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STATEMENT REGARDING FEDERALLY SPONSORED

RESEARCH OR DEVELOPMENT

[0002] Not applicable.

REFERENCE TO A COMPACT DISK APPENDIX
[0003] Not applicable.

BACKGROUND OF THE INVENTION

[0004] The following patents and patent publications, and patents that issued
from these publications, are incorporated in their entireties by reference:
CA2639732 (A1), US7582365, US7267889, US 7763573, US6887530, US7179507,
US7008462, US7135240, US7052527, US6808756, US5976695, US5434210,
US5196471, US5506055, US5122182 and US5049450.

[0005] OEM manufacturer spray powders that form abradable coatings to
improve turbine engine efficiency. These abradable powders are generally sprayed
onto a surface using plasma or low velocity combustion processes. It is known that in
many plasma applications for clearance control coatings, also known as abradable
coatings, these coatings are sprayed using: 1) blends of polymer and metal or
ceramic or 2) blends of solid lubricant and metal or ceramic or 3) co-sprayed with-

polymer or solid lubricant and ceramic or metal.




WO 2011/ 094222PCT/ US2011/ 022445 [ 0006] One form of powder for thernal
spraying is conposite powder such as disclosed in U S. Pat. No. 3,617, 358
(Dittrichyo20h/®42at ent t eaches the use of the spray drycmgsSpeiooexs f or
maki ng the conposites, involving the spraying of a slurry of very fine

powdered |tue rmdropl ets ndd i n the
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and a non- rretay@/(J 0007%& her co 05|te lg s a[ﬁe k[go for thernal

sprayi ng, Et&rﬁf"&e AU Mgy Pr‘?&“tE’PS EUMIMNY BB PRI ASYERE i n U S,
Pat. No. 4ed%heQdWderstconstitientsAsieDs Bindgr tddfofriidso (Pmat;emtd @yiepase powder such
as nickel allaoy clad bentqnite is useful for produci g;thernal sprayed

abr adabl e JEPHS EBARIRCYLIEF- e DAY BeRNhea Elglearstivealaal Myl netal core

particles cdhétﬂﬂ;édt@ﬁfay%ﬁﬁéd?b&%tedf fSrKambfe ihS dett@DbowderVr & métaf and\e-
3, 655,425 (Lon o and Patel) for simlar purpose. [0008] Anot her exanple of a

powder f oPORRE spray is disclosed in U S. Pat. No. 5,122,182

(Dorfran). This patent di scl oses a two constituent blend, however bot h
const it uel0®7hre a PBERFOPPeRitedonmARNWN fahfdetfﬂﬁfpéﬁye‘gaﬁﬁr%ﬁmﬁﬁ ely the

sare, Wi { iAo IS IE el al BldoRBed FIUSS. Pek. NG Agndgiown that the

prior art teaches a phase (matrix (ne ceramc)) + solid lubricant +

pol yest er (Aganaeiae)| éccmiﬂleg itauthis pateoia NB?HP@W@HT surh asrnigkel aliey dadit i ngs neet
the desi gﬂﬁhttﬁhﬁé% e ftﬂ?&'dr&ﬂ} ﬁ%rpgaﬁﬁeabtﬂdb@é%dcl)f:é%ﬁ@gtfﬂ' eg?leCO.St

i ssues Wt € previ ous pO sses used coat i ngs.
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of clarity Tn erm nol'ogy, ' a Corrp05| two or partlcles in

physi cal  gpkac ol my@%ﬁﬁecrfeggptg@ é\fgagnéw Ona{)%hbﬁﬁ%l%ﬁ%yﬁs BtsBBSéd thV\§ver

, Qﬁgﬁu ICZPg;th 5c12¢2m&2dﬂoyfm).kmbwrpatentdt$|el>eae$ a t\[vO@dtrjs]tvMermb]eedt of the
I nvent | Onhe\%/ever bott?gdnstlﬁjen?sva?rle af Ref) 8|us a noonnpng%'l ta%dRHV\)paege atpr;])?oxnmately
the same, with certain predetermined ratios. Thus, it is also known that the prior art
teaches a 3 phase (matrix (metal or ceramic)) + solid lubricant + polyester abradable

material.

[0009] Although the prior art coatings meet the design intent of applications,
there are reliability and high cost issues with the previous powders and processes
used to make the coatings. Accordingly, what is needed is an improved powder for

use in forming abradable coatings.

BRIEF SUMMARY OF THE INVENTION

[0010]  For the purposes of clarity in terminology, a composite means two or more
particles in physical contact. These composites usually include a binder, however a
binder is not always included. Additionally, cladding may occur mechanically or

chemically as known in the art.

[0011]  An object of the invention is to create a novel form of a composite powder that
forms an abradable by thermal spraying a first component A that is mechanically
blended with a second component B.




forms an abradable by thermal spraying a first conmponent A that is
mechani cally bl ended with a second conponent B. WO

2011/ 094220RCT/0982011/ 022445 [ 0012] The foregoi ng and ot ireT/uskyi@OLB4Ar €
achieved by a thermal spray powder blend conprisi ng a first conponent
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of metal ®ehdcomprisingl g firsheorhpdrient pbwuercaid as@mnﬂg:ompoaemmowm Thepol ymer.
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enbodi mentpturaltieseBepaticies ot nigtélandpntetag the/\/@ttbetypmmob@ﬁg a%ereﬁrm@ or
mechani cal IB/ clad_c osite. EAOOM%én enbodi ments, conponents A and B are

each eithé& %Bﬁaﬁh%ggwoé'F rHgRp BLineseceRd E‘Wé‘i’ﬁr&i‘l"ﬁf LPaENEYyudereRs.

[0015] I n endp ﬁ’élﬂ%ﬂiﬁén 6@ BBRAPEslie farlidefoRERRT pb@a¥f.t h pol yner that is
mechani cal 'y clad while conponent B is a conposite without polyner that is

nechani calioy3¢! adn ebBBdpidrts, RBRPBhERA & a Metd hakticeO WRAS Shpbserft BLQEPOSI t e
t hat |ncludes an orqanlc bi nder, a netal phase, and a SO|Id | ubricant; and
a second @’(‘ﬁ%‘@ﬂ@ﬁ'ﬂy‘%d S0WBARISsi t e havi ng an organic binder, a metal phase
and a pol¥ phase; wherein the apparent density dlfference bet ween each
conponent [9&! 41] esdn EMRRCIMANtS SEMPERENaENaNT § afp 8ACR itea mashedicallYefi?d ng t he

i ndi vi dualcoRpoBiitestcher bRy @1ad dsitgst and second conponents are

manuf actured as either spray dri or nmechanically clad material and the
mat eri al o153 Pr 3y eRhbBUts %Hboﬁ@m&'?sté 9(5]11965&%'\@%1 EAyhg. preferably
pl asma spraying; and wherein the thermal spray as an overall

