; abe3e#e#b| "86NnTAFo a APR 20D2 METHOD FOR PRODUCI NG ABRASI VE T1Q S FOR
GAS TURBI NE BLADES During the operation of a gas turbine engine, it is
desired to maintain mninmum cl earance between the tips of the turbine

bl ades and the corresponding seals. A large gap results in decreased
efficiency of the turbine, due to the escape of hi gh-enerugy APRS B2

Convers (o bet ween the bl ades and seal s causes excessi ve '
conpone%ﬂlmw}aﬂmﬂﬁﬂwm&stes energy. Since aircraft turbines experience cyclic
mechani | |oad variations during operation their geonetry
varies durii§'t%e different stages of the operating cycle. It is therefore
i npossi b e necessary mnimum cl earance at the tinme of assenbly.
Active cﬂMﬂ@“\ﬂﬂ“ﬂM‘\t rol anMETHOD PFORPROPUCING ABRASIVEQNPSY used to
establis malL ntain optimum clearance during operation. Abrasive bl ade
tips are use® enabl e the bl adeFAR GAS TURB (ﬁh‘%ﬁ@h in the seals

during the first few operating cycles of the engine. lIdeally, those tips
should retain their cutting action over many operating cycles conpensati ng

for any progressive chdnging theofderdtiontnifracgag anbiné engine] fiteis tesired a0 eaintainl | y
conprised of an abrasive particul ate phase such as N, cgated Si C, .or

anot her hard cer anfft"Bias Qﬁﬁﬂﬁ"\ ‘ﬁ°&P§?f¥%BW%%@8&?WHPga! | oy
matrix, such as WE.Y,AW%SWIM%%%@ bF theturbheChudRithe Various
met hods have been described 1h the art for applying an abrasive coating on
an article. U S. Rseapatof highenergy gasess iQoaversaly,frictianriretwesattheibladdsiand seatsr bi de
particle dispersed_in_an zsil.lo attﬁﬁhed t%th end ofsa tu.rt}iaﬁsurgl ade by

di ffusi on bondi n_g,caﬁeaﬁﬁf sb‘FFa énpgg i"fﬁ'r?ﬂ ¥ F?Fﬁ.gy'u. ’393?55? _ ’61%698
describes a conbi napérivhc®Eyctit MeGhdnita) aktl Merifal B8 vEdiitdds @ring$Herdtivn $heid | C
pressing and chemcal mlling to forman abrasive surface. U S. Patent

4227703 descri bes ESOMEWY yaries Guring i differantciages ofithe epesasing caFlpo Jt isgherpfore j p,

t hen entrapping t [ BSihY Gedddbaty fi Wt i [l Cr, Co
and Ni applied bng'%g%ibrl%‘%e%gg‘}é?l on. ﬁjfﬁgmw iﬁé\éﬁ%%ﬁ%@g t net hod
i s described i n UAtivealearahcextdnti8Pahdvibeasivierblade tipsate mgrrembyt used td\isStablish i s
appl i ed by el ect rod&posi t.ion, anchori ngﬂt Q the hindin cg%%qaebr asi ve

particles by conpd$ f’@"é‘?‘@@?ﬁ@ﬂ@ 11CH AUBRELREFRERp _ itRp 279 ustd ound
the abrasive partiygkgible thebadsPloltatimes ¥l fatiniNEsedld Quiifg iHeFirstswcOSt and
ease of manufacture; however) a problemwth these abrasive tips is the |ow
mechani cal st r engtaperating sydles of the enginenrIdeajiy; thosertips sheuileatain grein dugting at ed
matrix and the interface between thevp at ed matri>§ and the Stge‘llsec %ngte?}é/’ of
the blade. Thus arf°t¥) QY TERY PRTBIE QYEHFE CORPISatog fof BV PRETSSEE SIS Bt ve
nmeans of appl yi ng teisindiebmaddy.aThe Bpsaetusidly chinbhised of hi BbtasikOpadtibgitaeen t he
substrate and the abrasive coatin igure 1 shows a gas turbine bl ade

. " F
secured in a nol d.Phﬁegfﬂfléaszcgﬂom?@rSiﬁzs PrgAoBTer bard gemmiqphass embeded Bre.
Figure 3 shows an qgfaly ?}ﬁ%ﬂ:@-‘i’;‘sﬂtﬁf%ﬂ&)‘?nﬁ&ﬁ, AUEh AP RECATYT ¥ -M ladling £ Shows

an entrapment plating
either Ni or Co or both.

Various methods have been described in the art for applying an abrasive

coating on an article. U.S. Patent 4249913 describes an alumina coated silicon
carbide particle dispersed in an alloy attached to the end of a turbine blade by
diffusion bonding, liquid phase bonding or brazing. U.S. Patent 4610698
describes a combination of sintering, plasma arc spraying, hot isostatic pressing
and chemical milling to form an abrasive surface. U.S. Patent 4227703
describes a process of bonding a discrete shaped alloy to the tip, then entrapping
thereon abrasive particles with a matrix containing Cr, Co and Ni applied by
electrodeposition.



Figure 5 shows schematically the structure of the abrasive coating adhering
to the'surface of the substrate prior to a final heat treatnent. Figure 6
shows schematically the structure of the abrasive coating abter a flnal

heat treatnent. Briefly, the present invention provides a p 8¢

produci ng an abrasive coating on a substrate surface by applying a bond
coat to the substrate surface by | ow pressure plasnma spraying and anchoring
to the bond coat abrasive particles by electroplating and enbeddi ng the
particles into an oxidation resistant nmetal matrix by entrapnent plating.
More specifically) the coating is applied by: Iow pressure plasma spraying
an M CrAl XI bond coat onto the substrate 0 8 APR ~2 3 surface, wherein M
is one or nore of Ni and Co and X, is one or nore of Hf and Y; anchoring to
t he bond coat abrasive particles by electro@ ating froma bath of plating
sol ution having abrasive particles contained therein; and entrapment

el ectropl ari ng an i nfi Al mote r@eat Xethod imﬂtﬂe&m plaSvcRatent 5 Q16897 Whereima asi ve

particles fnma b of | uti i ng,CrAlLX2 or, MZCr Al X
particles contai ngﬁgﬂqe@& %IMW M aB?hq‘\'ﬁ“géﬂH“’Co and XZ
i's one or nore of bindingtdat\dbrdivel a&%&h@&:&%&b&p&m rpﬁﬂ&ﬁaﬁﬂﬂﬁ@%"

i nproved abrasive coat ed substrate are al so disclosed. Detailed ¢ nation of
the | nvention Theawinfillarowd tﬁnebrpmeemdpmv'shsmﬂwﬁmmmeéuemw maj or

