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particulate additive, and to nethods for the manufacture and use of such
an article. The article is wuseful as a polishing filmfor polishing the
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been enployed to term nate optical fgAdE cables and to facilitate the
connection of the cables to other cables 15 or other optical fiber
transm ssion devices. A typical optic fiber connector includes a ferrule,
whi ch nounts and centers } btief‘ I\i R1 t thin the connector.
The ferrule may be fabri%%?ggi%éﬁyeé am CH%{a{ Ylﬁal SQ\NA si ngl e node fi ber
optifal connector includes a glass core with an outer dianmeter of about 9

m crons surrounded by a glass cladding wwth an outer dianmeter of about 125
20 microns (collectively the "gIM&E‘éﬂ?ﬂ% ceram c ferrule surrounds
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mllinmeters aSF h|lst ljsmglht%cglrelre%? gogﬁéﬁ%hge nglla@f?rde?){rg# Isﬁ{rgc&gggg&stﬁglp gﬁlﬁa%?ebevel ed
edge (appdditivaptnglty ndFhods domthe ntan@fabtune ardd wsetof sechadn drtidle. Thelasiclefiorti on.
Duri ng manuf act ur t he. gl ass fiber is threaded through the ceramic ferrule
and att ac‘ﬁ8%?9ﬁ ?H‘ﬁghmépf&ﬁ&%lr nglﬂl.‘ngﬁl?é CERSE: §n‘§l Ogé’st{h% g?%??“&?@%é‘éf fromthe
newhy 2%xh@pred fiber optical connector, and the ends are polished to a
fine finish. A pair of fiber optic connectors or a connector and anot her
optical fiber transm ssion device often are mated in an adapter which
centers the fibers to provid %old. tr S ! ai .. The adapter couples the
connectors together so that %—%&%&m&ﬁbers connect end-to-end
to permit the Hibarptt 86mmeotodd of 4 glie.vatibty cddaghey have bebierdploydlt doi Nne 30
conmponent, or the adapter can be designed for nounting in an opening in a
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ferrule, which mounts and centers an optical fiber or fibers within the connector. The
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ferrule may be fabricated of ceramic materials.
A single mode fiber optical connector includes a glass core with an outer diameter
of about 9 microns surrounded by a glass cladding with an outer diameter of about 125
20 microns (collectively the “glass fiber”). A ceramic ferrule surrounds the glass fiber. The
ceramic ferrule has an outer diameter of about 2.0 millimeters at its outer ends and the
diameter increases along a beveled edge (approximately 45°) to about 2.5 millimeters at its
widest portion. During manufacture, the glass fiber is threaded through the ceramic
ferrule and attached with an epoxy resin. The excess glass is then cleaved from the newly
25 formed fiber optical connector, and the ends are polished to a fine finish. |
A pair of fiber optic connectors or a connector and another optical fiber
transmission device often are mated in an adapter which centers the fibers to provide good
transmission. The adapter couples the connectors together so that their encapsulated fibers
connect eﬁd—to-end to permit the transmission of light, The adapter may be an in-line
30 component, or the adapter can be designed for mounting in an opening in a panel,

backplane, circuit board or the like.



t hrough the glass fiber across the junction to the next connector. In order
to achieve a good crossover of the light, the ends nmust be highly

pol i shedwanzl22ine pol i shed ends of the glass fiber and theT/@wsoznyws ferrul e
preferably lay within a cormon planar or slightly 5 convex surface. A

pl anar or slightly convex surface with a radius of curvature of between

about 10 m || ipet and .about 20 m.llineters gj.ves nmaximu l.a fiher
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back from the junction, resulting in backreflection. Another potential cause of

backreflection is the presence of a space between the ends of two glass fibers if they are
not completely flush with one another. This problem arises when the glass fiber is
recessed within the ceramic ferrule. Even though polishing techniques have improved,

25 manufacturers have been unable to overcome these and other causes of backreflection.



met hods and to create a process that will polish fiber optic connectors to
provide a high polish on the glass fiber and an essentially planar or
slightlywon¥2021§ r adi us of curvature of 10 between about ROT/ASOVI9sIt er s and
about 20 mllineters) end surface (e.g. with | ow undercut values). It is
al so desirable to provide an article for use in such a process and a

process for theg nmanufacture sych. a rticle.. .SU Y THE | NVENTI ON 15
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a binder, abrasive particles associated with the binder, and a |ubricating

parti cul at Bis zesylts inAe uneegspiablengndeprat.yvhere helslass Gbetiy pbisdedibelowithe e t h
t he bi nde ' ' in i i shi f. fiber [
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pol i §hi ngligtafthe uzdbrad id prefesaifly aborgnassort ilizarsormahemtrls, kod hereprefeably han t he
pol i shi ng rgﬁ@éof the harder ceramc ferrule material. The different

pol i shi ng™! _S@PIF Q\PHB’(I’PPt?Fﬁt erials to be polished in the sane step using
the same abr asnYsecleéﬁmgk&oJe%cHﬁ@eﬂe@ﬁo@&nﬁﬁWg& ?oﬂﬁif}%mélfé gﬁé ace.
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Anot her aspect of the invention is a netho er optic
connect ormethads agl ta cratet aprocesstha odll pohsh fiter loptic camecioset® proyidea highi shi ng

step compri,sing 25 .contacti the fiber optic. connector, contact surface
wiih o r PURhGRmtd RE pnd S esiEhuay Planab i ey Py e P U
connect orbaweert dWuf 10 SiklliARIAS hBaliut 26 helimERes) Bt ReFacedddl Wingk! ¥ i ncl udes
a polishing step involving contacting the fiber optic connector contact

surface windsregt pangsyhltngalap desiiable taprovidecarcastiple ifer usg im sihickimeeshand ag a

surface i he rf .. qLhe coating conprises a binder,
abr asi vea%g?%lsg(ﬁgéé Igg%l(&)g‘ft{é ee%tssgﬁh \%i?%%m%ehe bi nder, and a lubricating
particul ate additive associated with the binder. The next step in the

met hod in 8' ves rel atively novi ng the fiber optic connector and the

pol i shi ngg( NVARY, QFFHEINVERHIOM a1 |y, an additional pre-polishing step
may 1be perfor mgg RetWESYention oy i ; ; : ol i shing
step and t he pol iﬁghi ng s%%lp), %Qgr e% %rpiﬁ%e1{’%&4@%\%&%@@%@18%%?0@5% t act
surface ikavings sxcfaed Tha $urfacs escavdredbyittsd somtiag foroled odadbindek,atbrassley noved

with respect ,to the second abrasiv ticle, the second abrasive article
bei ng di f?aé{’céﬁst aspgRitied W&%ﬁ“‘r @Pd%{b 'f‘%‘g‘i‘ ricgf g RaptiPulage A‘%BHY? PRRERE of the
i nvent i onpdlgteRafltRidedliy16e L886HIABE Withi thdbiaterd A Sk tue ANdskill f the YOS &Y
spreading_a flowabl e coating solution on a backing and solidifying the

coating HeAr@pliosennectprsderaisetbeluhpeaiingwartioulaedditiveadlonsahe pefisbisiguaicon i s

forggd of ,@ndLdHie %kass fiber material to be slower than the polishing rate of the harcier ceramic

ferrule material. The different polishing rates allow both materials to be polished in the

same step using the same abrasive article to provide an acceptable polished surface.

Another aspect of the invention is a method of polishing a fiber optic connector

having a contact surface. The method comprises a pre-polishing step comprising

25 contacting the fiber optic connector contact surface with a first abrasive article and
relatively moving the fiber optic connector and the first abrasive article. The method
additionally includes a polishing step involving contacting the fiber optic connector
contact surface with a polishing abrasive article comprising a b:dcking having a surface and
a coating bn the surface. The coating comprises a binder, abrasive particles associated

30 with the binder, and a lubricating particulate additive associated with the binder. The next
step in the method involves relatively moving the fiber optic connector and the polishing

abrasive article. Optionally, an additional pre-polishing step may be performed between
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abrasive particles, and a lubricating particulate additive conprising

pol ytetraf| uoroet hyl ene. The coating solution is solidified. The coating
sol uti on way2/e180 solidified by any nmethod known in the BET/US&IIOB30AS
exposure to heat in an oven for a specified dwell time. Throughout this
application, the follow ng definitions apply unless otherwi se defined in
t he speC|f|cat|ci "Lubri % ng. articul te atdlélve refers to a

non- met al 1°F ETRRY §P1n§ls epvﬁ’i];a Sﬁep&/ © fer gptiqroppeqiorpptact

t enper at ugigface Mesntatefl &Fith 4 gecaﬁu smﬁew SrtiSRMnd SISV kioved $@thiréspect to the
"Protrusion"” refers to the average distance between the glass fiber end

surface affgond abyasivapgticlepthe seeoar abrasiva agiclq paingidifisrent §q@neﬁhﬁ(fa$tlabrapb'le| shed
ceramc fgrpule if the glass fiber protrudes fromthe end surface of the
ceramc ferrule. Protrusion is shown with a positive 20 nunber. "Undercut"

refebfs to the Addrdgpecioftimineeitizinie e metivel dfinxsafdfcialy @nbraiefagge and a
virtual spherjcal surface fitted to a spherically polished ceramc ferrule
if the gl urisngspreading adiouable cogtingisplutipre og @ bagking f"é‘} sQidfyingfbeeeatingi s

shown wi t 18icR883kdviee eﬂg IBEEive artfcdl AR é%a%ﬁ?scfh?tﬁ&{)@ '?glgnetd%f% depd

conposi tions hereln, ers to materi al can spread across a
surface l@rasgveqmytlaiés and/aitubetcytmgpm'natlatagddmmomiﬁpﬂun@ as knife coating,

for exanpl.e ackrefl ect,] refers.to a nt of the reflection of
| ant “at B Rt reostie S ate S RGYT FRF CrHinE s ehion R BEt 1 ve
i ndijges. Aﬁdﬁﬁ:@%ﬂﬁ&%ﬁhod Endyih RERECERIshih A E&pofRB P8 h&t B ad biatrof £ | ection
through the junction of two fiber opt'i c connectors 30 Backreflection is

speci fi edpavificddwslltio. i n deci bels (dB) and is calculated as follows: 10
10910 (Prefle Ri n 2( 2 2 PCT/ SP1/.19630 er refl ected is
the opti cal pgfmlg&h%hofl ? c%aé)é) 3%1%’1@’ ahayin ﬁﬁ%‘%\?&%ﬁ%%%%ﬁe%ﬁ?nect ors

and P;,, ddintdin thpsperficapioner that enters the junction between the two
connectorg, Thus, a connector with a nore negative backref|ection
transfers W§a§‘il%% ticylpatgaddibive’c Eiers tq %HOQIH&?E&I%& mgtesial, sthieis subseasialuck as
backsef | eglili @room @B#,E%HPESCRI PTION OF THE DRAWNGS Fig. 1 is an el evated
view in schematic, ber optic cable having a fiber optic

“Wax” refers to an organic semi-crystalline solid.

“Protrusion” refers to the average distance between the glasé fiber end surface and a
virtual spherical surface fitted to a spherically polished ceramic ferrule if the glass fiber
protrudes from the end surface of the ceramic ferrule. Protrusion is shown with a positive
20 number.
“Undercut” refers to the average distance between the glass fiber end surface and a virtual
spherical surface fitted to a spherically polished ceramic ferrule if the glass fiber is
recessed within the ceramic ferrule. Undercut is shown with a negative number.
“Flowable” in reference to coating compositions herein, refers to material that can be
25 spread across a surface using any of a variety of coating methods such as knife coating, for
example. |
“Backreflection” refers to a measurement of the reflection of light at a planar junction of
two materials having different refractive indices. As used herein, it is generally the
. measure of li ght reflection through the junction of two fiber optic connectors.

30 Backreflection is specified and measured in decibels (dB) and is calculated as follows:

10 logio (Prefiected/Pin)



connector on either end, with the glass cladding and core shown in phantom
through the ceramc ferrule. 10 Fig. 2 is a cross sectional view of a

fi ber optwaeowvanmector with an undercut. Fig. 3 is a crosBCEHESM/IOMI View

of a fiber optic connector with a protrusion. DETAILED DESCRI PTI ON OF THE
| NVENTI ON Before polishing, fiber optic connectors typically exhibit sone

degree of protrusion 15 or undercut. Fig. 1 depicts a fiber optic cable
10. The fY@‘S © Espdecret 'S (R PRICRHPRUE rFﬂ%?t“éﬁ%igf}eJ“Rﬁ’tﬂcﬁl Betwesn yorpeted GOMHREIOBY s 13a

and 13b osnde} ReKe Siibal JoPer(thRRhteBhE furfeBHR B&LRES u%%t@ﬁgeg?egm THAK G cont act

surfaces 16a and 16b. ass core 19 extends throug er optic cabl e
10 from ceneger wifh f arwe negative beduetlrstion trahsfers M@b sighhldrghasscade ® 19 i s

surrounde cl inhg 2 i ch al so extends through the fiber
optic cab 8“%6?@%%%?%%‘?33%%’(?sgtFaldé‘ieg\é\an'V\hi ch forms the exterior of the

fibeb optic connector 13a, surrounds the glass cladding 22. Simlarly, a
second ceram c ferrule 28 surrounds the glass cladding 22 near contact

surface VBBIEEDERGRIMEIQYN QY THE BRAWINGSopti ¢ connector 13b. Fig. 2

depi cts apGl PRS) 81 f, i - fi optic _connector 13a,
where the lgnds&agf theédg‘?%"gén %&F@qqg%g@%ﬂg&ﬁ{%?se%gg{@ﬁﬁ%erfgggefi ne pl ane
surface bconhéatdr dnscitheownd, asitththe ghass eladdisgand &fre whdvh 1h gHagtogemastigh ther rul e
25. The cont act SLirface 16a is shown as laying within plane surface a.
Figure 2 SFYHSEF&s undercut where the end of the glass core 19 and

cl addi ng 22 2 IsaerbREBEHGA Wl AHRE oPRIorRbctbPGit hefi€rrul e 25 such

t hat pl ane_gb is, in part, V\,_iet hin thgplgrvgdoyf1 o?thge%g%ﬁg@%ﬁtm e 25. Fig. 3
depi ct s dfigrbiss asesstseettonat visw @i mptit camhe¢thewith alpestnspin. ¢ connect or 13a,
where the ends of the glass core 19 and the glass cladding 22 30 define

pl ane surface c, and are protruding fromthe ceramc ferrule 25. The

contact BETAILEDIBESORIPIION OFEHEUNVERTIONshown as |aying wi thin plane
surface d. Figure 3 _illustrates protrusion, where the end of the gl ass

core 19 and t Heefgreapodiskingdlibes gptio conneetorrdapicallyexhibit sond degr@Tulpsotusions 30

pastst he f : ] et ul uch, that plane,c is
ol Ty schanadl. Sk PaGidLa Bt GRALE 108 Bl et SRl M GBSt
surface 1ith fiserplpin@pmmectasb il §ahardyl Sbamraither ¢ml. tTierfidey optiostntiectbRe 3amxd mim
surface ar of the gl ass fiber r contact with second gl ass fi ber

wi t hout 2&?@31"‘?’%@0&‘%%% E“H{S;}P@%%I‘g’- Pheye 9?18?‘@%@%}??@”@%@_51 SrRBHS to 5
achi eve &aBRAY féth Bbntabd sukfacd B th3BhGcH AFBcP P8Y. STHeNdads 86N %ﬁ&&%ﬁg
protrusion/undercut values within a range of about™ 50 nanoneters. re
pr ef er r edYi sglpspvillasiging 32 oehicksilemeuendis thiguglo fhefwnoptic cable 10. A ceramic

20 ferrule 25, which forms the exterior of the fiber optic connector 13a, surrounds the glass
cladding 22. Similarly, a second ceramic ferrule 28 surrounds the glass cladding 22 near
contact surface 16b to form the exterior of fiber optic connector 13b. Fig. 2 depicts a cross
section of an embodiment of the fiber optic connector 13a, where the ends of the glass
core 19 and the glass cladding 22 define plane surface b which is shown as being recessed

25 within the ceramic ferrule 25. The contact surface 16a is shown as laying wi';hin plane
surface a. Figure 2 illustrates undercut where the end of the glass core 19 and cladding 22
lay recessed within the body of the ceramic ferrule 25 such that plane b is, in part, within
the body of ceramic ferrule 25. Fig. 3 depicts a cross section of an embodiment of the
fiber optic connector 13a, where the ends of the glass core 19 and the glass cladding 22

30 define plane surface c, and are protruding from the ceramic ferrule 25. The contact
surface 16a of ceramic ferrule 25 is shown as laying within plane surface d. Figure 3

illustrates protrusion, where the end of the glass core 19 and the glass cladding 22 protrude
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30 nanoneters, nost preferably about 25 nanoneters. Protrusion and
undercut values close to zero provide maxi num connection of the contact
sur f aces whemmssenbl i ng two 10 connectors. However, poliBéT/gotee3ocont act s
surfaces of optical connectors has proven challenging, as the glass and
the ceram c each have different hardnesses and, consequently, experience

di fferent i shing rates when polishe i th sipgl e ab ive article.
These vaﬂagtt%%ﬁ@t‘i“% S‘b‘%‘l“ieslﬁiar‘? cqrg@&éggfe\,#ewcp taraggg 1§ W%@fy %ﬁl?araf‘?’i}e ceramc
ferrule fdneeHéeRdnYic fa¥@e n8S Pldrgablly h8X6RASH HMETabiN RIS Plank QBN @
pol i shing operation. 15 In one aspéct, the invention provides an abrasive

articl e sanvexpdharehy prowidgshemayisivings sitfage pidaref ther glassdibey forgontastuwitiae e
f ormed of iLal s, having differen rdness, .such as.t he,contact
o ' 20cs segot RS Bk AiindR Kk B 0 1dd LA OREAERR rRUEDISINTREORY 20

f ourdl t hathiadsh peodjointbri cating particul ate additive to the construction of
the abrasive article slows the polishing rate of the softer material to
subst ant i al | y Igtdesirableefope pebishingteabpifeg © give pietusigp/daderettvalies withithe
article q Lavient [ Is qgg j t acki ng.
The coati Ir\\rtlfteg) gr?ggl}/ts"e’gd fa?tb{ht?ar ?ggﬁelgl%gﬁ %8%?%%%8%& aep%g?l? 1?%)'ugx§er9§80§ gglogtt ed

wi t h t he h3thehmomessnd naost plefératdly nboutpal nanohrtees. aPidirisive avd ededas @givag ed

with the _binder. The, coating thickpess js typically |ess than about 13
ni crons, CB?SEF%?%BWW%@E"EIHE\%“C gHomPL G pIfiact synfaces whew pspemBHRE [P es rmay

be fpund.copglies e dpbReva@n lﬁfﬂn%itﬁé)&fﬁ&gs Rpfabiy éf?lltg)iii@%fcohﬁt 5 88 oven The

backing nmay be of any material’, preferably a e polyneric film The
backi ng whsllenging, as thhigtdss ewbthe teratnieicachhame diffenent herdakssest arti78 i cr ons.

