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ABRASI VE ARTI CLE AND METHOD FOR MAKI NG SAME FI ELD OF
THE | NVENTI ON The invention relates to an abrasive
wanti7oB@eand a nmet hod of nmaki ng an abrasi ve ar PCTIUS2006/031424

nore particularly to a binder suitable for formng
abrasive articles. BACKGROUND OF THE | NVENTI ON Sone

forns of abrasive articles conprise a plurality of

abr asi ve PERASIYE &RTaAHE AVDIMEEEPD FRRMNAKINE fS8Bnt t ypes

of abrasive articles are avail able. Anong these are:

(1) coated abrasipigrdy OFCIAE INVENFI6R @ bi nder nmake

coat bonds the abrasive particles to a backing
mathe inventien wylates'ts andpagize Yiticld £ 4 mpthiod 9f omkingdhn abrasive
. abrasive .articles,. in which_.the abrasive particles are
artioff 35S BAHOHAAE  intet sPHRHIS fon G B ARV B oS | ¢ o
which is bonded to a backing to form an abrasive

article; (3) Bh@@cﬁbm@ﬁiczwnﬁhgmfmosi te

abrasive articles, in which the abrasive particles are
di Spree Sensi of ahrasiva @diclassomprise a ppiralitslof ayrasife phrtiakss ard a

a0 TGN, 498t o P ool ed e B RBAL P BrbRE LT )
coatethrbedrivehwrtibles)de vhivhrdindddenak@rcoaiBoads tRadiRBle fadtidl@Bla

a shaped mass, e.g., a grinding wheel or brush; and .
backmgymafgHald6 €n "sandnancy’s; @ {appinescoated akfasiis aptidespimyhich the
eSS BEOUE 63,504 R LB s o
to a leickingrte doinf an atlbsiveTdrdclbj (30 éire¢-dirhédrsicmbl dmpaecanpdsitt abrasive

. is.usyal.ly forned by gcuring a binder .pyrecugsor. ,Durin
articlefdn sﬂ%%%ﬁﬁg@ﬁwsm%ﬁ@s i ey dn bRt 1 f%{n&- Rigality o
abraéi’i?di‘&cﬁﬁ]f@iteéﬁv}ﬁé%cs, 86nded t& A bRAIBhY Yo RRM mSbralllieGlticle; (4)

ically results in the | ymeri zation or

bondtég gb,r@siavrq Ritisdeson whieh ﬁ@lb}mﬁ&? bordsrthe particlss fagethea tesfoiing shaped
bi.nder_ . i de_t.h
s 00 SigF PLSP 300, Al S

binddrithtls therabwdsiiclpatticlds@hto thSEWMARY aGonWdizer MG kéDNtrate in
i on provides an abrasive article

.. Briefly, the, inven i .art
elthe&_%ﬁt#? §Pﬁg>réi}s,5er=ﬁ§?%fq%t- ofhednipdrsiiy hepbrasi e asticla mausgally
formBd BYehriNg8 bRIdBr 8GR N#Rkin ﬂeé@rﬁti@n B TBiasil O LAREL, the

. by a reaction between a polyi socyanate and a
bindgygirgamxsor anexpabakteian endrey sewad,twiigh bipicdly réssilts in the
polymerization or crosslinking of the polymer or resin to form a solid binder. The energy
source can provide thermal energy, or radiation energy, e.g., electron beam, ultraviolet

light, or visible light.

SUMMARY OF THE INVENTION
Briefly, the invention provides an abrasive article comprising a plurality of
abrasive particles and a binder wherein the binder comprises a polymer formed by a
reaction between a polyisocyanate and a polyoxirane wherein the resulting binder is
substantially free of urethane and urea linkages. The binder is formed as the reaction
product of a polyisocyanate and a polyoxirane under conditions in which the principal
groups connecting hydrocarbon segments along the polymer backbone are oxazolidone

groups.
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substantially free of urethane and urea |inkages. The
bi nder is forned as the reaction product of a
weoabyisasyanat e and a pol yoxi rane under condi t POMAIS2006/031424
whi ch the principal groups connecting hydrocarbon
segnents al ong the pol yner backbone are oxazol i done
rragpsg)?ﬂséo e pr gse’ntgggr owlgge(i%to ﬁ%? ﬁLl:s}gi ygéeié;%?}é:di bi ngg{btvlded
that sapdrpeened binder ainsgonsntis bl sulstdnyially fee of uretlenb and wa dinkages.

urea |inkages.. | n another .enbodinent, t.he invention )

In argH55 et SRR e, B SO USSR O oM aine Gyplplicy
of abtiASharEclBPdd £biBderdNkbréin PhdWlBAer WoBISises 4 hat PHINEIRF formed by
conprises a first polymer forned by a reaction” between
a reagtigyobsiveercy nelatsecyandtezang ¢l pplisoxirarsanthiisegosd polither formed by a

B OREL Ay AR SRINTELLA, S5 B0

urethane bihinea dinklagesea | i nkages. In still other
enpodj ts, the inventjon provides an _abrasive .
ar i Sélllle?tg%?r?ﬁ‘i‘l? TRENE: (Bt Wsrrtfoegprawdm%hr@%vep@me@p@@nsmg a
1 a Q . " ; . .
prdo ARt Wl 080 0 B9 D o RTS8
polypet thatig dyewsactionaprdduct pbh polyisoaymatevnid arpadyoxitaee, orich e be

.out under cgnditions.in which the principal groups
carr 8 bt BAFY P00t 2 PBish e el B 55 B 0 Bibon
segn@PhURS ox20HdeneSE60p] afd HERbnE BiEON@Mpondh Blso substantially free

substantially free of urethane and urea |inkages,

of urgthaneqnd wipe lipkasss, vahpgels deotivgt aidrigeendlinges rempanenteare
e Li _ g C dual

chenfilfh R by (b KAl SACLA BT ARPHES oF e 88 hor

comgspet , the invention provides a nethod of making an

abrasive article as .described, above conpri sjng .
or Btth g hst piRsF e vtion Broyiderd Thelhed bf Baking ap abisivg
articR B1d8&eibe§ APV RInfiistheRRbVIRE agﬂgrﬁgfé/l MabsashR \i/\(/%%f ;érioxiding

_product of a polyisocyanate an yoxiran
a bindpreconagising mpplpnariarmed by aeaction peddugt dfragelyifoayrrett amba

ot B0 PR R B N RSB e
linkalgesSG BiktrNtihp ehd ebravivespabsdleydndaht Yinkdeeenh obackagg, used

herein refers to conpositions having no nore than

i ncidental amounts of the specified functionality,
usual Iy found at PESSAKFIH RIPTION

The term “substantially free of”, as used herein refers to compositions having no

more than incidental amounts of the specified functionality, usually found at less than one
percent of the possible sites for such functionality. These incidental amounts, when
present at measurable levels, may be regarded as impurities.

