WD 03/076136 PCT/ US03/01767 FORMULATI ONS FOR COATED DI AMOND ABRASI VE
SLURRIES Field of the Invention This invention relates to novel coated

abr asi veswoan@yemde particular, to a lapping 5 material imrcdyso3/oskeet or
roll form Background of the Invention Lapping filnms are used to work a
particul ate abrasive material against the surface of a workpiece until the
surface has an exceedingly fine, well controlled finish. Generally, 10 it

i s desirabl e FORMIALATEONSHOR GOATEDUDIANVHONDABRAMIVESIOBRRIESNg and
retaining a high degree of dinensional control, so that the resulting
product will confoarmto very precise finish and size standards. The

| appi ng o¥ield ofrthe duvention, ¢ g original state to the final finish is a
progressive opggiatiRion RYRIMb ABvAIRBals Sbabivas, 884, iR paBtuldRi@s ia gﬁqg{]angl ng
from relatively coarse abrasive particles at thé beginning th

succlssi vmhigrifl ineliscssheesorirll fére1. 15 end. The results secured depend upon a
nunber of factors, such as the properties of the abrasive enployed, the
pressure with whi ch_t he abrasive is forced against the workpiece, the
pattern oPAEELe pcof thedaxention i the contact of the wor kpi ece with the
abrasive partjg ?x?g[ fIxs £¢ t@a 16 QRS Qﬁéﬁkhl%sabraigh% rhé’r@ﬂ?dl '&galfnbt' th §L§rface
manuf act ured by g oati ng an abrasive slurry on a backing dryi ng

and/ or cmﬁangortkpecs wotilrthe sWEaee had aryqxceeh:hngbrﬁag Wdl ednnnoilséﬁnaheﬁenerahg, form

e a5, HhRRATIE CylayEnt*S SPeniude o rath PEOF obRPHE REEURE R ™

phase '&rgmdﬁ“dh%esl&ﬁeaoru@moQﬁ;at&mes@ﬁﬁgﬁﬂon@cmntcbﬁfo% tb neﬂyqﬂ@élgw filmns
because of their hardness. .In coating froma slurry, the dianonds and/ or

ot her sup@rstbarksizestpadardse ITos lmplﬂg Qféur facss digi) theiredigingl @tﬁt@\ﬁp thetfinghal f or ces
and sett lte rp%lﬁs Oa'?psroélieg%f O?rﬁeﬁag%guf?w v1n %he g&gofr aastefles of ab s els 're{]n%mrgalgg fds on a

nunber ensity of rasive
particl e,retaheelyzloa@@s abiyisi0é pirkieles @trthb Begiuﬁm@ fasegh s’tﬂdes@i&élty fhR¥ tizedinahd y t he
aggregation state of the superabrasive particles. is desirable to have a

mej & ity - tlhhe re%alfﬁéﬁ%calmda%qu W4 pyneher gf %&r%acwtbmmewﬁ rEHS size
and mai nt }n{l&ehé g;flﬁ#m lﬁp%gs h%hl%ﬁ tﬁege{ebrr e‘%étf&@é’n??gpﬂ?s{ th%qv&f( &&é}?-

Addi ti ona ds 1o rasive I'cl'e size’in the
fini shed the e atl;tﬁh sf himaémemrpresemtl mhthehen&utrdfahewofkpﬁdme withrtkpelgagve -1 WO

03/ 076136 PCT/ USOS/ 01767 . . The present invention solves the above-identified
probl ens RGeS adAthey cangifieratonsy

The lapping film is manufactured by coating an abrasive slurry on a backing and
20 drying and/or curing the slurry. Generally, the abrasive slurries are in the form of slurries
wherein the diamonds form a discontinuous phase and a liquid, such as an organic solvent
or binder precursor, forms the continuous phase. Diamonds have been used as the
abrasive particles in lapping films because of their hardness.
In coating from a slurry, the diamonds and/or other superabrasive particles will be
25 subjected to gravitational forces and settle out of the continuous phase. The rate of
settling depends on a number of factors, including the size and density of the
superabrasive particle, the viscosity of the continuous phase, and most particularly the
aggregation state of the superabrasive particles. It is desirable to have a majority of the
superabrasive particles dispersed to their primary size and maintain this size distribution
30 for an extended period of time. Additionally, agglomeration leads to larger abrasive

particle size in the finished products that can scratch the surface of the workpiece.