Preferably the cking has.a thjckness of about 50 m crons to abaqut 130
ni crons, “HBEHY fg’fpﬁglwcea%gf en{?%oliisgmﬁﬁﬁtﬁ? W%?n R?I&ﬁ%Sﬁ&l&’@lﬁ”? BRYAYEE ki ngs
i ncl ude ap@lle eBheRE vhiidtiBhs SMEHlisBmglrAes BetdRss iR sksifibet 1l tEX abmeSTR@ILi N.

These backi ngs include 30 Backing 1, a primed 3 m | polyester backing
pr epar ed fiaBenily inye resultpdin exgessive gadercut follpwineapQishing shewtioppl i cati on EP

2066H69A; and I Noldl m | . - 6.
ot Us0L/ 16638 Bﬁ‘!ég%eﬁtg tf iRédH Bﬁvgaesvaﬁ? Saks t%%em&f‘\éﬁegﬁ{ REA L of
At | ant a, pGHsirigg &lmfidenodifieng a ad€ace dasiedrdtwomalaiald mavi(gdiffBientRirdnesfhe

bi nder used in,the article of _.the invention nay be any paterial used to
forma éﬂ% 15e EPRIR SUBRSFS Of fiBeTRRNG SPRReStors, fe*?«a@mpge- bt AeRheePor med from a

coating s@pkingly foliﬂ@trﬁ@?adiﬁgaﬁ%huaﬁrfgﬂpdrﬁc&meia&&hwtd e BorsSLAVRH & pL at e.

During the manuflacture of the abrasive article, the coating solution is
t hen conwbrasivg articleslpws therpadishing dase of thetshBiemmatafialao ubsthntially match the

20 polishing rate of the harder material. The article of the invention comprises a backing and
a coating on the backing. The coating comprises a hardened binder, abrasive particles
associated with the binder, and a lubricating particulate additive also associated with the
binder. The coating thickness is typically less than about 13 microns, preferably less than
about 7 microns. The abrasive particles may be bound, adhered to, and/or dispersed

25 throughout the binder. The backing may be of any material, preferably a flexible
polymeric film. The backing may have a thickness of about 25 microns to about 178
microns. Preferably the backing has a thickness of about 50 microns to about 130
microns, most preferably about 75 to about 77 microns. Suitable backings include
polyester films such as those described in the Examples herein. These backings include

30 Backing 1, a primed 3 mil polyester backing prepared according to the teachings of
European published application EP 206669A; and Backing 2, a primed 3 mil polyester



abrasive article. The binder is typically in a solid, non-flowable state in
the manufactured abrasive article. The binder can be fornmed from a

t her mopl as@pz20mg erial . Alternatively, 10 the binder can PeTASINM®ABIf rom a
material that is capable of being crosslinked. It is also wthin the scope
of this invention to have a m xture of a thernoplastic binder and a
crosslin -bi WaloP i e i i.gle, the
coati ng SarirE ooy BEMIPLBRCRARS et AT OPERREr BT he
bi nder. Hesiguatimaslleijonk8GRe coating solutions, the coating solution is
exposed tQ the appropriate energy source to initiate the 15 polynerization
or curing®#8to formthe binder. Thus after curing, the coating solution
is converted Ftphd@r RidAdRihe aiSle 60 fe iRGertidh Whdyad dn§ o&hiAMaR % BAn Qr gani c
material that is capable of being crosslinked.” The preferred binder's
coati ng SinutBrefarablyn thedbinder ivvan ergawn dindenfdrmed flonadtentingssiutionr Ther addi ti on

pol yneri zable resin.. The additi.on pol ynerizabl e resins can.he 20 .

behyt eni canie (oRisn s Sbaliat b RO &BR 5 DRfRE Brar Ry iRar B8 Bhsiteean: o
crossl i nkalli€ the'@a8hk abiStibm B theecophenal iot 28dne8 biddesitthe ihdRcirdider s,
vinyl ether resins, am no‘gﬁlgast resins havi ngfgendant al pha, beta

unsat ur apbwsivanpishy| Thyoges is ey iea pelid. non-flopeRlp statein the maafagivaed
resins, %B{aXiv@taﬁﬂ:lé. S?Ee\’ﬁﬂﬁ‘fér%% bl foth{dd frdth %"?ﬁ&&%ﬁﬁk&%ﬂx@ﬁaﬂ RlidiRatively,

i socyanurate resins, acrylated urethane resins, acrylated epoxy resrns, or
m XxtQur es thdigin@&afcan b2 SorGrd deims atmansrialiian i @pisls ohbeikh erveslinked ekiinslsar e

w dely used.in abrasive article binder pecause of their thernal

proper t i ¥thin ghe; scops; ofjthis inyeglen tohpve aduixgire phafermgplastisdhindes@ad ewo t ypes of
henol i c i : ohe,; | J; i | ar
p CE(%%KIT%SQI%(%E bﬁrlg%glgg)?, Qkass mﬁ%ﬁg kife MRRRRY drfclb &R @(ﬁ‘at{ﬁ%\é‘éluﬁoﬁo

ratio of forma eto 30 of greater than or equa one,
t ypi cal | ys &reposebio the pproridteocdiditions 0o stlodifyl the bindet. rfr lgenselikablendoating at i o of

f | deh t h | f.l th t t . Ex | . of
Loy oF afifohd 1 &ifns sfbucr R exbael it he PGy SAbR: T Tiare the
t r apenangslynkdHz@&on or’ciffle 44 20BES tRERINdSH IMhR6&6r cidihg, thy@bshp solut@m is

Cccidental Chem cals Corp.; "Resinox™ from Mnsanto; "Arofene” from
Ashl and CHeYfrtedlintog biaded: " Ar ot ap” from Ashl and Chenical Co. Latex Resins

Searml e oF | hRschen A RIS AP AREDOH o) O
emul si onsrosolifiladi dhe prefeyédiadatadoatiofsolatich cariiz dithtt Doamdehetienturableese
latex 1 esriesri]r? 09 eru? aé:d?tqggeécﬁ;I%Lrligable resin. The addition polymerizable resins can be
20 ethylenically unsaturated monomers and/or oligomers. Examples of useable crosslinkable
materials include phenolic resins, bismaleimide binders, vinyl ether resins, aminoplast
resins having pendant alpha, beta unsaturated cafbonyl groups, urethane resins, epoxy
resins, acrylate resins, acrylated isocyanurate resins, urea-formaldehyde resins,

isocyanurate resins, acrylated urethane resins, acrylated epoxy resins, or mixtures thereof.

25
Condensation Curable Resins
Phenolic resins are widely used in abrasive article binder because of their thermal
properties, availability, cost and ease of handling. There are two types of phenolic resins,
resole and novolac. Resole phenolic resins have a molar ratio of formaldehyde to phenol,
30 of greater than or equal to one, typically between 1.5:1.0 to 3.0:1.0. Novolac resins have a

molar ratio of formaldehyde to phenol, of less than to one to one. Examples of

commercially available phenolic resins include those known by the tradenames "Durez"”
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available froma variety of different sources including: "Rhoplex" and
"Acrylsol" commercially avail able from Rohm and Haas Conpany, "Flexcryl"
and "Val ve@022e$merci ally available from Air Products & BOBoSEI9s30 nc. ,
"Synthemul " and "Tylac" 10 comercially avail able from Reichold Chem cal
Co., "Hycar" and "CGoodrite" comercially available fromB.F. Goodrich,

" Chem gund, ORPE,S! i ésg?([ " b .
"Neocryl nancom‘rer (?? aﬁ%bé:\?}a@lh%g@eﬁﬂ%%@ 6&0 Gﬂ Hd’n%@é%’@rﬂc?grf)fe%
avai | abl efrémayshBASKhamdical Res indc'thnotapt ifmint pisldwad Chadrhieaf C@am Uni on  Car bi de.

15 Epoxy si gs . ﬁPoxy resins have an oxirane ring.and are pol ynerized by
the ring Such epoxi de resins include nononeric epoxy resins and

pol yneri ¢ epoxyxdngdlfSof 13B€ $Rids@Bdtkan BB NG Vith 'El'ﬁ‘eﬁr;hleﬂolﬁcnrehlﬂ% ARlupee Of their
backbones and substituent groups. For exanpl e, backbone nay be of

any ¥ype mylmmly bagdisoé amalsionst wrﬁlpoe@yulmm ﬂpgtadmie subsiorsubmadieny oups
t hereon c o be an]?éoﬂroucf) free .of an ac {% en atomthat. is reactive
't |

with an COMGRAMIODS HRGrEq Ur é’i‘ﬁ AP CONETERD es of

accept abl svagathls Tﬂohﬂzﬁﬁdnetﬂbﬂlﬂ‘érehﬂé‘ddﬂé’@ Iﬁ@hmﬁgnf&hop}%keancg'l'&étpgol"et her
groups, sulfonate groups, siloxane groups, nitro groups and phosphate
groups. Eeammpesiallypvailable o Rohmen @asﬂqwms"ﬁlwrylaendz"‘éalm"
bi s[4- (2, I yi of._ bi-sphenol a)]
and- comarinaray Basc PRI BRPATE chih K IhEY sy B Cind TR Epon
82810 " Epmm:ﬂlﬁﬁﬁlly aamﬁzbleﬁmﬁ RehbF' Chataichia®d.e"Hyoar dideiGoodiam caI Co. ,
"DER-331 ", " DER- 334" ava | abl e from Dow Chem cal Co. O her
.aﬁ@laﬁ%cfrm

sui t abl e OFYRSFCIEY; é% Fopordrieh) (e gem osorprgreinll Yf%@#ﬂﬂﬁ@‘ﬁ%e

novol ac_(odlivear BN ando’ PROGAGH coffhRia) SRASLR/ R feal
-8 WO 02/20235 PCT/USOl/19630 Ethy%enlca ; hsat ur at %gﬁglng gblutlons

Exanpl es Mnm@mmllenvmhtbqurm%éiﬁ atdaﬂiasba@mngrcsai]ym:waﬂaiﬂe frood Udenani nopl ast

nononer 8 gorer havi ng pendant al pha, beta unsaturated carbonyl groups,
thylenlc VﬂUnsaturated nononers or oligomers, acrylated isocyanurate

nonpgrers, S5 acrylated urethane oligomers, acrylated epoxy nonomers or

oligoners, et rﬁ/l enically wunsaturated nononers or diluents, acrylate

di spersi dinRoxyResingt yres” t hereof . The anmi nopl ast coating sol utions have at

| east one pe nc@ﬁﬁxy%ﬁ%avg Gh dxHARALYE Atete {38ty RRRYla by the ring opening. Such

epoxide resins include monomeric epoxy resins and polymeric epoxy reins. These resin
can vary greatly in the nature of their backbones and substituent groups. For example, the

20 backbone may be of any type normally associated with epoxy resins and substituent
groups thereon can be any group free of an active hydrogen atom that is reactive with an
oxirane ring at room temperature. Represéntative examples of acceptable substituent
groups include halogens, ester groups, ether groups, sulfonate groups, siloxane groups,
nitro groups and phosphate groups. Examples of some preferred epoxy resins include 2,2-

25 bis[4-(2,3-epoxypropoxy)-phenyl)propane (diglycidyl ether of bisphenol a)] and
commercially available materials under the trade designation "Epon 828", "Epon 1004"
and "Epon 1001F" available from Shell Chemical Co., "DER-331", "DER-332" and
"DER-334" available from Dow Chemical Co. Other suitable epoxy resins include
glycidyl ethers of phenol formaldehyde novolac (e.g., "DEN-431" and "DEN-428"

30 available from Dow Chemical Co.



group per nolecule or oligoner. These materials are further described in
U S. Patent Nos. 4,903,440 and 5, 236,472. 10 The ethyl enically unsaturated
nononer s Voo ouRi2goner s nay be nonof unctional, difuncti onaPCTARIIIR3t | Ona
or tetrafunctional or even higher functionality. The term acrylate
includes both acryl ates and nmet hacryl ates. Ethylenically unsaturated

nmeric and pol yneric conpounds t hat
50T Cat b tH Qi Soxygen and optionally, nitrogen and
the hal ogens. Bs @fretﬁyttm@a@mnt&uedt@m@oaaﬁg Belbfloml ifcId8N hlopksdr esent i n
ether, ester, urethane, am de, and urea groups. Ethylenically unsaturated
conpoundsMeReel sligomaykavingpindeni alphabets Hpsagirated serbonglrerompiout 4, 000 and
are prefe contalnlng
R e R

unsaur at anlyla&ﬂbmetkldnecohgambfts acrglagdd @exﬁﬁtoytbmersaﬁIoﬁgomﬁshétﬁyhéhicallyacI d,
itaconic acid, %LiOt onic acid, isocrotonic acid, 20 maleic acid, and the

| ke. RepRSéRirated mppomagrs opduents. agiyiase éﬁP‘?fé‘PP%/Oer%‘trﬁﬁ thegapfndhomer s

i ncl ude Iy S i Nyl benzene,
ycir oxy o P PIaSR et 01t i nth A 1odTE PROGIAR o both FHE Sl G

acryl at e, gioypl paxyolpedpypt olignmdradhyicmeterihly dretﬁapthhtdey«tnt&ﬂrmrths Ratdny Woexy

but yl Jg g %1 #{é;% tol uene, ethylene glycol diacrylate,

5 .
pol yet hyl %@ é @M | ate, ethylene glycol dinethacrylate, 25
hexagedi ol di agky/diBflEnicAlly @ishinkREE mBh¥Bls HbRESNER Wy Bl hoRI Y RhAr Opane
triacrylate, glycerol triacrylate, pentaerthyitol triacrylate,

pent aer yt $ifuncepnalrifischeeal pr tetiafuncientl e eyanighas|funcsionalityr Thatemand

pent aer yt th I n nsa ted resins
i ncl ude rr%;r\gtaglm I,S&es at“?@t‘% andmﬁgacﬂ{e%tﬁ Ir]%lbﬁe@g?albf %ns ﬁ’&ats(ﬁ‘rf §1 of

car boxy! i @hatixing $ncltﬁi¢dia)tlﬁﬁlodbméﬂ1<y hndpdltabag eompbunlds Hat asHtfataeomePérdarbon, -

