I HYDROPHI LI C AND HYDROPHOBI C SI LANE SURFACE MODI FI CATI ON
OF ABRASIVE GRAI NS BACKGROUND OF THE | NVENTI ON Wt gri ndi ng
oper at i onswodedoneds by gri ndi ng processes using wat er - hasatk:bpned7ant
systens, have been found to be hanpered with shorter life of the
abr asive product as conpared with dry grinding applications. This
phenomenon typical |y has been addressed -By addition of sealant in the
formul ati on of make resin enployed in the abrasive. Chem cal s added
to the make resin to counteract the effect of water generally include
hydr ophobi ¢ nol ecul es that increase hydrophibicity of the make 10
resin to thereby reduce the intake of water, to retard swelling of
the resin system consequéiif DROPHELIEr ANDA Y PROPHOMEC ISANA KEl

properties, and to ret SURBACKRSMOBIMOASIONERFBRASOIE BRrdmeghobi ¢
nol ecul es typically are sil oxanes and organo-functional silanes

(hereinafter referred to as "silanes") or other organic nol ecul es
t hat have hydriBBRGROURD &F HSE [ISMENTH3NVI nyl bonds, and sul fur or
fluorine atons in the 15organi ¢ nol ecul e. However, i nclusion of

hydr ophobi ¢ corrponé’fﬂtsrihding hpemmdne, defisedbyofrirdingdoaesseo tisipg Gheebased

abrasive parti ont wi t.h er, thereby per wat er

over ext eng cﬁé@i%ﬁ Fo% af% 5‘?‘5‘?«%" ﬁ%ﬁﬁ'@de ot 5’8”%&1 fmiot]g‘éégﬁﬁﬁt’? I

t he abrasive tpmducﬂ‘aalcbmpadeﬂ witheirg gseligf apphediess, albfﬁﬁie\d@m@ﬁdhd?ﬁﬁ&a?ﬂy has
h wat er enpl oyed as a cool ant “can

cont act of th terjal t
cause separ at ‘iﬂlé %@r@ QE‘P8§¥M§Fé1aﬁHB theelRamuerian of mske resin gmpigyed dp
material. In (ﬂ{heab?dsh@r @Eﬂn‘/c%ls a@@cfdanﬁ't%%lﬂérrédlmoec%uﬁtéﬁftf thé §ﬂectt BF@&E‘@ by

applying a coati ngi of a silane. Hydr si s of ane at a surface
of an abrasi vE&cyasltyia¢ladelylrehabie nicdecles thahingfeassdydiophibidikyred the make

particul anpy %ﬁtﬁ&ﬁoyﬂ@ﬂ@c@'tﬂ@m&% bt GhiEr, toreBrd Gbetin A(?gl\(\ﬁé?ﬁs stem

formation of a hydrophirlic coatin grarns can RLH rength
with WO 2009c0@e@8aPCTHetesREDoN @ﬂmégmmcalz:repemcs and tovkdtaril abraswe tohes

are held in pl ular wher t he e. coat

el udes oy ERaSaRYof MR R R Molcafiy i pRCHs e ot

conpo 3 e n';) . s1lanes (h'Ei‘@iaéﬂ‘eﬂfet‘gerreﬁ tﬂ ecthilees ?to&i other or@hﬁiaﬁioi/eﬁuﬁﬁthg! 1@533

coat ed abrasiye ucts. an ther grindin ) such as bonde

abr asi ve t ool !* dl@ﬂﬁ%%ﬁﬂ%%@ﬂ s il bngs ap @g‘BSV@“?féFéF%’Pﬁdééﬁe

probl ens. 1$U icGholdddle. | IWENEE @Nlusion of hd¥Bphobiedd ! é}@ﬁerﬂﬁﬁl%ea&h% is
coat e

directed to surface-nodified abrasive grains, abr asi ve
products, bondRsin %ftf»f%fﬁa/@iwr%en&eb@wapﬁan%%a§omctmamea@t ierehy 10
and usi ng t he ,gais vald B & ahad
invention.is a surfgce IT[())dI fi eélMa ‘?’3?%@%?’5‘. attgﬁg)PE nc lvéTEé}EcleH}ﬁl
abrasi ve gr ai theabastve sacd failsd [mtheichse of noaté¢tabadsivagiraductyr aintact d)fahc
includes a re vel y
nydr ophobi c. o PP e thRObs dosdole AP s ERIRADE R ep el G
conponent 20i nahraavemhbdakmcmht frmmthebﬁclﬁn@mﬁ&ﬂbier sel ected from t he

group 15consi sting a m nes, triapines, azine . azol,

urei do, isocyanat eln %ew@iy’a“&%éff%w P%'?ﬁ%ﬁ%msﬁﬁ?aé Y FPBIER $07Y1E fnd
pi perazinyl silspars HydRflydid6r thedilhé el drildetfan Q@:Qkﬁe ﬁéﬂ]é‘l@ Raf@lisde one
menber selected fromthe group consisting of vinyl silanes,

met hacryl at e $etaHessof coplenibosls, arisularke herp thy abTasiyg@articledox et anes
and phenyl si ver, f_gprﬁatﬁéd @aq@'arotﬁﬁlh@'csﬁﬁﬁ oft g?dlﬁy‘:l].aﬁ récﬁlxg{hets{?éﬁgth with

i ncludes a co nation o



20 relatively hydrophilic and rel atively hydrophobic silane
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invention. The invention has nmany advantages. For exanple, the
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that include a In another specific embodiment, the coating of the abrasive particles includes
two layers, the first of which is most proximate to the abrasive particle and includes
at least one relatively hydrophilic silane component. The second layer is distal, and
30 generally applied over the first layer, The second layer includes at least one silane

component that is hydrophobic relative to the silane component of the first layer.



30 hydrophobi c silane conponent apart fromthat of the filmof the
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2009/ 129384 qutﬂm@# @48 Déng with a binder. The resulting green compound is molded or

formed into the desired shape and subsequently thermally cured or fired te result in
the final product.
20 Other embodiments of the invention include grinding or cutting a workpiece
" employing a coated or bonded abrasive product of the invention.

The invention has many advantages. For example, the relatively hydrophilic
silane component of the film is believed to effectively seep into most types of
abrasive particles, thereby facilitating wetting of the component with a sealant that

25  includes the relatively hydrophilic silane component. In addition, it is believed thai
the same film forms covalent bonds that bind the sealant tightly to the particle. In
addition, the relative hydrophobic silane component of the film can either be
blended with the relatively hydrophilic silane component or applied as a separate
film that binds tightly to most make coat resins, particularly those that include a

30  hydrophobic silane component apart from that of the film of the abrasive grain. Asa
result, the film of the abrasive grain does not separate easily from either the particle

or from the make coat upon exposure to water, thereby significantly reducing
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FIG. 5B is a histograph of the resuits presented in FIG. 5A.
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13i s(Tri et hoxyt ylﬁlarreﬁwl)yrzsreﬁbmsaene

Bi s(Tri et hgxygiikl ]aﬂf&%myﬁﬁétﬁﬁﬁle‘;ﬂo‘igﬂaﬂmmﬁﬂﬁ%ﬁmﬁielk@ﬂﬁmethoxymlane
3- Thi ocyanat opr Oﬁy triethoxysilane propyl tri nmet hoxysil ane,

3-d yC| doxypr st ylﬁmgpnmpygmmaﬂmxysgane lethylammopropylmelhyIdlmclhoxysﬂmm,

104 yci doxypr

3-d yci doxypr gﬁ%*‘ﬂg‘%ﬂx}’g’ﬂ’ﬁfé’? x@igéh ﬂane\}\ln% ?r ?'e;cet oxysil ane. The
definitions ofArhmeiarapylveﬂlqthmeﬁﬂanpﬁN-Plean;;liahaameMcthnrbnmeuhbkysmlamb (N~
"relatively h hob| ne comnpon t" mean that inclusion in a
singl e | ayer, ’HPW‘?}*Q% rr%} “of an abrasive particle, of
two sil anqSCOmmiﬁomhylﬁieﬂfyﬁﬁmbtm@fsﬂMI fy 15for water, wll

constitute the presence of a "relatively ophilic si | ane
conmponent " andbsnvigaingiMsshylpethy W%Wﬁﬂ@eg&%ne conponent . " Furt her,

preferably, atphb%aéﬁ m@ﬁnm&m&@n@% (Wheﬁ?lﬁﬂﬂrﬁa?ﬁ’ﬂoiéyl&ﬂ@f?dxyﬂah@ 3a
conponent of bi nder resi'n enp Ki form a coated abrasive

product or borﬂHeItheaxﬂmasmPeomdmlethd lmﬁboﬁ}’ﬁkb@ﬁt'i&ﬁ' In a nore preferred

enbodi nent , ornms a covalent bond with a
20 conponent oihgrﬁﬁf%lgl nd%psfhpétg dﬁ“&%%?ﬁ%’e resins are such as are
known in tie a“nperazmylpropﬂlyxpﬂwb:lhmsﬁhoxmiéamei ght ratio of filmthat
e e T g
1: 99 and aboutm&ghdhr@fprds@hame%ﬁab(ys:hydm&ﬂbhdiin@l;ﬁoﬁyaﬁethcxymmnent to

relatively hydrophobi S|Ian C,0 nent. In a preferred enbodi nent,
the ratio is iYorpaginyipepylnet B’é‘t’%gﬁ‘yé} ft 1:49 and about 49:1. In a

particul arly prghesit @ﬁ?ﬁﬁ@l’hﬁﬁi&hcx mgméatl ois in a range of between
about 1:9 and agrfgut rgﬁar y ht ratio of filmto abrasive

particle i a Mmh@myhmtbﬁm;@etbewﬂ@p erphelinylmefhdmethyldisthprysianey i s
in arange betyeen, ?&Hﬁn&méﬂﬂ Eﬁexﬁ%mrﬁlﬂoﬁetﬂﬂﬁfx&ﬁdﬁglane

enbodi nent the welg ratiro I's out 1:6 and” about
In 30 an even Ammhmbhenm&ﬁh:étrimmlhmmanc,t@@awlaghIDOpr@mﬂiUeihQX)i&ﬁ3@,

range of bet mﬁ?yclo%exy ammogr%g)glmm&hoxygl‘llane,lty&c%exylammopropyltnethoxy311
Cyclohexylaminopropylmethyldimethoxysilane,
30  Cyclohexylaminopropylmethyldiethoxysilane, 3-ureidopropyltrimethoxysilane, 3-
ureidopropyltriethoxysilane,3-isocyanatepropyltrimethoxysilane, 3-

isocyanatepropyltriethoxysilane, Trimethoxysilane, Triethoxysilane,



WO 2009/ 129384PCT/ US2009/ 040797 - 9 - The thickness of a
coating that includes relatively hydrophilic an drelatively

hydr ophobi woshlsansssgonponent s over an abrasive parti cl eecaams2briosd0r
exanple, in a range of between about 1 angstrum (A) and 5 mcrons. In
a preferred enbodi ment the thickness of the coating is between about
| OA and about 2 microns. In another 5enbodi nent, the thickness of
the coating i sMethyldimpthoafsibet.Wahyldiotokysilbue, dMuthyddpienethokysilags,on.

