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BACKGROUND Fi el d of the Invention [0001] The present

invention is generally directed to coated abrasive
products, and in particular coated abrasive products
and processes for form ng sanme that enploy a binder
formul ati on having nultiple pathways for curing.
Description of the Related Art [0002] Coated .abrasive
products fundanentally include a substrate or backing
menber that serves as a dinensionally stable
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grains of the abrasive |ayerare adhered to the
backi ng nmenber through use ker coat, which is
an adhesi ve bi nder conp05|§g or anchorlng t he
as-deposited abrasive gr 3@% t typically,
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structured abrasives have been devel oped to provide
i mproved performance ovBAGKGRQUNEhI coated abrasive
products. Structured abrasives also generally utilize

a backing nmenber, but pib@& Gihébiventioayer i s deposited
in order to forma pre copfigured pattern. Such
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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 layet are adhered to the backing membe:r through use of a-maker coat, .which
is an adhesive biﬁder composition for anchoring the as-deposited abrasive grains.
Most typically, processing continues 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.



grinding characteristics over conventional abrasive
products, such as providing sustained cut rate,
wa@omsiosioemt surface finish, and extended |ife. POD083005/610039
the context of both traditional coated abrasives and
structured abrasi ves, thermal curable binders have
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components. During processing, viscosity is modified through use a functional
powder that is added to a coated intermediate product prior to curing. The functional
powder is intended to adjust a viscosity of the intermediate product, to retain
structural integrity during processing 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

manufacturing operations.



prior to and during curing. [0007] Despite advances
provided in the art, as exenplified in the '306 and
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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.

[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.



[0011] Fig. 1 illustrates a basic schematic |ayout and

process flow for formng a structured coated abrasive
w@e@doetoe@ccor di ng to an enbodi ment of the preRenUS2005/010039

invention. [0012] Fig. 2 illustrates a cross-sectional

vi ew of an enbodi nent of the present invention. [0013]
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THE EMBODI MENTS [ 0015] According to an aspect of the
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particul arly useful UV-binder conposition contains
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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 methacrylates. Monomers include mono-, di-, tri-,
tetra-, and pentafunctional acrylates and meﬂlacrylates, such as trimethylopropané
triacrylate, trimethylolpropane triacrylate, tris (2-hydroxy ethyl) isocyanuarate
triacrylate, tripropylene glycol diacrylate, hexanediol diacrylate, 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 rheological properties for



nononers. Useful oligoners include epoxy acryl ates,

al i phatic urethane acryl ates, aromatic urethane
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acryl ates, epoxy nethacryl ates, and aromatic acid

nmet hacryl ates. Mononers include nono-, di-, tri-

tetra-, and, pent ction cryl,at e
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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-
acetophenone, a-hydroxy-alkylphenone, a-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,
such as fumed silica; anti-loading agents, such as zinc stearate; lubricants such as

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



[0019] The dispersion may conprise a grinding aid to

increase the grinding efficiency and cut rate. Useful
w@eriosgvoeo ai ds can be i norgani ¢ based, such aspP¢EUSHE5/010039
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oxides, silicon carbide, garnet, diamond, cubic boron nitride and combinations
thereof. Particular embodiments have been created by use of dense abrasive grains
compri;sed principally of alpha-alumina. 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 90%,

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

[0023] The backing member may be formed of flexible but mechanically 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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found that use of thermal curable conponents in powder
form have been denonstrated to provide inproved
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coating 14 coated thereon is passed around one or more rolls 58 g
62 having a radiation source, such as and e-beam source or actinic light source, le.,
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
soﬁrce, to complete curing of the product. Alternatively, the thermal source may be
provided off-line. For example, following a partial cure utilizing only radiation, the
thus partially cured product rhay 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 curing operation, while still mamtammg the desired structural

features of the adhesive layer.



reference. [0024] Turning to a particul ar aspect of
the present invention, the follow ng description
w0 omase®e®dn structured abrasives, generally haRCHySm05/010039
rai sed pattern of abrasive material, as well as
met hods for manufacturing sane. [0025] Fig. 1
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tﬂl@r"al'[%} oSRIHEEy fBMcBEeqi@¥iadetlonfthe bidkehg Wit a8V f@rinding

followng a partial cure utilizing only radiation, the
tsvefecpmcrsaainBywitueresiop s &@clﬁyqfa?etﬁ@m 8 smdingpusagesgehannels

I zﬂe 5)9!391 gl%v & laﬁ?ﬁrct(l)ll&g{? on dlﬁ% ﬁp ({s%{h ¥e cWal Qggwarf

route ree pr ocess

ogaﬂhatemllbjghaghmmgal cure st at| on (linear, or in-line
curing). According to one aspect, use of a first

F[Igt?zg]e r@taga@%glz&‘ehgo Elgﬁ {cgnRatétseB} %(kggch(époisi? fﬂei a%?as{:v%rciorr}l%bsition, can
be heated or chilled so as to contribute to the raising of the viscosity to render the
formulation surface piastic but non-flowing. The heating however, should not be to
such: a level that the binder cures while in contact with the tooling. By adjusting the
viscosity 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 used. 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.



