally 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 powdered ccating material
composition. The main gas 1s 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 efifect is a surface temperature on
the article or component 10 of about 115 degrees Fahrenheit
during deposition. Any suitable means known in the art may be

used to heat;the gas. )




[ 0019] The powdered coating material used to formthe deposit may be fed
to the spray gun 22 using any thermal spray feeder known in the art with

t he capabil | o] ed the powder or the stated size. One such feeder that
may bggﬁgégbl&‘@%@ﬁ%ctur ed by Powder Feed Dynamics of O evel and, Ohio.
This feeder has an auger type feed nmechanism Fluidized bed feeders and
barrel roll feeders with an angular slit may also be used. [0020] In the
procegsoef it he pegsent kAvepbi@bred heod@gder sy i e REgssuLbzedoyith a gas
sel ected fromthe group consisting of hellum nitrogen, another inert gas,-
and nfRYuPess t ferlecthic Feddere priesfutds artigenernl tymudngsi Hbovdc he nain
gas o r " i r.essur.e r syally ih t.he range of from
300 BeITES B0 EI G d i ot AG. pBadcr S oat i hh Mt & At
conposbt benapFheedmi Thagas-dce: g effercakl pyrbeahedisosthadn gas cdeimier at ur es
are in t?e range of from 600 degrees Fahrenheit to 1200 degrees

Fahreﬁ’ﬁe' PrIfRY RFFRP Lt HE HEi%h a&é’sdﬁﬁﬁzrﬁg EE%FEH%%S hi gh as .

appr oxooabel ynt28Qidegrgesnkahy gnheld depending ane thesaetarhaltabei ng
deposited. The gas nmay be heated to keep it fromrapidly cooling and
freezPRgtontes i eniexpdriss pastce Ré melr bat paksadzzhecegh The metzleffect is a
surfacg Legperalirs, o 4 ha aruigle or Companent 10-9f. abautop dear ees
Fahr enhei duri ng deposi tion. "Any suUi abl'e”’means” known” i n° the drt may be
used boclieatblheigasie Srdrdel KO HO4 322pCri0021%5 TocHeposid t he powder ed
coati material, the nozzle 20 may pas ver the surface 24 of the

Tl CPETBROChH b A0 FHE THGHDEre0r L badbobuie 8 FHLi Dbt T

“phickgess of Aherd@deriflused by itself or in combination with helium

fug

as the main gas, the nitrogen may be passed through the nozzle
20 at a flow rate of from 0.001 SCFM to 3C SCFM, preferably from
4.0 SCFM to 30 SCEM,
[0023] The main gas temperature may be in the range of from 600
degrees Fahrenheit to 1200 degrees Fahrenheit, preferably from
700 degrees Féhrenheit to 1000 degrees Fahrenheit, and most
preferably- from 725 degrees Fahrenheit to 900 degrees
Fahrenheit.
[0024] The pressure of.the spray gun 22 may be in the raﬁge of
from 200 psi to 500 psi, preferably ftomAZOO psi to 400 psi, and
‘most preferably from 275 psi to 375 psi. The powdered coating
material is preferably fed from a hopper, which is under a
pressure in the range of from 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 10 grams/min to 50
grams/min. _ |
[0025] The powdered coating material is fed tc 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 SCEFM to 50
SCFM, preferably from 8.0 SCFM to 15 SCFM. The foregcecing flow