TSLELLOTE, L) S BRI

matrix and great | jow mpciravieal stﬂungﬂrecmmﬁs@aé ﬁinﬁﬁl?gb theabeakings bf the phinsti Wm ch

al so provides resi dual prot ecton to t he bl ol  owi ng conpl ete wear of
the abrasive; ii)mam P DRYRED @théﬁddpﬂt&ﬁ%ﬂ’&%&?fﬂ]w@éﬂ@ndent
plating cells resyjjd ng in eff| ci ent powder suspension and uniform

conditions around each of the blades during plating; iii) high
concentration of netal Thus ap@hjtetoﬂﬁustlhmnpbraisuogrdmhh cnasqffenmtminadnslmft he

hel p of chem cal s f.actant.s t he, bl a s onl rtlaII nerged in a
smal | vol une of pf %d%{’lﬁﬂ’@ﬁ)"efﬂwza &.SHQR%P@@ EH'E"’% %FFé% th
unwant ed sol uti onppepRkivekbdiel Nt 0 the inner passages of the bI ades; and v)
hi ghf requency reverse-pul se pF

[ - ating resulting in a dense and uniform
entrapnent of a large volunme fract %ﬁmmmmgnmsi gnificantly higher
rate than in the prior .S K V| roved met hod for
the application of abragﬁ ?%ga%%ﬁgwégﬁcﬁég§1§g@sﬁgy means of LPPS
and entrapnent plati nglgﬁymmaw&ﬁaﬁbﬁobtlmmthMuced by the nethod of

the invention are conprised of a 0.002 inch_to 003 inch thick
oxi dati on-resi stant MIFEYER %PWR/E‘ﬂPm“’e Bk fix F’F@@dzﬂn@fl&i“gaﬂase | ayer, and

a 0.006 inch thick abr 99{%?@@ abrasive particles
enbedded in a fully delﬁgie%%l%a%? Nﬁéo%r oxl dati on-resi stant netal
matri x. The tips poss@gumédlawssdiemucmmmdwmnmwmfam gbrasivet doatingpf t he
previ ously known sprayed abrasive_.tips, (see U. S Patent 4610698)) but are
easi er and | ess ﬁgﬁpﬁmﬁﬁ&}e efriorio g EF‘T‘W ‘ronger than
entrapment plated ti psipireusheds @heﬂﬁﬁ&ﬁ?%ﬁmﬁ:ﬁﬁ S¥th@ibrakive doiﬁﬁg dftera

Pat ent 5076897). A bond coat is first applied to the substrate surface, eg.
a gas turbine bl ofanal hea trepgnenPPS. This creates a dense, uniform |ayer
essentially free of oxides or cont nant s....Adhesi.on to the substrate is
enhanced by a diffusion heat treat @W‘“ﬁ‘ﬁ&@%‘\“@gu on. A suitable bond
coat which provides stBrivfly, thélpeesemtinbsition provixie @ prdeessFolproduing aur f ace and
bond coat, as well as between the bond coat and the plated abrasjive portion

of the tip, whil ADESIS SoRtiNG o hepbstrele surface by @BPIy g a@eﬂém%f%meavbsae@

agai nst wear) oxi W re,
is one or nore Ofﬂﬁﬁée‘)&df&&fré %gi'e;)@ %%gﬁ‘r‘%é?‘% o fﬂétbgn X%&pllbec al
bond coat woul d t;ﬁ:tﬁ:lé&lWo&bﬁlahﬂgmd hﬁbﬂddmgah@pmmmwmndudamm asistaper cent
of 32 %N) 21 %Cr, 8 A, 0.5 %Y, balance Co,_ To aﬁply t he bond coat by

LPPS t he subst rat@%‘dﬂ#@é@h@“ﬁ?‘ﬁ%‘t‘ Diptiaga Mare spscificaly g 5applish by,
for exanple, & I r y the
surface is cl eanEJcYn 18& blpi%ﬁa%m&nﬂﬁhﬁ Xflgﬁ-n%%oggtcbﬁﬁ:ggo a%“ﬁl?agng,al“%or
exanple, a -325 U. S Sl eve Series Mesh powder, is applied by argonhelium
pl asma arc spraying in a | ow pressure chanber. The spray chanber is

mai nt ai ned at a pressure of about 40 Torn during spraying. The work piece
bl ade is positioned with respect to the plasma arc device so that the tip
cross section to be sprayed is nornmal to the axis along which the nolten
particles travel. The blade is suitably nasked around its periphery so that
errant spray




0 8 APR 2002 5 does not deposit on the sides of the blade. The bl ade tips
are preheated, for exanple to a tenperature of approximtely 1300 F) and

t he bond coat, is applied at a thickness effective to act as_ a bond coat and
provi de protection to the substrate. A typical thickness &P ARR R02Cr Al X,
bond coat is up to about 0.010 inches, preferably about 0.002 to 0.0003

i nches thick. Follow ng the LPPS, the deposited bond coat is peened and
heat treated to effect interdiffusion between the bond coat and substrate
and to renmove any voids in the coating, renove | oose particles, reduce
surface roughness and to relieve any residual stress in the deposit.
Typically a Ni CoCrAlY woul d be heated at about 1975 F for about 2-4 hours
under vacuum or a non-oxi di zi ng at nosphere. The bond coat is then prepared
for plating. Surface oxides are renoved by, §or exanple, alumna grit

bl asting then cl eaned, for exanple, by use of an al kaline cleaner to renove

organi ¢ residues afiffac) whetesh N idloretorahére of NE afd'€h A€ X, EUnd or Sndr@bf AYEd by

X
a strike bath containing Nl or Co to provide a highly hctive surface | ayer
of metal for pl atiakd.Y;R8ehosing o the bond coat|abrasive pasticlesiby elestraplating dioguia by

means of a two-m e i I e strike providin 0..0001 i nch thick
| ayer of nickel. %ﬁ‘ ?@éﬁégesgm h{'}ﬂgﬁ é‘tfﬁ’é‘éeq??éﬁ%‘“pff’a ﬁeé?’ %%ons t he
bl ades are nmasked.entriprhent alettyoplainganaidill oNCFAIX) b MyLrAIXG peRdertadsundiire bl ade