pol ynmeric dispersants in the slurry to aid in the dispersion of mcron and
sub-m cron super-abrasive particles in organic solvent systens. In a

sl urry ofwOhlg/oTaisenti on, the abrasive particles are di specsasod/mrsohe
continuous phase as individual particles and do not 5 re-aggl onerate.
Additionally, the abrasive particles resist settling out of the continuous
phase due to the dimnished influence of gravitational forces on single
particles rel atiorresst NyGRIQHA RS dhe %hovm%%%ﬁipfqb TRDY Wiliring 3 Clgts dhhe

| nvent i Oggoﬁg,ggﬂ?@d&gﬁ%%- | R S0kl 88 aildSn e GleBGort OF AIr@PARIUBEnRIdn Cl e and
met hods i ng e abrasive’article. The abrasive article conprises a
backi ng hampengprasiveapaticlssiinf agayic solderdasysterns.abi agdurp af thegnemtivmgheraj or

surface of the backin onprising at |east 20% by weight of a

Super abr AP ERIE S CRESE D FhosBaR R & el o RibPSIe A dPesi ve
sl ursy coRpigefinitdars UAJARIMARY, (R B5thdiVECpLBclefresidietiiHE Bht RS ontialousA

di spersant conprising a 15 pol yner having a nol ecul ar wei ght (Mn) of

great er tphase d@0g/thedinnighedhinfvense of geayitational frapesanssinglp pargiclgs rolative to
1000*[ (Am ne Val ue My 1. .10 anot her enbodi nent, the abrasive article
coating i%gggoé?eir%tgﬁlgé&S?ﬁ)éarglcalﬁsr'asi ve slurry conprising superabrasive
particles, a continuous phase, and a di spersant conprising a polyner

havi ng a S@hafary of thieinebhtiéMv) of greater than 10,0009/ nol and an AV of 20
greater than I.0. ITn strIT anot her enbodi nent, the abrasive article coating

is derived froReepreseabinyshijen is|direetyd tooapbirasi yrprgelsand breshady of pakingdhes, a
conti nuou hase,. and.,a_di sper t i 81 . J | ecul ar
weignt (M ROR Grek dr8aRlaREORR B RbE: 4 B n BB il Shud, AR "0
Det ai | ed idesdive @iaiiﬁ%o@fhdﬂﬁ%’of BRIt bOthe baeking comprising Mblest a0@rbyWesight of( Mn)
shall nmean the wei ght average nol ecul ar wejght in g/nol as measured using
gel per ne*h@qP@Wb&ﬂV@r?éi(%‘?-aE&%/aW%lYF ¢patyag defivedfram FAtsatvrslugy as

descri bed_ | gt i { j L Am ne

Val ue" sh%ﬁrﬁbr}r?e Jﬁ?h@ﬁ%ﬁgﬁrglp\ﬁg%%%éa va ﬁlgmils rréﬁ%%ﬁ g%is‘g?fég:ﬁ%lgﬁl Frlwsslrn éqlaccor di ng
to ASTM spawmder lchviresd mbROWRr 92ighn@dsipEgreater thaa S00gthohal arANedftgeehtero gi ve

t he val uethgga.s’lw%raegg R@:ﬁc&ob¥ﬁAﬁﬁr'lé’U§1Be)/(ﬁw§’ip 03/ 076136 PCT/ US03/ 01767

In another embodiment, the abrasive article coating is derived from an abrasive

slurry comprising superabrasive particles, a continuous phase, and a dispersant comprising
a polymer having a molecular weight (Mw) of greater than 10,000g/mol and an AV of
20 greater than 1.0.
In still another embodiment, the abrasive article coating is derived from an
abrasive slurry comprising superabrasive particles, a continuous phase, and a dispersant
comprising a polymer having a molecular weight (Mw) of greater than 100,000g/mol and

an AV of greater than 0.

» Detailed Description of the Invention
Definitions
“Molecular Weight (Mw)” shall mean the weight average molecular weight in
g/mol as measured using gel permeation chromatography with a Varex II ELSD detector
30 as described in the Molecular Weight Determination section below.

