: eSeFr‘n@(GTZd In v eva iam ao.a STI FFLY BONDED THI N ABRASI VE VWHEEL T; ji ?F%?@J
e

invention relates to thin abragi “@“\for abradi ng very hard ma

such as tho8e-Qv$i zed by thef‘m\wm m i ndustry. Abrasive wheel s which
are both very thin and highly Il ahe comercially inportant. For

exanpl e, thin abrasive wheels are GG in cutti ng off thin sections and in
perform ng other abrading operations in the processing of silicon wafers
and so-call ed pucks of alum na-titanium carbide conposite in the

manuf acture of el ectroni c SgiBHuE BONDED Tgmiz%%RAﬁé‘gngéHEEb general |y used
for integrated circuits and alum na-titanium carbide pucks are utilized to
fabricate flying thin filmheads for recordi ng and pl ayi ng back
magneti cal |y stog.ed. Jjohf; L 08 thi ; i j : rade
e B R e B R B T T
Pat ent 5sNo. 5 a8flidsa dfilizedhby thaelecteoniesindizgur e of which patent is incorporated

herein by reference. 15 As stated in the ! 742 patent, the fabrication of
silicon wafers AbwsiewheslaWiehaie bethaspihinang hishly stiff arccommesciplbed f or

di mensi onal | y _accurate cuts,w,t.h {ift.t] te of,.the, wor iece.material .
doal Ty out TR SR SH R Vil pblabls Sp S E NS R R R AR 0 o i o
and as thin : I J .

bl ade. t he | SeqoyaBp ofitr RUAThEPLraARRINAR proe il ONTCAN A Rhclll
straight it putks aflafumiketitandm c@bidelvesposifean dretreanugadtas ofielectronicprotihéts.t
because the thinner the blade, the |ess rigjd it gngorres. Cutting bl ades
are mate up BHisonavafers are generally pee aimrgraé#o%?u HARA HHER-tHanigm qarhide

abr asi ve grai i ] i d (o]

i ncrease w thﬂlaﬁslcdr;leeg{g@chq?? ﬁb ln%t?s@ Hl%thﬁoqﬁﬁ]é g%%pﬁggﬁlyﬁ{%?lé)g@ga%ond

hardness to abighbtically sioréd iaforhladioe. TiZbustlofbireabrasivdahek]Dondradk sticbas nore
wear resistance which can retard bond erosion so that the grains becone

dul | before Beiferyandpaminadippivm ¢apidepuchsis epplapied vabldn {GS\Latgnt 8o f f, a hard
bonded bl ade S K i r I . i i | e. Industry
has evol ved 15 geigglggth?rgﬁ%rﬁ%?%Ogulgﬁ)?ggﬁl@g)a\%ﬂglesﬁgﬁ& ‘éfutgﬁ‘?‘gg‘}r?@g%’?“é’&et her on
an arbgr. |ndi vVAduaiedWnarR!"m2 patdniah@fBcaibs ofixilisdn Wakemdahesind-tigmiaach

ot her by 30 inconpressible and durabl e spacers. Traditionally, the

i ndi vi dual whembide fhakecraatenihe oeed fax dimengionallysicouratercuts witlelittaeistenfaheror
hole to its perjphery. Al u i.t e, 1 hi he axial di si on,, t hese
wheel s is grgvﬂféglefﬁgﬁteﬁétmgzg&f g‘%%bﬁtaﬁf‘éqgﬁﬁifggk’é’ < g‘Pﬁ@ a\sépﬁja? 14 APR
2003 BD- 0347 og&a@ aRf EHhACIdTat 88 bractiQYBRRtse thethkRRPaVPSiRr BRMBIR! hQ ess
wi t hin acceptabl e bounds, the thickness is reduced. This dim nishes
rigidity of fkbef wisegirodwed esdthelstiffer the blade die. maiteestraipht/i mtiil omalHmrtavat,ght
wheel is thus seen to generate nor.e work piece te than a thinper wheel
and t ?%r odud¥sks @a@?f'?sb‘gs afdnr E‘Lhcgﬁuéeg’ﬁtt nRgd %éﬂ’g}‘ede%gtrf&“ﬁ 8r wheel .
The ' 742 pat gpt,sQuaht to inprove upon performance of ganged straight
wheel s by increasing the thickness of an inner portion extending radially
outward from t h@uitihpbiadbodre mallheppatieaily of nlzasios gmirtsteat adond nhidhtholds thbeel
with a thick inner paortion was iti ffe thgﬂq a i}trai ght wheel with, spacers.
However, t he abragvegaaianp ‘b\%@’_é‘lre SHaper Seqapishond darfingsiseds te HgFesbh®ithnner
portion is n%crk‘fs%’stﬁf%csgﬁﬁt\&/b\gg’s%é"ﬁ"%&;cg%%i% ndtmdn\ég’év\ﬂ%fa%a}tiﬁcrau%qaes' ve
r . Bec eel's,

in the inner portronis Waste ause thin abrasive especially

t hose 450r cutHgwwyeslabaidisondial sartias Mozawbdr desistaep Wdychecapestaidiond broaatinse
substances such as djanond, the cost of a' 742 patent wheel i s high conpared
to a strai ghthaiiteegraingdeqome ¢l hedere baing sxpedled Eopuihg bade+Prenishsing veay net al

wheel 5 1 nt endll § B otpd R d eahar e BRI Bina b Mot Bt "2
al um na Industry has evolved to using monolithic abrasive wheels, usually ganged together
on an arbor. Individual wheels in the gang are axially separated from each other by
30 incompressible and durable spacers. Traditionally, the individual wheels have a uniform
axial dimension from the wheel's arbor hole to its periphery. Although quite thin, the

axial dimension of these wheels is greater than desired to provide adequate stiffness for

tuvivu
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‘titanium carbide pucks. A variety of nmetal bond conpositions for hol diMB 2003
di.anond grains, such as copper, zinc, silver, nickel, or iron alloys, for
exanpl e, arBD-R¥GAN in the art. U S. Patent No. 3,886,925 discloses a wheel
with an abrasive |ayer forned of high purity nickel electrolytically
deposited from nickel solutions having finely divided 20 abrasive suspended
in them U SoodacemaciNaf cwd., B8Ot 8todicsp mMaste geperationpwihia mecptdble bduadwhbel of
the ' 925 patent in which ery thin layer of chromumis electrolytically
deposi t ed ontﬁtqafee%%ﬂ&r@évcwg#i .‘miﬁ?‘%’.esﬂ,géji@,og@? ‘Bﬁ"?g] eesthan theadrsl.conpri si ng
di anond partic I Ni : L Wi i t rt of
the di amond parirspRuhighasaielEbhiel it M ikeh BT Bhick? B5rd UGN G HRRH,

di anond gr ai fithinrer avhekli dhdabdpasivvemdte ddigeind v cnaw deahativesidwatigir The
novel bond conposition of nickel and tin with a stiffness enhanci ng net al
conponént, pwhéadsr Ibe {742 patgst soughtiolimprivewpen peréormanceoof gangedstaight stheelsem
provi des a superior, canbi nati on_of ,stiffness, stren .hl&gnd we resi stance.
By i nt ai i o PETENSE T USROS 0 A Bher RO XP SIS AR D B0 T kol

and tin, oneycam bt ehopibe HHEethaPPRinPIRRSI dPHiY (Rt

sintering orarﬁot pr ess?ﬁg. 30 Tr?us, av\hﬁgg usilgng gonbgﬁtt{ﬁoﬁgﬁl%{)gﬁééwas

met al | ur gy esyiffepniganta stiafght mdreell witlosphceran Hoeadér the S14Rpacent wheeldufferefim | ess

stiff, bronze all oy based bonds and el ectropl ated ni ckel bonds. -2 14 APR
2003 BD- 0347ihe Aravedragk gt yhe inprrmertion is netpsgd orLyttingr an therefiredhe velumeiofi ng