A variety of binder compositions and polymerization and/or crosslinking reactions
leading to binder compositions suitable for use in abrasive articles have been described.
Polyurethanes, including acrylated polyurethanes, have been popular binders for abrasive
articles despite concerns regarding the susceptibility of the urethane linkage to hydrolysis, |

particularly at elevated temperatures such as those that may be encountered during
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percent of the possible sites for such functionality.
These incidental anmounts, when present at neasurable
woOevwEls026say be regarded as inpurities. A vari eCy/ustoo6/031424
bi nder conpositions and pol yneri zati on and/ or
crosslinking reactions |eading to binder conpositions
bra§ivé bARL &L SikiiG: & Bkl i
a' rades%ri beg{.goPéiﬁyur e@ﬁ%ﬁég%ﬁ ng?ag?%g&?g%@@gﬁﬁers with urea
linkggeb.yur et hanes, have been popul ar binders for abrasive
arti.cl es despit.e goncerns regarding..the. cept.i bilit
o Yot BE ORE 0% Sl iR corerding iRl sy spqygnagts and
poly&kiemrt athdee oty @hdfidab, 188dstth @eSfolhaion % Rymer having
encount ered duri ngabrasi ve processing. Simlar

oxazglfiers e Henpiresedistibuted atpnedhekackbons. Pl threxintdhatthe ring
may b %ﬂlgj!e&tntg "ﬁ?@%lgasgg }HQQ'%\%%%E}%% g%gg?ttrgﬁ}nstam%n{%%o%g Ir(}:arbon-carbon

reaction o y a Ol yI soCyana
bondossquenderrathessthan fodmingathp clzpvagetpeodietdypicalns, urétaets ot Qreas.

th or mati on of . | ymer, havi oxazql i done rin
St AP %rrlga? Bering binger . e GaesR 6xezp d?freggroups may
be fontigA thellhatank & fhdsk rggo@ma{%%b&ﬂ%ﬁﬁéd t%ﬁniﬁx%ﬁogﬁir&hargeh e
" ret n on

T _ .
ri ng- opened produc alns a continuous carbaon-car

polymerdordeye berveused ahenosdinkingfsitesrpngosshiskiog egerdg éor polyurethanes

oducts. tvpical of urethanes or ureas. Although
and/g{)l?oggﬁu\e/’aeb%ﬁrﬂ Pcl es havi ng bi nders which contain

OX The biedan én@htiopSsedtihe Rembd6F dxazdlitRdnk igkRipatyl b Brincipal
t hgse groups have been forned termnal to PO| yur et hane

mechinsitdhoformaten eidbn palyarisdaelktoas of Hiibiraes fardbe ghrasive
i B35 Ao o L RO SRR L0 BB e
linkages beticentie hydmepdonsegmerts. n&hp atethmre loanieatinkagestpiesent are
f [ of the polyneric back e of the binder. for
the rp il Ssp Bareaornl Pb R s o HRS less o, At ¢ e Sieups
betwebi@hydrdcabOS £dpd @t hvethdriR®r YtealirSifia e biHA&GR are typically
| i nkages between the hydrocarbon segments. An _
rbggi;rst typically

resistanbtchspheentsy Wates Bptake lead dherpekbdegmdation These

' hon. ' ities. . Usually | th
provER ORI AR kR b g B S P haprent
ur Bt dckiigoroto thise prapestiegsit hdhieea fOurddRsihiades for Pb&sivk Yrticles

resistfant to solvents, water uptake, and thermal
that g fiaeden pftemmproTHis JBPH VR eFEomgece H qaptedabyasine appleationst

BindefhBahaad e Yel@t@ti@lpﬁrﬁﬁhé’t%lf %rpggglﬁ)tc?é}gté &a‘t:%ggg&irane wherein the

substrates, If present. on to

resulping pardet sspbstantially five @f ufethand ané ateallinkalgassird typically harder than
altergﬁ{v%soiir\{ ers etsizr%e%sas fast cure, zero Volatile Organic Compounds (VOC)
materials suitable for use as binders in abrasive constructions.

In some embodiments, the abrasive articles of the invention may comprise any
known abrasive particles including individual particles, clustered particles, abrasive
agglomerates and combinations thereof. The abrasive particles in most embodiments will
be inorganic. Also, organic particulates may be used instead of, or in addition to, more
traditional inorganic abrasive particles. ,

In some embodiments, the abrasive article will comprise a backing. The backing,

when used, generally can be in the form of a sheet or a fiber at least partially covered by a

3-
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that are harder often provide inproved performance in
coat ed abrasive applications. Binders forned as the
woeemtodaas pr oduct of a pol yi socyanate and a poPgoAIS2@A031424
wherein the resulting binder is substantially free of
urethane and urea |inkages are typically harder than
t |
b1nd@J Ift "S&?E }&%Ogirﬁ’i%gl% ﬁled%ﬁé\sg\}etb?@@% cfaﬁ%tg rcflfa 1§ut%(ﬁ Slltitgke)lfleeast a
portiboof thediadker. b[mstencsembnchﬂnems,l thealmesise partitiesnan be dissiboted

odi , the r asi cIe of the |nvention
throgBO A At & BomiRg of fsindeey BLob Sihiiopds (i Einden g be
applied Q¥ tHe abrabiRe tb&lSs aGlAd Sk §lﬁ}%‘i|519@&da|t1ﬁk €$n s @RbdBments, the
aggl onerates and conbi nati ons thereof. The abrasive

abragies partiles cambmdistributed dtionghens theiindee In yrsrogheniembodimenis, the
ticC n d
abraﬁ{élgﬁemlgle? ?gn l!)e n%ﬁrsfgtbﬁfeg% @}] él]v gtelg%ggc g H?tglo a%frﬂa% 1nder In another
aspeaamblbeﬂc&s cad fomm@b ufakMtﬁiﬁﬂkﬁmm&%a&fﬂk&&b&%rﬁ%&ﬂéé e
rose a backin The backin use
dlstr@ef?éir%?ﬁi @iﬁﬂlsw& PB4 o heg SATBIOSHES AR be %c?rmédfm Blgee g may be
formb§ ﬁ§£ s e&é Qﬂe{) ¥n&8 ﬁfb%%d%t@@bﬁﬁqg ‘In sBm%%ﬁﬁ)gdlmentsb the
enbod nts he abrasive particles can be distributed
abrasivg a.rtlale widldstingheformiofa shdpet! maash smahess.a grindsgnwheel or abrasive
bru enbodi nents, the abrasive particles can be distributed
1fhr oughout at |east a portion of the binder. In other

enhogdinieedthBodifbets ohe BehsiceutioR mBPincRde QL kndWe additive such as

abr asi ve coati ng as a Si Ze Oor supersize coati ng. In
fillers ggimfereingdigsats: Wbrieanss, awtag pids, Pagticizerseand g like.

S35 AR5 k0o
prefdrdil p agghtowt to @hsure dsit the rpmltﬁngcpol}aﬁem&lbadkbﬁﬁh%omﬂrmes alternatlng

anot her, aspect, the binder can form lurality,
dheri idg

residpp R dheEIRe S PrecuRP T QB e s TR lidAng e PRt s e

desithbig 11@l Bi18GLY EmBIMIFRER 1o HRARE ntHIPGRHDRS )51 cftlgﬁmg)cyanate
in place or may be forned in a separate

or oxdiage mcm}teedo gcmtml aldcberqubae meight ascﬂnecreaﬂmlstmge rln somc he
cp Ve 8 n_the faorm of ts e

embo @ﬁntgst gpa Iyl%og?f?{batwlé avg,rona%/eéaéevxélogertag% wQ %agtbvreelsocyanate

groupﬂ@dﬁcﬂ&cﬁﬂé It foeneadiiRslindént§ithd S019ox iR WAL IhGE o@Yerage, more
known additive such as fillers, reinfor Clgwg agent S,

than i, Fsag YR eXIra@ataww@ D&Y egleqapaé’charsgéﬁmcu ity BRsater fhan two

tendstl'\lh téﬁ‘@\lrigg R add%é’}l 1%’&/1%% rée%ldlfah Bﬁ(élﬁf ‘f‘&fq?a%h@e @&H}llng

pol yoxi rane recurs rs pr era are
with ersseomd Hitwdetr colmponas.ul ti ng pol yneric backbone conpri ses

al
Il"l?e rﬂoraswg article of the present invention can be made via any known method.