1is placed in a nold 2, typically of rubber or plastic, which surrounds
the bl ade with onl3prasive pastisies, bath gfplating splwionhgwing ErANKRT MyG5A&%

whi ch rmldisint?glc& ' i Xt . i ' <. This
bl ade nol d assists | nl%}ﬁg%%ﬁﬁﬁlg;%ﬁiaﬂe%&yﬁ%?%%rﬁg&%\g?biﬁn eglgtﬁelgxgrlseas and
in securing the bloaeer moreoftHifandi ¥i Wneinipasved £leciroplatingi proregy andandinprovedf t he
bond coat surface,,Labrasive Pugrti cles_ar ﬁrs\%gored to the bond coat by tack
plating. This is ARESVEHoasst m%’&tﬁls@pﬂ? 9%y from a bath of plating

sol ution having abrasive parti cl Bt hebistbnl e Einbention P 8 APR 2002 6
Preferably, the particles are placed in ditect and stable contact with the
bl ade tip, and then el &be methodof the pressovigventiominirodides s¢vagadmajdr Ni or Co.

The abrasi ve pani - i hard ceram rticles and can.lx, for
exanpl e, CBN or Sli'{f%%\nt?o[nﬁ}s %r%‘&n%%ﬁ"ﬁb{tﬁ? p&s%ts%{ﬁy -ﬁi&po baﬁ? garygrrygl&fx(
particle size of kéesddragdnyition betweeh e Ha8d alléyand the iy Biatiix dad ety ps
is generally fromabout 4 to 7 m|s. For exanple, 80-100 U.S. nmesh uncoated
CBN particles caniBrroxgicthe meshapicahsteengthofdle timand whichialsaipspddes) regidual
deposited froma pj i i i Pa] cont ent
of about 80 of | - JeltBbn BnC BRL Roliihy DltniBl Veb bt A 1 kim0
abrasive tack fi xsetpcdnsistingofan arrdy afundepedentpliting cells teldtidg intefiicedtase 4 of
Figure 2. The taperegd recesses 6 in_the ahrasive tack fixture 5 fit around
"the turbine bl adBo‘f’gﬁSs‘“‘??e%ﬁﬂ‘ %"@r%f% cqneigens af‘f’r@dﬁé‘a&fi"(;‘e&ﬁ‘g‘?sﬁ“a’%s into
pockets which ext ﬁﬁﬁné;ﬁﬁ%ﬁ??\?bﬁéﬁdﬁoﬂ?of%@ﬂﬁq powdet & !ﬂebﬁﬁn?ﬁitﬁ%h#@nded

particles in contact Wt ,ade tips during the tack plating. The anode
array lid 7 is at wibhksihapof ¢hemi¢al audifactantsaiw) the blades only partwlly submérgedois above
the blade tips 3 sq that, there,i.s an ano

| e
recess 6 above eafNMAH YOume;of platng solyfior, "s%ggagsplé&{i%%&g °23?%r:‘51&ﬁ$grgnchor

the abrasive part yfwsited @itidf pehdiratibe it BRTHAR Padsafels of theblkides;iadd V) highd with
plating solution and the abrasive particles are introduced into the
recesses. The pl affequgney revense-pulse plating rasulting) irondenseiand-siform eptrapmest of dr at ed

Gi stribute e ety PR Rl dr diter 8= FRVERRY g Jip AR BRI

about 0.0003 to 0am005 inches is generally desired to tack the abrasive

particles to the bond coat. Following the tack operation, the, abrasive
particles are enbeddedTBifinyeptiqnproyiges animpyoved mexiodlng the RBRUCAUORRY i nfi || of

nmetal alloy powde : O %rbﬁ}i I n.%d;,l, i avi ng
the nmetal powder ébé]{‘%%n@ﬁﬁgarsel n. %ﬁ%eg?&g%ﬁéﬁﬁg%gp mﬁ'a{? gﬁgrrl% a
Cr Al X2 or MZCr Al XTypicallye the bidadertipsiprddiiced by the method of the invention are comprised

of 2 0.002 inch to 0.003 inch thick oxidation-resistant MCrAIHf or MCrAlY




0 8 APR ZODZ 7 is one of Ni and Co and X~ is one of H and Y. A fine CrAl Xz
of MzCr Al X2 powder have a size of 10 mcrons or less with a concentration
of 500 to 2000 g/1 in the plating solution is preferred. For exanpl e,

CoCr Al Hf powder (99 %l ess than 10 microns) is entraprent 0 APRRWZn a

ni ckel sul famate solution. A surfactant is preferably used to disperse the
powder in the plating solution, allow ng for high concentrations of the
powder in the plating solution w thout agglonmeration or precipitation.
Entrapment plating of the netal alloy powder is preferably carried out in
an array of independent plating cells with a blade fixtured in each cell by
pl aci ng the entrapnent plating fixture 9 of Figure 4 on top of the fracture
base 4 of Figure 2. The array can conprise any nunber of cells with from 20
to 40 cells per array being typical for airgraft turbine blades. An array
of 25 blades is shown in Figure 2. Each of the blade tips 3 in the fracture
base 4 fits into f ! loak & j pl ati ng
fixture 9 shown i %@ggﬁﬁ%}?%91%3@35%&%&%%%2??%@?%' astic
spacers near the tabgasivé patticles embédded inoa fhily emseNICrALKS 0o NiCOErAIHE| s becone

fully subnmerged in_the plating solution, Vent holes in the top of each cell

permt the escapeomﬁﬁ%@%mﬁlr%ﬁ r?a’eﬁf’???ﬁﬁt"m%" senbly of

the fixture base gompatablkad thabof the bitiRully RAGwWn Sirir ablakive npeEesPss:encl osed
p

inits own independent cell. During plating) the powder-|aden plating
sol ution is recir Pateat 46 0698)abusiapsensier and:-lesstcosthy toungnufaetire andeare port s 12 and

