WO. 2007/ 015909 PCT/ US2006/ 028061 ABRASI VE AGGLOVERATE POLI SHI NG METHOD
Technical Field This invention relates to a nethod for polishing a workpiece
using agglonerates 5 of a first abrasive suitable for abrading or polishing
t he wor kpi ece and conditioning particles suitable for condltlonln

dressing adtP eWEPEPYs of the first abrasive. Background®Ci! ?a5|ve
articles typically consist of a |ayer of abrasive grits adhered toa 10
backi ng. Three-di nensional, textured, fixed abrasive articles include a
plurality of ab%ﬁﬂg ern. After use, the
abrasive grits eco%ﬂvgﬂ&ﬁtﬁiﬁgEa%gggPg%ﬂgﬁﬁﬂggﬂ?F%%; process is used to
expose fresh abrasive. Slurries containing | oose abrasive particles

di spersed in a liquid and a polisaiag_ @%Q glso have been used for

polishing. Lapping is a grinding t typically 15 involves a slurry

of |oose abrasi ygisGjehfion @}h@é@ t@ﬁn@m@w&tﬁmlgﬁﬁ@@wb&p@o& hisd sholdrh@yed  across

a rotating | ap plate, typicall % a netal such as cast iron. This provides an
a|

abrasivé fofk iﬁifffg @b%émsuﬂhble el aoedinggr pelishingdhg W@kmm«mdec@edltlhrang enabl es
st ock reanaI r fron1 th SI ) eously 20
Sunmmary of P ﬁﬁg gﬁb c%ﬁ%o gg §F3¥¥ﬁ€g gﬁléﬁ Y°a met hod of

pol i shing conprising prOV|d|ng a mnrkplece, prOV|d|ng a flxed abr asi ve

article conprising a substrate having a first surface and a regi on of
abrasi ve conposites distributed onBagkerpundt surface of the substrate, the

abr asi ve conpos i R ticles 25
of a first hardlr(%g%d %v]\rﬁéel?%%lﬂ&?ﬂgﬁgw&h%ﬁ Ia] slr?%m] Sﬁgg?ﬂtaha ‘?Fleé wor kpi ece
har dned®, baclong. d]“lngs-dzmd:iubmab,nmge@a‘bded ﬁH)rBﬁv6aIf1iElE$m81nﬁe 4 pluedindott i on t he

conposite b nder and hav a.second h nes is less th t he
hardﬂess of? Fﬁ%eﬁﬂﬁﬁ%? 1W%$%FPVéS@ﬂHﬁVF ﬁ?%&&ﬂﬁiﬁ @and t he

fixed abraghyoff, Eé&{ﬁidlﬁbntai(;ﬁ oRS R 80K90 8L Js@ﬁeﬁ%gdsfv'eon' ng partl cles to
condition the conposite bin and to m)op fy the surface of the workpiece.

The 30 abrasive Spamﬂ ooh@snmﬁloodwelbtaﬂwedaradméspﬁesedmabd;rad eadha pelishimgvi ded
t oget her mntd ﬁ Ha ) P é 07/015909. PCTI US2006/ 02 g1ﬁy terial in
aggl oner at &8¢ #PR 5‘31?:%8 orRESg, drePPIBR AR S R e P RES U ficient to

15 involves a slurry of loose abrasive grits, such as aluminum oxide in a liquid, flowed
across a rotating lap plate, typically a metal such as cast iron. This provides an abrasive
film between the polishing pad and the workpiece that enables stock removal from a

single side or from both sides simultaneously.

20 Summary of Invention

Briefly, the present invention provides a method of polishing comprising

"') providing a workpiece, providing a fixed abrasive article comprising a substrate having
a first surface and a region of abrasive composites distributed on the first surface of the
substrate, the abrasive composites including a composite binder and abrasive particles

25  of a first hardness, wherein the first hardness is higher than the workpiece hardness,

providing conditioning particles sufficient to condition the composite binder and having
a second hardness that is less than the hardness of the workpiece, and relatively moving
the workpiece and the fixed abrasive article in the presence of the conditioning particles
to condition the composite binder and to modify the surface of the workpiece. The

30  abrasive particles of the fixed abrasive article can be provided together with a matrix



condition the matrix material of the agglonerates. In another aspect, the

i nvention provides a nethod of polishing conprising providing a workpiece,
providing a fixed abrasive article conprising a substrate having 5 a first
surface and a region of abrasive conposites distributed on the first surface
of the subsbrat®isstshe abrasi ve conposites including a eCHpEEIKEsdsi nder and
abr asi ve aggl onerates, which aggl onerates include abrasive particles of a
first hardness together wth a nmatrix nmaterial, and wherein the first

har d is hi t th . Kpi har.d . i . f
wor ki ng f 1 (PG ABS AR Bn O T R eBLH AT R oIS P Eg e & second
har dness t hghdifisn fhe shtrthaRciilof irladRessaek t he wor kpi ece and which is

sufficient to condition the matrix nmaterial of the abrasive aggl onerates,
and, in the pr&saeter aipeethibc vgatisp rmddestienebetbplivobshipgcqenising] es,

relatively b | 8G: he.fl. | .l nmodi fy
the surfacé @&F%%%p\é\%ﬁgﬂggﬁ&ﬁg a?ig g%i]bf%% eaa?it?a%‘ggﬁoﬁ Ei)n:éga Sgii%}g% li?dé}ii]g of the
pr esent 5i nwdlittisoffade@ng b Gagisteofabratiye pahpshéstiistiivitbbeh the ifing saticast the

aggl onerates_ in which the aggl onerates are cpndjtiongd by conditioning
particl es \HPER!SahE 2pirevs erREPsiesdndrding gosppasiie bindsraad abrgfiyasi ve article
such that the, &R tion ' ot ?eiiﬁg ' i ve

aggl oner at eagglwi Chin gﬁ%@%@i}%ﬂeg?@ggiﬁ. tiicq)etsiifgagiiggéiii?&fn e?iltgi on, the
condi ti oni ngthramatisineserdd and tvherppr tbe fimbhaydmeedis highthtbarsthe fadeiat a wor kpi ece
while the 20 prinmary, abrasive in the fixed abrasive article does nodify the
surface of SHRoPR dﬂ’(gé“. S?'Wi’e?ij"icﬁ n%viii“ﬁlﬁilgﬁ‘é“ L W‘i&%eﬂﬁlﬁ}gp%@]@% article
are relgli valya PRYKOAGREBE i§BSHhaPihB Bhrdnds o8 BB BERQL ABRLRLG (he present
invention, the conditioning particles have an average particle size bel ow
t he aver ageupiiant ol condifiprthgmativematgrialoif the aprastvi eg@smevitehiond, inthe abr asi ve
aggl oner at es si n tggjga?ur asi };/l%hecorrﬁl 1§)iiite'?1§'iearr]éitti]vei as 1§Cih’ t ei(l: iexed 25
abrasi ve arftTar s VSES Eo a1 on 3 pﬁ%? 33 p?‘O\?ycig%I On 8 T 8d abr asi ve
article, sugbhetfhat ablasveatidiets apdifgthp sirfice bEte S@fer €l eased during
abrasive finishing. In the polishing nethod of present invention, the
abrasi ve parti cldéap pdvantege plangsedbediment afflee grpsealdnyesiion farrogde fcl e are

capabl e -of i W=To i i t.1.00ni icles (second
har dneslssg), I%iq%@?%%gthg% Yi%é‘% ijdr%ﬁ%taiggloin |%§<até ?%‘6?1%2 ?i‘/etedggibi e it%a%% or provided as
a separ at e hditioned byeonditiong particlby wideh irb @ravidediby anhirgrdrad a fiked he abr asi ve

aggl onerates, but have Iitthe, if.any, effect on _the workpiece. For exanple,
a typical abmsivearticle such that the conditiomug particles are capable of dressing abrasive

agglomerates within an abrasive composite. With the present invention, the
conditioning particles do not appreciably modify the surface of a workpiece while the

20  primary abrasive in the fixed abrasive article does modify the surface of the workpiece
when the workpiece and the fixed abrasive article are relatively moved against each

/) other. In some embodiments of the present invention, the conditioning particles have

an average particle size below the average particle size of the abrasive particles within
the abrasive agglomerates in the abrasive composite. In another aspect, the fixed

25  abrasive article uses conditioning particles provided on a fixed abrasive article, such
that the conditioning particles can be released during abrasive finishing.

In the polishing method of present invention, the abrasive particles (first
hardness) in the fixed abrasive article are capable of abrading a workpiece while the
conditioning particles {second hardness), provided as part of the fixed abrasive article

30  orprovided as a separate shurry, condition or abrade the matrix material of the abrasive

agglomerates, but have little, if any, effect on the workpiece. For example, a typical
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WO 2007/ 015909 PCT/ 11S2006/ 028061 | appi ng process nmay take several m nutes
to several hours to polish, a workpiece, but the conditioning particles (of
t he second hardness) alone would take at |east several days, weeks, or
nonths to polish a simlar workpiece, if polishing eventually occurred.
During an wloraeioaesodi ni shing process the conditioni ng F&TUSEN0e8P¢Hom t he
slurry 5 or the "self-conditioning" abrasive article pronote breakdown of
the fixed abrasive by acting upon the matrix material, which in turn keeps
active cutiin [ rf ] 3 il abl nmodi fy
the surf acltg”p lgg B %8&\%\%}&2gal'ﬁggg‘@#ﬁléa%%ﬁaig%vieoarluﬁ%%moggﬁéﬁ%Iaégﬂprll%g’db%ﬁ%% be of
suf fi ci ent cdnditidnmg panicles (fehd Leartnginadsy alshgwodld Chkntat et kpieent daysy enoval rate
attributable to these particles (as is required for slurry |apping). The 10
i ncreased PFESEHR th?li‘S@é‘ SHOHA! WRRKBRSRr EOIHﬁm{gﬁémgﬁqné@C?/‘éT ur f ace
increases the rgmm ] 3 | ; : ]%gmnl y
observed for fi Xedéggraggaﬁgggﬁﬁggg@ﬁ%é%{tﬁﬁ@@%%@@%@g&%@% %eatures and
advant agesomthe fdeb-condibmtingirabwdisive abizlegppacte bteakdam ¢fithe fitwl dbosivagydet ai | ed
description_of the invention.and .the clains. The above.su ry i.s 15 not

"t ended B EuRe e RERR ARG H At B0 T O A DUy OF BEPERAL a i on of
the presengridé sirhPebivailabld® thddityessuemst drings ﬂ&kﬁe&@@kﬁ%‘éﬁdﬁti&iih?ﬂ that follow
nore particularly exenplify ceftain preferred enbodi nents utilizing the

pri nci pl esrattided rps@dot beei syfrcienitharingssfor Bes tordapie ani sighificaet vBrkmitgegs Fi gure 1
shows a partial,.cr ' tjapal view of .an arti.cle useful JnR,the invention
shown i n oSSR HRPERO R TG 1Ndhs o8 ol i e e P e 418 i qures 24

t hr ougho 2Dinshewd @rasnet af yctise berthg psinie 0N tiegbifaive emgace indrdaxadhe Rbioagi ve

arti“gl es useful with the invention with regﬁi ons of abrasive conposites and
25 regi onstagrand@neifs the sraryabsinrser saamons phsered fodiier ppesises ued ¢ esent | y
Preferred %Hfﬁé&ss Al'l nunbers are herein assuned to be nodified by the
term "about,” unless stated otherwi se. The recitation of numerical ranges
by endpoi nt s i ndthadiestuak bndaidvheages oBhe sniestioredilMictdpparenttfatm thange (e.g., 1 to

> e s owtigaetated &estiption of Te invention andthe aims- THE above STy 19

15  not intended to describe each illustrated embodiment or every implementation of the

present disclosure. The figures and the detailed description that follow more
particularly exemplify certain preferred embodiments utilizing the principles disclosed

herein.

20 Brief Description of the Drawings

Figure 1 shows a partial cross sectional view of an article useful in the invention
) shown in contact with a workpiece, which is not drawn to scale.
-- Figures 2A through 2D show exemplary schematic configurations of fixed
abrasive articles useful with the invention with regions of abrasive composites and

25  regions of conditioning composites.

Detailed Deseription of Presently Preferred Embodiments

All numbers are herein assumed to be modified by the term “about,” unless
stated otherwise, The recitation of numerical ranges by endpoints includes all numbers

30 subsumed within that range (e.g,, 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5).



The' present invention provides a nethod of polishing conprising providing a
wor kpi ece, providing a fixed abrasive article, providing conditioning
particles, and relatively noving the workpiece and the fixed abrasive
article in the presence of the <conditioning particles to nodify the surface
of the wor kpN@WETHATFMHE fixed abrasive 5 article conprisee@nsu@shrsatie havi ng
a first surface and a region of abrasive conposites distributed on the
first surface of the substrate. The abrasive conposites include a conposite
bi nder and abrasjve gafxigl%s anq%pr a rﬁsiVﬁgﬁg%Ionenates. | oner at es
conprise abrasi ve® BEIET BVELOF BHAIFEF TEIOR 04P XOTREErE B2V abr asi ve
particles Ravgiecs, frbviding Aakedasgitdtaticle, révidhetorddiRnineharivesfdiece hardness.
The conditionin pa[ticFes 10 are_sufficient to condition the conposite

bi nder, an@l¥ivelyaoviag tiexwvorercse pad the fixedebrasiteragiigle/im theypicenres efiths, and have a
second har C LS. | h .Of kpt.ece. The fixed
abr asi ve a? |é@%ﬁég%w%%gtﬁ%@%%?ggg&ggg€€gga($%3%§'Egggﬁ&gggghgt each ot her
in the presaRbeoaiprikdte, sabsdictliaoink Adirganitficela8d a tegioadiabysivheorsposfiace of the
wor kpi ece and_to condition the conposite binder, and/or the matrix materi al

of the 15 SBEREYdondbyishrated thesubsety. | Theabwsiva somRosHEY P 2 | n anot her
enbodi nent ] | V] %aa]% : i shi LSi ng

provi di ng go%fsg%?}é@g dngggl\%lglg?h%ﬁge I xedgg%?lgés?%nﬁ%%%‘%ﬁ%%%i ng a
slurry of compkdernbrasivaipattielasitogetheli wittoainmigix paatdriat | Bs:, abeastherpettiales kmley novi ng

t he workpi e nd the fi.xed abrasive article in_the presence of the working
{101 d ant ORI BRCERPAGH B IE 188 Leore MG hd b e HER TSR wor kpi ece.
The fixed akragicye: & donditien GRTBLHSSS bhhdeU BSl/sahEmahR A& iA of ik St surface and
a regjon of abrasive conposites distributed on the first surface of the

substr at e. afasivagshenereies enplaye rescond birduss thatis o Hian dhediandbess difet abr asi ve

aggl onerates., The onerates _inclu abrasive particles of a.first

har dness tg‘bogfﬂﬁeé? ' %a?bﬁerﬁgab@g{vre i lcfreaatngi?ea‘wrﬁ & ?ﬁiaﬁlﬁg}yﬁ“}r"gé a%érf‘séness is

hi gher t haradhhghano Hpipatench af te eslitioting g ctaané biigniaGuiiiaklol tlees have a
second hardness that is | ess than the hardness of the workpiece, yet which
i s suffici &FEkRiere@phin ©ngiHor He cemrpdisbinden ppdierthamalrizmateral peliei x ~ materi al

of theabrasgi,y Lece is polished by relatively noving
t he vvorlépi %@%&%%@é}%ﬁ% ea%)?—éaagb%ég&gr%{tlﬁfcél e to nodify the surface of the
wor kpi ece in theanpties enbelinént] theirskatiohprofdesamtating dfipolishirgnd condi ti oni ng
particles. 30 The present invention uses a fif)(ed abrasive arti cl e for

pol i shi ng &OWBHERT RCEIMERYULIPIGHSy REYISNS aHESd 3028yt HFiFCHRIPiREES SI%le abr asi ve
article corphbigs fuid YRBLBnhBPhriicles, and relatively moving the workpiece and

the fixed abrasive article in the presence of the working fluid and conditioning particles

20  to modify the surface of the workpiece. The fixed abrasive article comprises a substrate

having a first surface and a region of abrasive composites distributed on the first surface
) of the substrate. The abrasive composites include a composite binder and abrasive

agglomerates. The agglomerates include abrastve particles of a first hardness together
with a matrix material, wherein the first hardness is higher than the workpiece hardness.

