"4 9 F E B 2004 FLEXI BLE ABRASI VE ARTI CLE Background This invention is
related to abrasive articles, particularly abrasive articles 5 espec]@FER 200
.suited for use in critical or controlled environnments. An ever- increasing
nunber of industrial operations require isolation from potenti al
ubi qui t ous physi cal and chem cal contam nants. Conversely, other industrial
operations nmay require quarantine from t he general environment due to
their toxic or infectious EXIBLE & ‘ o general ly net by the
design, fabrication, and use of so-called 10 "cl ean roons” (also known as
"white roons"). Such facilities have found wi despread use in the
manuf act ure of semiconductor devi déagkgrgad e t he presence of external
contam nants Sygfl g% feHP(Y}P% %Qlla{?:ﬂr td %bﬁvén&a% Spar{mﬁ&rhg%b i% M Aadk
Operations such as, for exanple, Ccrys gro on I nplan ion, — metal
deposist i ore,spmaﬂyeumddlfngumrirecrit;cpi @abhtyolledenviedments. i n | ow pressure (vacuum
chanbers 15 or reactors that d_ in.clean.room.envyironnent
Fol | ot ng use PUTSIEr Prirasing wutie® of PR eorRiss Faiirg B SR TR BN
therefore Wbﬁﬁp@seﬂruﬂagcheﬂeﬁethnm t Qenveselyl btepindudtfal operkians nat i on,
abrasive articles na rstequi Eéd to renpve tenaci ouslry hel d . ¢contam nants.
- Such abr@¥i (F@“B?)QP%’FP'HW e ernfrali SHIrERRDE SU8 I ARe INICaPTe InREPEYS al s
that may rafié aSubitheeds hiee gé@admwrﬁamyemélde@igmbncaﬁuﬁ,t&aﬂrusetdir%oabnﬂm ve
articles thensel ves 20 nmay convey unwanted particles and/or ionic-noieties
i nto ke cﬁ'&ﬁ%@onﬁn&’/‘@rh‘ﬂ‘@éﬁ ‘t"'?jérFP"mgl'l)rere thus is a need for an abrasive
article ..for wugh ifRilffel Thh&‘eafoun& |\\ﬁé’é§prre9cpmeefﬁvthé HERLSre Sit'éedhidhdaltb@si ve
grticle shoul d effi caci ousl y renove residue fromreactor surfaces,
mi ni i ze tdedicese Mbgredhe prepraes ploesiasmal somaminants puchras nawARtech DATHY ANt onsand
mnimze t | a h dy cI ean
room 25 Srf‘f%mligggﬁgufng%eﬁe %vg%??tgﬁmd%e%%%@?%’ ﬁysrtzg?é}s‘g{hs%&re éar?{d?lgnvent I on
provi des andtilalepdsiteonapndogithing are tyipidally catedeutdn gy prassorsdmacsem) chagahers
substy. Sat e’or%ac}o??ﬁﬁt QQS ﬁtgcfiFﬁrcleaﬁr}gorﬁl%@%n%%nt@aﬁ:ul&lr usé’\%?ré?i'rr{} th%ﬂse
abraswe article contalms m ninal amount rel easea e ysi cal "and
chem cal 3bambert anmevriahly decomk whied and gbereforectegaire dlegung. awppndang deshea cl ean
Hor kP! 20 gkt of bl Mbonip B0 6,850 arBUES b ARG BT le ERRIGAA R S and
contaminants. ~ Such abraswe operattons by definition generate particulate materials that

may contami_nate the clean room environmeﬂt Further, the abrasive articles themselves

3% ]
o

may convay unwanted narticles and/or ionic:moieties into the chamber and/or clean room
There thus is a need for an abrasive article for use in critical, clean room environments.
Such an abrasive article should efﬁcaciodély remove residue from reactor surfaces,
minimize the release of particles into the clean room environment, and minimize transfer
of ionic contaminants to the reactor and/or the clean room.

25

Summarv of the Invention

One embodiment of this present invention provides a flexible abrasive article
comprising an open cell foam substrate, at least one binder, and abrasive particles, wherein
the abrasive article contains minimal amount of releaseable physical and chemical

30 contaminants and when used to clean a surface provides a clean workpiece with minimal

amounts of physical and chemical contaminants and does not damage the workpiece



.19 FEB 2004 surface. The invention provides a flexible abrasive product
conprising abrasive particles substantially uniformy distributed \qjgﬁmmm
. and adhered to an open cell foamw th at | east one binder wherein the
abrasive article conprises |ess than 300 ppb collectively of extractable
l'ithium sodium ammonium potassium magnesium and cal cium cations 5 ASTM
D4327 and USE PA 300.1 with electrolytic, rather than chem cal,

suppr essi emfacandhe iresstidgnhanvid&0a Rexitl6 abretieapablia cpaptisicd svagier pastiplesr € net er

as measur .2 Bi axi a ake Test describ in the | i cation. Another
erbod mene srh ANCLfRly FRC e Hille M8 Rl ST otreeR B FRbial ree

abrasi ve aneibidder hwehereiyg thee alsratita artid R0 cqmirisen ldse ahanv 8O0y ppb coNdctiaely agfl e
lithium sodiu .10 anmoni um pot.assi um _magnesi um and cal ci um cations,
and | ess Fﬁ%ﬁf‘@fe"ﬂilﬁrbesqd@f"éagfs@fa@uiyaw?iaa% B‘égneé‘ﬂl]‘ar"’égr@flcéfméé“?fﬁasured
by a Bi axisgT™GDABE? ARISUSE PAMBODIISIithelédtBlytis, /@iRsr thin diRniddl, QUpHesi@naghdopen
cell foam substrate; (b) coati g_g the open cell foam substrate with a make
coating t ¢¢sf 81amS580 xok}’ aeleasabie purfigles agrsquare metes a8 Mmsgsuradebyco Biazipl Shakst r at e
Wi th abragieygeRahbd fmltRSadpfcdithm a particle coated substrate; (d) curing
the particle coated substrate; (e) coating the cured particle .coated
substrat e wit hAsoberzembeaimempftthisfiovantion provede2 @ wetheddf snabingranflexibes (f)
curing th LiZe- - ral ex s ) i |4z €= coat ed
substr at eq?%klggraﬁn&get E%’é’;%gé %6@%5?@&@?%?’%?@%?; %h%%ﬁ%@lﬁﬁglgﬂ}ngddt € shaped
abr agPve ammiopjuen,t potassiwny emagndsisiy @dd cwtviwmi catertss asd ledsathat hioabr i ve

article h | n. 300 ppb call ectivel.y of,.extractabl | it.hi sodi um
amroni um (eF RIS phEE: Ad T BRE R eRsl B K RS Lf mplillblBe 200 5
106 rel easepd & particles per square neter as neasured by a Biaxial Shake
Test, and (i) r’ilcka i.n.g t he cl eﬁlged srtl)a ed abrasive article. "Flexible
abrasive arti e PPudingan ppengsll Lgamubstiale, ¢ i'cl'e, which when fol ded onto
itself wth th@)ahatig/de IPes vilf fam unesedith ahaiked@asng RSfoh 4 Eoated

kni fq-sedgi ng of t-r;%bggge?si ve coati ng.
(c) coating the coated substrate with abrasive particles to form a particle coated
substrate;
(d)- curing the particle coated substrate;

{e) -cqating the cured particle coated substrate with a size coating to-form a size-

20 " ceated substrate, - -
(f) .curing the size-coated substratei-
(g) converting the cured, size-coated substrate to form a shaped abrasive article;
[ (h) post-cleaning the shaped abrasive article to remove undesired contaminants
so that the abrasive article has less than 300 ppb collectively of extractable
25 lithium, sodium, ammonium, potassium, magnesium, and calcium cations,

and less than 500 x 10° releasable particles per square meter as measured by a

Biaxial Shake Test, and |
Q)] packaging the cleaned shaped abrasive article. “Flexible abrasive
article” refers to an abrasive article, which when folded onto itself with the abrasive

30 surface exposed, that does result in knife-edging of the abrasive coating.



-2 19 FEB 2004 "Open cell foam substrate" refers to a porous, organic
substrate having openings defined by interconnecting v0| ds throughdug FER 2004
_least one surface of the substrate. "Make coat precursor” refers to the
coat abl e resi nous adhesive naterial applied to the coatable surfaces of

t he openings of the open cell foam substrate to secure abrasive 5
particles thereto. "Make coat" refers to the |l ayer of cured resin over the
coat abl e surf aceperoéellt foam sapanieigsfeanf totgoropebraast Isuﬁsﬁa:mhsuh§bbamegsf or med
by har deni g gﬁ' .make coat ?Pé‘f rsor "S| ze co% prﬁﬁursor refers to the
coat abl e red RydnigreapRsclRs YRifsShioyghawh Y Ipaskionesuttare of ysubsirates ur f aces of t he
openi ngs of t heMapegodk plecurkera i 3 tHeab Bl @siroliSadiRife mBdHal aphlied 8l Z€
coat" refers to_ the |ayer of cured resin over the coatable sur aces of the

openi ngs dhe eastablspuirfages| f the pppangs obdher enea celb fopy subgtrate ta saskigebrasivesi ze
coat Brecyhsfles thefdtg ed” or "fully cured” neans a hardened pol yneri zed
curabl e coatable resin. "Fine abrasive particles" refers to abrasively
ef fective part i Miake ceabnafers ith ghealayer off cutaderesmtoneri the soasatile swfacks hithei n and

DoVl o pEliidra dien BAT ol sBockiak A5 fhieflndind ke do Bl LY oF RO AN

particle 'S out pm or ess e Shape is
assuned in ref &Bige n@tmoecutser”rrefd'rsam thmcdiatzd)ﬂeeresinwr&tdhes;vebaﬂmhlmpplsetdamdar d

test neth | bIe the determ pation,of particle,di aneters such
e tor oliteonBUR S BRE of RF onenldSar L BT Bds PRt DL IElrSaie 53! £ v
refend to the- tSizé cohtiréfen tofthd iaver abcwared vairpaver ithd esatdble §difaces26f fheni shed
articles that aré’? di StrllfbiUt ed b{i on cogﬁ}alal surfaces of the contours and
WFI| ls i.e®P thsioped ek figpa su SHétle oragd by handenipg the Size coft PRREHIEY: wi t hout

gni fi cant agotaeET et @y cafedt ReansAdkdenddpblierize@ tlrabik €SatatdSresny be

visual Iy obseryed by nicros oplc exam nation_of the surfaces. In the
finished articlgnes és'heai’%P ‘?ﬁ*’st‘ﬁgkﬁi%ﬁ‘?lk’éff'éfé"’srpémﬁ'n%F?W‘U?ﬂé‘tg *WHg t he

coat abl e ¥ haeRss et fohR h@&ﬂﬂhﬂﬁﬁavﬁ@ aeriBiASIMVRIEILEERChhetiniahighg 1 niti al
appl i gatlon of the 25 article. The abrasive articles of this invention my

be pridvi deeeferred Medisnopariicle diRmstsr paphout 6Q Hay Grdesspeh prherigpl e@c'eoréﬁaq Bj ed or
conpr essedssohiegis raRdin® thé kexdi aﬁdﬁrﬁdlé)'a%'rﬂelér Ea@&i 8h tRh B8 e mdchisis

i nvention é be lam nated to other articles such as nonwoven, closed cell
foam opedvailsble fopdly -deerminagion of eamicls Bamerrsesuchras, fareexample, dNYIHestar t i cl es
may be prawdaE7a ighggg 30 ' roll formw th or without perforations

t her ei n. - :
“Substantially uniform™ refers to the-distribution of fine abrasive particles in the

20 finished articles that are distributed along cc-;atable surfaces of the contours and walls Le,
coatable surfaces, defined by interstices or \i-oids without significant agglomeration of the
resin and the particles, as may be visually observed by microscopic examination of the
surfaces. In the finished article, the majority of the particles are positioned along the
coatable surfaces of the openings to be abrasively effective in the initial application of the

25 article.

The abrasive articles of this invention may be provided in the form of hand pads,
endless belts, discs, densified or compressed wheels and the like. Additionally, the articles
of the invention may be laminated to other articles such as nonwoven, closed cell foam,
open cell foam, or rigid foam substrates and the like or the articles may be provided aina

30 °  roll form with or without perforations therein.



" -3 19 FEB 2004 In the preparation of the foregoing articles, open ceu; Eﬁ%’&
substrate is prepared or is otherw se provided. A nake coat precurs F
conposition is applied to a surface of the open cell foam substrate to
forma first coating layer. A plurality of fine abrasive particles are
applied to the first coating layer, and the nmake coat precursor conposition
is at least 5 partially cured. Optionally, a.size coat precursor

conposi ti on i slrethp preparatsrest thé éoredoirgsiriicdes, ppentdell f@sn autdirithés Prepséd @roat i ng

| ayer to forma.second coating layer. The first and second oat | | ayers
are. cur od S YNEMSePTOHEed R AR 6OF AP B COTRISEIRR I tRRIED Fba SUTFRCEN%of 1 he
openi Ngs @peri 2l fORE ulsEhte td RAMaTfiThhBigdafed APl of NiRe MrasHe pacticddst | Cl e

wherein the particles are affixed to the surfaces in a substantially
uni f or m dRE amPHed toghe Birsh Gepting daver. ang theomaks Goat PreqsaricRmPaBionsisvibledst t i cl es

are deposihgdiPaled. t BEtidmRiE acs%tcow;ﬁsa.][rs%pﬁomwsﬁifoﬁnsaﬁp}sed BVer @RPMFAstveng t he

particles first on one major surface of the open ce f oam substrate and
then over pefiigles ardohe fivsjcoptingulpyesde fosm 2 srsorshenstioglayen oBte fisoadrsgeandusi ng
par t1 of oo Coug 12 BRCLREPR WRTnL BBl panfiy o o MPTBRETLIE, L o

t he make ,openings,rmfcthe sapen eyl Koowrsubsttateo ths pouah thes abmisivp acode whgreoy the

el ectrostati.c coating., Preferably,. the ke ;and .si ze.. . pr s are
Cher oot PHEeE 8% pRRL S s fetiin £ Sy BB S IR BPB e A5 BRI 377
coat _,10}/\/|nenontanp'p.l [ eg to tthe _?_Lti cle, is p[ ef erably appl ided_ over tthe at | east
partially cure e .coat. Tk make ¢ recursor _and size ¢ recursor
are then full y%‘gﬁ'é al{rﬁ"ﬁr%'%?—”? EEPQF'?%&'E? §'eﬂ)a 56?%5&@/%"53?13'%?@% of the
mve_néI [ oRbygepbsghg thd’l%t:i'tlﬂés?m&b Il’ﬁdoﬁﬂhtuﬁi‘ a&ganayt_‘ ?@ opert édﬂeﬁoarprsnbsmmd V\Afll tlo |
Phe' | ke, MB<BP D GPmBmatic e HE PP cobm Pyt SIEL0E RO coat | ng
on a fi br gisthodQee@ibed is VRS tI & 3805. darder gbvasive? paaiblesTalel, @pdatey thdnl d0sjunat es a
preferred coating process. Figure 3 illustrates a pref erreciwéoat ih?)%
apparat us S1amete iTe PReferpbly appuadale the aKe o4t PIEYRPRPY SFOVH ARG RS R,

Fi gures 54apdeoatind bl MedFRtaic BRAtRgdatafedabRl tHehRalR el istle@ogOpreRIrsd?é afel gure 5.
Figure 6 illustrates an alternative enbodi nent of a particle coater. 30

Fi gures 7#ermpsetting, apatablel palywighangt esiohr ilobrvishlths POl stze ctoal ciffer
ar r angenmenli; 0 ¢OWeftlcRS is preferably applied over the at least partially cured make coat. The

make coat precursor and size coat precursor are then fully cured to provide-the flexible

[ J
=

abrasive articles of the invention, and the thus prepared articles may be further processed

to provide hand pads, endless belts, discs, densified or compressed wheels and the like.

Description of the Drawings

Figure 1 illustrates a known coating on a fibrous nonwoven substrate.
25 Figure 2 schematically illustrates a preferred coating process.
Figure 3 illustrates a preferred coating apparatus.
Figure 4 illustrates a particle coater of the invention.
Figures 5 and 5a illustrate more detail of the particle coater of Figure 5.
Figure 6 illustrates an alternative embodiment of a particle coater.
30 Figures 7a, 7b, 7c and 7d illustrate various multiple particle coater arrangement

geometries.