particle @%@aﬂﬁa%@ﬁ‘ﬂ while comaperit Blis@ ¢anerasiie W'tbp@tfwwvhaﬂdﬁ)ut 44 to
about 150 c‘ﬁ%ﬁi@?u y 4i8q enbodi ments, the netal phase is NG or 316 stainless
steel and the so ubricant is hexagonal boron nitride (HBN). In another

enmbodi nen bl e
conponent “0‘51@8 ARt § IR BB e A R osh O e Rcbe BB e 0
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second components are manufactured as either spray dried or mechanically clad

material and the material are sprayed either with combustion or plasma spraying,

preferably plasma spraying; and wherein the thermal spray powder has an overall

particle size of about 10 to about 150 microns, preferably about 44 to about 150

microns. In embodiments, the metal phase is NiCr or 316 stainless steel and the

solid lubricant is hexagonal boron nitride (HBN). In another embodiment the blend

ratio for the second component into the first component is 0-40 wt%, preferably 5-30

wt%, more preferably about 7-15wt%, more preferably about 8-12 wt%, and more

preferably about 10 wt%. In another embodiment when one component is a metal,

the blend ratio of the metal component to the solid lubricant and or polymer metal

clad component is about 10-90 wt%, preferably 25-75 wt%, and more preferably 40-

60 wt%.

[0017] The result is improved entrapments of solid lubricant and/or polymer

phase through mechanical cladding and/or spray drying. This also results in more
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phase t hrough nechani cal cladding and/or spray drying. This also results in
nore r.eproduci ble and consistent coating mcrostructures conpared to
co-spray wWo 20agi9a2cal bl ends of various conponents w t RCUiUSR@n®ea445
densities. Hi gher tenperature organic binders are used for inproved

mechani cal_integrity. The binders, i.n I nat | 1ih th | phase,
help to n{?ﬁrﬂﬁg%‘%o'aé‘ﬁ%ﬁﬁ%?t??g%o%f‘gPH%mgﬁﬁr‘@HfE Cﬁﬁ@g}égdttfﬁi%]rgé@r exenpl ary
enbodi nenhfeﬁanicaldﬂamsagaarimis tdmep@rensewith diffemmt demsitiesy Higherscer t ai ned by
review ng,the present disclosure and the accpnpanying.draw ngs. BRI EF
DESCR P11 TR FE SBRARNCLS T G 8§ ERer PrasCist MRROAII BeGvf 55¢ her
descri bedpindefd)eh ethisihdtesh WiEs el étaPphadel BEIpTe rimitze detonmlositionoptheo t he
not ed draw ngs %@S}ng of a non-limting exanpl e enbodi nent of the present
in

i nvent i onPOXAEr : [0020]FIG 1 shows a first aspect of the invention.
[0021] FIG._2 shows anot her aspect of the invention. FIG 3 shows

22
anot her afife8l of tcﬂ@efﬁwlf’&%mtfmgﬁ‘tﬁla@d a@vgﬁt@ggséfgtgﬁ §5€85pect of the
i nvent i oninkRPGHINGY Be d2ceftaMEd BRRIVISTIng §RESTesiit didtsuivamd fhen. [0025] FIG 6

shows anot her aspect of the invention.
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The present invention is further described in the detailed description
which follows, in reference to the noted drawings by way of a non-limiting example

embodiment of the present invention, and wherein:

[0020] FIG. 1 shows a first aspect of the invention.

[0021] FIG. 2 shows another aspect of the invention.
[0022] FIG. 3 shows another aspect of the invention.
[0023] FIG. 4 shows another aspect of the invention.
[0024] FIG. 5 shows another aspect of the invention.
[0025] FIG. 6 shows another aspect of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0026] The particulars shown herein are by way of example and for purposes
of illustrative discussion of the embodiments of the present invention only and are
presented in the cause of providing what is believed to be the most useful and
readily understood description of the principles and conceptual aspects of the
present invention. In this regard, no attempt is made to show structural details of the
present invention in more detail than is necessary for the fundamental understanding
of the present invention, the description taken with the drawings making apparent to
those skilled in the art how the several forms of the present invention may be

embodied in practice.




DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0026] The particul ars shown herein
are by way of exanple and for purposes of illustrative discussion of the
enbodi nerwe 20f1/m22pr esent i nvention only and are presemCedSeoioba4tause of
provi ding what is believed to be the nost useful and readily under st ood

descripti t he Lnci cept u t he ent

i nventi oanbizz thll%e&éaglﬁ}?% 80@38?439*% WthﬂeS%rgg@ah\gW ?gr[]%?rf)ﬁng B8t ails of
t he pr esentechaniealtyi adend compagite. detail than i s necessary for the fundanental
under standi ng of the present invention, the description taken with the
draw ngs [0ORBhg appmbedltnemcs bbmensrksww B ard dachegithehmachhdcaligvatachl f or ns

of the present nven;II Haél ? nbogl ed in practice. WO
2011/ 09425%8‘?? ?W P82 PPP e bodi ment's, conponent A is a netal

R ot monld2o) & FEARRR Mo haPalBRIa el chad oo P ieiag
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is a conposite W [yh | ymer that is nechanically clad while conponent B is
a conposi MERRRIAY tCI%?O)I yrrer that is mechanically clad. [0030]In one

enbodi nmen the inventi a fir onent iiS a co osi te that includes
an organlkz0 Ohder, '8 oREEH OHH‘&%@ Ofa'l?dmée BN a %'T%BPmEQ IS% §orgPeYteond

conponent trz$ nﬁclg@émmbﬁg%ntcfmﬁdé?aé nitfal Phasd i shdl m.gnub@ametaaa alde@skd and a
pol ymer phase; wherein the apparent density difference between each

conmponent CPEPPRAN iy R EAMPRSteAPERARS AN BEABINIR M hPRASIZNG A BOBMAT NG t he
i ndi vi duaph£QIRARENG e am@arr@mraeh@@ e thod BARRAAMN ORPBAERS 1AL ©

nanufactured as either spray drie mechanically clad nmaterial and the

mat eri al e tb@uaayér@nbdenﬁetv wﬂenwommtq Riending hedr¢radagirc@ynegentsr ef er abl y
|
pl asme spaxtdid; heafggt IMELRLAG Egﬁag)r@&ggﬁk PBhGUcRAN £ g%? %goutﬁei ‘o

particle size o out 10 to a m crons, pre
about 150mecbeninglly diad matariat and the reateddi aresprayed @ithest with qma@@tlpe ONi Cr or

210,52 sl gl Qo il VP Bl

iron, nic or 'c ns o owder s
may al so bamamoner(ahrp(altiqlmsmebf/\mfmutaﬁwabmtmﬁo\m%onaj prafenalvty labomeﬂelrtoabout

