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ABRASI VE ARTI CLE AND METHOD OF MODI FYI NG THE SURFACE

OF A WORKPI ECE Technical Field This invention relates
WO e00d/04 BB asi ve article and a nmethod for nodi fRCTYS100€040317
surface of a workpi ece. Background Coat ed abrasive
articles typically have a | ayer of abrasive grits
adhered to a backing. Threedi nensional, textured,
fixed abrasive articles include a plurality of
abrasive particles and a binder in a pattern. \Wen
such articles are used in polishing or |apping hard
wor kpi eces such as {re It hey may damage
subsurface of the Qgﬁggﬁg§€§R£ﬁ$§ﬁ§gggerely.
Fur t METHOD OCHMOBIRYING THESSURFA CH OFA WORKPIECE
measur abl e and when they are neasurabl e they quickly
drop to zero. Using such articles in conbination with
a conditioning particl ereiichiniBe@ve and sustain
removal rate. Conventidnal metal |apping plates my
phisvmgation whptesdmen abrapiye eticlgad pimeghad; far mRdifying thesiyface of a
subsurface damage. Sustained renoval rates, however,

require substantial tine and effort to recondition the
nmetal surface. Furthernore, such plates are often

heavy and rigid, naking¥%hgn1cu§bersone to mani pul ate

and nove and limting t CRELOMRGe of utility.

Coapdsbragive asicles pically phvatadayes @ abrasiite gike adheirdd ol Backing. Three-
construct %nd control the be rlngﬁﬁﬁfa Some conposi

dimensiopgly exireds xphabratiyqAttles ipgudas p BhatEshis el 2nd § binder in

a patterﬁI %&?sﬁ%taﬂlo‘f@%e Wed ‘ﬁ{ pdlisBin %%r fappi ?%aﬂmﬁlle&s%ﬁch as sapphire,
hol es. The variety of ;ésonE ric patterns and bearing

howevegrthepsmpyidanege spbanfaee ¢igheywarkpiace.pfieh sevesly thurthpraense, the removal
rates ar{;__gf;’f%rh&ﬁ 0 RS GHIE %&Qhérf t‘ﬂ@} b rn?éa%{ibrlla '(t:}{%gﬁ]g%ﬂgracﬁg}g@l £e¥o. Using such

rnore, concave or convex s

workpi

 articles ireemthbiyativn veitha eamldlonﬁ’@rpartwge @andoppEosiahe swtaoreneyal mes

ubst anti. al terial .or th e ren
Rt Perd] Bl ot ol RARE ik PR el fipispaith low
subsurfi@)dabRgé. Bistaindd adrhovalBled gt wWeded edauBY Sulit@BAGRYLar@leffort to
convex structure but t hese r|g| structures are not

recondifien theangtalspyfacenEmisraoteosich plaigs erfetitendiean aigid, making them
cumber§dthd R&hERHRate 2@ move and limiting their range of utility.

Composite resin-metal plates can lack the ability to construct and control the bearing area.
Some composite structures are individually carved from composite plates with saws or drills to
create channels or holes. The variety of geometric patterns and bearing areas in such plates is
generally limited to those that can be created from straight lines and circles. Furthermore, concave
or convex structures cannot readily be achieved. Carving a composite also requires substantial
material or thickness, rendering the composite structure rigid and inflexible.

Rigid plates may be individually molded to achieve a concave or convex structure, but these
rigid structures are not particularly amenable to replacement or disposal. Furthermore, the
mechanical response of molded or cast plates having a substantial thickness cannot easily be

changed, if at all.
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mechani cal response of nolded or cast plates having a
substanti al thickness cannot easily be changed, if at
wabdo7gwssary of |nvention In one aspect the prBGENS2006/040317
invention relates to an abrasive article for |apping
or polishing a workpiece. The abrasive article
conprises a three-di nensional, textured, flexible,
fixed abrasive construction having a first surface and
a working surface. The working surface conprises a
plurality of precisely shaped abrasive conposites. The
preci sely shaped abrgﬁinm%gmhﬁ@,ﬁ conprise a resin
hase and a net al, phase e netal phase further
Mesraskthy PraspiimYsnben (edatepdp an pbiksive prtigledohleppiag plemhshlng a
workpmtcB eTHI8RRRE ai’t{EYeewrﬁ fed Siide c’fimteﬁ’m&ﬁl éﬁ%P Vf?exﬁ:of g&eg abrasive
npri sin reedi mensi onal, textlre
ConStru‘ft’P}@é’GVlﬁﬁ : %gst\mrfmd ruetrkiog sivdace ritheawdrkingtsusfsef @aprisdsch plurality
ofprec@ell}‘/‘ﬁ{abéc? %3 %slg'\é];c?)s 033/1 eSSh'g‘go { léclgg urf %gﬁsgges a S%ltes comprise a resin
phase ammeﬁahphabe Tihe emntﬂqihyseihxam doﬁbﬁ@‘é ln\6Bpe U ltn%rlal

and net al phase. The wor ki ng
RSB e SR oty o Beci bophe e

dimensitidl & ttaded] flexale eied %Bfa@w@ Eo&ﬁh&@n%aoﬁé al fifst s'uﬂ"aﬁﬂ%ﬁ '&%orkmg
t he pr esent invention relates to a net

surface. F’,@p 320%1% sysface spipPHSEs & Plselity peesisely Fhepedhabtisive compmsnssa svherein
the precf‘s@l‘i}'tsﬁé:ﬂeli 'agra@lvg 95‘11}1?8§ne§ H‘Héﬁ%g a%sn?l FIP& %e él%aﬁp a&e The working

king surface o i'menst oha
surface fqr@ﬁﬂ qormprisés axsgioatf aspevabrasomshatertdl iroam erddubla\er Joiuble matrix.

Iﬁléglétgigrsaesﬁecmﬁé oér%?e nR/ uréo%dglé{eﬁ g‘b‘?g’ @ﬂ gaglésgpr%ﬁ?@aé)pmg a

workpieco ffihe sicthosd oompsnsess@nacﬂi@sa EonRRASRIA0N 6 @wﬂﬁﬁaﬁelce Qﬂlﬁé@rorkmg
met hod further c rlses relatively noving t
surface Q%t

H?F élggergma pq}aée digesabragiye eonstiusitipa. The Workmg surface
compris€dbla@tity g p‘f&@seﬁﬁéﬂaﬁ&i abddiVeRoRpBaHs tﬁfé \ﬁ{x%r i gsnglaped abrasive

surface. The nmet'hod al so conprfses
composigss samppsesiesia Phageand almaial phasehBhe mhtdaoé ﬁpﬁmabcrmnsaerelatlvely

moving ffEtVWr ep'?i:ce and rﬁ{eoa\ﬁ'r%% doﬂstwgﬁomin?e IP% It}gtc ﬁtat:tosugace and the

anot aspect resent 1 nvent
workingjsifaceTHee tethod alsp lcomplssea ptdvidiegi m&bm@ﬁle mdt@dl SicBdhat the
flxedg nstruction having a first

superablfaéﬁ%(materlal 8 Ptovide ng%é}lfpgesg The worki ng surface

ace an
In gapmbthesaspedy] tHe prasént iMfentirBiGiafBhy a &I aPRRMBRINGR s¥En three-

dimensi G Gire € et e bron eioms pivash havind & Ce pufacp b working
surface. Tﬁ@wbﬂding surface comprises a plurality of precisely shaped abrasive composites,
wherein the precisely shaped abrasive composites comprise a resin phase and a metal phase. The kit
further comprises instructions for carrying out a method of polishing or lapping a workpiece. The
method comprises contacting a contact surface of a workpiece and a working surface of a three-
dimensional, textured, flexible, fixed abrasive construction. The working surface comprises a
plurality of precisely shaped abrasive composites. The precisely shaped abrasive composites
comprise a resin phase and a metal phase. The method further comprises relatively moving the

workpiece and the abrasive construction while contacting the contact surface and the working
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further conprises instructions for carrying out a

nmet hod of polishing or |apping a workpi ece. The net hod
W@ po#ses contacting a contact surface of a WCRPEF®0€040317

and a working surface of a threedi nensional, textured,

flexible, fixed abrasive construction. The working

surface conprises a plurality of precisely shaped

abrasi ve conposites. The precisely shaped abrasive

conposites conprise a resin phase and a netal phase.

The met hod further conprises relatively noving the

surface WPHeKRBEEI A iR ARORRIINS, sﬁx@&%ﬁfaﬂ\@% . gféri ef that ¢ asg%erabrasive

.. _contacting the ‘contact surface an wor Ki ngsur
is in thephetakibestod al so conpri ses providing a superabrasive

| s rasi.ve is in th al . .
T UL AR R X
descriptigdl dndlvépimp e @htved suomadrp és dovlidtentied ¢ dbetribiel cach illustrated embodiment

description d claing. .The oye su i'S.no L.
or ever{ (RSt PG o§ S ar Rl Bislgrore.  He P urL e Bt Heiesgpton that
follow BuRprticufatle BRehslify @Brth pldfarddlAfRMm SR M tBe priit§ples disclosed
figures and the detail ed description that foll ow nore

herein. par'tj cularly exenplify certain preferred embodi ments
hiohbHduPhid diS10%kd) tleRb RS Wk SEHA el n. Throughout
thfsgdisclosure, thg follogﬁné gg@?ﬂﬁﬁfons appl y:
“NModulpgigetersdp dreselastic mnslubis as YoungioMedulss of a Watenigl; for a resilient
. i al: [ resi.l Lbent. yaterial. it .|S .
material 44115y 84 uBnTRUSL G coltBlesfiud E8n b8 W iolRs i igh bt R materia,
wheread for e kigelssateliial éds imeasunéd tdiveg ashtiy teddlion tedteh @RSpl4rRIof the material;
i.0id material it is neasured using a static tension
PR SR e ) ShisdsPraohE RO ToepioRBaniste b ove o
constru@idd, Such ¥€h #ashed 16 ARKLS HibkiaRiially REQT uhftadRed a[TJr%fsWngarticles
abrasi ve or constructjion, such as an abrasive arti cl

except gsppay hegenapied dntinsmpyificrienn ofithamafeecefifetoribiessi ve
PRLLd-GhRAsiEXPERherPRscIRY ?&@ri%?ﬁ%@&%?ﬂg&é%&gg@ruction refers to a fixed

_nodification of the surface o
abrasive' comstewstidn.martisiubniyla fixed @hragive drticte, besey nneeraus dbeasilve particles
. [ nstruction refers to a fixed abrasive
eXtendl%ﬁﬁ&%igu(&t ?itglﬁ?stt BROTIORNT AP FYKReYS yed abr asi ve article,
Hextungl” rvdiea ueedsto alesibe i efixea bbia g @ Sorettb @108 iréfrs to a fixed abrasive
ortion of its thickness;

t hr gughout _at. | east a. . . ) )
elementy RSO B ﬁ’&ﬁﬁlélttfra&g’éd‘“f“ge» daxipg rased Rortions andseessed ortions in which

at least BRGSIIYPOHIIAR chiRhiBlaSedif phash aX @ nRBY BRis¥e el ement,
particularly a fixed abrasive article, having raised

peiresi oMty selsessde @np of 2 ploraity of shapedtbodies which collectively

provide a textured, three-dimensional abrasive construction comprising a resin phase and a metal

phase; and
“Precisely shaped abrasive composite” refers to an abrasive composite having a molded
shape that is substantially the inverse of the mold cavity which is retained after the composite has

been removed from the mold.

Brief Description of the Drawings

Figure 1 is an enlarged schematic cross-sectional view of a portion of an abrasive article.

Figure 2 is and an enlarged schematic view of a metal phase comprising superabrasive material.
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at least the raised portions contain a resin phase and
a metal phase; "Abrasive conposite” refers to one of a
Webwrakissy of shaped bodies which collectivel yPEr/os00€040317
a textured, three-dinensional abrasive construction
conprising a resin phase and a netal phase; and
"Precisely shaped abrasive conposite” refers to an
abrasi ve conposite having a nol ded shape that is _
substantially the inverse of the nold cavity which is
retained after the conposite has been renmoved fromthe
FiguresrBit 4 Bioveéxchipdy coifigafatidhs b'h dDAWeROTclEWEH 1€sidns! oF s@fbrabrasive
. enlarged schenmatic cross-sectional view of a portion
materialyt an abrasive article. Figure 2 is and an enl ar ged
schematic view of a netal phase conprising
superabrasive material.Figures 3 and 4 show exenpl ary
configurations of an Retaikal Nesceiptioxl e with regi ons of
o [V terial. tai]led Description |n one .
BB L Rl e b Rion AR bR b il o by palishing o
workpieae.tThelabrabive att@feahmgcontiprize laitﬁbé—ﬂﬁne’ih;sﬁbﬁdﬂ!é@kﬁf&l} ﬂg_)ﬁlﬁle, fixed abrasive
rasive article may conprise _a three-djnmensjional, )
COHSW%@BYIBE a Tt gyiie and p oBkng ShF e VRe ST E Setacs AgyaepmRgise a
luralityoffprécsdelySshap@CabrRG cBmpBEites MPheStbdiAfEshad QMK Ahposite m
P ‘ ??Lﬁ}ace)ﬁayﬁconprise aﬁgluralfﬁg ofﬁgreglseﬁ%.shapéﬁs ?y
comprisg gresi phase W@P@b@aserﬂﬁne pradal ipheseynayHfaphet caiwpeiss a superabrasive
materialCONMPOSi te may conprise a resin phase and a neta
phase. The netal phase may further conprise a _
lnppe eabpdigiente shratneiniFagure I raboaséyeentivdel1 0fecvimprisbobueking 110 having
Fi . ] rasi article.100 c rises backing, 110 .
pressursSefE s e B R 430 804 pOLS i BnsF TV Qi ronuriadv of backing
110 is alpagivecdrstrection 160. A38sivédRkiridionllse isrtﬁli%g-girﬂ&@Ab iddhl (as this term is
acking 110 is abrasive construction : rasive
defined R55S) REETBHS S0P DIt SBavENSPRNaY 140 dbrise compasiics 160
have disei burfiRes PE10MA )|t e AERI 162 PhGe &Ie%@@ﬁih%yﬁqfallﬁgrﬁﬁ 'b?é@veen
nposi tes 160. Abrasive conposites 16 ave ‘dista

adj acentégra‘sa@ egmpeites hef. Operings osvalleecyd m#2in shverembadiments, allow
slurry aﬂggﬁg%g?@% gl‘hiid\él‘gl.)\lze%éltq (}%gg}g%’ %jeiqﬁa@rﬁaéi@% %%c@??@hgrgwr valleys
170 mayeityo iti somretenboelinhams, facilitate the removal of swarf during the use of abrasive
article 100. In this particular embodiment, abrasive composites 160 are truncated pyramids.
Abrasive composites 160 comprise a plurality of discrete metal phases 180 and a continuous resin
phase 190.