"-4 19 FEB 2004 Fi gure 8 is a copy of a photograph of a known foam abr iv?
article. Figure 9 is a copy of a photograph of a preferred foam. abrhg'? B 200k
article. Detailed Description of the Invention 5 The organi c substrate used
as the support material for the abrasive particles nmay be thernoplastic,

t hernosetting, or thernoplastic elastonmeric foans. In the event that foam
constructions are used, open-celled or reticulated foam structures are
preferred. In cﬂﬁglreﬂima:ld:dwmfaphmegrqﬂgffrnjlmwhmhfmrmde&nmte open, lofty,

t hree-di nensi o en cell foamw t I ve, treat rrent (generally
known as "prebg:a e ngp\v,gkaplﬁ{%nr% f%ﬁ%s%aq‘ﬁbr NetPEfFar pol ymer or
foamis distributed in interstices or voids called cells. If these cells
are interconnected in such a rranner that gas can_ pass fromone cell to
another, the foamis terneletdipdDesenntignolihalnvenionsst  if the cells are
di Screie and tﬁ%e%?%%ni%@%ﬁra&fuse@%ctﬂe éu%pbr@ﬂﬁ@ﬁﬁ!%ﬂﬁqe%rainb@ﬁar@éla&rﬂ g her
cells, the foamis terned cl osed-cel he fraction of open cells
in a foam thgrﬂ@pbammherrnawttmaemthmpbﬁlmlas(tqmcfow | In the peent gwhfdam an 15

moans of anr AR Tbrs A WELRER Y or FRRUERS it B AR RRe 10

gener al , - any r dsioh¢ embodamehtf thenigbhie sbsaare mﬂnsmemtld’tmalwwglmpsnnatebérs with
coat abl e I a S . used in
t he abr aS|°\s/eg ‘ga?ézlﬁ@ %}eswgﬁ?atmgﬂg%en%m ?ﬁ(ﬁre e??ebg&foagh%‘sﬁe starfhét)gs have
bet wedn abphate ih. a56'eltlutar ablyuter 88 fodnperdéstritpesd iormt2Bti¢eamoubidd chlbedadedisit If 00

h d f 6 0..25 .aF
E"Lifr D < hFE Sh 8 ierb Rl Gt PR D epedh B oo PR R B0y
rfaces tthatodhehasmed apesedlicd Hucdnaagsif tiiurtls seldidreseliddabe ganphasdef coat ed

by t he met hod. af ,the in ti uch. foam s not
mai ntain tRE Bt ‘ifé’FquB%"tg‘Pattoﬁg‘e h'Ff) lEd“‘F% isdfmed EFE‘} Ef'tasltést ﬂﬁﬁﬁh%m form
appl i cati ofac@ibn bh@pdhezélmmmmhe gﬂ%@t"ei theh &% fracbef wcléﬁar&u&&r@u‘eﬁﬁ i P4reS

i ncl ude those deafrom synt heti c r materi such as pol yur et hanes,
f oam Fubbeipgn-c fopm; 3% ééosefgﬁ?i'ﬂ‘g‘f gF g?ﬂﬁ'hﬂ@”%ﬁt“é‘?“?‘ﬁ?% Y Ti7as o ¥kness of

the foam silRiv i niefer @Bchibed iITASTM R¥hbA®38eei red end use of the flexible
abrasive article. Preferred foam substrates have a thickness that ranges

from about 1 reeBraAsresypnihand fisyibie fapa sybsiate favingrared el with featablee t hose

that are ofurfRQk ¥R Rhst Yn€iaBE of haVilbstiitk (Y Bt uRAM®the BRLivBANRIIRE REN,
reticulated cell structure. Such preferred foans Prow de the
invention. Preferred foam substrates have between about 1.57 to about 39.4 pores per cm

20 (about 4 to abount 100 pores per inch) (ppi) (-mmq pore diameter of 6 to 0.25 rhm\ Foam
substrates having greater than about 39.4 pores per cm (100 ppi) have surfaces that behave
as solid surfaces. Such solid surfaces rnay be coated by the method of the invention
however, such foam substrates may not maintain the properties of the uncoated foam
substrate due to non-uniform application of the resin and the particles. Useful foam

25 substrates inciude those made from synthetic polymer materials, such as polyurethanes,
foam rubbers, and silicones, and natural sponge materials.

The thickness of the foam substrate is only limited by the desired end use of the
flexible abrasive article. Preferred foam substrates have a thickness that ranges from
about 1 mm to about 50 mm.
30 Preferred foam materials include those that are of polyester urethane, have uniform

pores, and have an open, reticulated cell structure. Such preferred foams provide the



-5 1.9 FEB 2004 needed product flexibility and abrasive performance
decrease the propensity for contamnation. As is described in nore Hgthﬂlmm*
. bel ow, an adhesive layer is forned fromthe application to the foram nous
substrate of a resinous nmake coat precursor or first resin and, 5
optionally, a size coat precursor or second resin applied over the nake
coat precursor and abrasive particles. Preferably, the adhesive |ayer is
formed f r oeadedhorodice flewibilitpand wbweive perfdridnee sind alecrease the gropensity ¥dri ch have
been appl i &ﬂmﬁ m‘e foram nous substrate at a coating weight which, when
har dened, "provi 'ates t he necessary adhesion to strongly bond abrasive
particles to tAeg isulesiibed an mdxkejeczﬂabelamda:s|adl&asnfealhveprxecfdrrﬁenir frofifithe
optionall e 10 frothed.or aned rlor to plication to_the foram nous
SDbstrat e SPREa a0 AR P BRIt s SRERE ST BB UM AR RSP 0t HETIREBRIE | yor

provi sles apﬁd’ﬂa"y QGsdel dBGt EcUT RS bﬂse@UxﬁIre§1h@ ﬁbﬂ&ﬁbr\/tﬁe miaReé £da€ bRBurdbr dhgut
burying t articles within the re observed under a m croscope,

f or exarrpF‘l%"af IysRarficies K rﬂfﬁéﬂb'ypéﬂetaidhffsé%e lé)feé lsoﬁSEE"?‘X/@%f“t“EF HakeA0ahReedsato t he

coat abl e g HRC&% &fat tpP&ué‘sHPWcﬁtrﬁv@'BGeﬁ phxd Q@%eOFHré{iﬁiBQusstbEl‘Pifé thhg outer
surfaces of the 15 coatable surfaces. In this construction, the abrasive

parti cl esCeatias ysight whirkd when hardengd prevides the neressannediiesion foystespelyshond| v
effecti VealSran@éﬂ'&arhE]ésI ﬂo% %E‘llrdté: aMéLQ@\?oanan& 8% &da Fébﬁgorgma&%lpﬁ?nall%%eover ,

t he pal‘tIC es are StI‘OI’lg hered to the coatable surfacés o
i nt ed@t i cEgthedor Pameil deoram aamircamw the foraphigousi substeates du thef fidshed prticlesr k 1 fe.

The make gp (RUGHBRSAE ot E}@bih\eer dﬂersrgge% a tHih EO&ink DFGRLA Q0 &.gaabpa%&ab' e,

ardenabl e esi ve nprise one or nore thernoplastic
or, pref epabtlys wxﬂeumbgamrtg rtig pm'esllenouis‘madheseswes Whae qisefved erderadheS| ve

hi nder is i,ol ng. pal yurethane dye ts, | exj bil it ojlghness,
and m ni nﬁlltlgg%ﬁ r’%tﬁ%m dftﬂ%on 'fam haht's an ened % i anCh }s(elidnE h!'g

adhesi ves ccmmbleahirﬁcéso:f this subistnaté el (mrmﬂtout\mrdalpltﬂo@mm ramtaudefqa:laeabthec

resi n resi,ns having p nsatura ed carbon groups,
epoxy t esFIRBRouRBes TR A0S s Ry ol PR R pRLFRS B HoRlibteadh wBDianur ot o
resins, uteehbe fmemhtell@h;bekeuwess«tmuve 1nsmeyﬁnur@rpecmnesg GSthe&hfSHe&TaﬂdzléJr et hane
resi ns, M?\él at eﬁI resi ns, ﬂ?lma ei g'll de r SI n htﬂgrene-.nodi fied
epoxy resi eV “r?aﬁ'? Strisphadherst te ee°<£’t'“ia f SHFacey eht deiEREces Bowever,
shoul d bEpﬂﬂineaWabﬂﬁsn@dfﬁﬂEleMﬂhQsht@f@;‘v&yd/oi'ml@fel ntroduction of undeSI rabl e
anounts of coptan hants or the %E} g_ctlon of fri.able coa ch tend

ledo bier iirdssa

to produce undSTEhe 998" BIEFUIOL S T ¢q e g JPEntipfhis 3rcoglg f"s may
li kepd se adidsitObinha 260 Maa FbMphideQAe or : more thermoplastic or, preferably, thermosetting

resinous adhesives. The preferred adhesive binder is that comprising poiyu{ethane due to
its flexibility, toughness, and minimal contribution of contaminants and color. Other
resinous adhesives suitable for use in the present invention include phenolic resins,
aminoplast resins having pendant o,fB-unsaturated carbonyl groups, epoxy resins,
25 ethylenically unsaturated resins, acrylated isocyanurate resins, urea-formaldehyde resins,
iIsocyanurate resins, acrylated urethane resins, acrylated epoxy resins, bismaleimide resins,
fluorene-modified epoxy resins, and combinations thereof. Selection of such resins,
however, should be made with great care to avoid the introduction of undesirable amounts
of contaminants or the production of friable coatings which tend to produce undesired

30 particulates. Catalysts and/or curing agents may likewise add to the contamination



"-6 19 FEB 2004 potential of the adhesive binder and should therefore be
chosen with care. The make coat dry add-on will typically be betweend 588 200
.g/m2 and 170 g/ nR2. Epoxy resins have an oxirane ring and are polynerized by
the ring opening. Such epoxide resins include nonomeric epoxy resins and
pol ymeric epoxy reins. These resins 5 may vary greatly in the nature of
their backbones and substituent groups. For exanple, the backbone maybe of
any type nenterdial of the adhesine binden anth sgubdk sherebwe he ctameh wilbsdre.t Theinakgeaatips

t hereon ny any. free. of ctl Vv r,ogen atomthat is reactive
w th an oi' ?g%gn)r(‘?lgé’%g@w %%grﬁt{a%er?p%@rgzrf'u?‘ga@ﬁ? esentative exanpl es of
accept abl e subsEpoky esstns hgveooarpexitane Hbiglendare pglpRrizedisiyethe gihg Wp&ning tShek

roups, sul fonate.qgr.o , Siloxane groups, 10 nitro groups and phosphate
o upS: UL SR S SR R o S rel Sl B RSP
2, 2- bis[ 4-fady Var BEANP ARSI reldR BiR1 bhENBARANR 6eHsBlukst gidlps Stdv@karRfle Rhe PheNOI
a)] and comerci all ébaval | abl e material s under the trade desi gir;atl on EPON

828, EPON Hasthenaaay -Epek anp ospernenmally abtosiafed owitlispeNy Raiapd|subgituenbER- 331,
DER- 332 ar?o Rhetddh may6d Adrbuyd R AMWANEATFAREN 58m tgétdth? FeaStiVel v £n €POXY

resins include glycidyl ethers of 15 phenol “fornal dehyde novolac (e.g.,
DEN- 431 arKiBEnngg st 50in | taipperathreo nRERIsen@hsriexanplaSoof Scaprpbie substigfent

ethyl eni calhypsunsialid habgsls bisii ot SGHY, i N omer or
ol i goner ﬂéarvipr?g pendant&gf’p‘lﬁa, %E)Oe a unsf}tqi 5‘t%§°€g§§%€’ sgllrog%tﬁsgrm

et hyl hi camiry eravpatapd @hesphate eommes.s Examples @b sems prefured| eposy résgscipelnde at e-

mononers, 29 ,a 4%2%3 M SHAINGhA S (A&l O O And"
o[fi goners, -et Ly_ én?@é%ryﬁ gzgat m)g'tggﬁ{emgnﬁncelr% %rgrd?)?ugé%qhg?&agﬁyﬁréfe
di sper si oneonunereralit amadable mareaals unden cheamida dpdigrmtiohERONI82y BRONIO04 amhve at
| east one%ﬁq a- rat ed CEE{O I Yy pe:‘iﬂ%ﬂ l e or
ol i gomer. eszl%rbr}a?e?‘lgg’fll)sigg}roén #Eé?kﬁ?m' 58?1’@% %S%;J%% , Sﬂz;nd U. S.
5, 23G, 472.avadablhEomtIow €hermzhl §o. (ibat suitatile epaxp nesirariaciode giyciddnehas oy be
monof uncti gnal,, .. dif ntiona&, rif i.onal .o ge%}rafunc i opal even
i el 1 urienln ey ek e M Blar, (e HER-45] Thor CRENAC rYaBR ! o, ot
met hacr yl aftesicdECoyl| eni cal | y unsaturated binder precursors include both
nononeric and pol ric. c ou Es t hat contain atons of. _carbon, hydrogen
and oxygen,  and gPeEdrdl FUYERICH Po BT UAET  HIERabBERE iestiFormioPst
ni trogen ahewdnedr obailigo@ee HGERAET pndintP AREENhelan utdahifited EGkiRINVI Wredfiane,
am de, and urea . - . .
ethylenically - unsaturated monomers or oligomers. acrylated isocyanurate- monomers,
20 acrylated urethane oligomers, acrvlated epoxy monomers or oligomers -ethylenically
unsaturated monomers or diluents, acrvlate dispersions or mixtures thereof.
The aminoplast binder precursors have at least one pendant alpha, beta-unsaturated
carbonyl group per molecule or oligomer. These materials are further described in U.S.
4,903,440 and U S. 5,236,472
25 The ethylenically unsaturated monomers or oligomers may be monofunctional,
difunctional, trifunctional or tetrafunctional or even higher functionality. The term
acrylate includes both acrylates and methacrylates. Ethylenically unsaturated binder
precursors include both monomeric and polymeric compounds that contain atoms of
carbon, hydrogen and oxygen, and optionally, nitrogen and the halogens. Oxygen or
30 nitrogen atoms or both are generally present in ether, ester, urethane, amide, and urea

groups. Ethylenically unsaturated compounds preferably have a molecular weight of less



‘ groups. Ethylenically unsaturated conpounds preferably have a nol ecul ar

wei ght of less -7 1 9 FEB 2004 than about 4,000 and are preferably ek9&EB 200
made fromthe reaction of conpounds containing aliphatic nonohydroxy

" groups or aliphatic polyhydroxy groups and unsaturated carboxylic acids,
such as acrylic acid, nmethacrylic acid, itaconic acid, crotonic acid,

I socrotonic acid, naleic acid, and the |ike. Representative exanpl es of

et hyl eni C&hdnYandﬂMiBﬁwraﬁd ek [pesterably Sestene Inude ﬂrrmhyb rﬁmibawfybm@,undﬁ hyl

nmet hacryl at e, styr

vi nyl benzenge,, h 0 eth ac | at e dr ox
T byl ot FapiEpe AP R RRYY P S TDS 4% e PO RS B uelhacll 01 or s

hydr oxy bufabox {'ﬂﬁ:r ¥didd, Such el raepiYic kididy ImetimRiyiia clcid, aiaeomdllaa&ll cfo@drﬁtﬁﬁﬁd
et hyl ene gl ycol diacrylate, polyet hyI ene_gl ycol diacrylate et hyl

gl ycol di mcrfawsuaa*siemaimaﬁédm thai &@ryRamrése"&an%FmFéﬁef’%F s gpically
di acr gl at g {i’r afell! %hb%leg' RACARRN fnelty) aﬁ@ﬂahﬁlﬁte gétu)qern@mawlaa&rx!y%ne

pentaerthylto triacrylate, pentaerythrit trimethacryl ate,
pent aer yt hivingberzene: dwdroxy ety zandatpehrdieny ety msthaceidate. abwdronyc Prpxk e

G h th I t d d
pol yrrot hal et Eo oD Y BEnAFD AT DUTRTABLIA | BB Pl "

pht hal ate meihzabll@tb wagll phieee, aimderd; Nychil alnzicy;ﬂatdl payatipdeneSglyedl doadmdateni t r ogen
cont ai ni n%.’g1 %&Fh 38‘? |ncI udequfS ﬁrl S OZa angyfé%‘eyett byl %nés q,yc%!l% Hﬂate

l,3,5-tri acryl am de,
N- metiyl - aﬁmyihgmpiepanu I\Itrdt:nmnehyl gl@cqrblamtniz&rylﬁﬂew rpyhtmﬂhyctbli dona:,rylatand

N-vi nyl - erid 20 | socyanurate d vat s _havin

pendant adf*? aﬁ?&“‘&#ou imetacylale v SRR E\r}'ﬁtf'é ﬁ/f"'\‘fé’gat @éhrf one
pendant AQEdnditic G128 POt Leth i i bl Lﬂﬁﬁlﬁﬁﬂe@ﬁdﬂmb PhclbdS. monéal%ﬂzo&lﬂyl die
preferred |osyanurate material is a trlacr%/l ate of tri

i socyanur Folymehally] ssters and arHdsiedl srbosylic origs apeh é'%tdéjrl@ 8¥% oxygwylyl :

ter m nat echgisaRC AN, R-didKi ARk D Ob M iR auwoerpewamgr@mpsumhaad@f
comercial |y available acrylated _urethanes include UVI THANE 7 avai |l abl e

f r om I¥br t dFS@terdeethyliseryanumis e b3, -wE-oeihy asaderyetny- W'B%O?ﬁ’"" adey apl e

from UCB RAdriisyishRfel A-hiefiS1- ac%%mlcﬁt %dweﬁﬂ&hgacrvaﬁﬁdedlmwwhemﬁkers of
epoxy resins,” such as the dracryl ate’ esters of bi sphenol A epoxy resin.

