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I nportant. For exanple, thin abrasive wheels are used in cutting off thin
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piece material. Ideally, cutting blades to effect such cuts shoul d
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I ndustry has evolved to using nonolithic abrasive wheels, usually ganged
t oget her on an aurmora-titaniune ¢abite puckslis/éxhiainedivesl] in W.5.(RatentiNg. are

axially 25 se ed fromeach ot her I nc ressible and dutapl e
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- 20 the biade, the less waste produced and the stiffer the blade, the more straight

it will cut. However, these characteristics are in conflict because the thinner
the biade, 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.



performance of ganged straight wheels by increasing the thickness of an 5

i nner portion extending radially outward fromthe arbor hole. It was’
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di anmondiegr ai nwhegls; lespeciatly fleose for sottingi dlvmina-titaniurh carbide rempldyl oys, for
exanple, are known in the art. It now has been di scovered that addition of

at | eg¥peRSiKe abrasive rubstrnesmpesitas diamenddheacopbeia ciddRREN on can

cause e 25 ol WBRLHEER AP S8RE M Rl B T

grai n-rei nf or ggRing@NMPosi t e. The very high intrinsic stiffness of
the grains together with the chem cal bond of the grains to the
met al thus proddt:ts desitabia tmbave aytriaightemondlitbic, tmn@@sasxve wheel haviagi ve
structure.
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abrasi ve di sk Eamew ﬁgwﬁyﬁé)aéiéﬁﬁnﬂ@a W‘the intrinsic ‘st"fﬁés@rtﬂﬁth@i'nﬁbﬁﬁlh of0 -
2,500 [err]m ~consisting essentially of about 2.5
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in an anount effective to e .an. el asti ¢ nmodul us
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20 infended for cthting hard materials such as silicon wafers and alumina-
titanium carbide pucks. A variety of metal bond compositions for holding
diamond grains, such as copper, zinc, silver, nickel, or iron alloys, for
example, are known in the art. It now has been discovered that addition of at
least one active metal component to a metal bond composition can cause the

25 diamond grains fo chemically react with the active metal compoﬁent during
bond formation thereby forming an integrated, grain-reinforced composite.
The very high intrinsic stiffness of the grains together with the chemical bond
of the grains to the metal 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 um, consisting essentially of about 2.5- 50 vol.
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There is also provided a nmethod of cutting a work piece conprising the step
of contacting the work piece with an abrasive wheel conprising a straight,
nonol i t hi ¢, woeiose37™i nf or ced abrasi ve di sk having a uni f or m wiPgEIUS9%2902¢

range of about 20 .- .2 r | SLI ti-al -
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abrasive grains on sintering, the active netal being present in an anount

effective to prahrasiegrausaen sintering.the agfive metarkaing presentdn apcnaountsi ve
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(a) providing preselecte roportions of particulate 1ngredients conprising
(1) abrasive grempesition but free of actiy)metalret al conponent consi sting

essentially of a pmjor fraction of ) copper and a jj nor
fraction of tin; g'ﬂ,mgre is also provided aymethad efgytijag ﬁEW@{?( RIBFE RORBFISING: thea

chem cal bond Vﬂtép of %Pgafgé@@hﬁs work piece with an abrAERENFhE¥] o) Orgslrllj%q]gn

(b) mxing the particu gre tsStoforma unrformco

(c) placing thestrHighio Wi rcltHie SyrairtreinforSed dabivhsiveidisk ikadheg at @elforaRidth in
(d) conpressing the nold to a pressure in the range of about 345 - 690
MPa for aodur attherrangé efabeat 20 -f20500 prywbosidtiag Essertiallye)f abaui 2§- Hhevol.

nol ded article fo a tenperature in the ran of ahoyt 500 - 90Q[err]C for a
dur ati on effectQ("v%b"?ﬁ'Vg})gf?ms anfba femplemghish AU r?gaé?,‘?'?q/%o'ﬁt?f'g'lngt metal

sintered bond, . . . .
AVENDED SHEET ddHfip6R¥nt and an active metal which g%r%%)gn%heéwaalabc nd with the =

sintered bond, &brasiveygrains on sintering, the active met@idseihg poesdnt imbanashoentgr ai ns
and sintered bond-into a grain- . . reinforced caonposite;
and effective to@rodeesm an wlpstisengddus of the, grrivsainieead Abrasive disk m
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straight, circula
"straight" meansorhpeésitibh®udfredlofideticék Arsal. of the wheel is uniform

at all radii fromthe radius of the arbor hole to the outer
Further this invention provides a method of making an abrasive tool
comprising the steps of
(a) providing preselected proportions of particulate ingredients
20 comprising
(1) abrasive grains;
(2) a metal component consisting essentially of a major fraction
of copper and a minor fraction of tin; and
(3) an active metal which can form a chemical bond with the
25 abrasive grains on sintering;
(b) mixing the particulate ingredients to form a uniform composition;
(c) placing the uniform composition into a mold of preselected
shape;
(d) compressing the mold to a pressure in the range of about 345 -
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
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radi us of the wheel. An inportant application intended for these wheels is
slicing thin sections such as wafers and pucks of inorganic substances with

10 precigi reduced kerf loss. Often superior result i eved
by %’?@pé‘ﬁl’gg the wheel at high cutting speeds, i.e. ,‘%’ﬁ’%@%&‘of ‘
t he abrasive s eofhrpomenhand rictiee nvatahtotaisintayed boineg ther&bg h

performance criteria and ating .conditions are usually attained

) oper ] S
usi ng wheel s of extremelRfegiating the a%rasweg n$ apdhsidecad kerd iie a Hals

di ameter. Hence, prefer i 5 i nvention prom nently
feature a characteristi i%ﬂfdﬁ@%?téﬁmgé’sfé%té'}dlat o . Aspect ratio is

defined as the ratio of) ¢dutingiheigraihashifercedfconisositads lforhn thelabrdajve toel.
axial cross section dinension, that is, the thickness of the wheel. The

aspect 5 r ENe presest inyeptionsanbeapplieddostraights eirauiar, manalithic 0o -

1200, and nore . efarabl v, ..about. = ul to. 2 The
uni formty of %?@'Vﬁwpggﬁesﬁqa%r elsgglgiﬁa%ggaﬁfhégﬁglagfééhlf:gn%ﬁ?n?fé%
desired cuttinghpaf kQinfieeat 4 BbR" Pethe rAgius f i BidiHRi &P thel Sutbp t he
range of about 20 -.2,500 [err]m nore preferably, about 100-500
[err]m and nogadius of the wheel ekmlshgortaii@pplicatioreitendead fomthase wheelsiisy i n
t hi ckness of |ess than abgut 5 errJmis preferred. Typically the
i amet er of ¢ HEIGRG N REEEOTS Sugves welesipuakS iRoanfsubstEatosilie: or
| s about,;50 - Jellidmmn apd.redubed k?rfT&%.t@f@n?@é?ibl'Hﬁtﬁt"s ﬁ&%fé\)%ﬁtb he
abrasi ve wheel "material is a uniform onposi tion conpletely from
the radius of pperatingdhe Hel tbhighecutiin speads, ileg velocity of thé@blrasiviat i s,

basically the whol e body of the nonolithic wheel is an __ abrasive
di sk conpri si ngprianeisn cantastavith thenwedorigcen Juah pedomANReHeritefaando

o v = BB A Ao BB S .
2,h; ?rgl te he abr aghifim thicknessReid 141§e diardetdr] Wéﬁ@,%@ﬁr&éﬁmﬁé&lkmwsf or
X .