The abrasive composites may be arranged in an array to form the three-dimensional,
textured, flexible, fixed abrasive construction. Suitable arrays include, for instance, those described
in U.S. Patent No. 5,958,794 (Bruxvoort et al.). The abrasive article may comprise abrasive
constructions that are patterned. Trizact™ abrasives, made by 3M Company, are exemplary of a
patterned abrasive. Patterned abrasive articles include monolithic rows of abrasive composites
precisely aligned and manufactured from a die, mold, or other techniques. Such patterned abrasive
articles can abrade, polish, or simultaneously abrade and polish, as described in co-pending U.S.

Patent Application No. 10/977,239, commonly assigned with the present application. When needed

to abrade, polish, or simultaneously abrade and polish, any number of tools may be used, including
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slurry and/or working fluid novenment during the use of
abrasive article 100. Openings or valleys 170 nay
W@b®o/047568 sone enbodi ments, facilitate the renPVEDSID6/040317
swarf during the use of abrasive article 100. In this
particul ar enbodi ment, abrasive conposites 160 are
truncated pyram ds. Abrasive conposites 160 conprise a
plurality of discrete netal phases 180 and a _
conti nuous resin phase 190. The abrasive conposites
may be arranged in an array to formthe
applying & gRasivd1@t16le @&t least £YSrHbLEf a folteﬁa%l@gﬁmdéﬂ %861t AR R ARk YRet to
construction. Suitable arrays inclu I nst ance,
create 2{4phse described in U S. Patent No. 5,958, 794
I(I 4 Vi@ tEates lan 3hbbdimbREN i@ Y Qbﬁ%ltvé %1@§%¥P98%%?% g, a
rasi ve constructions that are patte
pressure@gnq;@ﬁrq/@@tmmé alp;ot@‘}ttl&l@bmla}mthel rembedmmntsaﬂtyt fixkd abrasive article
ive artic
may bR CLORRAE LR B BRAM PR 3800 {mittrt g Suached oo
backlngpmpmnmhy,)thahbrgﬁﬁhrﬁﬂd db‘m;md)f B/l separhte ®atlang iSech 8MbsHiments are
at her te hni y patterned abrasive articles
known a3 having ingegral SEheLaRS. RIS ip Figie deinipoeh e might include an

examplePOhdré&ifl resd$ plikSS €90 Qﬂdoablﬂn% P1(P5E @bﬁ‘tﬂlugussandpﬁﬁd%gﬁ the : §ame, material.
pllcatlon No. 10/977, 2 connnn@y assi gne

chhe Estveaptinle may Femprispadhreprdisarngional, textuaeth flepible, Sked afhraswe
construc%l)l'ﬂ“l‘laulgllzi’gI g sﬂrfeﬁg ! gdj X a%@%fa%@ Tn & Qrﬂgpcﬁmﬁlts theg ﬁfs surface

may be TUse Inclu an a aS| ve a
may further beelas;on‘ractpmth 4 bavking, thlonalht\ain]h en adHekinel artterpasel elidrebeﬁﬁeen Any

variety o?n%ékgrtl 1§1a e(ra’ltélrs] tar\?&]c%@ [pﬁaéada 0315J %]ﬁ)gfﬂglblelf)l#%ésr at a%}(mgs that

are morexdgilli Ebgam}ﬂespffe‘&&lbleebaslaﬁgd ihtlvée, Q‘&aﬁlétﬁlﬂ:ae éhc film, primed
' tectl I n other enbodlnents t fixed
potymerfy e sl ik el PHEE)> YHRRBIZ6H fi Peranmyﬁh@andltwa@ddﬁrsms thereof

and comBIHRGSHsTBEbof, EQﬁn]iﬁ@J RsluiEp &gﬂ&@@ﬁﬁ&sofj; gre?ttﬂt afded él9es@er micro-

backi ng. Optiona , the abrasive ar 'e "does n

voided pglygstery pg]érymdg,t m)lmﬂq@pﬁg, poSstide pblydinybaitchod meljpnapytenas

i clur ring to, Fi gur
polye K, 0 1B 80y BT MM o CRISLEL 0 B e
chosen su@suhnt pheaied @0 afnBexitalityiingtaidd iatle mtvemum?& and

rasive article

11(1: (s)%? ?IggoﬁgFﬁtF,gsgwla?sﬁgﬁsgadﬁ%{geg i gEﬁeeld a bagking 1B|aé1g1c¥ element that

is generdllyxeektaiiasiiveartidRtetgossd Be@@eéﬁ%\ﬁirﬂﬂctﬁ/eflirfeﬁ indSHE ERESv@Rnposites.
a wor ki ng .surface. I'n sone enbodi nents, the first

By “resi ‘iPF plementyds megrrten slemsat that suppartsdhe vigidielemenh eleistieglly deforming in
compresﬁ@ﬁ IE8ldiy e inkh 3Bt S bi¥Rehithe" P&’Pfﬁ‘g“’h& NERGERS RS resilient

element andy which deforms in flexure. Such designs are particularly useful in polishing or lapping a
planar workpiece contact surface and are generally described in U.S. Patent No. 5,692,950
(Rutherford et al.).

In another aspect, the working surface may comprise a plurality of precisely shaped abrasive
composites. The precisely shaped abrasive composite may comprise a resin phase and a metal
phase. The shape of each precisely shaped abrasive composite may be selected for the particular
application (for example, workpiece material, working surface shape, contact surface shape,

temperature, resin phase material, metal phase material). The shape of each precisely shaped
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variety of backing materials are contenpl ated,
i ncl udi ng both flexible backings and backi ngs that are
wororog/0#7sg8 d.  Exanpl es of flexi bl e backings i nchCes200€040317

i nstance, polyneric film primed polyneric film netal

foil, cloth, paper, vulcanized fiber, nonwovens and

treated versions thereof and conbinations thereof.

Exanpl es include polyneric filnms of polyester, and

co- pol yester, m crovoi ded pol yester, polyimn de,

pol ycar bonat e, pol yam de, polyvinyl al coho
abras1vqo<ﬁinm@|§1®¢m‘1hﬁ be anpaefi shapk S exantiie, thisic) dy‘ﬁﬁdnéé‘ﬁ %wﬁﬁﬁ&' right

t he t hickness of ol nErlc
paralel ety RemAoE/ BBEHe- BN Forical s aerealgaungtted conical, cros, or

post-liké beRbi With ¥ distal ERY. @ sﬂe’b&ﬁﬁd?ﬁfa Yﬁaelgh d ﬁh\% thief, fi)ur sides,

sone enbodi nent s, ose descr
five sides, grasbk sidles. The ar 0§$'§ﬁ0ﬁ0@ﬂ shepebf thhabrasise gemposite Ia’ythe base may differ

from thf&gét L 0% dl\éfﬁﬁgpégt 0 gls{a%ndr RS g%rgs 1on\ll3%>?w? 8§ rsgél?.e&cptesl 1\1/qu be smooth

rasive conpos
and contihusne nt ihay sccma amﬂlserlate atepsrdit ptedhtlystigrdrabsasive Qoihb@ﬂﬂ@s may also

N P S e TN
rows, spﬂi@tﬂ Ublisg of hidicetfiehidre 8t mhPBHd raBiGABHackf dTHgBrQﬁse%e%}Qf)éﬂsabraswe

n flexure. Such designs are parfticularly usefu

composﬁﬁmagzmerﬁragge Weﬁ@n anepnidn guldg@ukbﬂ(@@ an gmﬁaglbtate swarf removal.
B hREE sialfdfhfh Qﬁé‘%@lkél&’ P%ﬁ?c%qrm dd ﬁ‘}}({sﬁ% epap%r%g with

5,692,950 (Ruth rfo ano
diminishjjpg mdﬁlgtogmrd ﬁ@@lltﬁ@l}cn@dﬁp tapseedangleumay bet fyomfl t@ ie@ﬁ:thaﬁ by degrees,

for 1nstaﬁ£ka grgﬂlvf;‘%::’gss&eg?eeg C}I'T(')DHCI) § ? %#%g, cgrffb%i Sﬁ é% gggeé%eahelght of each
preciselyrgtapéd qdi‘nm coﬁt@sﬂ@ﬁ@ﬂef&ﬁbl@&lﬁ‘dﬁaﬁfee&hﬁﬁk oSsiAPRthave recisely
rasive caq e.selected for the partlch
shaped %586 Ve ggxcnlpgﬂp‘g ngar&pgﬁ)mg ts %Flpa%lieégé: $rat eri al, working
’Hiéﬂ:faé&(ﬁ“ tBpfREise]§ QRARE Bbr‘ééi{/é @&ﬁpo%ﬁéﬁﬁa ﬁﬁfmﬁé ﬁ{oﬂ{e‘? Olh alternatlvely,

esi n phase material, netal phase materi al
the base%pf aéléagﬁntmr@yeg@lyp%%mmoa@pwws mw@§ﬁp8@atn®§rom®na la;xother by
C
some Sp%dnj(g%t?%&pﬁ sg&%reérﬂ;@rﬁgﬁén?sé the %Bgsqcaé §¥1§%&3} #wee{l pijacent abyasive
composifey iryel ano newe thaal33°/Mrﬂnes‘{m1mai habht dimenmsiat abactostntating precisely

shaped ag)agﬁfg 001?130% {éfg l | k eCt &Hng g.[sg ﬁlaa:célgcleg tas !grrgrpg%@gnt Whsie adjacent

preclselﬁs}ﬂpﬁ, abrasive @hﬂ)@&tes(%hars aXomda $and 01 Brid s L HRe ﬁﬁﬁdx@{i’ﬁich contacts
ite at the base may differ

f
and exteRqR it s B et onea o DR 2561550 shiRe dPFORE compositth dhe
abrasive$ k8 A8fabdr®h ﬂ’l@ts&‘Y?s% Mk BE SRerPlRRES itOR 13&%%7@ At imaginary

cont i nuous or occur in discrete ste
line dravy} egyveca) the §fﬁ7é?3”é ¢t tho peesisoly shapep ebiasizs cmaposwes; 0

The precisely shaped abrasive composites may be set out in a predetermined pattern or at a
predetermined location within the abrasive article. For example, when the abrasive article is made
by providing a slurry between a backing and mold, the predetermined pattern of the precisely
shaped abrasive composites will correspond to the pattern of the mold. The pattern is thus
reproducible from abrasive article to abrasive article.