More particularly, the invention can be used in a coated abrasive article, a fixed abrasive

“article, and the like. In one aspect, an abrasive article according to the present invention

can be prepared by providing a binder comprising a polymer formed by a reaction product
of a polyisocyanate and a polyoxirane, wherein the resulting binder is substantially free of
urethane and urea linkages, and distributing a plurality of abrasive particles and the binder
on a substrate or backing. Any known abrasive article backing can be used, e.g., cloth,

film, foil, paper, fibrous material, polymeric film, and the like.
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residues fromthe respective precursors connected by
oxazol i done groups, it may be desirable in selected
wenthrdsment s to i ncl ude nmonofunctional or PCT/US2006/031424

pol yfuncti onal isocyanate or oxirane noieties to

control nol ecul ar wei ght and/or crosslinking. In sone
enbodi ments, the polyispeuavipi gswi || have, on average,
nore than two reactive 1socyanate groups per nol ecul e.

Listjofi Mageialsnbodi nent s, the pol yoxirane w |l have, on

AN R e TRt 20 R Ll e SR A e Falaebl from

Sumhﬁﬂsiﬁectzﬂlty@ﬁﬁh@bﬁs %ﬁﬂ}?del Rk ng and may provide residual
functlonallty for reactive coupling with a second

Addgiveder fleasnyibernstair relasagent (avallable fromeDew Goraingrhearieal

C an be made via any known nethod. More
Orﬂpgl\rdt?ﬂﬁ%:ﬂ(farlﬁ the invention can be used in a coated

CD1abho etsal\ydsuﬁbhluni kcxafiubionmtiinataGivaitable froml Sartoaded Gofe, Exton,
PA.Ilke In one aspect, an abrasive article according to
)the present invention can be prepared by providing a

DesrhbﬁgﬁerBmmN ainﬁahﬁba&lyyﬁﬁfnef@w%wbﬁfmﬁ Hf@ﬁ@bﬁﬁ Pittsburgh,
product of a polyi'socyanate and a pol yoxirane, "wherein

PA)the resulting binder is substantially free of urethane
i nkage and dlstr but i
Des By iF 25 pantaraeo dakt hEbpbife (B faftell Bkl basco
@wahaﬂkﬁﬁgLBAnw knomn abrasive article backing can be
fibrous

, ¢loth, film foil
DesmaiigrlLal aroraaiilw%ewaeaéeﬂrlmer &';m haﬁ%c&(awab_ixﬁm Bayen st
Desﬁsdwﬁglvagdrnzaae%@g)r tt?dé{%@&ﬁélﬁé’té géggg;ﬁgm/?ﬂﬁ (g atrh&ftl}qene
dusOSpmalt@IbagedQ:(wmldﬂb $ronFBayerl ee, NJ) Additive 7 -

Epal%»larU%ZQSI gﬁpcze:l eR%E’E‘leSelg i&g agﬁ tfrcir,‘l w&g%%l r(?ge]:le%gY Co.,

]Modgﬂ@wybgylfonlun1hexaf|uoroantlnonate (avail abl e from
Sartomer Corp., Exton, PA) Desnorapid

Epop2 - RP%eré%lh)@‘@elﬁ]Zl? |fr%mﬁﬂwlqtmld?qr§>@men¢erlzmdm§/&c Houston,
)Cor p., Pittsburgh, PA) Desnmodur CB 75 - aromatic
i socyanate prepolyner (TDl (toluene diisocyanate)

ERILbt2¢d)cycloaliphatic epoxy — 7-oxabicyclo[4.1.0]heptane-3-carboxylic acid,

7-oxabicyclo[4.1.0]hept-3-yl methyl ester (available from Dow Chemical Corp., Midland,
MI)

Irgacure 651 — 2,2-dimethoxy-2-phenylacetophenone photoinitiator (available from Ciba
Specialty Chemicals Corp., Basel, Switzerland)

Irgacure 819 - bis (2,4,6-trimethylbenzoyl) phenyl phosphine oxide photoinitiator
(available from Ciba Specialty Chemicals) '

Mondur MR - aromatic isocyanate (MDI (methylene bisphenyl isocyanate) based)
prepolymer (available from Bayer)

OX-50 - amorphous fumed silica particles (available from DeGussa Corp. Parsippany, NJ)
P120 brown aluminum oxide (available from Triebacher Schleifmittel Corp., Niagara
Falls, NY)
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(avail abl e from Bayer) Desnodur IL - aromatic
i socyanate trinmer (TDI based) (available from Bayer)
woesiTderss HL- ar omat i ¢/ al i phati c i socyanat e prepOTAISEI06/031424
(TDI/ HDI (hexanet hyl ene diisocyanate) based)
(avail abl e from Bayer) Epall oy 8220 - bi sphenol F
X I

PAP%%?,- X‘i@ i'cri?cfc?m%ﬂt«%\@?bggﬁépg\gﬁy?a%gX@)}fﬁfrlﬁe%{? ﬁBI?Pl})/G\@ Che 1ca1
Corgly om Resol uti on Performance Products LLC, Houston, TX)

PAPE% é%{lm glsc?pg%n%gg(@([bg b%ﬁﬁ%lmer (av Xlag S%YO o %[ow Chemical

Corply oxabi cycl o[ 4. 1. 0] hept-3-yl nethyl ester (avail able
from Dow Chem cal Corp., Mdland, M) lrgacure

PW/igh43 mlgromqﬁ@twinw;ﬂhznm@rgm@a:@wtﬁb&ﬁm Fpmau&mmramror

El ¥aiL able fromC ba Specialty Chem cals Corp., Basel,

rland) Irgacure 819 - bis

Sllwé&4ém brdanediligond etizaydnt (phtlable fpho OShEpeianes)dnc., Sistersville,
photoinitiator (available from C ba Specialty

WV)cheni cal s) Mondur MR - aromatic isocyanate (MDI

Sols ggéaﬁw S)Br%%@gdg gé)aﬁf&ﬁéﬁ%i@ﬁoﬁ%ﬁeg <§r‘§ Q)Zﬂxgﬁgton DE)
Solspaxsd 3ZQOQ3 p(ommeriabisr@rs‘anb(wﬁwfsﬁam(zbvqma) Par si ppany,

se1 8 e et i @ bR Earal iy R S Bon e

R 8l Hioky le sdtghur rylaR (oMb armss
> 3%gvaﬁn (M? Or%mﬁ%gyl Czem gtngor%qp )( IQI;’API 580 )

ST Eaﬁaw c.d%t@l@(&walﬁble (Erom AbEsS@}eYtmeﬁﬁctpra%CpaEeéatﬂ% &k
TMPIAL g?%g‘{/hgﬁlgrgﬂ&& t}laé;[’y@? (sﬁ‘ 3@})8&8%{&‘}0% Gmdl “m num

oxi de oration
Wollaktpnite H@iSiQs aialdble agbiyai;nﬂ)o fone Ngzuo Mnéxalmtlné.av&allklmb&,m Y)

fromQOSi Specialties, Inc., Sistersville,

In the following examples, micron or pm means micrometer.

