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'CROSS- REFEREN ELATED APPLI CATI ON(S) BACKGROUND Fi nvention
[ 0001] The pr g@%%f%ﬂﬁnventi on is generally directed to ck%&@%ﬁﬁ@qsée
products, and in particular coated abrasive products and processes for
formng sane that enploy a binder fornulation having nmultiple pathways for
curing. Description of the Related Art [0002] Coated abrasive products
fundanmental ly include a substrate or backing mnenber that serves as a

di nrensional |y stabl e conponent, on which an abrasive- containing |ayer is
deposited. In traditional coated abrasives, abrasive grains of the abrasive
ayer are adhered to the backing nenber through use of a naker coat, . which

i s an adhesive binder conposition for anchoring the as-deposited abrasive
grains. Most ¢CHATED ABRRSPEE PRODUCHH ANVEBROCESHSIPOR FORMING Si ze coat
that lends structural integrity to thgmprasive layer. In the context of
traditional coated abrasives, the abrasive grains are generally randomy
oriented and forma fairly uniform | aygfeil 0003] Engi neered or structured

abr asi ves have been devel oped to pr O Jeal [pr oved performance over
;tured abrasives also generally

traditional coated abrasive products. . uc
utilize a backing nenber, but th @%ﬁf“&??ﬁ%v T%S/er is deposited in order to
forma pre-configured pattern. S 1ang atick £8nbr asi ves general | y exhi bit
enhanced grinding characteristics over conventional abrasive products, such
as providing  susi aRESIRIBIANCEONSIAEATIHAPRESCAITTONS) and ext ended
life. WO 2005/ 095060 PCI7"USZ0U n e nt e of both

.adi tional coated abrasives and structured abrasives, thernmal curable

ers have been used to adhere tBRCEWIBOUNDI| ayer to the backing

Field of the Invention

[0001] The present invention is generally directed to coated abrasive products, and in
particular coated abrasive products and processes for forming same that employ a

binder formulation having multiple pathways for curing.

Description of the Related Art

[0002] Coated abrasive products fundamentally include a substrate or backing
member that serves as a dimensionally stable component, on which an abrasive-
containing layer is deposited. In traditional coated abrasives, abrasive grains of the
:} abrasive layer are adhered to the backing membe'r through use of a malcer coat, ﬁrhich
 is an adhesive binder composition for anchoring the as-deposited abrasive grains.
Most typically, processing continnes with deposition of a size coat that lends
structural integrity to the abrasive layer. In the context of traditional coated abrasives,

the abrasive grains are generally randomly oriented and form a fairly uniform layer.

[0003] Engineered or structured abrasives have been developed to provide improved
performance over traditional coated abrasive products. Structured abrasives also
generally utilize a backing member, but the abrasive layer is deposited in order to
form a pre-configured pattern. Such structured abrasives generally exhibit enhanced
grinding characteristics over conventional abrasive products, such as providing

sustained cut rate, consistent surface finish, and extended life.



“menber or substrate, as well as to stabilize the abrasive grains. However,
thermal curing suffers from nunerous drawbacks including, often tines,
extended cure tinmes resulting in unwanted shifting of abrasive grain-

posi ti onwdPanspseb@arly in the context of structured abp@guss®sioig® pattern
of grains may be disrupted during rheol ogi cal changes of the binder

formul ati on during heating and/or during handling of the structured
abrasive prior to or duri n% heat treatnent. [0005] In an effort, to address

such di sadvipi4hdadbe et iof bethrigditnnpbroatedrabrseyep ppdialructapd eiRgivefave been
devel oped, hc&%}ﬂﬁgﬁ eybeglfﬁ&‘g&o g&l&’e&é Helh): ﬁ;e“igfér?@ﬂle b%EBB%r adi ation
cur abl e bi ndérs 1 ncludé -curabl e bi ndérs as e as’ e-béam curabl e

bi nders. Homendbdr,orsalshitatd, awell kot Satifindbe ahasive painaM Héwetter, theinal dr awbacks
as well. For exanple, particularly in the case of silicon_carbide-based -
abr asi ves, QUN&Z geiber fiom nyeerers dergacksinglnding.Qffenttinggs, extendadi Metimer t her

dyes prese .t hd > hi . I C e ts L iation
penetratioﬂ%%§&§£wﬂy&g§gﬁﬁgﬁﬁégP%ﬁkgﬁ%gﬁ%ﬁg¥%ﬁgﬁ??ﬁé@ukﬁ@ggﬁﬁﬂﬁm%ﬁ&gffort to
addr ess t hetREQERISH ARG NHe peitdro biRAGR edobaditbtbiatdueing riesegbat ed with
known coated abrasives, and i-n particul ar, structured a%rasives, US Patents
5, 863, 306 ahangss @8 thebiudey Syarylpeendring heatgraanddoralyriag hoedingndikel utilizing a
bi nder for i t ha i iat.lon rabl e and thermally curable
conponentsgﬁﬁﬁikﬁ%mggg%égggﬁ%SgéFé%g§$%§£§§&#bdified t hrough use a
functional powder that is added to a coated internedi ate product prior to

curing. ThgoedosnGh aBEbrt (Weddless such dividanaded, eo-aajlafshdRtivh-$60Sid binddr t he
intermedi ate product, to retain  structural integrity during processing such

that its edgiteehes irngevalepadaphichisdbaniagsordy peanipprieingEyslesi ng. [ 0007]
Despi te ad%%?a%%ﬁ%ggaﬁgee%ﬂdérg hfide UPSufb R RhbL %Qv\f'ggra}s ead by ie ;g@e .

patents for "exa contl nues to exi r su r coated a

and et ho®gdes! HowdVenGadiahioh ciailile phuidel dkendveithdue kit Hewbalky @8 wiell.
| ar ge-scal e manufacturing: operations. 2 WO 2005/ 095060 PCT/ US2005/ 010039

SUMVARY [ OFosaxammdemarticglarky ia the ease obsilienn ershide-basedpbrasivestha demtk ofr oduct

I ncludes a penetration of the radiation is limited. Further, dyes present within the binder
formulation can cause issues with radiation penefration as well, resulting in

incomplete curing.

[0006] In an effort to address the processing and performance characteristics
associated with known coated abrasives, and in particular structured abrasives, US
~ Patents 5,863,306 and 5,833,724 desctibe various coated abrasives formed utilizing a
binder formulation that combines radiation curable and thermally curable
components. During processing, viscosity is modified through use a functional D
powder that is added fo a coated intermediate product prior to curing. The functional
powder is intended to adjust a viscosity of the intermediate product, o retain
structural integrity during proce'ssi'ng such that its engineered shape is maintained

prior to and during curing.

[0007] Despite advances provided in the art, as exemplified in the ‘306 and *724
patents for example, a need continues to exist for superior coated abrasives and

methods for forming same, and which further lend themselves to large-scale

ménufacturing operations.



- substrate, and an abrasive | ayer overlying the substrate. The abrasive |ayer
i ncl udes abrasive grains and a binder, the binder being formed froma

bi nder fornulation including first and second bi nder conpounds m xed

t oget her i with the abrasive grains. The first,pbi und is
generallfﬂﬁédﬁg ”%% curable, and the second binder'con%ggﬁgﬁPQG esirably in
powder form and is thermally curable. [0009] According to another

enbodi ment, a nethod of form ng a coated abrasive product, includes m xing
a binder fornulation with abrasive groMBIARYform an abrasive dispersion,
the binder formulation including a mixture of first and second binder

conpounds. i L hde L.s radiatjon curahl.e. ..and the second
bi nder corrp;%}ﬁ)gI iéC%é%ﬁ%%%4§&?%m§§d}%§rEF 8?%1%&1%1‘%515"%P{qﬁg‘f‘tr}%‘flﬁ@w@urabI e. The
Process  CORLBIIHES aid b abradive BFefo il tBé ubdirhfd. e 2BREIRE Layer Hiches sion to
forma coated |nternediate product, and car ry%‘gg out curing operations.
Curing is cabrasivg seaies pyd 2 bindergthetiingder bpiag dymeddiom edinderifamulagenduct to

cure the firs i nder. ¢ : ’ ting.t cgat ed

ot or medi a oraRB AR 250 FERHPneBl bRt Gt s cr i o
OF THE DRAVLMGSvEQRAR]. Tefipt Biagstcoldpornd isqrnemlp eadigidneirdbls anstiod, and
its nunmerous objects, features, and advantages nmade apparent to those
skilled i n #¢rongbindsy compeynshs defirablydn pawdenioamy tadds dreampiigeurableo111 Fig. 1
illustrates a basic schematic |ayout and process flow for formng a

st ructured R et ARLAS ¥SeBAPURRARER Sl Lo AneRadL IR LAl Lhe b eser

i nventi on. ates a ¢éross-sectronaF Vi ew o enbodi nent .

of the preseniduci, Meditles aixingQbidder FirgrilatdnSyith AstsdivaRinges specdd ve Vi ews of
several enbodi ments of the present inventi-on. -3 WO 2005/ 095060

GFi US2005 10786739 dispersing) tprhindgs forprlatioa indping ameixevie of fisghasd ssooml di £ f er ent
ngBwP %ENll_gginﬁglt éao?n}?du?i'dls.aihe Bt bﬁﬁ&t doﬁﬁlouhﬁ ?ﬂ%dia%tg@aﬁg S tﬁ% sedabd
binder compound is generally in powder for;n, and is thermally curable. The process

continues with coating a substrate with the abrasive dispersion to form a coated
intermediate product, and carrying out curing operations. Curing is carried out by
irradiating the coated interrhediate product to cure the first binder compound, and
thermally ;reaiing the coated intermediate product to cure the second binder

compouild.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The present invention may be better understood, and its numerous objects,
features, and advantages made apparent to those skilled in the art by referencing the

accompanying drawings.