6



to be applied. The process of the present invention is capable of form hg
a deposit having any desired thickness. [0022] The main gas that is used to
deposij ered netal particles onto the surface 24 may be passed
throubh“ﬁﬂioﬁgﬁ}g?bo via inlet 30 at a flowrate of fromO0.001 SCFMto 50
SCFM preferably in the range of from15 SCFMto 35 SCFM The foregoi ng
flowrates are preferred if heliumis used as the main gas. If nitrogen is
used bytktselfsOFui M €andingf iin Weth JRekhum. . as; Lhe i nrgas; . the nitrogen
may be passed through the‘lnozzll eu 5(_) gt a %I O\E/lv réte %?gfrom l.OOJ%E\%CFM to
30 SCFN ipeeférablyifabiilith GreSdPm te 30<8CEM the0edtrThe gmdn gas

t enpe r y pbe-in t a ffr degrees, Fahrenhejt to 1200 B
degre%gg‘gaﬁ?g%h%ft#%? e[r'gjrdgbl%;ﬁfbfg% Bg%égggrgﬁg %ﬁﬁ?g}ﬁhéﬁmt G300 degr ees
Fahr emhegtFMangdayasd ugprdeferably from 725 degrees Fahrenheit to 900 degrees
Fahrenhgit. H9024] The pressure of the spray gun 22 n%%;be in the range of
from 2802psi 6 5002sPO2plef €F abf yr4+dri 200 Cgs‘itatn&%. Psitheand nost

pref ecabky-&rom 2mo Psii 490340 1RSiknoffe sROVHET €0 041 DY-y MBLEId &4y S
preferably fed froma hopper, which is under a " préessure in the range of
from 26 i BOepsindg ghlerindmnil G wev. $pe&Pf . mai n gas pressure, preferably
15 psirnhbgher, to _the..spray,.gun 22 via.line .34 at rate in_the range of
fron1£88§gra%§'n&ﬁlpgligoagrgﬁ%/%gvgefﬁ%ﬁ%ﬁ%iH%ﬁ‘ﬁFﬁhﬁ eﬁréﬁ%ﬁﬁ?% to 50

- granmsthenspl 025}z Ahe Jowdsr ed: deattheg ramyer bal £ismf 825t/ 4 hes siproay  gun 22

ECiN

usi ng non- oxi di zjng_carrjer gas. The carrier gas nmay be introduced via
| nl e0Ti46" BT ¥ aTHIE Tt GHch t001 286 Fo 50

£ [0028] The process cof the present invention is advantageous over

the current LPPS processes. For example, in LPPS, the powder is-
melted. In the process of the present invention, the powder is
not melted. Still further, LPPS requires the use of a vacuum
chamber which limits the size of the article or component which
can be coéted. The process of the present invention does not

'require a vacuum chamber and may be performed in the open. As a
tesult, there is no restriction on the size of the article cr
component which can be coated. In LPPS, it is possible to have
deposits which include oxides that may render the coating
brittle. In the process of the preseﬁt invention, no su¢h oiides
are formed. Still another advantage of the cocld spray process of
the present invention is that the as-deposited coating is at
least 97% dense. Stili further, ccated articlés may be capable
of having a bond strength capable bf 10 ksi.

'[0029] The process of the present inventicn may be used to form
any type of cocating. For example, the process may be employed to
form a MCrAlY bond coat on an airfeil portion.and/or some other
portioh of a blade or wvane used in a turbine engine, such as a
gas turbine engine.

[0030] FIG. 2 is a phétograph cf a cold spray deposited NiCﬁAlY
éoating 100. The coating was formed by using powdered NiCrAlY

.
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SCFM preferably from8.0 SCFMto 15 SCFM The foregoing flow 6

EH 11101(04-322) rate is useful if heliumis used as the carrier gas. If
ni t rogen m xed with heliumis used as the carrier gas, a

fl ow %Et élg¥11{ %#%2601 SCFMto 30 SCFM preferably from4.0 to 10 SCFM
may be used. [0026] The spray nozzle 20 is held at a distance fromthe
surface 24. This distance is known as the spray distance and may bein the
range cof t rgMuiPe AR 1 1102 S f1TR deoaqlzzalarlz@meg%t xfoﬁotﬁa&p@%@qf&% oating
particles | eaving the spray nozzle 20 may be in the range o from 25 nl's
to 1460hekiym prefet a%llylrﬁfﬁﬁjm%&f A28 p@lla@Oantsmpp@@m;eTmé fFrlocess of
the pre en S eou er current LPPS processes. For
exanpl e§ ESLE%gPéﬁﬁ&E sgal% p?%geggaé‘ Y he pr esent