Exanpl es cmdébmmﬂrmpqldoye avai | abl e acryl ated epoxi es include CVD 3500, CVD
Isocyanurate derivatives having at least one pendant acrylate group and isocyanate

derivatives Havino at least one pendant aervlate group are further described in U.S.

[
<

4,652.274. “The preferred isocyanurate material is a triacrylate of tris(hydroxy ethyl)
1socyanurate. = ‘

Acrylated urethanes are diacrylate— esters of hydroxy terminatéd' isocyanate
extended polyesters or polyethers. Examples of commercially available acrylated
urethanes include UVITHANE 782, available from Morton Chemical, and CMD 6600,
25 CMD 8400, and CMD 8803, available from UCB Radcure Specialties. Acrylated epoxies

are diacrylate esters of epoxy resins, such as the diacrylate esters of bisphenol A epoxy

resin, Examples of commercially available acrylated epoxies include CMD 3500, CMD

3600, and CMD 3700, available from UCB Radcure Specialties.

Examples of ethylenically unsaturated diluents or monomers can be found in U.S.
30 5,667,842 and U.S. 5,236,472. In some instances these ethylenically unsaturated diluents

are useful because they tend to be compatible with water.



" 3600,. 'and CVD 3700, avail able from UCB Radcure Specialties. Exanples of
ethylenically unsaturated diluents or nononers can be found in U S. 1 S@ER 200
5,667,842 and U.S. 5,236,472. In sonme instances these ethylenically
unsaturated diluents are useful because they tend to be conpatible with
water. -8 19 FEB 2004 Additional details concerning acryl ate dispersions
can be found in U S. 5,378,252. It is also within the scope of this

i nvention to udaldaiopardeiads boncpaingrmeryviaredispetdipisenn bafouyd inrld &t $1828,252. nononer
in the make or  size coat, .precursor. . Eor .exanpl an _acryl ate nonongr can
be partial 1y pol Prdt SRR RIS Bl AT e 4 HEE b RE A PONERE ur o -
The degr eatiglenirally uadanpaky FdhbHSL inQhe FlaRaIbAsiBeca0 pieckbdre OF e @xahple, adhe
resulting partially polyn%rized eth¥lenjc |1 .unsatu%fted anonpr does not
have an e@B&es yeanpmenica bgrapplly (RphaRerized and Hecomposiet 48P the make #2984 e

mat erisal . p?ébu%ﬁn?ﬁéadéglf'ee% pﬁﬁiﬁ%ﬁrﬁ%ﬁﬁﬁmﬁﬁldtﬂl%nﬂa}éd ke Rk @bditin
y

pol ynmeri zed i s isooct acryl ate. Is also wthin the scope of this

i nvent i on Pagially polymeswes AdYeamallyt unsafyzated mpengmesalopiapt bavg am engesshiebyal | y
unsat ur at Qisé&ﬂfr{@rtha\i"'tl‘iég?éaﬂ&d?% 2SoB%bEh&&ID Y Mé%@??ﬂn QT
e h ure o and” pads for

and/ or a cohdensation cura resin. I'n the manufact
use in cl esgnomeothabppy bepdriidlypolverrizehie dsooctipbaceyiate hH inalfrewithia theescepd al s
used as t e i ' LRN: | se
thor moset (i AAE SR e BEERRtacioR of BBy BARR Rlimby RAE Shy AR unSRRBEL P,
in 130Ki r knddtohree with Encther aipdelialipfunGinentied alondmehardlagycondehsdichn cliodte W | ey &
Sons, 1981, . New York, Vol. 17, pp. 384-399. Resole phenolic resins are

de wi t h & al kal i ne catal yst and.. a' nol ar excess of formal dehyde,

typically havi ng tte mahdictiratdfthatd padsofofake ehylden tapnplgpliehtidie tiéiondd 0: 1. 0
and 3.0: 1. C.resins ar%h%hﬁfared under acid catalysis.and with a

mol ar r at i33°% S ISARSas s MARE0aL IEGHISPT it (e present SIYeRanmay | o50) ¢
resin usefddnptife thBendBiAHE PEEAIE redfinsdduich Gb @&soRf arddn> vBlaC F6&siis, idBseeiBEd an

6

contajins _between -about % 75% (pby wei ght) and ut | . 4% free formnmal dehyde;
bet welsn 2B OBvEEr P HBRe S e eIt et by &Soas I e

remai nder gl RGNEVA! 17.THe RELPD  RLGR phehBfd Resing 28D Aldlie Svith andikalige
viscosity is between about 2400 and about 2800 npas _(centi poise).

Commer ci alPRIyaY #nf ab| Bolphenesss ofr tsmpldelyde. Amielly ohavinge aj moldergpesent 25
| nventi on g dkedd ROpRenb BN 11BN d Bt § 030 SRAVGINAL! RIS Hefirépaad

VARCUM avail able-from Gccidental Chem cals Corporation, N_ Tonawonda, NY;
RESI NOX, under acid catalysis and with a molar ratio of formaldehyde to phenol less than 1.0:1.0. A

20 typical resole resin useful in the manufacture of articles of the present invention contains
between abaut 0.75% (by weight) and about 1.4% free formaldehyde: between about 6%
and about 8% free phenol; about 78% solids with the remainder being watér_j_ The pH of
such a resin is about 8.5 and the viscosity is between about 2400 and about 2800 mpas
(centipoise). Commercially avatlable phenolic resins suitable for use in the present

25 invention include those known under the trade designations DUREZ and VARCUM,
available from Occidental Chemicals Corporation, N. Tonawonda, NY; RESINOX,
available from Monsanto Corporation: and AROFENE and AROTAP, both available from
Ashland Chemical Company; as well as the resole precondensate available under the trade
designation BB077 from Neste Resins, a Division of Neste Canada, Inc.,, Mississauga,

30 Ontario, Canada. Organic solvent may be added to the phenolic resin as needed or

desired.



" avail abl e from Monsanto Corporation; and AROFENE and AROTAP, both avail abl e
from Ashland Chem cal Conpany; as well as the resole precondensate {gFEp 2004
_avail abl e under the trade designation BBO77 from Neste Resins, a Division
of Neste Canada, Inc., Mssissauga, 30 Ontari o, Canada. Organic solvent may
be added to the phenolic resin as needed or desired. -9 1 9 F E B 2004
Preferred adhesive materials used in the flexible abrasive articles of the
present i nvenﬁ"refqur sthesiab ingtecalapseds i thelflevibéet flamie, arsdehofithet freseat

raer - Che ieyeaon Bisfkrenly foBMiss o BpaRRes sad R o o Rl el el & LS

coat pr ecremptoidy Khewleh €ofparatioAsS tirifdrd) [0Tvendeli the trsdeadbsighdtion GEHPREMECCUr SOT
or it-may he different than the nake coat precursor. The size coat
precur sor &%P lof the aforementioned resinous or glutinous

adhesisves suchtas splegpl Ips:ecu.rssls , beUthR Asafrier BIhd ebyee disegdséts make |34 ne
resins, acrylate resins, polyurethane resins, epoxy_resins, polyester

resins, amf¥fEPPRF i-@ay he differnt shanihe make Aaat Arrguimprt Theeuzefoat RescrgOr

for egoi ng. mfrc%&fj,he@w of thEafBleARNERRY rRnBGEHSSitindLi $dhe9mrsuaﬁa@pweﬁaicnous
adhesi ve 5| identical to the adhesive used in the coat

precur sor resins; areprfefmesidehyde rehies.singlamingafiesing, raetIAtSs &Rsing P?'Y‘@Gﬂi‘pﬁlq ¥SINgj t her a
t hermoset hé%’ fe?tﬁ% boPes@r Ffs g%rhl%' G4 A€ Al £ Sdbinalfdfs Shd ?nimff%gtof fHeCCUr SOr

may be foa or toits a Fion to the make coat 1n order to reduce
t he W6t adclregmng \A%ne@lmblsofthetm ooetgirecussor wilheonppise abesa@us/edmam siglilasorar e not

bur i ed W { R HRE kb2 b &N LEPR hEth R0 Sod: SAURESS HBRYALEABCHLALAYSG (N the

(nltlal applcatlonso the Tinis article. e |zec precursor is
pr ef er abl yprappbr @il tongrize edlgen tlmhbsehbgrres‘imoamadbuisn cyabls lre'sat eTheosupr ovi de
an add-on Wht whi ch c vera the a ras 83 wi.t.h a,thin,and

Subat ant | SPRPINFPEAY S 3R] RO ot SR oRaL e g ePhaf olve fhBaBiHl,
resin, andhd eettaddicnakdiyht ofitlievesin k& ehat magterafswembleuhre%t buned withiaibeut 200
g/ n2.. _.However, the specifig add-o0 end nsv

Pact e ot besipg e ideted s 5o W af I ot PSR S SRR o s
well as t hﬂld[h'it Thesigé céd préc@sonisheefogblysgdlied’ h)ethd@baf ﬁ&lh&iarroﬁbrnﬁmous
appropri at Si ze cogeﬁd%aon wei ghts is well I n thFﬁsSkl |1 of those

pr act I ci ngusAEHE Py Bt ML i Abris e B s 6 o v
abrasive @aﬁﬁdnﬁhlgsurﬁwrﬁ@bh@gf\ﬂfhohm‘drylﬁgmaphn.ctehenc&bmséwre ad tsitgpiedllyof the
25 present invention jinclude all known:fine, and I‘%rv e abercl ciga% ogarticl es
havi ng a Fathiy Hie range from about 50 g/m” to abeut 200 g/m”. Howe the sp
20 weights will depend on several factors such-as the nature of the open cell foam foraminous
substrate as well as the nature of the resin bemg used. The determination of appropriate
size coat add-on weights is well within the skill of those practicing in‘t_he field A
preferred size coat is polyurethane.
Useful abrasive particles suitable for inclusion in the abrasive articles of the
25 present invention include all known fine, and larger, abrasive particles having a median
particle diameter of from 1 pm to about 600 um with median particle diameters from
about 10 pum to about 100 pum being preferred. More preferably, such fine abrasive
particles are provided in a distribution of particle sizes with a median particle diameter of
between about 30 pm to about G0um, Included among the various types of abrasive

30 materials useful in the present invention are particles of aluminum oxide including

ceramic aluminum oxide, heat-treated aluminum oxide and white-fused aluminum oxide;

-10-



particle dianeter of from1l pmto about 600 pmw th nmedian particle
dianeters from about 10 mto about 100 pm being preferred. Mre EBZ@&
.preferably, such fine abrasive particles are provided in a dlstrlbutlon
particle sizes with a nmedian particle dianeter of between about 30 pmto
about COtm Included anong the various types of abrasive 30 materials
useful in the present invention are particles of alum num oxide including
ceranmic alaerwerﬂm sthidod esarbiiea pluminsaziesgnial disnatdncentd, dubiarigranhnitralef parae,

al um num adsl'o 1?:19&'%5 &)8%4121@&5\'\&' the ote 1rl§ Cﬂ&fﬁaibpe!s%% d)aﬁldz zg/
zlrconl a, |a erla oron ni e, rnet, S,
guart z, arulkocbnlndmabﬁemslessfagghsswa)nagmahgsuchJszeflhhrnaisetasg\oe tbantoplaktﬁs may
al so include softer, |ess si,ve terials such as ettlng or
Fher rop! adEPEer Raists s e FOFEave ot Shats yEhad RLetiiS) R eottRPe such
as nuts shegtetmicallpraceveparices m&:hemﬂéahéludsathm@amﬁw grigles, r]ﬁawaédsﬂaabe
included in the abrasive artijcles, provided that such cheni cal | y active

particl es SHEh dgmically agsye@atticlsn 4o pet qdé\?glle%“%f‘bl‘é&?ﬁﬁléﬁf%?ﬁ'@“a’%ose skilled in

the art will anRbRCikalea ihhRd at NeI 28preGh Fht Ae RACLSE L pAALEREMpbabn and
particle size will depend on the contenplated end use of the finished

abrasi ve nd ipartisle sizeawil dgpendtan the eantamplatedbendaysa ob theffinished aeypsiyg wtglesur f ace
Lo be t reaie o 6.l ke 8fle WaRole RS 1y o RLASRYy HERRtnd the

Preferably, fine abrasive particles for inclusion i'n the articles of
t he ilfventabtasive §RpetidseredntPaeferably, ﬁa\ﬁnngbrasmxbheﬂﬁe@r@nwbm@n 1 thel asticles about

5, alt ho“%tbe?nﬂ@érfﬁén Egﬁth&' rﬁzﬁer‘i‘ﬂs}’hzﬂﬁm ﬁ?h&ghégs PPJo'uP§thfPIB§ and the

i nvention T's not construed as es having any
par ti cul arsofier partdles wal Ue. suithlgle parsbnclmhemlens addleble tlrofeamori sasat onke of t he

first or S%gs(t)l%gd g? %ﬁte& W f? ?el?fvn{g,ga%ﬁy ardnes rpalfugr a F@QH%}?}%G

substrate T0 provi de''g pa quat
cont enpl ataddedemndcht lese ood of thé Brsf omesdiﬂdnajmﬁsudhes oﬁltlhe asemllmm fachreimouny be

appl i dto ram.n subst aeto rovi,de,an grgd-on
ner gt wi cHPHEB i Py LosdliR VEE R poBUER PR chilaBpRtuiRe 3%
grains/ 24 mmﬂ:)ushdaraef a¢.r athrasive aaiticies ﬁaytblecabels;dab ehet dsp(ea eeld fodnu feaminbug e
al um na be ause of c%‘fsr l,ativel ost a é
cont anm narbetap e st BB Baes FmalSu BB RS, (outy uni na
t hat cont aions 1lsovgrﬁmm41tr§) OPrd@ﬁUWﬂil’asﬁ:@diaﬂi&le@)ﬁtéjmsss)ﬁf fiséte tvhso diutitina
derivativ efmake G 1(Precur ri or the S|$e coat re rsor or ?‘foth may
contain oé’l"F%‘ﬁ &° é‘adFlﬁ‘\'fi‘é 6581 PIVFRS ¢ f%‘l‘z’é"m? r iCHAtPEEGTS ndi ng
ai ds,zonet tabpgive @enicks a&Uﬁ:f:éﬂC\Tuﬁan Suminki (BARBASIns UNESmoGH B tdigindgediul phot o
initiators, plasticizers, suspending agent s, antistatic
oxides or other sodium derivatives.
The make coat precursor or the size coat precursor or both may contain optional
additives, such as fillers, fibers, lubricants, grinding aids, welting agents, surfactants,
pigments, dyes, coupling agents, photoinitiators, plasticizers, suspending agents, antistatic
25 agents and the like. Such types and amounts of additives that have a potential to tncrease
the presence of contaminants must, however, be stricilly avoided. The types and amounts
of additives are selected to provide the properties desired, as known to those skilled in the
art.
Organic solvent and/or water may be added to the precursor compositions to alter

30 viscosity prior to coating with the caveat that such solvents need to be selected to avoid

adding to the contaminant level of the resulting product. The selection of the particular
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" 25 agents and the like. Such types and anpbunts of additives that have a
potential to increase the presence of contam nants nust, however, Hed FES 2004
strictly avoided. The types and anounts of additives are sel ect ed to

" provide the properties desired, as known to those skilled in the art.
Organi ¢ solvent and/or water nmay be added to the precursor conpositions to
alter 30 viscosity prior to coating with the caveat that such sol vents
need to bergalcewivedt iml/awedtet is ddiiivad 1d be Witkinabatkiltiofainise |p&i¢&d:m9fm thee

resul ting oduc The selection of the rticular -11 FEB 2004 organic
sof vent 'a dispents aSihite bsrdtseRinassn iz i 1 rwikFicr $6r PrERUSE Blact ol ng

in the figgd fhcung FeReORSInsIGlked he t her nosetti ng resin utilized in the make
or size precursor and _the ampunts of these resins utilized. As seen in