25  The conditioning particles have a second hardness that is less than the hardness of the
workpiece, yet which is sufficient to condition the composite binder and/or the matrix
material of the abrasive agglomerates. The workpiece is polished by relatively moving
the workpiece and the fixed abrasive article to modify the surface of the workpiece in
the presence of the slurry of working fluid and conditioning particles.

30 The present invention uses a fixed abrasive article for polishing a workpiece,

which workpiece has a certain hardness. The abrasive article comprises a substrate that

G



-4 WD 2007/015909 PCT/ US2006/ 028061 has a top or first surface and a bottom
or second surface. On the first surface of the substrate of the abrasive
article there is a (at |east one) region of distributed abrasive

conposites. These abrasive conposites include a conposite binder and
abrasive ad¥PewepEP®s. | n one aspect, the aggl onerates paehszde@fsasi ve
particles of a first 5 hardness together with a matrix material. The

har dness of these abrasive particles in the agglonerates is higher than the
har dness of the intended workpiece, such that these _abrasive particles

pol i sh or dBf &he & Hest ftaeprate beilam prgeeane sprecsn Gedhe St grfapnef the xed _
abrasive arhb&he o eZa‘Braag{irg:aﬂf%IJ thérS s SUF 1A% B fr%éi&?oisdigﬁ i Syt he abrasive

article there can east one) regio di stributed conditioning
amal gans. Thepesiesallgaeshrad® ampositp asiides, composiehialssantdbrate | ncl ude an
erodi bl e binder and conditioning particles f .a second hardpess. This
Second har dRESEeLY Geda AL bt ar e RE PRt ol £ B: i o

sufficignt oineQntidied ithASndiBE fkibriBRIGE hAldnQE of MEseBMEARE HeriRRYLOTEr at es.
Alternatively, or in conbination, the conditioning particlfes can be provided

in a sl urryhe sygloommates i bighemgthaathe hatlesss of thi inkendkd wgrkiplege,ductthatshese hi s aspect

of the invention pr.ovides,15 a self-conditioni or in,situ.conditioning
pol | shi ng. rETHGE PRHRE efieieh aadis PPOR Ay S latoLEe LRGN Re at r i x
material, r@e86&ALlN kS 1haGeS nirfREbMhE Btk 8f AbhBGLIVEartiol ghepsrer at es but
preferably the conditioning particles do not abrade, erode, or scratch the

wor kpi ece. crnbeafnt lasipael isgion hedistohuled conlitinginganalasimss Tabssemelgaist i on t he
conposi {e otg Icgrggé sitem} s aAs?en!ﬁl%g g‘l“’thh e%h eﬁaﬁ%ﬁd&r\%g P?l})gigtg)ng rp%%d ole%

aggl operat e€s "are provi ina ree-di nenhsi ona asive article

such 't hat adadedoh® hhrdfeskhThiabscand ket istdse thag XRdsemeneIf toragpiee:, parti cl es

and/ or new aggl onerates. |.n another enbodi nent, the present invention uses a
fixed abrasichis suificien) fg cppditionyhe makTsTaatarialof s Plasve fsdereerelse wor kpi ece has a
Knoop har dneksndiebiotra ebthyigafi, 1565 B RPBS)ARMALA il \Guipt hod uses

a fixed abr ag‘?}?/% a?ﬁrg?e a?long V\nﬁﬁtﬁ 15(t]111i:[{oknﬁ§"|hti gngltrp\g arti((i:}nes arggledescri bed

above. The dbpmBiiondngmmpdes widsworimgrilusk Hiws abis wepectagdhoimeesive grovides ch

o e oL 8 P RS LSBT AR RR o BRRSTS, 2001,
i ncl ude abr@agick aPaipbh eleaRattiR dRtcRaY, raMabing AcWBiddcXs MBhWilbd the IMsive
conditioning particles are provided via a slurry or as part of the fixed
abr asi ve ar@'ggtr@rates but preferably the conditioning particles do not abrade, erode, or scratch
the workpiece. In some aspects, the conditioning particles also condition the composite
binder, which is usetul, for example, when the abrasive agglomerates are provided in a
20  three-dimensional fixed abrasive article such that conditioning the abrasive article
w exposes new abrasive particles and/or new agglomerates.
_) In another embodiment, the present invention uses a fixed abrasive article for
polishing a workpiece, where the workpiece has a Knoop hardness below about
2500 kg/mm®. In this embodiment, the method uses a fixed abrasive article along with
25  conditioning particles as described above. The abrasive composites comprise abrasive
agglomerates, which agglomerates include abrasive particles that have a Knoop
hardness above the workpiece hardness, or at least about 2500 kg/mm?®. These
agglomerates include abrasive particles together with a matrix material, The
conditioning particles are provided via a slurry or as part of the fixed abrasive article

30  via conditioning composites or amalgams. As composites, the conditioning particles

can be distributed on the first surface of the subsirate and include an erodible binder

5.



30 via conditioning conposites or anmal gans. As conposites, the conditioning
particles can be distributed on the first surface of the substrate and

i ncl ude an erodi ble binder -5 along with conditioning particles. The
conditioning particles having a Knoop hardness bel ow the hardness of the
wor kpi ece and hi gher than the hardness of the matrix material of the
.abrasi ve aggl onmerates. Thus, various aspects of the invention provide a

sel f- conditioning polishing nethod using an abrasive as descri bed above.

I n anot her enbodi nent, the present invention uses a fixed abrasive article
for pol i shilong wigh ewwlkjpnégeacoigsr T mdﬁioaiﬂgsptarta:ﬂes haeiwi nKrmop hesihess belbece and

a second ) osites distributed op the first
sur f ace oftﬂf ﬁ@ﬁgﬁﬁgﬁ“ﬁ%@okqlwg a&@?%’gf téa% wOT e fpptigimaeel ebMposi t e

bi nder andabaRiaskyenReksOTRIA L 8fous Wt oA HGQMRIAE BRHvidRG! s'érfec@la{t@'ﬁin\g
particles having a hardness of at |east about 2500 kg/ mMm together with a

matri x matRotisking mether wging an abupize 8s dmcred|abagt about 18 kg/nmz and a region
of conditioni nqﬂ ix@rae%odﬂﬁ tg%);é}e e%t Q/eﬁt%% fskd ?ﬁﬁcsat’{br%%% Lhic e?off‘ é’? B ate,

the amal gans i ncl |ng an ero er and”>“con onin

suf fi ci enta mrkp@a@lcdmlﬁmﬁgwmmm@hm@g biindarfaedandaydcogd anﬁiee ,@ndgiohaf dness,
whi ch second hardness is. |less than 2500 kg/ m?, about the sanme or greater

than the 3PEHisERPaTites Histrtwindod thetipt ﬁﬂ*&ce obthg sabsérate. the abwaive cORPHtent er
t han_ the hi%Elq@lﬁ 3 08 64?1% bidF Eﬁdf( brés?vesa%g% PREC hhichla ggloﬁ'fépaqg:s 1haﬂéielr%ras1ve

particl es have n ave rage partlc e sz M/fhe rage particle size of
t he abr asmaetxqbesrhamgashar@&'lﬂsstdfat ledgttahiodt 2600 kg/xed tagbthaswitk a atatinc mesrisisef ul i n

the present inv nt' on n endi.n Pat ent catl on No.
111101, 72358 Gleagghe s mBE ey e et CrplPaie el 60 031
The pol i shingbered B@%e%sttsﬂﬁa&r&%ubkd’d{@ mﬁe ARl BRYs ALRAinkWh LREKbIE BRlisd8d a
slurry abrasive, which can abrade or condition the matrix material and/or

the co moﬁmélfmnmé@ﬂﬁlcba Sufflplreef orcabdifiomte Campaii@ hmﬂek pidlavingRuseadly now t o

usef ul r ve artl rasi ve cle 10 in
e wor oS, Yldnedii Kot sy oS BN SOOI Ot g id O by MR
substrate Hdﬁ&xels§0f thé eathstRtle BRHES ivEao0MAO Sithe€6r drdfer thil BB hidabidde tshaped

.regions of conposite binder 120, and abrasive agglonerates 122. Abrasive
aggl oner atBaitixol spweasRestsniee conditiening paficleplgve gp et eage pagigle sisabelpwithes of

first abr a%;g)é%eé’é% %&z%%f%%%r%%ﬁ%ﬁﬂ@ 100 is provided a conditioning

conposite Includes a s ape regi on of erodible binder 132, and
condi tioning  Further detail on fixed abrasive articles useful in the present invention is found in co-

pending U.S. Patent Application No. 11/191,722, filed July 28, 2005, now issued as U.S.
Patent No. 7,169,031.

The polishing method of the present invention may also further include a slurry
abrasive, which can abrade or condition the matrix material and/or the composite binder, but
preferably not abrade workpiece.

Tuming now to useful abrasive articles, Figure 1 shows abrasive article 10 in contact
with workpiece 20. Abrasive article 10 is composed of several elements. Upon substrate 100 is
provided abrasive composites 110, which include shaped regions of composite binder 120, and
abrasive agglomerates 122. Abrasive agglomerates 122 include matrix material 126 together
with particles of first abrasive 124. Also upon substrate 100 is provided a conditioning
composite 130, which includes a shaped region of erodible binder 132, and conditioning
particles 134. Particles of the conditioning particles 134 also are shown suspended in a working
fluid within channels 140, which lie between conditioning composite 130 and abrasive

composites 110. Channels 140



particles 134. Particles of the conditioning particles 134 al so are shown
suspended in.a working fluid within channels 140, which |lie between

condi tioning conposite 130 and abrasive conposites 110. Channels 140 -6 WO
2007/ 015909 PCTI US20061028061 can direct slurry and working fluid novenent
during the wisenobisabr asi ve article 10. The draw ngs arRCHBL204@286h1 e. | n
sone enbodi nents, conditioning particles 134 have an average particle size
close to, or Iovver than, the size of the abrasive parti cles, for exanple,

condi 1 oni ng, BALL LGk 7B R EEM RS, SR PYPIAYE. RALELALE, SRS, 60 155% 100%

5 75% or &ve as co Werage par t Trst

abr asi ve 1%W1n@mﬂndtn@mhg Tpedrhd @hteslinngd, ediraihldmﬂgmw@e@ 1avasage particle
size of at |east ab?ut 50% of Eﬂ}ﬂ erage par e si ze, of %he abr asi ve
particl es. YHPERIHIOHI® COHdh-OF eﬁﬁ%&hﬁl&%@@ resiyedaRicRs. foRcl uded in

composi te AL, haliolifl bHCILIVANEh Albe ARNAIARARIL sl & (2yanshy or kpi ece

20 are relativel’y noved agai nst ‘each other in the presence of “conditi oni ng
10 part bcl §§%] 8dgventsss las tympaca toyheaaverape particle dizé of Grstabrdsived 281 ui d or slurry,
ed in fl QW ch s 140, and/or

h | d
cond 1 ont G CarpBEPrUCIo SR FavE Sheichiad PoticFrrge DR gt it SHA hor kpi ece

can abrade yeORMkk PAtiNG s&@maé h@:ﬁswelﬁaﬁimclﬁn% Qddn%no%@ht?onmgqﬁeme%?:Z to
rel ease conditioning particles. In addition, or conbi nati on, erodible

bi nder 132 ahlayasboincpde ig sotpesitd bindegl 20hén ﬁenmwlom ebleasft m@clﬂoeodndu tioning

ticl 134, te
oot to Brigaret 2955 RS FERi4d s Rl 655 ¥t RRe B e "o me
materi ab. fpafickXasp|vehichayFEAIYHRE plev;deeﬁllarw&mglmdm?&ﬁm bi nder for one
(0]

or tvyo of the abrasive features nentioned as wel | r the substrate.

Thusy Fi gusBspendsddngloysbansglsilat andior arg peayisist papat afoondifipeige aemposite wi t h
conposite d n

substrat o 0 ubgoRBRos REReR G, Beltphricdonn WlaRiRaRTRREE coffpdelt |

suppor ti ng 136yst/oc andibi: Wndet ¢3E0d releate waditibeing patislaseinmdtebn,alrin They can be
attached via any kno such as vyi dhesi v pressure sensitive
adhesive, A }nﬁﬁo%ﬁmql?@ﬁ‘?lﬂ%f Liemey elawl Cﬁeo?étderme mediodnisteasing t hj n

substr gtse ¥Q9¢ﬁ@ﬂn§5@ﬁgg§%gaed to a supporting layer of a material such as 25
pol yester or polycarbonate via an adhesive, such as a doubl e-si ded

pressur e-sensit lvene cthvdgiony twa pethree of the substrate 100, composite binder 120,

and erodible binder 132 can be made of the same material. For example, a polymeric
resin can be used as the binder for one or two of the abrasive features mentioned as well
as for the substrate. Thus, Figure 1 shows one option having substrate 100 integrally
20 with composite binder 120 and erodible binder 132, In one aspect, a thin subsfrate is
used with another supporting layer. The substrate and supporting layer can be different
) or can be the same material. They can be attached via any known means, such as via
7 adhesive, pressure-sensitive adhesive, casting and curing, melt casting, etc. For
example, a thin substrate 100 can be attached to a supporting layer of a material such as
25  polyester or polycarbonate via an adhesive, such as a double-sided pressure-sensitive
adhesive tape.