N, N- di al Ig/l adi pam de. Stil] 30 ofher nit rogen cont ai ning conpounds i ncl ude

tris(2-ac rog;)p)g@ RV §ens rd eptiomatly nitrogensnd the halogens. Oxygen or nitrogen

tri met N e,

e S NS Y A S LY O, BRSO R

N-vi nyl - pEl]h&lenntahjeunsaglrm eammm p%ﬂab@ﬂmhaﬁﬁiﬂﬂecuﬂamgtnwf ddsetidari vati ves

havi ng at_ end ate oup, and |soc anate derivat.i ves

navi ng aceB6EPO0RS BERR PG BRI RaC ol S NDRLS SRR U, S,
Patent  Ngip hﬁm@ﬁ%n&@ﬁro;écg‘rbhhﬁst &Clthﬁéhﬁié}ﬁﬂ'ﬁ%/d%)@ gtbafsra)ﬁh%eata%teercar%&ymdr OXy
term nat ed i socyanate ext'ended pol yestérs or yet hers. Exanpl es of

cormer ci aldids, siychias apiylic acidymathaerylig ﬁeltihmslqanbi gm@mwucrmmotmz acid,
avappabl e Blref&ngth) ahe ﬂle(ﬂ?(% mR%%te’serﬁQt‘fiv eGXI%ples of ethylenically unsaturated monomers

include methyl methacrylate, ethyl methacrylate, styrene, divinylbenzene, hydroxy ethyl
acrylate, hydroxy ethyl methacrylate, hydroxy propyl acrylate, hydroxy propyl
methacrylate, hydroxy butyl acrylate, hydroxy butyl methacrylate, vinyl toluene, ethylene
glycol diacrylate, polyethylene glycol diacrylate, ethylene glycol dimethacrylate,

25 hexanediol diacrylate, triethylene glycol diacrylate, trimethylolpropane triacrylate,
glycerol triacrylate, pentaerthyitol triacrylate, pentaerytt)ritol trimethacrylate,
pentaerythritol tetraacrylate and pentaerythritol tetramethacrylate. Other ethylenically
unsaturated resins include monoallyl, polyallyl, and polymethallyl esters and amides of
carboxylic acids, such as diallyl phthalate, diallyl adipate, and N,N-diallyladipamide. Still

30 other nitrogen containing compounds include tris(2-acryl-oxyethyl)isocyanurate, 1,3,5-
tri(2-methyacryloxyethyl)-s-triazine, acrylamide, methylacrylamide, N-methyl-
acrylamide, N,N-dimethylacrylamide, N-vinyl-pyrrolidone, and N-vinyl-piperidone.
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6600", "CNMD 8400", and "CWMD 8805", available from UCB Radcure Specialties.
Acryl ated epoxies are diacrylate esters of epoxy resins, such as the

di acryl atweo eze@1s of bi sphenol A epoxy resin.. Exanpl es pET/@Sm®s al | y
avai | abl e acryl ated epoxi es include 10 "CvD 3500", "CMD 3600", and "CNMD
3700", available from UCB Radcure Specialties. Acrylated urethanes are

di acryl ate est ] Q

pol yet hers. Exa5 lagéra%gd%%@?%{}/%l aging\%gfﬁqgﬁggp%&répgcﬁgl(?te?ﬁljg Ifiglrrlfggsg?}%% tSde
WVI THANE déRatieasdialialglaelehstarneMend o adilaok@bufthefurthdr, desdtibe PMOUGKH FatenCVD
8400, anﬁ Cﬁ(\j/%) 8805, avail able from Radcure Specialties. 15 Acryl ated
epoxi es aré %%-at‘e esters of epoxy resins, such as the diacrylate
esters of bis ' [C ilable
acryl ated epox‘?i‘?m@%dnléfﬁggé%yaarv%aggﬁr&tgé@ﬁ# %gg%ﬂg)éﬁﬁ%s%ﬁ (E)%C?S'a%gi | able from
Radclr e Spaeidall polyssted®oapplyethesf Hxtamplesif calningraisibasvailable deyidtedent s or

nmonomers cap be .fqund,.i /5,236,472 (Kirk al.) and SN

08/ 144, 109 enanittdk - UPTSHAN e Rl Bomopons CheficabapducD

appl i cat i gapy, "OMBEIBO!, BHH 20HAS 38H'S B -Albik | fRIph OXlH Radtis@bpucaiigd, di | uent's
are useful because they tend to be conpatible with water. Additional

detai | s copwtated apgxis atd ¢iaeryHisestars Popoxy aesinsesichiandhe diacyBte @tereoff  No.

5, 378, 252, .(Eol | .ensbee). .1t ds also.within.the. s e of,.this inventipn to
oo o 2Tl iRnbFRBRER eait Bl MRl R EARE oY ok SR, |
coationg sttMDI 3300",FOMB860D!, @nd AOMVHE BYI(] £vailaBIe Gitat UCH R iduRas pechilties.

pol ynmeri zed and incorporated into the abrasive slurry. The degree of
partial pol ymepfyhisdorednnes ae Blacydpe poes of hxdreny teonmnaiaddNEOxrfanted

partiall yll)ci}?ﬁ%ﬂg{ é/@gghﬁé.hﬁkﬁﬂbﬁﬁkéﬁ{mém%@ﬁ% %égﬁ@arurgﬂﬁfes Hhudave an

excessi ve cosity so that the'r rasive slurry can be
coat ed t oUNMIFTHANEE7 8 nesilable faothiMéreon Prioldl Ghearigdl eandfCMD GO0y CMIR 840 omer

t hat can be tigll 0 rized is.isoqctyl acrylate. It is also within
t he scopea'lflf&%ﬂ @Sné@ﬁ@%%@a@rs%wﬁ%‘éu on gf a partially polynerized
-101%0 02/ 2021&9@@(4&@33&&1}%@&%12@%@5%& Giaéﬂol% YOSRL MIALR S MAQYRIe il

anot her ethyleniCally unsaturated nmononer “and/or a condensatidn curable
bi nder . | of hisphepelds epaxyimasianixemples of eapinerciallydeeidable adrylatedepssies d phenoxy

resin hayi i i - 50 tain from Toht.o Kasei Co.
Ltd., 5 fa %F@%}?@%@%%%ﬂcfgw ?\zdva(v) %%5‘;1?,8% n\}vﬁ(%g%urf’ ?p?%%hesdi ssol ved
at 30% sol i ds ExandblédibfastioflenipallyoinshragsdiiRh8iod moNofRrsSeinthalibendsine an

i socyanate resin . )
USSN 08/5,236,472 (Kirk et al.) and USSN 08/144,199 (Larson et al.); the disclosures of

20 both patent applications. In some instances these ethylenically unsaturated diluents are

useful because they tend to be compatible with water.
Additional details concerning acrylate dispersions can be found in U.S. Patent No.
5,378,252 (Follensbee).
It is also within the scope of this invention to use a partially polymerized
25 ethylenically unsaturated monomer in the coating solution. For example, an acrylate
monomer can be partially polymerized and incorporated into the abrasive slurry. The
degree of partial polymerization should be controlled such that the resulting partia}ly
polymerized ethylenically unsaturated monomer does not have an excessively high
viscosity so that the resulting abrasive slurry can be coated to form the abrasive article. An
30 example of an acrylate monomer that can be partially polymerized is isooctyl acrylate. It

is also within the scope of this invention to use a combination of a partially polymerized
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having a trade designation of CB55N from Bayer Corporation of Pittsburgh,
Pennsyl vani a and a pol yester urethane resin prepared from 6% by wei ght
neopent yiw@byzmhs 31% by wei ght 4, 4' -di phenyl net hane di i BOTYanzve3o VDI ) ,
and 10 63% by wei ght pol y-E-caprol actone in 2-butanone. In a specific
enbodi nent, the binder conprises a conbination of phenoxy resin,

i socyanat i ' - RSk r t he

conb! nat i S Gy SRR HERb Ghen ) AR ey e B RSBt el g
phenoxy, byt cOfdepyeionwmiabid binter. about 34% (wet wei ght) isocyanate and,
about 0% (wet wejght) to, about 50% (wet, i gh 15 pol yester urethane. The
above nenti ondd 8% KRS HB’PH%?rhoSé‘Ft%blﬁr'%n(yﬁsr gr&:“%e‘%eeﬁtsé’ﬁii CRMBWEIH of

bi nders, @y n S50 dbihi i thedidn the art
may recoggﬁfgﬁgdtﬁi %ensgéhag?ﬁ er sﬁﬁﬁgtéﬁgg&g?@%e \?\f?%a?ﬁ Fhé@gdé’ope of the
i nveht i onnat2fr Ameaich\Eoraration] BewTNerke MY ewhinh isshen tlispalsedfat 80%asi ve
particles, .inorganic abrasive particles,.and . ani ¢ hased partjcles. The

i nor gani Soligs gsi "3’&3“}98‘? PHOF &Q "gﬁﬁlefeﬂﬂ't HYso B@t%ﬁ%%an ICEAHT P51 nor gani c
abrasi ve pafki &!tBfe (desfnatib @BSSNaerBhBE'ﬁerrd@@%&rﬂi‘bﬁ%ﬁl”itfsb@t?h?) and soft
i norgani c_abrasive particles (i.e., they have a hs hardness I'ess than 8).
Exagpl eﬁ Rﬂln%vm\gedt p opellyedterr dretliangsiosia ;pfﬁmaragl élispnil nicde uble W(@jlgbfdbial uE‘i num
oxi de, heat treate Lhum. oxj de... whi t.e sed..al um nu de ac

o1 T con RPprlE EgaH oD BhieBl A it Ty Bt R BB, ar bi e,
tunget en 6335 by GRighk bb%é—@ﬁ?r@ﬁ&ib‘ngﬁa 2chuedienél, e WRp&ciiOEMBodibdehi, @&  gar net,
fused alum na zirconia, sol gel abrasive particles and the |ike. Exanples
of sol gdtndegispmprises papmbispeen obphdnoxy gesinl iseryande rexin epd pRlyssted, 314, 827,

4,623, 364; 744,802, .30 4, 770.671: 4, 881 951. EXx | gs. of vent i onal
softer i ﬁjg?tgglrﬁ {:dsg'br %P%epfﬁgﬁrgql%l § ‘l:dnc U (laonsf:?ringggggi 2rleoc?ﬁl? 33)??0 E‘é/,gt chrom a,

ceria, ziwégiht o about mﬂ%t(wsﬂ\béigm) @BerdRsl, 4bolt @%i(det welght)lto abdieB4@xanpl es of
soft -11 WO 02/20218 PCT/ US01/ 19630 abrasjve particles include: netal

car bonat d&¢t Sigihtasoevanate ARdcAlb A% EVeicKaER) te abepk 0% Gugk Weighbaver ti ne,
mar pk e a%ﬁ)l}Leingﬁlte ¢, cal ci um magnesi um carbonate, sodi um carbonate,
magnesi um carbonate), silica (such as quartz, glass beads, glass bubbles
and gl ass fi bérig)abose Imentives! ¢sugiesas Hinders ael aasepres¢mviintensomlingol t e)

fel dspar,,.m ca, ﬁal ciumsilicate, ggh;%.ug 5 tasi]lgji[l}c te,hso ium

al uni nosi TPYELE A9 96 THEANE 19 EREATRRaS IS P08 FEUEH WC AT M m sul fate,
bari um sukésihte 2308oHAN siHddr@ gt may BEkMIySad it Rcopt bathe invehtigd.num sul fate) ,

20 Abrasive Particles

There are two main types of abrasive particles, inorganic abrasive particles and
organic based particles. The inorganic abrasives particles can further be divided into hard
inorganic abrasive particles (i.e., they have a Moh hardness greater than 8) and soft
inorganic abrasive particles (i.e., they have a Mohs hardness less than 8). Examples of

25 conventioﬁal hard abrasive particles include fused aluminum oxide, heat treated aluminum
oxide, white fused aluminum oxide, black silicon carbide, green silicon carbide, titanium
diboride, boron carbide, tungsten carbide, titanium carbide, diamond, cubic boron nitride,
garnet, fused alumina zirconia, sol gel abrasive particles and the like. Examples of sol gel
abrasive ﬁarticles can be found in U.S. Patent Nos. 4,314,827, 4,623,364; 4,744,802,

30 4770,671; 4,881,951, |

Examples of conventional softer inorganic abrasive particles include silica, iron

oxide, chromia, ceria, zirconia, titania, silicates and tin oxide. Still other examples of soft
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gypsum alum numtrihydrate, graphite, netal oxides (such as cal ci um oxi de
(lime), alumnumoxide, titaniumdioxide) and netal sulfites (such as

cal ci um w0 h22e)8 netal particles (tin, |ead, copper andP€h®sé119e30 and t he
| i ke. 10 The plastic abrasive particles can be formed froma thernoplastic
material such as polycarbonate, polyetherimde, polyester, polyethylene,

I | f : : . itrile- i - . I ,
o el | o st B BALH.SRLELI G LRGSR Bl oafeorel

and conbimad,iteresrtinbemedle ardiirgesnaied | caloure heighesium chdormp) saatunt caabdyier s of
the invention are those _having a hi mel ting tenperature or ood heat

gh 15
resi st ancdBACEPEy aranatealica (Sich as qliatts2lags bsadsoslnss ipbhles pad Hlapy ARsrs)e
abr asi ve g i ) h i ﬁ’s?af t e “Fagote] J.c pol ymer
into el onséjlgjiA {eerss(glé:?rg?l%& %ﬁﬁ ﬂ"ﬁ%‘tﬁ]ﬁgﬁlﬁ&tﬁﬁégﬂ eg’ﬁﬁ%’s@ﬁ%%ﬁ%%%ﬁér ed
| engdh. Ahttesiliceté, sedipm dlhmirtdsdicate pdodatm silicato) yeet sudfatesk{suchis deldivimmt o, t he
desired shape and particle.size.. This noldin rogess capn be _conpression
ol di g oPTe) GREbRLERS: aPdgm Hiatepfiiam setuisplias iPERe SUdebe 20
formed f r@gsﬁn,oamuw&ﬂ@d&@é,)gwﬁte,@sammﬁées%u&rae%ﬁicmﬂfsﬁd@@hﬁi@j?r S
include: phenolic resins, am noplast resins, urethane resins, €epoxy
resins, ridWampmecXidy, hitdrdehdiexided ang mstad sulfiessi (sech agcrlgivan ewfited.oustahur at e
resins, - .mal dehyde resi.n Llsocyanurate resins, .acrylated urethane
resins, ;g:ar%y 1gast Elgﬁg%gép?%sainﬁéhezlﬁ%‘f') ﬁ%“if“ﬁ?@?- t hereof . These crosslinked

pol yorer s can bDEherfishtic abrddbigdrtng cas be ghakdifforh AehaapPpRRId MhRrifiduthat e Si ze
and particle 25 size distribution. The abrasive article may al so contain a
mi xture dPlsPosateprlgetienmidecprlyesti aralyahylges. pplyseldonerpelystiiere.ur e may

conpri se 1 %1 HI hard, i i i riidcl ft inorganic
abr asi ve SREHE SubkictBel MR o B o B Wm0 | e

m xture piyving cbloridey molvirtthenantylai nad cambipatidrischersof. thhgeneanal] priefhuald
abrasive particles have the 30 sanme' average particle size, or

al t er nat itg"eﬂ?p 5He Pﬁgﬁ\?m@le %F%wgﬁ%ﬂs? 2188 2 high TRENBS PIRFAEE Bnt
avelfge pRbHWEAGeditdfce gripotiés. AMINRE sERPAGays k)RR IMYmRHIAFL¥laye Of
inorganic abrasive particles and organic abrasive particles. -12 WO

02/ 20218 mRCleJI0n¢ 9863 0ethdhis tabximsdetbe grrmpplrgicotyher intogdengdtetsogmentsi de. a
surface c i n ereon. Sur.fac oat i.ngs .ar . .known.tq, i nprove t.he adhesion
et woon (i il (5 SRty sa e SRR R Ry dit QBGabEr o e,

Addi t i ongldlymertdag bs uidléakineOibt d@redaliapt $d parilOvige.t Tiis ndl&RL pockdsldahy Of
the abrasive particles in the coati na, solution. Alternatively, surface 5
coat i ngs ReFempressionapeldingnr djectionanelding; dde plastia abasive partislesfan be resul ti ng

abr a§i ve Bahdd £bf-a crosslinked polymer. Examples of crosslinked polymers include: phenolic
resins, aminoplast resins, urethane resins, epoxy resins, melamine-fonhaldehyde, acrylate
resins, acrylated isocyanurate resins, urea-formaldehyde resins, isocyanurate resins,
acrylated urethane resins, acrylated epoxy resins and mixtures thereof. These crosslinked
polymers can be made, crushed and screened to the appropriate particle size and particle
25 size distribution. 4
The abrasive article may also contain a mixture of two or more different abrasive
particles. This mixture may comprise a mixture of hard inorganic abrasive particles and
soft inorganic abrasive particles or a mixture of two soft abrasive particles. In the mixture
of two or more different abrasive particles, the individual abrasive particles may have the
30 same'average particle size, or alternatively the individual abrasive particles may have a
different average particle size. In yet another aspect, there may be a mixture of inorganic

abrasive particles and organic abrasive particles.
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Preferably, the abrasive particle used in the articles of the present
invention is a silica particle. Silica is especially preferred when the
article ofovhzo2ihivention is to be used in the polishing PETAUSME6IPt i C
connectors, as described herein. In sonme enbodi nents, the silica particle
has a nmean particle size dianmeter of |ess than 20 nanoneters. In other 10
enbodi nent s, tﬂ%_l%ﬂsi\fégpa%lé hzfilt?etpes‘?edatog%?‘ndfpggﬁﬂf %L:%oﬁi Sndlkg $1§rrfac%f about
12 nanoneters ve nentioned exanples o ra3|v par es are
meant t o doetisgsraepkesemtcinipreve thé adﬂelsgm tetweenahe arasive patield aﬁdirnﬁsbindﬁrl

abr asi ve glgtlbcles &se skil | d i n e art, may recognize additional

abr asi ve B G 30LTRe ArHele- cA‘élﬂlt’(?é‘a Wb a&?éﬁat}nﬁtrﬁaﬁfﬂfé) Hras the article