outlets ports 13 i C .at _the botto f ch
encl osed i ndependgﬁﬁﬁéﬁg{fi ér?]‘a’hge&"it"[“%‘ﬁf'@wtf@ p\l}?Jr'} d“‘g‘%‘?&ﬁ@g"m by
means of an el ect prioiearn see Uas. Patdnt 8076897)[he vi brati on frequency controls
the length of tine that thgegg\?gﬁétpar_ticles remain in contact with the

bl ade tip surface and Ad¥p applied to,the substrate surficedes .88 furbinet he
coating as well a i bpk P Wl i LS L i f centrapped
powder particles. ﬁ@ﬁ%ﬁ?ﬁ%ﬁ't@ﬁ%ﬁ%&%f ?x@?}t{ﬂnﬂéﬁgﬁs&hﬁﬁlﬁr}r\,\%\?& ormis

i nportant to provoxidespr cofitathinaRi2. 2Adhesion td the kubstrhta is enhanded & ardiffisjort he
wavef orm contai ns,_short duration_high anpl| e reverse current pul ses

whi ch help to renmmgﬁ&ﬁm&ﬂ"'p‘érs%ﬂ ,"dﬁPiﬁ\}'é'H‘fh_WP &1 SE9PBcobal t
depletion in the pgdabYweayBsth the'RbAree fiRBld 1 tond bodtMad wan AWnidar ease
the throwi ng power of the solution. The reverse current {)ul se 1s generally

repeat ed at | east theheonad casand thepiater ahsasivecpotiinofdhesdp,i whilelsornsovddios current

Dl'ades are heat ¢ oedd BYFEYubrbe SERRLERIPY Veal Yk § il °o'
conposi tion into M3ErAlgbofid)cdviliersIh M, i¥ ofid ExEthbre®f Nidad £ aR ) GEHROSIS
matrix for the abrasive %)artlcles. A typical heat treatnent is at, about

1975 F for 4 hour Borefdilt andnk A fyrieal coapwoyld be adVibe il Ylayardaving g coul d
i ncl ude coati ng, wsﬁﬁn%thfiélgmtﬁgg%mdgé%%lsﬁk%ﬁs%uyt Lnprove

t he oxi dation resistance o Sive coate ematic of the
abrasi ve coated sQoface produced by this invention "before a final heat

treatnment is shown in Figure 5. The sub te surface 14 h a LPPS Layer
of bond coat 15 ther eoff’?ﬂﬁ%"‘&bp&@@?a‘gyih&g@ s“gﬁm’é‘?'n _ !i?f’?e"w cles 17
adhering thereto ﬁ?ﬁ)eﬁlﬁl’l!'smégobiﬁé@b%q?l‘ E%fiﬂ%)%ic in3ind TedfinP Beltldde Af ter

heat treatnment as shown in gure he CrAl~ or Cr Al X2 powder and ni ckel

pl ati ng become a susfaceyeTypicaliy thesurfacesis cleaned diyrggit blastingowiths aluminaparticieses 17.

A i d t f th fo.this i t. in.th LPPS

bond coat I ot e TAED I CEAPPE, F S1g W Sane P NS e robrs i abpled by fiedi s

bond coat serves Refufh flidHiirt sptifing 108 oW BleNiAY ctafiben| Teprdyaiberssd ¢ he
s a

turbine blade substrate. The bond coat ac s a conpliant i'nterlayer,
absor bi ng the st risgigtainedratia prasswe pHahout 40 Tony during spraying.c Thework piege

engi ne.oper at i on iR i SRR GUl Trest Rt mhsiia £5 AP o Btk PR Rl i ng
in a larger intergaech tbq;evssﬁpedmmhaﬂcto@mmgtmcwuﬁ%a@ﬁlgm&snatri X.

The increased surface area and resul tant enhanced . D 8 APR 2002 9
travel. The blade is suitably masked around its periphery so that errant spray



interdiffusion result in a greater bond strength of the abrasive tip. In
addition the bond coat provides closer conpatibility with the conposition
of the entrapnent matrix. This coating also provides inprgyedpRxjsati on and
hot corrosion resistance. The bond coating provides environmenta

protection to the tip, as it remains intact as the abrasive portion of the
tip wears and degrades. This process and coating al so provide conpositional
flexibility. The conposition of the bond coat can be readily adjusted to
optimze for long termsubstrate conpatibility, creep strength, oxidation
and/ or hot corrosion resistance. The bond coat can be doped with el enents

t hat enhance) by interdiffusion, the environnental resistance of the
entrapment matrix) eg. Hf, Y, Pt, Al. The bl ade tips of a gas turbine bl ade
are machined to prepare for the LPPS depositﬁon. A 0.0025 inch thick

Ni CoCr Al'Y layer is . deposited by |ow pressure plasma spray. Follow ng the
LPPS appl i cation) ffs RQEspesit °¥§‘°p§!—5’éﬁ@gm$ﬁ3¥dﬁ-i fThe blade Hps arg preheated, dor ¢ o
hours. The LPPS coat ' ﬂ?&ﬁn ked
and placed into the ﬁ%l%toﬁe@ﬁ?%?ﬁﬁ% |x%}9?ggg§sr%.ah¢ﬂ1eemf°?§%t2{€p

assenbl ed and t he #l athickndspeffentisie tayact as @ bendotaat andcprovidé ppteptiorctesthe (al kal i ne

and acid clean). The cleaned .sur es are i d means of a
t wo- m nut e ni ckel gﬁp%?gy@#ﬁ&@ﬁ&s%aﬁﬁ?ﬁx%&m@ HWHPAG 4’% 0919 ke,
the abrasive tack inchds{pRfcriblypascaid!oe 900003 fhends!tiikk.ng fixture base and

filled with nickel sulfamate plati ng solution. 801100 nesh CBN particles
are introduced into eadfpliewinghe LBBS, the depasitesshond £oanis peened andhieaktreated t he
anode array lid is

chad:.£.0 . ' t fi : | ed
fixture 16" vi br at o s nRRRRaS FerBBir AL Kind Retond bl and a5 RIS ARy
seconds) at a | ow wigd intthedevating, aenieve lodsedbagticldsprédacd suefaéeughnesaindity on top
of p ~ APB-~B2 10 _the bl ade té'ﬁib CBN tack }%I ating is carried out for 15

mnutes at 30 ASF,Telievsanyiresidual, inghe deposibn Typically aNiGeSirAbawRulddeer . The
assenbl ed fixture feasal 2] i i i i .{ hrough a
filter to recover l% tghg?gggibCQN#rrfg%ﬁgg?% }@glgggl%g‘?gﬂg’lrl éﬁg@k_g’gglrz’?,?cl es
are renoved usi ng amegphene. wat er rinse. The abrasive tack fixture is

di sassenbl ed and the entr nt plating fixture js assenbled onto the
fixture base in order {ﬁ‘sﬁggffﬂaéf% ‘ﬁﬁ“ E&P‘?"“i‘ g‘"’ g”é’i"& 3H€_EF°6W pregpmaved,
bl ade tip. The assgphredampié! MuminaSeritbBEsk BEn Sledied! ok eXEngl® Wilusé Bflan

vibration is commenced at 33 Hz. The pulsing rectifier is turned on and the
pl ati ng bat h nmade akalige pleasiesto remave orgapicesidues gndan anid bath tg eteh thagunfacens of