an abrasive di sk congisting. | ald about.,2. 5 - .50 vol.. .9 rasive
gr ai n%gand a%(f%%ff 1&#@% f%er g%@éﬁ f Sn‘&#S%él ) ??e%%léslﬁ g@gﬁgé&‘%&“’ lgglébW%Cé?ﬁyﬁgﬁse
conpri sing aforehiing GAMMAESMNIGR BaEibidel B8pRF SRPEnsAE la¥raive BilskleAR@n b N, and
a stiffness enhancing netal selected fromthe group 5 consisting of

mol ybdenum dihmondythe tesngée 542 pagnwhéel isigh odmparedrio altimight mdeall sie tpthevi ded
a net hod of cut';%(gr\g_ a work piece conprising the step of contacting the work
piece with ayagt g a¥¥eValBMSsi ve wheel conprising an abrasive disk

consi sting essefigkdy FhedPMHd r%rxglal%yéeg BERH usedlBLHARN EnSHHRS, Bfd @

conpl enental anmount of a sintered borid of a conposition conprising a netal
conmponent costghsive wiedlyingssled foraluttingdfardunateshls anch dsisiijcoamchfars and flhndss

enhancing netal,6 selected fromthe group consi sting, of | ybdenym rheni um
tungst en andiianive earbide BEckse A VATERE OTReiehRARISORTPOSHiGRE i holiedinmoudht | on

provi des a d ' : I t kS e a)

ot ovi di ng- pr G2 eafh PR A A, AREDINE f Bon BABR, 18 ABnbBPatiiianH e |
) abrasive g4 USS. Patilt N3) 3,886)9261discloqe0 aivitieoNwith B hisrhsinglagesforhedibs highf

ni ckel powder, tin powder and a stiffness enhancing netal powder sel ected

from the gropwitysirkekelpetrplticalty doprsiipdifromyhekel setptiansdgeingdinglydigidad xt ur e of
them 20 (b)_,m xing the, particulateplngnhed for unifor

conpogﬁt i on; alirgﬁxv%ggg?r}% t“lllgleﬁlhi‘ﬁ"& lr)rét?:%n%%sd' ?l{k pb%r?%i%h{cg’sgg %Dlll{ng) r{))‘?en{[;érn é 0e‘lhgct ed
shape; (d) cQERISFH2S PRedtPh Untch 2vePy BS54y Er dthiddSuiAis GRcRblyBOANt 345 -
690 MPa for a duration effective to forma nolded article; (e)y heating the
mol ded art i ciepositechon theméckal maiixi B.9. 462 194004 elisstosembladd o®apriske diza@omi f or a
duration effective.to sjnter .the.hond co sition: and.{f)..cool.ing.the

ol ded ar 1 CPEHEES if Bk ABTCDyGRES Rl et e Hiarae s

provided a CO'TBQﬁFJvJ\%? GO nfbtal bBh& S RALROBALRAING dFRAH drilinG 1 PPTHRS hptsivbieel
conprising a neta con%onent consisting essentirally of nickel and tin, and
a stifness whberias ngwietmtisesiesdt diheoechtohd cgnpaesitiaoofsiicdel agl i wib a

nmol ybdenum rhenium_ tungsten and a MX%% of at Iea?t two of themin

whi ch the si siiffcss erhanging Retal coBPRENL PRSI UANgten Ml Ehdepumbighivaser aapa
and a Rockwel |. h : L - D- 03479
The novel boﬁ’&x@fzec%ﬂtgé}ﬁzﬁ?‘g&t%% SE‘B ?lﬁl]ovrée&?ﬁ%%)nﬁﬁggﬁf %gffngg%?tlre&ﬁ% é@??@i ght

nonol i thi c apdsagdnée. H??@dix&tainﬂgethé gt ffness brlanedtwithie poper fropdtion geniokéirand
characteristic that the axial thickness of the wheel is uniformconpletely
fromthe di atintare ash obiin teldesiraddiond properies by arassweless sintadng\piqt pressing.

Preferdbly. tgs YohileQlsme BhediiSRa potvablmbAfuled t8ipRlent B24IovaPbond can
readily supplant traditional, less stiff, bronze alloy based bonds and electroplated nickel

bonds.




5 2,500 Vim nore preferably, about 20-500 (err)m and nost prefer a?LW\PR 2009
about |75-2D0 pm The uniformty of wheel thickness is held to a tigh

t ol erance tgp-agdroeve desired cutting perfornmance, especially to reduce work
pi ece chi pping and kerf loss. Variability in thickness of |ess than about 5
(err)mis preferred. Typically, the dianeter of the arbor hole is about
12-90 mm and t 1 il : il bond also 1
o0 can be used {A %Cg\@v r]%’g}éégg?rﬁ %lqug(f ?I?ﬁ#%:mg‘%?’ges%\%/gmg\%é% @Fﬁlﬁ’s‘éﬁé CI!1]<E311\E/)e

non- uni f or masinsisting ssyertiadly of BBoutRICK50 ol abesivie@rainded ascothiptahasgd in the
‘742 patent, mentioned above. The term "nonolithic" means that the abrasive
wheel mat er i @Royns ofa ginterest PandoHsEoMPPEHOR BRFpPIatiRg § MmEetad paTapRNCH] ONSISERE of t he

bor hol ] f, ~ That j.s..basically the whol
Dogy. of t he SESPOENY KT el et int ASt 4 sl Bheng i melsh sl AR5 e b "0 s
enbedded i n @nSisthbBR0RBBEhunt rABHIGH] thdferrR8) mEQRE ol'Bkmhave an integral,

non- abrasi ve portion for structural support of the abrasive portion, such
as a netal cor &her inhisc praviiedamethod ef quting owork piecegoimpdsing thdstep of s

af fi xed. Basically, the abrasive disk of this invention conprises three

i ngr edi ent s, COREAGENG theoyorkpiecsWith & desstne ahragiiearheslfopyrising aaslrasivetdisk ness

hanci tal. h tal t.and. tjff hanci
metal toget - GTAPSREY oF dfo fasT SERTERaB I R R SR e
desi red shapgn@int bhg sinheed bonbe aomtipBsiaeh begkidisg afbtaby¥Rebd¥ntidRkREAE NY t he

conponents to suitable sintering conditions. The preferred nmetal conponent
of thi invessséntially of nickebandtia, afd mdtidfoess eahanaingimetal sedecterifedm piecdetp
constitutes the najor f tion., The term"stiffness enhangcin tal" nmeans
an el enent o‘ionﬁléﬁ%é)ﬁfrmoiyﬁé‘?“%_rh%\’b%ltgn%}enaﬁ“pmwg’r _ttr]ﬁasp ﬁ%o &%‘gg?’ conponent
on or befor e Sismiianig g ilieflbs!frodiatd BERNRH drontinthi-GBrddRs 18o1zhabigant | v
hi gher el astic nodulus than the sintered bond of the nmetal conponent al one.
Mol ybdenum théetepsiof and t ungst en which have el astic nmoduli of 30 about 324,
460, and 410 GPa, respectively, are preffered. ,T‘ﬂus_the,si nt ered  bond

c;,se)g tig

preferably consi st s (@dERYifing|prsselseied PRRWHS o patigHere MRASAIRHERRPHSRHI um

tungsten or a m xture : i of nol ybdenum rheni um and tungsten.
When E'fem' xed stiffeni ngf)?%gmklgg:%gg’? 14 APR Z003 enhancer is used,
preferably nol ybdenum 2§ apoed edrhpaaitiohvensdistngressantipioy efriicled pbwderstih f f ness
enhanci ng conponent while rhenium and/or tungsten are each a m nor
fraction. By "major fracepéerands sifasss eghansingmetplpovesior sedecsgd frampbgs peen
found that the stiffnes f i ff fQr r asi t.icle of the
5 af orementi oned conposi @gnc%gﬁ%ﬁgﬁgﬁﬁgbﬁﬁgﬁ‘gé%egﬁ?{g?‘8‘592’5 Isd ?éql;étt‘clll'cv%foto
conventional wheels. Inygempreferred enbodi nent, the el astic nodules of the
novel stiff bonded abrasive wheel is at |east about 100 GPa preferably
above2@bout 130 GPa(blanikingthe ppitisklateangrodiants je faamarnifopn cappoBtioni mar y