[0011] Fig. 1 illustrates a basic schematic layout and process flow for forming a

structured coated abrasive product according to an embodiment of the present
invention.
L | [0012] Fig. 2 illustrates a cross-sectional view of an embodiment of the present

_invention,

[00i3] Figs. 3-5 illustrate perspective views of several embodiments of the present
invention. '
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[ 00151 According to an aspect of the present invention, a coated abrasive
product is provided, including generally a substrate and an abrasive |ayer
overlying the substrate. The abrasive |ayer includes abrasive grains and a
bi nder, t"Wa2H1588¥6¢bei ng formed from a binder fornul at PERUSEHPSRIYAL t i cul ar
enbodi nent, the binder fornulation includes first and second bi nder
conpounds that are m xed together wuniformy with the abrasive grains.

Typi cal |y, ITraty <Rl Feand LAt | - i.pder is
formed of at{g‘g4 eT;II,% uésggf‘ﬁ% Sta*{% rréﬁ%ﬁn?& (%%{ri%‘%ly ;eﬂk a{:eﬁ%égwﬂég%?(?r@%tgpgg% second
bi nders may ohadeaticallitena. si ngl e pathway for curing. That is, each binder may
be nmono-curable, such that only a single curing nmethodol ogy can be used to
cure the particular binder conpound. For exanple, as noted above, the first

bi nder maybe nono- cur ablBESCRIPTION OF TBEEMBODINMBNESOY irradiation,
whil e the second binder is . nono-curable, curable only by thermal treatnent.

[ 0016) Tur ni he.. tJ.C |_tel,eS i nder _fo | ation s_noted
above, one J)ébqsi E\ectcBﬁdﬁrgé{O %no#gg{}ﬁg?% pgg%%{n%?gpfﬂ > ?’3%%%‘{%?15“6%@8?%}5 such as
UV- cur abl e, prigsilinclidi@deherdly Mtubsemaved ausiealite lafeldietlyiialthe | y usef ul
UV- bi nder conposition contains _constituents chosen fromthe group of

acryl at e anéuhfteitacihplakrasivel lpygieelgdesadrasivegorins and akinden thebinglsrbeisgi ncl ude
epoxy acryl ' ' e I Q l.C. ur et hane acryl at es,
pol yest er aéﬁr@}%gt@sn{l Bg’r%%fﬁgfoﬁfcrﬁ%%fogl ) a[@%# gﬁé@? b@ggél?rg%{‘r&%%%&efl ates, and

aromati c acfgnfiitivachuédseis: dMiNRIBidbindscdfPotiBiiahat a6l mixddrtbgethert €t ra-, and
pent af unctional acrylates and nethacrylates, such as trinethyl opropane

triacryl at ednifonmly i Tll?P PPN ETALRS. aEYnjtaly eﬁhetfllrrﬁf&ilqct:r ip)rgﬁi@ﬁgrr: g}@.rﬁpleij andI
ot yl ar e T sebiiihderdt Brml o BBYIE Pl By B0AHICS e BPHRIER.OL | oo

fornul at i onanByechRt binders sdishaeiond a sifBld Hathwa8TfoPdritga tihafRNGFR hendent ai ni ng
3 or nore acryl ate groups per_ nolecule. Typically comercial products

i ncl ude, trmaEEbayIeSrapane such that phlvtasingla iy mahoddogrcardisonsed tasurgel | a

t thrjtal tri T, | at.i dj - .
P funet i olmspostchl Hiaer bempointror ERERbE) &dofes AUDE S ol viier fA0 pe
ol i goners naynbeuradill dueh @tht & 10 0glyviurdblé e irtddieionC RENONR RECorIGigdares pr oper

r heol ogi cal properties for -4 WO 2005/ 095060 PCT/ US2005/ 010039 processi ng
and proper mepgsHEble, swgblewnly hy thenmabEaalipent i cs of the end product after

[0016] Tﬁrning to the particularities of the binder formulation, as noted above, one of
the binder compounds is generally radiation curable, such as UV-curable, e-beam
curable, or microwave curable. A particularly useful UV-binder composition contains
constituents chosen from the group of acrylate and methacrylate oligomers and
monomers. Useful oligomers include epoxy acrylates, aliphatic urethane acrylates,
aromatic urethane acrylates, polyester acrylates, aromatic acid acrylates, epoxy )
methacrylates, and aromatic acid methacfylates. Monomers include mono-, di-, tri-,
tetra-, and pentafinctional acrylates and meihacryla:tes, such as himeﬂlylopropane;
triacrylate, trimethylolpropane friacrylate, tris (2-hydroxy ethyl) isocyanuarate
triacrylate, fripropylene glycol diacrylate, hexanediol'diacrylatc, octyl acrylate, octyl
acrylate, and decyl acrylate. The binder formulation may include substantial amounts
of acrylate monomers containing 3 or more acrylate groups per molecule. Typically
commercial products include, trimethylopropane triacrylate, (TMPTA) as noted
above, as well a pentaerythritol triacrylate (PETA). The relative amounts of di- and
tri-functional acrylates as well as higher molecular weight acrylate oligomers may be

adjusted along with the other components to give proper theological properties for



cure. [00171 Further, coupling agents may be utilized to inprove the bonding
between the adhesive and the abrasive grains. Typical coupling agents

i ncl ude o i es, for exanple A- 174 and A-1100 avai I r Csi
Speci al ti{é@,’% “ﬁ{():d.swand organotitanates and zircoal um na@é’léﬁﬁg&%‘hf)@?cul ar
group of coupling agents includes am no silanes and nethacryl oxy sil anes.
[0018] Fillers can be incorporated into the dispersion to nodify the

rheol ogy of pleeessHigsisbeed taithnbRami ViR shaaterisRd @ AR hdProd e afist ed

bi nders. Exanples of useful fillers include nmetal carbonates such as

cal cium car b&Hat e, sodi um carbonate; silicas such as quartz, glass beads,
gl ass bubbles; silicates such as talc, clays, calcium netasilicate; netal .

sul fate such risum sul f.afe Cl |l ud numsul.fate; .. metal
oxi dos. such WO Hal wiih SRiEk Serifran ol s b L E B WA udh it
boebni te  angfhesivoand de-Aead dreins. Tngical dibiniadehisiididd Srgaldd9atds, Tdie

di spersion may conprise a grinding ald to increase the grlndlng_eff|C|ency
and cut rat esXawpds OF Ly mﬁhﬁﬁdoaiam@lab%fr@@ Osh Spepaalties, bues sadd osgrmiotitanateal i de
salts, for agfﬁ%%hﬁuﬁﬁgé

ed, Such a

C [ ' rafl uar [ate. etc... or
organi c bas S ’tg%:pﬁdf %%B%%l%ug%m&g%ggﬁph gk%g%(nésn%F hé]‘a%% \ﬂ%ﬁq?fm ecshﬁngri de.
A parti cul armefibaglioxgnilandicl udes cryolite and potassiumtetrafluoroborate

with particle size ranging from1l to SO micron, and nost preferably fromb5

to 30 mcron, The ,\gei ght percent of g%@itﬂdi'”g ai d ran%es fromO to 50% and
most pr ef er dBYAB] FigRscondgopeorpraied NpithedisHem i madily freqbediarnel hae
abrasive co N ROdh 4 cepshE ot her
conmponent s %@J&gﬁé%i%de{hgg%g&eg typl {é‘a %%ﬂ%ﬁ%ﬁg@ﬁ%lrgtor sﬂ%ﬁgg{s&gﬂbenzoi n
etttgr, benzifillételnaludeamatat oxpensiestunhlas naniem erbymte) xotiankottphetesiticas- ani no
alkyl phenone, acyl phosphi ne . oxi de, benzophenone/ am ne, thi oxant hone/ am ne,
or anot her fsgkas M%Egﬁ%h@ﬂéiéﬁﬁ%ugﬁleﬂ%[icﬂqséuﬁb@ﬁtﬂ@g clayie RISy r aphi t e,

carbon_ bl aCle, gl inbiek it BUATRE AL ASASERLLS cal HE Bt 'REI S LGRS

anti -l oadi ng-agents,” such as zinc stearate; lubricants su wax; wetting
agent s; dyeshethl dxidassucl as casintyoxite)iatureinsm akidplenceastis theafudmddfboemeits. -5

WO 2005/ 09506Q, PCTTUS2005/ 01003 Q021], .Jurning to the second bi nder
compound, v&M (95?@’#@?2}??&&“‘&@’&‘5‘ @l\%&pgﬂ%pgyératlc.