Wi thin t hgsReamRnyr tBeb?oﬂa e rh@i@s jn'eh LoRLd Iduraﬁ R%Haﬁvélgt &raddi tives The
| ubricating parti‘cul ate ive o ﬁe pr ent Invention ts non-netallic
mat ¥ i al soatrgscian alter @dbmpmteltlaﬂ tuttisp thadacitristionof the et ubesiverpeftiniabl y,

the lubricati ticul.ate addi.tive a sh ield that is l.ess than
t he shear Vi elrl:g %F %E%éhW@Yeaﬁ’agm?lﬁ ug 3166 argg SQB%F&’E?"'”I’—*BY"“@)‘?H%‘T‘e to

pol i sh a silidagjartRil. i Sili6ARBEIRIIly Préferrbd ihis tld aﬂgd@@f tHeGAYeAiBn it Betusy® Nust
have a shear yield | ower than the shear yield of glass or ceramc. Sone
exanpl es lbﬁhesnﬂllshmg@f fiber ontigtconpectrss.tas dgscatbed é@n@m |Ivégma|eelbgdymta,

waxes, a I i fi,cal afl uor.oet

synt hetl c%ﬂlsct Récgh%lﬂ%g“r%aé?@%gl%%dlame% of?e%g%llﬁm OIBStIe p?épy eEne and

conbd nat |mdnﬁeﬁm ehesalie pargclatianiifieen b&tﬁble&iﬁeld‘lﬁn&& ¢fabbhC1 Rihematkld.t i ves.
The lubricating particulate additive typically has a naxi mum si ze of |ess

than 31 mheraga%e mﬁméqr@fi&ﬁmlsépmﬁswp%%%a@ TRGEL t1berA EPEssNtatiige nean
size of gbeid [

m crons, Spre gJ Q‘Eﬂ @&E%%%%ﬁ&%bﬁg&gh@zaﬁ%@@% \éﬁl(ﬂéﬁhe g s?élcéélt |hng paH}%P cul ate
addi ti ve reengnizeradiitipnalabeBivibpanideswkiatghan be uricotlhﬁate&ﬁm tetabregivertddler abl y,
the lubric articul ate additive conposes |ess than 10% (wet weight),
and mrevﬁ’ﬂ@?g%a% étggnivﬁ%org 5 % (wet weight). In certain embodi ments,
t he1s 13 WO 02/ 20218 PCT/ US01/19630 lubricating particulate additive

conpri ses between 0.25% (wet weight) and 2% (wet weight) of the coating
whi | e st illubrigatingRareplath Addiisles of t he present i nvent i on Optl onal

Additives 5 qgltﬂeq 1ca?igg p%rt Sﬁe Sdﬂctwe%?’tlfe SpreTe%EPxngxghc{n is n% %‘rﬂé' ncl udi ng

grindi ng aids), ers, e &gen agents,
sur f act anh&erigis, gﬂ’ﬁfﬁ Se sdljﬁﬁnnaﬁ? yelid mgoagasimperature. Preferably, the lubricating

. particulate additive has a shear yield that is less than the shear yield of the materials in the

20° end surface. For example, to polish a fiber optic connector, the lubricating particulate
additive must have a shear yield lower than the shear yield of glass or ceramic. Some
examples of suitable lubricating particulate additives are glycerides, waxes, and other
polymers. Spéciﬁcally, polytetrafluoroethylene, synthetic straight chain hydrocarbons,
polyethylene, polypropylene and combinations of the same are adequate lubricating

25 particulate additives. The luBricating particulate additive typically has a maximum size of
less than 31 microns, preferably between 12 microns and 31 microns. The mean size of
the lubricating particulate additive is typically less than 12 microns, preferably between 2
and 12 microns. ,

The lubricating particulate additive may form up to 20 % (wet weight) of the
30  coating. Preferably, the lubricating particulate additive composes less than 10% (wet

weight), and more preferably less than 3.5 % (wet weight). In certain embodiments, the

-13-



pl astici zers, rel ease agents, suspending agents, and curing agents
including free radical initiators and photoinitiators, may be included in
t he abrasvee2/amis cl es of the present, invention. The opt PONER0IAMAIO | ves
may be included in the coating solution. These optional 10 additives may
further require that additional conponents be included in the coating

sol ution aﬂg@ Lt O i:d. 1. 0G. %(sairg hpl Liator may be
required I en ﬁg@?r%@%lia%sa%gﬁlev'enge}#ﬂséﬁ%oect%%u(ﬁ S’ %&‘ﬁ%%@%?%% (g%eg can be
sel ect ed weighty of/ihd eodtlgy wipteapith dchzeimpahe geals ofthe pRsedtphentian. abr asi ve
article including a lubricating particulate additive can 15 further include
a wetting agent, preferably, an anionic surfactant, i.e., a surfactant
capabl e %ét%o%?ﬂ&@ﬁi%‘s a negatively charged surface active ion. Preferable
anionic surfactants are commercially available, such as "Interwet 33", a
gl ycol ester dpticatt addiviedssuclausifbradrample, dibters| (intchrditgadrindimnaids), Sberblew
Brunswi ck, .N. J.; and, "Emulon A', an etho ated. oleic ,acid, _available from
BASE Cor SUiSHRS ASHEy pBCaNG. Jreting, Epafre LR, PieKBRai: CORBEAR c 20
sur f act afflastidizkR, RIbaddRiéRts, SlshéddihEMentO ad (WMl BEndy MARSAB BES tdangy of the
backing, the make coat bond system and the abrasive particles, nore

pr ef er ablipitigisesiandpiyeinfiaieed, gy berin¢luded in the dnasivg atiples bethgiprgsentbout 0. 3%

b i ght | . f bl. . 2%.b ' ...Th ioni
cir 1 act it agFo e ARnTRR0URER K2 GIFRR ) G ol These BYRgRE of i <

resion, feldbewesmay fatr Rguib ehavaddiconil@omipbaentdbl ihtRbed BUBH céginghose 25
comercially avail able from  Tirarco Chem cal Co. under the trade

desi gnat iSeRgion cempaEtion womd iy giings {Rs GEaMPlent BReteInEiAAr MBPeoeqpiErhvhem wax
t 50% sql.i " ) ANk Qi i.an of ffi
o i or aehiRts e ISIEAE ohddots OF s ORUREHS cal BE WGBSR PO 2 0us,

ani oni ¢ emupesiiesndesiredoar af fin wax at 50% solids). Exanples of useful fillers
for this invention include: npetal. carbopates, such as. calcium, 30 carbonate
(chal k, calcitér e?‘r%f?ﬁ?’ ”tnraz’%gﬂ‘f‘? %?leﬁ‘écﬁ‘t’fﬁ%gé ricpiRgskBiayate agditive fithagnesi um
car ppnat qunﬁ&qhaﬁa&@w@@iﬂgtagenmgf&%@dly,ran%fdh@@ﬁ&ﬁaaﬁt, b8 shrgMGaht RepLHar t 2,

gl ass beads, gl ass bubblles and glass fibers); silicates, such as talc,

clays, noiprshicingoriogativelethisgalsurfacd 4ctindigR P2efembleROinicofate@80ie ni ca,

cal cium sj at. cal.cium net asilicate,, sodi u | um.nosi |l j cat e, di um

SF1 T cat o toni@bny B ERRILIE S MG SRL by 8ol AP sy BB Oty
sul f at e, InfetstanOResieslsNew Behdsatick, Nl USRI ERnSoh A2 £ etByNISAEA Ry d¥iG Ul i t e;
wood flour; _alumnumtrihydrate; carbon_ black; netal oxides, such as

cal ci um SXriRble lipmnk AekCoke-doupt @hve. i - diogiemee fentrefrselly. e guiopict es, such
as sl ci umstbhidil Gr a2 AR SStrRlent B fok bhi®dsh BLERe P ﬁlebbclgkjﬁk,l thé Hike

conpounds,
coat bond system and the abrasive particles, more preferably about 0.5% by weight or less,

even more preferably about 0.3% by weight or less, and most preferably about 0.2% by
weight. The anionic surfactant may be premixed with the binder precursor, such as a
phenolic resin, followed by adding the wax-containing modifier, such as those

25 commercially available from Tirarco Chemical Co. under the tra(ie designations "Octowax

- 695" (an aqueous, anionic emulsion of paraffin wax at 50% solids), "Octowax 437" (an

aqueous, anionic emulsion of paraffin and microcrystallline waxes at 53% solids), and
"Octowax 321" (an aqueous, anionic emulsion of paraffin wax at 50% solids).
Exampleé of useful fillers for this invention include: metal carbonates, such as calcium

30 _carbonate (chalk, calcite, marl, travertine, marble and limestone), calcium magnesium
carbonate, sodium carbonate, magnesium carbonate; silica (such as quartz, glass beads,

glass bubbles and glass fibers); silicates, such as talc, clays, montmorillonite, feldspar,
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such as silica flour, e.g., powdered silica having a particle size of from
about 4 to 10 nm (avail able from Akzo Chem e Anerica, Chicago, Ill.), and
cal ci um 380 v%202¢81ch as cal ci um carbonate and cal ci um net BETABEIZXIE30

(avai |l abl e under the trade designations, "Wl Il astokup” and "Wl |l astonite"
from Nyco Conpany, WIIsboro, N.Y.). 10 Exanples of antistatic agents

lik
hese” an iR Noldum SHCRS eahi et BRAGL MPHE AfininoWTRE' @Rh3n sfigel Ne 11 e
5,137, 54Hnetalrmilfsaei’,&acleBs%alaeumeuﬁhﬂen@ra@esulfaca@ocnﬁm\@utfeteaﬁluﬁﬁm sadiingn

bri dge between the binder and the fjller particles. Additjonally the

coupl i ng SHH#Rt 2BRHUR: Bifairs SyPSUay sGEPplithWeed dge plyipER rihwlpReCaber and
the abragjyg. gﬁfafl bEIIES sudr Rl ﬁﬁ:f%ﬁud%%ﬁhﬁﬂlﬂn B0 Radifhl &f&ﬁdé'a!nﬂ’?ﬁe?
titanates, zi rcoal’'um nat es here’are various nmeans to I ncorporate the
coud i ng sal:fﬂeﬁ, suchl-'asrca}emplilﬁte Eremples pf usedulddlent alscinclnde adided campewtdsy t o

t he bi nder prec The bi . contain anywhere from abo Ol to
396 by e SCOUA R S@ePRVIRE SHRALFORE § PUERE Seo ST et A Rabe
applied t(@vzﬁﬁ@le%rﬁ A%8o CheilteAfelib £ 'CHR@ b 812 8nPElaldilf BRYRLENS 8aRL 20 may

be applied to the surface of the abrasive particles prior to being
i ncor por @adwnatetapd chleiunainetasiligate 4availeble unddrdhevadesdesnptaens, EWelastelyupd ont ai n

St s A SRERRR gn Do Cobapl WERRT APV "Phe  ener gy sour oo used

to pure or setERAnmpldddE aniNtatHesnls mau&eegdaphlw EzIrBNIl Blalt, vah&ditim oXide/i si bl e
light in_ 25 order to generate free radi cal s. Ies of curi ngé{agents

such as pwetestants; auk be ke H&FSQJ@H@F%HC@gF?tééTCr%W%Qﬁ@Urﬁaﬁa‘e%@sﬁb

ul travi ol5ef37l 5@h5n&)5 2h€a44 1 ncl ude organi c peroxides, azo conpounds,

qui nones, 'ni fro0%0 conmpdunds, acyl hali des, hydrazones mercapt o conpounds,
pyrylium conpad ndq»,lmgmgdamﬂl eyvide, aﬂds@ascmatrdnazidlgebetmemﬂm binddrend dien al kyl
et hers, et one non and m xtures thereof. 30 The artl cle of the
present dflﬂi}»éﬁeitleﬁ cgépe SANFT ERIPABE 2B SR IG5 SniastCitinn Bslder Hetgeenyt
confact Sy& Bﬁﬁ&sandm@%aﬁ@é‘ﬁ@eﬁ'ﬁéle@ﬁ{aﬁﬁ?e% of '38&;51 ?a@@ﬁt@ bnclidaGligisng m I d
steel, carbon steel ess steel, cast tron, titaniun alum num
and t he |tithsies, ansk zitcoallungyates. TEeM@r@wrm n&am‘ﬁ/m@ﬁgzmeew cofmimgpeent. br ass

oak, | mapl"e SR o TR ey BEER TrE P o et e AR B e
mat er i al smay édedin J@e@@frbhﬁdb@ub@@[ & 3Pl byvweight coapRes Sreatl hitdngativekeihe

conposi tes, painte urface | astics (including thernoplastics and
r ei nf or c SQUPHRE 3ESBY R3Y be agpheétt@ Hessurfagepliihe fifer particles or the coupling agent

20 may be applied to the surface of the abrasive particles prior to being incorporated into the -

abrasive article. The abrasive particles may contain anywhere from about 0.01 to 3% by
weight coupling agent.
Curing agents such as an initiator may be used, for example, when the energy
source used to cure or set a binder precursor is heat, ultraviolet light, or visible light in
25 order to generate free radicals. Examples of curing agents such as photoinitiators that
generate free radicals upon exposure to ultraviolet light or heat include organic peroxides,
azo compounds, quinones, nitroso compounds, acyl halides, hydrazones, mercapto
compounds, pyrylium compounds, imidazoles, i,chlorotriazines, benzoin, benzoin alkyl
ethers, diketones, phenones, and mixtures thereof.
30 The article of the present invention can be used to abrade and/or polish a wide
range of contact surfaces. These contact surfaces include metal (including mild steel,

carbon steel, stainless steel, gray cast iron, titanium, aluminum and the like), metal alloys
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5 jewelry, marble, granite, and sem precious stones), glass surfaces

i ncluding glass television screens, w ndows (including hone w ndows,
of fi ce wwaeogn2igar wi ndows, air w ndows, train w ndows, PODESW WS and
the like); glass display shelves, mrrors and the like) and the like. The
abrasive article may al so be used to clean surfaces such as household

itenms (i i L 1 . t i f b b . S, Sinks,
10" Dat ht QR b e PR FR LB ERouBARR il Syplck Blass OB HHOGAmE RISt M
or may haak, magbealpe velnuepntbeny, mabogangf chdrrpiahd thietlike), Exeoddilesnatridpeci fi ¢
contact surfaces include ophthalmc | enses,  glass te]evision screens,

ot al eng IR POt AT AR rHgheck et B H6S) CPRpRL s PRBIASHERFe bl ocks
and the ljikgds (indtadifle Hﬁﬁh&glﬁ&k@'anﬁ iR thdridBlas@ih,| sforfe® (IRBHARES
furniture, wood cabinets, turbine blades, 15 painted autormtlvg :

conponentiewellyaninrbleleranitsh end smi ecikes stermred), ghues surkases ibepeing glessupon t he

particul ar, application he force exerted t abrasive article on the
Pont act driePain'sGipbs Binds D RS in iFhe Sl et Fity sfiovin oo ieg 1o
over 10 vgdows,BiabdlindoWstbiRerinfovts il the KiRe); 126 @is?talyxsheltvbﬁ,_nii%fs@nat the
abrading interface is about 0.1 kg to about 4 k or abrading twelve ST

styl e si rig¢ Bkarené thepisee dhambrasiystartias my alsebgasebiosgaasaripedsisac 2om
M t i : ' 3 d t
teocr pt SMSRRRRAT RO GHHES. fots TP aRY e B, Fihre, MIERRER" VICPL Doy

be B0 pol itatttits, $hospueisd flpoeamdthelike. he i nt erface between the abrasive
article and the cont act surfac%. This liguid ¢can be water and/or an organic

sol vent. The pBIPBRFITYrAPGIRY SRR PLPERBRVCTRAPS QerORRNr @FspEiRied kN Hs
L ubri cantgse,niidsof sHrHRd édniac@gur%éem&m&e%gﬁ@gpgg gé?ﬁ%st, %& temlisfi&ﬁcg%ens,soaps

and the |like.” The abrasive article my osc e polis
i nt er f ac encialrdngipewsmpoildngs @ilading eamrshaftd, erapkshafte, dngirerttlodks apdithellkelsed by

hand or ysed. in conbination, with a machi ne. .For ex e, the .abrasive
e ticr e g0 i BRa bl Boph i OPBL o IUBRS Y dPoP ety JTpBOP A% | east
onerpr baiatht@f adihiBotdR Rpipsaems Bah fRIbANHWER, SR akd theuiktace is 30 noved
relative to the other. The abrasive article of the invention has been found

to be especi allPspending upor die pagioulas applictiomdhe fued erededhn shegrbrasis atti¢leer ent
mat eri al s i i f . =
prs uson P BEEh R ebled el oLl ilBREL ERPranp il oled 8PRE G oyerto 1

connect orkg, wipically betsveain Ognd 5 lgtirfrafeeatipnpofect afthgdasding ideCee agmatout The
| ubri cati articul ate additive proyides a .nore iformrate of polish
for both 4Pk f%aHOHQ @%?%rrﬁ%&adﬁ%& ptee Shay hEngp qode m@e?er@ralq tpiical

20 connectors (available from Minnesota Mining and Manufacturing Company, St. Paul,

Minnesota under part description AAMAM-ATO00.5). Also depending upon the
application, there may be a polishing liquid present at the interface between the abrasive
article and the contact surface. This liquid can be water and/or an organic solvent. The
- polishing liquid may further comprise additives such as lubricants, oils, emusilified
25 organic compounds, cutting fluids, soaps and the like. The abrasive article may oscillate
at the polishing interface during use.