off-line in a bulk curing operation, while still

mai ntai ning the desired structural features of the
w@civemsyineo | ayer. [ 0026] Rolls 64, 66 route the POHUSIH05/010039

abrasive material 10 to travel in horizontal

di sposition through the curing zone. Fromthe curing

f@Pifl] A8&ra0H B \}%E{laﬁ&vﬁv@ﬁ&ﬁfghﬁ Ithé'@oé%g%’ &Eﬁerﬁ&? br composmon

68 to a con i.onal oWwn asse denot ed
gealasaké 9f bytherefad cenegolymersn powder fomob, vmnbitned tielradietdon cure

B s T B b AP s o
CPaSieflly 2B ASArN Ele R F itidd thelrAl2Tte Jd19m Eﬁ@ﬂn&@h%do@mrsu@fmcron to

the source of actinic Ilggc: can be provided by an
C

c¥ivmaisranen £Fhapgingohe pattickoyizeseanist used tnmogEy phear@ta@l@@cal
robdiied SMEN'doRng LI\elf A2 REE SR DR, e incorporation

coflbinder reintil ﬂteetbfma)tf aq;lwelaealgy penmxmprocea;s@g g sturrienwith low
100 wa p |nc dth t OO s per
va%a%Shve f B @pd-gr Bﬂ&%@" PﬂntF’btr‘ﬁ%‘dW?}H &?%%Qﬁwﬁswade
tv@i‘ﬂ%‘ﬂﬁhd@@é‘t?l@ﬁtln"l’i b fhg. patterned rol I can conpri se

IS

i sol at ed formul ation, or a pattern of
ridges separated by vall eys. The patterns are
deesg al unyangetsn Fjael atcpogsrssvtieonal aievaok zastm@rpd abngsive pnbediment

t rjndi sSu rom
s fleiged I BhmblaR S SR8 SAMAL A BN EOblfate or
Watiing hRegiter 206 dvieewhithen abbafivielanert 103 ig prdwdddg The abrasive
surfaces, channels are often rovi ded to all ow

daviee D hirichrles inyFppRitaqHOR aises feaaes aHbyvEhe pphilapfirpised features
2 oFﬁaS’[\"%%' ?Xn&ﬁgragf dl g t}{qut?e%hecLéh A | i b eridliment shown,

0 patt e and deposit t rasi ve
clafeainirdsi2i0) hoamn fmetatlytshobing awdirlangdlas cross sdotion, terminating in a

contribute t e raising af th vis Sit torende
felat 1‘ff‘o$ﬁ={ﬂ Ia?g‘bﬁ]"sfﬂf?‘é% Swagg FRr ﬁa ce 216.
thevgﬁguds'm&ﬁﬁsgm 'B@ %Hn&@éd Bgethdr t%&.@h%n'tﬁﬁi@ﬂ mg ?ﬁatréx 212, or

cures e In confact wth the tooling
am;ybs Bpamgd apert\ffat oscrht gtherf byt heids ssibmadivy matesial @mllmtrated by

ace | r t he patt.ern.i.s tant| | I
PRTaPrRG, Fn b riPdsii R R SR R R E e im0 g ogp be seen
e B&EEpRRGL i3, the s@hcare@n®rasive has a generally repeating polygonal
contiguous pattern. It is noted that portions of the pattern may be broken, forming

only localized patterns of contiguous raised features.

[0033] Turning to Figs. 3-5, various embodiments of structured abrasives are
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 dimensioh, here, the width.
Aspect ratios 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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preferably at

| east 60 seconds.

[0030] While the

foregoi ng enbodi nent has been descri bed specifically

WO poosovieect i on with use of a patterned roll,
patterni ng techni ques nay be used.

oPC¢IBUS2005/010039

In a relatively

sinple form an appropriate substrate may be coated

f or

conpa i P{%%g\ée

b e Vs

Ll
sthanprasivekayr] ed st eel
~ particul ar devel opnent,

%Qd thaen

roll.

o e\zet%éﬁw@%r portion of

[0031J Accordlng to a
t he abrasive di spersion or
cure pol ymer

In

os'%i ﬁg Egges use of a thernal '
r nbi ned the radi ati on cure polymer with

an .abrasi ve conponent,

ﬁb%]' BthrABRVIE. Wt UieafdrleYs Gﬁﬁ&ing

erma
m crons.

