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MANUFACTURI NG AND USE OF SAME BACKGROUND OF THE | NVENTI ON 5 Fi el d* 6f e2
| nvent i owglfRf621snvention relates to an abrasive article Ccppphishidhsf

| ubricating particulate additive, and to nethods for the manufacture and
use of such an article. The article is wuseful as a polishing filmfor
polishing the exposed ends of a fiber optic connector, for 10 exanple.
Descri pt i #BRASKVE ARTECEE AND MEFHODStOF MANTEA CTURING ANDUSBOEt Y  of
desi gns have been enployed to termnate optical fiber cables and to
facilitate the connection of the cablSéMEo other cables 15 or ot her
optical fiber transm ssion devices. A typical optic fiber connector

i ncludes a ferrule, which nounts and centers an optical fiber or fibers

wi thin the connector. ThBACEGROENDOFEHEIANVERTEONT ceramic materials.
A si_ngl e node fiber optical connector includes a glass core wth an outer
di afeter of about 9 mcrons surrounded by a glass cladding with an outér

di anet er of about 125 20 rTicronsF.ggoHiegt‘ifé/ilé the "glass fiber"). A

ceramic ferrule surrounds the gi= o o ceramic ferrule has an

outer di amet eThigflinwdtibh réla@s P Ad ABFRI ¢S &rtidle cobprigifedy IuBﬁéaiinggﬂgﬁéh?arch' anmet er
.5'm

i ncreases_al ong a bevel ed edge (approxi mately  45) “to about I meters
at its pdditée apbia method Dipritheymanufactarctandaise bfisuayl aasstidle bhe agiddiseaded

t hr ough ram.c .fecrule and, attached wth a oXy resin. The excess
gl ass isﬁ{lﬁ%%‘gglpgjé%ﬁgﬂ%fﬂ lsﬂ’é‘&@e°’§@S¥&?W&?ﬁﬁﬁ’§¥%ﬁ?wt€6§%ctor,
andot he engfpiare polished to a fine finish. A pair of fiber optic

connectors or a connector and another optical fiber transm ssion device
often are mated in an adapter which centers the fibers to provide good

transm ssion. The adapter couyples the npe E%r,?g together so that their
encapsul ated fibers connect %@%}QQM, the transm ssion of
light. The adpipeesptiRionRectdR dfa-wide Qarkily 6PHRRRHave BEed diRpIRYAPILT can be
designed for nounting in an opening in a panel, backplane, circuit board

or the | {eg@inate optigalfrpr ealglss andoGiadiliee be pamiaggon Hf Ge3ablEn e pibki cdtilery of
th i . and. .i Nt st The |ight. t |
tnesugh orasgepiSaliE ieRERstol Ao L ki BOEY Rer ronpedeninelBEa *  n or der

to achi efegruke, which mounts and centers an optical fiber or fibers within the connector. The

ferrule may be fabricatcd 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.



good crossover of the light, the ends nust be highly polished, and ?hﬁe |
polished ends of the glass fiber and the ceramc ferrule preferab] %@ 2003

wi thin sygemmig pl anar or slightly 5 convex surface. A pl tﬂh‘)ﬁoi ghtly
convex surface with a radius of curvature of between abou % mllTinmeters
and about 20 nillineters gives maxi mum gl ass fiber contact area wth the
glass fiber in the adjacent connector. Wth good transm ssion of |ight
across the jTh@(ndh@hipgtdﬁehebmdmetbtsa'shinemsm‘rytaheimme&ﬁfs'te?:n,Th% ligReg eV Of
ill be mnimzed. 10 The

the amoupt of light lost acrQss. the junction, w
causes gtﬁr-oﬁgl&meeﬁfsé thep Acrgss ﬁ‘ﬁé“‘i‘%ﬁ@t“?%’”&éi GRasCiofol erdaete achisee aopt i ¢

connect o ORI Gy nfectio on and
Tlst bl o AIReSREYY CRTRRG the Bkt e B AT DS RE Bl BRF R B ot or
fibers. glisefibed mmbhéeeﬂahﬁdﬂﬁemqaprelf@ﬁbl@Iiy@ﬁhmé@ﬁﬁoﬁ(ﬂﬁ{agbpﬁl@g subsurface
ractures caused by the grindi ng{ and polishing process itself. Knot her

r

f
caude of°% £ cfiRbanag or skighthyconvex aurfage withhiaradivsefendeanis obbetvzen j oi ned |

fiber opj ed. and hel d together within their

connect (r;érbks)& o EE %E%%SZ% iﬁjé)ﬁE ?@ﬁj&@fm‘iﬁ?ﬁ_ﬁme?/ ' P“’t%s( Qaerﬁ%‘ﬁf‘ﬂge&rhi s
force aovith the ghesfibersia thé)adjabes SonrRice! Wath géthtbﬁlsidi%%? Bt B&bts RIS
creating an increasing nolecular density gradient an t?ws" an increasing
opti cal JHRRYER, the backrefieationef ske ¢angheticmp pmsasire of threcamoun of tight 1@$tiasrdss

especi aly,y: ohl. if. 1 | ass fiber protrudes beyond the ceramc
ferrul e.th%wgdi%nncg}ég;% 'ﬁﬁ‘gex of refraction in the region of the junction

callses some Qhelchses of Backrofldttion af IR GhRbon MRG ek 10/ ‘Bﬁ%diﬂ&EPIP}Stf&”’ resulting
in backreflection. Another potential "cause of backreflection is the
pr esenc EOBIECHIS frg dranye t AvBeng theccaysas sire micragsopicdsepetfebtiors orf anidijest baleav  not

| et 1 t her . hi bl i th l fib
PO o b adrtabibthd BolhEa AL 0 bt ot S TSP Te oA, quee
have i neanyade frdm sEHdE 36datdhes b MBNETRB T cHRA N 8sd PhPMRN gﬂc%%% se and

ot her causes of backreflection. 1 2 JAN 2005 WO 02/ 2021 1/ 19630
Gener al IPPLishiRg propessdtself) dwother sanse of backrefinction reis¢sdfiremabe fhict fhat thatendsat es.

I pti ; . lass fiber, typically abrades at a rate faster
than t he e S3eR BEL G dolfie R 3P piepEe Apl e Flordindi v ifiEiadb e SiseBiommdr ot
wher e t hvatigl spesified erce) wsually abad the(BVpdulias. Ahiforcatds ®Wonfit8ss e 1S '
ceramc fer{?ﬁlag after polishing. In order to achi eve good cross over of 5

light, t#erihakihefiberssatiheir endsherpatingan ingrsaping enalepiasnsisngradicat snd and

more prefiRak ) (%, epers. |1, 1 desirable to overcone
t he shortconi n%fgas(ﬁ)p Fgc rticgfﬁ‘f}%??’gﬂﬁ%‘%&&g‘?g@hgs?P%fﬁam" ?‘rﬁl’j’g{'%dﬁﬁl‘%r eate a
pr ocess espeaiallyialprotdeini if thef dlasrfitep pictrudesibaoha tise ¢e@amicOfidt. aridiigdteageal i sh
on,{ he ss_ fiber, apnd an essentially_ planar or slightly convex (radius of

|
cutlat ureg Pt ie(f_raﬁEP\)vBEWez{ﬁ%}B’cl of therinqtigneeases sammg ofsuligiigo be reflesteder s) end
surf ace bhdk fom thd finb @, (MRS W ool Bl ERIon, | Andifer PotdhuliPedds @B © 0 Provide

an article for use in suc rocess and a
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.



process for the nmanufacture of such an article. SUMVARY OF THE | NVENTJAMN 2065
The present invention provides an abrasive article, which conprises a

backi ngwohevdopy a surface. The surface is covered with apcaagsongedsor ned of
a binder, abrasive particles associated with the binder, and a |ubricating
particul ate additive conprising polytetrafluoroethylene associated with

the binder. The article is useful in the polishi(r;g of fiber optic

connectors bdégedly: prlishing filses absedediffercaUmaterials @ different sptesnén eptisal

Po i shi Rgnidids.She B W 8Ly SIS o P R Bt b Sl 1
pol i shi rithig k@S iftlah OnadeeplabiBlRletdl Swhicte BR gIak FiBBER abPadeN DelcW IR chtégP USi ng

the same abrasive article to provi de an acceptabl e polished surface.

Anot her ead gedacesf thenreramiedaunlerafies palishingdd coderpo helsbvangpeal ¢riokseoveopf i c
connect qr avi a contact .surface. Th hod conprises a pre- I shing
ot 0 contah 28 e BT Hhoil B mere TRt aRd due RESLe ROt ace
with a fhg$ile@hasioSindidetase and relatively noving the fiber optic
connector and the first abrasive article. The nmethod additionally includes
a polishing dtspesirabd toi ovgravemt the shontconiiegs oftpaior plisitng artivdsstamd cont act
surface V\A%‘p a polishing abrasive iljrtl‘ I corrgri si ng a backing having a
sur f ace HiRedsand ferealy agroesss thal myil palis I OBHE PORPCCINDIA ROYIdE atigher |
abrasiv ' ' ' ' . ' |

par 1 cubsrs gh i B g FROAt Aot thubiy lirdFpruRARY oAk GulitiOBt ARV of,
meltthod  ibetvadenaboutdDahillmbtersnd atgput D@ millineteroyndGuefacon@cs. avitlalogy t he

polishin abrasive article. Optionally, an additional pre-polishing step
may be agﬂ?fsvwﬁl%tﬁé@%sa desira iejm.ro‘z%w artigie doy uss 19 SUEY PLISEy AYE30 t he
pre-pol i &eﬁyfﬁitﬁ%ﬁ{h@?&&%d}%hm%&%ﬁeﬂ wherein the fiber optic

nt ac

connector contact surface I's coO ed with a second abrasive article and
relatively noved with respect to the second abrasive article, the second

abrasiv rti i Lfferent fromthe first abrasive article. 5 A
third am*&tﬁﬁﬁ%@m%?é% met hod of manufacturing an abrasive
argg cl e  CoMPeSkdienSRYERDoRabd M%&%@Ek%@g'd&dﬁ&@%&xﬁ@fk' ng and

solidifying the'coating sol'ution to provi the rasi've artic The
coat i ng hewingtaisorfades Thersmeficois @vbieddeth a canlting formeedpsTa binders abrasisle a

| ubri catj articul ate addi.tive c Li.sin ol ytetrafl uoroet hyl ene. The
coati ng pagt i%%%agﬁdg‘%ﬁ‘ aﬂ??d‘?l&ﬁ‘?ﬂ ﬂ@%&??‘ﬁ% l?gﬁ“i}%(‘ftsﬁd%&ye GEPHSg) i di fi ed
by any mRiiehfitoRMhyldhelREocitbd withGhe BRAEX PORWECIE & WRAL ih thefbIRUER Jror
specified ‘dwell tinmé. Throughout this application, the follow ng

def i ni t ifesoptjsptopnentons dcash dhalubeicatitefpartimhlatnadditive plba thegiolishing rate

20 of the softer glass fiber material to be slower than the polishing rate of the harder 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;.cking having a surface and
a coating on 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 t_he 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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"Lubricating particulate additive" refers to a non-netallic rrateriplz, JARI
Is substantially 15 solid at roomtenperature. "Wax" refers to an organi ¢
sem - cr WeOaLRIN® solid. "Protrusion” refers to the averagpctiushgivess bet ween
the glass fiber end surface and a virtual spherical surface fitted to a
spherically polished ceramc ferrule if the glass fiber protrudes fromthe
end surfgce of the ceramc ferrule. Protrusion is shown with a positive 20
nunber . ERERsPRliFNg step.and the pofishing stepgwherein the Sbehepticaonnedier epintast f i ber

pol i shed s aeERtoRatlad ih a s hfBive WiosZBRy Al 0wl RRBirovete tber an c
ferrul e. scbuatadivé artisloguis sobéit forARESAAIVR BUIAHorent FOAYBDISRS: apfhsly&f € ence
to coating conpositions herein, refers to material .that can be spr ead

across a¥u¢lEf ace usi ng any of a variety of coating nethods such as knife
coaking, for - .. ~Backrefl.ection" refers tpo a measurenent of the
refTection ofAﬁliﬁg‘ﬂgngt M&P{I%H&IPSWO@P?WW@@%&W%clai fferent .
ref ract | aanprisiigGpseadiy 4560 abE BAthg ddlutich A add R1ialHa% ing! 9Nt
reflection Ijt hrough the j unc%i or? of %woufi b‘gélreggpt | cg/connlelg{fgfr%é{ﬁ%ﬁggmg

Backr ef | ¥¥itioprio provigrethe fabedivarmiticte aThe ecating sobionds forfr@B)of amihdes, cal cul at ed

as follows;:.10 10gl0 (Preflected/Pin). 4 1 2 JAN 2005 WD 02/20218

PCT/ USOl%%Sfﬁévf?d)%cg?se a&?@?‘l’%@ﬂg P@rt{ch]é‘t AV COFYMSING ef | ected at the
junctio gmw? ] Fatyter ) : : In§, .t e, ' r. that
enters {%dgﬁj unct iron g?é weegtrx\&t he gt\igru?gﬁgg%@}%e{d' ?&‘55‘{&%%85 %déﬁﬁé%&gy%ﬁn th a
nmol@ negw@lifified baciy afdtbod kaywn iraths faety suchas exposgreato Henoim Mnseadhl £ t 0

anot her and rcg%‘ii eﬁ S | ess back as backreflection. 5 BRI EF DESCRI PTI ON OF
THE DRAVPRIGESHWE imes "o el evated view in schematic, of a fiber optic

cabl e havi ng ‘Barbhdiht N 4plicEOOD ¢4 muo%ﬁﬁ%fﬂgﬁo@ghgxgmﬁ&gﬁor ue[rglks%s S

cl addi ng_and_core shown i'n phantom throu 10 Fig. 2
i s a crdisfnedintthespacificatignof a fiber optic connector with an undercut- Fig.