Ge Iy, ' ticl hat is.sui | .abr asi i
Cndustri 31 or AGRHERAS B M GyliRerSidth Mh Bl iBn (he

invention. A uéthyibls€TermBetyipatoxh Bilasd) DagéMAcMakjsilgdees useful in the
i nvention can conyentj onal abrasive 1l0particle materi al

e of, an \ ( ) \ . .
utilized in t 'W@’VWHP%/‘LB%Y&]ﬂr@o@t%hb%ﬁ%ﬁwéafteoﬁmyltwgh%@éar@fN-

sui tabl e alyr agiuRRAdxG iBnEBY BubyikSthb RS | ] hen.incl ude
di anond, cor undu’?n‘ em&*r?},l aa’r net!_l,ﬁttlhgrgm%{%é} tHz?I,t}mng?\%@)t\&géryea,h&q

chal cedony, f [Bufitriedhgaysiang, & lybri¢thewysiline] Dedzayltripethixgsilamed t al c,
boron car bi de; j r itrhde,~fused. al um na, ceram c al um num
oxi de, heat trDeogg‘g}lcfﬁ gp@%ﬁﬁeﬁﬁk éllia g’,océ d%ﬁ)ﬂlr{’a{nelz{ﬁxggﬁng’, gl ass,

15si | i con car lficteecyltriothogydildes Octodadydhethyld middhakgsilapeMum oxi de, tin

oxi de, titani ar bi.de, .syn tic .dianond, nganese, di oxi de,

zi r coni um oxi gié?tyqtélﬂlftlg’lxp'?’ﬁa\éﬁtﬁ'ﬁl‘wﬁtﬂgb’_‘ym ane, @Tﬁ e‘@ﬂ&?ﬂ‘ﬁf‘%’*”@‘?% ns
i ncl ude aggl oMBERhes tEHBOX AR, BeieREaijiRsthe] PthihSceRxyditnf23, the
teachi ngs of which are incorporated _herein by reference in their

entirety. A coitipdirizsstorsiancpPaeiptdiaretapalangint srimtaxsrDinsstaxysitane,
particul ate i Wl : ; j : i L Si ng
BB asive gr i 1 papt PoMAIAN AL B RIRRD TR ANEB A AR Enfe TR S, 1S
Appl i cati on N3rimetylMs:tindehylketbxitheFalana Dymedyldidbshyleathdketexoh)Sigse, of

whi ch are inc ; e [ {. LIe . abr asi ve
materi al s can%ﬂ%ﬁ?lgﬁgﬁpﬁ%}gﬁ%g@ EZ%H]‘EA"%&%@EE %Cestcl’j%@fe )rsllprge’vm t hout
orientatidf (Meahyitris@victbyibthylkedepensilang Vipairis(MethpAsdbuiyldearxirde8ilared
properties 25 t he e brasive tQals. In choosing an appropriate
abrasi ve mate eélfy,lv1eﬁl§ﬁ§&qgl%ixgqqnggglmgﬁglﬁneas si ze, hardness,

conmpat i bi | i t'y MdikyivivpaReasashdittbeaSiiseniusitiviMeaty |ahakaexiakRilaye.

consi dered. Abrasive particle materials useful in_the invention,
typically have a péﬁdP@reé hetess thedpigh ?fﬁ'aPY%H)éFBBEIPbTG”]ﬁ%WE?@’ (nm

Lo about 6 m hjdheihicde WeomBHE M For @B AR ABHIR nAS i1 M

or from about 301 mcron 40 to about ] )
2009/ 129388 PCTAUsSLIToar@asT,atigomanpr-polpnr fo haye en akinity Serevaierdhat ilgss

abrasive part 'Lfi:ah%t BI' a.r}o%r %@a\ﬁg %fnﬂgheﬁfa‘\gﬂﬁ Qzﬁfcﬂ qlt%s fombined. Examples of

classes of relatively hydrophobic silane cofnponents include vinyl silanes,
methacrylate silanes, sulfur silanes, mercapto silanes, epoxy silanes, phenyl silanes,
Examples of particular relatively hydrophobic silane components include y-

25  methacryloxypropyltrimethoxy silane, Vinyltrimethoxysilane, Vinyitricthoxysilane,
Vinyltris(2-Methoxyethoxy)Silane, Vinyltrisisopropoxysilane, Vinyltris(Tert-
Butylperoxy)Silane, Vinyldimethylethoxysilane, Vinylmethyldimethoxysilane,
Vinylmethyldiethoxysilane, Allyltriethoxysilane, Vinyltriacetoxysilane,
Vinyltrichlorosilane, Vinyldimethylchlorosilane, Vinylmethyldichlorosilane,

30 VinyltristMethylisobutylketoxime)Silane,
Methylvinyldi{Cyclohexanoneoxime)Silane,
Methylvinyldi{Methylethylketoxime)Silane, Vinyltris(Methylethylketoxime)Silane,



single or a plurality of layers. In one enbodinent, the filmis a
single layer that includes a relatively hydrophilic silane conponent
and a rel ajypvsedoyi2éxgdr ophobi ¢ sil ane conponent. Each of pdweusedoatevel y
hydrophilic and rel atively hydrophobic 5giLl ane conponents can

i ndependently be included in the coating as an i ndependent nononer
unit, an oligonmer or a polyner. Further, the relatively hydrophilic
and reIativelyIhmﬂmmﬂbmﬂhﬁpﬁﬁhmMﬁmgﬁnmgnents can be conponents of

ol i goners or mers. The, polyners co- pol yners or bl ock
co- pol ymers, gﬁﬁ%mﬁgmﬂﬁﬁﬁﬁﬁfﬂhé@ﬁmg §ﬁ§?§3 of at |east one of the

hydrophilic a'ﬁ&’ctﬁa‘%l’ﬁé:{y‘ﬁ%p}{'lthbﬁ%%ﬁﬁ?@ LMeRbvENG 1%? ifethoxysilane,
Simlarly, oligoners can includ |'east one OF relativel §
hydrophilic ar?t&ﬂ@aﬁrlpvﬁqrypmwhb!dwﬁwr&sﬂ@nq Mﬁéhﬂ.@w@bﬂ@ﬁh}gmeﬂ’nxﬁﬂemdﬁéf

enbodi ment 5 e&éa{g @cﬁ) ]tI’lPl% h%F%:;l?x‘feengEJ li'lgﬁ] sﬂ%egbn of the

i nvention | nc er pr e to Fasive
particle that Mancﬂpw;bermyhnnﬂyyldmetmmkam mﬁ(éhgtho@srlﬁbaipweét;esulf‘ de,

OB L o STRIER S5 BRERT Syl BB P ©

predon nat el y'lhﬁﬁ*aiﬂﬁﬁlaaerﬂi-lmidcyﬂaw phivgeRROkitang] -ane conponent as
opposed to the re atlvelﬁ?h drophilic silane conponent. It is

bel i eved t hat SYfiqox¥RroRY m?tb%etrﬁweo"f Ghysidapyrepy) wﬂ&xw@p@ Mith a
relativel yohyey G lkleRI) R GANRAMER! 3-8\ Riokl BPH b tHy M ERSS 3]
wetability of t Xgir)tlcle gﬁ% provi des ajgeftgﬁag%al g alnségglmw
wat er when an‘@@ﬁ@@@ﬂ@ﬂpﬂ%ﬁuct that enpl oys the surface-nodified
abrasive grain is r S 4 he
relatively hydr ophhlqlel é(f:gg'ln Oél'élgfﬁrgl H&Pﬁ%dn\?ﬁ%}l}lf %{Eﬁlm& ({a}'%de 'E'alt }Q@%ﬁ%ﬂaﬁvel%
proportion of hydwpﬂotbrdsﬂlammtsnpmbﬂt” triaen thbiriadiisien graasingls ldyst, Dﬁ\h’ﬁhinl t is

al so believed,that .the relative dr hob c silane ¢

bind i ght !y BSURAYEE 47RR ards N R Blste FrerdRrE IR AR i 5
and with mat 6fdra$a$er9@m&foabﬁtweelﬁﬁ)ﬂréséﬁ& &3 “F@kﬁf&l},ﬂ@ﬁ&)p@ﬁ:c@ﬂ&idﬂﬁmmnmt”
abr asi ve produ%}s lwg nﬁterlals of P ed abrasive