Basi cal Il§, t heinygntien peordinertly featuresa ichaeasteristicatinpighsaspechratio | Agpedt ent s,

The matal  conpdent datiecas Tieayl HHERERUlesSiamate 2E e GngRl Aok HORE" .
hol d the abrasiyal &ross Beclich Hitserkich, ItAgt BhBREthRknESS oMiReWhedheTld Béps@d 5
bond is achi eved by subjecting the conponents to suitable sintering

condi ti ons. Theatipesheuldbeiabou 800 pvefesably labeuh 100~ 120Apandmareat i s
capabl e of reacti.n ith t ur of the abrasive grains on sintering.
Hence, the act‘?r\%er%QWalagSHg% ea"l{@bg@n s to abrasive grains. Furthernore,

the actihye netal 11}% PR of Wil SIBkHYssqS hekt fo/£1igit tolirgREaicahiBvdr ai ns
di1hto a grain-reinforced co

and 10 sintere ond | osite. Consequently,
by j udi ci ousl ydesired cuttiog) pesiorgascs.t Rhefgrablylthe iugifdinh yhieknesd ik imthenragige
har dness abrasi ve grains, _the gverall stiffness of the

abr asi ve- si nt ePfAb®BS 29 ABEPP um.gmeraRiRkrAbly, apaut 100-500 um, and most

preferably, about 100-200 um. Variability in thickness of less than about 5
um is preferred. Typically, the diameter of the arbor hole is about 12-90 mm
25 and the wheel diameter is about 50 - 120 mm. -

The term "monolithic" means that the abrasive wheel material is a uniform
composition corﬁpletely from the radius of the arbor hole to the radius of the
wheel. Thatis, basicaﬂy the whole body of the monolithic V\_iheel is an
abr;asive 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.
4



active met.al conponent chem cally bonding to the abrasive grains during
sintering.- 15 A primary consideration for selecting the abrasive
grain is thavooées7l abr asi ve substance shoul d be har der PEFENI%29824

material to be c . a ; : Y | f | asjve
Wheel s wi || be sHEiAN" HeabGENG disk or S HREnEHcA S el oRelipats)
wheel s are typhsmely absasivé grains 28 enetil éofipbivent and an abtivel nisthbgaraponentc h
as alum na-titanium carbide. As nentioned, it is 20 i nportant that the

abr asi ve subst fihe enetabcormponent and thexaeliver metal fegsther farm a sintered bepditay t o

i nf the struct f the bond. Thi.s additiopal criteryon.f .
ol ecti on of -t Ruddbe HFasve oSS T Bhe drhiled Sans B e ShEL LA shifbrefar «ne
el astic godul ugg iéQ&ié@é@ﬁg;é%gféttﬁﬁgﬁﬂé%ohﬁodﬂ&@fo s@tbl@shitefind! V.

significantly higher than t sintered bond. Representative hard 25
abr asi ve subst emditiohsir Thederm "adtive metadhineans arcelsmert lor edmpauadathatisi ves
such as di anond and cubic boron nitride, aF&@(r)t her . hard, abrasj yes such as

silicon carbi deapahle&i f%@iﬂgn‘ﬂmgﬁ gurfacg e @Q’Eﬁ!vﬁigfé"}%%? M| i con
nitride, HenB8' fﬁ%ba?&f\}é'rﬂgtaigﬁea%ﬁl@;ﬁﬁdﬁ%ﬁ%b&&%\#ﬁzﬁﬁ&?% efnol&ast

two of these rasive e use S preferred.’ 30

The abrasive gfit Aty Rett i ptaserit il b athduntiffeetivatd intégratethe gréies and
particle size of the grains for wheels of up to about 120 mm
di anet ertogener sintgredimnddinto a grain-reinforced composite. Consequently, by judiciously 5

be in the range of .about 0. 5.- 100.[err and ef er abl bout .10-
[err]m The choosing 6?"5?&@ %9'2 é‘g'fdél& %‘&gtl as 6‘!’96)&? S8 i%ﬁ‘@?’gg g&%{'hgbtzj%
proporti onat el ﬁvél%rll%‘ﬁ?fness of the abrasivED§int8edbop8TARRNS ephahbed byrwent i on
can be a single netal elenent or a m xture of nmultiple elenents.
Repr esent at i veaeliwmetsl compariend chemically bhondihg $o the abrasivevgnainsoduring| ude
copper, tin, cobalt, iron, nickel, silver, zinc, antinony and

manganese. Exaﬁ'ﬁ'f‘%’;mgaf m xtures include copper-tin, copper-tin-iron-nickel,

ese. ExaRpl@® mixtures i ncl -tin, copper- n-
conpounds such o RURHY SPnREEFRlortiof SelEiREThe Bbfiefye ARIMTPMA T

tant al um car bi gprasivglsabdtanse eholdi be harded tharetral material 46 be dut. Waserlly e 10
non-netal li ¢ conponent typically enhances hardness of the netal or

depresses the Abtagivegrainggf thinpbrasive whegls wi becsqlectes\feamaiery Barthg
{emmerature and e by BUgl 5 IATViE 96 5L RSN G S ATRE SR
i ncl ude ni ckel harPRfiteriHS $R6R 8- Aumindtitanith caffidle NiASw@lentioned)-iisl i con, The
15 nmetal conponent generally is provided as a snall particle size
powder . ZDhe important that the abrasive substance also should have a sufﬁc@ently high
rigidity to reinforce the structure of the bond. This additional criterion for
selection of the abrasive substance normally devolves to assuring that the
elastic modulus of the abrasive substance is higher, and preferably,
significantly higher than that of the sintered bond. Representative hard
25 abrasive substances for use in this invention are so-called superabrasives
such as diamond and cubic boron nitride, and other hard abrasives such as
silicon carbide, fused aluminum oxide, microcrystalline alumina, silicon nitride,
boron carbide and tungsten carbide. Mixtures of at least two of these
abrasives can also be used. Diamond is preferred.
30 The abrasive grains are usually utilized in fine particle form. The particle

size of the grains for wheels of up to about 120 mm diameter generally should



powder particles of a nmultiple elenent netal conponent can either be of
I ndi vi dual - el enents, pre-alloys or a m xture of both. - Due to

the active r’@ég)blé&g onent, the sintered bond chenically attg‘g&’ﬁﬁ@”&@éi ns- _‘

to the abrasi ns rather than nmerely enbraces them Hen

20 of the bevflthe agiigey 6f ¥bdGralsd,100Nim, ahd peéferabefout 40-3E L. EFREt ed
to the work piece with greater exposure than could grains of

non-acti vel y b@reied size for whegiseel largesdtiameteiganyhe pposiionstelydagerbond
conpositions can e used. These . . features provide the advant age t hat
the wheel i 1 cullne ek eBg et this davertion 3h BE R sindls rigial lnerii =
therefore, 1o A{gRPé Bf ﬂ%ulﬁ;ﬁé‘é@éﬁﬁ@\“ﬁie&@@é#ﬁﬂ%%@m@ﬁts suitabRPRPUSEif this 2

preferred conposition for 'a metal conponent that produces a
rel ativelsy sof inventidn include copper, tiBpcolzaltyitonl nindxe‘p(sﬂmrt zivic, anfimeny taind,

ToeL o . T 6 B L o apainote onbrtn g R ed
I e R

30 wt % tin; andompdundselieha cobaltauhgsten-caribide! ahd aRkel-capserZantitony-% ti n.
As the bel ow description of the Prepar ation of the novel actively bonded
t hin tantalum carbide, and alloys containing non-megals can also be used. gheasi ve

et el o B e phRSATE She  BOR Splanstp oS BRHETHeRAE "% . e
metal conponengehfessBe RS nictal mBRGiteRiperdtireviich Aklps! IBReFBirtéring

conponent of the sintered bond and™the abrasive grains. That i1s, ‘under 5
si nteri ng condtemperatureranchtherretey awtid$ dahmagedofdtiamiony fudnh lexphsunegodiigh
conponent to form 'strong Si r};ered bopd, and it shoulg regct with
the surface of {amReratures. Examples PEsYch PAR-Mefar-GORAINING, gaMPoUngs Apd alloys

therew th. Sel ﬁ%‘d@n@ﬁel@tﬁp&%?ﬁ% ar}egle-silicdﬁei?@ﬂ,cégfrarfpmel@@lfﬁortﬁ RiteRe"fhe

| argely on the conposition onent, e conposition
of the abrasi veegalatamporsed geinetalyiis pravided &5 @nsmall particlerezeqmavdent iThe

materials for the active netal c onent are titanium ] i rconi um
haf ni um chr onPRWEST BRTIIER R M URRR Gleserimatal CaReonEnkCa eitherhe o
In a m xture, ﬁllaﬂli&gélle\{gmgﬂ{g)gg‘%?gggé% SnikRife Bepsgep! i ed as individual

met al particles or as taniumis preferred, especially in

connection W th Due to thecagtiverméiah comipahent) tino sisitéredrbrdi ciamidathp attachves 15
The active conponent can be added either in elenental formor as a

conpound of netciheRRraniye-giainsvathes pmerrely esperscss therandirnge. the griten
and t nudbbecongbis e ap e it M BRRGE WisB Lo bR ke e O O
20 s br e O o oo | of e e eosoang . oer
presen aniumis adde conpound form e conpoun
shoul d be wheels. Additionally, softer sintered bond compositions can be used. These
features provide the advantage that the wheel will cut more freely with less
tendency to load, énd therefore, to operate at reduced power consumption.
25 Copper-tin is a preferred composition for a metal component that produces a
relatively soft bond.
For a metal component of copper-tin, generally a major fraction (i.e., > 50
wt%) is copper and a minor fraction (i.e., < 50 wt%) is tin. Preferably the
copper-tin composition consists essentially of about 50-90 wt% copper and
30 about 10-40 wi% tin; more preferably, about 70-90 wt% copper and about 10-
30 wt% tin; and most preferably about 70 - 75 wt% copper and 25-30 wt% tin.
As the below description of the preparation of the novel actively bonded thin
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capabl e of. dissociation to elenental formprior to the sintering step to
perm t - the titaniumto react wth the abrasive. A preferred
conpound f or wioai0/40371 titaniumfor use in this invention i 2CTIUSAN29R4

hydri de, Ti H2, ' ' ?\thli o LAV out
500[err] C, ti tgﬁ%ﬁ%%ﬁ%ﬁ e clf%%bg%'?‘apgsmte (’galtclo ni urﬁ@%gg@élry]asﬁﬁ) F@%?‘%é@%
Both the netal wige en@ilifactninliproessssinging particlecformat al conponent s
preferably are incorporated into the bond conposition in particle form