3is a ck . sectional, view of ,.a fiber optic connector with a protrusion.
DETAI LED T W‘tﬁ“ﬁﬁ‘&ﬁag“f%vﬁ{ffﬁé‘ha@é’ﬁ#@ |RaEFIHg whichyg pubsintially
cohfiect aold hybattepeitebi t sonme degree of protrusion 15 or undercut.
Fig. 1 depicts a fiber optic cable 10. The fiber optic cable 10 has two

"

ends,  w'H frefsEy togprarganie seracerysielligolidid 13b on either end. The fi ber
Optic COBRRGKRLS diRR BMe average distance bétween the glass 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 aumber.
“Undercut” refers to the average distance between the glass fiber end surface and a virtnal
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)



13b have contact surfaces 16a and 16b. G ass core 19 extends thrqugh‘ﬁ)w%?pﬁ
fiber optic' cable 10 fromcontact surface 16a to contact surface”1bDb. e
gl ass coveoxmmis surrounded by a glass cladding 22, whi diCEUSE/®xI0ends

through the fiber optic cable 10. A ceramic 20 ferrule 25, which fornms the
exterior of the fiber optic connector 13a, surrounds the glass cladding

22. SimJarly, a second ceramc ferrule 28 surrounds the glass cladding 22
near  coNtetPraerd Hthe optical gover seflesied ak thejumsition oetwesa two miated cumactoror

13b. Fi . i . sectian .of an .enbodiment of the fiber optic
connect garnd ég%vﬁi%@e&% ﬁé&gﬁtggt eglferf, %JBP%@ QLY et Lo comecrs d8Ug &g di ng
22 def i nonptanewihiainaee lgihieHack SR aARIRE I §iBFA TR onc&abli i N t he
ceramic ferrule 25. The contact surface 16a is sho as laying wthin plane

sur f ace another aug eeflecis|lessdmclhaebadkmflaction. where the end of the glass core 19
andgcl adding 22 lay recessed within the body of the ceramc ferrule 25
such that plane b is, in part, within the body of ceramc ferrule 25. Fig.

3 depi ctgmpmmtgngﬁmmw-ﬂz@g of the fiber optic connector
13a, where the ends of the glass core 19 and the glass cladding 22 30

def i ne pfignkissarlevetedeyiewrin saheamapic poff aifibergptic aable heviag ndibee ot r ul € 25. The
contact _surface 16a of ceramic ferrule 25 .is shown as_ |laying wthin plane
sur f ace GROGSIY AnCIer epd, yaih @SBFEHQ%@H,CWE’WH@h@ﬁ@T’ng%B the ass
core 19 @apghit Bgrgkass cl adding 22 protrude 5 WO 02/20218 1 2 JAN 2005

PCT/ US01/ 19630 past the contact surface 16a of ceramic ferrule 25 such that
pl &he c Hig Ansaldrgssseptiomsd gdw dff afibdrptic eoamiceorfvatir ad enddfcut Pr ef erabl y, 't he
cont act 1§u::,f¥ace 16a i s rPa:lanar for slightly convex to thereby provide the
maxi mum et 5 AETRT SR Kie Wt EDsr; dplie cPRReCERSIYIHL2 PIRIRSICR.  second gl ass
fiber without exerting too much pressure against the second glass fiber, to
5 achieve a good joint. It is desirable fora polishing technique to give
protrusiQﬁTAgHEMES@B%OMﬂEMWNabOUt 50 manoneters. More

preferred is Vi n r oty usi an/ undercut of about . * 30 nanoneters, nost

preferably al‘jlgic])'{gﬁ1 re @gﬁhﬁ%ﬁéqr@pgp CORRACEQFS Fipically £ Bitdegrae R ProtEtsiae to

zetd pr axubeerdBXIFIRN 840A8 GlHRPopc ddbte P@"m&ﬁbértuppe%%e‘@’p%@s frs SR, 1 ng two
0

10 connectors. However, polishing the contacis surfaces optical
connect d¥igh fibes optiswennectdrallBeand b3 omeitkdrend! Tbs fiberbitiveonscaons d3eand have

di fferent e d aon eptly, experience different polishing
rates mﬁgﬁrﬂ%g ?%ﬁi%cgiwaf?%ésalﬁéiaﬂéﬁgﬁag;ﬁﬁgW@ a‘?‘xtt?ngﬁ : O‘fﬂbg’é%{i’ﬁ Bﬁ‘t“f ons in
pol i shi rgbledOdror ebie surfate PbR®Tontd2eEurbdrd 16BE TRE LRRE Sork 90U Erodhugguent |y
have resulted in excessive undercut follow ng a pOIgI shing operation. 15 In

one aspe¥t? glesisladding 3. orhigh alse aetsudnthaenehshe Sberapiticiceble Ut dot@amir use as
Si %(]? glr ief]ft ! grz %éérgiscﬁ%rrﬂp e XbeiSr Bf T T SpfiQt SR el 134" Ru Bkl Al glagsa\/i ng
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 within 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 optié connector 13a, where the ends of the glass core 19 and the glass cladding 22
30 define plane surface ¢, and are protruding from the ceramic fcrrule 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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such as the contact surfaces of fiber optic connectors, for exarrplf %Nh@m
been surprisingly found that adding a lubricating partlcul ate add t2|

the con¥PQ¥R42% of the abrasive article slows the poli shiTyseiawesof the
softer material to substantially match the 20 polishing rate of the harder
material. The article of the invention conprises a backing and a coating

on the backing. The c g conpr.i ses .a_hardened bi nder, abrasive particles
associ a 8&%& ?‘FF‘ ?‘F’fé‘“ﬁg L&i of caEmic fergpe éétsuﬁgtbpbplﬂmecmsamolmpana@ al so

¢ t t | th
R i A T S TR R e A e
particl @QnWOmherbbjupmwdﬁihemmm saifadeQire sl bE e fg Qﬁgé' %P]@&H%g&ﬁh Lhe
erably a flexible

bi nder. Flg,?ﬁs %"é may be of any material, pre

pol ymer secopd, I B’A@R!ltrﬂ}eﬁﬂlﬁ to@ vaich prasFuskrgsissiche sdsond ghss fiber s t o
about 178 eferably the backing has a thickness of about 50
mcrons to &z;ebgg?&i}féﬁr m crons, nost preferably about 75 to about 77 .
i crons. Sui Taikldesibak EapdlhE €2 bRk Y& SR lyrdtkd gscribed
in the Exanpl es herein. Tapese bgckl nfgq? [ ng | u é BOSE%%ERH‘?‘?MLE@%ﬁh%E% 3 ml
pol yest é%ﬂgsé?é Rbewy ipﬁ% parasebters c iade pgpf@mbd ﬂsélatfmgarpmgmmﬂuncﬁwmmabout

bl i she 06 Back d 3 I I t
Pe1 5 S ABbk . ot tabhirbat 71 Satemn sk PrarRAnBAcRdIcyt halits bl e
f r om Teic]osé1torrses pesvied mAkindith e@m@ee&gbﬁthe egﬁ{acés*a Eés%ﬂf‘en Sthisiiiey ¢ d‘ Te'J in

S&. Binders The binder used in the article of e i nven |on
meler | aFm&F@é’@fQ olpwererapoléshirig the cutedts purbdops of bytidal euhdectbss ks p@dimnl C

bi nder a coati sol ut.i on., .The at i olution is typically in

a flowa ﬁig f2ing %rg? ﬂ@%ﬁﬁ&f*&&?ﬂ}‘@vaﬁf& %F%?FVéanﬁftlcl gp t he y

coat i ngcemkiidndy, bgar?‘riégéb t&ﬁ@ﬁéi&%’f pSIEkhiry ﬁte@%&lﬂ:% lfé'd’lﬁﬂ{aklﬂ fe%r factured
e bi nder I d

abrasive article. Is typically iIn non- state in
t he man@ttigle: grhege vamationsie pelishing r@tﬁSthVd@nrtUeglaMrbdnend ﬁrermthxﬁfc(fﬂirale

t her mop Alternat Y t he bi can be fornmed froma
mat er | ahg@#nﬁylr@t%ﬁ%%?% xcﬁg’fvr?dl %nglq Wé@gapghﬁié“ga‘f@@“% thin the scope
ofl5t hi s invel omﬂpecmMn%ﬁbﬁbwﬁd&fanaab&&%émﬁhé%k é@fd?%@é adfd a
crosslinked. bi nder During the process of making the abrasive article, the

coat i ngP 8 i3k forgnedifiang a surgace Hermgshofdpio materials hahrmg differewt bacddeds fy t he
bi nder . k@ thOSHhTKARLGs SPRbk tlcsﬁlpgettclt%rgsﬁc)ﬁ%{]e {%9950' ution is

exposed to he appropriate energ 8ol yneri zati on

or curi spasidglydotund that haditg n@lemcaffd;gxpmﬁémfe additive %o trfc%n%ﬁfnbﬂ Gfe ution
is convert.ed mio a binder. The coating solution is preferably an organic

mat er i afPIENNG artic %%B‘XBI“? peflishiag gijje of the softer material to substantially 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
TNICIons, 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



crosslinked. The preferred binder's coating solution can be either ? JAN
condensation curable resin or an addition polynerizable resin. le 2005

addi ti oy PRI i zabl e resins can be 20 ethylenically unwg’@q,qgkmnoners
and/ or oI I gomers. Exanples of useable crosslinkable naterials include

phenolic resins, bisnaleimde binders, vinyl ether resins, am nopl ast
resi ns having pendant al pha, beta unsaturated car bo% grou ur et hane

resins, @qdmg/com@gtwly aa'@ﬂghlafr@mE@jmsﬂmea%t@m eTEM UR réh¢ Hadms,

ur ea- forrra c}e #QES I socyanurate resins, acrylated urethane resins,
acryl at Q‘Ef’ @E@@ F’é‘ or m xtures thereof. 25 Condensati on Curabl e Resins

Phenol i gif®sl ns are widely used in abrasive article binder because of their

thermal — properties, availability, cost and ease of handling. There are two

types of phe'rl‘hb bindeeas’sadsin ther artidk ©f thedinmentizinanay Reanyl matphiaheied ¢o farsi ms have
| ar of |.dehyde to phenol, .30 qf. greater th n. or ua

on , typ a { lﬂf%?sl%ortgﬁglﬁi’(‘)’?c%r éomng\ftﬂ%aeww ﬁ‘% ol ar

ratio o : S g&aﬁpges of

commerc F%%@% %gttgiﬁpég FS@EC%.HE %g? ?l% wragrigi S&gé'i %Pﬁ% os eaél?%gwn GEltl)fi/ t he

t r adenaarizle, ity @ating sdlutlon) BhaOcim viied & a?ﬁ)&fﬂ&eﬂ@fﬂddﬁiﬂ ﬂﬂ:Qﬁa’iﬁlfmtdredVar cunt’

from Ccci dent al , Chem cals Corp,;:."Resinox" from Mnsanto; "Arofene" from

Ashl andaemsiie agiclesol hedppder A3 tmtaﬂm 8P moarlpwablnstatg in the many é%unés i ns
Exanpl eg :gtwt afe @%etpe ég*tgtg Iﬁe&thyi‘ntog%:a%l;fnﬁﬂ?ml WeteFrBfil

I ncl ude acrylo I ene erru si ons I ¢ emil sions, Jt adi ene
el si otie, bibddraeh beéom&tt)ﬁ‘cﬂme neataria itioangs aapdblecmﬁbemgtcmahnkdde leisfalssThese
| atex resins are cormermally avai lable fraoma var)l((aF y. of different

sour ces Withe thgispepe © Fﬁh’énﬂl‘@}@“‘)%tﬁdh“,&@r%’%%qe of adbarmepiastd Pipdexand &bl e from

Rohm an c!'@ﬂ'ﬁ: g@aﬂ%@ EL mc | do¥ e from
Air Pr ogﬁc s & Chem ca gﬁrﬁfécﬂréf eé@ntﬂl tf)éﬁ"ﬁoéas,tﬁé’ p,f{% co%ﬁ%?é:llhg y

avai | ablisexpossd Bahe hgjroprGhesomiitionSao solidify thie bimar F@m&slihteﬂble coatimgr ci al |y
avai | abl e from B. F. .Goodri.ch, "Chem urn' commercially available from

Goodyeaf® betipns, theronting soluiion is exRessa ) fhe appRoRsiais Shef ' 9VE tappitiate the, | o |
" But af g:ﬁ y@?ﬁﬂﬁ&bﬁé&r adé&g&o ﬂk@h& b ABAPRAr ¢ tlﬁ:DéHﬁﬁh Is8lukivn is

avail a ni on Epoxy Resli ns E OXy resins have an oxirane
ring andomvestepantprbindeed by the ring open| ng. Such epoxi de resins include

monomer i ¢ Ep%c cz)gt?rltgnssoluatpo% 1? pre%cr H rgx c ;n%.lterr]tsal th-lapr.%ség.p ble o? being

crosslinked. The preferred binder’s coating solution can be either a condensation curable
resin or an addition polymerizable resin. The addition polirmcrizable 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 carbonyl groups, urethane resins, epoxy
resins, acrylate resins, acrylated isocyanurate resins, urea-formaldehyde resins,
isocyanurate resins, actylated urethane resins, acrylated epoxy resins, or mixtures thereof.