FIG 2, in theAssessaindiiof iBfthy prepaiationcqf dhe wticlesief theywaitjagihe peengsln cel |
5 f oam sulgshy axb%n&tg%dlﬁaea uf_;ﬂmt:oalaﬁ@se%% ﬁrfbdloﬁ‘?&féﬂ%@hﬁ%ré]r@sﬁld Sreed i nto

apparatus 14. The open ce foam substrate 100 is first passed through
coat er 20 opgr ceﬂ.l fapmisilkstrate; IIOQtIS frghieasseddhrough eeaier 2 whichpppliag fsgnadhesivene open

cel | foamg %i& E@ét&rjegcﬁgor HNfie § e%tc%ﬂ 64 &?o@tr&i?%’d | $fe cAMY 28 Wah @8%@1&06‘? er

known in t e art as a sp ay coater coater, dip coate knife
over roll aapatiable @atet keovr lnethe Whesckapph yprmgcanﬁ(erodwaatepMwaathufescri bed

bel ow, the 10 referre coat et.,20 ¢ rises a._double r ththe

open cel | %8 s‘i?B@f 1% B eil)'g‘b %hggsaPﬁlgﬁllghrP% cl?att ?{gcuﬁsordo R%é) %%lgwt € two

opposed r @réferral cortee e cambiises hhbu‘ﬂeeslswwer@\ﬁthttheopasrodellefbanlssbmrethﬂOI | ed so
netration, of make co

as to control e t into th

t hi ckness pB?S"lgHEmB@bwe@& orpedby @EE%CE pRpp3ed T Q%Fé g’af‘gr‘gesé?r& °§£F| known
i'n the artrpllelR coffrbifdCads B ORtdSIIBE pértrail arade traké beat pescumer Ingd er from a
pan as is known in the art. 15 Other suitable arran errents f.or pﬁ}eyl ng the

make coat HFEEsEdbe ersneRl fepmutrbaEts. Suitahle cagiprs preatdll Meumuathe st tEe not

limted tQniBROY ;s}gc&ibe i8R QR ihePEROHT REr Mbhih FanSdsO KAbenti@ thd &€ bottom
roll or to both ralls of a double roll coater, applying, the rrake coat

precuBsor Othgresuitgble paanggmentsiforapplving;the frabe 698 Mrecatspr ‘Pdﬁ?rPE?Jb%"(l QP8 prior
to entering,dhe :ﬁm@dmt are%vmnﬁed {ooipbnymgqﬁ@ﬁmke%@! predi@solr RRhTBKA et

precursor wth a slot die without a roll coater 20 optionally by
drawi ng a theaberiom edlrasgs bptherobpeina deyble Mm@u@emlr@e@w%mﬂém@ﬁw@l ot die,

appl yi ng tag aﬂggﬁhg@@é CJP licfﬁxgr EQ{ ceEIQOQ{?Eltbsﬁ‘étQ?ﬁorqg eﬁ@ﬁn?@i@ 'ﬂ:pcﬁu dduBRM

substrate wt ppose les wmth or w subsequent |y passing the
open cel | rolbamtenlapplyias dhe makogert paecuespt wibat dot, diandthappt yothgoal¢feandake coat

precuyjsor n‘M]M}dI@ hb%?:ﬁwﬁg aqq&,ﬁgm across the- open cell foam substrate apposite the slot die,

applying the make coat precursor to both_sides of the open cell foam substrate with
opposed slot dies with or without subsequently passing the open cell l;ogl_m substrate
through a roll coater, and applying the make coat precursor with a hose or duct
transversing across the open cell foam substrate.

25 After exiting the first adhesive coater 20, open cell foam substrate 100 passes
through first particle coater 22. First particle coater 22 is preferably configured to apply
fine abrasive particles to the first surface 104 of the open cell foam substrate. As explained
further below, the abrasive grains will penetrate from surface 104 to some depth into the
foraminous substrate 100 depending on the properties of the cells of the open cell foam

30 substrate. When it is desired to apply abrasive grains to second side 106 of the open cell

foam substrate 100, the open cell foam substrate passes over rollers 24a and 24b so as to
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" transversing across the open cell foam substrate. 25 After exiting the
first adhesive coater 20, open cell foam substrate 100 passes throubFEB 2004
_first particle coater 22. First particle coater 22 is preferably configured
to apply fine abrasive particles to the first surface 104 of the open cell
foam substrate. As explained further below the abrasive grains wll
penetrate fromsurface 104 to sone depth into the foram nous substrate 100
dependi ng re}bném%qﬁomnédseebmfatettbhamedebmdcsidetlht)é fourenupc eTHe dp@amlBﬁ)am
substrate. Wen

IS desired t brasi ve grains tg sec |de 106
of the op&HPsEaLE iOof %pé‘?fﬁ%ﬁ}' 5'8‘ Bpt}lot“al AleSesph PUHEE Py &Bgtﬁ) Yasses
over rol | pgiy brasive Parities 39 ttassebéhd-slde 165 SEfBratkiRdhisrsabaratec100. Plreferbbliyam nous
substrate to have second side 106 facing up., The ogpen cell foam substrate

100 then peroRdPartisiecrioger 4 Sopft kS rranstaictees st Rartiqle coateit2r BEVeshPGured to
?pp' y sabr %é.&am apRAlchliGlseR rt@rtétﬁre&%w% &éeq‘éco%%oatr ﬁ@ﬁﬁmdn&éiént tur ate

. Preferably,’ secohd ticle coater is of |ike construction as
first par tconfigurasioatfeom Fost nadwéweqaterf@r ABOcétetsamdaa@pwveatanmlscoatqr Xay be

pr ef er abl f tion
From 1 st e SEEEREEROLRing Rt Bl crhby YRR lon OB FBES L or 26
may apply tlsdaataa:sumepqnmttsl atplpberl hgamerfgstedbvdsete nahe:lsmr @e. dihkfparteles may
conpositiaq nd/ e.as bra|ve articl | . the. first
abr asi ve Ptabl °cY° {eg f etrheffen °r%q"é'gus SUbStm%f 5|e§g°aSF6¥ ' c@%fry t he
open 10el | téchaiquésor am nous subst rat e usi ng el ect r ost at Ic coating 10

techni ques. After appl.yi fine abrasive rt| s.to t first
surface 104 of Hﬁﬁ%ﬁ ?ﬂ? 8uw ¥%Pﬂﬁ§?§oﬁs"?z tﬁ? gfsés '&fe 109%? OBéAlqgerltlal ly to
second surfbdg dorkfnout Rebstratealrtion aas op ot Ittafsa:oitﬂ)@uﬂf&epr(Ef meamrgmmmpnosed to
a heat source (ngot Jllg%?ag@t ed%3 such,as infr ven,

heat tho. FHIEEAEOL 15,hs Sedpig ﬂeiztaéﬁtmfﬁ%i'&gﬁwat%@) Stch 2%, infrared

partial |y 1ot BE ob@S itd) hedtthé ke PRI pré@irdodns thd t\témmeb@sm aber adkie to
fully cure the make coat precursor at this step atln%{can be done with

any d8ur caglly Agredhs epip; éw%%&phcaitogi it By P%we%ﬁtt’ torfully gyie thempif es of

sui tabl e Qsﬁtpré&%?%ﬁ tm@ﬁwdﬁe&%%ﬂ bRI don® WG, any GOINEE GV suBN &8t Helf 1 ar ed
heat and the 1i ke. is also within the scope of the invention to use

radi ati on deﬁnta!élpn rﬁné aernﬂwy Exagyples e tsugiahle \]i‘a%‘aFBP@e% Hetudp Sfeteed 3 P€Bins, it-
i's preferrgehefod f\h, MEateh ReatRfd MR, HUE bisG haMRin RERORE 0O thelihvBBISOLAr | Ve

of f residual solvent and initiate at |least partial curing of the resin. In
a pref err ade eadindian 9k aetinie prergpeforchept-ackizeinhle HeENPsEBINg r8uMs %7 ia Peefarery!

opti opal | yna heating be for a sufficient amount of time to drive off residual solvent and initiate at
least partial curing of the resin. ~

In a preferred embodiment, the open cell foam foraminous substrate 100 optionally
passes through second adhesive or size precursor coater 28 to apply an optional but
preferred size coat precursor to the open cell foam foraminous substrate 100 after it exits
25 the second abrasive particle coater 26. Preferably, the size precursor coater is of the same
configuration as the make precursor coater 20. For some applications, it may instead be
desired to use a coater 28 of a different configuration from that of the first coater 20. In

some applications, it may be preferred not to add the size coat. -
A preferred embodiment of first particle coater 22 is illustrated in greater detail in
30 FIG. 3. Foraminous substrate 100 is conveved through the coater 22 by a carrier belt 30

which passes around rollers 32a and 32b, at least one of which is a drive roller. The
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" passes through second adhesive or size precursor coater 28 to apply an
optional but preferred size coat precursor to the open cell foam 19FER 200
foram nous substrate 100 after it exits 25 the second abrasive particle

" coater 26. Preferably, the size precursor coater is of the sane
configuration as the make precursor coater 20. For sone applications, it
may instead be desired to use a coater 28 of a different configuration

fr 0][71 t ha’éj fodardints Eiciitfsﬁ'htﬁqoatpﬁseﬁﬁroubn paﬁiﬁl&f&pﬂa@ﬂi&)bm&nﬁi. gIOSt.h 4t in?l&?eshﬁst
preferred not_to add t size coat. A preferr enbodi ment  of first
particle Gt 5@2"$§“‘F8§u§’?r“9t 'i’q{‘oﬁ{)‘ézat g?“ﬁé‘paﬁlslo incfudes front @‘5 %actk

For am noussjdas!ASE f1iaktPateO FirkiSsidORY RRMed QUM 44BRi60aRE Cortioubdd B oW i er
belt 30 which Ipasses around rollers 32a and 32b, at | east one of which is

a drive r®peeeell fppm foraminpus sybstato heardsagier helti20 Wispter thethoothgld. iesands
through p Gl . t LWng! i i : econd
Si'de- 36, " o' iRt YR 4y Sheq, RPN 1S MO PpGL LS oall Rarfipu

si des not subdtmatet Y08taed belFB9 &t exgti thieb@gh BhcHlaticidactfibrage caed Hepy the) baigmand
confi gured .t n.cehl f f ' o rier
belt 30 ¢ & SeEae SReeBRIPRS o BT SUAR AT SR CHPRARSE R, |

si zed and paafifd sprayed 460 hatihgpdefbpemn 4Bemburfteim fherem 4ibwoé thessiyater atBhel00 and
belt 30 t% exi.t th bootl\B 34}'1' S| ohls 44a,. 34 areklocaﬁt erd near. etherl E)Sottom
of sides 3BTRS égtﬁg@tei 0y \YhicliBURERPRHP DU 2R S8R RS B ¥ o5 40 of
t he hgot h c3died by [t 30 eHreughphayesth4@, Aavhengpedadell fodird rfodabhimmuis rsubgracet t he

exit 47 of the_sprayer. e foramnm nous.substrate. 100, whi at.t.hjs point
i {:cl udes d’aﬁﬁ‘kg‘"@cf&{w BIPE%‘GTQS’F[?'H% 4@0???'&?"1@'%%?%"88“5@pﬂﬁ?‘f’s g[bzt'f‘ r ough
the boot h @éhodits sd BELoQREINKE Bikst sittOA2 b3 BhEDEEH fBahTormmirdus PASESS Withom entry
slot 44a to exit slot 44bh, particle sprayer 46 introduces par(ggq_‘l es 102
into the BESIVAPAFClEy Apdesgabedihsiow; theqrarticleg 402 wiil pgnetrpfe tg,30me dagfh inoga m

for am noushs YRt deft BatithfmirdRE dfsHRe N8O THE @fen ABl RemObHARRLUSUBMatd he
particles 102 will_penetrate to sone depth into the open cell foam

f or aniSnoustO8uRpy eamerisiporbrashye Papistes aabared 9athe FSMBIRPHOUSSIEYS BY theBakes 100,

now conpri b ARLAMMEREME bGhkSs.adhered to the foram nous substrate by
the make <coat precursor, then exits the booth 34. In one preferred

enbodi ment, t hén et prefesred peralipdimens  thec pariels - wrpyabis repeivenan t iupeyeai r
mxture f &%ﬂcjﬂ/ﬁf’ﬂhﬂr@%ﬁ@ﬁ&%mo ] ??;)égmﬂ@é bared1 651030 @iGizEd W gD in the

bed 52 b 1 zlng air ronta sui l'e source,-not illustrated),

i nt r oduced2i byt Buidizmglred(fiona a 2@itableusodicei-myy iHustrated), entraglgeed intopihe thigd via

flui djzi nthhad 22 ide@;venturi- inlet 56 as is well known in the art. In
the *° dizing fir inlet 3. ._

Atop the fluidizing bed 52 15 a ventuiﬁ-inlet 56 as is well known in the art. In the
illustrated embodiment, venturi 56 receives p;imary air from a suitable sour;:e via primary
air inlet 58. The primary air passes through the venturi 56 drawing the mixture of
fluidized particles and air through the draw tube 54 which extends from the venturi 56 into

25 the fluidizing bed 52. Secondary air optionally can be added to the venturi inlet 56 via
secondary air inlet 60. The secondary air is added to the flow of fluidized abrasive
particles after the particles are drawn into the venturi to aid in delivering the fluidized
abrasive particle/air mixture to the sprayer 46 via particle hose 64 which extends from the
venturi exit 62 to the inlet of the particle sprayer 46.

30 The deflector 48 mounted in the exit 47 of the particle sprayer 46 redirects the

fluidized abrasive particle/air mixture. Deflector 48 includes deftector top 49 (illustrated in
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“illustrated enbodi ment, venturi 56 receives primary air froma suitable
source via primary air inlet 58. The primary air passes through thelQFEBIML
venturi 56 drawing the m xture of fluidized particles and air through t

" draw tube 54 which extends fromthe venturi 56 into 25 the fluidizing bed
52. Secondary air optionally can be added to the venturi inlet 56 via
secondary air inlet 60. The secondary air is added to the flow of fluidized

abrasi ve RGB! 4 ghES), adfleCior bbte>np 50, tan€ deFectdr &vall 5aWIn bifd frefefted wredigementf 0 ai d
in deliverjn he fluidized aprasive fartlfll elair mxture sprayer

to th
46 via parth§ defieciondatiem SRmag i BARLFRS 2 Bt inchemy e batiem edgg oF e ho
inlet of tdBedidy &itlds 26 RhAY©!794fches) Frorh @halafid @mlersp:%? (fﬂﬁumde@ Held dthe exit
a

47 of the particle sprayer 46 redirects the fluidi ze br asi ve
parti cl e/ dieightpkd 3} anm fed | isches) abpge ithee faspinowesybsiate d 09.0 Plpurse| piet r at ed

' n -141 ga.nl;a%{r?egrggal'l:ﬁm dhe ?’r‘gﬁt edF tl}eﬂggéeﬁtclhpernugﬁt Fm\lepleaﬂ'Q sieldrepd or val |

In on arrange , | ector bott 50 has a di aneter
of 32 mm (deflesor, thersbape oft the dbﬁgﬁctcxnmhe@gretomfoft‘hzil 5ddlg eumbﬂf apsk daoaten 00 nm

(0.79 i ”C*];‘%ﬁ?clef{g%j‘)eﬁsﬁ% ﬁ’xé'hE.ﬁ c%fttneede%@&g% a%'{;bs P@Po%ﬁ%gkeiugft%e he Jgééoght of

155 above 't or am nous su rate cours other 5
arr angerrerdfshefhl‘dmmmtshubstﬁatuelﬂﬁcmmeh@&ir phessype arslenatio of sberasti veopartidiesrin gbeanpl e,
the size def | ect or

of t sha eqof the deflectar, . of wall
51, the n P pe?aérrlﬁ"’IT'érgaTay eacﬁ fb ¢ Va"e % < ps‘mr"%{gger "mﬁé’ © V{aﬁgﬁc’ei&%ﬂa&go t he
def | d®t or Slesibdwaddioheveight aftnsire p&uinms,rtae éeslrbmper&paeni intofthd dnzenfcdl foamnous

L PR b o B B PR o RS SRRORALSL B L3 e
achi eve thﬁral‘ﬁ)eﬁﬁfﬁtlﬁlfaelbiﬁdﬁhéﬁrﬂb?in@h&su?itrawrwsI ve particl es, the def,' red
penetration into the ce oam for trate 100 e
abrasi ve parti i‘i‘ age pE??é)“EeH enghodmeny SRFAYET %:fp'&‘/ﬂﬁ‘f‘v E’ﬁ‘i Szaﬁ'}da‘éclr\fgﬁ?fa(f"f’ﬁ cles
102 on t hahseal) HOYScostHsitiald Qvailble é«areanendmefaemnesi e ik Fosvdedr ayer
46, fluidizing bed 52, and controller me:bg il ustrated%lgl s a com*rerm ally

avai 1'dbl e SyEMe Acludingimedel RS -E NManyahEramepBardsr Gurs awjlablg fiom Gemadhg nodel