[0019] The dispersion may comprise a grinding aid to increase the grinding efficiency

- and cut rate. Useful grinding aids can be inorganic based, such as halide salts, for
» example sodium cryolite, potassium tetraﬂuorobbrate, etc.; or organic based, such as
= chlorinated waxes, for example polyvinyl chloride. A particular embodiment includes
~ cryolite and potassium tetrafluoroborate with particle size ranging from 1 to 80
ﬁicrdn, and most preferably from 5 to 30 micron. The weight pexcent of grinding aid
) ranges from 0 to 50%, and most preferably from 10-30% of the entire formulation

(including the abrasive components).

'[0020} In addition to the above constituents, other components may also be added:
typically a photoinitiator such as a benzoin ether, benzil ketal, a-alkoxy-
acetophenione, a-hydroxy-alkylphenone, o-amino alkylphenone, acyl phosphine
oxide, benzophenone/amine, thioxanthone/amine, or another free radical generator;
anti-static agents, such as graphite, carbon black, and the like; suspending agents,

’ sudh as fumed silica; anti-loading agents, such as zinc stearate; lubricants such as

wax; wetting agents; dyes; fillers; viscosity modifiers; dispersants; and defoamers.



may be utilized. Wiile thernoplastic and thernoset polyners may be utilized,
oftenti mes thernoset polyners are enphasized due to their stable nature,

par ti culyaglyosebsish he context of cutting or finishing openaihfRR1BR
generate excessive heat. According to a particular devel opnent, the second

bi nder conpound is conprised of a powder, typically fornmed principally of
powder or even essentially entirely powder. Generally, liquid thermally
cur abl e poll§i2i} Svaniagéx theusdeond bindencompotind, varipmiienmal ciiabidaiolferm t her nal

curabl e binderss are patti.cularly advant ageous, as such nay be .incorporated
into a prod¥ddery Weg'ow@&r#’ﬁﬁai’%af %%F‘QQW@EQIWI’&F%IPQY B&uihaed, | ndeed, use
of a powde - | hSes 2l 4 ro.

Cr eat | on of "o Pk GH Bokyhent B0 bR A Gl A S REMARR SRR RIS o

Mor eover , i thhasnteseol cifttinmar filisling sperafionshbatmheratireabiseivedemponent s i n

powder form have been demgnstrated to _provide inproved abrasive perfornmance
in the endg‘}ﬁ?‘?f&[ﬁt&‘io adgarwgﬁgr ‘5&%’%{"5?’8% eRgoant indsrcompepry SicomPTistHbet have

i nproved p kL s t. i henefi.cl in the
Vi Scos 1y B et el ot Ang SR ofpOsPRY fr & in PREEIL PR BOREES | Dl Lie
eploxy_ re}sic ﬂsnerlaﬁy,ﬂhgﬁxbﬂmashllh} curpble polyinters F&iﬂfludad Eﬁf&ﬁ@rdf&hdp(}iwm, 4 it
mel ami ne/ f qQr e, acgr resins, polyester resins, vinyl, and mxtures
t her eof , EP%E?r&EH%tWagﬁ%rﬁ{J}%@?%gs gre Bg’ﬂiyr?dﬁ@%‘mﬁé‘ﬁﬁ‘t‘ AePe t han
liauid | s . ) . th

| qui-d T O foolghrSd ik 8 Bt Qflod 8 RRHIR doB ABredlyEs garxlg%k%hgg Iidbef) L T

form and.that powdere particulate™formis pre erein.

[0022] Theusmfagiorelegrdthoanateouriide bindenad pafticalayly adeartdgeons forepamtibmafi on of
known abrgsive grains, i n% difn” .al ym na f}gqsaed or. sintered), zirconia,
zi r coni a/ af Ui Ha“ 1o BRFqas s CGHRART Cag,e §aHEes. MP%?Fd}théﬁlB?e@ bor on t'g
nitride ang,qgebihad bp@lénn&l%mécoﬁﬁnkh@qhgawéémg@g@%?eeﬁave been created

by use of dense abrasive grai-ns conprised princip al pha-al um na. The
abr asi ve pdanarstreedde peradd impravel smasivevparfigmapar inithd endsprodudiy asmwell 40 150

m cron, and re typi.calJy from/l to 80 mcron. In_,general. however the
Amount of HIBYAUa AP BHES Sibersiog ML b e ot St ooe b ot 6B Pebih as
from aboutp30ndier ahauts 4% v%f:?éi{r\}l%f‘ﬁ% @8berSibnd. %ﬁ@gﬂ(ﬁf%ﬁm cfu@fR3] The

backi ng nmenber may be forned .o exi bl € but mec |y stable nmaterials,
i ncl udi ng padyrerd sSngdodey epxyftesing, urgbareresing phbendic reghs, wredioomaldelsrdeal s, and

fabrics incl,uding.cot nd | vester with various.polyneric saturants. A
parti cul acliigrogiRyd SoBlstig pulbeth s iR R s BRItk
t er epht hal@b@idéd tHa sitdhh@kins are used in powder form rather than liquid form. Tt is

understood that such resins are available in either form, and that powdered or

C

particulate form is preferably used herein,

[0022} The abrasive grains may be formed of any one of or a combination of known

abrasive grains, including alumina (fused or sintered), zirconia, zirconia/alumina L
_ oxides, silicon carbide, garnet, diamond, cubic boron nitride and combinations -

thereof. Particular embodiments have been created by use of dense abrasi;\re grains

compriéed principally of alpha-alwmina. The abrasive particles generally have an

average particle size from 1 to 150 micron, and more typically from 1 to 80 micron. In

general however the amount of abrasive present provides from about 10 to about 0%,

such as from about 30 to about 80%, of the weight of the formulation.

[0023] The backing member may be formed of flexible but mechanicaily stable
materials, including various polymer films, paper and other cellulosic materials, and
* fabrics including cotton and polyester with various polymeric saturants. A particular

type of backing member or substrate is polyethylene terephthalate film. Other
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-6 WD 2005/ 095060 PCT/ US2005/ 010039 polyneric filnms include polycarbonate
films. The backi ng menbers may be prinmed or pre-treat ed to pronote adhesion
bet ween ti @&% e | ayer and the backing menber. Etjps of the

radi ati on cura | nder conponent, additives wth resp US?(W@PE]P%(’,

backi ng nenber, and the abrasive grains may be found in U S. Patent

5, 014, 468, connnnly owned by the present Assignee, incorporated herein by
ref erence. [pobrmmmﬁ,ﬂnm mglud@pglypagmmﬁhns abpelwcking mdmabas mapbt piimednt i on,

the foll { cd, pr 2 Ty h
2 Fai sed’ pactBiTEERed BpReloh iRt Bavthh O s o ang 4% v Ranut act ot | ng
same. 13 [ 0QRalberi metahlsldfkﬁbssaaﬁhsﬁ-c&ala@%ﬁd&rc@ﬁﬁ%ﬁerﬁ'é?reht{x@é vvf‘tﬁ@éép@b‘tous

manuf acture of a coated abrasive product 10, and In partic
structured c&ter@ngﬁhné:@clgdg @m‘t@d aadrﬂasahmsw@gmducmay bddbandml}wckatngt menber 12
IS withdra rom.a roll unwi nd stand. . The unw nd stand
is fitted wi ng G4 4’5&%%@ ?%%}Q%E%P{fg?ﬁlﬁisﬁfggﬁ?’|1‘E(§)rpocrﬁted8PT\‘?El}?i’ desired

resi stance &é}‘eﬂéﬁ&\é_ndi ng of the backi ng nmenber. The backi ng nmenber 12
travels fromthe unwind area around one or nore suitable rolls designated by
ref erence nunerals 44, 46, 48 and 50, and to the coating area denoted
general ly biﬂmﬂefrméi apsrscular Mecﬁmféh%meﬁentmvisas@edhdaﬂlmmg the nip
formed by r a att rn in the.directijons

i ndi cat ed b@eﬁ"HBé%IF f‘)"wé Sgﬂﬁg‘gﬁc{e%{%sdéegbgénerﬁg k@%@gtwésegpatfe%pft o inpart

