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application clains priority to U.S. Provisional Patent Application
Serial SNoWO010{®843808, filed June 23, 2008, incorpor at EBETHEREP/HO2BIL
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will decrease the force required to reduce the effective chip thickness coming out of
the wafer. As a result of reduced chip thickness, the strength of the final ground
silicon wafers will increase. In addition, new developments in wafer manufacturing
technology are moving toward wafers of larger size, thereby causing increasing
15  difficulty in maintaining flatness of a wafer during the grinding process.

Many conventional abrasive tools employed in roughing and finishing these
materials include metal-bonded superabrasive. Metal-bonded abrasive tools
generally grind fewer parts per hour than glass-bonded tools. Further, metal-bonded
abrasive tools can contaminate surfaces of components to be incorporated into

20  electronic devices, thereby severely limiting their use for grinding applications or
slicing silicon wafers.

Typically, vitrified bonded tools offer a higher stiffness and low degradation,
thereby resulting in better tolerances, flatness in product and an increase number of
parts that can be produced per wheel. Although vitrified bonded grinding tools could

25  be employed having a lower grit size, they typically do not have sufficient self-
dressing ability due to low porosity or pore structure.

Resin bonds are often exhibit higher wear and have a self-dressing ability.

Typically, the relatively low stiffness of resin bonds produces lower surface
1



Resin bonds are often exhibit higher wear and have a sel f-dressing
ability. Typically, the relatively | ow stiffness of resin bonds
produces | ower surface roughness or a better finish than grinding
t ool s t hat WORIMP8E0vitrifi ed bond and grains of sinil aPCHitise00spoe1
However, resin bonds typically can not be used where grit size is
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i nvention is ahegltwitlf fieet gsaipewith paslifdeessingabilitic| udes a vitrified bond
conponent including silica and having a porosity of at |east about
50% of the total volume of the vitrified dianond abrasive. A
super abr asi ve conponent is dispersed in the vitrified bond conponent.
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dispersed, wherein the vitrified bond component defines pores occupying greater

20 than about 50% of the total volume at the vitrified superabrasive product.

In another embodiment, the invention is a vitrified superabrasive that
includes a vitrified bond component including silica and having a porosity of at least
about 50% of the total volume of the vitrified diamond abrasive. A superabrasive
component is dispersed in the vitrified bond component. The superabrasive

25  component consists essentially of particles having a number average particle size in
a range of between about 0.5 microns and about 60 microns, and wherein the
volume ratio of the superabrasive component to the vitrified bond component is in a
range of between about 3:2 and about 1:99.

In still another embodiment, the invention is directed to a grinding tool that

30 includes a base and a vitrified superabrasive component at a surface of the base.

The vitrified superabrasive component includes a superabrasive component and a
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vitrified bond conponent in which the superabrasive conponent is

di spersed. The vitrified bond conponent defines pores occupying
greater than about 50% of the total volunme of the vitrified
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green body is fired under an atmosphere and pressure, and at a temperature,

sufficient to cause the silicon carbide to oxidize.
This invention has several advantages. For example, use of silicon carbide
25  asafoaming agent provides relatively high porosity for a vitrified product. The
product, therefore, has the advantages of being able to bind superabrasive particles
having relatively small size and yet has sufficient porosity to be self-dressing
without sacrificing the strength necessary to effectively polish larger silicon wafers.
As a consequence, the vitrified superabrasive products of the invention produce
30 relatively low surface roughness and better finish than typically is obtained by
vitrified bond abrasive products, while retaining the advantages of vitrified

superabrasive tools.



Porosity plays an inportant role in grinding. Porosity controls the
contact area between the work piece and the conposite m crostructure.
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BRIEF DESCRIPTION OF THE DRAWING

The Figure is a cross-section of one embodiment of a tool that employs a

15  vitrified superabrasive product of the invention.

DETAILED DESCRIPTION OF THE INVENTION

The foregoing will be apparent from the following more particular
description of example embodiments of the invention, as illustrated in the

20  accompanying drawings in which like reference characters refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead being placed upon illustrating embodiments of the present invention.

The invention is generally related to vitrified superabrasive products, their
precursors, and methods of their manufacture.