PG 1- E ManymbisErasme wGeNdesmSann, oavmuiaamoﬂsf RN GeBa Afund | 466 4BOOI
Wor ks Conpany, of Indianapalis nd., with a round deflector 48

subst ant i éP\’?""&Q'W?ﬂ'Uﬂ%“i‘l&e@é@ﬂQ 4FI G 4. 2v In another preferred enbodi ment,
the abrasive pafhbhgih& TOEAYd BRBALREMS theSibPhive HarticleyfRayC i i&lof Yhe

avai | abl e from Bi nks Manufacturing Conpany (Sanes)- of Franklin
type commercially available from Binks Manu acturing Company (Sames); of Franklin
20 Park, IL, and includes 2 22.68 kg (50 1b)) ﬁusd zed bed, a GCM-200 Gun C f‘mfml Mgodule,
a SCM-110. Safety control Module, a STAJET SRV Type 414 gun, wi_th a standard
powder pump. )
Another preferred embodiment of particle spraver 46 is illustrated in FIGS 4 ands.
In this embodiment, the sprayer comprises an elongate tube 66 having an exit 47 at one
25 end and an inlet 68 at the opposite end of the tube. In use, this embodiment of the sprayer
46 has the abrasive particle/air mixture hose attached to the inlet 68 as is illustrated with
respect to the earlier described embodiment of FIG. 5. The embodiment of the sprayer 46
illustrated in FIGS. 4 and 5 is mounted in spray booth 34 and operates as described with
respect to the embodiment of particle coater 22 illustrated in FIG. 3.
30 Returning to FIGS. 4 and 5, sprayer 46 includes particle deflector 48 mounted at

exit 47 of tube 66. Deflector 48 is mounted to the tube 66 by any suitable mounting means.
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" bark, IL, and includes a 22.68 kg (50 Ib.) fluidized bed, a GCM 200

Control Mddule, a SCM 110. Safety control Mdule, a STAJET SRV Typel afEB 2004
_gun, with a standard powder punp. Another preferred enbodi nent of particle
sprayer 46 is illustrated in FIGS. 4 and 5. In this enbodinment, the

sprayer conprises an elongate tube 66 having an exit 47 at one 25 end and

an inlet 68 at the opposite end of the tube. In use, this enbodi nent of the
sprayer 46 dnesprefegediembodivenp aleflegtdremaint 79 inalwdes odeseall aomedsiog at he

i nlet 68asr il at e th S rI (oY

enbodi neneotsra EreERIRE al 2 ArRET ahfa LIS PRId decBaltePOR Ry | |
FIGS. 4 aradnfﬁgurrh ezitﬁrﬁdum sldt sznabéay:l dsf;mﬁdrs@alro&nﬂtﬂpﬂeat é3 bzli)ude‘sr:bcanhed with
respect to the e 0|rren article co 22 i l1u |nFI 3. 30
Ret ur ni ng PPBRARERES orfempip ngtﬁr%@yt@rh%egr ﬁ%%&lsg“ﬁgﬂeﬁ ofenb bt 240
nmount gd afs ref4idbly?iel®lin §lb‘i§%9ﬁ§r Qﬁ’fn@,eél ép'br 4Bet SuitABe Thstshet Mot RRisirath® 66 by
any suitable nounting neans. - 19 FEB 2004 In one preferred enbodi nent ,

def | ect or affbgnto heles A& inbe firss %%0@5'@6%”&7@9 Extendmngeffomm (bgser Bcis angul ar

pl at e havigigaded réd ﬁhfvl’h@ 71’&5@&39 8 a&ﬁ%@ﬂﬂth‘e"ﬁ%e@mh%@%@b?a%m'gsfo%%eﬁﬁblé)“d
configured to fit in slét in the end of tube 66 proximate the exit 47.

Mount 70 @adrsb@ndp@dn%@menqzngarbemdo‘hatﬂ\y doehttere 6@ tHueadgdaodd2 isn t he
|11 ustrat egcabadh WIRSElEAhRal el HoRd ﬁlG}ﬁ@mpy49Qﬂ*|dgﬂéd?or3480t'ﬁ1flﬁalo y a

g sty
spring, clip,” or ot suitable fastener (not "illustrated fixed to
hol e4078 ithe pdsiioh iof deflegted 48 de bn doreruisnthf acmse@l With r@mewﬁgw AoefBese 72 is

th d t b
‘B‘Lazi o e @by 1l g Beffeclo 48 R GG Bl LArHE ulefebontitiforoR DS O
t beh66. ]ibﬁigbd?amz le?rdngi?ersﬁrj{)areﬁfas gubehbdtabo?agf?ecmrlmalso rlnclhéesglim:cttlemdted hgge
the to 0 ef ] ect,0 WS e ef | ect or
Lo b comppetite 55T s dh et Do Bleading stk BpRO 38 bford 3. %t LS 06 b
r](c)t ?ti ng the die.hl sledntite 4&bpaih1e?thaflspmerf a6 41vanysuggadt e Filiir 84t i dn lrt)fsf Im)t r[ on
o} particl es i e spra as de i ect or
56 oS0 Pakbhfmer, bregny dsOd bt S he utes Farerenn 87 5 AR feas

extendi ng fi@&tcw&ﬁﬂsffv@BarﬁQles’iﬂﬂ)L@,ﬁTttthTH65Q’msm eﬁ{eherma.r@ M8 i ineetwaf ofSpr ayer
46 i s |IIustrated in hreaded rod 80 is

ol ongat ed e S ahdaueningagn haler Bt 183 SPCIoRBAH B Fbt0 ibe SRSRAGH

abrasive mrcinbcgl.n%dtrmnoume thpth&l R4 81 AISrod3s@eh@nd: iy plghesollasoéer in the
wal | of the tube 66, and extend t hr ough hol es inthe rod 80, to nmount the

rod 80 i nembedigysntsytBe end82 caneNgng berasddneinipt 68 ordhe it may kAddSYSE 1 od 80
ends ’)at t he: Jnnlﬂetnf'ﬁg rnri rDQtph@F 4R is mounted on threaded end 84 as described above,

The tube 66 and deflector 48 should be sized and configured to provide the desired
uniform spray pattemn of abrasive particles 102. In one preferred embodiment tube 66 is
approximately 61 cm (24 inches) long, has an inside diameter of 1.08 cm (0.425 inches),
and an outside diameter of 1.27 ¢cm (0.5 inches), and is constructed of stainless steel. It is

25 understood that other sizes and materials of tube 66 fall within the scope of the present
invention.

Another preferred embodiment of the abrasive particle sprayer 46 is illustrated in
FIG. 6. In this embodiment, the sprayer 46 comprises rotating first and second circular
discs 90 and 91, respectively, joined by studs 93. Second disc 91 has a hole 92 in the

30 center thereof. Second disc is joined to rotating shaft 94 which is concentric with the

center hole 92. Rotating shaft 94 is rotatably mounted on the outside of stationary feed
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" enmbodi ments, the end 82 can extend beyond-the inlet 68, or the inlet may
extend beyond 2(1 the end 82 of the rod Deflector 48 is nounted on th@¢agdeni
_end 84 as described above. The tube 66 and defl ector 48 shoul d be sized and
configured to provide the desired wuniformspray pattern of abrasive
particles 102. In one preferred enbodi nent, tube 66 is approximately 61 cm
(24 inches) long, has an inside dianmeter of 1.08 cm (0.425 inches), and an
out si de ditabe?eby ofears. af beanngt @8 Ssuch dhae pitatingshaft 84 sorestantrot with gthtigagi nl ess

steel. It 4 der h h ' i.al f ofube 66 fall
w thin theflegdcég%ggf ﬂ}lﬁlté%ga?'gésre%%m&%ﬁ@eﬁn%’?ﬁﬁ p%ﬂeg%(ﬂg'ﬁue%fz @?"2’%‘%885 5??033% ment of
t he abr asitwaonertbiahe a8 [@arayeibodOstattonhtyl fasd nde @d. 1 The rblaGhg chaftl 94 tdni ise

enbodi nent, . the sprayer. 46 conprises, rotating first and secgnd circul ar
di scs 90 aiye by by SYable; petey moms; e 2 gn 3y Fiordaot lga%f&f?ﬁ)-d?geg W Pas a
hol e 32 i Nnéllides ItleCUnAroutl18I7€ A ondSBeRAEd dinBEdiinent] iRIeN 96 of e Todatbe s shaf t
94 which is.concentric with the center hole 92. Rotating shaft 94 is

rot at abl y hdtashedtoahrasiye paticls{aganigiure hese iodrandyihe pasticle spgayer 46 sepowtisls ¢ ube

95 by neansy @E 1P bR HBboott $41ad HPlaideat@lh fafard R lnk efthokiteRCHIAAGE &I C Wi th
stationary feed tube 95. In this manner, rotating shaft 94, first plate

90, and sdbgheh ¥ arasgemenisthe atiele spryveratoaneesives duidieed aheasiye paticles Bon
stationar ynd f&izingted 32: 1o £ Garla8bAbE A e%%ﬁﬁ?e%ﬂ aQ/iﬁ{}quEr febllek Ei)ﬁibél)ée@[?b’

sui tabl e power neans, such as an air notor (not ustrat ed). Feed tube 95
5 i nclOudesplycgloéthedBudizig bed $2t TheMibraaryolisedep secbanacied e frgd dbmasive partigiéset 96 of

the feed t Rlet b to abrasive particle/air m xture hose 64, and
P't*a he’imlet b P#g FEBESs. ;
t he particl e%seglr§§/e§°4 E:l sgﬁgsunt ed on the top 40 of particle booth 34 as

expl ai ned wi t hIn egaatebnt the rdtatingrrhafti P rlriver sofds @ cabise plhtas Suiartd Hrto setatangenent ,
the parti ghie, SIS ife S0ehN0S: Rlithdliand abiasive PR 81 63 gy the
AN aria ., a Vi

fluidizing be a I'on © I’S "enbodi nen ratory Teeder
can be usadslpogitich@d phraggh lafle 9han detanddplae 0y stehdh&i2he dHvasivel grnadtierentd ¢leder i s

connest o0 b SFRA MRS ReB 545 55, TR obhfutPofiefad! yh iuiee 25 1
t o rot at e.of rbtativez pllne 39) ad pidliblei didpesSedmscigh lBxi0UPn 4 diegttion baneBBlyguachtlexi t from
outlet 97, Tube outlet 97 is positjoned._through hole 92_.in seco | ate 91
Quch' t hat "0 BRIt 4 seicn DErdoan T whe RS SR REreEuR e & Pel P
oo SR T et 5 it et o
general I'y aaa?@fq**afd-'__wtg B pPaE BPDIFTENS HrFBet I el O@refTed The
part izl es duRlriaAbl nanfcd Bravee 46U niphads a Rinks EPB-2000, commercially available

from Binks Manufacturing Company (San{és), of Franklin Park, IL, and the abrasive
particles are fed to the particle sprayer by a vibratory pre-feeder commercialiy available as
“Type 151” from Cleveland Vibratory Company, Cleveland. OH. The plates 90, 91 of the
particle sprayer are preferably driven at 6,000 to 9000 RPM, however slower and faster
25 speeds are within the scope of the present invention. The abrasive particle feed rate, type
of particle feeder, or rotational speed of the plates may be selected to provide the desired
abrasive particle spray pattern, desired abrasive particle add-on weight, or desired degree

of penetration into open cell foam foraminous substrate 100 of the abrasive particles.
What is common to the preferred embodiments described herein is that the particle
30 sprayer inciudes means to change the direction of flow of particles 102 exiting the sprayer

from perpendicular to the foraminous substrate 100, to a direction approaching, or
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" deposits, preferably by settling due to gravity-onto the surface of

foram nous substrate 100 as explained with regard to the enbodi ment{sy Fgg 7004
descri bed above. In one preferred 20 enbodi nent, particle sprayer 46

" conprises- a Binks EPB-2000, comercially avallable from Bi nks

Manuf acturi ng Conpany (Sanes), of Franklin Park, IL, and the abrasive
particles are fed to the particle sprayer by a vibratory pre-feeder

comrer ci alexyeedingj & pkine pamllel’ thyfoeankfckis subsaeCl DY e$ whddiNchsr3tL¢ MedcABRANY
Cl evel and, . he plates 90, 91 of the particle spré}}(er are preferably

driven at gt ff"z:?egedbe RIS/ MRSy Swr P=- dbraeyib 8t &F pegicle,yuaper 46 wi t hin

the scope Tierchfi&, the §mePhrticlRY @03 hRMrabl8isFddicaifloVEcIBRT 8l paltftids8R the' ot tYPE
of particle feeder, or rotational speed of the plates may be selected to

provi de t R &@§|PF1€'G|35 &wﬁasﬁlvérosathw pé ontgribaopsatcelb faam aamipers substeatd ve
article e [ cel |
Foam Por ars o e WA tikes, O R, | TCORRE prefindd BibdafiR B RG aRER 001 o
the pref em@lmbdenbm@lmml:;fdeslwpmesmiheleno iopert brdt fomtmefo pramitous| sebst@@ sprayer
i ncl udes h L,rec n.of fl.pw 0 |ting the
%8 n?ra r?ypg% dg'%?elaIer tgct ?1 lIhF WotDh of R aﬁ)r SPea %.I’lé glfggxa:ll'i c?oe? thf’ 9

sprayer froi oram nous su to a rection
appr oachi mggmemtum Inipdrted U?Eﬁeaﬁﬂrbleesmaedmg !naopnleeupehq:aaom Itled mbmehtamam nous

substrate.100 d| rections reference.to ar ea
S oul ot ey Pt the s, BB s LRSI o SordlrebC af i fody of M 70r
t he flione partcles! @2 ihtiRedidtelf coefidrk \thelipapieles eadhért Qo aopeh cigtl fobmpfurirhiabes i n t he
booth 34. The particle the settle fro t\%cloud ont o theﬁ) en. %ell f oam

f or ami nous“&YfBSt '?OQt ng’t "taH%“S f¥n rame © §ieaVT PERERIS©

pt ef er r ed parieRgil 0B Hio Bfe ﬁ)ﬁﬂuddﬁyeﬁﬁstri{t@ 100TRtdRgiekd . theABENedpBhiiub phafRteth e
particles adhere t o, open cell foamforam nous substrate 100, 8raV|ty has a

greater efPdSPRigyration may boselested: ysh it s davipurd momestun, MRpatisdd

nonent um ipgRRles 942 tag tﬁ@@prw tak Gl |ﬁ Ha0d ﬁ)ﬁ?éate?f@ffeétrbnstﬁ%o@@mo&”@@ p&Higes t he
nonentum i nparted- particle sprayer 46 will have little or no effect

on tHé rrotlmaﬁd@telbttrﬁéor:'c@epfaﬂﬂeé|aélseremzh¢ ‘Pﬁ%GP[bf‘)@f“foﬁ'@?‘@ﬁ‘é substratgar ti cl es
adhere to openyggll er;ﬁmmn%rmmuswmﬁgﬁgﬁécr?&ind@% 4l An@EheHe ARRL iggat i ons,

for exanpl e where greater penetration abrasive 'particles 102 into the
f or ani nouglirsginsttheiesv pDpariidesddiendiag therpartiptrspeayaptfais sheudelippawelt 2k ef  and

conf i gur atge ébt&a%ﬁzbgre?e‘? ¢ LR 1546 %f‘ﬂ‘x& c{eﬁﬁc (SIONVRY Qe @W%}LWM TP@et €d to

t he partlc € sprayer ave a greater effect on the
mot i on of p@ﬁ@lepenfuyecllw be Faiigartcd pbtail the bdshiogde radirectioar ofi Bdwsofaatitesive to t he

|1 f ¥ h
OpeN 75 8&@@&18&@%9@%& &»ﬁgpﬁi SoBhE: Wi l‘i QS" 2SRRI RN Sinfl 6% Be' ARG ¢

respect t the neans
48, the abrasive particles exiting the particle sprayer 46 will travel generally parallel to the

longitudinal axis of the spraver, which is dgenera]ly perpendicular to the foraminous
substrate 100. Generally, the closer the wall 51 and bottom 50 of the defiector are to the
exit 47, the greater the change in direction of motion of particles 102 from perpendicular

25 to the open cell foam foraminous substrate 100 will be. Moving the wall 51 and bottom
50 of the deflector further from the exit 47 will reduce the amount the direction of motion
of the particles is varied from perpendicular to the foraminous substrate 100. In the
embodiment described with respect to FIG. 6, the structure for directing the flow of
abrasive particles is the rotating plates 90, 91.