i deration f lecti.ng. t he..abrasive.arain is th i
cobst ance. shoul o be APRPETR IR FRE RS ath s BebdfbredlEy &P biBERe |
abrasive grains of t(ay'dbnﬁﬁésgﬁli{gwgewﬁmqb%_p\féskxhrcti@ﬂ@%@to@dbddtg%vewmd

subst ances because these wheel's are typically used to abrade extrenely hard
materi al s such as al ufer nautativasffestive 40 fomdes mPislod ediglet at i ve hard abrasi ve

substances for use i,n.thj.s invention.aqre so-call ed, syperabrasj v ch as
di amond and cubi ¢ béa ahﬁ‘ﬁ?ﬁed‘éoﬁé%t“gf?Pg?teﬁ}fiﬁ{t?“gﬁﬂ’h@?\r/%eggéﬁo‘ggo.@.'
sili ng carbi de, fuseghgled AN ecil Sl Shabbld@nlobifibRdandsi | | con

nitri boron carbide and tungsten carbide. M xtures of "at | east two of
t hese abrasi ves can (fl smling thesedldedardinieria form the ebmesivethol. The abr asi ve grains

|1 il]jzed | [ icle. f Ge Ty, f i Ci 2
31 1 con vl er s SRR haess apIsEARSPTRORHERES HerplPeRdE o1z of the
[ i1l be j& t WelolWelo f th
wor ki oce, Brat BplaiByFRAReRE Bk Ry Spb ARG oL | oo

of about 10-gigkeliafy tiaNshdPdtEfREChBARIMYmetabeldctelSrom B gr&ly domsistiy@beal
di anond abrasive grains suitable for use in ibis invention have particle
si ze dbstri bmblybdenwt, rhediad, (vegstymangdredmibBiire 51 aeleast two pfthevhi imhwhiclpthzo"

designates t ggttcred bond has an elastic modulus of at least about 130 GPa and a Rockwell B

hardness less than about 105,



25 substantially all of the dianond particles pass through a 20 (errhg1AH22m3
openi ng nesh and are retained on a 10 (err)mnesh. Due to the stiffness
enhanci ng neP-AB4%onponent, the sintered bond produces a significantly
stiffer, i e., higher elastic nodules, bond than conventional sintered

nmetal bonds used in abrasive applications. Because the novel conposition
provi des a 30 rRieafovsliedond acdordinjs 0 MiLhvERa cah be apiied tye@dightafoatIRRRP! | at e
speed to expel dull grains during grinding. Consequently, the wheel wll

cut nore fredirgsivg whegls sEheterng Esitajght brefera th thagdometrie eharaeseristic thpydheavds at

d d . tion. ,The. | b f this.-S AP 3. B
08570 P eehiRRRTRL St MG 05 b ot B et RS e
coupt ed W t gk 9F HNARSS frbferdbl 2 GhStnifohlihRINATE hoik J8REL of BBt 2601 N L e

met al component and stiftfness enhancing netal conponent preferably are
i ncor por at ed2,560 ant, herdprederadppadsut 20600 pmpand moiteréferbly, Abvat p2as-20C Las
should have a 5 small particle size to help achieve a uniform concentration

t hr oughout t hbe vpifaravitypivheel thicknepsis aldicahighdelenentoraphicspdesied sutgingi ns

for devel opnment_of high str.engthito the. grains., E.ne rijcles of
i o o neRGTan A SRty R A e Rieth® AR e PE BB e neca
powders can {gckdelsedMesdAchnibohi 4 LiBri Pﬂaférﬁ%. PB/pldaly GRe Bidfeted B BeSPREHbIeCd
mesh size sieve. For exanple, nom nal 44 pm nmaxi numparticles will pass to
t hrough a 325 abo® 19$Gimndandthemdleclslimueter iFabantgbefl@d men. Ehbodvarbond alshe

stiff bonded, thin abrasive wheel conprjses sintered hond of apout 3 8-86
wt % nillkel , %btgp[usggtq a‘g’ nkﬁs%ntmﬂmjﬁ@ca gsive yvheely o 1‘8@%’? peR-HELIM: Witthei ng

netal, the t |y s O G iRy 109, Rreferably about 43-70 wt % ni ckel,
about 10-20 c&natsi n angla’%(r)ut ]fW(gewt % stiffness enhancing netal, and nore
preferably 18isclbgadtindlie 742 pdtéatnenttdned abowet 10-20 Wt % tin and about 20-40

wt % stiffness enhancing netal. The novel abrasive wheel is basically
produced by a Sihsttenm rronpligesmeyrs thidhayuasivyewheet glagerigh s@gmilgrm  hot press”
types. In a | S f i ! el ess

ol Pt ering - Epeslieiprdat S ARTRLLARR (] ShAE R AEBERIHER 005
desirgg shapgnadd maﬁlg,%si@mgsmu Rghol SbiyIf tidmaholitie WHeEINMP &h abidsiQe HRKODt ai n
a conpact but friable nolded article. Usually the high pressure is above
about 300 MPeomSBidisgehrasivd graing embedded in g singgredbendl. ahhonplithirowvhiesd degstriot] e i s

d f th ld th ted t i nteri t . .The heati f
i ntering nopPhAm Rieaah dE- A ME PPREISI tBis R PERE pEhEBasyr Poutih 5] '
| over pr esSuge, A ob BnRiIfctohB LB G pdRichlo?R gBREREWikel it afffieg, | €55 than

about 100 MPa, and preferably | ess than about ring this | ow
pressure sint erBasipally,lbe alwhahexidisk bf thisspventioh campe sadithilee npredaerttfinamahy; asi ve

wheel , advant ageously can b? | aced in a | d and/ or sandw ched be,fvveen
flat pPates. Sifs e gginsh Belel phRaest and fsiifngst e Tbncing Feel ForRPnSahalhe
conposi tion ﬁx%f??gﬁﬁqgé&nt SndHE stiffndsh @nﬂéﬂkﬂg niXBtGkteY 8t DLiRNI Kmd3ed
conpressed to hig ressure as In the cold 30 process. However, the high
pressure i s heldnhaabresivergraine irt the desrqdeshapasfahe wheai Thelsinteesdcimndds heleeriedg
densification while the preformis under pressure, -6 14 APR 2003
BD- 03479 An P)ﬁﬁ‘ﬂt?lﬁqtmgtﬂ@‘pc%ﬁpo_t“ﬁ’étsé‘b?‘&?ﬁ’\?émkﬁé}ﬂ Coﬁgﬁ‘@éés i nvol ves packing the
component s i nt onyg, @R, hRLILAHIRLor ARSHRATBE RN GRBr RfaMRdAT @

o) eparat e abras nmet a St

uni form bl end a ve grains, conponent con uent
parti gkes anghsdn diékeesensafdnie MdjorEiagliorzonponent constituent particles.
This uniform bl end can be formed by using any 5 suitable mechanical

bl endi ng appar abhesteton tstifniess anhancirg mel'oheand aa elementiereccontponng that isicapatded
particles in presel ect proportion. Illustgati.ve .m xin ui nt.ca