cure pol ymer
Chan

ing the

and addi ti onal

can range

conponents as
RFBtAhiEssS4eg of the
rom subssrsrfrg c?on to 500
article size can be used to

ni983 6]y Testrd pn@gbrt@gN@ap ap thepapsat peweer Viarsuoo2f-34yfram OxyChem

V@M addgd 51{{% aféoﬂ?t)l 4

I NCOr pora

BERDLCAL QRS

rti

R

resin in

atign,

ilppﬁ%s]ruag the effect of the

phwﬁmsetaicﬂpdq@eplmvtrﬁnga1m clessiahgurivly fihttidralsy Withdbinawy

rasj ve, | er,

Torogelsh

| heuied bt Bdnddl %’&Aulgﬂrﬁfﬂ}

cross-sectional view o

and

rindi ng

e tOatEd On

a structure

402lyf

fi aid content that would
&f’e‘g‘% SHPAngREHORRINCC Wi PR senistinge erisdingapplioation. The

ster cloth substrate and
asi ve

elnmsadmmder theisaingsbnditieds tol malpmﬁgiixwmlrabrm\rdpbdwe dwhich

i ve prod

prli i

35 Uf rti D i

rasPyl Y aplr 1BeStaels

cki ng
ac contammg

RESMicdeMs fliiter ARTrASILY Suled%ers@OR: 'BWbéig?SThé ﬁ)rmula ions are listed

Cross- SeCtI on,

rai sed features 210. The profil

imileklg If eat ures 210 may vary consi derably based on t he

|ntended end use.

i;r
I'OS

sectl on,

In the enbodi nent shown,
81210 have a generally sloping and triangul ar
termpnating in a relative sharp peak

t he

%%ﬂﬁ&iremng a_cutti rgcarrr@%%mmﬂéﬂf a

M{h ﬁU%lh@ gowder '

SJdF_ILaf\Q ’)1 Thn vakH-ous- eal ures nrn\/ connec
Ebg@VhBa?OOt hr ough an junder|yi A§.6mat ri X 212, or naybg
ﬁ@@pﬁg apart from edch other p¥ VoI 05 1 I abrasive
elial _as illustrated by porfion 225, qeneraIIv12
&)g@@ﬁeegga portion gf the baqung menber] 205. As gan
be—seenm 1 pet prbl.l ve—view—the—structyred—abrasi-ve
Naeeumn §34Pal | v repeating pol ygonal 17.1
ATH 34.2 19.6
A1100 1.2 1.2
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

photoinitiator from Ciba-Geigy. Varcum 29-345: Novolac powder from OxyChem.
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contiguous pattern. It is noted that portions of the
pattern may be broken, formng only localized patterns

w@boosostosguous rai sed features. [0033] Turni ngPET/US2005/010039
Figs. 3-5, various enbodi nents of structured abrasives
are di scl osed. These figures represent graphi cal

ex e%l a%%ﬁ%?go an/eteﬁgﬁln ¢ Ot @ﬁé{ sur%ace treatment.

pAat 108 amind-$ilne 31300\ hesagonal I y- shaped surf ace
features arranged in an ordered array. Fig. 4 shows

generall I inear surface features having a fa

(9400 absting Mechive Tooke Pa MY Magehd? ehRStank e, eerntttr}rés belt
Og?ﬁ‘l%xthg usehefozsﬂ-ié Eﬂﬁf‘e tfeﬁﬁig%r‘écéd%ré h?h@ﬁﬁ:hlh? E%%s‘isl 5our main

mensi on, here, Aspect ratios o
momewecntg n@mdellg the eregqlmwmeﬂ; worlbreshidude, aontactrveheeldnd
sguar e ﬂrface features (in horizontal cross section).
SHSAT each surface feature forms a pyramid, having -
four major side surfaces termnating at a peak. The

\eo41 pyWollehiaegial: t Aacsof IRefifdeablyBes stailed e PHBIkBleBtvere
devoi d of abrasive nmateri al but in théenbodi nents

SpgfasaclyBRRTERE |- SiRex Lainy %tytbe slgrtafitestiagconpar at i vel y
thi nner portion of the abrasive |ayer. [0034] EXAMPLES

6 eef]Teéx bk T Tl el e x A LGl @t@k% 6% for

6 Test ucts rrmset
Vesting m’lZ]&- @x&rhsmlﬁd@CE’@m wegrimtidgdny modqaeaee,rthas ﬁulllowmg

n ered abrasi.ves.fornul atiaon to evaluate the
f‘%@ce r%fvef%‘éerﬁs‘?gpr?o@gfn%é?& provi di ng the thermal
curing functionality to the binder fornulation, on the

ousdRegulathE Qe l’é‘i%ld Wad\gdt 16 SNTRE érﬁ&tﬁ@arﬂd%hfagt wheel spindles
application. The ified and control fornulations

Werecopsiamed persllel tpsmpaseter.cRegHakag wheeltaad saptact wheel were
BfeR585 SRk QABE 1ol 16 BT AN WPBS B0 LG SROATT Blbw for

rasi pr oduc sure
pageaparocleamanee. Fusi on UV unit. The Novol ac cont ai ni ng
product was further thermally cured at 250F for 3.5

B’ﬁg{] eTgeT Pe%t [f>r%rce ulrc.gj1 %ol?orwed@c%g .s‘ler.llusetngéj o% Qtegsaglﬂened be[l 0037]

[0045] 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 S3RPM. Two bars were passed
through the machine; this was counted as one pass. During grinding a water coolarnt
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 product was

. worn down to the backing.