Figures 2A through 2D show exemplary configurations of fixed abrasive articles
usefu! in the invention with regions of abrasive composites and regions of conditioning
composites. More specifically, Figure 2A shows abrasive article 200A with a general

30  region or field of abrasive composites 2024 and in selected regions within this field are

provided regions of conditioning composite 204A, shown here in a circular layout.
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Fi gures2A through 2D show exenpl ary configurations of fixed abrasive
articles wuseful in the invention with regi ons of abrasive conposites and
regions of conditioning conposites. Mre specifically, Figure 2A shows
abrasive article 200A with a general 30 region or field of abrasive

conposi tes w02 8mdod N sel ected regions within this fiePdl/E$206/43806Vi ded

regi ons of conditioning conposite 204A, shown here in a circular layout. -7
WO 2007/ 015909 PCT/ US2006/ 028061 Figure 2B shows abrasive article 200B with

a general reqgion.or field, of abrasive  conposites 2Q2 nd i.n sel ected
regions w rFE I‘ﬁq’ﬁe ?%F‘ O %T%l‘fefﬂt??eo@ﬁhe"ﬁ‘j&h%ge&WETGE}OnrOég?‘gr??agﬁas%%ndi tioning
conposi t e 20MBosifel JOUFLardGn SEIENET RELASHINEN il figlh ¢ #OPdedVid MndlafiRBRRAl T egion
or field of abrasive conposites 202C and in sel ected regl ons within this

field are ®fpensiticning oaposiinsdB. Figwn 10 gimmgbesivp agiclec000 2dth asiseetl here in

an annul ar g]n@# I : AS| ALt OOD with a
gener al reé%%‘rg]ﬁ or #g{%ﬁ%@é %g%tp %ﬁeg%ﬁ%oéﬁgé‘z?@%@e%@@aﬁwﬁﬂﬁ%g&% ed regions
W t hi n thi grddiddddegioms @@reonditiedng @piporise 204, somnaiHeteonian gradarpasingela? 04D,
shown here_.in a desia{n that is.capable of directing .working fluid and/or
slurry t owd®@Ut HaeEeRrPnows abipivsiricde 040 with 2 gensrelwivdep ettt icle 10 is
rotated in ; 1 j I Lt - B rry

retai ner 20 ra%llggg@%t ﬁg%dezg:p'dgl%el%}% dggégﬂssi@@ 1%{;%1%1@%@6%@&9&3%5%& ret ai ner
can be usedficondittonyng @npodiaAdDs stofvntiee ip pelssgn thianv eaeblorf diteding ocat i on such

as shown in Fjgure 2D . (about  the peripher 0r i.n r.,locations to retain
Turry it ke A e Sy el pB et el e i SME AR AR | e
retainer caprdifePRUloddiRecNbition, REAddRET B’iﬁﬁl%%lﬁéh@%‘);lu&& rf5iQyided 15 in
intermttent regelnons, such as to control the anmount of material retained. In

addi t41 on, abeyjitmeeriphery of abradivrdritgle 880 o¥icha refaimean be vsddde thapp

preferential l,y .direct..slurry .and/.or, rking fluid to, for | e, carry

Pl Gutd° covariree Bl el AN Linat R Brcga BB it ZBRARES oni ng
conposi te ?cﬂér@riphér?/ﬁbﬂiﬁﬁ)ﬂ@f lo¢gtioREraneiaiBisy withthelaBiagive eftickatr HDésirelesi gned to
carry liquid away fromthe center, or in another desired path. The retainer

20 nay be dhratiopy dhatdniespiainer ¢aghaiabous ergtisensrinhars (as shownior Btidsth t her eof |
or stil{ - Inal , it l.0”ing i.d-di recting
r egi ons1 5c aﬁﬂ gr}etgﬁé%%ﬂeﬁgj &) g’eSFl1 cc"iﬂe%tt%&ﬁ@fl ’[:h%(l%r%l %Ihl?lt og grgagéeﬂrag%e%erawlé %&&tﬁ? & abrasive
regi ons. Fargiexsofpbrditimipecsnmmeingpeande ppvided to prefeirentiolly diket shatry bnd/arat eri al ,

t he conposite, bind he erodi bl e, bi.nder,. or anot her C o
P wnrlu%g ?111? 10, Itor example, carry liqmé1 toward tﬁe center, such as shown in Figure

2D with conditioning composite 204D. In alternative embodiments, the retainer can be
designed to carry liquid away from the center, or in another desired path. The retainer

20  may be abrasive composite, conditioning amalgams, a combination thereof, or still
another material.

. ) - In other aspects, conditioning fluid-directing regions can be used independently
| of, or in cooperation with, the abrasive regions. For example, wipers comprising the

resin of the matrix material, the composite binder, the erodible binder, or another

25  material canr be included in the design for moving, removing, and/or retaining
conditioning material.

Substrates useful in the useful articles include those known useful in coated
abrasive and fixed abrasives, such as polymeric film, cloth, paper, foam, nonwovens,
treated or primed versions thereof, and combinations thereof. Examples include

30  polyester films, polyolefin films (e.g., polysthylene and propylene film), polyamide

films, polyimide films and the like. A thin substrate can be reinforced using another
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25 material can be included in the design for noving, renoving, and/or
retaining conditioning material. Substrates useful in the useful articles

i nclude those known useful in coated abrasive and fixed abrasives, such as
polymeric film cloth, paper, foam nonwoven, treated or prinmed versions

t hereof , andv@¥RHP1AM% ons t hereof. Exanpl es include 30 patyesowmnzdosi ns,
polyolefin filns (e.g., polyethylene and propylene filn), polyamde filns,
polyimde films and the like. A thin substrate can be reinforced using
another -8 WD.2007/ 015909 PCT/,US2006/ 028061, | ayer for support, such as a
Chicker 11 1THET G SIPT5Bh SR8 b0 MAEE" Staat o pY g esesstees Pretl dh on: the
abrasi ve ardiiligibg thd abirhvd NAObT BOinRatioR adbd AchRd tb @ basch@skecObr Sheet or
directly to_a polishing apparatus or, nachine via any known route, for

exanpl e, a?em@& ipapofipEpgenpattys e Bgehiee Yo ary knoye raukclsr el e useful . 5 The
present T nvaald R0irdf i, IPLARE LorROURARLLES,ERMRG! ST NG & plurality of

abr asi ve aggl oner ates, Ich can be arranged 1n a single |layer on a
substratie or bdtkipregent anantidn ks abeasivbeompositagednprizing ' ghmakig-odi mensi onal "
structures erein . a | ural.i %f abr asive . r&icles or aggl onerates extend

it
t hr oughout 2RTASIVE Z8310MeIBIGR WiEH G De PREPEER LA RS [yt e 19siaeodi ng,
abrading., GhclRAYE RichERLOAnkDE) AR S bUgaRANbAM Shichled iRl he structures
or the agglonerates during use éxposes additional abrasive particles
capabl e of pherlftyofinbrgsivéenradesas iaggohemes extend throoghrw figlea b portran nf ai ni ng t he
cut rate o he workpi ece. |.n addi.tion, the conditdoning.particles my
dress or cgh%ﬁo& S’tslli[gh &‘8@?{8 Pt mﬂﬁnﬁnoéﬁm?‘ﬂ’égwcg%o@%&%ﬁgwc rasive
particles Oford8elseiBnRt 65the ABom@DEASIIHE vEOSOSsABSiHIEBY aBi8si AFRGd1ME _
partigles or single agglonerates in a nake coat 15 and/or size coat, which
i ncl udes t Hepabmiastipenipg Heabrasisy &mckom ghdpiredly abirtiiivgde gitgate on
t hr ee- di nengi Qnal . whe rd. Mary...abr asj v rii.cl are.distributed
t hr oughout '}E %1‘3'0&?}#\% kfr%eaglsilﬁg ’t{‘%n}s{]glr%ulgg%%gleg%aggrgeﬁ%%eorp a ggﬁ T:hgt her than
constit uti ngmosicrighder, ltBtely bosiny demedbyasppagicies opadplintdrates. Thee abrasive
aggl onerates conprise abrasjve particles of, a first hardness, and are
sel ect ed t GAVHASIVE campRighBaK b pirasive navticles or singls gezlpmeraien freh@ake et wor kpi ece,
for exampl i : Q- i d i adi T LS e abrasive
par 1 ol Do gEdth S SAE G HARRE A ARRRRR Nt RN A shBan e 2
i ntended whbrekgireasionanchehhieyprosany bBeadier preiitidspird dpirputad itasigheut'theSel ecti on of

t hese abrasjyv - .
Auc]%ness of the structures or agglomerates rather than constituting a single layer of

primary abrasive particles. The abrasive agglomerates comprise abrasive particles of a
first hardness, and are selected to have a hardness sufficient to abrade the intended

20 workpiece, for example, via fracture-based lapping or grinding. That is, these abrasive
particles generally having a higher hardness than the hardness of the intended

) workpiece, and they can be termed “primary abrasive.” Selection of these abrasive

particles is thus driven by the intended workpiece. For example, in one aspect of the
invention, the workpiece has a Knoop hardness (all in kg/mm?®) of at least about 1000,

25  more preferably at least about 2000. In other aspects, the workpiece has a Knoop
hardness of at least about 2200, or at least about 2500, Particular selection of abrasive
particles and suitability for a particular workpiece is within the skill of the art, with
harder abrasives needed for harder workpieces. For the hardest workpieces, the
abrasive particles can be diamond, cubic boron nitride, boron carbide, silicon carbide,

30  and other abrasive grit preferably having a hardness above 2200 kg/mm®, In another

aspect of the invention, the workpiece has a Knoop hardness of at least about
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particles is thus driven by the intended workpi ece, For exanple, in one
aspect of the invention, the, workpiece has a Knoop hardness (all in

kg/ mMmR2) of at |east about 1000, 25 nore preferably at |east about 2000. In
ot her aspects, the workpi ece has a Knoop hardness of at |east about 2200,
or at |east WBGO47/2%09. Particul ar sel ecti on of abrasivercpastighsssiand
suitability for a particular workpiece is within the skill of the art, with
har der abrasi ves needed for harder workpi eces. For the hardest workpieces,

the abrasi rticle n _be dia d, cubj [ ni.tri,d bor,on car bi de,
silicon car?\;@d‘g@ l@éﬂ%lﬁ%n%ﬁ%eagragg? g@i@gﬁ %elnfa’iah%fj %T eeﬁg%ﬁe;;ls{?g\?g%vge SRAER dness
above 2200 kgémibtisivb priggrofeh®ly haampedardabsstabeve 630 &Rmet) sudhhe dWeiikyi ece has a

Knoop hardness of at |east about -9 WO 2007/015909 PCT/ US20061028061
6D0- 640 kg/ﬁf?@{ﬂaamﬂldﬁ@s ®@Br asi ve particles generally can be those |listed

above and any ot hali ARLAshUAGL LR SREIARLYulAY] Y AhALARGSS, gove 640

kg/ 2, such as al'um na, rconra, c m etc. i oni ng conposites
or anal ganssupaly coaditisens patitlbe Qreesempleiofiwehpadioles & abbasie gpt thacandi ti oni ng
particles, Pﬂe exaggl e of such parti ch}es is abrasive grit that can form
part of a siHFPyrals FIREY W Phin RSP RhIE TS y SESATHARINE BHREPEY oni ng
particles Raue ia:diak BBSShA ek 0 itBaled Worl i&e) bR AEEMiMRLIPLECE, Such that

m ninmal or no appreciable abrading or grinding of the workpiece results
from t he commidciabiti abpdingar giivdieg of thowerkpiece tdvaltsdiomalittciconditionipmr t i cl es have a
har dness about. .t he_sane gr above .10 that .of the matr.ix terial .of the

abr asi ve agm‘p@sﬁ' gfoé’%ﬁ,vera Cf’%cgn%}?ﬁﬁﬁl ?‘ﬁlﬁ&e’ ?)g"?'rfh?eéf %@Utﬂ%ﬁ?ﬁl? PE)%’_OBEF. abr ade
this matai xaaBdehd @htrik -RAPSRLE 488 eARER I esPRIAthCeRBitionH peiticleoNi NY
parti¢les also may condition the conposite binder, especially in a three-

di mensi onal candition onplrads this meatis whierisldo expesBeshrbwhivabirtisieve aggl oner at es.
Conposi te bj . s i i L 0 : ree-di nensi onal
15 fixed ab?gxg%q{}%mrzgc%?tg&?sg&ogﬁag q%%&ﬁﬁlg{hgg r ag%\g}égglrd %II’ gﬁfpggl%ﬁhgsaetgrle%der can be

resin, gl as@imengbmsd Sxabdbadrive, artfrdd iy ERpdse fredoddesiveagelandratdie | i ke. The bi nder
can be forned of a curable _(via.,energy such as UV light or heat) organic
material . Exanpl €¥0p9ss biaderdnisse in e prrgent nyepiandp éamtg@a:dﬂ%? hyde

resins, q4rel aplg:dek l@igleeﬁ%xxgein&ﬁéab%wegpwlm RhEA pan g resin gloss

benzoguanam ne-torma e resin, acrylate resins g acryl ates and
20 met hacr ygatsesjanscgphlyasriv) aifitsiac and tht Blss,. Berbyidat ext begoxieddf a aumlleat ed
uret hanes, %f?ar grle?gty%gch as UV light or heat) organic material. Examples include amino resins,
alkylated urea-formaldehyde resins, melamine-formaldehyde resins, and alkylated
benzoguanamine-formaldehyde resin, acrylate resins (including acrylates and
20  methacrylates) such as viny! acrylates, acrylated epoxies, acrylated urethanes, acrylated
polyesters, acrylated acrylics, acrylated polyethers, vinyl ethers, acrylated oils, and
) acrylated silicones, alkyd resins such as vrethane alkyd resins, polyester resns, reactive
urethane resins, phenolic resins such as resole and novolac resins, phenolic/latex resins,
epoxy resins such as bisphenol epoxy resins, isocyanates, isocyanurates, polysiloxane
25  resins (including alkylalkoxysilane resins), reactive viny! resins, phenolic resins (resole
and novolac), and the like. The resins may be provided as monomers, oligomers,
polymers, or combinations thereof, Hardness of the resin varies with the selected
composition. For example, resin hardness generally ranges from at least about

18 kg/mm® for the softest epoxy or acrylate resins, and around 40 kg/mm’ for phenolic

30  resins,
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pol.yesters, acrylated acrylics, acrylated polyethers, vinyl ethers,
acrylated oils, and acrylated silicones, alkyd resins such as urethane

al kyd resins, polyester resins, reactive urethane resins, phenolic resins
such as resol e and novol ac resins, phenolic/latex resins, epoxy resins such
as bi sphenowoeponoysodesi ns, isocyanates, isocyanurates, PBETASINGREMS 25
resins (including alkyl al koxysilane resins), reactive vinyl resins, phenolic
resins (resole and novolac) and the like. The resins nay be provided as

nononers, oligo g %ﬂers onblngthgs t her eof . Hardness, of the
resin varies wit e@h@“ ?EHME%8W%%E$TWIHWB P SRS e B I Rhr dness
general 'y r'ﬁﬁ%ﬁteﬁa}qmc@tthd ﬁ@@lve%ﬁﬁiﬂes %ﬁpﬂﬁgérma&a&l% glifiSpcind it epoxy or
acrylate resins, and around 40 kg/ nm for phénolic 30 resins. .10 WO