25 |
Condensation Curable Resing

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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can vary greatly in the nature of their backbones and substituent IgZolA.2005
For exanple, the 20 backbone may be of any type nornmally associated with
epoxy respme2ems substituent groups thereon can be any gpepRichifig;Pf an
active hydrogen atomthat is reactive with an oxirane ring atS Foom
tenperature. Representative exanples of acceptable substituent groups

i ncl ude hal Qgens, ,este roups, ether groups, sulfonate groups, siloxane
groups, a'r(?dtr C‘tﬂloﬁ'ﬁ? ?ng%%%ﬁéﬂgfgﬂps.liﬁi@mxﬁfmMongzmte;p'pﬁrmfﬂwr ed
epoxy r efbisAdniald : i Shas( 20 3-ep I O%m enyl ) propane
(diglycidyl et her L%%H%Fép(%%r?gp %ﬁt %n%omég%dg% alaé)’ai | able materials
under t hiatex Rdsinslesi gnati on "Epon 828", "Epon -1004" and "Epon 1001F"

avai |l able from Shel | Chem cal Co., "DER-331 ", "DER-332 and "DER- 334"
avai | abl e f r offasmmecaiatesaesicothaCeandye miriet atittethe phanyolicassin so imvhidede

| yei dyl | | dehyd | e.g., "DEN-431 " and
Toe a5 e PR R R oSN SRS, Biraligidmuloions, mewiesnt/ 19630
Et hy| eni sigiehy/ertiuistny kad eomPRALbAANSRLE! TARE 1A RRLE S Lo sk gl cal |y

unsat urat ed coating sol utions include am nop nononer o I goner

havi ng piiehie frarph uaridse obdiffesert soatcedinchnibonyRhalexmd " Rirfisbieni cal | y
unsat ur ] onaner s | i rs, rylated isocyanurate nononers, 5
acryl at :éé) ?‘g?ée}nﬁgﬁévi‘}ﬁ%@%ﬁ%ﬁﬂg,?% Y %CQ‘EBWY nBIEsHA sansr "Valtagbner s,

et hyl eni coarhétciall aRhitibit REmITRR PRGSOk (i agLykal &1l Spel sl ens or
m xtures ther e_of.§I The am nopl ast cosgt i%ﬂghggﬁj%ﬁcang&% ¥ ulatal\%eﬁg'?acone
peHiant conpreiciabpevailabieafromR echald Chemydal Cor, OHlgc o knd G664 Or ol i gomer .
These i al.snare . .further sgribed in U.S. Patent Nos. 4,903,440 and
5, 236, Z%’%{“l C‘%H% g ¥° ?@fﬁ'ﬁy Bﬂ‘gla&\uréb%lgﬁlﬁhmr@mlﬁwgm fromay be
nonof unakésayedr, TirddridUReibeP 0al, "NebérdyGnkA Fovhi nctional. or ,even
hi gher functionality. The term acr&yl ate ?g{;ﬁllg’égé‘?%ﬂé?h&é‘gﬁ}p ;i?‘étgﬁ))&nd

met hacr yemmescialy pydilahlecfaonyB ASE aodi P Resd domnadréially as4ilablel foora Waleh ude bot h
nononer i€, and pol yneric conpounds that contain atons of carbon, hydrogen
and oxygen, and optionally, nitrogen and the hal ogens. Oxygen or nitrogen
1515t ons or both are generally present in ether, ester, urethane, am de,

and ureg, groups. Ethylenically unsaturated conpounds preferably have a
mol ecul %Pﬂ?&éﬁgﬂ&of | ess than about 4,000 and are preferably esters made

fromthe reagt) unds_containjn | i phati c nmonohydroxy groups or
al i phatic poﬁéﬂﬁ’ggr‘%i‘?%g‘?ggﬂg"% %%&%?Igtpa@%%%@}?wtwm&epmag-s R as
acryl i c epoxide reshislificlodd moneEds epd:ACRANS aftf} i ' i ' ot oni ¢
acid, 20 maleic acid, and the Ifieﬁq%epr ese%?%?@gggéﬂfnrﬁﬁfe&'sd%}#é%%{n :

et hyl enBRMIY SrAlytin tha eduresd shair backborssuadd snistityent gedupa.cFyt ataenpletthy!|
meighacr h (VA ne.. hydr et hyl. acyyl ate, hydroxy
ottt e pases Pl 808 anf pie Nl S0 I Bty S R pbstiten

groups thereon can be any group free of an active hydrogen atom that is reactive with an

oxirane ring at room temperature, Reprcséntative 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.



met hacryl ate, hydroxy butyl acrylate, hydroxy butyl nethacrylate, vinyl'
tol uene, ethylene glycol diacrylate, polyethylene glycol diacrylate,

et hyl engu@by®els di met hacryl ate, 25 hexanedi ol diacryl at epdtd&hiydsgne
gl ycol diacrylate, trinmethylol propane triacrylate, glycer o( triacryl ate,

pentaerthyitol triacrylate, pentaerythritol trinethacrylate,
pentaerythritol tetraacrylate and pentaerythritol tetranethacrylate. O her

et hyl eniEthylepicallynEntammtedd_gasinp$ohitfimsude nonoal |yl , pol yal lyl, and

pol yret hal | yl est?rs and am des of carboxylic acids, such as diallyl

pht hal ate, difafamplespfietiptlenicallypnspmmted coatingisplatipusinciode lamigoplasther

nitroge s} i | -acr vl -axyet hyl )i socyanur at e,
1, 3,5 [hI:lI g E&Hé’?hgg%‘ﬁw o&%ﬁﬁ%&sﬁﬁﬁ’%ét:ail&,gat%lé%llc&ﬁ?oégi g?/?é%)f‘ryl acryl am de,
N- et hylethydatiydlyringgurabbd\nehabei)or aipymds S@ylabiduidhnidte abhdass, and
N-vi nyl - pi peridone. -9 WO 02/20218 12 JAN ' 2005 PCT/USO /19630

| sotyanCEated arethane oligamprsy aavglased ¢peay manemepeorddigomecs, gtisdenicallyup and

[ 19 ti hayi t t dant |

further s dfEd ABlAnEE o B, Bbrigi? BppBnb Shiribeed laledl STt hanee ar e
di acry| ainfin@Sls toatRiz SOUATRY Ma%eét%mlblﬁéipérﬁﬁﬁyﬁ@?% Setain?éatiugzggfgargﬁy{eﬂ ers

or pol yethers. Exanples of commercially avail a acry ur et ranes

i ncl ude gronpvpeaaNEec$Ror oligpmidr a Ahesd materiMs rarefurtGhreddscrbed mnd STPRenbN09Q, | |

" CMVD 84005 d " 5", available from UCB Radcure Specialties.
Acryl at eﬁ%g’p‘g{ga&g%g I“facryl ate esters of epoxy resins, such as the

dimcryl at e estReshvidnical r L cially

avai l abl e acryli t@%gné%%ugisglgﬁ?lﬁ%?%ﬂ%ﬁsg@h g%%l%%ﬁlggégﬁgﬁg% " CVD

3700", alfanetidyiab tiifuosticeBoRetiefimetiGpd o aver kigher fAnetidnalied Thesthanes are

di acryl at sters, 0 ydr term nated N xt ended ol yesters or

pol yet hgrcg.lﬁ% 2 Ottglcf’ﬁﬁ&)‘(%? 3‘?4 ?Bﬁvﬁm?%%%@ﬁew %Hn%‘érlaﬁgr?@éu?&cl ude

UVI THANEoiti8#s m@idk batl Boddrmeridvid @Bﬁ@ E&h%@ﬁﬁmhonﬁﬂﬁat%ﬁﬁatg ovD
cry

8400, ‘and-CMD 8805, available fro dcure Specialties. 15
epoxi es hydozan aed grygen. astaptionalty, sposgenrandithshalegams. &xygbm odhi@opyt at e

esters ' enol A epoxy resin, Exanmples,of co rciially avail abl e
aclﬁSsl at eaggué%%ri‘% ghéarler%f'e y%e%ﬁﬁ,th%[%ﬁlﬁﬁﬁhaﬁﬁ 84 HEE2 FOUWRY abl e fr om
Radcur e EdpgenisAlly mamrﬁwmhsgﬁma{& Pgéféﬁéb@m lal oA At \Uéi%%lﬁgfnlgésbtggfl\‘lt s or

nmononers_can be found in USSN 08 236,472 (Kirk et al.
081144, #bout4.800xand ase pegferyblyeniertineds fowrtbs reattiopobheirhpqraide nontajpig cat i ons.

o AT ERS G RO PR e WS
concer nianigls aucly bedarykt 6i¢/ BethAacryiaaciagiticdritheid) chdtshic Baide Noconic acid,

20 maleic acid, and tl‘m like. Representative examples of ethylenically unsaturated monomers
include methyl methacrylate, ethyl methacrylate, styrene, divinylbenzene, hydroxy ethyl
acrylate, hydroxy ethyl methacrylate, hydroxy propyl acrylate, hydroxy propyl
methacrylate, hydroxy buty} 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, pcntacrytﬂritol trimethacrylate,
pentaerythritol tetraacrylate and pentaerythritol tetramethacrylate. Other ethylenically
unsaturated resins include monoallyl, polyallyl, and polymethallyl esters and amides of
carboxylic acids, such as diallyl phthalatc, diallyl adipate, and N,N-diallyladipamide. Stilt

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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5,378,252 (Follensbee). It is also within the scope of this invention to .
use a partially polynerized 25 ethylenically unsaturated nononer ithJM 2005

coat i ng wolybiay. For exanple, an acrylate nononmer can b '
pol ynmeri zed and i ncorporated into the abrasive slurry. Thgcp@éégfr@'gk%f

partial polynerization should be controlled such that the resulting _
partially polynerized ethylenically unsaturated nononer does not have an
excessi vel y hisgeyanyrase desivafives having atlhast pes péndantpcaplassiroep stdisogyanate be

d . . abrasi icle. 30 I f I
That - can BR R EA0A To1s! Fnd bondioierfils evdh S Brekaforigd U % Pagemi 1 i n

t he scopMoof 6532 A.i nvention to use a conbination of a partially polynerized
-10 1 2 JAN 2005 WD 02/ 20218 PCT/ USO /19630 et hyl eni cal |y unsaturat ed
nononer wi t h Aeryldtet uwthepke aieatiddrylateresersoiityddoxyoeaniated dlydiat e

congensati.o urable binder. In the present invention, suitable binders
nePude. LSRR HORRuFAy Hobisther Eamber pesom e Al AV e, 05

obt ai nedyf K@ﬁ’g’f HENE bsh nvai i ca. Cor porat f.on, New
Yor k, NY m‘h?ié@ﬁ-ﬁiﬁgh?%en | ssol VZ%I~ é?v%eg@@@rﬁb%ﬁ{cgﬁgﬁi @Mﬁ;r to use
herei n. 66090, “SINID00" aanel "IMDSBROF n@bidableefrbi ULBWR Altud Speai@icdesi gnat i on

of CB55N frrm ayer Corﬁ[iiorati'on of Pittsburgh, Pennsylvania and a
pol yest eft X165 28g Hacrydais FHErsiof SROTUREHIpS uFly at therdiaspdateyasteqd 9ol | 31%

by wei ghg; o Al . ’h‘ﬁ’ﬂﬁ 4 and 10 63% Db i ght
pol y- E- Eig;s)élglﬂgc[?g Qﬁ%ﬂﬁr(;;'sg_, but a o%sg‘!.’fcﬁ’%ﬁ%&é%%gPf’%%%%%@f‘ﬁéﬁ??mﬁg&"\gﬁnder
cori seCMDASOD! ,TEINIDIB 60" P 'GWDI3Fe0 avhifdly RORATECBIaIdBuR BheBRINRST er
ur et hane resibég. l\/b%%ﬁpar eferably, the conbination conprises about 33% (wet
wei ght) to abthy a¥bestness %i‘%ﬁﬂ)‘%ﬁéﬁ%@f,hﬁmmwem&\@@iegttmgiecto about