General Procedure for Making a Coated Abrasive Article

Coated abrasive articles comprising the agglomerate abrasive grains were prepared
generally as described in U.S. Pat. No. 5,152,917 (Pieper et al.). Ingredients in each
example in Table 1 were mixed together to provide a slurry. The slurry was coated into a
polymeric (polypropylene) mold having cavities with the approximate dimensions:

0.350 mm (height) x 1.3 mm (width) x 1.3 mm (length). A polyester film backing having
a thickness of 0.125 mm was placed over the slurry and a rubber roll was pressed upon the
pblyester film backing to fill the cavities and remove excess slurry from between the mold
and the surface of the polyester film backing. The slurry was partially cured by passing
the mold, slurry, and backing combination under two medium pressure mercury bulbs
(400 watt/inch, 157.5 watt/cm) available from American Ultra Violet Company, Lebanon,
IN, at about 30 feet/minute (9 meters/minute (m/min.)) for a total of three passes. The
partially cured slurry, adhered to the polyester film backing, was removed from the mold.

Each sample was then thermally post cured for two hours in an oven set at 125°C.
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W/) Sol sperse 24000 - pol yneric di spersant (avail able

from Avecia Corp., WImngton, DE) Sol sperse 32000 -
weoaborrmeeies di spersant (avail abl e from Aveci a) BETARB3®6/431424

mlled glass frit (available from Specialty d ass,

Inc. WImngton, DE) SR 368 - tris (2-hydroxy ethyl)

La APPLéleAnlsi acrylate (from Sartoner) STADEX 230 -
'—E%H\THT‘E fromA E Staley Manufacturing
CoThe EhtadmgrperﬂobﬁamTExamp]ede@ bydted ghrapenarticles (30.5 cm
t I a labl e from Sartoner .
cirexfy iofiitet Wi el Aol Prsse SO acharot s Ghiags
"44 AN GFh SM B6mpanty¥ 1. PRAT RIN)NXAs évhlidbed isdhd H¥npl 51de lapping

exanpl es, m CI‘ on or mm nmeans mcroneter. Genera

macltpng é@ﬂ@m@d 2010 Yk ifiotn B Idosard Siaphanghilac AqftlpczﬂgeBe@glatCe@) that

had@&%@ﬁé&{ﬁe@ﬁfo‘ﬂo% conprising the aggl onerate abrasive
wer € prepared generally as described in U S.

PaFor @lass tESti@ZtlﬁlV%rl((ﬁ’le&pﬁas zeborabﬂ%ate Blgs ﬁdb €1k Bad mater

each ample in Table 1 reme,toetertoprowe
dwﬁ%@é?? ygﬂ?Tﬁé\eé’m pigeepldez g a}sﬂrl&gg #isd\Acetal gesin ring
hav1ﬁ§9|6‘3 AR YR A Im e 1 cbﬁs‘{ﬂgﬂﬂthg aMist ?i‘%i Idwqjﬁ ﬁraaan% A 65 mm

appr oxi mat e di nensi ons
dlarr(emr gturer pad (dbtaimed mley the)tradAdpmglwelsn éDFfZDOOﬁ fbao Iqugl of

havi a thic ss,,of 0..125 mm.was_.pl aced over the
Nevifky T s P SR e DR e e ipBgholact” The lass
disc PR DpPbsifel thesiidsdeitt Be bitaddd Wad pleccd@dghinsEhe ditdier FAWEIch

excess slurry frombetween the nold and the surface of

had peea meiptpaed withiyaten RiEkng fpreeranplis. the jurfizges of Aretdeatal gesin ring
: | .

ARG O Al 504 A g

contéet @ﬂth/mt tohatad hbradise aﬁlcimtthamhe aoetdl kbl Bng fa‘m{b’aémahdi drre was

eSO AT} RS Bt B GHA SRR AT  SH Daiebioate ws

appltehrss @he@ mmaﬁh ?re@ﬁfré bitHeYs 1454 BRE wis Ubbt: 28@%98 &b glass disc
the pol yester m backi ng,” was renoved fromthe no

CentEra s lslélﬁﬂy @fﬂaetsfrqméhﬁ Qda@dmhtasgwe poiie canterdibbutr 7G mor. The coated

abra%} g ga]lgrg ai?sﬂrg agecp ?,t ar% taltCSQ ‘\% g}L(S:I%E glf[ t Pr e&ock\mse

dire@ionas ivietvedrfidrg tiestop 3 Thb workpidce tiol RF walk scktatemaum £fin,ldoNn the
doubl e sij ded ?ressure sensitive adheS|ve tap

clockwise direeitpnag 10 xokiere pereshi Gol’hralatign oia sl Iyfgcant
(avattfble &Y W apAifsk HPi6R Groth ShaHRI-TaR e, BIRLIBI Heights, NJ) in water

was dripped directly onto the coated abrasive article at a flow rate of about 50 mL/minute.
The disc was oscillated radially over the coated abrasive article a distance of about 25 mm.
One period of oscillation was about 15 sec. To precondition the coated abrasive article, a
rough glass disc (Ra about 1-2 um) was abraded on the coated abrasive article for 5
minutes at a pressure of 281 g/cm®. A smooth glass disc, prepared and mounted as above,
was inserted in the workpiece holder and was abraded at a pressure of about 281 g/ecm? for
five min. Successive smooth glass discs were introduced into the workpiece holder and
ground at a pressure of about 281 g/cm® for 5 min. The test glass discs were weighed

before and after each cycle to determine the total removal in grams. Using a glass disc
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machi ne (obtained as "6Y- 1" fromR Howard
St rasbaugh, Inc. of Long Beach, CA) that had been
wondi7fisedsas foll ows. For glass testing, the weCkpiSewe/031424
was a borosilicate glass disc that had an outer
di ameter of 65 mm The workpi ece holder utilized a
densg. ro'fﬂgléé/&ﬂdﬁgi 168adisd &84 Bf 3.mc1ﬂ,a;\fh@ﬁhaﬁ_ A d1Bid1788bved was
anet to constrain the glass di'sc during abradi ng.
convArt6d taequiliadent réerovaters per miadte((phymimed under the trade

desi gnation "DF2000" from Rodel of Newayk . Was

1o AL B <G b Y P s e RINE R TYaGF 1 BE avafers that
had PbE8Y diarhB@r 8f BEmei. StheSworkpieee RPIBOSItIRed A8pSnE foad&l ddRtal

_be abraded was placed against the carrier pad which .
resinhiiig havéng abdGmenimaendimelgatoesonstyyin thaywligam welendpingabrading.
S . 1 nleeS] '
Moo 8 (IR, Rl Ry A U5 400 n

the stexd bivkowjgplhtei oftlee workbiet hoideh Theesikaatesfendurfase vpposite the

article so that the acetal resin rjng. tracted and )
surfqen g B fhiade VacRlacsdiieatst e cper i which had B Rotsfrged with
wate? O wiﬁﬁn@ﬁfr@éarp gﬁg,rthé GlrErce Se el a%tﬁﬂteﬁiﬁlqgll%epr%%de@mélyb&gthe

so that the tant pressure on the ass disc was
surfarb@f the2@licog/veafer. Theevgkpisse holder warhrenghidisio icontactavitly the

offset. framth ated abrasive article,center about
contGhaliiveolesa Ll TRpteaial o ning et at GRHR S Rt bontactof
the sllRAtwaBOwiRHRIdoaRE abRkivelaftitle $uffitkni fordelfastdpplikdbEhat the

direction as viewed fromthe t os). The wor kpi ece hol der
resulfzig presswre o tha sikeony waker wesabquih 24 he/car o dkevsdigon wafer center was
Y | ' . 0 ti .
il 68} B Lo UL, PSRV L 300, TGt
article was 1GheeeedtabbutCekirpm, in Ber Ketlayisdirgiios as Mewved dronathertop.