25 “Superabrasive,” as that term is employed herein, means abrasives having a
hardness, as measured on the Knoop Hardness Scale of at least that of cubic boron
nitride (CBN), i.e., a Kigp of at least 4,700. In addition to cubic boron nitride, other
examples of superabrasive materials include natural and synthetic diamond.
Suitable diamond or cubic boron nitride materials can be crystalline or

30  polycrystalline. Preferably, the superabrasive material is diamond.



har dness, as neasured on the | Cnhoop Hardness Scale of at |east that
of cubic boron nitride (CBN), i.e., a K100 of at |east 4,700. In
addition to cubic boron nitride, other exanples of superabrasive

mat eri al s WOAWHWE43Bt ural and synthetic di anond. Suit abPETHS2089PISr
cubic boron nitride materials can be crystalline or 30

pol ycrystalline. P : J | erphal,d ] &

The super abrasi ve ﬁm@% g&rpl% %wﬁsé‘}eirlﬁatté #eiq% @3&?3‘#‘*3@%?’ Aé s%do%r?gdvsm gg{swl The
"grit." The seysrabasac graingompnnadwptheémtentibn tdchd sbsinéd ammemialie or

obt ained commerci ally or can cust.0 roduced. GCeneral]ly,, the
super abr asi vec%“ﬁ%el Wé@'??@ﬁ@&%@hﬁ%ﬁé@ﬁ%@%@ °¥ﬁiin‘\éé}i‘° Bo¥hge
particle sizeidvengon 2R aen@ibeP SfctBRHantRMiEizOin% fandd SIRERLRAIBokt. ST ONs,
gm and about 60 gm Preferably, the particle size is in a range of

bet ween about MICIRERFRAMIB0DS. MoD agthabautsnm.cPrefarably,she paticlsgizsityin g s
1-2 gm "Nunb " ' | ' th
redi an, or 1t hergepCoRdRen atti LI erdUBle 0 D WHERMEL oY Pro BB 803 13 12
above the val pym. dhtindeeaveaide,] & thaltam iskmplaied derei) hreansithe enddixhi oxtht |
t he superabrasj,ve grain co ent i resent .in an _anount of at ast
bbout 0. 156 by Tt eRe RS A dantsle BP0 f oo (B BtHRand or-halfSs

enbodi nent, tb&owUhevahs asi ve grain conponent is present in an anount
ina rang(g of between about 1% and about 20% by vol ume of the
super abr al¥ ve t ool [0 opsrembodimentdhe Gunseabrasie exaip somponent s RiBwHt inBOY, by

vol U of t hesugcRRl ek Kok POl 1SRRI IBAGIURLe (Ld1e hidhld|

super abrasi ve product o e invention i1 ncl a superabrasive
conponent t haemberimguie theatip¢rebrasive paimenmyemental presend if aroamolre ima cange

ot P d : ride. 2 . 4 8l uri
oxi de. 1 n-onco TR abaEt P fin 8ERE Db Bl Glme of 8 Mo i e8], Mo
vitrified suppiedtas bytvepi bl 2% sndbaiDINYs by RoRkinmkaTitheCdtipadiabiasive tool.

preferredbﬁnbodi ma{n, the 20 volune, ratjo of dianond to vitrified
bond conpbhent of fResmbodime the yitvitigs swpeiphrasiye prpdych ofitheinyention

bet ween about jp3j\ e suRPPsivE: Bhponent that Tﬁ?:ﬁlhd‘é.'s L ki Eﬁie Hl@ﬂx@eﬁéﬁ?&%@&n

is a suitable vitrified bond conmponent, such as is known in e art.
Exanpl es of sthewgsmipeconbisting ofatiarhemt celworboreemitside, reiiconie and alugdsum oride.

rorter <020 LA SSURRRTE, SRR SR R AER 7
Na20, K20) anshpetavedsiveeredirct 13 diamalrls 16 Gaaitichia€ly peefédred embodihy thal |y,
e o SHRELab e P odiel gl Lhe LINEN Lon, a5, conll gur e, o
gri ndi ng t ool jsiif a Ranld @ between about 3;2 and about 1:99.