Phel ude dounPERERTRE Wi EhearaR S Rinam o et piriPe nar S8 4 efilfg ooal

bl enders, hoyngitaala sgnmahwmggéﬁelaﬁe%&d{mk'tmx siifedd BdnatdFitiBheREr €W

m xers. The nickel and tin can be pre-alloyed. Another option includes
conbi ni ng andompewent alohé. eMdlybderun,uherfiommant yurngsteh ediichiiavk elastic moduli off
particul ate conpqsitjaon, additjonal nj CE,eI and/or tin particles, stiffness
enhand®ng ne?‘é‘f“taif‘:t‘{ﬁg)b&dﬂﬁoé FespPfivelyh areductered Jﬁii“}@tt %“Y?fe‘@?%’éonents to
be charged t 1 i 1 0Rr n i onal
processing a Eftsf&gﬁl Eggés?s%g{sg}f’tw A %gc,k‘éﬁ gra gﬁa@%ﬁ)dg]rﬂﬁzﬂhﬁgmsﬁf L@F%&%B%i ch
are cust onar kdiytued i £ Yeast o df eol plifeasmy Seniundasittogstehd Whaea tiveedustiffeninm
blend is prepared, it is charged into a suitable nold. In a preferred cold
press sintering process, the nold contentsg can be conpressed with
externally applied nechanical pressure at anbient tenperature to about 345
- 690 MPa. A platen press can be used for this operation, for exanple.
Conmpression is usually maintained for about S-1 S seconds, after which
pressure is relieved and the preformis heated to 20 sintering tenperature.

o,



nunut es, and preferably less than About 15 nlinittes. Tn one preferred
aspect of this invention an additional rr~otal conponent can be adddd AR} 2003
t he bond coBp@s#1d oal to achieve specific results. For exanple, a rr~inor
fraction of baron can be added to a nickel containing bond .as a sintering
tenperature depressant thereby further reducing the risk of graphiti~ing

di amond by | eiintérds L, prefdr 81 REbI¥IRIERDANT preSont A the AR r cBRPEherd oPIHet S DY
vVei gl ~t ~pb,v) boron per 100 pbw nickel is preferred. 1o In a preferred
hot pxesa s' stiffiass aghapeing sswmponen svhile ohenivm endferiangstén/are hechsaminoafraétam. col d

ressi ng except, chat. pr.essure is intaiped until conpletion of sixrtering.
lIon ei ![ hgr )p()rggsmaé‘?refgdgn@?Sllﬁgieab?@gg%%@’ AS&%%}S: nt er im;g, . ![ he Aint Ie)r(ed o
product s pref erahdheth Fodd BA. LArREAGAKnESAnd B; AIBI:EGYe LECRRE AUT €

Preferably natural or force lent alr convection IS UuS or cool'I ng.

Shock ool i ngforamelitidhay osrapbsitidneshpylddiseniaeé chrisidesdddydrehitive %o eonvestivnabnal
nnet hods such _a.s | apping to obtain desired dinmensional tolerances. It is

preferred towhsesabbuprefered endpdimpnt, the glasticanoduley ofi theneyed stf bendstdenent al

amount of sinter.ed bond in the si red product .. prefer ores shoul d
ocoupy at nr ABrvEROG 1 o ot Sodk PR BT a0 Bkl 110 O BE pRT R and
abrasive, an LElvRbsYEsRE Y60 6egS than about 5 vol. % The sintered bond
typically hagreﬁgrggess o? about 100-105 2u Rockwel |l B. The preferred
abrasi ve tool akopeandirygortsitletdtion forsebwrtingtheiabraaive ghaimisitha thdraterbsive

Accordingly) the typical npld shape is that of a thin disk. The nplds au-~e
usual 1 st ackestanse shapld bg wﬁcrﬁhwﬁg Mr&? bRt aUgadlyrihg ebrasive grawme ofieen
adj acent dis i LSk i i

sintering a gg%? r gﬁ%i\’@jgk ?3"6‘?%’ Frgér%g%g%ﬂglgﬁre éﬁn%éégaﬁl{gga%%sfﬂ}h@%%?ﬁgé gvpg% hol e.
Alt emat i vel yareatybicallyuded o strapeecktfalely a0 niferiatatich as dlommat feniamarbifo! e i n
situ. The latter technique avoids r~raste dtte to discarding the

abr asi ve- | adBepresentative hgel abrepiveotubstawces ifortuse athis igkentian gre sovealied on i s now

illcasrrated b ~ranpl es of..certain represeni.aijve odi ts.thereof,
wher et . -unl SSESERTR FOL R SRR b By o TR E g 250

per censages Wesil¥ordar¥ide,FiéeduMemand:ligd, @ni@ﬂoéx}@taﬁfn@ afiindh£ &ilkYn nitride .
standard sieve nesh size designation. _g_ 14 APR 2003 BD- 03479 AIl units
of wei ght anHorsasthide arskturgsiegi nal |y obtained in Sl units have been

converted to Sl.units ES 5 le 1.Nickel wder., (3-7 m
Acupowder | nf# Ht.j?t i%ﬁmrwkﬁs\ﬁw\??z}g’%ﬁ gbr?flﬁesp%’ﬁﬁgg%f’g% Iﬁ’@?ﬁg(%\f,supovxder

I nt er nat i onaly@rdd. and mol ybdenum powder (2-4 Vim Cerac Corporation) were
conbined in propoi-tions'of 58.8% N, 17.6% Sn and 23.50% Mo. This bond
conposi ti on wasTleatsasive greios gie wudBQutitizedisfizg pardds fotme dhersmllpefor slicingnove
10 aggl onerates and._t he reened m xtur.e was, thoroughly. bl ended.in
"Turba”  br SHEO BEGHS R ﬁww&rtawlaﬂ%mldwwﬁmpfr{ﬁ&ﬁ%@g e erpinevlils: 30

inutes. Di i j : f - N St
Vor ¢ ngt on. TG AHARIUE RS, drloring e Rilkes drOfE i HRST FRIBILN gl
total netal azeofltlenmpaids sHosldtsein tHdangebXibone1 025 uh, endiedrd preferably, Abidva

m xer for 1 hour to obtain a uniformabrasive and bond 15 conposition. The
abr asi ve and!pord rebmpriralidiamendabmsiedainhivtabledorese indiiginyentioadake cavi t y
of 119.13 mm_out er_.di ; ' ' and M OF of
T 27 mm A~ Grsfeeify A8RbRons B 0T ROETero) BRELRIRERTLED RhAED

t enpergat ur e wiskeAntiAll¢ alYBAthe4ifhorddqiash defhabs thesugh@ 20900 BPeningd hestgindage wheel
was renmoved fromthe nold 20 then heated to 1150C under 32.0 MPa (0. 36
Tonl cm~) f or ret@inedl nniadé Hoemgelen graphite plates in a graphite nold. After

t | ai i i l.d, th I tq finished si
of 114, 3 mm out B babERes Beaghl el o i b EF R AR boP e Snet er)
and 0.178 mﬂs{ga&ﬁ&ﬂﬁﬁﬁmf, f?é_?nylgrli@r'g%aé m3BhAeFond ms&aﬁwaaoﬁélrsuﬂé}e& mef] @

presel ected run out,”and Initi ressing under conditions shown in Table
l. .- g . bonds used in abrasive applications. Because the novel composition provides a

S
P

30 relatively soft sintered bond, the bond wears at appropriate speed to expel dull grains
during grinding. Consequently, the wheel will cut more freely with less tendency to

load, and therefore, it operates at reduced power consumption. The novel bond of this
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,14 APR 2003 BD- 03479 Table | Truing Conditions Exanples 1-2 Trued 14 APR 2003
Wheel Speed5593 rev. I mn. Feed ratel00 mi m n. Exposure from fl ange3. 68

milr ui ng WR{EPIFEel no. 37C22D HOB4Conpositi onSilicon carbi deDi aneter112. 65
mMSpeed3000 rev./ mn. Traverse rate305 mm m n. No. of passesAt 2.5 umdOAt

