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VHEEL W TH ACTI VE BOND Thi i ti t hi b i wheel
: o oventt o [NGURHRIIHY . o 20rastve uheeiis by 2

abrading very hard materials such as
i ndustry. s Abrasive wheels which are bot*hénvery thin and highly stiff are

comrgrci a:c:cyt\ir,lgﬁ@.{ogﬁtn_t. For exanpl e, fthi n abrasive wheels aﬁ&/ﬁb@{?@b(}hﬁ _
cutting o in section i.ng.operations in

t he prgcessi ng of sili co%%gﬁgﬁléwﬁgﬂ 3&%@%&‘@3 Pna-t i tani um
carbide conposite in the manufacture of electronic products. Silicon wafers

are generally used for to integrated circuits and al um na-titani um carbide
pucks are utilizedhisdnvestioncelatesito jhingbrasive wheels foc abirading vergbarddi ng and

pl ayi ng back | tored . ' The. . t hin abrasive
wheel s to abr gﬁﬂgf;éﬁ?,fé?gﬁﬁ\ﬁ}ffﬁéssedtgh@é@Fménégftﬁrﬁ% 'Hﬁﬁ%‘gfr bi de pucks is

expl ai nedswel | i nAUraﬁ(ijveRﬁh@a_fli which dre B&?’n,\k&thirb bid; hmiyrsizf@rembmrsizgi whi ch
patent is incorporated herein i.s reference. stated jn the !

batent, the | aFPCRENbH CHEXEMPIR, i ALfase WAIRF!, pgriasd 1t CLiiRe SRR, bi de
pucks creates t{RtisReLand MY pHdimity ther éafaaiﬁg%bai&oﬁymhwp&&éssmblcﬂ waste of
the work piece material. Ideally, cutting blades to effect such cuts shoul d

be as stiff as ghsosivwafersand sescalledpugks praluminaditanivetatkide fomprbit:ier 20 t he

bl ade) the | syl RO bHRlc SR, Sl el BkSgerebily TRt 5 [ i O

it will cut. However €se char ac ICs are In co C cause the
t hi nner tioe bl addiegrdtbe ciresits andglsmina-thadiomearbide gdusks are hiilizezitol falericate usi ng

nonol i t hi ¢ abrasi.ve, wheel s) usual | anged .taget her on an arbor-pount ed
ol er 1 ndi vi dudWmadol 6% éads 30 ErertraecatitoaniG bask vagnethell Sfredh ench

ot her by i ncompRembtide 6 usk bRIRIncabTBSI¢E Wheelbté dbiddersiicb wdféye dnadi vi dual
wheel s have a uniform axial dinension fromthe wheel's arbor hole to its

periphery. Al t Riwghaditanigm sarbide preksigiexplainegavell in ). 8f PateatNowheel s i s
greater than desi QUi [ cy of
ot towever) o seat g eitieiRe ORI B inSh ol Rt App SRS GRS P
t hi cknessisi s r adferenice. Thi s di mi nishes rigidity of the wheel to |less than

t he ideal. 14 Y, 2002 , 40371, P US99/ 29024 The. convent i gnal

Stral ght wheel | sASRIRSL ELS, 4RI e TRETRRRR Pk Slire aleS pas AaTine:

t hi nner wheel apshitid darBidE PAcKPERaRBItIS ndedifor ARtensicHafly béfratehduts Withl d a
stiffer wheel. The '742 patent sought to inprove upon perforpmance of ganged

strai ght wheel ditigwastef ke wark piece W?@kiﬁbslgg@fyn sutting pladep 4o effest sEh endi ng

radi al |y outwar rRar. | dndVest ' pdehi
wheel vviyth a th‘#’é E%UA%rleggrs{ﬂﬁgﬁ%gb?témer hﬂi&ﬁb%ﬁ@tﬁ 2.98%1‘%5%" egﬁm\}\%rth

spacers. Zdowevdhe bidde, thedgspwastetprodiwel andithe stifféntierblade, theandrastraighdt t he
et Do o e B48 e WIS LI gt il
the blade, the less rigid it becomes. '
Industry has evolved to using monolithic abrasive wheels, usually ganged
together on an arbor-mounted axle. Individual wheels in the gang are axially
25 separated from each other by 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 good
accuracy of cut. However, to keep waste generation within acceptable
30 bounds, the tﬁickness is reduced. This diminishes rigidity of the wheel to less

than the ideal JIUNIRAR oD
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i 0o wheels, especially those for cutting alum na-titanium carbide, enploy
expensi ve abrasive substances such as dianpond) the cost of a '742 pﬁg Y 2002
wheel is high conpared to a strai ght wheel due to the wasted abrasiVve
volune. It is desirable to have a straight, nonolithic, thin abrasive wheel
having i s entwawemass7ri gidity conpared to conventional wheel pcr/é8sdogteoziir om
wheel geonetry, rigidity i.s determned by.the intrinsic stiffness.of the
mat eri al s of V\hee-lllr%c%%gﬁ‘{ﬁgﬁqﬁ{@'gﬁnb‘ﬁnmql f%ﬁhgs\ﬁﬁ%réfosg%{}eéam%re%or PECal | y of
abrasive grai nwastecthan aaththnehihBeli@ldds prdtiics mereichipsgind inacdurateltatsdesi r ed

shape. Heretofore, a netal bond nornal I% has been used for thin abrasive
wheel s 20 i nt efaBveyd astiffer wheelarldentdepatantsaughhtoJmPEsve YRIM waf er s and

alunina titani YewGaidHcd ke st?aigﬁtr\ﬂ./t%e‘{sWin@?ﬁ%{pg?ﬁ@%i&lﬂ{&g%iftdrpns for

hol di ng di anond grai ns, as copper, zlnc, ni ckel, or 1ron
al l oys) for exinmer pertionexiending radialiyeubiard from theerorholes el wais disslasedd t hat

can cause tne. 3 Atig iiohGu ES e ARG on bits 2y Pon AT ot "
conponent duri wgebiowith spdosrs.i Howeve] they74Dpatenowieel isoff@gfrine the _
ChSerner w chBraRefe SMopoReN AN RLo! SHae St dhoy heude a"

substantial Iy baaﬁﬁa&%éﬁiw mﬁ%ﬁqnapbaﬁimseﬁsgge.t BeBaustPthiCatasivegl v, the

present invention provi es an abrasive 2l conprising a stral ght,
nmonol i t hic, gr wheelscespesially theserfascuttinglalurinaatitanymacarhideoemploydt h i n t he

range of about - . . i St i f - 50 vol.
2 14 MAY 200?;'21%}%‘@ %&gﬂgi%gﬁgﬁ%s}t“&ﬁ%ﬁﬁiﬁﬁda%‘;a%%sg Sf gg?ﬁa”%@ﬁ‘d
conprising a nmahaél is ighosumnpared tb astraight wheetelualto we wastbdabrasivecheni cal
bond with the abrasive grains on sintering, the active netal being present
in an amount e¥PH®& ve to produce an el astic nmodul us of the

grai n-rei nf or ced |g8rdasirasle % Akvesa siraigBR FrlonbiHid) ti 8brasRRWHEYE haViAgt | C
nodul us of a sintered disk of same conposition but free of active netal.