The abrasive article of the invention can be used by hand or used in combination
with a machine. For example, the abrasive article may be secured tb a random orbital tool
ora rotar)} tool. At least one or both of the abrasive article and the contact surface is

30 moved relative to the other.
The abrasive article of the invention has been found to be especially useful to

polish a contact surface made of two different materials, each having a different hardness.
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both will abrade at the same rate, resulting in a highly polished fiber
optic connector 5 without severe undercut. Additionally, prior nmethods have
requi red woorxeess of three steps to grind and polish theCT/UR&r1963t i C
connector. The invention provides a polishing nethod that conprises
pre-polishing the contact surface of a fiber optic connector by contacting

the cont it i i novi ng
the 1§ bor bRt A% Witdhifk (S EaRUBTI N oRlc L BRI B alEY 07
pr e- pol i sdifag cqnqjds&hbmgaﬁstmdmefahact Thaelubscaingfpartimlat additiveopbiidesannect or

| ish t act f th ticl f th
| nvent | orE RPN FBbarisbat: bolh die B4Ry (REeA AP ALE e

connect orpangilf Madmlthémn&wra@eb FAaitE iR hi@h}epélﬁhp&hba%phb%oﬁr%f&ct surface
of the fiber optic connector. I'n another "ernbodi nent, a second

pre-Pol i swithwgt savers urslgrcudl | ow t he pre- poI i Shl ng step. The 15 second

pre-poli shing npri.ses tactin surface wt.h second
abrasive arti 4‘19?%{}?@%@?%&??}@?%} WW lrf’ g“?xics%sr cft&B FéteB%Wn%H’tdcﬁn and t he
second abyclish wR fiet bfticconhB&or. SEROMdeidh PsdN€esd pdlshRgisthdethai fferent from
the first abrasive article. Using a polishing abrasive article in the form

of a 5 i romNtiscs prewejishing thetcontagh srface pla fibyyapsiaicapnesias by eaptapingtheri ed out

on a kno h Pﬂ”?ﬂ 1L
fiber op;/}[“{?)c%goulﬁisa é‘%t?%gﬂ‘s{‘;}%ﬁs narﬁ‘?llggrrll ng Nerf mogﬁg%’égﬁﬂ)er{é B& g(%f %ﬁggot a)
whi th camndclofizpatahsve AtiSE. sﬁoylbeu@l p}ngehnm@ poRéhisg fHRreoftaciosuacd ﬁﬂ‘tﬁet 0
polish the contact surfaces within about 15 to about 60 seconds on

Dur orret erfsheRUC eRpnpeiar is aseerpplished by rentpati@etheceAniact syricerviean article i"?é

abr adi ng gl y about
L SR SR AR5t KR OB il by Bl Shgly, v

90% pr efmwllallnhg abﬂasmc aBdo nofpoﬂmlxthwwnnmpt@e(fac@ﬁthc fibei d)plial cenpatars fim ng

hi d Sei ko | nst i ko | t t.s USA
e T PPhst EORReRG f spei s P A e PR PP e por plBita i e 5 | nch
(1213 Cn')se@d g)@-f‘gohﬂﬁmg £ep b&’ﬁbﬁﬂ:s%@ﬁtﬁétl h@bdrtadt Qurfddeawideh kQohdabrasigEnt can

al so polish 1 | e single node UPC ceram c connector contact surfaces
wi thin atﬁémleamdte@t%mnomg tlseefelm@ﬁtl@pprw@gtpr amﬂwths@e@@ﬂfabwgw& agicle Thehe

art | ol es 0thaBi A DRUBIBAIAL DL IEAL] o pVoRLRo be used i th

other fiber opticC connéec s suc ic connectors, for

exanpl e. Usidg M\@)I&MM&1MMSQ&H&%B@M d Bénqdr @3 9ndm) dim@eter disk,phovi des
accept abl e dercut/ protrusion val yes and,.gqood polish in fewer éte ps. The

under cut /Rﬂhaﬁfl&éﬁes may e rasried: qut o a kngwn poliFhing H‘aalé‘é‘%ﬁ‘t‘%‘lﬁsél Domailles of 50
nangyet ergyodd EDE 881101 feP hti ORlisher(PORRAIOE foifl i R MU IR ester,

Minnesota) which can accommodate 12 ST style single mode UPC ceramic connectors to
polish the contact surfaces within about 15 to about 60 seconds on a 70 Durometer back-
up pad. Using the Domaille machine, the force at the abrading interface is typically about
1 kg to about 4 kg, preferably about 1.5 kg to about 3 kg, and the speed setting is typically
25 - around 70% to 90%, preferably about 80% of maximum speed. Other suitable polishing
méchines include a Seiko Instruments Inc. OFL-~12 (Seiko Instruments USA Inc.,
Torrance, California) series mass production polisher using a 5 inch (12.7 cm) disk of the
polishing abrasive article. The Seiko instrument can also polish 12 ST style single mode
UPC ceramic connector contact surfaces within about 30 to about 180 seconds on position
30 setting 1 or 2. The articles and polishing methods of the invention may also be used with

other fiber optic connectors such as LC or MU fiber optic connectors, for example.
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backrefl ection values after the present nethod. Typically, the
backreflection will be better 5 than -45 dB. The abrasive article of the
present iwe@em@e$ i s manufactured by applying a coating BOTAUBSINN6I00 a
backi ng. The coating solution conprises a binder, abrasive particles, and a
| ubricating particulate additive conprising polytetrafluoroethyl ene. The

coat i ng S0l ut 1N PRSP AT URR ks e PuRE e bR AR OB B b 2 o

spr eadi ngoHsH i feweoséps. Stheundsrchypratridion ealaesadre hlso avellSpitidy ac@ptable, or a
roll coater for exanple. The flowabl e coating solution is fornmed of a

bi nder, 4bteas PLEGrgnomaEs, Thatpsultant Bpec e fGnpretars alse Aewe 8Redi tive. As
i scussedloEioh Yeluebhiifithe pROIA RN W pldiy] £EbLALCMETbA Gi BE Bedddi 1 ve

may be any of an nunber o erein. e coatlng
sol Ui i on tmay-45alB2 a conposition of - about 1%to about 14% 15 (wet weight)

phenoxy resin,_abpout. 0% to apout 5% (wet .weight) jsocyanate,  about .0%to
Dbout 796 (vet TIERBHEVAHASEEr OF PIRe At PR L Rehufpd oot PPy b (aiee.
wei ght) tglukeRe ab . Tt %ecafn @ tiorfobtaritBs a WRIdEH bbraivt b&?icﬁ@,rz@ﬁiave

particles and about 0.3%to about 4% (wet weight) lubricating particulate
addi t i ve lubnjoating particelagmdditive comptisiag balvkitiagluorasthytanat iThe ceasingtsplytion

conposi ti.on my. solidified by cuning,. ln an oven at tenperatures of
Sbout o3 eeBaYied s B uE il el SEL TN S e AR InAGIRBARAES Oc
F) fer 15hem'>a¢m1@3>yaung siftghle indafofior Spraddiad e tin 28at, §uch bebih kinife abaer 299 C
(210F), preferably about 73.9 C (165 F). The coating solution conposition

may al so SBayserewiof peell Fepter fapexample. olinflowable sepsing sphtion yaliopmed ol

stages. A.fj : r t . about
03 0 ( 200 k" ApraShRgEnTRG ARt PbEPRE e BRR AShatnciebboll, &8 T0°T 6
m nut es, bindef,ebeivy afld Tubritating paticilhte adéitioa thayttegaydyn hamberadfanttertdds C
(125F) to, about 79, 4 (175 F), .preferably 73.9 C (165 F) for abo 0.3
minut es C5NRBADEEITS ﬁfrerﬁ?@egg SCHP%‘P%W%B?V [ CPMRRSHiAN .ab%‘ttlﬁif’ Pooﬁbgflhg%% Ry
havgs aboylyeS3eibhl) pRhdRY rkdn, adBHE 0% 3o alfout 392(wek Wei%ﬁﬁg&ryﬁﬁ’hé’, abddt % %o (234 F)
for about 1.5 mnutes fo about 3 mnutes, preferably 2°1 30 m nutes. A
fourth stahge T¥awetane ghih dolybsert urgBar® egiogationt 7% taldd e (wed sre@htaolicms,,

pr ef er abl 7. C.(2 ). for .about. 0.3 minutes,ta ou o2, Ny ,

bt of or abiFoT 7% IR HGPES PPl SR Shic el VE b dp BB 07 i WRME % o
cutting) (et weighdesiric@ting p&ti¥DaR2ddidd8 PCT/ US01/ 19630 configuration such
as a 5inch (12.7 cm dianeter disk. Qher configurations for the final

article may beMradiis aaplisdodbebackingeths icanting Iputien GMNOFHOR F&YdEope of the
I NVERTT ONyidified by curing in an oven at temperatures of about 93 °C (200 °F) to about 135 °C
(275 °F), preferably about 121.1 °C (250 °F) for 15 minutes and then 12 hours at about 52
°C (125°F) to about 99 °C (210°F), preferably about 73.9 °C (165 °F). The coating
solution composition may also be solidified in a hot box oven in stages, for example four
stages. A first stage may have temperatures of about 66 °C (150 °F) to about 93 °C (200
25 °F), preferably 90 °C (194 °F) for about 0.3 minutes to about 1.5 minutes, preferably 0.7
minutes. The second stage may have about 52 °C (125°F) to about 79.4 °C (175 °F),
preferably 73.9 °C (165 °F) for about 0.3 minutes to about 1.5 minutes, preferably 0.7
minutes. A third stage may have about 93 °C (200 °F) to about 135 °C (275 °F),
preferablj} 112.2 °C (234 °F) for about 1.5 minutes to about 3 minutes, preferably 2.1
30 minutes. A fourth stage may have and about 93 °C (200 °F) to about 135 °C (275 °F),
preferably 111.7 °C (233 °F) for about 0.3 minutes to about 1.5 minutes, preferably 0.7

minutes. The coated abrasive web may be cut (e.g. by die cutting) into a desired
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EXAMPLES 5 Additional features of the preferred enbodinent are illustrated
in the followng Exanples. Unless otherw se indicated, all parts and

per cent age@ oze@1dy wei ght. Materials Lubricating particuP@r/@saddnio ves
used in the foll ow ng Exanpl es are described 10 according to their trade
designations in Table 1. All were obtained fromM cro Powders,

| ncor por b RhtdPddcy WOWB indiEW2 YUKy didfEtelBRR. B gsﬁﬁ%ﬁa&ﬁﬁ fRNe FRY Mum
particle sizes for the | u%rl cating particulate additive are al so reported.
Tabl e 1 BBidemay badesigpdRad hiacentneplddd by iay esthinAthd st apeef Meainv&itioa. Maxi mum
Size Type designation (mcron) (mcron) Fluo HT 2-4 12

pol ytetrafl uoroet hyl ene MP-22XF 4.5-5.5 22 hydrocarbon MPP-620VF 5-7 22
pol yet hyl ene Pol yfluo 523XF 2. 5-5.5 @ggA®Ppkget hyl ene and

pol ytetrafl uoroethyl ene Propylmatte 31 8-12 31 pol ypropyl ene Su ersli 6530
6- 8 22 wax polAdditianal Gpr¢sd ther@efersd zrobpdiment erseitlbesrateshig the following

pol ytetr &f | e | enge O her rj I.n_the manuf actyre of

ol 7 shi ng Fiipls e c S s s iRt ATt Ethekholales BRM oMk g e

foll owi ng designations: 20 Nalco 1057 is the trade designation for a
colloidal_siljca (a 20 nanometer colloidal silica dispersed at 30% sol i ds
in 2- pro%&‘.&%&lﬁnol ) obtained from Nalco Chem cal Conpany, Naperville,

[Ilinois. 25 = ST Ty B i | . | dal IJsica (a 12
nanomnet er coﬁof%fdg‘:pla%é&%l spé\(?%gglé&paft?1 tgg&)lisogfl?%lgg%&g% %%tdaeﬁ%ﬁagki obt ai ned
frolfd Ni ssecordifpeoilesltradadadpdtiens in Tdble 1 Hallswen obihtnedSrom MicM P 32le2§)218

PCT/ US01/.19630 P-50S is t ' ti f lid ph '
obt ai ned prcro&?ﬁrateg of ?‘arrytlo%vn, SW%E(;'}E,G T g?llle n%a}ti%Pe sié)ers a%d ?n%x}mur?l piﬂﬁffé' resin

sizes for the lubricating particulate additive are also reported.

Table 1
15 Lubricating Particulate Additives
 [Additive Mean Size Maximuom Size [Type
designation (micron) (micron) ‘
Fluo HT 2-4 12 |polytetrafluoroethylene
MP-22XF 4.5-5.5 22 hydrocarbon
MPP-620VF 5-7 22 polyethylene
Polyfluo 523XF 2.5-5.5 15.6 polyethylene and
polytetrafluoroethylene
Propylmatte 31 8-12 31 polypropylene
Superslip 6530 6-8 22 wax polymers
Synfluo 178VF 5-7 22 hydrocarbon and
polytetrafluoroethylene

Other materials used in the manufacture of polishing film according to the

Examples are referred to using the following designations:

20
Nalco 1057 is the trade designation for a colloidal silica (a 20 nanometer
colloidal silica dispersed at 30% solids in 2-propoxyethanol) obtained from Nalco
Chemical Company, Naperville, Illinois.
25 MEK-ST is the trade designation for a colloidal silica (a 12 nanometer

colloidal silica dispersed at 30% solids in 2-butanone) obtained from Nissan
Chemical Industries, LTD., Houston, Texas.
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Tohto Kasei Co. Ltd., Inabata Anerica Corporation, New York, NY which was
di ssol ved at 30% solids in 2-butanone prior to use herein. 5 PURis a

pol yest ewapzmth2ase resin prepared from 6% by wei ght neopeR€VUSOIGI9yOl , 31%
by wei ght 4, 4'-di phenyl nethane diisocyanate (MDl), and 63% by wei ght

pol y- a- caprol actone. The equival ent wei ght of the polyner is 10, 000. PUR

is 25% solids <hut anone. CB55N is. the t.rade designatian r a
i socyanat reﬂﬂ'ﬁ@é ﬁ%frﬁ desggnagion ¥ Eaisﬁhé PO na%a%‘i%&m ai ned from
Bayer CorifBiats8H ©F- Prytle fmerigg PRREoR.INEHTOT N Yiich wag g but vl
tin di | afisebegdat 30% selidninZrbiEspone PROAIR BEib§EEIB 15 Phi | adel phi a,

Pennsyl vani a. 2-Butanone, used as a solvent, was obtai ned under catal og
nunber EM BXIRB-is afpodyestev\Rregaine iresihiprerratifromst % foyGheighigeopkitlyl noi s. 20
Tol uene, gigmd, 3% dysokighnt 4’ dipheoplt micttade Whideryanat V), namb63%B¢ TX0737- 1
from VR viagipietrfoly-t-Caftondieat s ThE eqdivalagoveibht JffiRd SolyBacik 10908, Pera primed 3
ml (76 nos@nblilfinyephighodeacki ng prepared according to the teachings of
Canty and Jones, EP 206669A. The backing used 25 was 6 inches (15.24 cn

wi de. Backi ng i ' ] 6 CE I ter Gki bt ai ned
from TEisioLicrl's A%f%g}sogglé irt% ﬁ%ﬁf %léﬁaé(%%r fdl}"g ﬁg@r&?@h}é@ﬁ‘r godneg i %g tion Tei jin
s The ofifls i Zbilngge dnd 935 Shiaiied Bglh BAVE Cofpopionsf S 1- 7

Pol i shi nd 1% a“gaf' Exanpl es 1-7 were made for testing using the coating
solution conpositions described in Table 2. In_ all of the coating solution
conposi ti ons, DPDXHalystis dibnal Ea dilggmteseatalyy oRainednirone dhutefingof nut es

wi t b5 0. 8 Baladelpbip, Benneydvandait i ng particulate 35 additive (see Table 1). The
m Xi ng was acconplished using a'/a hp (372 watt) air m xer of the type
commerci al | y a+Butambhe, fisedras \ARIGmtewhs bbaidddaddet satalohinva®er BN i noi s,
using a BXBb673aChom3VWR SliestifarBrogiicts ef Caicegb, MikbRY bl ade at 1500 rotations
per mnute (RPM. After 5 mnutes of mxing, 7.5 parts of YP-50S phenoxy
resp; sol uti onryRERe, AtEe ths WisbRren ORAd BBialtRAl Gnddl Ytalals ﬁﬁm@gp'ﬁltl\llpna!) 5

m nut es. b7 H0RELAN R YLibARNCRIBRAR bt eRRaYETRN4Y, apPPT oxi mately 37%

solids. -20

Backing 1 is a primed 3 mil (76 micron) polyester backing prepared
according to the teachings of Canty and Jones, EP 206669A. The backing used
25 was 6 inches (15.24 cm) wide.