was, dri direct|y opto the coated abrasive artic o
The J{orkgpieqedigiqes s &rtafgﬁah?é e %&8&‘“?5%‘1‘&?@8“\/&5{& vol%

soluf&Ebf 4 @n%i:ti% aehirRdahd (I; NSEIUbD 80 FPRIERaRPHAS INSpeal ditcellf ofto the
di stance of about 25 mm One peiriod of oscillation was

coatetbalrasitarsiels.at Fdlopr ratsorfciboiiold mhénipo dihe dissbvasgisoidlated radially

ticle, .a rou | a di s bout 1-2 S 1y .-
overdft b Ao o pdhatte 3T bR 23R OriedhelBh ofifiitlation was
aboutl 5ae@r BS frécendifiortht cgatedBbradive aniRld) a gbashsglaisslisc (Ra about
prepared and nounted_as above, was inserted in the
1-2 yy) wigs aradulaniibe cadad aprasiye prigledond minyesala pressyye of
: _ . . . .
281 BRAT, T, Sl Thich el s T o TS B Sk e PRl B 3nd at
presspure ofigbcat 251 piced forr thresfminbtest Su8dssiyk ¢es silioon GrafarmweiEhe

introtd(agetad i%l[oat%g W%Ir ;ﬁgceviﬁ)ﬁc?er\ggh %po%(rjld at a pressure of about 211 g/ecm? for

3 min. The test silicon wafers were weighed before and after each cycle to determine the
total removal in grams. The mass of material removed was converted to equivalent

pm/min. as in glass testing.

Schiefer Test Procedure

The coated abrasive article for each example was converted into a 10.2 cm
diameter disc and secured to a foam back-up pad by means of a pressure sensitive

adhesive. The coated abrasive disc and back-up pad assembly was installed on a Schiefer
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before and after each cycle to determ ne the total

renmoval in granms. Using a glass discdensity of 2.4
wqghlamB3es a gl ass di sc area of 33.18 cnR, thePOBAS205/031424

mat eri al renoved was converted to equival ent

m croneters per mnute (mmMmn.). For testing on

g ; : "
i BRER (8850 AAFFATEHPLER8 OB, Lol ma e
coatdhabragivk gise wvas lnsddde mbratie bn awdila repyr (10§ dno actside deataér (OD) x

5.1 sl diErebPaFohstilies Bty Pt e S Gt
Inc.,Bb6mBIotRRAN" Bhd Q" wds 409k ROURE te6f pdNRWaTHS 50DEd v oM fons or

mounted on the steel back-up plate of the workpiece
cycl¢sotfdbe coaterbabypsive disce. vidie @mosnt dlzpeBuloppacsiatie beiyete pelymer

romd 4G SERL, MRS AR B B 1R
werd leastittidf Acke &fd éfhke @steRal(aritB@iktic Avergoepsfahd stadsich biey 6n@im) and -

the surface of the silicon wafer. The workpi ece hol der
Rim, (gean, phihs ppaximpg I@ahf%xeﬁlewh@whf WeUB L eredneastigd iwWith a Mahr

PertiMrhdt€! SroBRMAA £dh 81k Fe@lral BS! Prdvidict 8l acted and

© t here @gs é#rect cont act 5? t he g{ﬂg%ﬁn wafer with the
coated abrasive article. Sufficient force was applied

Steeb Ringh&esttthecedadl t ant pressure on the silicon wafer

wa bout 211 g/¢gn2.. T ilicon fer_ cent was .
o CORD e MO U st G e eomt Gptical Inc.,
South W0 0Tuoc 0o (0o DAL SN S A1 © WHEh the

rotated at about 150 rpmin the clockw se direction as

abragive disds fneaittached. tIbp coathdalmesikpimsicls thotatbrexamplerwsatonyerted

. t,~50 I | sp in.the clockwise. dirgction. A | ol %

nto 83 e By Bl SRl Py ot hure

sensltive\wdhedive)eltin Qidspie tvad adjested Yo D6 &gl dveccpatibewadicsd ¥do,
article at a flow rate of about 50 niL/mn. The disc

spindhigsPerlevay set Exphoativ A 1Py RAUCTE hdorigg rdauaiensy Yeb, obtained
frorrpégétlﬁ);l Bhcfhsaf N r]g,%opdf I@gﬁé:s‘gs(:e.aéﬁ,gﬁgpﬁg o[?.?rd!r%se?];] éA steel ring

oscillation was out 1 ndi ti
worlqpededd02(hmaldi steel awith dihepsians H2§hmyDBssA.45 em [DReasdauped in

1- L. n [ asj rticle for
sk TS OB IS S!Sl A1l 0
surfaele ! finGRAER W Sf tHRSRIC! BHg %rﬁfi@:e\&%rg RicBGRed@ tHEEnPHIcthe

round_at a pressure of about 11 g/cn2 for three
test. ?&h grdBim Specmsaiuped wisk theqirpfilomstanas ar e fehigfer test.
i ntroduced into the workpi ece holder and ground at a
ressure of about 2 11 g/cn2 for 3 mn. The test
S ers were wei ghed before and after each
cy @l ustdin Befledefo@ofoh 8riva kcisionRyialer Hivigah® chaldtferistics of a

mass of material renoved was converted to equival ent
centerless grinder and meant to simulate automotive camshaft and crankshaft finishing

JA

was used for this test. The coolant was 5% Cimtech 500 (obtained from Milacron
Marketing Company, Cincinnati, OH) in tap water. The workpiece was a 1018 steel
cylindrical ring (5.3 cm OD x 4.4 cm ID x 1.7 cm height). The abrasive test samples were
cut to 22.9 cm x 1.91 cm. Urethane rubber shoe inserts (90 durometer, Shore A) were
mounted in the shoe (both available from Impco Machine Tools, Lansing, MI). Coolant
flow rate was set to 200 mL/minute. The workpiece was clamped on the mandrel, then the

abrasive sample clamped between the shoe assembly and the workpiece, with the abrasive

-9-



10

15

20

25

30

mimn. as in glass testing. Schiefer Test Procedure

The coated abrasive article for each exanpl e was
woamr@setes i nto a 10.2 cmdianeter di sc and seedTa82106/031424

a foam back-up pad by nmeans of a pressure sensitive

adhesi ve. The coated abrasive di sc and back-up pad
. . : ¢ ° .
s e R D R8O M R Ry was
set t@@00 hpm.sitix an arndpl)ltudanﬂ 1 mirm mtmtbeai sptadadithe ddve shafiagas set to

used_to abrade an u 0, 2.C
120 G Ebes Srenyees e ne sht b dabind BRThRIHT gfest time in the
forva@d SR and Bleatif tHeVErad irdBbN &I thd E&Hh@ﬁﬁhéﬁthe test time. The
Plastics Inc., Bloom ngton, MN. The | oad was 4

amoWhieoft1848 siselremavemands o sueacsi finishoiRe asd Riy o §heosrteq1 mehndrlcal
a 0
i PRSP B DR aR AR S B KR ARpLL P
the #ttle-Beseribed piofidoraetet.ul ose acetate butyrate pol yner
were neasured at the end of the test. Ra (arithnetic
average of the scratch size in mm and Rtm (nean of
Prepayation of Biampnd ¥ "r‘a' menatesy hei ght in m) were neasured

