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WD 2007/ 149704 PCT/ US2007/ 070611 COVPRESSI BLE
ABRASI VE ARTI CLE FI ELD Thi s di scl osure pertains to
wa@booagisre4 arti cl es having a conpressi bl e conpoRCT/@S2007/070611
| ayer 5 that includes a conpressible binder and
abrasi ve aggl onerates. Methods of using such abrasive
articles to nodify the edge of a workpiece are al so
di scl osed. BACKGROUND Rigid cylindrical discs are
conmon i nter "g?ﬂ)ﬁhfﬁEé BELY ABIEA Sk gial 10
enterprises. : of
sem conduct or devices, silicon wafers are obtai ned by
slicing a solid cylindrical ingot. Cenerally, the
Flbkli pheral edges of the cylindrical discs may have
def Syl hel udi ng. Sub-sur f r chi BS..:
Thedd it B bR ins B Eblas S Bl A e S BB S s ayer
thap irRORRS b ROMPLFiBle Hitder exdighdye s@i@meaics C Metlial of using such
propagate fromthe peripheral edge to the 15 interior
abigpive geicsde modify dbriedge o 2 waskpigss 3rgplsg diselogeted,
cylindrical discs may have sharp edges that are prone
to chi pping and can be hazardous to handle. Al so,
BATKEROIMEDor nore processing steps, undesirable
debri.s .may be present at or .near the edge of the disc.
Var R8I Cf/%@yag?w@wa B OB AR R Ry Qg Sl
ent@BHsEY FoHCRaRBll PNAE AanuREYRSoft Quift iR t8Ld QK ccB! diliddnak&ers are
defects and to round, bevel, or otherw se contour
obied by shoingdgebd cduidnghhiggdtas been conduct ed using

bot rindi wheel onpr.d . Ssi ng. abrasi ve particl . )

D israe! A p R e e Mo BRLRANT 1BS s dGFgsincluding
s RSb-SeHAE icBdcRY o PEHTRS | Tifese Befedth 6hisredtt pesbléms A suBSdqunt

and adhered to a flexible backing. In addition,

Prosessihitery, Birgrampls, somadefenseernyers eateeran thanreipbergbedse to the

. ; C,- . ol ], 1.y £Se

b SRS, ROBIANL DR LR PSSR

edSHIVMARY prone teechaisiiee ind ¢dneeiaesdois dihasdlos Wi, pftevond@s more
an abrasive article conprising a conpressible )

procssssiens: nadrsiratle Aghrisdnagbup g pe dien 1B g thadige:
Corm oo PSR R AR L TRy S Begoer

edgdsdomidi@edyr almhinae dafecasing ¢o eggt creelabesthetwissamgour sharp

P L, SRR G SO
parteR¢ /A 104 niRfal 6HRLRAR4BX peﬁlljei]ﬁxe'd'ﬁb%% VIR Qgﬁlﬂﬁﬁhé abrasive

the conpressible conposite | ayer conprises at |eaSt '
paBiobes hixed o1 ametrof andrdhersate e fskiblesbagkmgedn additienppelishing slurries

have eoegllursrg“‘({1 &vlsléreltnhtﬁe (e:c?g@orf‘%ﬁes Eilgé ce:on*%a!lcljc]sd £ {)olishing pad in the presence of a

slurry of abrasive particles in a liquid medium.

SUMMARY

In one aspect, the present disclosure provides an abrasive article comprising a
compressible composite layer comprising a compressible binder and abrasive
agglomerates. In some embodiments, the compressible composite layer comprises about
2% to about 10% by volume abrasive agglomerates. In some embodiments, the

compressible composite layer has a compression modulus of about 7 to about 70 GPa.
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conprises a material selected fromthe group

consi sting of urethanes, polyether urethanes,
w@eioyast7esr ur et hanes, epoxi es, and conbi nat i onBCT/US2007/070611

thereof. In sonme enbodi nents, the 5 conposite | ayer

further conprises an inorganic filler. In sone

enbodi nents, the abrasive aggl onerates have a density

of &béupe gnfa@hm@nwaqh@ G@mlzrev% lgrcampogiterlayqigpmprises at least 50% by

t

vofhﬁ{él dgﬁl@ér gotr eérg sgo\‘j%e blgd Al I'l§m8 %&%ﬂgfggétﬂ'tsg thfg%?g)?&giﬁé Vifider
coﬁpﬁﬁes @/maeridl Rels o fienmbihd Igmijptc&nsﬁsﬂn% ofaxethags, paExdthermarethanes,

cross-sectional .di nensign of the diapond abrasj.ve
polysstes WP BEnGseIoBiss: %qsiawmbl@aﬂg%ﬂwr@@f YR gl the
cor !1%%%&he} Eﬁmg%e@%h\ﬁ%‘or ¢ ANEr ates conprise

abrasi ve particle dlsper In an inorganic matri Xx.

| n $osmeneerbbaetimentssthe ahtssuvn aggammatasﬂtam X dmmts@lf abdn&d 45 to

fr the roup.cons of Iass | ass
sbes o ot RO SRt SulehErPe. 95 AR pRBPGRF Biabiy®e
agElORRFat &S b ldbtsity oFabdll 2508 aﬁ{m@3 9B0¢.Sin doldR e’ﬁ%o@%h&ﬁs the
aggl onerates conprise di anond abrasive gartlcles In

avgragremexibuit erept-sectionre digeisomafabhediamont pbrasive Baxickss 509ss than

abmﬁb lﬁg di anond abrasive particles. In sone
Jai‘fERt s, the abrasive aggl onerates conpri se about

0.1% E&n@@zﬁbldidlﬁl@ﬁfshhe wBiagikte ag’élbﬂfbfaﬁes&bﬁ@sﬂsy gbrasive particles
particles. In sone enbodinents, for exanple

dispersesbinAsnQreae MRAtHX + Hesogte qr%bOéhm@ntﬂé%mPEﬁan& LTS rﬁgselected

oo S SRR SRR S L s

incexaiipmetrix winifrises silica. anot her aspect t he abra5|ve

article further co ri ses.a support adjacent, the
conpBsPRE CPEpemenfs, &??éaSé %%%tgs CQrpISE Sighpiidabrasive

paﬂtﬁ;‘lé@r I Songl &ﬁﬁddlﬁﬁeﬁ’t@ nde ggél@m&ﬁﬁes c® @H% $5% 6 5§“%PB§I weight

mbodi nents, a bonding layer is interspersed between
dlatnhmd@brqsn@lpaelcﬁﬁ llmy@ne embodirentsuthpabtasive agglomerates comprise

oo T 50035 BRSPS S S smens, o
exdrh§1¥] hiddnaéhts l)v'ﬁel%ﬁmhe QRRedisBedt for cfeﬁﬁmgftlhs ¥biabi®c WRHomerates
is a continuous belt. In sone enbodi nen t he support

comprige atilggistaboubhizm, 95{%@ CVET lg(h@tbﬁgyelggp@@gam@ patrix, for example,
sﬂ@ esent disclosure provides a nmethod of nodifying an
edge 30 of a disc. In sone enbodinents, the nethod

Conp irsiferfpimact, dhd\gbradivadrtialsifin@hat rcbm@hees CSpPo1 8djAgen@the
conpressi bl e conposite |ayer, wherein the conpressible

CO@B%@M% [naspispe crabadimpateshe coppesite é%}ieblséhﬁicﬂﬁd Bpndgddo the

45y OO RO e R o

layer and the support. In some embodiments, the support is selected from the group
consisting of a rigid cylinder, a rigid ring, and a flexible web. In some embodiments, the
flexible web is a continuous belt. In some embodiments, the support is a rigid planar
body.

In another aspect, the present disclosure provides a method of modifying an edge
of a disc. In some embodiments, the method comprises providing an abrasive article
comprising a compressible composite layer, wherein the compressible composite layer

comprises a compressible binder and abrasive agglomerates; contacting the edge of the

.
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disc wwth a major surface of the conpressible
conposite layer; and providing a relative notion
wheiraee104 he edge of the disc and the maj or supP¢EHUS2001/070611
the conpressible conposite layer. In sone
enbodi ments, contacting the edge of the disc with the
maj or surface of the conpressible conposite |ayer
disg gvithrd Baier apBIcyioh ghesqormnressibit canpnpse tayeip peé piqyiding a relative
ressjhl e
B B Lo BRI RSl o IR QRAR o eorihe S lqmposite
layfeDrImSon& elmbotihﬁenta rgetactingatho udgelofGhd msab/uhtthéBmaJ or surface of the

]Iﬁ:éﬁg II|rreter of{hlckf of the disc.
co1gg BH‘PH%}P& &Y CTCREPYTS FPP ot ﬁ%ntrP&P@Ft Eﬁeft%@mafess the
co&?l%sﬁ@l%@ﬁ%ﬁtel 1@;}’&%; a'BsﬁtaZ 5%%0 taQth he5oedgesdite érﬁl?od#h@ﬁts the

bet ween about about meters per second
contag|fosk vein thdrange ef)dmue hdd ahmﬂBégllogra@ratpen\ gnhlrmmraxf ithigkness

on .bet ween. t ge o and
of R e dm 510 REORUSET e Selasts obWpaSeurht of Phompesic laer
reltiveCo AROHe dF tHer ddc i ¥bSveeh abdiR8and ABo@NG h&tRtpePScbh@
_ abrasive article around a second axis of rotation. In
incdusie. enmbodi ments, the first axis of rotation forns an
anglr[]e orBe 8%%6’@ %ent%bc%gat n% adr%pal g %10% gb t%vbegHtthe e%gggg{h%%%sc and
W t e’ Second "axi P&t a 25 °Fn

theaijolsureiat sftlfemenipeﬁltmdy@fcomﬁsésmbfagng Itheedigﬁabbﬁlt afiekt aLis of
further conprises applying a working fluid to the

rotaRgrondgQiating eheqrbrashes Ao aEupd 2 sagrad axisipd refatien. | B sgme
B3R 5 TR SRR TS5, g R 508, B8 Seurcs e
ababj7é degrecawth dtvandabredss v totatioe. apparent from the

des ri tlonadfro the clains, 20 BRI EF CRI PTI ON
TSP AR eflqtfrqdu?t offifygneap .ﬁ?E p sy further
coﬁBﬁ?e%' }6&1 ﬁfgtd %&1@0@8&% fh% rﬁé}oﬁﬁﬂ?ﬁc@ﬁmg 'cHﬁBBs?te%yert he
present disclosure. FIG [ustrates an exenpl ary
abr db¢ detadgof orearanac aubodmlmgﬁ dafshsdndosweerhmdichionthgn dfc
t ent osur e, 3a,illu at es
dexstipif BARE: stheietRbSron el rhbeaiiigs WAL fom e
de@gl?a&qjhﬂtgfrb@ thdgahesent disclosure. FIG 3b

ustrates the conpression of an abrasive article

during the nodification of the edge of a disc as
BRJEE, GRH’-’ITJQN’@F TEEDRAWVINGY st rat es anot her

enbegi; "By t?ét Qéﬂgj GALabiRP aficld 1R ﬁf#&get QbrflicBfbodRikents of
accor di ng tso te e pre e glltaslc gsucre = FI' G A?b OATIERIS ©
thei fresest diatlesir¢.he conpressi on of an abrasive article

gﬁ;&lﬂé %HEP nogszé{{ gXaeil:’I{p a{]ry% I‘aSItVQ %gglgglera?g EJ,CaCOI(':I ll?gc toasorne
embodiments of the present disclosure.

FIG. 3a illustrates one embodiment of the modification of the edge of disc
according to the present disclosure.

FIG. 3D illustrates the compression of an abrasive article during the modification of
the edge of a disc as shown in FIG. 3a.

FIG. 4a illustrates another embodiment of the modification of the edge of disc
according to the present disclosure.