0.67 v% of a surfagtant 0, g/ f.ultra fipe Cr Al Hf powder
(100 %- 15 mcr oﬁﬁ‘t‘gg fﬁﬂ?‘?"?%gg'rﬁ %4’%%?“”? ?W“R&PEZ‘%&&?%? p%g‘{ﬁsaq@&%%’s? into
the plating cells shifade laye?iof krege for\pliting 0 Wdr @Rdmpld tRe Slednad istxface i ativatedie
plating cells via the bottominlet ports. To conpletely remve any

entrapped air the b Tneaap Ak EvGMinYtepicke] spifamate ke providingn 98P0 1iacibthigk

m nutes through t o alc] %aﬂﬁ: r@%g? i : out | et
ports remain cl osgg’e\ér%f]élﬁ Y gﬁ’??@gﬁl y g%éﬁ.s u%g%%%léﬁﬂ%lﬁ@ t'(E%)H%&Ibpottom
outl et ports are apemeskedn®Preferably, as thoemdn Figues 1 athe gak oseide hlade 1 kseplaceiiut | on

is recirculated in a cloged circuit for the.remmi,nder o h roce at a

'the rlequiur ed toI Hﬁ?t‘i‘ﬂ"ﬁﬁ'm I ﬂtﬂﬂbu 5@%&?@%&%@%@‘%@6@%@%’?%

system The total W@ﬁﬁ’ﬂ?mehlaﬂégitéwkﬁ%t&ﬁbéﬁﬂﬂgﬁ&d?%hm papepdewin t he
plated and is

nunber and size of the blades to be typically between 1 and 2
gal lons for 20 to taofixtheechase 4 Thshowsrip FHigure2e This bilide mald assistrinipseveningt ai ned

at 120 F. Entrapnent. pl atj ng is.conducted for.2l0 m nut unde rent
control at 30 ASF PE“E‘HE%F’&@%&" "?ﬁtuﬁ‘éﬁgé MEF#&H? ﬁ%d?@ﬁ Sf‘%@"%m si ng
cycle: 80 nms forwahsk £urrent at 47 ASF followed by 5 cycles of 1 nms/140 ASF
reverse pulse and 3 ns without current. The powder fraction entrapped by

this process is 4036 byollevingpraparatine oftherbg syrfase.caprasiygipftigles arep s ~~

7~ 11 The bl ades arg re fromt.he fixture and.u dina
vacuum f ur nace fo?"gmf%ﬁg\{ﬁegm"dcﬁg%ﬁys%ﬁﬁﬁ'&e&s ﬁ%g’%@y %?&q%ﬁea%égd of
the process, the Goi kibatilof RS sblltiiONNEg dbrdsivie Paftivles tontdinéd thereln. di ssol ved
in the nickel matrix producing a netal matriic conposite of CBN particles
enbedded in a 100% dense NI CrAlHf or N CoCrAlHf alloy. The abrasive coated
bl ade tips prepared by the process of this invention as denonstrated in
Exanple | were subjected to a tensile strength test against blade tips with
an abrasive coating prepared in accordance with U S. Patent 5076897 wherein
a bond coat of MCrAlY is applied by el ectrodeposition, followed by

el ectrodeposition of abrasive particles with an MCrAlY infill around the
abrasive particles and diffusion heat treatnent.




The equi pnent utilized was an Instron 60 kpf tensile testing nmachine. Tips
prepared by the process of Exanple | and by the process of U S. Patent
5076897 were epoxied or brazed (Au-Ni) to 1 inch dianeter steel pull bars.
The test conditions were roomtenperature and a constant G8rAARM 2002t e of
0.05 inches/mn. The result was that the tip prepared by the process of

U. S. Patent 5076897 had a strength of 4.7 ksi. The failure | ocus was
cohesive within the entrapnment plated nmatri x and adhesive by dil am nation
of the interface between the base alloy of the blade tip and the plated
matrix. The tip prepared by Exanple | had a strength of 27 ksi. The failure
| ocus’ was adhesi ve by del am nation of the LPPS/ entrapnent plated matrix

i nterface. Q8 APR Z~Z 12 CLAIMS 1. A process for producing an abrasi YC
coating on a substrate surface conprising: &pplying ~ bond coat to the
substrate surface by Iow pressure plasma spraying; anchoring to the bond
coat abrasive par mrdeablybyhe@atﬁdq;mplaﬁddnidirgctiand atable cahtactewith the blde Pr ocess

of Claim1l wherei .ond c | ed ressure

pl asma sprayi n4, \?WeF'éq M@pﬁ@ rﬂéenb? ‘Efbl%b"gfﬂj %V &P%Yfe

more of Y and H-' paitlpsafty muﬁhmspm%aww foPerait tmﬂopoat by
tack plating; and an infil ?E'CrAIXz or MzCr Al X~ povxder fs epi&ectroplated

around the abrasi W pwith prwithout paratal coating. o'fhemrefsmmclgtsizgnfﬂmbragwpt ~e