product s. and g fre mée b3 iftsilage SPEPRBEtof I BERPEJeIabLy; at least one of
surface- nodi f hadiaksasd Mﬁrrﬂéa@l‘{y'i'ea‘éf witﬁ'@cérﬁf!&@ﬁt‘ én H:ﬁtfek P ESengdiiRi % NY
relatively hydrophobic and reflativel ydrophilic silane conmponents
to form a ni xfarme copted ahfagiva produg %bwﬁeﬁe@aWQ tpohof3bg B1vortin. {Ha MeFm a
silane sol uti ﬁﬂafer H}E:ls Sﬁrre?& dﬂéhsft@ﬁ?é@ftﬁé)él}ﬁﬁ{btﬁnh{'&!:m %%ﬂrvﬂﬁyzl

al cohol , ethahol, nethano uene, acetone, water ang m Xt ur es

t hereof . The armpmenioff tisobivéarresanBuitglld réss ate Juelnss arg kv inght art.o

di ssolve the silane conponents. WD 2009/ 129384PCT/ US2009/ 040797 - -

| n one enbodi nent , TypiealjyHhe fweigheragiolofi filny thatmwalubes rebijivsly &gdrophitic and

sui t abl e pH, range. of betmee ab about

S TabL € PR itk ot S R T
sui g ablof:hrret hbetﬁb%n mPchge aed wdut:@mhl bﬁﬁmdyallﬁ h@ﬁopr?haa%e lc@xﬂp@fenﬂtﬁetS i ]‘3
aci d. er ods .of adjusting the i.nc or exa 0
meel i ¢ acid, "Riey éw&tquoblﬁa%anﬁeoraﬂwah lne pr@%&ré %hqsifrpfer}ﬁéﬁmaﬂm!
HNGB, 142894, 5 &iHIRBF buRved Holide49 mewm 1hyi %%Qﬁlarl?%?df&?@dhydr oxi de
sol ution, potassium hydroxide solution. The solution is reacted to
forman at | egisbodiment Bielrgticols inyprepgs ofdetveien abreut d & andiabaut Sur t her ,
dependi ng upon the slinme conponent enployed, the solution can be at

| east partial | y hy¥keowgigkigatioof impablayise mryeiedn 8 ovaied abmasivElpertigle of
10l east partigll. | epgie th
an abrasive g?lgllﬁvegéﬁlggﬁﬁa{lgﬁqng rén%ggﬁe ngﬁr gg}aiﬂr}r@d‘h ];aea%8Illaalb‘{ryaas:iir\l/évI
grai n. | n onepefidmediembadimenhithe weight ratio is between about 1:6000 and about 1:300. In

30  an even more preferred embodiment, the weight ratio is in a range of between about
1:4000 and about 1:200.



surface-nodified abrasive grain is exposed to anbient, or,
alternatively, sone elevated tenperature, or other suitable

condi t i onswot2009iAekeby cure the film Preferably, the pctuszo09/040797
surface-nodified grain is cured at a tenperature in a range of

15bet ween about 10C and about 300C. Al so, preferably, the period of
time of the curing is in a range of between about 15 m nutes and
about 24 hours. | nThnthickrbadi meqting e Bultiecekiody hi@dplghiaindtbiicly ed
at a tenperat é)f a(?)out, 10C for about 24 hqurs. |n another ,
enbodi nent , TSPRPUCHIERDEATIROBEN P YF AR PRI RAICHE CaR ReefRs e¥amRlS.dn B
about 80C for _rﬁ%@Sf betwB&HHbdut Pddsthiin 8A) dnld sARRFINST BRI LR Qﬁlbo&i%\grrxtzo

surface-nodified grain is cured at a tenperature of ‘about 100C
about 1.5 houthe thicknesnef the coating isdictreren abaun d04 @nd skt Aonitrbhsdngnether i s

Chost Sbocs}CTPEAAH ol eRRLo PRV BRI LRSS 191y

relatively hydnaopfnlic slinme conponent is 3- am nopropyltriethoxy
silane, the relatively hydrophobic silane conmponent is y-

25net hacr yl oxypr op$etaralipe tunoabyassiclpanelaha iasuieblght an stiragdveoih indvetriala
is about 1:1. In thi referred emjodi ment, . the abrasive grain.is.a
soeded: gel - ceFURTER APHIBToT GURIGRIC FLTFRG L RS Opay 1GPEe eret

of about 100 abesiodsartidiBEuseRil the IthiRn@hn & of ARRoHRARORE Abradi®e Wei ght
of abrasive particles is about 1:1000. The solvent is j mr opyl

al cohol anfl t REtiply malerid pisted ip the formptienyel conted BaYVaLPlsik pmpeael al
acetic 30 aci dujiabREbrid{vk aic ORI ANCAS tHEGn RATiIbA kBl BfambRd,S
enbodi ment are cured at a tenperature of.a about 80C for a period of
time of about c@uhbIR.SMerABRGOTICT? QBB FBTISIFE2 GBS dUyT Jipt,-quarzite,

[ n_anot her emigds MR LGl NG Ao SaiEORRAAN ABIALCRRLORNSH,, A7
exanpl e of a coat'e rasive product of the’ invention 1s’shown in
FIG 1. As shosmmideureinnm bt ot edmtaisdweinpmaxkirkt altfinarrtcadegldsscki ng

| ayer 12. anpl es of. suitable backing |Layers. includ ol.yest er

cot ton.  pdFyeotEgRe i dion S FRAiR SR et Dk fr BRI wi ¢
or without bagkbide] fyhihenid &iainbhd)atmpanesdiptiog ubtafinaokidagindssicon nitride.
abrasives as is known in the art. Make coat 14 on backing l|layer 12 is
formed of a suitabbeerBligbleaiainsiHelidagghmidritbCsuch henoberribelin U.Sas is
known in the art. Surface-nodified abrasive %rﬁi ns.,16 of the

i nvention ar e d58A4dke ieachings of whish aredncapnipted nepin Ay iTeisraroidheT 10
can, optional kyyirelynQ wiﬁ‘edaabﬁa@ivé?%ﬁcﬁim@ ifRatiod Shnafdudd el GlatemiRagat
20, as is known |r¥the art. Coated and bonded abrasive products of

t he i nven®0on ceripingigresnailijed abrasiercompasingabrasiee gyt paBictes a8 t i ves,
such as fille PP £ Sandl; j t e

pi gnent s, dyeéiﬁno\xeg{eﬁén%&%&ﬁtﬁ Es‘srcﬁlaerdl lhgf %’gAﬁllg%?dng%il?@ég’glgéﬁ agjgh'tﬁg
anti static agéhs2008stte susiprgsdil mijichgeninsorponated herewnth onltheissntirety. fi | | er
conponent that can 15be enployed in the invention includes a cryolite
and at | east one nEhbabrasied weatbeals fandm driestcd poea beapplicsitio thy sobstrate
hexaf | uor ophosphat e, . a _hexaf |l uor.of errate, ..a hexafl|l uorozirconate and
armoni um t et 1 SR BISBIRHER 0 e RRAgEEA) FeDpiging tho0 spaticifer destied propaiics

hexaf | uor gghogphatcesed Sahdise 10bls Phbohobdisd Artpaspiiatiabiasivaaterial,
((1\11-14)PF6), alkali netal salts (e.g, LiFF , .KPF6,. CsPF6,

: { Li FF6, PF
etc.) and al k&haradenisses, ﬁuqkeasaizessf&rqng%ze%&ﬂglh}y Wﬁl\ﬁw ceyatdpesl 2,
Sr(PF6) 2, Ba(R ivi I : by otf nf s usefiMRAthe! M
and sodi um salcglg%&gﬁ%%gsge?%%%%E%?%Fé?%?l grsirémﬁni ur%eea{%ds l-1|§ot assi um
salts, such adnvendomtypicrihyriRg} 2 partioltistmransingionrn gbaul AP senometers (e tas

NaK( PF6) 2, et £ '

Sodi um hoxar | dBFSSTABRARS (FRERRUFS Rim AEEEL00'0h R ARRPY Bk b oI MR
(KPF6), and cdmhicroat{ipoabbitéddnof 25 Exanpl es of hexafl uoroferrates
(salts of FeF63) include amoniumsalt ((NH4)3FeF6), al kali netal



and ( NE14) 2NaFeF6, anmmoni um and potassium salts, such as

(141- 14) K2ZFeF6 and 30 (NI -14) 2KFeF6, sodi um and potassium salts, such
as K2NaFeRgoaogshkdNgL2FeF6, cal ci um and sodi um sal ts, ' suckciagsz6idNaEeF6,
cal cium and potassium salts, such as CaKkgF6, etc.). Specific

exanpl es of hexal | uoroferrates include amonium WO

2009/ 129384PCT/ US2009/ 040797 - 13 - hexafluoroferrate ((NH4) 3FeF6)
and al kal i et aI haxafilt of gfrefcémmed%b@ﬂvapar&aéd sithb aahtldaeaefRhidake
(Na3FeF6) and ass IIhexa‘fl uorof errat e ( K3FeF6 and_conbi nati ons
t her eof Exarrpls awgl%a iy P8 Fay5Tsy @b%wo unenf. Sheffimzis psingfe layse thigde
anmoni um sal t 1&&[%6‘5 Jxﬁlgtﬁz\relfﬁﬁydr@ﬂhhﬂzl éllaﬁ@?ﬁto?r{poﬁéﬁ bid £ (%!ﬂwe’-ay' I%éfoﬁﬁmblc
Na2Zr F6, K2Zr F6, 5Cs2Zr F6, al kal'i ne earth net