FIG. 40 illustrates the compression of an abrasive article during the modification of

the edge of a disc as shown in FIG. 4a.
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-3 WD 2007/ 149704 PCT/ US2007/070611 FIG 5

illustrates the edge nodifying apparatus used in Test
worioiog7éd  DETAI LED DESCRI PTION I n sonme enbodpCerszp7/070611

abrasive articles of the present disclosure may be

useful to nodify the peripheral edge of a workpiece

(for_exanple, a disc, for exanple, arigid 5

cyl FHdr} ﬁglptr%rp%@y cdgqmegdibang apRydttie e, in Eﬁﬂ.Mg‘fﬁhﬁ@A

conprises altering the profile of the edge of a

DQ¥£IKEE?BES TR¥gl e, to nininze or elimnate
€cts and/or to round, bevel, or otherw se contour

sh aﬂrpmnkg@fstdlmest@n@r@mmtldem%the m)?dmttwmgbsummw bewseful to

meh T Bl e e RO Rl e ok EcLhen

cylﬁfﬁmcbled@c)s i bsifNeMBdBmeAR! MbHiGHNg E@rﬁpﬁ@%@ ARb@ag MY profile of the
slicing a solid cyllndrlcal 10 ingot. O her useful

cdggorfiepvedeicanitier ¢anmple. e mirigiz @ﬁlmlgataégfe@fé BRfPE & round, bevel,
or §thG I%GC & nt lshérg %&r 3f gbrg%%m%gﬁ B{yn[s 1ng %G‘H@HQ% cleaning
sem con or s rates a ra

(fol Ohnasic, Q’eﬁhbn@gtd@bﬁ@ﬁ‘eme tmcvdgaem Sloflfplédae Ips@AE élhbodlrnents the
di scl osure is_shown_ in 1. Abrasive article 10

workigqsdBgy Rontiben \a_faﬁeagﬂétﬁmfé{for BEHEHS- Y Y Cag raa$§lld éyhndncal

: g e 4

in GO BEP 2L ARSE SR LB BB

amahdasmpmnaxam¢¢mmpmmmemmmnpmxmneubaymﬂs of the

present osure e readi C ressj bl.e under

t ypi-¢&rP Eéi&é{f‘filﬁf‘gar&‘af%‘u“{’uas‘f% d%% SOTE% Ehp? me%&%ﬂéec?msem
dist 3@ )is shbkG 1A FMWY, §S PRV ik 180 MRIRICE Bbmp&iteIByer 120

descri bed using paraneters such as conpression

compusihg gbrasisie @ggipm@@mdﬁﬂ siwperseibnﬁme@fmléﬂ ﬁDdlIIU@St tp $he

ti.o of. t conpr.e e stres.

cofgoiiiESunddeed i it ISR TIA IR K5 (ShbSSR et B e
prdi&ﬁldhééfosﬁl%"hr@%aﬂﬂﬁlﬁd}ﬁl ebs)ibl@ RAdM tg'[gCﬁ opEﬂaXiﬁg conditions (for

conpressive stress (t is, loa er unit area) to a
exgraplerdpalicdlogdneddq wpm@rqsﬁblhty ebuericsial ¢an bertescribed using

area is then

parlleRit Ach 3 b0 ol e AR S REE i i on 1

t hi c]om&sma neRbisie defired o8 dledratio of eieRDMprddsivoatless thehe

strain in the materjal, defined as the reduction in
Commee%e‘ﬁ%%tgaua 1 Baterisl, ¢ompression mpgylys campemprsyEe ot 4ppiying a
I
ﬁxb& <8 e{r}! %ﬁ%??@ﬁat‘{‘ﬁ fdhd 31{% glrc’ lafbeggto é)ﬁ%nalcﬂlﬁ he, 1érr1ne% the
redﬁbtla)rslntthenmtaral ) tlad:ktﬁﬁﬁpl Thedoddpar ubjt afda is thenhecrementally
thic atda plleggload L, and J% t he |n{tuahi
incggas IaB & c ‘t Ryt Brepple Oﬁéaﬁblf“&ré’men 1n-foa
COMMLE§§4iA M (HRP)atéliall @Ik ad the rSfucBbAR thick@OsstdiviBSd bhthe

strain at load L; that is,
initial thickness (that is, the thickness with no applied load), can be calculated for each

applied load; that is,
—T L )

LS ]

wherein Sy is the strain at applied load L, Ty is the thickness at applied load L, and Tj is

the initial, or unloaded, thickness. Note that the percent compression (PC) at load L is

simply 100 times the strain at load L; that is,
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-4 WD 2007/ 149704 PCT/ US2007/070611 PC =1 00 x - T
The applied | oad can then be plotted against the
W@ 200ai14070The conpressi on nodulus is the sl opePCF/USI0E070611
curve, that is, the change in applied | oad divided by
the change in strain over 5 the range of strain of
interest. Generally, the desired degree of conpression
of the conpressi bl (af%SB ﬂhaT s, the range of
strain of |nterest§) depepd on the composition,
t hi ckness, and strength of thé rkpi ece being
nodi fied. In addition, the desired nodification (for
exanpl e, rounding or beveling) and the angul ar
The eplateiddnahcbqn thet b%ldnttd:m@awg&lecsfrainh d hawokpiressien andutuses the

sloprat fier et Tty G5 SRERAPBLS! BAY A Dgdhe Shaike B Stain over
théﬁmggwmﬁﬁﬁﬁﬁqﬁgﬁmponpos|te | ayers of the present
di scl osure are conpressed from about 2.5%to about

5. 5%en¢rﬁlls,dh@ desirisd degrenpEcompresseamngirtbe sorapressible dgyer (that is, the
rang nbn? atral f 1n%é/r )swﬁl ?‘r‘p?relég §{Sl E[)I}]eacgo?#ﬁo%glon t&nckgessst aendI strength of the

woirlSpi & ‘t@ﬁ%&h@dﬁﬁb@ am @afalititn, 4odedived rﬁodﬁﬁﬂﬁmﬁf(ﬁ@fﬁxﬁm@t@ rounding or
the co reSS|on nodul us of the conposite | ayer

beysdingpaiil the pegilarzclapanshiybeipyeen th? @d@%f 8o @vmlfm%ceraaﬁg@ surface
of 91 cggl%yésm%lej‘:i{gfér(?n a?%i %f?eocﬁtﬁ’ﬁo ({Se%ki%gbvg cg fﬁ%ﬁgﬁ Pa

c anIn esnd émbasdlmentssubla cbmpasslnenayeesrmﬁ/thé preateglisclosusaine

enbodi nent s, he co i.on nodul us.is above
coBEsted EPU@‘%PW RS0 @3@”@5 3§7<Sp rlesemy e&&aﬁ%@% e compression of
the%ﬂﬁﬁﬁté Byé3Y 8f 1cARYbSNAYS Efn soRRAMYod& M ith OESREGFon of the
fying action may not be achieved. In sone

compmidllmmmo gragter thoampb@g 9Pon nodul us is at | east

about n at |east a out GPa over, the
FandbsBie SEB RSy soapisty o regs s b PeSe B hpy Ggppeteen
ab&ITTCGIP IR shout TEGPR BPEQRSHABe oﬂ%ﬂ't DS% & dbuds. 8Bt Rmpression.

t han about 55 GPa over the range of about 2.5%to
In m@mwéwn@ommygassm modnlphbdewabertyoddPaest rssult e
recf:u? 1%' rteﬁo aﬁ%ge,tg%p fr%];ss?éx}h Gl antg&{t§ ﬁf til%l ﬁ&lﬁre%flgr\r}v fodulus is above
ab(SiQWDFCEFaSth@ WoslglicccPREREESEIRN tl&&fon(pﬁﬁie lagerdedy shatdersnd/or

CS=100x T. - Tf Ti -Ti wherein T f is the thickness of
unifpran egedpodifying acsionmpry nos b peueTsde In seme pagodiaBAS, the
coﬁlﬁf&.ﬁgﬁjmod{ll%s Koo d ﬁ'@@ﬁ)ﬁ > orle¥En GOTR% gﬁoc‘dt %g?ﬂlaa&{f%f

of the present disclosure has a conpression
rarige 9 abda 2. 58b auibon095 % conspowsicantdodome rinbpdinesss, tHeawmpression
HK%B ut. 25% in_so

us 18 no greater than r;gout 55 GPa over the range of about 2.5% to about 5.5%
compression.
In some embodiments, the composite layers of the present disclosure are elastically

compressible and, thus, have low compression set. Compression set (CS) is defined as:

Ti_Tf
CS =100x 5
Ti_TL

wherein Ty is the thickness of the material after the compressive load has been removed.

In some embodiments, the compressible layer of the present disclosure has a compression

set of less than about 50%, in some embodiments, less than about 25%, in some

-5-



10

15

20

25

30

-5 WD 2007/ 149704 PCT/ US2007/ 070611 enbodi nents, |ess

t han about 10% or even |ess than about 5% GCenerally,
WO toorhe70£0npr essi on set is too high, the conpP&€BEEENBE070611

| ayer will not exhibit the desired | evel of

conpressi on nodul us over the desired range of

conpression durln% second and subsequent conpression
empoeimests, sabae ebeyty 074 ReCanpisdhan @vup? Gpdranredlyoff thene

a [

co ?1[059%1?1{1 Igeg é‘J %%4 q’ﬁ%h 'Elgel c%g;{ ?gsgn% ﬂﬁettxpfﬁ no‘fgn Blg ?r%éudr%?lre(% level of
comg@bnmemti&lus oeérubedesinad radye of omnp&lsstlen tayrey secdikand
Sulggresence of fillers may al so affect conpression

FOI5EF EOTBRICSHYL CYCeRanpi e, in sone enbodiments, an
i nc @ﬁ@ﬁll#] Nhé B@myl‘éks%@?&fe)eff‘@é Shthe @%?@ﬁﬁe l%ter %Fér aﬁ?écié% by the

aggl onerates and rs present in the binder of
compess:tomrpwmtt'es batherbimiel hnd the rtmwdtahwumt)oﬁaggtmmstﬁ arcluded in

d t
thefSgmpeste R i T ar ol iy £ Rp Bt iatgresBn papsics. For
ex&PEGh BBME TmbbARNGNRR Hct@sé AVBE vERARIdr dglﬁtpefc@ﬁtsdf abrasive
about 50% by vol une binder. In sone enbodi ments

aggiomp@ﬁsw@dmaﬁélprsm@spm igdhe binderafshe eenesite bysr W11h1n§@ﬁ%e the
cornBre%lo nﬁ}?dgl’us hleec%%glo %olgyerfglcy Podtpe \c/oenq%r%gs lnel%%aulus of the
unﬁmﬁhﬁd@xpolyurethanes (for exanple, polyether

poliurethanes and %plyester ur et hanes) and epoxi es,
pRmeeBbRIlimeRE sthe phEPRBiTEs SPHArRS dhlcas aput Heby

Voﬁh{édo%dérs Irg%oalllee%ﬁo(@tﬂgﬂtg tRe E%Drﬁpoélfg 1 as?rﬁglg&g' F%g&%out 60%,

| east or even out
in smm erhbelimamget dfasedbout 79.%5&%dte®em boladst 3b@P90% by volume binder.

