WO 01/ 287 S00/ 28289 FLEXI BLE ABRASI VE ARTI CLE REL ANCUNTS .
OF CCNTAN?#&E%%Q ackground This invention is related to §@SHE§®Q'§PtIC|eS
~particularly abrasive articles 5 especially suited for use in critical or
controlled environnments. An ever increasing nunber of industrial. operations

require isol at i%ﬁng Rgg,g P ANOAS gnﬁh ) cal
cont am nants. nvelg'lg'&e%y /ﬂi I ndustri al1 operat’l o%fﬁlsC may ‘Plgégui re

quarantine fromthe general environnment due to their toxic or infectious
nat ure. Such needs are generally met by the design, fabrication, and use of
so-called 10 "clean rooms" (al so knolBackgsounghi te roons”). Such facilities

have found W desieafiviiton B AR 9! AhaNe Hht5E hEARINGY Olbralol’ FBEs

where the presence ernal cont am nants such as® unwan artlc and
i ons n@st ebﬁecmllylsmte@ﬁ:r@maitmahsrmnubllakenvﬁmnmnmrpl e, crystal gr owth

ion inplantation met.al deposition, chln are typically_carried
in low pressure An, eyt ingre ??H%rﬂ}@? tra, ppgraLons fequi OIGB%'%/Q'PEHP‘FF\H‘& ean

room envi r oBfRitbas phpicad Wnd Themfeal 96nt§‘nﬁdaﬁﬁ tORREsel f f&ﬁ@%&mﬂm {ohs

becone soiled and Fhere fore require cleaning. Depending on the ture of
t he cont animat rmxreasmamwe fromithe ssnmy emerqngqmt doe to theiefoxie or mfectlous

genorate. paprrt.SuER e B beerally e Bl B0 HBiE TPURND. YR B sy hllea
envi r onoentclekn rédnsy” (alsb &novon asiwhitewoont)es thensel ves 20 may convey

unwant ed particles and/or jonic nmoieties into .the chanmper and/or clean
room There th$dch a‘a{m@ehﬁweoﬁouaﬂm videspegadisgrinthe aanyfaciye of segricandugtor

| f
cl ean roomdg{)i\gé{,r FHER 2 p éH@o%&p:{l%hféﬁnﬂntté &lc a§bﬂWaﬂte‘a ?ﬁpa rﬁ&?}oes

renove resi {or surfaces, m ze the rel ease
into the clnasshbeownimized.r Qpeeations auch as, rfommlp.le aorgstalr growfth,i ioniimplantation,
contam nants .t,0, t he reac& ¥c and/or th
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| nvention CHEalHeROsition: Afd stching ars rypi L eagrﬂ‘ﬁ?gﬂioﬁ? WF%’@@%“‘?’%%&@“

abrasi 8" @ rédtloRs tHap iR dpetatall i d@hIBbMUATIrsAREItE. 2aFEHowing!3a Tor # BitheDiHgE! |
and abrasive particles, wherein the abrasive article contains mni mal

amount of charabers dpgvat bbryéﬁrcea}e smla caménthereforg reguire slermingt sDepradingeen dhed
to clean a afﬁi-%éf&elféfuﬂt\éhﬂ?a‘ﬁ £ wg&%g Iy %Y egﬁsréa 3 :{éﬁJove %F[%Uf&hﬁgﬁfeld

physi cal em cal .cont am not - danage
surface. - ]:ontammants Such abras:ve operatlons by deﬁmtlon generate particulate matenals that -
may contaminate the clean room environment. Further, the abrasive articles themselves
20  may convey unwanted particles 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 eﬁicaciously 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
' N Summagg of the Inventlo . _
One embodlment of this’ ‘present invention provxdes a ﬂexxble abraswe artlcle'
comprising a foraminous 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 |

surface.



WD 01/ 28741 PCT/ USOQ 28289 Anot her enbodi ment of this invention provides a
net hod “of WeHM28M1a fl exi bl e abrasive article conprising tﬁET@Fg‘Bgszﬁ‘ :
Provi ding a foram nous substrate; Coating the foram nous substrate with a
make coating; 5 Coating the coated substrate with abrasive granul es;
Curing the granul e coated substrate, Coating the granul e coated cured |
substrate w th- aAspther eowodimgnt of thisrigventions provides 4 sgthedpef makiag a flexible
Converting the.cur | zer trate into useful shaped abrasive
article; 10“?‘8%‘?9 ﬁggﬂ%@ﬁ%&%&g%ﬁ%@ articles to renove potenti al

wor kpi ece cont anprsvidifig a ferachimasisabstrage;t he post-cl eaned abrasive articles.
"Fl exi bl e abrasive article" refers to an,tﬁbra ive article, which when

fol ded onto it sEonpting the feramingys subsjeate With 31pake.G08URE  t hat does result in
kni fe- edging of - idagiabiigthifed sdoaraRAi BorasivepARLIigUS substrate’ refers to
a porous, organic subStrate havi ng openi ngs efined by interconnecting
voi ds t hr oughout Caring ¢lesgranule ceated substrate; t he substrate. For exanpl e,

ei ther an open-ce]led foam substrate or lLofty, .fibrous, .nonwoven web or
fabric qualifi e?%gngathf’cﬁr%ﬂ‘#‘?ﬁﬂ?éeadts%?{ ?‘ﬁ’f&?%%{haﬂﬁ?g@ug%at precur sor "
refers to the cogumilhd f5d-Oskted syBRefeve material applied to the coatable
surfaces of the openings of the foram nous substrate to secure, abrasive

particl es ther et &onvestiRg theyawed, sizewpated substiate intauseRy shaped abragive artiflesr ¢ he
coat abl eysurfaces, qf e : f RV thahis:
har deni ?\% the ma 892%%1{}&& g%u%”sf%?‘?e gélcaé%ietzoe&(r:oat r@?"i“é@??‘?&m Ir"gef é‘?}{st%oaﬁﬁ’e
coat abl e reandous adhesive material applied to the coatable surfaces of

t he openings of the foram nous,substrat.e ov t he make coat. "Size coat”
st d

e
refers to the | ayarkagingthe ppstraleans ﬁl?fé?“'?ﬁ'é“’ieﬁat abl e surfaces of the

openi ngs of the kprapidabmsivt Bfidlat feféeromm iadivd Beidie) SvHidte wheg Folded tonto
precursor. "Cured" or "fully cured" nmeans a hardened pol ynerized curabl e

coat abl e redtself vath thejabeasimsr wisfaoe expased,cihat dogsapats in knifehedging, ef {hecgbrasivs ve
.particlgs cQ rt{sing any of the materials set forth herein and having

di stribdtio gpar’ti cle sizes wherein a highly preferred nedi an

particl e- di anet erForantihiaust sbStratet rrefess @6 4 @smous,Aoggahier substrateahdving epsthiage

defined by interconnecting voids throughout at least one surface of the substrate. For
example, either an open-celled foam substrate or lofty, fibrous, nonwoven web or fabric
qualifies as a foraminous substrate.

20 - “Make coat precursor” refers to the coatable resinous adhesive material applied to
the coatable surfaces of the openings of the foraminous substrate to secure abrasive
particles thereto. |

“Make coat” refers to the layer of cured resin over the coatable surfaces of the
openings of the foraminous substrate formed by hardening the make coat precursor.

25 . “Size coat precursor” refers to the coatable resinous adhesive material applied to
the coatable surfaces of the openings of the foraminous substrate over the make coat.

“Size coat” refers to the layer of cured resin over the coatable surfaces of the
openings of the foraminous substrate formed by hardening the size coat precursor.
“Cured” or “fully cured” means a hardened polymerized curable coatable resin.

30 “Fine abrasive particles” refers to abrasively effective particles comprising any of
the materials set forth herein and having distribution of particle sizes wherein a highly

preferred median particle diameter is about 60 microns or less. A spherical particle shape
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-2 WD 01/ 28741 PCT/ USOQ 28289 is assuned in referring to Lan
particl ﬁ%g%‘é 1er, based on standard test nethods avai I%ﬁlﬁswi@he'

determ nation of particle dianeters such as, for exanple, ANSI test nethod
B74. 18-1884. "Substantially uniform refers to the distribution of fine
abrasive particles in the 5 finished articles that are distribute | ong
coatabl e 1§lﬁs$‘%@smp’fef§rﬁég & ﬁ‘lieoﬁ‘Fg‘.a&rPa"%éﬁ fi’énﬁle?eé’. Qaseg Ot %ﬁ?‘é"g tist H@&g}%s
defined by, tipbier o ithe AeRminRiisl ofiphRRIE dintbiirk isha las, afte | GARIpH, | ANSDftest he
resin and the particles, as may be visually observed by microscopic

exami nat i mathofl B74el8-H884f aces. In the finished article, themmjority of the

particles are 111 d alo t Rhe . coat abl. : F to be
abrasively ef f%@ggé]ﬁ' Tt umﬁ%i trat t°ag‘§| (ﬁ@a"ﬁ'%w éﬁﬁ%g&fai%giraﬁ f&g#el.ﬂq'?ﬁe o
abrasige fhished fficled tHabare distvibuted alongRpatable Butficedad thercsrourk andwalls hend

pads, endless belts, discs, densified or, cq res.se,(ii wheel s and.the, |1 ke.

d (
Addi t i onascajable susfases, defined by, interstices oy ¥aids svithout sigaificantiagg tipnfithe
articles h._as n s of : rdeghe f oam
Subst r at e AR PAARIET es ey B vRly Sl DAL opic GMnation drabf)
form wi t hsurfaced. t othe finishet attickenshe majagity of |the pagicirseqre rmositioned along ghe

or o dod_coRAhR B Gef of e PRPGHS oL eB e FeePhE BT Enity dnprBipCiethe? o

f oramgouggebstrate to forma first coating layer. A plurality of fine
abrasive particles are applied to the first coating_|ayer, and the nake
coat precur sor Thoabrasive MquSsbféhls Il@@é‘tmwG‘aﬂMRfQWﬂJGU%JPUWihG%PF% a -
si ze coat ECurSor:. kLA | ' a okl irticlegs and
he. 1 ot CRUSH BREE [sCEIRANEA B conipeBREN bfiCei Ul ik B UG oEl, PR dnicl
second cofitherifvéntipa msayabe laminated twothef articlel suctbasnsonmeovsay closddecell foamhe

coatabl e surfa of the, _.openi.ngs. of e . foram ng S r . ovi de
t he abr asPR& ?ﬁteffs’?:lf‘emvﬂ‘ﬁ%pé‘? £ ?F?ﬁ’%{i’gé‘ - '?’ea?rﬁ?lfseggi t(%)et (gwé%dr?glcae/s in
a subgs andiBlokat vith SRR prforatiénsaReraihong their contours. 25 The fine
abrasive particles are deposited onto the make cqat precursor, preferably

by depositing Im@e;mnamtioesafﬁher@reg@mgcﬁwl?ﬁaflémmwaéeb%W% ‘ﬁ@rme&lrﬁ"ﬁﬁ)us
substrat € itk Blovidhi®" Al ke E6R HlediPof comBbiady i horide 1hOf AFEAIEUT the

substrat e using position ne desc in US 5,863,305 Larger
abr asi ve faraminohe sybsirate to faymeafiest coatiag layer. nAlualitydif fingtabrasivgpartiplesfase abl y

applied to the make coat preqgursor Known th u . gr ating
or el ect rSERIEEitB 'E'Sﬁr?tnﬁ‘? ﬁggf%err’aﬁ'f@,&et REHER %{g‘gﬁgoﬁze o?ﬁtl%g rlgcagﬁes%?s are
ther n@@mﬁt phrfidily 6@l 2 DptiondlB), ¥ iztdaar et sor tBmpbsitienissapplied overthé abrativei ze
coat, en '

particles and the first coating layer to form a second coating layer. The first and second

coating layers are cured to affix the abrasive particles to the coatable-surfaces of the

openings of the foraminous substrate to provide the abrasive article wherein the particles
are affixed to the surfaces in a substantially uniform distribution along their contours.

25 The fine abrasive particles are deposited onto the make coat precursor, preferably
by depositing the particles first on oﬁe major surface of the foraminous substrate and then
over the second major surface of the foraminous substrate using the deposition method
described in U.S. 5,863,305. Larger abrasive particles, i.e., greater than 60 micron
diameter, are preferably applied to the make coat precursor by known methods such as

30  drop coating or electrostatic coating. Preferably, the make and size coat precursors are

thermosetting, coatable, polyurethane resins. Likewise, the optional size coat, when

applied to the article, is preferably applied over the at least partially cured make coat. The
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applied to the article, is preferably applied over the at |east partially
cured naREOBHI41 The -3 WD 01/28741 PCT/ US00/ 28289 make E&HUIPRRHE?sor and
size coat precursor are then fully cured to provide the flexible abrasive
articles of the invention, and the thus prepared:articles nmay be further
processed to provide hand pads, endless belts, discs, densified or_ .
conpr essed makeaiogt preguispeand gize coatrpreeyrsen argthest fllyccurpdiin Repyide; thg flexible

il lustrates NQWA Ml A flhr |

schemmt | carPeivE e E6FE 0 I Rty 4o RETHMENET TS i) B cfebfcboged,
a pref er r edo prniderigand|pads, hdiess ety discsd dersifiestt orabmpreasqureheslsy ad thelike.ng on
a fibrous nonwoven substrate. 10 Figure 5 illustrates a particle coater of
the invention. Figures 6 and 6a illustrate nore detail of the particle
coater gf Figure 5. Figure 7 ilphésetiptidEsf the Dibwvidgsat i ve enbodi nent of a
particle coater. Figures 8a, 8b, 8c, an | I Tustrate various multiple
particle coat er EigurgdgHustrates agkntoven ¢oating on 3 fihreusnonyoyen subssge. of a

phot ograph of a . kno f 1A S rti ' | s a copy of a
phot ogr aph of a%ﬂr*@%@%ﬁymﬁr{% rgl?e\s;teapg%t?t;rgq gé.’aqmgg'{%ﬁ%#éd Description of
the Invention TiRg@e3bllugraessprefdned costhgdappaheussupport material for the
abrasi ve particles nal%mbe 20 a fibrous substrate, such as ven, knitted,

or nonwoven f abriigurepillugsatesn prefermed coptingona fibipys penwenen; syBSUAR woven,
knittedqy or .non AR Sodtkf o the shver@sded, stitch- bonded,
spunbo(r:li ed, wet @%,glgpgﬁﬁﬁ%téﬁg%. o%ton?structvieons. Alternatively,

- thernopl astic, RigunesSsed 6a itpstrate morerdetagl of she partitle sosamofiKigyredns can be
used as the organic strate. | .he eyent t fo constructions are
used, open-cell %WF%@P?‘E%?%%QJ{%W;’W§F¥89WPE§E%P%%QE§°% Bferred. In one
enbodi ment, the mgaREIsE, §bI08T, aad Bdiilugut®Parious! Mhltiple pditicle -cdatee aAfrangement
nonwoven fabric, conprising a nonwoven web and fiber adhesive treatnent
(gener al | y 8RABWIESas " prebond" adhesive). The nonwoven web suitable for use

in the grticles i ' h&od akdie Car ded,
stitch- %onded, slg nrtl%cr?ﬁl gé{a i‘gg%‘épg?tg?% Bfr?%ﬁeggg&g@%%ﬁ?fg%ﬂh%‘éé\%l?ﬁbt ion. A
pref erred nonwo\Eigunedlo is a copeobppimtograph yf a prefarddoarmabrasivalarticdé.r - | ai d

nonwoven fabric described in U S. 2,958,593. The web nay be nade of any
suitabl e fiber such as nylon, polyester, and the |ike, capable of

W t hstanding the curing Detailed Description of the Invention

The organic substrate used as the support material for the abrasive particles may be

20 - a fibrous substrate, such as woven, knitted, or nonwoven fabric. For example, the fibrous
substrates include woven, knitted, or nonwoven fabrics such as air-laid, carded, stitch-
bonded, spunbonded, wet laid, or melt blown constructions. Alternatively, thermoplastic,

- thermosetting, or thermoplastic elastomeric foams can be used as the organic substrate. In
the event that foam constructions are used, open-celled or reticulated foam structures are

25  preferred.