“Amine Value” shall mean the total amine value in mgKOH/g for a polymer
according to ASTM standard test D2073-92, measured or measured and corrected to give

the value for 1 gram of active polymer.



"Anchoring G oup"” shall nean the functional group on the dispersant which
anchors to the abrasive particle. "Binder" shall nmean the conposition which
bi nds abreweinserq@asticles to a backing. "Binder precursor'pcanmob/omean t he
conponents of the binder as they exist in the 5 slurry. "Continuous Phase"
shal | nmean sol vent, binder precursor, or both used to disperse the

super abrasive particle The esent, invention |ncludes a di rsion
conprising a di‘gﬁ%lr?flfl%§6ﬁ'§p pﬁli‘ggénegflttheafﬁp%{éql\?ggrﬁg? Pre eesls%ﬁ%?ng&gfc per sant

m xed in anchoRtt MoibsasPAReticld.he di spersion may be 10 fornmed by any
nmechani cal agitation methods known in the art, for exanple, shaking,

m xi ng, hi gh siRiageriskalhgean thssempasitipn pdichhirdsabgasiye; pagticley to a backing.

ul trasoni cati ong. | Ve, t ' i Gl in the
present invent ?%lrrll déﬁrer&?ﬂ%)gr g’?)ajrilaljél%‘/ngﬁ%g%f) %&égﬁif\@%&g@nﬁe&%éﬁ% é,ﬁﬁgne{hgart icle
si ze5for danak. superabrasive particle is |less than about 2 mcroneters, for
exanple less than 1 microngter. In sone enpbodinents, the particle size is
greater than 0.GOHNEPYRRAsE  shalmeapsalyert. BINGeaPISHBERr @‘%@g Hpedrte disperse
Specific yex Lll?r%sigép;ﬁ*‘l.&lte?:bl e abrasive particles have a particle size
above 0.2 mcroneters, tfor exanple above about 0.4 mcroneters. Exanples
of super abr asi The p@sdnit avestiominclndes z dispersiaf chmpuosing iatdiscdetimmods ghaewofid

articles., These superaprasi ve partigles can be pat | (e.q. t I

R ondy e Be PehrEr SRborcl Bk inr coR B Pt T diderion PRt B )
proggcet s. forfle b? YRS hR B ASdaY BgiRaioh infdtR&sRYwh &Y thedur® f&%‘ﬂm?fb@ﬂﬁxkﬂ}%wd ated
wth themor alternatively, a needle-like shape. Generally, the

super abr aBiixiag,Jugh shehemixing ompacimilling, megdiatreillingT peulippani¢apienarti cl e of the
invention may contain a blend of superabrasive 25 particles and

conventi OE%| abrﬁsicyﬁeS particles (e.g. alumna, silicon carbide, ceria, and

silica). The di spersant used in the present invention is a

class of pol ymgpd goridisdpiraales Ssed3R theQiNehBindehtRNNird SupEPiessiNegiartiidéght
pol ymer with cationic anchoring groups. Hi gh nol ecul ar wei ght generally

mean8 a nPkeasallathepdrdele sizrigr eaole pursorbrasiiernartidle is lessdhan a@oo2 | n sone
embodi montacropRErR Etindle U 1 by SO Ppanigbfime At Byl 0See,
anchor i ngis-giedd thad O 7 odiSontet/ d5eR4fidlé @Bove about 0.15 micrometer. Specific
examples of suitable abrasive particles have a particle size above 0.2 micrometers, for
example above about 0.4 micrometers. Examples of superabrasive particles include cubic
20 boron nitride and diamond particles. These superabrasive particles can be natural (e.g.
natural diamond) or synthetic (e.g. cubic boron nitride and synthetic diamond) products.
The superabrasive particles may have a blocky shape associated with them or
alternatively, a needle-like shape. Generally, the superabrasive particle is not surface
coated. The abrasive article of the invention may contain a blend of superabrasive
25 particles and conventional abrasive particles (e.g. alumina, silicon carbide, ceria, and

silica).