Cr Al XZ yr 1v11CrA§§% :E’ or nDre
of NN and Co and lsesgér}f\éﬂggn%g g{;qutgihﬁ%? %ﬁ?&ﬁ aé)'XEti?o

wherei n the el ect Fopbeimphg &08100&'1 Sl mésmumcomﬂdl‘cmﬂ mvmgbﬁmcubm@mm

cont ai ning one or norn.qQf Ni process of Caim3 further

conpri sing heat t ﬁé’aqqoﬁgnqh%wk ﬁ?ckﬁlla‘éqfé’eﬁsﬁ?ﬂ fromn nicksk sylfamate Platings f ~~se t he
\?hélr é(lzno: hl;[])cc)::]g" coa'tﬁ)(mgﬁu%ltr%§n \(,:&eﬁl{a(sei Eﬁ‘eanegﬁtgﬁg whet Isﬂ?f a(5:e ztr:'??\?:tsegf f glr ams
el ectroplating with a Sheiakmsive tack ipliting is/casried outby laoing Nin abrasive tack

fixture 5, shown in Figure 3, on top of the fixture base 4 of Figure 2. The

tapered recesses 6 in the abrasive tack fixture 5 fit around the turbine blade tips

3 and serve to direct the abrasive particles into pockets which extend to the

blade tips 3 and maintain the abrasive particles in contact with the blade tips

during the tack plating. The anode array lid 7 is attached to the abrasive tack

fixture 5 and positioned above the blade tips 3 so that there is an anode 8

positioned in each tapered recess 6 above each blade tip 3 during the abrasive

tack plating. To anchor the abrasive particles to the tip the assembled tack

fixture is filled with plating solution and the abrasive particles are introduced

into the recesses. The plating current is then turned on and the fixture is

vibrated at a high frequency and low amplitude for several seconds to uniformly

distribute the abrasive particles on the tip surface. A layer of plating of about

0.0003 to 0.0005 inches is generally desired to tack the abrasive particles to the

bond coat.

Following the tack operation, the abrasive particles are embedded in a
metal matrix by entrapment plating an infill of metal alloy powder from a bath
of nickel or cobalt plating solution having the metal powder contained therein.
Preferred metal alloy powders are a CrAlX, or M,CrAlX, powder, wherein M,



6. Process of t:laim2 wherein the substrate is a nickel or cobalt based
superalloy. 7. Process of (;laim6 wherein the substrate surface is the tip
of a gas twbine blade. 8. process of (;laim7 wherein the electroplating is
carried out in an array of independent plating cells with l?ﬂeAI*ﬁ%ﬁ? i xtwed
in each of the cells. 08 AP4~ ~ 13 9. Process of Claim7 wherein th'e
CrAl Xi or M=CrAl X= powder is dispersed in the bath of plating solution
containing a surfactant. 10. process of Claim9 wherein only the blade txp
of the gas t~ubine blade is submerged in the plating solution during the

el ectroplating. 11. Process of Claim 14 wherein the electroplating is
carried out with a reverse pulse can cnt. 12. Process of Cairn 7 wherein
the abrasive particle is a cubic boron r~itrido (CBN 1 particle. 13.
Process of Claim 10 wherein the blade is plgced in a nold | eaving the bl ade
tip exposed for plating. 1~. Process o f Claim9 wherein the CrAl XZ or

MzCr Al 3Cz powder  ii$off oftNisdnd€Codnd1X), i 6 £id Y.eisﬁﬁ@r&mg'or MCERDE,r at i on
of powder in the plating solution is from about 500 to 0 | 1.

powder have a size of 10 microns or less with a concentration of %00 to 2000

g/1 in the plating solution is preferred. For example, CoCrAlHf powder (99%

less than 10 microns) is entrapment plated in a nickel sulfamate solution. A

surfactant is preferably used to disperse the powder in the plating solution,

allowing for high concentrations of the powder in the plating solution without

agglomeration or precipitation.

Entrapment plating of the metal alloy powder is preferably carried out in
an array of independent plating cells with a blade fixtured in each cell by placing
the entrapment plating fixture 9 of Figure 4 on top of the fixture base 4 of
Figure 2. The array can comprise any number of cells with from 20 to 40 cells
per array being typical for aircraft turbine blades. An array of 25 blades is
shown in Figure 2. Each of the blade tips 3 in the fixture base 4 fits into a
corresponding plating cell 10 of the entrapment plating fixture 9 shown in
Figure 4. Individual anodes 11-are affixed to plastic spacers near the top of
each cell 10 and upon filling of the cells become fully submerged in the plating
solution. Vent holes in the top of each cell permit the escape of entrapped air
during filling. Following assembly of the fixture base 4 and plating fixture 9
each blade tip 3 becomes enclosed in its own independent cell. During plating,
the powder-laden plating solution is recirculated in a closed circuit through the
inlet ports 12 and outlets ports 13 located in the fixture base 4 at the bottom of
each enclosed independent plating cell. The fixture is vibrated at 30-35 Hz by
means of an electromechanical vibrator. The vibration frequency controls the
length of time that the powder particles remain in contact with the blade tip
surface and controls the fraction of entrapped powder in the coating as well as
assists in providing a uniform distribution of entrapped powder particies. In
addition the plating current density and waveform is important to providing



15. Product prepared by the process of any one of clains 1, Z 4, 7 or 12.
16. An ‘abrasive: coated substrate conprising: a Ni oc Co l1l>ased superall oy
substrate; a | ow press~ue plasm sprayed bovd coat; and a entrapnt; nt

pl ated abrasive particles in a netal matrix. 17. Substrate gof GPRIi 2082 16
wherein the bond coat is an M-CrAl Xi wherein M is one or nore of Ni and Co
and X~ is one ox nore of Y ~d Hf. Q6 APR 2f102 14 18. Substrate c-~f
Claim 17 wherein the nmetal matrix is an MZCrAl Xs wherein Mz is one or' nute
of Ni uzd Co and X=is one or nore of Y and Hf. 19. Subshate c~f Claim 18
wherein the abrasive pat~tiele is CBN. 24. Substrate of C aim 18 wherein
the abrasive coated substrate is heat treated to diffuse the netal matri x.
21. A, process xor entrapnent plating substrate surfaces with particles in
a nmetal matrix connprising: electroplating the substrate surfaces in an

array of i~~depcndent plating colas with a
suitable plating. Preferably the waveform contains short duration high

amplitude reverse current pulses which help to remove loosely adherent
particles, prevent nickel or cobalt depletion in the boundary layer, improve
coating uniformity, and increase the throwing power of the solution. The
reverse current pulse is generally repeated at least once every second, preferably
a series of reverse current pulses is repeated once every 0.1 seconds.