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

compared to 4 for the control formulation. With even a lower abrasive grain content
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[0038] The process flow for form ng the enbodi nents
herein is described in detail in US 5, 863, 306,

w0 ponpos@t ed herein by reference. [0039] Key:PEDES209$/010039
3700: epoxy acrylate from UCB chem cals. TMPTA:
trimethylol triacrylate from UCB chenicals. Irgacure

OB AR U AL A bt

Baged pawdetd) iahgddtcbhigﬁer s%acxkrma-ﬁlc@@ﬁthmnﬂte déintrﬂ:Dﬂ)rmiulaﬁnﬂe

face treat nent. 0S ne_ Al 100 f
FOAGRE FBLS Pt THE HOR G THOL ™t NGNS RASIBF SpEmiticantly

O&Héxttﬁ%fhfe%gtml%%‘d&’&' ess belt grinder was used for
the entire testing procedure. The nachine consists of

four mai n conponents including the regul ati ng wheel,
VWMZ] rTéibleQbI ade, cont act wheel -and abraS|ve belt

LUU‘-I-J.J VUI t\ IVU.I. tet rd.T f /-\ set L\f byl I l[ul I Ld.l y ITUIF

stai nl ess st eel vvor kpl@%"\'/\gf’émﬁiﬂéﬂm each measuring

1. 5i n.pa¥s 101 n. A{’ﬁw%t(ﬁ{tt(g?f t esiytedfin) 0042] E@bﬂﬁ/ear Ratio

Procedure-—The let-s—were” fill exed—at convertad
LILY LE LT AR A ! TUTIVOT COUT

LI~ A A A" &= § pu oy

4" x54" lelts for test817ﬁg on the cenfdlless gri nder. 125

Prior 10 grindj ng an rkpr eges, t ol T'ow[n
Dararretzgts were verj 9 d_on_the marq%& t ool ; [OQ43195

Regul at3 ng whegl ang3291/vas setl to 50. oFReguI atiing and235

cont da —wheet pidtes-weteconfirned pcu attet—toone
anot her? Regul ati ng 4hdel and conLa@tO fheel Wwere 289

dresseg, Nyl onf work rest was %&HﬁgwﬁH@%Qcku‘{gnk gui des

wer-e—-adiysted o—allow-for—proper part—
VOO A\ = w v ) 'rJ rJ l'_ulruv

U)(MLH Thei est pr ocedure followed f he sequence of

steps outlined bel ow WilhjvolhePowdpi eces were

Cacn WBFpi ecel GHEWSREIAE) The nUEH 0 was | adrLVeer Rati

for thq desired inf eg@lat 0. O()6 in gpd7the regul ating

C2ARDMA

Mhnr\l anpad nlc at ot n-hao - |
CT JPTTU WMQ QCL Clr IO\ 1IVE |V\l\f ucu O V\lcl C rJaooc\'r

t hrougR t he nachi ne;21t3 s was|count 8@18s one|pass. 212

During,grinding a Wajt{?eir3 cool ant cong)@llgl ng afrust 593

i nhi bi t orwas isprayed on-the sive Belt. The weight
of eacH . 50.83 0.015 . 339

5 63.09 0.016 394

[0048] Example 2: Composite Sanding Discs

[0049] Test Prdducts: 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 to 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 additional thermal cure at 250°F for 4 hours.
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wor kpi ece was recorded to calculate the netal renoved.

The belt thickness and belt stretch were neasured. The
WO pdoseesoems t hen i ncreased by an additi onal 0.POBUS2905/010039

two nore bars were sent through the machine, and the

wei ght, thickness, and stretch measurenents were taken

9507 - Tégl@§e9§ﬁ1@fbﬁc\5ﬁ{r§l fbﬁﬁg‘g‘l}gﬂ until the product was

t he backi ng Test Results: The
fsmﬁgd@glinganymth addi ti on ofpey®) ac{ powder exhi bited
i ar—teststanceover—the—eoentrol fornul ati on.
I¥MPE4t ed for 5 passes cdnpar@é6to 4| for the control

f n. Wth even a |l ower, abrasj ve grain
B §§ ¢ the control lthe n6r2dur~t with Novol ac
BR&ddr (or similar phenol/forrﬁadidehyde based powders)

31 T ai n%c]* hi gher stock rerovat 1tcgan tthe control
Pon. Furthernore) the 't to wear ratio for
mmdaot wi th Novol ac powder ig ®ignifficantly better
Tthe—controt—product 066474 —Tabl e 2 [ 0048]
ggﬁl | e 2: Conposite Sandi niﬁ dcs [/10049] Test

w]q@lucts Products in twp gritggizes were tested: 9
ef—ahd-30 m-eron—Fol-each anf Si ze, a contr ol