3- di nensi onabragité HatdHaBSastiidl asTAYthE®s MEstnateaiflpREnt0 enbodi ments of the
present invention. The backing nenber 12 with the abrasive coating 14
coated thereon is passed around one or nore rolls 58, 60 to a curi ng station
Z™havi ng alﬁﬂ%él. Bis- dilluwiatese basisanoesss Baw far punimewparniasturgaf agpaterl ght
sotrce, i. of the
bi nder fornu %%l% %{O@Iﬂhﬂ(ﬁ%éy}% %Lﬂ?g a§9{éétﬁ§eélyofr% f&g{n%érécﬁ'go ?CP 5551511‘9 her mal

sour ce downgiodestmHyre,taisackMgl hehber lszau wiihdrdven Sompd retie2auoviagl @f ait he
product . Alternatlvel t he, t her nal cilrce may be - provided off-line. For
exanpl e, foWERMsknd. Fhe praindstand nfifip PR sy ASCRIBE topsuat practiqeniss
partially c QUG S8 I t her mal
cure oven %‘l{r@ Iggézurl ng fﬁﬁ%erg }%&Jﬁg t}g(}%ld’f’%ﬁg lgaego'{'?f;éjbafcﬁﬁ ]?erreel
process contZfraehgfram thlaanwaid arw Foshddnoor mbrenmaable ealld desighamed byr i ng) .

A f f
ceording t Ofeggx?ce%sﬁxpz)nee%ls 42 Sfé 918 a1a1d SIOra‘snd to the coating area denoted generally by

reference numeral 52, where it is passed between the nip formed by roll 54 and
:. patterned roll 56, rotating in the directions indicated by the arrows. The patterned roll
is one type of tool to impart 3-dimensional structures that may be used according to
embodiments of the present invention. The backing member 12 with the abrasive
e coating 14 coated thereon is passed around one or more rolls 58, 60 to a curing station
62 having a radiation source, such as and e-beam source or actinic lght source, i.e.,
ultraviolet (UV) light source, for curing a portion of the binder formulation. The
curing station 62 may further include a thermal source downstream of the UV light
§oﬁrce, to complete curing of the product. Altematively,- the thermal source may be
provided off-line. For example, followiﬁg a partial cure utilizing only radiation, the
thus partially cured product ﬁlay be rolled and cured in rolled form in a thermal cure
~ oven (bulk curing}, or may be routed through another reel-to-reel process containing a
thermal cure station (linear, or in-line curing). According to one aspect, use of a first
binder compound that permits quick, in-line curing, later stage curing can take place
off-line in a bulk (;,uring operation, while still maintaining the desired structural

featu:-ces of the adhesive layer.



bi nder conpound that permts quick, in-line curing, later stage curing can
take place off-line in a bulk curing operation, while still maintaining the
desired features of the adhesive layer. -7 A 0

PCT/ USZOS@B@B}(%%L;O[OOZG] Rolls 64, 66 route the coat ed%&ggﬁ\?@?@&eeri al 10
to travel in horizontal disposition through the curing zone. Fromthe
curing zone, the coated abrasive material 10 travels over roll 68 to a
convent i ona[00Lelk Sabilwe4a66 s thedeoniet] abrasiye mettaiidl ¥ 0 by i@l éf ententalimer al 70
and which includes roll 72, a .rubber-covered roll 74, and conpressed air
driven t akeHisapsiHen throwsh the sprug aencs FighyHie qusing zone, dhracoatpd ahissusi ve

material . [Q0efl; {§fal& b@@ﬁroﬁ&%‘% acgon{n!h'i_ioﬁgluc%ﬁeedo fn a@%rﬂt{l‘*lﬁerlo'te%ht _can be
provi ded by any " conventi onal source. For exanple, 1h e practice of the.
i nvention, phieraibely rfsencvenenaxpibad whickitdghs rde e faubkricoosredrolD, H, or
H+ bul bs, or,6 a conbination thereof at an energy output ranging from 100
watts per i foiRRdrompatsed g éU@eBV\E%P@OVHé’FOu ffele pvide atwerndrolf gfrpgiedThe .
pattern forﬁﬁﬁ’gi@ S acki ng nmenber through contact with the patterned roll
can conprise 1solated islands of formulation, or a pattern of ridges
separated by valleys. The patterns are generally designed to provide an
abrasi ve prppozt The tddiant ppiver af tht womfce gf actiliimbigistiunh de efoviipditgiagyant fromthe
backing with the, ar f grindin surface increasing with erosion of the
| ayer. Bet v@@ﬁe%wagﬁ\ﬁm%ﬁ- &gr e & BAnRErEce ofrthe BVeRIPIRSFPHEES 0 al | ow
circulatio LOdiQG i kL I SR Luis r the -

gri ndi ng. %%%g%b ?%ﬁggﬂ%%%géﬁrﬁgﬂ?%ggﬂﬁ,e%ﬁo pat Enlélpﬁ,ed;%&@@ggnggl}ﬁ? t he

abr asi ve cobhpesf ai amrenecgynontpet heate droor 1@hivkitederdnctas! widthctorf0f iais et 0 t he
rai sing of the viscosity to render- the fornulation surface plastic but (-
non- f | owi ng2CIrfeWHedt i ng however, should not. be to such a level that the
bi nder cures while in contact with the tooling. By adjusting the viscosity
of the res'[@ofs‘?r"f% ﬁétie?ﬁ'fd%fneﬁhﬁl 184 HEAGRy YAk HrORhRBhTaE! With ﬁméﬂﬁéﬂn@ﬂt ially
retained to enabl e curing and handling, such as for at.l|east about 30 .
seconds andoll paetemptibyisalatdddalkandsof Hovolation, greqademufiridges sepatateddgoi ng

enbodi ment vhaﬁgysl? ?[%g pgﬁfszr%rs Iar%egcnsepa‘lal%f' Je'sfg%laé Yo IIJrrc])vide an abrasive product with a

plurality of grinding surfaces equidistant from the backing with the area of grinding

surface increasing with erosion of the layer. Between the grinding surfaces, channels
are often provided to allow circulation of grinding fluids and removal of swarf

generated by the grinding.

[0029] In addition, the'tool used to pattern and deposit the abrasive composition, can
be heated or chilled so as to contribute to the raising of the viscosity to render the
formulation surface ﬁlastic but non-flowing. The heating however, should not be fo
such a level that the binder cures while in contact with the tooling. By adjusting the
viscogity of the resin formulation or the surface layer, the pattern is substantially
retained to enable curing and handling, such as for at Jeast about 30 seconds and

preferably at least 60 seconds.

[0030] While the foregoing embodiment has been described specifically in
connection with use of a patterned roll, other patterning techniques may be vsed. Ina
relatively simple form, an appropriate substrate may be coated with an abrasive
formulation, and then patterned by contact with an embossing tool, such as a

patterned stamp or knurled steel roll.



connection with use of a patterned roll, other patterning techni ques nmay be
used. In a relatively sinple form an appropriate substrate may be coated
with an abrasive fornulation, and then patterned by contact with an

enbossin h as a patterned stanp or knurled s [ ol

2005/ 09508 {39@5??%%‘5005/010039 [0031) According to a paﬁf’bﬁ?“ﬁ?’%&‘&%}’el opnent
t he abrasive dispersion or conposition mnakes use of a thernmal cure polyner
in powder form conbined the radiation cure polynmer with an abrasive
conponent , A3} adetioridingto &mp@ﬂ@ﬂ@emrrwm an¢ ebtasibodispersify pr coahpogitidihe

particle SIZ of the t cur ranefr su mcronto 500
m crons. ?ﬁ’é‘tﬁ ]lrgpg c'é é‘cﬁg ?PV 31%%‘{5?0@ cal
properti es E&Qwﬁl@%tn' dbgasive MRhPOrRSL, hﬂ@aadlaahaﬂae @ﬂéxﬁ@és RAARERDIRS . The