1.25 pmdOl nitial Dressi ngWeel speed2500 rev./ mn.Dressing sticktype

37C500- GVDr essémtipn shusciffondsdhi 2dvanitageeistongt sofinRetsldbamit-emgbled with high

rat el00mm m n, No. of passesl2.00 2 and Conparative Exanple 1 . The
novel wheel %&gfﬁgfﬁgé‘de %‘é‘tlﬁ%é‘ﬁ‘?ﬁxb‘éa]g%ﬁss&xarrpl e 1 and a conventional, 5
commercially ayal I L i i L Ex. 1
) were tested ‘gggﬂo@gﬁgeéﬂggﬁk) ﬁ;éé?{t)ra %%%‘S‘&?S%’Q@@%‘P%S“ﬁ%g?@%& %gér%geg?@ 01}? of
Comp. Ex. 1 inesrpérited iffo@e b@dl Gnipobition 3d partibteAgrm.4TRe farfi€les shobldhadwa 2.2 %

Sn, and 9.3 %dianond of 1 S/25 Vim The procedure involved cutting

mul ti pfe sl iseal paticddegize to hadp aghigvegrupiform ce@antratipridrougho@ghersinterdddiont| ock
of type 3M 310, (M.nnesot a nj nd. Manuf act us i | O , nneapol i s,

M nnesot a) aFPHATHM c&ﬂf%%&h?‘% ag’éasb‘felféﬁmf goré{eﬁagﬁﬂﬂtg? gl?@gopatsggn@é@or e
each slice t whee!l § ; ; ' [ that a
single dr ess@ﬁ& 6aésp18\§?5§l|0%?3% I@gﬁﬁnﬁsw tﬁb%t&ﬂrﬁg&g@?@ﬁr%lz. 7 mm
for Conp. ExParficlp sizeoéthesesial povelesioande detenhimed by fibtesingrihe piagitidsehirogginag t wo

metal supporting spacers of 106.93 nm outer dianeter. \Weel speed was 7500
rev./nmin. (9ugeiliedmeshpige sieys. kesgpamplegnqminah4d pmymaxispn paréiclgs wilbpass

m-~/ m_p. and,cut.d f  2.34 utilized. The cutting was cool ed by
56. 4 Il?m n. ?’fo&ﬁhgﬁaégg'SUsg?]q%%%ﬁér‘%St abilized dem neralized -10 14 APR
2003 5 10 v-ratgh prifefddaaitamédl! @eehffdoddddBimmhBasivewlSl CoMprides sintered

roui angvlr~fi 1)o~~]r at a pressi_tre a 2.8 1t ~~C177~. Cutting ,results

are shown i nbonduifebout 38786 wit%h Qickdl, altneiel 0 péﬁM%)(thtarrdlawai4(bg'a9i6rstiﬂhesall
cutlcing perforntance cajieria. .For e=rajnple t.he nd, ser, es_ of
i cosy t he SrEPSSIRRGRIL theiow 81 gE i S0 SlATPrEReatly et B 7B R st e
v=heel arid £polHiRE 4l H66 RRAREWIR sEfmdls efndndfe AL b Bfegﬁefeiabfv i ces.
Cut straightness w, s better than 1 hs; conparative whi eel and wheel” wear
was onspar watont B wt%hHrickel, aboutlip2 (hwt’e tiarant pbowd 2 0edfautt kieffwesspnhabeing 1
wheel nrreded to be operated at 20% hi gher rotation speed and drew about
52Jo hi gher %‘S%r t han the novel wheel (about 520 'Wvs, about 3401, Tabl

1 1.3 d am Cut St.r.ai j I

Weat Wor kpi ecenejg)lg B?gﬁv&{rﬁlaégﬁ gﬁl&%%ﬁsﬁ%@? ?ﬁ‘#\ﬁ@é@* g%@‘g&@ipﬁ?\%ﬁ%ﬁﬁiﬁy"‘m

, prnl nt ununpgdlled "cold press" or "hot press” types. In a cold press process, sometimes referred to

891. 355. 0B5. D67, 413<5<527~- 32B9182. 705, 0970. 967, 4B<5<5336- 2888274. 052. 5412.
7D3, 78<5<2. 5E8 Sreegeess Buring' B bigw of theeopapmens dostrpdused intgg mold of

3S5. . 0B3. 1t 5t,5520- . . .

D 7078 23 0%ied e oL Breh s is anplied at o tempsreiyns (o ohiAR SERTRECIRL 05
7. 943. 7954B. (BlfisiPed ailicRE G 59allpihe BRIDHrBRBreid A5@e BB WOMPAear factoa =
J~adi al wheel wear divided by |Iength of wnrls ploce ~IlCHd Exanples 3-4 and
Cnmnar at i ve Sebsaquently, [reBureds-telisved dndabe moldedarticdeis rempvesi fyem theapeld themd

bond it .tested. Fi tal powd ith and without di d
gr ai ns vuer NP ARETINEATEPERRHS | irdeefRe (R APORAREAN | and trrixed yo

uni f or m conpsiohi YRilgthe MolBERRMRLR id pred@istd & 4 RHer PREGECTAR SIS sRtQMHgced
by conpressing the conpositios in dogbone-sh>tpedl nolds at ambi ent

t enperat ur e staplpresyure; 4.8 teas tlantahentrl@f ddP ay fand-prefotald P Oesh/Ban (@Bowt-50-PT.ons Ji nl
) for 10 secands duration, followed by sinte37un nder_, uerrn as,
descri bed i nDUERGHT lewipressyre sintgmnga ke 'poided ariste, Such 2 o dishler filiia abiagivs o
subj ected togz r U ~=81.a =LA o = Len w.f =

rod-al us. el e RPN tin BERLGEG MR Aol be s BRHETbelfidn Tl laf

| ~achi r~e. h~ednlathet piess sroceds;the blendof paradulste bdhd confgositldnecontpoaeaitsiisgus of
the rr~rvei Wueel s~unple pt. 3~ far exceedo~l 7 00 ~J'a ane~ was

cl rat mati cal inthaimgid typieally ofigmphitacad compressasito digh prasirerasiim themold si ve ~;

neNl's ~; ~onp~. s Eos. 2 and,.,.A), Pxanpie d denonstr at th . Stiffness
PR Y R e SR R b T e v
stress ael at infetyQckiePing Abhficdtion RAME tOsTBRSItE Bffer hrssedomp. fix. 3 and 5.
1t is believed that this )nigh sintered bond conposition is largely

responsi bDe for~tlre overall Dugh ~,s~'ne:;s of the atbrasive tool.

Fui -ihernot; e, the aaovt:| to rtac6celfiinlstifJ 'rtess enhuncer
contpositions oftltia itnvention provi de-guperior stiflrness r~rilJ~out
sncrifice of bond strength, sintere~f density, or other wheel
anmm~nfacttaring charaoteristics. '"ifie n~oveD bond crorr~positio~~ thus
are useful >a'oi malting abrasive tools



and espeCia~lly thin abrasiie wheels for arutting e~. ~tx~rncly barg \m@
pi eces. Table |1l Conp. Cornp. Cornp. Conp. 1.'-.x, 3"Ex. ~"Esc. 2~.Xx é )
3Copper, vra®6347670~7t32TIn, v,~~, 17.et~. ea. lo.ts.z~. 2f ~| cHel

vdt 94~S8. 85B. 87. 57. 515. 315. 3Mbol ybdenum 9. e23. sl ron,

H~i 9613.1 19. 413. 613. 5D anond, vet. jiblD. 81B.81t3.8 Sonic Mdule:;) C-Pa

"1 A8 B5 98 'ferjy IﬁltMPQEb Sﬁtheggﬁmvé@ﬁeajﬁocéspﬁwgy% Iﬁ&er&ﬂhgc&ﬁgﬁgﬁii%% edl

(pro~surolt~x~a ~Jnterin~p At press sJntered , P,
apeci nten ofshapd:)ﬁnnhntg)mphiS|Tmclcompoﬁerm~canb@aﬁdcﬁ as%umfoamrhlmdejf sepedat8~ %
tiattgsien po7~y~rs was prepared r~s i|n IG~carnp~Ie .~ mai,d tasted for

e~Jastiav rroReeflys graids, metal GompOPeY coptttuant pRitigley apd Ftscf@e%enhaaang g
corrapari S.Cr&%m@&gﬁ{b%glgtgtaé@hﬁ{g&i. gmstdnfmm %&%d%axt?ﬂe rq%%a %y uprg\éﬁ%eha' i C