LN par, T
particles shoul d The@ctive metal gempenent isichesen forggmpalihilty with bethrthe metal

concentration throughout .the sintened bon n ' 0 t. W t.he 30
abrasive grai n§°quqW§H§)|f ee?'@nhed?gﬁ? dt@%@e%%gggﬁ%ngf @r’%\%’{%rt o the
g rains. ech ne pafdtbhh§ ToRbitiBRY! (ReBAVERRSIP ShetildaRMstfy 4tH m(?rrhgta%emponent

Particle size &b fornearsitang ginteded boodpamd itdhioidhiaast with the Isusiaice @f tihe:
particles through a_specified sh sjze sjeve.. For e | e,.

nom nal 44 [ er @PFASHR igl'i%'gﬁ toforma Chﬁﬁ?'?ﬁrﬁ}‘ﬂ'@s%eﬁwms Se{e{q;ﬁguéﬁ?ggggqul S.
standard nmesh gj Lo tively
bonded thin_ abl A gomponent gan deb@%@%{%é’&?ﬁsﬁ% é‘%@@gﬂﬂﬁ@‘%ﬁ%@gﬁ? 45 -~ 75
wt % copper, abegimpbhentthevddnpogition of the abrasiveadralnis, and sifteribgconditions.

metal, the total adding to 100 wt% In a _ particularly preferred
enbodi nett, t hKepresertative anategalsifopttieuastivagmetal compongaharei@diumy ef er ence

Is given to incorporating the ti ' n [: e f
titani um hydri &H’CBW@'S}?%BWQQF?'%@%S%@%%B&%’E& ph%u% 8‘::%5 Ig?smog#;t%g{
of el enental tijhahpiu@)thd BEAE EoMmPYHERIRtEs 8hh betsippied HRAhaRIdE metal
However, for sake of clarity it is noted that the conpositions stated
herein paefices o astalloyst afitanumprie pesferrednespacialhein gansnection il cat ed
ot herw se. . The novel abyasive wheel is.basically produced by a
densi fication [FORPELtn metal COWnFﬂéa%%dm?'Egab@ﬁ“@'pr ess" or "hot press"
types. Ip.a cold ?ﬁ&%%tiﬁé%%ﬁﬁ%neﬁ?c?n bk QBN eléthentaf fbriPords a
pressurel ess sintering”, a blend of the conponents Is Introduced
into a nmol d of cdespoed! sfwaptaland rorhactivepcaeponent elements. Elespgnitaktitaaiumoom
tenperature to obtain _a conpact but friahle nolded arti

le... . Il
the high pressUpacisvilihwater-and,er W%JO‘S&SM@WH‘??%&%@GW dioxide - ig

lieved and t | i) e - : d to 20
(el eved and | L ASbARIds) aliop BTBYEL AT SRS R RGBS, (0 20

nmol ded arti cl e THergfore sadding @lermental titzdidim ¢ fesstprefeaptert when watepveoxygen
pressure than the pre-sintering step pressure, i.e., |less than

about 1020 MPa, iapeesent. If titapiust isradded incspmpeiind fasethe gompaundishosld bg can
al'so take place un%?er of dissociation to elemental form prior to the sintering step to permit

he

capa
the titanium to react with the abrasive. A preferred compound form of
titanium for use in this invention is titanium hydride, TiH,, which is stable up to
about 500°C. Above about 500°C, titanium hydride dissociates to titanium

25 and hydrogen.

Both the metal component constituents and active metal components
preferably are incorporated into the bond composition in particle form. The
particles should have a small particle size to help achieve a uniform
concentration throughout the sintered bond and optimum contact with the

30 abrasive grains during sintering, and to develop good bond strength to the

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



vacuum During this |low pressure sintering, the nolded article, such as a

25 disk for a thin abrasive wheel, advantagéously can be placed in a
nol d and/ orywo oo/40371 Sandwi ched between fl at pl ates. pCT/djgygggdmt )
press process, the blend of particul ate bond conpgsitio onents

is put in thePaslicle sﬁﬁp‘i’fctﬁﬁmef@f PeVEBs ¢an beﬁietsraﬁm@yé'@teﬂeg ﬂwehpgw

S0 R i pRublE pedRE FRSn AER REFE FRRelcdfple ARk £ b é@%ﬁw cby

achi evi ng particléiewil passathreuyHQi3ng 1 158 shirkfapd Mdsh siBder pressure.
An initial step of the abrasive wheel process involves packing the

conponent s i nt o la apegferred embagiment the laetmjynbondedihmaebrasvaddeI as a

par (1l ds. and CAPTGES RETEABABLACAO RoRa 7B caapeh apaLt 2825 Wil by m

bl end can be bagrpb, ey @Wﬁwnvé%étép'tﬁe f@ﬁh@dﬁlﬁglto'%béf%ﬁwglrﬁé’par atus

known in the art to ble a mxture the grains and particles in

presel ected particularlypreferréd embobirherst| that aute/ermetaigs tigmiymews can incl ude
doubl e cone tunbl ers, tw n-shell V-shaped tumhl ers, ribbagn
bl enders, hor MaskEREd dP[ﬁf?rteDﬁﬁI'%Q!é’e”éﬁdﬂcorpmat'"g the Sifanium corapRAentimthe nal

SCrew m xers. q?)rﬂm of titanium Egﬁn&g PRRS sAGR &Kgret%hg tﬂeefw Ef RS WS%IWQ

i ntroduced as Dronhze parti er op ron 1 ) i ni ng
and theg bl endf slenentdintithpium tid dtatigekhydride usuallpcanie megledted! at e
conposi tion, additional copper and/or tin particles, active nmet al

particles andHeweyer.fer gake afclarity it is noted thatthg oeawasitionssinteshersin t he

i nvention, the .ab rains are uncoated r Lo sintering the
bond o | oref@Plo et e BsBhE USRIy Pl othéridd!' £ LS
surface. Anot her‘l’lﬁi"ﬁé\%l%’i‘ésﬁé‘b\)hﬁd R'pdyi @bll?ctﬂbd@&ed B? aaderﬁs‘i’ﬂdéﬁoﬂrp%éﬁss
with a layer conprising all or a portion of the active netal conponent

prior to of thermbalied:'é:lolkyptﬂsehdr Hg)ta:lrESsi'ftypma koasoldepriess progess,

t echni que can_enhanc emcal b rmat,i on bet n abrasive

gr ai nsqénd acPFRSIORA q'é(l refﬁijqﬂj’ % pressge%sérsilrﬁsrmg 2 bie dW?ﬁ‘el'he | ayer can
be of ol ecul éélggﬁhéﬁfs% ?ntr&ﬂfceﬁﬁ Frolé of 88siR& Sivak BRA a high pressiife is
chem cal vapor position or physical vapor deposition, or o

macr onol ecul aappliedairesm tdnﬁperatmbdotdbwlnmampms)utsfnamednolded iasticle.

recommended to su eng t he ampunt of actiyv in the pre-coating 25
with additi onH?“ m?eh'ﬁétpé?sq%et'gn@b%‘@(? P Qﬂ% Wé\ ngugﬁﬁﬂ“&'}ﬁﬁ E@ﬁﬁ%q '?l on -

conponent s. U@%hé nef@gﬁr@hﬁ‘% o?&eighﬁl@%%nfbfveﬁr%nq‘ﬂ?émﬂdﬂ?ﬁg %%%ef OoNe

possess a sufficle e active metal to attaln ci al

resul t 20 sintdringf teeiperbiirac Mhewratihy fonsinterimgavdrivizily is done while the A
macr onol ecul ar thickness, coating can be achieved by (A) mxing to 30
uni f or m conpoBioldeshadicle isergsswizeddn anaed ges\AEMsPREre:io IVETtPrassHran

than the pre-sintering step pressure , i.e., less than about 100 MPa, and
preferably less than about 50 MPa. Sintering can also take place under
vacuum. During this low pressure sintering, the molded article, such as a

25 disk for a thin abrasive wheel, advantageously can be placed in a mold and/or
sandwiched between flat plates.