" In one embodiment, the organic substrate is an open, lofty, three-dimensional

~ nonwoven fabric, comprising a nonwoven web and fiber adhesive treatment (generally
known as “prebond” adhesive). The nonwoven web suitable for use in the articles of the
invention may be made of an air-laid, carded, stitch-bonded, spunbonded, wet laid, or melt

30 blown construction. A preferred nonwoven web is the open, lofty, three-dimensional
air-laid nonwoven fabric described in U.S. 2,958,593. The web may be made of any

suitable fiber such as nylon, polyester, and the like, capable of withstanding the curing
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-4 WD 01/ 28741 PCT/USQ00/ 28289 tenperatures to which the adhesives are

heat ed WO®RU2RHet eri oration. Polyester fibers are pref BETUS00RI2BY 0 't hei r
conpatibility with suitable adhesives and their relatively |low npisture
absorption and therefore conmensurate | ow susceptibility to ionic

contam nation. The fibers of the web are preferably tensilized and crinped
but may akempebaties cowhichitbe adliesivasreret eated withpbub detetoration. rleyemerpﬁhuem such

as that de r|be in U S 2 50...,The. f.i.ber,s used | nu ture of
The monwopERerseh dns,dp JHET SopRETRY it dnitabls AtRetVes ‘i) e oA o
thereof. HynRt 'a’bs&?:‘él@ﬁs and © thérefopé 1 edmmeﬁkura@ tlows esugaéiﬁlbﬂft Re! viesicer
(e.g., polyethylene ereBht hal at e) nyl on poly hexarret hyl ene

adi pani de}:ontmuq@tmca ¢ bexstofithe webayspisfeye eensré'@P@M crimped byt may, #lsg
| |
ol ot S be A5l dménts S Tby an CRirtaiord BocBiChith s AR dotilled HOOS.

copol yrrera22a,l360$0 forth. Natural fi bers i ncl ude those of cotton, wool,

jute, and he ant consideration in the s t{an t fi ber

o that "1t doedh bersalsed ncihe SARIASEIEE O the IRTEVER WeBdnclidecorB apliipl and

mel ting OE yiit ticrﬁbe}semﬁ&di'éﬁlﬁfeothyrﬁﬁetﬁﬁﬁ&?’é e %ﬁe@ﬁc‘hfb@ tﬁdsb%ad%'lﬂ’
on

abr asi ve in fibers or waste

ng agent. The ber used v
fibe ][ s r epbhrestac(efgr md)gethnbne tQEGRMWQ)) Q)‘i‘?fp&g nncﬁy{#la&mntmgne 3dipasmide), |
e s MonBynimiSlerel, pofbrabAERs st (BRed Bolbtd hAlymEpSe sorplShichR) Fhyd, °2"

(e.g., a gélhfigaenacapatat belyomyhdénebehl)mdél@mijhe:hiorrdeneqmlmerb| wagyl chboridety of -

the fiber used y va wi del.y c‘g d| n pon. ge resul.ts desired.  Coarse

fibers ar ecnymr FaPOIRES O PTE (106G ipghide s of GBHon. SHas iy

j obs, whi Lg rgg fATn it r&nﬁﬂéﬁt:@rpﬁfﬂi%éléétﬁ)nf&'fthé fiber i3k ‘i’tscﬁieb’ﬁoﬁﬁ@h”' ng.

applicati ons err I'bers generally are those having a |i near density

f r om aboubr Hetompdss atewmprattues labog thelawn dhe orelting, o5 curing Jemperaige (96 theed

depen f or exanpl t 2 _ ed
abr as?é afligspyese 8ﬁ§ a}'\g agrgl"%%ﬁm%gtahg\rnﬂ1 .ﬁﬂé{ hﬁ%g%g? ang btte%rlgrlﬁtéég

i nvent i on ok S waste Iﬁbaist adclbiynddh efrormt lgaanm’t chetings, b eapet nmanyfectuning, b\fikehei r

respective |l engths, denier. and the Iike. Th on web nmay.be forned by
a commer cAnpEECIEng) o textile PIOGRRSINGE e@fl‘ge \A@l?cﬁb s mAeal gFo?n

Rando NBC@bH,% §idus ﬁU&C&deP(Eb po¥ite fiBé, Wchfasm&h: hél&&ﬁ)%rgﬁggeﬂ%-ﬁﬂﬁﬂéheadhl- ber .

| ength ordina |Iy shoul' d be naintai ned within about 1 cmto about 10 cm
However, wbtefitether types of conventional web formng

20 The fineness or linear density of the fiber used may vary widely, depending upon

the results desired. Coarse fibers are generally more conducive to making pads for rough -
- ‘scouring jobs, while finer fibers are more appropriate for less aggressive scouring
applications. Preferred fibers generally are those having a linear density from about 1 to
25 denier, although finer or coarser fibers may be used depending, for example, on the
25  application envisaged for the finished abrasive article. Those skilled in the art will
understand that the invention is not limited by the nature of the fibers employed or by their
- respective lengths, denier and the like.
The nonwoven web may be formed by a - commercially avallable-
RANDO-WEBBER device, such as obtained from Rando Machine Co., Macedon, NY.
30  With such processing equipment, fiber length ordinarily should be maintained within -
about 1.25 cm to about 10 cm. However, with other types of conventional web forming

equipment, fibers of different lengths, or combinations thereof also can be utilized to form
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equi pment . fi of different |lengths, or conbinations th can be
utilized ngflgﬁﬁ -5 WO 01/28741 PCT/ US00/ 28289 t he nonmvg{ﬁfRV\JflgB@i.ﬁ%]e

t hi ckness of the fibers is not particularly limted (apart from processing
considerations), as long as due regard is given to the resilience and

t oughness |timately desited jn the resulding web.: Wth the RA BER
equi prent , 'F‘F lS‘QPW°Y?ﬁ/Wﬁ%s ﬁes"h‘ﬁ"ﬁ?sé rqf)tﬁfl R nnog ppg%@ﬂg?lngggﬂf%g& 8};1
about 250 mireEQEmEolisidératibis),fdsHBAS adrBie Bpafd!is! given @ thenesilients/and toughneght .
However, in the interest of " obtaini ng a three dinensional structure with

maxi mum | ofultimeately desiredsin, the jresultingowieb o r Withethe (FANDS-WERBBER seqyinment; fper
anount of the,.fib ' el i crinping may
be unnecess c&nﬁﬁgéére?%%ﬁ?i%ﬁﬂéﬁrgaFéggﬁfgt?ﬁ?gﬁpgé@ﬁﬁ?ﬁﬂgﬁﬁﬁgt her to form
and ret & n a hi gihe fibesmay bt \curled, a¢rimped apd/on strdightf cHoweverglin the) inférest of
fibers may be used in the formof a web, a batt, or. a jow As ysed rejn,
2 hatts reene e fimeasoryl BCas vit monpun Gt id Fianess, S prtgablen;
an Opti onal yenBRNGEI S MbstdiaP aABIHOUE heAbas IbeCorhinpéd| B wil HeSap}fediedh!thar O

pronote fiber ing w n the nonwoven web, so that the article wl

have gr eat ecrimping mayubaiinnscessanyt whergthehfibers ir¢aslilytinteglaceewith ong apethentmformd
to the web, preferably,as a,lb senarat.e .tr.eat nen rior to or after the

abr asi ve pat -rg{a&aB}%lya%gé?égr@ﬁm@*gﬂg&lﬁaﬁ(?npﬁ&ewg?.i ber surfaces using the
make adfgesi ve. Atthe fib¥igmasnbevisedsinthe Ehranof a eb] 8 dattos Hpw.dAkaised bérein, a

abrasi ve conponents may be used to further, consolidate nonwoven webs. The
resi nous adfhat’ vefersdoaprplity of girlaid websar simjlar stactures., - | aj d web as a

| iquid. coating i.ng | ' Hpi Ol@é@ﬁq Y
har deni ng of thexgd%eg?%g%?g&?g%eﬂ hfea{;l%1 S‘@’B‘%ﬁ%ﬁgﬁ%‘? g ?ﬁ@?’e tyisbon ltﬂEeto
fibers of temud fiber bording otithin the nomeovennwebjado thanther artichd wilk havSgreatdsl e

adhesi ve materials .t ha be wsed in this regard a no and.incl ude

t hose des c?tf‘f%‘ﬂ'afﬁrﬂgg'.' NSX@‘S% ,@@%&W&P n}%lb[egiggaﬁ&g%?% L&?el ng?’sprggeé%ﬁ%gf dded
Wi thin e sepamtd resthiedt pAbr 1d16r BREVMRY Qbrasile, pdrficled hitcidhesioMybattaghidtetthet O
one another at their mutual contact points by an appropriate_ heat

treatnent ofibemsurfases usingethe make) adhesivenAdhesives known: aspbreband’ ggsinsy being
fiber. The &B'F? H&h ' %nﬁc ' that ,
upon cool i ng&ﬁ‘ﬁgf ne ggg%?rpon{es%%b% I}agef(*‘e{-égl):l[-tllLl [ 32%1[%% ere ‘ééﬁf‘%r %1 l;ﬂg%ds
at the nut tesinoaoathesivepisi appliedto tire fibedseofsthefairtlaiel web.as Ehiquid cdoating msing
melt bondabje fibers (such . as thpse cribed in U S 082,.72 i
nonwoven V\B{S"%"%‘mﬁ% smyl_“ﬁée‘%ﬂ’_@ﬂﬁi)gﬁlﬁ’g&d %K?"af‘ﬁémﬁgﬂg It%c%fﬁ\eﬁ‘?{e g%.g.a% %8%0 nd
resin, g Kk by tHel ohllithd FBkrs Bf tHaSvad tb-ond Rfother A GhdiPhutfdl dotadt SRiré.
mel t bondabl e fTbers, fhe selection and application of a prebond resin and
t he Suitable adhesive materials that may be used in this regard are known and include those
described in U.S. 2,958,593. . Where melt bondable fibers are included within the
construction of the nonwoven web, the fibers may be adhered to one another at their
mutual contact points by an appropriate heat treatment of the web to melt at least one of
25 the components of the fiber. The melted component performs the function of an adhesive
so that, upon cooling, the melted component will re-solidify and thereby form bonds at the
mutual contact points of the fibers of the web. The inclusion of melt bondable fibers (such
as those described in U.S. 5,082,720) in a nonwoven web may or may not be accompanied
by the application of a prebond resin, as known by those skilled in the art. The selection
30 and use of melt bondable fibers, the selection and application of a prebond resin and the

conditions required for bonding the fibers of a nonwoven to one another (e.g., by melt

bonding or by prebond resin) are typically within the skill of those practicing in the field.
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condi tigns ired for bonding the fibers of a nonwove ot her )
(e.qg., %y(ﬂéﬁw bondi ng or by prebond resin) are typi caﬁwpﬁ?ﬁyt he skill
of those practicing in the field. -6 WO 01/28741 PCTI US00128289 As

mentioned, the fibers are bonded together at their nutual contact points to

provi de an opep, |ow densjt | of t b, wher.e the i.nterstice et wee
fibers are | ef#s “?Bﬁg?egntd‘%ﬁb su?ff’il?q\ggﬁi 15?5"&55%% T I qpata BPIA'A‘%/& cal
appl i cat i nBside aCopa] Jow Aensity, dbfty eb Whetesthedinfpstivey derwdenafibere ary 1efc! €
preferabl’y 1s in the range of about 75%to about 95% 5 At .|ower vaid

vol unes, sabstantiallyanfilled by resithorsabsasiyes Jios typieal applicptions, theovpid, yolpeof the o
d t ] te. i ] f hag. | f
e vor o SpirtieAwonpgver Seksifd il iEfefanty B chPrae bE Bl 15 o adBO0R: [

to W t5hstgNnfbvieheroid Vo, aaticiwoveh cattisle thas al greaten demteney doirdoggum drictt i ons.
It is also contenpl ated that, t.he organic bstrat e co. i se.an, opened
tow of . Meduses sheaprasiva picand inders sitaning o the e by, fushing dhs v dobagie ™ -
f1exibl e jgh6a5ie @6 !Wed Snayl Mok idtquaT LR srefgOR ARARAAD RS inréssbnd,
for exanple, may be for mada by coating an opened ow of filanments with
adhesi ve dssdciated with wleahingds scxiringregeraiensabr asi ve: particles-on the tow.

The adhesive is.t bj e t 0., heat. f ' ':.
Tertralee Vo R A5 pottanBfatel watind Sianld SRR bm odiafie il RS
in a gel | yhatbntiOlyyardlletarrhQaad filameits s titicnevoven flexiblesatirastee articleplrithis .

called cells. 1f these cells are interconnected in_such a manner that gas
can pass ¢$mbodiment, a penwoves ahrastvgdad, fop exanyienmay lPeefoﬁ’EﬁgB}S&ﬂ@tE’glaI“é’c??"%

t t,. ol | s: ' € '
b pncept of L AL B Gt o et ki fon

i ndependen oamis terned closed- celled.
When t he tomwacThecadhedivoisaher sitijectédito heaf weatmeent tgrfuse: the abtasive pagiclesde theon of
cl osed 20.cells, rtthe f oam i. open-cel l ed foam The closed cell content
of a foartiAEILY aPﬁ?’a%&éﬁr‘%Sf%& s of an airflow manometet described in

ASTM pget hod  D3Pidgas! fhaS€ P S *elul@nyolymel bi fiaim Bndistibeted ih éntesticessarbasidsat e
havi ng open cells with coatable surfaces on at Ieas¢lﬂ one surface of the
subst r at ecatag cells. (I these gellsare ipjprsenngsted 4n such g mapperthatgas can pass oM one

Preferr ed@xﬂ@%&h&@ﬁ E}Ef%ﬁn@tigfé\‘@?@gﬁ%’:‘g@ég_egg%nﬁalzt?if%@é@lls BROGiBGERan@ e | NCh.

25 (ppi) ‘(hean poré dia : . Foam substrates havin
greater tgmnphaboof eachOd ipgépendens of thataefctbe tother ashis dhe feam 4y termed glasgdes. -

Such solid rf.aces . be t . ek ' ver,
such f oan?eélts‘}gs t‘gg‘?’é?%w\%tocfor@eﬁg gfl?% n %g&ngr?%g% f‘gtte?féhsag‘(r)kﬁ € tf%}é&aﬁn (bzg glP eg f oam
subst g@t ecdlide theOfdani is! ah fopeicalted feant.i OTheotloddie celb sontemndf at foamparayild es.:
Useful foam substrates include those made fro sxg,}ﬁeti& Rg %%r

‘measured by means of an airflow manometer described in / method D3574.

In general, any resilient and flexible foam substrate héving open cells with coatable

surfaces on at least one surface of the substrate may be used in the abrasive articles of this = = -
invention. Preferred foam substrates have between about 4 to about 100 pores per inch

25  (ppi) (mean pore diameter of 6 to 0.25 mm). Foam substrates having greater than about
100 ppi have surfaces that behave as solid surfaces. Such solid surfaces may 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 substrates include those made from synthetic polymer

30 materials, such as polyurethanes, foam rubbers, and silicones, and natural sponge

~ materials.