(e.g., MyZrFe, srlwzqon@on@tzﬁmo mﬁzﬂaavellehrﬁryphsmdrmbaemlxhydrgpltolb@r eof

e.g., a ni | i nd
Ui Sesi amran) (AR Nl cpen i ot fc bl it M Oac ATRRBLAILE
Suclh SS NaKZr Eﬁonoﬁt&ﬁu?lt aSphgm:fmcore)paiyﬁieﬁsHI;mﬁughE)gafélaugw plhydrlcpmm ﬁﬁil
| NClI ude anmoni um X u Zl r.conat e r an all nmeta
Omenat | cor o B OB <IN o ek b7 CUPAT R G GL AL B Heho: Fo)
and pot assi umpng@fré umc%w:ﬁ@@@éna;e(oks%ryﬁ@}s oraﬂ&k(‘c@;ﬁuﬁﬁéw Q0& dshaideay -

In a specific enbodinent, at |east one of the hexafl uorophosphate,
the hexaf | uor dleskreatpelyairas. phat lskens afshedwidrpbiligpad rt%ataﬁisfém@mﬁhalﬁmm t

or a sodi S
ot o e S PSSty SOEGHL PO TRt o8 e ey
15hexaf | uor of dydwphbilic endreditivetyhesbheie olaas camroneatad t he

hexaf | uor ozi rconate i s sodi um hexafl uorozirconate. In yet another
speci fi ¢ enbodi menfly attdhlmfembbémemoﬁpcmmmf thersotfengenodified slaativecyrain of

menber sel ect fro t he 0

hexaf | uor ophog%h'g?% gé%chg{%s%glﬁsgg P rSy er}l':‘lg}ate,a’[rn’ﬂ)‘ECIg bidttve particle that
hexaf | uor ozi r dedlades oﬁﬂdommﬂmﬁmmlp,eﬁ fe&ilbﬂphpdmplahes:ldna cymporgniphher
specific e odi nen e fill onent includes at |.e one
romber  SellBot SUPRFGIR EHEYEN GHETobTRS SRR G oo E g o A Ain? e
hexaf | uor ophos#iaat fMm FebmfabeXaflldéeos Qéclﬁi’v’é@tlﬁdﬂipﬂolﬁ@&ﬂ@@uomponent as
hexaf | uorozi rconate. I n yet another specific enbodjnen Qjﬂ@f&}% ce

conponent i nclopaessd it thFéﬁétﬂvcmdf@l?ﬂ@rs@@lcéﬁ't%@F“F T B8 baisv
consi sting of sodhumhexal &E%a&&w&m ARfive9HylfBphilic silane component

hexaf | uorof errate. 25As used herel n, cryolite™ means a salt of

al um num hexafsignifidagidy (DATGFE&B)\NSW@UGW)%@G nartigle kad profrideat b%t@lf geal agpinst
al kaline eprt QYggt n%glaﬁ am% u&ﬁ%@hﬁl%}%@lusurf E-nfodif? 1n1
t her eof . S 0 |te irnclude t1thiumal um num exa

(Li 3AIF6), sodn uga. atisrﬁmdwtrbbimad that)rt)ipdmllf NbeSval A8 ly hpdttoahlémaﬂnnal um num

hexaf | uori de (K3AI F ni u um_hexaf l.uori d 3A1F6) ,

sodi um 30 am‘rd’ﬁf”t!?ﬁ?‘?\%%’él? Wr%fa ’(eéy glgn Pie fﬁfi‘ﬁge g}"g%ﬁ\éﬂﬂ}%ﬂ&

pot assi um amoykddie atdnvbibdirmbenad zi]sb)!fdlléﬁed(tﬁalghe, relﬂ&(r&iﬁ%}&&ﬂlﬁﬁz@’ lane

Na2( Nl - 14) A1F6), sodi um Eﬁ‘ﬂaSSI um a ni urra2 ‘g% L’@IJF i}’i

Nak( NR4) ALFS) wmppﬁfmwé b basowa G\ E%)?} NG AgRPRSIt 14
25  and with materials generally employed as make coats of coated abrasive products

and with bond materials of bonded abrasive products.

In one embodiment, a method of forming a surface-modified abrasive grain
of the invention includes combining relatively hydrophobic and relatively
hydrophilic silane components to form a mixture. The mixfure is combined witha

30  solvent to form a silane solution. Examples of suitable solvents include isopropyi
alcohol, ethanol, methanol, toluene, acetone, water and mixtures thereof. The

amount of solvent employed is at least sufficient to dissolve the silane components.



al um num hexafl uoride (e.g. Li(NF14)2A1F6 or Li2(N114)AlF6), etc. In
one specific enbodi nent, sodi um al um num hexal | uoricle (Na3AlF6) is
enpl oyed awoao®riysssite. The cryolite generally is presamirisao®n479r
amount in a range of between about 2 wt%gand about 98 wt% such as
bet ween about 2 wt % and about 65 wt % between about 52 wt % and about
50 wt% of the filler conponent. In a specific enbodi nent, the anount
of the cryoti th@oh@erhﬁbdﬁnérﬁﬂﬁ@pﬁ?%?Yﬁﬁ%ﬂluﬂ@@%b% \e#us’eeara@a ahoule p30 sﬁﬁﬁ'l%%
or between about 2 wt % and about | er conpor?en

anot her enbodigkhin a f@n@ of ppiween @lmpé n@cmbovhbtor cuere prelembly dyeewten mbmhe
i nvention incl t r

consi sting of Mq?g?]exaf ?‘3%&% Erra @R&Fgleﬁgé)}aﬁ@%ﬂ& 'Eﬂe a%b%%usmd #
hexaf | uor ozi r(adwhameof #8efiic &id. eOeramptheds, otmdyoktmgutlmp}ﬁazutﬂmdeufoaexample use
exanpl es, exaf] uoroferrate xaf |.uor ophos

oot | uor o3i r EbTANE e SRl Aliscrluede. Serk ShaRogBEE) Ent Hidt:
enbodi nent, atmh@afiim M@, athheniexaiddedepiRiunt h fdragide bd8tion, potassium
hexaf | uorozirconate is an ammonjum salt or a sodiumsalt, In_another

speci fic 15enbydfowdnsoluion Frespliion srerstedrie farmam disgstpartialy eligqsmrsized
menber sel ect ‘:s‘ﬂlarferselml&heﬂg{lﬁwaeﬁéﬂﬂﬁﬂg @bﬁ‘@ae@ﬁmﬁ cB%&ﬁén&'%ﬁFo?éoﬁ e and
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et o 2071 (SR SYBEL OSSR 6405, AUl v n s g
hexal | uor of er ramponchhie f@6n thexafficonaificisqpraive gadinl tnhmne embodiment, the

hexaf | uorozirconate c b | oyed in the inventio In a specific
enbodi ment .t AEIRETRA IS BESFEADT S HEOREIATUGT opn AR at he
hexaf | uorozir @Qm&&terr@bﬁmr@&ﬁdtmeﬁmiaﬁle chidieae Noitndgsnadentht ilpr esent
in a range of _bet vveen abouyt 2 f/oan bout 100 wt % of .t he f%\%}eer
conponent, sulreferablydhoeuticy ed BfRID4SHNEPdRh B (RMISERIYEH @ g

about 35 Ws% ap@heabMbut IS CUnHaBRut BUOREIARE Brdiinty, tﬁ@péﬂo@o@ﬂﬂue%@ﬂi&t 98
w% of the filler conponent. Alternatlvely, in an enbodi ment further
enpl oyi ng a crywid isén a e pEbeavsandbettds raipdes adabrebdd laver dpAvsphat e

and the hexaf |, Qp@g o ge
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abrasi ve conponent. 5In some enbodi ments, the filler conponent is
incorporated into %Pﬁ@?&rﬁ:@@%ﬂﬁﬂknf He r@lbl‘i%ﬂ Nﬁir Gl iifaBe conbioRerdss 3-
coated abrasive products and bonded abrasive ucts. The bond
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the art c b I G
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i ncl ude hide gthmle:efeiﬁ,dmmthmt rt}e:submwegtauyisatseedeésgeh@elalpmlg;am oy |
al cohol s, epo henolic.r r mal deh

resins, ani noﬁ%&'gfersgl gré“’ﬁ?fhp%‘ﬁ?ﬁﬁa (SeFBtlrj I VHE PR ewaglﬁﬁgﬁo
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8 rEee o

conbi nati ons HIREFAPYE alc@ﬁéé‘?d‘ the PE inpdip APt Pt r‘?o‘f"g‘hﬁ‘ﬁ‘ifalt?f’ﬁﬂ’er s
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5,025, 723; 5, 401, 284; 5,095,665, 5
wmperature of a about 80°C for a period of time of about 3 hours.