2007/ 015909agemmew$ma@/mgmeramarammw theygraties compssies. The present

i nvention conpris mat,r te hoId h abr asi ve
particles OIP‘%E imr?g?rﬁ?la rbgéal)%?/sgﬁ r%l%ss’tac}% gln?'ce{aﬁﬁé agf’omergrtes and the

aggl onerat esadpR, glag| sdrds siticd @@ss,aglasa%bﬁaﬁn@pmmltdae%lasmﬁendm; ¢poxy,mat eri al
can be a reS|n @@glass a_nmeta gl ass-ceramc, or a_ceramc¢. For 5
exanpl e, gl a4, e %@e@Pﬁlﬁmcdés"glbﬁ@ & th@ Fesed obiha ABROSHE bgel PN dat e gl ass,

phenol i ¢, %gg&mf)@%%}ab&m@% S0t 81 DEISIELE REGN igapont ext of

the conposite bin can use era trieX mat

conpri ses awhiali i, thegl #eslyd bpthelbhditibeng1pertiléscih useth irélbase ﬁetﬂmﬁa@bmﬁded by t he
conditioning. partjcles in use to rel ease fresh surfaces of  primary abrasive
grit. Typi cBmgy? %@V%ﬁﬂtm Lypiralse theqnating mgteriplis atleask ashgrdiasthe e@apasttposi te 10

bi nder 1 @nhihdr G in BUSRHALAS! oopEIARCHRNINadURRM TBMEhT QA kD er ent

mat ery aI For ‘exanple, the matrix naterla can have a hardness of at |east
about’ 50, nexamppsy e amadrt materisl chehave adtaodnessod @) le@0 ahout 60 m@BO frefegableven har der

(all in kg/ For il'ica | ass,.can be d for the, matrix

material , WH%)Staabﬂlétr]é)ﬁX@p%fU g@%ﬁf e?ﬁélg’é%béﬁ g%fﬁ'm Eslg?fleﬁ?néplﬁ’l ﬁ&gr i s used
in the presgads cmmu@meuﬁﬂtmanaﬁkdnmwvhmcamamsﬁaﬁtab@h@ao 6aPkdp@et her in the
article, and to rel ease the partlcles during use. Preferably, the erodible

bi nder contr ol | dgpéibledindgsisaisedia ﬂmmqe@q iggentigntehhoddscopdiiioning gpwisley t he
wor kpi ece, é%gethéi‘oﬁ' Me%}c?ed algc% ﬁasrglleéjste Ik SpC r |%6% él‘ﬁﬁ%%us%g pldtihgl QLB% er%&fbk | VE.

Sui t abl € rial’s ude incon
conposi t e bbige contifiBble réleasey e piticled) sinthes vi:ahk@RSES the @otipicc it Ng parti cles

t hrough di ssol ution, useful binders include paraffin waxes,_ agar
controlied dissolution by a working fluid or additive. Suitable materials includé those
described above in context of the composite binder. When the erodible binder releases
conditioning particles through dissolution, useful binders include paraffin waxes, agar

20 starches, sodium silicates, sodium carboxymethy! cellulose, methyl cellulose,
polyvinylalcohol, polyvinylpyrrolidone, polyethyleneoxide or Carbowax™

) polyethylene glycol solids from Dow Chemical, Midland, MI. In addition, the

workpiece itgelf can condition the conditioning amalgams, releasing conditioning
particles. The conditioning particles of the invention need not be individual grit or

25  abrasive particles, for they can also be agglomerates, aggregates, or combinations of
these with or without individual grit particles.

Conditioning particles used in the present invention are sufficient to condition

the composite binder and also may be sufficient to condition the matrix material of the
abrasive agglomerates, That is, the conditioning particles have a size range and

30  hardness combination that causes removal of composite binder and/or matrix material

to expose fresh abrasive particles. These conditioning particles have a second hardness,
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20 starches, sodiumsilicates, sodium carboxynethyl cellul ose, nethyl

cel lul ose, polyvinylal cohol, polyvinylpyrrolidone, polyethyl eneoxide or

Car bowaxTM pol yet hyl ene gl ycol solids from Dow Chemi cal, Mdland, M. In
addition, the workpiece itself can condition the conditioning anmal gans,

rel easi ng coMdize07@mi%efy particles. The conditioni ng partpctreszoedosdse

i nvention need not be individual grit or 25 abrasive particles, for they can
al so be aggl onerates, aggregates, or conbinations of these with or w thout

i ndi vidual grit particles., nditioning particles used,in the present
i nvention & G%%?F‘Fr_fdtcl?aé‘iﬂesstlﬁﬁg%&‘a? flﬁeélﬁrdnﬁﬁé’fg’@ igqg 2pf ﬁ%‘?‘g‘ﬁﬁg"ﬂﬁ%o may be
sufficient 4onGoRAithd RRddRETRL éc{niﬁoo@%ﬁ BhdR! TRE sdob®i hARI8Sd1ME s 8Edh Oner at es.

That is, the conditioning particles have a size range and 30 hardness

combi nat i orthe $rate ar gestes thee thwbardness of thepoeiik emaksitiall 9! eandt.che eraepoisite mat er i al
to expose fresh asive particles. ., These conditjoning.particles have a
second har difcetat e lal B8tk frdisad B w00 boR T R F- o

har dness i sidi®$ spprétadbly diRadeablines Sedok o PicaNOMHsPis S8 € caelioabRWartiche sanme or
greater than the hardness of the conposite binder. The second hardness al so
i s about t Heaysahsasicdhe Yerkpices Zivinaificinnt Heape dressereofndtoiier pareting material . O
course, the Si i he [ eriak:.. be. .the. same

mat eri al . 'ﬁ?gglgg 1250nOoﬁxﬁvgﬂh%%gﬁtggfﬁr%{fo&éﬁgbg%d @Etheacﬁglrhggllﬁg%iﬁfng]ﬁ%asde t he

i ntended wonhinph#ici€ evehhadasingblet Teusc kB @titdapnibRgihehitickk @s wpslyihabr ade t he

wor kpi ece given sufficient tine, pressure, and other operati n% condi tions.

However, t heorkpiees Wiiledhe erirdBioning pavticlss egdippy the pratwomaictrloh s gUsIEi cl es i s
m ni mal 4 if a @QH@ j L L&l,es act upon
the | lrokpiagg}eéﬁ\%m?%é%%e c %edlajﬂﬁgcﬁ} friilg]9 Sgﬁtoiig!srélsé}sa??l%{t%%u%egar% t lg&scrr‘{gtri X materi al
of thé abr asiarel HbOrsag gblareratkscceFout tiexangitiening paiyipie @if sécapphardnges)ocess may
take several mnutes t several hours to polish a workpiece, but the

condi ti oni n‘@o"gépa#f’ 811318*???38 raﬁ%@ﬁ’ﬁ%@ﬁ%mﬂ@ﬁ ) O_n%utf)c?oﬁ%@e@ﬁarl%‘g P*ever al
days, maybe; MR SnOha B bBSur td SyRabdtaiiaPle$d] T ArdreA¥BRdbl ©&SperR, POI i shing may
not occur to any substantial level in any reasonable tinme period. Generally,
when the condi t ilmenly.peenitd eosditipeing puiitlas ge footlwgy, theyrrap pesvemitiiskiixed 15
abrasive article contact W th,the workpi ece surfac reduci ef,f ecti veness.
Phen the  CoRaIErERTraotar i Soter SRR o e B, PR S ¢ T omi ng
is |ess effeealitvsingpstickdige R s Mg dfeadife 6l JOnAiERAE isAVReffbdi@ and N SONME

enbodi nents of the present invention, ) . )
the polishing rate diminishes over time. In some embodiments of the present invention,

the average particle size of the primary abrasive grit is larger than the average particle
size of the conditioning particles, In another aspect, the conditioning particles of the
20 second hardness have an average particle size from below about 125%, below about

100%, below about 75%, or even lower, relative to the average particle size of the

:\w./.

abrasive particles of the first hardness. The conditioning particles have an average
particle size preferably at least about 50% of the average particle size of the abrasive
particles of the first hardness.

25 Abrasive articles useful in the invention may include a region of the abrasive
composite particles along with a region substantially free of the abrasive composite
particles. For example, features such as flow channels, wipers, sturry directors, and
slurry retainers can be used with little or no abrasive particles.

In one embodiment, the region of abrasive composites and the region of
30  conditioning amalgams are substantially coplanar. The regions can be provided in any

suitable geomeiry. In one embodiment, the region of conditioning amalgams are sized
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theraverage particle size of the primary abrasive grit is larger than the
average particle size of the conditioning particles. In another aspect, the
conditioning particles of the 20 second hardness have an average particle
size from bel ow about 125% bel ow about 100% bel ow about 75% or even

| ower, rel atWQeorig1vte average particle size of the J abrmssmemswticles of
the first hardness. The conditioning particles have an average particle size
preferably at | east about 50% of the average particle size of the abrasive

particles of flrst ardne asive arti useful, in the

i nvention ﬁﬂ?ﬁ¥ﬁ@ Qﬁfﬁﬁﬁ %Fﬁaﬁégﬁﬁwggnﬁﬁcm% §FF§ﬁ5§Pt|cles al ong
Wi th a regiQndifsass gc&aar@é dr¥aldAno Klleakd Sondfioamiz Hertie RIBLSH Thiska khe! es. For
exanpl e, features such as flow channels, w pers, slurry directors, and

slurry ret dievenisd bua woeking aidvip fcmnla confiigionjpe Flarraprhich then parepasites. 1n one
embodi rrent a’tgg rqa%%h Gélvag b0§l? I%Otﬁg I(I)lgp]?%bﬁgﬂﬁ %ﬁ&ler e:s/%nt n of 30

condltlonlng AV ar anar . can be

provi ded i n any A:ﬁyumb@bk@r}g@g)ﬂmawn bd Wed NEorewkaslc e, a d@eusrsegmeﬁs of
condi tioning amal gans are sized -12 WD 2007/015909 PCT/ US2006/ 028061
simlarly t& tfh’f‘éﬂﬂ%?lkb? wed, witlypartienips elpgigp vithin %ﬁ%p@é@ aglaYa8BYade or erode

the condi t i BeBRLADS YRoAITA R MR LOLEELERSE GORCLILARL RY, Par i ol oo or

grit. This grit e carrre a condi ti oni ng
slurry, whi dzi;petshﬁm, sagieﬁdmp@gtntshmd thakike. Adﬂiﬁi\es alad magbé &sleﬂlt(vdieymc},’d)]ljtdl tioning

the primary, abrasj v of the i nvention. Ang/ gown wor king fluid can be
used. For eRigrstwith R Pl%?&ﬁ%’g%t%ﬁqlﬂﬁ?‘f"dh% olising Provess) IREAEHET. be used, wi th

parti cuj@r &%ﬁgﬁ, h&pb%stégt&o&lf}e%m feleaQfind éb%fl%ﬁmgy%way%omqﬂéi%fgioﬁes al so

can be I ncor por ricants, coolants, grinding al
di sper sant sof condi{denialj anp! gegesn tThat iadechrecal ddor chelatical actisn edrseleamythde used to

chemcally nt.er.act Wt e surface t ve the polishing
process, In° 3@%?’?*%?“ %é’a‘é‘HE’M? Pyla?:lg O%OénREE%GC?‘bC‘O%O&EFPgr%FFYab| e rel ease the
condi ti oni ng parh bkd @sbddiRdht the ik LObARIve BfticledAsl tdzi DB bNEifRAR Aadkbves That i s,
mechani cal and/or chem cal action can release the conditioning grit or

particles i th@t@reacapahiwﬁgwjn&ﬂn@rﬂog\b Far exsenple, ragiing gasguide sonditignisge
teLTbOd' RNt lﬁlﬂﬁﬂéd«@%c?@%éﬂt% of%r lﬁér%b o bRELR flngﬁoﬂfle% é‘bras' Ves
at are€ capabnl gui

or ~exanp ons c n ‘gui de
condi ti oni n@gibhs @&heh¢onrdgk @mdiﬁnm{gismrl@em (ﬂbmteﬁvalﬁfthfaedgb bﬁaﬂ arashdenaed ve

enbodi nent . mlﬂg\f3 I%QG%EIQI?r exanpl e,
The workpiece in the present invention has a hardness below the hardness of the
primary abrasive, and above the hardness of the conditioning particles. The workpiece
20 generally is abraded via brittle polishing or fracture-based grinding. Examples of
workpiece materials include quartz, gallium arsenide, germanium, topaz, spinel,
) Aluminum Oxy Nitride (ALON), SiC, sapphire, and c-plane sapphire.
In one embodiment, the invention uses a fixed abrasive article to polish hard
substrates, including abrasive particles of a hardness of at least about 2000, 2100, or
25 2200 kg/mm®. These abrasive particles are included in a matrix material such as plass
to form abrasive composites. In addition, a region of conditioning amalgarms is
included together with a region of abrasive composites on the same side of a substrate,
such ag a polymeric film (e.g., polyester). The conditioning amalgams contain
conditioning particles with a hardness at least about 50, or even at least about

30 100 kg/mm? softer than the hardness of the abrasive particles. The composite binder

can be a make coat and/or size coat, and the composite binder can hold abrasive
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regions can encourage conditioning slurry to flow toward the edge of an
abrasive used in the invention. The workpiece in the present invention has
a hardness bel ow the hardness of the primary abrasive, and above the
hardness of the conditioning particles. The workpiece 20 generally is
abraded vi a wohéitrlogsopol i shing or fracture-based gri ndi Ngpc @R P

wor kpi ece materials include quartz, gallium arsenide, gernmanium topaz,
spinet, AluminumOxy Nitride (ALON), SiC, sapphire, and c-plane sapphire.