30 materials, such as pol yurethanes, foam rubbers, and silicones, and
natural <SWORYMkmterials. -7 WO 01! 28741 PCT/ US00/ 28289 THel/UBI0282ss of
the foam substrate is only limted by the desired end use of the flexible
abrasive article. Preferred-foam substrates have“a“thi ckness that ranges

from about | mmto about 50 mMm Preferred fQam materials include tho
that are of pol yEhs tickness; ofthe foam subsirate isy only dimytadely 3‘&4?5’6 &n HSbeéﬁ’,e
reticulate tLie-e oy kilEicdeld thdien%ﬂéél £

pr oduct flg}ﬁ_ |lFiat%ysg%d%gtreég?gégergééf?%?ﬂngﬂ%%&gﬁgha&gcr ease tﬁe prop nsi??/1
for cont andboat 1 aim toabdus SAesari bed in nore detail bel ow, an adhesive | ayer

Is formed fromthe_, a ication, to e foramnous,sybstrate, of r esi.aous
nmake coat pr ecur%&f‘"@ﬁ%?’%@@%? e a,‘£°5£8£n%m 8*?&?15/‘3?,%’&”%!‘% ﬁﬁv uniform
Precur sa  Ofore€ GiaA Chave SinNoptal iRl Eell RAudleS Sadh préf&%H FOImapebvidy afei Ve -
particles. Preferably, the adhesive layer is fornmed fromthe make coat
precursor uaeded peodiict dlexibality pans abrasive \parfonmancee and slgcrgpse thed prapensiy for
foram nous substrate at a coating weight which, when hardened, provides

t he necessaf q%é?’bn to strongly bond abrasive particles to the
substrate. Make A9dh deschitedzin aRAé detaiiCbelse] annBdhesivei lapal isy fdrmed Sfrémotheed
or foanmed prigr to agﬁéicatj.on to the foram nous substrate. Infthe f.i ni shed
articles ofPPlFRIgn{pdht faspminppssubgiateiof a resinous maksPraRrecuriqrias fEs esin gndy
resin r B | ] ; ' [ irkdH dndt he
resin. e néﬁc}g)g g% Eelazg%eﬁ%%a? %géchfsnbﬁ%i!g gﬁkg %%ngig%%@e ?‘?1&5 e |c%gl?€rf=%§(%}l dhd
particl es astrasivesparticles.t Breferablyctheradiiesive larer is fommedfremshe fake soaff pre¢ussor
substrate an o extend outwardly. fromthe outer,surfaces of the 20
coatable. s ML HBsE FoRmEsHFish AR bien Phfie ¢ e iifmiopd Jofigee o o
posi tioned gdutihf Svelghiti whieh, wierDRartieRgadprvidey tROhecehsaey ddinfsioncrol siongly Bond
initial applications of the finished article.  Mreover, the particles are
strongly adehsasive pasticles te thetsubsteate  Make egatomd;size ¢agt resursessmay, optionally be an

abrasivec argj gl ' [ - |

aui  abl D 1 obrofed of Fabned i 12 pig it WPUHE thisinonl \GbAE FilkRE BRREN a2
bi nder and ofthecinvgutione tien edlesivedayert proevidephahbin coating gfi eSiar anerythe abrasive

t hernmosetting,., resinous adhesives. The preferred adhesiye binder is that
conpri si ng B%T‘ﬁlﬁ"f’ e‘f’ﬂrﬁ]}é‘ﬁ’é ﬁﬂéfmﬁothel P§“‘Fﬁéx?"ﬁh“i the rfs_é'bgh%@, °Bf?5ver‘?i hin: (e
contri buti opi@bscopal fF daftipke, aRe ifdividhal Phrficles dr€TbBéved a6!RsinchsredUiot thel e
for use in the present invention include phenolic resins, am nopl ast

resins havi eeptghtn sunfaces ob therswhstiate eed ta ertpash ontwrdly Seom gsoyfer; aisfages of the

20 coatable surfaces. In this construction, the abrasive particles are positioned in the article

‘to be immediately abrasively effective in the initial applications of the finished article.
Moreover, the particles are strongly adhered to the coatable surfaces of the interstices to

- provide an abrasive article with a satisfactory work life. '
The make coat precursor suitable for use in the invention is a coatable, hardenable
25 adhesive binder and may comprise one or more thermoplastic or, preferably, thermosetting
resinous adhesives. The preferred adhesive binder is that comprising polyurethane 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,B-unsaturated carbonyl groups, epoxy resins,
30 ethylenically unsaturated resins, acrylated isocyanurate resins, urea-formaldehyde resins,
isocyanurate resins, acrylated urethane resins, acrylated epoxy resins, bismaleimide resins,

fluorene-modified epoxy resins, and combinations thereof Selection of such resins,
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30 ethylenically unsaturated resins, acrylated isocyanurate resins, .
ur ea- f oWRIPSMIde resins, isocyanurate resins, acrylat cRCT/USA0RERY  ési ns,
acryl ated epoxy resins, bi smal ei mi de resi ns, f 1 uor ene- modi fi ed epoxy
resins, and conbi nations thereof. Selection of such resi ns, -81i WO

01/ 28741 PCT/ USOQl 28289 however, should be made with great care to avoid
the intr ohgwevq;,nsb@p dihermade with greshsare te aveld ﬂz,edntraﬁwqﬁlamog updesiralle gmounts; i on-

of friabl %f (5ies Y 68 fr gﬁ ﬂ d}‘r bfeCcdan] eH&”tS r*)%ﬁlﬁteEiﬁtdesn'ed

Catalystsa or curlnga evmseadt eco tam nation
pot enti al paticilatesadCatalysts bndidercuangl agents | may Héqewiser addd¢o cthe Lentamindtionar e.

The make coat d- Wl | en 50 g/ n2.and. 170 g/ nP.
Epoxy res Pﬁ%e““%\f’g ﬂgﬁ%ﬂ?’ﬁh@dﬁ ?@yg’r?ﬂﬁa'lrhém&ﬂ’?? Sf&d“&ygﬂfﬁeTﬁF 658%i ng.
Such  gpoyhisid sFwilbtypitally B8 beRrens0 igfmti@arorghaf.ns and pol yneric epoxy
reins. These resins "y vary greatly in the nature of their backbones and

substituent gr E@pxy rgsins haye ap (oxiranewing aad-as polymezized by ghe Hag opgmiBg.nichal | v
ted

aroup 1 cere R NLFE binaRelc SO, eptlF dha PRlyBR ol FHEE B el

ring at r oy vaeyprRatly hﬂhe nkp¢ ofthsir bhckbonesandsubstitaént geouppt Bdrlezamplesthiet uent

groups incl ude hal og ester group et her groups, sulfonat Sogﬁjou S,

si | oxane &pekbgae mqy f'cP g#rwuwea?mﬁwﬁm%e Wit epox, tesins An

pr ef epped &@?gxh&s&i Mgy b@ahygﬁoup%re% &Iaa[aénééhy’arsmmquy}eaehwm%opane

(dlegC|d her of bisphenol a)] and 15 conmercially available materials
under -t he ob:rrauterldgsat goami mmeszaepmuygmxam&s ‘Hpgeptagle sabstituentabl e

f Shel | 3 Do
Chom car @UBrhaRde, fiflpatnec eagn Bpbps St ool Qulkhiie BbupS o8l GroubElt O
. fcgr mal dlehy,qieo gfwgk(aﬁd fpﬁoq’l}a@?&uﬂgl E;atlixlplﬁhdrflk%&wapmfdéagl époky aqesihdiriclude

eni ca es of e i ca a i.nder cur sors
i ncl ude ar%%bﬁ[%@@'emwxwﬂr’hﬂ“b’g ?ﬂ%é&sﬁ'&%i n?JFﬂ‘egﬁg aif
unsat yisat %Gm%%iat eg valbOldRRateridil hideP 'ﬁie"@ideydek‘igﬁﬁfdﬁr@@ﬁ ¥R NEPONS1004 and

ol i gonérs, acry I socyanurat e nonomers, acrylated urethane oligoners,

acryl at ed EROM 100D awailabler from §b¢1bﬁhemmhﬂ09nDE 133, DFR-332end JERVAGer s

b nder _pr axtibls SoR G’ CRAEURE Gherbibie Shoki (s5Q inade dEITLAGR! 5!
carbonyl qhenl Esralfdehgde|mvolac ofe. gorMN-ﬂﬂleamd DEN423| availablef firothdDow

described in U S. 4,903,440 and U. S. 5,23 6,472.
.Chemical Co. - _ -

20 Examples of ethylenically unsaturated binder precursors include aminoplast
monomer or oligomer having pendant alpha, beta unsaturated carbonyl  groups,
ethylenically unsaturated monomers or oligomers, acrylated isocyanurate monomers,
acrylated urethane oligomers, acrylated epoxy monomers or oligomers, ethylenically
unsaturated monomers or diluents, acrylate dispersions or mixtures thereof.

25 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.

The ethylenically unsaturated monomers or oligomers may be monofunctional,
difunctional, trifunctional or tetrafunctional or even higher functionality. The term

30 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
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The ethylenically unsaturated nonomers or oligonmers may be nonofunctional,
di functi ON@I0128%1 f uncti onal or tetrafunctional or even hi gh€F/US00/28289
functionality. The term 30 acrylate includes both acrylates and

met hacryl ates. Ethyl enically unsaturated binder precursors include both
nmononeric and pol yneric conpounds that contain atons of carbon, hydrogen
and oxygen,nittegenogtoms et bath age gengrally presenthin ethet (sies, urethape namide, and wga

01/ 28741 PCT, 0 ' '
ther st BFoORY; ShefitalpbliRiEfhatoifunls SRfRatt RaPR HAarRhaRATLE Iefh
- conmpounds phaet aibdbl W,000v andy ane| prefietably \esteghtmade fress thd reactishoof cémPoindsnd
are preferably _ estefs made fli.lomthe reacti of cryggaunds cont gi nin

-~ aliphatic B8 aliphaticmerohydroxy ERMRsiof ARG POREN Gy SIS AN unsatl?rated
- unsat ur a&f edaph 0 UeYds! Gudlf ' SecryliéC Beids nfé@ﬂa\éi-ylig a&a,ld it_aés%waemyldrgto?ﬁgﬂkfi?,

itaconic acid, Crotonic acid, i'socrotonic acid, maleic acid, an

~ Repr esent atisourotoniznptid,s maleieapidl and dhe |like. uRepreseriative ercamples of jethyilendeally

met hyl nethacrylate, ethyl nethacrylate, styren di,vi nyl henzene, dr oxy

ethyl acr yl'%flsé,%'ﬁ?gr W?oléfﬁy |‘n‘il1'é‘f%a'8?\3‘%t @Fﬁﬁwf%iy eﬁl?yépyyﬂe %@%Fat 2 ¢he

- hydroxy pr ofiinylGehrese] Wydidxy &ﬁr aunyldielt ydrogy Yetiflemethaeiyaty, hydroky Jtopyl
eLny

nmet hacryl ate, vinyl toluene, | ene gl ycol diacrylate, g&] yet hyl ene
gl ycol di acaoyylatee, hydrony | prapyl| methaceylste: nbydroxyat butyh e ermiats. o hydroxyr usyle

trieth [ et I |
1 acr i aneikalne eiichldie, chieRE dlvedt BARPRNC dobieARIHT o DUNERIER.
pent aer yt hréthylené eglycrdcdiniethaendatd, herarmediolt Hiactyddte, tmeéthylomd helypeo}| dinerylafe,her
t hyl eni cal | t t ed i i ncl.ud |1yl | yal [.yl, d 15
pol yiet hal | GimeIGPIonanG ofegdates  clvssel | iacrdeiss, Beserity] o tgpeyiate,
phthal ate, glintderythritofdi PidiethacARsteN, Neftadhyihtitalli RérdaglatSt idnd OpBtherdihiitslgen

cont ai ni ng conpounds _include ‘tris(2-acryloxyethyl)isocyanurat

13,5 Ui (oot enghylesicly sowhesicdamsasingids monealin) pelygivhrnde,
N-met hyfs f‘;@i&@%ﬁﬁylz% s-ddnﬁe&xﬁi‘ékf‘(g%gﬁs\sfgﬁc ¥l QYdnPYd g[&‘npgggﬁmgté‘“&la%an :

N-vi nyl = one. Socyanura I ves ’havi ng neé pe
~acryl ate gradipatenshd DNydiaiylaiipaieide.v a8till etheh antroggnadontabizing conpopadsdmeiude

acrylate group. are, fur r described_in LS . 4 652, 274. The preferyed
e oty anur ot kR b omaAnsals | b S - ey RS RpyspRsine, aciylamide,
~ i socyanur at gethfaciiahRe, N—ﬁ{éﬂﬁ}‘m&gﬁtﬁdgj AL NYdidiethyBiehRbrmide] Nuweyd¥rolidone,

term nated i soCyanate 25 extended pol yesters or polyethers. Exanples of
- commer ci al | yndNavinytpiperidone| at ed ur et hanes incl ude UVI THANE 782, avail able

from Mo on Cherqs%@dnuﬁ@gd%ﬁ\@gsogzving at least one pendant acrylate group and isocyanate

derivatives having at least one pendant acrylate group are further described in U.S.

ke.

4,652,274. The preferred isocyanurate material is a triacrylate of tristhydroxy ethyl)
isocyanurate.
Acrylated urethanes are diacrylate esters of hydroxy terminated isocyanate
25 extended polyesters or polyethers. Examples of commercially available acrylated
urethanes include UVITHANE 782, available from Morton Chemical, and CMD 6600,
CMD 8400, and CMD 8805, 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
30 3600, and CMD 3700, available from UCB Radcure Specialties.
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8409‘,0@@9 (I?IVD 8805, avail able from UCB Radcure Speciﬁ#ébﬁge@ryl_at ed .

epoxi es acryl ate esters of epoxy resins, such as | at e
esters of bisphenol A epoxy resin. Exanples of commerci al | y avail abl e
acryl ated epoxi es i ncI ude CMVD 3500 CvD 30 3600, and CVD 3700, avail able

et nyl oni cal |y EHEE o ey Bl usiralid et Sthenemcls o e cpinf LS ©

5, 667, 8425 gomisa2 and 6.23236/422. IIn sembinstaiteothessethileicalty bidatirated|dilents
unsaturated diluents are useful because they tend to be conpatible with

wat er . Ad%TPMFth'd?ecmsFéhq}'ste%@)Kt‘PrW“H’Gr"?ﬂﬂ’é‘eﬂ| spersions can be found in:
U S 5,378,252 |c?|9:e | se a
partially pol y%‘er?(z’ea dbﬁflﬁ nﬂ%'g]%%%?é rat e n%ﬁg%leﬂfiq?{ﬁﬁ%h%g’r’r% 52]
size pat preclrisoalso Fmthmnherrﬂcepe a:ﬂ thzsancmntm noruseea pastiallye pplymarabdy
pol ymeri Zﬁﬁ and | ncor %ed i nto.t ke caqat ?ére ursor .. The del%r ee of
parti al 3§1ﬁ’é‘F?l E\nii rﬁtﬁ m‘?i‘%’@ré’b CQF YE° GORYPIERISOF.o FOF TR1EP
partiall ya&ﬁheénﬁbh&ﬁdr 4l bk Spptirtial ﬁoryﬁﬁﬁ&w ah@dnwp@:ﬂﬁ:ﬂ e she) @lakiBastat an
excessively 10 hl'ﬁ@ Vi sc03| ty so that, the precursor is coatable materi al .
r

An exanpl preofrsern Therdegeeecof pagitd pelymena@trqvas}mgkl %WQUP@/ s Hhal ther fesylting s

| sooct yl %Ita&d t se a
conbi nat i @ﬁﬁé‘yag& meExz ybgegfcmn%rl zZe 'g%?%rg{’?é;htozsﬂaa? ﬁ(r%glt 1lé,gzlasstrlr‘tg)kn%rrer
wi t h Bnot kigh vidcbyityeso clait Ithe precagsor st mdoambie meaterdald/ An euampledﬁmalabrgtate
curable resin. 15 In the uf gcture .of ., han cl.ean room
appl i cati @ﬁ§°‘ﬁ§ﬁf‘?‘dﬂ% e Ua ' Polya e%%me%}sﬁ?%"t%‘a’{)@ﬂ?t&i it ‘ﬁ?g g“?m?%ﬁR% coat
Pr eCur sor of fig l%nﬁbﬁ%@ﬂie i eaxﬁmam wparﬁag%d%eﬁmram&h&almr&bﬁméd c
resins suc as resol e and novol ac resins escribed in” Kirk-Q hner

'Encycl| openiopomér @it ahother qtbwlnmsalbgynsawateu mopemer ¥5d/e5/a gomsigasationgwrable Ney
Yor k, Vol 17 pp. 384-399. Resole phenolic resins are nade with an

al kal i ne B8 at al yst and a nol ar excess of formal dehyde, typically having a
nol arjgati o ofIn fhermamdadydeoft lianldf‘pudslfobelaei\ﬂenleén @odm(hpphchtﬁn@:rﬂerﬁ)ione@\/O_AC

resins are pre ar d . under. Cld catal%'s‘iy d wt {atio. of . ._
f or mal dehRfyes iye materia %'I’ﬁ?ﬂ as the. °°ﬁt er%Wfé‘l‘ tl}eégﬁeg PXERhen % | i'n
the manuf agd tﬂémﬁ{saﬂuﬁg epheﬂélnct &@m@ BSE RS résOCRd ROVAIANERInES deRAbEREN .
about 0. 75%( y -wel ght) “and about 1.4% free fornal dehyde; bet ween about 6%

25. and aKukt()@m,r@e"y of Khewicay g%’%’@lagﬂsﬁvﬁfihktmewrﬂéﬁﬁ* mees 18ilng

about 240588 ot oLAl” 3308P*EhR2%5 e heolRFestBlork EREMIK AF aREHECT
r esi ngo sutdtalpste afidra unelar rexcéss pf eoandldehyde, typlcally having a molar ratio of
formaldehyde to phenol between 1.0:1.0 and 3.0:1.0. NOVOLAC resins are prepared
under acid catalysis and with a molar ratio of formaldehyde to phenol less than 1.0:1.0. A
~ typical resole resin useful in the manufacture of articles of the present invention contains
between about 0.75% (by-weight) and about 1.4% free formaldehyde; between about 6%
25 and about 8% free phenol; about 78% solids with the remainder being water. The pH of
' such a resin is about 8.5 and the viscosity is between about 2400 and about 2800
centipoise. Commercially available phenolic resins suitable for use in the present
invention include those known under the trade designations DUREZ and VARCUM,
available from Occidenfal Chemicals Corporation, N. Tonawonda, NY; RESINOX,
30  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,
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I nvention include those known under the trade designations DUREZ and
VARCUM  WOLH128Mle from Occi dental Chenicals Corporation, RETASHEARRda, Nv;
RESI NOX, 30 avail abl e from Monsanto Corporation; and AROFENE and AROTAP,
both available from Ashland Chenical Conpany; as well as the resole
precondensat e avail abl e under the trade _designation BBO77 from Neste
Resins, a [wage,0GaegdaNe Organiysakyant may. be pded; to; theyphenolig resip 351 needed or
PCTI USOQ 28 od Ontari o, Canada. Organic solvent may be added to the :
phenolic re T®%4s needed or desired. Preferred adhesive materials used in
the flexibl e abrpreferredaadhesive matéridihasadr msthetflexible abtasive articles ofilthe present
conprise pal yurethangs, such as those .avail ahle comercially from .5