TodBRGED B PRSI TOL g ghea s e ethel TABB R 48 Degehancs
and Pol¢StSUBNEIR P IBRLRs. ﬂpscﬂﬁee@iﬁl%dlﬁlgﬁﬁ‘ B0 esh %1%%1&? Modulus of

or éven no greater than about GPa, over the range
thedfinddyouat 1@asbgoaud 5 40buin @n&%mbndpneﬁsm@teastl abostolfeGPa, or even at

e T R L R A R S R

embOdiaRat the. ca%pe@@ﬂaﬁ esiuR-of GRNEh@rliyno EReteH 8RN About 40 GPa, in
abrasi ve aggl onerates in an abrasive article results

sorg embgdiéwntszgo gisatcrtiea abo 0o Rn or ey noggreafer than gqut 25 GPa,
ov&sthéarangg g¢ 5bo¥1f§ % toI a{boﬁt 5. é‘?’ c%ttﬁ \fgss}o% 3 ?&H% l @Bodlments the
abrasi ve art|c1e using a

parti €S a

binlbeks advgnt3pametuvius ofpiboad lloyto Qbsﬁr}l)&GIPed@s‘Ed@ itHeerange of about
little or no decrease in the fineness of the surface

2#%m@wm$€’%mw®m%mnems the conposite |ayer

ComeL S5 1P 41,30 A R i it
andgglocesateascd-ra3@s,ras d\wd:lead arlanger afefelife, wbuiive tcabinolay abrasive
artlfc erus(laﬁ(gaa rlls?ve pargﬁesp aalmlles h'l"he%e a(?V%?lta%gsC alljrre typlcafcﬂcglno%served despite
little or no decrease in the fineness of the surface finish.

In some embodiments, the composite layer comprises about 2% to about 10% by

volume abrasive agglomerates. Below about 2% by volume abrasive agglomerates a
reduced rate of edge modification, for example, edge polishing, can occur in some

embodiments; while in some embodiments having above about 10% by volume abrasive

agglomerates, the resulting composite layer may be too rigid, which can result in damage

-6 -
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enbodi nents; while in some enbodi ments havi ng above
about 10% by vol une abrasive agglonerates, the
WO e®aligd7mg conposite |ayer may be too rigid, wWETHSHAN070611
result in damage -6 WO 2007/149704 PCT/ US2007/070611
to the workpiece (for exanple, shattering) and/or
non-uni form edge nodi fication action, In sone

to Bapsakprass €or exREIPkc MpbiSTIRG) Angins rno‘ér)’ﬁtfpif% edgqypodjfisgtaaraction.
In g&ﬁ‘@erﬁ%dlh@n ﬁgﬁg r’%’yf gg}ngﬁs o ga&erttﬁaqp@ﬁ Bhe
than a

even no grea er abr asi ve
emhg@lmmmsr ad gseatel thaa cive oe remﬁdmmgmm thtah ebaa3poby veluhmybrasive

npri ses at Iea t .about .2. 5% vol une abr SIV
ag @@F@Fﬁér I same iy %Wénténf@s&meﬂ%@qgﬁf%%aﬁﬁ%t 639%%2 5%
bngﬂﬁ&ggﬁﬁnﬂgﬁ%khﬁggﬁ§n addition to the binder and the

abrasi ve agglonerates. In sone enbodi nents, the
co rrﬂms)m@embq@mehtncﬂha d@:ﬂpoxitnéam cmmpﬁsds moateyaals in addition to the
b fill > { g nic fil L % bude Si 3 lud
méiF%%P BF 8‘?&51 3 SHRT EMONHEIMERR Fﬁ%@%sétﬁ gyer includes

on@BEm6RITRbMRakic Qﬂl%rst @Jeﬁff)flary Hdrbdhi S ANE s SHNRR SIRAAL Slay, glass beads
abrasi ve aggl onerates conpri se abrasive particles

(dernsqmrls,é@HOWrglwﬁ biepdsy.raadicomivintatip e thfnhvef | nor gani c

mat E ome gl’n%(dlﬁlr %(t%t %lrallsllxpeea ‘f’omera‘c(é‘r rlse a%%}swg éaartfcles dispersed
anor ous nc matr I C

in @refnafgaﬁlc rafeixg rras &xdigﬁmnn@mmh}ebet aIyStallﬂne KafiRrystalline, or
enmbodi nents, the inorganic matrix conprlses silica.

AamRETEHS. | E@emlaa@| igprapnic SRS ARGudasslassi EaBiggshelpgreramic
d
mafef 1 RS B RAL e sickeBRE MBI P Soripinicd b HRET Sed 11
irr @@fﬁrang 0o FEhap eﬂemplanngbrnmeagglom@aietléﬂ nompdscs hbpeive
h I t
pa@%ﬁ@?@ﬁ@p%ﬁ& eé'ﬂ%agpg ¢ S SR PP Ry
shdéﬁcsi ({U)Ié&&% Rate a bl%ﬁeteﬂmﬁé@ sl?a%@ for éxazl%ﬁe BReric@n Shrasive agglomerates.

3. CGenerally, any known abrasive particle may
Exmpussedaraﬁx%agglmcyraab a@sﬁuntberp@mrﬂmkiels U.2Pat.nbdsudhe52,275;

on carbide, alum na, and boron nitride
47%2’%?? ngié §qdréﬂéddi tion, Bruxvoort et al. in US.
Pat ehedy, a@y@égwﬁgﬂra@ﬁi@ IpaititlclBay bé B&d1ExbhbRAEAbrasive particles
colum 21, |ine 25) describe useful abrasive

inchtierdinesals. sikiecsnvebidmsba erind bomnapisits Rapicles e addition.
Bribh e £5 i 81 pRGH 0755 1 BRI 0 TEBhBugt o 21, tne

25)/\@591%6 @d@ﬁﬂ&bﬁ&@lvﬁ phitictds € $n sdrad crab@tipkets, dlhmomhgbrasive particles
abrasive particles. Bel ow about 25% by wei ght
areyMefgerde particles the aggl onerates may yield | ow

| e ek o S R BT el e o
wegdht werasisib partic B0 Uobyx angil g ki anadordeesbirasev epaar tidled. églow labout 25% by
we?g%?l t?rg'sslgg %)gr%lcfra¥het a%g ontlecl)ratrese ln%;} %neel& Po%v laegélgg V(?ge modifying action
in some embodiments. In some embodiments wherein the agglomerates contain above
about 50% by weight abrasive particles, the agglomerates may tend to release the abrasive
particles during use, which can result in unstable modification rates. In some

embodiments, the agglomerates comprise at least about 30%, and in some embodiments, at

least about 35%, by weight abrasive particles. In some embodiments, the agglomerates
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particles during use, which can result in unstable

nodi fication rates. In sone 30 enbodi nents, the
Wauro#snat es conprise at | east about 30% andP¢HUSIAE070611

enbodi nents, at |east about 35% by weight abrasive

particles. In sonme enbodi ments, the agglonmerates -7

WO 2007/ 149704 PCT/ US2007/ 070611 conprise no greater
COMPEYF Hheyaateurhan abod 40 1, dethi seRIScEedHpenthpo grcater dan about

& i ght abrasive particles. In some
40%’#@2“%%%?&?{%&%&%3 ve particles include alum na

abr &ssaree pabdédiments, the abrasma”paremmmoﬂ]t&i@tad;ummbababwa$)ameles. In

aggl rates include at | east aboyt Q.1 9% by i ght, . .
SO CEDRBHEN S B ADHENE Seelameraienip a6 &Xﬁ) Ry weight, in
soriY @ﬁb@&m{eﬁésﬁt 18RPHSouP Y/Plyy Weio8h br e@énucﬁ”lé&@t aﬁ’fgﬁf"%\fﬁr weight

particles. in sone embodi'nents, the abrasive
aluagg¢ abresiat paticlespini wecrambodiments, Himabawve agpldhdrytes comprise no

enbodi nent po,.nor e t han _abo 0%,
Pl oty 00 B R Hhoh S anDSHBRRS 26055 e At 0% by
we@éhlﬂ NgrR{cRhd ARy BaPabdut G08Sby WBighOATBmEERGEsFRHPasticlésOr
exarrpl e, when workpi ece cl eaning rather than edge 10

modilf fareg ¢robpdu§1e@fésﬁor e@mnlhew%a@rwkp@cgglgamn@raéh@éhmeﬁyige
mo ﬁfn,bca?on 1S (f sfre({ a}sgxgeraa S \aﬁged tg?rre :i I ‘c:é%Igtgln flew l%%n?l aPraswe
paiskenti @Jrﬂl@/erﬁtsodlﬂnents Ithe bigrasive agg@mbpatdmﬁa@zrdoahlst dsedntially of the
. exanple, silica. In sone enbodi nents, the aggl onerates
inoggARiy mabixgnatedals for srenpleongas Injspre cppd @@al%p fhe aggfomerates
co@ﬁssbt at @%ﬁgyébo%ﬁ%% skl & 8or 9§an§§49 Myt 100t 9ok Riticdr eyven 100%
ner al MaxI Mim Cr 0ss- Sectional  di mensi on’ of  a
siliar asi ve particle is a conventional neasure of the

si ze. of rticle, while the average Xi
cr ozsﬁ‘ngré@w X IR RSHs-gertional dr P %}ﬁ%\ﬁ%@%w a

coﬁ»b%ﬁﬁioﬁa@ nf8SGE bbﬁle%lz%lfla%hic@@ wifile@iRy a%kag% n%ﬁmﬁﬂ o%éss sectional
In sone enbodi ments of the present disclosure,

dimssnsoagea nalxwenuqmad POISEICEE @Subuoaiescrdqemmmﬁwmnoff abhaslve particles.
abr asi ve artl es I s t han out 2 m.c

n 3l et LR bt bR Tonld M er TrRmbR oy sgigpal

dirh@SfontdFaie zﬂbsme ParfclBld 8168 $han@DBET Bhlidtend, RHesoniBrh®ddiments,
the average maxi num cross-sectional dinension of the

lesaBreagbow lparrens g syent lags thamaout fé miceons| GepgraByrthgemaller the

o Bl lhigh SOTE B GG 6 ARETRL R BEQL TR
resﬁlﬂbﬂg@uﬁf%&fﬁrﬁﬁt er (g/cc). In sone enbodi nents, the
density is no. 25 greater. than about 2.65 /c

evei W@?remchmeﬁ%athe abrgeie zggsm@va&s hayga é@%ty ‘of about 2.45 to
ab&PQabo %ﬁej_s :B?c & flﬂl%’téz’ ?gé g@g/hg g&fl@{erﬁlﬁ%&gﬁ%ﬁts?thg %@ﬁ‘élttyyis no

graafip ddmrwnusz 63 gvgc gﬁtrjegéﬁ yo pea@t tHaeaboutdnfug/c. RGoglecc.
emlbgdl?noeg%es e a galswn%ra]ltgglon}e?ates have a density of about 2.15 to about 2.35 g/cc.
In some embodiments, the density is at least about 2.20 g/cc. In some embodiments, the
density is no greater than about 2.30 g/cc.

In some embodiments, abrasive articles of the present disclosure include a support
adjacent the composite layer. The support may be rigid or flexible. In some
embodiments, the support may include a compressible layer, for example, foam.

However, the abrasive articles of the present disclosure, which include a compressible
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density is no greater than about 2.30 g/cc. In sone

enbodi nents, abrasive articles of the present
waele®ehegw e i ncl ude a support 30 adj acent thePCT/US2007/070611

conposite |layer. The support may be rigid or flexible.