34% ( ' | a . 109 Lght) to about . 50% (wet
wei ght) V\Eéll%éé%glg‘g%%%lg%ﬁﬁéét gﬁ}g.?e@%ﬁ%%%lg}/%a\rﬁﬁlg\égﬁqgﬁéﬁfﬁﬁé?%fmﬁ ders are
a repr esENTEHANE #8% wvaitabdd frohi Mdstos Thivko! ORémizeia Bid CMIB BE00NEAD 8400,

bi nders. TI",%%,?)t iIIYe?glag he art may recognize additional binders that
may be i - L}(%Madf:% P§Gialies.on. 20 Abrasive Particles There
arestwo nmain L MEe ' | L C.. LV rticles and-
organic bas_edA%gﬁﬁﬁ%ngsﬁ%H%ﬁ%%hﬁéﬁ%BF%@&/%%H%ESP ?ti?(gﬁa%'g d((?:% PSP be
di vi ded ofridspherold\ epoxyrigsini Exabipiesiof eopaterdiallsvailable. acrylitey epaxi€s a Moh

har dness, grea of l.ngrgani c_abrasive particles (i.e., they
have a %%88%55?’@%35@&@@3&%@ a@“& Cb’é gﬁg‘ié’é’a’&bl?go@oﬂ G dprsfaltingy d
abrasi ve par tBangfled s¥thenicHHPthAhW LM SSmottiflss LB §findliym num
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 partially
polymerized ethylenically unsaturated monomer does not have an excessively hi gfl
viscosity so that the resuliing abrasive slurry can be coated to form the abrasive article. An
30 example of an acrylate monomer that can be partially polymérized 1s isooctyl acrylate, It

is also within the scope of this invention to use a combination of a partially polymerized
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oxi de, white fused al um num oxi de, black silicon carbide, green SiL?C?NN 2005
carbide, titanium diboride, boron carbide, tungsten carbide, tita

carbi dewgslhpRpd. cubic boron nitride, garnet, fused al Wf?ﬁsﬁ!:B&ﬁ“' a, sol
gel abrasive particles and the |ike. Exanples of sol gel " abrasive
particles can be found in U S. Patent Nos. 4,314,827, 4,623,364; 4,744,802,
30 4,770,671; 4,881,951. Exanpl es of conventional softer i norgani ¢ abrasi ve
parti cl ethylengdallgeinsithiated monomer with deothedutytemicaltyennsaturated amnomer t i t ani a,

silicates and tin oxjde. t|II ot her exanples of soft -11 1 2 JAN 2005 WO
02/ 20218263 RIS IRIE ARG Binder. part| cles include: netal carbonates (such
as cal cium cgy tﬂﬁtpg;}f?saﬁf: Iﬂﬂlehno& g H@r'éh clh&@‘ﬁegcgldngl?en@gz%ﬁnand

| i fest one), cal m magnesi um’car ona drany &af e, -magnesi um

car bonatha)m% S:héltﬁa’dc(ﬁés a&%nq}faYPZSOSgbBt%ﬁleﬁeﬁi@iﬁ, TahtaSKadey hd. eBrdand gl ass
fibers) icates (such as talc, clays, (nmontnorillonite) fel dspar m ca,

calki um@ﬁbﬂi%éﬂ@ﬂcéﬂwgmt@nnﬂe&s YiorlealNy, whishi &mh&nlﬂﬁsﬁb@dl atc¥%, sodium

li cat | f at h Ifate, ba | f.at di
ul 1 at o OUCH AhASRR¢ Bhiot Ip il derf AR e BAR Hr€ion BB Rl num
trihydr daging O AL tdosi dgmhaﬁ SPXCBSSN( frof BageC @ofpd#AfidhX bf Piftbivegn,,  al um num

oxi de, ti tanl um di oxi nmetal sulfiteS (such as calciumsulfite),
netal Fgrsyblagia @nina p@a&terc@pqsbmeam@m hereparkd) framd 6%h byl ivkedght10 The

0 26t SRR SuBrLLE15R 0 35 LOMPRILPERIS g SSAPRL i |2 ever
POl St Y I68%Ehy wRfghY {p@ﬂ) é—'&h Brdetin@dh Q”&ltﬁdﬁéerclﬁ a@ﬁ&i‘ﬁc%ﬂ%ﬁﬁﬁ@x{t the

polypropylene acetal” polynmers, polyvinyl pol yuret hanes, nylon
and conibimist camprisdses enrfabmlanmg efi phedoxypeghe isveyhnatehesinogudasdlyestgzrol yner s of

oot ot aqRhaRoRER | M85 petAly o b Sop il LotrRer abet, ALk BB ae ¢
abr A VGucifly o dbbfi 1099 (SHEDeidE) s, Mo R ichfhef bt  C pol yrer

into el ongat'e segnents "and t cut hese seg nto the desired

| engt h. (At weight)i setypanatehand derumifh {ett weighol upnaalmud:éﬁ?’d)éwtomﬁgm)l nto.the

deﬁ red spa e anchagartl cle size. This nol ding process can be conpression
di ng POHEIRS WE2B% nol di ng. The plastic abrasive particles can be 20

formed from Q‘h%ra%ﬁé kﬂb‘ﬁﬁgn&%%ﬁ'?ﬂles E¥BIRRLS Srdh rﬁj’r@s"‘eh{a'n% @Ho@&b%ﬁer S

i ncl ude: phenolic' resins, am noplast resins, urethane resins, epoxy

resi ns, bimderspiand mmehmeqmmswlhbmdanseﬁme skilked| iat the arSmayanur ate

resins, urea,-for i SO e flesin acryl ated urethane

oot e "HieEnzs ARRELR Sk ARk Bl pe Ry BRBL e 8 ot BinjalEiint el | ke

pol ymers can be nade, crushed and screened to the appropriate particle size

and particle 25 size distribution. The abrasive artlcle may al so contain a
i % ur e AirasivpPagticledr e di fferent abrasive

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 conventional 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 ];;articles can be found in U.S. Patent Nos. 4,314,827, 4,623,364, 4,744,802,

30 4,770,671; 4,881,951 |

Examples of conventional softer inorganic abrasive parficles include silica, iron

oxide, chromia, ceria, zirconia, titania, silicates and tin oxide. Still other examples of soft
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particles. This m xture nmay conprise a m xture of hard inorganic a&gfzinemmﬁ
particles and soft inorganic abrasive particles or a mxture of t é t

abr asi veyp@sbigses. In the mxture of two or nore differ Lve
particles, the individual abrasive particles may have theﬁghm§gﬁ§%g%erage
particle size, or alternatively the individual abrasive particles may have
a different average particle size. In yet another aspect, there may be a
m xt ur e BrESiveRagiGiecinchde aweiabearbonates (euchaasctatrigmathoablzqshalk, P&its, C| €.

-12 1 2 ﬁwt&g@é‘(ﬁ‘gbﬁﬂg@%gﬁgﬁl@%ﬁ#ﬁ /.19630 The abrasive particle can be

treated to 'provi de FHE TERFNCS IR farbenate sadivmyearhpraténown
t o i npr augmkliemaiss] r asi r&i Gl nd_t bipder. iIn
t he abr asfg\?e articl e.a déglﬁ%%ﬁgf #Fa?[ﬁ’eggélfr 51(8:% %%; tbﬁhgengﬁisogg ove
the di spelicatesi(suchys tdlc,tdbaysafmartinosillpains)i feldepar] mida)BaleRdt §il16ats YatindN-

Al ternatj vel surf.ace 5 coatin can alter and inprove the cutting
c haf act &?t%ﬁ@éeva?émﬂbﬂp@msmﬁ%, sashvmisilicats) mmatel| sulfatep(auch g balyium he

abr asi veugaet <A ' ' nt .inventi iis a

ol Foa Sk, ek ke Banfifndfald, Bluindlp HOBARERE AilhER etfee)or ° ne

i nventi cgypSm,tahlmmunseiﬂaydfane,tgh’?hﬁer mefal 8616 (shtiP 8y c ABLICoxGaL d)ors, as
described herein, In sonme enbodi ments, the silica particle has a nean
parti cl & ERBEMAidss tiggniyn dieride) and merd sulfifonésueh ss calciusy suifite), Gnatabodi nent s,

the sil igaicpanti rtiele size diameter of about 12
nanomnet (grégl.c {Eg’qg d@gﬁ%er?glﬁgﬁnke@&gfﬁm%%eof abrasive particles are neant
t ottbe a repr Ghemplatic ubrasisvbPaitittes A be FOndERGh étﬁeﬁfi&%ﬂéﬂﬁﬁ?ﬁm ial 04 851 Ve

particl es ose skilled in the art nay recognize additional abrasive

T .
particl é’&lyf?rgf’ﬂ%&r?%léethm%dﬁowér@@n pelethplenatpodysitfena polystyenayi t hi n t he

scope of: -/ han. ' i Par t.i cul ate Addjtives The

| ubri catafggﬁ)tgﬁ/iﬁ@tﬁ?%?% Sﬁ'ged{le 'tﬁli éégc %0%"5%%‘“%&‘;?5’\%?1&&?? polymegn- et al | i ¢
mat er i alpslyvinyl cliloride, oisaréthnidsahyivn a6d b@h%aﬁ@ﬁ%&&@ﬂeﬁ?%ﬁéﬁi, ﬂ?&ﬂ%ﬁ%&abl Y,
the lubrj cati ng. orticulate additive has a shear yield that i's less than

the shedi®P yrersafits inyprtiqnoare those bavisg e high elting tempennanpre, to
pois sh bd | =1 OF |.ubr i ' articul ate ., additive nust
have a gﬁe‘a&%& fégﬁgﬁﬁg&e@éﬁéash 'I%hl%}eé]%ﬁg%gr%}icvg%)}a qgff&&f ﬁg@r@f’f’lgétfcaﬂ?rés.”%one '
exanpl epasiles (nesioch nethod isad &xtgudenthé tephapRsRIGIINEE R EBnGAY SEEh RS,
waxes, ?&9 ot her g%%rrers. .Speci fically, polytetrafluoroethylene; synthetic
strai ght LHhER AU ZIGBITLRLo theyfosited fénate A}ééwpr@yyﬂherﬂ@mglasmbi nati ons
of the palRentsh BIRQ h&akl A eadditi,ves. The .

| ubri cati ng epar ticul git%gq%dgé{?% l|;ive t?%i‘%gﬂ“waﬁ%@gg‘%m@%ﬁ?@}%&fB?“S f8%s t han
31 m cr Bpsompressien mislding ot inpetioft 2notdingo Mhe piakiid hbidsblePagiclk@nmean size of

t | ubk] ' rticyl gte additjve is typically less than 12 m crons,
p:@f era %rglgge'ﬁ{bgnv\eg 'ﬁmfshxﬂceﬁ polymer. téxamp&e,s of%?ossﬁnke% polymers include: phenolic’
. Tesins, aminoplast resins, urethane resins, epoxy resins, mclamine-forfnaldehydc, 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. ~
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'inorg.anic'abrasivc 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 patticle 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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and 12 microns. The lubricating particul ate additive may formup td 20AN 2005
(wet weight) of the 30 coating. Preferably, the |ubricating particul ate

additiv oes | ess than 10% (wet weight), and nore gief bysol €SS
t han 3_2"(5/‘0'2 wet weight). In certain enbodinents, the -13 1 éﬁ%ﬂﬁ %’805 WO
02/ 20218 PCT/ SO1/ 19630 | ubricating particul ate -additive conprises between

0.25% (wet weight) and 2% (wet weight) of the coating while still

achi evi ng t hdhgahtasivefpattinde pandwetndatedtogrovida.a sQxfaceoratingdatiredny Burfacept i onal
addi tives,.such as, for. exanple, .fillers (includin rinding aids), fibers,
BNt T st AP B0, G impAateInS adissiorehten o BpoNs e LR bikles | dyes.
couplin ; i@st AGHARE I 3 | gents, and
curing g%g%tedghi%hvglagg‘?ﬁg@r ee ?lgélitg% zlﬁﬁ???ﬂg%%’rnﬁgﬁg%gﬁ%#gitﬁ?tiators, may
be i ncl dikpelrsibalitytof thdataasivepatities iethe ebatidesabutése nAlternativedy) tsurface The

optj onal additives may be included in the coati n%t;;_ol ution. These optional
10 Jaddi CPYUBIES FaY akierand dmpravs dhe eutiing charaeierstics of thegaptiies elrasige pagiclided i n

t he coating ' C I 1] | Oy ] I Gk N

phot of ni ¢ 1 ot RRtbLE e BIRRR e Seclntnp Bl e pdlenP YRS < o

t hese nwiigh pattisls; BllibeiseepRidl§hréferred Mteflahd AeiclefaReinveforig b bedsedOr -
exanpl e, an abrasive article including a [ubricating particulate additive
can 15 fythepetishing ofifiberpplistconnrgtergesstdeseritetdiesainy In someembedimestsy thect ant |
i.e., a f.ac le .. praduci.n tively charged surface
active isgirél'.ri P %ﬁ%&gﬁag%la}g&glrﬁagﬁ(ﬁ% Slgﬁﬁfaé%?t%n fgesgﬁggn %%ﬁ%%’%ﬁt%ff'l ;“ AV | abl e,
suh as embbieionel, tfbXilicatpddtiolé Bhs £aie@h poiticleadite/diamieds of @Yot l18hakoheR.

I nterstab Chemicals, New Brunswi ck, N J.; and "Emulon A", an ethoxyl ated
ol ei ¢ adibg abovppentigned exppplesabebrazive partiving #fe meantdo bra Jepresentatiyee a f ew.