20- nod-~el i respec

the srspJR tdyidbRechadbil blendadprap F&ﬂaﬂxrs&n@ﬁﬁhrﬂﬂ@,anttblb&nﬂﬁﬂmﬂhﬂéQfﬁxé%&’@ﬁss
t her lu.~r nrodralets tltaf can [ ~a~ obR~~n~:d b;~r a >lticlrtf;Iltilro

" bond st | f f eareloparfidlés iapr@electicd prCtp@rth ~Illust1tat1we—smengﬁqulm<ant cid ihiRle2003 B

D- 03479 Alt hou speci f ] cforms the nvenlon en sel ecte for
illustrati on‘?‘?“f%s]q ‘Fﬂg’eé‘%l Tsetswmé h%‘ab“rdée@@ Siie] rﬂi’g g]ieﬁg r§morigonta

specific ter{m‘bflgg 418 a@gﬁzgg%—% lf?mte(?ﬁefi(é&%af'xﬁ%extshese forms of the i nvent| on,

this description i’s no I nt edtolimt e scope of the invention whi ch

is defined in tIhe nidkal sl tin dad be piétalid3idd 2 @R3thel aptioh ihcludes calibasihy endvhes!
conprising an abrasive disk consisting essentially of about 2.5 50 vol. %
abrasil®e gr ablaadiagtp ‘a“f%??ﬁb’ artaek sickslisumioyararicudath cempepitian addifional nickel

conposition co I‘ISIn ne, vi.ng a.uni form

b ekness i et (roinpeig SBRs ETRARE Moo kficli By BRARE R he et
conponent ConsiTHemiRRFEHE dodporiet tdbediRtgednsl tHel sRapefdenmgHhdll thesRIARhaNC ng
met al sel ected fxomthe group consisting of nol ybdenum rheni um tungsten

and a i xturmxrmrr amiounts of aptianabprareskingaiisancledparafn msdul Agowax"aand gast
about 130 GPs 'E@Eab asive. I\Nhgﬁ‘h of C{h 1.in.which the netal
conponent co‘ﬂg‘irgtleév AR pstopgrilyemployed i the ra\ﬁkveﬁ/’ St ckel and | ess than
50 wt ;%6 of i N.QrRe (e \hifRhdHnd8s }S{Aé?%led qf 1sQ:|h§1'g@?1 ?ntbﬁshxia‘b'l‘é x?xBldt hﬁ aPréibREed

bond corrprl ses (a) about 38 - % ni ckel about wo%tin; and
(c) about 4 eold@rass Mntermgprmssst}emmrddcomgﬂsrearalbe mmt)rassed/vwnbhxtehmllwot al of

, (b d ) i 00 % Th b wh ich th
St1 Tt hebs ortRREAY %ﬂ%ﬂ%{e&%ﬁwﬁaﬁﬁﬁ@ﬁv@% a5 s Sfbre. b P m 3
in which the,sf éa@x%@%ﬁe@ﬂ) Qbﬁgat { fr eksin Q?@oH{Bres@mnTg‘@sugm by ;M‘leel of

n t al

cIa|m3|nV\% ;~e st ess en ancmg I's tungsten.
abrasi ve whefr abéut(sLBﬂ' secdndsnafidn ivdiicH fresssie if foliesed amhaagreﬁgnm@ﬂxaétedieo a

m xture of at |east two ofrnol ybdenum rhenium and tungsten.
20 sintering temperature.

Heating should take place in an inert atmosphere, such as under low absolute
pressure vacuum or under blanket of inert gas. The mold contents are next raised to
sintering temperature.  Sintering temperature should be held for a duration effective to
sinter the bond components. The sintering temperature should be high enough to cause

25 the bond composition to densify but not melt substantially completely. It is important to
select metal bond and stiffness enhancing metal components which do not require
sintering at such high temperatures that abrasive grains are adversely affected. For
example, diamond begins to graphitize above about 1100°C. It is normally desirable to
sinter diamond abrasive wheels below this temperature. Because nickel and some nickel

30 alloys are high melting, it is normally necessary to sinter the bond composition of this

invention at or above the incipient diamond graphitization temperature, for example at

temperatures in the range of about 1050 - 1200°C. Sintering can be achieved in this

—_7



8. The abrasive wheel of claim7 in which nolybdenurn is a major fraI “A@{;
of the mxture. 9. The abrasive wheel of claim1l in which the sinter¥ed 20&3
conprises sintered nickel powder, tin powder, and stiffness enhanci ng netal
powder. 10. The abrasive wheel of clainms 1 in which abrasive grains are of
a hard abrasive selected fromthe group consisting of dianond) cubic boron
nitride) siligos ' i ch Rds 4B | i:enocrystalline alum na,
silicon nit rtibﬁg?aa%?;ff)ygggg"rlfﬁl g%(ﬁsjlﬁ r?@rﬁb@gigﬁa%ma%g’%rﬁ‘ PSP of at | east

two of themiehperafi@atiive 25807 ihraiedd 18Tshisrt AhrptickQ, dubh W é?s%ﬁ%o@t@@g ve
e whee

grains are dianond. -14 14 APR 2003 12. The abrasiv of claiml in

whi ch t he abniavies,engpadfersbly tespihas sbombdimb@sS0 vi ol . % of t he abrasi ve di sk

and il he abrasive dis|lc further, conprises pores occupying at nost about 10
viol. 'o ofthc&fép?&lgF}éHe‘{)bsﬁﬁmé’ﬁH“dﬁV%P‘?/@‘ 4ioRal medel compoRast eavibeadddieel of

claimyt consjSid okl t . SV i ich has a

cireur erentst |bZ'Itlé Q‘?‘%ecgﬁ’gg%lgﬁn'{e\to éﬁﬂg eo%tg mﬁ‘%@{d ?P%X?Fxpyg]%frwr %&fnoﬁég an axi al
ar bor hol e tor@bestbe hadd@ommickehjontuidthasbond Uik Sidtering UrBkRRRE difesti® T ange of
about 1 iS-200 ~m and which consists essentially of dia3nand ‘grai ns and

si ntered borbergbsdbrthesiradpcingdhe naleof\graghitizing digrend be lowering thel sibefisgum and

about 38 w % nickel . 14. e rasiyve I claim,1 consist.i.ng

cssent ol 'y BPPERE A LEpY A5 PR TAPE ReRE T L AP R ekl of

di aneter abquifedet 120 rnm which defrnes an axial arbor hole of about 12-90
mm which has a unifdrin thickness in the range of about |75-200 ~tm and
whi chicconsi st sTrespmsfenied hpypregs sufeams pipcgiatonditignoars igenesylly dhdsamd 28 Gmpr i si ng
about 18 wt%tj n, about % : bout B wt.9% ni ckel., 15 . The
abr asi ve whe°8fd ‘H’Fssﬁgéf‘%ﬁpfﬁ‘égﬁfé’%%ﬁq%g’tag@é"gﬁtgi@l %’plo"?‘mﬂ ﬂg‘%{ﬁrf”& ili{} Sthefii’ s

whi ch has a grédsGrérgbesraivt 'Bﬁhsirrg', e @fsintiriaaahe sintaled wrodiQts p2derabifnarewdionbd def i nes
an axial arbor hole of ab out 12-90 mm)_whi ch has a uni form thickness in

the range oftozmsuellyicosl toxgbignt ipnpspiirenhPrieerabbratuplordasehnbitnt ¢irof  di anond
grains and sl el LBk S SRSkl Bt ored. i s eni um
and about 5?0\%%(5’%?%8{&05 ~. g\ ?ret hod&“ctl%lcui_;tior{_g'fi gﬁ_l\f\xgﬁﬁmpi gicéﬁr%%‘én%@?si ng
the step of coownsipst methodhsiches kpping treobiin Hesired Higessionghtolegpnceasi ve wheel
conprising an abrasive,di sk j St €SS i al 0 5 - 50 viol.
% abr asi ve gra‘d%prﬁ’F&egq%%sFr?%&g itéq]%é’n%u%?gsg’ gg%éslafr?fj gggﬁkgéﬁ bt "a
conposi ti on g GRERf bidinigredbondtialheahingehprotuctt Reefdalsk pdray thogldeo couptyfao st