& ohpt on & IRIRRoBSTETIRY SoRpRe BRTEHIAes SfchARtios AUAiapla P SIAY o
ADI PREN &é@g Rota ol Sider BeOPate<IRE nPADIFRENE e
as the Ebo%rb&l@%sse &%Elgocoatdmb?’ecur*s%spor itmrrayeb%gggiﬁﬁberent t han

t he make cdBLl®paretADIBRENERLIl.ze coat precursor nmay conprise any of the

af orenenti oned r.gsi nous o | uti nous adhgsi ves su a h | esins,
ur ea- f or mal dehyd'gﬁer e n‘é","‘E r"gfcé’ﬁﬁoﬁem?%g’len@fe XS Pﬁﬁﬁe raiig'?%??s&ﬁ%s%?/ 11}8 ael{ gé?lie2
resins,  epgrédurkés oP t mRp b aiifférent thah ke nke RO Preturk&rsi The sidé doat precursor

conmbi nations and m xtures_ of the fprggoi ng. Preferably, the siée coat .
precursor vinRY cowpiise &y of the aforementionsd &sinous prglutinoys adhesixes such as phenalis
adnesi gy USRhnl Nudel o GetR8 redih GHEIRRe Maing, BEgRY ARlnk; pbRErctlahe AR,
precursor w conprise either a thernosetting resin or a fadiation curable
resin. The &ioxe rifins quilyestes resing ramingplist resissymdd wombinations asd agpturesaef the t o
t he make coat in order t'? gtﬁduce t he wet evlaﬂ-on weight.of t he resinlso
that the ablORREORE. pEfeferahledhe size Gagt ERRHSes W CRIRTIBGE resious ALRSYE SHE 4 8
render ed ungumbidaffd thelddthesitSuded ihRe ks cadt predurdds atViereSpréferablig thd sizé bed
article. The size coat precursor is preferably applied to the fqram nous
substrat e tprecurgerowilkieormprisgceithera thermesetting tepin o5 aapdiation cupblgsesie Jhesizel es

with a fhin iwal ' ' : rayi

particl §; uﬁ%gg’r%ﬂ%%? gisl&nb,% égﬁﬁgﬁ?g“?t/%?%g% y éﬁ({}ﬁﬁo\#}% %(%% rc g%g%‘ df?geortrﬁgg outfte 50
g/ n2 to abothe wlQdd/onPweightefithe resinso thae thef dbrasiscdparticles arghtos buried withiapthed
on several factors such as,thge natyr t he, f or ani .npus ,substr el |
2% The' nat TRE GHednaan deMprab pEAEA 1o HE tete Rk ALEPRIFOT. S 0g pisted

Si ze coat agigieR Wk HpteS codtSpréBurborWist gl‘eﬂ:rim? apbliéd t@fthé TOamiRiu3CéubSirite ton
the field. A preferred size coat is 25 polyurethane. Useful abrasive,
particl es spiovidelan dddron weightswhighicaverp theabrasive partigles witha thim andesubstantially

‘20  uniform coating without burying the particles under the resin, and is typically within the

range from about 50 g/m” to about 200 g/m®. However, the specific add-on weights will

depend on several factors such as the nature of the foraminous substrate as well as the

nature of the resin being used. ‘The determination of appropriate size coat add-on weights

is well within the skill of those practicing in the field. @A preferred size coat is
25  polyurethane.

Useful abrasive particles suitable for inclusion in the abrasive articles of the
present invention include all known fine, and larger, abrasive particles having a median
particle diameter of from 1 micron to about 600 microns with median particle diameters
from about 10 microns to about 100 microns being preferred. More preferably, such fine

30 abrasive particles are provided in a distribution of particle sizes with a median particle
diameter of between about 30 microns to about 60 microns. Included among the various

types of abrasive materials useful in the present invention are particles of aluminum oxide
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present invention include all known fine, and |arger, abrasive particles
havi ng WOME8# particle dianeter of from1 nmicron to RESUUSHIB8/i crons
with nmedian particle dianeters fromabout 10 microns to about 100 m crons
being preferred. More preferably, such fine 30 abrasive particles are
provided in a distribution of particle sizes with a nedian particle

di amet er ofcludingvesranipoalungmumi exides heat-tgated aboninnmy oxide |and| wihite-fusedng

t he various_ .t . Of Sy jal 5. f ' e t .l L,on
are parti AR SRl pERER 3k KSR LbICE, G Htephih MifiaBl BEH; gt BBlohC"
ceram c ahitfidle) gainei gloundglass; quared, and abmbinationsoof tle foregoinpi tliseful abrhsive .
al um num oxi de; as I'l1,as ,sili.con carbide, alum n? Zi r.coni di anond

ceri a, cuB?‘é‘ciiér‘BWVﬁﬁ%WE’é? spficheless gagressive; materialy, such 95 thermoseinpg £t i ons
of thesf Oilfegﬁbggstic%tﬂérhﬁh?ﬁﬁéd 3SwelP @ EruShedSnafidl prodtets Sedhudchut ShélR! forl ess

aggressive material’s such as thernosetting or 5 thernoplastic polyner

parti cl esexample! | Chemically lactiver padicles may be dneludedsim the gbrapive  artigles; -

a7 ol o5, Prgmdsg: thas Sk, SRl Bfe, FRficl: o oy, i dpREchnITleA ¥ Vo

obj ecti ongbhtemiau®! S of contam nants. Those skilled in the art wl|

appreciate that the selection of _particle conposition 0 and partigcle size
wil | depend onThase %ﬂﬁdewmhatagdWéﬁmms%atSfth%t °1SPlﬁF%%afl am*&si‘§@%¥PE|' e,

t aki "%0 : Mafid g%g&té%ﬁezet\g@rda@%ﬁ 6n ﬁe donfentflace gﬁ& Gse Y the Fished Abrabive atRae, Y

the ar Ive effect sire Preferably, the fine abrasive
parti cl es tdking intchaesimtrthe natutecofithe worlgpieceshrfadectol bevtesataddyy tho apiclesand the

mat eri als havin hs dpess o t | east abqu al t houagh ., soft er
Tor Tl 1o ahagvE ared deased. PirRaay e Sne ebRle Dakles Tor HoiPa R g Bk |,
be 15 congfineSvaition! cohipfide hfatdrilst havirSa Mokt hgrdneys ¢t ieast hisvut ISaalthivagh
val ue. Theagartlcl es are added to at |east one of the first or second

maj or sur saitesspasticles anayobe shitbles in spme  applications, arg, thee inyeption 1o pet 14880 ng
ohyoh for ' a7 ) !
1 CN4ES %gﬁ##@{l%s 1i%fite6 p%ﬂ%?%é‘%b?\%%?ﬁ?ﬂéﬁ?ﬁ 1Rkddele v%lls.lg.' I8 pardtiids' 41k €

Abr asi've es nmay be "ap toram nous substrateto provide an
add- on waiddéd tovdttidshondef tharfiyst drrsscorsibmajor S@$aces of Hg: fpraminpuhHubstrate te o

150. grains/24 in)..-20 Preferred agbrasiye.particl r 0 . ed
whi t "ol urkPovide el Tonding e Gy 15 o EostmiRaf o bl B s

cont am nanpole. VAbRsive Pagticl@tmabbaapplied pa tiis foraninauesubssad tovprovide @il adi-na
that contains |ow amounts of sodium _sodi um o ig? or _other sodi . 2

deri vat i ves waight withia the gangp feam aboyt 209 to W@sg}‘?e ’j’(%ﬁ 5‘3?%359@&'"53‘42 Both may
cont aiy ORJLAE ab:?éi% phckERs afiBseSt fubdd! White allinffY BecahsdUriiGa8lativel@lowdi Ng
ai ds, "wetting agent's, Surfactants, = 25 pignents, dyes, coupli ngj a(?ent.s,
phot oi ni t icastamd lowlaamuntsiof eostaménastse orepprefeenad abrasive ipartisigs @re fused white

alumina that contains low amounts of sodium, sodium 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, wetting agents, surfactants,
25 pigments, dyes, coupling agents, photoinitiators, plasticizers, suspending agents, antistatic
agents and the like. Such types and amounts of additives that have a potential to increase.
the presence of contaminants must, however, be strictly avoided. The types and amounts .
of additives are selected to provide the properties desired, as known to those skilled in the
art. '
. 30 Organic solvent and/or water may be added to the precursor compositions to alter
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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agents and the |ike. Such types and anpunts of additives that have a

pot ent i alWO®P1I28Mlease. the presence of contani nants nust , PEGEHEWSS28%e
strictly avoi ded. The types and anmounts of additives are selected to
provi de the properties desired, as known to thosé skilled in the art. 30
Organi c solvent and/or water may be added to the precursor conpositions to
alter viscwganiy spivensr andéorcwater sgbelieved tchbe avithimthet skall of those practisingsimibed

to be sel ect t o ;avoi.d addi to . f k. ting
b oduct - Ted ahd aBSHE up i Wernfoekting 1E4ih A hE Bl U s kA
: organ! c solmeaﬁomdbpmewiegmshﬁ]im,i eved to be within the skill _ of those
practicing in the field and depends upon the therngsettin ’retilg{}q)m i.lized

in the make or sAyseepinElfacyin sheprepara £ esiaf ghginveationd TapyRONs  Ag
seen in gFl | ] t dag | of [ iOfYy t
foram nguscéuggtgaﬁ%;it()?g't%g %Og Lgiylé284194“95#‘3%%%&1%01?85%?&5Elggnﬁ*gll%eso%Gh?lg
fed i nto apforansinonss substrated 00finficstipassed throbgh ceater 200@hich appliest figstiadhedive or

t hrough coater 20 which appljes first adhesive.or . make cqat precursor to
the forani rfﬂaée g%@{?cgf@rfgéﬁe ?‘H@WP@&P gpgsiﬁteczﬂé)-cgﬁgrcpgtgr %fagsiﬂ"fpéwé‘"y
coater Knowpithble ichSte khowss i thed®t, SudPAY spraythidter, kéll bodt@AHRY coatbrPkmifRb R,
knife over roll coater, or the like. Wen applying nake coat precursor
descri bed brolleaater, oz the ldtee 'When applying make zoatsegursos descaibad bplow, ths prefesrgd or
with t fo ' r at 0 ' SHhpau [ by, L
t wo opglg)se ] °f“{c§'|r5e¢l§f"§‘5? %%sesa. u@% ﬁ?‘:%%étglgsmuérheh%f ﬁ{}%@ﬁ?g Isgtr)gstpa&??%g o%fs%lg | ed
so as to cothtdugh'thdgipfermed by thertwofoppbsedmllersc Patferabby tiies pressuné of theerollers
-t hi ckness of the foram nous sugst rate., Sujét abl e coaters are, wel I_nlf‘ngwn in
the art. TH& cRBikelledsoras tpcoptroldpe pensteaion PEHeBAKeRO2LBIECERPT B4 Hie HickRess
pan as is kHowe fbdndiftis Rnbstratd. NShitabié bERER ate wall ABHATRNHES aftO  TIRPRANE Bhtt he
make coat precursor to the foramnous substrate include but are not
limted to prpgirsonigapplieditaikke bettom poller frosoe pan ahisknowntindheanto Qther wisablom
roll or,do both roll.s of.,a daouble rol] coater, .applyi.ng th ke coat
precur s]tfﬁ virTanegments for Applying @ftni@w 8l PIRETPY ﬁ‘?%féﬂ%ﬁ‘b%ﬂ%a@e b’?cﬁ%‘% fu,

ent ﬁr i ngl t hﬁ(ej !ﬁbﬂlii_iﬁtﬁ& tol appiyiag :tl&! Mmakeodat precarspt w’ithlgl dl&tf)die gmﬁﬂ.maﬁx rébll&ﬁltb sor
with a slot, dije without a roll coater_ and optionally by drawi ng a, vacuum
across the yash MM@J@&@&@@%@B@%&@W@% RIPRASOL PR 2 § ¢ dircrpsite
coat | precUo3Be shdmihul sibdfife fior %nt @R Th AfSofcy BIHIE TN Lbitdy, ABPgRRACnG! Of

dies with or wthout subsequenhtly passing the foram nous substraté Chrough
a roll coatmaeke coat pxpqirsarrwith Reslotdikewithot aprodiccoatesrandi optianally by drawihgee

A i BhBRS BusHEB b, LB ) e con

" precursor to both sides of the foraminous substrate with opposed slot dies with or without

subsequently passing the foraminous substrate through a roll coater, and applying the
make coat precursor with a hose or duct transversing across the foraminous substrate.

* After exiting the first adhesive coater 20, foraminous substrate 100 passes through

25 first particle coater 22. First particle coater 22 is preferably configured to apply fine

abrasive particles to the first surface 104 of the foraminous 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 foraminous

substrate. When it is desired to apply abrasive grains to second side 106 of the foraminous

30  substrate 100, the foraminous substrate passes over rollers 24a and 24b 50 as to re-orient

the foraminous substrate to have second side 106 facing up. The foraminous substrate 100

then passes through an optional second particle coater 26 configured to apply abrasive
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25 firs rtlcle coater 22. First particle coater 22 i y |
confi gu&véfdﬁ(zglujppl y fine abrasive particles to the fi r?c‘%ﬁ%@é@gklozl of

t he foram nous substrate. As explained further below, the abrasive grains
will penetrate fromsurface 104 to sone depth into the foram nous

substrate 10Q dependi ng .on,t ertie f . the t he faranm pous
Subst 1 at Qe BO st 0% BF SRioRE sltsrpli"LRE Phefibly, dEcohAMAE 1T
of the fqgoafMgiss 39 Kb sbistuetiddQs fite pattichenicomes 22ubHewéver,pRESetatver
rollers 24a and 24b so as to re-orient the foram nous _substrate to have

second siapplicaiions,aiti Meyube preferabls, 10 yssutecond, Sopisr 26106 a o HPES OF

t hr ough | i a ' sive
147V o RuBaiAT oRE AR pedié oot 227ARG, 4R, feeBid WbV paRRbldud 26

f or amisnounay agply abrasivé paticles bidng kither thesanrecorpdifferent composition and/er sige 8§ | i ke
construction as, first . parti.c pat.er 22.. However for.fertain.. .
appl i cat i e abrasive parp Wb?‘t$§§‘ﬁ%hf% “ﬁ?@“@é’@&% Eeat ‘e?fzgi.‘?)fpaﬁ“’&‘isf‘?@? ent
type or Agifd Hafedldnidthie'forantindusisubstfatd esigs dleqicatatié zoatmlg&ecmﬁms.s econd
abrasive particle coater 26 5 may apply abrasive particles having either

the same or di Aferapplyingfipoabrasivepartisles to alpast the firstsurfage 184 okfopminpes es
applied by,the firs I as] ' : pard | :al so .
be- coat echibiipae 190 paf pRBiny BFRbeoRA SuFRR 106, fhe Srinial itsBata O i

t echnjoguegrefefiblyexprised 1 @ bedt isowrce (o slluserated), tsuc asinfreredtlampsett art oreenf tor st
surface 104 of faoram nous subsirate 100, and ogt?i onallﬁ to second srrface
106, the heat Hieimrkscoat BOFITEpTOtBR FtEN negessIN e ALlspst PARSLY £yre Be Jes [0
source (ngjmd %d tiedtioAs S ayBeChteRBablé o Rll§ Gutcile Sndkie BBt Sréitsorta® thie step! he
make coat precursor to thé extent necessary to at |least partially cure the
resin. | nHeatingecaaphs done Mothsanyi soures, siying, seffisieab heatt distribution apd airt HeWrgke -

coat precyrsor,_at.thi ' e, WL ¥4 NQ
cur i o erbxales O St PisieREsourcd A, 5534 45 SRS covE oAl Wil MR dchet
sour CES i g1d thé Eiké. oItd€ alsa iwithin/the, scopenofithe imventioreto, use nidiationcoriaetinic Ehergwd t he

like. It i I within th f the i ti di atign.
act i ni ¢ cha Bgs-aciPaisBIeraeIEr AR TS e PHRIeERd F, PrlB e 1 BBl o, e

that heat Jng&u{i £ tifnRto Arive bIFrESiAAl solPeHR 4Ad irffiaté it Bast Partihl otRingfof thereiidual
solvent and I nitrate at least partial curing of the resin. In a preferred

enbodi ment, t hin  prefemied smbodiment,rthe forammonp sybstrate 100 eptanallypassss goughecond
adhesive or sjz [ ecursor ) r ' I I d

si ze coat secﬁbd B&lkegwgsog rs%%op rP ﬁ.igﬁfrocroé%r Tr%gutg%?h%sﬁgﬁgn%%ﬁaqr?fgﬁe?ts{%%o? fsa t he
secongh abpRehréér Bahé forhminooatestrd®. LOORMef irexits the sebendsibrasiver particle opatevat er
I's of the_sanme configyration as the nake recursor caater. 20. r me
appl i cati 3@15,1’11"'%3‘#&!» ﬂ\‘?s?‘éea(?f‘i?grs&ésqoﬁﬁ. 1} 6’? JE% samgo%&nglgu?éo%fas E‘gdtin ?geer ent
conf Lgur apieBfksbr Qlter RB! Fof sdagpliestions iRy iRdlead! e desired 1ORISk a @BitEOZEOf i t

may be '

a different configuration from that of the first coater 20. In some applications, it may be
preferred not to add the size coat.