III \JI \VAN] TATTO LB A A% A" AN

ﬁamnmnaadummumomda bi nde condl.ét | ng only of UVcurable
g%ﬁlgn was made, and a nodi fied formyl ati on contai ning
crylic-based thernmnset p  id addition to the
UV-curabl e resin was nmade. The m)dlfi ed and control
formul ati ons were coated on a pol yet hyl ene
i@ﬁla]pﬁalbial%t%nidrbmwﬁhblsﬂrmBawwﬂepr ocessed under the
sSafre—ecohti-t+enrs—te—rake—ehgi-reered—3abrasi ve product,
Shirer Comnongeti exposure {o Massddi atlion in a Fusion W

A The products w th ther t powder received
%tlnnal thermal cure at @@ fog 4 hours.[0050]

Ebdzrd 33209 micron contro| for3ag ati on [0052] Table 5:

gmgéon comtTot—formotationTabte—6: 30 nmicron with
bt powder [0053] Key: ecryll 3720: epoxy

Bgéc)l&eaS@ from UCB chem cpls. FNVPTA: [trimet hyl ol

tHactrytate—f+roem-UcB chcrn,ﬁi.s —++gacure 8 19 :

HhH¥bhi ne oxi de phot oi ni | i at o?-1from| G ba- Gei gy. BYK
AEGhe neHBhOR Bk aLT oM BYK Chiemig. AT 100:

9 micron aluminum oxide 7.0
Total 100.0

[0052] Table 5: 30 micron control formulation

Shurry Component Mass %
TMPTA 21.0
Ebecryl 3720 9.0
Irgacure 819 1.2
A1100 ' 1.2
KBF4 33.8
30 micron aluminum oxide . 33.8
Total 100.0
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amno silane Al 100 fromGsi. . Acrylic thernoset
powder: 158C121 from VEDOC powder coatings of Ferro. .

WO 0B549s5060r k Materials: 6" x 24"X1 " conposi t ePEHNE1085/010039
were used for testing. [0055] Equi pnent: Products were
tested on an autonmated sandi ng machi ne designed to
test discs for randomorbital sanders. The machine

Const 8t 30U icn 5 &L sander from Dynabrade

nmount ed on _an arm t | procates at a set stroke
mQWCoEﬁ% eRrehi ne vvor ks b)M§§Sar/t| ng the disc,
-ower+ng—the—ar-mt—o—ptace—the—sandgr agai nst the

WoMbdiZece, noving the sander bhék arld forth on the

V\ggelgp};l%oat a set pressure agdgfor Ja set amount of
E.——and-Lnhen he—sander—avay fromthe
formed on the

ure its weight; a

.nalyzer s _used the surface
fApIgh; and a gl ossrreter S ugqpl to (measure the gl oss.
H6O0561+—TFest—Procedure: unpusr te—panel was cl eaned

aﬁ@WhPﬁEﬁm@W?Poﬁﬁﬂflts melght 23hs rdcorded. The stroke
g&g(gaggwhpﬁngggﬁrne was, setyfp 20 i nches and the
_opn-the abrlasive-discliwas set to 10
pgBetals. The panel was pIﬂcedlﬂﬂﬂthe sandi ng machi ne
and the machine was run for I m nute. The traverse
speed of thesander across the workpi ece was
approximately 20 ft/mn. Water was m sted onto the
surface of the solid surface panel using a spray

H@QSBII ey rElrf@rxl RB2e.apaky geryiete frorAfU@ﬁ chamigaln IDeP b

JaE e et g o R Feal e 8T TR BB
WaStoE kiR froadibalBeipe BIK A SGIS déﬁﬁﬁreﬁl ﬁdam BYJUChaeee. A1100:
anal yzer was used to record Ra,

feites s ALY Trom C8bor doghisssTrexipagdsr BEC18b e VEDOC
3, pg&gﬁl g'pperp@nel was again pI aced into the
andi ng nra

|ne sanded for one minute, cleaned, and
neasured. This procedure was repeated until 12 m nutes
¢00sdp W origMiatedialye @ x4k 6# wemipositetpaselp aviat us¢dfds 7gsting.
Test Results: [0058] The grinding results are

%degia r]éq%l%jmclm lIroEucets were eéetecg & Iy !au torln(a)rpeﬁ sandlng 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 to place the sander against
the workpiece, moving the sander back and forth on the workpiece at a set pressure
and for a set amount of time, and then raising the sander away from the workpiece.
Measurements are then performed on the workpiece. 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.

[0056] 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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t hernoset powder had significantly better wear
fesi stance over the control fornulations. The wei ght
wo o®s/ogfoedot h the 9 micron and 30 micron for nUPEL/US2ILS/010039
with thernoset powder after 12 m nutes of wet sanding
was only 0.1 gramconpared to 7.4 and 10.6 grarrs

r %?r?deeg %!g\égg Hjooﬁspi%%gwa% %ntplg)(})(%*lat%&% 3’%:11‘[3& Ras mlsted onto the

prsm@mtomm @iid Suefae pansl i SbEbETE H@zﬁh% ther@@h@mg dest. After
for faqrmul gtl ons with thernoset powder 5 and

v @Fl% pange g S%ﬁ&lg@w? mapmnadm panshwag rﬁéncpr@d@@rn ghepngehine,

e
ues t Lan t eé:r%lo‘ﬁi f or ?glt P%Vg{c]&%lﬁ% % ﬁe pgﬁéﬁ%‘t loss
s oécnttlesiu A avtse amﬁymln wias usedap |rd:oou:leapRy,fa®rdnmmaﬁ A gloss meter