5,711,774; 5,863,308; and 5,094,672, the entire teachings of all of
whi ch are incorporated herein by reference. Specific binder(s)

i ncl uded |W0t2b@,rll§mﬂ conponent can be chosen dependi Nng MIIME2009/040797
particul ar application(s) of the bond component, for exanple, types
of abrasive products and/or coats enploying the 20 bond conponent.
A suitable nethod of fabricating a coated abrasive product of the

i nventi on i ncl udesircmathentnbodimeftate investichiied cedsdoabraceregireduas Af the
i nvention with a res%g th%t wi |l becorrg t he make, cpat. . The conbi ned

sur f ace- modi f PEAPRIHPLAIpIed gbEstys Praqhet of dieinygplionisshowein G freAs shown
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by radiation, thermal, mcrowave, RF polynerization, individ y or
in any combi nhadking lagess inglude pelttesion, aoken, golycotton, rayon,randmmdn/ewth or

embodi ”Ent 5 1 %h?ﬁ}vgtpgt@{;&:%?%qgg b%mfﬁﬁ# Lﬁ‘hﬁ)fn E{ﬂéﬁucl acm

wheel sho udesa onen
abr asi ve gr ai abresivge@n éitnosh it ke artn\Mdkeicoa lmmatbaclnmg Iaglaleamfcaﬂne@efa/e

daf 30 t b N, wh t
"l nies a1 oPHE T HOBT A AN EomRbRERE RS oo U Vel y

hydrophi | i ¢ silodiiRd BRI eRins 1A ofEfeh9dnobn drabiibediell makoat 14, Coated
2009/ 129384PCT/ US2009/ 040797 - 16 - a bonded abrasive groduct of the

i nventi on i nchRIEEYe grodd 1R eyl optiapally.deluded syilable sigicant &% gndupersige

bi nder. Thg gg?%ggocégrg)l%qg“h%hcrggl ded or forned into the desired shape
and subsequently thermally cured or fired to result in the final

product. In still 9&&&5{%&%&9% prddiis LPUR Ao} Bl diERIR iRl OC

of grinding or 5Scutting the wor e met e step
of applying t inchie omoﬂanpneeadémaes atshasﬁli@s,ppnplmgtagmts,tﬂ’c@r& hpeeanison

that incl Udes fa%%n% rm%&tgt@g%ﬂ?nt : antQ wih& kgéfdg%ﬁlggﬂﬁ%aﬁ and

hydr ophobi c sf ane conponen ct e
met hod can, f@tatuemmlaed sispergditgagenta, hoatsedlba&mt wdiller cxdmmnemnlmcan

bonded abr rodu 10The, f ol I oW n e t ve
oy aaa 8ot b ePBRaR e BAToh ke & BB ARt fid BRLASRELAK, L
fol I ow ng Comﬂﬁﬂé Sro0p tensiksias of @Hexhﬂ@ar@;ﬁi@@ﬁ{a@d’, b @exafluotoferad, kane

treated grain; 15 Grain used was seeded al n. A,174
silane -> y- rrb@)ﬁiﬂéprymg@gpe@pg Wm(lﬁ«élphfﬁgzv? rqt}%ate &{Qm}ﬁ xamples of

hexafluorophosphates (salts of PF¢") include ammonium salt (NH4)PF), alkali
metal salts (e.g, LiPFs, NaPFs, KPFg, CsPFg, etc.) and alkafine earth metal salts

20 (e.g., Mg(PFg)2, Ca(PFe)2, St{PFe), Ba(PFg)y, etc.), and mixed salts thereof {e.g.,
ammonium and sodium saits, such as (NH4)Na(PFs)z, ammonium and potassium
salts, such as (NHL)K(PF;)s, sodium and potassium salts, such as NaK(PFs),, etc.).
Specific examples of hexafluorophosphates include sodium hexafluorophosphate
(NaPFg) and potassium hexafluorophosphate (KPFg), and combinations thereof,

25 Examples of hexafluoroferrates (salts of FeFg”) include ammonium salt
((NH,);FeF), alkali metal salts (e.g, LisFeFs, NagFeFs, KsFeFg, CsaFels, ete.) and
alkaline earth metal salts (e.g., Mga(FeFe)s, Cas(FeFe)s, Sra(FeFe), Bas(FeFg), etc.),
and mixed salts thereof (e.g., ammonium and sodium salts, such as (NHs)NasFeFs
and (NH);NaFeFs, ammonium and potassium salts, such as (NHs)K;FeFg and

30 (NHs):KFeFs, sodium and potassium salts, such as KNaFeF, and KNa;FeF,
caleium and sodium salts, such as CaNaFeFs, calcium and potassium salts, such as

CaKFeFs, etc.). Specific examples of hexaftuoroferrates include ammonium



A-1100 sil ane3-am nopropyltriethoxy silane DI water |sopropyl
al cohol 20Procedure for silane treatnent of grain: The sil ane

treat nent wb2bdd@2e884 asi ve grain included three steps, nan@istodobbhe
preparation of the silane solution, (2).i.xing of the prepared sil ane
solution with the abrasive grain and blending the mx, and (3) curing
t he subsequent silane treated grain at el evated tenperature. 25Step
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a magnetic stirrer. To this m xture 101. grans of isopropyl al cohol

was added wi t Angeniimesdid Mdagitatalleal mostaltsalés (giex LnOrieueNedeF sKiZahe

m xt ur es S di.sper LA, i ) . o .
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attain a pH of 5&- the solution was | eft uynde |tation for .3- 4
ours 1 or " hydrpSel T rmineniGn g Botgiay 5. st GBI AT B uRds: ve
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treating the abrasive grain with the silane solution prepared in Step
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80C for 3 hours to produce the fi ngﬁl}r si | ane treatrﬁgtbgflﬁi n used for
[

preparing t hehfkakEoraETaNas) U Yf 280theriSReq Hirerabastps ¥ GraPere
proj ection. ExamakEaeastisrictBeriber &tdd Bith @R 6@ ddnsibig o atniodfumt f |
Reci pe: Conponent Supﬁ)l | er _ .
hexafluorophosphate, sodium hexafluoroferrate, sodium hexafluorozirconate and
ammonium tetrafluoroborate. In yet another specific embodiment, the filler
20  component includes at least one member selected from the group consisting of
ammonium hexafluorophosphate, sodium hexafluoroferrate and sodium
hexafluorozirconate. In yet another specific embodiment, the filler component
includes at least one member selected from the group consisting of sodium

hexafluorozirconate and sodium hexafluoroferrate.

25 As used herein, a "cryolite" means a salt of aluminum hexafluoride (AIRs),
such as an alkali metal salt, an alkaline earth metal salt, or an ammonium salt, ora
combination thereof. Examples of cryolites inctude lithium aluminum hexafluoride
(LisAlF¢), sodium aluminum hexatluoride (NasAlFs), potassium aluminum
hexafluoride (K3AlFg), ammonium aluminum hexafluoride ((NH4)3AlF¢), sodium

30  ammonium hexafluoride (e.g., K(NHs)AlF; or Ko(NHg)AIFs), potassium
ammonium aluminum hexafluoride (e.g., Na(NH4)AlFs or Nax(NH;)AIFs), sodium

potassium ammonium hexafluoride (i.e., NaK(NH4)AIFg), lithium ammonium



W . Percentage, % Bi sphenol -A epoxy diacrylate with 40% TMPTA
(Trimethyl ol propane triacrylate) Cytec 38.73% Acidic acryl ate

ol i gomer (Wiy28éb/i2é3pm Cytec) Sartoner, Cytec 2. 17% Def qarmaus2bb¥l64é309D 1
(pol ysi | oxane- based) BYK 0. 1% 2- Hydr oxyr42- net hyl - 1- phenyl - pr opanone
Cytec, Lanberti, Cba 1%Bis (2,4,6- trinethyl benzoyl)phenyl phosphi ne
oxide Cba 1% Calciumsilicate NYCO 35% Seeded-Gel G ain P150 grit
(treated or uglunéiake HixaBabide @RDBINHDZAE WOLI,(NHALFg), ete. In one specific
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embodiment, sodium aluminum hexafluoride (Na;AlFs) is employed as a cryolite.
The cryolite generally is present in an amount in a range of between about 2 wit%
and about 98 wi%, such as between aboui 2 wit%s and about 65 wi%, between about
5 2 wt% and about 50 wt%, of the filler component. In a specific embodiment, the
amount of the cryolite is in a range between about 2 wt% and about 30 wt%, or

between about 2 wit% and about 20 wi% of the filler component.

In another embodiment, the filler component that can be employed in the
invention includes at least one member selected from the group consisting of a
10 hexafluoroferrate, a hexafluorophosphate and a hexafluorozirconate. Suitable
examples, including particular examples, of the hexafluoroferrate, the
hexafluorophosphate and the hexafluorozirconate are as described above. In one
specific embodiment, at least one of the hexafluoroferrate and the
hexafluorozirconate is an ammonium salt or a sodium salt. In another specific
15 embodiment, the filler component includes at least one member selected from the
group consisting of a hexafluoroferrate and a bexafluorozirconate. In another
specific embodiment, the filler component includes at least one member selected
from the group consisting of sodium hexafluoroferrate and sodium
hexafluorozirconate. Any suitable amount of the the hexafluoroferrate, the

20  hexafluorophosphate and the hexafluorozirconate can be employed in the invention.

In a specific embodiment, the hexafluoroferrate, the hexafluorophosphate
and the hexafluorozirconate, disclosed herein, is each indpendently present in a
range of between about 2 wit% and about 100 wt% of the filler component, such as
between about 2 wi% and about 98 w1%, between about 35 w1% and about 98 wt%
25  or between about 50 wt% and about 98 wi%, of the filler component, Alternatively,
in an embodiment further employing a cryolite, the hexafluoroferrate, the
hexafluorophosphate and the hexafluorozirconate is each indpendently present in &
range of between about 2 wi% and about 98 wit% of the filler component, such as
between about 35 wit% and about 98 wt% or between about 50 wi% and about 98
30  wi%, of the filler component. '



- Is- The mxing instructions were as follows: 1. Add bi sphenol -
epoxy diacrylate with 40% TMPTA m xture to m x vessel. 2. Add acidic

acryl at e olwoaesekosgnder agitation. 53. Add def oat ner BY¢TARIdooEeS
agitation. 4. Add 2-hydroxy-2-nethyl-|-ppenyl - propanone under
agitation. 5. Add his (2,4, 6-trinethyl benzoyl)phenyl phosphi ne oxi de.
Mx is fully dissolved. 6. Add woliastonite. Mx 5 mnutes. 107. Add

grain. Mx for 30 M MRS spddElctenitoaR@nd itheomler ERGHIIRHT ShARN @SioN &
belts were prepared by enploylngthefolloﬁb‘?stes Coati ng the

slurry nix pr @FaFEd" asaBpEY & prenge hedvepnabewdhl yie aud ek p g%, between
Electro-stati %%dtxo%%a%q bt RoSGHe, Bawema% §9:96284 BBk 90 8a%, or

WV-curing and rew nd Postcure at 275F

20FI ex the welbehredn aldut | & wEs and igsut B M%f efithe weightd tiirebrabstcoppotat ol
was as follows: Test machi ne: Loeser RSP374 centerl ess 25Cont act
Wheel : 65 Shore A In ®!‘®am®dﬁnbnﬂegmlfﬂtcrcxgnmnsinscﬁrp@’ratndéntAaEehcﬁ

ZB::SE IigoRﬁFmEM c)C&n{ %?%br\é\!}se pro&?c?f guchldz ggatt%) Mralitev%lf}réi&ucg%nmonded

abrasive products. The bond component also includes a binder. Any suitable bond
material known in the art can be used for the binder. The binder can be an inorganic
binder or an organic binder. Suitable examples of organic binders include hide glue,

10 urethane resins, acrylate resins, pelyvinyl alcohols, epoxy resins, phenolic resins,
urea-formaldehyde phenolic resins, aminopiast resins and mealmine-formaldehyde
resins, and combinations thereof, Suitable examples of inorganic binders include
cement, calcium oxide, clay, silica, magnesium oxide, and combinations thereof,
Specific examples of suitable inorganic binders can be found in U.S. Patent Nos.