Following plating the coated blades are heat treated to diffuse the CrAlX,
or M,CrAlX, powder composition into the plating metal matrix creating a dense
homogenebus matrix for the abrasive particles. A typical heat treatment is at
about 1975° F for 4 hours. Additional treatments of the abrasive coated tip
could include coating, such as a diffusion aluminide coating, to further improve
the oxidation resistance of the abrasive coated tip.

A schematic of the abrasive coated surface produced by this invention

“before a final heat treatment is shown in Figure 5. The substrate surface 14 has
a LPPS layer of bond coat 15 thereon with a layer of nickel 16 and abrasive
particles 17 adhering thereto and an infill 18 surrounding the abrasive particles.
After heat treatment as shown in Figure 6 the CrAlX, or M,CrAlX, powder and
nickel plating become a homogenous phase 19 surrounding the abrasive particles
17.

A major advantage of the process of this invention in the use of a LPPS
bond coat is the mechanical strength and integrity it provides. The LPPS bond
coat serves as a transitional zone between the plated matrix and the turbine blade
substrate. The bond coat acts as a compliant interlayer, absorbing the stresses
and dimensional changes associated with the electroplated deposit and more
importantly the changes associated with engine operation. This bond coat also
has a micro-rough surface resulting in a larger interface between the bond coat

and the electroplated matrix. The increased surface area and resultant enhanced



plating solution containing the particles with each substrate surface in
one of said independent cells. 22. Process of Clairct 21 wherein each

i ndependent plating cell >~as inlet and outlet ports for circulating the
plating sohition. 23. Process of <~lairti 22 wherein el ectrpplsphi '
carried out with a reverse pulse current. 24. Process of t:laim 23 Wwherein
the plating solution contains a surfactant to di sperse the particles. 25.
Process of (:lairn 24 wherein the substrate is vibrated during plating. 26.
Process of (:!aim 25 wherein the substrate stu~aces are the tips of gas
turbi ne engine bl ades, 27. Process of (:!'aim2G wherein the particles are a
CrAl Xs or M CrAl X~ powder wherein M= is one or nore of Ni and Co and X~ is
one or nore of X and Hf arid the plating solution contains one or nore oa'
Co and Ni. .ASy.A ASh.A e. A . A h. Ashl .A@3./§5F. Af .. A A@.A& . AL -3JB

we8CEy

zup e [V] cal cal caliaidfraloraienn ial grekisr seha aksiphc ol hbinaliveds 2k a2l cal ¢
a] ca] ca] ca] cal] ca] cal] ca] cTa] c<a] ca] c$a! '! @A#(, (. (7(9(**

0- 0/ 00_1f 23>4HgUgh gempasibifity Wit/ fhecomposition efthea] ca] ca] cal
ca] ca] cal cal ca] calhealah Gabbe it Loaky Sib pAlAL SAbeakF Aikish 4ad fad o2l cal ca

]ca
J GRGUGHHd J ACEOKONChYTolibt feisistahisd/ NI boad (coktify ravifiéslenfirdnnrenpak protebliba ad the) ca] c

e cal Cal cal cal EP 6t regie) ks s i borasve Rgrobr oLl RDHSH B8 CHRTANRGv] || ca
i et bl e
1] ca] ca] ca] ca] ca] cofpesition efthe bnddoatidanieceddily adjaittd w] apsinize] forang]tem) ca] ca]
ca] ca] ca] ca ca Ca]suco lrat%]compaubxhty, creep strength, oxidation and/or hot corrosion

resistance. The bond coat can be doped with elements that enhance, by

interdiffusion, the environmental resistance of the entrapment matrix, eg. Hf, Y,
Pt, Al
Example I

The blade tips of a gas turbine blade are machined to prepare for the
LPPS deposition. A 0.0025 inch thick NiCoCrAlY layer is deposited by low
pressure plasma spray. Following the LPPS application, the deposit is peened
and diffused at 1975° F for two hours.

The LPPS coated tips are then glass-honed and the blades are masked
and placed into the mold in the plating fixture base. The fixture is assembled
and the blade tips undergo a pre-plate cleaning process (alkaline and acid clean).
The cleaned surfaces are activated by means of a two-minute nickel sulfamate
strike at 90° F, 50 ASF.

Following the strike, the abrasive tack fixture is assembled onto the
plating fixture base and filled with nickel sulfamate plating solution. 80/100
mesh CBN particles are introduced into each of the tapered recesses above the
blades and the anode array lid is attached to the abrasive tack fixture. The
assembled fixture is vibrated for a short time at a high frequency (100 Hz/10
seconds) at a low amplitude in order to distribute the CBN uniformly on top of
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the blade tips. CBN tack plating is carried out for 15 minutes at 30 ASF,
resulting in 2 0.0004 inch thick nickel tack layer. The assembied fixture is
inverted and the plating solution is drained through a filter to recover the excess
CBN material. Loosely adhered CBN particies are removed using a spray water
rinse.

The abrasive tack fixture is disassembled and the entrapment piating
fixture is assembled onto the fixture base in order that a plating cell is positioned
on top of each blade tip. The assembled fixture is placed on a vibrating mount
and vibration is commenced at 33 Hz. The pulsing rectifier is turned on and the
plating bath made of a nickel sulfamate plating solution with additions of 0.67
v% of a surfactant and 500 g/1 of ultra fine CrAIHf or CoCrAIHf powder
(100% - 15 micron, 99% - 10 micron) is introduced by means of pumps into the
plating cells from a storage/overflow tank. The solution enters the plating cells
via the bottom inlet ports. To completely remove any entrapped air the
entrapment plating bath is recifculated for several minutes through the vent holes
and the storage tank while the bottom outlet ports remain closed or only partially
open. Subsequently, the cell bottom outlet ports are opened and the air bleed
holes are closed and the solution is recirculated in a closed circuit for the
remainder of the process at a rate required to maintain a minimum velocity of 30
cm/s throughout the system. The total volume of recirculated plating solution
depends on the number and size of the blades to be plated and is typically
between 1 and 2 gallons for 20 to 40 blades. The temperature of the solution is
maintained at 120° F. Entrapment plating is conducted for 210 minutes under
current control at 30 ASF equivalent DC current density using the following
pulsing cycle: 80 ms forward current at 47 ASF followed by 5 cycles of 1
ms/140 ASF reverse pulse and 3 ms without current. The powder fraction
entrapped by this process is 40% by volume of the entrapment plated coating.
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The blades are removed from the fixture and unmasked, and placed in a
vacuum furnace for a four hour diffusion process at 1975° F. At the end of the
process, the CrAlHf or CoCrAlHf powder particles are entirely dissolved in the
nickel matrix producing a metal matrix composite of CBN particles embedded in
a 100% dense NiCrAlHf or NiCoCrAlHf alloy.