30 In some applications, it may be desirable to place hard inserts, such as ceramic

inserts, into those components of the apparatus 14 that are prone to wear under prolonged
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"directing the flow of particles 102 exiting the particle sprayer 46 is the
defl ector wal 151 of deflector 48. Preferably, the location of the 4gFfgB 2004
deflector 48 relative to the exit 47 of the particle sprayer nay be varied
"to obtain the desired redirection of flow of abrasive 20 particles 102
exiting the particle snrayer. It:wll he appreciated that w thout the
deflector ar r-_ - rr--- 48, the abrasive particles exiting the particle
sprayer 4@owi dflabtasize phrtiglen tragh Yhepairglohets. tThid Mey bd dusigatiie) dorexhmpléj m of t he
sprayer, ich.i.s generall erpendi cul ar  to e foram nous substrate 100.
Gener al | y\,m]et Plaét‘gFég@P’ert%et%a?‘fn"g’i“ﬂ?fdslgmﬁf‘qm cgpr f‘ﬁe Sych mserpvodlde (o the

exit 47, tphfory Bausultllte of Bagecdnipollbite 6t Apparafil 1906 Qbulf nd¥dklekfdcy 102
from perpendi cul ar 25 to the open cell fogam foram nous substrate 100 w ||

be. Movi né bate aignificant efiger agdhe pariormance pf thaprMAtYect or further fromthe
exit 47 will r?&%ﬁéaﬁﬁli&ﬂ@r’t&?h if Breflibletts s O pafaliliPdf fARicleprdyBR 4BaR LI €l €s 1's
varied from gerpendl cular to the foram nous substrate 100. I'n the

enmbodi nensingleserayheath 4 WPrefesmbbe eachpfthe@artisle siraverst areof ikeecdnfigumdtionact i ng
the fl ow 635 | td cl ' | Ln sone
applicati gfr)\g‘,“aelplt;tq%%&ﬁ%@%letgl&rﬂg[gelrgﬁt&odg gf’g %rﬁlﬂgr ayﬁ’@e@fd 5&0%55‘2&1 %gg%lgr am c

i nserts, ibnoth. tThe pertcnypoayerst4s shbuldibe aamppgadat apattdmtthmtpravides prwomferho wear
under prol - 19 FE f .abrasive ticles thr h the
conponent g&ﬂﬁﬁﬁg ag’rgaf/'%gé’ eselgﬁg Itge,th%:‘q‘g%me")'a(bélfrﬁ}’bes,ymleﬂ%taﬁgLepgl?e[ni c(?ﬁgg%rﬁr ayer
46, tlhe vérhmimous rshistrate6passesdthtdugh dibé | bmothoB4.48ThiSuady beseecdrsplisbed dy pr ol ong

the useful life of certaip C onents, of aratu 4. but ul.d. not be
expect ed afr%"grlfég\/tgwg?uﬁl%?ﬁ%ﬁ S%Weé%?gc‘s‘h‘%ﬁﬁ“é eﬁ%‘r@&%‘r‘?ﬁﬁﬁ@%%t‘ﬂ&h par at us.
5" For sonmeheappmiedisisobisratel 100itRv@rsaitafoalt en bqualimentier pf spray panerfcapdt i cl e
sprayers 46 in a i ngle spray bogth 34. Preferably, each of the particle
eprayers BYeragh o B8 RGIHY SORLET At | ERGHEGET PRTICE s PIRYAL ASERRSEe T atre

di ffer Ient iltugpaisd ﬁhemaﬂidﬁilgz:irgl-‘ﬁb:m ayaethﬁmglgmbd TheseURacks iafe sﬁh&hzﬂ@l tep C\ifiaa@t h. The
particle sprayers shqul d. be arranged in.a ttern that proyides . a
Pt aSiy BME PR ol Tadh S DinS pat b BrE L0 moB ittt Gt aiahe 45 6heehat o 100
as the opeppaditle shags 46 modshtadrintRd!Gp A0 RS tHe BbOhBATHA ShdvH) OUG pdstiBIhgot h 34,
This may be acconpl 1 shed by arranq&g? the plurality of particle sprayers

46 such t Ky theflay rasesof el oA thegdwrality e spraiers 455 or tp wef dilerans soBlisuraumsst r at e

100 travepsSsrafely M6Ie otmhin Q0IredUXBRS pafens B MraPRl fLEdlS MAUSEshenR¥I€aCH Of
the particle sprayers 46. Exenplary particle sprayer arrangenents are
I

i 11 ust r at &S EREREP IcRPHT HOOF| 65 alsopeskiblsug sciiite theesipracpigubepartisle
schenBt i CstQRryddWsichieve a desired spray pattern as is known in the art, -

When using a plurality of particle spréyers 46, it 18 possible to use a like number of
particle coaters 22 as illustrated in FIG. 3, where each particle sprayer rec;ei‘ves abrasive
particles 102 for a respective fluidizing bed 52. In some applications, it is preferable to
feed a plurality of particle sprayers 46 from a single fluidizing bed 50. In one such

25 arrangement, a plurality of venturi tnjectors 56 are mounted on a single fluidizing bed. In
an alternate arrangement, a plurality of volumetric control auger feeders are mounted on
the side wall of a fluidizing bed to draw a desired rate of fluidized abrasive particle/air
mixture from the fluidizing bed 50. The operation and design of such feeders is well
known and need not be further discussed. Each auger feeder deposits the abrasive

30 particles into a venturi injector 56 as described above. Each venturi injector 56 is

connected to an abrasive particle/air mixture hose 64 for conveying the abrasive
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an

" 15 of the open cell foam forami nous substrate 100 passing under the s&ra
patterns 45 created by particle sprayers 46 nounted in the top 40 ar 3 £ blk2004
booth 34 (not shown). It is possible to vary the flow rates of each of the
"plurality of sprayers 46, or to use different configurations of sprayers
46 to obtain a desired coating pattern of abrasive particles 102 on open
cell foam foram nous substrate 100. It is also possible to oscillate or
reci pr ocatpartiidigaipaniiiucd @o a parficle pspayer si64fs tescabhi awerea trene goefopedy pSt 1P
11 is known i the art, \Wen usi a plurality.of rticle sprayers .46, it
s possi bl nbogiee the Az ed P Hafink gty b Russt Bpders oudd HetkoRin ed | n
FIG 3, whefitRe §p€ BorRmkicialy QviRbRE the ROWDERSDBOIVER W € ONTROL CINIT i for a
respective fluidizing bed 52. In sone_applications, it is preferable to
feed a pl UPem3 oy ok Tpel Wpeks Somapas §fK@'W‘?Rﬂlﬁ'amsilﬁélaEOﬁWIWIHﬁ%FmeBEd 50.

I'n ong SUGHe GremidhFHAREBIYer feldd?hdifeRl hidsiff pafGiMdsUfdm h DbIBMEeRiFeeabr &itRe MOUNT d
on a single fluidizi tr):llgebed In an alternate arrangement, a plurality of

vol unet ri dyporrofurereigifieravhidebiferas BRY nYATEBIAbLNFEERERs fige watquRae af
fluidizi ”gwhﬁél}r]ét& g/jaw a desired rate of fluidized abrasive particlelair
m xture fromthe fluidizing bed 50. The operation and desi gn of such
f eeders is wel Iit iskalewwithindha emge 06 thebprefenr inlventiodits cndslechddifimodl e f eeder
deposits the abrasi-yve 30 particles int vepturi injecter 5 - cri bed
above. | Each aR Gl delBIHL R AL Biefe VB ' e L Bk oRindEF ) L7
m xt ure hosibsttade ar witlo avaigh figree e achibava Sraseer p2@etrhBor-nB H@Q4ntpapdrtich of ai r
m xture to,a.particle.sprayer .46, as described above., I.n .one preferred
epbod rent® il 5P Sheh S hndl TrEte BraRl v peopei iR B iR <

unt ed t eoe03% alsng With tHe@atiRespReBRBIGIeadribyd sboak,| sbércin dige drhagdhdDER
DELI VERY CONTROL UNIT from Gena, an I%Iinois Tool rks Co a%é gé
| ndi anapol Ragtclq fprayers i, of) argnggds 1 sRravhige Opgheelhoag NERFHEFERE 10¢ ¢ he
auger f eedsfort Qrf ARe BO FaainuRup 30bsualeCpastds Ofder ¥prydiR UG C Shatededitigal t he
type comer ci al I(%/dtu?vai | abl e as DRY MATERI AL FEEDER from AccuRate o

Vihi t eliat ersPravprs qoulq alse becargnged 1 ¢ 7E°0E ARGl TR bRPBSRATere; VIR itBR to
i ncl ude adgidybQnA, JBAUEICAbR alfE AYBERrBR fthed Wbk O s FTRYRY aRDARMYE to
particles onto the open cell foamforam'nous 10 substrate 100 with enough

force to alempuhabrasheppriclepanfettheloraginqussebstraie belom Be SpaYers 4h sofs pgiée

foram nousy;suRssy @tpt R HdvabbisORy Pitehl GlnfevePbINRE Spiaads B6. Sirkl aded i n

the spray booth 34 along wthh the particle sprayers 46 descri bed above,

either in qolqéairgtﬁip:aﬁ@ms @ay be used to provide an open cell foam foramineus substrate
ine particle distribution at surfaces 104, 106 as described

20 100 having ‘the advantageou partic!

herein, along with particles in the center pottion of the foraminous substrate for a longer-

life abrasive article. )
In one preferred embodiment, the open cell foam foraminous substrate 100 has a
width from first edge 107 to second edge 108 of 61 c¢cm (24 inches) and is fed through
25 apparatus 14 at a foraminous substrate speed of from about 3 to 30 meters/minute (10 to
100 feet/minute), more preferably 16 meters/minute (52.5 feet/minute). The first adhesive
coater 20 is a double roll coater with the foraminous substrate 100 passing through the nip
formed by the two opposed rollers. The fine abrasive particles 102 are applied by eight
particle spravers 46 generally as described with respect to FIGS. 4 and 5, fed by eight
30 venturl injectors 56 mounted on a fluidizing bed 52. The spray pattern of the injectors is

generally as illustrated with respect to FIG. 7B. The parameters for the Gema particle
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"particle sprayers 46, or arranged to spray the open cell foam foran nous
substrate 100 before or after the foranmi nous substrate passes under! 9 FEB 200
_sprayers 46. Such additional 15 sprayers could also be arranged in a second
particle spray booth before or after the sprayers 22, 26, described above.
Preferably, the additional sprayers are arranged to deposit abrasive
particles onto the foram nous substrate before the sprayers 46, so as not
to di st urdoater delicsbadpabavherady deltoage duslizemy ay ipeadduesdnthamigh auled 5Byat tahe
sprayers 46, Such.a conhi,nati.on,of, spr.ayers. may be used t.o provigde. an open
ol 1 Foamesranehsir SRNCVN0? D82 (a Bt B Y al TuifOieeaudoR s

par L icle -vd?mﬁrsishuh'ﬁaﬁsuﬁofaiprté ame@al(ea?sn, (riliﬁefasblyﬂe@roidle@a (@rwico ,pfsia;l ong

with particleg in.the center rtion of the ram noys substrate for a

| onger - | iwniw i %"‘ﬁ‘i‘?‘; E‘I“bﬁ‘%‘ (OGha P;B‘F%‘F%PE g’&"‘éhi?dﬁ?%&ﬁg, KRa{@0 psidn cel |

f oam fsor argrérerdbly Frups b k1 33 HHAQo Rashoat 20/psiht M §ix0dBaling SreciRstdenal e aEBlieﬂeCOﬂd

edge 108 of 61 cn:aé]24 inches) and is fed through 25 apparatus 14 at a
f or ani nound Gsd e samrTBINSE asithMAkfFeak PrecUfer.30 neters/ mnute (10 to 100

feet/mnute), @ra‘fapl?[r%ftﬁé fiaky co%@pmrﬁfrsh{ fHe MinRer(Recribed ﬁ@i'unmh@ ll'érﬂ}:ncy-rhe

first adhesive “coafer 20 is a double roll- coater wth the foram nous
subst r at e fa0be prake cery Praswsergh nigiaterfirgondentraie andosetameratevs redysed elh thisl | er s.
The fine LA Yk QLIS 2 OF 1 Sib8PRL LAYl Hdhted RA thé nfak yers 46
general ly as ?iﬁl’escr"fb%_ea eV\%ut l:r_espec%qj tgtg Fllm&. 4 ak?aSI,e feclll;l %‘y el S%?QBO

vent Ui0i i mresgtsor, salle@ingothat abdasors parfidlesi 402z it §e reated 2ntoThed odhessd patiteer n of

t he inject ' i ]us: it T Th
o amot or SOpaE Sy REDRAnint Al bSFILAE Byl REREEE bR elcelisad i 0UC e
as fol | owsbraiveipditeclengn differdnnseps) ule sbradiveoprgiici¢sndrelesS Bikely ta bepibesadir e of

fromabout .13 to 104 kPa (2 to.1 Si ). prinar i r, introduced . into inlet
5 0f - verlrii et et gs B RutiPes b b R i S ARp P e s agh  "o7
to 414 kParécafot/abrisveppiriicle shegonfiamhe Anishddnirriciekl arde ibat the imdthddsbéhdat a
pressyre of from-0-.to about 623 kPa (90 i),.5 preferably fromO.to 138
e (8" o MRS O gt venons B2 sith apt i Bk e afag o6 h e s Tk oo e
in the sanbrasmepatickRs withéutralkenLmapaficRe Withiarthe BginapWhat sigeivbe unddta coat
precursor i.n the nner descri.bed. herein, the tendépc%b for t%ﬁ ke coat
1% b ageheset 19

precur sor "TEOROEPate BETEEnEENT Xidual, papticlesq s brely &l ® his
manner, tRkeagklakadtices sk dpasin@fantl NE eStoRb bitdariyafrémUhd Eautable/suemaassest Wit h
the make coat 10 prec allo the abrasjve partjcles 102 to be

[sor, i n 1
coat ed ontl %i??&‘“éﬂ'h.@?'g‘tf QOBStELﬁEOWM%b@SE’GrP%E@é afePasgiteg *r_'dﬁ? prgicle,
di st rmighut i19Be iBhedRAYY RGadiNg BEKEvE ORthePRRGUESHEAIDNE of the finished article.

Moreover, the particles are strongly adhered 10 the coatable surfaces of the openings of the

foraminous substrate to provide an abrasive article with a satisfactory work life.

Packaging

25 The abrasive articles are preferably packaged in a Class 100 envrionment

conforming to Fed. Std. 209 and Mil. Std. 1246C , Class 100 Particulate Cleanliness
Levels.

All packaging materials are certified (e.g., according to Mil. Std. 1246C) for use in

such facilities. First the articles are placed in a reduced pressure hood and decontaminated

30 by using a blast of ionized air. The articles are then packaged in an inner wrapping,

cleaned with another blast of ionized air, and then overpacked in an outer wrapping.
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abrasive particles in different steps, the abrasive particles are Iefa
likely to be "buried" wthin the make coat as is prone to happen in tv&B 2004
prior art nmethod of applying a nake coat precursor/abrasive particle
“slurry. In the finished articles nade by the nethods and 15 appar at uses of
the invention, the size coat provides a thin coating of resin over the fine
abrasive particles without burying the particles within the resin. Wen
observed under a mcroscope, for exanple, the individual particles are
observed to be anchored to the coatable surfaces of the openings and to
extend outEX@MBley from the coatable surfaces of the openings.: In this
construct iNgleriald he fine abrasive particles are positioned in the article 20
to be i medi ately abrasi veIP/ effective in the initial applications of the
fini shed &eancl e. Mrlessies polvumsthapmietipwted foame 2 eqlls pgr §m SxfheeteertipcYhe

coat akl e surfaces o L . h I’ﬁ,me'e{b j bstrate to provide an
abras?ve article m%‘ﬁﬁgﬁ t sflgcg?’c;?%/m\%\lb’mé’lq\idfe. %g%lggi ng 25 The abrasive
articles are preferably packaged in a C ass 100 envrionnment conformng to
Fed. Std. PAOBthand MpiopylSted. ghsldl 6GononGitiad s ethe) Paondel ulChtmicd dzomhpaniss
Levels. Al packagi 9, at %j&al s are certified (e.g., according to MI|. Std.
1246C) for use in suC Pa&Tities. First the articles are pl aced in a
reduced pressure hood and decontanmi nated 30 by using a blast of ionized

ai r. 10he @M iAckie®: apepilaen ghack agaedsméthyl agthérnierateyr Axppi Crggmicat | Gamgsay i t h
anot her bl ast of iopized aly, and then overpacked in an outer wapping. -21
19 FEB 2004 Exanpl e ous(ily &Y al s Foam pol yester pol yurethane reticul ated
foam 20 cells per cm (50 cells per inch), 5 9.52 mm (0.375-inch),

i1 bruck, pmes;, M ne:gmeMldcked MOERMIE dM@inated PPk e (PrapaiimerDORERINY |

et her, Lyondell Chem cal Conpany, Houstan, Texas 10 PM Acetate: propyl ene
gl ycol nononet hyl efHetovdesdrorperation: SBmEerdn$Tal Conpany, Houston, TX 15 BL-
16: qxi me- bl ocked i socyanate-term nated pol yurethane prepol yner, Cronpton

& Know es g0 por atd 9imeBiNEP [sHeyahdte-terminated polyurethane prepolymer, Crompton
| & Knowles Corporation, Stamford, CT
PACM-20:  bis(para-aminocyclohexyl)methane, an aliphatic amine curative, Air

- Products and Chemicals, Inc., Allentown, PA

20 - , ]
Fiber: " polyester staple 15 denier x 2", type 224, Hoechst Celanese, Salisbury, NC

Mineral A: . “P320” SWPL white alluminuiﬁ oxide, Treibacher, Villach, Austria

25 Mineral B:  “220 BM” white aluminum oxide, Graystar, Bluffion, SC

Mix 1: 62% BL16, 8% PACM20, 30% PM ether (percent liquid weight)

Mix 2: 14% BL16, 39% BL31, 7% PACM20, 40% PM acetate (percent liquid
30 wetght)

Mix 3: 50% BL31, 8% PACM?20, 42% PM acetate (percent liquid weight)
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"BL-3 1: - - oxime-blocked isocyanate-termn nated pol yurethane prepoly

Cronpton & Know es Corporation, Stanford, CT PACM 20: 1 9 FEB 1004
_bi s(para-am nocycl ohexyl ) net hane, an ali phati c amne curative, Ar
-Products and Chemicals, Inc., Allentown, PA 20 Fiber: .-polyester staple

15 denier x 2', type 224, Hoechst Cel anese, Salisbury, NC Mneral A .