15 4,543,107, 4,898,597, 5,203,886, 5,025,723, 5,401,284; 5,095,665; 5,536,283;
5,711,774; 5,863,308; and 5,094,672, the entire teachings of all of which are
incorporated herein by reference. Specific binder(s) included in the bord
compenent can be chosen depending upon particular application(s) of the bond
component, for example, types of abrasive products and/or coats employing the

20  bond component.

A suitable method of fabricating a coated abrasive product of the invention
includes combining surface-modified abrasive grains of the invention with a resin
that will become the make coat. The combined surface-modified abrasive grains and
resin are applied to the backing, and the resin is then cured by a suitable method,

25  such as by radiation, thermal, microwave, RF polymerization, individually or in any

combination, as is known in the art.

In another embodiment, the invention is bonded abrasive product, such as
bonded wheel 22, shown in FIG. 2. Wheel 22 includes a bond component and an
abrasive grain component of the invention that includes an abrasive grain, and a film

30  over the abrasive grain, wherein the coating includes a relatively hydrophobic silane

component and a relatively hydrophilic silane component. A method of fabricating



30Belt Tension: 40 | bs Regul ating wheel tilt degree: 5 Reg. Weel

Swi ng Deg.: 2 Contact wheel pressure: 85 PSI Regul ati ng wheel
pressure: ‘Qézﬁ}gbz%@ﬁppl ied forces: 30 or 50 | bs Cool antpepiimddood®bear
in DI water Wrk piece material: 1045 CS, hardness 13.49 Re Wrk
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(FIGS. 4A-4D) applied force, In general, si]ane trea.tégan i,nproved

: ! ! . t 1N
grindi ng perf & AHPEE Ripdct pEthe irvantym (haidnghedes 3 PAlYMBHESH oERbiRatan Rl gh
force | oads. i o i Jal
eé?atﬁg&e dlﬁ)ghﬂcig’gf]ggﬁg@@gzéﬁane% ndRAeriy duasiel pARRict

treated grains s % h rage MRR frompart 10 to 100 and
39% | ess abr asinpleytdbigshettpd gar, fdicngnplebepithers: cohied shwaive powduddr a

versions at 30 |h at a higher 10l oad of 50 I bs, a simlar
trend foll owe ‘.)mﬁga!(’:rgﬁg%g%gg%‘n in FIG 6. The inpact on belt life can

phot ogr aph0. sdoeruoame ErbePRBRTRR Rl (e i pBhiaRRes ilihilg, | 07

belt (botton) EXEMREIIBICADIONEI ts with surface-nodified grain (top).
15Exanpl e 2 Met hodol ogy of sanpl e preparation for sanples of another
enbodi ment of the Egasgglédon 1. Surface treatment for abrasive grain

The following components were used for the preparation of the silane treated
grain:
15 v Grain used was sceded sol-gel alumina grain
e A-174 silane — y-methacryloxypropyltrimethoxy silane

s  A-1100 silane — 3-aminopropyltriethoxy silane

e DI water
s lIsopropyl alcohol

20 Procedure for silane treatment of grain:

The silane treatment of the abrasive grain included three steps, namely (1)
the preparation of the silane solution, (2) mixing of the prepared silane solution with
the abrasive grain and blending the mix, and (3) curing the subsequent silane treated

grain at elevated temperature.
25 Step 1. The recipe for preparing the silane solution was as follows:

The silane solution was prepared by starting out with measuring 5.68 grams
of the y-methacryloxypropyltrimethoxy silane and 5.68 grams of the 3-
aminopropyltriethoxy silane. The two silanes were mixed using a magnetic stirrer.
To this mixture 101.25 grams of isopropyl alcohol was added with continued

30  agitation of the mix. Once the silane mixtures was dispersed in the isopropyl
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grams of seeded gel SG P150 grain to correspond with the amount of silane solution

10

15

20

prepared in Step 1. The silane was pumped into the V-blender at around 5-7

milliliters per minute while the V-blender was on and turning. Once all the silane

solution prepared in Step 1 had been pumped into the V-blender, the mixture was

allowed to blend in the V-blender for another 15-20 minutes. The contents of the V-

blender were then taken out of the V-blender and processed through Step 3.

Step 3. Curing the silane treated grain

The V-blended seeded gel grain was subsequently cured in an oven at 80°C

for 3 hours to produce the final silane treated grain used for preparing the make resin

slurry and in the elecirostatic grain projection.

Example of using silane treated grain:

Formulation #1 Recipe:

Component Supplier Wt, Percentage, %o
Bisphenol-A epoxy diacrylate with 40% | Cytec 38.73%
TMPTA (Trimethylolpropane triacrylate)

Acidic acrylate oligomer (CN-147 from Sartomer, Cytec 2.17%
Cytec)

Defoamer BYK AS501 (polysiloxane- BYK 0.1%
based)

2-Hydroxy-2-methyl-1-phenyl-propanone | Cytec, Lamberti, Ciba | 1%

Bis (2,4,6- Ciba 1%
trimethylbenzoyl)phenylphosphine oxide

Calcium silicate NYCO 35%
Seeded-Gel Grain P150 grit (treated or Saint-Gobain 22%
untreated)




Anmount of A-1100 silane (g) Anpbunt of A- 1289 Silane (g) |sopropyl

al cohol (g) DI water (g) A-174 silane alone 5.0 - 90 5 A-174 And

A-1100 si | 4d8009/129384 PCT/US2009/040797
- 18-

The mixing instructions were as follows:

1. Add bisphenol-A epoxy diacrylate with 40% TMPTA mixture to mix
vessel.
Add acidic acrylate cligomer under agitation.
Add defoamer BYK AS501 under agitation.
Add 2-hydroxy-2-methyl-1-phenyl-propanone under agitation.
Add bis (2,4,6-trimethylbenzoyl)phenylphosphine oxide. Mix is fully
dissolved.
6. Add wollastonite. Mix 5 minutes.

10 7. Add grain. Mix for 30 minutes.

Belt preparation:

L, R N PR ]

Engineered abrasive belts were prepared by employing the following steps:

. Coating the slurry mix prepared as above on Y-weight
15 polyester backing

. Electro-statically coated with grains

. Embossing the pattern

. UV-curing and rewind

¢ Postcure at 275°F for 18 hour
20 . Flex the web and make a 6” x 98" belt for testing
The Test protocol was as follows:

Test machine: Loeser RSP374 centerless
25 Contact Wheel: 65 Shore A 1:3 serrated
Regulating wheel: 55 Shore A
Belt speed; 7400 SFPM
Contact Wheel speed: 1766 RPM
Regulating Wheel speed: 112 RPM
30 Belt Tension: 40 Ibs
Regulating wheel tilt degree: 5
Reg. Wheel Swing Deg.: 2
Contact wheel pressure: 85 PS
Regulating wheel pressure: 65 PSI
35 Applied forces: 30 or 50 lbs
Coolant: 2% Trimclear in DI water
Work piece material: 1045 CS; hardness 13.49 Re
Work piece dimension: @1.5” x 20™ long

40  The Test procedure was as follows:

Work pieces were passed through the centerless machine at setting force.
The weight and surface finish of the parts and the thickness of the belt af three
designated location were taken at part 1, 2, 5, 10, 15, 20, and then every 20 parts.
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st opped and enptied out resulting in the silane treated grain.
loss after grinding 100 parts than non-treated versions at 30 |bs load, and at a higher

10 load of 50 lbs, a similar trend followed. As can be seen in FIG. 6. The impact on
belt life can also be observed from belt appearance after 100 parts as shown in the
photograph: severe abrasive coating loss was presented on the control bett (bottomn)

compared to belts with surface-meodified grain (top).