The predetermined patterns may be in an array or arrangement, by which is meant that the

composites are in a designed array such as aligned rows and columns, or alternating offset rows and
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have a m xture of different shapes. The precisely
shaped abrasi ve conposites may be arranged in rows,
wa@piorak7sssel i x, or lattice fashion, or may be PENUSVE040317
pl aced. The precisely shaped abrasive conposites may
be arranged in a design neant to guide fluid flow
and/or facilitate swarf renoval. The |l ateral sides
form ng the precisely shaped abrasive conposite may be
tapered with dimnishing wiwdth toward the distal end.
The tapered angle may be from1l to | ess than 90
columnd 98566 Her dnffodinisth, 3RE Soradit CBmbobites hrayMeILLHR in % ‘&H?ﬁn’t 8ray or
35 degrees, or fromb5 to 15 degrees.” The height o
pattern.d3icthisps ewhgdhal thencopydsitdsassiot én & tagplas atrey ¢fsops ehdeainhys as
. IS ssihle. to have precisely. shaped .
describl oot 8 TR oilralobg. SOV BISS e s apd Y oy ey PR patrn n
that thedodatioh ef the peechalyshagedtabeasive ecimpaditys i pagRtbralied ahd orresponds to
onposi tes may abut one another or, alternatively, the
themo]gases of adj acent precisely shaped abrasive conposites

DRYnBp&ERRY MERMPHaAsO M0 BE 2 BRINBHs phasSHIBLS RA fHa&Tmay be a
di stance. In some enbodi nents, the physical contact

discretayphagie Ehaneijos aenset, Hisrasin pkase 1ep &8s prestinuevsphase artbthemretal phase
0 . . N .

my bR AL 108 S SRk A e RIS 00 B AR By ey
continudies phasdsi Bmboedimants of ihedatter sspetinuéyinelsda forinsangeaprtisely shaped
esin oL G0N 35L RS AR T8t By SRR s prtr o
the latetd Rir@iet 61 tho dbaxite betapaeit iRellel @ahd\dislabduefadé oSthe hBi@siSe composite,

of the precisely shaped abrasive conposites. The
OrbOth_abrasive_s are adjacent in the sense that no _
IS @R A GRATRRSESIR phike nRGAGEIO iRe by RFdbld OB Rladrial. The
l'i ne drawn between the centérs of the precisely shaped
method 0 cudng/ie neowjtissl eredmayinslude.det weleyces prpedvia breagy sush as UV light or

heat. E%a?rfﬁg%%gtsgi?ag%g‘t\éséig %h%sggnﬁ&gaﬁ Heidad Ef?rﬂ:ﬁ%%c}?éﬁlg%%} gcgsltiﬁ\fgcrdﬂylated urea-

ocation W
formaldghydeotsns, Fetangnafpina]dehjderediing ambalkglhated bamAogadraniise-formaldehyde

s, (REF P aBh 8 B e kR PR B s an
methacBiMI&Y, phendlRITEHSY, Lfsthant kdsing OndepPBNEsihe Pah@upa bt Tak Rbins include,
the nold. The pattern is thus reproducible from

for instafee.dny) @ctylatescacaylaigd spexies a@ylated jurgthanes;jgerylated oils, and acrylated
siliconeR! BAGERL Philfic RAAShAT TR iRGarlcl, r8dd1@5dd@¥bvBlac resins, and

arrangenment, by which is neant that the conposites are
phenolipitptex rgeins. e desansmagy Ruthér castainl dogrentiond\iglezsrhdeutingagents such as

o e BRI TS PRl S AR PO T

ahé proidelbhaped ahrasive composite also comprises a metal phase. The metal phase
may also comprise a superabrasive material. The metal phase includes, for instance, relatively soft
metals (relative to the hardness of the workpiece). Without wishing to be bound by theory, it is
believed that in some embodiments, wherein a relatively soft metal phase comprises superabrasive
material, the superabrasive material is permitted some degree of motion within the metal phase,
allowing both the exposure of new superabrasive surface which promotes polishing and lapping, as

well as some mechanical response to localized pressure to allow a reduction in scratching on a

workpiece surface.
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pattern. By this is neant that the conposites are not

in a regular array of rows and colums as descri bed
wW@bwvme47558 i s under stood, however, that this "Pantsue/040317

array is a predetermned pattern in that the | ocation

of the precisely shaped abrasive conposites is

predeterm ned and corresponds to the nold. In one

aspect, the netal phase may be a conti nuous phase and

the resin phase may be a di screte phase. In another

aspect, the resin phase may be a conti nuous phase and

Fl"gﬁrerﬁei"s @hd ﬁhﬁﬁﬁgé@ﬁﬁe\b%f 8 nftal Phek oRBASIRe sﬁﬂ%r%%swe material. In this
anot her aspect, both the resin phase and t'he al

particulgteaghedivegnt, tmet@lmh@seri@@lspglnpha@essper@mm m@tnnsl 2d0 Intfegure 1, metal
phase lgtﬂ{asgiggicl%ﬁ RE&tr d'tl'ﬂ%l%g)%t he %Hllé o?%&%g&g go p eci@e Ih¥ other

resi n phase ase can
embodimmstt,aned, phas: 180 nzayere ooncmtﬂa‘amat tha sudfiicedof aﬂarz;s&reaﬂoh@losﬁe@ 160, for

SN £ T N TRT R

Bmmaspebe suieiblcfdthls idclude Ofe 1rf%f§ﬂ@éj iREBISSuthl EHpEIe $dal, iron, silver,
ase .may i nclude a cured or curabl e or gani c nateri al .

antlmon?h@dmrﬁo@ Srixesiang alleysibereedy Ty velpme apfgentef therastelaase ina
premselg ‘é’lﬁapbﬁ‘ §l§1§ﬁ§ce¢on?[56rsit@ﬂ nét %li ARy luﬁﬂﬁd; A3s5, Wheh hgpﬁal% of precisely

arrpl es of suit e resin se materi
shaped ¢h1ia,ﬂ1‘(mmpbstes iaresregenein aatmen@hmeanmsl,, texiucgd, dlerithle, fixed abrasive

constméffogaéalg{}% g&g%@ Z)ea gﬁr‘a&%é c&%%c% b e % ﬁgvc?gtﬁ? édee éoel‘ume pércent of

nzoguanam n O rma
the metdDiphase, alté®igh mhaﬁle_eﬁ‘mb&iltr_leats&hd:}nhdvel dﬂqstaﬁlﬁﬁlly 18 k@&AE @olume percent

. l ate resins n Iu in c
chat is, PSRt g o ol s Rk JoRaelensdbam®orand
RO ehf®dSHinfentsPRE nlefdl pBise FaHbEr @Inﬁ HiRS kiserdassivedBatefifl Suitable
i nstance, vinyl acry Iates1 cry lillqled epoxi es,
an 5}

superabigeivg me{sialspelidsa fRsdnstanc.yd aboranaitrids ¥ erabinations
thereof. $h Bhe%% 9&, W e?lrt{né ﬁlgiaiaﬁhagg' RlakSa Eﬁ%}a'ﬂlsasivg Chltdf, 60 Superabrasive

i nstance,” resol e and novo ac resi
materlalprhanbﬂ provided bxa pwséss of nilkieg thesneia piase dnd thceiperabrasiat material
nven and curi

por o SN B30 LphEb G 0P AR50 Gl o

(mnmdm@BmhmgQQMMHﬁgnﬁhhhdﬁhe preC|ser shaped abra3|ve
netal phase. The_ neta

site lso C . .
1&?& ShEyD rf%ﬂéﬁ%@ %ﬁéwemgwé nr?é(taéﬁmbmfonnqﬁiémh aresin

phase afiBd ﬁletapﬂﬁgr@thhﬂﬁh}u&eﬁay ARTnitiAS} @Rise SIAIANIMAOHAL. A slurry or
netals (relative to t'he hardness ‘of the workpiece).

mixture WpRiRiHing the superegrasiye patdsislimgy by vsedde elargé theingtal phase with

superabrasive material. In yet another aspect, a plurality of abrasive composites may be formed with
a resin phase and a metal phase that may or may not comprise superabrasive material. The working
surface may further comprise a region of superabrasive material in an erodable or soluble matrix.
The superabrasive material (in, for instance, a petroleum jelly/diamond paste), may then, for
instance, in a lapping application, be dispersed (for example, by wiping or otherwise spreading
across the workpiece and the working surface surfaces of the three-dimensional, textured, flexible,
fixed abrasive construction) such that the metal phase becomes charged with superabrasive material

during use. This embodiment may be considered in-situ charging.
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bel i eved that in some enbodi nents, wherein a

relatively soft netal phase conprises superabrasive
woraioensmss t he superabrasive material is permPCEUSHONEI0317

degree of notion within the netal phase, allow ng both

t he exposure of new superabrasive surface which

pronotes polishing and | apping, as well as sone

nmechani cal response to localized pressure to allow a

reduction in scratching on a workpi ece surface. Figure

2 is and an enlarged view of a netal phase conpri sing

BWTaT Arigaiad 6hsTBE Rhieding thid pFJ‘lf‘lcﬁn% aid dl%b@t‘ionedftéggisﬁ@ gﬁvticles

net al phase 180 conprises superabrasive materi al
include thpsephpwmeinFigyres Banddh dase mlﬂcgllngpg@p d¢hewgs abraswe article 300 with

L e S

er e
prov1ded oepi@staf auwdabaasi\tehmt@rial Bt ashowh habrias bmmlar(pamrﬁ iof eiscles. Figure 4
60, faor.i ance at distal at er al
shows ebiotse e@icl 6B B B 1 M BE ot comipSleh s i seleced
regions mﬁm«m fidl @ #reipis/ided ¢egions dT supdrsttblive meeAPefd, 4 here in a co-
silver, antinony, cadm um and m xtures and

cmﬁncgnw-'QwWﬁéreof The vol une percent of the netal phase

THe SriNiRCAr88bYISHARE ‘ﬁeﬂelﬁf %'b%@n&i@'ﬁ?%ﬁ uﬁ c%n%ﬂ%wnal procedures for
particularly limted. Also, when a’pl

making prasiselyeshgpesiabpeite spmpesitee Suohpstiode srealnembp@sfelrmstamcealn us.
Patents N%E a1 4l g r‘@ es&aelt ﬁl )ta‘ﬁétS%ﬁ% 16 g%&ﬁg%l aeb?la?s 6?11% bsrﬁggtéc?/q% énclude

strucétio each”precisely rve
those folméch U PhtaNfsNtol?Lé @aﬁé4vajidlﬂ¥64gmlm(bdsth t@Hitbagrl eral. phnd 5,304,223

. h .al t hough in me e di ts they have .
Peper BRI i PTG, TREE oI B BE BHP R A ofgin phase and
metal pvQt BEpdeIdeRE myldhaGig BYroneas kO A BR%g dﬁﬁﬁhfylmaaige@ that
or less than 5% In sone enbodi nents, the met al hase

extend {fqpp felFon SHikcP s bhe mixpEe indpisrduped e te icayitiessifithampld. Optionally, a
backmg%yﬂl%ﬁ %f@%&éﬂqo %tf%rft QlrPack B‘P J[h‘é%ld &R %hﬁ%ﬂ@lﬂ%lre wets one. major

di anond, cubic boron nitride, or conbinations ther
surface pfihe h@cl@l@f@dpm gthatticle Na sowe atnbpﬂuamtsl, ﬂl@lr@ﬂdephaae is partially cured or

e | .t he br a terial m
gelled bgfépe th %%?é dXeg;aR?En? I 6%e%u§er S @ @ (ﬁ& gamaﬁlhbgsdé)n%r%at all,
either bd:be s after mbbdts:lngethﬂbetckmgamﬁ ﬁ‘esmltutharﬁ@é Rir&gotdd&rom the production
risj phase, This

brasi ve .conposites.cq tal
tool to 5%, R PHAGHES FRY Y008 BT GIBUE S RBAHSH AGFogis pavgposites opionaly
bonded fERbHCRIHUTBe rebifl pAAR WS opBERAR/ HEqﬂPthertchFeko’tHf Rbdol¥, Plirther

abrasive conposites nmay also be formed with a resin
description:pd eepsprgnigtivienethodsd seanufrsturing pudy abnasjvernsticlésrnay e foynd in U.S.

PatenthQ@ErS8ﬁ94§]§ﬁ%§{}&,@{&§1')\{e material. A slurry or

In one aspect, the three-dimensional, textured, fixed abrasive construction may be flexible.
In some embodiments, a three-dimensional, textured, flexible, fixed abrasive is capable of being
wrapped around a cylinder (for example, a mandrel) in a convex manner (that is, with the working
surface generally being convex and the first surface generally being concave). Such configurations
may allow, for instance, simultaneous abrading and polishing of a workpiece. When such
simultaneous abrading and polishing take place, the contact surface of the workpiece may form

channels that correspond to a channel formed or shaped in the negative of the abrasive composites
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m xture containing the superabrasive material may be
used to charge the netal phase wi th superabrasive
wOoraioesmbs | n yet another aspect, a plurality BET/US2006/040317

abrasi ve conposites may be forned with a resin phase

and a netal phase that may or may not conprise

super abrasive material. The working surface nay

further conprise a region of superabrasive material in

an erodabl e or soluble matrix. The superabrasive

material (in, for i nstance, a petroleumjelly/dianond

Y

(as descgfggc? Iﬁ% Ca(l)t : onmtg afé&(rter gglzé ?pf(f) ?\Ioe)h((g?rg{jﬁ gdnﬂgonl%l asmgned with the
present applentiérge spreadi ng across the workpi ece and the

rking surfage rfa s of the three-djmensional,
ecSetis Reetts, e is BiHerS b RGBS AT TR SRR totgeal surfaces,
wherelri th@latérﬁ‘l%uﬁﬁ&é@'of EehenRE&e MRlifiddaf@esamplelapped or pohshed) by the
erabra5|ve mat eri al during use. This enbodi

Yy .
lateral sgeiaces 94 p gesctsalyi HoBsEAreNG P‘@)‘Pﬂ@l"%ﬂ‘m the 3rprkige, PG ABUTS abrasive
article. bgé GER R Ui MhideB kS suRh @MibOiRZn AR nlgayddesthit'tﬁéﬁ%%bﬁgwe material may