In some enbodi nents, the support may include a

conpressi ble | ayer, for exanple, foam However, the
congposisilguer e distiaguisirblereom pbrsive adicks hgyingan ingenyrcssible

COWﬁ%@%’&S?ﬁ%%%@?&ISSLE sué;l)o:pge) ﬁzoa%gér}lél% 7% ome embodiments, the

comlp@shueri@wr stha bt en fomano a]hrr shapy of adgeiod Itl&sx/dstzkwen@ edge during the
onpreSS|bIe conposite |ayer and a conpressible
HE/P?p“ﬁﬁﬁ exanpl e, in sone enbodi nents, the
co n@Qéﬁl&%& ﬁi)i%halsttﬁgf{uf focf Q%%@ﬁné &%Bﬁs ﬁﬁﬁﬂ% ntal € 9L example,
of the r'‘kpi ece edge during th fication
stapieys s®sl, niskelx bripd, appparaneé rrpa) pollysefajdfoﬁ aampbn polyagtisng

poBPRBRS iR e R bt PoSimer i iR quep or non-

woRSRRbE , InRAUNRS! BfukvoorP el EMOJnQﬁ Snlsatetﬂ‘Nd/ I5m58e®4 (EMLAAS 7, line
and polyurethanes olymeric films, and woven or non-

12 frough eadan 1Bnlinedt ofi dsacritRrussfsbermpors. Barticylar sglegtion is within
nt 5,958,794 (colum 17, line 12 through
ﬂ“ﬁbpﬁnuhggﬁ‘line 15 of descri be useful supports.
Par tThe wh@ortsah esidel cdrnly kndivih Bhape. 10 séiie eslbbimeints, tHa&upport is a
art. The support can take on aq¥ known shagb In sonme
BB yingn ey

rigishgybiansre Ip sOme Ebedinsais: thegugpo mq ¢miqghents,
thegsﬂjgg%'t Mé{’lbl& bS Lflﬁ)?&flé ﬁocﬂn{e 'tﬁe ﬂgle vté% ?Q&ﬁmuous belt.

nment s, e suppor 'S a
h1anbodnhnhm&mkhheﬁMthﬁkermmbmh&ndmdyHhuanﬁmﬁehﬁhtdmn

4o enbodi e su ort is. i bad
mf%mﬁ‘p?ra <§ Ptéttﬂa P%l@ 81@ lgypr d ab%ldg%glagqt@éﬂ%nw rface of
thecs%pa%l Inesolnﬁ%%ﬁbdd%ngﬁﬁ %e&nqinrgq&}elryfo; Qxat?nﬂf@la mﬁ&n&}a& 8nd/or an

the support. In sone enbodiments, a ing |ayer,
adhasrveéa(mrpiae beantgrpionet bdtayar the ndm;gomadayeadhcés imagor sa;zfecre of the
nt er posed hetween the co 03|t Ia er a a
sufftto adifor] BORR SplE BRI SRR iy st S0Pl “aheratly

sel8&iohQIfRApHopHMNG pSigdord B dAEadBESRs REWRhRSBE hibili ST e lof ordinary
sel ecti on_ of approg§|ate prinmers and/or adhesives is

skilljin Hierprt. Hexeamlary aidkesives inphedeatresspigi sqasitveoalhedv ¢y andrheat

am&gﬁlﬂ{&ﬂm5§g Iary adhesi ves include pressure
sensitive adhesives and heat activatable adhesives.

Cen@eatially, thbgbrafivasitic ks af thegre@sndisdlbirge@s@nised in any known
di scl osure can be used in any known _poli shing

polsphéneencirionetithes Wl%qrhngouwhﬁ HeRROT rFé)r SHYPRIEL 1 in spEe
embS& IR fs; tHe bR al‘rt?(ﬂ%oé%h%% W& to ﬂ?)‘ﬁ dl?%ﬁﬁ)h}’ %n&foh bﬁérgglg edge of

can pe USE to poli , contour, or clean

a vafrkj@ibeea T/lmr\kcplkpxeee mihbe miglkcbdie«;efomwnipdae a wafgi. d'hdivearkpiece
caII ‘t())er mgée gp any’ kn%wvl\llanflaﬁgnal nc u(¥vo g,@} eexca%lple glass, ceramic, silicon,
gallium arsenide, sapphire, metal, for example, copper, or combinations thercof. In some
embodiments, the workpiece comprises two or more layers composed of the same or
different materials.

Generally, the peripheral edge of the workpiece is brought into contact with a
major surface of the composite layer. In some embodiments, the edge is brought into

contact with the composite layer using sufficient force to compress the composite layer.
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can be made of any known material including, for

exanpl e, glass, ceramc, silicon, gallium arsenide,
waapphiyes netal, for exanple, copper, or conbPCEUBING070611

thereof. In sonme enbodinents, the workpiece conprises

two or nore |layers conposed of the sane or different

material s, 30 Ceneral Iﬁ theﬂBe“ pheral edge of the
wor KB ewdificatipp gfiefac 21806 d A @ecopfipg tqioneng]ﬂ@gdlment of the

f t
B sfe d BEABEATY 30 B30 RoRbrARTTE R, SERA0 contacts
cothpysite laysir B3¢0 sﬂéﬁramvemlclfemﬂo gwhich Gompuess oh h&am&am&let sipport

a -9 WO 2007/ 149704 PCT/ Us2007/ 0 he
344&051 refating rodpioppl magen b recatrd Refween @efg%z]&‘ft%? %C o BRe
co%gps‘?t@'lgg%?.t Ef@fe if@oﬁlﬁsﬁfﬁtcoq{a%%lcgﬁ@ﬁﬁté By&S0uéhl! & 200 is

and "3b. ferring to contacts
sulstampiely peptadiarar3e Ghafurfabe adonepoaite laybe3 I!an thik iot:ihnt'atéon, disc

i B RSO Rl a, bt 48 BRRRKE reitfiinidhylSlfion o

Geflé@y addtach@r& F%f%?ﬁéd ® Urdy - edE@Gﬁ‘th@ PhtOintdling CorPressible
contacts conposite l[ayer 310 such that disc 200 is

CO@D@%@A&M@&Sebﬁlﬁeﬂbbndl cul ar to the surface of _
Conﬁ%? dlfli }égla)otg 1(9%6 iggtotgﬁ corc?‘ Bglo finot‘iilller ¢ bgél:n\’?/eélt of the

pre@éﬁtldﬁ)dclbsaﬂél i8 sidwil UG, o4, 3&@6mn§3&nEI@J 4ay cdgeortivastidisc 200
force Fis applied to urge the edge of the plate into

conth@s eRpRES daist 410 pushpbitidise axinpdrotaen2 ] fgrmspy anglg X relative
to Jﬂ}g 1{?13;8%1&&%@ o(frl]otg{lmfg%lﬁ ég&rﬁgyé esag]g Q%t\g&ecﬁ(%flghﬂg P]F I%rt]atlon

ano &rbod pre osure is s
can varlfi@m @degm (¢hat isp garabeltd®9 daresd @ms&ﬂ@emﬁodﬂmﬂsﬂﬁ@ angle
[ yer 310 such t di sc axi s of

cont ac C osite |
is GOV RUSS e aER A I deggre & PEIS T i, by aniis ot loast

ab@lfttS' cf’ckf?ee@ﬁh Sorfd eﬁlgBé’ﬁfﬂeﬁﬁ #30ast Q@cﬁﬁ@@ldle%eest Blee@eﬂgllt Eeast about 40
bet ween the axis of rot a]z.l on can Vary romo egr ees

degremtlmseme pmbadeIn)s the a@9ledego gater Hrmnsibmet 75 degrees, in some

h bet ut 5 d
e pisale R MGt boireRavasat & i ptler o SPRTED doerees.
Geh@aiy, coahetfor& degimiisd td firgs MERBRO et $nto Ae doddFessible
about 30 degrees, or even at |east about 40 degrees.

comm%f@d@ayeéﬁma’lﬁeﬂb)s the angle is no greater than
abok Ieéj?og%ﬁ%z ’3bI aﬁlldsﬁl%ngene? ofﬂe%ﬂ%a% foR %5&%&%& tto compress

t han rees rea er t

coﬁ@osﬂ@ga@esm s@r’tﬁﬁta{ dtt}leasﬁpai‘h@lﬁt}t ccfﬂfdit@’lﬂ; tethsprafipl df%dgé 210 of
urge the edge of the E?ate |nto the conpressihble

disg JRPokn saanq %@d“%@ét epmpgsjte | ‘"R’éf @rqomge&wﬁ 3 least a@&t 5% of
theatﬂpskﬁ&s ogﬁ{é%é’%l I))’sorﬁeIEn 'ﬂ%%g %&eaﬁ)bﬁt f%u drcekfg‘[pgt 1ERt about

onpress conposite |ayer t "at | east
25%ar1t1 isank ymbodiirentss thea@ohtpesipr lefé¢rlie cahpreskgd nd pcavdr thati Bout

10@%&5 Itllg‘gtgg: %ﬁs q?‘glgsnilsr[‘g g\tbsfﬂm%&eﬂa%cd?glgl%g ! Ifoegrleegcgr tlilalil gbout 60%, or
even no greater than about 50%. In some embodiments, the composite layer is
compressed between about 20% and about 30% of the thickness of the disc. In some
embodiments, composite layer is compressed between about 40% and about 50% of the
thickness of the disc.

Generally, the contact force required to achieve the desired degree of compression

of the composite layer should be high enough to achieve the desired degree of uniform
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the thickness of the disc, in sonme enbodi nents, at
| east about 15% or even at |east about 25 25% In
W@ e/ 1¢9thodi nents, the conposite [ ayer is conpPEBER0TIONGIT
greater than about 100% of the thickness of the disc,
in sone enbodi nents, no greater than about 60% or
even no greater than about 50% In sone enbodi nents,

edgrrmodifinping thowerparthe eontach fseeautchrashisnc Hisolesirghdggree of
0, . j i ..

co s GRSt Bhae 1Ry S S FuP Enclf i or3BFent damage

to thb @uinpd€ifs laywt aalhorthe 509k pikcd. HBhe BBirtdheakave fscotvilt deend on the
di sc.. Gengr al | the contact force required to . cf}i eve

CompesHRR Mgy ééﬂ@éo&i’r% laxgi B thigncphandppieg) ¢l dhe

worl@M&le t%hg&hgdihgd,hh&&o%&%% hLid ﬁl%%gl\éeat WEhARS bARDS the
degree of uniform -10 WO 2007/ 149704

wOHPI¢dgSRURT LOMAE Mith thd gerfapdifthacamnipessibholageoer , t he

t f . ired t hj t he. desired
of "I s BRETHREER BRare GragaleF Lo it Br 0T oba B
kilggramhd et @ilMnBicbZ fhidknefl STRMyoFkPITRE Sk g/fneh)t Jﬂﬁlo@gmai te

| ayer and/or the workpi ece. The desired contact force
appuopiiatd sglegttpnen thwompresspie bytiomdribelwiotkpiese, Ydhecs outside this
C ressibl.e | , i he thick rl al .of (th
rr B e A BT i th SR SRE R 1y boue 2
kg/amg) shdain soficcdmididemadgeat thsttdbeut 3N/ kivh. eesofkesbodiments, the
contact with the surface of the conpressible layer. In
confpgtoishioM Breesthap g Gy mem. avhinaemeregrkodimants, porgggater than
1.5to 8 kilogranms per mllinmeter of
ab@ﬁ?'g%érgéls of the workpiece (kg/mr, although, with
appliogrmatmebehments) appliod fdrbe of desptiesisli. Hkg/nimyenry regudt in uneven
he. wor kpi ece, . val ues. outside this range be .
andgf | AR AT B o HER &) Somémemra@% applied
forﬁ&"&?réa“teﬁhaﬂ EREmARRY cadse h9MIMpidRdo aBuROMR some
enbodi nents, at | east "about 3 kg/mm In sone
embathodintre aprdicd tfitrses efggreaert thimé &e/mirs nmy @oeathe workpaece edge to cut
.taﬂ%ut 6 klg/m and in sone enbodi nents, no greater
P A OMHR8T 'A%kg/ rmm I n some enbodi ment's, appl i ed

f or ¢@srdef tol Bediff MaRdde Sf KGOMPIBYa feRBivE FothtlondNBI6EBN isl&eated
and/or insufficient nodification of the workpiece

betaigge thel adge ofrthcevsbpicereandshe egyppositd layicor Belsrigs tgd&iSeda and
t. / i to f |
40 180 AT o SR 5 BIARLREE B LR Sy st

by kgrbWn MRy scb@UEEbddiBcmOtkphinasdy eagielctriaychd rotdted @ldtie to the edge
conposite layer. In order to nodify the edge of a
of therdissi & cxample insppe cpgpdimcatsatheromparits layeisadiagent pgupport,

fox%%ﬁ’f??e? IQ-?“ riggi%ﬁpﬁgrt gﬂéﬁ}’l‘@ ﬂ‘e%iuﬁg(ﬁt ANfarl\ey EQAPRSH Htated
l'ayer. Reterring to . 3a a 4a, 1n sone
relatislead itl!meafttgs of thedlis astEhpwnebyr ateat Bd In #IGSI Fead3h,hike disc and the
cor?lgo@t%%;e? aiea%%{lte%?otgt?rggMn some embodiments, the disc and the composite
layer may be co-rotating.