Dispersant

The dispersant used in the present invention is a class of polymeric dispersants
30 comprising a high molecular weight polymer with cationic anchoring groups. High
molecular weight generally means a molecular weight (Mw) over 500, generally over
1000. In some embodiments, the molecular weight (Mw) is above 10,000, and in other

embodiments, the molecular weight (Mw) is over 150,000. Generally, the anchoring
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groups conprise secondary, tertiary or quaternary am nes. The di spersant
may additionally have other functionalities, for exanple acidic groups
(e.g. carwoglhir@saci ds, sul phates, phosphates), silicone®cTarsds3/ 01767

fl uorocarbons, sone of which may al so provide an anchoring function. The
pol ymer can be a hydrocarbon, polyacrylic, polynethacrylic 5 pol yur et hane,
pol yester, ether ol.yi m ne, and copol yners n certain

enbodi man%rgg %‘Eﬁrlsﬁlﬁ?(g’nﬂ&p@%aéﬁf)r feate Ny AHRES: \%ﬁﬂt ﬁiesé’ﬁrsﬂm MY val ue of
greater thmmickally hk dtA&H fﬁndio‘ixﬁﬁtﬁe%afﬁr%xﬁhﬁlefabﬂ&egtobp’s (ehe cadbRjlicarRsRi p

bet ween t he Anlne Val ue and the nol ecul ar weight. The relationship can be
defined bplptaeest phasphritesy, selwaps @nd fipgrocarhous; perpgrohwhigh| o) dsapipyide@nThe
sui tabl e ers Wi [ gr eat er

t han 500, %nge 8‘3‘?‘1 Fh# o&) rgér&e@tgerﬂ}dﬁ%%ﬁ%ﬁo@%yg%%lg % lygAee&aa I &s of

di sper sanpcﬂymrembhw]eolﬁstsgeb@eﬂfes poBNniE, SndEpebuhas thetdodhin {dajn of bet ween
about 3000 and about 4000 and an AV of between about 5 and about 7,

di sper santmbedimaps.2 swplle Gispersarsi ig A POYYME Yot anb@g%e\ﬁalg%%greggb@a%,llg about
9000 and an AV e r

di spersants w ?lﬁ aﬁ%v&elyigg R@Q?%E%O%regg e? @%H{)ns%% %él\ﬁ %rgé%{tﬁfe{rk eeanle 000.
An addi t i thaabolsmildr azlight d The el staomkhiplcas be deﬁ:iaddgshdfdhmnsgaq\mubm/l ng an AV

in excess of 0 and an Mwv great Q, 000 ically with an Mv
greater than 150,000. Gener ali“s} L(Eﬁt gé‘t“@n%l é‘%‘é?@%’ wi |l devel op a

sui §gbl e phz&idbRIdidpRMhA@WiRRIveMd AV id@x&ddb et 2B1bAdll Mv&iglleaeér e seett!ing of
the superabrasive particle of out solution once it has ~been properly

di sper sedspevifiagliy for Mw gesatatdébay 1,000 Ssoifis. eXEmalvaOéélsmrS@m inghide di spersants

i ncl ude those sol.d under trad FKA 4400 40

cormer oi PTG Tyt el RABRLATET ot sy Hof 000G Boticfto zp
SOLSPERSEarRAYQF betwerh Qb&g—ﬁﬁﬁ%guﬁﬂ9(lﬁspemm cgzd inble@mt halghe Nwoer 25
Aveci a Pignents and Additives, Charlotte nti nuous Phase The

di sper si obetwveer ahowe8008) andiahowt W0RENH 8B AY Meeerrrweubb%@n thous1phase may be
r ea%' ve (e.g. Ogle? HL@‘Bie c}lﬁ)%}s%lfs% 1 HaVe &Y %R/O[hae&l:é/s‘:s‘ o?'l f?r alﬁl\/ﬂ{ é’ﬂegtgr gghvent).

In sone 30 enbo ont1 nuous a reactive and
an evapor H,000 Amhdditiedal suitadhedispdryant tlbs 1nﬂnd¢srm$p¢$aphamemgrmlAMes a bi nder
sive article. The conti nuous

precursor that becorres t he bi nder for an
phase is GeRBrAapdan Mygarater i LHGH00. Sosibioly yErsapCas g 767
150,000.
Generally, suitable dispersants will develop a suitable size distribution and will
20 substantially delay the settling of the superabrasive particle of out solution once it has
been properly dispersed by agitation as described above.
Examples of suitable dispersants include those sold under the tradenames EFKA
4400 and EFKA 4046, commercially available from EFKA Additives USA, Inc., Stow,
OH; and SOLSPERSE 24000 SC and SOLSPERSE 32000, commercially available from

25 Avecia Pigments and Additives, Charlotte, N.C.

Continuous Phase

The dispersion is formed within a continuous phase. The continuous phase may be
reactive (e.g. a curable material) or evaporative (i.e. a drying solvent). In some
30 embodiments, the continuous phase is a mixture of a reactive and an evaporative material.
Generally, the continuous phase includes a binder precursor that becomes the binder for an

abrasive article. The continuous phase is generally an organic liquid.