2t Ert 4t e B AL e §8 4o REs by panel s again

I gRb&d BRC e shndia hRchiAd) daddefFbr SOV LIS e@lanl Reasured. This
pol i shed solid sur f aces by a surpr|3|ngly consi der abi e

apwgedure Mo sajeatpd pnil 12 powess ofsewting eyl begngrenfodine® an he panel.
di scl osed above, coated abrasives, and i particul ar
t ngi neer ed coat ed abr asi ves are
f ogéﬁq}wg{l}ltsﬁg a particular binder fornulation which
not only inproves processability, but also nmanifests
i {0058}t Abé gripxﬁng orsninare swhenadeddem Bbicd be Sommations dv1th

apove. i,tion, se first and second distin
b H’é‘?setB‘?Fﬁ Gihad Siaif &Yo‘?ﬂ&@aweﬂr BORaBE TR O peRtol

Vﬂihhﬁléﬁoﬁé‘fbm@ ﬂ@i@hﬂosy &%ﬂﬁﬁ@ 9FRRYSH a0 Bl GoR f&hﬁ@éuons with
deal of flexi i nder conposition choice.

I't
cihempasst poxpdar@fteuls%mamtdsuof fueh sanidingawacantp éuh gsmhmmpraged to 7.4

gél{glgl g%\ﬁ%gﬁ:%éécgwglyeﬁr ﬁpﬁ@?ﬁj} %r ed Icgfg}ga 813 ratlo %eﬁned as the

flaB% obbtotlk Yendd VAl & RodicBWefghe R, iy ali® kebsthinftfall§ Wnbrdved for
engi neer and i nplenment. [0061] ‘The above- di scl osed

sfoppeletionpmite Fher@weé powder h3T and EHvarsus 54 and 0&7).ahwaddition,
?tﬁl: fo%ﬁEtrs gﬁﬂ tYlgmljx]@s n&ﬁ\)\ﬂﬁ %ﬁ% %h}ﬁg}'ﬁ f?na? olgg gglqgs than the

Bover ons, cemen

adohtro] formalitiornéisthe phlished salid swAch WvﬁlﬂmsSaCérﬁlﬁhanaeﬁ‘dimlance
present ention. Tus to t |rrumext nt al | owed

Wltqr%ﬁ Ofﬁé étlcg)f. glpﬁ 2(? ition of plast?c powder?mproved

the wear resistance, G ratio, and ﬁnal gloss values of the polished solid surfaces by a

surprisingly considerable amount.

[0059] Table 7

Removel | Wight | GRatio | O1oss | Closs | Gloss

(2) 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 5.72 7.4 0.77 1.1 9.5 51.0
9 micron with powder 4.27 0.1 43 5.6 25.1 90.4
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invention is to be determ ned by the broadest

perm ssible interpretation of the follow ng clains and
wo b@sooweui val ents, and shall not be restrict eBCDUS2005/010039

limted b y the foregoing detailed description. [0062]

For exanple, while the foregoing nakes specific

BBl Ak Grcish P sespber . Arheed ARG Phled At Pscimdin

tpbﬁmm%k aﬁw@le& oflbhgieegdd doﬁ@draafﬂsﬂés are deyatoakd lﬁavtng,mipamcular
e replaced with alternative binders. F ex

é)uqisrr Eqm@fntuonngbw Bl pwEO oA PEICpssRbilifA DUl Soq*eﬁfefésts n

gg\%lﬁlﬂe C[ﬁe\ffom%épch tﬁﬂgtg};srbé% ghged%%ge 1?1 fti%ﬁ%s%%iyﬁrst

curing urethan cat al yst t I's quick
@ﬂcﬂ estohy dtshﬁdstrm:hdet ceapoerds asrﬂgschbedme:dnndcnom mtb various

d, the first bind b
FaPATIoRS Crelotsd R B BB CFUST [EORBI AL T  he
B oélagyéﬁomec HREA Néedoyug SWuridiohi GofPEaNE HaviRger

oun 1. A coated abrasive
pirfﬁammfunmnplrgrsumgmgmegnqémt@ atsinglegbindessomppyns spifer from

6%]?{‘1(5?4 gﬁ{)ﬁéslsﬁkgg)ét he gxgelsst'ﬁén gazé\tlg I;Egorggfefrﬁédlt/ ﬁ) In%%@% and

Bepreehpr med froma binder formulation conprising
first and second bi nder conponents mi xed.toget her

uni formy h the abr.asive grains, e the. firs
B0 e Shprriond ShHGPEVHISA 0 PR BPRIGHE NSt not

C
R SRS ggls RS RO < il ek iy
bﬂraadleemem&mdtoﬁhee smbndhnwlntsywmch fplbmltéam thg scophef preaugaant
of cl. ai | Elel n the f| ﬁ‘%r onen % e pressent
ayeaien Hhys: E&t ¢ BRImR gXsR S 1B %S°°£ﬁ8 Tepugss
;&@hﬁ&%ﬁ% b4 detthRinBA Bf ufetbr@édegd RirlsdiblevhRistatith ef the

I rst binder conponent conprises a UV curabl e binder
6loydogdlaims and their equivalents, and shall not be restricted or limited by the

foregoing detailed description.