i nvenimlatblarlahep@n‘mﬂele$ memtfgmlatuedi rS'El:ie| bfflstbgamslﬁﬂ’& redlid@s v he use
of a vacuhim chanber which limts the size of the article _or corrponent

whi chMC¢4nehBEE 0B LS THE g s droenbepres 8t LEAvRHL 7 of Hedeh &t

requi neoa: ¥agrdym ehanhes, and, Ry he pekhonred lsf,leéﬁeo@p?@ idShd Jasult,
there is no restriction on the size of the article or onponent "whi ch can
be coa@f-adte| fitPps, step sl possi B1.€%00 thakes . d@b@stsubsvmmﬁ hated wide. oxi des
t hat d O@I t cess,of .the ent
mven??gn%g%o%é%% & rtg.l,%;irterl %rsmletglggtl ﬁl B?F'medalgva giae of the
cold spaayngrbheskne@és wde (réEsentndh@eention i s that t he as-deposited

coat i l.east 97% den Stil|l further, coated articles nay be
capablqgogima Hevitg & SBOF?BSEELE’EﬁgFﬂ Ebpant 1A hegid coat on an Y

i;j article or component using helium at a pressure of 320 psi and

at a temperature of about 970 degrees Fahrenheit ({(about 520
degrees Centigrade). '

[0032] When the ccld spray process is used to apply a bond coat,
an additional coating layer or layers may be formed over the
bond coat. Any sultable technigque krnown in the art may be used
to apply the overcoat layer(s}. The overcoat materials make be
métallic or ceramic in compésition. |

-[0033] The cold spray process offers many other advantages over
other processes. Since the powders are not heated to high
temperatures, no oxidation, decompesition, or other degradation

of the feedstock materials occurs. Other potential advantages

-

vinclude the formation of compressive residual surface stresses
and retaining the microstructure of the feedstock. Also, because
relatively low temperatures are used, thermal distorticn of the
"substrate will be minimized. Becausé'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.
7[0034] iet another advantage is that with colé spray, it is

possible to spray over a blade/vane surface and not have the

8



[ 0029] Theprocess of the present invention nmay be used to form any type of
coating. For exanple, the process may be enployed to forma MZrAl'Y bond
coat _ i rfoi rtion and/or sonme other portion of a blade or vane
used %ﬁ gggg?éégeg%%gine, such as a gas turbine engine. [0030] FIG 2 is a
phot ograph of a cold spray deposited NCr,AlY coating 100. The coating was
formed by using powdered NNCrAlY 7 EH 11101(04-322) coating materi al

havi ngcathBans paggé clige séd€l 0fg HHmECcronghesisngraachethumgasiay @ pressure
of 320 psi at a tenperature of 850 degrees Fahrenheit (454 degrees

Cent i giPad®) & Thatedat ihge TR /dlc rattist] epefeirdoreanat nat ratee ofo 25

gr ams/Jij Rs EhenSPE8Yan NOZZ! Endas1sRaced bromethe suctaee being. coated by a
di st ance oF 170 inches. The nozzle was traversed at a Speed of 50 inches
per mabotreragthradstepdisi Zelofif. 0030 daricheyanThgesabstrateramterial 102
was | nconel ,718, 0.125 inches thick. The applied NNCrAlY coating thickness
was 00T hER8s. [0031] It is also possible to find a MrAl'Y bond coat on
an article or conponent using heliumat a pressure of 320 psi and at a
tenperature of about 970 degrees Fahrenheit (about 520 degrees
Centigrade). [0032] Wen the cold spray process is used to apply a bond
coat, * an additional coating |ayer or layers nmay be fornmed over the bond
coat. Any suitable technique known in the art may be used to apply the
overcoat |ayer(s). The overcoat materials nmake be netallic or ceramic in
conposi tion. [0033] The cold spray process offers many ot her advant ages
over -