~|ncorporat|on of a binder resin in the formof a powder also permts
processi ng bypieatlyy ﬂlﬁepamkwmemﬁﬂm@pasﬁlme polyter cammdg&gﬁomdubrgnamd teont ent

form [ 0032 UL rRi Ry o s PR outha sy manaw B oEobertler ured.
abrasive e gé}@ﬁlérfi@ﬁf th'e&:ohi]ﬁ%'ﬁé Wall @§lthe!ffhad ﬁ{ebhﬁﬁkaﬁ&)mp%}ﬁééc HHE ﬁf&o?g&frﬁfdnve

product 200 includes a substrate or backing nenb 205 over which an
abrasi ve | @rbnz@sr&ssnpn the fod opr@walm alsp vermltsagrepeszmg off slutrirdesith Jow
cross-secti gatures

vary consi durehey e caf g A4 Ponmlin B Eolbs PRRESEITRMERES shown,

t he feature.sltl;zg,gmaavg)@lyggmaﬁaifoymsl op| ng and triangul ar cross-section,
termnating in a relative sharp peak 214 forming a cutting surface, and/or

a flat cuttl a surface 216. The various features may be connected together

t hrough an [RdkiWring iedtigi % a@i@ﬁﬂ@ﬂw%w& %@&wt@péabrmv@@mb@@mem her by

vai as in a r |y :
exp03| ng a %@ﬁl I?{%%&Tgpﬂ]?q{ B&gkl ng rrerér;r&q‘é‘gémdﬁgt id %lé %e S%QC r%gglérspect ive
view, the shckisg m&&ﬁ)e&lﬁloaajv‘eﬁﬁwhmhm@mwahygr Imgﬁfdmdpqmﬁgﬂﬂafr\fe

conti guous pdttern. I s noted that ortlons of t attern may_be broken,

form ng oﬁqﬁr?%ﬁlﬂ% WATO B SP5 o0 fé’é‘?ﬁ FBES2 }%|E]&P$§Et9fﬁ@§e fe@@%]
Tur i
urning to ?lgrgag \%r}ﬁcoﬂﬁﬁéﬂﬂiﬁb%.g@?gﬁﬁﬁq t%nﬂ%d Sild et 'fﬁ?ﬁt A oRfth 3h ?VE,’I[; SEM

di scl osed. I'gures represent graphical representa ns o
photos,  sliefeagresi2ih Oalmavexeganbmily shopimgeand sizmgrlat cidbd-feetiontteiydnarit iha
patterns. relgnve shgr?&)eak 214 forming a cutting surface, and/or a flat ¢utting surface 216.
The various features may be connected together through an underlying matrix 212, or
" maybe spaced apart from each other by voids in abrasive material as illustrated by
portion 225, generally exposing a portion of the backing member 205. As can be seen
inperspeoﬁve view, the structured abrasive has a generally repeating polygonal
contiguous pattern. It is noted that porti(;ns of the pattern may be broken, forming

) ouly localized patterns of contiguous raised features.

J0033] Turning to Figs. 3-5, various embodiments of structured abrasives afe
disclosed. These figures represent graphical representations of actual SEM photos,
showing, in an exemplary manner, several different geometric patterns. Fig. 3 shows
hexagonally-shaped surface features arranged in an ordered array. Fig. 4 shows
generally linear surface features having a fairly substantial aspect ratio, defined as the
ratio of the length of the surface feature to the next largest dimensioﬁ, here, the width.
Aspect 1atios of 10, 100, or even greater are typical. Fig, 5 shows an array of square
surface features (in horizontal cross section). As shown, each surface feature forms a
pyramid, having four major side surfaces terminating at a peak. The valleys between

the surface features may be completely devoid of abrasive material, but in the
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hexagonal | y-shaped surface features arranged in an ordered array. Fig. 4
shows generally linear surface features having a fairly substantial aspect
ratio, [ the ratio of the length of the surf o the
next Iaﬁgéégﬁﬁ?%oégsion, here, the width Aspect ratiosﬁgﬁfﬂfg@s}f%@?g or even
greater are typical. Fig. 5 shows an array of square surface features (in
hori zontal cross section). As shown, each surface feature forns a pyramd,
havi ng f ouembaflirenss chovey gtreaidy thevailepstdontpiat campaakvelFhikinva doslyen Het ween
the surface features nay be conpletely devoid of abrasive material, but in
the -9 WO %F@Q‘BEO%@“PCT[ US2005/ 010039 enbodi ments shown, generally the
val | eys .contain a conparatively thinner portion of the abrasive |ayer.
[0034] EXAMiBESEORMR Hexampl e |1 Wet Centerless Ginding of Stainless Steel
[ 0036] Tested products: Novol ac thernoset powder Varcum 29-345 from OxyChem
was added into a control engineered abrasives fornulation to evaluate the
effect of [0485] Enampsbt Wencknterlgss GvindingpfiHteinteheSteal curing functionality
to the binder formulation, on the grinding performance in wet centerless

rinding a l.cation. The difi nd_.control, for ti.Qns re, coated on
g pol yegt em#}o ﬁStggBECEC&ﬁESé @ﬁzgia:cet%rﬁmﬁ?t&o&i% aﬁ%n?b%ﬁé%?ﬁgghﬁﬁ ions to
make engi ngas eeieabrasi MRl efidatorcdMbredvéd ol sdRHER XP ORI Re IR et dthat i on in
a Fusion WY unit. The Novol ac contai ning product was further thermally

cured at 2Bemésst p@wlethproviding the themal caring Amctiprality &t e binder Tabl e 1. [ 00371
Table 1 Co nt Control. Formul ation Wth Novol.ac powder becryl.,3700 19. 6
26 TNPTA BURUERon o teripdtiegey fynghts e T R T
A1100 1.2 rhodificP338 cahitsl HAINbALWER c8add ofh a polyester cloth substrate and

processed under the same conditions to make engineered abrasive product, which

included exposure to UV radiation in a Fusion UV unif. The Novolac containing
product was further thermally cured at 250F for 3.5 hours. The formulations are listed
in Table 1.

[0037] Table 1

Component Control Formulation With Novolac powder

Ebecryl 3700 19.6 28

TMPTA ' . 8.4 12

Irgacure 819 1.2 1.7

Varcum 29-345 17.1
ATH 34.2 | 19.6 )
Al1100 1.2 12

P320 aluminum oxide 354 20.4

Total . 100 100

[0038] The process flow for forming the embodiments herein is described in detail in
US 5,863,306, incorporated herein by reference.

[0039] Key: Ebecryl 3700: epoxy acrylate from UCB chemicals. TMPTA:
trimethylol triacrylate from UCB chemicals. Irgacure 819: phosphine oxide
ﬁhotoinitiator from Ciba-Geigy. Varcum 29-345: Novolac powder from OxyChem.

-10 -



Total 100 100 [00381 The process flow for form ng the enbodi nents herein is
,described in detail in:US 5,863,306, incorporated herein by reference.

[ 0039] X | 37007 epoxy acrylate from UCB chem cal s. TMPTA:

trimet h)%m%'ﬁ%@%yl ate from UCB chenicals. Irgacure 8TS&TUMRYSHMR oxi de
photoi nitiator from C ba-Gei gy. Varcum 29-345: Novol ac powder from OxyChem
-10 WD 2005/ 095060 PCT/ US2005/010039 ATH-: alum num trihydroxi de from ALCOA
with Al 10Q\VHIl: ahenisunf SERIrbKRRIFRANI.COA vHIDA 1200 ﬁ&néis#ﬂ‘ﬂ:% tRbtddd® from Csi.
[ 00401 Testing Machine Tool: An ACME Model 47 constant-feed, centerless belt
gri nder msﬁug@dalﬂmosﬂiﬁ@féhlmﬁomééﬁli ng procedure. The nachi ne consists of
four main conponents including the regul ati ng wheel, work rest bl ade,

.contact wh . i.ve da ] ] r.K terial:.A set o 0
cylindri caﬁdd‘g%?% SRy glg‘ée gtggie'lMﬁ%e%&?%@%“@@éﬁ?d’é’ﬁ@ﬁﬁ%g@ﬁri ng
1.5in. x 1@iinderavastised iralid estire t@sink PebcelOR4 2heRsthifR GEAG bEfou BRpr oduct s
-were flexed and converted to 4"x54" belts for 7 testing on the centerless
gri nder. PFPBponegtyinchdingdhameulasingpheeh syorkmest biade ovintegt wheel andt er s wer e
verified ogbrraageggﬁhi ne tool: [00431 Regul ati ng wheel angle was set to 5.
Regul ati ng and contact wheel spindles were confirnmed parallel to one

anot her. Regul ati ng wheel and contact wheel were dressed. Nylon work rest
was gr oundj0oHaiWorlMiiktetali desetwe26 catihdidad d3040stahlegitéed worlgi@RetveRar t

cl earance. 044). The test, proceduie fol l'owed the sequence of steps

out i ned bBIGwFARIRMASPIINEE it Fidhiue @b the gt obicativg ound to renove surface

defects. The wei ght of each workpi ece was recorded. The machi ne was

adj ust ed f Qhadineede5hdadcl j b At s el speed
v setat Ot Fra B, T oBlts Reifled ARl iR B4 BRRED.
cetnt ed astesiig gats ceBorlésagrigdendPigr ta griatibre agokakpiecapticdblibwigga rust
inhibitor was sprayed on.the abrasive belt. The weight of each worlcpiece
was. recor Btgﬁsa‘%%faﬁ’&fl@e‘{]%%we‘?%?h%m ed. The belt thickness and belt

stretch were measured. The infeed was then increased by an additional 0.006
In, two  [0043] Regulating wheel angle was set fo 5°. Regulating and contact wheel spindles

were confirmed paralle] to one another. Regulating wheel and contact wheel were
dressed. Nylon work rest was ground clean. Work guides were adjusted to allow for

proper part clearance.
- [0044] . The test procedure followed the sequence of steps outlined below:

: t0045] The workpieces were pre-ground to remove surface defects.  The weight of

each workpiece was recorded. The machine was adjusted for the desired infeed at

0.006 in and the regulating wheel speed was set at 53RPM. Two bars were passed
through the machine; this was counted as one pass. During grinding a water coolant
containing a rust inhibitor was sprayed on the abrasive belt. The weight of each
workpiece was recorded to calculate the metal removed. The belt thickness and belt
stretch were measured. The infeed was then increased by an additional 0.006 in, two
more bars were sent through the machine, and the weight, thickness, and stretch

measurements were taken again. These steps were repeated until the prodact was

. worn down to the backing.