Backing 2 is a primed 3 mil (76 micron) polyester backing obtained from
Teijin America of Atlanta, Georgia under the trade designation Teijin SG2. The
backing used was 14 inches (35.56 cm) wide.

» EXAMPLES1-7
Polishing films of Examples 1-7 were made for testing using the coating solution
compositions described in Table 2. In all of the coating solution compositions, 42.2 parts
of Nalco 1057 silica were mixed for 5 minutes with 0.8 parts of a lubricating particulate
35 additive (see Table 1). The mixing was accomplished using a ¥ hp (372 watt) air mixer of

the type commercially available from VWR Scientific Products, Chicago, Illinois, using a
1.5 inch (3.8 cm) diameter serrated mixing blade at 1500 rotations per minute (RPM).
After 5 minutes of mixing, 7.5 parts of YP-50S phenoxy resin solution were added while
continuing to mix for an additional 5 minutes. All coating solution compositions were-

40 approximately 37% solids.
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2/ 20218 PCT/ US01/ 19630 Table 2 Coating Sol uti on Conpositions (Exanples
) Ingredi ent Exanpl e Exanpl e Exanpl e Exanpl e Exanpl e Exanpl e Exanple 1
2 345 avGo/dehgo 1057 42.2 42.2 42.2 42.2 42.2 42.2 42. eCT/BSua19bdh 0.8 - -
- MP-22XF - 0.8 - MPP- 620VF - 0.8 - Pol yfl uo 523XF -
0.8 - Propyl matte 31 - - - - 0.8 - - Superslip 6530 - - - - - 0.8
Synfluo 178VF - 0.8 YP-50S 7.57.57.57.57.57.57.5
phenoxyresin 5 The coating solution conpositions were then used to nake
polishing filnms. Each of the coating sThbei2on conpositions were applied to

a corona treated prinmed god€in®SohRafkCoeipdsitiohdExanipled £-g9ater. The
backing was 6 inches (15.24 cm) wide. The primed side was corona treated

WO 0
1- 7

prior to}mmlﬁ f T 9] Sy e1moImmoLL ToUST T O ah-8090 1D

out put cdrren . 95% qﬁ(?,llf){ﬁ{é \zg gfg]eeﬁvﬁaﬁ]%leaﬁg}\/‘\lyé rg%?%‘ﬁér %8‘“.%’5‘* %xalypk KW
vemd I | 4 H lo, a1 “ -2 b aoaacd alal

B 7 T IR W )P NN o 1 SRl O L S

equi pped ti T woeel TR0/ —=PewerCont+-ol —ana Model MXENER-gowe+

suppl y (cv‘)ﬂ'.:fci al 1 %8ai |l h—PiHH-A A S Limth |

Part ner st -2 - A s_bhetwsen _0.05 tao Qf 25

mls int PP02QVE o Fes wer®-&uredl-at approximately 2501°F (1211 C) 15

for 15 mi|RelyBuo 23¥Fthen 12 hours al 165 H9%74 Ql-in an pven. The abrakive

web was t yl 3 0 5 inch (12, 7 cm) diraneter|9 sks. [-EXAMPLES 8 - 1D

Pol i shi ndStaerstip 6630 Bxanpl es|-8, 9 and 10 were nade usingOt8he copting

sol uti on |[SP0lugdAPESi ki ons flernul atled as described in Table 3. P8 or tp the

pr epar at i|gR-508 t he ci@ating |7s5ol uti @b conp@si ti ong,5 a 4:|1.5rem p.0f 20D

parts of |MekeSTestn | ijca and 50 partls of Fluo HT [additive were pttritof

mllged in a 600 mM stainless steel beaker at 750 RPM using 750 parts of ER
120S 1. 25/ 1. 6nezdobmdcutin doa@ioBitieas defBtbpuded e kR L6 AHBRP B am Cs

k of the coating solution compositions were applied to a corona treated primed side of

Backing 1 using a knife coater. The backing was 6 inches (15.24 cm) wide. The primed
side was corona treated prior to the application of the coating solution composition at 60%

10 output current, 95% output voltage with a power meter reading of 0.57 KW. The corona
treater was a Pillar 12 inch cantilever EZ thread model equipped with a Model P1007
power control and a Model HV XEMER power supply (commercially available from
Pillar Technologies Limited Partnership, Hartland, Wisconsin). The coating was between
0.05 to 0.25 mils in thickness. All samples were cured at approximately 250 °F (121 °C)
15 for 15 minutes and then 12 hours at 165 °F (74 °C) in an oven. The abrasive web was then

cut into 5 inch (12.7 cm) diameter disks.

EXAMPLES 8 -10
Polishing films of Examples 8, 9 and 10 were made using the coating solution
20 compositions formulated as described in Table 3. Prior to the preparation of the coating
solution compositions, a 4:1 premix of 200 parts of MEK-ST silica and 50 parts of Fluo
HT additive were attritor milled in a 600 ml stainless steel beaker at 750 RPM using 750
parts of ER 120S 1.25/1.6mm zirconia silicate bead media (available from Sepr Ceramics
of Mountainside, New Jersey) for 60 minutes.

25
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of Mount ai nsi de, New Jersey) for 60 mnutes. 25 -21 WD 02/20218

PCT/ US01/ 19630 The coating sol ution conposition of Exanple 8 was prepared
by m xi ngv@d2/m2parts of MEK-ST silica with 10.3 parts of POT/wSMEY6R. 3 parts
of YP-50S phenoxy resin, and 2.7 parts of PUR for 5 mnutes. The m xing .
was acconplished usi ng a'/2 hp air mxer of the type available from VWR
Scientific Pr

di aneter serra (ftogn bq%a(%)mposl OP:%E?%%%B% f‘g&eﬁeﬁgi%g%%ﬂéﬁ%&@m

cont ai nerof0MEK-ST ﬁhcamvith n0.3vRsts aff ssluaend 8 of WPHOBrphesery keihlamiM¥ c bat h
(Branson U trasoni cs Cor poration of Danbury, Connecti 1(:ut) while m xing the
coat i ng dBr§ef BHR fong mipptss.i bhe mpgag wap ?@PEBPllﬁlPﬁddﬁgﬂ% R DA ERT P theer |

After fily 3#3@5\;39%1) ?r\?glr gw%gegﬁaﬁl@ rcﬁu&ts':olf@%dé%o AN&Fisa Orqlu}ab% %1121 g]IS' ve

and MEK-ST silic e conti nul to mx ti onal
5 m hut esineh dihmsensamtddonixilg Blaparcttstir@‘ at @B NI i 33} RPMe r'Ehcacbieinaniusdd

conti nue m. Xi ng .and soni for nute 0. 25, t f DTD
Cotal yer Tpmuing fabe FaRcAgh i g Son 10 GohE P sl SRR 1 put s,

The abr astyBo@Ash biMDariiry I QRe¥aht) VIRRY Pinehe ¥ atB6ohf] dndsrhe%émabﬁr coating
sol ution c“&plosmlons of Exanpl es 9 and 10 were prepared as in Exanple 8,

but chang¥ ened throaghiats micren le%EK Arergilirptean, 2t5aqtapte 0€ theeth § FinofH FipeapaikT

prem x a at T abr gati.ng.sol uti ans_were

Do oxi LR Buditud T S st yBR AT RS e R s o one

( Exgompl esad&trola@l)S mirnesesitte sinidaxidfp i &7 I&r’@é@@@SﬁN&eﬁﬁ&f@é edded wMﬁlﬁnﬁiﬂu@i | ica
65.5 63.5 88.0 Toluene 10.3 10.3 11.8 _ YP-50S phenoxy resin 3.3

PUR 2.7 2nixing andgonicatiqusfopy %IPEWF xFLnalelw 2P party Fot EBH3 Rptrlyst yere, a‘ﬂdqd Wlﬂl 7
DTD cat al ygtinn kb agxdggﬁi% e O%E %ﬁ@e J#E?}P%EQHUEQ wagl ution

conposi ti ons were use I'ng ch of the
conposi t | appsoxnantelya30gh sadist o a pri rred SI de of a Backing 2 using a knife on

15 The coating solution compositions of Examples 9 and 10 were preparedlas in
Example 8, but changing the quantities of MEK-ST silica, toluene, and 4:1 Fluo HT

premix as indicated in Table 3. The abrasive coating solutions were approximately 30%

solids.
Table 3
20 Coating Solution Compositions (Examples 8 — 10)

Ingredient Example 8 [Example9 |[Example 10

MEK-ST silica 65.5 63.5 88.0

Toluene 10.3 10.3 11.8

YP-50S phenoxy resin 33 3.3 33

PUR 2.7 2.7 2.7

4.1 Fluo HT premix 2.5 5.0 2.5
CB55N resin 1.7 1.7 1.7
DTD catalyst, 10% in 2-butanone 0.025 0.025 0.025

The coating solution compositions were used to make the final polishing films.
Each of the compositions were applied to a primed side of a Backing 2 using a knife on
25 roll coater. Backing 2 was 14 inches (35.56 cm) wide. The coating produced was
between 0.05 to 0.25 mils in thickness. The samples were cﬁred in a hot box oven with
zone 1 at approximately 194 °F (90 °C) for 0.7 minutes. Zone 2 was at approximately 165
°F (74 °C) for 0.7 minutes, zone 3 at approximately 234 °F (112 °C) for 2.1 minutes, and
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25 roll coater. Backing 2 was 14 inches (35.56 cm w de. The coating
produced was between 0.05 to 0.25 mls in thickness. The sanples were cured
in a hot wox2z2esh with zone 1 at approximately 194 OF (9BPCTUSO1ON96D. 7

m nutes. Zone 2 was at approximately 165 OF (74 C) for 0.7 mnutes, zone 3
at approximately 234 OF (112 C) for 2.1 mnutes, and -22 WO 02/20218

PCT/ US01/ e 4 was .a L OX| e (+12 C) for 7 m nutes.
The coat ezk%ggggssizaggppmr%ﬁmé\?\%gtzé %glﬁ (fgfgtﬁtrfl Ijoé{%%ﬁﬁ%tgs'(i% Cf)aéer%a%g?sgvr?e%é@;gr di sks.
Pol i shi ngwidh&ioeht Idtbsantt €. AcmydiametePalskshi ng fil ms of Exanpl es.1 through
7 were each evaluated by polishing a different set of twelve ST style
singl e node UPC ceram c optical connectors (connectors were obtained from

M nnesota M niwg;.i INgepmgny, St. Paul, Mnnesota under part
descgi pti on Aﬁ%@ b e P TP Ydel HDC 86792001L fi ber 10 opt | ¢

lish Do Ll & Engi i | n¢,. of. Rochester, .M nnesot .using a 5
Poeh (12, v e eotigfiag PnS SE Ficdiples Mapfin TRee SR shalinGaPE o P o e o
neasur ed QFERHEscADTwRIFEST by sihdld dodd UPCEerirlcBpicSIcorfiédisls dcoikdondi si on
32 fiber optic interferoneter (Veeco Metrol ogy oup of Tucson, Arizona).

Backr ef | e¥¢F ohtaingH drwsn NaneespinaMdiniegiandsMagnfactoies Company & kPasf. Minnesita met er
model .R'VBlﬂl%Qf;bjaGf'iA’e%&Jg;gPJneA KM]-R%E.'5§ ﬁﬁ a BB?naﬂ?{ MoAbAHe: 86%5@djli)fibe]r 15 The
pol i shi ng sequence rcondi'tioning e connectors priror to a final polish
step0 congitistpelistef (Domeitle Brghirerihg) I8a ol Rovies a3 SMittesdtePusing 415 ifcreny gr ade
of | apping fLIn1ma? .us ?. The flr§t-steg was acconplished using a 3M 462X
| MPERI AL TS dighrfrglighing film. Proteysipn/wndercubyalpes werg anqagiigs paforeandradier thee

nch (12, L R R APRAEE s R G0 R (VOO

| bs. (3 k@rl)qupbf ju¢sos hisrigorfapr Baclaeﬂa:tigaefihi?swgd mgﬁsufedzﬁmig a‘l]ilhési IEimiond zﬁ gg
i anond. (BEEEIR A SR AN O K IR R HBF LU o SRt e Serl (12 7
cm 15di sk for 30 seconds on a 70 duroneter back-up pad with 8 I bs. (3 kg)

of polishing force at 25 a speed setting of 80% The third step was
acconpl i shed uBiemglighiggseBrrcs foPEmditiqmng therenreetas prpr ©. Bnakpelidrstert umi num

ide t 2 hal M i 0l [ 5 inch
(2.7 cryconbisephfired Ay A SEAEHRABL BRp AN erc MDA RE b B SHRALY | b (3
kg) of pohse&NThefifsosteR wab acconistRbeSeditg NYVOI62BOMIPERIAL™ Lapping Film, 3

micron silicon carbide (available from the Minnesota Mining and Manufacturing

20 Comﬁany of St. Paul, Minnesota) 5 inch (12.7 cm) disk for 15 seconds on a 70 durometer
back-up pad with 8 Ibs. (3 kg) of polishing force at a speed setting of 80%. The second
step was accomplished using a 3M 661X IMPERIAL™ Diamond Lapping Film, 1 micron
diamond (also from Minnesota Mining and Manufacturing Company) 5 inch (12.7 cm)
disk for 30 seconds on a 70 durometer back-up pad with 8 1bs. (3 kg) of polishing force at

25 a speed setting of 80%. “The third step was accomplished using a 3M 263X IMPERIAL™
Lapping Film, 0.05 micron aluminum oxide type P (also from Minnesota Mining and
Manufacturing Company) 5 inch (12.7 cm) disk for 60 seconds on a 70 durometer back-up
pad with 8 Ibs. (3 kg) of polishing force at a speed setting of 80%.