£y
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ot her processes. Since the powders are not heated to high tenperatures, no
oxi dation, deconposition, or other degradation of the feedstock materials
occurs. Ot her potential advantages include the formation of conpressive
residual surface stresses and retaining the mcrostructure of the

f eeWHADCKS AlsIMEDerause relatively |low tenperatures are used, thernal
distortion of the substrate will be mnimzed. Because the feedstock is
not nelted, cold spray offers the ability to deposit materials that

cannot e o] a I o.th

|nt2rn%t§f§?%§gogog %g%f% é %ng% kt% %nég%%?ﬁégp 85%%%%%%hgsubsequent
heathereatpents: [ 0034] Yet another advantage IS that with cold spray, it
is possible to spray over a bl ade/vane surface and not have the 8

EH 11101(04-322) coating bridge the cooling holes in the surface. The
ability o, 20phy & S&Q%bﬂgn‘c”hév:[ﬁ&aﬁ/ {efyrbish Qﬁﬁfé&éoﬂoaﬂg not have to
go back and cl ean out e hol es | east greatly reduce the |[|abor
requbaeddto do this is a great advantage over current operations. T 9 WHAT
IS CLAIIDI1S: 1. A process for applying a coating to a conponent conpri sing
the steps of: providing a conponent having at |east one-surface to be

coated; said cOPPORERt Providing step comprises providing a

combustion chamber liner formed from a nickel-based alloy or a

copper based alloy;

depositing at least one layer of a powder coating material‘“
onto said at least one surface using a non-oxidizing carrier gas
sc that said powder coating material plastically deforms without
melting and bonds to said at least one surface upcn impact with

said at least one surface;

said depositing step comprises feeding said powdered
coating material to a spray nozzle at a feed rate of from 10
grams/min to 100 grams/min and depositing said at least one
layer on at least one surface of said combustion chamber liner;
) and ' |
said depositing step further comprising depositing a

coating which 1s at least 97% dense on said cemponent.,

2. A process for applying a coating to a component comprising

the steps of:

providing a component having at least one surface to be

-coated;

t
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conbustion chanber liner formed froma nickel -based alloy or a copper
based alloy; r i depositing at | east one |layer of a powder coating nateri al
onto said at |east one surface using a non-oxidizing carrier gas so that
said powder coating material plastically defornms without nelting and bonds
to said at |east one surface upon inpact with said at |east one surface;
sai d deposidiagusted:iconpe i sesd esth g @ad ol powderedid toatémgematrerial to a
sprgé/mn&%ezrll@ at a feed rate o fro]J';:géLO aar?éams/m'n o_100_.gra l/m'n and
depositing said atd | dast one | Ayer®on |25 The' sUr f hceC ot -'&4i d
conmbusd 4 o chanbesutisnes; and said depositing step further conprising
depositing a coating which is at |east 97% dense on said conponent. 2. A
process for applying a coating to a conponent conprising the steps of:

providi “@e%o& ﬁeﬂ hayling,at |east ome ﬁb‘é&&é‘ﬁ 49, Dfn o G £ 110 sai d
componen roviding Step conpri Ses’ provi di g an ‘engi ne %orrponen havi ng an
ai réwid satd ace bagsta pharabitfycofuenod i aghohadesdinisai dasttdncess
depositing at | east one |layer of a powder_coating material onto said at

| ea3? Ore’ stRFACRCRT R hond oG e 21 dy R+ 3§ deboFRat i howder

coating: ARt erhabophastical|y defo @t%ﬁ@%&ffé’@ét& &naﬂq?g)z?@%im said at
| east one” surface upon inpact wt sald at | east one surface;
gald at least one surface; :

sald depositing step comprises depositing said at least one
) layer of powder ccating material without bridging said cooling

holes 1n saild surface;

sald depositing step further comprising feeding said
powdered coating material to a spray nozzle at a feed rate of

from 10 grams/min to 100 grams/min; and

said depositing step further comprising depositing a

coating which is at least 97% dense on said component.