S|ve parti cl es 1 nclude those shown in Figures
be distrfoptd4Hn tMWeﬂ@wﬂaca:whetryver Fheg\mrémg sutfasess Ebroatact/with a workpiece.
For mstzélrﬁcte fﬁl %%‘%eg%%gi‘t’ Qeﬁﬁgtgl te@ 818 lth%rhlé%%lnsféﬂf%ef Rﬁ) ateq% sﬁﬁﬁce@ on both,
or may Bd: &ilsdllju&:dphmugldmdthe dglkarfeadf prsmsn%y glimped ahteswmctompoallte

here i s a.circul atte [ . e
oGBS ATESH PSP B R0 Ryip, S anEpiyp construction s
capable' @ @b@0ringftd 8 cHimdkicARiRRpive (ﬁi&ﬂl%oﬁlbtvﬁﬁklﬁg Zurﬂi'ég 19 ddncave and the
selected regions within this field are provid
first surifacg .1%@@@9 ambedimenis, ﬁﬁl@ml&moxm th%wex)sﬁleﬁ% prd thp abasive
article \gl‘afé%h fh% Chhad s@ﬁ%:teectﬁ@t e g AR SBFALEIBNS | Gllls% g and/or lapping
escr e nmade

ereln can apting con ent|

ofa cylmddcaidurfecze Uohkmd:kam spomrs;)diey rigidegbeasivalartecddsy the abraswe articles
CONposi t t desc n

of the pfGroty & oy pi o BE AR € pl Bf ml:By S RGP

workpidre 4B, Bekibl¢ Dpturegealre ﬁirasﬁie a)’tlclﬁlhﬁil?s id@sanigpi tofis shape of the
include those found in U S. Patents Nos. 5,437, 754,

workpiegRq 5 454, 844 (both to Hi bbard et al.), and 5,304, 223

Y& P8¥he® bmBbdidnentd! d BfdeMimbibi HAL tASREE flexiIE TRedBIrRRHS
i nclude preparing a mxture of resin phase and met al

construmm{sreasabmuspd d pembisetienyathe brgking dhad i ¢ ogid clementibat ig geperally
coexte f}g L\{l&sag’éig @%Léfih%t&écen‘ég) tgétgl%ilitrlll ‘j%:&ée g&lgsrll{/er &)ﬂh}og'l?es When such
a combination isesed) fthet dbeasiveladticlddnby bacdpalle oﬁ sxkdatantlaig/ ¢amfaringng to the global
toposrapfe SFiF e e e By Pl whRpRe Bt st pf by
conforrhi@ 0 8 16dal topbgraphh gbﬁﬁ&@rﬁﬁéii@ﬂhmﬂ@lecb ltfor eemhple, fRa$acing

is partially cure
between adjacent features on the surface of a workpiece) during surface modification (for example,

lapping or polishing). As a result, some embodiments of such abrasive articles can modify the
surface of a workpiece in order to achieve a desired level of planarity, uniformity, and/or roughness.
One of ordinary skill in the art, guided by this disclosure, may select the particular degree of
planarity, uniformity, and/or roughness desired, depending upon the individual workpiece and the
application for which it is intended, as well as the nature of any subsequent processing steps to

which the workpiece may be subjected.
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gell ed before the article departs fromthe outer

surface of the nold (which may be done, if at all
wepdones7sbef ore or after introduci ng the backi neQ)T/UI1966/040317

resulting article is renoved fromthe production too

to forman abrasive construction having precisely

shaped abrasi ve conposites, optionally bonded to a

backi ng. The resin phase may optionally be further

cured after renoval. Further description of

representative methods of manufacturing such abrasive

Ak inekiBR dFR¥e Qlejhte @M@Q dinfendtorl, tgﬁ{feﬁt ﬂ&@ble ixkabiadde construction

(Bruxvoort et I n one aspect
also mayrellew- ajnsnet@sva@}yadxchammﬁ@mwfeum 1Tab itlwl upeavmdlng the cost and time
nment s

B e e B R

Furthern®ore alﬁrﬁdblrﬁn@fariﬁx&esnga}mbﬂﬁsp@ th entHimdioa with vengdsid(baékings, depending
rel convex manner (that

on the {5 RS o TP Lak RS IR A RAreray o GoUBLI dssiteds o three-

dimensf{dnbB texfikiéd, AERIbRS AREPADr¥siRAGNRANE AUE be uSHGH conjunction with a rigid
conflguratlons may all ow, for instance, sinultaneous

supporta Nthey |ar¢gmah@nt ;sawnogws Heedphovevigp heprbeasive ayirdemayi b able to conform to
the ems?fn%? % f ace %b@ﬂhﬁl@gﬁggg 8hing.t ake place, the

e wor ece may form channel s
i atmemmb@lsrpcmsj flegibde 1mban llitalt fdrargieah lengtls hfazphemlswerarndia the abrasive

e BB A AR PR P B o s 250
or evenommﬁn‘t/)bfaﬁ%r@ﬂﬁd with the present application). In
spects channel e kpi ece, y conpri.se a
e peap P%PPB%WQ}?EB]P%‘E%?% Bliaﬁlé{e adicleapy aroik ot particularly
limited! RtdRE Bépedtyl e RBIVRfartidl a%ﬁ&ﬁla e Re M' Haf@glde‘r‘Bflttle workpiece
exanpl e, Iapped or polished) by the |ateral surfaces

material. [ipsqgpeesan bodimenisy aplerapw wgrkp@ce ovfroiglstreayninelviler fetrastance,
sapphlrggc{;éhl%gsaébﬂlfea% c %§1d'é hs?l rre ar E&Ieh%&ﬁ%b%h t(%pgg,eduﬁ‘%n%n £1rc%

such” enbodi
calcite gabhamaiysmsieygalhmnmltrldé Atayiirinen @K)SNltn&m (A&ION stéel .chrome steel,

glass, Sﬁ%ﬂ‘i} Y tqﬁilqre;q%é Mﬂﬁ%fe)l\él lréla’}lcg%rtl\{\qg?éjt urf gglments appropriate
workpiédépeiteii asby iciidy, foeindiatdd, bptitabsibetatéd) ﬁgl‘ii:' e‘ﬁhﬁin d1odes or
surface, on lateral surfaces, on both, or

semicopguctor ptRrigls- throughout the bulk of each preC|ser
$h Rt gRERS] Wy krthgve d &n@«fc@ﬁgfa‘égﬁg fng? BL Sontéted with a
tex i a

t hr ee- di nmensi onal , ured, flex | xed rasive
working gyrérce afa thoee-dimensipadd) textored e fixed abiasiae ctylistrndrolnCEhe flexible

nature %ﬂﬁ&?ﬂr?sg\fe c&hgﬁjgggﬁ Ixna&{:‘%n %; khl%?dlﬁl%ﬂtféga o%tzna ?ﬁ \éﬁerfe%e %f the
workpi¢celtabé mel of anomibeg of ShapsOEkmsiesinelnde 4 Prnadurasbsvtially planar
contact surface, a dished contact surface, a convex or concave contact surface, or any other shaped
surface to which the three-dimensional, flexible, fixed abrasive construction is conformable. The
flexible nature of the abrasive construction may allow it to be cut in a daisy pattern, allowing
substantial conformance of the shape of the abrasive article to a curved or spherical workpiece.
The surface finish of a lapped or polished workpiece may be evaluated using a well-known

quantity, Ra, which can be measured using an interferometer or a contact profilometer. When an

abrasive article as described herein is used, desirable Ra values on the surface of a hard and/or
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article while contacting the contact surface and the
wor ki ng surface allows polishing and/or |apping of a
weaydorndissgal surface. Unli ke abrasive shoes orP@I/li82006/040317

rigid abrasive articles, the abrasive articles of the

present invention need not be manufactured in a shape

that matches the shape of the workpiece. The flexible

nature of the abrasive article allows it to conformto

the shape of the workpiece. In yet further

enbodi nents, a three-di nensional, textured, flexible,
brittle WorkBcARAPEd YRaibON Fof HslhQN WiBY c BBk S50 105 RRed, th
n.e Wlltkﬁl%\ ba%ki ngaltﬁcnat Isarigd (é errrlen’ctﬁ)(i'i’thjﬁrata‘ﬁP{sﬁ%1 ﬁér oc Te
desireddieaieatugithay kedesstthansiOPeangbttdmsand i nt er posed bet ween a

Lye. Liner I Ve osl:tes...\Wen

T G sk T ey RO R Sy g e am aceurae
measurb ef tha daprkeotfurfacdhsiaching [Foy instanée) b surfage havihf e highadeakity of surface

t opagraphy of the suyrface of a planar or substantially. .
scratchine ol AP RISTeARRANHITRR & ARFace bR AL 4 gl Y S Gerplshing
This configst lisO@llartt® BREbeRBYN Rinshiientnt FidsRd ofasd. WeorkbiekdRifRf®ed according

(for exampl e, the spacing between adjacent features on
to the prepentdgroriptian wRy alswp‘y@pq g@gyla%yqﬂﬁ@tlxgz@pffwith substantially lower

tchiRdéelsqREth A& ahfl Ofze BX REIRS), 9&13' P2 h i i

sera Ch{{%suletsf( sone en%%i ment s o%’ aguc a%%s@gghiﬁc?%%seg&%za%mﬂm
polishimpefinflifionh &V erkipitcaschavihg digher sqpiteling lemels sahtter 4 bighatyiementage of
o .desired | evel of planarity, uniformty, and/or
m‘“de“?%gfghness. One of ordinary skill in the art, guided by

T benakdrsiaddosents theabyashel eetidlest descrfbed hiwetil @e uskbdrie éapping or

...planarity, unjfornmity,. and/or rouyghpes esj red,
polishifi FRFHOH) SUSOHIE M KGR RS et AT R GXorBrgs Fbone aspect,the
inventi APRkthE@kaf thal@din WRLEALd dn d WolkBleBOstatesR&d MR IforPsktdnd&d time
nat ure: of an subsequentgﬁroces& ng steps to which the

periods,yitheyt Be seqdelpr peersinty, oF pEdimpbrasivediess g wneenditiasing precess. In
anothexi: %&@c@,"cﬂé é’ﬂ?@e%les Je@éril?éﬁ%greirf Jng% ]tn%lvﬁle afl'iﬁﬁﬁl%v@c? fe%?dv\c{lgrate

struction also nay allow a usef to easity exchang
stability el prbdictebility, whish iinprdves poeebs efficianp i regudel scrap dtrimniiinishing
o eratiti me associated with reconditioning conventional metal
PeralYi¥hni ng plates and rigid conmposite plates.
i yét hasth@raspect, hige Brosens taserigtidnl relaS 1o @hetd@d W8 f6lishihg or lapping. The

conbi hation wth very rigid_backings, depending on the
methodgempripgs coplegings? GRfachsuries o5t Wolmtece gk Warkyg furdgs efra three-
dimensfReNRkfuYed, fedBRI i€ abki® ot BLER[LENSE Q\';b@lhn% b tirﬁtgﬁcomprise a

flexible, fixed abrasive construction may be used I'n
plurality g pigeisely okrped ebragive ¢qunppsiesppbe precivile shaped ebrpbivapemposite may
. ' Vv ' ticl: be
1ncludezabuxlggg %Jféasé %}1#‘% rﬁl(r%;tatl Eﬁé’é@ Ve métﬁ(?d ﬁl?t'i’laséo%ﬁ)rﬁgs Ijeféhgelg%%/ovmg the
workpiece and the abrasive constructior while contacting the contact surface and the working
surface. In another aspect, the method comprises providing a superabrasive material such that the
superabrasive material is provided in the metal phase.

In some aspects, the relatively moving while contacting the contact surface and the working
surface and providing a superabrasive material may be simultaneous. Such embodiments include,
for instance, when multiple abrasive composites are formed with a resin phase and a metal phase
where the metal phase does not initially comprise superabrasive material. Secondary patterns may

be provided in (for example, die cutting) the three-dimensional, flexible, fixed abrasive construction
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the existing geonetry of a workpiece while refining
its surface. In sone enbodi nents, flexible neans that

wo en7a47558/en | ength of abrasive article, the abCHESW66/040317
article is capable of flexure in the direction
perpendi cular to its length of up to 5% 10% 20%
25% or even up to 50% of its length. The workpi ece
upon whi ch the described abrasive articles may work is
not particularly limted. In one aspect, the abrasive
articles are suitable for use with hard and/or brittle

(leavmg’\@efvlft@s & fhe @ﬁ%@ﬂinﬁa'ﬁlone{l nﬂéﬁﬂi@ S0R08 SR B L Snstr ORI PFHeaif may then

pl ece materials may | ncl ude for inst ance,
be 1am1§%tg;bm 7 kacking ph angtureaqophiinieg theisnperayasies, matetial c(fm instance, a

petroletﬁlfi‘ e%?fy%ﬁ md&" i H'pég tlltu? | umpﬁﬂ @ﬁgﬂg%’&?ﬁc{a%p 'tta Bg d% a‘ﬁgﬂzed (for

rumars
examplé;ll with dequeddeONIn ust foe Iinstanbds dire lappaglapplidaties, thSﬂidpbl@.bﬂlSlVC material

is distriglg%citaqarpr%ﬁggsug%gr tféb? %%Epa@tﬁexﬂﬂ? g'&ie(g pgraﬁ%gcoontsggc{tlon such

that theich&igtgef tHeQhethlhbgNGEh s%ﬁdb%ive%’e@@ﬁdl ah&Ss, prévidihg the superabrasive
emtting diodes, qr sem conductor material's. In sonme

materia}) dakss plage Slﬁlu\%‘?el@k}? Bdthrglatively moxingspd sentaddings ace t hat
Wh&%n%ﬁfn%&segro‘(ﬂdﬁ ﬁe@%ﬁlﬁ%&%%h%&ct%egfyeage before relatively

. t hr ee- di nensi on raS|ve
movingdheworkpisce e tharh@faw@mrbtrectrmtwmb cofitattire thd cargact eurface and the

Workln% gﬂf tg% ;Jéﬁléf& ?@g@%b?ts ma (%rrﬁucie When tﬁe g&p%@bgaﬁve &agfgleah {fﬁs‘é‘fided by a
processof ntikiap ds. m&xlqmpsie%ld It]ﬁ‘ﬂ:é@dﬁbﬁsi&b anddriaDpric ud Sdrmid t&b brasive
i shed contact surface

anar contact s
compofi e BB PP T EroBer RS UGt B G sHa e the

abrasivésirhisRed e Mned withe rEJiﬁ BRasd laHER %ie@ﬂ‘ hase iﬂa@ iﬁa |o? may not initially
fi xed abrasive construction is confor mabl

comprige|sgRerarasivrangiedal gnd thea ashiaseneixgsn somaininE @ine wagrabqaswwnatenal
is used Jtot %e% kb1 tqf\é/ﬁlg h\%&éraﬁ) sﬁx%rrﬁatelﬁgl IbeM'J‘tge §tlé$ %f %Ta{t%/@fg moving

r mance the abrasive art
the workmﬁmddhe apdsirei cmafttrummk pihde eontddtiag sher doatet furfacesdmdahe avorking
| apped or polished workpi ece nay be eval uated using a
wel | - known quantity, Ra, which can be neasured using
Ryt atfattee spost te pﬁHselﬂ desunip@ich ramies 1b|anﬁﬁES@dh a Mb@Ray 8dmprise a

.abrasive arti.c a i bed herein i.s us
three-iFRaTpE a6 GBS B PREBCtOR HRvig st surface and o
worklngﬂﬁﬁlfa@é bite tborBinSUrkRE %? CORYrilea EMaﬁ‘l't}n&%ref éé[y éﬂaﬁécﬁaﬂﬁ%we

when c-pl ane sapphire lapping i's perfornmed,
composges; wherpirRbie pegcisely vhgped ablasiys compesite GOmarisps 1arr@m phase and a metal

phase. The metal phase may or may not comprise a superabrasive material. The kit further
comprises instructions for carrying out a method as described herein.