[0046] Test Results: The formulation with addition of Novolac powder exhibited
improved wear resistance over the control formulation. H lasted for 5 passes

compared to 4 for the control formulation. With even a lower abrasive grain content

-11-



nore bars were sent through the machine, and the weight, thickness, and:
stretch neasurenments were taken again. These steps were repeated until the
pr oduct }ﬂ% down to the backing. [0046] Test Res mul at i on
W th adélm?l on E![Novol ac powder exhibited inproved Wegl;lrﬁ]g FE@%{W% over the
control formulation. It lasted for 5 passes conpared to 4 for the control

formul ation. Wth even a | ower abrasive grain content 11 WO 2005/ 095060
PCT/ US2003h@1 he 3entrdljtha prdthictwith Notvoldcpevileo durcdimiiet phehol/formeldphydter  (or

han ¢ he' CORATSIVEDN AIFAR BifhS B LLRR Ao Gl STARACPaL | o L?”‘SYE’,‘Luct

w t h ‘Novol POYWET )
[00471 Tat g gciomn%?%% Wnﬁjﬁgﬁo <!§ %%%E‘%%Wa%@ et §§1€[|1 ]\/‘éar (i n)

Cut / Wear Retterctharth8 c@iftrdl p@6dact25 2 19.49 0.010 195 3 32 91 0.014 235 4
46.32 0.016 289 5 worn down to backing Wth Novol ac Powder Pass Cumnul ative

Cut (9g) t/Wear Ratio 1 9.91 0.007 142 2 21.24 0.010 212 3
0 18047t 0bie

35.13 0. 0.83 0.015 339 5 63.09 0.016 394 [00481 Exanpl e 2:
Do DS T A OB g, oS L To OrT TS
for rru! aft | on \im EP,*%.SS? PLEdeCuﬁﬁﬂt&lv%TﬂdtQ(gPr“ y OWéB&ZEIEZuraﬁl eCLFSidar Rago Mde, and
R SRR I il I (AT 125
2 1949 0010 195
3 3291 0.014- | 235 _
4 46.32 0,016 289 e
5 worn down to backing
With Nevolac Powder
Pass Cumutative Cut (g) |. Wear (in) Cut/Wear Ratio
1 991 0.007 142
2 21.24° 0.010 ‘ 212
3 35.13 ooz | 293
4 50.83 0.015 - 339
5 63.09 0.016 _ 394

[0048] Exampie 2: Composiie Sanding Discs

{0049] Test Pro'ducts: Products in two grit sizes were tested;: 9 micron and 30
micron.. For each grit size, a control formulation with a binder consisting only of UV-
curable resin was made, and a modified formulation containing an acrylic-based
thermoset powder in addition fo the UV -curable resin was made. The modified and
control formulations were coated on a polyethylene terephthalate film substrate and
processed under the same conditions to make engineered abrasive product, which
included exposure to UV radiation in a Fusion UV unit. The products with thermoset

powder received add1t10na1 thermal cure at 250°F for 4 houze.
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t hernoset powder in addition to the UV-curable resin was nmade. The nodified
.and .control fornulations were coated on a pol yethylene terephthalate film
substr at cessed under the sane conditions to nake engi neered

abr asi ve‘%ﬁ’f&@gﬁﬂ@%ﬁ%v\hi ch included exposure to UV radi alPFEﬁJ%ZW%Q"f—Ga%i on W
unit. The products with thernoset powder received additional thermal cure

at 250F for 4 hours. -12 WD 2005/ 095060 PCTI US2005/010039 [0050] Table 3: 9
m cron con{t050] Tabled: ft ndomorStantroy fofmyiaient Mass % TMPTA 15.6 Ebecryl 3720

6.7 SR50456—+gacure-819-1 2. -A1100 1.2 KBF4 31.4 ATH 6.9 9 mcron
al umi num pRlwey €hmponfot al 100.0 | 00MdssTable 4: 9 micron with thernoset
powder S ?Léh;ztr COponent NBSS % TNVPTA 19 8 t#becryl 3720 36.8 BYIC A501 0.1
.lrgacure Al Ai 2.1 Acrylict r%s_et powder 32.1 9 mcron al um num
oxide 7. 0| EBe@l37200. 0 [0052] Table 5:630 mi¢ron control formulation
Sl urry Copponent—vass—%—F4PTA240
5.6
Irgacure 819 1.2
Al100 ' , 1.2
| KBF, - 1 314
ATH ' 6.9
9 micron aluminum oxide - 314
Total ‘ 100.0

[0651] Table 4: 9 micron with thermoset powder

Slurry Component Mass %
TMPTA. ' 19.8
Ebecryl 3720 : 36.8
BYK A501 0.1
Trgacure 819 2.1
Ao 21
- Acrylic thermoset powder C 32.1 -
9 micron aluminum ox_idé 7.0
Total _ 100.0

[0052] Table 5: 30 micron control formulation

Shurry Component .Mass %
TMPTA 21.0

| Bbeeryl 3720 9.0
Irgacure 819 | 1.2
A1100" : 1.2
KBF; 33.8
30 micron aluminum oxide = . 33.8
Total 100.0
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Ebecryl 3720 9.0 Irgacure 819 1.2 Al1100 1.2 KBF4 33.8 30 mcron alum num
oxide 33.8 Total 100.0 -13 WD 2005/095060 PCT/ US2005/010039 Table 6;: 30 .
m cron wj hefogpset powder Slurry Conponent Mass % becryl
3720 34%650&(}&%&%%1 0.1 Irgacure 819 2.2 A1100 2.0 }ﬁﬁ@ﬁ%n}%ﬂégmset
powder 22.1 30 m cron alum num oxide 27.1 Total 100.0 [00531 Key: Ebecryl
3720: epoxy acrylate from UCB chem cals. TMPTA: trinethylol triacrylate from
UCB chem cal s. Irgacure 819: phosphine oxide photoinitiator from

G ba- Gei gylatyRe Ag@llpfodléﬁ@hﬂ’éﬁﬂ%ﬁ PAYBYK Chenie. Al 100: anino silane A1100
fromGsi. AcryiTc thernmoset—powder—158€124 from VEDOC powder coatings of
Ferro. [OOSMTXAPRDIRERYials: 6" x| 2MY% clonposite panel s were used for
testi ng.L@Q@% Equi prent : Products vey £t estied on an aut onat ed sandi ng
machi ne designed to-test discs forirandomorbital sanders. The nmachine

consi st s [ofbearyl@fd0m orbital 11 s@anded4.promDynabrade nmounted on an arm

t hat reci %%ﬁ? ata set—stroke fengtti—1)] The nachi ne works by starting
t he di sc, v @q the armto place t hd-landdr agai nst the workpi ece, noving
the sandgrihagle gnd forth on the workphece atj a set pressure -and for a set
anount of—t+e—and—then—+ratstrg—the-sander~away fromthe workpi ece.

Measur emddEl08r e t hen performed or t he2Workpilece. A bal ance is used to

measure | tﬁ?crylic thermoset powder 22.1
30 micron aluminum oxide - 27.1

Total 100.0

[6053] Key: Ebecryl 3720: epoxy acrylate from UCB chemicals. TMPTA:
trimethylo] triacrylate from UCB chemicals. Irgacure 81 9; phosphine oxide
photoinitiator from Ciba-Geigy. BYK A501: defoamer from BYK Chemie. A1100:
amino silane A1100 from Osi. . Acrylic thermoset powder: 158C121 from VEDOC

powder coatings of Ferro. .
[0054] Work Materials: 6” x 24”°x%” composite panels were used for testing.