The vitrified bond component is a suitable vitrified bond component, such as
is known in the art. Examples of suitable vitrified bond components include at least
one member selected from a group consisting of silicon dioxide (Si0,), boron oxide

25 (B203), aluminum oxide (Al,O3), alkali oxides (Li,0, Na,O, K,0) and alkaline
earth oxides (Ca0, MgO, Ba0).

Typically, the vitrified superabrasive product of the invention as configured
at least a component of a grinding tool. An example of a suitable grinding tool is a
wheel.

30 In one preferred embodiment, the vitrified superabrasive product is a fixed
abrasive vertical spindle (FAVS). An example of a FAVS, is shown in the Figure.

As shown in the Figure, tool 10 is configured as a wheel having a base 12 about an
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30l n one preferred enbodi nent, the vitrified superabrasive product is
a fixed abrasive vertical spindle (FAVS). An exanple of a PAYS, is
shown in the Figure. As shown in the Figure, tool 10 is configured as
a wheel haVWiorPg§l0008H8e 12 about an axis 14. Raised peri BETEB2005/003621
wheel supports abrasive segnent 18 about the perineter of base 12.
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with reference, to the Fi gure are suitable for wafer grinding by
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grinding wafers by use o ng wheel's as genera Scribed
with respect wtollimketersiWyheeds, as describedhwith réftrenartd theFigmet dresuitable for wafer

enbodi nent, t p.nvention is a superabrasive mxture fhat.includes a
gl ass powder, Eﬁ%‘ﬁ%@ L %’8”@&1?'? axiy- ﬁﬂ’é?"t’é?ﬁﬁogwﬂc&&ﬁwbsﬁrt%ﬁ gatqnpf
a particul arl shepixif ofrarvesdfeciRatidam b e 16410 leliidd Fov@ir@ind whfRR BydRS of
di anond 1? part.i ¢ul athe. Ceneral |y, the volune rati o of superabrasive
grit to g %ssg’ﬁ’&‘&ﬂ%?" pels pneenerally glesatbed afthaespeads the Bewre greikngyguin the
1: 99. Exanpl egqof suitable glass powder include silicon dioxide

(Si02), boron oxide (B203), alum num oxide (Al 203) and potassi um
oxi de (K20). Pref ehrawthgr smbodiowdt the ioveritioniit ssupesabeasiveosiatiréitiat have

b e | SR bty 3 BB S B
pol yet hyl ene girjiculbrly prefefed embidichett EredupBrabusive EﬁﬁiﬂeluGés)’diQhoﬁd\d .
Yvat er and, col | 0|.deil si|lica, In one enmbodi pent, the Si,Cis 1200 grit
37C S CIY r oRESHe. G5BerRHy.che HREE T pPLESperalrasiy it (O\ASE BQWAeT s e
Preferably, th@gsbfbiRBetafobt §18 ahd aBHRIYY Examples of suitable glass powder
include silicon dioxide (Si0z), boron oxide (B203), aluminum oxide (Al,03) and
potassium oxide (K20). Preferred glass powder, or “frits,” are those that have
relatively low glass transition such as in a range of between about 450°C and about
20 800°C.
Examples of suitable binder include polyethylene glycol, water, a mixture of
polyethylene glycol and water and colloidal silica.
In one embodiment, the SiC is 1200 grit “37C” SiC from Saint-Gobain
Ceramics & Plastics, Inc., Worcester, MA. Preferably, the silicon carbide is present
25  inthe mixture in a range of between about 0.1 and about 5 volume percent of the
total amount of glass powder, abrasive grit, binder and silicon carbide components
of the mixture.
In one particular preferred embodiment, the superabrasive mixture includes a
glass powder that includes at least one member selected from a group consisting of
30 silicon dioxide (Si0,), boron oxide (B;03), aluminum oxide (Al,O3) , alkali oxides
(Li;0, Nay0, K;0) and alkaline earth oxides (Ca0, MgO, BaO). The abrasive grit

of the superabrasive mixture includes a diamond particulate having a number
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descri bed aboyg,Mith respect to the superabrasive m xture or green
body enbodi nents of the invention. A 20 superabrasive m xture of the
invention is for nearhbgree@hMmbnaner@r@hmpoim&m smpitoyteddn farming the ivitrified

venti on can et B R sty e ber e SRIPRRN € ot oo,

such as is kneuperdbfasiveanixiire ofl fieeybeBrenisdyméntPo Lt ivehsod. i 4 ed under
an at m)spgsre at terrper aturg in a range of between about 600C and