Y“n@a@@?%@‘.gn& DRI Loddiftohd S5 e xR RYGE!
accdzioinp tothieinmdthad axﬁdls EetefgtJNel 6, 5517366!;)Whenetge; ggo@?acl)lfﬁe |gb/_cen in
Exapgh ] (raain 24 L 3§ foicalomn 23 FaF At Wisn A SRt arpeiid pflgw for

the ﬁbraﬁaowqtrﬁ ua%naraegﬂﬁﬁe@ae@% sIURS wARPreshraPiLBI¥®s. About
ticle for each éxanple was converted into a 10.2 cm

17. 50H effdextrin (|SEADEARE 2310 (ras dlissel vedineahord Hill 8ngf0|f aeionigsd water by
stirrin W& usis'ngm;sat‘rfl erglxt%is %v% nISes Ha&g fo%qlgen’ci ?\Tex?l ar‘t])oﬁt (f §%%[f%n

stro
org@pslnekhe samdntv(lasllxsettL-erzab) waé addéd to ﬂre soldt@fﬁUN g0 ralbw 35¢g
nunmber 55 obt ai ned from Castrol | ndustr. al

of Hmlede&}aarfat ("ﬁifl%@'B wes thearaddedyiojthe solptiony The glassris bad begn

i b B0 PERRSRCIPRR Mt s, MACIOAITEL 005 o
diansl pebvdat (Rata Eaammd]eCm ?f?tha Llfgdlw C‘aﬁ)nmtthmf adue@d o Htesbirry. The
rface, fi.nis

St U SO R ST aa%b%mﬁa%%&e&l’%%%ét%e%%@&éﬁha?%aﬂ the
above&dnstitentdAsl FcM AN8EE tIFBMSH Bk M ray afitd aimtagloutlet

as in the Schiefer test. JA Test oce ure
temperature of the spray dryer at about 90-95°C. The precursor agglomerate abrasive
grains were collected at the spray dryer outlet. The spray dried precursor agglomerate
abrasive grains were mixed with about 20 wt% of 3 pm aluminum oxide ("PWA3") based
on the weight of the dried precursor agglomerate abrasive grains, heated in a furnace as
described in Example 1 of U.S. Patent No. 6,551,366, and sieved through a 90 um mesh
screen.

Diamond agglomerates having a size of 1.5 pm were made following the procedure
of this Example 7 except the input diamonds were 1-2 pm metalbond diamond obtained
from GE Superabrasives, Worthington, OH, and the furnace temperature was 750°C.

Diamond agglomerates having a size of 0.5 pm were made following the procedure

of this Example 7 except that the input diamonds were 500 nanometer metalbond synthetic

-10-
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A custom built servo notor driven precision grinder
havi ng the characteristics of a centerless grinder and
woreTi03¢w5si mul at e aut onoti ve canshaft and cr arkshakioe/031424

finishing was used for this test.

The cool ant was 5%

G ntech 500 (obtained from M| acron Marketing Conpany,

(ﬁgel\('%ﬁ'g&atla—ﬁ&f )Qﬁ‘l&h@é %%]e\g@)?diﬁli';ﬁlﬁU the

furndnei tgmparatu“feh wanf2ers) and the ptecemopdgetomerate abrasives gZnsOveranot
rubber shoe inserts

ianpQEP N bt apR 1

mlxeg,]\glrﬂé a%

| mpco Machi ne Tool s,

Lansi ng,

Ur et hane
W SSHE GEPT PR 40 SRAZ B i f:

M) .

Fl abl e

90 duroneter,

from

Cool ant flow rate

Fxa messleg to 200 ni/mnute. The wor kpi ece was cl anped on
drel, then the abrasive sanple clanped between

t hd hsmrammbgorang te the Gworekad Peasedurgiformalieg a coated abrasive

rasi yes i de.facing the rkpi ece. The force was
amCEGd']‘S[‘EgttX’S TEIAIoRs @ ené%gmﬁlegti on frequency was set to
600 rpm with an anplitude of 1 mm rotational speed

of theapliei1y FoPdiaiatio8 forS&atddabiralive Bmlclgs?(wé%lﬂb Yi¥ Q)

test tine, the shaft would rotate the first

the test tine in the Emmwpkm_dlEmﬁmﬁuﬂanﬂxﬁhﬂﬂ3l1Ekmﬁpk4

rever ection Tdgr the,second hakf of] th est

tH ?’{.'e ...U'I?;‘A?rmu:“.t of 1018§st eel rerrg%eu Ad ?%t'g Sy fac%9

fi ni sEPCRE2&nd Rt m) |of t248e st elel /18 ndrli call>8ing 37

wor kpii@ckr MR e nmeasured 2at5 t he end -of each test. Ra -

or of LIAPETN b aparati orof— - amdatt-Agq ombl St esl— 3

Q aSelsprrsedfi0agql oner at ds_useld i n08he flol | db ng 1

exanpigasureBne preparied aqcordlng tggt he |met psl of | U. S;q

Paten 551,304, € NEe prpcedurie gihvien i1

l:vnnr‘nhga‘g 3n| U 22 ||n§r1'—'\0 tlo Er\d m-—23 !g!bx)g 26 \'Avra%'l

used e@ééb as noted bel & for| the04 5 dnd 0.5 mm

di apeadomen oper at es. A @b_ur ry| wasy g epar ed @s 0.2

—T—O‘Q—V‘UWj—gb'ﬂﬂT—Tﬁ fextTin TADEX—230"%) S

diccﬁwzkﬁop € about 5 2 8 2 of deLgLZZedgagfpgvﬁé 98
1.pinrdiamendiagghemeratesii |r mXEr with a2Cowl es bl ade for 15

gwgug dlé}lﬁgﬁd a@l{&ﬁém@s g of__ an or gaani I'i cone zsyrf actanj 4

-Sitwe = 1004") s—added—tothe—sotutiomn: xt

about ’%&A of mIIp glass friit ("SP1086") then 23

added to the sol uti on.

p”[%

The glass frit had been nill ed

st Sl Pes e AR Bk P36 O BB o8 Bocadure

usm@lbaﬂi)gldss@i)sk, an)i@ﬂlb@n i afetaworEfiecavasTHelR loaAsRd dbn it BRen in

The
Tables 2 4 gelow In Table 2, Examples 1-2 were using 1.5 pm diamond agglomerate

abrasive examples on silicon wafers while Examples 3-4 were using 0.5 pm diamond

agglomerate abrasive examples on silicon wafers. The inventive materials demonstrated a

stable, high cut rate.
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slurry was continuously stirred using the air m xer

for an additional 30 mn. after all the above
woanstseeent s had been added together. The sl uPCY/USa®6/031424

spray dried with an outlet tenperature of the spray

dryer at about 90-95C. The precursor agglonerate

abrasi ve grains mgzcg{ljaag ﬂstklgglfﬁ;sor ay dryer

outlet. The spray r|e precur sor aggl onerate abrasive
grai ns were m x€ut Retelfpaboint) @Giktorowdfer3 mm al um num

oxide (" PV\AS") basgg ;ﬁﬂab%idéei ght| of tlees (il fiftasive
1Y rdaf 1l 1TEAL T
A R S R TR R
6, 551,866, and sué%ad thr ough9a 90| nm #&&8h sdreens.71
Di anmoryl aggl oTer af 66 havi ngypssi ze| of .05 mmjwer eg.ade