t hi ckness in the range of éo-zegoowrrn,_ c aracbeéiz,ed ig thatﬁth ] net al
conponent cdheiistOsvebde shihe depsE Profiuckef- B AN 28C BPTFRRESS Yenhanci ng
met al  sel ectigd UMbV BURLE SRR oRdtyRicaliDlay RElGRLE DT sRN1 000)0st UNgSt en’
and a m xture of at least two of them and the abrasive disk has an elastic
modul us of HRodkeshB. about 130 ~Pa, 1 ~. The method of claim 16 in which the
abrasi ve wheel ..consi| ' BN RBEY S Hiafhavhh sl has a
circtinferenti gf%e I;Sekr%‘?%e? aﬁ%ﬁﬁo‘g?ﬁ%{rdgggﬁﬁnﬁ% §%120 r?m 1Whi ch defines an

axi al arbor Amosdingly,alronypicd Mold g@pmivphebafie Win divk. HEhe alds e by gackeds in

t he range of, about 17S - 200 ,u I i i Si ially
of dianond gPAVAEIePPIg s@?nfﬁq)%lrbé'(rlg & %@ut‘é?k}%g@%ﬁ%@%&%ﬁ%ﬁ%% g%@p@?@%n

colrrpL ijsi ng 3(??\‘%;13&?1‘, l&ﬁvl}!ﬁdf(_ta%kﬁ}dﬁki?!eﬁn@@g&m’&allmidgpdﬂim ?ﬂfﬂ:ekrﬁigegmavﬁogm .

nmol ybdenum e total of nickel, tin and, no enum bei n 0 ~.
The net hod ahe etbar helat Bitermativalyctp %“ﬁ@ﬁfa%?f"%?éi’&'fég)ﬁﬂ’e@“s % §?§’°é‘§‘%°ér€t>’i°a| ly of
t he abrasive _disk i . L6 : ki i ) bout 40 -
120 i o Hbs PHoiafE 8RB SO BRI Her il Byl Qe
has uni f or m dMiekamne sintaredldzkr ange of about 175 - 200 urn, which abrasive

di sk consists essentially of about di am)n]g g{al_ ns in a S}.ntereg. bond of
conposi tion compisinyendonih el ysursied hi mples B sengiy repsesppiafive embpdmamsr. 40 wt %

tungsten, t h‘if“tﬁ,ggS‘l}ﬁzﬁgn\y\,ﬁ%‘]gﬁ%‘klﬁg&dkﬂi“aﬁge& %gﬁg@? rﬁn@%ﬁﬂﬁs Qﬁbopéf\ﬁe%ag%slgﬁrgl wc])fe ‘he

met hod of cl abrasi vé consi sts essenti

abrasihye di skejyhti &t faascl@sifs beumtel 1§ Sadtarderd shdfve chicalnBiecdesighatimaout 40 ~ 120
nvn) whi ch defines an axial arbor hole of about 12 - 90 mm and which lots
uni formthickness in the range of about 175 - 200 Nm which abrasive disk
consists essentially of about dianmond grains in a sintered bond of
conposition conprising about 38-86 wt % nickel) 10-25 wt%tin and 4-40 w %
rhenium the total of nickel) tin and rheniumbeing 1 DO w% 20. The

met hod of claim 16 in which the work pigece is selected from anong

al um na.titaniumcarbide and silicon. 21. A nmethod of nmaking an abrasive
tool having a uniformthickness in the range of 20-2,S00 itn) conprising
the steps of (a) providing presel ected anounts of particulate ingredients
conprising (1) abrasive grains; and (2) a bond conposition consisting
essentially of nickel powder) tin powder and a stiffness enhancing netal

. L B - e



(g) reducing the pressure on the nolded article to a | ow pressure quSAFSR%ﬁ'}
100 IvJPa after the conpressing step and nmaintaining the | ow pressur

during the Bg%g%ﬂlg step, 22. The nethod of claim2 i in which the pressure
on the nol de ticle is maintained in the range of about 25 - 75 h~Pa
during the heating step, 23. The nmethod of claim21 in which th particulate

i ngredi ents [is a),about 38 ~6 wt! nickel;  (b), about 10 - 25 w % tin;
and () - about A 36wk fe bt ofkie Db SRk by e e R P ng
100 wt % 24. Togmet hod of claim 23 in which the particulate ingredients
conprise (a) about 38 - 86 wt%nickel; (b) about 1 U- 25 wt%tin; and (c)
about 4 - 40 wt% tungsten, the total of (a), (b) and (c) being 100 w'/.
25. The nmethod of claim21 in which th%(‘garti cul ate ingredients conprise
(a) about 38 - 86 wt! nickel; (b) abolXAMPLER5 wt'/ tin; and (c) about 4 -
40 wt % r heni the total of (a), (b) and (c) being 100 wt% 26. The net hod
of claPm 21 ;ég-lﬂﬁﬁgh the abrasive tool is a disk having a uniformthickness
in the range ofy; 2 Vi i i i i r of
about 401 20 e RA U PR T AL MR APC, New/ 1) SHRRTREE 12 o0
nun, 27. The(sB25hnethHcupbwiden IBtkriationd]iCoh) andengpbdenom! poveler (34 adi, €eiag
further conprise about 20-50 vol. % abrasive grains_of a hard abrasive

sel ect ed f r ofFRTAPEAtINY MSTeEHRRbiRgd iR@royorinng whAB B clhild horpant23-p9%eMosi | i con
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Dressing stick width 12.7 mm
Penetration 2.564 mm
Feed rate 100mm/min.
No. of passes 12.00

Example 2 and Comparative Example 1

The novel wheel manufactured as described in Example 1 and a conventional,
5 commercially available wheel for this application of same size (Comp. Ex. 1) were

tested according to the procedure described below. Composition of Comp. Ex. 1 was
48.2 % Co, 20.9 % Ni, 11.5 % Ag, 4.9 % Fe, 3.1% Cu, 2.2 % Sn, and 9.3 % diamond of
15/25 um. The procedure involved cutting multiple slices through a 150 mm long x 150
mm wide x 1.98 mm thick block of type 3M-310 (Minnesota Mining and Manufacturing

10 Co., Minneapolis, Minnesota) alumina-titanium carbide glued to a graphite substrate.
Before each slice the wheels were dressed as described in Table I except that a single
dressing pass per slice and a 19 mm width dressing stick (12.7 mm for Comp. Ex. 1)
were used. The abrasive wheels were mounted between two metal supporting spacers of
106.93 mm outer diameter. Wheel speed was 7500 rev./min. (9000 rev./min. for Comp.