There islfl so phkanceddigidityeomparest tocsanventipnal wheals pAsisle feampihieel ng the step
of contacting rk. pt. i th. i : I LiS] traight,
nonol it hi c, grélgﬁm}rggy'mggdr@ggda e&@g}% gg@gfué;‘ﬁ{t%gs\ﬁ\%gﬁgs%% gr'ﬁé@mg%?ﬁ?i nto the
range of about wh8elcahstrftionnMomilithicwhegls ass matieaipl hasahlipbbathragive- 50 vol .

abrasive grains and a,c l,enent.al amount of a bond, conprising a netal
conponent and QW'%?W“/@?’EB?&{%W%# {Egﬁpgas&v%gfgmsdgﬁheog%dreﬂisﬁ%p?he abr asi ve
grains on sint plerdisord, Remad b¥scd Ay ek beeR USEE fir thiR abFasiEWRéelef f ective
to produce an el astic modul us of the grain-reinforced abrasive disk is at

| east 1098 hi ghitendesifor eiettiag hardi reatepalgisysh as siican watareandplimig- sane
conposi tion bu ; | !Zﬁ'%la?i IS I Vi des a
met hod of maki &tghguﬁﬁg réo?icé/dec\ktg'oo Cg%dj?ﬁ%tagé%rﬁ?o@dedégﬁg“(ao@cgﬁ vi di ng
presel ect ed pr diaorandgrainef sycdrasi coppet, aincngjiivedinicket o Goo @lpys, forng (1)

abrasive grainsg;_ (2 tal .c gnent cansi,sting e nidal | y.of j or
fraction gf coéﬁ%{f‘p%ngreg?% ()'P%?g@t ﬂ&qwco}?astt?qﬁn @?ﬁ?%%%dttbﬁ{ 3%{"&%& tlal
whi ch can f or measthfaaétive rh_@tadcam'cf_bdhetnhﬁ: a fetdlbond \cerr?bai'tiﬁﬁ c@n caisy iei ng;
(b) mxing the particulate ingredients to forma uni

; ( [ ormconﬁoi_tion; (c)
pl aci ng The unflFIARdLANSde chemicalit wagt wih theqctive melalcomneneg *a%&ng( d)
conpressing th TN N . 690 MPa
for a durati onsg g@#@gﬁ%@rﬁfﬁrﬁm%nﬁﬁg?ﬁ%grgiﬁ r?@)%*ﬁee(gt&?rngéfﬁe nol ded
article to a t&hpaesthigeintinsidstifiness of the gidios together withdbe chemicg! Bendit i on
effective to si {her the

of theé grains tgmearhetal thus produce a substantially increased stiffness
abrasive structure.

30 Accordingly, the present invention provides an abrasive wheel comprising
a straight, monolithic, grain-reinforced abrasive disk having a uniform width in
the range of about 20 - 2,500 pm, consisting essentially of about 2.5- 50 vol.
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14 MAY 2002 WO 00/ 40371 PCTI US99/ 29024 conponent and active netal to a
sintered bond, thereby integrating the abrasive grains and sintered 1bﬁﬂﬁv 2007
into a grainreinforced conposite; and (f) cooling the grain-reinforce
conposite to formthe abrasive tool. s The present invention can be applied
to straight, circular, nonolithic abrasive wheels. The term "straight" "’

The radias of t ReearaalB SARE T Bicplibiertdhi, ardint B b 2pf BmBipind Athatal or t e
appl i cati on i nt esfipdnéntrandhesactivé artal wictsfoiras 8 ¢haimical Bend witRthesuch as

waf ers and pucks, of ,inorgani c,substances with io precisiqgn and reduced kerf
| oss. Oten sup@bfagive,arains o8 sintering: feactive mietalheaing pregentia apmewunht hi gh

cutting speeds, oftadive 13 Bliich n Yash TR the Gtail Aol BAGRRIARI gk L1t he

wor k pi ece. Such performance criteria and operaling conditions are usually
attai ned using @ahleasts1Qh higher thapithe elastic modulus of ansirtéred diskof saomel ar ge

di aneter. Hence . eel s..of KS IS invention promnently feature
a characteri stiE%rﬁwg'ﬁé'gﬁ&afﬁ%e@taﬁlgﬁ ﬁngm' Aspect ratio is defined as the
rati o of the outermhérexisedisy prolidetia métaod oficuttinipd wark pieee asmplisifg @& secti on

di mension, that is, .the thickness of the V\/neeBI. .The aspect ratio should be
about 20 - 6000StepRfcantasting heark pisge with-anabrasive wheel comprsing®d v, about

250 - 1200 to lgtra8htT ' T GVA il il i ght
ol er ance to achyagu Horshico G eifforogl Rradilt B6R B8Tiny B dffcfin Wi, 37
t hi cknessltd s i nthetrangaonfabait 28b@,80030n- cdhsistify pssentialiycofpabdier2al |50 vahbout
100-500 p,m an st. preferab abpout 0- 200 Variabi ity in

t hi cknesg of Ie%%a rﬁﬁ'ﬁggfﬁiﬁ? a@c& %#m%@gm"t%%’ﬁ pr?sﬂ'@lﬁi"éﬁ@t er of
the arbor hol e ksmpbRatit ahd 2RGiciVE Ftat WidhTemv 15 eherflicanBarRr wiisthabout 50 -

120 nm The term "nonolithic" means that the abrasive wheel material is a
uni f or m conposi 8P'3five Gipne e sipteringniherastive metal being:piesentiman ABIOENt o t he

radius of the woclive Kiploduse aR@sE a8 or Wi BInRoRby LhRSTRM | 1 ©
wheel is an abrasive di conpri sing abrasive al ns enbedded 1 n a sintered
bond. Thels30 abatdeastel03b bighdotian the elasticomadulus oba siatereddiskabsameve porti on
for structural &0 h rasi ve, _portion, such as a netal core on

whi ch t he abras %Bﬁ%ﬁa‘ﬂ %‘H*@%@%W%’BPWS wheel is affixed, for exanple. 4
14 MAY 2002 WO OO0F4sxRénthisGhvesiion/prdides Smethodl df ynakingearmabrasivetoali sk of this

invention conprises. three ingredients, nanely) abrasive grains) a netal
conponent and a?PrﬁB'H'%ﬁWe'{t%{?s%forrponent. The metal conponent and the active
metal together forma mgd)rar@mﬁg Brizdiebed Hbsbriidtes GHyaRfiurfte Hofédientsn the
desired shape of the wheel. Thé sintered bond is achieved by subjecting the
conponent® to suitabl e $OMPEBINGg conditions. The term "active netal" neans
an el enment or conpound that . l.Sei e of reacting with the surface of the
abrasive grains on si nte??)n%drgﬁ-ll\g%@%mst he active metal chemically bonds to
abrasi ve grains. Furt her {@2yametdheomponend consisting esspniizdly of aimajanfractionnt
effective to integrate the f%regi ns and o sifntter{%tbgnd into a

grai n-reinforced conposit e “CORTATHTYS MGGy Bﬁ%l y choosing suitably
high rigidity as well as (§)&hadlifé ARRsIwWHIEH 65t f6fm & dhehtical boRd MitAtRe |
stiffness of the abrasive-sintered bond matrix is enhanced by the active
netal comdonent cheni cal | yahiasive a@insen sieteliddasi ve grains during sintering.

is A primary considerajd ; i LA el | t he
abr asi ve substance shom)gﬂﬁ'églilhae?%erﬁ Ié}tgﬂn rﬁ@eﬁtgttgﬁrgﬁ 9%@%‘@1 %oﬁ?ﬁd%ﬂ}sol'}al |y
t he abrasive grains of (d) placingtthe shiermdompositionlintolmemeld| of presgldctedn very hard

subst ances because these , wheels are typically used to abrade extrenely hard
materials such as alum r"?g-a??'t ani um carbide. As nentioned) it is 20

inportant that the abr@ficempresamigdns okl B preesured imtherangs of Abaltasl-y hi gh
30 690 MPa for a duration effective to form a molded article;
(e) heating the molded article to a temperature in the range of
about 500 - 900°C for a duration effective to sinter the metal
3



rigidity to reinforce the structure of the bond. This additional criterion
for 'sel ection of the abrasive substance normally devol ves to assuring that
the el astic nodul us of the abrasive substance is higher, and preferabbyay 002
significantly higher than that of the sintered bond. Representative hard 25
abr asi ve subs ? for use in this invention are so-call edpsipRgsoRBEasi ves
such as di anond and cubic boron nitride, and other hard abraS|ves such as
silicon carbide, fused afQMPPNAAtaRT @ctivemetabta 3 sintared hendytherekd, silicon

nitride, boron carbide ap Hﬁ}%?h t e@grta d.wo of
t hese abrasives can al so gegrus s%banona&sg‘spwrngfsﬁtgegqo [H? brasi ve
grains are usually utili Mﬁorcndfcpnmoplm'tandl e form The particle size of the

ins for wheel s of |1y shoul.d
3002 v 001 40571 PCTNGE /9B R B TRl G eretan [t SR ot

preferablyj about THE pleseftinvdittioflicah e aiiph@d foostramgtr etifcuir, mahd@Rkicdi anet er
can be proportionately |arger. The neta nponent of this invention can be

a single netal @PEaRdawhgels Wh?i%ﬁb"sgﬁ'ghhlmﬁﬂséh%ﬂtBﬁéﬁlaéth'qi@BF%Q%tﬁﬁat| ve
element s Sul tabyhelPfs B At hiftadii’ FRHA PRI HNI 8P RBR/ o the ButsFODal L

iron, nickel, silver, zinc, antinony and manganese anpl es mxtures
i ncl ude copper - mdws obﬁhpewhetel nAniropentdnt lapplicatiop fréended-for mebemrheels is