In a hot press process the blend of particulate bond composmon
components is put in the mold, typically of graphite, and compressed to a high
pressure as in the cold process. However, an inert gas is utilized and the

30 high pressure is maintained while the temperature is raised thereby achieving

densification while the preform is under pressure.

!



effective .amount of a fugitive . liquid binder to forma tacky paste; (B)

m xi ng - t he abrasive grains with the adheS| ve paste to wet at | east
a maj or fracWPAy4e¥1 PCT/US99/29024
the grain surfaceppifflaVite otfm’e aRRNRh g liquid
bi nder, usually with heat, IB' | eave aer es?gﬂ& ?é’é"ﬁv()afee&s%é’ed%fr{é powder

parti cles rrechaqnmmlnle;ntam:aarsdsﬂp'ecfotmmgahohs|'Dhae gompnaenf’émrpbemed(és a

nmechani cal attac s, to naintainh the active netal particles in
proxinmty to ormﬁ’ll?é’qg?%‘?%a@?e ?W&ﬁvetﬁfﬁlﬂs meﬁ@bﬂiqrneomrpqwtmm cal

bonding will m_ﬂt i nal
fugl tive liqui EQ& d%?ﬁ%gﬁu emuest%@ﬁérﬁﬁ co?%pmt%ﬁgaéglsdﬁy ?ﬁ'g “ﬁ@'f‘*ﬁ%

"fugitive" meabkeridedn bedoimetibyl ueinddsry Saitablé enddhanidal bIéhdlng apparatygicat e
the bond conposition at elevated tenperature, preferably bel ow

si nteri ng t enpkhewnrie the artip tiend asaikire aif he grams and panticles in preselected

Conp et el y.evapeamtoh. iitls3Ve idh Sitinmentoin heiPesonideicopeiimiae. ©
| eaving a resi f#f- éH@ItVJEhEBéd 'tt%ﬁfé‘r@ﬁ@obon %Iepders""'hbﬁzéﬁ't%l Hm?ﬁrturﬂgbeﬁ‘%rér%

bond. Preferably the binder will vaporize ow about
The bi nder canstaélonamslwl/mematmewanbaem es by many nethods wel |
known in the art m xt ure of corrponents to be charged to the

shape fdfning rmIU“?:ﬁ?Pper and fn Fﬁﬁlb@déren? loyed atshiptredeced geibspnge pagisiessi ng
ai ds such as pg Poyeérbﬁ%fvmclu des comﬁﬁﬁ&%’& theﬁ%ﬂeﬁc{n%t@hﬁﬁéﬁﬁ@ %’toc%nare

customarily e he abrasives

the uni f orm bl lartﬂ"nzespam:etullateraﬁlompt:s|It|6nCékﬂ’clhtl@«iblldﬂip?eﬂaﬁ;dldréliihI parfigles; adtive20
a preferred cold press sintering process, the nold contents can be

conpressed W tmeé&h@am@asw@pﬂhrawe@eMm cal pressure at anbi ent
tenperature to a pl at [esSs,can used for
operation, for ejﬂtﬁ)?géé Qg@gﬁgﬂfﬁ 'Ugﬁ%fq t'ﬁ%?ﬁf%ﬁ“??eﬂ@%? aEﬁ)UB‘EO e§5
seconds,jsaf t er pibi R sifefmgUhe biohd! emaet\f@c{heﬂseamlf graﬁﬁé‘ta?é‘ e%f‘?ncﬁt%l‘&n
rai sed 25 to sintering tenperature, which shou enough to cause

t he bond theircgurfans. t Anotheo ethbesiirhgntocalisrfot prebmats@ﬂ*teeabnasivlexgranm

| et el Th t t houl d b I t about
500l err ] Hoalltich EHBLFAMPHRSAILGICA PRTAR of hs Setve ARtal cmBaRRL I dach

as _under | ow aRghdhRaly BRSdiRy 4REFHHE CmbBAEts. This techMqiREin BhhAAGS !

gas. It is inportant to select rreta active net

conponent s whi cirerdizahbond éopmatiorsbetiveehrabrasive grainsiagid activeanstaldesinghat
abr asi ve grains, are adversely affected. For exanple, dianond begins to
gr aphi t i2e abo¥B&BYut 11 00[err]C. Therefore, sintering of di anond

abrasive The layer can be of molecular thickness, for examp]fg 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 composition
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



wheel s shoul d be designed to occur safely below this tenperature,

preferably bel ow about 950[err]C, and nore preferably bel ow about
900[err] C. Qg\ordosrig terrperature shoul d be hel d for parfigsaidedn
effective to sinter the bond onponents and to sinultaneously

react the act ﬁ%glﬁ%ﬂﬁumﬁﬁrﬁﬁy@ﬂhéﬁd&@s'@ paste;and ({2). drging: teiligyid

o pret er el Wl R Boak 96 bala Ritle Bhp Adbameta powelha 55" o

col d pressi ngpauides nidthbnRiafly GHEEhéd taHeAlsraBR@ gHalns! ﬂ@pb@idserbfof

sintering. In either pressurel ess sintering or pressing, after
sintering, theenhianicalagtacbhment is tovmat@tamcshaaptlmmett@mmﬂdeenmpmmmftynéo

Si ntered prodycts are pr.oduct

convent i%onal ﬁﬁﬂfﬁi@s §L%?sg§"i"aﬁ5'§leﬁﬂgt"‘6'edbtth§| Ghemica ondi ‘% %?m onal

tol erances. attachment geﬁﬁﬁné’&o‘ﬁw VePfiBHatu Ftﬁé'hﬁﬂloaﬁ‘igdgon%h Be Jéé'ds

|ntegrates t he abrasi ralns |ntot e sintere SO as

form a grain- fa@ithegastel THeieos fegitive)' méans thdtake Ilquﬂtmndmmmtmmﬁtyﬁbe
grain-reinforced copposite as well as to provide we posed
abrasive, it P"S‘C%?éf‘@ QQS"Q@%t'%beU?'eZa dtestpevawure-%rgfﬁrabiyv@el@m. ns

and a conpl eng jﬁ%“"ﬁéra rery it ﬁ&t%‘\gﬁéés]yIﬂ@a&[ﬂﬁaéesqnt@hﬂgg:‘?ﬁcess

The preferred a ra accor I'ng to t

wheel . gccor dTRglbindéhehduld bealuffisrértiysnasieits substantallycshpletély svapdrate! i d
di sk 20 mol d can be used, in which case after sinterin a? a central disk

portion can band/or pyrolyze giting sintering witheutleavingra fasidue 1y avight intesfare an
annul ar shape rhor .hol e

The I atter § onitftnasCaianaf the bond fRRetaby he'ddt il yARprgS biow aBble"
abr asi ve- | adegog&s! "mle HRE&! &h B& bl é?\%e%i'\ﬁlg? Sigles b many methodﬁ&%&

successful formation of a gral n-relnforce 03|te truc
abr asi ve grai ksownlih tte®attri bute to the stlffness of the wheel. Hence,

st at ed above, it i. ortant that the abrasive be sel ect not
only fdf traditigumixture of corgﬁam%?é? §>§tqf@§9%ﬁ' o hegghane formingmo ftﬂ'mtance

and the || ke biiqivitor dihounts gf opthaldrBESSAY ARR AR Falfhplined bY

el astic nDdqus or exa ound by a

particul ar themmwaut argd tmbIsti%ﬂ'dtdWhi‘ch\/a?e)custmahl?@mploy@cbrrﬁﬂfievébraeﬂvbsC| es
integrated into the sintered bond by virtue of chem cal bondi ng
with the actiipdusYal conponent contribute significantly to the

stiffness of theySompas)ifirm BleRaTOBHpAML! P iarb R HRDT: 4TS Hol@ o

11
20 a preferred cold press sintering process, the mold contents can be

corﬁpressed with externally applied mechanical pressure at ambient
temperature to about 345 - 690 MPa. A platen press can be used for this
operation, for example. Compression is usually maintained for about 5-15
seconds, after which pressure is relieved. The mold contents are next raised