30 The conditions for the final polish step using the polishing films prepared in

Examples 1 - 7 was 60 seconds on a 70 durometer back-up pad with 8 1bs (3 kg) of
polishing force at a speed setting of 80%.
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30 The conditions for the final polish step using the polishing filns
prepared in Exanples 1 - 7 was 60 seconds on a 70 duroneter back-up pad
with 8 | 0o (32ke§ of polishing force at a speed setting BPET/88041963 WO

02/ 20218 PCT/ US01/ 19630 The average val ues for protrusion/undercut before
the final polish step, the average values for protrusion/undercut after the
final polish . fl ' he
final polish srengPRe vl BLB AR BHER Mo REARE v R 88 o LGy

val ues wesabiesl drepionusish/imdesore afigr the finadqaiisly step randthoaeraple viahes 6t i cal
connectors.. 5 The test lead in the backreflectjon nmeter_was initially

cl ean, bLhaClﬁéﬂ%%’En@ ¥@’8fﬁ‘@r]rl’?}§ GE@ 2 fepRteTing ¢ fRllovdng Tablpdr Theaws caused
by the C%%J{%gé v%éshw&la%efé@ﬁ{ed%takv&aﬁfﬁ@q iffs¥rom %@ch b conR&REs.

backrefl ec n values are Tower "‘than"wth a ¢l ean backrefl’ecti on connector
t est5 | eadlhebiest ldaddin et tmcktedibctidnengtet wahiadiatly wieaot loutdeearee fovlddaturing uss s

flaws su as scrat ghe itti that is visiple under 400X

magni f i ngfqr%ﬁgratrcg%si aﬁ‘%ﬂ@?’f S ca E%P’ égff ?‘Pntafﬁwé&?ég‘? ﬁh@r WHC LRSI shed end.
Tabl e 4 RrQkEqih@n/thid @hokbAaMnAYREASR 1BREKh e H B GIIAR YakifsHoRxanpl es
1-7) Exanple Additive Average Average Protrusion/ Average Protrusion/

Under cut cahnestor®est keadf bwdndieate thah themolisheBaonnectqrs aeg withdut grospflaws siibnal

Polish Final,K Polis n net er, b nanet er s 1 Fluo HI -103.2 16.9
Tae. o 2 elashe B3RPl & Rul AP lodK ROGHEL GG e Fi ety LS 121 U
-821® 26.smeafdg én theddKkhél dddopy! matte 31 -84.8 18.6 -48.8 6 Superslip 6530
-85.6 22.7 -51.3 7 Synfluo 178VF -84.7 23.6 -50.6 15 Polishing Method 2
(Exanmples 8 - 10, Conparative Exanple A) The polishing filns of Exanples 8
- 10 and Conparative Exanple A were Table 4

Protrusion/Undercut and Average Back Reflection Values (Examples 1 -7)

Example |Additive Average Average Protrusion/ |Average
Protrusion/ Undercut After Backreflection
Undercut Before Final Polish After Final Polish
Final Polish (nanometers) (db)

(nanometers)
Fiuo HT -103.2 16.9 -48.9
MP-22XF -87.5 27.8 -50.4
MPP-620VF -81.8 49.3 -50.1
Polyfluo -82.9 26.5 -47.4
523XF
Propylmatte 31 -84.8 18.6 -48.8
Superslip 6530 -85.6 22.7 -51.3
Synfluo 178VF -84.7 23.6 -50.6

PRI | =

NN

15
Polishing Method 2 (Examples 8 — 10, Comparative Example A)

The polishing films of Examples 8 — 10 and Comparative Example A were
evaluated by polishing twelve ST style single mode UPC ceramic optical connectors
20 (connectors were obtained from Minnesota Mining and Manufacturing Company, St. Paul,
Minnesota under part description AAMAM-ATO00.5) on a Domaille Model HDC
86792001L fiber optic polisher (Domaille Engineering, Inc. of Rochester, Minnesota)
using a 5 inch (12.7 cm) diameter disk of polishing film. The protrusion/undercut values
. were measured before and after the final polish film step using a Wyko Vision 32 fiber

25 optic interferometer (Veeco Metrology Group of Tucson, Arizona). Backreflection values
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eval uated by polishing twelve ST style single node UPC ceram c opti cal
connectors 20 (connectors were obtained from M nnesota M ning and

Manuf act w0 nz22e8rpany, St. Paul, M nnesota under part deBCTURLIIOR30

AAVAM ATOO. 5) on a Donmille Mddel HDC 86792001L fi ber optic polisher

(Domai | | e Engi neering, Inc. of Rochester, Mnnesota) wusing a 5 inch (12.7
cm dia kahi ]lrgﬂ - '%MSI wer e
maasureg%%)?% gggﬁé%cgﬂmﬁ’h]ﬁ i ]lga{r?a Sg ﬁlsllglé%} Fnlr(jf)]aélt ep QQ‘%SJL%S eﬁgg%i sion 32
fiber 25(mpmm§(kmh@ﬂferoneter (Veeco Metrol ogy Group of Tucson, Arizona).
Backrefl ection values -24 WO 02/20218 PCT/ US01/19630 were neasured using
a JDS Fitel backreflection neter nodel RMB3000A (JDS Fitel Inc., Ontario,
Canada) . The Rsnds § R cohfiiofiiA0 Yr tHeAB AL phBERE ARSI OF S
prior-to the ??%5% % ?ﬁQﬁ stgp cgn@igg%g two st epghggﬁ)ﬁgﬁrst step
was %ccormhslsktepicmsmgi dthﬂ@EXI‘hct ﬁtRERleAhw‘ﬁMab@mmplmged:udmga3Mﬁ@%n silicon
car bi de ( fram sota M.nin \%z! cturl ng, St.  Paul

M nnesot a{ﬁ@mﬁ‘ghﬁ“i@“?g H’}n gl‘%‘ﬁrof’é%hcfg%é@é%'rmgalgg ":\f remg MighesoiMiingack- up
pad with Bqhps: fz(calh%p 'paROMisiisB@) 5 3Y Gn)IRSekh: 86 % 10 The
second step was acgo F?ghgp Js?%g % %%%Rélx I@P ALTR Og%%ﬁg ﬁapping
Film 1 niucomsterchagkoipdafatigod fhsoi® k) ofipslishing\onderay aap«zbdl\%hmmfgaxfis()%i. ng
Conmpany) 5 inch (12.7 cm) disk for 15 seconds on a 70 duroneter back-up pad
with 8 Ibs. (3 kg) of polishing force at a speed setting of 80% The
congyti ons forrHehgcdidip W a&&nﬁﬁﬁeduga%gagammmmmﬁDheﬂﬁonarepar ed in

exanpl es 8 through 10 s 25 seconds on a duroneter back-up pad with
4 |bs.. (JLaﬁpﬂng)Filari Ippidrehdiagrofid (ade faomeMmpeﬂnia k(hmmglanganﬁﬁt%urmgonpar ative

o e y e SRS 7D i in oL SRR Th 00 Dot SRucbo P B Bieny
St. .Paul 30 @ﬁﬁﬁszthgEfofclB%ha (pedd Zetﬁﬂ% oﬂs@% vﬂﬁb@bnmsqsﬁﬁlelfﬁmﬁp&gmwp son

V\nththe20pollsh|ngf - 10. This is a lapping film
havi ng arisigihe pelishing fdens mmaa@i m@Xﬂmm&dhr@ugl@ h@ wap 2§ seconds e V@ particle

0, D A o0 S48 TS, LS L

of the same materi aI s as Exanpl es 8 10. The polishing condltl ons for
Conpar ative Exanple A were 25 seconds on_a 70 duroneter back-up pad with 4

lbs (1.5 25 kféamwatp‘cﬂ E@m%AfW@éMt 6aXJPpURR M 't Lapping Feond-OPmeicerper age
values faof, pl oLy d4S4o W REaiy) leqfq[ng ;\)ﬁ{lﬁe@gta; e M%. faétﬁlqng blaglp?ﬁgr age

val ues for protrusio ercu pol1's
aver age &l Rwed, NMimhesota) 5 inch (12.7 cm) disk which was used in a comparison with the

20 polishing films of Examples 8 - 10. This is a lapping film having an aluminum oxide
abrasive instead of the silica abrasive particle in the present invention. It also did not have
a lubricating particulate additive. However, with those exceptions, Comparative Example
A is formed of the same materials as Examples 8-10. The polishing conditions for
Comparative Example A were 25 seconds on a 70 durometer back-up pad with 4 1bs (1.5

25 kg) of polishing force at a speed setting of 80%.

The average values for protrusion/undercut before the final polish step, the average
values fo; protrusion/undercut after the final polish step, and the average values for
backreflection after the final polish step are reported in Table 5. Each pad was used three

30 consecutive times on different groups of fiber optic connectors. The average values were
determined by averaging readings from four of the optical connectors. These

backreflection values are lower than with a clean backreflection connector test lead, but
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backrefl ection after the final polish step are reported in Table 5. Each
pad was used three 30 consecutive tinmes on different groups of fiber optic
connect ove0 0Fke18aver age val ues were determ ned by aver agP@yus@zadbivgs from
four of the optical connectors. These backreflection values are |ower than
with a clean backreflection connector test |ead, but -25 WO 02/20218

PCT/ USO1/; 2RO ] . 0f 0SS
flaws sucﬁ&ga;tgé%drt at tgﬁeéltr&glhﬁt%g Hﬁm%&s\g :Hé?%}sg&ﬁans cfat%%?(f’ 2 fttngé

magni fi cahatonylsﬁnésmndet AGOYS reugnifmaidon, essim trameery, ambresin shieeripobn equblisksl.

packrof | 2261 BARRERD oM & Gorunh RHB L4 H ATePEan & DOVEIAEE Each pad was

used t hr egcleAORRAGHK dsHRmchiRer® hatlk Wil £0bardeQUPR!, Hach bREWaORddGhree
connectors. Table 5 Protrusion/Undercut, Back Reflection Values for

Pol i 5hi ngomMechibye ttmes on éiffzramt grqupﬁbfaﬁb@'fomv@om@@tom otrusi on/ Average
Protrusion/ Average Uses Undercut Before Undercut After Final

Backrefl ection Final Polish Polish (nanonmeters) After Final Polish
(nanometers) (db) 8 1st 15.1 16.1 -48. 6TaMednd 18.6 12.4 -48.3 8 3rd 16.1
2.6 -48.4 0 1st_11.9 15pBomfoRimicAast, BAc IANE i VEueffoi d 14.0 -2.0
-48.2 9" | st 17.8 10.2 -56.1 ﬁﬂﬂhﬁélﬁﬁﬁ)ﬂ@ . 9" 3rd 18.4 12.7
-551(;3 10 1st 14.3 21. 6 -48.2 10 2nd 181 21.0 -47. 8 10 3rd 15.7 16.0

-47.6 Co Example [Number otL Average Pro?\usmn/ Average Protrusion/ |Average
Uses Undercut Before Undercut After Final {Backreflection
Final Polish Polish (nanometers) |After Final Polish
(nanometers) ' . (db)
8 1st 15.1 16.1 -48.6
8 2nd 18.6 12.4 -48.3
8 3rd 16.1 2.6 -48.4
9 1st 11.9 15.8 -48.3
9 2nd 17.2 8.3 -47.6
9 3rd 14.0 -2.0 -48.2
9’ 1st 17.8 10.2 -56.1
9’ 2nd 13.9 23.5 -55.5
9’ 3rd 18.4 12.7 -55.5
10 1st 14.3 21.6 -48.2
10 2nd 18.1 21.0 -47.8
10 3rd 15.7 16.0 -47.6
Comp. 1st 17.3 -91.0 -44.7
Ex. A

Polishing Method 3 (Examples 8 — 10, Comparative Example A)

The polishing films of Examples 8 — 10 and Comparative Example A were
15 evaluated by polishing twelve ST style single mode UPC ceramic optical connectors
. (connectors were obtained from Minnesota'Mining and Manufacturing Company, St. Paul,
Minnesota under part description AAMAM-ATO00.5) on a Domaille Model HDC
86792001L fiber optic polisher (available from Domaille Engineering, Inc., Rochester,
Minnesota) using a five inch disk of polishing film. The protrusion/undercut values were
20 measured before and after the final polish film step using a Wyko Vision 32 fiber optic

interferometer (available from Veeco Metrology Group, Tucson, Arizona). Backreflection
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Pol i shing Method 3 (Exanples 8 - 10, Conparative Exanple A) The polishing
films of Exanples 8 - 10 and Conparative Exanple A were 15 eval uated by
pol i shi ngvoweRo2es ST styl e single node UPC ceram ¢ opti cal PCOURECII630S
(connectors were obtained from M nnesota M ning and Manufacturing Conpany,
St. Paul, M nnesota under part descri pti on AANMAM ATQOO. 5) on a Domuille

Mbdel HD%@&?&&@%@&&J&&@Q&D@ ) bR AU I APL LT RUABBIRI b lble

Engi neering, Inc., Rochester, M nnesota) using a
pollshlngﬁbnﬂHaSIﬁhéhprdmﬂasodhmawdercut val ues were 20 neasured before and
after the final polish filmstep using a Wko Vision 32 fiber optic
interferoneter (available from Veeco Metrol ogy G oup, Tucson, Arizona).

Backr ef | ect i onThe g&iis gQ@é&Qeéﬁ)rlﬁgédﬂﬁ%d Ghe y&inea%rsvﬁk% {RRSHEd_USi ng

a JDS Fitel backreflection neter nodel OA (avail abl'e from JDS Fitel
I nc. S OntRQlish steppangisty of tFrresterst |T§1¢|fﬁgt %EqwemwomphsmﬂelsmgmoﬁMl%aXng of the

t the f I h st fo 1 t Th
irer st e bEREALbd P ardie et it fRltindiom Vighetlo Shrine 5
mcron si &ﬂmnlﬁaétmlﬁgcsﬁ)sw @blr&ui rmmnMo@@%S@&@aM 'Pérﬁpdlsl@m MaRpd et uri ng
Company, St. Paul, Mnnesota) i nch cm for 25 seconds on a 70

dur onet erothad® dusemssat bagle-Hp gad Wgth(&glbp( k@fofpmllsfstrg ftgca‘ sracpeed sedtingpefed

tt 8 Th d ste 661X
NPER AL T B ARBAOR0 RSt Ag R cd e o o SoMBERE o Bt nnesot a
M nilog andapyaipiFiaG! Uididien dﬁﬂi&@@ﬂko @ohﬂM"m(e@@taMlﬁfﬂg éﬂﬁ%aﬁ&éct&%?econds on
a 70 duroneter back- hc@ﬂpad W th | bs (3 kg) of polishing force at a speed

setting ofompany) PriechcdAdiamohisk foéir15tsﬁ@nfdf> Ak 7Pslufasheter beok oapi pad withe8 1bs
pol i shi ngf Egafrgp ro 10 was 25 seconds on a 70
dur onet er(3 I&ggﬁg&kh Cteﬁﬁggi)%ea%f@&@g#%? polishing force at a speed
setting of 80% The conditions for the f| nal polish step using the

polishing filmof Caopparative was 25 seconds on a 70 duroneter
back-up pad whcomditioas fog thebi n%fpngélv Ftéhilﬁ@gfh?rRPélSlatlgéﬂ@f)@éEX@@PIﬁ Bg of

80% 520 TiRRRAUGDANR 2‘5%'5&5?1?1? bAn 7@@%51’1@1!69 crilg)r a‘&%ﬂk?? Eaﬁrgr(? k%&?f ][}ﬁ ngppl I sh

step, the avéerage val ues rotru5|on cut a pélish
st ep, andfordecat aspeedgettinglof éﬁ%f lehe domditroaf, fceahe fmal@bhﬂr sté¢phesihg thel pol i sh

step are rt in Jabl e 6. ach S thr consecutive tines on
di ffer entp(’g{')s gq’g)‘f QHW%HE% c"t’% GI‘H%S 89@ r?fﬁ?‘ﬁ’éﬁ acigpapad
det er ni negithg 1&/@1@9@&1{&&@@&% at a@Eaefd%fu %fof@b%.()pt' cal connectors. These
25 backrefl ection values are lower than with a cl ean backrefl ecti on

connector test |ead, but

20 The average values for protrusion/undercut before the final polish step, the average
values for protrusion/undercut after the final polish step, and the average values for
backreflection after the final polish step are reported in Table 6. Each pad was used three
consecutive times on different groups of fiber optic connectors. The average values were
determined by averaging readihgs from four of the optical connectors. These

25 backreflection values are lower than with a clean backreflection connector test lead, but
indicate that the polished connectors are without gross flaws such as scratches or pitting
that is visible under 400X magnification, resin transfer, and resin smearing on the polished

end.
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i ndicate that the polished connectors are wi thout gross flaws such as
scratches or pitting that is visible under 400X magnification, resin
transf er wanzi2e2esi n snearing on the polished end. -27 WPORURO2DE30

PCT/ USO01/ 19630 Table 6 Protrusion/ Undercut and Back Reflection Val ues for
Pol ishing Method 3 5 Exanpl e Nunber of Average Protrusion/ Average
Protrusion/ Average Uses Undercut Before Undercut After Final

Backrefl ection Final Polish Polish (nanonmeters) After Final Polish
(manoneters) (db) 8 1st 11.9 17.4 -48.9TaBlednd 7.1 4.5 -47.7 8 3rd 17.1
15.0 -48.0 9 1st 15. 3 PdotrusiciiUhdefeutadld BacR Reflebtiont VafiesFosrd 17.7 12.6
-48.2 10 1st 12.8 26.3 -48.5 10 Zpglishin thd1348.2 10 3rd 15.1 21.2

-48.8 Conp. 1st 13.8 -100.2 -47.1 Ex. A Polishi ng Met hod 4 (Exarrpl es 8 -
10, CDITp J III II 1 Exa s—8—3+0—=t
Conpar at i Ve @amﬁ'%"%rg e %ﬁer 1@# %gti Avlfier ﬁ"tr l VT le sihgle
node UPC [ceram ¢ opf I cal : a‘?‘i&oﬂsh ‘b %p%t L9 ers ‘é PPr m
M nnesot & M ni ng| and Manyf H%He@eqsmnpan , Hlmlﬁ'f l\/( s ﬂﬁ ef part
i pti AT~ Heo—HStHtHe RS —HhRe- S0 sSs
greggtzl:ffl —pet-sher (uj‘?tn‘}! able :ﬁum SeiHeor+Hast él)zﬁnnf S " \ l Ac A8 é"nuﬁance
Cal i for ni) us:‘gn; 2 E.Q'n:‘fch 12~ %n} di-ski-of nA’}ﬁ shing film .ﬁe7
protrusi qp./_up_d,é_p" Tdeasured! bef odd. Oand aft r the*®%Qnal polish
film steplusi kdshisjan 34585 fiber| opti@ldnt erferonet er4&hvai | hbl e
from Veeclo_Met Pol ogy @8up]  Tucdd® Arizo a) 12.6 -47.8
9 3rd 17.7 12.6 -48.2
10 1st 12.8 26.3 -48.5
10 2nd 17.0 154 -48.2
10 3rd 15.1 21.2 -48.8
Comp. 1st 13.8 -100.2 -47.1
Ex. A

. Polishing Method 4 (Examples 8 — 10, Cdmparative Example A)

The polishing films of Examples 8 — 10 and Comparative Example A were

evaluated by polishing twelve ST style single mode UPC ceramic optical connectors
10 (connectors were obtained from Minnesota Mining and Manufacturing Company, St. Paul,
Minnesota under part description AAMAM-ATO00.5) on a Seiko Instruments Inc. OFL-12
series mass production polisher (available from Seiko Instruménts USA Inc., Torrance, .
California) using a 5 inch (12.7 cm) disk of polishing film. The protrusion/undercut -
values were measured before and after the final polish film step using a Wyko Vision 32
15 fiber optic interferometer (available from Veeco Metrology Group, Tucson, Arizona).
Backreflection values were measured using a JDS Fitel backreflection meter model

RM3000A (JDS Fitel Inc., Ontario, Canada).