Cobalt -t unget on Shcine 1R Sabics 265h af WeldlR af ahBrdbr ORRELUReRitieh B0 ana

al  oys comg ai ni pgedigion ard peducedkefflicse. bOften etperibh Pestits 20 adibvdd b
conponent typi cal Iétenhanc s har dness  of the netal or de resses, the netal

mel ting t enper aCRPEtiNgAhe whael 3 highgrttingssneeds, iy Yelogiychthe abrasive t her eby
avoi ds damage OEuﬁé@éﬁﬁ%niaf&WItﬁ’ﬂPé)%erplé% h'%@hb@ﬁ@ﬁﬁﬁdér&ﬁenmp' es of

such non-net al - cont ai ni ng. COFYDOUI’] s and ysS i ncl ude
ni ckel - copper - nepgeatisg copditionsare usually atmined uﬁeg wheelsrof skiremsely, sniile i s

nmet al conponent I i Wder. The
powder parti cl egﬂ@&%ﬁ\f&hﬁg&%ﬁ& g&@?@‘ﬂqrﬁ%&? alﬂé?ﬁ%m‘%@ e% eéﬁz(gn be of

i ndi ?/i duals el enmvbﬁhlompmnahéugtuefeagxraﬁ n:harfauteieustﬁanpmg# adaeet fatiot, haspact | ve
nmetal conponent, the red bond chenica att aches e abrasive
grains rather tRQ1 ‘?G'éﬁnfgé’?ﬁp%%? Qfﬁ'é?rP“tﬁéH%@et?rﬁgt@? ‘é(i‘ﬁ%'g d?fﬂ’YH@ novel ,
activel y bondedgxfahtidsdBeatn@imehsish, thas e BMiSGRAE Of tHewhéi, Wﬁé"ésﬁé&ce

w th greater exposure than could grains of non-actively bonded whe

Addi tional | y) smttcweﬁhosddwb@abwtb%dGQQﬂmfetab@h@bcwﬁOBe1a§@oand1rne@e features
provi de the advgpgfg&gh; E%utt Egov\/ql tWI Il cut nore freely with | ess
an

tendency to | oad, erefore, 10 operate at reduced power consunption.
2s Copperz2¢in is & rwm:mrmeylo[:whmlstmntkmsﬁsalneldtcumttlghtmmmeeuotachme

General 1y a maj SPRag i peergiancs BRergiaby. 1 UBRRBtMigktess HRIBP "#1e i on
(i.e., < 50 W %bfhBodtiad - 2564 Eﬁ'lamo)‘e bl*é‘?erﬁBl?P@dodtHOO%UﬁEPﬁ'drid%oéto”s' sts
essentially of about 50- 90 wt o copper and 50 about O W%tin, nore

preferably, aboptef@@bho ahp%tﬂﬂpZiK}prano\/wriabdlty ibahigkneaskfidss; thamebort<
preferably about 70 - T5

2
Gescr | pti on of ¢RUSATEREPLs {URCRD: eciAmetr ot ybpt il Rt ABHO T, iy
2002 WO 004 4037 hnd thEWhbEitfameer s apueso vazohgsl s Wi Il explain) the netal

conmponent is usually supplied to the wheel manufacturing process in fine
particle form The term "monolithic” means that the abrasive wheel material is a uniform

composition completely from the radius of the arbor hole to the radius of the
wheel. That is, basically the whole body of the monoilithic wheel is an
abrasive disk comprising abrasive grains embedded in a sintered bond. The
30 abrasive disk does not have an integral, non-abrasive portion for structural
support of the abrasive portion, such as a metal core on which the abrasive

portion of a grinding wheel is affixed, for example.
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The active netal conponent is chosen for conpatibility with both the netal
conmponent of "the sintered bond and the abrasive grains. That is, undérMAY 2002
sintering conditions, the active nmetal should density with the netal
conponent to forma strong sintered bond, and it should react with the
surface of tReosdMostal ve grains to forma chem cal bond ther@wniddenoegd ecti on

of the active netgl co nent can depend |argely on the conpositjon of the
metal component, EASCEMBRRemENe diskidt s tvadfiancapises thieRtngreHless ng
condi tions. o Repréyeabrasive 9rdiy, AhétaPcdiporidi® ad h\RtivE Hidtal GBMPBAREML ar e

titanium zirconium hafnium chromum tantalumand m xtures of at |east
two of them | nThe metal ge@ponent angithe activenpetabingethsr form & sintesed apdte ed as

| ndi vi dual et Ao pid AhEie BfaifiSindhé BéSired iHR di Thd SinBLIC e SilerdoPec! Al Y
in connection w cCopper-trn netal  conponent and di anbhd abrasive. is The
acti ve cosponertionddis abkieaed byl sebjetting the comporearttalto Suitablesinteing conpound of

tal and non-act | t,el . El tal titani ts. with
water and or opaetions. TBR HEhACH A TSt mercn AR EIFIENt GPRTBRIELIERE t hus

becomes unavai | phaBlel 6F reg@mg with the @0ffasd ¥fethe léb'kdwles%ratn@.rdn@nteﬁhﬁ efore,
adding elenental titaniumis |less preferred when water or oxygen 20 is

present. |f tithignagnthesaciivasaetakchenrieally bonds ihabrapive gaipsuhdthamore be
capabl e of dis il . . f e O i ri pto
pormit the 0t any ooy el b RORR T oidEbGlnG® it e b BAEP P
of titanilam f orsintered bortdink a gratmtainforced contpasiteinCoyskquaatly, ByHadiciebsigh i1 s
stable up to abgut 500C. ye abaut 50 Jltani um hydride dissociates to
1 antum 25 andRyaPaaUieb DGR Taiian arl ko hab REess REr Gl act i ve
netal conponentdgyepslpdtifabs ¥f the abtathelSiftefdEloridhatrixhe eRRdltea YRS tion in
particle form The particles should have a small particle size to help

achi eve a uni f A%ve mftalnompangnt ehander)iydiondingdo dherakrasiye gsrias HdNDpt i num
contact with t@ntéﬁn brasive grains during sintering, and to devel op good
bond strength to the grains. Fine particles of nmaximum di nension of about
44 p, m arie pr ef er Agtimary tandilefafiGroforeéleoting!hd abraieNgady Edodthearti cl e si ze
of the nmetal powder.s can.be determ ned by, filtering.the particle rough a
speci fied nesh %H’%sé"%F‘g‘?ﬁé‘?"‘i@osﬁ‘°8@1%ﬁ%'f’emﬁl‘ﬁ%? mfﬁl?ﬁr?%@?% Sﬁ'z?ﬁi’ Wb‘% es

w || pass throuftasivéghains & thintzbhskiewnesls will iy Selettad fropt edrg hafd)

enbodi nent, the actively bonded thin abrasive wheel s conprises sintered
bond of about fybstapsespbecausgihese wherls aretypically We%tpiﬂr%e’ﬁwﬁﬁi)% - 20

W % active et §ard hiiferddd 8lcrradhlmidLtithRRanyEabidbD AR rﬁgﬁtfdn%lfll fid y preferred

enbodi nent, the active netal Is ti t‘anl um As nentione pre_feren_ce is given
t o i ncor @or at i rigppptiant thatthie abrasivepsubstance alsorshotisk ravefa sufficienthnhialy dr i de.