25 to sintering temperature, which should be high enough to cause the bond
composition to densify but not melt substantially completely. The sintering
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
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stress |l oads on the conpasite during operation are effectively transferred
to - the intrinsically.very stiff, abrasive grains. It is thus
possi bl e by YWOMMPFE of this invention to obtain str&CHAISI29024

actively bonde | | | S
con l/\é nt ?/o nal V\/?i\(,aiélgs@ 8?82'23%%/ ﬁte%YP @Eé\ 2% ts’eaﬁfh%fﬁﬁ’vbe‘f'°"m'é'§| %Hﬁeégfugé,r}?rgfeur 8 8 l{y ul

for providing heiewabeat 850tCtandimbre pssferdiilp peltov wbbiit 90090!" tigtering
sacrifice of kerf loss relative to traditional straight wheels.
The stiffness &MPREAMHEY Ehouldiesheld fona duratiesuefiedivednisinteethe bond

fhe o oo o] Sfoholt pid W BRblE R hERsR e el W FERETRERR, e
than the 510 grahgs Siftefig\tetibePturd BioRidly a8 MbiRGRtbRIRBRENSD -ANe

(i.e., netal _ conponent plus a conmponent
grai ns) and al smnttes. at | east about 100GPa and preferably at | east
about 150 GPa. In referred enpodi nent, the elastic nodul us

th
of the wheel is a né)gééfgarrggmtp[ pracess, cgn s e ganaraiethessameasdert he
ot 1 bond s . R ¥ -
ety ot ogby CoREpRissiy Sk iktHESeurd I maintained'thti oMARA Br &Y.

t hereof, wher eimeither pressatdiess\sinteringdordastertessihy, #ert sintering, the molds are
proportions and percentages are by weight and particle sizes are stated by
i

U S. stalfdard {oweredipambientteraagrgtureiand thal sintered pragucieahreraoedredbar e

not originally ' kLn. Sl .uni ts have been.converted to Sl units. 20
Exanple | p%)élﬂhg%?%Bﬁ@ﬁeﬂmvﬁgﬁﬁﬁgﬂgﬂ?psﬁ%}"pﬁﬁ/\!@@f""@é@éﬁ’tﬂ@s h) and
titani um deshed dirdensicRabtolBaheesd\er e conbined in proportions of 59.63%
Cu, 23.85% Sn and 16.50% Ti H2. Thi s bond conposition was passed

through a 165 neshhe above mantminedesintesing @indsmoreting thus ietegratesghecieasives

ixer (G on M BTS i o Sipiepon. 5 a8 6 forn 8.3k feinrossbeamaeta, fo
Di d ab i . i . b , . . i-
vor thi nghon. - e Camiehial v s Bin-Teipkye6h Chmnostte as PS5 BBRE e

cont ai ni ng 18. exposed abrasiveliitispneferrelits usexdbout 26:s 50lvond®dabrasive grains
Turbula m xer for, 1 hou[ to obtain a uniform abrasive and bond conposition.

30 The 2863697 Rlementabamouptolsintares bpad inthe soteredpradusteel nol d

havi ng a ' 7 ol . .35. i_mner. di anet er
an\(;I ugi form fﬁéfgéég?ﬁég%%%ag\ie %l%XES@&W@’Fﬁ&gQ '% ﬁé’&gﬁl\}e
conpacting t hewtielell Atcordin |¥1, the typical mold shape is that of a thin disk. Aso[}_c%gisk

anmbi ent tenperature under 414 MPa (4.65 tons/cn2) for 10 seconds.
green wiel wa§Qldgraude Bseshin mbhictocase after sintering a cemtsal[disk pationdm=n be

removed to form the arbor hole. Alternatively, an annular shaped mold can
be used to form the arbor hole in sifu. The latter technique avoids waste due
to discarding the abrasive-laden central portion of the sintered disk.
Upon successful formation of a grain-reinforced composite structure, the
25 abrasive grains will contribute to the stiffness of the wheel. Hence, as stated
above, it is important that the abrasive be selected not only for traditional
characteristics of hardness, impact resistance and the like, but also for
stiffness properties as determined by elastic modulus, for example. While not
wishing to be bound by a particular theory, it is believed that very rigid
30 abrasive particles integrated into the sintered bond by virtue of chemical
bonding with the active metal component contribute significantly to the
stiffness of the composite. This contribution is thought to occur because

11



vacuum for 2 hours between horizontal, flat plates wwth a 660 g wei ght set

on t he upper pl ate. The hot sintered pr'oduct was permtted to
gradual |y cgeeols8s715 250[err]C then it was rapidly cool ggptoomaihsent .
tenperature. The eel was ground to final size by conventional

met hods, i ncl §dias§ loadsppdhe composite dunng opecatiareaieceffedivelydransdersed t t i al

<l 2o wae 114, EARONbiGARG SN B i i thus possiBRSh hEACBRE B DCT

hol e di anet er )thﬁﬂﬁv&tﬂe?ﬁtdﬁbtbm éﬂ%ﬂ@ﬁ activély bonded thin abrasive wheels that are
n

Tabl e | Truin ditions Exanples 1-2 Trued Weel
Speed stiffer than conventional wbe@s of equai thickness. ﬁ’daemova! wheels are

100 nmm ni n.

Wheel g usefu":légro Snﬁ){y&gﬁé %rfelﬁeg% Clfseand less c@qurag Mgﬁhdpp further ng
silicon carbi fi el 2.65 mMm Speed
3000 00 car %‘%crl ice ?ﬂéé’ﬁve?ér S% relative to traditional straight whgs%‘1 2 0o, Speed.
passes aThe stiffpess of the novel abrasive wheel should be enhancedt 1 25 [err]m
40 Initial Dressing Wheel speed

rev./mn. com@ggamg relafiye to convent%nal wheels; 95@ ereferoed g;ynbodlme@, thai ng
stick wdth elastic. mgdulusjo%ﬂze Utively boﬁgggtab?ﬁéi%g wheel is higher than the

2.54 mMm
12.00 ¢ eladteariptgiué citide me%ﬁdidﬁdecdﬁiﬁéﬁérﬁshlone (le metal The novel

wheel manufactured as described in Exanple 1 and a conventional ,

commercial ly @wmpmrrépi/usemtuvefmgtalmomp@aentfoa@of ghrasive gkains) and also is
at least about 100 GPa and preferably at least about 150 GPa. In another
preferred embodiment, the elastic modulus of the wheel is at least about two
times the elastic modulus of the sintered bond free of abrasive grains.

15 This invention is now illustrated by examples of certain representative
embodiments thereof, wherein, unless otherwise indicated, all parts,
proportions and percentages are by weight and particle sizes are stated by
U.S. standard sieve mesh size designation. All units of weight and measure
not originally obtained in Sl units have been converted to Sl units.

20 Example 1

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 blgnd toforma.
mixture containing 18.75 vol. % of diamond. This mixture \{\las 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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15 used to cut nultiple slices through a 150 mnmlong x 150 nm wi de X
1.98 mm - t hi ck bl ock .of type 3M 310 (M nnesot a M ni ng and
Manuf act ur i NP 40371 PCT/US99/29024

subsi rave. et enee {irdor i Rd ShREBE 67 O By o
i amond g i nyichnriyheaKly Y réoled Rl finheskdl  B50hC. ddach 1 %

silver, 5.4 ww% iron, 3.4 wt % copper wt % zinc. Before each slice, 5
the wheel s wereaaiiuss §ar heurtesetwieeacharizontdl) fiati platesapith alG80 g vesighfiset on

B 1) was uselteUbber piate; headt vitlered pediit w2ttt 10 atadiat ol
\?ﬁtegleegpge 2’3 m”;’i@éi ggg%og w/a@q'apldly cooled R?%g%tgeﬂtf te%rg&r%%e& &)e ' and

a feed rate ofgrbRRdelfinalsizansy é‘dﬁveh‘ﬂonal megiide, ﬁfcll?dlﬁé"ﬁﬁh‘ge't@am' i zed.

The cutting vvas cooled by a flow of . 5% rust inhibitor
stabilized denmneeemdtedawn/\auteland.:awahdr@@anmgmndgmoadxtlons shown BETabte)l. 85. 7

are shoan i n Tabi 6@ TnishebWREGLF Zares 1 HLABFeuergiameter, 69 8B R AGET a1 |
cutting perf oriBRRAeL{HrbSF héte diifefaTBng B17d mifiefbigRded Lo iy

operate at 20 rotations pe dre out hi gher power than
t he novep wheel (about 520 Wvs. 369 W.

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 112.65 mm
Speed 3000 rev./min.
Traverse rate 305 mm/min.