Regardless of whether the abrasive article is moving, the disc is moving, or both
are moving, it is often desirable to control the relative velocity between the abrasive article

and the edge of the disc. In some embodiments, the relative velocity is between about 8

and about 16 meters per second (m/s). In some embodiments the relative velocity is at
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by arrow A. I n sonme enbodi nents, the abrasive article

may be rotated relative to the edge of the disc. For
we@xanpie94 i n some enbodi ments, the conposite |BYBEUS1087/070611

adj acent a support, for exanple, cylindrical support

350, and the support and abrasive article are rotated

25 relative to the edge of the dISC as shown by arrow

lcagf, abpyt H) ws andaingemegmbodiactys, ¢t leasdbpwlel 2 BEmbbsome
emgéalﬁ{en?sr %e%@luﬁlvee&e’lisa{tﬁk 'np %realé? tﬁa%r%)oﬁﬁﬁ% Jrents, the
yer nmay

Sc and the conposi e co-rotating.
Reg & @Hrﬁes&nbcﬁdlmhetkhhe retlhteveabtaashaienairoml t&t\eednshﬂed/gemg” the disc

e disc is novin or th are moving i.s often
an%ﬂ@ PP laywmlﬁe&hex HE TOBpA RS, ‘émwt wYtrﬁs%fém@ewr@hlé wear
pa@é?ﬁ@ﬁ'ﬂ € chpdsitk Bayen OF&rB;;aﬁle‘e §QLo og&lﬁg to 1Ha d‘ﬁﬁ@@slons of

diments, therelative velo |ty |s about
theahsj: algo mmayjlﬁ wenents thecospson blayem s) . I n sone

nbodi nents, the rel ative .vel
5003 0Bt st B PFERHE Held gl Bbwaikbitse Ry by poved
parallelS0 iR AFROEH LAl SxisF rdt@@sH didipuhe MddH g préteSO MO example,
enbodi ments, the relative velocity is no greater than

in seon embcslimenss, the albyesisc anistsanaebe esciltates sueh #at ¢ omponent of the
hn{:a?l]rto%éﬂlg noe}ll 1 rimctlI ong?x%%\%@?uriar t %heeed(%% ?It)href:(g ﬁ'ﬁf’sgmgon}%odltments

theGige I’oE&i&kﬁscl Iﬁaydbﬂd)@&llﬁtab Iraatweﬂb the fuafat@ofthe labrabive article. In
conposite For exanpl e, a groaqve carrespondi ng

| a
sorpg cnfad 1H}eﬁ‘éné’feélﬁl§afd%‘50ﬂl@ﬁ@1 Ry be é%@”ﬁﬂ)ﬁu%t% A f‘?lﬁtﬂ‘@ linear
rnottllaﬁ b‘éﬁxgggﬁ Shi §1Vl3 %ﬁt?c‘ie arldth 8 %sgfg&tu% attarkﬁbﬁﬁtgalﬁglzégnstant

and e mor ple noved para
vdbb@yabra5|ve artlcle axi s of rotatlon during the

I ng ocess. For._exanp nbodi nent s,
t heE%%qra%?@é mepts) modifgating q%%? ?4%&03&% Picggpy e conducted

in HRPPABEM ofAf w1l i@&ﬁ&ac@%@ﬂh'tﬁ@&vhﬁ@@é@ LegtHokbtaive article.
per pendi cul ar to the edge of the disc. In sone

In sorbocnbehmsnts, thhevogldge flofd is kbosdh desadeyltbe pwpetticatiod cxample,

relative to the s fac rasive
colgfrisnglsaraehic wSpae fy Mot Judisiad i iaglSpiholt advrscly
aff6QHol R ldb@dginp et WHkpidcheld indt driYo i@ the FREISNluid may

bet ween abrasive article and the edge of the disc

corfeibute 4o Arocessghit earmbingtiop veighide dvied abigpiye pitigle, tBoygh a
Che?fﬁl'}!gl Igg@gglc 1§hm gdce cation of the edge of a

I ece nma in the presence of a

wor ﬂoumgﬁlhmpxdces@mg ofnt@at wwrltﬂﬁedenet Wk dpiret tasthd widdleing fluid is
abrasive article. I n sone enbodi nents, the working

an pyygoys peluigdahinpladese eiertisad e&helaéﬂehl asan @%ﬂlzgyganﬁpréal or

soGRTRERI S0y o (B0 bR G S60 AR BB BB s

forcéaamglenglohhmmvcbe kgpnpleeing Iagerftsmmi/mnhmkdudmﬁmitewmplmnng agents In
eto cessi n%

soQpIbAIeBl. PR e e Reieabk sstU b D RerBm iy gk cxample,
L-proline, glycine, alanine, arginine, and lysine), may be used. In some embodiments, the
pH of the liquid medium may affect performance, and is selected based upon the nature of
the substrate being modified. In some embodiments, buffers may be added to the working
fluid to control the pH and thus mitigate pH changes from minor dilution from rinse water

and/or differences in the pH of the deionized water depending on the source. In some

embodiments, the working fluid may contain additives such as surfactants, wetting agents,
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chem cal nechani cal polishing process. During the
processi ng of sone workpieces, it is preferred that

wWao b@7aer7kd ng fluid is an aqueous sol ution thaRCT/US2007/070611
i ncludes a chemical etchant such as an oxidi zi ng
material or agent. In sone enbodi nents, the working

fluid contains one or nore _conpl exing agents, 25 for
rush 0SS, [hsitaEntoaps abd Hsi lbkei AyluRgentsfonmmae, may be included
I
n UL AL SRR Lo SOEBIOOS Lt
the(Warkpexadipdie; protespingl i ne, egC|ne alanlne arglnlne

and |ysine used. . I n sone enbodi nent
of tHEr F}O&Hicﬁtlﬂ%aF A 0%11“? ROFKIPACADH FORRELS; ¢ %a f@e& can be
furﬁngk ?f&c@ge@ 2S84l ﬁﬂﬁ% E?oc@@ﬁr% Enc%n intth€agubstrate being

I'n sone e diments, buffers may be added to
t he Tho fdlavgn@pdcifid, UuttItDnelmlttmg] cxtalplghyitindrvctia sllustrate the

. mLi changes fron1 nor di .fromrinse .
i Gauf Thdhr s AP e BL P Hr ey b S Suise
ind@k&r dependi ng on the source. In sone enbodinents,
the working fluid may contain additives such as
surfactants, wetting agents, -12 WO 2007/ 149704
Teﬁﬁ&@ﬂ%%907LO706ll rust inhibitors, lubricants, soaps,
e. Alubricant, for exanple, may be
TestMbtHoed — Edod PslisWiigki ng fluid for the pur pose of
redu0|ng friction between the abrasive article and
t he TaEp RisTecR&Towmed Ay thersige sdiyingAppaiatussBe v Euk1end. of
f
R EORICTs, LR WOEKRL 86 uE SIPHER B HRENIBRERRRSR0. and
dmpmdgemmdéﬁngmnmmﬂﬂn the art. The follomnng SpeCIfIC

but n imtin les will. serv illustrate .

t heD Cﬂ%ﬁlpg &Hlt%pﬂ ‘ﬁ@é vasuahflisg chugk|S ﬁélﬁ&l@ﬁ@é?@égow@g
sulPkts3 sbyiweispht réf&]!s?ﬁ? h@l‘iirh%ﬁl\%tstﬁe dsBHhARtRE surkle B9 teating a

Met hods Test Method A - Edge Polishing Tests were

Vagamiwnhedw@nunmen@dgﬁwnsdﬁkymhgﬂa@@amahugn$hmmﬂunngtheedge

mof e PeTGE. Sa R SR TEE O e SERER 0. e

posTR&kihY bEMYRI & u@&pto blﬁﬁ BE 55U O530Nh o6t W ile hbtdgSe article
vacuum di sc chuck 510 having disc-nounting surface

626 aml topRipply ths desizpdceniaaisfaricyehtes thgedasnt thandisc and the surface of

ng surface by creating a vacuum at the
. bim?%gﬁﬁ%%ng surface sufficient to hold the disc in

pl aCescdhliing uhh&0e die indlwdbs idyive gha¥psSaheeanically coupled to motor
Di sc-hol ding unit 500 includes positionjn

53¢ oylotorpd0 r%&qs drignphagt 2es andhriinjagely disg Cb@%tﬁhﬂr?@déi&gé% about
diseeRud axt $GotutBn | 505,CQRhACH bWaltrQwaﬁ’r E&é -ﬁloalrf%'ng Lu§iit 600 includes

abrasive article support 610 mechanically coupled to drive shaft 615, which is

mechanically coupled to motor 630. Motor 630 rotates drive shaft 615 and ultimately
abrasive article support 610 about support axis of rotation 605, as shown by arrow E.

The abrasive article support and the disc are counter-rotating. As shown in FIG. 5,
co-planar disc chuck axis of rotation 505 and support axis of rotation 605 intersect
forming angle Y. In each of the examples, angle Y was 45 degrees.

Referring to FIG. 5, motor 630 is shown mounted to frame 633 on tracks 635.

Motor 630 is mechanically coupled to cam follower 640, which is mechanically coupled to
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20 620 and to apply the desired contact force between

the edge of the disc and the surface of the abrasive
W@eao07a4%904 Di sc- hol ding unit 500 al so i ncl udes BET/U82007/070611

shaft 525 nechanically coupled to notor 530. Mbdtor

530 rotates drive shaft 525, and ultimately disc chuck

510 and di sc 550 about disc chuck axis of rotation

petpisral 42wl w3 e dvinshati@re meianigaiby ceimles cgp4S to motor
™ iy L . '
648 e P 68 o PR TR Lt SRR Loy TR SRR fiphoral
edgotd® efdtamoo4Bo t(Cim 3dwelMbddiraicBiey tht adtetsondl meeos bfiEdm 645 into a
. 615 and ultimately abrasive article support 610 about
lingay spasion. ¥ @ﬁtﬂmwskygﬁ%%ﬁ% g Bis, lngar %Sﬁﬁ%ﬂoggf alirpdvy ghckpryupport
6160 AN EvAAiL R 20SHRRN b ARG §0E§s o B &row C%. :
counter-rotating. As shown in FIG 5, “co-planar disc
chudkcaaxives ofcatedt@délonr &0 stand aldyippotant ascilsatioh velocity across the
rotatio 5.intersect 30.form ng.angle Y, In.each of,.
abrapike atticlh | Rgdesign g ?C%sthﬁgraﬁ%régglé@ﬂ“ﬁe‘?det}l? MHYLgn radius of
theFdata compaiBlcOkitlo 3R rh&hahietopunéRsot e LaaRive3Rd R cam
tracks 635. Mdtor 630 is nechanically coupled to cam
folfaayar oveee dgamingdhi thie dosiredbradnsias alfvnction op kegle s thenFepgmated,
07/.149704. PCT/ US2007/ 070611  peri pheral .edge f
1 ok Ol ar e B AL Ry cBF T PR B Tl e
cafihOihg a0ARimAs raditOsf €4 thillPicdre $mad .84 nchtd, arina sbahium
647, cam foll ower 640 tracks peripheral edge 646 of
radiysrRfeAs. mekid 3 onFkier 640 transl ates the rotati onal
Dt | . , Lon. o '
ul ¢ ard] APl T TIDd s B 1piBah AytoCad LT drawing
pragparasihveh gemttacddeths sippo ot cdm Gdidgangdliabfuasiime Hid dptihe fit rounded
620 rel atjive to disc 550 (as sho by arrow Q A cam
thafg8 thapa et 18&&?%@@?- ihgt?aglﬁlaﬁ?@é?l%a@&vﬁ% gfﬁfiuced%y the
AURSEd 1 BhioRfunY Rla@phihiid BGE, A8Rertd'® a ABEASH et idthIChRE cul But with a
design such a cam the traverse di stance and the
bamd saiwndohtowatdi ths lio¢ of thaelravaing toppduidd keani-shapechem.
nmechani cal conponents of the camdrive and the cam
foll ower were determ ned. The desired radius as a
Tabldne¢ tR liusels adugdtRnwAantlo dor HeinepaicedingbQuastantidlle doastart
coor Qsaah&sh Was8r,converted to x-y coordi nates, as