The slight differ en .t | Haht. i & of | titanium
and titanium hyrgulﬂfgggJ@ﬁ@?‘f@&g@?&g@%%ﬁﬁgﬁoﬁf"Iﬁ!)’sv\aed\}feﬂlro?na* g'lrltg'ts@ﬁeo?of clarity
it is noted thalelddtion ©f thecsbrasive sulsstaicechdmmally devaives totagsstiiveg thiat thel um
present, unless specifical l%‘Bi ndi cat ed ot herwi se. The novel  abrasive wheel

i s basical |y predeficdBodus,ofthr abrasive substance isaigheys af“i‘u?’%ﬁ"—"@ hled "cold
press” or "hot gurifidantiy hifBer tHah tRatCdt it BRRPE] BEIRSE CREpresentativesargnal | y
referred to as "pressureless sintering”, a blend of the conponents is

i ntroducéd i nt ;Absasive substanpesiferipedn dpe inveatien arefo-galled superabeasiNgsl i ed at

room t enperatur i b L Gl ual l'y

t he high pr essus‘r%eCBi%gQg%ﬁ{)/e g’%%5@%{3’%&‘”&5}%&%%%d“bg"srée“’sés:susrq‘é’“%
relieved and t rsfliconlcdeside rfused aluminuneoxide,dnicromnystalinenalliohing) silicore aitrde, t 0 20
sintering tenperature,.The heating for sinterin rmally s done while the
nol ded arti cl e%°§°’bf’§@%?’f£ﬁ'n9ﬂeﬂﬁa&‘ﬂﬁ‘t'ua‘gge%g%r}gﬁggrt‘gxto% SBower
pressure than tdiRasivés &dr4IS6 bl Used eDidMdrrbispeeferred.e. , | ess than about 100
MPa, and pref erabI% | ess than about 50 MPa. Sintering can also take place

9

. : . 3 [¢]
under vad@um Dur The abrasivel gsaing 2 ysHadly gifiiged,in fige perilearmedhgmartidle such
as a 2s disk faqg ' [ ) AR Ghhetbch8rail 3R6GdI N 2
nol d andl or sa%ézvaagﬁgla%%ﬁ\e%zw&ﬁg{mg‘ké?gggaﬁ a ﬁt@ %‘Fess%epri)cgss, t he
bl end of particul ate bond conposition conponents is put in the nold,
typically of graphite, and conpressed to a high pressure as in the cold
process. However, an inert gas is utilizéd and the



so high.pressure is maintained while the tenperature is raised thereby
achieving densification while the preformis under pressure. s  ~ 24N#AY 200
zoo2 WO 001 40371 PCT/ US99~19024 An initial step of the abrasive wheel
process invol ves packing the conponents into a shape form ng nold. The
conponent s cag,fugdded as a uniformblend of separate abragiyRisshiRinAs

nmet al conponent constituent particles and active netal conponent
constituent par thecindge rangesofiabiotitd.m-<1 08I emdand:prefecatily rabodt HY-30simgTheny

sui t abl e mechani in kn i n rt t a mxture
of the grains ar%g%aglrgizl%cr}ﬁ t‘é’ﬂ?ﬁg@ff@&ﬁ"éﬁ%‘gﬁ?i’b% Bfog%ﬂqqa?ﬂgh?gﬁi ve m Xing
equi prent can i ncl Tihe nibtalldomponent ¢fuhibliriedtion cambe balingld/nmbtaltsméntrdrlaer s,
ri bbon bl enders, horizontal drumtunblers, and stationary shell/internal
screw m xers. ~dnifie GgB}b‘g'rp'eaﬂ'SmPPﬁ- digprerentatve flemeopty sy %P'PE‘?W‘{?&UB&’HS as
bronze par i cl eSnyafigh MSURDLARRY RC LS BRI Mivé Sinb Nafidrticno ¢ ©
uniformty a stock bronze parti culate conposition, additi ona\ copper and/ or
tin particles, doanganese: dExamaples of mixtures inglidagioppemtimicoppen-tin-iiorraickel,

enbodi ment of t I i i | ns.. ] eq,l,s prior to
sintering the b%ﬁab@%ﬁﬁ%—sﬁ@e’r, %%Z)egﬁ[cgglr% c,%@é]}%én@{egaﬁﬁrégﬁéf CIt’r\%a@lal on their
sulrface. Anot he_rcompwdl | dssoth aabbt;auf-toh?steﬁcamde@, lagdtnitﬁ(efibdmﬁréaﬁtimbﬁyﬂ_s with
a layer conprisi,n or.a portjion of the active netal conmponent_prior to
mechani cal |y bl AU SPPidE: Spf aliessAaoiaRine nommelale an AseLRS 8. Hitnce
chemi cal bend T Giofine@NicR@eneObRE éhHEnBed Rardids 6 ¥ MatBl g during zo
sintering. The |ayer can be of nolecular thickness, for exanple as can be
obt ai ned by cherdepsessea the metal maltingdamperaiures which helpsdeweepioteringon, or of
macr onol ecul ar j ok df leg: i [ i L. 1S
reconmended to Eﬁ’bﬁ%ﬁ@%@r}dﬁggg S%'H%? %rgtgg?&gﬂﬁeﬁfoadsf{&ﬂhﬁg g%o%&eek(?:%'gp ing 2s
wi th addi tional temperatureet Examplesiod sathx hom-metdl-opntainisg somipbomit arahplioyst | on
conmponents. Usual |y a nmplecul ar thickness. of pre-coat] does. .not one
possess a suf f i APHRE aickelrroRpRMraBoanasE Alicarian. 2R ekelhorenglicah ol ol
results that caméal &mip g@b{eﬂaw 8 proVi¢dd 498 smAllPRATREIEE puvasr. TR kness
coating can be achi eved ) mXxing to so unii;ormconposition a fine

by ( < .
powder of the awﬂ@rn@ﬂ@éSMﬁmwamﬁ elgtoent meafakcomnopenteanueithesbeft ugi ti ve
i quid binder ta,d shes o dofie abrasive grains with
t he adhesi ve pagrtléﬁtagél\?\%%'ﬂgﬁ%l @%ﬁllﬁgséﬁ%g?itpfreg%“ on of 14 MAY 2002 WO
001 40371 ~ PCT/ Usobue enthe adtiwe gredalcosypohants ther siatemad toridhehemtibally altacbesst e;

and (C) drying the liguid binder.. uspall ith, heat, to |Leave resi due of
the active. met alt® isARIAsNe Grains Eherdoan mesely ebIREa iRy HENRBE0P, o
grains. The pur gt AévelBidaly bahdad, MR RBRiivd Whde) cHR bBinéderitédtttorhbi ve
netal particles in proximty to s the grains at |east until sintering when

[ nty § .
the chenical boRrk@iage withy @reater exprsuzg thapiroukt orpios oh nerwrctivgly berdadent i onal
fugitive liquid r usﬁg e, ot , FUQN tFeR. NMeans
that the liquid v@?ér%gggrAﬁ(ggoﬁg' abl fit‘iﬁge'%écls?/'g‘gg‘%’g"? T('a sodr?trglmceotr'répé?éimé%ﬁ at
el evat ed t enper deaturgs prowitie thebagvamtdgethat the evhieehwilleupmose freely avith less hout

adversely i npact,j t interi roces ip T i nder

ST 11 ot ent 1y voraRabrsy io T, 804 trpft; 6 parhth Sl et S3h 8o o1 y 26
during sinseri ngCoppehtints h prefemngd sompssitibrefor Aabetal @nipdnehethiaepdotédat he
function of the bond. Pr E&r‘abl y the binder wll vaporize bel ow about 400C
The bi nder can H@'_aBY%IYl&B $h the particles by many nethods wel |l known i n
the art. is The m pbly mepdi csﬁgeﬁeﬁtraf%pb&r f, §8RerdRfa hibjdrRacibRp®. f 2501 Ng
nmol d can include mnor anounts of Oggtl onal processing aids such as paraffin
wax, "Acrowax", wiffe g coppesapdranivonfiactiondi.e, s eSwiiaris tiy. Refarabiedhe n t he

abr asi ves i ndust ] LN N r Lo/l dinto
Tt abl e mol o ot §°’E}B§§'§ﬁ£e°§{s§lé%) %&%ﬂg@@ @a*ﬁ?@i?‘%&"%&%&i’?f"? L ol d
contents @an be ghoupiesioantiin; imerstpeefordblyy abpyl 70280 wt% capperandatss dle at
anbi ent tenperatyre t{o about 345 - 0 A aten press e ed for
this operation, #b\ﬁﬂ“}eiahﬁrcﬁméo%ﬁf%@' Bgﬁﬁg OJS&M% cﬂ’g?‘?{taéﬁd%ga&w%z'ﬂout
5-15 seconds, afA&iheMulih dREGDEYA Bf the prepdraticifiof tRE Aoldldti¢alp bendsd tire next
raised 2s to sintering tenperature, which should be high enough to cause

t he bond conposition to densify but not mélt substantially conpletely. The
sintering tenperature should be at |east about 500C. Heating shoul d take
place in an inert atnosphere, such as under | ow absol ute pressure vacuum or
under bl anket of inert gas. It is inportant to select netal bond and active
nmetal 30 conponents which do not require sintering at such high
tenperatures that abrasive grains are adversely affected. For exanple,