820C f or peFH‘R?EF GHSIE TR YR 0 QS“W&H%IS(fPHMWbA%B&fh%QMWIFS of
hour and abouthelgiRtROMH @3111{591% nfldrﬁ‘;@ld sﬁ’cfhoéi‘iﬂmdvﬁ) ﬁlnﬁ@%ﬁ?l A%P@e?ur dy %?Eﬂet o

by a suitabl e nethod, such by natural | y-cooling
thereby form Wén@,qmpé)nrfmedefrqm mtxnot atlsoebm asmetable arethod, suchHyds

not i nt ended AL HERE ThEEEGP ol SpleRle A e ke TR abifos et 2 £ ©

temperature in a range of between about 600°C and 820°C for a period of time in a

25  range of between about one-half hour and about ten hours. The fired product is then
allowed to cool by a suitable method, such as by naturally-cooling of the furnace, to
thereby form the superabrasive product of the invention.

The invention is further described by the following examples which are not

intended to be limiting.

30
EXEMPLIFICATION



A high porosity vitrified dianond superabrasive structure of the
invention was made by firing a mxture of a superabrasive grain, a
glass flit, a binder and a silicon carbide powder. A m xture of the
abrasi ve gW&I210/B48s flit and silicon carbide was prep&C&@stiop/ea28zind
t hen, binder was added to it. The conposition of the mxture 5in

vol une percent age, N % s. fit, 1%
of Si C. Polyethyl erfgﬁiéﬁ gx(ﬁsitf kﬂgﬁ i?ag,é%/l?pgral%g%vgﬁ f?@em*slention
bi nder and it waasnagsdg firmgkTmivass obequembmhrecg‘raxhnglamﬁﬁ abinder dhda

pol yet hyl ene ur,chased from Uni on, Carhi de Cor.poration,
USA. Di armnd 1‘1%8? F?rwgq%ﬂp Wf"'fzi&ﬁ'&?%‘ﬁ aSFAskyesRing glavhir Adslipon carbide

| nnovat i on, Eaépia:eUSﬁcst Aok @5en, binldbr »Ués%d(i@ém%)sﬁfé cefnpf)ﬁhbwmgnﬁﬁure
oxi des: Al 203 BZO BaO, CaO, Fe203, K20, Li2

and zrcp. > involgme psrcentagg bgfore fiviag mew“/andcamqndm&@/ @ﬁsaﬁneb%qu&ﬁl
Sai nt - Gobai n t [ ter

conponents of @%h@{ﬂ%ﬁ&t %r’gclog?(lc‘lé&p% (BEES i Pﬁg)‘%g’?%ﬁseg a3 %/Ag leﬁso‘t\}\ﬁeﬁ 1%
to obt ald nt hglléb@sepdesrdagdxffdhesahme atix. aﬂlegﬁlyﬂhyﬂdﬂefglyoﬁl mpllucﬁa%@@ﬁom
was used to er co tso the. nm xture unti

visual Iy horméJe ﬁ%flbrﬂp (ﬁm P X e P iemAad of arii 25l ERD v ceraingd
three tines t fﬂ'foﬁUDihn@onﬂﬁﬁnd@ﬁ&m SIﬁéth}k FSA GRS frif RS co(rié%ﬁédﬁ*fbbromhﬁe

nmesh size_can range from about 40 to about 400 mesh i nder was
added to tlﬁe Rridesird20n BeRe Bath G980, Epbhi Ke@dliz®dvieO, Tﬁh@,rﬁththé)MS
20 again spoow,g|ended until all the binder was integrated into it.
The m xture was screened once using a 20 nesh stainless screen nesh
to obtain granul es SiQ @h%ﬁﬂ@ritwaswmi amEdhwas dheainahfromriaintiGobainaDersihicd