" P320 SWPL whi te al um num oxi de, Trei bacher, Villach, Austria 25 M neral
B: "220 Bl\HhamhhS}ﬁkaTesm num oxi de, Grayst ar, Bluffton, SC Mx 1. 62% BL16,
8% PACM20, 30% ther ent X 2: 14% BL16 39% BL31,
7% PACM20, 40% Biegel ?*&R 'céfﬁ% u Eﬁefgﬁ'%’wﬁme"mwg* ecHYAEe31, 8%

PACMRO, 42{4dted ecab q:tr@eﬁtnﬂv&laaﬁ td Ipﬂ:laueﬂe y@i.gmta reséiied 8r FlRRsedBRApdRided al

Shake Test The Biaxial  Shake Test was used to determ ne the propensity of
t he abr asiWhen supigsted ©vigaroysgityions dnt0 ¢my dAcmomedimen fromAnabisive Raigleat e

resi dues qp He%ﬁ@cﬁ%?'pﬁw&?ht h%zﬁz?ble phan §|}k|12btecﬁ(ﬁﬂm‘i %f\dfﬂ?l.ﬁéﬁé@@*rbﬁ“ on.

10 cmx 10 cm speci nen from an abrasive article be tested was pl aced
in a seal sblusiopmasadded bk bucke8(ihe fplckst WmﬁEﬂld SSGﬂfmntts@)blatlabnom added

to the bu S L d f 1 X i on

pai nt cancds%ﬁ] ﬁer&?h&gﬁgebeWﬁ'n %{%hl oﬂ%dﬁl%c%aﬁ% b} ea?es a g?‘“’écfl @ed for 3
m nut es. mketmsld'ieetopmd ahdhée spgénadreannded hi 28p et aligpsot oEthe e dtionAiwa50 ni
Bi sor et e At FaRlie T EeanH RO RS OF TodeB Pl Comly CaRbFe 1 asic
The parti dIu&pcemmrm; diamp FL3 ahmple flasik. f mhsrrpa-nae ‘bunterolvasneet 10 perframt 4 21l

anal ysi s us a 100 .mcroneter o f| ce nmeasur ement o 2

i or ot er Ol PHIT B sl | BEforsid gt hbe o T e u e

det er m ned mttbmarartoao asietomdeteh pareapegctrhte@o:mhﬁnmeeémmﬁ uaemmedohtdal n

rel easeabl e rticl, er s are neter of the abrasive article. 15

El enent al “Rﬁga%?' i |@ﬁ§ﬁft Maﬂrcyg?rsswa@ pRinin JeipRsaatls PRRAIFlet BET MMAFods as
shown in th@edoThieibtREe GRRIE :

15
Elemental Analvsis

Elemental Analysis was performed by various methods as shown in the following

chart:
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"1 9 F E B 2004 { Sanpl e DigestionAnal yt eAnal ysi sRef erence Lithium
Bor at eASTM D4503 Fusi on Siliconinductively coupl edUSEPA 6010B pl asnel 9 #B8 3004
spectronmetry Al um num nductively coupl edUSEPA 60108 pl asna, nass
spectronmetry Oxygen BonmbASTM D808, USEPA 5050 Hal ogensl on

chr omat ogr aphy ASTM D4327 Sul phurl on chronat ographyASTM D4327 Schoni ger

Fl askASTM E442 Conbustion Fluorinelon sel ective el ectrodeASTM D3869-79 Wt

As hUSEPA 305%].9@&'5% Sogihhqmenduct I vel ¥ng@upl edUSHPA 6kOBLdal asa, nass
spectronetr | um noouctTveryr coupteddSEPA—6610 BSS
spect r omet ryL'Ei"E’HPf? uctively cloupl edUSEPA 6010B p|§%ﬁ45‘ﬁa
spectronetr MFUSiony o | ndur lvely coupl edUSEPA 60108 pllasm, mass spectronetry
Met al Scani[nducti vel y coufilieshUSERAnOGHLENB cplpdsima, nmeSdSEestIo@ et ny Dry
Schieffer Test A scuffing test wasplastemas spedtishetre |t he abrasive qualities
of abrasive articles on B inted et est
speci nens are prepared fr‘gbr%mf)o y(QH{lLﬂcwénw% %t ha Sﬁ% ﬁ@gts material 3.2
mm (1/ 8 I nc!f\\ + hi r\|/ - Dnr\ \I\'e! ! Bﬂl |p§ I"af’l asCsspe roaﬁ
Oxygen Bomb ST™ D808,
USEPA 5050
Halogens [on chromatography ASTM D4327
Sulphur Ion chromatography ASTM D4327
Schoniger Flask ASTM E442
Combustion
{ Fluorine Ion selective electrode ASTM D3869-79
Wet Ash USEPA 3050
Digestion
Sodium inductively coupled USEPA 6010B
- plasma, mass spectrometry
Potassium | inductively coupled USEPA 6010B
plasma, mass spectrometry
Lithium inductively coupled USEPA 6010B
plasma, mass spectrometry :
Silver inductively coupled USEPA 6010B
plasma, mass spectrometry
Metal Scan | inductively coupled USEPA 6Gi0B
plasma, mass spectrometry
Drv Schieffer Test

A scuffing test was used to simulate the abrasive qualities of abrasive articles on

typical automotive painted surfaces. The test specimens are prepared from poly(methyl)

methacrylate sheet material 3.2 mm (1/8 inch) thick, Rockwell Ball Hardness of 90-105,

available in 1.22 x 2.44 m (48 x 96-inch) sheets under the trade name ACRYLITE from

American Cyanamid, Wayne, NJ. Following the removal of the protective covering from
the top side of the acrvlic sheet, a double coat of PPG BLACK UNIVERSAL BASE
COAT paint (PPG Industries Inc., Automotive Finishes Division, Cleveland, OH) was

10

applied per the manufacturer's recommendations.

The black base coat was painted over

with three (3) double coats of PPG PAINT DAU-82, CLEAR (PPG Industries Inc.,
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“available in 1.22 x 2.44 m (48 x 96-inch) sheets under the trade nane
ACRYLI TE from Anerican Cyanam d, Wayne, NJ. Follow ng the renoval df9 fEB 200
protective covering from the top side of the acrylic sheet, a doubl e coat

" of PPG BLACK UNI VERSAL BASE COAT paint (PPG Industries Inc., Autonotive

Fi ni shes Division, Ceveland, OH) was 10 applied per the manufacturer's
recomendati ons. The bl ack base coat was painted over wth three (3.)

doubl e coatsorodtiveFeiktis ImviE)Ahl-BlEyelﬁdEQR)(pEPtBe InnaluSitiuree’s recvenmend2dont 9 FEB

2004 Automgtive Finishes Divi el an r the nuf acturer's

r ecomendd{ PEIRg abo tlf(gm"f‘r‘éesa oﬁ]tgsqéﬂ ﬁﬁ?"@g“ g qugghmf'f ﬂ@r{aﬁm\e B each
doubl e coabatedteesatdr® Allowkdao ak ARy &5t apPHORKinTatdMe 72 hadrk O\Weshinkier af 10.d1cyh f or
appr oxi rrately 72 hours. A nunber of 10.2 cm (4 inch) dianeter fest

speci mens {ehe) diametecoiest; FRecidisas avpre Balefrom; the coaled Sb%atewt*t 625 AksH 19 ze the

‘scr at ghi ngmﬁfmﬁ@&e%@#amg otUhd BfiRted S@acE UITHEIHE Sistie e idNbdRak 8dsg¥c 66C
(150F) in an oven, avoid Kgnany contact with the coated surface, for about

16 hours tbS0°FLin an evgneavoiinganyngontashivith dfse confed suefage, %@Pﬁfekéshw ® t hen
ready for fﬁ1§§édr9g, gm?cotaﬁ STHERS sﬁacﬂﬂéfﬁtw%?’e Aty r%ﬁgﬁﬂ%t?efsﬁr?g Abrasi on Machi ne
rom kFr rs

(avail abl e Zl er eC|S|on nmpany, Githersburg,” MD) fitted with a
spring clip reflaétestagvept emdudted @rec&deeffel@sbta‘s@n@mqhtreda\tadshle épeckazier on t he

Type 170) PRt onped, FREEADLASMDARAEH § SiEebt e bl W e’ ” 2
7 3?;2‘91‘;02? thd hmintalneser smasneaetont (her t]nnttﬁﬁOn:rmuhib uuridorvssmitlljlaxﬂcﬂ fastelrjlérileldngg)
t{; uppeikéérﬁm %\W‘gf Hﬁ)&lﬁ.@@n@ke@ 1?@3‘? g‘ﬂé{r tﬂe V\ﬁraf'he ev%(%ftl hat t he

rasi ve akd i:p;;leemhamblé.SF(ﬁcuaﬂa&tst &Hrcéaﬁas.vzslsgnbfrurcm teyoldiidrdsersed@.2 fermom each
ot her, not

t o whi ch test ed
pr evi ousl| )f gél}agﬁtei 155 rﬂ“( 3b’r”ﬁ%‘h5‘m8fz | e‘FStf}QWﬁ{g TPY'&Q a° & was
V\ﬁl ghled t prbé‘f&uﬂﬁﬁl@sffa tht Imecignaa faWegér) m]pwle ﬂiﬁ?l-ﬁlttﬁﬂ thi¢ abrakiee aﬁrcimgadclliopl L o)
the | ower turnt i nt surface facin
wei gi'h5 m§°b‘ﬁ%‘c§é’%§éeéﬁ'gtnkﬁéai“gv ﬂl‘%;aﬁ{e&i "BMnrash othhe ngky 8’2 ‘@En) "i.'”@§taé|‘° “ﬁ?‘:
abrasi on tsRRteds Hemghbdiabed 6rw:omtprteﬁaﬁ&d @2 cAO(4tingh) \dadin@dter pARREAY adrilicS hut of f.
The upper turntable was |lowered to contact the painted acrylic disc under

the full fceesgreighed to Mw%ﬂgwﬂ““raﬂ&wt(%ﬂé %mpwed m@%%%%&rp tatheer 500

revol uti Oﬂ%ertmﬁtdmth'tmﬂ\egﬁﬁatéd%hﬁ% fadihg up.NR 249 RS{1vab Jfelght &aé prapaged from
the upper turntable and scar ded dgthe pai nted acrgl i c disc was

removed f rogrhe laed platiesm ofithg ahrwnéesmnliﬂferaé@sm d9step is RYwPpekfoe Weldestngmoved
fromdghe prd PLEALBHE Y NGt SthelipdMadhBbile was lowered to contact the painted acrylic

disc under the full force of the load welgli-l', and the machine was started. After 500
revolutions, the machine was turned off, the abrasive article removed f::o_rn the upper
turntable and discarded, and the painted acrylic diéc was removed from the lower
tumtable. Any free dust or detritus was removed from the painted acrylic disc by wiping

25 with a dry paper towel and the disc weighed again (W(2)). The difference W(1) -W(2) is
reported to the nearest milligram as “cut”.

The test should not abrade the painted acrylic disc to the extent that any of the
underlying black paint is removed. In the event that the abrasion progressed through the
black layer, the test was repeated. In the event that the abrasion passes through the black

30 layer on the second attempt, new painted acrvlic discs should be prepared with additional

layers of the clear coating.
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25 with a dry paper towel and the disc weighed again (W?2)). The difference
WI) -W2) is reported to the nearest mlligramas "cut". The test hbbb a0k
. not abrade the painted acrylic disc to the extent that any of the
underlying black paint is renoved. In the event that the abrasion
progressed through the black layer, the test was repeated. In the event
that the abrasion passes through the black 30 | ayer on the second attenpt,
new pai nt eWehSahidffer Telitscs shoul d be prepared with additional |ayers of the

cl ear coati ng. t iaffer. Tes \ . ineffer Test
was conduct ed iﬂ‘éﬁ;’%@%‘fﬁ% g@ﬁﬁgﬁﬁo%@teﬁi1&%:8%511}%&@%}:’?&15%2 T%is(tc‘(‘a"ﬁ)lfi ons of
1) no pai nhe escept@pldfdylnd paiheasappliéd © e sdeyli2disi2 2P A5WY oickes wasr minipgn per
test; and 3) a water drjp was lied to the warkpiece durin he test at a
are of anBti S o vt iR e on e st g eSS Tele SabaHt bt  at o
Exanples AlroBperabébn@ Wer e prepared using an open-cell pol yurethane foam as
the 10 substrate. The conposition of Exanples A, B and C are shown in

Tabl e 1. The make coat precursor was applied via a two-roll coater.

Exanmpl e A pagnplddi£®B, ahd £€77C 2 minutes for the make coating and 3 minutes
for the size coating. Exanple B was cured at 189C, 4 mnutes for the nake
coating a ubsir@ieit es for the size coating. Exanple C was cured at 175C;

6 mnutes for t j ] Seafl C. ng.
bl o1 Roama PR By B ang e D0repidy deindelbiefie Rivirahand &8nCahg Y

gr al n¥) 24 suhsteptaai The/c@mppsidayr ofiByamples AnBgad fsr@shoivn 2y Tatile s/ The inakagoal ns/ 24
i n2gr ai ns/ j I / PInR) (g/ nm2) (PIJmm2) (g/ n2(g/ n2) AL17

(] AAA A\‘?'é‘fd-‘g’éh‘%%ﬁ%\am’ﬁ“%{ E%{’rk 84 (351,

Example A was cured at 177°C; 2 minutes for the make coating and 3 minutes for

the size coating. Example B was cured at 189°C; 4 minutes for the make coating and 10

minutes for the size coating. Example C was cured at 175°C; 6 minutes for the make

15 coating and 12 minutes for the size coating.
Table |
Foam Make-Mix | |Make-Mix 2 | Size-Mix | | Size-Mix 3 | Mineral A | Mineral B
grains/24 in’|grains/24 in’|grains/24 in? |grains/24 in’|grains/24 in’|grains/24 in*|grains/24 in’
Example | (g/m}) (g/m%) (&/m?) (g/m?) {g/m") @m?) | (gfmh
A 62{25%) | 44{18%) - T 64{268) .- R4 (351} - -
B 67 (280} -- 29412 - 26 (109 - 91 (380)
C 63 (272} 30 (123) - - 35(146) 72 (301) -
I Total Elemental Content
20 The total elemental content of Example C and comparative commercially available

hand pads was determined by a wet ash digestion followed by inductively coupled plasma

analysis, The results are shown in Table 2. Appropriate limits are shown in Table 3.
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‘ B67(280)--29(12!)--26(109)--91 (380) ©65(272)30(125)--- --35(146)72 (301)--
Total Elenmental Content 20 The total elenmental content of Exanple Ca@FB 2004
conparative conmercially available hand pads was determ ned by a .vet ash

" digestion followed by inductively coupled plasma analysis. The results are
shown in Table 2. Appropriate limts are shown in Table 3. 19 FEB 2004
Tabl e 2 Exanple C (ppm Conpar ative Conparative Exanple | (ppm Exanple 2
(ppm Sodi unB59631300 Pot assi unb3900TaNO2 Cal ci unk. 3Maj or 23800 Li t hi unx

122Not det er mret—Chi-orRre<4F1352300—Copper<—1-—422206—+6r4--81696830
Magnesi unD. 45716390 Ti t ani unD. 46146112Z&I‘SI]IP‘F%IIF"EGZG8155:@@}1lilﬂl’ﬂ§'§§)hoL us<0. 416820
TOTAL1743419932768 Tabl e/E3applefCaipped| Eppmpled dopmppnEstndled o)l pwabl e (ppm
Spdi und- 5050- 200 gafigdmPot assi uge- 3920- 100<5Q;@ Cal ci ung;ggﬁ@flggfaoo -
H 226?2‘8-23_0%8::5';2;Ras@sﬁ_ﬁﬂ'lum UT‘I‘ITE'GS_5U:)U J.uuxmsgb)o CoppeT0=2620- 36<560
Calcium 23 Major 23800
Lithiom <] 22 Not determined
Chlorine <47 135 2300
Copper <14 22 2006
Iron 4.8 1696 830
Magnesium 0.45 716 390
Titanium 0.46 1461 122
( Sulfur 26 268 1500
Phosphorus <0.4 i6 820
TOTAL 174 34199 32768
Table 3
Preferred (ppm) | Good (ppm) |Maximum Allowable (ppm)
Sodium - 0-50 50-200 <500 -
Potassium 0-20 20-100 <500
Calcium 0-20 20-100 <500 -
Lithium 0-20 20-50 <500 -
Chlorine 0-50 50-100 <300
Copper 0-20 20-50 <500
Iron 0-20 20-50 <500
( Magnesium 0-20 20-30 <500
Titanium 0-20 20-30 <500
Sutfur 0-20 20-30 <500
Phosphorus 0-20 20-50 <500
TOTAL 0-200 200-1000 <5000
5 Extractables