shownin Table 1 for a camhavi ng a mnimim radius of
6.4 fillimeters milkifpetery 25 | mches) | and Rillpeterfum
radi (isangle §7adiusnn (2 2% | ngleTHhgadivy | coar dil naves
providel im Tabl¢ B.4ene Ght ¢rdd0i mt §48n | ABSCad -9.4
dr awil ng0_program| wi.&h | gelnfer at €80t he 56Rape-46#4 ¢arh7.6
usi ng_a20splli n20f Undt.Bomn. 4The|sEldne #8¥ noudBded -243
t he camtshapes.at |012aad |18 degrees. The 1 esdlt i neofsul
size|draw ngipsoduced by 1i.8e | AzsoCad480 pragrram 39
printedspout, 2adher eglot 0 as pi 1ce4of sheet |n2oal | 32

cut outeom fhogas bandssawopol [[owsng [t Beal i|ne2ef [t 1¥g 1
drawi ngzg o[ ppeduce go heaph sshaped ¢amue | -6.0 | -34.0
80 28.9 5.0 28.5 270 31.8 0.0 -31.8
90 31.8 0.0 31.8 280 28.9 50 -28.5
100 34.6 -6.0 34.0 290 26.1 8.9 245
110 374 -12.8 351 300 23.3 11.6 -20.2
120 40.2 -201 34.8 310 20.5 13.2 -15.7
130 43.0 277 33.0 320 17.6 13.5 -11.3
140 459 -35.1 29.5 330 14.8 12.8 74
150 48.7 -42.2 24.3 340 12.0 11.3 41
160 515 -48.4 17.6 350 9.2 9.0 -1.6
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Table 1: Radius as a function of angle for a cam

generating a substantially constant 20 oscillation
woeiossag4 mllineters mllinmeters angle radi BGI/KS2007/070611

angle radius x 0 6.4 6.4 0.0 190 54.3 -53.5 -9.4 10

9.2 9.0 1.6 200 51.5 -48.4 -17.6 20 12.0 11.3 4.1 210
48.7 =42.2 -24.3 30 14.8 12 .8 7 4 220 45.9 -35 1

-29. %5 40 17 6 1milimetersy 230[43 Q0 127 7 millimeterssq 2015
13. 2| 1engle 24adiug) |2 x20 |1 y34|gangl) |radigs 11 & 2(). 2Y25
37.4|-1208|-8%31| PO.526. BP-B. 9 3405|2604 34. 6546./0 0B4.(0
80 28.985. 0 9825|270.23]1. 9.©®. 0 -31.8 90 31.8 0.0 31.8
28028950 -28.5 100 34.6 -6.0 34.0 290 26.1 8.9
-24.5 7.4 -12.8 35 23.3 .11.6 20
40. 276 0111 @9 igehy7igda gexib @Sl%ﬁclemﬂmn t%?%36cm<14
1noﬁ§ dﬁm%%@ byé gscnl 35 1ﬁéh} wide dfifh (lfl@at% a@ém% 3191056 s%%?or%ﬁl@ using
8.7 -42.2 24.3 340 12.
a pBbsEe sar&mlvela?lhesl% dng. frsiconditipngig step4thmﬂezﬂﬁ6'al1r497@au’tlcle was
S2007/,070611 n1 | i meter ter an
wef i SRR Yol T ool a1 ZhO B G Gri R g2 433
abildsilc (JB&In&V frém-3M (%n(baﬂ?r AMdp16wo6dNMM inSsotd) Giunddds a 5 cm (2
flexible abrasive article was nmounted to a 35.6 cm (14

inchdigncsr Brd @p oy (GGinoh)dng gleal Fasmcomagievidh the faxFlg abrasive
artlc?e fo"f1 ﬁéaﬁlllﬁlug% aA%tEIqjh?s ff’rgtoc% ?ﬁlg)st > H%%ex?bl@ Eﬂfrﬁﬁ% ?rtlcle was

I ve adnesl ve. Ina |on|n
w@édemﬂbisep@bybeﬂcoml aAtsecdnel CWﬁSlUBnM&@tStd{M wds ddedme:dzMng a 268XA

wat er  and the drg) was rotated at 700, rpmwhil e

AlQSOESHG-OBERA 9B T of Yty ol logysd Dynegine with sRPesripashol. The
269RR! £IWPAHasiM WRESHER] FBHMNG ‘totnﬂ)aﬁy;rl\/l%%&lgod, Minnesota.

A 200 mm diameter silicon wafer (obtained from MEMC Corporation, St. Peters,

Missouri) polished to an 800 micron final thickness was held by the vacuum disc chuck
and rotated at 2 rpm while the drum was rotated at 900 rpm. Deionized water was
dispensed at 30 mL/min and the force applied through the pneumatic cylinder was set to
3.63 Kg (8 Ibs) unless noted otherwise. Cut rates were measured by noting the total mass

removed from a wafer after 15 minutes.

Test Method B - Compression and Compression Set

The percent compression and percent compression set were measured by placing a
2.54 cm diameter piece of a flexible abrasive on a flat granite piece. A load of 4.35 Kg
was applied for 30 seconds via a circular fixture that had an area of 1.27 square
centimeters. The percentage compression was recorded at the end of 30 seconds. The
compression set was calculated as 100% minus the percentage of initial caliper recovered

30 seconds after the applied load was removed was recorded.

Test Method C - Compression Modulus

Compression modulus was measured according to ASTM Test Method D695 with
the following modifications. A sample with a diameter of 20 mm and a thickness of 1.0

mm was placed between the top and bottom surfaces of a compression fixture (MTS Q-

-15-



10

15

20

inch) dianmeter by 15.25 cm (6 inch) long netal rod in
contact with the flexible abrasive article for one
worRmane70Af ter this first conditioning step, tPEI/US2007/070611

flexi ble abrasive article was

al cohol .

wi ped with isopropyl

A second conditioning step was conduct ed

using a 268XA 10 Al 0 abrasive-covered rod for on

TEgiTplgcaromerhanigad tasngfrpmg gntwf@%d|vgébT%%§WQ£l‘é%ﬁépftwmwé The

o s ARG R R e S

aneter si

Mog%{[p@ﬁya? S\Ba?d of 0.25

I con

rnrfj/ﬁbhalAq&dk foaarof BV 16 me vais iapplicdSt TheReddewss measured with a 500

t hi ckness

M ssour olished to_.an 800 m.cron fi.nal
kil %&mﬁé?lffd) %ﬁ?l%ﬂ%ﬁ%@u 3?}?13?‘?81685%& WeEndiToely Jeeyregiiromn the data

ac

ﬁh&ﬁf‘éd%a&@ BVFS YRS ORKIPA

ter was 15 di spensed at

(f dl"lf%tlo&pglsﬂ%@mgﬁ% b@EF6iach test

m./ mn and

force

wag pphviegtdd tda stogyh-striie cpneuwhtico thy Isfresd @v‘asmlaslogédlvtldrd by the

N

heigBf &Tth@ffc@mdd THI S

and

unl e not ed ot her,w se,. t,.r.at re. .
b TR Rl PR iy 1 fgina
essib@ShodURishogh Riracte® MBHEHS k@8 strain
Conpression Set 20 The percent conpression and

cuyer cent conpression set were neasured by placing a
2.54 cmdianeter piece of a flexible abrasive on a

flat granite

pi ece.

A load of 4.35 Kg was applied for

M@floé 6£ PrgRritigfCémpidssiblehbfdskies @tidldsat had an area of

1 27 _square

centineters.

The percentage co

ressi on

s The awiaiads wed imibe dpllpving Syrmplepigsummygized n Table 2
corrpr ession set was cal cul ated as 100% m nus the

per cent age of

initial

cal i per recovered 25 30 seconds
Tablket2e rSunfreara b In agdtiall Oesdd wad soweosved was recor ded.

Test

rac-cw on nmodul Uus—\was

Z-00mm and a t

WBilekdess of 1.0

!\vlbt hod C f\_:ormr ac-c-| on l\/hrlnl us f‘r\ o'
measured accdld m;pr%dlgmmi%q Tom miq‘krnﬁm% CegdagPark, TX
| foll owi ng modi%3Scaicremdiamandsa npTemgl eggr Park, TX

BDow ompin g [§lcaeaetidye tMwd ind, M1

ARCRL PRG-200% |

) Polyecs yhykcaces of

Bayap (G, s tisdn, Ketthgny

LHM B Q -15 \

\PoBReher EA3404 P

BRYAG, 0 6ddisen] Eefmany

TFECTH

| %} testlng Tran

EE{IJHS @lﬁfé@ﬁﬁp%j Mclntyre GA

TONEOSUE 2>

KADEN HRRPERANICG
RS

re). The Do

~ Uﬂfﬂ)n%ﬁ‘rﬂ)lﬁé’ th‘ﬁ"%tqn X"

> 5

<.
E;’ =3

OX3led of

y
ed—of O

ha + ~An o £
 Drige g SR ok

fegi

Sn@gq appl i pd

ﬁ@&al}’sﬁiad was neas

L-UVVCT
1dorf,

bl

,Amﬁmﬁqhqng,cadm(l?hl adelphia, PA

PGé2 ogr am co

Pebgirenyléngadyaod| |

| Bpyos A\ G d everkusaia Ogrmeinye

LURRASATE acql
MNWOS TESTWORHK
each test wd

liGaglbdiinode tbdifadt
(et ylendbes(preadr di
\$soeaaenNted to a

aBA SEdpuip s Florlomm Badkt War e
spl acenent curve for
stress-strain curve,

wherern the stress was the [ oad divided by the
i e and the strain was the
di s plbarserrengeladioratdecbtiningd. ﬁrémgi (hamicrhe dghtondfpattivdes were

ori gi nal

s FREEA BB LR GRIBIRS

area of the specinmen,

1nr]ExarnplIle

YRS pRKLE RS E8ad B except

that 0.25 micron and 0.5 micron diamonds were used. Diamond-free abrasive

agglomerates were prepared for Example 5. Further processing was carried out as

outlined below.