I n one enbodinent, the invention uses a fixed abrasive article to polish
hard substospesitesimie  apnémebriondl deraper arfidp.e B W aipenb hgrrendtioingt | east

about 2000, 2400 e Bl Pl PRI TR, APLRASHUE PRI Bhess iy © 1 ncl uded

inamtrix rial suc gl’'ass to Torm abrasive conposites. 1n addition,
a regi on ofavempspirticosingobih@blgadi®e padticlésn¢h ustedpionghd furitiohind partickegi on of
abrasive conposites on the sane side of a substrate, . such as a polyneric
film(e.q.,apEeyeatids yize pibleass sBoutoBH A reavaregapaitiels seaphibe 8adYS i oni ng
parti cl i il &SR L Qr ; ut 30
100kg/ m%se @oa%téb é% ?ﬂ%ﬁﬁt ey’%ﬁégﬂdnessnaglp R,ﬁ%&%g}tfggngéﬁlgxgl;%% Fgéqe%iﬁo e conposite
bi nder canntve worikiak dluitbditring ity aethed afghepatntioanth tove addmsintsetibi nder can
hol d abrasive -13 WO 2007/015909 PCT/ US2006/ 028061 conposites into a

t hr ee- di menOPEHANING BIEE/PY VS AR PYIrage napichzed EiRY abp¥iel Ot driomahrg

ticl 0 0 : bout 75% of
Phe. - aver age Bari L gy st el G000 O ThpBhe SYERRER OIS D 1 ne

condi ti oni nghrRdetpaicRS hak\i@ragegdaifid€hig: foz€aliodt B, gast aB®8LInh0% of the
average particle size of the abrasive 5 particles. Alternatively, or in
conbi'natl onsbovifermoltimi Brimgrgaen sbeveaboybil e, phepgiabrasive partigdesaroor ki ng
fluid during the thod of the.invention kn s embodi nent.s.. t.he

cond t1 oni g RSP ARttt aY B e FP SRS IR EER Sl 10 m
bel ow aboutrange st afledsoxboabiide thhd i BveREe pardtle biet ofvhabiabdivdhattidsn | n sone
enbodi ments, the abrasive particles have an average particle size above

g
about | gm fhﬁs@veﬁaﬁb&mmﬁ typipallygangsdinm belgnpbanh 2GHnes eghtragiragidh above
about 20_GMizcTdeafat ARG ltR1cR Boldief| B30k Hopelid %b%ﬂitio g ofidlepnerates of any

desired size. For exanp aggl onerates typica rang | east about
t hr ee tlhespithmbbvas agdlepthat ilelabrasive eantities. N cab nepsity eonditiohing lpesiclet her ei n.
Al O At Y Socrhde paaoels size oF Bboti 3 o S48 Dse ith Shrhmcoe pavieles beviagan P2 ¢! €1 €
average particle size of about 8-10 pm, in agglomerates of about 150-200 pm particle
size. For example with a sapphire workpiece, 8-10 pm diamond particles can be used
in agglomerates of about 170-190 pum particle size, together with alumina conditioning
20  particles of 1-5 pm.
) The abrasive articles useful in the invention can be made via any known method
for making a coated abrasive or an abrasive article having three-dimensional, textured
abrasive composites, For example, abrasive agglomerates and conditioning abrasive
can be provided in regions upon one of the subsirates described above, and attached
25  using a binder as described above. In addition, any known size coat can be provided
over the agglomerates and conditioning abrasive. For another example, a substrate
having a structured surface (e.g., peaks and valleys, shaped features such as pyramids,
cubes, trapezoids, and the like) can be used, with the abrasive agglomerates and
condiﬁoning abrasive provided in separate regions. In another exampls, abrasive

30  composites containing abrasive agglomerates can be used to form a structured surface

while the conditioning abrasive regions can be provided around the structured surface.
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size of the abrasive particles therein. In sone aspects, the conditioning
particles 15 preferably are smaller than the abrasive particles. In one
aspect, conditioning particles having an average particle size of about 5
gmare used with abrasive particles having an average particle size of
about 8- 10 wgoveormisaggl oner at es of about 150- 200 gm par t PEI/ES2085028081 For
exanple with a sapphire workpi ece, 8-10 gm di anond particles can be used in
aggl onerates of about 170-190 gm particle size, together with alum na

conditioning 2 ticles of 1-5 The ahrasi icle ful in the

i nvention can bgsgﬁ{j‘@e{f?? & S?Hﬁ?\ﬂ{%’%'ﬁé@m%‘éﬁ %&Wﬂ%‘%;@g abrasive or
an abr asi V@R db&liptifR\Wr g abRIREncHs TROS! BNAd in W 8XbkR Nos 2DIHSIsye conposi tes.
For exanpl e, abrasive aggl onmerates and conditioning abrasive can be

provi ded i §,454§iérfs S4po8 [ @ned 5504823, shletiveasshrieatey subalde &vovdysioand at t ached
25 using a.bj,nder described above. In addition, any.known size coat can
bo pr ot ded® 18 Ere RGP S SHe e PR bR g B T anot her
exanpl e5 a kabRs letod, sublayd RekeAesdribbd inlly 8APAet: Nae.&,{R,366; 6,pe5dm; and val | eys,
shaped features such as pyram ds, cubes, trapezoids, and the |ike) can be

used, wi th %4e.7aBradiNEBaly bifei%a  Soather vsehaetipd af makinppsilve provided in
separal e I Q008 noiblls ARALS Wl SAAIRI G, AREASY AtfasR GRERARL bAG GO 21 1! NG

abr asi ve aggl onerates carr be u orma structur surface while the

condi ti oni rgmabsi@s taraprise ghasige aaioneatpy Byddde d rakecond viitheorsibnaleizer ed surf ace.
-14 WO 2007/ 015909 . PCT, 148200%/028 61 Useful nethods are described in U S
Pat ent Nos.CoBIng8Ss desoribaddn B.5 $atentio. 63 1{éf 3descri pti ons of suitabl e met hods

can be foound | n 4 i cBatRher¥SSs uSori3A afiiog oiaii 4dicting SpddRad10: and

5,304, 223. Abrasive aggl oherat'es suita sion
t hr ee)- di merspeoiadly withdwtdmrddttkbyabpives.cbnpesktees theayvebevemothbdct ured by any 5

known net hod,, such as, those, descri bed in U.S. t ent . 6,551, 366;

6. 645, 624: THEIgES the 5t 1l 5 308 GRRPIOL 4S9 10T AHGRREETHGEREE ot hod of
meki ng usefwithoutBE asdder Adcbhrtle s JFANA Sorh VBRI 8bANdining B¥dckd €d abr asi ve
conposites wherein the conposites conprise abrasive agﬂgl onerates fixed in a

make coat, lwredhepgsiesh e inyeption powdprpsmproyed eseaviliels sianility @1d Pat ent No.
pot i ahi g gpaidtieieh bR RERRlC Ry fidchel 3R R s L AR ™) 7 ome
aspect, thepenient iThe prRtR@dthis invention allows the same fixed abrasive article to be
effective on a wide variety of workpiece materials.
Objects and advantages of this invention are further illustrated by the following
examples, but the particular materials and amounts thereof recited in these examples, as

20 well as other conditions and details, should not be construed fo unduly limit this

invention.

Examples

25 Preparation of Vitreous Bended Diamond Agglomerates
Vitreous bonded diamond agglomerates were produced generally using the
method of U.S, Patent No. 6,319,108, First, a temporary binder solution was prepared
by dissolving 25 parts by weight (pbw) dexirin (available as "STANDEX 230" from A.
E. Stanley Mfg. Co., Decatur, IL) in 75 pbw deionized water.
30 A slurry comprising 170.0 g of the temporary binder solution, 4.0 g of a 50 wit%
solution of AY 100 surfactant (available from Cytek Industries, Stamford, CT) in

methyl ethyl ketone, and 1.3 g Dow Corning Additive 65 (a silicone emulsion anti-
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mai ntains the cut rate on the workpiece at a desired |l evel for extended tinme
periods wthout the need for a separate, or off-line, abrasive dressing or
conditioning process. In another aspect, the invention provides an inproved
removal rate stability and 15 predictability; which inproves process
efficiency amd2eemumes scrap during finishing operationpgr/ifopreegess of
this invention allows the sane fixed abrasive article to be effective on a
wi de variety of workpiece nmaterials. Objects and advantages of this

invention are further i]J|ustrated by the follown exanmpl es, . but the
particul ar lf?ﬁ‘f”é‘giaﬁ?g_a‘éﬁi{ﬂLléﬁi?HhabQWH?é‘F%@’ﬂDeMﬁ%dﬁ IS ROBREWS es, as 20
vel | as ot hﬁfxe&%ﬁ!atﬁr&ﬁa%gﬁﬁf@%@eke&mss.%tﬂn@lmegtm%dvg%ﬁ&%g phPatdfdul y

limt this invention. npl es 25 Preparation of Vitreous Bonded Di anond

Aggl omer at eby oMttgingoiisg iotharend with£00 B¢laggit (VI08¢ glosyicore Speadrliyddldssgener al | y

ing th t f US P t No..6,.319, Fi.J St,. a,t : bi nd
S0l b on velBepPBsEReEE) B of bEBr R S G S P R BY
(avai | abkd e Raified hovREN #3014, Sedhetare, Bast PhadineYON® IThdGar alsd@m@dinbd, L) in 75

pbw dei oni zed water. 30 A slurry conprising 170.0 of' the tenporary binder
sol ution, 4abouiglodt kgaofHD6-oma. 2§ dicht 2ivanis milve pellets uktfeaembimatigmvas | abl e from

Cytek | ndustri t ; i ne el t . Dow

Corm ng. Addr o1 b8 T2 ST e a3, i oS e e S Bl

PCT/ 11S20064{028001kd gfaeafit ngs agieito waﬂukrflah@mﬁﬁﬁmdﬁﬁmm TomGorde, , M dl and,
M) were thoroughly mxed with a propeller m xing blade for 15 - 20 m nutes.

M1l ed gl asBiamopd abrasivepasiiriesd@vingy neinelpagcle oizgyoidd wa fykilalile FoBoo g gl ass
frit (SPL0 ' it o aNumber 2
rrir: I i"( gF?la%?tg)%%ls%s%ggtgﬁle’ﬁg%t§r¥elgh%§s%# 31%‘& ’rarfl Ggggqgﬂg:)s%“fﬁ‘% % pgr 2e|uai ﬁrf rom

U. S.” St onewaishindfias waPalhed i, ad@ibel 20hengtes. al so contai ned about 16.9 kg

of 0.6-cm (0.25 inch) zirconia mlling pellets. The copmbination was mlled
for 72 hat aboutlhe3gsupipmsiupaypsihe caytfd 1%@38%%%&1?@@8.%{&%@%@?% y of 200.0

g of the midd Gl /abasydids 19RSeRTERLa OB Yid oA ikt Rt | nued for

20 m nutes. D anon asive partic aving a nomnal particle size of 20
pm (avai | ablodhd tearmirks oNatS. BaiaNo Re5@:1d h Tho cavities Gnths pelybropl ine o) wever e t hen
added t ?5 t hi% t e! f%%%f g“géjca%cg Ef‘oupsided pyramids having a depth of 178 um, an opening of

246 pm by 246 pm and a base of 151 pm by 151 pm. The slurry in the cavities of the

tool was air dried at room temperature for 24 hours. After drying, the dried abrasive

composite precursers were urged from the too! by contacting the back surface of the

tool with an ultrasonically driven vibrating titanium bar (available as Branson 902R,
20 from Branson Ultrasonic Instruments, Danbury, CT).

The dried precursor particles were passed through standard sieves of 250 pm

opening followed by 150 um. The dried precursor particles remaining on the 150 pm

opening sieve were mixed with an inorganic parting agent consisting of Boehmite

powder (alumina monohydrate, Disperal, commercially available from Condea Chemie
25  GmbH, Brunsbuttel, Germany) at a ratio of 100 g dried precursor particles to 6 g

Bochmite powder, The dried precursor and parting agent mixture was firedin a

refractory sager (available from Ipsen Ceramic, Pecatonica, I1.). The firing temperature

was ramped from room temperature to 400°C at a rate of 1,5°C per min, and was then

held at 400°C for 2.0 h to burn off the temporary binder, The precursors were then
30  heated to 720°C at a rate of 2°C per min, and were held at 720°C for 1.0 hin an air

atmosphere, Following firing, the resulting porous ceramic abrasive composites were
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conmbi nati on was m xed for an additional 20 m nutes. The resulting slurry was
then coated into the cavities of a polypropylene tool and the excess slurry
was renoved using a doctor blade. The tool was made according to the

teachings of U S. Pat. No. 5,152,917. The cavities in the pol ypropyl ene tool

were 15 in Wz(fo?/ﬁﬁg@f truncated four-sided pyram ds havlj&%go%@%f‘ﬁ]eof 178

pm an opening o 246 m by 246 pm and a base of 151 m by slurry
in the cavities of the tool was air dried at roomtenperature for 24 hours.
After drying, the dried abrasive conposite precursors were urged fromthe

t ool Dby conrbaled tongomhenpaakrestin tACer BhutHE petanl. Thictffedagorelstceasoni cal |y
driven vibrating titanium bar (avail able as Branson 902R, = 20 from Branson

Ul t rasoni c apresitve corapnsdes WeipBessed theomph stapderdiyisveg obh? Wobr sppningaiepveds wer e
assed thr n i e f m { | 150 pm The
8 r ?Zd pr ecg)%gg(r) fL%c??tkr) %%%ee:[h? 1‘é‘8 nr Ré%g% Q%eﬁtéoﬁgk rg%?‘grg‘ése‘%?%“ gliyr eve” wgr e m xed

with an in%@g&iﬁs RadairifgorpBenso Eﬁrb@'bxﬁﬁé AereGienBoRVRA for uRaMERr (al um na
monohydrate, Disperal, commercially available from Condea Chenie 25 GrbH,

Br unsbutt elabragiwe adialgy. at a ratio of 100 g dried precursor particles to 6 g
Boehm te powder. The dried precursor and parting agent m xture was fired in

fract i|abl e, f | , tonica, IL). Th
firing tempuranangn of QA Aot Sites BiRPret Bl BREBHB0c e o rate o
1.5C per mn. apdiiyrssatt@Mition 8l 2h o 4RP&Gs0rS0 ?gfsérmnow%ﬂfametmtermor ary

bi nder. The precursors were then 30 heated to 720C at a rate of 2C per mn.
and wer e héfayeen Diviie, Lobrizp] bids Menchestei V. K )awdds prkrastylatetdsioni ng firing, the

el UsdUo6R08a0R D HEBANE AR, sk PERREr HiR S For AP KEARATRAR Dor i

The fired pokosisy ediediiven pRIPERS inigerC Yaposd thexsnalBritati@asetidblt fiioaligh st andar d
si eves of 250 m gpeni ng faollowed by 150 mto remove the inorganic parting

agent . The #poBiChsarenl Solutpm knteroaisy. Bslly W V) sanpusheddsior orpxmzigodhe t he 150 m
openi ng V"err@si\% gjfglﬁgg%{h%%a%gsﬁﬂf a éégféghﬁ%tlﬁ{ll%g,fpl rﬁ@&b\é% @I{Aé %;fi}sgg%mffcfeepara 1on

of Abrasive tes sperse ecurso ersant sol ution
of 25 wt % diabpenchaop), {iaistpercsefiit 820000 badlaip tlelVerzb 6D into ioweon Di vi si on,
LubrT o) Lt g o e B8t Tohnints e B wed plied A% Rb Bl Sratef B (60°C) to
facilitate melting of the dispersaut into the resin. A thermal inijtiator solution was
produced by mixing 5 wit% Vazo 52 into 95 wt% acrylate resin (SR368 D) using a
propeller mixer. The thermal initiator solution was stored in a refrigerator (temperature
<40°C). Calcium metasilicate (NYAD M400 Wollastonite, available from NYCO
20  Minerals Inc., Hermosillo Sonora, Mexico) was dried before use by placing the NYAD
M400 into a metal container and heating the container in an oven set at 120°C for 2 to 4
_ ) days. The NYAD M400 was then cooled to toom temperature and the container sealed
with vinyl tape until wse, A resin pre-mix was produced by mixing the following
components using a high speed Cowels blade mixer; 91 wt% 368 D resin, 8 wi%
25  dispersant solution described above, and 1 wi% photoinitiator (Irgacure 819, available
from Ciba Specialty Chemicals, Tarrytown, NY). This was mixed for approximately
1 h until the photoinitiator had dissolved, to form a resin pre-mix.
An abrasive slurry was produced by mixing 1547.8 g of resin premix described
above with 2935 g of NYAD M400 Wollastonite, 100 g 180 pm vitrified diamond
30  agglomerates produced as described above, 45 g fumed silica (OX 50, available from