Cor yttr) BRPCt RS i ARG BRonl b PR B B3 & 8t v o and
i nt er met ablairtsss sielelhorazs mie¢d Adbwder, dor exlaumlenbmtenot nmddxcﬁ’g)t lﬁdenrJ mnd:ig?grcroggy al so

be used. E arI soI 'fﬂg:ltHb” ﬁ

enbodi men °rb? é&”P& E‘?“r‘e 85%%!” %ﬁﬁ%?ﬁ(e%ﬁ° FEYN CRPRIHMG ¢
corrponen]E betsvendbowt e/mgpm%‘ erugnlnhum?emewt&bouftmr’&sb\iomfaerdaéﬁdytgabbgt 7- 15w
nore prefe out 1 Yo _and nore prefer about 10 wt% In

anot her eff @g\’%ﬁa‘?ﬂ ?fﬁ% Sy (P& POg 'E“'%drf@tgﬁ'u”{ﬁé MWBRAICR i 0 of the
met al conpEmh, tbmatmﬁaﬁ@kur@stembrmcmv saind iterrpstalio® lsubBbalFe¢Alaforg omponent

i s about 10-90 Wt % referabl% 25-75 Wt % and nore greferabl 40- 60 wt %
aluminide, nickel aluminide, may also be used Similarly the solid lubricant is HBN.

In another preferred embodiment the blend ratio for the second component into the

first component is 0-40 wt%, preferably 5-30 wt%, more preferably about 7-15wt%,
more preferably about 8-12 wt%, and more preferably about 10 wt%. In another
embodiment when one component is a metal, the blend ratio of the metal component
to the solid lubricant and or polymer metal clad component is about 10-90 wt%,
preferably 25-75 wt%, and more preferably 40-60 wt%.

[0031] This embodiment results in improved entrapments of solid lubricant
and/or polymer phase through mechanical cladding and/or spray drying. This also

results in more reproducible and consistent coating microstructures compared to co-




[ 0031] This enbodi ment results in inproved entrapnents of solid |ubricant
and/ or pol yner phase through nechani cal cladding and/or spray drying. This
al so resuwo=oiwnImee reproduci bl e and consi stent coati n@CRiuse@giop248% ur es
conpared to co- spray or mechanical blends of various conponents with

diff | d f
ot oved AN anideBehos STARGEE HhERGReHR Win el BeRtied Bl *Dhase
alrrf)odhel psemp?natur:e lclsrg?aem|cﬂllea¢mer'p(wi;1 tbdded fof .mmv@mmmmwaﬁegmpomaa] I nI I
[ t t t a
bart1 ol o SR i AR ioRov b st Brasteye e PR S e dlect poRBaR o iR 1o

about 150 pmymgvrpﬁasé,oow] I n enbodi nents of the invention, the overall
powder is a conposite of one or two constituents. [0034]1n enbodi nents, a

first conmpoosnt hasm@nnmroma@mtg dpiHedaventian n‘lﬁbdherﬁfbﬁﬁ&ay@@d/d@r I &rél

| ubri cant. Th met ase na Xa, e, NNCr or 316 stainless
Steel 2 0r oyt AT RS o Shan 104 A0 E 5T mABIS] PRy PBOR Ao HPEker or
cobalt baged ngeroggnbi nati ons of the three. Metal powders may al so contain
chrom um bet ween about 0-40 wt % al um num bet ween about 0-15 wt % and

addi ti onaljogadfli t i veip Phbdamvents FBRLIAVEHiIGR, S ovBrI Paddel istd é&ﬁbés‘i’ce ofttrium

haf nium silicon, rhenium tantal um and tungst en. MCrAlY' s
i nt er met aloNe O W ceMstitents3A1, iron al unini de, nickel al uni n| de may al so

be used. The solid |ubricant may_be, for exanpl e, aggl onerated hexagonal
bor on ni t (OGR! ( ABN) !N ered "[‘9'@)%5? firgt @%B@n%h@%an&r@é%md%mem has an

or gani ¢ bigRded .and S8l luiane ﬂmm@ta@fahagaerhapbé%r eié}ﬂﬁél NitrerBegi ment s,

t he bl end ratlo for the second conponent constituent into constituent 1

i s 0-40 wstinipsesteeladr § netg@ondes, fﬂroe@nm*%b@trrm|llmlta@mrormci<§m%obﬁt§r e
pref er abl ya8sd 6r WrmBinaihs B e BF&S SUBRY YoREGY inmahLai¥h Bntain chromium

between about 0-40 wt%, aluminum between about 0-15 wt%, and additional
additives of key elements such as, but not limited to, yttrium, hafnium, silicon,
rhenium, tantalum and tungsten. MCrAlY's and intermetallics, such as Fe3Al, iron
aluminide, nickel aluminide, may also be used. The solid lubricant may be, for

example, agglomerated hexagonal boron nitride (ABN), HBN.

[0035] In embodiments, a second component has an organic binder, a metal

phase and a polymer phase.

[0036] In embodiments, the blend ratio for the second component constituent
2 into constituent 1 is 0-40 wt%, preferably 5-30 wt%, more preferably about 7-
15wt%, more preferably 8-12 wt%, and more preferably about 10 wt%.

[0037] In another embodiment, a first component is a metal as defined above
and the second component is a mechanically clad solid lubricant with an organic
binder. The cladding may be the same as the metal used in the first component.
The solid lubricant and the binder may be as listed above. In another embodiment, a
polymer can be substituted for the solid lubricant. The blend ratio of the metal
component to the solid lubricant clad component is about 10-90 wt%, preferably 25-
75 wt%, and more preferably 40-60 wt%. When the polymer is substituted for the
solid lubricant, the preferred blend ratio is about 10-20 wt.%.




[0037] I n anot her enbodinent, a first conponent is a netal as defined above
and the second conponent is a nechanically clad solid lubricant with an
or gani ¢ bwoaderr/09¥ize cl addi ng nmay be the sanme as the net aCTased tioge4she first
conponent. The solid |ubricant and the bi nder may be as listed above. In

anot her e i ment, ner c n bstl ted for, the solid |lubricant.
The bl endﬁbgig:]o of If‘ﬁé'%r?gi/ §td.d ﬁﬁ(g' tSSCCE °§6?%”8”¥3§&“|bceam cl ad
conponent mghufdenurtd h8-eRfevddtay et @rrrabd:nawly zladwmatienanah smbediptesitgr abl y

40-60 w % e 'S substltut d for dIu ricant, the
pr ef erred%klﬂvxd}ﬁha'?da?e?"&”fj§°5198[]?”t§@“?épr\ﬂk’e |thewy|% %Qr 22011/ 022445