25 A preferred embodinient of first particle coater 22 is illustrated in greater detail in

" FIG. 3. Foraminous substrate 100 is conveyed 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

. foraminous sﬁbstrate 100 passes through particle spray booth 34. Booth 34 includes first

side 36, second side 38, top 40, and bottom 42. Booth 40 also includes front and back

30 sides not illustrated. First side 36 includes entry slot 44a sized and configured to allow

foraminous substrate 100 and carrier belt 30 to enter the booth 34. Second side 38 includes

exit slot 44b sized and configured to allow foraminous substrate 100 and belt 30 to exit the
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preferred not to add the size coat. .25 A preferred enbodi nent of first
particle WQQ1/2874P2 is illustrated in greater detail in FIRCT/US00RBIAN nous
substrate 100 is conveyed through the coater 22 by a carrier belt 30 which
passes around rollers 32a and 32b, at |east one of which is a drive roller.
The foram nous substrate 100 passes through particle spray booth 34. Booth
34 i ncl udebodthr3#. $ot$e4% 44bcarsnidcated cneas the bpttad, Ofin!deb(iﬁt c3t81 mPBCBUdUh 40

al so inclu nd back 30 i1l ust

Mol udes. oM oo R cHRathe IR R4 S 00 8F ule YR SGE Packble byt 98, BVing o o
100 and cagefi@tora moiiled & thO £t 47 BEthe @ Fﬁabeﬁ‘ﬁ‘he%&ﬁﬁdoﬁs dﬁzsﬁf&ellﬂm which at
exit slot 44b sjized and configured to allow foram ngus, substrate gheo and

belt 30 t othixpeint includes g mgiecoab pregurser therganois £arred byhbglt B0 through thebootty

44b ar eg | ogat e t , \V

Chr ougr® an 3pet ¢ ol KR oS Srol enith AGCREEI el kior MY Baitle
havi ng de’slbrayérMG ihfrodocest patticies lommm( the ld&otbfsotalseto a:paa'gherﬁrsﬂ' kide f104 axﬁ\the)us
substrate 100, which at this,point includes ecur s [

i's carri edirpmingus substrate Wi gt’f‘ Y eRATIHES &fﬁé%ﬁﬁebef ’aﬁg‘F Qf
passes frogkfifate/toNoftle dbpth info ﬁ.élf&raﬁhmus%&bstrawmo CTKe forRh)bEs Slf’o@trate 100,
introduces particles 102 into the booth so as to coat the first sjde 104 of
the for anmwwnmbmgr abrasive particies adheyed pthei foraminoygssubstrate biyethe meakeggoat he
particles 102 wi | sone depth into the foram nous substrate
100. Th@ f8f°§H{SH&ﬁ'§e ﬁ‘lrgtgth}ezlﬁoml&g% now conpri sing abrasive particles

adhered to the fipraie pesfsrred epdbodirgenty theh?ai’ﬁ’dl@ spedjler 46 rpeedvdsr a0 abrisies
exits the booth 34. In one preferred, enbodi nent, the Fartlcle sprayer 46

recei ves aRamisle/air mixtusefrom duidizing bed 32 Abrasivsrmanticlesi! 02 arg fyidizeshin the,bed v e
particles (%),gr%ggﬂ.ﬁdizkﬁg 9& Sﬁgm' D s&,ta%néos‘&rcé%obmlis{eateq w&@ea it tREbRd via

suitable s , hot strated i ntroduced into via fluidizing
air inlet ﬂaidiziﬁgﬁtroqdetﬁ?e fI ui di zi ng bed 52 is a venturl |nI et. 56 as is

wel | wn int a ystra di nent ,. .venturi, 56 receives
pri nar 39al r fromigpgl?t%{@lz rgc,é 1S3 % - (Rl Hll@t egin ﬂfﬁ&“pﬁ ﬁlé
air passes uldsfrateehniﬂaaxmemtwhturﬁﬁs wca%mg—mb@ dit frbohr £suifablef dourddi i€ frimary
particles and air_through, the draw tube 54 which extends from.the. venturi

56 into tRE Wl ziThy pmany2air Qasssedhropshithe sispiushnal | draving the mirde ob

t he ventur &g&%

added to t ehﬁ&v?aﬁﬁdg |dc2fl?r ze ?gési*\‘/igé tﬁ%%?%la}}:l es a%l'? gfl%t gl@%g{l%fl?%gb;r e
drawn int o thenfuidiziigibed 62 Sedondarydail ioptonatly dahebef addedita ehie verttmasnlee56 via

]E) ?EH tC fai écon?a(rty“&? ntllgt tGBe The & eorndif'r?' a\,/ul' % ggéetdl gol e H(S)\% §t4 fidized a ﬁs‘f\peds

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.

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

25 fluidized abrasive particle/air mixture. Deflector 48 includes deflector top 49 (illustrated in

FIGS. 5 and 6), deflector bottom 50, and deflector wall 51. In one preferred arrangement,

the deflector bottom 50 has a diameter of 32 mm (1.26 inches), the bottom edge of the

deflector extends 20 mm (0.79 inches) from the exit of the spray gun, and is held at a

height of 155 mm (6.1 inches) above the foraminous substrate 100. Of course, other

30 arrangements fall within the scope of the present invention. For example, the size of the

deflector, the shape of the deflector, the contour of wall 51, the number and location of

particle sprayers 46, the height of the deflectors above the foraminous substrate, the speed
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venturi wloingrit0 the inlet of the particle sprayer 46. ef | ctor 48
nount ed ‘lﬁn ot"ﬁe exit 47 of the particle sprayer 46 redi re@?tgﬁ{sﬁ g’s

fluidized abrasive particle/air mxture. Deflector 48 includes deflector
top 49 (illustrated in FIGS. 5 and 6), deflector bottom 50, and defl ector

d amerer o ESorRESS sisald RRSRFBle i pASRE I8 o Bl O B Ta T e
ﬁo mgt ( 0f Tarticle/hie Mixfure mayheach biet vasikd t t&:fch [patdynegers maylroh‘h v&ehet?ghghteg dhe
055 L A il e s e
| nvent i on. gu5@fat€100"BE the M&x&' ﬁuélgs to?@he gﬁs ref %ﬁ'&mng‘ t?lgaaﬂfasﬂ)ce (fal.?ﬁcl?s

defl ector, the contour of wal he nunber and ation o
spraye®s mzmnbeﬁvagmoussuhstmted@m ect ors above the f or ami nous substrate

100, “and the ark PR Shpoibol Srivetit, oyflighy Bel 320 TG PRSI o © .

paLt iclel ﬁllﬁstigited) U ea rasggmmhllybeﬁai%]!edybstéimhtm amM}es s -lm?]niﬁgalvkbwgé to
achli eve the ESII‘E a 0 t of abrasjyv articles, the desire
ng ghode] RESE Mamia ol

penet r at i oYYSteR, dngl Mawal Expmel Ropsdes:Gun, availsblesirom Gemaian es,
or .the de oWk tiql e Sal n

foram nou?‘lfsnggssﬁy gge 101(E)sy (%]m%aﬂ pre rreﬁ&?ﬁb%) i rrt?vrlttth s;g}r%'lelt](a dteﬁgctor 48
{1 ui dil®i ngubstantiaby aaslthstrateimFI@r3. (not il | ustrat ed) | s a conmerci al | y

i | abl t em k L,.Ma Powder | udi
TV Manual - LnarBiaBOWR ereteia edbafilan; dhe ASTHIGE partics pray APRARNS M Gb v ks
Conpany, Q{pd astha;eﬁumiy ﬁvallhﬂd frommnhkeMﬁufyéuﬂﬁgle&ﬁﬁny%am%@ O Frhddinl al |y

as ill ustrat ed in FIG In_an preferred_enbodi nent, the abrasive

particle dk y o HXCMCF ¢ 8P lPh@u“tl@Seb%nﬁﬁ@daqqoy%vacvlﬁmlel\'foﬂﬂl@ma

25 o S SRS T SV iy i oA
cont LdIS I\/t;ni;ﬂpe, a STAJET SRV Type 414 gun, with a standard powder 15 punp.
Anot her preferr

o 6 it MR broBbaiBRet bR AT pr sl A g =

havi ng an @Kh&hﬂ%ﬁﬁbdﬁf&ﬁt tRé\Spraved comptisisQh efchgale mﬁeee@mfgbéreem Qtfoﬂehe _
tube. In use, this enbodi nent of the sg )&% 1 46 has the abrasjve
nid

parti cl el &Pf apf 20 inles GRoatdhePRROSRR NG Of ¢ pseg thigmbadiment afithe srrayesi  h
46 has the abrasive particle/air mixture hose attached to the inlet 68 as is illustrated with

20  respect to the earlier described embodiment of FIG. 5. The embodiment of the sprayer 46
illustrated in FIGS. 5 and 6 is mounted in spray booth 34 and operates as described with
respect to the embodiment of particle coater 22 illustrated in FIG. 3. _

Returning to FIGS. 5 and 6, 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.

25 In one preferred embodiment, deflector mount 70 includes a base 72 comprising a
generally rectangular plate having a first end 74 and a second end 76. Base 72 is sized and
configured to fit in slot 69 in the end of tube 66 proximate the exit 47. Mount 70 can be
permanently or removably mounted to the tube 66. In the illustrated embodiment, base 72
is releasably held in slots 69 by a spring, clip, or other suitable fastener (not illustrated)

30 _aﬁixed to holes 78 in the first and second ends of base 72. Extending from base 72 is a
threaded rod 80 having a first end 82 affixed to the base (such as by brazing, for example)
and second end 84 extending beyohd the exit 47 of tube 66. Threaded rod 82 is
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20 respec earlier described enbodi nent of FIG 5. biMadegENt Of
t he spraygvrot@gtswl lustrated in FIGS. 5. and 6 is nounted i%eggjsay gé)ggfh 34

and operates as described with respect to the enbodi nent of particle
coater 22 illustrated in FIG 3. Returning to FIGSs 5 and 6, sprayer 46

i ncl udes parti.cl f . L ' f e 48
I S nount ed ch(Sxﬂnggedﬁg gé&%g%&ﬁggiﬁgg{egg%féolﬁgﬁ 'ﬁ‘i"‘l t?% .ﬁrr%f{adr%;h smgggs'ﬁ%%ngfows
preferred egigqdsition of defiédtacaSto boonmiverinily atjudied witthrespect 2o tlangit 47 ofjthe
general ly rect ag%ul ar .plate having a first end 74 and a,second_end 76, Base

72 is si zedtuhn @6 by setating thedeflgctor 48, Thig allpws dor; varying the direstion gf moggn of the

i t t QX ] . t t
Phe t une. 6ePaTiciEs loZ1epyillB ¥ spfief 85 ab BescBETRIAR! DefiSiof ATRINE MolodBBONGR | O
sl ots 6% bys@oppusitetpp 49, and deftecturiveall Sluextersling betweemtop A%ant bioktbmsi: at ed) 30
affixed to holes,78 .in the fjrst and.second ds .pf .base.7 ndi.ng,from
hace. 92" Dsa OF Aboaltalnite cembimet ot SHRE 685 iftbssBRE i T1G 418 Jois
(such as byelbsdimest, tHredde@ ¥SdBO &) elompateds AR 1SS a Spefedt @AE2G HeRydingdt tHee

exit 47 of tube 66. Threaded rod 82 1s -17 WO 01/28741 PCT/ US0Q 28289
confi gured flowafgbrgsivaiparticles thiongh tubeidd Rinh 83 extend thiaughohelen7Hin thervallcafor

48. This al 0 Y ' ' d
w th T espectotivs o5 Sad BRiehd tplh BSTEs b8 o't 10 mREnFARYGTSG B PP
Thi s al iowsId ohe emiboditgerith ehedtapeedd end &2 obtrodr8lolendshat tialinleri68s 10 Dther

| eaving the sprayer 46 as scri bed ,above, Defl ector 48, al so includes

bot t om'5. S0SBppIERTE. ﬁ“ﬂg, .- ‘E&H&%ﬁﬁ’é&?‘&f’r thiiet €3 akhe .?tr@albé’f‘ﬁiégﬁf’if"&ﬂ 49
and bottom §{d endR2 At 108! DeRBROFSRhoRItedH AY&IdedEnd 84 bé hdsshibead Advin FI G
6A. In this enbodinent, threaded rod 80 is el ongated, and includes a

tapered end 82 t Thétibp 64iand dlefledter 48 shonldbe sigedaaridweonfiguned 40 providertbe gesitedbe

66. Pins 73 extend thr h |l es 75 in,t L1 of & ube,. d t end
Chr ough: hol BRI Sarey PYFE of B Sivd Antiids 000 n op® prect R SfpGthper, B 57
one enbpsli Mepgroxikdately PG 4dache3P10nE, haxdarBihside ditarnéter 611.08 lcai (00825 inbhea),her
enbodi nents, the en can extend beyond the inlet 68, or the inlet

1d 82. u:]
ext end beyo#ff an eytuide diagnety offl-3%em (9.9 inghes), apd l?rCOEBtT‘P"stequfﬁW‘Blfsﬁ)ﬂeilh rlbﬁéed
end 84 as dGRekBSINAPOME: sTiCald a1 e oo qa Uirl# thf!Qdpd dTne prthiand
configured to provide the desired uniformspray pattern o brasiv
particles. im¥entidm one preferred enbodi nent, tube 66 is 15 approximately
61 cm (24 inches), |on as_an.nsid lanmeter. of 1.08 cm .A25 1 nches),
and. an-out o1 de. ARSIRED breRed HuR i (1P b2 pedicl e b £ i eRInR
stainl e3¢ SFR®!7. IA thi$ embodiaient, Ghel spragér 48 behpsded @6tatingl fiteitMei sabéndodirdutdee

66 fall wthin the scope of the present invention. .
. discs 90 and 91, respectively, joined by studs 93. Second disc 91 has a hole 92 in the

_.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 ofstationary feed
tube 95 by means of bearings 98, such that rotating shaft 94 is concentric with stationary
25 feed tube 95. In this manner, rotating shaft 94, first plate 90, and second plate 91 are able
to rotate together as a unit about stationary feed tube 95. The rotating shaft 94 can be
driven by any suitable power means, such as an air motor (not illustrated). Feed tube 95
includes inlet 96 and outlet 97. In one preferred embodiment, inlet 96 of the feed tube 95
is attached to abrasive particle/air mixture hose 64, and the particle sprayer 46 is mounted
30  on the top 40 of particle booth 34 as explained with regard to the embodiment of FIG. 4.
In such an arrangement, the particle sprayer 46 receives fluidized abrasive particles from

the fluidizing bed 52. In a variation of this embodiment, a vibratory feeder can be used in
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Anot her preferred enbodi nent of the abrasive particle s er 46. is .
i11ust EPOY28TAL 20 FIG 7. In this enbodinment, the sprag’ 0/288r i ses
rotating first and second circular discs 90 and 91, respectively, joined
by studs 93. Second disc 91 has a hole 92 in the ...center thereof Second
disc is joined to_ rotati shaft 94 which is concentric with t nt er

hol e 92. phse af thefluidizing bsg 52s Thetvihratory feederis eonnestediie q;dtabmeecﬁmc es

:station ans of bearings 98, such that rotating shaft
94 is co?n'(;:t}esn eeﬁﬁtgglég?egggﬁyo%g‘ray 25 feed tube 95. In this manner, rotating

shaft 94, f| rinopéranm%romnigshaﬁ)ﬁdnspdrmas@isﬂr@usmﬂ»letes%ambﬂhlt@mwget-her- -

as a uni ut stat]. f The ro tin _
driven b rgsb‘("c%'f B%%ériﬁ geessrgttang 3,and exi &P"ﬁ]‘g’t’%{@? g‘fﬁﬁ? ﬁ%ttrat edy.
Feed SUb(’t's ?&smdd%ﬁ e hBie@2 BGecoid plate!92tsubll that theoitRasiveparticies eneb e ment ,
inlet 96 o ube 95 is attached to abrasive partlcle/alr mxture |

hose 64, spang lxetweepaﬁtsﬁ mdesegmdagleﬁes 26 915 Heasbresivesparticles steike 8he top surface