:) 3. The process according to claim 1, wherein saild depositing
step comprises providing said powder coating material in

particle form haVing a particle size no greater than 10 microns.

4. The process according to claim 3, wherein said depositing
step comprises providing said powder coating material in
particle form having a particle size in the range of from 5.0

microns to 10 microns.

11



sai d depositing step conprises depositing said at |east one |ayer of
powder coating material w thout bridging said cooling holes. in said
surface; said depositing step further conprising feeding said powdered
coating material to a spray nozzle at a feed rate of from 10 granms/mn to
1005 gr'ams/ prog e andasad od deposd t ¢ hygist gp Fhurtdier sohgridspogl deppsiting a
coatigg which is at |east 97% dense on said coqgonent. 3. The process
accora? ngPTR" £ AF M aS S Whie? BH S o3 F depostE9R) “StRpSReRPri%es pr ovi di ng

sai g peuder coahings misrial 1img pasticle formhaving a particle size no
greater than 10 microns. 4. The process according to claim3, wherein said
depositing step conprises providing said powder coating material in

particle formhaving a particle size in the range of from5.0 . mcrons to
Do b or STt A0RY T APR £ SeBb PR he et B IR BEREL R Geposi ¢ g
St epLEPNPHHSESs A€ CLL L BE+21F: S@1 da PRrpA et BS14H o SPegd=éd thecnsange of from
825 nmls to 1400 nmls. 6. The process according to claim5, wherein said
acckievat Phgtrem epoEdmp? i seslaeeanésrating said particles to a speed in the
range of from850 nmls to 1200 m's. 7. The process according to claimb5,
wherein said step of feeding said powdered coating material to a spray
nozzl eTaé¢ wrofeed saterdindrom d0apnavp/whérd On 100igrapshngh conpri ses
using a carrier gas selected fromthe.group consisting of helium

ni t FoERHRT aPdthefOYHRFEd gaka thnd Prketrel thet coPri®p Feedleattl @ powdered

CoaféQQ P§%§r$flf£8msﬁédg§gﬁ§XmEQZ§$eioo grams/min comprises using
a carrier gas selected from the group consisting of helium,
nitrogen, another inert gas, and mixtures therecf tc feed said

powdered coating material to said spfay nozzle.

8. The proccess éccording to claim 7, wherein said feeding step
comprises feeding said metal powder to said spray nozzle at a

feed raﬁe of from 10 grams/min to 50 grams/min.

9. The process according to claim 7, wherein said carrier gas is
helium and said feeding step comprises feeding helium to said

nczzle at a flow rate of from 0.001 SCEM to 50 SCEFM.

10. The process according to claim 9, 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 SCEM.

11. The process according to claim 7, 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 SCEFM to 30
SCFM. -_ . .

¥ . i
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8. The process according to claim7, wherein said feeding step conprises
feeding said netal powder to said spray nozzle at a feed rate of from 10
grams/mn to 50 grans/mn.- 9. The process according to claim?7, wherein
said carrier gas is heliumand said feeding step conprises feeding helium
to 58] dtheqzd @ scddondqtes af1 1mom 0. OfHe SCGHM 401 HO0F KEEM g IsepThe
process according to claim9, wherein sajd feeding step conprises feeding
sai €HeT M tﬁ?%{%ﬂ‘cﬁf nored BT PFN ove rat e itPZi e darmyel BV fra 810 SCFM to

15 SCEM 4 1d.ocHhe g ogess~-@gcording to claim 7, wherein said carrier gas
conprises nitrogen and said feeding step conprises feeding said nitrogen
to said nozzle at a flowrate of from0.001 SCFMto 30 SCFM 12 12. The
process_according to claim 11, erein said feeding ste conpri ses feeding
sai ﬁgni%%g%weosg%aw%%% %?Vglaﬂw T AP 15D AP BFMAD 10 SCFM
13. sdhe prRcess. agcording 1.0 glal My herel iy %Qr@frPPééti’:ﬁ‘xgou&l& ep
conprises passing said powdered coating particles through said nozzle