Objects and advantages of this invention are further illustrated by the following examples,
and the particular materials and amounts thereof recited in the examples, as well as other conditions

and details.
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The surface finish may al so be characterized by visua

i nspection, which nay be an accurate neasure of the
waelegroes566 surface scratching. For instance, aPGUUSB0€040317

having a high density of surface scratching wll

appear nore opaque than a surface having a | ower

density of surface scratching. This contrast is

simlar to that between transparent and frosted gl ass.

Wor kpi eces finished according to the present

description may also have a specularly reflective

surface with substantially |ower scratching |evels

(nunber and size of scraﬁggﬁﬁg ¢ as conpared to known

processes under sinlar g conditions.

Prepar%ﬁﬁﬁﬂfﬁfé‘?ﬁl@e% ﬁﬂndQ Pe%[nr ?\Iﬂ?hng level s scatter a

percen age o |nC| In sone
émbs;wrsmmod;utlmlhﬁ 28 lwt%silspersamt(s ollsmrsed ¥ 32000 evhilabledrom Noveon

Divisif FARE| 1y APk RRB NG B Yoinits SRR T shiFes . svaitabie from
Sartom&f C4.{ In@., EkfonPP&) aaaiked fdrhgploRingnélly e Wi Qlﬂﬂi)ven propeller

nalntaln a cut, rate on a mork iece at. a desired
mixer. Dgringppixdng thg mixiee Warh lased igp pﬁaée(ﬂ watgkbata 69 (ko Qcﬂltate melting of

the dispeRaAT iffotthe RlsinOVhzd 57 @ernt iRBINE(a04iBBR! fiin Blupont Chemical Solution
condi tioning process. In another aspect, the abrasive

Enterpriget Bell, 6 Viwes eruisd phier timixingyiniorthefedia usmgiarpsrapviethortar o break up
the Vdo%ﬂt%lﬁl{eg)taﬁlcﬁfa?eg %\ gﬁ#mﬁqgltlg{o? g&lﬁﬁ%pngé IBerch'cT lbg rfhlxmé 5 wt% Vazo
efficiency and reduc ren

oves process scrap
52 into Bb mit%dacmgate pesiratSRo36S. D)l for ymtroxdmatehel h asipg et air tlheen propeller mixer.

S T R SRR RN

SonoraSMELi &f dried WefokPhse &8 phitthgdth¥NIYKA D 81400 At8 GEnd¥] cBntainer and
three imensional, textured, flexible, fixed abrasive

heatmgéléqngnpad]@qr i An ovieReset @ 1RO ng far 2 slags. r?ﬁ? NAGHR M4 veas then cooled to
room te%{rﬁéfa@ﬁ&ta}id e Bk %ﬁfeﬁfelabéd%ﬂ'ﬂg 13camkiY GeCOMPOSi tes. The

eci sely shape rasive co Ite may include a
Pershin pphadewanptoduase baimiping dfe. fotrh‘emge:ptmpolneﬁmsmshgra high speed

con TS U oI B A 55 e, i 1 0
photoinstiatdratrgacunel 8 19 avallabkiftogn SibafSpedalty ChanioalfEFargsFaGNY). The resin

t he %f d co ri ses providin er abrasj ve
premix IS gpived) 08 RRATORRARY, Femss ARk Be PO ek diolyed.

Wlﬁythﬂ@ﬁnlbihdkhﬁre%E@shﬁ@aﬁa% préduc8@ PR mAaRE ¢3465 gtoh fesin premix

relatively nmoving while contactlng t he contact surface
describeghgboyp avitheiditiSrgef NYAD M400, 10 g fumed silica (OX 50, available from Degussa
Corporation, Parsippany, NJ), and 91.5 g of 1-5 micron tin powder (SN-101 available from Atlantic
Equipment Engineers, Bergenfield, NJ) under high shear using an air driven high speed Cowels
blade mixer for 30 minutes. To this slurry mixture 0.25 g of an antifoam (Dow Corning Additive
#7, available from Dow Corning Corp.) was added. The mixture was allowed to cool to room
temperature (20-25 °C). The slurry was then mixed for 15 minutes under low shear using an air

driven propeller mixer, during which 32 g of the thermal initiator solution was added.
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surface and providing a superabrasive material may be

si mul t aneous. Such enbodi ments include, for instance,
wob@n/omsss | pl e abrasi ve conposites are forned MT/HSRA06/040317

resin phase and a netal phase where the netal phase

does not initially conprise superabrasive material.

Secondary patterns may be provided in (for exanple,

die cutting) the three-dinensional, flexible, fixed

abrasi ve construction(leaving cavities in the

t hree-di nensional, flexible, fixed abrasive

Prepar&@6s b Metal Mebin ﬁﬁ’lﬁef PhduFRY SIIH 2be lamnated to a
backi ng. A m xture cont ai ni e superabrasive
wgqr@

Aedigersim qff78re ¢frd 08 meeah timp 1@@@141@14:13: Miivanleel WI) was
i S

conBESHERD TR DR R RO 8 18801 ity RB ot om
catalyzgdg,rand 4§ tnalred §0: 5 Onsqprd>mpqzil and wafzpl Thisdismmsion vas mixed for approx1mately
30 minSeRE! ag&agwﬁqlgat er is distributed across the

Str Pace off The™Phg dwﬁ@h3|onal flexible, fixed

abrasi ve construction such that the charging of the

MAth superabra5|ve material (that is,

Preparfb?‘ﬁ\/?‘bﬁ?fj‘? ginsBigderbresursoe Shures i al ) takes place
Al didpetsfneTUs| Yo b niesh éﬁpb&?o\(vdép ligtfa AMRODERRLKRIWT) was

In other enbodi ments, provi e super abrasi ve
combinghwitl 30 gled §P<p?1}’alf§@n thatée @Se&?catq%weldyl 8ﬁ§h iA{B, 2 hart epoxy, from 3M
Compef KA S007 80 PRISL S AL HFLBNATN Biprs i an i
dnvmusqmﬂbnmpmSuch enbodi nents may i ncl ude when the

superabrasive nmaterial is provided by a process of

m xing the netal phase and the superabrasive materia

Preparwom(sfMetai-mremnrmnﬂaembmsr SRirfP4POSi tes conpri sing
nmet al phase. |In another, aspect, such enbodi nents

{g‘rﬁ’éﬁpﬁﬁ@f\m sh0Q meshyin Rawdes (Rigmp dgichs MRk, 0 Wap eormbined with
30 g of 5}%‘5{'{ Qesﬂh@&@ilaﬂ@aﬁ&@ﬁ:ﬁl%ldmg@@@ma} eﬁlp%fploa? ﬁ;ﬁ;% 3 &omgany, St.

I ni y conprise superabra3|ve
Paul, M) uTdedlé}Per?wlx Wias mixedrfomappiaxgmatbly 19upientebpsisg weair driven propeller
material is used to charge the netal phase with
super abrasive material before the step of relatively
novi ng the wor kpi ece and the abrasive construction

mixer.

e R AR S LB it "

Prepar&t@ic! MethodI rel ates to a kit. Such a kit may conprise
a three-dinmensional, textured, flexible, fixed
Tyredimpasiepfisexived: Brribla fixpdabiasive epmposits erdieleawereanade generally

e s 4 0 PSS FTARS .y R, IRAGAAASY ot
prOVIdedm@memmng dnearpyed |cs\st196 $hapwdicalr ths itad veoninabé foem of inverted
truncateﬁ%r{g-mdseg%y%n{l S havn?g appr60x1ma e almenm%lns including a depth of 800 pm, an
opening of 2800 um by 2800 pm and a base of 2500 pm by 2500 um with a center-to-center
spacing of 4000 pm. The mold was essentially the inverse of the desired shape, dimensions, and
arrangement of the abrasive composites.

An approximately 305 mm (12 inch) x 508 mm (20 inch) piece of the polypropylene mold
was adhered to a 3 mm (0.12 inch) thick aluminum plate using masking tape (commercially

available from 3M Company, St. Paul, MN) with the mold cavities facing up (open side exposed).
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phase. The netal phase may or may not conprise a
superabrasive material. The kit further conprises

WO p®voursss ons for carrying out a nmethod as desePeT/bsb06/040317
herein. Cbjects and advantages of this invention are
further illustrated by the foll ow ng exanples, and the
particular materials and anounts thereof recited in
the exanples, as well as other conditions and
detai | s. Exanpl es Preparation of Metal-Resin Binder
Precursor Slurry 1 A dispersant solution of 25 w %

The me] SRE SiANr pteoatssP @mﬁ? SM@ial -R2OPBindRY Plcb@bbresifnrd QW@Q spread by

Di vi si on, Lubri zol , Manchester, U K. ) and ' .
hand mégeihyt’realaéltlﬁ%@ﬂllﬁg ¢ BRRbeBRuEEgea NEXE, abJIOlyeStpbbﬁcsmgt(d)%pm@cls (5 mil)
polyest%rnﬁ;lm ha%ﬁxt ?a\?l ee;c]h /f%ng\ggfyhc aci mdxfé)%[yxﬁ BFan)ér a8 ;}eﬁéré%egto glcgac%ed,
avallabm a)SiSumehpmgM floacid Gdﬂnp&nh)&&is&ﬂnﬁ&ﬂh@ Wlthahélm(eﬁﬂre@i(ﬁ)sldr@—coated

facjlitate pelting of the [ N the resin.
mold sugf it s s T3 Tt GRS YBIoPS o)t PRSHED R op laminator
with rubb io1fedd (Chemitsh@mheRR! Boifteld ©H)BRlslused W fadiB@teGhs! ﬁﬁﬁﬂta contact
prior to mixing into the resin using a ceran c nort

betweetl Greppeseliedip s and s backinglhe demisatpares ensraiedat an/apphed pneumatic

s DA (P G b b 39 LTty 0 81580 R R i e i

metal-raiplp slowy neeted lylolll dndulss pdyeater haakimywaseherpexppsdd te Ulmavieet (UV) light
t & i

radiatiy ol Rl i e S airut o BRAGR , pessms,

(commmbally @yailabls febin AehdpieiroUkra Rtet IDpriplds M@y HEll, NAR H\Aw&n 4.6-7.6

i 05 B e a0 bt S B g L1 oL 2 1 3 s

slurry. meenvqgﬁb ﬁ%dt@asraQQQalﬁﬁ'B?@sﬁlﬂE WeBoudP ke By 6PN BET57.5 watts/cm
sealed with vinyl tape until use.” Aresin pre-m X

(400 WﬁFSéaﬂ@eHlem}atmalqlr@aqlmg fopbtrustionyyas prsseshibraughlkd WYy lmhts twice at
betweeH L1%—7 8 ‘ﬁ?ﬁ’ﬁin §%V\§§ # /Hlltl D5 n g«gly%s%% b@%k{ \gpﬁln? &ﬁ%ﬁl\/nl%/%h%s The

wt % di’ spers solu
polyprqphk@nc)nnld (ivathahe partiglic cured ﬁi&ﬁl-reama;ildr@hirﬂ the pcbiy@teb dacking) was then

o G s RS SR 1S et B8 Bl p

placed PdtRlo@iorthé hlatndiung| pﬁ‘ﬁd}) A\ﬁQ@pro&qnﬁmél? h che®l4Nin 3)nﬂlﬁftz plate was placed on
recursor, slurry groduc ed mxing 1 of

top of t %gqlwramé?ﬁe)mléé% keegdbiaingvle IWweztsth@ush ghed? V isgssor for one
pass at bt@8en 4.6-06 IAMBRA(1319 & An{ePhurdlh wi¥R HeHRYPr gy PeRe BEAH $88 facing the

UV lights.

Upon exposure to UV radiation, the metal-resin binder precursors were converted into three
dimensional, textured, flexible fixed abrasive metal-resin composites. The mold was removed from
the abrasive composite/backing. The metal-resin abrasive composites were then heated for 1 h in an
oven set at 80 to 105 °C to complete the cure of the binder system and to activate the primer on the
polyester backing.