di anond begins to graphitize above about 1100C. Therefore, sintering of

di anond abrasive io 14 MAY 2002 WO 00/ 40371 PCT/ US99/ 29024



wheel s shoul d be designed to occur safely below this tenperature,
preferably bel ow about 950C, and nore preferably bel ovU about 900C. 14 MAY 2007
Sintering tenperature should be held for a duration effective to sinter the
bond conponents and to sinultaneously react the active netal with the
abrasi ve graiyi§gosas7it €ri ng tenperature typically is maintaiggdisbgfeebout 30
- 120 m nutes. In a preferred hot press process, conditions are generally

the same as foran6$'Me whesls wil explaiapthermefial %"@B@lﬁﬂélﬁ usuglly supplieddo the i |
conpl eti on of intering or hot pressing,
after sinteri ng, g&ﬁ%ﬁ;{&%&@&;@é@%@%ﬁ;ﬁ ';ﬁent tenperature and the
sintered products Tae actrmmetaﬂ coMmhengnt dsichnsendorcdmpatibiiiowitly bothrthe metainal

ront oned si nt SETERobBR G R G ands aPEEVERIAns S0R8 URBrve o
the sintesed baitering asnditioris) thd actige aetalrshiodfdodensily \Wtﬁm@rﬁe@al c‘csmpoaent
facilitate fornati on of themgéal n-reinforced conposite as

provi de wel | exXpde@yasieragisirtered pond, afddt ﬂ?q%rqa&twgat%wacz Q*;Etihse 50 vol. %
abrasi ve gf ai NatBélvé gfdtPlcABRA ahefiiRi Bbnd inchbWite! Sblebfifofthe ke Nt er ed

product. The preferred abrasive too cording t IS 1nventiron i s an
abr asi ve wheel .mglatcomporgnt canidependgiacgely anthe mm;pnsmm ofibe meftala t hi n di sk.

A solid disk 20 S t n central
di sk portion catr n
oohebf e folBSiiion ot 18 BihsiA Siaft: &l ShfAitp Hikifors
annul ar sipaped Reprdsertativeemetesidistfor therattivdmetdl kompbaést dre tiginium, The latter
technlque avoi ds waste duye to di scardi ng the abrasive-| aden central portion

of the sinter ed@GPEKIM, hafjung ehramium, tantglum and mixdyres of ahleast woafdhenag
conposi t e StruQh AixtdrBStheachié 8smisbndt fidtls bh bekRBbRdd s RuhRieDfeta
stiffness of th Hence, as stated above, it Is inportant that the
abrasi ve be seln?(ftl(éeﬁ nms aliays. f Btaniunaisi prefeneed, esnacially én connestionwithar dness,
i mpact resista ! ness properties as
determ ned by erlfcgg??gnh% uléo%opg&aer@acﬁgmmaﬁﬁHsevfenot wi shing to be bound
by a partiscul ar t Theagtive tomporizat cmbeladd\ad eiﬂwryn elegiental foraboras a e

articles integrated i,nto the sintered bond virtue o che bondi n
PRt h The” act | veromual s AR TAGNe CoBPeRg Aemamie: EITRSTRCTERRY noos

of the conposi ti8actsWith waekahd)u.tb eh at lowoeeiperdtareX@Toim RRMAIAS Biokide 14 MAY
2002 WO 00/ 40371 - PCT1I 1S99/ 29024 stress | oads on the conposite during
operation are &nddbus beegmes Hpavadabledo fepct with ahtasivesduringisintedngy stiff)
abrasive grain

bt ai n st rai gne Lol gebieD, AERShta| Ratirhs sl ieRien WHe WAPE OBBebC, ¢ pan
convent i caal V\,hepres_eof Iéqumium Isi adldeddrs compeumbfoath, theadhpoaandsheuldbef ul f or

provi di ng nore re ut s. nd I 855,05 no further sacrifice of
Rert Toas 1ol s Rpablelst distnbifiantd Samedial fPmiiotie he¥htothd FER 43 BMPH { re
novel abrasive thbﬂt%inu&hwl'éécbﬁltﬁ Hepdurasive. OASprélefrab |c!ﬁnfp©hﬁ@ foteh éfo
conventional wheels. In a preferred enbodi ment, the elastic nodulus of the

actively bonded't%fBWé.‘sfP(/%s%ﬁéBF '"V@nHP@Wet!*a@'H'é‘rhYldﬁée-t'BHeIVHB?'i 8 stiaRienadoof the

component 11 ee SPLRBOCT AbaRSatols Sogec eyt BUAK Bhedialfs B traBintna anc
preferably at |mafydsdgad, 150 GPa. |In another preferred enbodi nent, the
el astic nodulus of the wheel is at |east about two tinmes the elastic

nodul us of the siBeltytba mplarompranept constitnentscanst-agtivg metal camrOneAtFent i on i s
now i Il ustrat ey, Qﬁérﬁﬁ&gﬁl ﬁao@w&i infd merme%ﬁ{ﬁoa&'bﬁ% Faﬁae@ fBRAt $hé her eof ,

wherein, unless otherw se I ndi caf ed parts, proportions and percentages
are by wei ght adtigles stnwkéhevezegmil@astca%e tp/halp gchisyeiadmifemi eve nesh
si ze designati of, ngé%t]rat E%u@ﬁaﬁﬁhggﬁt&%' PHF@EH& Egﬁr%fnoédfﬂéd?%tmhgbt ai ned

in Sl units have nver uni
30 abrasive grains during sintering, and to develop good bond strength to the

grains. Fine particles of maximum dimension of about 44 um are preferred.



Copper -powder (<400 nesh), tin powder (<325 nesh) and titani um hydride
(<325 nesh)- were conbined in proportions of 59.63% Cu, 23.85% Sn and l;LﬂAﬁ?Wl
1'iH2. This bond conposition was passed through a 165 nmesh stainl ess stee
screen to renove aggl orrerat es and the screened m xture was 2s thoroughly

bl ended in awbboadswl a" brand nixer (Gen MIls, Inc., Cifponusdamwdersey)

for 30 m nutes asi v i nNs 5- E~ fr (€= erapr asi ves,
Wor t hi ngt on, B C?% cﬁﬁ@ etlagp rﬁﬁ?é% tﬂz 2?{ r%’ ?%ﬁlfﬁrggﬁigﬁwgp

cont ai ni ng 18. ?H'rougﬁ a spe6ified hitdh Rize sldVes %r&dﬁﬁl%énﬁﬂﬁﬂﬁeﬁn'rﬁaﬂmﬁm bul a
m xer for 1 hour 'to obtain a uniform abrasive and bond conposition. 30 The

abrasi ve and béaticlesiwl ppss tmouqisa BRa e standard masbdieMenl d having a cavity
of 121.67 nm out r f dept h of
0.81 mm A"’ greeﬁlI \(/j&] ite%em orrre Hf%%@@?ﬂﬁ%@!%@gﬁ%#yeﬁ% ~ 4 NAY
2002 WO 00/ 4032ampases 5806 BaRNoBatTLb 5 {75 abpper, alield204 136 WRALIG 4. 65

heat ed Lo 850CIRABPOUA: 2RtHeactus Rl e de L e Jofask, hat platos

with a 660 g Wphaiella®l§préfarred embBaRiend! the ActivePelPis tRAMLAY 68k product was
permtted to gradually coot to 250C then it was raPl dly cooled to anbi ent

t enper ature. THENHABRRY, Prefereficeinaiven tg ingarposating the t«?@mmmmaﬁmntmnﬂ)ds

i ncluding "t d
condi 1 05 shoici of B RERYES TS sl dittendiltbrnben I mEEGARH ARIHTCT

di anet er 10 69. 88f elementad titaniunl iaadditaniun hydride isadly dambetneglectedd 0. 9 78 nm

hi ck . Table IT Ex 1- 2T Whegl Speed5593
Fevel min Feed FRMETEh hia e ERHBOt COREET e oo HoRR R G bl nodel
na. 37C220- m%maaehmmm#rmm mréas@p&mmw'sdl&?&e@étmeedwoo

rev.l nmn. Traverse_rat e305 passesat 5 wOat 1.25
pma0l nitial Dr essinégigyebab r@B@EM@GUSM'CPW WOW%‘%C’SWIQ depsificatippeprocess

37C500- GVDr ess " " HFTE t
rat el00nm m n. Rf(;ﬁhessfd Eéglgé‘egéﬂgﬁgesg %Pﬁppﬁrs'@ dgﬁand a ?E%SJ’ o%(-)z(sghpl e 1 The
novel wheel nanmmnallgdefaeredwsas I'messureiefswn’qehag'l aatmhchofdbeventi onal :

comercially ayal of s 1 re us o cut

mul tiple sli cegsl[b'I ﬁ%@ﬁ 'sa'%ﬁgﬁ ﬁeqﬁﬁ?%r&aeu%(arﬁ §§E%ﬂrfﬁ Sol ock

81(‘) | Z 362$13I\P/¥ C%gab emo Zaﬁﬂm tmpe@@w&b&wéaeﬁxpactmtmaue maldedlafmeb2802 WO
nnea0|s nneso t api um car bi de

glued to a gra@ﬁ 'B’é‘ﬁtﬂﬂ'}%rﬁé “"FPFea rb 58&“&%2}’ % PBIPSWES 18. 9

vol . 9% 15/25 upg) évaa%cgﬂhalrﬁadwaﬁicmgiﬂe:ﬁave%ﬁfr&nme/m%MLeh ’hegfédotov"t %

ni ckel , 12.7 wt % silver, 5. % iron, 3. % copper and 2.4 wt % zi nc.