15 Example 2

Methodology of sample preparation for samples of another embodiment of the
invention

1. Surface treatment for abrasive grain

20
1.1. Materials used:
o FRPL grain P800 grit size -> obtained from Treibacher
s BFRPL grain P800 grit size -> obtained from Treibacher
e A-174 silane -> y-methacryloxypropyltrimethoxy silane
25 ¢ A-1100 silane = 3-aminorpopyltriethoxy silane

s A-1289 silane = Bis-[triethoxysilylpropyl] tetrasulfide
‘e Isopropyl alcohol
¢ Deionized water
All silanes procured from OSi Specialites Inc. Currently they can be procured from

30  Momentive Performance Materials

1.2. Steps of silane treatment of abrasive grain:
1.2.1, Step 1: he first step of the surface treatrent of the grain

involves preparation of the silane solution to be used for the treatment, Three



WD 2009/ 129384PCT/ US2009/ 040797 -21- 1.2.3. Step 3; The step 4 of
treatment of the grain conprised of leaving the silane treated grain
obt ai ned f{gmypheRss i N a fume hood overnight for the ixaAiRslos0797
al cohol to be driven out and then heati the grain at 5200F for 3
hours. 1.2.4. Step 4: The | ast step of the surface treatnent of the
grainis flowtreatnent of the grain using 0.05 w % of Cabosil
untreat ed amor phoug|agk b £l wWefTERE fd At BURER KBRS Ald NEPIOPIGR) gmd
from Cabot 10Corporation. This 1s achieved by m xi hg the anmount of
grain and Cabosi| hsedan hivtxeedsenivi iesilane trastmensd differed hmthedyns o5sdavdi ng
the mxture for ap I n ution
of the flow treat Pﬁc{%& %ﬁt{heeft eaﬁﬁktnpﬁ’ki{wérgp Sﬂag @Bﬁeﬂd’%lg}ﬁ%ﬁm 2?arrpl es
i ncl udi ng the non- sirhlaingionrofat- EX agiiai-1 Grstlate) ends(3) A E2 Wrteatigfir gitae.n

d bed_bel t ' [ d he
Subsequent St oot | o3 baRTEBPLT BEE HET SRPRpAIch N/ BLeeR LGBl ke an

abr asi ve di sc.

1. 2¢r8athBfts aDFY8Eest & BALNBING kAR EREEUTEin iEsHomnad Thikle 6.

types of abrasive grains, nanely (1) A-174 si lane treated BFRPL
grain, (2) A-174 sil ane treated 20FRP | qrain, (3) A-174 and A-1l 00
conbi nati on sil ane trdaflestrBmRPL Agpeing,| Amoupt { 7Amanet Alsepoay! | DI
conbi nation silane trdat eBymRPL| gr &fn, i(5)obi s{sutffAr i slpehol rieaaias
BFRPL grain and (6) bils-sul fur piRhal¥g t|r dat 6l FRPI2&gr ailn. (&) so, (E)
prepared were 2 nore dontrol abr sifine é)qgrsaliams(ghadibye 1) non-siil an
treated 13FRPL grain gnd A-2J4 nop- sblone itreat ed |25FRPL grai%. All ihe
above 8 abrasive grai nsiuwes lodd pw treatled acconding to|Step 4 2.
Steps for making the nakgmesign| m xs52. 1. Siep 1. - 90 5
Bi s- phenol - A-di acryl atle wapjgpr epeated at 125- 135F for 24 hours| 301, §
Hexi nedi oal diacrylatg, TgLpethyl ol propane trigcrylate| BYK-501

def oanmer, FC-171 and k%qél%m‘ﬁﬁél? wei ghed out in their _yeaspectl vie
guantities in a drum gmd oPT sheatedBrs- pner0| - AT ¢ pal € Wa§
added to WD 2009/ 12938 Ié,ﬁ3 )09/ 040797 - - the mj|x to this
for 30-45 m nutes using-Neyer

bl ade. The amount of eg%l# é‘?i :iﬁﬁ 1(‘)2%! %)%Eéofvgll'ahe ff‘eatrﬁé used o
specified in Table 2. The'! kg0 anumma S an ﬁ'ase

of the drdf was checked fo¥l P
i nhonmogenity in t hd O prepare the st

di

i ssol.ve

resin.

ane solution for the pretreatm

en ttt]le requ\{\s?te amount of

silane was added to the beaker. If two silanes were to be used, as in the combination

of A-174 and A-1100 silane both the silanes were added in the requisite amouni and

mixed in a beaker using a shear mixer. To this mixture the specified amount of

15  isopropy! alcohol was added while continuing the agitation. At this point the pH was
adjusted to 5 using glacial acetic acid. Further, the specified amount of water was
added with continued stirring and the solution was left o stand for 3.5 hours for
hydrolysis.

20 12.2. Step 2: The untreated abrasive grain (8kg) was put in the V-blender
with an intensifier bar and the silane solution prepared in step 2 above
was pumped into the V-blender while rotating and mixing over a period
of 15 minutes. The V-blender was left to continue to rotate over a
period of another | hour to ensure complete mixing of the silane

25 solution with the abrasive grain. Thereafter the V-blender was stopped

and emptied out resulting in the silane treated grain.



5m x the solution was continued to be mxed till a honobgeneous

sol ution was obtained. The viscosity range for the mx for a 80F

sol uti on v 2R3 ned bet ween 400-500 cps. This m x wasdhewosdzer ed
in dark in anmbient tenperatures conditions preferably under 90F 2F.
Description Product Nane Manufacterer Amount (%

Bi s- phenol - A-di acryl ate Ebeeryl 3700, Cytec, Sartoner 49.63 1,6

Hexi nedi oal Cytec, Sartoner 24.88 Trinethyl ol propane triacrylate

Cytec, Sartomer 24.88 Defoamer BYK-501, BYK 0.24 Tetra, (2,2 KR-55,
Kenrich 0.17 1.23.  Step 3: The step 4 of treatment of the grain comprised of leaving the

silane treated grain obtained from step 3 in a tume hood overnight for
the isopropyl alcohol to be driven out and then heating the grain at
5 200°F for 3 hours.

1.2.4,  Step 4: The last step of the surface treatment of the grain is flow
ireatment of the grain using 0.05 wt% of Cabosil untreated amorphous
silica of commercial grade Cabosil M5 obtained from Cabot

10 Corporation, This is achieved by mixiug the amount of grain and
Cabosil in a V-blender with an intensifier bar and blending the mixtare
for approximately an hour to ensure uniform distribution of the flow
treatment. The flow treatment was done to ail the samples including the
non-silane treated prain and the silane-treated grain (described below)

15 to ensure ease in projection during the subsequent electrostatic

projection, a step in processing to make an abrasive disc.

1.2.5. The above treatment procedure resulted in 6 types of abrasive grains,

namely (1) A-174 silane treated BFRPL grain, (2) A-174 silane treated

20 FRPL grain, (3) A-174 and A-1100 combination silane treated BFRPL
grain, (4) A-174 and A-1100 combination silane treated FRPL grain,
(5) bis-sulfur silane treated BFRPL grain and (6) bis-sulfur silane
treated FRPL grain. Also, prepared were 2 more contrel abrasive grains
namely (1) non-silanc treated BFRPL grain and (2) non-silane treated

25 FRPL grain. All the above 8 abrasive grains were flow treated
according to Step 4

2. Steps for making the make resin mix
2.1. Step 1: Bis-phenol-A-diacrylate was preheated at 125-135°F for 24 houss.
30 1,6 Hexinedioal diacrylate, Trimethylolpropane triacrylate, BYK-501
defoamey, FC-171 and KR-55 were weighed out in their respective

quantities in a drum and the preheated Bis-pheno!l-A-diacrylate was added to



di al I yl oxynet hyl )butyl, di(ditridecyl)phosphito titanate,
Petrochem cals Fluorochem cal Surfactant Fluorad Bran FC171, 3M 0. 20
10Tabl e 2. WBQ@@hIzﬁghon of amounts in percents for the gqineReRing70f
the base resin mx for the make resin 2.3 Step 2: The second step
was to prepare the catalyst solution for the nmake resin m x. For
this, the V-pyrol was weighed in the desired quantity 15 specified in
Table 3. To this mgxe mh@acs e B30 w&ameﬁ@mgm@a@rsrmg%;ﬁs&d&%eﬁwﬁn
unitil dissolved (apprOX| mately 20 m nutes). m X was then stored
in a cool dark pl adedigritgsie. Bprmqunt @@@@iﬂﬂlﬁmlfdnmﬂ@dﬂ@tabmmponems is
Il\/gguf acterer Amuntspéc%ed\fn\‘{ang The QYﬂﬁgo&és%?db?)e(?é%he E:z?illél EnCd' HalCEQhe
drum was checked for undissolved resin. [f there was inhomogenity in the

5 mix the solution was continued o be mixed till a homogeneous solution was
obtained. The viscosity range for the mix for a 80°F solution was
maintained between 400-500 cps. This mix was then stored in dark in

ambient temperatures conditions preferably under 90°F +2°F,

Description Product Name Amount (%)
Manufacterer
Bis-phenol-A-diacrylate | Ebecryl 3700,Cytec, 49.63
Sartomer
1,6 Hexinedios) Cytec, Sartomer 24.88
Trimethylolpropane Cytec, Sartomer 24.88
triacrylate
Defoamer BYK-501, BYK 0.24
Tefra (2,2 KR-55, Kenrich 0.17
diallyloxymethyl)butyl, Petrochemicals
di(ditridecyl)phosphito
litanate,
Fluorochemical Fiuorad Bran FCI71, 0.20
Surfactant 3M
10 Table 2. Description of amounts in percents for the components of the base

resin mix for the make resin

2.2. Step 2: The second step was to prepare the catalyst solution for the make
resin mix. For this, the V-pyrol was weighed in the desired quantity
15 specified in Table 3. To this mix Irgacure 651 was mixed under moderate
agitation unitil dissolved (approximately 20 minufes). This mix was then

stored in a cool dark place under 90°F £2°F.