—-FoHowng—theprocedurer—of i-s—Exanmt except—th
i nput Hi amonds wet80 1. 2| nm H#41 hohd :f én abt a?-lrzid
from G Superjabr akd&es, | Wrtthshgt on, OBL08and |t he 7.44
fur nacig tenper at Ujg was 75%2 Di armndz@ggl oner ategg

Al |

II(J.VI IIU (J. DI l_ UI U J IIII VVCI C ||auc UT1 UVAVI Ily L IIC
procedure of this |l e 7 except th t he i nput
di anonds wer e SOEahlSﬁngﬁiaé'Pa‘!@t b5 nt het i cdi anond

powder obt ai ned fgu@mafgqggvmgqr&pglggsl(gﬁsof Ameri ca,

Englrewood—Criffs the furn erarure was 740C
and _t_he_px_eci,msgr_agg-oner_ai_e_glfgsé@ aheEasie ns were]

not | m xedimg (himhy al uni nbxamdede grfi ns E@imle‘t 0
heating in t§1e furnace. Exa(mg)g9es 1-4 Theseo\ggge madg

accordingtq theGene forefpr—mak a coat|ed
kio t he (y?\g Qréﬁsi n_Tal

abr asive arti’cle usi ng Ul atilons gl
1. Table 1: 1Bornul ati pns fdi3¥bat ed pbrasi 0&larticl gs
(wei ghts |n2@) The abra3|ve0§(§d| cles| were phegn tested

accordirng—to—the—Strasbaugh procedure rg—botlh
gl ass _di sk #7d silicoh wafe? b‘%r kpi eces E%b

performance data is given in Tables 2-4 beI ow. In
ExaTaEI%_é, Exanpl es 1-2 were using 1.5 nm di anond
rate abrasive exanples on silicon wafers while
Exanjolles 68-4n wacefiiBhing MmF263D avaalabldragdMpOempiey, Saint

abr asi ve exa‘;gl es on silicon wafers. The inventive
Paul YN wag ebtejaerpderta paplication ghihe sizgicgaf te yse asa kasy awmteriap for

{
these e)ﬁﬁﬁcﬂ \?\g‘%grl%er%gm ReSiatnpleFets Ral 8 sEITHbAbA49 ¢ ¥MPTA, 61 ¢
Epon 828, 54.2 g Mondur MR, 1.5 g Irgacure 651, and 0.5 g Desmorapid DB. After size

resins were applied at the coating weights (size wt) given in Table 4, they were cured by a

single pass under a 236 Watt/cm UV lamp at 11 m/min. (obtained from Fusion UV
Systems Inc., Gaithersburg, MD), using a D bulb followed by 2 min. in a forced air oven
at 110°C. Then all samples were given a post cured in roll form for 5 h at 125°C. The
examples were then tested using the Schiefer Test and Steel Ring Test and the results are

summarized in Table 4 below.
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Tabl e 3: Strasbaugh Test Results Cut Rate (mm min. on

gl ass di sks Exanples 5-7 Aroll of 60 mm m crof m shing
woizbamog@B8L avail abl e from 3M Conpany, Sai nt Paaiushidp/031424

was obtained prior to application of the size coat to

use as a base material for these exanples. The size

resin for Esséu&ei‘\gﬁd %tée?h&ﬁg;i’@stﬁes&ﬁs g TMPTA, 6
1 g Epon 82 4.2 g M MR, lrgacure 651,

and 0.5 g Desrrorapl @@QBRH,@‘T&E SI z§ reS| NSchYeFé€T est

appH-ed—at—the—eoatng—wetrghts—{stze—w)—gf-vern—

Tabl e |4,Sizeh &apy| a Rirngl|e Jnd@f q Ren
mztt?cm@an%in“@“?@?fﬁm% " (o ailnodl 1 ofn Rui dn ()

t Ga b S bu) b
f Sﬁﬁ& % 2 m hbgl nS lifry ,g/tljjhgl r o&%‘lﬁat Hu C T%]eln
%J 6sa9mg§ rel_%ven g7pospt f]hp f pdgzjréol f@rm fo§355

hat examl es wer ‘ isi-ng-tih
Inhivefer Pest anqi.lSt eel 16 ng Temt dnab. $65e res42l ts asE
sunmrarrzed—m—Tablte—4—tetow-Tabte —Schiefer—ard

Steel Ring Test Results Exanples 8-10 A roll of 80 nm
Exaffiptés@-09 shing film (373L avail abl e from 3M Conpany)
was oDt aj ned bef ore application of fhe size coat

us égrofof 0 wa&@l%aﬁ@#shlag filey B HeawileRiadiane sM @ﬁl@p@?}g avas
t
obtaf 3'5@@%% ép@@ﬁ@ﬁdgﬁgg R}%Q 8)9@%11 u§é?i a{é 'H&Qe Afatefl ﬂ)r-ﬁ'}éag'gxamples

I rgacure 819
The Giz2 repirDies Fzampied SEIB. wi z soluioat ofs:m gJTWTAAA@ ol 828, 40 g

t he 'roinish' fi usi ng a .hrush_ fo by a .
Moy MR G § spatuf 1 etd b6 DeieRu TP st rod iyt athy applied
to ﬂfeeﬁel\b@ﬂwﬁﬁ@eﬁﬁl SPhA | bﬁfsh f&idv@a’d B 2RI B HbNthatEtEibuted the

applied at the coating weights indicated in Table 5,

solutibiegvapbr andagimetiebgxcgssiohgion. Feltes sizadesinsavaseppkad gt g coating
Wei%%y Jl?afwteaﬁn %a‘blgdé 5 h'gg 8&65«? ?ﬁrg@ léi\é @?@Qasgﬁﬁc&h‘ Q?ﬁé %Agﬁ@ﬁ %V
lam15 atmul AninefFasioh \8ystemspDHulty) fokowed BshEminlih afforced ait oven set at

Quen set at 1250C. Perfornanc exanpl es o
1030 Thongi saueles e gyeRg FORECIT B lhf?a%ﬁve@@moyeaﬁ@ at 125°C.
Perf@in¥gie bPthfad @nplesE¥ATRELSssdsbed Ssing the JA test and results are given in
Table 5.

Examples 11-13

A roll of the microfinishing film of Example 8 was obtained for use as a base
material before application of a size coat according to these examples. The size resin for
examples 11-13 Wés a solution of 41 g Epon 828, 40 g Mondur MR, and 0.2 g Desmorapid
DB. The size coat solution was applied to the microfinishing film using a brush followed
by a soft roller that distributed the solution evenly and removed the excess. After size
resins were applied at the coating weights indicated in Table 5, they were cured and post

cured and tested as in Example 8. Results are given in Table 5.