- usi Pgld e nlgass sl ectredid rons tiel grioan Tomsitite ngrowd dehsumyimg trogen,
anot her 1inert s, and mxtures thereof at _a majn gas t erature in the
ange T Fom Bo0t s et P At (49208 b Lee RANT PR ETt Snd at a
SPr &YmdH £ S$AH e dripetdteurange e fr oM 200 potoh 05 POUPStees 14. The process
according to claim 13, wherein said passing step conprising passing said

powdiel eeh el ity Pate | e¢escehrugresw it avizite atsprani prgasiienperature
n Eﬁg ££ﬁ§§<9§ Ef&ﬂ15&@ psi to 500 psi.

14. The process according to claim 13, wherein said passing step
comprising passing said powdered coating particles through said
-nozzle at a main gas temperature in the range of from 700
degreeé Fzhrenheit to 1000 degrees Fahrenheit'at a spray

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

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

from 275 psi to 375 psi.

16. The process according to claim 13, wherein saild 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 te 50 SCEFM.

17. The process according to claim 16, wherein said helium
feeding step comprises feeding said helium to said nozzle at a

. flow rate in the range of frem 15 SCEM to 35 SCEM.

i L]
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degrees Fahrenheit to 1000, degrees Fahrenheit at a spray pressure in the
range of from 200 psi to 400 psi. 15. The process according to claim13,
wherein said nain gas tenperature is in the range of from 725 degrees
Fahrenheit to 900 degrees Fahrenheit at a spray tenperature in the range-
of 1&f.r 2 Th cpsis 4 @ drdisig th6.c1TEie [ArPgces$s raceorsdiing mad relgagism 13, wherein
said mai.n gas ., conprises heliumand said passing step conprises feeding :
sai PSS MG SAST Fds7 158 &t PRSOOW PAES ISRTERE S g SR T FRi6l 001 SCFM
to 50 SGM 17 5afhe RI00e5$ AGCHAING 4@ GhaitHel8oWhersi .54 d helium
feedi ng 'step conprises feeding said heliumto said nozzle at a flowrate

i n G.Re1r angel ofo fAloMCES.SCFM to 35 SCFM 13 18. The process according to
claim 13, wherein said nain gas conprises nitrogen and said passing step
conprises feeding said nitrogen to said nozzle at a feed rate in the range
of fg omh 0. AL IEFMAR R0 M 1% inThe PrOCeSS AGGR! diiNgG-dqcl aim 18,
wherein aid nitrogen feeding step conprises feeding said nitrogen to said
noZAssliaty &t freepmratieds fdsslimgnge iof rfitamoAn0 oo R ig SCRVMLeGLt Fhe

praces cordi t | ai mA,. wherein .said d jting step conprises
fo&?ﬁer?; r%&b,eon]L cntglaet %hagl\ﬂaengOfa flt%’rrlnd 4s'topécr?gt8ri Oup 0" 10 ksi. 21. The process
according to claim1, wherein said depositing step conprises depositing a
MCrAl'Y material on said conponent. where Mis at |east_ one of nickel and

cobdl t . The PrRde 557 G Gadhridi i i@ cl-aivier2 igheévagich P icdriBBust.i on
step comprises feorming a bond coat having a bond strength up to

10 ksi.

RS

21. The process according to claim 1, wherein said depositing
step comprises depositing a MCrAlY material on said compenent

where M 1s at least one of nickel and cobalt.

22. The process according to claim 1, wherein said combustion
chamber liner is formed from & nickel-based alloy and said
depositing step comprises depositing a copper based alloy

material on saild combustion chamber liner

i) 23. The process according to claim 1, wherein said depositing

step comprises depositing a copper chromium alloy material.