[0062] For example, while the foregoing makes specific reference to distinct binder
coinpounds 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
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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5. The product of claim4, wherein the first binder
conponent conprises a blend of UV curabl e binder
w@owpoes. 6. The product of claim4, wherei nPE€TTES1005/010039
curabl e bi nder conpound is selected fromthe group
consisting ofacrylate and nethacryl ate oligonmers and
nmononer s i ncludi ng epoxy acryl ates, aliphatic urethane

acryl ates, aromatic usgiApRg ngmgbq% pol yest er

acryl ates, aromatic mxy

nmet hacryl ates, aromatic acid nethacryl ates, and nono-,
di -, tkiA copled ehrasivaperdyehcalpigngonal acryl ates and
net hac, le \%&g an%nd m xtures thereof. 7. The product of
claim ereln the second bi nder conponent conprises
a t hersimbeisiveohysrevedying e qubsitatetthofbratias haydr, confyeisaign

01 oup cons: DHRE Goa AEGPBIRch 245 HHG B RE L A7 binder
group consi
phenolic r ei%hﬁulaﬂ&? @érfl 1ﬁﬁé dah Xﬁ@second binder components méxed

mel am ne/ f or mal dehyde, lic, polyester, vinyl,

m xtures t hieg@bér urﬁorrﬁb'e duhpbrasdfe griias.miereinie fiishbinder
t he abrasive L .one, r

fromthe grcé) 088‘913‘? & r% DS a%ﬁ %‘ﬁeﬂa{ﬁ eCOP gP gr éO%Ilp onent
si | icon cardangifiseg@psieler adlil anhenaliiduirabl@or on nitride,

and conbi nati ons thereof. 10. The product of claim9,
wherein the abrasive grains conprise al pha al um na.

11. The ™HOsH8hctOf clalmil MvBereWhBE 8éddnd Bedet Edeists essentially of
formul ation further conprises a coupling agent. 12.

Teavder.oduct of claim 11, wherein the abrasive grains

are treated with the coupling agent prior to m xing

with a balance of the binder fornulation. 13. The

produd Bfe modianof dlainnii ewbengin the fies bpidenepragpaent is curable by at

ri s n_organosil an 8 anotitanate. 14.
'cllﬁaé %x‘ncrgyvy%a&rg %\%ﬁm rr%iﬂa {rﬁe coupl i ng agent
conprl ses an anm no

4. The product of claim 1, wherein the first binder component comprises a

UV curable binder éompound.

5. The product of claim 4, wherein the first binder component comprises a

blend of UV curable binder compounds.

6. The product of claim 4, wherein the UV curable binder compound is
selected from the group consisting of acrylate and methacrylat; 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, and mixtures thereof.

7. The product of claim 1, wherein the second binder component comprises a

thermoset polymer.
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silane or nethacryloxy silane. 15. The product of
claim1l wherein the substrate conprises a conponent

WO e@s093060 gr oup consi sting of polyner filns, ceCT/UBWEH/€10039
materials, and fabrics. 16. The product of claim 15,
wherein the cellulosic materials include paper, and

fabricg i rates havin
pol yror: LR hcE B P heRt HESh oS R it R0
whelyeien fiohetheigratp doinsidirrg (bfsanrmﬁmy eihatlethan@fdir, Pieenolic resin,
seco d bi aﬁ%’r I S nono- curég 18. The product of ‘
Aes MelpmincABrmalichy de capericnaglyesterayigggand mixtures

pgfege%rﬁn of surface features.19. The product of claim
18, wherein the surface features forma conti guous

© pattern. 20. The product of claim 18, wherein the

surfaceg, ﬁﬁ@bwcﬁét (ﬁfc?mﬁiﬂ 1S Whgletn ﬁlr {)E‘ﬁ/k %paﬁn rrémsg— BBleast one

product of claim18, whérein t rasive 1
f meiepid]l Hymabe gmplcmg}smimg of ahubdng mﬁommesﬂmobssbrbédee gaintdh
rt t.he.raised pattern. 22. The

t d t
p(}lg%%?’rn ]?ng??rflér ge. ‘é?“é]?ﬂ tfq?éﬂ&é"?qf rned tool has a

repeat i ng pol ygonal pattern, | eaV| ng a raised

pol ygo att f surface fe res on the
substr g(?eT EZ%IOSWQQSF]I‘?HH 90?Vﬁ‘?r8 ?1 ISSIE%&‘P% COBPHES #Eha
pl@duet , conprising: mxing a bi nder formulation with

abrasive grains to forman abrasive dispersion, the
bi nder formul ation conprising a mxture of first and

second 0i Tiekro8SHTBP BRI $, wM‘é}@ih%@bﬁlH@r fghﬁlﬁﬁmg{ ﬁl écf comprises

conponent is radiation curabl e and the secon
eoppphepegadnpri ses a powder and is thermally curable;
coating a substrate with the abrasive dispersion to
forma coated internediate

12. The product of claim 11, wherein the abrasive grains are treated with the

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

13. The product of claim 11, wherein the coupling agent comprises an

organosilane or an organotitanate.