Bhch an’ &F Folutues o 4B B4 BE cilplided B9RIM i 476 SR Tughrtlly pafer’. | 1
parti cl ego theopland 6ffifst undllsa:bﬂ@ phaeet 9{2911 MThe pamuleﬁ preferaifly fornsa etdndcthatent , .a-

Vi bratory feeder a be us d in -18 WO 01/ 874 US00/ 282 e of
the fl ui @lep 6é ‘98[5‘?‘8?9)35?"1‘%8&@ ¢ Su ﬁ %‘@Bsf‘gggaéoﬁ’ si ve

partihgl egg )@rﬂnéﬁ%dm'r@éargemofhef @ﬁ%&x%ﬂtﬁﬁeschﬁe@%b@é | Ot dnBepreBridd Ng

shaft 94 Is Iven so as"to cause plates 90 and 91 to rotate. I ne
abr asi ve emhodlmmspip‘ﬂds sprayeudh domprisesupBinks ERB-2000; commeraially available Tupe-

abr asi ve T HFE NS CRBtEY (Sarfish ot FBERERANC IF, Bpl 1p8 MERashls™ o) "

The abr a?aﬂ&lé&&i’é fedltoshespdrtidie spragerttgia ﬁbfa’tc&p@re-fﬁ‘ederramhﬂtermgllp editabROes and

o e o a%%é&sﬁ%é@kﬁ%%&m#&o@' Corgpeny s Eleveand. KR e Toe plat B0 o) SF et o'
c ng;icteh Ous g{%‘ésﬁlgtﬂr%enh sQoblth @@o@l RPN Oh&»a)éf tshowenlafd tthiPer

00 1D as explained with regard to the
enbodi rrerspeeddes&:mtbmdham of ithe maenpmmqmdrh@aqumcle%eﬁdﬁa& &PSpr ayer

46 conpri ses_a,Bin sEPB I |

Vanut act (i FRgHRlS oGt O Rafnst ssSRl Rk gty Y Bl PRy u bRYTISE e Hesird
parti cl esabdshrel pagtidl® sﬁrb? paviérh) d?és&eda pllira;iee pkrjncb addhmaWeught or desiredciegree
conmmer ci al I y avail able as, "Typ glngﬁgrevel and Vi brat ory Conpany,

C evel and® pg:@tqqq@ngptatfggmg@usgqbsgptetlﬁg&){ stvcﬁpé“é%"rsayer are preferably’

drive at 6, 0GgL5Gs 20RMRTY ihdyR¥RMBd eﬁb@&iﬁfenﬁﬂﬁsérﬁ)‘éﬂ Pereirb RARSIh& partidlet hin -
the scope of the present invention. The abrasive particle.feed rate, type

of parti cipeyeeidbudes meansgozhingeshe dipestian of floweofipaicles 192 exingthe EPRET to -
provi de ti:fl]emdpeeryl:)erfc\incular to the foraminous substrate 100, to a direction approaching, or
exceeding, a plane parallel to foraminous substrate 100. Such directions are described
with teference to the area immediately surrounding the exit 47 of particle sprayer 46.
25  Thereafter, the fine particles 102 preferably disperse into a cloud of particles in the booth
34, The particles then settle from the cloud onto the foraminous substrate under the
influences of gravity. Thus in one preferred embodiment of the inventive method,
immediately before the particles adhere to foraminous substrate 100, gravity has a greater
effect on the motion of the abrasive particles than does the momentum imparted by the
30  particle sprayer 46. In some applications, the momentum imparted by the particle sprayer
46 will have little or no effect on the motion of the particles 102 immediately before the

particles adhere to foraminous substrate 100. In other applications, for example where
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abrasive particle spray pattern, desired abrasive particle_add-on weight,
or desireWOMBIWL of penetration into foram nous subst rat BCTYS004828ne

abrasive particles. 20 What is common to the preferred enbodi nents
described herein is that the particle sprayer includes neans to change the

direction of flow of particles 102 exiting the sprayer fyom perpendi cul ar

to the for zﬁfﬁﬁ%ﬂe@ﬂb’%@qﬁfﬁbfmw paticles Ji0Z dpto; ‘gﬁf ?%‘éﬁp{%ﬁfatgll()&ésx‘g“ég&i"ng,
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W re B ﬁ area | I a 5’

descri bed rence to the tely surrounding the exit 47
of parti cl emementyer imparted 5o theqadiciescl02 biyithe sprayergérwilldiave a poénterreffect emthe
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Settie rommeteh Glot BFEbier omehat, babre s thargles, et ot e il
of gravisy.subbigstel N one preferred enbodi ment of the inventive nethod,

i mredi ately before the particles adhere to foramnous substrate 100,
gravity has a grimatheremhodinents desaribed with sespest toHIGSbB3aSi wad (Saithe means fafan

does t he nogent. ' 30 e r I

appi i cat i orreetgHis Rk bf fechtich 162 £BE e er? RERY 4B und dbeyRldT el . of

I iht tle or n?eﬂei:a‘ogﬁ!s. oBreférfblyptHeohcaiori gEtmaddﬂecdoeslsmﬁtiivﬁnedhabfit W7bef thee
the particles adhere to ram hqus substrate 100. In ot her_appligations,
for exanpl ePaRREE SPrayey masinBe (arisd o1 Oblasny thaofissi gediregtion: of %s 6f BHTSOR of

abr asi vey PaEIHiQkE vz Satihg Uk pdificlk QP?SBOOHW %Q%?ﬁ%ﬁtekotﬂaﬂ' witR&itithefeflectdre

above apparatus paranmeters and con [

I uration na b'e sel ected such that the
downwar d 48yt ahrasivepparticlds exiting thepparticle sprayer (12 wyl travel generatbyrpanalehid the

have a greater. ef.fect .on.the nontion,of the particles | di atel y before
the parti clalggg‘é‘b‘{ﬂ'égea’?% "ifhtgefsgfa&'ﬁf’ng’aﬁcm B %"[T%&"P’a?%me’fdﬁgqlﬁe{oe r'rﬁeo%?rﬁgmoé’s
descri bed wiybkr&t8 300C1Géneraliy Ghe closebtheansll §1 ahd1BotkdI 39 dfake defidchsitardith thee
flow of particles 102 exiting the partjicle sprayer 46 is_the deflector wall

51 of def | @t 4, thesrentes the elisnge in diseqtion af immloa¥°ftm§i@%sr 1@&ctrem pegpendicalary e
to the pxitea > orz{rﬁﬁ?uggtﬁﬁs'tﬁ{eelé@rvﬁﬂe&e. ovie Yhe h&ﬁ.épaﬂﬁtb%%n% 96 dtemlkr ed

redirection o oW 0 asive 10 particles exiting the particle
sprayer . | tdeflectorfarthgrfremithe esit Wiawvillwedheruthetdnwudt theeditestion 48 mation of the

oot o PGS ot o b olsetotag R Sl 2 B
per pendi cul gdsciibed With f&?@d‘ﬁt@m@. 7, $hibsthuchire fok Uirectimp@e Tobwyof dbbisive pasidled ise

wal | 51 and bottom 50 of the deflector are to the exit 47, the greater the
change in dthesetetingplgtes 90t Pbn of particles 102 from perpendicul ar 15 to the

foram ngyis subst g, Q]Qpﬁ’&\f.a{ilmé,3 Gt n‘&@ Weesiriie Vﬁ@'ﬂlac@ hafd ‘iinsgﬂg,t Q4%h 3 Rfankibe

inserts, into those components of the apparatus 14 that are prone to wear under prolonged

flow of abrasive particles through the components. This may be desirable, for example, in

the particle sprayer 46, the venturi inlet 56, and the deflector 48. Such inserts would

prolong the useful life of certain components of apparatus 14, but would not be expected
25 to have a significant effect on the performance of the apparatus.

For some applications, it is preferable to use a plurality of particle sprayers 46 in a
single spray booth 34. Preferably, each of the particle sprayers are of like configuration,
however it is understood that different types of particle sprayers could be used in a single
booth. The particle sprayers 46 should be arranged in a pattern that provides a uniform

30 coating of abrasive particles 102 to the foraminous substrate 100 as the foraminous
substrate passes through the booth 34. This may be accomplished by arranging the

plurality of particie sprayers 46 such that each location across the width of the foraminous
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deflector further fromthe exit 47 will reduce the anount the direction of
mot i on O OMBMIparticles is varied from perpendi cul ar toPEHESINR8289 nous
substrate 100. In the enbodi ment described with respect to FIG 7, the
structure for directing the flow of abrasive particles is the rotating
plates 90, 91. 20 In sone applications, it may be desirable to place hard
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spraygirs 46 su : | i f : ' -20
V0 7 25741 SRS SR & el iy ol MpchiloR i Lia ¢ bR Y -2
nunber of papickeycqatars 22 ras ilbustrated i F1Gadhwhéretdach ppuicle sprayes pecgivgs abragive
Exenpl ary partial rayer arrangenents - are.illustrated sch t cal ly in
FIGS on PRASINOZEE 1AERE e i aeng bed 3 i ont® pisficffonss f 4F Piirefre o8
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particle sprayers 5 46 nounted in fhe top 40 of the bopt 4 (not, shqown) .
It is posé@ipngemest, aplyralityofiventyriiegtors 6? a@éﬂ?P’E?J]?‘hé s‘ﬁgi}rfg‘l‘ﬁ‘ﬂ‘&)‘?eds ayers
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coating pattern of abFaslve es 102 on foram nous substrate 100. It
i s al so palessidé evalloofos Buidizing: bed ta dravpa desired natecofrflvidized abmsiveyparticleyairt o

achi eve a desired ray..patter S i, S . i n .t he. ar ' a
plurality "éﬂ"‘“ﬁ%??i“b?’g @‘éf‘%v‘& EedZ%‘? e, é;’%g%@‘s‘i%de‘ﬂt%@?‘u‘gsfes‘éﬂl t?é%g"‘psnﬁksn%%r of
particl e gagwh'fmd2RecdSnot! bel Fhrtliir edisdussed] GEach anpar feedarc Heppaits ithd abrasiveayer
receives abrasive particles 102 for g reg&gcéi ve ];]J?.@H‘di Zi ng, hed 5%. In
some appl ipegiclesnigto jar venturh AipEpn 5P A% gescriedy 28OYR {XFRBIT UEGor Pg 18

. SPraygrs Al dtddMe an AHabive | prfili&h? ImPRdred Hosd B40RG EbtRRying the - abrasive

particle/air mixture to a particle sprayer 46 as described above. In one preferred

embodiment, the fluidizing bed 50 having a plurality of auger feeders mounted thereon is

of the type commercially available as the POWDER DELIVERY CONTROL UNIT from

Gema, an Illinois Tool Works Company, of Indianapolis, IN. It is also within the scope of

25  the invention for the auger feeder to feed abrasive particles from a volumetric feeder of the
type commercially available as DRY MATERIAL FEEDER  from AccuRate of -

Whitewater, WL '

It is also within the scope of the present invention to include additional particle

sprayers configured to spray abrasive particles onto the foraminous substrate 100 with

30 enough force to achieve greater penetration into the center portion of the foraminous

substrate. Such additional particle sprayers can be included in the spray booth 34 along

with the particle sprayers 46 described above, either in the arrangement of particle
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arrange urality of venturi inj e'ct.ors 56 are nount 1Ngl e
oAl ferPiadzets

f1uidiZi n 15 an alternate arrangenent, a plurality olurretric
control auger feeders are nmounted on the side wall of a fluidizing bed to
draw a desired rate of fluidized abrasive particle/air mxture fromthe

fluidizing bed 50, .The operati.on esign.of such. feedens.i own
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f oram nous substrate passe er sprayers 46. Suc i onal sprayers
coul d al so imere prefexabjgd 6 metersmironel (5225 tfeetimingtp). a\Thb dusthadhesive soater 3tiera

bre arr angetodtte rlsseleF Saf B ForaBHRNS sutelrBleciop Poting o RIS hiB B BERTYE o
before f§1e & appsed Adblerss OTlasfineibrisivelpaiticle 102 ardisppligd by bight pattisietspeierss

spray pattern achi eved by the sprayers 46. Such ,a caonbination of, sprayers
may be used4$ gensrgly %d%scqlbﬁddmtﬁéeﬁge%tdsﬁl% 2 and6, %&myr@gbth@naavm%ééés

fine partic St f a SGEd : i lon
wl th part| clounfasdd sOtfidpebed 2 98 sy pillinr BRSIGHAL ibRiAlly 00
| onger - | i f eilhistrated withaespect . FIG) 8Bn Theepapamdters fardhe Meomi pastixtle codter described
foram nous substrate_, 100 has.a.width fromfjirst, .ed 107 to se d edge
108 0f o1 c ARV IRS TRy SARIRIR Bt SR MR RS 2 BIESTe Gl RS
substrape spesds phi; pfivAtydlPititrodutdd &b MR SBOf WeuFiS6(at@ présshiR0of up to 90 psi,

feet/ mnute), . L L.
' preferably 30 to 60 psi; secondary air introduced into inlet 60 at a pressure of from 0 to

2

about 90 psi, preferably from 0 to about 20 psi. A size coating precursor may be applied
and cured in the same manner as the make coat precursor.

By applying the make coat precursor in the manner described hefein, the tendency

25  for the make coat precursor to migrate or concentrate and agglomerate is reduced. In this
| manner, the coatable surfaces of the substrate are uniformly coated with the make coat
- precursor, allowing the abrasive particles 102 to be coated onto and adhered to the
coatable surfaces in a more uniform distribution. By coating the make coat precursor and
abrasive particles in different steps, the abrasive particles are less likely to be “buried”
30  within the make coat as is prone to happen in the prior art method of applying a make coat
precursor/abrasive particle slurry. In the finished articles made by the methods and

apparatuses of the invention, the size coat provides a thin coating of resin over the fine
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nor e prg&%@“ﬁ 16 neters/mnute (52.5 feet/mnute). The\P _f@,ﬁ%gﬂj{gsi_ve
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passi ng through the nip forned by the 15 two opposed rollers. The fine
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a pressurte tef inimediatelyt abrasively teffeCtiyes in therioitial applicafipnsrof) theofinishndt articlepsi . A

Si ze coatjn regursor .may be appl i.ed , and cu in.the er, t he
nmake coatMBg‘_’Qgﬁfr gﬁ@%ﬁ%ﬁf@?@?‘?ﬁrﬁwﬁeﬁoﬁﬁgﬁ %léﬁfgso?ﬁﬁgg{’%@%aorg er
descri bedpheigbub substfaté &Y BIEVIAY an Abrakive ativte Wik @ seTictdyacotkdife. to migrate .
or concentrate and aggl onerate is reduced. In this mnner, the coatable
surfaces of the substrate are-uniformy coated with the nake coat
precursorpacg% ! ¥VI ng the abrasive particles 102 to be coated onto and
adhered t coatable surfaces in a nore uniformdistribution. By
coatirg the neRie abmsiver aticles osreapokferatily apackegedarnn i | Gassi 1108 érdvzioementst eps,

t he abrasiv articles are.less |jkely. t "buried’ 30 .w.thin the nmake
coat as i%ongq ) ﬁi‘p%@n zloﬁ at“ﬂeluér |SX4 g%“?’%n'e%aelgp éﬂf‘i’?tﬁg&zfa ¥ coat
precursorf dhfsasi ve particle slurry. In the finished articles nade by the

met hods an apparatuses of the invention, the size coat provides a thin
coating of resiM packagingrmatesiale are cestifigd (6.5 2gcrdingdg MibEtyl 2I9486) fogmsain ve
particles_w b J L LA DL § . ed
nder o WD bEitss. ¥ickl (10 ldfsRR bled iR ateibch prlte ) Bha dCUBRABRRERLEE |
be anphorigdusing tahblastcefionized afiur The asticlés arectherp packaged &mdn tioner xweapping, -
outwardly frogw t,gle Cﬂgtggltg%fsur.f es of . the o @geidngs. In this.
const r uct $ieahed Mith anofner blastotion *P’E’iae?é'?“é’P’E’PB Q0T 3R QUEer Wk ticl e 5 -
to be imediately abrasively effective in the initial applications of the
finished article. Mreover, the particles are strongly adhered to the
coat abl e Exaniplees of the.openings of the forami nous substrate to provide
an abrasigﬁ z%“si cle wwth a satisfactory work |ife. Packaging 10 The

abr asi ve es are preferably packaged in a Cass 100 envri onnent

conf ozgri NBodn® Fed. SulgleststOpolgundthivhé .retituliated Fdif; S0 Gledls spekOiicRaOt376uncht e -~ .