No. of passes

at2.5 um 40
at 1.25 ym 40
Initial Dressing

Wheel speed 2500 rev./min.
Dressing stick type 37C500-GV
Dressing stick width 12,7 mm
Penetration 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 muitiple 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



14 Table 11

Cum ] ) ) Cut Spin

Lengt h ' i St ht -

Slices sl i NQOUASTL ol ear oo O pcERnome

Cum mAianerpolisuiinneseta) ah{n@lnaitltammcaxbk& Qlugdmapgraphlte No
{\Ig.r r mm v\,shgs{r%{n Thg[(gomgnbgg 1 yvl{.pgl c!:g\pggltlongnl%ﬁg 18]{3n ok §o 14/% ;.%n

<5 0 0 00
900 5 0 0 dJamong gralng in a bond %f 53.1 Wtd &gbaﬂp 3320 g@%orggk(% 6% 7%@8 00

5.08 0. 00 silver, 51 wd% iron, 3% wt% copper and@ﬂv&%zmc Before ea&h slice,
9.0 36.00 5.40 1016 1524 7.40

0 5 the wheslpwergsdressed asgipscriped 7r3Table11 e.)g:ept that@ gogle drgssing

ﬁ 00 5 00 pags agg a 1% mmgvglatlpdpe%s%% stﬁ:k](gz 7 fore for C&‘Rpgéé &&Bg%ssd

300132 88 4?0 !rg3 eécﬂ@est th% a%r&é.?ve wheers5were moﬁﬁted betwegg two Metal supporting

0 spa0e1810f0m6 92 nom 021t64d|am:e$r56Nheel<sp@d was 75000ev lmln <5

;i 00376- 332 (9000 reég/min5%5%8p.%x. andoa feecP ate of?’fao mm/m?n and cu 3.70
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 nozzie at a pressure of 275 kPa.
Cutting results are shown in Table ll. 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 . 9.0 18.00 .2.70 .10.16 15.24 7.40 0

9.0 27.00 - 4.05 5.08 20.32 3.70 0 9.0 36.00.
5.40 2. 54 WO2p/4601 1.90 10. 00 <5 = <5 PCT/U$99/29024
9.0 45.00 6.75 5.08 27.94 3.70 0 9.0 54.00
8.10 2.54 30.48 1.90 0 9.0 63.00 9.45

5.08 35.56 3.70 14. 00 <5 Tablell<5 ~560-576 0
Wear factor = Radial wheel @gar divided by |ength of workpiece sjced Spin

15 Exanpl es .3 and 4, and Conparative Exanples 2-8
The stiffness of grain rei if®%ed abrasive wheel conpositions WE¥Hedfowg"
A variety of fine netdfespovilieads wi t hWaertiWedrt hout di aMrkadiegr ai ns newer e Daw
conbi ned in proportiongushown i mRadi@abl euh! | fBE: M XL chip AgnBHRsi tion

uniformty as in Exagpl g, 1. r'rl"ensi | e test Speci mens wer e produced by W
conpressing the conpositions in d8gbon&® shap®d nol déMat art¥l ent *™

t enper at ur e Bdrilder a®8r &Mur 83%9f &BDuUt 5984- 6BFOVPa (BB 45 Tens/insd) for
about 5-10 seconds amd then sintered under vacuum as described in 10
Exampl e 1. 90 1868 5SSt §BSCI ERES We fy Subj @@t ed §@ysoni & and
standard tensile nodul us measurenents on an I'nstron tensile test
machi ne. Results are®shown in Table Il1l. Elastic nodulus of the
grain reinforced saRpl @80q Ex.053 a.na 4)5.08 0.00 excdéded 156 GPa.<5The368-296
i ncreased concentratgon of dianmond in Ex. 4 15 boost ed nodul us
significantly which_,conpfl hat. .t.he, djano beca i ntegrated
into the conpositi o%’fa ?énbd(’:ggfé as{O;JBCoFT#A' Exn’de rev2§ O%d t hat the%

sane bond conpositioh without grain reinforcenent due to absence of

di anond dranmati cal | yor esloced7st i b6nessz.7eSi milgar |y, 16oop. Bwo 3 denonstrates

0

9.0 5400 810 254 20.32 1.90 11.00 5.00 <5 312-368
0

8.0 63.00 945 10.16 3048 7.40 8.00 <5 <5
0

8.0 7200 108 254 33.02 1.90 9.00 <5 <5
0

9.0 81.00 120 254 3556 <0.5 9.00 <5 <5 376-328
0 .

Comp.Ex.1 9.0 9.00 135 508 5.08 3.70 11.00 <5 <5 520-536

0

9.0 1800 270 1016 1524 7.40
0

9.0 2700 4.05 508 20.32 3.70
0 .

9.0 3600 540 254 2286 1.90 10.00 <5 <5
0

9.0 4500 675 5.08 27.94 3.70
0

9.0 5400 810 254 3048 1.80
0

9.0 6300 945 508 3556 3.70 14.00 <5 <5 560-576
0

' Wear factor = Radial wheel wear divided by length of workpiece sliced

15



that the di anond enbedded in a bronze bond conposition without an active 20

conponent _ pI’OVI des rel atively poor stiffness. In Conp. 'Ex. 4,
di amond gr a{yRpeoldgssEr | Y commercial Iy avail able-from P 120024
El ectric Oo ?1 were stated by the manufacturer to be sur?g)%@”o

coated with about 1-2 [err]mthlckness of titaniumwere used. Stiffness

I nproved slig o1 ] onent present (Conp. 25
Ex. 3), but f EX@EsS F ‘ e exafef€ conpositions. Suspected
reasons for the Tﬁé‘%ﬁﬂﬁ‘eﬁé W@iﬁf@ﬁceﬁf @bﬁa@% Wﬁéblsdm&osﬁﬂmaﬁes%éﬁ' ve
conmponent was present, that the titaniumon the surface was in carbide form
prior to si ntérvargetwmf@nemabpewersewﬁmaadlthhdtéshamombgramswemth t he

ot s anoOFTiaS BRERIHe ST 455 PSRBTS0 L
t I f
conventiona Ee{i“it %W%ﬁﬁh& Tens,letoftts?n?@ér%rﬁgf-e FRIERRRHEyONS ©

copper/tin/nic ron bo ave nodu
16 compresetmgﬂthelﬁﬁrrﬁaaltloﬁ?s mpdo@lxsne-@hapw 8103@$ akambiehtt 0 t he
wheel conpositions hout _di annond_ gr ai ns.

Theﬁe exanpl e$eHRBIEIe¢Nder a pressur%@i aw@wzq Nb"a)mﬂéJ@@é@m ohs
t th
the expect at | SROPhET S st e iRn diteec unter vacuub s B8EBrnad st °00C s ot

i ntegr afoe t heEkiapipde@d. i nto the bond so as to reinforce the
structure. Table 111
Conp. Conp. Conplhectesd ,spwmgnso@m;g subjegted to sonic and standard tensile moduiis 3
S8 £ 2 nsfemsion Sndo sl kg Rl arSERBRA Y
5\;1%00 24. gg -5%6'62% S%Igsfié’mo%@{@eoof tﬂejgﬁailn’ r%\ilr\fg/(r)ced%a%ﬁ’ples 9203 and 4) T tani um
7.50 7.50 ESCmedLGSSCB&BPa The inoreased/concentration of diamond in Ex. 4
ig gg 1}@3 gg tgg m%guluswrgﬂpantlymhlch con#‘ rms?/%hat the dianiond beSame

integrated into the composition. In contrast, Comp. Ex. 2 revealed that the

same bond composition without grain reinforcement due to absence of

diamond dramatically reduced stiffness. Similarly, Comp. Ex. 3 demonstrates

that the diamond embedded in a bronze bond composition without an active

20 component provides relatively poor stiffness.

In Comp. Ex. 4, diamond grains formerly commercially available from
General Electric Co. which were stated by the manufacturer to be surface
coated with about 1-2 um thickness of titanium Were used. Stiffness
improved slightly compared to having no active component present (Comp.

25 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

30 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

16
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Soni ¢ Modulus, GPa 176.00 220,00 67.00 80.00 95.00 99. 00
Tensi |l e Modul us, GPa 276.00 . - 110. 00 60.00 84.00 106. 00 103. 00
95. 00 WO 00/40371 * dianmond coated with ca. 1-2 PeTAUR$a/29024

LU, gt 00 A 8 4 e P

description i soflComp.i Exs @eand 7avittoutelidraond grains. Thebe exahiisies shbw that
describing these forns_of the inventjion, this description is not
i ntended to |i SiMessok nst cerppositiors eitbar with oF witheutrdiaeendivas sbout

cl ai ns. : . .
17 the same. This confirms the e%nq&lﬁk@t @F%Etftl\(meéalz%gmponen’c—free
5 bond does not integrate the diamond into the bond so as to reinforce the
structure.