Solvents In certain enbodi nents, the continuous phase is a solvent, for
exanpl e one that is evaporative. The solvent nmay be protic, such as

al cohol s,wglogmad13et hers, | actates, and glycol ether acet @CasU0s/0EpTOti C.
In specific enbodi ments, the solvent is an evaporative 5 solvent that is
substantially aprotic, for exanple hydrocarbons, ketones, ethers,

fl uorocarbqgns, hydro-fluoro ethers, and acetates. In specific enbodi nents
of the i % on, the evaporative solvent is nethyl ethyl ketone. Binder
Precursor 10 IR @Rhih@nibaaRaH, TRdchtinAoldi pHI&Y is RIsBREAS BrexBinpRUnetRAGS | ve or
non-reactive, is the continuous phase of the dispersion. For exanple, a
react i ve @apereriveyr Beasodvent may bb@roticdsiesh as @lcehelissgipecd icthersa tagtates, and

evaporati ve sal.vent .in order.tq form. a cpat.ed abrasive.. . Lcle. .Binder

ot ccur sor& VS eriefs & Pibisn o oReetis U E At B o S F b Bty
usedsin tdegveabilabis\sBbadrtiallp abldic £fok eXdmplb aydloystbegeRetonerdlethers, van der \Waal s
forces, and the 15 |i ke, do not destroy the benefits of the dispersant. The

bi nder priteaipeasbonshaydrerfiyerosetherstand acefgien Imwpecific eppedinprantyelthe e

propertie sgar . j -QggﬂE e abrasive article. A
non-reacfﬁvgﬁﬁﬁhghf %%géﬂ%ggpkﬁégone l%§§12é8 % only drying, wthout
additional reactive curing, to solidify. For exanple, sone pol yester
resins, agimdédi Bisc@bst cel l ul ose resins solidify without additional reaction
curing. 20 One type of binder is forned froma reactive curing binder
preddrsor. Thelecertpinpaeiiodiments. gdinder prasBeser. cithey 1BICHYE PENORFIISHYS, idthpg

bi nders, i a | Bl Dai [WeYq)]

pol ymer i zﬁﬁﬂgﬁéﬁﬁr%?en%{%ﬁ@sﬁ%ﬁé?ag?rur e (ﬁlé;ﬁ E%&glggggﬁd\%gﬁgﬁr?% nel?y be,[ he slurry
may be exqldséd i dispersiendnygyig anevaerathieshlvantia ordertdorimm toaxid abrasixfe t he

pol ymeri zation _or. curing process of the binder precursor to formthe
bi nder . R BEndsf PESURAR S BRE yyeptin mag be Relpcted fr@ﬁetﬁ*gﬁ? C&Hanwﬁm ati on
ener gy (eudd iftRabIRVeRRaT he dedrt ﬁiédlt H&/&T{)géd %in% Qsh H4rSWRAIS fdrb&Nhind the

radi ati on). Binder precursors curabl e by an addition polynerization

gené$ al | ylikeedainpedeatrby the benefits ofithealispersant. Aiteitandsr preenser shwtldchd selestedi ons
may be produced. ddjtion of .photoinitiators or thernmgl initiators to
Tho bf naereh i e At mOpsruBRise b 57 U QieBied NS Moty HAGR 10 i s
exposed t Q8 ndairkdttive badersreQitsciUs Bndthathded a¥hI|deying aditiduk @ddi@bnal rdachl e

light, the photoinitiator generates a free radical or_an ion. \Wen a
t her mal i gWringatoselifidy.uEerexamply, sorge pelyattergesing, pegyligagidesllulpse resHs This free

radi cal ofory0 iflohd fiforklRaffRREZaL 1 0N Of the -5 VD 03/076136

20 One type of binder is formed from a reactive curing binder precursor. These

binders include thermosetting binders, crosslinking binders, and binders curable by an
addition (chain reaction) polymerization. During the manufacture of the abrasive article,
the slurry may be exposed to an energy source which aids in the initiation of the
polymerization or curing process of the binder precursor to form the binder. Examples of

25 energy sources include thermal energy and radiation energy (e.g. electron beam,
ultraviolet light, and visible light radiation).