Degussa Corporation, Parsippany, NI}, and 2.5 g antifoam (Dow Corning Additive #7,
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10 (‘SR 368 D, available from Sartomer Co., Inc., Exton, PA) was m xed for
approximately 1 h using an air driven propeller m xer. Vazo 52 thermal
initiator (available from Dupont Chem cal Solution Enterprise, Bell, W)
was crushed prior to mxing into the resin by placing the Vazo 52 in a

seal ed pl astwe b@@isopé aci ng the bag on a sturdy surface pfhalhensstop).

and using a ceramc nortar to break up the Vazo 52 into fine 15
particulates. During mxing the mxture was placed in a heated water bath
(60C) to facilitate nelting of the dispersant into the resin. A thernal

initiator sevailehlefiomdow pewingcerrpyinddr kichghar fr dohyvabhs mizivigives e wt %

i el . oty 08w
o1 Ut on el Rdr S P pPul o BARE ) R B il B8 AT gl ©1

met asi | i cat il NvARLARGL V. ISagieomic) for 18val habFemfa dimrsNYIE0 sBRryMyazer al s 1 nc.
Her nosi | | o Sonor a, Xi C0) s dried before use by placing ,the NYAD MO0O
into a net aThe%Eﬁﬁ"t%i?@l\]%?mé?ﬁirOﬁaéra‘tl}ur@dt‘%éedc@ﬁﬁfdp?(é’hwrFPuélﬁgWéprli‘ MdeE %t 120C for

210 4 dayge %iwé@oi\éﬁgg dsg%ﬁbéaﬂa%v&ﬁ% fded zrﬂe%ﬁﬂhiﬁm&éé pre and the

cont ai ner sea e% w th vinyl tape until use. resin pre-mx was produced by
m xi ng the &mkdxdmetaly 30conponekil te usipreptae tHagied SBE@ PIBWel s bl ade m xer; 91
Wt % 368 D resin, 8 w% 25 di spersant solution described above, and | w%

photoinitiator (lrgacure 819, avajlable from G ba Specialty Chem cals,
Tarryt own, Kixpd Abrigsivedticls BregaraiondMsthodilrately 1 h until the

phot oi ni ti at or | I J ] 9% sive slurry
was produced byh%gigdﬁ%%ﬁ@&%“%ggl%@%%?%ﬁﬂ %e%sg{bgggﬂcﬁisbggeﬁgﬁb%ve with 2935 ¢
of NYAD10/ 08,5873 Btmvbdm, et A0 onpnk@Paratsusimilin io ithat dthsolatedrinitz@€ 18gf| oner at es
prodiuged as _described above, 45 g funed silica (OX 50, available from
Degusda Cor P&R#$°bn, Parsippany, NJ), and 2.5 g antifoam (Dow Cor ni ng

Addi Ui ve #7, - 1X sUELRBREAORSP0R RORIMIRA0ALAZ NGy crealiiabl Tie! T om Dow
Corni ng Corp.) undef high shear foor | h. The nmixture was then placed in a
seal ed pl astdvitiepai the tovdl wewstintledomn oPOverst Avheiesd fpwrsidddmyramids pavjngon a rol | er

TSR I T A R R T
S0 9 Y01l B Scahtfalg RIS TP TR pagpy ves
t enper at ur ethedagited dh=32lihedsns, andi axeogsaAlsnifitheeablgstviechmpPyiepar at i on ( Met hod
1) The tool was unwound from a winder. The dispersion of abrasive agglomerates
in abrasive composite binder precursor was coated and applied into the cavities of the
tool using a vacuum slot die coater at room temperature. Next, a polyester backihg
20 (127 um thick (5 mil) polyester film having an ethylene acrylic acid co-polymer primer
on the surface to be coated - 125 um (5 mil) Scotchpak™ available from 3M Company,
} St. Paul, MN) was contacted with the abrasive shurry-coated tool such that the abrasive
slurry wetted the primed surface of the backing. Uliraviolet (UV) light radiation was
transmitied through the tool and into the abrasive slurry, Two different UV lamps were
25  used in series. The first UV lamp was a Fusion System "V" bulb and operated at
236.2 W/em (600 Watts/inch), The second was a Fusion System "D" bulb and operated
at 236.2 W/cm (600 W/inch), Upon exposure to UV radiation, the binder precursor was
converted into a binder and the abrasive shurry was converted into an abrasive

composite. The tool was removed from the abrasive composite/backing. The abrasive

30 composite/backing was then exposed to an additional freatment of UV radiation,
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Thi s abrasive article was nade generally as described in U S. Patent No. 10
5,958, 794 (Bruxvoort, et al.) on an apparatus simlar to that illustrated in
Figure 15 of this patent. A polypropyl ene tool was provided conprising an
array of cavities. The cavities in the tool were in the formof inverted
truncat ed f o z2e7/esehopyram ds having a depth of 800 m wmnnoperion@sof 2800
pm by 2800 pm and a base of 2518 mby 2518 15 mwith a center-to-center
spaci ng of 3976 m The tool was essentially the inverse of the desired
shape, dinensions, and arrangenent of the abrasive conposites. The tool was

unwound f r dpughihabreking pie, wiingdhs Epsne Sypteah i wWhandqprsigeht es in abrasi ve

conposite bi re Iimwas coated and applied into the cavities of the
t ool usi ngagaggﬁ/aﬁr%gq’lg\?ﬁ(}})e coater at roomtenperature. Next, a polyester

backi ng 20 (127Then, tHeiabkasifd compgsitpbhokest which fdrmeth eheiabepsva agtichyy lvene acrylic
acid co-polyne rimer n the surface to be coated - 125 m (5 ml)
Scot chpak TRICHULPIGEA %655 r i WHA RIS proggss Opsigies aﬂmwmbe%}#t%t ed with the

abrasive 5'7!515%&&.‘1’25 &4 LAImBYChnt E'I%Eisﬁé},%nﬁ‘:@&i?e%a\éﬁng NoHhd ¥p ¥etked the prined
surface of the backing. Utraviolet 'i'ght radiation was transmtted

t hr ough t heoteowis thendeited Hr apreoxibetbi ¥k insdnurvey set TR0 @i 0P endomiplet anps wer e
25 used in_serie The, first UV.L anmn. a Fusion System:!V:, bul b and
operat ed afiChyEs of th BRds: SHTP U4 FHIERY TR S8 Al PS L boekioBon Syst em * D
bul b and oper at g prephredEabiasi Gl cf SRP teWr ) Sthdsivd SRRboSHPRB KInE sheisUV

radi ati on, the binder precursor was converted into a binder and the

abr asi ve sIvg hmigateddonPep an (39 iagh) dickapslxcerbopgnplenst tlexaffe t ool was

composi Des BONNE, ARLEN Ko HRATLEAHARE Ml VSRR ey
radiation, sensife\WhcaRO T4 1580 K WCE/AIBERARHOZB0SM Padl WYY 3018 dacki ng si de,

using the Fusion System"D' bulb _and gperated at 236.2 Wcm (600 Wi nch).
Then, the &byB9iNANES YR EH FHRME WS CIRRIART ©8M%ed t he abrasive article, was

wound upon a core. This was a conti nuous process operated at between about

4.6 to 5 %ﬂgﬁgwgmég%&fég}‘?ﬁéf’e fﬂg{l{ggﬁ?bz. The abrasi ve conposite/backing

wound up on t n hea approximately 8 h in an oven set
at 80 ti@ 105C t o wadifibgihg amblbem @rcersof mixige bf THIesf 1Syigh esmlittonthgt 0 activate

the prinmer on the V%Ol ester ,backi_n%. _ _ L
particles (PWA dlpha alumina, available as Microgrit PWA 15, from Fujimi
Corporation, Wilsonville, OR), 5 g of dispersant (Disperbyk 180, from BYK-Chemie,
Wallingford, CT), 20 g of irimethylolpropane triacrylate (TMPTA) (Sartomer SR351,

from Sartomer Company, Inc., Exton, PA), and 1.0 g photoinitiator (Irgacure 819, from

20 Ciba Specialty Chemicals, Tarrytown, NY) was prepared and converted into a
conditioning amalgam as described in Method I. Segments were then die cut to fit
) ‘ openings in a previously prepared 30.48 cm (12 in.) disk of a fixed abrasive article
prepared by Method I.

25  Counditioning Amalgam Article - Method IT1
After developing the conditioning amalgam article by Method I1, the
conditioning amalgam structure was flooded and filled with the conditioning amalgam
precursor of Method I, leveled with a polypropylene release backing and UV cured to
produce a planar conditioning abrasive sheet. Segments were then die cut to fit
30 openings in a previously prepared 30.48 cm (12 in.) disk of a fixed abrasive article
prepared by Method 1.
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To prepare the abrasive article for testing, abrasive conposite/backing
sheets were lamnated to a 0.762 nm (0.030 inch) thick pol ycarbonate sheet
(LexanTM 10 801 OMC, avail able from GE Pol yner Shapes, Munt Vernon, |IN)
using a pressure sensitive adhesive tape ("442 KW, available from3M St.
Paul , MN). AWBQ0U@15999 (12 in.) dianmeter circular test saoplus20oessoiie cut
for testing. Conditioning Amal gam Article - Method Il 15 A conditioning
anmal gam precursor mixture of 75 g of 15 .tmconditioning particles (PWA

al pha alum na, available as M CI‘O%I t PUYA 15, fromFujim Corporation,

W I sonvi | | eCongifioning dragleamAsticleaMethod K¥er byk 180, from BYK- Cheri e,
Val | i ngford, CT)Aft"ng&iugfn tarﬂﬁgﬁ%lﬂ){ér% %Hgﬁﬁ?ﬁdekﬁo'd‘ic{e%ﬂoﬁéfg)ﬁe%@gﬁhb Sart omer

SR351, from Sarto I'nc,, otoi hitiator

(I rgacure 8ﬂ19narfcomﬂn@ﬁmg}tﬂEg®D@hmmyerﬂ@mwcxhﬂr®n thiEaabrastvedime okY) was prepar ed
and convert$@5| nt ﬂz edc amal gam as described in Method |I.
Segnents we R Gret pf%” eifﬂ’ta ‘openings in a previously prepared 30.48

cm (12 ig.) di sMeancauéﬂmgeanﬂgd% le¥@shlik@tefor 20paBMEdsipY7Met 1adlids 25
Condi tioni ng Anal gam Article - thod |11 After devel oping the conditioning

amal gam art chﬁerb}'5Nléwnmgh’fIfonnaff@hydf}mhdlmhcohﬁ%%%mghm@ Flgtine was

fl ooded and filled wth.t 0 tlonln ecur sor of thod I,

| evel ed w ¢ FtisBrpdeigia A e e AR AR A B o el S fBhuce

pl anar condishpop1RtoBOINAS ipYépaid e This nﬁﬂﬂﬂﬁ%s%s%%llttﬁggaﬁ'lﬁﬂﬁlﬁxeao fit 30
openi ngs | n a previously prepared 30,48 cm (12 in.) disk of a fixed abrasive

article alpagiechrtigle past Invded with 2 oibgy kaifo pu SuEGBe HSREOHSOIR3061

Condi ti |n am Ar e t hod ugGi a fixed abrasive
articl e?{j)ly %Ef%cfgoveti‘%eé 49 Ciler é“%ﬁ“c@’&gﬁwp ﬁg éf i #8%i ng amal gam
featur es el fereyed iR NBe aahiasiNg.face of a 30.5 cm (12 in.) disk to
provide gaps. 5 A conditioning amal gam precursor m xture of 20 g resole

resin (75 wt %solids in water, 1.5:1 by weight formnal dehyde: phenolic, 2.5%
KOH cat al yz&’ds)tMﬁﬁo@A}ESingle(demﬂtdpqmimgesparti cles (PWA al pha al um na,

Mcrogrit PVWA 15%‘éstslm5rcrg pﬂw?c}n?lred orgf1 81% P}lgen%{ 4000 single sided lapping machine
15  obtained from Buehler Ltd., Lake Bluff, II.. A fixed abrasive pad was mounted to the
platen using a pressure sensitive adhesive. The diamond fixed abrasive pad was
prepared for testing by initial conditioning using an alumina fixed abrasive (268
XA-A35, available from 3M Company). The 268 XA alumina fixed abrasive was
mounted to three, 65 mm (2.56 in.} diameter x 3,18 mm (0.125 in.) thick Borofloat™
20  glass disks (Swift Glass, Elmira, NY). The three Borofloat™ disks with the 268 XA
abrasive on their surface were mounted to a 152 mm (6 in.) diameter x 15 mm (0.6 in.)
) thick aluminum metal plaie using mounting wax (Crystalbond 509 Clear, Aremco
Products, Inc., Calley Cottage, NY) to form a conditioning plate. The conditioning
plate was attached to the upper head of the lapping machine with a quick disconnect
25 mount, The lapping machine was run at an applied pressure of 34.5 kPa (5 psi) for 1
minute using a 180 rpm platen and a counter rotating 100 rpm subsirate, During |
conditioning, 10 vol% Sabrelube 9016 (Chemetall Oakite, Lake Bluff, IL) in deionized
water was supplied at a flow rate of 30 mL/min. The initial conditioning process was
completed by lapping Borofloai™ glass (three 65-mm substrates affixed to a metal
30  plate with mounting wax) at 55.2 kPa (8 psi) for 5 min, using machine conditions
described above. Prior to each sapphire lapping test, window glass substrates (Swift
(lass) were lapped using a pressure of 34.5 kPa (5 psi} and the specified machine
20-



i sopropyl al cohol was prepared. This m xture was used to fill the gaps in
the fixed abrasive article and |eveled with a rubber knife or squeegee. The
abrasive was then 10 cured in an oven set at 60C for 30 mn., 85C for 30
mn., 105C for 30 mn., and 120C for 2 h to forma fixed abrasive article.
Test Met hod YO 200B01igb%e Si ded Lappi ng Test Tests were perpornedisansdshe
Phoeni x 4000 single sided | appi ng machi ne 15 obtained from Buehler Ltd.,
Lake Bluff, IL. A fixed abrasive pad was nounted to the platen using a
pressure sensitive adhesive. The di.anond fixed abrasive pad was prepared
for testingoBgitipnsfPT Batwentr P mumi gl adatig™ O‘A’Igj}}%ﬁ FrEgvpkals ABFEsT Ve (268