to about 60 ranul es were spread on wax paper
and left to g?ﬁ/plfiét VQS @éﬁa{g the range can be from about
1 hour to about 3 MMﬁe ):orﬂfnér%htstdif@lecﬁ'lﬁdtﬁ}@ ex@pBEPBEGSFer e fihed eLfted bowl
usi ng 25 3)1516 mash screen. (Generally, the nmesh range can be from

about 4 t 3 ab&ebiEn thealevy-described supstabresicanixang. Aeinsl sppopiwas peedtonal
m xture was Cglenl laﬂtpgdvdylsdo\%g»ohgﬁtg)f)mg 'nﬁgtu%r{t{]ﬁ'vﬁsugﬂ)pﬁé}%#c%g%ﬁs%&was
taln e welg of the

m xture. This i nforfmation used to o
gr anul es needetitaingdndkebkndmes theh steentidahmet dmeé Genegled 195 mediestaialege

The range can 58 P GRS Tl Z0 e Hpm APk i B At

body for firi Bindetlvaeaddpdas teafixnee i heh@best spadifiéd SR5E S The thikiliicOya
stai nl ess_ steel .noul " in dianeter and | eveled using a snall

steel plat®. %" Wﬂﬂ“é’??ﬂs‘aﬁi yntiledl 1pe Dinder s ptearstaddpiodt i BixUTE aYag
| SOStaliC Pr oSeerfidBHES S Pa 20 ksl ABhIA2ESnaRRNE Polh ML, JGUAENY,

body. (Generally, the range can be from about
Ton/in2.) Thi ﬁlegn@éﬁm@@dyrmg fromeahoht4 teabohg®mask ﬁstandm)hﬂdhese granules

follow ng fir] I 0C from
room t enper at uwra% Si?%g%“f‘gar an%ﬁ@é &%%5@5%}@&%%% JaRee cephg
for 240 min afroﬁ‘(h(b@uahﬂoﬂrheabtattercayéyAftwthedﬁyMgJ graiilles ‘fvétia@a&aled'ﬂsﬁﬁg
furnace a re was air of other suitable alternatives
i ncl ude n%mogzﬁ me§h SCTETH: éﬁ&“gaggﬁﬁ leheﬁqrﬂ’/a Q& tp aboye 681
tenperature caesipe from 600C to about 820C and the tine for firing

can be from
The theoretical density of the final mixture was calculated using information

on their proportion in the mixture. This information was used to obtain the weight

of the granules needed to make a disc 5” in diameter (Generally, the range can be
30 from about 1” to about 10”) and 0.200” height (Generally, the range can be from

about 0.100” to about 5”). To make the green body for firing, dried granules were

weighed and transferred into a stainless steel mould 5.00” in diameter and leveled
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10about 0.1 hours to about 10 hours. The resulting

super abrasi ve product had essentially no pores having a dianeter
greater than 250 gm About 80% of the pores had a dianeter in a range
of between™ %’&?’0‘%6{9 gm and 200 gm and the average asp&&t/USaR0PgoseL
the pores was | ess than about 1.2. Porosity of the superabrasive

product was esisingaf saehll Seed glatd) FhehPhdl@RBAIINenROIWERY, BRRIe8 2MANhId

1
about 68% . In other enbodinments, essentially no bubbles will be

| arger than ad¥fHat8@Orsgnd Reessues afdr psyint wasapabiedito yaeld agreenrhadyher, in
f d enbqg , 9 | in| di ter
preferred embogfgnliy thtﬁl%ﬁ?é %%Oc/é’f?ém %ch.glﬁﬁbtggggutgo Toghgy§ di ameters

in a range of between a gm an out m~ or between about
80 gm and about 300 himgre¢mbalyi was tonsferree o d ifimamtesand Foibowing Giridg Yelvddule

have a di aget bet weens about 15 d about. 250 gm or, betyween
Rbout 200 o S128 BT STB D FA r 0es Hon R P Pt SOUCAOR Bl Fa ahe
aver age aspectss04t,i Sma @aptto F0090, 86dk Bt 24Bha At 7@f)°3(‘§ e ﬂﬂle F}@t%rdl o8l

greater than apout 1.5, or no greater than about 1. Sti further,
in anot her entS8@nBHe fumsge. dde € atmoprhieygewes ab dinangiesfoteraiahle