The polishing sequence for the conditioning of the connectors prior to the final
20 polish step consisted of two steps The first step was accomplished using a 3M 462X
IMPERIAL™ Lapping Film, 3 micron silicon carbide (Minnesota Mining and
Manufacturing Company, of St. Paul, Minnesota) 5 inch (12.7 cm) disk for 60 seconds on
position setting 2. The second step was accomplished using a 3M 661X IMPERIAL™

Diamond Lapping Film, 1 micron diamond (also from Minnesota Mining and
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Backrefl ection val ues were neasured using a JDS Fitel backreflection neter
nodel RMBOOOA (JDS Fitel Inc., Ontario, Canada). The polishing sequence
for the ovmdi/zizehi ng of the connectors prior to the final PCRPOS@aI9%Ih st ep
consisted of two steps The first step was acconplished using a 3M 462X

| MPERI ALTM Lapping Film 3 mcron silicon carbide (Mnnesota M ning and
Manuf act u | for 60
seconds owaﬂlgggﬁg?%gxglgﬁw%mﬁ) %éc%?féﬁ?&i@%sgé%dé%%cﬂ%%%ﬁl g@l%gugtﬁng a 3M
661X | MPERNADPTIAh sBipawsbrgithe gobishigg Hithswf Exampdesoh- 1) wan acto(mplisiedfin @40

M nnesota M n 0 18 PCT/ USQ1/ 19630 . .Mapuf acturi ng .Conpany)
5 1nch (155 B gD SeHing - 436 AL BBt B POLY e T Of CHELARIFE

pol i sh stEfnysié AGvishRcHablistad e 240 baten®f oXRIMInasttHg-1.10 was acconpl i shed
in 240 seconds on position setting 1. The final polish step for the
polighing filmof Conparative Exarrpl e A was accorrpl'i shed in 240 seconds on
position setti n/u dercut before the
final polish s ajire{a%e 21\‘?‘8%‘% ues rcu%)%?fg{eoth%? Ft(?B’ttH%?Yeé?get he

final pol VthlibsSb@ﬁotr@&idn/ﬁﬁkﬁér&lt%ﬁt@ﬂ&le\fﬁlhhﬁﬂlsﬁ@fep, orioke afzér@gd vadiesdot er the
final polish step are reported in Table 7. Each pad was used three

consecut i Raskieflggiiongites therfaiad Relish $enre SPOFted it T@Fﬂ@ ¥ c Feghpatvay sed fiyee
average V@nb\%ﬁtﬁ@ﬁﬁeé‘-ﬁ gﬁ‘fe@%ﬂf‘gﬁ(ﬁgvfsw B4 Q' Pﬂn&ﬁﬁg' AR atl&gg%jleﬁ%s. Phret NE
ackr an With a

optical connectors ese l'ectio ues are | ower
cl edf baccﬂﬂt@ﬁﬁl@cclthycuvemgnrmaﬁngs frem fheaaf, thds)u;btlcal cuhneetbss. These t he pol i shed

connect or Wl t ho s fl.aws as, s t ches or | tti hat is
visible u ﬁﬁﬁﬁ éi“tefgﬁnvf@%? e‘l‘r’rlé?r‘ff CligfhePTng: P‘hteétﬁg”éiri’\'\tg on the
pol i shed 1n§i&Qte tﬂa'i tthth%th E’d&%&uﬁl &@Wﬁgﬁrgﬁ‘égs B sRar ks RefibirG ok plip@! ves
for Polishing Method anpl e nmber of "Average Protrusion/ Average

Pr ot r usi ofiat inyisihdgyendes éQO&mﬂﬁmaHB@frwe trapsfen; end repfnt soreaking ah the pohshed
Backr ef | eg t| on Final Polish Polish (nanonmeters) After Final Polish
(nanonet erg) (db) 8 1st 4.1 13.1 -48.2

15
Table 7
Protrusion/Undercut and Back Reflection Values for
Polishing Method 4 :
Example |Number of |Average Protrusion/ |Average Protrusion/ |Average
Uses Undercut Before Undercut After Final (Backreflection
Final Polish Polish (nanometers) |After Final Polish
(nanometers) (db)
8 1st 4.1 13.1 - 482
8 2nd 5.2 124 -47.2
8 3rd 3.5 -0.5 -48.2
9 Ist 6.3 13.3 -48.3
9 2nd 4.3 - 7.4 -47.6
9 3rd 9.3 15.5 -48.8
10 Ist 0.6 16.3 -47.2
10 2nd 6.1 -1.5 -48.1
10 3rd 4.3 -9.9 -47.4
Comp. Ist 2.7 -115.6 . -45.9
Ex. A
20

Polishing Method 5 (Examples 8 — 10, Comparative Example A)

The polishing films of Examples 8 — 10 and Comparative Example A were
evaluated by polishing twelve ST style single mode UPC ceramic optical connectors

(connectors were obtained from Minnesota Mining and Manufacturing Company, St. Paul,
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8 2nd 5.2 12.4 -47.2 8 3rd 3.5 -0.5-48.2 9 1st 6.3 13.3 -48.3 9 2nd 4.3
7.4 -47.6 9 3rd 9.3 15.5 -48.8 10 1st 0.6 16.3 -47.2 10 2nd 6.1 -1.5
-48.1 1WG@o20218 -9.9 -47.4 Conp. 1st 2.7 -115.6 -45.9 BEXr/u80120630l i shi ng
Met hod 5 (Exanples 8 - 10, Conparative Exanple A) The polishing filnms of
Exanples 8 - 10 and Conparative Exanple A were evaluated by polishing

t wel S i e r A td I 0 ctors
wer e obt aYnkid B pa BB R AMARLATHRLS) 8 o SORTASHANE HROBRTCIETS
-29 WO 02e2&2hass pEidudGod pdBGs0 (SeltoninstsohentsGAr Inpa Mordese Califorin) using

AAVAM ATOQ 5 Sei,ko Lnsgruments Inc. OFL-1 series mass production
pol i sher § %:]Rg&iﬂ%’iﬂ? Gﬁgﬂf Qoﬁﬁ‘ﬂlg .°,+h|etﬁ’rP§H%‘ /updgreyt yalies yetrsnegiured 5 i nch
12. 7 cmMpeth i 8h) BE Qb | QfY; Ut - vial ues were
Ereasur ed bebeg? g?de)ifééri:gh%??ég% %lﬁﬁeh]mil %%P%‘E@F ?S\?g&'l?(% ?%lgl{]g%ﬁﬁésfioﬁgea Wko Vi sion
32 {1 ber igptieronBtdr {Veedoc¥etrelogy Grvge ducsvat Aolzoup). Baokipfleclivnsalues Arete ona) .

Backrefl ection.val ue . asured usin itel c<reflectiaqn neter
model RVBUGOECE ¥iiag &ﬁpgeﬁlﬁgweéﬁ%md@@&ggﬁd%bzﬁéﬁ g?rﬁtieﬁfé‘c’s B@ERce for
t he condiddnedd)ng of the connectors prior to the final 10 polish step

consisted of two steps The first step was acconplished using a 3M 462X
| MPERI ALTM Lapping Film 3 micron silicon carbide (Mnnesota M ning and

Venuf act ur | 19 0TAMng SauckAor (M ORERENAL of tiGa(ds o dl Bl o ©0

seconds on position's € secon was acc nE’llsi ng a 3M
66110 | MPialift Stdp cdasizmmint thvappips ThEfikstistep wisecosmgplishs® asing al33044270m
M nnesot a_ Manuf act ur ing 15 Conpany) 5 inch (12.7 cn) disk for 60 seconds on
posi ti on I¥EERIAL oLapiae Ede P trisred silisen cadide (Vinngrof Miniag apd using t he
pol i shin ' = S htion.setting 2.
The conartrinthyls CHRPRLTS Beat M3 St I20RED A1k RPBONANASS

position setting 2. The second step was accomplished using a 3M 661X IMPERIAL™

‘Diamond Lapping Film, 1 micron diamond (also from Minnesota Manufacturing

15 Company) 5 inch (12.7 cm) disk for 60 seconds on position setting 2.

The conditions for the final polish step using the polishing films of examples 8 - 10
was 240 seconds on position setting 2. The conditions for the final polish step using the
polishing film of Comparative Example A was 240 seconds on position setting 2.

20

The average values for protrusion/undercut before the final polish step, the average
values for protrusibn/undercut after the final polish step, and the average values for
backreflection after the final polish step are reported in Table 8. Each pad was used three
consecutive times on different groups of fiber optic connectors. The average values were

25 determined by averaging readings from four of the optical connectors. These
backreflection values are lower than with a clean backreflection connector test lead, but
indicate that the polished connectors are without gross flaws such as scratches or pitting
that is visible under 400X magnification, resin transfer, and resin smearing on the polished
end. |

30
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polishing filmof Conparative Exanple A was 240 seconds on position setting
2. 20 The average values for protrusion/undercut before the final polish
step, thevavzeege values for protrusion/undercut after tReTARNMaI9%IOl i sh
step, and the average values for backreflection after the final polish
step are reported in Table 8. Each pad was used three consecutive times on
different groups of fiber optic connectpggeglhe average val ues were 25
determi ned by averagi ngpJ i&gﬁnﬁé&mg Bagftlliehgc quF gghnectors. These
backrefl ecti on val ues are ﬁ% ackre Tection connect or
test lead, but indicate that the pool € nnect ors are w thout gross
flaws sugh &S—-SGF&-t—G—h-GS—OL—th—LFH-g—Lh&I—-J—S—M&—bLO—Uﬂd&' 400X

magni f i cabrample  Number of nslwerage Reptrusionf, |Aversee B tyiion,\ dAxeNagg hed enfl. 30
-30 WD 03/ 20218 bisey Uso1/ 1$mdercutBefore g Rlndexcut Afterringl;|Backraiaction c k
Refl ectiqn Val ues for Pol [Findd Refiskiet hod oPelidviprromgterper|Abter Kipal Bejish
Protrusi qn/_Average Drntrlt@a‘nﬁme@ﬁjanp ses Undercut Baf®We Undercut After
Fi nal Badkrefl®&ction Iinal PolRéh Polish (nanddeters) After H8fal Poli sh
(nanonetgrs) (8b) 8 19nd2.19 7.14248. 6 8 |2nd-4-489-4.9 -47.3 873 d 5.5 6.3
-47.6 9j|lst 189/ 5.8 34¥.6 9 2Ad 12.8 -31.0 -43.6 9 3r/d 1.0-47¥0.7 -}7.9
10 1st -2.5 1491] -47. Ast 10 2nd 10.3 -43.4 -48.6.8 10 3rd (2.7 -U1.€@ -47|6

Conp. 1stf 0.1 995.3 -4£4d8 | Ex. A158 -31.0 -47.6
9 3rd 1.0 -19.7 -47.9
10 1st -2.5 14.1 -47.7
10 2nd -0.3 -43.4 , -48.0
10 3rd 2.7 -11.2 -47.6
Comp. 1st 0.1 -95.3 -47.8

Ex. A :

5

While the preferred embodiment has been described in detail herein, those skilled
in the art will appreciate that changes can be made to such embodiments without departing

from the true scope and spirit of the invention, as further described in the appended claims.
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Wil e the preferred enbodi nent has been described in detail herein, those
skilled in the art will appreciate that changes can be nade to such

enbodi mrewa@ ome@iut departing fromthe true scope and spP€TAUS@19630e
invention, as further described in the appended clains. -31 WD 02/20218
PCT/ US01/ 19630 What is clained is: 1. An abrasive article conprising a
backi ng hﬁmqgcﬁi ykace; and a coating on the surface, the coating
conprising a binder, abrasive particles 5 associated with the binder, and
a | ubri cdt Amgbpsivei artidlatempidsing i ve conpri sing pol ytetrafl uoroet hyl ene
associ at ed mﬁtq?tgf 3inder. . The,abrasive article of claim1, wherein the
abrasi ve part i%73650g PAVIE pisptasen i ve  particles having a mean particle

size di ameter JQahEah ic stiifade, #He daRRIBsBpSsind HbAder] ABraGivE padtiéRsar ticl e of
claim2, wherein the silica abrasive particles have a nean particle size

di arfet er apwcitedawish thetindeatrndta lubrigating pertisplate alditiveecogipriaiisve article of
claim1, i ubr | i ng i te additive has a 15 maxi num
si ze bet &%@ﬁétﬁ%ﬁﬁ%&(}& rllesneaarsi%)% m gﬁg}%esﬁ%{é& The abrasive article of claim1,
wherein the lubricating particulate additive has a nmean size between 2

m crons and 12 mcrons. 20.6. A nethod of abrading a fiber optic connector
havi ng a cdhe abuasiye pftiglecof cliipols gdhegsin thy a&ﬁ@l\@r{&r@g?saaw silicy Ayasize ng:

pre- pol i sfi the: L:bek; i ting the

Bont act | S e o L e AR ot gt he

fi bEr optic connector and the first abrasive article; 25 polishing the end

of the fib opti.c connect or. ontacting the contac urface wth a
ool | ohi ng- The BBiave SR Mi piierei e Dikaabias SR Ruties T Afkan i o
coating %rticfl@ﬁzéaﬁ%fr@&?notg‘fb%te‘fﬂ?a&xia!%utcpﬁﬂa[doﬁie%s.a bi nder, abrasive
particles associated with the binder, and a lubricating particulate

additive associated with the binder; and relatively noving the fiber optic

connect ofy $0g shig PIAAA0F AHNS, HALEhEhE po 0uBRl it gnd of the

15 maximum size between 12 microns and 31 microns.

5. The abrasive article of claim 1, wherein the lubricating particulate additive has a mean

size between 2 microns and 12 microns.

20 6. A method of abrading a fiber optic connector having a contact surface composed of

glass and ceramic comprising:

pre-polishing the end of the fiber optic connector by contacting the contact surface
with a first abrasive article and relatively moving the fiber optic connector and the first
abrasive article;

25 . polishing the end of the fiber optic connector by contacting the contact surface
with a polishing abrasive article comprising a backing having a surface and a coating on
the surface, the coating comprising a binder, abrasive particles associated with the binder,
and a lubricating particulate additive associated with the binder; and

relatively moving the fiber optic connector and the polishing abrasive article to

30 polish the end of the fiber optic connector.
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7. The nethod of claim6 further conprising after the pre-polishing step,
contacting the contact surface with a second abrasive article and

rel ati velwonwuizmgy t he fi ber optic connector and the seconBCHDS@ESI993
article, the second abrasive article being different from the first
abrasive article. 5 8. The nethod of claim®6 wherein the polishing step is

car i ed ot ol S EARLADmpRd ARE 1Rbrk BBlisHiRe sBh Uoh Bl

undercut is with 50 nanoneters.” 9. "A net turing an abrasive
article cmn‘mct surir‘age mharspd;qndra@rm\fel avticlbland mé%tt\ie}}gmsmimltth&)hbdr@pac backi ng,

th ti | ut de b cl .

| Ubr | ot (RGO R e e BeRp P aronsd ERYEBrPEH brife BRTFRERE ana

sol i di fyithgfitdenaaad hifiglesol ution to provide the abrasive article. 15 -33
5

8. The method of claim 6 wherein the polishing step is carried out to polish the contact

surface so that the protrusion or undercut is within + 50 nanometers.

9. A method of manufacturing an abrasive article comprising

10 applying a flowable coating solution to a backing, the coating solution comprising
a binder, abrasive particles, and a lubricating particulate additive comprising
polytetrafluoroethylene; and

solidifying the coating solution to provide the abrasive article.

15
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