24, The process according to claim 1, wherein said depositing
step comprises depositing a copper—chromium-aluminum alloy

material.

25. The process according to claim 2, wherein said depositing
step comprises providing said powder coating material in

particle form having a particle size no greater than 10 microns.

14



chanber liner is formed froma nickel -based alloy and said depositing step
conpri ses depositing a copper based alloy material on said conbustion
chanber liner . 3 23. The process according to claim 1, wherein said
depositing step conprises depositing a copper chromumalloy material.

24. The process according to claim1l, wherein said depositing . step
conprises depositing a copper-chrom umalumnumalloy nmaterial. 25. The

pr OCESSIUER SO UITHP 1 Ch el 12, Larhihbim i ceigposi LMy Stiegs Copi | ses
| L4 | . teri in - i havi
pr og/%%{‘cgo 4 povder., C&;l*r?}%{ Ranﬂ?(}%“l’&lr |@Oai§g€%&§%§r of m having a

f
1 1d .
par i'Ze ho ‘grea m crons. € process according to

cl abar26;1 avhes i msainy depesitidge step conpid sesngs avf di fgn sei@ powder
coating material in particle formhaving a particle size in the range of
f r ot SE DS nfrong 1S AT mi crons. 27. The process according to clai m 25,
wherein said depositing step conprises accelerating said particles to a
speed in the range of from825 nis to 1400 ms. 28. The process according
t o 2T aiTh Hhrodes i a-saidhi ag ced ecatimg 5 stwepe coprises aeced £ bigng sai d
particles to a speed in the, range of from850 ms to 1200 ms. 29. The

pr ot ES %@E%?b?‘?fg FETHE I IH et S P epost t PR stRp=#%r t her

conpy i $d NGr USERY o Sahfd ef, 0pspselgsted fromthe group consisting of
hel ium nitrogen, another inert gas, and m xtures thereof to feed said

powder material to said nozzle. 30. The process according to claim 29,

wh i idf in . ri f i i 1| i
shesel ny sl Leedi ng. SLER: , SOMRT L8R, f£R0 9. 231§ 114!, ROUFIEE, 1, 5 ¢
}  step comprises accelerating said particles to a speed in the

range of from 850 m/s to 1200 m/s.

29. The process according to claim 27, wherein said depositing
step further comprising using a carrier gas selected from the
group consisting of helium, nitrogen, another inert gas, and

mixtures thersof to feed said powder material to said nozzle.

30. The process according to claim 29, wherein said feeding step
comprises feeding said metal powder to salid spray nczzle at a

feed rate of from 10 grams/min to 50 grams/min.

31. The process according to claim 29, wherein said carrier gas
is helium and said feeding step comprises feeding helium to said

nozzle at a flow rate of from 0.001 SCEM to 50 SCEM.
32. The process according to claim 31, 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 SCFEM.
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feed rate of from 10 grans/mn to 50 grans/m n. 31. The process according
to claim 29, wherein said carrier gas is heliumand said feeding step
conprises feeding heliumto said nozzle at a flowrate of from0.001 SCFM
to 50 SCFM 32.. The process according to claim 31, wherein said feeding

st 3. dirprirses: feediarg dlaicd treldlumnt R.2,sairdmedzz |l iat @adfdicw rggtse in  the

range of, from,8.0 SCFMto 15 M, 15 33. The process according to claim
26, G STTT Sui Gt I e TS S SRR (U IRF A b st ep
conpr f eedifNg Saidh 7 N taoger it saiwd nezzd ety adl owmate, ofg from
0.001 SCFMto 30 SCFM 34. The process according to claim 33, wherein said

feetdiith step conprises feeding said nitrogen to said nozzle at a flowrate
of from4.0 SCFMto 10 SCFM 35. The process according to claim 29,
wherein said depositing step conprises passing said powlered coating

parid cles: tduugs i diezz e usiNgn & Imivhgas rselLet ethddian tdegr oup
consisting of helium nitrogen, another inert gas, and m xtures -thereof at.