90% or bet wegheRaRRWs i84% 0 0% e hire S
done- shaped. | tH eI\?\l/as I élg%eﬁﬁ %?%aéy%ﬁugﬁﬂ %nﬁéisp%&f (Sk(iasé’sgﬁnepac tmgtlj?‘nge of
segnents for reRpargfuee cobefainn 680°Caonba320%C, apd thaftiarefod fivibf €ars belfem

| ap unit_%s t(by]eofé) Iap' A The lap unit used 280/400 grit SiC
2l s 19y abp it

for | apping. into segnments using a waterjet

cutting machine. TIThS eesARBFROpEaWREiSe PROUG R @fbeitially M 1RBds HESida% 9! ue
to make a supgr abr asi ve wheel of 30 tﬁ?eb I nventi on. K second \Ahde%% was

then made to f?é“eé%{!ﬁée%‘ﬁém $30%:4mo frbout 80% ofithe porse bpda diamstarde a eahgoof
a backgri ndi ngesReR bRt 1BH %Feipavr\ﬁgieblo DA Re avgg?% ‘é%r%?‘énrg{'}@%f %%%?e%%as

using an extra-fine gad. T . were use
20101008430PClgse/izo @0p w028 2Rorpsitshofshe superabreaive psodutheasestiimzeml todk & &

wer e rougljl?_grp go%étu!e&Elg)oglgg%%agﬁla?%ﬁgéwd by fine wheel - the

sanme specifticatifon nmentrone Hifferent increnental feed
rates were used tolrevhbratidinents dsseatiolly Rebiblosonl &5 larbd thhdghdueeeh

rates are 11 sLelor Ro lafser Wi about 300 s, Furier. in prcforred cmboduments. about 80%
of the bubbles will have diameters in a range of between about 60 pm and about 500
um, or between about 80 pm and about 300 pm. In still other embodiments, about

20 80% will have a diameter between about 150 pm and about 250 pm, or between
about 200 pm and about 300 um. Further, in preferred embodiments the average
aspect ratio (largest:smallest diameter) of the pores is no greater than about 1.5, or
no greater than about 1.3. Still further, in another embodiment, the porosity is
between about 50% and about 90%, or between about 60% and about 74%.

25 The fired body was dome-shaped. It was lapped into a disc shape to easily
cut out segments for making a superabrasive wheel. A speedfame double sided lap
unit was employed for lapping. The lap unit used 280/400 grit SiC for lapping. The
lapped plate was cut into segments using a waterjet cutting machine. These
segments were mounted on a 5” wheel using glue to make a superabrasive wheel of

30 the invention. A second wheel was then made to the same specification.

The wheels were tested on a backgrinding machine (Disco 840 machine).

The wheel was dressed using an extra-fine pad. The wheels were used to grind 8
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Current in Amps 1 0.2, 0.1, 0.1 5.5- 6.120.3, 0.2, 0.,27.1-7.33
0.5, 0.3, 0.2 8.4 - 8.6 Both the wheels drew current in the
conparabl e range at all the feed rates. During the first and second
tests, 25 Wé’f@?‘g""éﬁﬁ 75 wafers were ground, respectivel PCTIUSRHCYAIZENTS
VWhile this invention has been particularly shown and descri bed w tB
reference to f ogh | | . y
those skilled Qll&ﬁl S?%%ﬁﬁa?&?'hg?gggg?%&gﬁgﬁéﬁerés&glh\r,gr#%nrda%éﬁgg(gfgl é«ﬂfégl may
be made t her eifeflapedryfinedBitepatis sagef specificdtion swmpionaf atike. Three diffedent

enconpassed b ¥n§r@rrexer{?aeiqgécp Ate§ lwaelrérgs'ed to evaluate the grinding performances. All the feed

rates are listed in the table.