The density determination was performed in a 10 milliliter container using an

AccuPyc 1330 Pycnometer available from Micromeritics. The sample size was 8.5 grams

for the diamond containing agglomerates and 6.5 grams for the silica agglomerates. The
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curve. 10 Method of Preparing Conpressible Abrasive

Articles The materials used in the follow ng exanpl es
Wae@734aTo@r i zed in Table 2. Table 2: Sunmmary BET/US2007/070611

materials used and sources 0.5 mcron di anonds Tonel

Corp. of America, Cedar Park, TX 0.25 mcron di anonds

Tonel Corp. of America, Cedar Park, TX Z-6020 Sil ane
methag abangandemsRigseaticarcsswicdliprancenpbscarrdaipoppippths sample

I r
et it et B 8 N i Grep R KM o SEOAR Mntiid (o
thel-sﬁohki\iphhge vﬁlhmye tvthasariplay TGe m&nmentl\ﬂnltcrrhg/troally @hrged Ghlfer and any
1 Pol Unj on Car bi de, ston, TX OX-50 Dried
VO]@Hﬁ?é drogt é%.m L SRt UNtESYGEENVC RpRSpiESMents converge
up&gg @g,ﬁé%ttm@}é%{ﬂtna Chemi cal s, Phil adel phia, PA PG&425
| ene glycol Bayer AG Leverkusen, Gernmany
L UPI?Ab\Iﬁe'bErt@d\ dbwdiy ivelude weodi ttaieel Wl@@g the weigho |’olyahn measured

| ene anat e 15
volxgieh Thd ey PE e Bt e o tasan 25 ST gigRgpds was
2.8k n@h@@%ﬁd cﬁ?zhé/\@f 51 egﬁg%rﬁérﬁfé uSh g D IRde8 di d

ouf%lyqéned in Ig%’la | of S. Pat(Sent Nolﬂggp645 624, HTHOnES
wagXoépte/cct Hae d@n%f Qﬁﬂ@fr djﬂman@ﬁ@e Bbigbive epglamarsmdEas ey g/cc.
use SI ve ner.a
0 oo R 50 G B S Fanp AT BAL 2rah ef deionized water
wa@ytepated2 @vetih bem@diottxeh aMhutdd)e Gansot ¥-6020 eashddddito fhis solution,
was performed in a 10 mlli liter container usin

an .
whilg gtimipg. 1330 HRfche i wintduBrdior: QHYiRg é‘f’eélﬁé‘P%t i While
stn:rrﬁ S %Y 1.41% d@@?ecﬁab?as%e?%logﬁ&ﬁteg l'x]/%%edeidﬂ {bdthe Isﬂane solution

taintng agglonerates rans e Sl
an(hgiglremﬁng sispenfioa washfoWel ﬁoﬂﬂﬂd]ﬂﬁ fidden minutes. Using Whatman 54
PCT/ USZOO?( 070611  nethod qf neasurenent uges t he
filtgr RAPSTiTRe Hicpe SFURL BUaY S ags/RYCTHEINFT FARTHE I HIS S %tad@wmzed
wafdd 2dHasTricWiif Bn B&dd fePhaasy-888 nbhignt di gehar ging the gas
into a second chamber to conpute the solid phase
vol dbeasofc atggkmmatp%entaiﬁnl@ pmastixas veme made acratdisgatd the

cm%pos%l tions etsc%rbeg n Tgbrlg 3.

Table 3: Compositions of the abrasive agglomerate premixes.

Ingredient Example 1 Example 2 Example 3 Example 4
Poly Clay premix 268.01 g 264.15 ¢ 264.15 ¢ 264.15 ¢
0.5 micron diamond 41.64 ¢ 41.61 g 50.00 g --
abrasive agglomerate
0.25 micron diamond -- -- - 41.61 g
abrasive agglomerate
Dried Fumed Silica 214 ¢ 214 ¢ -- 2.14¢
(0X-50)
SCOTCHLITE -- -- 1321 ¢ --
S60/10000
hollow glass spheres
TONE 0301 6.50 10.39g 1039 g 1039 g
SnCl, solution 275 ¢ 549 ¢ 549 ¢ 549 ¢
LUPRANATE 49.02 ¢ -- -- --
MM103
PU1 -- 60.36 g 60.36 g 60.36 g
Methyl-ethyl ketone 4.64 g -- 4.64 ¢ --
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vol atiles fromthe sanple and repeats the analysis

until successive neasurenents converge 5 upon a
w@osiigtrent result. The reported density val ueRCTHES207/070611

obt ai ned by dividing the weight by the neasured

vol une. The density of the abrasive aggl onerates

containing 0.5 mcron dianonds was 2.555 g/cc. The

density of the abrasive aggl onerates containing 0.25

m Cr,o ' - 7 o j f -
e e i R L LA
(W BARCOLoPPG2025Q Tow &6k Hif-1 15 P vap@k alO LiiNxiéd Wikii te hardi8 ess than 1
ra f deionized water was prepared. er .a perjod
wigre n@_ﬁp T PSS agf_r%@%na%ka OHH K UL A dtEY e pprger, and a
sol98tutring 'dispeﬁé@itlsslu%ibh tak RxedWeh 0N oidveusR) 41P1.91% MR
adjusted to 4.0 using acetic acid. Wirle stirring,
vadOith geemtitted wither dbeblermahctdry avkerd PegytoMelt EpgwratendReading,
added to the silane solution and.the resulting :
Pedirafianinon it ol PSP HiPPeRes o Bdre i Rgesired
abrd§iv B Ao MBALARR wide dddcdith HRI re A PeImixtan@ nfikéAfR tdf @AuRd. The
abrasive aggl onerates were captured, rinsed with '
miyiap ovis seppeduat ssrape dlirisidsiod dhd epngminaswiesset ringarperate-dnymnmixed
mal P Fudhc iR @Qraaai'ti\é %}Qgtgrln?nql%r Al enik ARl HeR8kd o produce a
DY 6m Xes Ver e rade ‘dccor di g to the corpositons
hoeg&ioub afixture. Tk das added ald #llodved@o MiQ Sorite®ABmAEs. tWhen the
.abrasive aggl onerate prem xes. Ingredient Exanple 1
mighiEgNpehomeEEeamy. ey apkynpias cagageg ppd mixpe sprtiugd spdergpcuum
4 64.15 264.15 0.5 mcron dianond 41.64 g 41.61
ﬁngg%8$38&b -- abrasive aggl onerate 0.25 micron di anond
- - Prior to ebtifd, agpolyald papolyencaggd a?dvadobution EEnEladP G425 at a
Silica 2.14 g 2.14 g -- 2.14 g (OX-50) SCOTCHLI TE - -
level of1280 3nCp on thg§polypDORE: dtldkd tmihgInaswirewitkigesd MONEE 68prdduce
6.50 10,39 10.39 10.39 SnC z salution 2.75 5.49 5.49 |
thegfingd) cogtinpmpTH lwga_boe;_swg: article was formed by gopting the skyyysigscribed

ab&% 5o 90 Rfcron (2 mil) thick primed polyethylene film using a mechanized knife
coater to produce a dried caliper of 1 millimeter. The line speed was set at 0.61
meters/minute (2 feet/minute) to provide a total of nine minutes exposure of the abrasive

article to 95 °C in the associated oven. Further curing of the abrasive article was carried

out with a post cure step involving storage at 80 °C for twenty-four hours.

EXAMPLE 1-4

Flexible fixed abrasive articles were produced according to the method described
previously. In Example 1, the polyol prepolymer was LUPRANATE MM103. In
Examples 2-4, the polyol prepolymer was a toluene diisocyanate (TDI) terminated
prepolymer of TDI and propylene oxide adducts of propanediol and propanetriol. Cut

rates were measured according to Test Method A, and are reported in Table 4.
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Met hyl - et hyl ketone 4.64 -- 4.64 -- -17 WD 2007/ 149704

PCT/ US2007/ 070611 A di spersant sol ution was produced
whooritxd7og approxi mately 33 percent by wei ght PEW/¥$2007/070611

ARCOL PPG 2025, 27 wt% LHT-112, 39 wt % KAOLI N

H -White, and less than 1 w % each of an epoxy resin,

a cal cium al kanoate sol ution, an ultraviol et absorber,
E@ﬁd‘;@s&ﬁlﬁ%ﬁi@ﬂiﬁbl_dﬂsper sant sol ution was nixed

Wit h[FONG girusing a PC | M Xer
fitteljg}—imtuu %iu tbie—plan Wtﬁg%ﬁ r%ﬁﬁgy i'}i Hetr—iviH
Q)rp raflr\n (R %al léJil :E:z(g’ \la'Zw jg)ja 1 X, < g
t he Macuu tol pr nﬂﬁ?‘p a rpé{ prcrri 2-4the ldesiX

abr aki ve aggl oherates wefe adted tlo the resjn prenix
and pmixed for ten dhutes  The milxi n®Ohas |st Qpx: t
scrape the sides of83he tontdlther |ves&dd to 2.54

i ncofporade any unm xed [LO niefGerial into the m xture.
An additional fen 2hutes of m xing wa80needed 283
produce a5 honpgenous m xturde0l OX-|50 was added and
allonwed to m x| forl.b®&n m nutes. Wyen 682 I Xt ¥ was
honopgenous, the vacuem was ergmged anslsgi Xijng 3.08
cont | nuedy undef vacuum for 4en mfnutes. Prfior to
coat| ng, a pol yol pegpol ynmer and g 20§wgsgol uti o of
SnClZ 1Tn PEAZ5| at fags IS5 [ evel 07 4% P32 on They3

pol ypt Weg € adgedto the[m e Mt good M Xing tOo
pr odu the f nalzgpati ng s'urry The (abrasi ve 34
arti wars—f et by coptTT g&tne si UEhy desct iw
abov €roh I" il el t
pol y I miJ%Lng A ITe ]:14an| ze
pr od at
spee
providea totalof ‘hfne M nuty 20

abr akive 1320 article’to bs @3 tha a2ddci at ed 3Rn
Further curing of the abrasive article was carried
out T percentpostpressioe (BE pmd congiredsig sst @ere)g@rame%)lr@l according

for n our hours Fl exi bl e fi
to rMENGE B TR s Plue e e m e sPrieg In Table S
met hod described 25 previously. In Exanple 1, the
TaBR!sY PrcBACRAhMERIonER tRRANMIFSYM 103. In  Exanpl es
Z-4, the polyol prepolymer was a toluene diisocyanate
(TDI) terlm natEﬁdrnpterlepol yper dixaldple 2nd pf opy|Emenple 3
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EXAMPLE 5

A flexible abrasive article was prepared as in Example 2 except that diamond-free
abrasive agglomerates were used instead of the 0.5 micron diamond abrasive
agglomerates. The 200 mm wafers from Example 4 were used for edge cleaning
experiments using the method outlined in Test Method A except the time was reduced to
30 seconds. Visual inspection of wafers under a microscope was performed before and

after cleaning. Wafer edges were glossier and little debris was observed after cleaning.
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Run Nunmber Cut Rate (rans/mn) Exanple 1 Exanple 2

Exanple 3 Exanple 4 1 1.69 4.18 5.47 3.59 2 4.42
wWQ20419704 3.58 3 1.83 4.29 6.45 2.54 4 4.50rQr/082007/070611

6.80 2.83 5 4.01 1.63 6.93 2.95 6 1.46 4.45 5.53

3.08 7 4.22 1.63 6.03 2.99 8 1.95 4.62 6.09 2.93 9

4,17 2.27 5.11 3.31 10 2.13 4.84 5.22 3.27 11 4.14

1. 6¥osExanpey &5, the campresgiop moglufy vas peasyrgd geappding g Test

conpression (PC) and

M%%%%?e%ngﬁ%ﬁ%?ge@?{ég%ﬂ%gre nmeasured according to test

Met hod B. The average val ues and standard devi ati ons

re. i 5 Table 5: Percent
Taf{c®: CHRE Eés?gn 0 P% ion Set Examle 1 Examle 2

Examle 3 PC E1CS|(YEXPE (Y9 E5.8% |[PCEx% C$  Ex.5
Avenagrgd 2% 3. 556 3|1 Hpd. Dev. 78 6 0.6 91 5 7

EXALEep 1U A f{exihle aprasive g ticlle was prepargg
as Tn anpte2except that—di anond=-free

Various modifications and alterations of this invention will become apparent to

those skilled in the art without departing from the scope and spirit of this invention.
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abrasi ve aggl onerates were used instead of the 0.5

m cron di anond abrasive agglonerates. The 200 mm
waerdoens7o4 om Exanpl e 4 were used for edge cl eaP@n{S2007/070611

experinments using the nmethod outlined in Test Method A

except the time was reduced to 30 seconds. Visual

i nspection of wafers under a m croscope was perforned
Wihséioremedds:15 after cl eani ng. Wafer edges were

glossier and little debris was observed after

1. cl e%rI]]: a%gasixieéa]ﬁglol\é\gor%tgp 31{1%%%71%4re€%{e 51te Oe6rlv]\7hergm the

corﬂpﬁ‘e@ilﬂlle REmipesikelsfer cNBiph@a; aQorr@ﬁélssi‘tﬂe bl@ﬂ@f ainﬁdtbbm 2Pakd gbout
6. Table 6: Conpression Mdulus (GPa) Ex. 1 Ex. 2 EX.