Bef ore ea2th sl bintgring tem@emgel §'hneheatlm wmrm rreekly lSedDﬂeerwhe | except

et 2 ") Al 40BIe BBl ol L iesafb o S bk e

bet ween two nethan the ppesinteringstercpressue | Iéﬁlék'sthan abowtr1 00i MPat avd V\heel

oF “300" i mi n. PETEraEl 8% 1aBAAVERO bPsy SiBiiag 6h AP (9Hsash USRI 11 ng v

cool ed by a fl gxeim. 563&%@%@ loﬁ%ésuafe suﬁtahﬁ)g ttRé nidided Artigledsitpndger al i zed
wat er di scharged through a .7 mmrectangul ar nozzle at a

pressur e2bf 27diskifera tim @bfﬁgl\lﬁéﬂlﬂei 9%@'@39%&'1’ ¢ bl%tb‘laéeq inameld ags/er wheel
performed well er%ir erformance criteria. The Conp. Ex. 1

wheel needed t(s) IS 'ggéedrg%tg’e%htﬂ%@g%gher rotations peed and drew about 45%
hi gher power t halm a het preseprockes lthe blend bf paticiateshongig®nfositta WO 00/ 40371

Tabl Il 14 MAY 2002 PCT/LJ5 90
Gom cut Spi nLenSPRBOReITS # DN dedp Betypicali o gfapiite. and compressed to a high

Vear Wor kpl acenﬁﬁe%@[:@/@'mtl?é@b@M&sfsaﬂcﬂfevh’ﬁén%rpédﬁls utilized and the

Chi pNo. No. mpnpipm mNmpmwmAEX, 1

9. 09. 0013855, 08KhCYessKre Imaintajoed white thetermperayes iptrisesubeby . ashiexns. 027. 00
4. 050. 005. 080. e1815. 247. 406. 00<5<509. 045. 0
D6. 752. 5417. 7899é%g%égﬁg<g%§@g%2p%8’§g% ég%flg’o 321.9011. 005. 00<5312- 36809
. 063. 009. 4510. 1630. 487. 408. 00<5<509. 072. 0010. 82. 5433. 021. 909. 00<5<509. 081. 0
012. 02. 5435. 5B<0. 59. 00<5<5376- 3280' Conp. Ex. 1

9. 09. 001. 355. 085. 083. 7011. 00<5<5520-53609. 018. 002. 7010. 1615. 247. 4009. 027. 00
4. 055. 0820. 323. 7009. 036. 005. 402, 5422. 861. 9010. 00<5<509. 045. 008. 755. 0827. 943
, 7009. 064. 008. 102. 5430. 481. 9009. 083. 009. 455. 0835. 583. 7014. 00<5<5580- 5780~
Wear factor = Radi al wheel wear divided by |ength of workplace sliced



15 14 MAY 2002 WO 00140371 PCT/ US99/ 29024 Exanples 3 and 4, and

Conpar ative Exanples 2-8 The stiffness of grain reinforced abrasive Mﬂﬁ‘ﬂ 2002
conpositions was tested. A variety of fine netal powders with and w thout

di anond grains were s conbined in proportions shown in Table Il and m xed
to conpositi e6woensod?@rmty as in Exanple 1. Tensile test sSpacrARymsa

produced by conpressi. he npoesi tions in dogbone- shaped | ds at anbi ent
t enper at ur e underg‘ﬁ '%E%?i%ﬂ%ﬁg? agmvihqugﬂye 5“’("@’3535"'?_8&3791 n2 ) for
about 5-10 secqjpfsponedits iR®a Shafefoftfling MGd. ThE ¢bMpofetsTahibBafdided as&
Exanpl e 1. The test specimens were subjected to sonic and standard tensile

nmodul us neasur etiiferm d6f sepatate abragiveigraing duetaheqrmpenent rerstityedtar e shown
i Tat ; | 1. i i i . 3 d
In lat;le &il',gé_é %n&@&“)e%el%f cc:jérhﬁorférn%anétﬁlé?\ft g?ﬁig?—:gﬁn % ll?rﬁfo _ an

4) exceeded 15 he 1 ncreased concentration 4 ~ s
boost ed nvdul uslendyearf be fortried byhising anynsuitable mechanidabbléndimgragpbeatasre

I ntegrated intq. t . Ltion, . ln con t , . reveal e hat the
s bona. conpdCPhndfi W 8, brRGe aifidies bf BB arabR BR petiert b BFRSHRd o mrond
dramatical |y regosatiost ilushase mikingl dqaipnyent Gaincllde dobibieedrstublars, t hat

t he di anond enbedded in a bronze bond conposition without an active 20

conponent pr ovitWiisshell Visharad tupbigrs sihbon landers, horigeptal drym tambigrs, gy
grains formerl & %&Vih%rﬁgﬁﬂe fefg Om General Electric Co. which were
stated by the manufacturer to be surface coated with about 1-2 pmthickness
of titanilam were Thedopmstriantiismsmni bepprevadidyad anhintrpducathas brbnze phdiciasg no

operative examiRyERbn s hring aid mehlipadho 1o FitctiBaaiiod "°
ef fectiveness drenzdpdrtitulatessompositionadditidnahcoppes andiop tin patticksss astivesent |

that the titanium Pn t,gle surface was jn carbide formprior to sintering
whi ch render ed 98! PtiGlRs gRd 2BEaSIVEABIREi bl e with the ot her netal

conponents, andlo ; - | i3 " i | i di zed.
Comp. s, 5 and. S S by el e ape L th

di f f er entis conpasior tosiptesing tagppendt.i Thatiis the Bbrasive igoaias ateafves abmetal oof onl y
T o 2O O R SRS GO B B P,
di anond gr ai ns.witfheyeezamplisisg alhoma pbaion of tHe autive nudtalt doenpumedt prdortosi ti ons
expect a1 on ¢ ndteqOicaby pEBaIg ot dir Euesneis oL techniqus San enfance'©
chemical bond formation between abrasive grains and active metal during
20 sintering.
The layer can be of molecular thickness, for example as can be obtained
by chemical vapor deposition or physical vapor deposition, or of
macromolecular thickness. If a molecular thickness is used, it is
recommended to supplement the amount of active metal in the pre-coating
25 with additional active metal in the mixture of grains and bond compossition
components. Usually a molecular thickness of pre-coating does not alone
possess a sufficient amount of the active metal to attain the beneficial results
that can be achieved by this invention.
A macromolecular thickness coating can be achieved by (A) mixing to
30 uniform composition a fine powder of the active metal component and an
effective amount of a fugitive liquid binder to form a tacky paste; (B) mixing

the abrasive grains with the adhesive paste to wet at least a major fraction of

9



s bond does not integrate the dianond into the bond so as to reinforce
thestructure. Tabl e 11 Conp. Conp. Conp. Conp. Conp. Conp. Conp. Ex. 3 Ex. 4F>4<N¥A

Ex. 3Ex. 4Ex. 5Ex. BEx. 7Ex. BCopper, Wt 9%9.50 59.5059. 50 Y 2002
80. 0080. 0070. 0070. 0062. 0062. 00Tl n, w %24. 00 24.0024. 00

20. 0020. 009. $APecla$1 209. 20Ti t ani um Wt 9%4.8. 50 16. 5016. 50Ni Chk¥rusosrzonza

wt %. 507. 5015. 3015. 30l ron, w %3. 4013. 4013. 5013. 500 anond, vol. %8. 80

30. 0018. 8018. 8 th g 8u 8 Wipdhie adhesiympasieiand (C) drying the liquid

220. 0067. 0080. @RHr G@UA L I ; .