To prepare the abrasive article for testing, abrasive composite/backing sheets were
laminated to a 0.762 mm (0.030 inch) thick polycarbonate sheet (Lexan™ 8010MC, available from
GE Polymer Shapes, Mount Vernon, IN) using a pressure sensitive adhesive tape (442 DL,
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Cor poration, Parsippany, NJ), and 91.5 g of 1-5 mcron

tin powder (SN-1A available fromAtlanti c Equi pnent
weownesss, Bergenfield, NJ) under high shear BGI/N§20861040317

air driven high speed Cowel s bl ade m xer for 30

m nutes. To this slurry mxture 0.25 g of an antifoam

(Dow Corning Additive #7, available from Dow Corning

Corp.) was added. The mi xture was allowed to cool to

roomtenperature (20-25 C). The slurry was then m xed

for 15 m nutes under | ow shear using an air driven

availabl® rfr%?m eét &ff%?fli\]g.d& kh2g cﬁp 1 hrg%z d8uRfer Elli]&ﬂ%rqgéi gﬁhple was die cut

n was a aration
fortestm@t al - ReS| n Bi nder Precursor Slurry 2 A dispersion of
70 g of -100 nesh tin powder (Sigma Aldrich,
M | waukee, W) was conbined with 30 g of resole resin

prepargmfegmﬁmﬁs vvt%sol ids, 1.5:1 formal dehyde
phenol ic, KOH catalyzed), and 15 m__of 50:50

A8 SPRTERENEALY é%n%&larmch}ﬁﬁ@f% o8 [k i85 1) Pisa ST Hiespoly prgylene mold
was ad}éfb‘artg)é'?a"fﬁﬁl?b X2 FRhHK B8m até 'ﬂsﬁg fnaﬂﬁh%r Be RioRRE LRIy

m Xxer. Preparation of Metal-Resin Bi nder ecur sor
avallab15|fxm ML ompding ¥ BiubMishesptr) gvitfthe pobl qreiiss G (open side

coose P SIS NS ) I s

by handhﬁﬁ)&hesé/ca(ltl& ysigta mbber;sguéegemﬂ‘ﬁé/hl@mmpmm plateStnd fzd Imold was

prmit ] e T 5 S SRR TSl v

°C for 1Fi{ RB2Cabi PR, @ ~WEbAl hRRS 100 E’(D melrh %Qﬁldlfeszﬁfd nebld Fa tHenAooled to
di’spersi on of -100 nmesh tin QS@SHHAld”Ch

room teVpeigauk eéppwynawa:g 10®giof m@a:d\fm‘cpﬂqhw L A rpoxyassip was applied

asa puc%%\/@) n‘g i ﬁ’e%tﬁﬁ%lﬁ Ff{}ﬂk}%dl %ﬁ'}eeﬂﬁ "Blér n vvas m ]3(358%8

applied fooér th@tmhng amt eployy 1d3inm A slieetsofigdase gvaathea Ipiacekil pvarrthe Scotchpak film

cusin BB} S o B S BRI R 5 P i s

left undMetrB@pfol 13 I &RerdhdTeivbsdy @8kah harti@xtl tieadold a8 Xxéhbwedfand €k composite
abrasi ve conposite articles were nmade generally as

article wasdsntep &af 2 atJOSC. Phiseampnite astickswasrihan digreykipgbs 12 insh circle.
Eight a@ciltlgnal gbnq giréigsr &Ql)éld?@&t ‘hgeﬂ‘lthé (%%eg 2)f #8392 inch article. The 8 holes formed a

circle with each hole about 2 inches from the perimeter of the 12 inch article, as shown in Figure 3.
To prepare the abrasive article for testing, abrasive composite/backing sheets were laminated to 12
inch diameter, 0.762 mm (0.030 inch) thick polycarbonate sheet (Lexan™ 8010MC, available from
GE Polymer Shapes, Mount Vernon, IN) using a pressure sensitive adhesive tape (442 DL,
available from 3M, St. Paul, MN).

Preparation — Method III

An approximately 305 mm (12 inch) x 508 mm (20 inch) piece of the polypropylene mold
was adhered to a 3 mm (0.12 inch) thick aluminum plate using masking tape (Commercially
available from 3M Company, St. Paul, Minnesota) with the mold cavities facing up (open side
exposed). The metal resin binder precursor slurry (Resin Binder Precursor Slurry 3) was then spread

by hand into these cavities using a rubber squeegee. Additional resin material was then applied as a
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provi ded conprising an array of cavities. The cavities
in the tool were in the formof inverted truncated

wo owrAgiseed pyran ds havi ng approxi mate di nensPONES2006/040317
i ncluding a depth of 800 mm an opening of 2800 mm by
2800 nm and a base of 2500 nm by 2500 nmwith a
center-to-center spacing of 4000 mm The nold was
essentially the inverse of the desired shape,
di mensi ons, and arrangenent of the abrasive
conposites An approxinately 305 mMm (12 inch) x 508 mm

bead alo%%gréé 4 ?B%%gd h%la? oE §J:(¥a{£aﬁw SRE TR HoVR 3heAEHR 5EFmold and

um num'plate using
the consﬂmiomrv@stpmeed(wﬂmnbbm ra]lléry asdeartitzd|ie PfaperatiGn- Gatipednly The

nol d, cavi t,i es~f aci ng,u
construcpiyy o HNAE] SFR IO LH TP ey T Bl e R gistrbed
for 15 h. (Aﬁéﬁh@ zfﬂesﬁi e @he PR Ghid18 fas ﬂnl}tka& aﬂd the@smpbste arucle was
spread and into these cavities using a rubber

heated f@c@Jle eig’éb°C Mexprepace the pirasivesertiply & taging: azb?a% qoRPeRite bpcking
sheets wgrg ém O YGS L Bl76h | ﬁrhd]ﬁ? 1ﬂ9hJQElcE%BI¥'LﬁE&1a?§§}¥&' emtd 8010MC,

mer primer o e coat e
availabl@ftaiml @E Pelyatr Skapes; alof Vieynoby Mtsm@mmmy)selwag/e adhesive tape

I T RN TN G O T T (YR

die cut fOREkid}g. A bench top lam nator with rubber rollers
(Chem nstrunents, Fairfield, OH was used to

facilitate the |ntimate cont act between the netal

3l viekigdy and the backing. The I am nator was
PreparJt per at edlw;\t an applied pneumatic pressure of 414

kPa
f(xﬁ @pmsm)natﬂbeﬁ OSanﬁl (12 amhI 2408 meh§20vineh) Rieee pf the pkypropylene mold
m nym
s a4 L2 TR o Sab oL by
availablé erold 3IVIaCantagy) Wikhhe hri@dh taviticdifadingup @pem side @mmd)nljhe metal resin

SURRLLL I e T e

cavities ukﬁlé aVhieP bqucsee @Q(Ydltl@ﬂéﬂ ‘fdémHhétbmalNﬂa)s tlddn Applistesdra bead along one
7.6 rrimn&lSZSft/mpa The UVen%H% X&a
edge ofthean@lﬁh ¢ et Seetehpak REwananpliad oy H ey rep apdfugld anddhe, construction

was presc‘sleétI (7\{1%1 nx%ﬂ-l%? éérijlgtrg agrﬁg%clﬂ?g(g 1n‘éﬂ§%e§atf@1d— MVIZHHBE €SB @nétRIcEYh Was

tts/cm (400 watts/inc
allowed'l’h euqalfalt 15 et rdorh darigpengursofise laminatonasias up@g@é@dtfﬁrr b‘b@ Hifter the
t he hts tw ce at °
epoxy s PR SR RS STy S0 Bl TBRERIPG G LUTTh et heHer2 hat 70 °C.
To prep!aﬂegﬂé %raﬁ&@arﬁ&% Yatemib %ﬁasmhdm@mﬁeybablﬁﬁg Bledetsivedre j/ammated toa
cured nmetal -resin slurry andtheT ol yest er l? 8‘%
0.762 oD 0 Heinc dhice ey s AR B (LATARTI S ORI o P S iF Polymer
Shapes)stﬁlﬁgh%regsﬁﬁ RONR ARV RNEpd kS DA Gy iBBle Tbnk BVMEOSpany). A 30.48

cm (12 inch) diameter circular test sample was die cut for testing. These 12 inch diameter articles

were further modified by applying a 1em wide bead of mixed DP-100 epoxy (3M Company)
creating three concentric circles that were planarized with a rubber squeegee, as shown in Figure 4.
The epoxy was allowed to cure for 1 h. The three concentric rings were 6cm apart with the outer

most ring located at the perimeter of the 12 inch diameter article.
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pl aced back onto the alum num plate. An approxi mately

1 cm (0.4 inch) quartz plate was placed on top of the
w@oioypsmps/l ene nold to keep it flat while it WeSI/B82906/040317

t hrough the UV processor for one pass at between

4.6-7.6 mMmn ( 15-25 ft./mn) during which the

pol ypropyl ene nold was facing the UV |lights. Upon

exposure to UV radiation, the netal -resin binder

precursors were converted into three dinensional,

textured, flexible fixed abrasive netal-resin

) c osites,., The nold was renpoved fromthe abrasive
’ﬁ“@esggﬁgﬁﬂﬂ Eﬁgklng The netal -resin abrasive conposites
Dress Were then heated for 1 h in an oven set at 80 to 105

0] @ I i
et St P Plob s R SYFARR A St s

Luis Obﬁ%@ R8AL Al B PREiASbMEvAEh$dsBe bAT whESbimed ol pﬁtehelsmg a pressure
nmposi t e/ backing sheets were lam nated to a 0,76

Sferlsltlve( alhedoe The myetal psirkabprsi e camIpe e RAAS HEES PreRaESARY ¥6ﬁ5mg8‘@/11mtlal
COHdlth{llﬁ% ’us@ig% dn"flﬁé Axdd s (%% XKE}B ﬁgh e%le AHBM &&ﬁgﬁ&) The 268

a pressure sensitive a Sl ve tape
XA alunhiha fixed iﬂ:&bﬂlm fasonBi4d tSthre®#G Imm RIS 6 inghBdiamster k3 (18amm (0.125

t
iny ik B5h OBl S5 B Aoy g
268 XA@EmaélL@ oh g sutfabDerdMouRRd iths m52 fineeinclf) didnseter x 15 mm (0.6 inch)

pol ypropyl ene nol d was adher ed t 2.1in
thick alynpingme mgtalRlHe H«plﬁg @pgntuglw 53)%281%86 ce(i’h% L&gts Inc.,

Valley @%‘fégé E}M{dﬂc o 6 3MHRIIRR Plate Fhe c%ﬁ&ﬁltlomkk PRESWAPItavhddo the upper

avities facing up (open si de _exposed).._ The
head of thetlegpingwaching sndevas pwed anspplios) m@qsyre(qﬁggﬁﬁd)g,@] a@} for 1 minute

using a qu%%{l{-{ %gtren %1&] gun%e)r b%\@t?n% '}gglgcfec)ﬁﬁ'qﬁhgﬁg tﬂ?a@éj Dl cgﬁkﬁé&lng, 10

usi ng Fum num
vol% SabPdlubel QGIGQCHﬂhdaW\@SkltBeLﬂ{etBlaff, 9 inldgiohiaed W@errwaﬂﬁuephqlt at a flow

room tenperature and then cured in a circulating air
rate of BB 60 OC for 1 h, 85 0C for 1 h, 105 OC for 1 h

Lap @and 120 OC for 1 h. The plate and nold was then cool ed
to roomtenperature. Approximtely 100 f_m xed .
oo pine Mo dremarepyad (8 aRipeae lFAphg el (V70 Mol Based Vehicle
avallablg%ﬁl %e%ﬁ%%ﬁet%%%ﬂ&s 'ﬁésqilélﬁt%S{L? wfi’tﬁ‘i)I'Weité% aA rﬁﬁlﬁﬁ}t we] with a high

Conpany) was appl i ed over
shear ait mdrteir Ngftarid mipotey of msqmg 44 1ah gelolcnfstaginas@nmg (ﬂ“ﬁ@rPD size 4-8,

available ff?cl)(r:ne"gomgleéor}agr%tl(%: ofI r1cl§ &ecia%ark, TX) was added at a ratio of 0.2 g
diamond : 100 grams V170-H,O mixture. The diamond slurry was mixed for 10 minutes. A series
of 10 minute lapping tests wefe performed on C-plane sapphire (Crystal Systems, Salem, MA) with
the platen (304 mm (12 inch)) speed set at 180 rpm and the substrate speed (three 50 mm parts) set
at 100 rpm rotating in the opposite direction to that of the platen. The lapping fluid was supplied to
the pad surface at a flow rate of 6 ml/min. During the lapping test the lapping fluid was
continuously stirred using a magnetic stir bar. After each test the removal rate was determined
through weight loss measurements of the sapphire substrates. The removal rate of the sapphire work
pieces was calculated by converting the weight loss during lapping (M in grams) to thickness
removed (T in pm) by using the following equation:

T = 10,000*M/(A*D)
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15

causi ng the epoxy resin to flow over the netal/resin
mat eri al and becone planar. The | am nate was | eft
wapa7essshed for 15 h. After the epoxy resin he€eOesm®de/040317
the nold was renoved and the conposite article was
heated for 2 h at 70 C. This conposite article was
then die cut into a 12 inch circle. Eight additiona
5cmcircles were die cut near the center of the 12
inch article. The 8 holes forned a circle with each
hol e about 2 inches fromthe perineter of the 12 inch
where A@Etafe‘élo? theBRbSHANR i Narfd 194 Rnstty of theuBRARK g/che), BRI SPpM&: had a
ticle for testing, abrasive conp05|te/back|ng sheet s
density mé?r 8 gfcarti Hhe sutface finsh phitbh satiphise werk pigocpavas maapwedate: the last
t 1
tapping QS R chotl 56 SN HEALARORTD EEE nOAERR A PlIBIC T A Tencor
(MilpitassCAY ThepicHomerr hans.2 Ipuﬁstﬂdh’&p radalst Tﬁhede(taﬂﬂe@oﬂd is an average of
avai |l able from3M St. tlo - t hod
four 0.25 jpm sgang (aken 2t Ahdearges @@51 %ﬁh pthor %tﬁle%’}ui adys (5531111 parts. The
scan spée‘a% 008 GEmAb: Wi a@%ﬁlﬁl{%ﬁél 2160 PRladd Waoridsia r&dlutien 3f 0.05
3mm (0. 12 inch) thick al um num pl ate usi ng maski ng
microng witlearf &otieren dngl wayelppgthicatf& f r om 3M Conpany, St.
Paul , M nnesota) with the nold cavities facing up
(open si de exposed). The netal resin binder precursor
Exampldsur6y (Resin Binder Precursor Slurry 3) was then
read b hand | s aV| ies.u a rubber
Th SltpeattioRs fred B reES 0 AR bPFR S TR hen app! i e

Tablelascanhgaﬁtlakmgmaﬁ.pMQ%of the mol d. A sheet of

Scot chpak(tm was applied.over the resin and-nold and
the const ruction was pressedEXAMPEErher rollers as
COE&@Qﬂﬂbed in Prephrat£on {Method || . 4The| corfst r {ict ifon
was —attowe I i%5 gt TroorRtenpe T 141
Acrylatefegigi at e Waslllgééf‘t undi & ur beiélg'?or 1’5”7%(F Afilgérgtf 1198
Dispersa@BO6n " €Si1|N hABdenedid.he nol B.31as resoved am@ the 13.3
articlelwas heated for 12 h at 0-0C. Wa)
Photoinitglprepar e t he a8Pas velé?tlclelﬁgr teéﬁﬁng a%@%sivéfm
; ROSL Te/basqiNgl SNaglsS Wehg4lgam naged 10781 §. 152311
Cdmmn%%abggelnch) thi ck polycanbonate |sheet (lexan(tm
Fumed siB&1 OMC, avalﬂ&BIe f r &0 GE | PolG/rer| ShHapes| Muht | 10.0
\ornaon Il\ Aot ia v —adlbheootryvroatd o
s vCT T1TUTI, LI Ilu DDLII C 3T aulT [
Antifoany 142 DL, ava 13 3 fpg %?5 FauP?ENN.‘@g%O.4§ﬁ§ﬁ
Thermal {nktidtot NCh) [di anet ef ci _rcul lI‘ test |sanple was die |cut
Solution! O testing. 3pPveparappon | Method 1¥9.0 32.0 32.0
Tin Powder 1-5 micron 91.5 - 38.3 289.0 - -
Tin Powder - 325 mesh - - - — 91.5 -
Tin Powder - 100 mesh - - - - - 91.5
Cu Powder - 200 mesh - 102.5 — - — _

Example 1

A metal-resin abrasive composite pad was produced using Preparation — Method I, above;
and tested according to the Single Sided Lapping Test, above. The metal-resin abrasive composite

pad of this example contained 5 vol % of 1-5 pm tin powder. The resulting removal rate data is
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An approximately 305 mm (12 inch) x 508 mm (20 inch)
pi ece of the polypropylene nold was adhered to a 3 mm
W@ 201847562 h) thi ck al um num pl at e usi ng maski NBCT/HR®06/040317

(commercially avail able from 3M Conpany) with the nold
cavities facing up (open side exposed). The netal

resin binder precursor slurry (Resin Binder Precursor
Slurry 4) was then spread by hand into these cavities

usi ng a rubber squeegee. Additional resin nmaterial was
then applied as a bead al ong one edge of the nold. A

shown e BT TSRSHERARMG! Sy @EpRRPN AHicOUERa IR T183hBURRA. Visual

and the construction was pressed with rub
lnSpectmqu @wswakpld@sﬂapvvb@wqeﬂemrswalaamfbﬁtancel\@ﬂmlw . The
construction was allowed to cure for 15 h at room

Table]& Aﬁélgbu‘{eﬁ}%&]’? ﬁesuﬁ]tatf(?r]\f\’a%neé]eft undi sturbed for 15

Pask N har & the nold was renoved

adpliEPreyEoSkRE(pai t |

Cluamulstise Maad @aling

DIR ezhdvabBR atd Qurfiin)

To prepang (V,@E abr asi
conposi t e/ backi

e artiche for te

st 1 ng, abr@si ve

I ng shegts werepfam nat €

710 a Up/p2 mm

(0030 Tmch) thick pol

ycar Don% € sheet

¢ Lexan( Y

8010OMC, avail abl e fromGE—Pol YT Strapes)—usi g &
pressure sensitive aducau ve—t “e (442 P —avat |1091|
from 3M Conpany). A 30-48—em Heh)—diaretet
circular test sanple \M% .o testing—1

i nch di aneter articl es_were 0%t her modified h\21
applying a | cmwide bead of nP&ed DP-100 epaxy 2B\
Conpany) creating three concef@ric circles t hat2.2wer e
planarized with a rubber squedfee, as shown in2H gure
4. The 'ﬁ??&f s alloyed to cue for 1|h. The three
concentr hgs were|6cm apardp wi th the outer st
ring located at the perineterjspf the 1Z inch dijggreter
article.Single Sided L_appl Ng St Dress Tests wefe
performed on a 6DC singte bl Ul%ol appi ng mac i 50 .

avai |l abl e from Strasbaugh \oaf6 ttt-s—Cbhi-spo; €AY
metal resin abrasive ¢enpesi Lfmpad Was et edzsf‘;nt..e
platen using a pressure CMC'I ve adhesiv t-al
resin abrasive conposite pads &Qprp prepared f or2-3
testing by initial comditioni¥§ using alum na PiXed
abrasi ve (268 XA-A35, |availat#0® from 3M Conpan®)l The
268 XA alumina fixed abrasi ve2las nounied to tkEe, 65
mm (2.56 inch) dianmeter x 3.18 mm (0.125 in.) thick
Borofloat (tn) glass disks (Swift dass, Elmra, NY).

The three Borofloat(tm disks with the
Example 2

F E)

A metal-resin abrasive composite pad was produced using Cu powder (-200 mesh, Sigma
Aldrich, St. Louis, MO) and the Preparation — Method I described above. The exact composition is
shown in Table I. A Single Sided Lapping Test on C-plane sapphire was conducted with the results
being shown in Table III. The surface finish, Ra, was 200 angstroms. Visual inspection of the

workpiece showed excellent specular reflectance and clarity.
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268 XA abrasive on their surface were nounted to a 152
mm (6 inch) dianmeter x 15 mm (0.6 inch) thick alum num
woredoal4pbat e usi ng nmounti ng wax (Crystal bond 5POI/0CEm®as/040317

Arento Products, Inc., Valley Cottage, NY) to forma

conditioning plate. The conditioning plate was
attached to the upper head of the | apping machi ne and
was run at an applied pressure of 20.7 kPa (3 psi) for
1lminute using a 180 rpm platen and a counter rotating
100 rpmconditioning plate. During conditioning, 10

% r.el ube 90 kite, Lake Bluff, IL)
Table“i/n %ﬁﬁg@ appipg ﬁggéﬁﬁmg q;t a flowrate of 30
ni L/ fin. Tagplidhe | appiCugldtive dimas | pr &eanogal Rage mi xi ng

the | appishig -M@Ripdie | (V170Maher Based (Medrs/min)

avai Im’@mpeedf am Pefigr Wol térs, Des4Pl ai nes L)

Wi thDBHwater (I I 1atio DgoWE ) with a high sheal air

m xern. After 10 m'nueb ou XINg 4-8 nm 5

pol ygryst4l.7T (@ di apend—TCH-PD—sirze ¢-8L9avai anl e
from|{Tonmei Cor por at i-rern—of ett+eca,Cedat T@rk-—JFXj was
added_at —a ratioof 102 g-drarponrd——100—gramrs—Vi7#0- H20

m xture. The dianond slurry was m xed for 10 m nutes.
Exam 1@ gseries of 10 mnute lapping tests vvere per f or med on
P pl ane sapphire (Crystal Systems, Salem MYy with t
JohmtabresinGbaasivmcpmpositeatayl corfpiming ealume Yo ofpl-p b‘ﬁ% %BOW £ wes.
5 produce?c’ gi;buié hﬁg’repﬁpa?ﬁg ﬁ\ﬁ&fé@ﬁ e ﬁd@??%e?])rth% @iac%or&&ﬁltfoﬂ% shown in
Table 1. FDJ ﬁh@ﬁ Sided (Laja}ﬁng)Tm;j ohl@jpkzlnw\mpk;mﬁpwﬁh the rpstyllts h@mg g]@pwn in Table I'V.

ace_at a flowrate [ lent

The surftags nigh, Ray \g?)spll 8I]| dmgqtmnas Sésgal 18§Reg%|;]on of[q‘% {Ng?ﬁpr o oﬁvghane&gel en
specularde RGBS hid Girity. bar. After each test the renoval rate
was determ ned through wei ght | oss neasurenents of the
sapphire substrates. The renoval rate of the sapphire

10 Table I _régngh ?F}ﬁg I}’é@éu&%é‘s‘&l@?&%%ﬁl@ pverting the weight

0SS ping (Min _qrans) t hi ckness Len:qved
(T i N nm) Appliedi ng t|heClironlpivsi TﬁgleequatR%(?Va’]rR‘j‘te
10, 000Pibfue Dk |A = ar(@dndf t hel sulpdetoay/minc npl)

and O = density of tlhe substirate(g/icm 3), Oahd sapphire
had al density of 3.9 g/cnB.20The surlfface filth sh of it he
sapphjire work pieces| was negsured after ttipel | ast
| apping test for eacft pad by USing [@a Tenca i P2 cont act
profi] oneter avail abfefromECA Tencor 78
60 2.7
42.7 (6.2) 70 78
80 2.9
90 ‘ 2.6
100 2.6
110 2.8
120 2.8
Example 4

A metal-resin abrasive composite pad containing 20 volume % of 1-5 pm tin powder was
produced using the Preparation — Method I described above. The exact composition is shown in

15 Table . Single Sided Lapping Test on C-plane sapphire was conducted with the results being shown
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(MlIpitas, CA). The profiloneter had a 0.2 mm styl us
tip radius. The data reported is an average of four
w@2@3/0mssscans taken at 90 degrees from each oOPCIEUSHNDG/040317

the md radius of the 50 mm parts. The scan speed was
0.005 misec with a sanpling rate of 100 Hz and a

hori zontal resolution of 0.05 mcrons with an 8 mcron

| ong wavel ength cut off. Exanples 1-6 The conpositions
used for Exanples 1-6 are shown in Table | . Table | -
Conposi tions for Exan'pl es 1-6 Exanple 1 A netal -resin

br.as C d
in Table 9 Jkﬁe( ﬂ%% ef P rrltlgl%j eWa 2%0 %n‘gs? g@%%? é#ﬁécﬂtg% 5’{ g@\gﬁﬁh&@ showe
excellent%bé&@hrhc@f&@taﬁ@ adslaritgbove. The netal -resin abrasive

conposite pad of this exanple contained 5 vol %of 1-5
mmtin powder. The resulting renoval rate data i sshown

TableVI rSl APSRIel La Byi\% Eééﬁft@f(ﬁ‘ Eidm§b 40f the sapphire

| eces, 14 angstrons \/ji cua_l__;_pg_pg_c_(_j on
of the wordgppliet e sh )\AE@ITEI%EPIT@P& <>pe&?Fné’Val f ectance
and ¢|Rxesstrg— KPalfps) |1 - Simide Si ded I@jsEensgn ts

for Exanple 1 Exanple 2 A ABtal -resin abrbdive
conposi te pad was produced20si ng Cu powdet.8(-200 sh,
Sigmg Aldrich, St. Louts, BO®) and tthe Prepdration|-
Met hod | descri bed above. Jpe exactt conposijtion i $

showp in Table | . ATSIngrggSided [appi ngjfest on
C- pl ane sapphire was c,unuu(GDed Wi th the rgsuits bei ng
shown in Table I1Il. Fhe Stitpace frpsin—Rg; was 200

angst{rons. Visual ins O

excelll ent specul ar refd ectL9 ce—andtelat 20|ab= il -
Singlle Siged é.appi ng—Result’s_for Exanple—g-Exarple 3 A
met al|- r esi n abr asi ve Cnrman e_pad [cont aJ_ZJlng_g_\m une
% of |1-5 mmtin powder waslH oduced usingZihe
Prepdration - Method | des&?q bed above. TR& exact
conpdsition is shown in Tabd® | . A Singl &2Si ded
Lappijng Test on G pliane sapphire wijth the2rfesul ts
bei ng shown in Table TV. Thepsurface finigh, Ra, vas

181 angstrons. Visudl inspggyi on of| the workpl ece
showed excel | ent 170 2.3

180 2.7

)
¢ WOt Kphgce showed

Example 5

A metal-resin abrasive composite pad containing 5 volume % of 325 mesh (44 um) Tin
Powder (Sigma Aldrich, St. Louis, MO ) was produced using the Preparation — Method I described
above. The exact composition is shown in Table I. A Single Sided Lapping Test on C-plane
sapphire was conducted with the results being shown in Table V1. The surface finish, Ra, was 168

angstroms. Visual inspection of the workpiece showed excellent specular reflectance and clarity.
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specul ar reflectance and clarity. Table IV - Single

Si ded Lapping Results for Exanple 3 Exanple 4 A
wWorea0al4156%i N abr asi ve conposite pad cont ai hi ngP@OUS2006/040317

volunme % of 1-5 mmtin powder was produced using the

Preparation - Method | descri bed above. The exact

conposition is shown in Table I . Single Sided Lapping

Test on C-plane sapphire was conducted with the

results being shownin Table V. The surface finish, Ra,

was 160 angstrorrs Vi sual inspection of the workpiece

hQue X ance and clarity.