[0055} Equipment: Products were tested on an automated sanding machine designed
to test discs for random orbital sanders. The machine consists of a random orbital
sander from DynaBrade mounted on an arm that reciprocates at a set stroke length.
The machine works by starting the disc, lowering the arm 1o place the sander against
the workpiece, moving the sander back and forth on the workpiece at a set pressure
and for a set ainount of time, a_nd thén raising the sander a~way from the workpiece.
Measurements are then performed on the wdrkpiece. A balance is used to measure its

weight; a surface analyzer is used to measure the surface finish; and a glossmeter is

used to measure the gloss.

[0656] Test Procedure: A composite panel was cleaned and wiped dry, and its weight
was recorded. The stroke length of the machine was set to 20 inches and the
downward force on the abrasive disc was set to 10 pounds. The panel was placed in

the sanding machine and the machine was run for 1 minute. The traverse speed of the
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wei ght; a surface analyzer is used to neasure the surface finish; and a
gl ossneter is used to neasure the gloss. [0056] Test Procedure: A conposite

panel \A@io?bﬁ%gﬁ%and wi ped dry, and its weight was rF@ﬂﬁgﬁﬁ?f@}fgﬁ'ﬁ st roke

| engt h e machine was set to 20 inches and the dowhwar orce on the
abrasive disc was set to 10 pounds. The panel was placed in the sanding
machi ne and.the machine was run for 1 mnute. The traverse speed of the -14
WO 20051095@fdkr REDst BRGOGLHLO08S appayxdiaateBCI0RANh hEVERF Wi eiRed\BRo the
approximately 20 ft/mn, Water was msted onto the surface of the solid
surface parigifaessotibe solidwurlacapangl using @ suay poidle uriae tee 12848 to4tt ebfterone

e of @ . . hi ne.
Gl caned vi the ke sl REL Bbon P BAGE WHE Sorh CORK B0 O BRI VEE UL 05
recorded. Alaued add vadtal, yakwiped dryus €he panel eadr@idRad R theaneighniaxs A gl oss

meter was used to record gloss readjng at 20, 60 and 85 de&r}ees. The panel
was agai n TpRoEéH A serdroeealyzm dias gserionresd RaaRycand Bmaynd gipsiungler ¢l eaned,

and measur i ) p@aé: 1.1 i sandi ng had
been perfo%ég%ﬁnﬁ’trﬁg&gg%g?eead'?\%%%q’ es(a(j&é;&ségﬁeg': %Pgé%%%ﬁ%%% ndi ng

resul ts ar elmedims itieegnding habhige, fandddefof onemiimite, @leanad tdnd rhdwemreds Ghipowder
had signifi can(tll y better v(\ﬁdar_ i)flsi,stance over _the control _formulations. The
wei ght | os PIECIHSIASTRREAEP | bhmimdes sandipg had Bespafread oitkhPancher noset
powder after 12 m nutes. of wet sanding was only 0.1 gram conpared to 7.4
and 10.6 gney3s; Thes@agkivel y, for the control counterparts. The Gratio,.
defined as the ratio of stock renoval to product weight loss, is also
substantially inproved for formulations with thernoset powder (125 and 43
rersus 0. 5400581d The ripdingmesmutisl pteisommarizh@ iptadde ¢t Jheifotmulemsogigt powder s

at¥ai ned ch _higher final .gloss values than.the  control farmulations on
the poli SEEEEPIQB?‘?%EO?E}?'T , I%P%}ﬁgf’ .ra?e@f?cp}siaélf:c ﬁgﬁ%?ﬁﬁ%& “criterion for
this appli ¢atdu@Rionk "TRE WERILY los bEbotllietd AMtr6f aftt G hlisroRWEieNlatidiwined the
wear resistance, Gratio, and final gloss values of the polished solid

surfaces byheamosatippwilsi aftyr 2 oomsesieeds|sending was only0D b gtay abinpared o 3k

Product G g 1@6%%51:13? rgsﬁz%cﬁvcly, for the control counterparts. The G ratio, defined as the

ratio of stock removal to product weight loss, is also substantially improved for
formulations with thermoset powder (125 and 43 versus 0.54 and 0.77). In addition,
the products with thermoset powders attained much higher final gloss values than the
- control formulations on the polished solid surfaces, which is a critical performance
criterion for this application. In summary, the addition of plastic powder improved
 the wear resistance, G ratio; and final gloss values of the polished solid surfaces by a

; } surprisingly considerable amount.

[0059] Table 7

Siock A Product
Removal | Weight | GRatio | Closs | Gloss | Gloss
20 60 85
® Loss (g) . ,
30 micron control 5.74 10.6 0.54 0.3 © 2.9 15.9
30 micron with powder 12.5 0.1 125 1.2 92 62.6
9 micron control 572 7.4 0.77 1.1 9.5 51.0
9 micron with powdex 4.27 0.1 43 5.6 25.1 90.4
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Renoval Weight G Ratio 20 60 85 (g) Loss (g) 30 mcron control 5.74 10.6

0.54 0.3 2.9 15.9 30 mcron with powder 12.5 0.1 125 1.2 9.2 62.6 9, mcron

control 200 77 1.1 9.5 51.0 9 mcron wth powd 7 0 1 43 5.6

25.1 90. ﬁ’o %5 /V%0®0051095060 PCT/ US2005/ 010039 [ 0060] e‘k??%f’&?%‘%?

enbodi nents di scl osed above, coated abrasives, and in. particular

structured or engi neered coated abrasives are disclosed having a particular

bi nder f or je0&@t Aocordinged embbdimehts disthrsed alsove] amemisbhisives ind it al so

mani fests in ‘got abl e pderformancg characteristics as sumrari zed, above. In
AFAEUEEGA G02IPd phrATYes AT dissloged 3 A dsPadicHI cr i bed i n

addi ti on, RpgHC ?ISF?”FE]FG
t t deal
et En?‘?&?éyﬁ?n DuhRTABT Bhirode b QRS R BRI ESeA0 o8t Teal

bi -functi mﬁblepeqﬁmmaﬂse hlaa\mdn@usuds isfsanmmlzfsdlabﬁveorlﬁhdcﬁmmme efdiseered into
a single binder co ound suffer from- reduced process flexibility and are
signi fi carﬁﬂldfe?ﬂﬂdec[ #tict biaden coppoand ardisperihsd In popsedipR it youeYy  The

above-di s 1:9%%2 tive, and not
restricti \(;é an é@ﬁgggfosenc}]to% Hegrfl{rtrééa gl%%&l?ér% %é@{ylég%c{re?al | such
nmodi fi cat Iabnq:osﬁ@ﬂhhﬁmenﬂrktcﬁltraﬂnph@hﬁebf einhadismhé@nposhichaviakl w thin the

scope of t pr ese invention. Thus, tq the, maxi num extent allowed by | aw,
the scope ‘g%ﬁ %ﬁjﬁ%‘é‘@hgm@ﬁ%’ﬁqefﬁﬁlm@ 3 Sngle bHwerRsomRERd Byt thgog} oadest

per m ssi bl 8% t equi val ent s,
and shal | Iﬁ%%da%?%g@%ﬂé?g oﬁi#]gn{;{l-eg&ﬁyrgﬁrg%@g@é% %& %F?{a]tfil ed _
descri pti ampldn®®82] For exanple, while the foregoing makes specific
reference to distinct binder conpounds that are respectively radiation

curabl e an mal curabl e, e relatively u;ck c ring radiation curab e
bi nder )ﬁg‘};&] e]é‘;?l e?éﬁd%ﬁf]loﬁ‘adaﬁug Hgﬁt‘?fésfﬂ 1de]i¢6|ﬂ usig éndan Yui ck curi ng
epoxy cap GRfea Qith€ t may be

used. Al tg‘%ﬁ%tl Ve%ngd,s&ctaggéndﬁégu“ ngeal#glt?%gﬁgf%ﬁc gc%rg%}%l yst jat is quick

cured by eheancainettssakineingr enibpdizeents sdiichl fall twitlen thegoope, oﬁﬂlmeprhseat bi nder
 invention. Thus, to the maximum extent allowed by law, the scope of the pressent
invention is to be defermined by the broadest permissible interpretation of the
following claims and their equivalents, and shall not be restricted or limited by the

foregoing detailed description.