15 Ex. 1). A feed rate of 100 mm/min. and cut depth of 2.34 mm were utilized. The

cutting was cooled by 56.4 L/min. flow of 5% rust inhibitor stabilized demineralized
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h& ()-510G é&%ﬂm}‘.@ﬁihﬁﬁ {Ha &ﬂ%@ﬁ‘mﬁ%gﬁ%?ﬁ@i ehll continued to decrease to 7

0/(210%5& ()-h 310%
um in the fourth series of slices. Cut straightness was better than the comparative wheel

and whee) wear was on par with Comp. Ex, 1. Also noteworthy was that the Comp, Ex.
1 wheel needed 1o be operated a1 20% higher rotation speed and drew gbout 52% higher
power than the novel wheel (about 520 W vs. about 340 W),

10
Table )l
Clim. cut Spin
Length Straight- Power
Slices sliced Wheel Wear Work plece ness Draw
Cum. Radial Cum. factor  Max Chip Avg Chip
No. Nbo. m Bm wmo . pm/m pm um pm w
Ex. 1 0 © 1.35 508 508 7.4 LK) <5 <5 272-328
B 18 270 508 10.16 7.4 B <5 <5  336-288
B 27 405 254 1270 37 8 <5 <25 288208
5 36 540 254 1624 a7 7 <5 <5  264-206
CompEx1 8 B 135 508 508 37 1 <5 <§  520-536
8 18 270 1018 1524 7.4
8 27 4D5 508 2032 3.7
9 38 540 264 2288 1.9 10 <5 <5
P 45 675 508 2784 3.7
8 54 810 254  30.46 1.8
4 63 0,45 5.08 35.58 3.7 14 <5 <5 560-676
' Wear facior = Radial wheel wear d)vldsf:i by length of work plece sliced
Exgmples 3-4 & om ive Examples 2-6
The stiffness of various abrasive wheel and bond compositions was tested. Fine
metal powders with and without diamond grains were combined in proportions shown in
1% Table 111 and mixed 1o uniforsn composition as in Example 1. Tensile test specimens

were produced by compressing the compositions in dogbone-shaped molds at ambient
temperature under pressure in the range of 414-620 MPa (30-45 Tons/in? ) for 10

seconds duration, followed by sintering under vacuum as described in Example 1.

-11-
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The iest specimens were subjected 10 sonie modulus analysis and to standard tensile
modulus measurement on & Model 3404 Instron tensile test machine. Resuks are shown
in Table 111, Tensile moculus of the novel wheel sample (Ex. 3) far exceeded 100 GPa
and was dramatically higher then the moduli of conventional thin abrasive wheels (Comp.

5 Exs. 2 and 4).

Exampie 4 demonstrates that a stiffness enhuncing metal containing sintered bond
produces a remarkably high stiffness relative to conventional bond compositions of
Comp. Ex. 3 and 5. 1t is believed that this high sintered bond composition is largely
responsible for the overall high miffness of the abrasive tool. Furthermore, the novel

10 nickelAin/stiffness enhancer compositions of this invention provide superior stiffness
without sacrifice of bond strength, sintered density, or other wheel manufacturing
characteristics. The novel bond compositions thus are useful for meking abrasive tools

and especially thin abrasive wheels for cotting exiremely hard work pieces.

Table 11}
Comp, Comp. Comp. Comp.
Ex3 Exd4” B2 Ex3 BEL4 Ex5

Coppar, with 10 70 62 62
Tin, wish 176 176 8.9 2.1 8.2 8.2
Nickel, wi% Sep 588 75 7.5 163 183
Molybdenum 236 236

Iron, wi% 134 134 136 1358
Diamond, vol. % 18.8 18.8 18.8

Sonic Modulus, GPa 548 B5 s1e}

Tensile Modulus, GPa 168 210 1086 103 o5

* cold press sintered (presswelass sintering)
** ho! ptess sintered

15
Exzmyle §

A specimen of a bond compogition of 14 % tin, 48 % nickel and 38 % tungsten
powders was prepared as in Examples 34 and tested for elastic modulus. The tensile
modulus was 303 GPa. For comparison, elemental nicke], tin and fungsten heve elastic

20 moduli of 207, 41.3 and 410 GPs, respectively. Although the sample did not contain
abrasive grains, this example shows the high modulus that can be obtained by s nickel/tin

bond stiffened with as little a3 38% tungsten.

-12-
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Although specific forms of the invention have been selected for illustration in the
examples, and the preceding description is drawn in specific terms for the purpose of
describing these forms of the invention, this description is not intended to limit the

scope of the invention which is defined in the claims.
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1. An abrasive wheel comprising an abrasive disk consisting essentially of about 2.5 -
50 vol. % sbrasive grains and a complemental amount of a sintered bond of a composition
comprising a metal component, the disk having a uniform thickness in the range of 202,500
pn, characterized in that the metal component conyists essentially of nickel and tin, and a
stiffness enhancing metal selected from the group consisting of molybdenum, rhenium,
tungsten and a mixture of them, and the disk has an elastic modulus of at least about 130 GPa,
2, The abrasive wheel of claim 1 in which the metal component consists essentially of
at least 50 wt % of nickel and less than 50 wt % of tin.
3. The abrasive wheel of claim 2 in which the sintered bond comprises
(a) about 38 - 86 wt% nickel,
(b) about 10 - 25 wt% tin; and
(c) about 4 - 40 wi1% stiffness enhancing metal
and in which the total of (8), (b) and (c) is 100 wt%.
4, The abrasive wheel of claim 3 in which the stiffness enhancing metal is

molybdenum,
5. The abrasive wheel of claim 3 in which the stiffness enhancing metal is rhenium,
6. The abrasive whee! of claim 3 in which “he stiffness enhancing metal is tungsten,

7. The abrasive wheel of claim 3 in which the stiffness enhancing metal is a mixture of

at least two of molybdenum, rhenium and tungsten,

8. The abrasive wheel of claim 7 in which molybdenum is 8 major fraction of the
mixture,
9. The abrasive wheel of claim 1 in which the sintered bond comprises sintered nicke)

powder, tin powder, and stiffness enhancing metal powder.

10.  The abrasive wheel of claim 1 in which abrasive grains are of a hard abrasive
selected from the group consisting of diamond, cubic boron nitride, silicon carbide, fused
aluminum oxide, microcrystalline alumina, silicon nitride, boron carbide, tungsten carbide and
mixtures of at least two of them,

11.  The abrasive whee! of claim 10 in which the abrasive grains are diamond.
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about 2.5 - 50 vol. % abrasive grains and a complemental amount of a sintered bond of &

composition comprising & metal component, the disk having a uniform thickness in the range
of 20-2,500 um, characterized in that the metal component consists essentially of nickel and
1in, and a stiffness enhancing metal selected from the group consisting of molybdenum,
rhenium, tungsten and a mixture of at least two of them, and the abrasive disk has an elastic
modulus of at least about 130 GPa.

17.  The method of claim 16 in which the sbrasive wheel consists essentially of the
abrasive disk which has a circumferential rim of diameter of about 40 - 120 mm, which defines
an axial arbor hole of about 12 - 90 mm, and which has uniform thickness in the range of

about 173 - 200 um, which abrasive disk consists essentially of diamond grains in a sintered
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(8) providing preselected amounts of particulate ingredients comprising
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(1) sbrasive grains; and
(2) a bond composition consisting essentially of nicke! powder, tin powder and
8 stiffness enhancing metal powder selected from the group consisting of
molybdenum, rhenium, tungstén and a mixture of them;
(b) mixing the particulute ingredients to form a uniform composition;
(c) placing the uniform composition into a mold of a preselected, thin disk shape;
(d) compressing the mold to a pressure in the range of about 345 - 690 MPa fora
duration effective to form a mqlded article;
(e) heating the molded article to a temperature in the range of about 1050 -
1200°C for a duration effective to sinter the bond composition;

(f) cooling the molded article to form the abrasive tool; and
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25.  The method of claim 21 in which the particulate ingredients comprise (2) about 38
- 86 wt% nickel; (b) about 10 - 25 wt% tin; and (c) about 4 - 40 wt% rhenium, the total of
(a), (b) and (c) being 100 wi%,
26.  The method of claim 21 in which the abrasive tool is & disk having a uniform
thickness in the range of about 175-200 um, a circomferential rim of diameter of 2bout 40-120
mm and which disk defines an axial arbor hole of about 12-90 mm,
27.  The method of claim 21 in which the particulate ingredients further comprise about
20-50 vol. % abrasive grains of a hard abrasive selected from the group consisting of
diamond, cubic boron nitride, silicon carbide, fused aluminum oxide, microcrystalline aluming,
silicon nitride, boron carbide, tungsten carbide and mixtures of at least two of them,
28.  The method of claim 27 in which the abrasive grains are diamond.
29.  The method of claim 21 in which the heating step occurs while the molded article

is maintained at the pressure of the compressing step.
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