[0038] I n gpkyHghBriisrablypashid %raﬁﬂ? BARIAGG db@ﬂﬁ@rtﬁéifeﬁam;aﬁn BBrag@plef act ur ed

as either spray dried or nechanically clad material. In enbodi nents, the
first andc8&¥¥hd conponents are sprayed either with conbustion or pI asma

sprayi ng, preferabl y pl asma spraying, formng a coatin preferably an
abr adabl el i ng. |PEOIPOimeRtRMiEmRAPAINGR RIS, B HAYMEY 1S WA 0ol yrer

is used tQofRMY Hld ma%r’fcxm r@adcéomu%davhéét%rﬂymga@ﬁﬁw‘hrehqﬁé pRak heating
by a bl ade tip when t bl ade tip cuts the coating a ferent incursions

and speed§pc eﬁ@atmatsﬂeffﬁe@tv@q:tys'op%ap%ﬁpeeaﬁdm@eth@tﬁnS@aﬁ'tat@héduces
I nter-par %@h@%ﬂ%ﬂdﬁ%&ﬁt&@&%&%lﬁ’tier-g?rﬁigﬂel Eabeéi?ér?g)thP tRGmd egr%g][mt e

cases pol rs are conposited with s |'ubricant t0 achi eve nman
advant agesoafrgn40jstme casps palymess afe crcmmsaed with sglid bEeaniite achiévee coati ngs

are: Blen ng. The benefit of co-spraying is nore control of
process S:Mné}& génesclgq\%%aaag\élfserences in blends may |l ead to separation in a

feeder de llge Tl"‘?’ %gﬂgédhgg.;of hmnﬁfat%ﬁﬁ?\grﬁ?% é‘&é‘&adl@y&ér%fngg%?é/ Eﬁubrl S€s.

The di sad ant spraying 1s ynmers and olid ants
have | ow «beEs»stpyaylm@gweareaeﬁmfctotspraw@l|sancreto®nttoltQf pnedess sincdaleosifose i n

plasma 1| g%&%@ﬁ%ﬁ%hﬁ%ﬁgé Sy&%%ps%f %Patt F]'lrpg f%e%‘@? dEVIE@ fféqwarﬁ%hrﬁg; tr‘% loss. In

sone case ozz oCcC resul ting
i n excessidoes poshett inoto-shyan ptdceesesThTéwebcesmivahtagé o&chspmyingss thadi npl er

overal |l progcess for cturin rad oatin a seal s.

P00aa] 1 n” EoRTTs pRbg e B T R AR SRV Ar S BB P TefT hRE e

| ubri cant memcarmempd@@ﬂ ma{srﬁ@ﬂm@t Thi r@dllmsmanhgefad&:cnagtdy)mftlmmér&i ﬁr

ceranmc matrix phase; a ovmn re end .uni form t er

ent r apment el iRsss I $N¢ cnes F'%Pﬁﬁ%é‘ﬁ%&(%f&ﬁﬁ%’? AQpdig 'W'%als spray

~process anmgsulin Ehﬁb&@éssfde%@@@:dtbhwomqmné?OT@bMﬂoﬂalﬁlehG id aehaAse partl cle
o]

wei ght. [0042 r exa nechani cal g%l oner ation using a. cladding
process ySuxerall process for manufacturing abradablé Toatings and abradable seals.

[0041]  In contrast, agglomeration by mechanical cladding of the solid lubricant
increases density so that it approaches density of metal or ceramic matrix phase;
allowing for more 1) blend uniformity; 2) higher entrapment of the solid lubricant phase
when applied by via thermal spray process and 3) better flowability when co-sprayed

due to increase particle weight.

[0042] For example, mechanical agglomeration using a cladding process uses
solid lubricant, such as HBN, and cladding with a fine metal powder, for example
nickel alloy and organic binder. The metal powder is generally less than 44 microns
in size, and is typically less than 20 microns, and the solid lubricant is generally

greater than 54 microns, and is typically 120 microns on average.

[0043] The metal powder can be iron, nickel or cobalt based or combinations

of the three. Metal powders may also contain chromium between about 0-40 wt%,
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solid lubricant, such as HBN, and cladding with a fine netal powder, for
exanpl e nickel alloy and organic binder. The netal powder is generally |ess
t han 44 mwvorong9irr2si ze, and is typically |less than 20 ®CEmsas,1/0223d5 t he
solid lubricant is generally greater than 54 mcrons, and is typically 120

m crons on, aver aqge 0043 e | po r can,hbe ir i cke|l or.cobalt
based or @WPWH%%‘%%%@%E@%%%.ar%ﬁvd\%%'oﬁﬁwtéveﬁ&gE%Pf §8m@8 sédcﬂ chrom um
bgéI ween ab@,]gtbukt&oﬂmnm%o, yRliuwm] meafube siieer) radrouh, OndSient tntaiumd apddi ti onal
additives, o ey

lenents such as, but pot Jimted to, yttrium hafnium
21T con. SIS M GATS S EHRR Bl uh 26 sl b aEiniee ickghy
I nt er net ab|un§ifideSMel af® deod®Y, 1ron alum nide, nickel alumnide, my also
be used. [0044] Fi nal aggl oneration can then be screened to | ess than about

60 nesh, Ydu4ah is ghpsitagdRimdthidrOdn theR be sefeihed ke kss FRtayBRN60 hihf | nal
aggl oneration can then be screened between | ess than about 60 nmesh, which

i s about M5FHE @Per2AHRICKINSg e Prefertechemagdmenbls finakagaiqier@lon @about 63

m crons. AR dh8eRRr Batlebh ]fersg@ha"‘ﬂ 50U 80GEdsh Whichadabbit2sbinmeropaiahtic! es of

metal attached to the wall of the solid l[ubricant wth an organic binder.

Sol i d | ubpt greates thamakeut 288 maskanpics is et GaGHICREr at ed boron nitride
(ABN), graphites, fluorides, talc. Generally the solid lubricant will be
greater t Shbout U 63-2p@Aicron sigeponmer igtsligd Wit Bt partiplgh ohmestal 53

m crons. ERQé\f%thB?héWah@E{Hé%?i&Wic&ﬁﬂmw?ﬁ&%éhkt%c%ﬂ. SbiiaNuftidaAte e
wher eby the polynmer can be polyesters, polyam des, polylmdes and/or
acryl i c bhselgr prapper BNGaggpalerated heropoiityide (ABNwgeaphiies | fluogdeg. dalcer t han
about 45 @ cr : . - er - G

[0047] O ot Gy 4 BB BRI REF PR Horats Thlifraniy, ; 4

| ubri cant gpestgmiban Bibouh 33eichorgh t enper at ure plasma or conbustion flame

t hereby reduci ng deconposition during the coating process. Additionally,
t he i ncr efdE6] densiThe saiduliirsanhcayy leaswhstitiechwitlha pohinfesr whergbpfhe he

I he i e . . i s >
e et b S BRI REHEA, Py thbls BRI Y 1
rati o, th&emetaligdine polysel powderbwill bagreatematthamabeut 48 micsons, and preferably

greater than about 53 microns.