60. 0084. 00106. 00103, oogislfpg'gﬁm%il"g?rr%%qggg?se'g%;%t?ﬁ’%c%m%%&%rﬁ%dteéni um

Al t hough speci friadidles mechednically attachad todhe hbrasivieaarains e The paidp dserof

illustration tq in.t | d_.t di i ption is.d i
specifi ot or s TesaptE SRATRET by O b, P Febie Bl SRRl et YKy T on
this descgipti ae praingat lbastamtipgintefing Whish tiid\ehaitiofiebontdingeill irendirtthedn whi ch

is defined in the clains. SUBSTI TUTE SHEET gRU[_.E 26). 14 MAY 2A02 CLAI M5
1. An abr asi ve 3iRe¥NeRiRRIMaBLRly Anvsganyeptinal fugifive liakidtrindersandsrusedve di sk

having a uni f oKgR i abitd. 'Thé@@'glf"m@ﬂ/énfmé’é?ﬁ%a@tﬂeﬁq& iR P %ﬂésimytag

d
essentially of about 2.5-50 . abrasive grains and a conplenental anount
of a bond conpwasataghe baad sompesitiomatelevated lamparaiue preferablywbelow forns a

chem cal bond wi . rasLy [ Al Latering, . j V al and

Cbrasi ve oo nevdidd BrbRaGe' SPl Ml 28k iEkpftho 8 Sl goREs:

g_r aihnr ei Eoﬁ or Cﬁd'hammr\seodidsﬁe m'i?glym;ﬁlmtsgbsmdﬂlyfnﬁméﬂfw @fapbeast 10%
i gher than the asti ¢ nodu) us val ue of an abrasive di of same

conposi tion bu@nﬁ}%@ygﬁyzgdfqrmg %_?%ﬂg wWiputiraving 2 f%&dl@!tgﬂm_@hﬁmrm% val ue

is at |east 10%@??1% fL_?nc{igg%f e BENdY Prifagily e tﬁhé’érrﬁ/iﬂvbﬁbr%' ellow BBo@br asi ve

grains are about O. ~min size. 3. ! he abrasive wheel of claim2 in
whi ch t he el as#00°Godhe bindesakcar be blemdet adthitha padicleswiyosamesmethgplds aeellt he

el asti c nodul uz(nx\gklﬁf_ of .t he same sintered bond conposition free of
abrasive grains. 4. H‘g rasive wheel of claim3 in which the abrasive

di sk congssts essH madtling aficompotiéntd fo be 3Rarged to heddhaplrfamhing nibldcas. S.
The abrasive wheel of claiml in which the netal conponent i s selected from

the group consitydegmisor apioyets ofoptional piegessing @ids sush@sarallpwaxy | zi nc,

antinony, nanga s - . . 5
The abr)altsi ve gfﬂgﬁgliafn"r%hlarf 1%%%[‘3?%@%”&% h} &Ys'iorﬂénlgten#pﬁ?@%d ih e %ra&ﬁ@ér}

i al conponént ‘conprises a neta
al l oy or netal ingsspipund containing a material selected fromthe group

The-abr astve. whodohes e drfiifh o8 £ REMANDE R E PR GOTRIGR S BB clt £ o,
; 23 g r %u p(% ﬁ ? gsig?rgfteglegfcold press wimteringprocessthe madld iconentseambeim tant al um
X .

st t of them 8. The abrasive wheel of claim?7 in
Whi ch the. abr aCPTRTeSERUNARe Rl ARRed Biachan A IPoRia ol AgDer o 4 My
2~0~ 9. The abiafparatur e hb&it 5200 MPA. WHIsEn bR&ssalahasd ddbAihis ar e
coated with a macronol ecul ar thickness |ayer of netal. 10. The abrasive

wheel of cl ai mopetgtiranfor examplgl iGamprressian issgahpmaintaisedfas@oodt5-dbaim 5 in
whi ch the sint i i - : bout
50 < otk ob 11 SeCChAR?ReRATER bRESUI rEROEY. hemdd HhilriOBRlex e 001
of (a), @b) andb éinlering téDPeratire, Which Sheuld reddighvenaughab catisethe bortdl i n whi ch

D ot e e Bbriebe iSRG ARl P BRI Kb Bt T bEIRER
temperature should be at least about 500°C. Heating should take place in an
inert atmosphere, such as under low absolute pressure vacuum or under
blanket of inert gas. It is important to select metal bond and active metal

30 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. Therefore, sintering of diamond abrasive
10



of them 13. The abrasive wheel of claim12 in which the active netal is
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nitride, silicon carbide, fused al um num oxi de, mcrocrystalline alum na)
silicon nitrwda4ér on carbide) tungsten carbi de and m xt upesusdoredzs | east
two of them 15. The  ab i ve .whe of claim14 in.which the abrasiye

Or i ns are di a WA fRURe SSRGS StoHErdte fslv g i ratite, BN
essential |y of polow abs50eC dirkkmulel rbrdidtly Beloiw A4t 067T. 1 Binteiinig Of
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12-90 mm whi cltemperatiie sbewidedield for ardusationgftective tepsinter theobands00 ~m and
hioh e it e . . : na
Bbout 505 i o SEBEAREISNY (B5irliERBGD el iy e BPAEDTE 1 1O

wheel of £l ai mgidins.nSinterity tempetaturedypicallyds mairdainad fédreaboah§@ - 420 about

100- 200 pm 18. .An _abrasi ve wheel conprising a straight, grain-reinforced
abr asi ve di sk HQW 3 a uniformw dth and an aspect ratio of about 20-6000
to 1, consisting |aessefdridd hot pressiiNoéesd; Sortions!are geﬁ&ampineesm&wsorand a
conpl enental amount of a bond conprising a netal 19 r 14 NMAY 2002
conponent and &AldFyessieg gxeant thatipressis ifsnaintained; unti| casppiation efsintBENGbr asi ve
grai ns on sinterj i -ASI i i Lesent in
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the ol asti ¢ moRlRAEIS e ioshed By qoplehtiopalymeibeds such 58 |RDpIGO AP (i ng a
wor k pi ece conpesigedginidhgiosabeletingegnt acti ng the work piece with an
abrasive wheel canprising a straight, grain-reinforced abrasive di sk having

a uniformwidth ih& ?\@Vﬁdﬁgﬁti%ﬁdéﬁﬁ%"wdb%@lﬂ)th\‘/bﬁ]'"tﬁﬂfﬁgqsstf‘iaﬁ@r@‘éeenti ally
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conprising a netal conponent and an active neta rasive grains being
present iih a afaniitatedofmeatianad therggairettinfercad gomiposits as well ad tapravidewseltli sk

havi ng an el asti¢c nmodul us. value aof at.least, 10%/hi i,h t tic
modul us val e SHEAELAR SN Hpigenfd 1 [ bodf de 0T BPrsiE el | Ve
met al and wher ahd d dotnsiemehiat ambdnt ofSintéved dohd imthel shatetedlflodddta. 20. The
met hod of claim in whic sive_di?k further conprises a

h the abr 1
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of about 12- 90WH€bl.aﬂ6’cdr&n&‘f9'tﬂﬁE tf Cé‘al Wé‘&l@%b%‘?ﬁgﬁ’ﬁfé\:tﬁin fid1e CA edlid digkn t he
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the active net | I e [ St i fw?cm
zi rconium haf E«%rlr}lrﬁeof: rfgﬁ]ﬁgrgsé{bgﬂbgpu #}%@%ﬁv%ﬁn@éﬂ{rﬁﬂoﬁgg{ab eés?éﬁ wo of
them and the bdbnsed\e fagmethsarordotediowitu0 Theatlid Gechmique ajois, waste dube

grain-reinforced abrasive disk.has an elastic. nodul us whi ch nodul us is at
l'east about tw“_e:Q"S&%f M eggrqshvg?lgp%ggrgr%aﬁpﬂg(?ﬂ?e f'ﬂt@r%qcalf’g?ed bond free
of abrasive grai Ngpor’duccéBSurimaibnadf acdraindefforced BB bsite Grudira) theonponent
conprises a netal alloy or netal compound containing a material selected

f r om t he 2§r oup abeasivesaraing will contribite ta the siffpesualthe lindeneg a@s stated nat i ons
th f. 22. T t; i i i j i i
i amoter s abebpviqt TIpfondl it abRelioe elcofedhaily f BBITRL T\
100- 500 um anchataetaistiesofteardness, impest Esistaveand the like,dfut disarfond gr ai ns

d i nt d d i Sti tiall f bout - 75 W9 ;
(b) about - 20- s8TReSHRberRR o7 o5 eaBBe oy Sht Rl T et WhIGRRER"! e
total of (a), @hshiRgt b&boirsd BPapartitdRr Wekry, As béifevbdithdt venfdgidh . A { % Ah
A @AA@ . A .As.AU,.A.A%QAh.As.A.A .
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ca] ca] ca] ca] calghpghdththe adivnet thpdhent contribute significantly to the

stiffness of the composite. This contribution is thought to occur because
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Copper powder (<400 mesh), tin powder (<325 mesh) and titanium
hydride (<325 mesh) were combined in proportions of 59.63% Cu, 23.85% Sn
and 16.50% TiH,. This bond composition was passed through a 165 mesh
stainless steel screen to remove agglomerates and the screened mixture was