Comparative Example A (CE-A)

Commercially available 80 pm microfinishing film (373L available from 3M

Company) was used. |
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slurry paste was nade by

In CE-B, a hardness test with size coat resin was prepared as per Example 14

except that the size resin of a solution of 98 parts by weight (pbw) ERL 4221 and 2 pbw

CD1010, triarylsulfonium hexafluoroantimonate, was used. In CE-C, a hardness test with

size coat resin was prepared as per Example 14 except that a size resin containing a

solution of 70 parts TMPTA, 30 parts SR 368, and 1 part Irgacure 819 (I-819) was used.
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Mondur MR, 8 g Sol sperse 24000, 2 g OX 50, and 900 g
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the m xture was used to fill a wheel nold having a

7.62 cm (3 inch) | . ' ) OD and 2.54 cm
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plural ity of abrasiVve particles and a bi nder Wherein
t he binder conprises a polyner fornmed by a reaction
Exapmpile#®n a pol yi socyanate and a pol yoxi rane, wherein

h Lt bi ' b ially f f
and- SERPY AR 0D e Al nithg (s Bpalth 3016 o
5 Monte MR, 18 ¢ Belspates 24M00| 3 Y2136} HdfI00GL P D0MrbWvi alimihti@ oxide.

pol yi socyanate is greater than tw. 3. The abrasive
Afteg ixigp ani} the minepal wh Billyidispersed.dl 2 £ 9§ DcsmpranifeDB was added

and E{H)‘ﬁf}%'g it deh )f‘oroe{bohpﬁvqolghy OfﬂeFl"i‘fl?eemiﬁu rv?zﬁltu%&% Logﬁﬁ]amel mold

rasive artic of clarm erein
haviapnd62ven &3 irich) BD,Clomr dns &singhp@Pkand @. S4cm Thénchpwidih.v €hen the

rticle of clai erei.n the pluralit ahrasi ve
molf s FlofesCang e Bietdpr FE B BhOTHER<Lsr 1S de e v hen
10 rem&¥edGRIm the mold and post baked for 10 h in an oven set at 145°C,

The resulting wheel was dressed and tested on a lathe with a 3 inch (7.62 cm)

spindle at 1750 rpm. The dresser was a conventional diamond tool used for this purpose.,
After dressing the wheel was used to deburr and deflash steel parts and to sharpen scissors
and blades. It showed good cut and representative finish while exhibiting low wear and no
15 burning on any of the workpieces.
It is apparent to those skilled in the art from the above description that various
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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6. The abrasive article of claim5 wherein the
abrasive article conprises a size coat. 7. The

wabhomaBwwsarticle of claim 1 wherein the bi ndePCTAIS2006/031424

present in a size coat. 8. The abrasive article of
claim1 wherein the plurality of abrasive particles

Wh qrisecgin%disbut ed throughout at |east a portion of the
Pi nc}er.

1.

10.

11.

9. The abrasive article of claim1l wherein
the plurality of abrasive particles and the binder are
i nAhhlrdsivemtivie eorpprisiag a plurafty ohalwesidé paticieoaad a binder
conposites,. 10. An abrasive article conprising a
pl Hislei e indghioaprgs pRP SR e Py 2 TR GHaR Dol 1
t NEo10{sBERhate QAR LipoBdxfahd, Merddthe Tedul iy BREerQY swbstantially free
reactio et ween a "pol yi socyanate and a pol yoxi rane
andf eretenoad weh linkages.or ned by a second pol yneri zation
reaction wherein the resulting binder is substantially

fr of urethane and urea |inkages. 11. The abrasi

ar e PRregye BUSIe AL Fo P M BPRIT HE ) e P Juepetly of the
fUBGl&ris@é‘fFa!nhﬁe}{s BleafehthaR@lv¥] SOCyanate is greater than

two. 12. The abrasive article of claim|l wherein the

average oxirane functionality of the polyoxirane is

gr &ht ebrasivaarticleof clBm Tvberahr the average wiihe fgfctiohalityrof the
wherei n the abrasi,ve article conprises a backing. 14.
ThBORBFERNCLEGPET 128 B8P ¢l ai m 10 wherein the plurality
of abrasive particles are distributed on the surface

of ThBebRkNESficleldT claiRel MRERE] hE aBrabive bicRf comhRises 4 Backing.

wherein the abrasive article conprises a size coat.
16. The abrasive article of claim 10 wherein the
bi Ttie rbiasivpetiskendf dlaimal wherircthaplurdlity of hlerasive pattiplss are

article of claim.10 rein the plurality of abrasive
paldfsfrbl?ué%d (H’rti‘e 8%‘?%%%%@11?% oughout at I|east a

portion of the binder. 18. The abrasive article of

cl ginmL g Qs gxRITOA MM Whalehd the QbradiRe @ﬁic%lec_:di’ﬁﬁrwe@ h8%e coat.

and the binder are in the formof a plurality of

t hr ee-di nensi onal conposites. 19. The abrasive article
of Thk abuasile asivkr & alaitrhk whercontdie poldgnisprepcndincedzenpat. he
second pol yneri zation reaction has functional groups

capabl e of reacti W th._an, . : .
I;ﬁ‘le abrasive artlac e ofn cgfaim { wherein the plurality of abrasive particles are

distributed throughout at least a portion of the binder.

The abrasive article of claim 1 wherein the plurality of abrasive particles and the

binder are in the form of a plurality of three-dimensional composites.

An abrasive article comprising a plurality of abrasive particles and a binder
wherein the binder comprises a first polymer formed by a reaction between a
polyisocyanate and a polyoxirane and a second polymer formed by a second
polymerization reaction wherein the resulting binder is substantially free of

urethane and urea linkages.

The abrasive article of claim 10 wherein the average isocyanate functionality of the

polyisocyanate is greater than two.
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i socyanate group or an oxirane group. 20. The abrasive
article of claim19 wherein the functional groups of
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13. ¢

14.

15.

16.

17.

18.

19.

20.

21.

i socyanate group or an oxirane group have at | east
partially reacted with i socyanate groups or oxirane

ar 4P ﬁbﬁglvf; Qﬁw%‘%{%ﬁi&%ﬁﬂﬂ%@in‘%ﬁe 5{}:‘? ré%QJxYﬁﬁ%f]ﬂlEﬁonality of the

respective g an abrasive
arpmlgbmrmeamg@amgt}tantwny of the above clains
conprising providing a plurality of abrasive

icles pro ng a bi onpr|5|n pol ymer .
ffh%abr@wawfﬂé icAmpkOoty ?m e abrﬁ%\v‘i/?l%a@ﬁmléesawa%&mg-
ponOX|rane mhereln the resulting binder is

su tﬁ% Iglg&‘abl% LléﬁcL i 14/ \Qﬁé}é‘l‘ﬁeché‘?fg%éigﬁ gf AIL %g@ﬁ%ud@{‘ e

di s tin raS|ve partic
a batlkbiutgl on the surface of the binder.

The abrasive article of claim 14 wherein the abrasive article comprises a size coat.
The abrasive article of claim 10 wherein the binder is present in a size coat.

The abrasive article of claim 10 wherein the plurality of abrasive particles are

distributed throughout at least a portion of the binder.

The abrasive article of claim 10 wherein the plurality of abrasive particles and the

binder are in the form of a plurality of three-dimensional composites.

The abrasive article of claim 10 wherein the second polymer produced by the
second polymerization reaction has functional groups capable of reacting with an

isocyanate group or an oxirane group.

The abrasive article of claim 19 wherein the functional groups of the second
polymer capable of reacting with an isocyanate group or an oxirane group have at
least partially reacted with isocyanate groups or oxirane groups of the

polyisocyanate or the polyoxirane, respectively.

A method of making an abrasive article according to any of the above claims
comprising providing a plurality of abrasive particles; providing a binder
comprising a polymer formed by a reaction product of a polyisocyanate and a
polyoxirane, wherein the resulting binder is substantially free of urethane and urea

linkages; and distributing the abrasive particles and the binder on a backing.
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