Tablevi‘é’&' qelgl(ﬁe g’ﬁ“n %ﬁgLE(grp%l qlﬂgigsults for Exanple 4
Exangl e 5 Apptiedal - res@urmldata\&lhmecc nmpoXdniavapBate
cont gi PieB@rd— ¥Pd @B (% of (@D nesh |( 44 mierpnstinim) Povider
(Sigma Aldrich, St. [Louis, 9O ) wag produoed using the
Prepdarati on - Method T desci bed above. The exact
conpgsition is showr T Tayge T . A Singl e /S ded
Lappi|ng Té2{7 (64) C- pl ane sapghiTe Was condygey ed Wi Tjh
the rlesul ts bei ng shoewn |||5baU| e Vi—The 3udrdce
f| ni Sh, Ra Wwas 168 ullyot OB \VI; St a: I IIDQC},LI UTT f

|

t he workpiece showed excell-eht—specular—+&Heetance

and clarity. Tablevl - Single Sided Lapping Results for
Esampl e 5 Exanple 6 A netal -resin abrasive corrp05| te

pad containing 5 volume % of -100 nmesh (149 nm
mmmes@m@aavwmpo@m pagtcontaining > viigmea st p}OQCmSMW pm) Tin

Powder @g@% he ng &ar at I]k/lgﬂ ézﬁl(s) thdl?lged Isbr%:tﬁ% He?%"}%l L g?(fet}g;ﬁgedgscnbed

above. THRRRAN @01-'{196971’(1@{115 %@brﬁfmél‘ @&ﬂphl Sirglediied happing ?Felstvmt(hplane

the results being s in Tab) ... The
sapphire i copdugied with dhersy téﬁ%&% R gy ﬂ? BHETfgy Ra, was 156

. &80 PR IENERIshOREd SRENdH: ecﬁlaf feBeétameand clarity.
angStmIg%e\h%arl ?y r'Il'a le Vlrl%ﬁ- Ssllngl e Si dedgﬁLappl ng Results

for Exanple 6 Exanple 7 A netal -resin abrasive

raoe S SRR K 800

11l Anpt ANl

] ar

Exampl

Lappi hg Tesppli&f t er dr €smilagve Himer | i cRemoyed Ratem
spaceswesseurt HidPechsi)i | h a dinsiper si on| of (mietonetahum
jelly, (EM Science, [@ bbstoywm , NJ)jcontaimg 0.5 W %
20 2.4
30 2.7
40 2.7
50 2.7
60 2.9
42.7 (6.2) 70 23
80 2.8
90 3.0
100 2.9
110 2.9
120 2.8

Example 7

A metal-resin abrasive composite pad was produced using Preparation — Method II and

tested according to a modified Single Sided Lapping Test. After dressing the article the Sem spaces
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of 9 mcron nonocrystalline dianond, (Tonei

Corporation of Anerica, Cedar Park, TX) and planarized
wowrah/ogssaibber squeegee. The hol es were fill edP@i/UB2006/040317

addi ti onal petrol atum di anond di spersion after 15

m nutes of |apping. The resulting renoval rate data is

shown in Table VIII. Visual inspection of the
wor kpi ece showed excel | ent specul ar refl ectance and
clarity. Table VIIl - Single Sided Lapping Results for

Exanple 7 Exanple 8 A netal -resin abrasive conposite
d. was. produc | codfahe 0.5 wt %
were ﬁll{%@gf{t%a%g@grglo& oF Pet o%tﬂlgl l‘}fg)i (f f@l{/l? Ee‘ﬁ € l(ielygsltt%\glg Iﬁg)pcolﬁn g
of 9 micrb@StonotBisilig cﬁarnmsl @%mel @orpbration le dAnienicarGedpsParkp, 10 and

ez ybsophes sk et TR Gof RU R bR e
dlspemo%%{ | SRl BEETUbPing. Eht RElIEAE Renisvel @tearanat iy shokerbineTab VIII.

l e Sided Lapping Results for | e 8What
Visual lr@p%n“une af the: warkpipee shByed pxeellet specpiar %&%ﬁﬂnﬁ glaﬁlfy
pol i shing a workpi ece conprising: a three-dinensional,
textured, flexible, fixed abrasive construction having
Table VAL Slngleﬁldé(hbwmngiRasum at Egamuleﬁac e, the working

urf o

S BPRES oo g SRl o TP e RE Ry TRe

conposi t es; eimthe precis aped
Pres@h}EanPéf{ﬁﬁ}mDOSl te com;minses aresin ph@smrmdnla) net al
AV

phase erein the netal hhaca f yrther cORpPLESes
42.7(6.Buper abr asi ve materi al . 5. The abrlasi ve art?gle of

cl ai m Iwherei nfthe Tesi gpphase 1S [a continugys phase

and the netal phase is a discrete [phase. 3 The

abrasive article of clailfn 1 whereijn the net&/ phase is
a continuous phase—aﬁﬁ—gpe—res%ﬂ—p%abe rS—aygirscrete
phase. 4. The Rbrasive ticle of [claim1 m%ereln t he

preci sely shappd abrasi gge conpositie is adaptéd to
conformto workpiece features. 5 {Fhe abrasive-artiel
of claim1 whefein the PBsin phaselis sel ectdd from an
acrylate resin—a 35 0.8

\>3

Example 8

!
A metal-resin abrasive composite pad was produced using Preparation — Method I1I and
tested according to a modified Single Sided Lapping Test. Lapping times were at 5 minute intervals

up to 20 minutes. The resulting removal rate data is shown in Table IX. Visual inspection of the

workpiece showed excellent specular reflectance and clarity.

Table IX — Single Sided Lapping Results for Example 8

Applied Cumulative time Removal Rate
Pressure — kPa (psi) (min) (microns/min)
5 1.0
42.7 (6.2) 10 1.2
15 0.6
20 0.7
L—
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phenolic resin, an epoxy resin, and conbi nations
thereof. 6. The abrasive article of claim1 wherein
wo b@70et5s4 phase conprises |ead, iron, tin, siPUVBEDS2006/040317
anti nony, copper, cadm um bisnuth, and m xtures and
all oys thereof. 7. The abrasive article of claim
lwherein the netal phase conprises 1to 99% by vol une
relative to the total volune of the resin phase and
net al phase. 8. The abrasive article of claiml
wherei n the superabrasive material conprises di anond,
cubic boron nitride, or a conbination thereof.9. The
abrasive article of claim1 further conprising a

What islghairkédhig: mat eri al attached to the first surface. 10.

The abrasive article of claim9 wherein the backing
material is a flexible backing material. 11. The
Abelrasiveaniclei fot Bppihg of palishih@ awhvekgeas cohprisingxi bl e

backi ng. material i pol ric fil 2. . The abrasiye
s thigp phgiog. it fexie e Wi iconsyedfe e f PP SiriEe and o
worﬁiHF t@Rlcs, the odltih@6lit-0g cdrisrisal)l Dlinatityesttgredigly shaed abrasive

poli shing machi ne portion, optionally wherein the
COMpRRES|i ve is a pressure sensitive adhesive. 13. An

: icl 2 e .

PR PRl PR PR ARl TE RIARA o and a metal phase
whesaim fheceetalphase fiwshéi compsisasfsapeaabradive meteilng sur f ace

conprising a plurality of precisely shaped abrasive

conposites, wherein the precisely shaped abrasive

. TheGbiipios aitek afaighni IS@hdaeindsi msip passe isacbminmedsgihagmdehe metal

wherejn the working surface further conprises a region

phaggis 2 fisete &'ve material in an erodable or soluble
matri x. 14. The abrasive article of claim13, wherein
t he nmetal phase further conprises a superabrasive

eg dyrasiye artidle ofclaiat hadersin o ricihphage &v2 sabiprony phase and the resin

ﬁwﬁggggkg%% gprising: contacting a contact surface of
a wor kpi ece and a working surface of a

t hree-di nensi onal, textured, flexible, fixed abrasive

FROTAFYF g DL RGPS B Bmaosi s i

to conform to workpiece features.

The abrasive article of claim 1 wherein the resin phase is selected from an acrylate resin, a

phenolic resin, an epoxy resin, and combinations thereof.

The abrasive article of claim 1 wherein the metal phase comprises lead, iron, tin, silver,

antimony, copper, cadmium, bismuth, and mixtures and alloys thereof.

The abrasive article of claim 1 wherein the metal phase comprises 1 to 99% by volume

relative to the total volume of the resin phase and metal phase.

The abrasive article of claim 1 wherein the superabrasive material comprises diamond, cubic

boron nitride, or a combination thereof.
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10.

11.

12.

13.

14.

15.

wherein the precisely shaped abrasive conposite

conprises a resin phase and a netal phase; relatively
worewingrsshe wor kpi ece and the abrasi ve constr uBtT/082006/040317

whil e contacting the contact surface and the worKking

surface; and providing a superabrasive material such

that the superabrasive material is provided in the

net al phase. 16. The net hod of claim 15 wherein the

rel atively nmoving while contacting the contact surface

and the working surface and providing a superabrasive

materi al are simultaneous. 17. The nethod of claim15

erein praviding a superabrasive material conprises

She Gl e o lire & Ty doyuer oinecs oSk st dBached 1o the first
surfaéd. icle wth a slurry containing the superabrasive

material. 18. The nethod of claim 15 wherein providing

a superabrasive material conprises providing a region

asi ial distributed.on the working .
O FARSHADGOR Y R Skl PR LERRLLORG macria
article. 19. The nethod of claim 15 wherein the
nt.act sur.f.ace of e, wor kpi ece_ .| .non- pl anar )
A YRR B4R 5 i 5 Br BPfpleBaflis Bilrrihas pobymeric im.
wor kpi ece is selected from sapphire, c-plane sapphire,

i#n%ﬁoxide_ si l.icon carbide, gernmanium topaz, gallium
SEAR, artiele of oo firfhgecomprismeamAdiRgvauiteblg or attaching the
abraSive @Hicl 2 BRisIh Hlachifd Splib Ry | lahO%e i

quart;,_aﬁ' cgnbgngffon tﬁ%rgé?&ﬂgfﬂ&%¥§??e@%%%ﬁf%?ﬁﬁﬂmne
sensiiiverpdbesivéi nensi onal , textured, flexible, fixed

abrasive construction having a first surface and a

wor ki ng surface, the working surface conprising a

ph abmabive y?}iofe qmn@a:i's'mlg |ayhr$]&amgaﬂlsigbﬁla&kﬁ@e(§ 0676k 1x88 abrasive having

erein the eci s a abr asi ve conposite . )

a fir\é%ﬁgg .esagg aawgggﬁgﬁurgﬁés. e gsﬁgqgg PHitaSP CoRBEYng %R]dll‘éllty of precisely
shapetl abiiati®é cOPositey, viRFdihd GreliblytsAsddBbRR e @bm! J)ﬁfem:dlnﬁprise a resin

22. A kit according to claim2 1 further conprising a
phasg@ﬁg R &A5ite) phise, wherein the working surface further comprises a region of

superabrasive material in an erodable or soluble matrix.

The abrasive article of claim 13, wherein the metal phase further comprises a superabrasive

material.

A method of polishing or lapping a workpiece comprising:
contacting a contact surface of a workpiece and a working surface of a three-dimensional,
textured, flexible, fixed abrasive construction, the working surface comprising a plurality of
precisely shaped abrasive composites,

wherein the precisely shaped abrasive composite comprises a resin phase and a metal phase;
relatively moving the workpiece and the abrasive construction while contacting the contact
surface and the working surface; and
providing a superabrasive material such that the superabrasive material is provided in the metal

phase.
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16.  The method of claim 15 wherein the relatively moving while contacting the contact surface

and the working surface and providing a superabrasive material are simultaneous.

17. The method of claim 15 wherein providing a superabrasive material comprises charging the

precisely shaped flexible abrasive article with a slurry containing the superabrasive material.

18.  The method of claim 15 wherein providing a superabrasive material comprises providing a
region of superabrasive material distributed on the working surface of the precisely shaped

flexible abrasive article.

19.  The method of claim 15 wherein the contact surface of the workpiece is a non-planar

surface.

20.  The method of claim 15 wherein the workpiece is selected from sapphire, c-plane sapphire,
zine oxide, silicon carbide, germanium, topaz, gallium arsenide, gallium nitride, Aluminum Oxy

Nitride, steel, chrome steel, glass, silicon, crystalline quartz, and combinations thereof,

21.  Akit comprising

a three-dimensional, textured, flexible, fixed abrasive construction having a first surface and a
working surface, the working surface comprising a plurality of precisely shaped abrasive
composites, wherein the precisely shaped abrasive composite comprises a resin phase and a metal
phase; and

instructions for carrying out the method of claim 15.

22.  Akitaccording to claim 21 further comprising a superabrasive.
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