a A IgEs S diFetadrd i il Ty & ofs F b mBd eyt eest Ikghriaitfeial to 1200
de%5§%§4F%ﬁ@§$ﬁghﬂaaﬂp:§gFﬁxspray pressure in the range of from 200 psi to
50 '36." The ]

psi . process according to claim35, wherein said passing step
conpri sing passing said powdered coating particles through said nozzle at

a n gas tenperature in the range of_ from 700 degrees Fahrenheit to 1000
degﬁaieﬁ%m@ﬂ?eﬁ% SHHCU SPi%y-C gresiStre’ i e Mantet OfAFRTM 20 psi to 400

PSist el -collify AL G5 AGEPTH MO Sy &l Al 32t MLTEI M S& & N8 #1888
said nozzle using a main gas selected from the group consisting
of helium, nitrogen, another inert gas, and mixtures therecf 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 50C psi.

36. The process according to claim 35, wherein said passing step
comprising passing said powdered coating particles through said
nozzle at a main gas temperature in the range of from 700
degrees Fahrenheit-to lOOO.degrees Fahrenheit at a spray

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

37. The process according to claim 35, wherein said main gas
temperature is in the range of from 725 degrees Fahrenheit to
900 degrees Fahrenheit at a spray temperature in the range of

from 275 psi to 375 psi.

38. The process according to claim 35, wherein said main gas
comprises helium and said passing step comprises'feedihg said
helium tc saild nozzle at a flow rate in the range of from 0.001

1 i

SCFM to 50 SCFM.
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tenperature is in the range of from 725 degrees Fahrenheit to 900 degrees
Fahrenheit at a spray tenperature in the range of from 275 psi to 375 psi.
38. The process according to claim 35, wherein said nain gas conprises
hel i um and sai d passing step conprises feeding said heliumto said nozzle
at aflowrate in the range of from0.001 SCFMto 50 SCFM 16 39. The
process according to claim38, wherein said helium feeding step conprises
f eedi-ndhsairdorekBumcce rsding nezzillaia 38, fhewerat eaild tisd ivange of from 15
SC%%%BQH 5% Nboﬁ riE%% &%%%3%% %%ﬁ%r%%EQu%pt%l%Eqb3%béwq r%%”asa!d main
gas conprises nitrogen and said passing Sstep conprlses-FEedlng sai d

ni tflogematte dai d hrozzineeab fa freed 15attervn tibhesr aager.of from 0.001 SCFMto
30 SCFM 41. The process according to claim40, wherein aid nitrogen
feeding step conprises feeding said nitrogen to said nozzle at a feed rate

| 0 dohe 1EangcoL o amA Bty 80 SCRM 42 e itocess: aoqording to claim 2,

wher ei n sai epositing step conprises formng a bond coat “having a bond
st rremgtrh sep hd £ ri@eksiandd 3aitheaprdees s tage avdipnd stbe deaidinn?, ssherein said
depositin step .conpri ses depositing a M_rAlY material on said conponent
wherd TR%e &F ﬁ@&gtDSﬁéiﬁfaﬁi@ké@egn%aéﬁbéptﬁhﬁ4FaﬁH@ ProddS& according to

cl @ mpd, ufrer eih s9aic@d pglepositing step conprises depositing a coating which
is at least 97% dense on said conponent. 17

41. The process aécording to claim 40, wherein aid nitrogen

feeding step comprises féeding said nitrcgen to sald nozzle at a

feed rate in the range of from 4.0 to 8.0 SCFIM.

42. The process according to claim 2, wherein said depositing
step comprises forming a bond ccat having & bond strength up to

16 ksi.

43. The process according to claim 2, wherein saild depositing
step comprises depositing a MCrAlY material on said component

‘where M is at least one of nickel and cobalt.
44, The process according to claim 2, wherein saild depositing

step comprises depositing a coating which is at least 97% dense

on sald component.

17