Description Product Name Amount {%)
Manufacterer
N-Vinyl-2- BASF, Polysciences, 77.78
pyrrolidone ISP
2,2-Dimethoxy-1,2- | Irgacure 651, Ciba 22.22
diphenylethan-1-one | Speciality Chemicals

Table 3. Description of amounts in percents for the components of the
20 catalyst mix for the make resin



77.78 2,2-Di nmet hoxy-1, 2- di phenyl et han-1-one Irgacure 651, Ci ba
Speciality Chem cals 22.22 Tabl e 3. Description of
anount s i nypesnanssss for the conponents of the 20ea al ySictastodb@iordhe
make resin WO 2009/ 129384PCT/ US2009/ 043497 -23 - 2.3. Step 3: The
catalyst from Step 2 was neasured out and to this the resin prem x
fromStep 1 was added with the mx ratio being 7:33 by weight for the

m x from Step 2:2ﬁ . Tﬂ'@iﬁal?ﬂﬂ&omm@QZ%.sﬁbﬁ&@%ﬁ&hd%&lﬂs b $Ra1 ser
using a 4" shear e or gl M xi ng .was done at 1780 SFPM, f or
R
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bet ween 150-200 cps using a vi sconet er.

maki ng the size ressmgnidX shGsblade GtcepailMlﬁngwammlar SISOﬁl*é’Mﬁlfr
preparing the size re 1, XL SO p

s hg & ondl | air ApEeEmAbE 1y ORISR o A1RMEB MUER 4 BaBhch
was sl owy added whihkeisobstiyntangeiof hecesitingueldtiagivhaidiaibdheshd 80200 c.ﬁsor
anot her 20 m nutes to prBrefB%r‘%gi he silane A-1100 m x used in the next
step. The ratios of*Sfgé Bt wseqmelser Tabl e 4. 15 Description
Product name, Manufacturer Anmount (% 3- am norpopyltriethoxy

3. Steps for making the size resin mix
10 3.1. Step 1: For the first step of preparing the size resin mix isopropyl alcohol
was mixed with water using a small air mixer in a clean container. To this
silane A-1100 was slowly added while mixing with continued agitation
thereafier for another 20 minutes to prepare the silane A-1100 mix used in

the next step. The ratios of the mix were as per Table 4.

15
Description Product name, Amount (%)
Manufacturer
3- Silane 4-1100, O8i 50.63
aminorpopyltriethoxy Spectialities Inc.

silane
Isopropyl alcohol - 37.11
Water - 12.26

Table 4. Percentage of components used for preparing silane A-1100 mix

3.2. Step 2: Tris (2-hydroxyethyl) isocyanurate acrylate, 2-Hydroxy-2-
Methylpropiophenone, Fluorochemical Surfactant FC171 and defoamer
20 BYK-501 were mixed together in a drum, as specified in Table 3., for
around 20-30 minutes at slow speed of 1000SFPM. To this the silane A-
1100 mix prepared in Step 1 above was slowly added and mixed for 10
minutes at a slow speed. It is essential that the silane A-1100 mix be added
to the base resin mix under agitation to avoid formation of gelatin. This mix

25 has a good shelf life of 2 weeks in a plastic container.



silane 5/1ane A4100, OSi Specialities Inc. 50.63 Isopropyl alcohol -
37.11 Water - 12.26 Table 4. Percentage of conponents used for
preparing whl9e@adsd 100 mx 3.2. Step 2: Tris (2-hydr opgyigddiydolosoro7

i socyanurate acrylate, 2-Hydroxy-2- Metl J_propi ophenone,

Fl uorochem cal Surfactant FC1l71 and def oamer 20l 3YK-501 were m xed
together in a drum as specified in Table 5., for around 20-30

m nutes at slowgpeed of 1000SFPM To this the silane AL1100 m X
prepared in Step 1 above was slowy added and mi xed for 10 m nutes at
a slow speed. It is essential that the silane A-1100 nmi x be added to

the base resin mx under agbtstipbon t 0 avoi dPradieeddradn 0of @@t (30)
This m x 25has a gopd shelf life of 2 weekls Madcplr@st|i ¢ cont ai ner.
WO 2009/ 129384PCT/ US2009ri049droxyedlyly 3. 3. DaRCIgspt 1 gn Prodygk nanme
Manuf act urer Amount| (% E6dymlrde B¥exyet hyl) sartomer
2-Hydroxy-2- Daracure 1173, 3.77
Methylpropiophenone Ciba Speciality
Chemicals,
Lamberti, Ciba
Fluorochemical Surfactant Fluorad Bran 0.09
FC171, 3M
Defoamer BYK-501, BYK 0.23
Silane A+-1100 mix - 1.85

Table 5. Description of amounts in percents for the components of the base
resin mix for the size resin
4. Preparation of the abrasive article
4.1. The preparation of the abrasive article from which abrasive discs were

subsequently stamped out for performance evaluation testing started with
the unwind station where a 3 mil PET roli was unwound. Onto this web the

10 make resin prepared above was applied to obtain a make resin weight of
around 0,52 Ibs/ream. This was B-staged (partially cured) using UV lights (
D and H bulbs). The partially cured make on the 3 mil PET backing was
passed through an electrostatic grain projection vnit to apply the abrasive
grain silane and flow treated as described above. 8 different runs were

15 carried out for each of the different 8 surface treated grains prepared above,
Following the electrostatic projection of the abrasive grain to result in grain
weights of around .7 lbs/ream a full cure of the maker resin was done using
UV lights (D & H bulbs). To the cured make resin and abrasive grain
surface another layer of the size resin was applied and cured fully using UV

20 lights (D and H bulb) sequence. The cured product was wound up into a
jumbo roll on the rewind station. These jumbos were subsequently
converted into 6" abrasive discs and used for testing as described below,

8. Testing of the abrasive article
5.1. A DA sander was used to test the perfermance of the above 8 types of discs.

25 For the testing 6, 30 seconds grind cycles were used under dry grinding



I socyanurate acrylate SR-368, Sartoner 94.06 2-1-1ydroxy-2-
I vi et hyl propi ophenone Daracure 1173, C ba Speciality Chem cal s,

Lanbcrti, wbbBaooAaesds Fl uorochem cal Surfactant Fl uorad Bicgiskdedddoro3M
0. 09 Defoaner BYK-S01, BYK 0.23 Silane A51100 mix - 1.85 Table 5.

Description of amounts in percents for the conponents of the base
resin mx for the size resin 5

conditions. The subsirate being ground was chosen as an acrylic panel using
6 panels such that each cycle would start afresh on a newly prepared sample,
After each 30 seconds grind cycle ihe ground panel was weighed to measure
the loss in weight and the material removal was recorded.

5 Results and Conclusions

Coated abrasive disks were made as described with variation in grain and grain
treatment, Treated FRPL and BFRPL Grains, which included single silane A174,
bis-sulfur silane, and combination of A174 and A1100, were al! evaluated against
the control made by raw FRPL and BFRPL. For both grain types, disks with

10  combination silane (combination of relatively hydrophilic silane component and
relatively hydrophobic silane component) treatment grains showed the highest
cumulative material removed compared to control and single (single silane
component) treated grain versions. Although CMR of one of the single-silane-
{reatment versions performed close to that of the combination treatment (of

15 relatively hydrophilic and relatively hydrophabic silane components) of the
invention, the material removal rate afier an initial break-in period of 30 seconds
showed great advantage of combination-treated grain of the invention relative to

grain treated with only a single silane component.
EQUIVALENTS

20 While this invention has been particularly shown and described with
reference to exampled embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.
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a) combining relatively hydrophilic and relatively hydrophobic silane components to
form a mixture;

b) combining the mixture with a solvent to form a silane solution;

c) reacting at least a portion of the silane components to form a partially

oligomerized silane solution; and



- 26 - Wiat is clainmed is: 1. A surface-nodified abrasive grain,
conprising: a) an abrasive grain; and b) a filmon the abrasive
grain, the filmincluding a relatively hydrophilic silane conponent
and a rel atively hydrophobic silane conponent. 2. The surface-nodified
abrasive grain of claim1, wherein thg relatively hydrophilic silane
conponent includes at |east one conpo hd fromat |east one menber
sel ected fromthe group consisting of am nes, diam nes, triam nes,
azi ne, azol, ureido, isocyanate, al koxy, acetoxy, oximno, chloro,
nor phol i nyl  and piperazinyl silanes. 3. The surface-nodified abrasive
grain of claijni, RIS | udes
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i ncluding the ste of curing the surface-nodified abrasive grain. 8.
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al koxy, acetoxy, oximno, chloro, norpholinyl and piperazinyl
si | anes. 11."" The method claim 6, wherein the abrasive grain is seeded sol-gel alamina grain,

and the film is a polysiloxane that includes y-methacryloxypropyltrimethoxy silane as the

hydrophobic component and 3-aminopropyltriethoxysilane as the hydrophilic component.

12, The method of claim 6, wherein the relatively hydrophobic component is -
methacryloxypropyltrimethoxy silane, the relatively hydrophilic component is 3-
aminopropyltriethoxy silane, and the solvent includes deionized water and isopropyl

alcohol.

13. A coated abrasive product, comprising:

a) a backing layer;

b) a make coat on the backing layer; and

c) an abrasive grain component disposed on or in the make coat, wherein the

abrasive grain component includes abrasive grains having a film that includes at least



9. The nmethod of claim@8 wherein the relatively hydrophobic sil ane
conmponent is at |east one nenber selected fromthe group consisting
of vinyl silanes, nethacrylate silanes, sulfur silanes, nercapto

sil anes, epoxy silanes and phenyl silanes. 10. The nmethod of claim
6, wherein the silane conmponents are Bolynerized as distinct
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co-polyners. 11. The nethod claim 6, wherein the abrasive grain is
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and the sol vept iRcgl i Qni e .1 sopropyl alcohol. 13.
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| ayer that ingclude.a | ati.vel y.hydrophobi c silane conmponent. 15. A
bonded abras?ée p$88ﬂ%§? %8H%P¥@F%é?mgﬁym% bond conponent; and b) an
abrasi ve grabn coapmdesiponsher®l t he abrasive grain conponent is

di sposed in hge bond conmponent and tqﬁ{aﬁr sivezgtain con@pn&nt .

i ncl udes abr 851 ve JIPHSIYE SFER IMPORC- Wi A EL IS YR SOBROT S FisRefed in
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