[0062] For example, while the foregoing makes specific reference 'tp distinct binder
cdinpounds that are respectively radiation curable and thermal curable, the rel atively
quick-curing radiation curable binder may be replaced with alternative binders. For

example, a quick curing epoxy capped catalyst that is quick cured by thermal 5
treatment may be used. “Alternatively, a quick curing urethane/blocked catalyst that is

quick cured by thermal treatment may be used. In this regard, the first binder

compound generally desirably maintains its quick cure properties, combined with the

more robust, comparatively slower curing second binder compound.
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conpound generally desirably maintains its quick cure properties, conbined
with the nore robust, conparatively slower curing second binder conpound.
-16 WHAT IS CLAIMED 1S: 1. A nmethod of form ng a coated abrasive product,
conprising: mxing a binder fornmulation with abrasive grains to form an
abrasive slurry, the binder f E§£i§¢i;4ﬁﬁﬁiﬁi8|ng a mxture of first and
second bi nder conponents, bi nder conponent is radiation
curable and the second bi nder conponent is thermally curable and conprises
a powder that functy% ; é% nodi fy rheol ogi cal properties of the abrasive
slurry; coatlng 4 ogihet p E“WE@WOWﬁ%ﬂ%ﬁﬁﬁ@ﬂ@@méwﬂﬁpymﬂ% forma coated

I nternedi ate b1h@éf'f61ﬂllﬁd?1oﬁb0'1ﬁ%bfﬁ§1vle Sifsto FdrmAll AkdsR@ t he coated

i nternedi ate produc to cure first er conpound; and thermally
treating the coat éblrnyntherbﬂwr i@rmuﬂﬂtledtmmptl%ng:anmxwmaot"sﬁtsbmﬂ bﬂcnnﬂar

conpound. 2. The I el der onent IS
curabl e by at Iegg 9%08%? “m%mmgaavgmt %%gxgmbdp "3 The

met hod of cl ai m 1curabler &idn tﬁeheecbnd Slindai rcdmpomm@nmmanpmnrahﬁeama bl end of
WV cur abl e bi nder conpounds. 2? met hod of_claim 1, wherein_ the abrasive
grains conprise af°p aé’ﬂ%{de"%&t rICta‘PnsftPé‘?ﬁdffHéh“d’ﬂQﬂﬁﬁ‘l PoReties ‘i’fﬁ of al unina,
zirconi a, SI|ICOna&§§bégﬁ garnet, dianond, cubic boron nitride, and

conbi nati ons t hereof. T%e met hod of cIa|n14 wherein the abrasive grains
conpri se al pha “@thﬂﬁﬁbﬁﬁﬂeWMbthkﬂW@ﬁV%ﬁmﬁvépﬁbﬂnawﬁ@%éﬂnmﬂh%h%ﬁnder
formulation furth ng agent. 7. The method of claim 6,
wherein the abras?&gﬁgggF%g%aﬁgﬂﬁgggﬁé% with the coupling agent prior to
m xing with a badadiatisg e codted mtemtediatt produtbtat icore.the firgt binder compound;

and

thermally treating the coated intermediate product to cure the second binder

compound.

2. The method of claim 1 wherein the first binder component is curable by at

least one of UV, microwave, and e-beam radiation.

3. The method of claim 1, wherein the first binder component comprises a

blend of UV curable binder compounds.

4. The method of claim 1, wherein the abrasive grains comprise at least one
material from the group consisting of alumina, zirconia, silicon carbide, garnet,

diamond, cubic boron nitride, and combinations thereof.

5. The method of claim 4, wherein the abrasive grains comprise alpha

alumina.

6. The method of claim 1, wherein the binder formulation further comprises a

coupling agent.

7. The method of claim 6, wherein the abrasive grains are treated with the

coupling agent prior to mixing with a balance of the binder formulation.
-17-



8. The method of claim®6, wherein the coupling agent conprises an

organosil ane or an organotitanate. 9. The nethod of claim8, wherein the
coupling agent conprises an amno silane or nethacryl oxy silane. 10. The
met hod of claim 1, wherein the substrate conprises a conponent fromthe
group consisting of polynmer films, cellulosic materials, and fabrics. 11.
The nmet hod of claim 10, wherein the cellulosic materials include paper, and
fabrics includeg.cPhd Qhetdtd oP AIHMS b whikHAS haleBEpI @Y hit@t RRINpABISI gn Sat urants.
12. The method of claim1l, wherein the first binder Ts nono-curable, and the
second bi neféfnosidangopan eigpatitarates 3. The nethod of claim 1, wherein the second
bi nder conpound consists essentially of powder. 14. The nmethod of claiml,
wherein coating and irradiating are carried out in a continuous process.

15. The net hod dfThel méthed 4f claime Bewhertingheradupying mgent icngprisesgaraniiedl out in the
conti nuous_.process szﬁﬁ et hod of claim 14, wherein the continuous
process is 4 spoor sypoolf1 ‘process, in which the substrate is transl ated
during at least the coating and irradiating steps. 17. The nmethod of claim
14, wherein coating is carried out utilizing a tool tpo pattern the abrasive
di spersion on t He dgdastheg af clpjn lwgelm thsFubtirata caIARIISTS a\(REBIPEISHL t he t ool
has a repegd gk g?@&ﬁ/&lﬁgi@%in AolyRleR filh € Ui AmARLAS dnB @lygonal pattern of
surface features on the substrate. -18 19. The nethod of claim 14, wherein
thermally treating is carried out off- line, the coated internedi ate product

bei ng i n wound r bei n heat f . I he second
bi nder comonenif%."@goél (ﬁlectl%ggfaosvhgﬁg} %gf‘,gmlle%sch éﬁ%gl?ﬁgﬁdé%%tpgkaéi s carried
out such tfmitfabrive inchlleasitvreardi pobekist substhaesdiaving polympest tanmntst he coat ed

abrasive product being a structured abrasive product. 21. The nethod of
claim19, wherein the pattern conprises raised surface

12. The method of claim 1, wherein the first binder is mono-curable, and the

h%(%)gb

second binder is mono-curable.

13. The method of claim 1, wherein the second binder compound consists

essentially of powder.

14. The method of claim 1, wherein coating and irradiating are carried out in

a continuous process.

15. The method of claim 14, wherein thermally treating is carried out in the

continuous process.

16. The method of claim 14, wherein the continuous process is a spool to
spool process, in which the substrate is translated during at least the coating and

irradiating steps.

17. The method of claim 14, wherein coating is carried out utilizing a tool to

pattern the abrasive dispersion on the substrate.

18. The method of claim 17, wherein the tool has a repeating polygonal

pattern, leaving a raised polygonal pattern of surface features on the substrate.
-18-



features. 22. The nmethod of claim 21, wherein the raised surface features
forma contiguous pattern. 23. The nethod of claim2l, wherein the raised
surface features are discrete protrusions. 24. The nethod of claim1,
wherein the first binder conponent is a UV curable binder conponent. 25.
The met hod of claim 1, wherein the UV curable binder conponent is selected
fromthe group consisting of acrylate and nethacrylate ol igoners and
mononer s i ncl udi ng epoxy acryl ates, aliphatic urethane acrylates, aromatic
uret hane acryl atedhe puithodseferlaipct4y Iveteesn tiarmatit ircatingiisl caciey loat e, epoxy

met hacryl ates, .ar i acid nmef hacryl.ates nd nono-. |-, tri-, tetra-,
and pent af ulﬁlc%:t tlhgﬁgafl?&a%l?ey STaS P 50ndt c%%%lgﬂwg?%’ aﬁ‘ggel%guwﬁ%‘at"of claim 1,
wher ei n t hefeetmoridg bf thd escosdbipdarenmpomampr i ses a thernoset polyner. 27. The

met hod of claim 26, wherein the thernoset polyner conprises an epoxy resin,
uret hane resin, phenolic resin, ureal/fornmal dehyde, nelam ne/fornmal dehyde,

acrylic, polyest®l Th®methollotlchif 1t RRAERAS the cdaling is carried out such that the

abrasive dispersion layer has a pattern, the coated abrasive product being a structured

abrasive product.

21. The method of claim 19, wherein the pattern comprises raised surface

features.

22. The method of claim 21, wherein the raised surface features form a

contiguous pattern.

23. The method of claim 21, wherein the raised surface features are discrete

protrusions,

24. The method of claim 1, wherein the first binder component is a UV

curable binder component.

25. The method of claim 1, wherein the UV curable binder component is
selected from the group consisting of acrylate and methacrylate oligomers and
monomers including epoxy acrylates, aliphatic urethane acrylates, aromatic urethane
acrylates, polyester acrylates, aromatic acid acrylates, epoxy methacrylates, aromatic
acid methacrylates, and mono-, di-, tri-, tetra-, and pentafunctional acrylates and

methacrylates.

26. The method of claim 1, wherein the second binder component comprises

a thermoset polymer.

27, The method of claim 26, wherein the thermoset polymer comprises an
epoxy  resin, urethane  resin, phenolic  resin,  urea/formaldehyde,

melamine/formaldehyde, acrylic, polyester, or a mixture thereof.
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