For  un Fb ik Pioh M R aho RS A ol Qe CRHERE Rl ERE Ny U™

abr asi veedagtiize alléisionalRbeasplegfattioldy thattddate ilcdrpolaiedibiodht abfsive Sfticle even
nore preferably about 0.3% by weight or |ess, and nost preferably about

0. 2% by Withit Bstscopmef theinyspdonsur f act ant nay be prenixed with the bi nder
precursor, such as a phenolic resin, followed by addi ng the wax-contai ni ng
nodi fier, such as those 25 comrercially available from T Tirarco Chem cal Co.
under t iebticaihe RiedauiaatAidditives Oct owax 695" (an aqueous, ani oni c enul si on
of paraffin wax at 50% solids), "Octowax 437" (an .aqueous, anionic

erul si on of - JAFARYGIUAR gagtcala v 9f) the, pregent daveation sopopometilic  and

" Oct oway Bada L QR ' a | . 000 sol i ds).
e e G A R
such as pesgicalatmadditiveclasiaorhasreyi¢id hiadtks lesathmhnttiee shear yield ofakentatenials inehdl e and
T35St 008k s O A MRS St bolish 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 Iubricating particulate additives are glycerides, waxes, and other
polymers. Specifically, 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 cominoses less than 10% (wet

weight), and more preferably less than 3.5 % (wet weight). In certain embodiments, the '
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car bonat e, sodi um carbonate, magnesi um carbonate, silica (such as gyajAN. 2005
gl ass beads, glass bubbles and glass fibers); silicates, such as talc,

cl ays, iwhgl onite, feldspar, _14 1 2 JAN 2035 WO 021%2%%

PCT/ Usoﬁ%gg%hén ca, calciumsilicate, calciumnetasilicateé, 5%16598%4%

alum nosilicate, sodiumsilicate; metal sulfates, such as cal cium sulfate,
barium sul fate, sodiumsulfate, alum num sodium sulfate, alum num sulfate;
gypsum lWsicating prrtisnlaioatditiveosomprides bikiwean OiSHy (Wa vesigle paRDD% (Weck; met al

oxi des, as.cal ci.um oxid l.umi num oxjde, titanium di oxide; and netal

5 sul fi t‘iiﬁig?ﬂ%g@ﬁ]?eggatgg Wﬁﬁﬁ@b?‘a“?\@g Hie-30ls< thy prasest inveptipn.er s al so

I ncl ude silicon conpounds, such as silica flour, e.g., powdered silica
having a particle size of fromabout 4 to 10 mm (available from Akzo

Cheni e AptwonebAdditivengo, 111.), and calciumsalts, such as cal cium
cardbonate and cal cjum netasilicate (avail able under the trade designations,
"Wl | ast okup'OP adggfiyesstushias cor examplryftiisrotnguding gvindingtrods), fibery, ). 10

Ex | ' e | ite, b bl ack,,. di
o b, ptafiUdchl hitSicARE b RSB AR gl e Siping fiktbs0d | 1
U.S. Paplasticiserselade Zfts, sispéidink4gdent@néd eurAfBaiBts inAulRisdd\QdRIENT can

provi de.an assocjation_bridge between the bi nder and the filler particles.
Addi t i oFHHRPTS 3K RESEQINitiatprs Jass beinsluded in the abrasive evislestofahe presege bet ween

15 the ki ' i-cl.es. | es of, coupl.i ng agents

i ncl udeﬁg@ﬁgﬁ%@tﬁgﬁg@gﬁiv\éﬁﬁ a%:'greclggﬁug‘fﬂ lﬁﬁ%&@%ﬁé@é‘u&%{‘t}ﬁgio@ggn%ans to
i n@or pondditivedwmay further RguGgahdt. addftivna Ents bl eh Q1R ih PGk ARgRL My be
added directly to the binder precursor. The binder nmay contal n"anywhere

f r om abdlHipn Bampesiton aidén ering dopsxamples ghotoinifister may beabqyiradivehen

coupl i ng..aggnt b | h rface of the filler rticles or the
coupl i ng [ggg%targgycr%ighgg& §B§ﬁqi°t£3h%38 eﬂa%%?@%egegftepﬁ‘épﬁfﬁ’ﬂ‘é& e particles
prior t prdperitiey desicaal, porated into the abrasive article. The abrasive

particles may, contain anywhere from about 0.01 to 3% by weight coupling
agent. Curi né"’éﬁ’&?“i‘l‘@e rasiveaTticle; ingludine adulriqsting particulaty adslitygtam, when

thg ene o e NolP .. precursor }s, heat,

ul travi glﬁhébter ?%ﬁﬂced ‘gtrs'lﬁgf’ tgg%lﬁgﬁﬁgrﬁﬁ?ﬁi %ﬂﬁg@lgrg‘?ear o lgér%wﬁagtapfcéaé)apgdi cal s.
Exanpl eef pioducing agegaferlscsngdd anfiebativeibhi RtRimld Mdbnid @0Shahis hfee ‘
radi cal g_upon . )pos re to HI traviolet |ight or heat include organic

per oxi dé%, eﬁ?ﬁc Vr‘?ﬁ&@ﬁd@‘,‘: &8 ﬁﬁ%‘é?‘%?ﬁr&%‘@l espRRifAids acide availatle fem

hydr az olftérstabRIHeAREDs, NAPBIMISIck Y TY H’ﬁ l*ﬁrﬁgltEﬁ QUNgS 8t|h}g§1‘3%°él§n§ 'aci

i,chlorotriazines, benzoin, benzoin a ers, ones, phénbnes, and
m xt ur e3vailabledotm BOSH Qorps MooheOtifve,(NE, foresend fewn Pegfeiably, eanatienigsed to

abpade Qﬁﬂ( olish a wid range of contact surfaces. These contact.
sgpf aces | r(ngFnttJ emr?@taéxfou\(% ﬁ‘?ﬁﬁtﬁ“ﬂg’ ﬂfqvaﬁ)gpg@pr,m wetting of the backing, the make

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 tracie designations "Octowax
. 695" (an aqueous, anjonic 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).
Examples' of useful fillers for this invention include: metal carbonates, such as calcinm
30 . carbonate (chalk, calcite, marl, travertine, marble and limesténe), 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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carbon steel, stainless steel, gray cast iron, titanium al uni num hddJANe;05
like), metal alloys -15 1 2 JAN -2605 WO 02/20218 PCT/ US01/ 19630 (copper,
brass amd émm2id ke), exotic netal alloys, ceramcs, glasgcweadaddsoc! udi ng
pi ne, oak, maple elm wal nut, hickory, nahogany, cherry and the |ike),

wood like materials (including particle board, plywod, veneers and the

li ke) conposites, painted surface, plastics (| ncl udi ng t hernopl astics and

r ei nf or SdeR, cAlskumd piligatei ealginmanetasiticts rrorivan hlgrr@qselmrcr Wdlmslﬂl@te,gr anite,

T Mt

W ndows sulYit@'ﬂhﬂnﬂﬁPMfat@%&FM%%@ﬂl% W&d'ﬂolﬁ?)alurﬁinﬁﬁﬁtrﬂli afﬂtéha?d%ﬂ ves,
mrrors and the |ike he 1ike. The abrasive article rray al so be used

to cl eablaskymetabexides; lsudsas datnirgmoxdide, ahmnnur(uom:deutihangnddmﬂb apbirefal pans

Tha | M sl suche o W%ﬁrrlﬁa&%Pkg%?rﬂa%fub&thwbirf@l PR M
associ aEﬁ'ﬂlx | itikal flour @g &e@fsﬂﬁgra&mg% ﬁﬁﬂﬁi@ﬁie w&ﬁ%sauwrd HSfm

ophthal mc¢ enses 5 te evi siron scr engi ne conponents
(i ncl ud(axgrlalalmfmlnaﬂﬂcso Chemik Ahetics, Cleoggion 81.pland kalcmndsdl isesuchlas ealcidmand
tool s netal forgings, fiber _optic connectors, furniture, wood cabinets,

t ur bi ne SfbaRRiS and ¢ crsar meailisye davlaple %ﬁb@ﬁ&aﬂgde%@aﬁ%ﬁm@ﬁﬁ&}r@%
Kk " I he f
si nks, gﬁﬁj W?J‘ﬁ ét 1|§1 ggmrﬁmﬂ the corft aefu)l ar application, the force

exert ed t he a rasrve a ct” surface at the abrading

i ADer f ace caExampls of amntmgcn& iddlullg gtaphite; earbbf blde, vinadiumbkidepet ween
0.1to g kg. Preferablag the force at the abrading interface is about 0.1
BEE

kg to abBBECAnigAndghe F-aficAgantiaticagstts ars disclaseddn & SR Npts S ladihe

opti cal ail able from M nnesota M ning and Manufacturing
Conpany Szlgg%ﬂza%ﬁfﬁ’ﬁﬁ %%sot a under part descripti on AAMVAM ATOO. 5). Al so
dependi ng updncduptingapgiticanprooside ahassecianyn idga beoldentha binderdithpr esent  at

the interface between.the apbrasive article and the contact .surface. This
i qui d ST pREtiglee-ehdditienally i coRjingiagendiap FrRVideraasspriptiom brideq BSHERR may

fysst her &érsa%dgﬂﬁﬁrhéé?é %ﬁg%g %}Jg@%&ec?ﬁa&éhn%eﬁm ifGH3e biddegd 25 organic

conpoun s cuttin e abrasive article may
osci | | ati¢anates, dndezigwohlustinates. lrht:ﬂ:rdrawmohsrme@summcofﬁomtaﬁreamuphngmgemI e of

the invention can, be used by hand, or n copbi pati on hi ne.
For o BBt Xt The FotiliA sgtaitane b aqReiieply, e bt paruAT-JB et ool
Or a ok %oh?a@rlx anﬁbhér@ﬁ%hl %ﬁt@hl%%%@ﬁ%@‘ﬁt@&{ rﬁthEJn‘iu%l thbe

np %
cont act surface iIs 30 noved relative to the oth erPﬁ %’ gea br asi ve artlcle of
t he i nventplimg dgast inerhe ﬁmlmd to thehsurfzep of thelfiller pamtitles ot the quuplisfpagentont act

SY% face mn% e E%cphcc\{\?o t(grle S ent tﬂaggrraswe pértrcfcl:(s: %ngf:i t b%?ngamg&fp]:)%{te mtt? fhie dness.

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, dﬂr:etones, 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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-16 WO 02/ 20218 PCT/ USQOL/ 19630 An exanple is the polishing of the T%afmﬁﬂ?ﬂﬁ
fi ber optic connector, which has an end surface conposed of gl ass '
ceram c. whhe/2baugri cating particulate additive provides a ppRrRoPNEPr mrate
of polish for both the in the ceramc ferrule and the dlass fiber So that
both will abrade at the -sanme rate, resulting in a highly polished fiber
optic co&nect r 5 wi.thout severe undercut. Additionally, prior nethods have

r equi r ed\PAPE RS 2ng the Wk eexatisyaetaballnysagramids, ghssi whod Heclilmempingt i c
connect g, i ' Lovi des a pol ishin hod that. . conprises

pr e- pol iés ] %Hgﬂﬁlteﬁgﬂﬂ,g\g%lb ggthPcskﬁW‘JB%m&aR “F?fﬂéﬁg%@gﬁ%‘ebd'm%@ﬂ mg§rial§nt act i ng
the contirdidiagpireicie bohid) pByvddd vemlREaE] i dnfdd novi ng
the fiber opt i%pco_nnect or P?g‘t_ar% ?he[.%iﬁg\s{fﬁeg%%)acgi}n\?g% ng:ngéd' s.\égl{afl%m ng

pr e- pol i BlAstieg (inglyding thermoplesticomdusinfowed theemoplattivs), stides (inoliding connect or

I s acconpl.Lshe contacti,ng . the contact surface with an article of the

i nv%nt i n’ﬁug@’ﬁgyg?én%ﬁ%ﬁnﬂéﬁ?uQFRP(}‘EﬁgﬁﬂP%)eg Siviases pkidingglassopt i ¢

connect ogleRfbn! BRend) Aih S i ' ' t t..surface
o The. 1 Lo nsefeen Wb Ao S in AR MRAL RS SHied B, B 09 it

pr e- pol i windoys Stagpwiralpwispbiisowirtdoevsand tixdike3higlags display sHEl9esl ine0Rd

pre- pol |tﬁgyp‘% st 31? Om:)@'l} s%s contacting the contact surface with a second
abr asi ve 3o %ﬁﬁ"r CANINUYS 24518 Ry Uprbe pisdito slsansudaensesuelors and t he
second gHueSHoYE: i : | rgjcle may.be.different from
the first ug%irogcglitﬁg gﬂlﬁ%lpg%ag?ﬁ%?ggﬁ ﬁ[“gﬁ*ﬁ%gk@bt"é‘gﬂ%’s g@?’(ﬂ %n the form
of I 5 ibathitulfs] Shoiversyflodiscanelt the litesk, the polishing step may be carried out

on a known p ishi&g machi ne such as a Domaille 20 Mbdel HDC 86792001L
fiber optic pdi%<OREFt ayebetia)ion sayihaye 2 shape osicomtseh assoeiatedwitinids ot a)

which ¢ AGHQ ; -S| . UpP eram c, connectors to
pol i sh fﬁr%%a con'[HgE sﬁ? aégsE Swﬁﬁﬁ%ﬁﬁgg‘g&uﬁh@?’é&écgs&tg%ﬁ CleV I SEFS 70
Dur onet enethlnigineigompadenttincigdinpecabostabts | @ank8Bitts) 8aginb ®1dcRE 6fd e 1

abrading interface is typically about 1 kg to about 4 kg, preferab y about
1.5 kg tEnd il métaktj’f Eg fiheE OB}ie GONNSEOES, fgniture; yppd gabigets Sushinmblddan % t o