Example [1

The abrasive coated blade tips prepared by the process of this invention
as demonstrated in Example I were subjected to a tensile strength test against
blade tips with an abrasive coating prepared in accordance with U.S. Patent
5076897 wherein a bond coat of MCrAlY is applied by electrodeposition,
followed by electrodeposition of abrasive particles with an MCrAlY infill
around the abrasive particles and diffusion heat treatment.

The equipment utilized was an Instron 60 kpf tensile testing machine.
Tips prepared by the process of Example I and by the process of U.S. Patent
5076897 were epoxied or brazed (Au-Ni) to 1 inch diameter steel pull bars. The
test conditions were room temperature and a constant strain rate of 0.05
inches/min.

The result was that the tip prepared by the process of U.S. Patent
5076897 had a strength of 4.7 ksi. The failure locus was cohesive within the
entrapment plated matrix and adhesive by dilamination of the interface between
the base alloy of the blade tip and the plated matrix. The tip prepared by
Example [ had a strength of 27 ksi. The failure locus was adhesive by
delamination of the LPPS/ entrapment plated matrix interface.



"310% ()- 10 10 10S109% ()- &'y, S10% i & ()-:":: <=@a@@@ 0aS4" F10% ()- 10
10 10! @109 ()- @ 109%& ()-! gl09%6s6& ()- glO%& () - #@E) DIDUECGDG A <. 4

10! S) 109& () -S) 109& () -!Ss! 109%x& () -m Ss! 109& () - nf, &LOY%& () - @10%& () - DGE
GFGRGUGHHAJAE4 10! f 109&' ()- M ! 109RR& ()-' 109%& ()-' f9109%& ()-L! 109%& ()- 10
10dJ>0PO@ACKONOP] R = 10!110% v’ v& ()-!110% & () - ny10% &'(9 APROMS () - 10
10 10f 109& () - M ] RSSAUBUCUDUPUSU{\ = 10! 10% 0& ()-"@0% o0& ()- 10 10°

10" +10% & () -m 10%& ()-!110% " & () - SUZURWINVIALXZ[ <{\ =

CLAIMS
1. A process for producing an abrasive coating on a substrate surface comprising:
applying 3 bond coat to the substrate surface by low pressure plasma spraying;

anchoring to the bond coat abrasive particles by entrapment plating in a metal matrix.

2. Process of Claim 1 wherein an M,CrAlX; bond coat is applied by the low pressure
plasma spraying, wherein M, is one or more of Ni and Co and X, is one or more of Y and Hf:
the abrasive particles are anchored to the bond coat by tack plating; and
an infil of CrAlX; or M,CrAlX, powder is electroplated around the abrasive particles
from a bath of plating solution having the CrAlX, or M,CrAlX, - powder contained
therein, wherein M, is one or more of Ni and Co and X; is one or more of Y and Hf,

3. Process of Claim 2 wherein the electroplating is carried out with the plating solution

containing one or mors of Ni and Co.

4. Process of Claim 3 further comprising heat treating the infill electroplated substrate to
diffuse the CrAJX; or M,CrAlX, powder with the Nj or Co plating.

5. Process of Claim 3 wherein the bond coat surface js cleaned and the surface activated

for electroplatirig with a strike containing one or more of Ni or Co.
6. Process of (?laim 2 wherein the substrate is a nickel or cobalt based superalloy.
7. Process of (Claim 6 wherein the substrate surface is the tip of a gas twrbine blade.

8. Process of (Claim 7 wherein the electroplating is carried out in an array of independent

plating cells with one blade fixtwed in cach of the cells.
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9. Process of Claim 7 wherein the CrAlX, or M,CrAlX, powder is dispersed in

the bath of plating soJution containing a surfactant.

10. Process of Claim 9 wherein only the blade tip of the gas turbine blade is submerged in

the plating solution during the electroplating.

11, Process of Claim 10 wherein the electroplating is carried out with a reverse pulse

current.

12. Process of Claim 7 wherein the abrasive particle is a cubic boron nitride (CBN)
particle.

13. Process of Claim 10 wherein the blade is placed in a mold leaving the blade tip

exposed for plating,

14, Process of Claim 9 wherein the CrAlX, ov M,dADQ powder is of a size of 10

microns or less and the: concentration of powder in the plating solution is from about 500 to 2000

gl

15. Product prepared by the process of any one of claims 1, 2, 4, 7 or 12.

16. An abrasive: coated substrate comprising:
a Ni ot Co hased superalloy substrate;
a low pressire plasma sprayed bovd coat; and

an entrapment plated abrasive particles in a metal matrix,

17. Substrate ol Claim 16 wherein the bond coat is an M,CrA!lX, wherein M, is one or

more of Ni and Co and X;, is one or more of Y and Hf.
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19. Substrate of Claim 18 wherein the abrasive particle is CBN.

20. Substrate of Claim 18 wherein the abrasive coated substrate is heat treated to diffusc

the metal matrix.

21. A process jor entrapment plating substrate surfaces with particles in a metal matrix
comprising:
electroplating the substrate surfaces in an array of independent plating cells with a
plating solution containing the particles with each substrate surface in one of said independent

cells.

22. Process of Claira 21 wherein each independent plating cell has inlet and outlet ports

for circulating the plating solution.

23. Process of Claim 22 wherein electroplating is carried out with a reverse pulse current.

24. Process of (Jlaim 23 wherein the ﬁlating solution contains a surfactant to disperse the

patticles.
25. Process of (;laim 24 wherein the substrate is vibrated during plating.

26. Process of ((laim 25 wherein the substrate surfaces are the tips of gas turbine enging

blades,

27. Process of (laim 26 wherein the particles are a CrAlX, or M,CrAlX, powder wherein
M, is one or more of Ni and Co and X, is one or more of ¥ and Hf and the plating solution

contains one or more of Co and Ni.