Table Il
Comp. Comp. Comp. Comp. Comp. Comp. Comp.
Ex.3 Ex.4 Ex.2 Ex.3 Ex.4 Ex.5 Ex.6 Ex.7 Ex. 8

Copper, wit% 59.50 59.50 59.50 80.00 80.00 70.00 70.00 62.00 62.00
Tin, wt% 2400 24.00 24.00 20.00 20.00 910 910 920 9.20

Titanium, wt% 16.50 16.50 16.50

Nickel, wt% 750 750 1530 15.30
Iron, wt% 13.40 13.40 13.50 13.50
Diamond, vol. % 18.80 30.00 18.80 18.8* 18.80 18.80

Sonic Modulus, GPa 176.00 220.00 67.00 80.00 95.00 99.00

Tensile Modulus, GPa  276.00 110.00 60.00 84.00 106.00 103.00 95.00

* diamond coated with ca. 1-2 um titanium

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 fimit the scope of the invention which is defined in the claims.

17
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Claims 1. An abrasive wheel conprising a straight, grain-rei nf orced
abrasive disk having a uniformw dth in the range of “?u

[err]m conwos(;o/ﬁg”essentlal |y of about 2.5 50. vol. mgﬂ%‘m&“ ng,and a
conpl enment al” anount of a bond conprising a netal c amd @an *actlve
metal which forms a chenical bond with t@limMBrasive grains on sintering,

h I b b '
Lo’ produce a or A SRS PR S0eBBing s PERBhE Tl BB RAEAEE Vol e
at | east 24% gl aRnh B i the Faf Bt H50uEH01o2 8003 nabiAsny O Sk of

sanme conposition ree |ve e abra ve wheel “of claim1

in which the zlssentially ofr aboat asesewlt%(awaswé@eaxheranbm tomplementall t he
grai n-reinforced abrasive disk has an el astic nodul us val ue of at |east

about 100 GPaampuntef adpend complisiagia metaljcempenant aRdiamaective metal which

of the same Sioes BSBaTte TmBbuld i ab e ecitelt: S ik did, e BRgve it ©
abrasive mee'angfatf‘rbélk/é‘g?ainﬁ bt Present ﬁpéﬁ%m&rﬂbﬂécﬁ\%‘ﬁd ﬁﬁo‘m@é%e@ﬁa;ml ly
of about 15 - 30 % of abrasive grains. 5. The abrasive wheel of claim

1 in which theemﬁzraed abrasive diskihaving eneta‘stnbmdmlhevgmm leasm&%lh@mf

Car bi de and afigy e plas mAhiUS YRIug of PR iraaNS Wik GhAaIas pemBOStoR fHts i

which the et glg C&’H?{HU efapprises a nmetal alloy or netal conpound
cont ai n| ng a materi sel'ected fromthe group consisting of boron, silicon,

and conpounds 2anthe abtasia whesl ofctaiaof .in Whléfhmeeabraswe@mlmeéreca‘bomlt 8i5n 4 in
whi ch the active netal is selected fromthe group consisting of titanium

zi rconi um haflA0w it Bizeranshihergrainarainforeasduabrasivetdisic has aatelasticmodyltisof
them 8. The 33(»@?%5&4%3%?&}?&@55%}%7 in which the abrasive grains are

free pf actly abr asi ve Wneellof claim7 in which the
abrasive graigs ﬂﬁ@aﬁ%@w%éfbﬁbl@iﬁ?ﬂTgWh%HHh%relIaMccmaﬁﬁjé valgs iat met al .

© 15 least about twice as high as the elastic modulus value of the same sintered

bond composition free of abrasive grains.
4. The abrasive wheel of claim 3 in which the abrasive disk consists
essentially of about 15 - 30 vol. % of abrasive grains.
5. The abrasive wheel of claifn 1 in which the metal component is selected

20 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.

25 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.

30 9. The abrasive wheel of claim 7 in which the abrasive grains are coated with
a macromolecular thickness layer of metal.

10. The abrasive wheel of claim 1 which is monolithic. This Sheet

m i
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10. The abrasive wheel of claim1l V\hi ch is monolithic. 11. The abrasive
wheel of claim5 in which the sintered bond conpri ses (a) about 45 - .
75 wt % coppew 00/40371 (b) about 20 - 35 w% tin; and ( c) pabws99/$024 20

wt % active net ' b (s : IS L %. 12. The
abr(;si ve wheel qgf.”(q:kf glﬂtﬁgi\llé ?’ﬁ'e\%ﬁ{’@'aﬁg 'ﬁz‘:”{".'é@“r?g%‘gﬁ%_Bs"ZHde‘g‘quﬁﬁﬁsom t he
group consisting of (a) about#d - 76 wttnecopperpaf ni um “chrom um tantalum and a
mxture of at least two of them 13. The abrasive wheel of claim12 i
which the active nmefR)abauti3Q 39 wive ting anthe abr asi ve whe ‘\“\m‘\““mm!km\

" 1 Ng

whi ch abrasive grai _ rashyve. sglected fromt _ _
of di anond, cubic b@%ﬁf‘(’ﬁ{*ﬁ,%@%?ﬁ%@% bi de, fused alwumtnum oxi de,

m crocrystal |'i rewhlohnthedotat of ()0 (b)Hrid (cJes 100Ut car bi de, tungsten carbi de
and m xtures of at |east two (()%) mem gcg The abrasi ve wheel of claim14 in

whi ch t he abr adRvdhgrabirasivavéesi afrclaim 116in which dhe astivee mdiaks seleatédfroni

i sti iall f.th | di sk. which has a circunferential rim
of "G aret or - of TR ARHPePRSIG, ST AR, qireR R dTaalh ChEPTH R B, 256l

12-90 nm which rﬁﬁﬁ"grgffaqﬁ%a%\ggltbfygb,{qhe range of about 100 - 500 [err]m

and whi ch consists essenti I anond grains and a sintered bond

conpri si ng abot8. Fhembradive wireal of 2khint1% iniwhiah thé Gcliverhiétaliis atdnigm, 17. The
abrasive wheel of_claim16 in which the uniformw dth is in the range of
about 108-200 fér Fﬁﬁ]abmswmvnﬁﬁl gt claim dnisavhich mbrasive graing mreiofan abrasive

of “about . 20- c0BGEERTOYIRE bR FhSRaRh BEH SR dRd! cbik BSos iR, Sficons;  °
abr asi ve grai neammb,efugamal@ﬁmuhﬁbxia@pmmro@rfys@lltmauﬁﬁﬁaaéimrﬁnifr;]da?tb?:lron _

conmponent and an active nmetal which forms a“chem cal bon _ e abrasive
grai ns on si nt eambidg, tungsteptoavkidawrd mixtivrestof a4 laast gwaiofishérei ng present in

ol asti o modul udoy SiEERLE PR S e abFAIMG A noHR fife ABTARS GrateRIarR B AT of
o sbressve ol o, heaie eS| b AR oy oA, B abpgig ik
conpri si ng t hewhichphas acimumierentiak fira ofaiameter 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 um and which consists essentially of diamond grains
and a sintered bond comprising about 59.5 wt% copper, 24 wt% tin and 16.5
20 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
25 essentially of about 2.5 - 50 vol. % abrasive grains and a complemental
amount of a bond comprising a metal component and an active metal which
forms a chemical bond with the abrasive grains on sintering, the active metal
and abrasive grains being present in an amount effective to produce a grain-
reinforced abrasive disk having an elastic modulus value at least 10% higher
30 than the elastic modulus value of an abrasive disk of same composition but
free of active metal.

This Sheet Has Been Re;
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pi ece with an abrasive wheel corrp"rl si n t, grai n-reinforced
abrasi ve di sk having a uni formwlﬂm IIEII,EMIE of about 20 - 2,500

[err]m con?qs&w Jgessent ially of % abrasi,é( ’8%9%992% and

a conpl enen anount of a bond corrprl sing a rret aI corrponent an acti
met al whi ch f d8mA meﬂmm:wmbgadﬂwktmeceneownamﬁhegtep nﬁcomtastlmg the ng,

th t t al d ab ff

t?ep?SFLZZ 2 WEk s WG 2DAPraEiva dines) BPOERRIT A8 THISNE e ISMBtACS Vol ue
2 di sk

of Same comoSPlT e Bk Vi Arfofti widuAdHe YapdehrBodie 20 20T 1%

whi ch the abr gghyietiog eksséntidliyesf stosutra, sesoeop%@bréswegtamé ahdm of diameter
of about 40-120 nmm and an axi al .arbor hole of about 12-90 mm and i n which

thg lrret 4l compomplemestal emaing of arhand:campiising agvatal compgnent aog garactiven,
t b d
2 Toys of ar” PRSI Roih TomiE Rustferfal it WRE Yom SRERIE GET B Bndig RS  he

group consi st hEﬁv@fnétbFéHH HBfasid grafisbeing drédebin aRTpRbUID effettiv@em and a
m xture of at least two of them "and the abrasive grains are about 0.5 -