Cl eanliness Levels, . A
- (9.52 mm), illbruck, Inc., Minneapolis, MN

PM Ether: propylene glycol monomefhyl ether, Lyondell Chemical Company,

Houston, Texas

25 _ _ 3
PM Acetate: propylene glycol monomethyl ether acetate, Arco Chemical Company,
Houston, TX ' '
BL-16: oxime-blocked isocyanate-terminated polyurethane prepolymer, Crompton
30 & Knowles Corporation, Stamford, CT
BL-31: oxime-blocked isocyanate-terminated polyurethane prepolymer, Crompton

& Knowles Corporation, Stamford, CT.
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Al'l packagi erials are certified -(e.g., according t 12460
i%gbﬂgﬂigﬁf ?d‘i‘/hsooﬁﬁ 9 -¢

for use facilities. First the articles are placed 1n a reduce
pressure hood and decontam nated 15 by using a blast of ionized air. The
articles are then packaged in an inner wapping, cleaned with another

bl ast of iqpi i r . .and - the K j 1, ap, oyf:s o9 apop!
Vatorial s SR " bifbiteiioGhPRARaAnbdk, i Tulifhett SBhPTulatPT AT
inch, 0.375-inch (9. P2odags arid Cliemicals, Inac AllehfomngBAol i s, MN PM Et her:
propyl ene gl ycol nononethyl ether, Lyondell Chem cal Conpany, Houston,

Texas 25 PM Acetate: propyl ene glycol mpno methyl —ether acetatge, Arc
Chemi cal Cdbsthy, chwteé%,r slw@e%é-dfmef & nwpﬁ%%@&cp%t ?:éa!lét?%'ﬁ&?ed '-

pol yuretshane prepol yner, Cronpton 30 & Know es Corporation, Stanford, CT

O oopton SIRARISS Spaa0e YR kg MARLT e, TG SRR
PCT/ USOQ 28289 PACM 20: bi s(para-am nocycl ohexyl ) net hane, an aliphatic

am ne curative, Ar Products and Chemicals, Lnc. | ento PA Fi ber:
pol yest er Sviigsral Bis @40 8My ‘t?al"?ﬂé“‘??&dekﬁéﬁ?@=%€%{b\g& Sal i sbury, NC

5 Mneral A: "P320" SWPL white al um num oxi de, Treibacher, Villach, Austria

M ner al,,B: +, ) BM' o Ugg ' 0 @A 10 Mx 1:
62% BLllg : FMoBégCNQO, V&?O)&/og E’Tz\iﬂk’eﬁer lg%tr)’(cj@n/f Wéﬁ%g{%‘?gﬂﬁ&ﬁl%lég 14% BL16,
39% BL31, 7% PACM20, 40% PM acetate (percent liquid weight) 15 Mx 3. 50%
BL31, 8% PAGNPS, 42% % BIer63139% BI3A¢ 7% IPATCMAOWS0BhPM abitatei (perceitaliquidest
The Bi axi al Shake Test was used to determ ne the propensity of the abrasive

articles of the presle‘Mﬁlgmﬁvent ion to produce particul ate residues or
rel easeabl e particles 20 when subjected to vigorous agitation. A 10 cm x

10 cm SRec | MR from %‘%Q’L%ﬁi ¥% ﬁ(éﬂﬁb?4z% PM acetate (percent liquid weight)

Biaxial Shake Test
The Biaxial Shake Test was used to determine the propensity of the abrasive
" articles of the present invention to produce particulate residues or releaseable particles
20  when subjected to vigorous agitation. A 10 cm x 10 cm specimen from an abrasive article
~ to be tested was plabed in a sealable plastic bucket. 800 ml of COULTER ISOTON
~ solution was added to the bucket. The bucket was sealed and secured into a biaxial motion
paint can shaker (Red Devil Inc., Union,. NI) and the shaker activated for 3 minutes. The
bucket was then opened and the specimen removed. A 250 ml aliquot of the solution was
25  then transferred to a COULTER MULTISIZER II Discrete Particle Counter (Coulter
Corporation, Miami, FL) sample flask. The particle counter was set to perform a 2 ml
. volumetric particle analysis using a 100 micrometer orifice tube (for the measurement of
~ 2 micrometer to 100 micrometer particles). The total particle count was determined and
normalized with respect to the specimen size to obtain releaseable particles per square

30 meter of the abrasive article.

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

chart:
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3050 Digeq
spectromnetr

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 6010B
plasma, mass spectrometry
Dry Schieffer Test

e[Amar ysis

|y coupl €

i B B
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Ve
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D808,

Eluorine lan

| ed USFPA

Reference LT thi am b
d USEPA 6010B pl asn

AT
s gﬁaisifff,r
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et ry

Halogeas og

6010R plaqnn, na.S.9g

eloa chmmaodgraphyt ogr af

ASTEDADI327

Dxygen
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USEPA

tSchonigerdilask i 1
yCombustion

lductiVer

1 ToT

coupl ed USEPA 60108

v OO0 0g

vEET

AWﬁf’é2 Tas s

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 1/8 inch (3.2 mm) thick, Rockwell Ba]l Hardness of 90-105,

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

American Cyanamid, Wayne, NJ. Following the removal of the protective covering from
the top side of the acrylic 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,

Automotive Finishes Division, Cleveland, OH) per the manufacturer’s recommendations,
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Pot assi um i nducti vely coupl ed USEPA 6010B pl asma, nass spectronetr
Li t hi um i We9a28%&| y coupl ed USEPA 6010B pl asma, mass specl’?’ﬂﬁ’éﬂwzé | ver
i nductively coupl ed USEPA 6010B plasna, nmass spectronetry Metal Scan

i nductively coupl ed USEPA 6010B plasnma, mnmass spectronetry Dry Schieffer

Test A scuffing test was used to sinulate the abrasive qualities of

abr asi ve araliowing about 30 piimutes ofif‘Oashk time” hetweendeach rdoublescoariapplication. The

speci nens are, prepared fram pol v(met hy, ry| she ' 1/8
heh (32 riped RS St e Pl ot andro BB ARG S BB B e
364 nC_hd( 1V(\23.2<cﬁ MF flistest_ebpecitﬂ@lﬁrwaeecxlﬁtrﬁfdm tgxar&a&@l%ﬂe_bﬂﬁimrm takemr focan
anam d, \Wayne, . Following the, removal of the protective coyering_from
the top si gainsmizerfhe seraiphing tpaingecisrtace. et cub disep@ers Her ‘IBXGFQ/ER%?-\‘%
BASE T bRy : | ' "ﬂ.lfacclg' e LV S |
Cl evel g\}g‘ , @)%éff%éd;%ﬁ@?gg @§ tgc%&@%tb ﬁ?gé:"ss rebgorlr-r[rlg’\r?ggtliggrr?gs t'I(')he
bl ack base fullgtcumethe painhteatingy &rhe test spedimensewérd thehongbdyefor desting.of PPG PAI NT

DAU-82, CLEAR (PBG I ndustries, Ing., t oumt j ve .Fi nj Di vj Sj :

3 evel and, Oy pEe eAs wih Grauetrt.an & SHudR Adrasion Mehine Gustlyplecfiom Frapier

PCT/ US00/ 28Rg8;sichl Compdis, @a&n&ﬁ%,@my fgedwithfd @ﬂlnfgtdlimétahﬁﬁgvgm fA%Rure
a

doubl e coat application’™ The coated sheets were owed to arr-dry for
appr oxi mat ethg paintedurtest Apesimeer onf the- jhetem (tamtable ngndyi anmeehanicakt fastener

speci nme |t . Nl et he
cer at chithy. CQTEHMATE BORL 0GR S T2 o pHof B Bl 366 Rudiye PofoByiin 1°
(1 26? in anth@f Ie.r firithble N Foarychcesd, 8ad cotintdr weset aphmdSurevelneions. OA &Iri:mht
ours to u cure the paint _coatings. The test specinmens were then
ready for t€&3 ) diametes 4:&9@*\%@@5&‘&@%&%3%&%@%%8%@? Augisdoen the
Machi ne (avﬁbéle?libn%tJbié’PlaFﬂhéth&{hani@Ele?dls%n&U TR RABVent ERitt thEaBRIVG: arl{llk had

fitted with spring clip retaining plate to secure the painted test

speci men oncartast sotfacem significantly elifferent, fiost bachi ather, matation ayas 110adeSBORCHbIIE
PUAL LR 3345 BiRg 448L, ool o 314 R 2R B A SR
4-inch (10dRc wak wighed(t8thél hégesdmillligamqvaghvandambimtb® viathbepigs tiisl tovie
cut and nounted on the . ) .
lower turntable with the painted surface facing up. A 10 1b. (4.55 kg) weight was placed
on the load platform of the abrasion tester. If the abrasion tester is plumbed for wet testing,
the water supply is shutoff. The upper turntable was lowered to contact the painted acrylic
20 disc under the full force of the load weight, and the machine was started. After 500
revolutions, the machine was turned off, the abrasive article removed from the upper
turntable and discarded, and the painted acrylic. disc was removed from the lower
turntable. Any free dust or detritus was removed from the painted acrylic disc by wiping
with a dry paper towel and the disc weighed again (W(2)). The difference W(1) -W(2) is
25  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

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

30 layers of the clear coating.
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er t ia the nechanical fastener. In the eve abr asi ve
oo e Wl | ' Vel 207 2! Ve

article tact surfaces significantly different f er,
notation was nade as to which 15 side was being tested. A
previously-prepared 4-inch (10.2 cm dianmeter painted acrylic disc was

wei ghed tA& Ega.ﬁarﬁst mlligram (W1)) and nounted via the-spring: clip to
the lo Shith the pai nted surface facing up. A 10 Ib. (4.55 kQ)
wei ght was pl aflgdwepSchieffet Tesl viadsadohtuidtedidehticaliglroahé Dy (Sehieffer Test witle "

abrasion tester is plunbed for wet testing, .the V\%er supply is shutoff.
The upperthe gxeeptipneoibnq i wes appliedin teracemlie disk: 9 90QEYSJes wererugipsE -
under th u : (Nl gN i After
500 rev&e%[t %’Ldn%)?iﬁﬁteepan% H@%éﬁ@g’g\l"ﬁurneg@?g ?H{?ﬁ%érg%?g%?we\@%? tafc Jeuggrel?mv'ed

f r om tshe drppeer secomdht abl e and di scarded, and the painted acrylic disc was
removed fromthe lower turntable. Any free dust or detritus was renoved
fromthe painted acrylic disc by wiping with a dry paper towel and the

di sc wei %@gnm@,(m@). The difference W1) -W?2) is 25.reported t.o the
nearest mlli gram as "cut". The test should not abrade the painted acrylic
disc to t t& hat any of the - underlying black paint is removed. In

t he event that ani I € ' t est
was repeated. ]%ﬂﬁ%é@évgh?ﬂh[ ﬁa"?e% ﬁ@g%gé@{nghﬁﬂgbg E g:g“ ? h&gﬁéhﬂ%ﬁga%%gﬁé

| ayer10on gubstrateCcThel catipesititin of Bxamples 2, BlamicC wted showndn Takledu| Thebmakeravptar ed -
with additional 30 Iﬁ%er.s of the clear coating. -26. WO 01/28741 _
PCT/ US00/ BISSH58PT WRS1aPRASH WA ALMOFRE COOEfe \\ot Schieffer Test was conducted:

i dentically t 1PWYwaE Biired hE1777€5% nifthiitls fdrhifie AREBSARABINE™ hinuf foPai Nt.
was applied th%%gp g::r?’?fc d‘lisﬁ; 2)’ 2500 c§/clres wer e rungper t.egt; and 3)
a wat er dhiepizeaoatiqzp| Exaingle Bt Wwes owed pi t88Cdd miinygtes fiar the siake coatingaand HF = -
about one 5 drop per, second. Exanples A, B, .an o0am Substrate anpl es
A, B, andminujgs for the-pize egatings; Fxp e(;f)évﬁg cared aﬁﬁﬂgu?’egﬁﬁlﬂgteis f&ém%&sm%r’e 10
substyate, I | L] UIR A, B and C are shown in Table 1. The .
make {:%atcoaégggﬁar)g?ﬁ%%ﬂgﬁg{eise% Vi ar?g; two-roll coater. Exanple A was cured
at 177C, 2 mnutes for the nmake coating and 3 mnutes for the size
coating. Exanple B was cured at 1890;%]%nut es for the make coating and 10 -

m nutes for the size coating. Exanpl s cured at 175C; 6 m nutes for
t he make

Foam [Make-Mix 1|Make-Mix 2 | Size-Mix 1 | Size-Mix 3 | Mineral A | Mineral B
_ ‘| grains/24 in?|grains/24 in?| grains/24 in® |grains/24 in’[grainsy/24 in’ grains/24 in® grains/24 in?
Example | (g/m’) (g/m’) (gmd) | (gm) (g/nr’) (gm) | (gm)

A 62 (259) 44 (184) - 64 (268) - 84 (351) -
B 67 (280) - 29(121) | - 26 (109) - 91 (380)
C 65 (272) 30 (125) - - 35(146) | 72 (301) -

. 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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15 coati
Make- M X

"§oififr

m nutes for the size coati ng. Table 1 Fo
Size-M x 3 M neral

X |

A Mneral B

grain

FEp bt 1

grains/24 in2 grains/24 in2 grains/24 in2 grains/24 in2 grains/24 in2
grains/24 in2 Exanple (g/nR2) (g/nR2) (g/n2) W) (g/nm2) (g/n2) (g/n2) A 62

(259) 44 (184) -- 64(268) -- 84 (351) gﬁ(l%} (280) -- 29 (121) -- 26 (109)
- 91 (380) - C65 (272) 30 (125) -- -- 3 6) 72 (301) -- Total Elenental
Content 20 The total elenmeptal content Ef % #ive and aXiveV e
comrercially avpilable ha .E%Fd?& S V@ mYE LBkl WeLkadsi 2 ti on
fol |l oned by i ndpeti-vely—ecotptres “‘C:;@ l?j ana.wg?éwn*ﬁ et tmhom in:
Tabl e 2. AppropfiaSedMthits are Zhown ih Tabl 863 _27 i w0 03098741
PCT/ USQQO 28289 | TpgtfsismConpar at isve Conpar atizgno Exangle C Gppor) Example 1
(ppm Exanpl e 2P, _Sodiom 85, 9631300 PotgssTi UnT 5 —Caiki um
2.3 Mgj or 23800 L"?“ﬂ‘“’l‘n <1 22 t _detlerni né¥%Ch| arilne <44 5 23
Copper < 1.4 22| 20&ithivan 4)8 16961830 [Magnesi2®n 0. 45 |716NoBéEermified an|i um
0.46 1461 122 SOTTH[; .Z0.2068 150 PhoSphorus. .4 16 [820 CTI74 34199
32768 Tabi e 3 PecelofBe o ST o MR ALt 2300 di um
0-50 50-200 <50p Copper <14 22 206
Iron 438 1696 830
Magnesium 0.45 716 390
Titanium 0.46 1461 122
Sulfur 26 268 1500
Phosphorus <04 . 16 820
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 <500
Copper 0-20 20-50 <500 -
Iron 0-20 20-50 <500
Magnesium 0-20 20-50 - <500
Titanium 0-20 20-50 <500
Sulfur 0-20 20-50 <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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Pot assi

<500 Chlorine 0-50 50-100 <500 Copper 0-20 20-50 <500

fiA%;20- 100 <500  Cal ci um 0-20 20-100 <500 Lil%&lﬂgg&g%g 20- 50
502

ron

0-50

<500 Magnesium 0-20 20-50 <500 Titanium 0-20 20-50 <500 Sul fur 0-20 20-50
<500 Phosphorus 0-20 20-50 <500 TOTAL 0-200 200-1000 <5000 5

SN A

el oni ze

wat er

Pathg?ttﬁ%r;l) gipéaié?lr eﬂ@g@&ﬂi'[s ngd for

a one

soak

fol |l owed ghownon Tablerdforiselectadimionsidnd dations ingiakts ger billnd esoceptable linmts/ésd M

D4327 and
nodi fi cat

results are
Acceptable limts are
B (pp Conparative Ex

billion.

2.3 Brom

173.1 Cat ﬁ;ns

96 270

USEPA 3
nda

1 with

anple 1 (ppb)

-28 WO 01/ 28741 PCT/ 1JS00/ 28289 t he
pression is electrolytic rather than chem cal.
shown in Table 4 for selected anions and cations in parts per

The

shown in Table 5. 5 Table 4 Anions Exanpl e

Tablefi de Chloride 7.2 11 Nitrite 0.6

16.1
'S5 Na

S EABISBSc B (hpb) Exsmplet (REDY 4 (Gomparatiys Exaspic 4 (aeb),
Fluoride * * .
Chloride 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
Cations Example B (ppb) Comparative Example 1 (ppb)
Li 0.43 0.5 |
Na 96 270
Ammonium 1.7 14
'K 2.1 1300
Mg * 62
Ca 26 4700
TOTAL 126.23 6346.5

* means “not detected”
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Amonium 1.7 14 K 2.1 1300 My * 62 Ca 26 4700 TOTAL 126.23 6346.5 *
means "noWOdd28Mied" -29 WO 01/28741 PCT/ US00/ 28289 Tabl ePET/RSMIREILY
Preferred (ppb) Good (ppb) Must be (ppb) Anions Fluoride 0-1.0 1.0-2.0
<3.0 Chloride 0-5.0 5.0-10.0 <10.0 Nitrite 0-1.0 1.0-2.0 <3.0 Bromide
0-1.0 1.0-2.0 <3.0 Nitratée0-5.0 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 TOTAableS520.0 20. 0- 40. 0 <50 0 Catlons

pounds.