Binder precursors curable by an addition polymerization generally require a free
radical or ion initiator. Free radicals or ions may be produced by addition of
photoinitiators or thermal initiators to the binder precursor. When a photoinitiator alone is

30 used, or when it is exposed to actinic radiation such as ultraviolet radiation or visible light,
the photoinitiator generates a free radical or an ion. When a thermal initiator is used, heat

generates a free radical or ion. This free radical or ion initiates the polymerization of the



bi nder precursor. Exanples of useful initiators that generate a free

radi cal upon exposure to radiation or heat include organic peroxides, azo
conpoundswoguionases, benzophenones, nitroso conpounds, a®cyiuseabizdes,

hydr ozones, nercapto conpounds, pyrylium conpounds, triacrylim dazoles,

bi si m dazol es, chloroal kyltriazi nes, benzoin ethers, benzil 5 ketals,

t hi oxant hones, and acet ophenope rivatives, and m xtures fhereof. Exanples
of typica mﬁ?‘r?d%‘?”“b’f'e@ﬁ?rg&?% Og‘ﬂﬁﬁgﬁll }IIB rsatﬁa%%ﬂﬂafco%éf%ﬁg%c f?%ogce[xipig%re

pol ymer i zgtra@atibhér hedincRiak ¥iRh pe%xia&nsiosoongmpﬂ@ QoiTdhSs, BEZePhétoes,
ethylenically wunsaturated, such as styrene, divinylbenzene, vinyl toluene,
and am nopitrasq corepdungs.itaryl halides drygaerongs, (TBIEAPEREURRAVAHS. PAFHBWY | gr oups, and
the like, (includi : Vi .

unsat ur o SRS eI bifn e B8 Shiokseh UaPRRE 3ahechh By BEGA,
Pat . 5No. Ketf103hib4tnthoms) aldaicedphamng desuitiveg and socyesuhatesf. r esi ns havi ng at
| east one pendant acrylate group (such as the triacgrylate of .

tris(hydr oxyetﬁmplF%Q%y@ﬁﬂrta’P‘@f precysoin Girahie by aa addidon @QF‘Wera%’@Pgll ated
epoxy res . n S ant

acryl ate %@g‘ﬁﬁ%"@ Igcrq%% g{ﬁ{lﬁgg ggg\gﬁé&g,‘ an g}r{b%ég%yggﬁgﬁ%%@?%ng éo be 15
enpl oyed. unkhwrited, su¢haay syyrane divingbenzandt, vinyl tolué¢nedandramimaplasti rasiedhaving

nonomnet hacryl ated, nmulti-acrylated, and ti:nethacryl at ed noner s,

o1 1 goner Saaleriop bR Letee Ny B, e bk bbb R 11
t enpgr at Up& dARYAIRE, B&S Undaturbied TADYRH drbuPpstthdlddii€or QoRRAks ddNebéd@i at i on
curabl e urethane resins, polyester resins, epoxy resins, and 20 polyneric

i socyanat EsS. Pay Nel. 4903 44Q) acrylatdderehing siwh agispcyamioate rasinsihavingeas legst anpe

invention, .Suitable urethane resins include the reacti.on products of
short - cha?'??fimgtcﬂcf’a%te BIAP S H asfﬂg %{afgkaé\?on%lﬁgh#gfox(y & b R ?"fl)r%l{rﬂfl ’ol pr opane
nmonoal | yl agylaed ur@hdiRneding AtiyEate Pepdxy h&sing, hkkEsocydhatt A8Gvaivas Raviag b Ve
hydrogen functional prepolynmers (e.qg. h%(droxy-te_r m nat ed pollg(but adi ene,
pol yest er lepsonp gyndagy agsypte, gropn. iMixtpss 9f s @bavmbiader pigruasorpgruldlsp bos