[0047] Cladding increases the density of the powder and protects solid
lubricant/polymer from the high temperature plasma or combustion flame thereby
reducing decomposition during the coating process. Additionally, the increased
density results in greater chemical uniformity of the resultant blends. The increased
density will also improve flowability if the powder is co-sprayed with metal or

ceramic.

[0048] In a typical blend ratio, the polymer or solid lubricant clad material is

about 10-20 wt% when with metal or ceramic powder.

[0049] The metal/ceramic powder can be the same or different chemistry and/
or manufacturing process as metal/ceramic used in cladding process. Generally the
size of metal/ceramic powder is between about 120 microns and about 45 microns.
However, powder range could be -250 microns + 10 microns. When co-sprayed,
typical deposition rate of metal to clad composite is about 1:1 to 3:1 with and

entrapment of clad particle in the coating of 20-50 vol%.




about 10-20 wt % when with netal or ceram c powder. [0049] The netal /ceram c
powder can be the sanme or different chem stry and/ or manufacturing process
as et al /weramiw4223ed i n cl addi ng process. Ceneral ly theC3iuse010/022445

netal / ceram ¢ powder is between about 120 m crons and about 45 m crons.

However, rr e, coul d be -250 njcrons, + 1 en co:sprayed,
Cypica | oldBER ; SEREEeuRaetsiona Ropt HE ST ne oo MR MR eS8 B! 2V et
and ent r apnenberbnitd wAderaith IMBR dompobite, apaphitetref pan&0 Ty galymeME) for

2011/ 094222PCT/ US2011/ 022445 OOSgIt shoul d b? under stood t hat HBN can be

repl aced BYRBIG PHNIAAMItEH D PolesiEr, PUKPIGRS tROVITIAGEr aRGH/PTAANAK ReSRPosi t e,
graphite @olymd9! ymer. The polyner is, for exanple, but not limted to,
pol yester, polyam des, polyi m des, and/ or acrylic based polynmers. [0051] 1t

shoul d be [ouEigr st 00gl skl bbfmﬁdér@tcﬁ:ld tA&t tAY nfdd 1By EaPbacasladey BiEhalal oxi de
ceram cs such as, for exanple, yttria stablllzed zirconia. [0052]1t should

be under sto3ise quF%[’f"Cﬁﬁécrb?ﬁcf@"rewpl%é’”ﬂﬁééﬁﬂ”@e@rz'rp%? ganic. [0053]Fig. 1
shows the conponent A 10 Ni CrAl clad %ggl oner at ed hexagonal boron nitride

(ABN) and [@ corrpo'ﬁérr\?u'@bﬁﬂnﬂﬁrs&oé.’dh § OHYIEF CABHPAPIARNY IRYEARIAI cal bl end
of A+B 14. Shown in_Fi when conponents A and B have al nost equal

powder apﬁ%@ﬂlt dens‘Bt?éEo‘(’%ﬁ)e nerorpA AANIGEN dadraalemerakddiraragnaind

spray par agRrehitrideABN) 3h8 tﬁé Sé‘rhﬁd)r?e’f‘aﬂgw NiEdats PElyEQEPRFAhg ttF?e current and
past products. In one éxa hi s _enmbodi nent , corrponent A 10 has, for

(7a>2<arrpl Ie dwcﬁaptcabtpl@n% p&énges p%pwndn ElshBonBen cemponats A anerB bavenp| ebd50
m In
apray dryihRo SRk e AR oo R ap oS rafost Rafgp 08 dhy B ¥
conponent spraypdramatesifissies aeensighificandly deduicet! capeacsd tesusiept @aalipast[ 0054] | n
th t N,
foget ner Wy dfehGniie 5 A o Eime R et AT Briedart) oo
][n: cr onfs omi58 paitate 8ke: G&en mﬂggpmmiemt Bh2 kg, foeexaygle wbhai 2. tﬂadfjidng
ine, for cron [ ou e
not ed t hatp?%ﬁggggﬁgq}%gw&) b %%r?pociﬁ@g’b‘q@??agggal\mﬁq i%t'oHOq Sc?%%:%g'lya?ﬁo her vari ant
t o coati nNiprAdpid ABN .withribChalr lexaotheeembodimeatigbopenanteA N Gratbmidedd HBN

wi th d50 abqut 10 m crons, .and then blend this agglonerated material with
Ni clad pd “9316 %#B()fappl’Xmmatdely&? g9

[0054] In another example, the use of even finer HBN is a substitute for ABN,
together with NiCrAl cladding. When the d50 is below approximately 50 microns on a
clad BN, then the powder should be agglomerated. Cladding fine, for example 10
micron HBN is also feasible. However, it should be noted that agglomeration
introduces binders which introduce another variant to coating properties. Another
example is to agglomerate NiCrAl clad HBN with d50 about 10 microns, and then
blend this agglomerated material with Ni clad polyethylene.

[0055] While this is centered around the autoclaving approach, this can be
expanded by using composite powders in general, with continuous or autoclave
cladding being only one method of providing the composite. The approach of having
a blend of two composites 14, as shown in Fig. 1, whether chemically clad or
autoclave clad or otherwise, is a composite powder for thermal spray applications
where the final composition consists of a blend of two different constituents A and B,

where constituent A is a composite of a solid lubricant and a metal / alloy and/or




[0055]While this is centered around the autoclaving approach, this can be
expanded by using conposite powders in general, with continuous or

aut ocl avewol2addiomz2bei ng only one net hod of providi ng tRreTas2@Os2I4@5 The
approach of having a blend of two conposites 14, as shown in Fig. 1,

whet her chem cal | | ad or .autogl.ave cl ad. or., otherw s IS a c Lte
powder f oFCtATUF ﬁﬁgw‘iﬁﬁf%ﬁo%ﬂ&qﬂggt'? Sﬁgn\ﬁﬁa'FeeOft%%la?ti'c\#aqO?%%[p i?ﬁ%ﬁa?z)(r)nsi sts
of a blendief two different constituents A and B, where constituent Ais a
conposite of a solid lubricant and a netal / alloy and/or ceramc and

wher e conggogslient BAhen ABNISpast dfeondtitaerpliast dree éxanaply e thanmalaprst al  or
all oy. [0056] Wen A}EN s part of constituent A in one exanple the thernal
spray powdSWIFEISSYER thal,¢ Constituent A is conposite of: Metal /

alloy + solid lubricant ( HBN ) + ceranj¢ conposi and ituent Bis
conposi te of : NePSftugnts l%&gmpoat%gfﬁ\ggﬁan]ef;qﬁoy i%ﬁ’ﬁfjﬁ}ﬁ?r@apt @?@@l Actly