25 thoroughly blended in a "Turbula" brand mixer (Glen Mills, Inc., Clifton, New
Jersey) for 30 minutes. Diamond abrasive grains (15-25 um) from GE
Superabrasives, Worthington, Ohio, were added to the metal blend to form a
mixture containing 18.75 vol. % of diamond. This mixture was blended in a
Turbula mixer for 1 hour to obtain a uniform abrasive and bond composition.

30 The abrasive and bond composition was placed into a steel mold having a
cavity of 121.67 mm outer diameter, 6.35 mm inner diameter and uniform

depth of 0.81 mm. A "green" wheel was formed by compacting the mold at
12
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the-upper plate. The hot sintered product was permitted to gradually cool to

5 250°C then it was rapidly cooled to ambient temperature. The wheel was
ground to final size by conventional methods, including "truing" to a
preselected run out, and initial dressing under conditions shown in Table .

The finished wheel size was 114.3 mm outer diameter, 69.88 mm inner
diameter (arbor hole diameter) and 0.178 mm thickness.
10
Table |
Truing Conditions Examples 1-2
Trued Wheel
Speed 5593 rev./min.
Feed rate 100 mm/min.
Exposure from flange 3.68 mm
Truing Wheel model no. 37C220-H9B4
Composition silicon carbide
Diameter 112.85 mm
Speed 3000 rev./min.
Traverse rate 305 mm/min.
No. of passes
at 2.5 um 40
at 1.25 um 40
Initial Dressing
Wheel speed 2500 rev./min.
Dressing stick type 37C500-GV
Dressing stick width 12.7 mm
Penatration 2.54 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, commercially available wheel of same size (Comp. Ex. 1) were
15 used to cut 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 Co.,

13
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D2z223\ 344dEbC 1 10{O( O ,s!'10% & ()- f&I0U & ()- $f 10% & ()-

@10% & () -! 3 &ofkodn - 10% & () -447555696dELC 1 10{ QO PCT/US99/29024

3 109 & () - g6 sbatEPAlsNinnesqia) Akiminggitaniom carbide e lpd araphilenans: () -
TG St oA od s En e 199 wl gy
"109& () - >~?7dmarlLyfains in a bond of 53.1 wt% cobalt, 23.0 wt% nickel, 12.7 wt%
silver, 5.4 wt% iron, 3.4 wt% copper and 2.4 wt% zinc.  Before each slice,
5 the wheels were dressed as described in Table | except that a single dressing
pass and a 19 mm width dressing stick (12.7 mm for Comp. Ex. 1) was used.
In each test 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. Ex. 1) and a feed rate of 100 mm/min. and cut
10 depth of 2.34 mm were utilized. The cutting was cooled by a flow of 56.4
L/min. 5% rust inhibitor stabilized demineralized water discharged through a
1.58 mm x 85.7 mm rectangular nozzle at a pressure of 275 kPa.
Cutting results are shown in Table II. The novel wheel performed well
against all cutting performance criteria. The Comp. Ex. 1 wheel needed to
15 operate at 20% higher rotations peed and drew about 45% higher power than
the novel wheel (about 520 W vs. 369 W).
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0
0.0 5400 8.10 2.54 20.32 1.90 11.00 5.00 <5 312-368
0
9.0 63.00 945 10.16  30.48 7.40 8.00 <5 <5
0
9.0 72.00 10.8 2.54 33.02 1.90 9.00 <5 <5
0
9.0 81.00 120 2.54 35.56 <0.5 9.00 <5 <5 376-328
.
CompEx.1 9.0 900 135 5.08 5.08 3.70 11.00 <5 <5 520-536
0
80 18.00 270 10.16 15.24 7.40
0
9.0 27.00 4.05 5.08 20.32 3.70
0
9.0 36.00 65.40 2.54 22.86 1.80 10.00 <5 <5
0
9.0 45.00 8.75 5.08 27.94 3.70
0
9.0 64.00 8.10 2.54 30.48 1.90
0
8.0 63.00 945 5.08 35.56 3.70 14.00 <5 <5 560-578
0

1 Wear factor = Radial wheel wear divided by length of workplece sliced
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coated with about 1-2 pm thickness of titanium were used. Stiffness
improved slightly compared to having no active component present (Comp.
Ex..3), but fell far short of the operative example compositions. Suspected
reasons for the reduced effectiveness are that too small amount of active
component was present, that the titanium on the surface was in carbide form
prior to sintering which rendered the titanium less compatible with the other
metal components, and/or that non-carbide titanium on the 'grains was
oxidized.

Comp. Exs. 5 and 7 demonstrate that conventional thin diamond wheels
with different compositions of copper/tin/nickel/iron bonds have moduli of only
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Although specific forms of the invention have been selected for illustration
10 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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5. The abrasive wheel of claim 1 in which the metal component is selected from the
group consisting of copper, tin, cobalt, iron, nickel, silver, zinc, antimony, manganese, metal
carbide and alloys of at least two of them.

6. The abrasive of claim 1 in which the metal component comprises a metal alloy or
metal compound containing a material selected from the group consisting of boron, silicon,
and compounds and combinations thereof.

7. The abrasive wheel of claim 4 in which the active metal is selected from the group
consisting of titanium, zirconium, hafnium, chromium, tantalum, and a mixture of at least two

of them.

8. The abrasive wheel of claim 7 in which the abrasive grains are free of active metal
coating.
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xt cG <10¥b& (the HBVARfve(Wheet of claim 1 consisting 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, which has uniform width in the range of about 100 — 500 pm and which
consists essentially of diamond grains and a sintered bond comprising about 59.5 wt%
copper, 24 wt% tin and 16.5 wt% titanium.

17.  The abrasive wheel of claim 16 in which the uniform width is in the range of about
100-200 pm.

18.  An abrasive wheel comprising a straight, grain-reinforced abrasive disk having a

uniform width and an aspect ratio of about 20-6000 to 1, consisting essentially of about 2.5 —
50 vol. % abrasive grains and a complemental amount of a bond comprising a metal
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20. The method of claim 19 in which the abrasive disk further comprises a circumferential
rim of diameter of about 40-120 mm, and an axial arbor hole of about 12-90 mm, and in
which the metal component is selected from the group consisting of copper, tin, cobalt, iron,
nickel, silver, zinc, antimony, manganese, metal carbide and alloys of at least two of them,
and the active metal is selected from the group consisting of titanium, zirconium, hafnium,
chromium, tantalum, and a mixture of at least two of them, and the abrasive grains are about
0.5 — 100 pm in size, and the grain-reinforced abrasive disk has an elastic modulus which
modulus is at least about twice as high as the elastic modulus of the sintered bond free of
abrasive grains.

21. The method of claim 20 in which the metal component comprises a metal alloy or
metal compound containing a material selected from the group consisting of boron, silicon,
and compounds and combinations thereof.

22.  The method of claim 20 in which

the circumferential rim diameter is about 50-120mm, the uniform width is in the range
of about 100-500 um, and

the abrasive disk consists essentially of diamond grains and a sintered bond
consisting essentially of (a) about 45-75 wt% copper; (b) about 20-35 wt% tin; and (c) about
5-20 wt% active metal, in which the total of (a), (b) and (c) is about 100 wt%.

20