Extractable objectionable ionic materials were determined for Example B and for
commercial hand pads by a one hour deionized water soak followed by ion
chromatography. The test methods are described in ASTM D4327 and USEPA 300.1 with
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Magnesi unD- 2020- 50<500 Ti t ani unD-2020- 50<500 Sul f ur 0- 2020- 50<500

Phosphor us0- 2020- 50<500 TOTALO- 200200- 1000<5000 5 Extract abl es Extrdd} pEf #0k
obj ectionable ionic materials were determ ned for Exanple B and for
commer ci al hand pads by a one hour deionized water soak followed by ion
chromat ography. The test nethods are described in ASTM D4327 and USEPA
300.1 with -27 1 9 FEB 2004 the nodification that suppression is

el ect r ol ytthe modification thansupipesssicalis elftievlytestathes than echemliraln The résahd ared4 f or

sel ect ed api ons .an tiqns jn.part er billion,.Acceptabl dgmts are
shown i n FvRTible & 8cis05ed iR ot il Prpars BBy 6Bt P ks g o 1
(ppb) Fl ughoweinQdbiwrs.de7. 211 Nitrite0.62.3 Bromde Ntrate6.77.1
Phosphat e*2. 7 Sul fatel. 6150 TOTAL16.1173.1 QatonsExanple B

(ppb) Conmpar ati ve Exanpl e |

(ppb) Li0.430.5 Na96270 Ammoni uni. 714 K2.11300

My* 62 5Ca264700 Table 4
Anions Example B (ppb) Comparative Example 1 (ppb)
Fluoride * *
Chiloride 7.2 11
Nitrite 0.6 23
Bromide * *
Nitrate 6.7 7.1
Phosphate * 2.7
Sulfate 1.6 150
TOTAL 16.1 173.1
Cafions Example B (ppb) Comparative Example [ (ppb)
Li 0.43 0.5
Na . 26 270
Ammonium 1.7 14
K 2.1 1300
Mg « - 62~
Ca 26 4700 -
TQTAL [26.23 _ 6346.5

* means “not detected”
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' TOTAL126.236346.5 *

nean

s "not detected"

1 9 FEB 2004 Table 5

RangesPreferred (ppb) Good (ppb) Must be (ppb) Anions

Sul f at e0-2. 02. 0-10. 0<10. 0 TOTALO-20. 020. 0-40.0<50.0 Cations

Li 0- 0. 50. 5-1. 0<5. 0 NaO-5050- 100<150 Ammoni unD- 1. 01. 0-5. 0<10.0

19 FEB 7004

Fl uori de0-1.01.0-2.0<3.0 Chloride0-5.05.0-10.0<10.0 Nitrite0-1.01.0-2.0<3.0
Brom de0-1.01.0-2.0<3.0 Nitrate0-5.05.0-10.0<10. 0 Phosphat e0-1. 01. 0-2.0<3.0

KO- 10. 010. 0- 30. 0<50. 0 MyO-1. 01. 0-5. OFdkle ® CaO-10. 010. 0-30. 0<50.0

e val ues

gredter than

TOTALO- 150- —150-250<300 :
Schieffer tlest Wahgss was| cBredhateddppb)f qr  5690¢ (apbes ;Ethmﬁtb®@mbbf 4,54 kg
(10 pounds)i. Thgumﬁﬁults ar e Ehgwn I n Table£6, 5Imherein accept abl
0T v am Hn megs ot o) r o Udktes e b SAT8D thad 010830 am tabl e 6
Exanpl eCut |(g) @dogide ati e Ex@8rpde 10./078 Cdnigel ati vie Exanpd.@ 20. (039
Exanpl e A0. 1159 Njyite 0-1.0 1.0-2.0 <3.0
Bromide 0-1.0 1.0-2.0 <3.0
Nitrate 0-5.0 5.0-10.0 <10.0
Phosphate 0-1.0 1.0-2.0 <3.0
Sulfate 0-2.0 2.0-10.0 <10.0
TOTAL 0-20.0 20.0-40.0 <50.0
( Cations
Li 0-0.5 (.5-1.0 <5.0
Na 0-50 50-100 <150
Ammonium 0-1.0 1.0-5.0 <10.0
K 0-10.0 10.0-30.0 <50.0
Mg 0-1.0 1.0-5.0 <10.0
Ca 0-10.0 10.0-30.0 <50.0
TOTAL 0-150 150-250 <300

Exampl'e A was evaluated for cut by the Dry Schieffer test which was conducted

for 500 cycies with a load of 4,54 kg (10 'ppunds). The results are shown in Table 6,

5 wherein acceptable values are greater than or equal to 0.04 gram, preferred values are

greater than 0.1 gram, and more preferred values are greater than 0.125 gram.

10

Table 6
Example Cut{g)
Comparative Example 1 0.078
Comparative Example 2 0.039
Example A 0.159
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'10 -29 19 FEB 2004 Exanple B was eval uated for cut by the Wt Schaeffer

test which was conducted with a water drip for 2500 cycles on an adryFEg2004
wor kpi ece under a |load of 4.54 kg (10 pounds), wherein acceptabl e val ues
must be greater than 2.9 granms, preferred values are greater than 3.2
grans, and nore preferred values are greater than 3.6 grans. The test 5
results are shown in Table 7. Table 7 Exanpl eCut (g) Conparative Exanple
13. 6 Conpar ati\EexaIEnlarﬁ)Lms 2l iatddxfanmpiteyBBe WeESanpllier tést whicheval ecoateded or its

P onr e, arvattOn B 5 f PR leh 3 3 R S RS Fideradoad, & 3ol B Liam S00

106 parti cﬂoeﬁdsmavhesﬂuaé@pﬂmtee/raluei hRstibecdredtératan 210 @anss pRdrvedenlukd@rex 106
and 200 x 106 particles per uargcﬂr’ﬂc,?tez@)‘E and nore preferred is 0 to 100 x
106 parti GFeergmn 34 &g, fpt & %ﬁ’ﬁlé’é%fi’ttf‘@ £8/5RMY nilhg feghns)
Conparsat i &k agRhewiih2adle 7.Corrpar ative Exanple 21076 _ Exanple A136 15
Conpar ati ve- Exanpl e | Conparative Exanple i is a commercially-available
nonwoven abra5| ve surface conditioning material having the trade

desi gnation '

M nnesota M nin
Exanpl e 2 Conpg
abr asi ve gener3

| pur E@wamuwﬁ@rmlfal

scourlng pad éﬁhllable ag

" SCOTCH BRI TE #

96" T impidafinesahdidd ni ng

25 and Manf act uri ng

SCOTCH- BRI TE 7447+ Genefﬁhe?Pur pose Hand Pad" available from

Corrpar ative
gnwoven

Conpany. St.

Pagl , M\ 30

Exampie B

Example A was evaluated for its propensity to produce free particles by the Biaxial
10 Shake Test. The results are shown in Table 8, wherein acceptable values are less than 500
x 10 particles per square meter, the preferred range is between 100 x 10°® and 200 x 10°

particles per squﬁre meter, and more preferred is 0 to 100 x 10° particles per square meter.

Table 8

Particles/m” (millions)
1213 -
1076
136

Example

" - Comparative Example 1

Comparative Example 2

Example A :
15 -

Comparative Example |

Comparative Example 1 is a commercially-available nonwoven abrasive surface
conditioning material having the trade designation “SCOTCH-BRITE 7447+ General
Purpose Hand Pad” available from Minnesota Mining and Manufacturing Company,

20 St. Paul, MN.

Comparative Example 2
Comparative Example 2 is a commercially available nonwoven abrasive general purpose
commercial scouring pad available as “SCOTCH-BRITE #96” from Minnesota Mining

25 and Manufacturing Company, 5t. Paul, MN.



=30 1 9 FEB 2004 Cains 1. A flexible abrasive article conprising abrasive
particles substantially uniformy distributed within and adhered to @PEB 7004
open cell foamwi th at | east one binder 5 wherein the abrasive article
conprises | ess than 300 ppb collectively of extractable Ilithium sodium
ammoni um pot assi um nmagnesi um and cal ci um cati ons ASTM D4327 and USE PA
300.1 with electrolytic, rather than chem cal, suppression, and | ess than
500 x 106 rel easable particles per £imumse neter as neasured by a Biaxi al
Shake Test described in the application. 10 2. The abrasive article of
claim1l wherein the abrasive article conprises less than 250 ppb

extract abl e catli on paflekibleegbralve Bhelalomptisisg asbrdsok epaficled aubssantialiind 2

wherein the.abrasjve ariicle 5 conprises |es han 150 b extractabl e
att on partifamig dskodah wibi a BeRgR fe. b Se AR Ml ay B oh e’
abrasisve agHerdih @he QBREIVS QFticld REMphiftanNestOfa 300 GpBPb Il RAS 8ARKRadddId | Cl €S
per square neter. 20 5 The abrasive article of clains 1-4 wherein the

abrasive dithingy pdwRpMEeYUmcRashigh MAgDeskim.08d spiureratiaaeABTM P43Y7 ¢l es
' per squarggd TRECFA 360.1 With ARABRAY Srafed ihgh Enefict! @bPRssfon® atREEhEn SdtF

abrasive article conprises an “extractable cation content of |ess than
about 5006 Hpelegably partiples perrsaudre meter a3 measuct bylaBipaliShakehest dpssribede
abrasive gt.GhEn&GALNPr i ses an extractable cation content of I|ess than
about 1000 pﬁnbﬁéc% %Ee abrasive article of clainms 1-7 wherein the abrasive
arti dile conprises an 30 extractable cation content of |ess than about 200
ppm -31 J 1 9,FEB T I I | ai - jn the
rasive arti cI2'e coﬁgr)?%%swe e%lg% %%L“Eﬁ%ﬁ%ﬂ@ﬁ%ﬂg@f%@e (é)(}ngperg%f%gét abl e

fluoride, thin230ipgl exirdcrabtessatitor paviides, nitrate, phosphate and sul fate anion

particles.

3. The abrasive article of claims 1 and 2 wherein the abrasive article
15 comprises less than 150 ppb extractable cation particles.
4. _ The abrasive article of claims [-3 wherein the abrasive article compnises

less than 200 x 10° ppb releaseable particles per square meter.

(8]
(]

5. 7 The abrasive article of claims 1-4 wherein the abrasive article comprises

less than 100 x 10 ppb releaseable particles |t;er square meter.

6. The abrasive article of claims 1-5 wherein the abrasive article comprises an
extractable cation content of less than about 5000 ppm.
25
7. The abrasive article of claims 1-6 wherein the abrasive article comprises an

extractable cation content of less than about 1000 ppm.

8. The abrasive article of claims 1-7 wherein the abrasive article comprises an

30 extractable cation content of less than about 200 ppm.
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"5 10. The abrasive article of claim9 wherein the abrasive article
conprises less than 40 ppb extractable anion particles. 11. The abralass'FE/Eamm
varticle of clains 9 and 10 wherein the abrasive article conprises |less
than 40 ppb extractable anion particles. 10 12. The abrasive article of
clainms 1-11 wherein the abrasive article conprises a wet cut of greater
than about 2.9 grans. 13. The abrasive article of clains 1-12 wherein the
abrasive articl% corpeiabmsive artitte afetlaicutl-divhgredatherabtdan aaddeltordprbegr ans.
14. The abrasjve articl f clai 1-13 erein the abrasive artjcle
conpri sesblé'igjg %‘? SgLpro?O%S&gﬁ@e% %T’ﬁrélﬁtaéﬁ oride, echigr ﬁs"."mezgjrﬁ“o“,de‘ RS,
abr asi ve aphlosghae anfl saifae frion pdriicles. wherei n t he abrasive article conprises a
dry cut of greater than about 0.04 gram 16. The abrasive article of clains
1- 15 wherein the abrasive article conprises a dry cut of greater that
about 0.1 grami025 ihe alRGvabriaRiof Ruaith tol WheReiR heCdvRislR ahick cHMRSHsEL sd he
abrasive article conprises a dry cut of greater that about 0. 125 gram
18. The athasiQRpbgviragiable gfiontpagiiGies. 1- 17 wherein the abrasive particles have
a 30 nedian particle dianeter of 10-100 mcroneters. -32 1 1 9 -FEB 200;
19. The abrasive article of clains 1-18 wherein the abrasive particles have
a nean particlld. di dhetabrasivk BUcl6®n¢lainsntasd s10 Ahereiih¢heabbrasves artiwld | cl e of
clains 1- ' . f mrises a 5 nean pore di ameter of
0.25to 6Wgﬁﬁé#ﬁiﬁgﬁ%ﬁg?k\/tfe;a%gblteiagf&g]pg@ggﬁai ms 1-20 wherein the open cell
f oam bbnprises reticulated foam to 22. A nethod of nmking the flexible
abrasive articl,g of I - ing .less  than 300. pph. collectively of
extractable |i t1 i umﬁégﬁdﬁﬁwﬁéﬁgﬁ%ﬁ%ﬁg lﬁ@t‘é%esr?'ﬁ%e a%%'d’ﬁéglcﬁﬁﬁm?ﬁ'aescaal cium
cations, awm chiedgrdatenthab@Bout 2|19QBamel easabl e particl es per square

13. The abrasive article of claims 1-12 wherein the abrasive article comprises a

15 wet cut of g}e-atef than about 3.2 grams.

14, . The abrastve article of claims [-13 wherein the abrasive article comprises a

wet cut of éreaier than about 3.6 grams.

20 15, ° The abrasive article of claims:1-14 wherein the abrasive article comprises a

dry cut of greater than about 0.04 gram. _

16.  The abrasive article of claims 1-15 wherein the abrasive article comprises a

dry cut of greater that about 0.1 gram.

25
17, The abrastve article of claims 1-16 wherein the abrasive article comprises a
dry cut of greater that about 0.125 gram.
18.  The abrasive article of claims 1-17 wherein the abrasive particles have a
30 median particle diameter of 10-100 micrometers.
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net er ‘as neasured by a Biaxial Shake Test, conprising the steps of.
providing an open cell foam substrate; 15 coating the open cell foamh3FEB 004
substrate with a make coating to forma coated substrate; coating the
coated substrate with abrasive particles to forma particle coated
substrate; curing the particle coated substrate; 20 coating the cured
particle coated substrate with a size coating to forma size- coated
substrate; curildg tTheabmsiveastctdoSelhigtsr lal & ywheeinvibe tabragivé particles adave a

Size-coated substrat.e to f a shaped abrasive article; post-cleaning the
shaped abr@W@"ﬁ:ﬁﬁg'ﬁT‘geﬁ%ﬁ{D@Wg geéi‘i red contaminants 25 so that the
abrasive article has | ess than 300 ppb collectively of extractable Iithium

sodi um ammoni y pQt assi um msﬁgnzsi um _and cal cjum catjqgns, and | ess than
500 x 106 rel é¥sablldeghipsve pusle 9é Flawgy kil e Whgedrtheepeqesld fRagycasuprisesst axi al

Shake sTestmedpbrodiahedt st 218 schaaned shaped abrasive article. 30 -33

21.  The abrasive article of claims 1-20 wherein the open cell foam comprises

reticulated foam.

10 22. A method of making the flexible abrasive article of claims 1-21 having less
than 300 ppb collectively of extractable lithium, sodium, ammonium, potassium,
magnesium, and calcium cations, and less than 500 x 10° releasable particles per square
meter as measured by a Biaxial Shake Test, comprising the steps of:

providing an open cell foam substrate;

15 * coating the open cell foam substrate with a make coating to form a coated

substrate;

coating the coated substrate with abrasive particles to form a particle coated
substrate;

.;:.l_iring the particle coated substrate; -

20 " coating the cured particle c.oa.t.éd substrate with a size coating te form a size-

coated substrate; L
curing the size-coated substrate; ) -
converting the cured, size-coated substrate to form a shaped abrasive article;
post-cleaning the shaped abrasive article to remove undesired contaminants

25 so that the abrasive article has less than 300 ppb collectively of extractable lithium,
sodium, arﬁmonjum, potassium, magnesium, and calcium cations, and less than 500 x 10°
releasable particles per square meter as measured by a Biaxial Shake Test; and

packaging the cleaned shaped abrasive article.
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