di fferent cehasiesombsitdaidli s a four-phase blend. [0057]1t should be
understood that the ceram c conposite in constituent Ais what is added to

the HBN t o makeohétitddi.B QBRPOARS bh &fetal¥aNPY € pisstie! addi ng, using a binder,
of a netal alloy onto ABN and pol yner. For exanple, N 5Cr5A1 can be used as

a cl addi ngelifirgyinfféur draingesiffeidnb phaddsiralenptniha Gum@aasd blehbi s manner there
is less residual nickel after spraying and the result is better oxidation

resi st ancggos3pown imstdudd b8 unaeRTVAERAt the tErahtic ag@bosirriatcedstitidrit Adsbi nder
w th corpOBhs #ded 16 GBS Gt ABlin 16, [0056] For Iight andior friable
powder nat[(%SiS?l S C,L\r?cgltﬁérne%(avr%p}]g isaclgcgd?r%ge,%tsan\éea binder, of a metal alloy onto ABN
and polymer. For example, Ni5Cr5Al can be used as a cladding alloy for polymer
with a fine enough grade. In this manner there is less residual nickel after spraying
and the result is better oxidation resistance. Shown in Fig. 3, component A 10 is
agglomerated with a binder to form component A agglomerated 16. A blend of

component A agglomerated 16 with component B 12 results in the blend 18.

[0059] For light and/or friable powder materials, cladding with a protective
(metal) coating is needed for product spray and manufacture robustness. Minimum
and maximum particle size ranges for components A and B are predefined. A
"mismatch" in particle size and apparent density (AD) between components A and B
should not fall outside a predetermined window. One preferred embodiment is when
AD and particle size of component A is approximately or equal to component B, or
when the apparent density and particle size of component A approaches the

apparent density and particle size of component B.

[0060] Generally, higher AD's for components A and B are beneficial in terms
of spraying because they are less affected by thermal spray process induced gas

turbulence and air currents.

[0061] In another embodiment, the AD for component A, the metal clad
polymer, is 2.2 or greater. The increase of the AD of the clad ABN from about 1.7 to
2.2 or higher may be accomplished by introducing some very fine, but high density

material in the boron nitride (ABN) agglomerate, for example zirconia, ytterbia,
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(metal) coating is needed for product spray and manufacture robustness.

M ni mum and nmaxi mum particle size ranges for conponents A and B are

pr edef i newsio 2001709 2aat ch” in particle size and apparent ®€maisey11(024)5 bet ween
components A and B should not fall outside a predeternined w ndow. One
preferred enbodi nent is when AD and particle size of conponent A

appr oxi maf¥RFosia. Fduelp! t BigwHgeRehn %nOE?r r%@rf”?‘ﬁ-@fﬁfﬁ&%ﬁig éﬂeﬁ%‘?tk‘? and

particl e gnb8difertAR® AMEEHN ﬁs@@@%%%ﬁ?%&&&e@ aﬁﬁéésﬁ@ﬂﬁéﬁnﬁsﬁﬁﬂth@a”l cle
si ze of conponent B. [0060] Generally, her Al for conponents A and B

are benef FlefalCaufion Blussbeisehrelip agd m&w% nterﬁ@yn%t%aqs 8’5!% cidect ed by
t her mal ﬁ%&gr&é&qﬁeﬁ@ oAMagd gas turbulence and air currents. [0061]1n

anot her e I ment e AD for conmponent A, the netal clad polyner, is 2.2

or g1 eat elooeBe | NG &3S ol phdIrcADIA o Betchl e BN P RHROYeh, 7 10 2 2 O

hi gher be” acconplis é I ntroduci ng some very fine, but high density
mat eri al faikinghabedmoaking grend te(SABN)omgygamﬂomd@r rrfa&ﬁrlwlaﬁlyﬁ@pziyrvmhl a,

ytterbia, alcQMélPWﬁéh%{uﬂgée n%@lh}d aEQ ate A)A\B&?gh% aqygrgﬁ%e Slﬁ\@ pr oduct

for spraying n ano y increased
by incr eaanylgthem gikilasiinddérst ledelradlso Mdeorarlnussyrﬂbetlps@w maftrat o add t oo

h
[0062] 61 naEVEeLy doeliie PR BBy oRR6 il i A MstidAliBse o nen
t al ki ng at@MC),naki stherggimitan cvngoundsiown or gani ¢ bi nder rrat erials include

poly vinyl al cohols which include polyvinyl acetate (PVA), polyvinyl
pyrrolidi [0088] ( PVP)Asahebcabed abde; mesﬂwairhaﬂrspta'yrpdmr@r h&s adiestsoalpsoentncl ude

i h f | |
conpos: t1 Sbediarcaly BeRdblh eReertr b P MRt R b A mpounds.
[ 0063] As M%ad@ede@bmﬂi}r- Ahelad AGNT®I-C3 9 ayadp@mdem. cl:ram dacf agglbmemmbnent A

nmechani ca bIe ded th nd C nent first conponent
AT a1 baten niRe Gowlet, Nl el s AR heaogter bpisl Tigie PRIVIEE Al ol ad
aggl oner aWﬂH obgurw@bmuérr afe l\lil@mlég%lbhe@te&heﬁégﬁﬂaﬂlgﬂbﬁ R pelvdrvagonal
boron nitride powder with organic | oner at_ed

i nd an
hexagonal INgEIBIC Ringer gad %\ﬁfﬁé’? CQ\W‘Pﬂn‘?rﬁ '@é‘rﬁ Y”E)‘?rrf%jrw'“éﬁg%mq{ conmponent
B is a pohyrsr n@kacsuwé fh.c%n érﬁ%b MBS, @.tckel &ihe aNinsik@h alby®Ysokeni ckel
chronme all oys, nickel” chronme al um num all oys, nickel alum hum all oys,
cobalt anall@dBantaliays, spbalt ansheelaltllavst her  embodi ment, the clad pol ymer is
a fugitive phase. In anot her enbodi nent, the clad polyner is a porosity
f or ner . [p(%‘rbt her 'BRBEEERBMPOdIMESt B Flaginolverer és Péugi‘ﬁ’&ﬂha&G D about 120

m crons. bﬂotﬁﬂpéﬁ%dlﬁf&whé@l%1potyh%rfr’é/§§)69§|t@ﬁfrﬁ1'eﬁ| B arioBerr atio of
conponent A to conponent i S approxim to approximately 1.5,

pr ef er abl gmbeginestithe Spiticts size i§ 3&}99?6@(1@@%{[92@"‘3@?% Wsnohefe fraction. In
anot her eghpdbMRG: the %@er%?@%%ﬁf&e Y88 8itioYor g@hpﬁﬁéﬁ%@(‘ﬁrﬁonﬁ)dn%n%@ ni mum of

1.5. In another enbodi nen parent density of conponent Bis a
m ni mum oaparoslmqtel@@sqtmarmﬁ@um@telsehﬁoprefm"ably aph@xm’lateiv ON tcl ad ABN i s

appr oxi mi'éﬁ})%xﬁnately 1.3 for d50 size fraction. In another embodiment, the apparent
density for component A is a minimum of 1.5. In another embodiment, the apparent

density of component B is a minimum of 2.5.