Exanpl e Cut (g

0 K

(L)I- 10,0 70.0 5o 0 Ragges nglo W%@)Q 10 Gooutapl) 20 o Mo bagppbeng. o
TOTAL 0-150 150- 259,07,300 Exarrpl e A was eval uated for cut by t he Dry
oA 0 R TR AR L0 TN T
greater than|{or «hlatiddé o 0| 04 gr@Ho pr ef grred 5/@d108s ar & gr eatd0.0t han |{0.
gram and nofe PT ifthd €0 VAT UES ghegreatjer thap JoT25 gram 1appe 6
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 0.5-1.0 <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

Example A was evaluated for cut by the Dry Schieffer test which was conducted
for 500 cycles with a load of 10 pounds. The results are shown in Table 6, wherein
5  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.

Table 6
Example Cut (g)
Comparative Example 1 0.078
Comparative Example 2 0.039
Example A 0.159
10 Example B was evaluated for cut by the Wet Schieffer test which was conducted

with a water drip for 2500 cycles on an acrylic workpiece under a load of 10 pounds,

wherein acceptable values must be greater than 2.9 grams, preferred values are greater
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Conmparative Exanple 1 0.078 Conparative Exanple 2 0.039 Exanple A 0.159 10
Exanpl eWD 0A28748val uated for cut by the Wet Schieffer tedRCEFS00AS28 s
conducted wth a water drip for 2500 cycles on an acrylic workpi ece under
a load of 10 pounds, wherein acceptable values nust be greater than 2.9
grans, preferred values are greater. -30 WD 01/28741 PCT/ US00/ 28289 t han
3.2 granstham3@ grems, angrmaere preferrod values arerepterthan 3.6igams . Theytestaesultsiage ¢ ost
results age H%FWICE: Table 7. Table 7 Exanple cut (g) Conparative Exanple
1 3.6 Oo%lp rati've Exanple 2 3.2 Exanple B 3.0 5 Exanple A was eval uat ed
for its propensity to produce free particles by the Biaxial Shake Test.
The results are shown in Table 8, me’i‘ebltln accept abl e values are | ess than
500 x 106 particles per square neter;2 Y preferred range is between 100 x

106 and 200 x JO6 partic RE sduare mefer, and ey preferr is 0to
100 x 106 parti-c—Les—pe:——qu‘;aéfr[@—#e&-er-—%e— +efl es/n2 -

(millions) Cofpar at CompasativeExampleh3 Cohpar ative 3fanple. 2 1076 Exanple

A 136 Conparative Exaiiapative Bafmplezar ati ve Exanple 42is a
comer ci al | y- ayat ' ' tom terial -
having the trade desi gnatf8fPleBoTCH BRI TH 7447+ GendPal  Purposle Hand Pad"

avai |l abl e from M nnesot a M ni ng and Manufacturing Conpany, St. Paul, M\
B | AR AP STk pfos Rl Go Brddhof 60 PRRERL B e Rl 2! ©
Shake Test. The results are shown in Table 8, wherein acceptable values are less than 500

x 10° pérticle_s per square meter, the preferred range is between 100 x 10° and 200 x 10°

particles per square meter, and more preferred is 0 to 100 x 108 particies per square meter.

10
Table 8
Exaniple Particles/m? (millions)
Comparative Example 1 o 1213
Comparative Example 2 o 1076
Example A 136
Comparative Example 1
15 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,
St. Paul, MN.

20 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
and Manufacturing Company, St. Paul, MN.

25
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comrerci al _scouring pad avail abl e as "SCOTCH BRI TE #96" from M.nn ta

M ning "’ W@ Wt act ur i ng Conpany, St. Paul, MN. 25 -31 V@W%’?E%g

PCT/ US00/ 28289 Exanpl es D and E Nonwoven Substrate Exanples D and E were
prepared to denonstrate the invention when using a fibrous nonwove
Substrate. !ablg shﬁﬂs t he conposition of Exanples D and E. 5 Exanples D
and E were S4t 38 “oven tenperature of 350F; 2 nminutes for the make
coati ng anoNenwovediSabstifté t he size coating. Table 9 Fiber Prebond Mx 1

Make M x | neral A Stze Mx | grains/24 in2 grains/24 in2 grains/24 in2
grai ns/ 24 in2 grExamplesD apd demppstnaty gheninventiorwhen Jisipg) ap
18(75) 27 8 1 1 : 146

(318) 55 (FP3pus Roityd ol b o ibhys g Seepdien) BF Shoatics Btnd %,

Exanpl e 5D VExtangéssDnind &l wieye eered as bn divgre temperaturieadf] 35088, Dyninutes for the make
chromat ography. The results are shown as parts per mllion in Table 10.
Accept abl e goatipg and,3 mipgtes for the sizeca3B%ent s are shown in Tabl e 3in parts
per mllion parts. 15 Table 10 Exanple D Conparative Exanple 1 Conparative
Exanple 2 (ppm (ppm (PPm Sodium 87 963 1300 Potassium < 1 3900 1500
Cal cium 4 Major 23800 Lithium< 1 22 (Tatle®wn) Chlorine <37 135 2300

Copper < 1 22—206—+renr—11—169613830 - - - - -
Fiber Prebond Mix 1| Make Mix 1 | Mineral A | Size Mix 1
grains/24 in® | grains/24 in? |grains/24 in’ | grains/24 in? | grains/24 in®
Example|  (g/m’) (g/m®) (g/m”) (g/m’) (g/m®)
D 18 (75) 27 (113) 25(104) | 57(238) | 45(188)
E 18 (75) 27 (113) 35(146) | 76 (318) | 53(222)
10  Total Elemental Content
The total elemental content of Example D was determined by wet ash digestion
followed by ion chromatography. The results are shown as parts per million in Table 10.
Acceptable levels of the various components are shown in Table 3 in parts per million
parts.
15
Table 10
Example D | Comparative Example 1 | Comparative Example 2
(ppm) (ppm) (ppm)
Sodium 87 963 1300
Potassium <1 3900 1500
Calcium 4 Major 23800
Lithium <1 22 (unknown)
Chlorine <37 135 2300
Copper <1 22 206
Iron 11 1696 830
Magnesium <l 716 390
Titanium <1 1461 122
Sulfur 11 268 1500
Phosphorus <1 16 820
TOTAL 156 34199 32768
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Magnesium < 1 716 390 Titanium< 1 1461 122 Sul fur 11 268 1500 Phosphorus
<l 16 SMOOIMEMAL 156 34199 32768 -32 WO 01/28741 PCT/ USOWUBRR%R8Y Exanpl e E
was eval uated for cut by the Dry Schieffer test procedure wherein the test
was run for 500 cycles under a |oad of 10 pounds. The results are shown in
Tabl e 11. For acceptable articles, the dry cut nust be nore than 0.04 gram
of material rcixnmple E wiy efabrateldfoarcut by te Ryt Schiafter tésh prayedungrvehereinthe nor e

preferred article an T (9)
e ot 168 Weae s o 3P0 FEteS bl h g, B {7 Sobirnd BRyfs & s Zaktd 10,9
Exanpl e &dwa%c%itaﬂe antidlesa tied difyocut pmist ubeuhateaha:esmaugausommatdml Rmoved!:
Shake t est The results are shown in Table 12 Wgerel n acce tabl e

val ues arRrefemed artigles sumere dken B4, giam, aad yeeresprefereed articles oyt oaore %F

val ueg argy han or equal to 200 x 106 partlcl es per square neter, and
nor e preferre val ues are less than or equal to 100 x 106 particles per
square neter. 15 Table 12 Particles/n2 (mllions) Conparative Exanple.1l
1213 Conparative Exanple 2 1076 Exaigélel 165 -33 WD 01/28741

PCT/ US00/ 28289 Clains 11111111 11111 I 11 11 Till s 1. Aflexible

abrasive articl ¢ conprrsi ngxﬁgéﬁsl ve partifles adr@ﬁﬁg)to a nbnwoven
fabric wwth at | ¥ ' S ' ' pnpri ses | ess
t han - Comparative Example 1 _ 0.078 o
' Comparative Example 2 0.039
Example E : 0.095

Example E was also evaluated for particulate residue using the Biaxial Shake test.
10  The results are shown in Table 12, wherein acceptable values are less than 500 x 10°
particles per square meter, preferred values are less than or equal to 200 x 10° particles per -

square meter, and more preferred values are less than or equal to 100 x 10° particles per

square meter.
15 : Table 12
: Particles/m’ (millions)
Comparative Example 1 1213
Comparative Example 2 - 1076
Example E : 165
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5 300 ppb of selected extractable cation particles and | ess than 500 x 106
rel easeabV@O1p#ML i cl es per square. meter. 2. A flexible abrRSi/US002828c| e
conpri sing abrasive particles adhered to an open ceJ_L_maJL'th at Ieast

_\

one bi nder wherein the abrasive article conprises |es n 300 ppb 10 o
sel ected extractable cation particles and | ess than 5 I "ﬂ'ﬂﬂ' Ie
particles per square neter. 3. The abr&kims artlcle +

wherein the abrasive article conprises |ess than 250 ppb se ect ed’

extractabl e cation particles. 15 4. The abrasive article of clainms 1 or 2

wherein the abragive Arflesible maﬁwc Sa@ﬁcle|ﬁﬁl$pri§i‘t€g'l abfagive Pparticles Gidéered to a
extractable cation _particles., 5. The abrasivye article of, clains | or

wher ei n t henoaMONER W’“&r‘l’lﬂ& Pfelee%mmbs%r %slse shrasivenrticle comprises less ém e
par ti cl gs Fact i Bhotf1eR! dridC | Gharf 530 15° FhicAsend
wher ei n%t he ab @sl?’\?gseg% fxet coaﬁpikffgt?é ess zLan 1 8%( lg% rell eaéggi)elaee
particles mamdepwsqmmemeterZS 7. The abrasive article of clains 1 or 2
wherein the abrasive article conprises a selected elenental content |ess
t han about 5000 ppm 8. The abrasive article of clains 1 or 2 wherein the

abrasi ve articl e conpAiflegible dbrasiv@ardticle @nspriigodbrasivg cleeadhetdiipid abspeh
1000 ppm 30 9 The abrasive article of claij m;g%L or ﬁi\\/\At;erel n the abrasive

article congsllifoar with atdeast paeibisdenwhersin the abrasive pticle eareprisas less thap30pppb
-34 i 0 P sl V. tihe!

wher ei xigt héé fg%r?e%dvée;%rk@g%{ %%ég a%&s‘%sgﬁ geggsﬁ%a%b(g% 10 683% aetg{a Z%H& ek I%r
extract abl esqaateanetprar ti cl es. 11. The abrasive article of clainms 1 or 2
wherein the abrasive article conprises 5 |less than 40 ppb selected
extractabl e anion particles. 12. The abrasive article of clains | or 2

- Wwherein the abragive ohd abthsive aiilel sfetaims 856 1 WhdredPthR Abrasivt Afids! comprises

- extractable anion particles. 10 13. The abrasive article of clainms | or 2
wher ei n t helessthar 230 pph selected exapiablecationpaigicles.ut of greater than about 2.9

4, The abrasive article of claims 1 or 2 wherein the abrasive article comprises

less than 150 ppb selected extractable cation particles.

5. The abrasive article of claims 1 or 2 wherein the abrasive article comprises

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

6. The abrasive article of claims 1 or 2 wherein the abrasive article comprises

" less than 100 x 10° releaseable particles per square meter.

25 . 7. The abrasive article of claims 1 or 2 wherein the abrasive article comprises

a selected elemental content less than about 5000 ppm.

8. The abrasive article of claims 1 or 2 wherein the abrasive article comprises
a selected elemental content less than about 1000 ppm.
30
9. The abrasive article of claims 1 or 2 wherein the abrasive article comprises

a selected elemental content less than about 200 ppm.
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14. The a

conpri s&8¥O 028t cut of greater than about 3.2 grans.
f clains | or 2 wherein the abrasive article conprises a wet cut
r than about 3.6 grans. 16. The abrasive article of clainms 1 or
he abrasive article conprises 20 a dry cut of greater that about
1710.TheThe)abrasiveatticle of] q&alms 1c¢raz whergingthe absgiive @rticle pempiseasi ve

?ﬁhgﬁga Pﬁs{i@é&cb r%ab%rﬁﬁ ?%]eabou;t 0.1 grams. 25 18. The

abrasive article conprises

article o
of greate
wherein t

0. 04 grans.

article c
abr asi ve
dry cut o
clains 1
di anmet er

m Ccrons.

PCT/ US00/ 28289 21. The abrasive article of claim1l wherein the nonwoven
npris o} r ive
%2 o CTRERfnibd REicl &\l i L0 BN ubRuiy @i EorfliaR v
i nch. 23-le?&\ﬂxaﬁm@pbvdeaéde:afaetabieaﬂ@pnrﬁclmere| n the open cell foam :
reticulated foam 10 24. A nethod of making a flexible abrasive
ontaining mninmal anonts of rel easeabl e physical and chem cal

fabric co
article o

conpri ses
article c
contaﬂ@na
cont am na
the steps
substrate
coated su

substrate;

15

20

25

30

brasive article of clainms 1 or 2 wherein the abrasive article
15PQBHUSOV28282br asi ve

f greater that about 0.125 grams 19. The abrasive article of

or erejin the .abrasjv arti.cl. ave di an rticle
O 2 oo Che kiR o ARl st Rt 1oL pheref e aboiye Aehl Habhriess
wher ei g ttegsﬂlhﬁaé;pﬁ 6 séladtbd Shtesztdbfe/dhich patBidlés, Par ticl e diameter of 30-60

1111111 11 11 Eu 11111 11 IIII -35- ¢ L ns W 01/ 28741

f cla open ¢ oam conp

nts wis ch, THOgEaso€articR & Pafs IWriBwRErein the aN@SivEaRidi@Eomprises

nts on the surfaces and does not damage the surface, corrprl si ng

a et putef igriatey thanfabouid. A gramssubst rat e; coating the foram nous

with a make coating to forma coated 15 substrate; coating the

bstrate with abrasive particles to forma particle coated

a wet cut of greater than about 3.2 grams.

15.  The abrasive article of claims 1 or 2 wherein the abrasive article comprises

a wet cut of greater than about 3.6 grams.

16.  The abrasive article of claims 1 or 2 wherein the abrasive article comprises

a dry cut of greater that about 0.04 grams.

17.  The abrasive article of claims 1 or 2 wherein the abrasive article comprises

a dry cut of greater that about 0.1 grams.

18.  The abrasive article of claims 1 or 2 wherein the abrasive article comprises

a dry cut of greater that about 0.125 grams.

19.  The abrasive article of claims 1 or 2 wherein the abrasive particles have a

median particle diameter of 10-100 microns.

20.  The abrasive article of claims 1 or 2 wherein the abrasive particles have a

mean particle diameter of 30-60 microns. _ I

| A T

14.  The abrasive article of claims 1 or 2 wherein the abrasive article comprises -



curing the particle coated substrate; coating the cured particle coated
subst r at ewoiotR8741 si ze coating to forma -20 size-coated sUPGT/USAOLZ8289ur i ng
the size-coated substrate; converting the cured, size-coated substrate to
form a shaped abrasive article; post-cleaning the shaped abrasive article
to renove undesired 25 contam nants; and packagi ng the cl eaned shaped
abrasive articl el.l!|Thd dbdakive |arti¢cle lof Icldifnl 1 lwhédein3the nonwoven fabric comprises

organic fibers and a prebond adhesive.

22.  The abrasive article of claim 2 wherein the open cell foam comprises 4-100

5 pores per inch.

23.  The abrasive article of claim 2 wherein the open cell foam comprises

reticulated foam.

10 24. A method of making a flexible abrasive article containing minimal amonts
of releaseable physical and chemical contaminants which, when used to clean surfaces,
leaves minimal contaminants on the surfaces and does not damage the surface, comprising
the steps of providing a foraminous substrate; |

coating the foraminous substrate with a make coating to form a coated
15  substrate;
coating the coated substrate with abrasive particles to form a particle coated -
substrate; '
curing the particle coated substrate;
coating the cured particle coated substrate with a size coating to form a
20  size-coated substrate;
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
25  contaminants; and

packaging the cleaned shaped abrasive article.

* [ L M S *
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