3
Numbers Feed rates in Current in Amps
microns/second
1 0.2,0.1,0.1 55-6.1
2 0.3,0.2,0.2 7.1-73
3 0.5,0.3,0.2 84-8.6
Both the wheels drew current in the comparable range at all the feed rates.
During the first and second tests, 25 wafers and 75 wafers were ground,
respectively,
10
EQUIVALENTS

While this invention has been particularly shown and described with
reference to preferred embodiments thereof,, it will be understood by those skilled in
the art that various changes in form and details may be made therein without

15 departing from the scope of the invention encompassed by the pending claims.

10



Claims 1. A vitrified superabrasive product, conprising: a) a

super abrasi ve conponent; and b) a vitrified bond conponent in which

t he superabrasi ve conponent is dispersed, wherein the vitrified bond
conponent defines pores that are essentially all |ess than 800 Arn in
di anmeter, eighty percent of which are in a range of between about 60
Am and about 500 Am have an average aspect ratio | ess than about
1.5, and have a porosity in a range of between about 50% and about
90% of the total volunme of the SUpGQMSi ve product. 2.The vitrified
super abrasi ve product of claim 1, wherein the superabrasi ve conponent
i ncl udes at | east one nemher selected fromthe group consisting of

di amond I+ cubfrVIHEEbHPRTbIAsHRpoICE COMPESIBEd al um num oxi de. 3. The
vitrified sugeraqsﬁ?gryﬁamm%gnéﬂt; shdai m2, wherein the superabrasive
conponent is present in an anount in a range of between about 0.1 and
about 20 vol e peviEidisd berd aomponant injhiehdthe snpevabiissine ¢orepopens dhditpersad, The
vitrified superabgasygeRiRE%Hond o é&'eﬁ?d%ﬁnéé’%gfeg'tﬁa &Q@ss%ﬁﬁ? E1 less
average particle size of the superabrasive co onent TS T & range of
bet ween about 0. Shan ¥0gmsinalirdnetdsorightepererintofovisch He rerangetalf bétiveeh about

super abr asi ve pr f | , J | rati o of

super abr asi ve cocr?g)g%?\@ atbgﬁt\? :0?}‘ ?lf Péé%%%%%ega% grg;pp%ﬁgﬁ?n%lsSstg?nna%gutrlasnaléd of
bet ween about 3: Zamtapabsiytin 4 r@e ofthefinenubdut 5% edd shopeIsbofihé weal
product of claim]J, wherein the vitrified bond conponent includes at
| east one nenber vsoéa néec%%}é?sw%%r?sﬁvéepé?%lﬁg consisting of silicon

di oxi de (Si02), boron oxide (B203), alum num oxide (Al 203) , alkali

oxi des &.LI 20The|\$a1g1%’ed %%)ab%gige 1%11!0 L?Jt I0 Sairena{,tv.!ﬂm%%(nl tﬂg s?up %r%)éive o%)ipogg}'x?) o

includes at least one member selected from the group consisting of diamond, cubic boron

nitride, zirconia and aluminum oxide.

3. The vitrified superabrasive product of claim 2, wherein the superabrasive component is
present in an amount in a range of between about 0.1 and about 20 volume percent of the

vitrified superabrasive product.

4. The vitrified superabrasive product of claim 3, wherein the number average particle size
of the superabrasive component is in a range of between about 0.5 microns and about 60

raicrons.

5. The vitrified superabrasive product of claim 3, wherein the volume ratio of superabrasive

component to vitrified bond component is in a range of between about 3:2 and about
1:99.

6. The vitrified superabrasive product of claim 1, wherein the vitrified bond component

includes at least one member selected from the group consisting of silicon dioxide (Si0s),