100 [err] m i npsdize agmmhemgmraedabeaan@dtskdwaamQaanmsdlcshowssavalua efstic

25 hi gh as tnat BRRLIP% Hoter heriediests mogHEs vauRiol FRabeas b fiskidte
grains.;,21. TQSm@EééTﬁHoQﬂoﬁbgtffég%fhEtl\y@h'%tPalt he nmetal conponent conprises a

nmetal alloy or neta ound containing a nmaterial selected fromthe group

consi sting of ZOoThem@thbdcum!a:mntQ mmchmde abmislwdiskrfatthmmbﬂswé 22.
The method of claim20 in which circunferential rimdianmeter

i s about 50- 1oUCymerertal rim o6 diargtar af aéout40 ~120 mm, apg anraxialaiger B‘P'eabout

i amond ot af 8 ARAN12: 00 am, gna W RkH B el Bt ARN [ e8I T ind o
(a) about 45 groilp #6N6ISHHYET coplpe), tah @ebalt, iron, nickel, sik@r,- zide, &hﬁﬁ'lbhy”' and

(c) about 5 - 20 mt % active netal, in whi ch the total (a),
(b) and5(c) i Bangangse, metal carbide and alloys of at teast two of them, and the actlve

AVEICED, ST metatis sl rortho B RBLRHg or My i, SR, 1"

an abrasive t gRlonGiafT thtallin A 8nfiRGur€of at least two of them and fh@) atita8ivedi ng
presel ect ed proportlons of partlculate I ngredi ents

conprising  grains are about 0.5 - 100 um in size, and the grain- remforced abrasive disk

has an elastic modulus of at least about 100 GPa and which modulus is at
20 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.
25 22. The method of claim 20 in which
the circumferential rim diameter is about 50-120 mm, 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%
30 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 100 wt%.

20 This Sheet Has Been Replaced
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csbent’ ai Iy of & ) or f7actior R L IR b oners, ocns' st e
m nor fract mmoa403Ti n; and * L(3'5 an act i VRCTES98I29@Hi ch
I's chemcally ifa?ﬁgﬁ?ﬂghgbf%ml‘% in which the wothiecrﬁ i)(sianlgn{iﬁé-'tii’aehil%ﬁa' ns

under sintering con he "particul ate

I ngredi ents tadrbig® a uni form conposi tion; (c) placing

t he uni form conposition into a nold of preselected,

shape; 24, A method ofmakipg sy abrastyg topkcompising the stepssefi e in t he
range of about 345 - -~ 0] f . duration effeetive
to forma nolded arti ﬁ’)e;,)rowdmg preselected pggpo'?'/gpﬁs ﬂgé?ﬁﬁgvﬁtﬁiﬁ%&fj@@gs article
to a tenperature in thesgrApagingf about 500 - 900[err]C
for a duration effective to sinter the netal conponent

and active netal to a sif{i)abeasivegahinsher eby

I ntegrating the abrasive, grains and si nt?red .bond i nt ci rai n- . 2(% )
rei nforced conposite; an@) ametal component consising ggssn H@y%{@ major fraction

grai n-rei nforced conposit ?&F?Ré&%& Q%ﬁ%‘&? ?r?hggn tof’f?h;' ?nd 25. The

met hod of claim24 which ' conprises step ‘'of Teducing the

pressure on the nol ded af3)iaplactive et ahidh ie dhemicalliareaetios withheMPa af t er
t he conpressing step and maintaining the pressure at | ess than about 100 25
MPa durilhg the heating st @brasive grains upder sintering ¢diliANss| ai m 25 i n which

Step at a pressure of LG gipRRuiate ingreaieNE: £ AR LAIGHT SomiRs iR
in which the abrasive (Sé)omhcihé tAe UnFbrrA vhitbsition intqamolugb'offméaél%féuh in the

range of about 100-500 Terr]m a circunferential rim of di anet er of
about 50-120 mm and whishap#;sk defines an axial arbor hole of

bout 12-90 . . 1

%8, "The method of cl afth SMPIRSSIg thenpld BiErassbre e 8PP SFaboHL3¢he

disk' ys - fromthe o9h e idia WHBBATENGERS RIGHHFR e apflILCR ng ¢ he
fla e dis

di sk between t plates biased agalnst t uring the

heati ng step. (ePReatiritetheanbliédddrticlecora 2mperatdre i thdearjestsf has
uniformwidth in the range 5 of about 100 - 200 [err]m

The method of claim 20 #boulfiGh- 20 thiaita duratioe efiestive to w]nmr_etherreetal
31. ‘The et hod of ol ai e ABPREOIEEAEHE TEIILP o mRred BBRA S RN et 1 ce
of active met apiégtatihg the abrasive grains and sintered bond into a grain-
20 reinforced composite; and
(f) cooling the grain-reinforced composite to form the abrasive tool.
25. The method of claim 24 which further comprises the step of reducing the
pressure on the molded article to a pressure less than about 100 MPa after
the compressing step and maintaining the pressure at less than about 100
25 MPa during the heating step.
26. The method of claim 25 in which the molded article is reduced to and
maintained during the heating step at a pressure of about 10-40 MPa.
27. The method of claim 25 in which the abrasive tool is a disk having a
uniform width in the range of about 100-500 um, a circumferential rim of
30 diameter of about 50-120 mm and which disk defines an axial arbor hole of
about 12-90 mm.

21
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10 32. The nmethod of claim24 in whi ﬂ nﬂ“m MIM‘lgrai ns are coat ed
wth a . macr onol ecul ar thlcknes prior to the m xi ng

st ep. The rrethod of claim24 ih which the partl
i ngr edi ents co &E‘{lﬂse about 45 - 75 wt % copper; 92/29({2420 -
35 wt% tin; hc)ma ofs:lalrrm? further comprisiogithe stepsof aemsvmdheaﬂlé.k om

tant ol 3‘&%‘53 r 'rmffiar"%@f L8 d8herestiB8 el had danawidhhdind bisk Betie o)
(0] and () B patclfiastHagainst e ok uTig EVGBEDGygh a1 m 39 0 v ch (he

providi ng stepfurther conpri ses m xing to uniform
conposi ti on 29f The methdd of afaim2¥ mcwhich thedigk has uniform width in the range
conponent and an effective amount of a liquid binder to forma 20

tacky pdaste; ofabout100-200pm. (i) nixing the abrasive grains with the

arain surf acioa) Be bRt of eaim 2 jn which the heath§ $ép Bollis Hnie 88" g ©' '

(i) dryi ngnidiged hetitiélisinBiained fat aie ﬁfés%u?@ofﬁé%rﬁpﬁé%in@@eﬁf the 25
active netal powder particles nechanically attached to the

abr asi ve graBhsThe method cfglaimn24 inewhish the abrasive grains anhpravided:freeodisi ve

grains corrprl se about, 20 i 50 vol. % abrasive grains of particulate
i ngr edi ent s, 3SHF i%8UB8sential |y of an abrasive selected from
the gr 9“10 COQ%"Fﬁé ReetRbd %‘f%@?rﬂ% nUhich e ?Pra%%e raifl¥ 4fd é’&a]xteé WitrC4"
carb| e, fused al um num oxi de, mcrocrystalline um na, Icon

nitride, bormoc@mblerd:elartthmsnemlayarbiMetairpdontodhammmg step.| east two of

t hem 36. The nethod of claim35 in which the abrasive grains are
di anond. 33. The method of claim 24 in which the particulate ingredients comprise (a)

SUBSTI TUTE SEE& [t 4835 184 76 copper; (b) about 20 - 35 wt% tin; and (c) about 5 - 20

wt% active metal selected from the group consisting of titanium, zirconium,
15 hafnium, chromium, tantalum and a mixture of at least two of them, the total

of (a), (b) and (c) being 100 wt%.

34. The method of claim 33 in which the providing step further comprises

(i) mixing to uniform composition a fine powder of the active metal
component and an effective amount of a liquid binder to form a

20 tacky paste;

(ii) mixing the abrasive grains with the adhesive paste to wet at
least a major fraction of the grain surface area with the adhesive
paste; and

(iii) drying the liquid binder effectively to leave a residue of the

25 active metal powder particles mechanically attached to the

abrasive grains.

35. The method of claim 24 in which the abrasive grains comprise about 20-
50 vol. % abrasive grains of particulate ingredients, and consist essentially of
an abrasive selected from the group consisting of diamond, cubic boron

30 nitride, silicon carbide, fused aluminum oxide, microcrystalline alumina, silicon
nitride, boron carbide, tungsten carbide and mixtures of at least two of them.
36. The method of claim 35 in which the abrasive grains are diamond.
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