9008 . PriakssobliomabaioniOiefils OB ITIIRGR S IBh Y laD! € POl shi ng

machi nes include a Sei ko Tnsttunments 0 I nstrunents USA
Inc., Torrardpendiag upan thegartiadaeppliegbnpthe doet eRerdDby HlaCibrasdieti@ed i nch
b 5o, porlaft E50(&t st e sl fuiortiecan Sgmiior: snas o oF ki brevse 100ur f aces
1 el R kRGOS i il My
ot her fithbke topatiost ¢ kg hectboading twtiva STisGlosinld fhodecUPORieranicptiedlt or s, for
exZ'HrpI e'cohr]'ez:tojrs Eav‘&'?%lggglm m(x)ezsétza n81ngP aCnT I\L/J]%I?l} agt%g%g Company, St. Paul,
Minnesota under part description AAMAM-AT00.5). 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 fo a random orbital tool
ora rotari/ 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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The present invention provides acceptabl e undercut/protrusion values and -
good polish in fewer steps. The undercut/protrusion values are also well
Wi t hin awﬁgg%@%e ranges of 50 nanoneters. The resul tantPéfrB%UﬁF;
connectors also have good backreflection values after the present nethod.
Typically, the backreflection will be better 5 than -45 dB. The abrasive
article of the present invention is manufactured by applying a coating

sol uti orAn @cm[ﬂamtmqyoliﬂfh&g of)thbiengs sfod fibéraptic oopdctswhichihasien endibr asi ve
particles, and a brlca partlcul te. additive conprising

pol yt et S RGOS 9‘15-] ehgl as ihﬂ%ﬁ% P@félcm&erﬁdg&weonmwémo

pr ovi de xgaﬁuﬂﬁaﬁﬁ&a&sof@&;ﬂﬁrquh&%eg&aﬁﬁé HEAR0 e U SRRL Sbe 10 the

backi ng by an b rea a knife

coat er, both &I shytadoaithe sarh rafe rr@dullnxcgqataeﬁgmrpommsM&r oiﬁb@cédx@w@bl e coating
solution js formed of a bi nder, abrasive particles, and a |lubricating

paril c ul withoub spyers wderont. g scussed above, the bi nder abr asi ve and

| ubricating p, t e .addi unb of nmateri.als
doscr | bed neradiiSH! EadinkbodSh iR oM RAY oliest e BiRe Sers o A b ont 106
t 0o aboutpolidifehbTFiteyBhtiVEdiiREbr. PR M ¥nt] 7[[b]r'8md€@9 55119.%% PeffRithatS % (et

wei ght) i socyanate, about 0% to about wet wei ght) pol yester urethane

resin, ddomprisgopregolishiog tlm/mma&eslglfﬂc)e of @Iﬁb@neptlc mma@toﬂuy/@QMaMe 87% (wet
wei ght) silica abrasi rticles a 3%to 4% (wet weight)
et cn PR St svesriaf ol ks B fe B tber Aol taibrlt. he
cog i ng &ﬁ'tﬁgﬁﬁﬂatﬁﬁﬂi?@ﬁﬁiclé)@dmﬁn&f 20ctRhing lﬂﬁxrl%yché%ﬁtﬂé} shffa@ofayen at

t enperatures of about 93 C (200 F) o about 1% 275 F), preferably
about 1Xibet optiq @BOEEtpr fscaccqrﬁphshad tbgs:oatadumgmn cmatahmm&cemmmmuﬂe of C

Sol ot orfoE BB Poheria ges ol gt o e Hher otis Sepbbtior i fges,

for exafﬂﬂhﬁnBQ%ram%%ﬂﬁe td%&l!sﬁ%ﬁ e SR e suBte RAVR IR gﬁé‘wﬁrf‘e%to?f Iﬁ?‘bOUt 66 C
(150 F) to abdut 93 C (200 25 F) preferably 90 C (19 for about 0.3

m nut es mﬂmbmubodlu&nmamactﬂELprpmeildua@Btyp @nay folowuhepre- Ii'ﬂshmg@mpd Tteage may

bout 5F) t bout 79.4 C f bl 65 F

fol® apodbiesdpriphifians pisd shdarises nifeiiod 6 Sopteks wllads il sbchit dhrguten”

t hird stag@e ﬁ?d/re!ﬂ@i%lﬁﬁ@%’fnfqge fbérdiPRiclebnhe@tcaad khel Rofd ABraSivE heticRd, efigs abl y
112.2 C (234 F) for about 5 mnutes to about 3. mnutes, preferably 2.1

30 mi nutsesondgbfasivet article apy bradiffhrene framdthe o rbGSive artkde F) to about 135 C

b ot cn. UnPEFRtidie aptistvd aficlea nddortns 000 (P2 P Wstiend e 10 o
by die cpmrsmag)nep Ry lﬁb éhi?ﬁbc[ a6t on%kﬁcﬁvnﬁéﬁ‘hsﬁﬂ@%%%u@ﬂ 33 8 DRfaldius01/ 19630

configuration such as inch (12.7 c di aneter disk. O her
cof?i gurMde;ﬁHD(E@ﬁ??z{g)lh fibgr optic polisher (Domaille Engineering, Inc. of Rochester,

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 Doniaille 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
mélchjncs 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
UpPC cerﬁinic 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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article my be desired and are contenplated by as within the scope}réf hae .
I nvention. EXAMPLES 5 Additional features of the preferred enbodi ntJ r 405

i 1l ustrsg@ob/ionig he foll ow ng Exanpl es. Unl ess ot herw se il;tdllrﬁﬁhﬁ t,mal I
parts and percentages are by weight. Materials Lubricating particul ate

additives used in the foll ow ng Exanples are described 10 according to
their trade designations in Table 1. Al were obtained fromM cro Powders,
| ncor por at ed T8¢ prRaeRtyinveationsov e dccefthble mpdercp@prbirasion ShlnesahgbodBXi mum

| ubr,i cat,in rticulate additive are al so reported.

icle..si. f h .
ggglt Iecl Jgsﬁ'gﬁﬁf?\y%r%hﬁqg Andeseptipro %Pt"?&?@% arg oy Wedb wiskinacseptablehxi num

Size T | CH0A 4 ol ) - tetrafluoroethyl ene
VP- 22x>|é§1§1 g?kg‘f%zzhy‘*g?g%gfﬁoﬁﬂéw%g%%%gﬂ}é}%%@gﬁéﬁg%aﬁg B9 uo
523XF2. backregle5tiopuilypes afjérehe preseht afethed. rBfgicaly) tiebakRiefe RIRPVITGY beiter

318-1231pol ghgpyl ene Superrslip 65306-822wax pol yners Synfl uo
178VF5- Eh‘?f carbon and pol ytetrafl uoroethylene 20 ther materials used

|0, Lhe T 26 8 B! SRRV AGEBE L Pl el R RS B
i e, e e e ST e o
npany,t? 2 , ompgsINEROT el asluorethylende Thesioghiag salatidor a
co | 9,810 SRR SRR s S ke o 0
HA0st onthe backifg bit ady diitdbEORBiRandFoP ghréhtidS a HEd bR ChIRIY 2 knife coater, a
spray coater, or a roll coater for example. The flowable coating solution is formed of a
binder, abrasive particles, and a lubricating particulate additive. As discussed above, the
binder, abrasive and lubricating particulate additive may be any of an number of materials
described berein. The coating solution may have a composition of about 1% to about 14%
15 (wet weight) phenoxy resin, about 0% to about 5% (wet weight) isocyanate, about 0% to
about 7% (wet weight) polyester urethane resin, about 7% to 11% {wet weight) toluene,
about 74% to about 87% (wet weight) silica abrasive particies and about 0.3% to about 4%
(wet Weight) lubricating particulate additive.
After it is applied to the backing, the coating solution composition may be
20 solidified 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 {irst 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),
preferabljlz 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 aboﬁt 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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YP-SOS is the trade designation for a solid phenoxy resin obtained 1f O@i 2005
Tohto Kasei Co. Ltd., Inabata America Corporation, New York, NY whic

di ssol v % solids in 2-butanone prior to use herei oS a

pol yestgﬂjﬁéz&gﬁane resin prepared from 6% by wei ght neoperi'nct‘@?ﬁ)lﬂg?fﬁ/@ol , 31%
by wei ght 4,4'-di phenyl nmethane diisocyanate (MDI), and 63% by wei ght

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

i's 25% swifigisation sRekbag a6 emeh (128551 disametee diskadehateonfjpattions footheafinal

i socyanat e resiE cclorjlpri si.ng 55% SlO| i g?g, in ﬁ}lb t anone and was .obtai ned from
Bayer CBTIStreY Brdesirepiapd affi rogremplater hyyas iy thespppecafithe jRYenfiona di but y|
tin dilaurate catal yst obtained fromAutofina of 15 Phil adel phi a,

Pennsyl vani a. 2-Butanone, used as a sol vent, was obtai ned under catal og
number EM BX1673-1 from VR Sci ent i EKAMPR&ESct s of Chicago, Illinois. 20
Tol uene, used as. a solvent, was obtained under catal og nunber EM TX0737-1
frém WR Sci Agditional feptmsaf shepreterred sgepodiment ae Hlustsaied imihefollawingyr i ned 3

ml (760l ) I [, i n i t eachi ngs of
Cant . abAGpRELURRSY SBBlish R alie, Bl BRAL G plEaOl AR &P phithe. 1 15, 29" cony
wi de. 30 Backing 2 is a prinmed 3 ml| (76 mcron) pol yester backing obtained

from Teijin Arerica of Atlanta, Georgia under the trade designation Teijin
S&2. ThMateriaksi ng used was 14 inches (35.56 cm) w de. EXAMPLES 1- 7

col utton colpRufrgrerulls Fli R et B Be 8oy B8 g il sbiRE "o Ut i on
CaOPOsi hécdftfing A thdirRAlE Sesifiatidat GOTANST. Al weR oMediRedFrd@AMAGHH Powdieftit €S

with 0.8 parts of a lubricati rgogarti culate 35 additive (see Table 1). The
m xi ng leorrestedpl TamgawasNay ¥orkz The meppaikale yizes andrinxdmus partigle t ype

comer ci.al | vailable from .entific Products, Chicago, IIllinois,

usi ng as“%is.%r ﬁ}?glﬁ{’??t@gé’ lcﬁi@%ﬁﬁl"%%f?r%%%éap?ﬁ% ng bl ade at 1500 rotations
per mnute (RPM. After 5 mnutes of mxing, 7.5 parts of YP-50S phenoxy
resin solution were added while <continuing to mx for an additional 5

mnutes. All coating solution conpositTadelnere 40 approxi mately 37%
sdibi ds. WD 02/ 20218 PCT/ USO1LubsRatinigRarticulate Additives

1Additive Mean Size Maximum 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 2.5-55 15.6 polyethylene and
polytetrafluoroethylene

Propylmatte 31 8-12 31 polypropylene

Superslip 6530 . 6-8 22 wax polymers

Synfluo 178VF 57 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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Coating Sol ution Conpositions (Exanples 1- 7) IngredientExanple Exh@plAN 2005
Exanpl e Exanpl e Exanpl e Exanpl e Exanpl e 1234567 Nal co _
105742. 38 0243 1842. 242. 242.242. 2 Fluo HTO. 8----- MP- 22XFO. 8- - - _
MPP- 620VF- 0. 8- - Pol uo 523XF--0.8-- Propyl matte 31---0.8 SoHEPLY1930
6530---0.8- Synfluo 178VF----0.8 YP-50S 7.57.57.57.57.57.57.5 phenoxyresin
] The coating solution conpositions were then used to nmake polishing fil ns.
Each of the YB&0Sny thelitie desiGRATIRS tdr £ 86 IBh&E AP RLY na treated
primed sfolto ®aseiBBEKLMY thabkth MWnériddh Qﬁ?gn\gr ewT%‘%El?ﬁ b;iagréfgaﬁghg | nches

' LOro pritor 8 Yok
C

' rona’ freate

(15. 24 ARsoWed Gt 3095 1
application of the cgg?%ﬁ?jg%t?g | T at 60% 10 out put current,

95% out put v @qe vvioih a bovgr nmet er reading of 0.57 KW The corona
tréater was 3 | 1F By POLYES{ER Uit resy piepared dfpre 46 by aveight qpeoperesll with a
Model PESEPL Y vttt G4 ipheayhmershane\dikenERapo@dDI)s pdl 63% agmer ci al |y
avai | abl%€ight pely-pichpratacimeh bt equisalent weighe ofhe ?B@hﬁ-,la 010,060 t PERd,

5'mls i

W sconsiin}i% EhRdcie-bignoves bet ween. 0.05 to 0. s in thickness. All
sanpl es were cured at approximately 250 F (121 C) 15 for 15 m nutes and
then 12 hour i ... The abrasive web wa hen cut
into 5 iggeh t%%ﬁg%ﬁ%ﬁ%ﬁ%%i%g?@% z&e Y 6}% 519 CPmPPémgnSS % | ns of
Exanpl eg, 8, vand] veTe nade ekl e Rayst iGripaaion iobPittstyirglnposi ti ons
formul at 80 48" *#¥scribed in Table 3. Prior to the preparation of the coating
sol ution conmpositions, a 4.1 prem x of 200 parts of MEK-ST silica and 50
parts of Flu TD Catalyst is a dibutyl tin dilaurate catalyst obtained from Autofina of

15 Philadelphia, Pennsylvania.

2-Butanone, used as a solvent, was obtained under catalog number EM-
. BX1673-1 from VWR Scientific Products of Chicago, Nlinois.