XA- A3 5, avﬁb'—%b%&{éﬁlﬁﬁv{%ﬂc@@?{ﬁ% er;(&%l %@809&%: @gﬁﬁ%@?asg %I.‘%Sg?tn. QSi Ve was

nounted to three, raneter x 3.1 t hi ck

Bor of | oat TNh2&pghisssoitpieks WaSealbhlatel ap sonvlting te, wdibht los§ Heriidhizpgngor of | oat TM
disks with the 268 XA  abrasive qgn_their surface_ were nounted to a 152 mm (6
in.) di amet@Fneams)ieihidmgssirgmevedi(hiingpmypy fRloRIMERME®YSsi ng nount i ng
wax (Crystal bond 509 C ear, Arenga O%@WASD Inc., Calley Cottage, NY) to
forma conditioning plate. The conditioning plate was attached to the upper
head of t hewhappi-ngeaefahs nbstrdt¢ fend) adilbk deasiiy ofithectbsdstefwerny), andhe | appi ng

machi ne was ryn at _an appli ressure of 34. Pa (5 I o 1 mnute
using a 18093Plgﬁﬁﬁeg‘ﬁ%1f‘gwsgr§8fg'g@&?htagﬁlijwﬂr@f’gtﬁ?ﬁégi%@&r“%ﬂ g@o‘lg{pﬁ%'e, During
condi ti oni ng, . 1G:,Mpb#nSabt. &l BAGsEhERRiRd arkald drthe hakGRsBLMGS , I1L) in
dei oni zed water was supplied at a flowrate of 30 nL/mn. The initial

condi t i oni ngasganicesd twvapolycormpietskett (Y. apdiZig ) BbmofttrominEMogblaskled t hr ee

65- trat f.tJ xed .t tal. 30 plate.w t ti t 55.2 kP
(5 pai 1 or sBeis B i 0B A5 St b et ity B aIovet #for 1o each

sapphire | apph HerelctSductedianUQIVKBA B5%i) SRS tHeahLine Dhditions GhasEad oner e | apped
using a pressure of 34.5 kPa (5 psi) and the specified nachine -20 WO

2007/ 015909PET? e3Phins{rgg ey ste lont. G- Reyulls araghevin & Tabde hpglowunti | a

stabl e wi ndow gl ass renoval rate of between 330 - 360 mimin was achieved.
was cal cur aTER Gy ELEER R T ose dur ng | apping (M in orams) o
t: Qiocg 8 ggﬁM E 2 %v e stk Weldhaioriadd wisigng A e0d @ubRVWidid |8kt thaRine abailkble
’ from Peter Wolters, Rendsburg, Germany, Fixed abrasive pads to be tested were
mounted to both lower and upper platens vsing pressure sensitive adhesive. The
diamond fixed abrasive pad was prepared for testing by initial conditioning using an
alumina fixed abrasive (268 XA-A35 — commercially available from 3M Company,
20  St. Paul, MN). The 268 XA alumina fixed abrasive was mounted to the top and bottom
of five blank (no part holes) part carriers. The conditioning carriers were run for a total
) of 1 minute at a pressure of 10.9 kPa (1.6 psi) using the machine conditions as follows:
Upper Platen Speed 96 rpm clockwise; Lower Platen Speed 96 rpm counterclockwise;
Sun Gear Speed 14 rpm (either clockwise or counter clockwise); Coolant Flow
25 200 mL/min.; and rate of Lapping Fluid (10 vol % of Sabrelube™ 9016 in deionized
water) of 100 mL/min. The direction of rotation of the sun gear was switched half way
through the 1 minute cycle. Pad preparation was completed by running three 5-minute
batches of fifteen 65-mm Borofloat™ glass substrates at 13.9 kPa (2 psi) at the machine
conditions listed above,
30
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L:

where A = area of the substrate (cn2) and D = density of the
substrate(glcn), and sapphire had a density of 3.9 g/cnB8 and w ndow gl ass
had a density of 2.4 g/cnB. Each of the self-contained conditioning abrasive
articles of the Exanples below was |am nated to a pol ycarbonate sheet (30.5
cm (12 in.) wazaretssy usi ng doubl e-sided 10 adhesi ve angithgodsloxseh abrasi ve
was trimred to that dianmeter. Lapping runs of 5 mn. each were conducted at
34.5 kPa (5 psi) using the nmachine conditions specified on GC plane sapphire
(Crystal stens, Salem MA). Results are shown in Table I, below Test

Met hod B - mel si ded Lapping 15 Tests were performed using an AC 500
doubl e-si ded | appd i j : \ Bl urg,

Ger many. Fi xed %%gia%gggﬁgc%%g?%gggg%E@e@rugggi%h%? to eggfrﬁ\ﬂ ower and
upper pl at esgonssil pgnpreesditions endpin vegnaadisgstpaed byidethai Enofeck fi xed abr asi ve

pad was pr red. for.testin y.initial.,conditioni i an, .alumna fixed
abr asi ve (%Q %(—lké%) élg@%ﬁﬁr@’fegiagfalsve ﬁ&’ﬁ}elpé‘fﬂaﬁedfbﬁ' gkgﬁqgﬁﬁsco@%é’?ﬁ?‘t 356 st . Paul

MN) . The 26freévelytfhdad afoln@the PBIRASEN SHpYRSn MBI LN {105 IErdR fhedddge, bot t om  of
five blank (no part holes) part carriers. The conditioning carriers were run

for atotal of 1 mnute at a pressure of 10.9 kPa (1.6 psi) using the
machi ne codkiatipded as follows: Upper Platen Speed 96 rpm cl ockwi se; Lower

Pl aten Speed 96 ,rpm.count ercl ockw se; un ar Speed 14 rpm (ei,t her

cl ockwi se or cot?‘rﬁ’@fia 5383?(961%3%)‘? sgbeg’fugﬁ?y E}S%?Inﬁgégbﬁflﬂlj‘}}% 7R rate of
Lappi ng Fl ybfHods1h tevalrePooaRitionids ameled NeSRdkRs hBpakal wniewdd iMaber ) of 100
m./mn. The direction of rotatiron of the sun gear was sw tched half way

t hr ougH 0t ha0F am tdtie) digl plea mgldbissiap artiglei rovparaddy e el chelight diski ng 't hree
5-m nute C f .f+Iteen, 65-mm Borof | oat TM gl ass substrates at 13.9 kPa
(2 p's}j) ot TREHREt B0 00 T B0 OO e 30 21 W 20071015005

PCT/ US20061028061 Exanple 1 A fixed abrasive article was prepared by
inserting eix@Bipi®3cm diameter circular regions of planar conditioning

amal gam segnent s grepare,d by Method 111 intg a 30.5 cm (12 in.) disk of a
fixed abrasive driied|zbrapivepaicledvasprappicd oy cpiting p a0 &icgHil2 ¢ s%sk fromger e evenl y

spaced ar oupd,; hA\gn PACHIRRSLriBRRI R fRA Ghihsife F1iGT phebard b Merldd¥line edge.

the textured conditioning amalgam segment prepared by Method II. The stripes of

fixed abrasive article were 5 cm (2 in.) wide and the stripes of textured conditioning

arnalgam were 2.54 c¢m (1 in.) wide.

20  Example 4
A fixed abrasive article was prepared by inserting eight 5 cm diameter circular
regions of planar conditioning amalgam segment prepared by Method IV into a 30,5 cm
J (12 in.) disk of a fixed abrasive article prepared by Method I. The eight disks were
evenly spaced around the perimeter approximately 3.8 cm (1.5 in.) from the edge.

25
Example 5

A fixed abrasive article was prepared by inserting sixteen 2.5-cm diameter
circular regions of planar conditioning amalgam segment prepared by Method IV info a
30.5 cm (12 in.) disk of a fixed abrasive article prepared by Method 1. The eight disks

30 were spaced as in Example 1 but approximately 5 cm (2 in.} from the edge.
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Exanple 2 A fixed abrasive article was prepared by inserting eight 5-cm

di anmeter circular regions of textured conditioning amal gam segnents
prepared by Method 11 into a 10 30.5 cm (12 in.) disk of a fixed abrasive
article prepared by Method I. The eight disks were spaced as in Exanple 1.
Exanple 3 A fixed abrasive article was prepared by cutting a 30.5 cm (12
in.) disk f%%ﬂ,,()lgg‘ég sheet having alternating stripes obcifisdsmsgiabrasi ve
article prepared by Method | and the textured conditioning amal gam segnent
prepared by Method I1. The stripes of fixed abrasive article were 5 cm (2
in.) wide and the stripes of textured conditioning amalgamwere 2.54 cm (1
in.) wde. EomBdafple 4 A fixed abrasive article was prepared by inserting

br apar od by et oL T s il Rl AR S Eheh ARG, BFEERCT EOTE
article prepatiidniby aMelch®degment bepaicd by MiitmkIViabe 308ven( ) iapdikdfar ound t he
perimeter approximately 3.8 cm (1.5 in.) fromthe edge. 25 Exanple 5 A fixed
abrasive ar iXeel| abragiye W@ﬁﬁ?@@dﬁv Nethed b i The fisst xing ves ’lgg-cghﬁﬂéi iBpBtdsy circul ar
eaLons o MRNEBALAATINS AIRLAIM SRR BLAAT A Y GIBL AR 1Y 1 o 2
ei ght di skswitlBen imeraliapaead 182 con(4Exanpl e | but approximately 5 cm (2 in.)
fromthe edge. -22 WO 2007/015909 PCT/ US2006/ 028061 Exanple 6 A fixed
abrasive article was prepared by inserting two concentric rings of planar
condi t i oni n§*&AAdam segnent prepared by Method IV into a 30.5 cm (12 in.)

disk of a fixed | J -]{Igec;,]fa : irst ring was
1.27 cm (0.5 i n.’i‘%\?v‘?‘%@r vﬁ%dliﬁ%lﬁrﬁ%?&fﬁgﬁ%%&le 0 2 “%?“%m??%}l n.). The
second t0 ngcondBiohing amalghth SZméms Prepuretcby Misthbd B iritem88.48 car(@? ey) didk 0. 2 cm (4
in.).
J

Ex arrprll ﬁxgd abrasive article prepared by Method I to obtain nested squares of alternating
fixed abrasive material and planar conditioning materials. The central square of fixed
abrasive material was 8.9 x 8.9 cm (3.5 x 3.5 in.) surrounded by stripes of planar
conditioning material 0.66 cm (0.25 in.) wide, surrounded by stripes of structured fixed

15  abrasive 0.94 cm (0.38 in.), surrounded by a second set of stripes of planar conditioning

material 3.18 cm (1.25 in.) wide, all centered in the 30.5 cm disk.

Comparative Example A
A fixed abrasive article was prepared by Method I and tested using Test
20 Method A,

Examples 8-10 and Comparative Example B (CE-B)
) In Examples 8-10, a diamond fixed abrasive was produced according the

Method III (above) and tests as per Test Method A while the conditioning particles

25  were supplied in the Lapping Fluid (10 vol% solution of Sabrelube ™ 9016 coolant in
de-ionized water). Comparative Example B used the same fixed abrasive but no
conditioning particles. The results are shown below in Table II.

In Example 8, approximately 1 volume percent (vol%) of milled glass frit

(SP 1086) was added to the Lapping Fluid. The coolant mixture was stirred constantly

30 during the test. The removal rate dropped by over 92 % within the first 15 minutes of

lapping.
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A fixed abrasive article was prepared by inserting two concentric planar 10
condi ti oni ng amal gam segnents prepared by Method IV into a 30.48 cm (12 in.)
disk of a fixed abrasive article prepared by Method Ito obtain nested
squares of alternating fixed abrasive material and planar conditioning
materi al s. TWO® pevusmd square of fixed abrasive materialpcwas208s/88%18. 9 cm
(3.5 x 3.5 1in.) surrounded by stripes of planar conditioning material O0.66
cm (0.25 in.) wde, surrounded by stripes of structured fixed 15 abrasive

0.94 cm (0.3 8rra{‘]1€9r’ﬁ rrounded b serfopﬁyset f. stri es of pl anar
condi ti oni ng agrip i‘@’IEW?@]SV‘?I 0PI geon F?m’&% 784 in the 30.5 cm
di sk. COWagMI@R’@GﬁNaPWAes Aufidl ﬁ&%ﬂe@@&aﬁ%l&%oﬁ{ de‘ﬁh‘%: ‘ﬁ@s‘h’%ﬁﬁﬁfee@ rpy Met hod

| and tested using Test 20 Method A anples 8-1 Conpar at 1 ve Exanpl e
B (CE-B) | nwEs@h]pcﬂ e:sthBLamln@Fldldarﬁhndodlmﬁdxiamwwuﬂedr\ws‘pn&ddmmg teccor di ng

condi 11 oni nipdPE P! 56 GenE ey shriBqb TR Cablt ROFREF G201 vol %

sol utionsof Sabrgliifae MW BoSAARN Vil of 48 1iBh G bakLes COMpar ati ve
Exanpl e B used the sarre fi g%)goabrggpvve L?t ng conldlrtnlyi%% nlgespartl cles. The

resul ts ar e(dHRMCGBEN BWA 1S dtuipine ppwvder] avafiddefbm Byima Sorpoxwarsmddddtol vol ume
percent (vol.%. of. nm.l| Ias fri [ s ,,added e Lapping

Fluid. The hﬁ%@&ﬁf‘gﬂ&‘?u ’#’?%ﬁasb 15?? ﬂy B % tﬁlFFﬁjpt he test. The
removal rat guﬂé%rméirehmﬂ\r@te d&%g% ¥ 39nfikN8e ﬁrsr $6 mirud® A WpBHg Ot theh aPPi Ng.