11



7.The vitrified superabrasive product of claim1, wherein the
vitrified superabrasive product is configured as at | east a conponent
of a grinding tool. 8.The vitrified superabrasive product of claim?7,
wherein the grinding tool is a wheel. 9. A vitrified superabrasive
product, conprising: a) a vitrified bond conponent including silica
and having a porosity of at |east about fifty percent of the total
volume of the vitrified di anond abrasive, and pores having an average
aspect rati oPorgsexide{BeCarrbuninymsxidg it28)y) » alkalipadesitiaQi NeOcBefpomdnt

di spersed i nyffige Vil dxldeS RO ML RABONENt, the superabrasive
conponent consisting essentially of particles having a nunber average
particle size in a range of between about 0.5 m crons and about 60

m cronsg an ' b Q.0f ' t to
G o vith 11 ol paratahoseua Y FRalALE Al 1, HBEEAN AR RTINS g
about 1:99. @Odubt supeigbedas ktleastri sampoasntebaprindingtgel. a) a gl ass

powder; b) a superabrasive grit; c) a binder; and d) a silicon
carbi de foam ng agent. 11. The superabrasive m xture of claim 10,

wher ei n8t he Bhupetidibd aperabragive prothmt bfidam A wheamnhe gifralitg toallivd ®@heel 2. The
super abrasive m xture of claim1l, wherein the superabrasive grit has
an average particle size in a range of between about 0.5 pm and about
60 pm 9. A vitrified superabrasive product, comprising:

a) a vitrified bond component including silica and having a porosity of at least about
fifty percent of the total volume of the vitrified diamond abrasive, and pores
having an average aspect ratio less than about 1.5; and

b) a superabrasive component dispersed in the vitrified bond component, the
superabrasive component consisting essentially of particles having a number
average particle size in a range of between about 0.5 microns and about 60
microns, and wherein the volume ratio of superabrasive component to the vitrified

bond component is in a range of between about 3:2 and about 1:99.

10. A superabrasive mixture, comprising;

a) a glass powder;
b) a superabrasive grit;
c) a binder; and
d) a silicon carbide foaming agent.
11.  The superabrasive mixture of claim 10, wherein the superabrasive grit includes a

diamond particulate.

12.  The superabrasive mixture of claim 11, wherein the superabrasive grit has an average

particle size in a range of between about 0.5 ym and about 60 pm.

12



13. The superabrasive mxture of claim12, wherein volunme ratio of
superabrasive grit to glass powder is in a range of between about 3:2
and about 1:99. 14. The superabrasive m xture of claim 10, wherein
the silicon carbide is present in the formof particles having a
nunber average particle size in a range of between about 0.1 mcrons
and about 20 mcrons. 15. The superabrasive m xture of claim 10,
wherein the silicon carbide is present in the mxture in an anount in
a range!df bERJEBSRHBORMplure imydduivheseiy yolure rasierof superabfasivh gtitttot al

amount gl asseipQligtier i#haT3l ot Bvben BHOISS aiNilofiiidocon car bi de

conponents o m xture. 16. The superabrasive m xture of claim 10,
wherein the glass powder includes at |east one nenber selected from

the gro c | Sk i| ] [WeMq .S r oxi de (320

al i muteoxi 0 TarBgase A E R it Sticab GO, S5 G Ee Bm

al kal i ne ear ¢flpagicied bavidCa@mbvy G crdga @hrticlt Fize Therasgepdbalisreas iboat 61l xt ur e
of clain110”nwﬂggghpakﬂguﬂhng%r i ncludes at | east one nmenber sel ected
fromthe group con3|§1|ng of p%lyethylene glycol, water, a m xture of
pol yet hyl ene gl ycol and water and colloidal silica. 18. The

z:cj p:r 3?12? \é muﬁ(ér%rgsit%fnlﬁ %é c c}a?m 1‘6’,”53155&9 tﬁe@ﬁic&l ():(a}rllajlglg islpxgesé:nrl! i&tr}]xg form

mixture in an amount in a range of between about 0.1 and about 5 volume percent of the

total amount glass powder, abrasive grit, binder and silicon carbide components of the

mixture.

16.  The superabrasive mixture of claim 10, wherein the glass powder includes at least one
member selected from the group consisting of silicon dioxide (Si0,), boron oxide (B203)
aluminum oxide (Al>O3) , alkali oxides (Li,0, Na,0, K»0) and alkaline earth oxides
(Ca0Q, Mg0O, BaO).

2

17.  The superabrasive mixture of claim 10, wherein the binder includes at least one member
selected from the group consisting of polyethylene glycol, water, a mixture of

polyethylene glycol and water and colloidal silica.

18.  The superabrasive mixture of claim 10, wherein the mixture is in the form of a green
body.
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