20 Toluene, used as a solvent, was obtained under catalog number EM-
TX0737-1 from VWR Scientific Products of Chicago, llinois.

_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.

Back.ing 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.

30
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 ¥z 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-508 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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HT additive were attritor mlled in a 600 mM stainless steel beaker .at- 750
RPM using 750 parts of ER 1205 1.25/1.6mm zirconia silicate bead nedi a
(avail & Sepr Cerami cs of Muntainside, New Jers m nut es.
25 .-21w@2%25’?f§0218 1 2 JAN 2005 PCT/USOL/ 19630 The coa?it)nrgjégl(i)fll%?iﬂon
conposi tion of Exanple 8 was prepared by nixing 65.5 parts of MEK-ST
silica wwth 10.3 parts of toluene, 3.3 parts of YP-50S phenoxy resin, and
2.7 parts of PUR for 5 mnutes. The m xing was acconplished using a' hp
air mxer of the type available from cientific Products of Chicago,
Il1inois and equipped with a 1.5 5 inch2}eaneter serrated mixi ng bl ade
rotating at a rate of 1Soetipgpfelutien Compasitions (Bxamplesl —A)xi ng was al so
sonicated in a Branson 1210 sonic bath (Branson U trasonics Corporation of
Danbur y {Ingeeaieaet i CUExaniple! |Exiinglen Falafple Blaiple FOHpIOExahijfle SBxathpRN Was
filtereg through ap mcran filterz Aftegfiltrggion, 25 partjg of the 4:1
Fl uo HTIRI&MT057. (T #92FT qdghl T Ve[ @0 VERpST ST THLCA] Welhe) auUuesh g1t

continu ' m X TR a4 —addrtomat—5tmm nutes wth—pottcatiron—3+—4 parts
o HY Bk S - g O T

h N - - H and-chin + 1 n fAr
of CB55 ME‘:EZX Wet n_f\;u::rﬁﬂtst 1] \.,U-[I-Jl_\l 1
]b-ls I T 1

2l PRV ay o a
u IIIAIII:’ arru SQUTIT CTUT UTT 1O
m nut es Ly &
M

I yst—wef-e—added—wth tcontd njed
m Xi ng @HE (Catilon for 15 minuti® ThelabrasiVie coat ‘ng sol ytion_wgs

appr oxi UQSQM olids 115 The roating O ut i fn conpasitiong- of Exanpl es
9 and 1({PgpvmatieHoared as [rn. Exafmle 8 I-bhut chilbing t-he quantities |of
VEK- ST $¥uppmslip 6336| yene. and 4:1 F-uo HT |-preni xj-as_i nd|&G&t ed iin Tabl g 3.
The abr Bynfleo E18ME re_sol utlirons wef-e appr oxi mat el-y 30% ]-sol i ds.{0.8abl e {3 20
Coat i ng|B»bes i on Cgmposi tijgrss (Exprpl es §.510) |r@redi g3 Exanpy.e S8Exgnpl e
9Exanpl fphtfbxMekinST |si | i cad5. 563. 5B8. 0 To| uenel0| 310. 31[L. 8 YP-50S phenoxy
resi n3.3333.3 PUR2. 72. 72.7 4T Fl'uo HI prem x2.55.02.5 CB55N resinl. 71.71.7
DTD cat al yst ; Ok . | t§
conpositi onsT\I/\légg/& u e%h%ﬂé)tnﬁ%%gﬁtgh@%? %ﬁg%élggﬁlg@h@%k??ﬁ%ﬂgg Tl

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 t0 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 coaﬁn g solution
20 compositions formulated as described in Table 3. Pr_ibr 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 1208 1.25/1.6mm zirconia silicate bead media (available from Sepr Ceramics
of Mountainside, New Jersey) for 60 minutes.
25
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Each of the conpositions were applied to a prined side of a Backing 2 using
a knife on 25 roll coater. Backing 2 was 14 inches (35.56 cm) wi de] 2THAN 20605

coat i ng woedaead was between 0.05 to 0.25 mils in thickn npl es
were cured in a hot box oven with =zone 1 at approxi natel géiglig@ﬁ?go (@)

for 0.7 mnutes. Zone 2 was at approximately 165 OF (74 C) for 0.7

m nutes, zone 3 at approximately 234 OF (112 C) for 2.1 mnutes, and -22 WO
021202 1S 1 2Thegoatiog solupor coiBPeyition sDExaungle 8 waspreparadpy ondkingtesl.ypas3 OF
(112 © . nut es.. The coat ed abrasive s .then cut in{o_5 inch
(12.7 cn%’ﬂ‘(r’:{rggﬁ'ﬁé cawvgigl.o-?mﬁ%ﬁﬁ‘ W@%ﬁgaﬂﬁ&%ﬁvﬁ%@n%xﬁm #2dg filnms
of Exanppft of PUR £ nifiunB" R iR i3y ir @ { set

of tV\/eIn\F/)%_ST style si nglue noq‘(glg%a%lé?g\éeramkgﬂgg%{}cggkin%?n%glg%lgﬁ fé(;%m{e}ctors
wer e obt &peevhikzblerfrdvh VR B dentifici Prodactsl of Bhichgo; MilinblkgnAeapipped whh a Paul

M npesota , ynder part description AAMAM ATOO 5)_ on aDonmill e Mbdel HDC
8673200 11ch H‘&E’Ptefée%?‘? E%‘&B&’i%ﬁ’érmm&ﬁt 3 rate %gﬁf}@éﬂﬂﬂn oL hey gomtaingr use hest er

M nnesot o Wale i . ishi Plm . '
Pr ot r usi %&1/ unggrgvggt&é 3apﬁlgg&\ﬁ? éB&%aﬂ@%&g@%?&éﬁ@n&%p{lérﬁ%ucsf i nal polish
film st eGomsiatign af Dyitury| SomreclZut) iwlbele ntiRinizGhd St SbRABHE ThE YEREBN

Met r ol og oup of Tucson, Arjzona). Backreflection values were neasured
using a %Hﬁﬁr?&hrw@kq« 2migenifdisrmadier fikmden. Rvpewoaf theval Fliol BT fpremix) DS

Fitel I al | A3 i1 | shhng sequence .f condi ti oni ng
t he connnm%%@gggélﬁgé g?%ﬁgg?ﬁﬁaf@%@ v;‘[s agé)egpﬁﬁleo‘%ﬁ%@ﬁgg%ﬁmfﬂ%’%@ steps. In
eath sucadditinines sfiepes witHisbhiestesit OV g&@s S CB SN rddth Ikt MARE witlSQ@fhtinhoe
first step,was acconplished using a 3M 462X | MPERI ALT"' Lapping Film 3

m cron s SIRisaiden forvaminmsse Hinaly, 028 prith AbBIRcalystrigerandded with

Manuf act Wt . € . A sota) 5 inch ((12. 7 cm) disk for
15 secon%hg%d%%gglgﬁ g%rsif_ﬁﬂrbut%gagfh %at%ﬁa%vefﬁ’%a“% §61Eé?n ofs pol i shi ng
force atapproximadlys30% solgdsof 80% The second step was acconplished using a
3M 661X | MPERI ALI m Di anond Lapping Film 1 mcron dianond (also from -

M nnesota M ning and Manufacturing Conpany) 5 inch (12.7 cm disk for 30

segpnds on a ﬂﬁﬁ%&g?ﬁ%‘g?}f&%ﬁ@ﬁ%ﬁ%{ﬂg&@&ﬂ 1(03‘”5%)317%4%594% i%hi ng force

at 25 a speed setti p was acconpl using a 3M
263X | VARS8, but bhaypingthEiguantiiQ:s@F MEE 3 Nsitita noloens, axd del Fype P (al so !

from M nnesot a .M.ni ng. facturing Conpany) 5 inch (12.7 ¢ di sk for
60 seco rﬁfg%asé%ilﬁatﬁ‘g F@ﬂ%ﬂiﬁ %B‘i@l@gfﬁéw%‘&@‘%ﬂ sqlutonsyeere approgimaelysil%® shi ng
force atgofigppeed setting of 80%

. Table 3
20 Coating Solution Compositions (Examples 8 — 10)
Ingredient Example 8 |Example 9 |Example 10
MEK-ST silica 65.5 63.5 88.0
Toluene 10.3 10.3 11.8
YP-50S phenoxy resin 3.3 33 3.3
PUR 2.7 2.7 2.7
4:1 Fluo HT premix 2.5 5.0 25
CB55N resin 1.7 1.7 17
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 appliéd 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 cﬁreci in a hot box oven with
zone 1 at approximately 194 °F (90 °C) for 0.7 minutes. Zone 2 was at approximately 1635
°F (74 °C) for 0.7 minutes, zone 3 at approximately 234 °F (112 °C) for 2.1 minutes, and
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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-ub2pddiN 2005
with 8 (Repladafgd) of polishing force at a speed settingpird{Pro6363 12 JAN
2005 WO 02/ 20218 PCT/ USO01/ 19630 The average val ues 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

af t er t lzend 4 wat afpapipretimatedp233 &F (H2A ) dor 0.7 mihute§.oThevoated dtmasive webThe

aver age values were_determ aver.agi ng readi ngs fromfour of the

opt i cal SHEEbILO 5 iachyife. ﬂé&‘gla@ﬁﬁ?f ‘he backrefl ection meter-was
initially clean, but becane foul ed during use from scratches and ot her
flaws caused by the contact with the fiber optic connectors. Consequently,

t hese backr e%ﬁgﬁithmbdel%@mﬂlMnghan with a clean backreflection
comector test lead, but indicate that the polished connectors are w t hout
gross flaws | ,200X

r esgﬁlrﬁfé}f#zﬁ i]fq§1e§"i éﬂb&éﬂ *?‘gve @ich e%at‘ﬁh&:hkﬂye%e i

magni fi cati on n trans er snearing on [ shed end.

Tabl e 4 dEﬁfalér[tlsen afnwwheé']bstyleaﬁimgw\umda@@wkmﬁe@mel tonpedfalu@eoniderkanpl es | '
7) 15 Average Average Protrusion/ Average Protrusion/ Undercut After

Backr ef &t ¢ MippgsetaMiniegand Mappfastugng Goarpany) $ts Rank Mipnaspiag|

WP 22xE !@%@@5&%@%@@@@%@@@%&%@# REET A

10 optic polisher (Domaille Engineering, Inc. of Rochester, Minnesota) using 2 S inch (12.7

Uﬂ

cm) disk of polishing film. Protrusion/undercut values were measured before and after the
final polish film step using a Wyko Vision 32 fiber optic interferometer (Veeco Metrology
Group of Tucson, Arizona). Back:reﬂectien values were measured using a JDS Fitel
backreflection meter model RM3000A (available from JDS Fitel Inc. of Ontario, Canada).
15 '
The poﬁéhjng sequence for conditioning the connectors prior to a final polish step
consisted of three steps. In each successive step, a different grade of lapping film was
used_. The first step was accomplished using a 3M 462X IMPERIAL™ Lapping Film, 3 .
micron silicon carbide (available from the Minnesota Mining and Manufacthring
20 Co@my of St. Paul, Minnesota) 5 inch (12.7 em) disk for 15 seconds on a 70 durometer
back-up pad with 8 lbs. (3 kg) of polishing force at a speed setting of 80%. The second
step was accomplished using a 3M 661X IMPERIAL™ Diamond Lapping Film, ! 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 Ibs. (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 GG 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 Ibs (3 kg) of
polishing force at a speed setting of 80%.
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3 |MPP-620VF -81.8 493 -50.1

4  IPolyfluo -82.9 26.5 474

523XF

5 |Propylmatte 31 -84.8 18.6 -48.8

6  [Superslip 6530 -85.6 22.7 -51.3

7 |Synfluo 178VE -84.7 23.6 -50.6

15

Polishing Method 2 (Examples § — 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-AT00.5) on a Domaille Model HDC
86792001 L. 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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- Conpar ative Exanple A were 25 seconds on a 70 durometer back-up pagd JANh7FH5
I bs (1.5 25 kg) of polishing force at a speed setting of 80% The average
val ues {sQJ o5 9tgr usi on/ undercut before the final-polish stgfydoife@¥er age

val ues for protrusion/undercut after the. final polish step, and the
average values for Dbackreflection after the final polish step are reported
in Table 5. Each pad was used three 30 consecutive tines on different

groups ®fref mpasnrasinsing & SR &itebbackreflection ereteyanadsl BMB0REALIDEdited Ficned by

aver agi Fjg r.eaﬂ:i ngf fromfour of the optical connectors. These

backr ef MBE{0y 3es are |ower than with a clean backreflection connector
test lead, but -25 12 JAN 2005 WD 02/20218 PCT/ USOL/ 19630 i ndi cate that

t he polished connectors are without gross flaws such as scratches or

pitting thafThe polistingkeayuencieior #R6nditpmidg afdhe connectess pridritatisf fmal and

resin snmearing on {he polished

nd. Exanmple 9' is _nmade of fhe
f orul aPPh shep ¢onsisEdOIgWOrRRE Y @ﬁcm stqpa\??ér @F?l@'ekl%l\sﬁ uﬁ’ﬁgﬁj}@ ﬁéﬁ%gewer e

q . 4. E ' i .
i 1 er e VPBRAES g EAE 2 aRERA A GRS el o RIRSSH Mikfag | TS ©F
Pr ot r us b MdAgREang, BaPauRefihesotDrs ek %?57 Ry dife Farsiy seeoddtdaosi® Aver age

Protrusi on/ Average Prot r usi on/ Aver age anpl e Nunber of Undercut Before

Under cudupvimetsr barkaip medokitte$ Ihsct3 kg S polishing frite fal speed sedting bf f0fanonet er s)
After Final Polish 1st(nmanoneters) 16.1(db)

10 The second step was accomplished using a 3M 661X IMPERTAL™ Diamond
Lapping Film, 1 micron diamond (also from Minnesota Mining and Manufacturing
Company) 5 inch (12.7 cm) disk for 15 seconds on a 70 durometer back-up pad with 8 Ibs.
(3 kg) of polishing force ata speed setting of 80%. The conditions for the final polish step
using the polishing films prepared in examples 8 throngh 10 was 25 seconds on a 70

15 durometer back-up pad with 4 Ibs. (1.5 kg) of polishing force at a speed setting of 80%.