23 WD 2007/ 015969 PCT/ US2006/ 028061 In Exanpl e 9, approximately 1 vol % of
3 m condi t| @thblh@edwéam aefrags vm@mmmmmammmsmmmgWar | abl e from

Fujim , W nV| | le, OR dded he Lappi. Fl ui, d. .The cool ant
e o s e TRl Ped g Fid P SRR BBy fat 83 opped by
over 92 % WoirfiEl8s. tWﬁ}nfnl 155hindtes B 1BpHiRSthe fert?BIRkRthad Gro

appr oxi nat\tlaVF vol % of 15 m con tl?écsjtnl ng particles b?l\f%l T PV\A 15

al um na povvder avai l abl e from Fu1 im Corp.) was added to the Lapping
Fluid. The coolant m xture was stirred constantly during the test. Although

the renoval rate dropped by 29 %after the first 10 mnutes of |apping, it
t hen

w
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stabil'ized at an average value of 29.4 pmimn. out to 30 m nutes of |apping
tinme. 10 In Conparative Exanple B, the Lapping Fluid was used w t hout
conditioning particles. Wthin 15 mnutes of |apping the renoval rate had
dropped by over 95 % -24 WD 2007/015909 PCT/ US2006/ 028061 Table |I Exanple
Cunul ati ve ®igmomiigeos Renoval Rate mimin., 11 50.3 21 4@CY/UB2840230611 41
50.3 46 44.7 2 11 27.6 21 2,3 532 31024 15 15 20 10 10 112.8 20
77.9 30 81.5 4 40 71.5 50 25.6 60 70.1 70 22.2 10 54.4 5 20 2.0 30 3.9
35 1.5 10 83.6 6 20 78.7

Table ¥
Example Cumulative Time (min.) Removal Rate (lun/min.)
11 50.3
21 40.9
1 31 391
41 50,3
46 44.7
2 11 27.6
21 2.3
5 32
10 24
3 15 15
20 10
10 112.8
. 20 77.9
) 30 81.5
) 4 40 71.5
50 25.6
60 70.1
70 22.2
10 54.4
20 2.0
S 30 3.9
35 1.5
10 23.6
20 78.7
6 30 11.1
40 3.0
10 72.8
20 17.9
7 30 10.2
40 27.3
- 50 35
: ) 5 17
CE-A 10 2
15 1
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30 11.1 40 3.0 10 72.8 20 17.9 7 30 10.2 40 27.3 5035 5 17 CE-A 10 2
15 1 -25 WD 2007/015909 PCT/ US20061 028061 Table Il - Single Side C Pl ane
Sapphi re Lappi ng Results Exanple Cumul ati ve Renoval Rate Lapping Fluid Tine
mn, mnmn Additive 5 6.7 1Vol. % 8 10 0.9 15 0.5 mlled glass 5 7.0 9 10
0.8 | vol, wWwoRo@/Bs®Im cron alumna 20 0.5 5 45.4 10 32rksifedBod7. 0 |

vol % j 20 29.7. 15 micron alumna 25 29,6 30 28.8 5 16,8 CE- B 10 1.2
Coolant 15 0,7 Only

Table II - Single Side C-Plane Sapphire Lapping Results

Example Cumulative | Removal Rate Lapping Fluid
Time (min,) {Lwm/min.) Additive
> 0.7 1vol. %
8 10 0.9 milled glass
15 0.5
5 7.0
9 10 0.8 1vol. %
15 0.8 3 micron alumina
20 0.5
5 45.4
10 32.1
_ 10 15 27.0 1 vol %
) 20 29.7. 15 micron alumina
' 25 29.6
30 28.8
5 16.8
CE-B 10 1.2 Coolant
15 0.7 Only

Example 11 and Comparative Example C (CE-C)
Diamond fixed abrasives were produced according to Method 11, Double Sided
5  lapping tests were conducted according to Test Method B.
In Bxample 4, Test Method B was used with the exception that only a 2 minute
Borofloat ™ lapping run was used to prepare the pad. This Borofloat™ run was
followed by 5 batches of fifieen 65-mm diameter Window Glass substrates. Each
) window glass batch was run at 13.9 kPa (2 psi) for 2 min. (with the first batch being for
10 5min). A series of sapphire lapping runs were performed on batches of ten 50-mm
C-plane sapphire substrates. Each of these batches was run at the machine conditions
listed in Test Method B with the exception that the lapping fluid used was a 1 vol%
mixture of 15 pm alumina (PWA 15) in the 10 vol% solution of Sabrelube™ 9016.
The results are shown in Table Il The substrate removal rate observed did not
15  substantially change (i.e,, vary by more than 15% of initial value) for lapping pressures
of 51.4 kPa (7.5 psi), 31.1 kPa (4.5 psi), 20.4 kPa (3.0 psi), or 10.2 kPa (1.5 psi), even
after extended lapping times, That is, for a given pressure, removal rate remained

stable.
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Exanpl’e 11 and Conparative Exanple C (CE-C) Di anond fixed abrasives were
produced according to Method 111. Double Sided 5 |lapping tests were
conducted according to Test Method B. In Exanple 4, Test Method B was used
with the exception that only a 2 mnute Borofloat TM I apping ran was used
to prepare twe:@adisebhi s Borofl oat TM run was foll owed bycBuszatsahest of
fifteen 65-nmm di aneter Wndow d ass substrates. Each w ndow gl ass batch was
run at 13.9 kPa (2 psi) for 2 mn. (vvith the first batch being for 10 5
mn.). A series of sapphire |ap runs were perforned on batches of ten
50-mm C-pl ane s&pﬁﬁmp%ra%‘(ﬁ@taﬁlﬁf e bR DIpPewBr N ReFe §etfdarned Afoat  t he

hi t th
"oopi ng 11 ut QiR balches) Bdng By 50 MELOR By BEetes Bt e 10
vol % sol uti &b@bb%@ﬁ%é&Ml%ﬁ&ter didaha maehinescoaditosdshomnimTdsabl e 111. The
bstr at d d t bst anti al.l e
by mor o ¢ hantabg Bt Therer e SONBYS ToRe Phapriepra s n ubr R e 6 vea (5
psi), 3151 iéﬁer 404rn§1u%§bflap319g,4:leiﬂ:i% e hlacily 148 Brelife (1.5 psi ). even

after extended lapping tines. That is, for a given pressure, renmpoval rate
remai ned stable. -26 WO 2007/015909 PCTI US2006/ 028061 I n Conparative
Exanpl e B, ten 50Fabie HI pDoublestigphapanpedtswith Gonditombc Abowived O- m nut e

bat ches) using an appH-ed—pressure—of34-—1kPa—{(4-9 pst—=20 vol % sol ution
of Sabrel ubeTM 9016|i n dei oﬁl(zlﬂﬂumm@r(,p@ggdrghe mﬁm‘ma@c ndi tions shown in
Test Method B. The td&sample B RN [ NKBARsS ! ﬁﬁn?ermval rate dropped
by over 85 %5 after | 40 mnutes of |apping deS|t mai ntaiining rel atively
hi gh pressure. Table[lll - Dpubl el0Si de |La¥dgi (3 Testsémi th Qonditi oni ng
Abr asiyves Exanpl e dJrruI ative Prexsure |- Reh@yal| Rat®.dime [(min.) kPa (psi)
(mmn.) 10 34.5(5){47.1 }[20 26 7(3) 24,5330 |20, 74533 2543 40 13,8(2)
15.8 4 50 13.8(2) 18.9 40 13.3(2) 15.8
4 50 138 (2) 13.9
60 13.8 (2) 13.8
70 13.8 (2) 144
80 6.9 (1) 4.7
90 6.9 (1) 4.0
10 34.1(4.9) 8.2
20 341 (4.9 2.0
CE-C 30 34.1 (4.9) 1.6
40 34.1 (4.9) 1.2

It is apparent to those skilled in the art from the above description that various
10 modifications can be made without departing from the scope and principles of this
) invention, and it should be understood that this invention is not to be unduly limited to

the illustrative embodiments set forth hereinabove,
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60 13.8(2) 13.8 70 13.8(2) 14.4 80.6.9(l) 4.7 90 6.9(1) 4.0 10 34.1
(4.9) 8.2 CE-C2034.14.92.0 30 34.1(4.91.6 4034.14.91.2 1t is
apparent to those skilled in the art fromthe above description that various
10 nodifications can be made w t hout departing fromthe scope and principles
of this invention, and it shoul d be understood that this invention is not
fo be unduly limted to the illustrative enbodi nents set forth herei nabove.
-27 CW claim 1. A nethod of polishing conprising: providing a workpiece
having a hardness; providing a fixed abrasive article conprising a substrate
havi ng a fWeslimurface and a region of abrasive conposites distributed on
the first surface of the substrate, the abrasive conposites including a
conposite binder and abrasive particles having a first hardness, wherein
the first hardnesfthod dfipghingd dvaiprishg: wor kpi ece har dness; providi ng
conditioning particles provided in a region of conditioning conposites

whi ch condi t i orPreHeIng diyrskpiees svingerhagdigsshavi ng a second hardness that is

less than the ;Egﬁg@g%ﬁb%g abfRGvYREER & i’isiﬁ@q ifdald ﬁﬁ@lﬂé anf?rgf %ﬁﬁgwﬁd

wor kpi ece and t rasive artic In“the presenc€ o
condi ti oni aggpanrt piohsse tonpaite distibutet en defpasutfecdofibesubanate.tthe nodi fy t he

surface of . the workpiece . The met hod .of ¢laim1l wherein .the _abrasive
particl es BHSHSORPQ &Sgﬁﬂ'ﬁﬁﬁl&w%}quﬁ gmd%{raé‘ﬁﬁgwwﬂQ@“‘Pi‘?@%‘f‘ﬂ%a\fh‘stth a matrix

material i mr@@e, WIeFeR! @8 first hartthBssTREHBAG 1B BE AoMpecMhgfdalbq; the condi tioning
particles condition the matrix material of the aggl onerates.
providing conditioning particles provided in a region of conditioning composites
which condition the composite binder and having a second hardness that is less than the
hardness of the workpiece; and
relatively moving the workpiece and the fixed abrasive article in the presence of

the conditioning particles to condition the composite binder and to modify the surface of

the workpiece.

2. The method of claim 1 wherein the abrasive particles of the fixed abrasive article

are provided together with a matrix material in agglomerates.

3. The method of claim 2 wherein the conditioning particles condition the matrix

material of the agglomerates.

4. The method of claim 1 further comprising modifying the workpiece surface in the

presence of a liquid medium.
5. The method of claim 1 wherein the conditioning particles are provided in a slurry.
6. The method of claim 1 wherein the conditioning particles are provided in a region

of conditioning composites on the substrate adjacent to the region of abrasive composites,

wherein the conditioning composites comprise conditioning particles and erodible binder.
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4. The method of claim| further conprising nodifying the workpi ece surface
in the presence of aliquid nmedium 5. The nethod of claiml wherein the
conditioning particles are provided in a slurry. 6. The method of claim!]
wherein the conditioning particles are provided in a region of conditioning
conposites on the substrate adjacent to the region of abrasive conposites,
Wherein the conditioning conposites conprise conditioning particles and
erodi ble binder. 28 7. The nmethod of claim 1 wherein the conditioning
particles have an average particle size below the average particle size of
t he abrasi¥e pdheinstins @iclaind wherein theegoddidioning peysicles havd an aveage particlee

regi ons of .ahrasiye conposites .and.reagi ons of .... condi t.i oni conposites are
subst anti af' 633 e%&p%ﬁﬁ%?rgg .artﬁi%Slﬁ%?m}a Q%:Fmg? %Wlis %ﬂg? gfsﬁﬂ%rﬁgesé’ondi tioning
particl es dptivgalBrvieysh @eegiond oftdbeasivgicapbiiRnabeuionb6f  @nd@knef t he
average particle size of the abrasive particles. 9. The nethod of claim1l
wher ei n t ReMPpsitey apuhsprtiallycoplenas. f urt her conprises a region substantially
free of the abrasive conposites, which nmay include fluid channels. 10. The
met hod of claim2 wherein the matrix material conprises a resin, a glass, a
metal , a di.ass-Themaatha of@laim lcehaeinche dohditibhmg petticted hate @l aicragt pwiieieei n t he
abrasive partjcles ¢ rjse, djianond or silicon arbi de, baqgron car bi de,

cubi o bor GWerTAER perst SQFo LU ALAAA 2Y9resF RIFIASBC Ofthe ARV S2ATIDE of cl ai m |
wherein the conditioning particles conprise alumna, corundum zirconia,
ceria, glass, or a conbination thereof. 13. The nethod of claim 1l wherein

t he hardnéss ofThemestiveineficiaionl wierpiarthd Ttedsibiasivesiticld Tirtbert congrisesedi ti on t he

conposi te bi.nder,. 14.. The hod of claim1 ﬁ%@ ein.the, har. ss of the
Sor ko ece P8 SitisaBay Bie T e ool S RPRR el R B2 ot hod
of claim1l wherein the substrate of the abrasive article and the conposite

bi nder are substantially the same material. -29 16. A nethod of polishing
conpri si ngt0. pridwingsthey &f dlaimidowkereinfibsinagix anatertal aerprisep possin iargdesa o | xed

abr asi ve q&&%gkgmgggg&h i&gi&miﬁg§trate having a first surface and

11.  The method of claim 1 wherein the abrasive particles comprise diamond or silicon

carbide, boron carbide, cubic boron nitride, or a combination thereof.

12.  The method of claim 1 wherein the conditioning particles comprise alumina,

corundum, zirconia, ceria, glass, or a combination thereof.

13.  The method of claim 1 wherein the hardness of the conditioning particles is

sufficient to condition the composite binder.

14.  The method of claim 1 wherein the hardness of the workpiece is sufficient to

condition the composite binder.

15. The method of claim 1 wherein the substrate of the abrasive article and the

composite binder are substantially the same material.
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a region of abrasive conposites distributed on the first surface of the
substrate, the abrasive conposites including a conposite binder and

abr asi ve aggl onerates, which agglonerates include abrasive particles of a
first hardness together with a matrix nmaterial, and wherein the first
hardness i s higher than the workpi ece hardness; providing a slurry of
working fluid and conditioning particles provided in a region of

condi tioni ng conposites, which particles have a second hardness that is |ess
t han t he gardness of the. workpi ece and which condition the matrix materi al
of the abrifsi vé* M5hge shelishwg.coBmESY t he presence of the slurry and the

conditioning p I :at.ihved .the workpiece and the fixed
?f&ﬁ&ihﬁ% aniro?lfﬁlc?ctﬁ h\é%'ng fag‘igx\éfngﬁ

abrasive articte to e su of the workpi ece. 17. The nethod of
cl ai m 16 wher eiprovidieg adigkdamratresticlogpmpssnaa setistrats iheeng aiftrstishudacefand

pol i shing sapphife. 18. The nethod of claim 16 erei.n the conditioning
particles ahrggl HSF ﬁﬁ?ﬂ%@@p&éﬁtﬁﬁs B 0@%8&%@%_0‘%1@%@%@% *hod of claim
16 wher ei ptlRe %%?édiﬁé@iﬂéﬁfd‘iﬂﬁ &ﬁnéJaasY@biﬁdémﬁ@abﬂa_ﬁb@&c%?&ne@@@,w@ﬁabout 2500
kg/ mmR2. 20. The nmethod of claim 16 further conprising attaching the fixed

abr asi ve agglogiceatesdncladgabirasive prfickesetiiadiastiiardnessriogaifias siithes mafpixi onal | y
ol 2t m 14 Wrsf e N Betdn e Sdf FRB b S E R EF vt ne "composi te
bi nder of the fioedingbshsiywg vailkihg eid andQonditioning particles provided in a region
of conditioning composites, which particies have a second hardness that is less than the
hardness of the workpiece and which condition the matrix material of the abrasive
agglomerates; and
in the presence of the slurry and the conditioning particles, relatively moving the

workpiece and the fixed abrasive article to modify the surface of the workpiece.

17.  The method of claim 16 wherein the agglomerates comprise an abrasive suitable

for polishing sapphire.

18.  The method of claim 16 wherein the conditioning particles have a hardness below

about 2100 kg/mmz.

19.  The method of claim 16 wherein the abrasive particles have a Knoop hardness
above about 2500 kg/mm?,

20.  The method of claim 16 further comprising attaching the fixed abrasive article to
a polishing machine with an adhesive, optionally wherein the adhesive is a pressure-

sensitive adhesive.

21.  The method of claim 14 wherein the conditioning particles are harder than the

composite binder of the fixed abrasive article.
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