14. The product of claim 13, wherein the coupling agent comprises an amino

silane or methacryloxy silane.

15. The product of claim 1, wherein the substrate comprises a component

from the group consisting of polymer films, cellulosic materials, and fabrics.

16. The product of claim 15, wherein the cellulosic materials include paper,

and fabrics include cotton and polyester substrates having polymeric saturants.

17. The product of claim 1, wherein the first binder is mono-curable, and the

second binder is mono-curable.

18. The product of claim 1, wherein the abrasive layer has a raised pattern of

surface features.
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product; irradiating the coated internmedi ate product
to cure the first binder conpound; and thermally

WO e@andoe t he coated internedi ate product to CRCEUS1965/010039
second bi nder conpound. 24. The nethod of claim 23,
wherei n the second bi nder conpound consists

craert 9Lk Mol 35, o FOETLO08 2 S A oo

cpattdrmuous process. 26. The nethod of claim 25, wherein -
thermally treating is carried out in the continuous
process. 27. The nethod of claim25, wherein the

cont i NP@UThgprodas Sf ckird 18pahtreindthe POBAceTE RGBS dre didtrete
whi ch the substrate is translated during at |east the
cBREPHE™aNd irradiating steps. 28. The nmethod of claim
25, wherein coating is carried out utilizing a tool to

pattern the abrasive di sgﬁrs on on the substrate. 29.
The methobhegrodyciphelain 1§nwhearein the abrasive ;ﬂy@rrleécvrmg biys

C I

B S o e o R s P B PR P Bl
cpatierry of the second bi nder conponent. 30. The rret hod
of claim 23, wherein the coating is carried out such
that the abrasive dispersion fornms a pattern, the

coat e22a leﬁ:QJrudncp vHelait 2 bewingeia thé pateinudecoldias asepeating

pr oduct he. net hod of_ claim 23, wherein the first
qg%ﬁéﬂn%ﬁtﬁﬁh yinga rgises/Pelyeamil 2ajera ¢d BUIERSRbeAenss on de

Thesipgt hod of claim 23, wherein the UV curabl e binder

conponent is selected fromthe group consisting of
acryl ate and net hacryl ate oligonmers and

23. A method of forming a coated abrasive product, comprising:

mixing a binder formulation with abrasive grains to form an abrasive
dispersion, the binder formulation comprising a mixture of first and
second binder components, wherein the first binder component is
radiation curable and the second binder component comprises a
powder and is thermally curable;

coating a substrate with the abrasive dispersion to form a coated intermediate
product;

irradiating the coated intermediate product to cure the first binder compound;
and

thermally treating the coated intermediate product to cure the second binder

compound.

24. The method of claim 23, wherein the second binder compound consists

essentially of powder.

25. The method of claim 23, wherein coating and irradiating are carried out in

a continuous process.
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nmononer s i ncludi ng epoxy acryl ates, aliphatic urethane
acrylates, aromatic urethane acryl ates, polyester

w@eooplgtoes, aromatic acid acryl ates, epoxy PCT/US2005/010039
nmet hacryl ates, aromatic acid nethacryl ates, and nono-,
di-, tri-, tetra-, and pentafunctional acrylates and

met hacryg, alth%%letﬁgd of 18 Bad eaf ek @é%tm%’ikegaﬁ'féa Bﬁtem the

second bi nder conponent conprises a t ernDs
3gontiougprdsess. of cl ai m 33, wherein the therm)set

pol ymer conprises an epoxy resin, urethane resin,
phenolic resin, urealformnal dehyde

rrel am &/ ff(hpmthmhqﬁiéalmaﬁg wherein the leyeitens potesa is a spool to

80% rp?oéets]s, iy wiuch the substrate is translated during at least the coating and

irradiating steps.

28. The method of claim 25, wherein coating is carried out utilizing a tool to

pattern the abrasive dispersion on the substrate.

29. The method of claim 25, wherein thermally treating is carried out off-line,
the coated intermediate product being in wound form, and being bulk heated to effect

curing of the second binder component.

30. The method of claim 23, wherein the coating is carried out such that the
abrasive dispersion forms a pattern, the coated abrasive product being a structured

abrasive product.

31. The method of claim 23, wherein the first binder component is a UV

curable binder component.

32. The method of claim 23, wherein the UV curable binder component is
selected from the groupAconsisﬁng of acrylate and methacrylate oligomers annd
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.

33. The method of claim 23, wherein the second binder component comprises

a thermoset polymer.

. 34. The method of claim 33, 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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