10% bvolumggbrasjve pg@p@@@teg5a1mowhq;elgghe/cor@rgssﬂ:[%gomgoszteéayer has
if fco
+ Slio A R SR TR P AL ARSI o
5.5t°/heoraprtessmrt.hout departing fromthe scope and spirit of
this invention. -20 V\D 2007/149704 PCT/ US2007/ 070611
V\hg,ls cl ai ned abra ive arti ecorrprl

hppRi2svE P@lctﬁo?ﬁ%em @nw the goBmET s o Romposite faye

cofPARG @BSUtD £, ¢OIRASR 3UELY @Mﬁﬁte %@ PRI L8RS g RIREASS bl e
bi nder and about 2%t o "about 10% by volune abrasive

aggl onerates; and wherein the conpressi bl e conposite
3. | ay &he nhigsive aishefetamoh whserin the compagssible omposipbayer has a

co greg%o&t &%aulug Qf %F%l? 38 fto ﬁpo?l%O %P?l %Ioth{él?agl# of gboﬁt{% 5% to about

ressi on abrasive arti C

5.5\%%@pﬂ&s§1d51ﬁ conpressi bl e conposite |ayer conprises
about 2.5%to about 3% by vol unme of the abrasive
agal at es. 3. . The sive article of claim
4. wherlBF A ﬁ'grtaﬁlé‘e i Sl e @@Fﬁ@%&q@mw&gg foserajes Rave'a density

of &lﬂﬁt’ﬁ%%%ﬂ@%'#%@ée%@t@ cRRmbRrabout 50 GPa over
t

range of abo %to out 5. 5% conpr essi on. 4.
The abrasive article of claim1l, wherein the abrasive
5. agglTheebrasizs atimlceofeldmnk itherein fheatboastve2ggBmasatebleaye a density
fzt.}?e qr%msb(ge ubi ¢ cent mete 5 5. The abrasive
of BquF &' QAU 4 GRS, Y }'?Cteﬂ MK asi ve aggl oner at es
have a density
6. The abrasive article of claim 1, wherein the compressible binder has a compression

modulus of about 10 to about 30 GPa over the range of about 2.5% to about 5.5%

compression.

7. The abrasive article of claim 1, wherein the compressible composite layer

comprises at least 50% by volume of the compressible binder.

8. The abrasive article of claim 1, wherein the compressible binder comprises a
material selected from the group consisting of urethanes, polyether urethanes, polyester

urcthanes, epoxies, and combinations thereof.

9. The abrasive article of claim 1, wherein the compressible composite layer further

comprises an inorganic filler.
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of about 2.15 to about 2.35 grams per cubic
centineter. 6. The abrasive article of claiml1,
wWoL@ra49104 he conpressi bl e bi nder has a conpr esBCDES2007/070611
nodul us of about 10 to about 30 GPa over the range of
about 2.5%to about 5.5% conpression. 20 7. The
abrasive article of claim 1, wherein the conpressible
10¢condbs pbrasivgpeicle efghaip b adhergin thepdrastgoagBlpmpest teheongirise
. j [ - . ive article of
dwb gﬁ%?%@ﬁﬁﬁéﬁg%ﬁ‘?ﬂﬁgﬁéﬁbééggﬂ%Pgnﬁ?ﬁef conprises a
materi al selected fromthe group consisting of
11ur effThankessivpeotticht dferaior K, hdaes) theohgrestie matruy Btsblarted from the
(g&oxies, aqdlconbinatio slthereof. 25 9. The abrasive
BragprCOR1RHNGr 0T lags 1 fCHAMAGANGZ 1958 CHEM G npr essi bl e conposi t e
| ayer further conprises an inorganic filler. -21 WO
122007%hd 484G c REEIMSE2000 7 Udiein HQ.indrBgnidBla@$i ¥nprises silica.
article of claim1, wherein the abrasive aggl onerates
conprise dianond abrasive particles dispersed in an .
13§ nod§anbesiyaerticle oficlaimri{le wiisreas thgaveriags Blasingfm grogs-pectional
dim&siof el &la{nﬁﬁd h&g&%g&&ﬁ?hﬁ%g&.m& a?o%g\% ﬁxﬁ&oﬁéom the
group consisting of glass, ceramc, and gl ass ceramc.
5 12. The abrasive article of claim10, wherein the
141 nofThanbrsinatrticke afahpmi e svhstdin tha.averb@e makenwabh cass-sectional
.article of claim10, wherein. the average Xi mum
dirginsiod.of 444 FiEmand SRIpSRAERTRCHIS IEREIEN ShaBhA AV ve
particles is | ess than about 2 mcrons. 14. The

15abr asik WBragivt hitlc & clahed 0T wh3reinMhRa8iRivk RE g RURFASEomprise
maxi num cr oss-secti onal di nension of the di anond

abaih 2a%q o Opaby eighs diamong gbrasivapamissst 0.5 microns. 10
15. The abrasive article of claim 10, wherein the

abr g Yolo] C ' 0 % ..
165 ant RO R o CP IR IR e el R s sitca
aggloieedts. of claim 1, wherein the abrasive aggl onerates
conprise silica agglonerates. 17. The abrasive

article of. claj 6, wherein the silica aggl onerates
17comdir abragive prtietq of clamaly yithe /ﬁﬁ;ﬁﬂmiagﬁ@%%mt?wmm.e at least

abd O ARENRt @fid cl e of claim 16, wherein the abrasive
aggl onerates further conprise about 0.1%to about 50%

by weight alum na abrasive particles. 19. The abrasive
18ar t iIThE ebigsive peictn df cléiny kbhahersanihciabiasyc agglapportes further

cor%g}i?eca%%{lt (Stf% toGBOR 5095 B}p lw%ig%? gﬁ%snllg a rgs?yeelgairticles.

19. The abrasive article of claim 1, further comprising a support adjacent the

compressible composite layer.

20. The abrasive article of claim 19, wherein the compressible composite layer
comprises a first major surface and a second major surface, and wherein the first major

surface of the compressible composite layer is directly bonded to the support.

21. The abrasive article of claim 19, wherein the composite layer comprises a first
major surface and a second major surface, and wherein a bonding layer is interposed

between the first major surface of the compressible composite layer and the support.
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20 20. The abrasive article of claim19, wherein the

conpressi bl e conposite |ayer conprises a first major
wae7aeeoeaand a second nmaj or surface, and wher ePCI/UR®07/070611

first major surface of the conpressible conposite

| ayer is directly bonded to the support. 21. The

abrasive article of claim19, wherein the conposite

22| aydpe ébﬁ%ﬁiﬁ’? guisleofrglagy 19, wicesin thgspprast wgdisd saiey a rigid
rinlY GEidTi P6Gy. AUt el B PR ORIl ee of the

conpreSS|bIe conposite |ayer and the support. -22 WO
23200'1/11& 45Efi4c BATIUS2007 D 7061dn theZonpness Bl @siposite layer has a
l e of erein the port i d
corggﬁeis%até?et ogfq3§ &aa ag?lilt:gé / 048 IPFa@PH:da% %qndﬁ 8§9r reglogal of an
ﬁl%tdoﬁif)%@loﬁ%éd QFfiGerdthe iSfoB'u@e Wit 2 38 oTéBﬁuta@S%Sdoﬁﬁ)ressmn
article of cl a|n11 wherei n the conpressible conmposite
| ayer has a ression set of |ess than about 50% as
24nea$\umé‘@0¢9f @@d g aafedee of wpikaliccoomprigngppl i ed
I S L. ) . . 506 t )
bodro bR cgb%%%zé il ok} RGP by iy eEpevine o
ﬁrs& @hga@o@‘urfacemfdkapsee@m ®afop Kirficdgwh@tmmhe targpr@isiibcambyste layer

article conprjsing a conpressible conposite |ayer
COIRANSS G camprgspibte biageand HE a0 Brdpoyt l@z @ﬁdfowjleo%braswe
QYRR R EL o RS SO Pb SR OIRIRY SxpMiElion podulus
of gt Byo ulmhm ﬁﬁ Cﬁbmazsr ¥ ean}0 of glgiuo ﬁél‘)/atweﬂa;ou'aﬁd%mmessmn

the co osite la has a, co Si 0

ARG G RO 114 BORBIGE 10 (pstcaybRa s Wit e
coﬁ@&k&b@c5ﬂ%Bgﬁﬁﬁﬁgt]§15@6conpre55|on contacting the

edge of the workpiece with the second nmajor surface of

t he pravadipg es@aﬁusresfnc‘mrpbmw@l thayégc ofghe worlpidediang the second

rel ative on bet en thetq e of the workpiece and
mef T ReECRIne SRR ShPais TRt he compress! bl e

conposite layer. 25. The nethod of claim 24, wherein
25contrae hicitdidteleaae, ahetehitcomickipg @ecdet bhthcheorksieeowth the

maj or surface of t he conpressi bl e conposite | ayer
sccoBfpial ey fagnniythe gonapressible epmpogigeves compriges applying sufficient

CO@_Q%%ISC%%% %&ﬁ}gt‘é%&?&ﬁé@gﬁlﬁ% %&g@?%}{e aglﬁ%?labgﬁ(t %g? Y5 about 5.5%.

wherein the contact force is in the range of about 1.5
26t 0 d0catrthatd & ckiiindreinscipelic eunitdct ﬁc&tceis inthetrhngkofebsutof.5 to
rkpi ece. 7 Th net hod i m24, wherein the
s O TGSt (RS Qb SEBFCE he
conpressi bl e conp05|te | ayer relative to the edge of
27t he THe e RIS ol 8mizet WBEeRirAAe WhloBitRBlthe 38l ndfor RERESOS the
per second, i ncl usi ve. 28. The nmethod of clai m 24,
comprssebls compasifarlgy reletivg fovthe pdse afthbwerkpinse ishetweryeabont 8 and

about 16 meters per second, inclusive.

28.  The method of claim 24, wherein creating a relative motion between the edge of
the workpiece and the second major surface of the compressible composite layer
comprises rotating the workpiece around a first axis of rotation and rotating the abrasive

article around a second axis of rotation.
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25 the workpi ece and the second maj or surface of the
conpressi bl e conposite |ayer conprises rotating the
wWowikp#Egee around a first axis of rotation andP@€DUSI00TI0611
the abrasive article around a second axis of
rotation. - 23 WD 2007/149704 PCT/US2007/070611 29.
The nethod of claim 28, wherein the first axis of

29¢ ot Abr Sisthasrafslaim 28nyheresr the hiast il apfatien Hrasgn sege of
be%gn %ﬁcﬂﬂ% degregg 9#(??(?0&"‘75 g AéTQ%ur t %@%e&?ﬁ'dsaxﬁfof rr@t%ﬁ&ﬂ on.

alm er conprising
applying a working fluid to the second nmjor surface
300f  tThe nedmplagictaeml 24y &rthebe@prisiingapptyingd vafrkiop diund ®4he second

rm%%gige (goggégaég A%Erlng a profile of the edge of

31. The method of claim 24, further comprising altering a profile of the edge of

workpiece.
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