[0065] In another embodiment, the Ni-Cr-Al clad ABN is approximately 5
wt.% to approximately 15wt.% Cr and approximately 5wt.% to approximately 15
wt.% Al.

[0066] In another embodiment, the thermal spray powder further comprises

component A', wherein A’ is Ni 5+x wt.% - Cr 5+y wt.% - Al clad ABN, and wherein x
is greater than 5 wt.% and y is 0-10 wt.%.
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Ww.%to approximately 15wt.% Cr and approximately 5w ./ 0 to approxi mately
15 wt. % Al. [0066] I n anot her enbodi nent, the thermal spray powder further
conpri seswoanpoeeare A, wherein A' is NI 5+x wt.% - O PEY/UM01%02244 cl ad
ABN, and wherein x is greater than 5 wt.%and y is 0-10 wt.% WO

2011/ 0942 [/ US2011/ 022445 67] Fig., 4. sho ot.her .exanpl e of bl end
of the i nIGIR on. - CoRrbRENS ANHRe: il 85 PEE T HE R Ao REAPoReah wi ¢ h
eitlher anmcgi%rsigg)dnﬁerbte@rvggmzdén@n@dm kz(olrwth éimweb l)w,orgaﬂicf @fiﬁbV%@m@CU”kﬁfﬁrl A+C 5
aggl oner at e : nent is nickel or cgbalt alloy, en . onent

12 is bl eﬁm;fhmhq@gqmm?nﬁm Y5 agpiomerele A4 ?“f%ﬂmr&w Czp sy APr24 i's an
exanpl e ofobalv gl SAVh&e tohpdhéhtes ents NERERSWIRREbMBohEN AT D2 tRe Phge bl end.
[ 0068] Fig. 5 shows anot her exanple of a blend of the invention. Conponent B

12 cont i nifeRlepd 2fe Bigndad is angxappls eidtverdistianty difhisonehases maxineiis dues to
be ni ckel f0& paglabieng! | oy. Conponent D 26 is ABN or HBN. First, Conmponent C
20 and Conponent D 26 are agglonerated with an organic or inorganic binder

(not showrgdode T GHidNsCHIANGRnrELaRB} SIS L orRe imﬁﬁoﬁomgsxﬁ@m% 12 is
bl ended wth Conponent C+D 28, the result is new blend 30. [0069]Fig. 6 is

an exanpl d2@Pntinyesrtp dei nigkebelad Gayententans compongnt € 2R costinigsdo iba Nigkg! of t he
i nventive h r 0 is replaced
by an aggloghggégfae”o f%ﬁ@?ﬁ@?%ﬁ%%@f&ﬁ'&ﬁ& m@ﬁmggﬁgzgfﬁgnd/or HBN or
very fi ne GenglongohBibyare @aggiomerathd sdth anhdrgaminor wsgania isdergnel showsh t he

pol yest er e eve i I I . f..ne
hexagonal t(gﬂ)?@nconiqo%ggéglac?ggﬁ)lﬁ%é?% 48?%&%’9%? gﬁggéﬁ%ﬁtﬁy%gigeﬂﬁ%ﬁ “(':'{51 | ectively
32, i s aggbmpenantatiiv28htha rgmlityisreewdend 3th a bi nder (not shown), and this
agglonerate is then clad with nickel or cobalt alloy cladding 36. [0070] It

i s noted {0REO]t hdid. & iegaiaxgmpleanid esiatiav ef taeponEnd Bi 1Patahemabe/udanrint he

pur pose of explanation d.are,_in._no to_be nstru imting of the
D ebent | AORATIER ViRl B Tk bbb Bofren R RhabReRR 4 B’ W

r ef er ence répacat exampggiomeeatd ofipoipsdter/pdiyrmer 3mplas stetalchlion @2 ahdler WBNIs whi ch
have been used fher ei n are wor ds OL desﬁ{:ji ﬁ{&i on atd i||L{St¥ ti on at her
than wor €7 SFYINGYL ALY CRANYE LAY, HUS MEHRESeRiMGIT e E\?rRﬂ Dt the
aﬁpended (pha'séTEverﬁmo&::.eNi@néHaMo;%bﬁ&cﬂi_éltadﬂdy aRd/areisrekagohalisaudn Zmﬁlﬁi ti Eg Lrom
the scope and sprit of the present. inyention in its aspects. t hough t he

b esent; AOBRY VB rediofe el SR FEnbreR 5.t ed o BRIt A par 11 ool ar
nmeans, nNaelyhfdrs4aiith £Bipae MRDSKowr) Nendhesadflorhéna@isitieh €1ad Mth ridkeended t o
be limted to the partijculars disclosed herein; rather, the present

i nvent i on %e%PRAtRIYSladding fhct i onal |y equi val ent structures, methods and

uses, such as are within the scope of the a;l:)epended cl ai ns.
[0070] It Is noted that the foregoing examples have been provided merely for

the purpose of explanation and are in no way to be construed as limiting of the
present invention. While the present invention has been described with reference to
an exemplary embodiment, it is understood that the words which have been used
herein are words of description and illustration, rather than words of limitation.
Changes may be made, within the purview of the appended claims, as presently
stated and as amended, without departing from the scope and sprit of the present
invention in its aspects. Although the present invention has been described herein
with reference to particular means, materials and embodiments, the present
invention is not intended to be limited to the particulars disclosed herein; rather, the
present invention extends to all functionally equivalent structures, methods and uses,

such as are within the scope of the appended claims.
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WO 2011/ 094222PCT/ US2011/ 022445 CLAI M5 What is clainmed as new and
desired to be protected by Letters Patent of the United States is:

1. A therwal20syoadz2powder conpri si ng: a first conponeat/iA2emeobmns cal |y
bl ended with a second conmponent B, wherein the first conponent Ais a solid
| ubricant clad with at | east one of &Er@hé&l and netal alloy, and

wherein the second conponent B is a £ or a polyner clad wth at |east
one of nickel, nickel alloys, nickel chrone alloys, nickel chrone al um num

al I oys, ni ckel veatis diaimeal dsoysw asdbeditedan hegpobaticddlyll@yters Patent of tke Ther e
t her mal SFU% %g@vper of claim1, wherein the first conponent A is at |east
one of Ni UHEISAREEIS3q ABN, Ni-Cr-Al clad HBN, Ni-Cr-Al clad aggl oner at ed
hexagonal boron nitride powder with organic binder, N -Cr-A aggl onerated
hexagonal bor on. Aitherimdespawgdewdes ¢dmprisbtggani ¢ bi nder, an MCrAl'Y type powder

where Mis at |least one of Ni, Co .a Fe d .aggl oner,at ed hexagonal boron
nitride powder a&lﬁs‘ﬁ°m8Pa'&tré\|8198Pa’B?%§rh‘%f“%5M@%?S%%&dacﬁfﬁpﬁ{%? tallic alloy
and aggl oner at @gefaB@amiet copop@niA i & 8lidIaaRInt Wat vithnaigRnbee 6f a Or gani ¢

bi nder. 3. There thermal spray powder of claim11, wherein the
| ubri cant Mefakded PriaballYoRPdnent A is at |east one of hexagonal boron

ni tride, hexagqngleibMedecBhd EbfBoRal IFER AéRHoM b&%@eb@@& Yithtae |ddishder
(ABN), graphites, fluorides, and talc. 4. The thermal spray powder

of cl ai m Phewghaickehnickehaliagnickel ehramesdioys. niselghremg@lugium alloys,” 5 The
t her mal spﬁ(ﬂ&g, PAMEIRImM gﬁ%ygl é’(%]BB!t]and%%ﬁiaﬂo)}she clad | ayers of conponent A
er. .The t \

al l oy toget hermal spriay powder of claim1l, wherein the

organi ¢ binder gi s athdredsdrnaNSpraf pawbet vdidivnl 1, AHepdIRthe fet dompbHeneACt at e,
pol yvi nyl pyrrolidinaone, carboxynetg%lcellulose and an acrylic |atex

conposi t i dnat least one of Ni G Al REAHEN. ey AsAkIBNo NI Fad  wherein the
ES'SBG/SELO: ?ﬁéﬁ"s”l_‘&%ﬁ HeRE8gHal BoldR! niRiaé BbwdBOlRBIERR biMdrYNIEAgS and acrylic
agglomerated hexagonal boron nitride powder with inorganic binder, an MCrAlY
type powder where M is at least one of Ni, Co and Fe and agglomerated hexagonal
boron nitride powder with inorganic or organic binder, and an intermetallic alloy and

agglomerated hexagonal boron nitride powder with inorganic or organic binder.

3. There thermal spray powder of claim 1, wherein the lubricant in the first
component A is at least one of hexagonal boron nitride, hexagonal boron nitride

agglomerated with a bentonite binder (ABN), graphites, fluorides, and talc.

4. The thermal spray powder of claim 1, wherein component A is Ni 5%-Cr
5%-Al clad ABN.

5. The thermal spray powder of claim 1, wherein the clad layers of

component A alloy together.

6. The thermal spray powder of claim 1, wherein the organic binder is at least
one of a polyvinyl alcohol, polyvinyl acetate, polyvinyl pyrrolidinone,

carboxymethylcellulose and an acrylic latex composition.

7. The thermal spray powder of claim 1, wherein the polymer is at least one

of a polyester, polyamides, polyimides and acrylic based polymers.
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8. The thermal spray powder of claim11, wherein the clad polyner is one of

a fugitive phase and a porosity forner. 9. The thermal spray powder
of cl ai m8Q 20h1e9ei2n the particle size is 40 to 120 m cr ®0%/US2011/022445 10. The
thermal spray powder of claiml, wherein the average particle size ratio of

conponent A to_conponent B is approximtely 0.5 to pr oxi mat el .5 for
d50 size fract®olf€ thermal spraylpowle%éo{ ﬁlélnl’rgi %EﬂFW%ﬁS%eQO?Werd?QP%lo 4 wherein
t he appar apfitivégihest ¥nt A pdrosaBeRdr. A i's a m ni mum of 1.5. 12. The
thermal spray powder of claim1l, wherein the apparent density of conponent

Bis a mninmmof 2. 5. 13. The. therpal . spra wder. of. cl.ai.m 1,
wherein the N Q-éheﬂlhem"%{(fpf@é’l\?c?%dgeéﬁgf)'aw Era‘f"g‘?rﬁ"‘s&?t%rt ?'6%%@“&@015% Cr
and appr oxiigrehel y 5% to approximately 15% Al . 14. The thermal spray
powder of claim 11, further conprising conponent A, wherein A\ is NI 5+x% -

Cr 5+y% - Al cl ABN, and wherein x. is greater.than 5% and y is_0-10%
15. The thermal1&gWa'g‘eB%a&BFaycﬁo“dééPml?L',n%\h‘é}?%rﬁw tE%ﬁﬁ%rﬁgﬁtpag%iess'ée ni ckel
cl ad aggl esmy GHtc@nmPonEhiR tdPEdriescat Bagidpgokiayat@fiots ol gproximately 1.5%6. The
thermal spray powder of claiml, wherein the thermal spray powder is four

di sti nct | #oRZedtactien-phases nmaki ng the powder a four-phase bl end.
17. A nethod of making the thermal spray powder of claiml. 18. The

thermal spray povidesthefmallspray gowder of clainnihewkeérginthe appanepba@ersty Bori s a
netal, the blend ratio of the metal conponent B to the solid lubricant clad
conponent CAMPENEAIS ABIGHURY,! Dref erably 25-75 wt% and nore preferably
40- 60 wt % 19. The thernmal spray powder of claiml1l, wherein a

pol ymer can beq3ulpsé iHdinabsgray poweerssfldaim 1y mheeaimthe appacemaeasity o when

conponent B is a netal.
P component B |Is a minimum of 2.5.

13. The thermal spray powder of claim 1, wherein the Ni-Cr-Al clad ABN is
approximately 5% to approximately 15% Cr and approximately 5% to approximately
15% Al

14. The thermal spray powder of claim 1, further comprising component A',
wherein A' is Ni 5+x% - Cr 5+y% - Al clad ABN, and wherein x is greater than 5%
and y is 0-10%.

15. The thermal spray powder of claim 1, wherein component B is a nickel

clad agglomerate of fine polyester and alloy particles.

16. The thermal spray powder of claim 1, wherein the thermal spray powder

is four distinctly different phases making the powder a four-phase blend.
17. A method of making the thermal spray powder of claim 1.
18. The thermal spray powder of claim 1,

wherein when component B is a metal, the blend ratio of the metal
component B to the solid lubricant clad component A is about 10-90 wt%, preferably
25-75 wt%, and more preferably 40-60 wt%.
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20. The thermal spray powder of claim3, wherein the ABN conprises at
one of zirconia, ytterbia, dysprosia, and netal.
WO 2011/094222 PCT/US2011/022445

19. The thermal spray powder of claim 1, wherein a polymer can be

substituted for the solid lubricant in component A when component B is a metal.

20. The thermal spray powder of claim 3, wherein the ABN comprises at

least one of zirconia, ytterbia, dysprosia, and metal.
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