Comparative Example A was a 3M 263X IMPERIAL™ Lapping Film, 0.05 micron

aluminum oxide type P (available from Minnesota Mining and Manufacturing Company,
St. Paul, Minnesota) 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 poliéh step, the average
values for protrusion/undercut after the final polish step, and the average values for
baclcreﬂc:.:tion 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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Table 5
Protrusion/Undercut, Back Reflection Values for
Polishing Method 2
Example [Nomber of |[Average Protrusion/ 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. 4

9 2nd 17.2 8.3 47.6

9 3rd 14.0 -2.0 -48.2 ,

9’ Lst 17.8 10.2 -56.1 (

9* 2nd 13.9 23.5 -55.5

9’ 3rd 184 12.7 -35.5

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

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-AT00.5) on a Domaille Model HDC
86792001_L fiber optic polisher (available from Domaille Engineering, Inc., Rochester,
Minnesota) using a five inch disk of polishing film. The protrusion/undercut values were
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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fromIDS Fitel Inc., Ontario, Canada). The polishing sequence for {ReJAN 2005
condi tioning of the connectors prior to the final 5 polish step consists

of two sv@py2ide first step was acconplished using a 3MptG2o6di1MeESsl ALTM
Lapping Film 3 mcron silicon carbide (available from M nnesota M ni ng
and Manufacturing Conpany, St. Paul, Mnnesota) 5 inch (12.7 cn) disk for

For ce. ot B meanib gk S TRk ohe- e Resnian duety e RMGndia Ciearitlel ng

3M 661X #-MRER ] Ind) @ARAE, Glhabappring Film 1 micron dianond (also from
M nnesota M ning and Manufacturing Conpany) 5 inch (12.7 cnm) disk for 15

seconds on a 70 duroneter back-up pad with 8 Ibs (3 kg) of polishing force
at a speed seﬂli n‘%@g{p’gw% The conditions for the final polish step using
the polishingt®§ SEGUETGE e congitippipg ghthegonpectars peiek iils fimal a 70

serting B BolP adaE ohle'sEpe, "t sk ity Mas Rt bl B P a8oR "
pol i shi ngVIPERIA DM L@@ngﬁkﬁ,mémﬂﬁpﬁcmﬂezévﬁasmﬁh Sfinfestia NURRIFEL er
back-up pad with 8 Ibs (3 kg) of polishing force at a speed setting of

80% 20 AdManufeciyrng Epmpany,it. Padt MirsiesotaLhiteh¢12.7 baf) disk fioh 85 fseeraids pol i sh
tep, th | f ' dercut ,after the final polish
Step, anth §HEaTEeaiiGingsd piY hirda Ral Pttt fhrcet ¢ heredisntiva s | oh
step ar egapPPhL Shkohd sﬂ;g%% a@cqxﬁﬁmeaaginggg,w§ﬁﬁxtmqﬂﬁ&%h&e times on

different groups of fiber optic connect e average values were
del@r m nleapping Bilmy haiiorgn disamtindgalsbrfoom Mitnesofa Mirdn®ad Mahufenmigt ors. These
25 backrgfl ecti qn vaé ges r‘ﬁé‘% wer_than with a clean backreflection
connect oroRRAYY) Pdach (15 fem Atle serondsiare Hbduremeter basknep pad ity lbsi t hout

gr oss fl@ﬁ)%ywn%ﬁ%tﬁggﬁcéﬂs% Ao that is visible under 400X

magni fi cati1on, " resi rans n esin snearing.on the polished end. WD
02/ 20218 5 1 2 JAN 2005 PCT/US01/ 19630 Table 6 Protrusion/Undercut and

Back Refl ecti Val ues for. Polishjng Method 3 Average Protrusiaqn/ Average
Protrusion/ AV SRRdILERS £y %Nﬁﬁﬂ&oqﬁp%@ﬁd’é%@c E@*Sg#g films of Examples 8

15 through 10 was 25 seconds on a 70 durometer back-up pad with 8 Ibs (3 kg) of polishing
force at a speed setting of 80%. The conditions for the final polish step using the
polishing film of Comparative Example A was 25 seconds on a 70 durometer back-up pad
with 8 lbs (3 kg) of polishing force at a speed setting of 80%.

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 rcadiﬁgs 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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Ex. A

. Polishing Metliod 4 (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

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

2 ]

series mass production polisher (available from Seiko Instruments 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 qpﬁc 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).

20

The polishing sequence for the conditioning of the connectors prior to the final

polish step consisted of two steps The first step was accomplished using a 3M 462X

IMPERIAY ™ 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

-28-



WO 02/ 20218 PCT/ US01/ 19630 Manuf acturing Conpany) 5 inch (12.7 cmfdi $ANf 2305
60 seconds on position setting 2. The final polish step using the

pol i shi %5'/%05158 of Exanples 8 - 10 was acconplished in ZAPS:M?ﬁq&;}%i on

position setting 1. The final polish step for the polishi

Conparative Exanple A was acconplished in 240 seconds on posi-tion setting
1. 5 The average values for protrusion/undercut before the final polish
step, tHdanmfeotening Coralpms) Smphﬁlbﬁpnﬁldmk/fun%smndﬁm positidresefttimgp?. Phei sh

Stop. ar AL SR hing e GO hsbine GHRp GHESERPER a 10 26 acocrmpisedin 7D | mos on
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backr ef IExatmipbnA wadswesompkstied e 240 bevonds bﬂnp@sniduemuigackr ef l ection connect or

test lead, but indicate that the polished connectors are w thout gross
fl such as scratches or pitting that is visible under 400X

magni ficatio I hed end. 15
Tabl e 7 Prot ;T t?g i g?\%?ﬁlgé@gﬁ& T(ﬁ%gcr{é&@e?ﬁ i on&%zg%‘@&f%]rs qas‘T?F

Met hod Aakiveefa@eotRisisny/ ursdendt aﬁuﬁﬂaqmaPpaths@e;paﬁd Aeeiveage RiREPIRNU nber of
Undercut Bef ore Undercut After Final Backreflection UsesFinal Polish Polish

( nanometbeskasilgotiop after,the fimgl palish siemeraweraricy ie B}zbls s tBrch pad was @s&d three
82nd5. 2 13.3-4 nd4. 37.4-47. 6
93r d9. 3]1‘:@05% %veéuﬁ%s&é&@?%?@% é%?% f? %%Ex%péhc connec ors 5 average values were
10 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.
15
Table 7
Protrusion/Undercut and Back Reflection Values for
Polishing Method 4
Example |{Numberof |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 - -48.2
B 2nd 52 124 472
8 3rd 3.5 0.5 -48.2
9 Ist 6.3 13.3 -48.3
9 2nd 4.3 © 74 -47.6
9 3rd 03 15.5 -48.8
10 1st 0.6 16.3 472
10 2nd 6.1 -1.5 -48.1
10 3rd - 43 59 474

Comp. st 2.7 -115.6 _ -45.9

Ex. A

20

Polishing Method 5 (Examples 8§ — 18, 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,

.29
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car bi de Gaged@hesota M ning and Manufacturing Conpany, St. Paul, M nnesota)
-5 1inch (12.7 cm disk for 60 seconds on position setting 2. The second

step was acconplished using a 3M 661X | MPERI ALI -"" Dianond Lapping Film 1
m cron di anomie patising s@ehbd e 8t ol 'er%n% srhdch (12.7
C di sk for GO@gecon%s on positionnset t&!jlr%?flztﬁé e gtgn | c?g%éhef%ﬂrlat he fi nal
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pol i shi Wﬁ?ﬁﬁt’#%?ﬂﬁ&%@%%@c M@%R@smaranéosi tion setting
2. 20 T § £ USi R/ t final polish
iep, { RO ARERGAR COBYEY, SPral MiBeDl) SHROELEAY R uE for Rserbii ool 1 oh

step, apdsitidreseaniey 20Fhe adaosd sfeprwashiRedmplidhed ke asfN 661 XhRIFEREAL ®O! i Sh
step arm;ﬂg&or ed. in_Table 8. Each pad was used three consecutive tines on

differe piRe Filgel meiptondiapentb@lsorisom Mianesois bgaufpatugieg wer e 25
defiser M eRthphily) 3RV 2Y hBAUIIP 66 SQIMALH p@lid 'R 2 C3! connectors. These

The conditions for the final polish step using the polishing films of examples § - 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.

The average values for protrusion/undercut before the final polish step, the average
values for protrusibnlundercut 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 visjlble under 400X magnification, resin transfer, and resin smearing on the polished
end.

30
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backrefl ection values are lower than with a clean backreflection cprzngg'qozggﬁ
test lead, but indicate that the polished connectors are wthout gross
flaws s ratches or pitting that is visible under

rragnifiw{l)%%], resin transfer, and resin snearing on the po |sﬁfela630end. 30
1 2 JAN 2005 5 WD 02/20218 PCT/US01 /19630 Table 8 Protrusion/Undercut and
Back.Refl ection Values for Polishing Method 5 Average Protrusion/ Average
Protrusion/ Average Exanpl eNurmber of URabledit Before Undercut After Final
Backr ef | ecti on UsesFi retotRoicrstndetart landBavirReftectippiiabaesdional Pol i sh
(nanoneters) (db) 81st2.97.1-48.6 &Qamufgme%dwsS 83rd5. 66. 3-47.6

91st 1. 95 8- 47 6 92nd12. 8- 31 0-47. 93rd1 0-19.7-47.9 101st-2.514.1-47.7

102nd- 0 - o Wﬁw | e
t he prel e’?aplepde %5@’8}}? £ Ss"’c'?ll rangei H ﬁs' pAw’r ose skilled
in the frt will| &Ppreciat ﬁl‘é’f‘% eges S? i?f ;’élr%l nenf s
wi t hout }departilng 'Sh ammmrs ol
) ) _ (nanometers) (db)

8 1st 2.9 7.1 -48.6

8 2nd 472 - 49 -473

8 3rd 5.6 6.3 476

9 st 1.9 5.8 -47.6

9 2nd . 12.8 -31.0 -47.6

9 3rd 1.0 -19.7 479

10 1st -2.5 14.1 4777

10 2nd -0.3 434 ) 48.0

10 3rd 2.7 ~-11.2 -47.6

Comp. Lst 0.1 953 -47.8
“{Ex. A

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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fromthe true scope and spirit of the invention, as further descri efl .’“W
the appended clainms. 1 2 JAN 2005 Wiat is claimed is: 1. A nmethod df¢ A 2005
abrading a fiber optic connector having a contact surface conposed of
gl ass and ceram c conprising: pre-polishing the end of the fiber optic
connect orv}% .co%ct.i ng the contact surface with a first abrasive article
and rel at VOB SRA44Y the fiber optic connector and the first abrasive
article; polishing the end of the fiber optic connector by contacting the
contact surface wth a polishing abrasive article conprising a backing
havi ng a burf ataneshed of abmdingyfibas optie eonsigetprbaving heontashsyrfage eomprsedi ng a
bi nder, L Rdhi . ociated with the binder, and a |ubricating
parti cul Z&ﬁ%ﬁéﬁl ve fggé]g‘@?%ﬁ%d with the binder; and relatively noving the
fiber optic copregolishingtic: edk ofoha fibemgptabrasiester &yt dontaeting thepodritadn t he end
of the fiber optic_.conpector.. 2. The method.of .cl.aim 1 further c rising
af tert hesiines ik f 6T ARG oo and IRty ovis b6 ADHapte GIMeter BBt A second
abrasi ve fdstdbedspredipghlé;el atively noving the fiber optic connector and the
second abrasive article, the second abrasive article being different from
the first abraRalishingthq endeof the fibapopfict ¢ppaecisr by eantactingther eantact Bsfasel i shi ng
step is - Q o . . rusi on
oo e gﬁ'{tﬁ ??va&t&ﬂ% %b?as@%l dﬁgﬂ% %ét?%rrisg@& BRkirp ol RES sfabd'Rd 4 QiR 8h

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

polish the end of the fiber optic connector.

2. The method of claim 1 further comprising after the pre-polishing step, contacting
the contact surface with a second abrasive article and relatively moving the fiber optic
connector and the second abrasive article, the second abrasive article being different from

the first abrasive article.

3. The method of claim 1 wherein the polishing step is carried out to polish the

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