crossl i nk} Loy tat " n : gé;ﬁg é]g gAY
esszgt i al &H@ﬁ)kﬂl a’l;l?e ttg{lnc.l)se Iélttr‘}'tﬁi gsnrg ?E&I%E%d%ng 0. & . %18 & é{y E%oxy
resi ns hamaltaacrohatedamnel hejpioxethedryratadgmenanes, eligomygrseamidpetnars.r Bigleopeni ng.
Epoxy resins which | ack ethyl enically unsaturated_honds generally require
the Use oPec3ers gy are lifs 2T6P (crvperbwry way Re Vit dRiQ et A MIAPR { ne
nature of yihgkr backbones and 30 substituent groups. For exanple, the
backbone nmay be of any type normally associated w th epoxy resins and
substi tuent grNopsadisteneurablanrcthanampingr pelpestaraesiny, epoxyaesiny@nd hydr ogen
atogjthat is reactive gor capabl e of beti).né;e made reactive ¥Vl t h_an_.oxirane
fi ngb at - %olymerlc 1Socyanates may also serve as the binder precursor in slurriés of the invention.
Suitable urethane resins include the reaction products of short-chain, active hydrogen
functional monomer (e.g. trimethylolpropane monoallyl ether, ethanol amine, and the
like), or long-chain, active hydrogen functional prepolymers (e.g. hydroxy-terminated
polybutadiene, polyester resins), or both, with a polyisocyanate; and an optional
25 crosslinking initiator. Urethane catalysts may be used, although not essential, such as
those mentioned in U.S. Pat. No. 4,202,957.
Epoxy resins have an oxirane (epoxide) ring and are polymerized by ring opening.
Epoxy resins which lack ethylenically unsaturated bonds generally require the use of
cationic initiators. These resins can vary greatly in the nature of their backbones and
30 substituent groups. For example, the backbone may be of any type normally associated
with epoxy resins and substituent groups thereon can be any group free of an active

hydrogen atom that is reactive (or capable of being made reactive) with an oxirane ring at
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WO 03/ 076136 PCT/US03/01767 roomtenperature. Representative exanpl es of
accept abl e substituent groups include halogens, ester groups, ether
groups, swbfosmadies gr oups, sil oxane groups, nitro groups amdT/yHoasphat e
groups. Exanpl es epoxy resins |acking ethylenically unsaturated groups

i nclude 2, 2-bis[4-(2, 3-epoxypropoxy) -phenyl]propane (diglycidyl ether of

bi sphenol _A) and 5.qglvyeidyl ethers of, phenol f h | ins.
St oo ol Eheti el RebbuorGiiElskaible BEerehls TR RAY BrchB Bsfierr s ont i on
of bi nder haleg&@wss@rgso@g,r@glﬁrgrmps,a@md@tbtgkaipsmlloxmrg'ra@éd, fitro gQa:h&ifcaﬁhc

e

photoinitiators are descri in US. Patent No. 5,6368,619 to Culler. The
bi nder prelaspBae gronps.Axagwlas\epprersins lackingrshydenieqliyamsataratedosropRsaiAENgs f r om

about 10 - 0 ' e : [ sol ution
or sl urry 2 a2t MOl pRBR e gl ik 8 BicpHBIP) oft] P01 ¢
percént oglytidel éthéralof pinghformbldehydetioplaceesisd. urry. Additives 15 The
abrasive coating.of this invention can further conprise opt.iopal %gditives,
such as, abr aSPUeNIpRAIPIRIERIAIY BENEEAE AR AFISEWCT Ehindins PolyRSTIZAom o PHer
agents, fhﬂehﬁ%@s cﬁf&BPcrlﬂ/ d?lgaddﬁ%% mdd 2863 C& ﬂi&EPﬁ’étbﬁitﬁa@@r@E& deSiivedy
agents, suspending agents, photosensitizers, ubricants, wetting agents,
sur f act aninsy).SpPegmeiiVe.,5,38«H 9 to)Cudleabi | i zers, and anti-oxidants. The
amounts of the aterials are selected to proyide t roperties desired.
20 Speci 11 ¢ oxLlipPBde e (s wakalpregeh Tn Moty st BiERiGA SR oF
undgp theyg Mﬁﬁﬁnmry%?gg?ere% SChe FRARS St sduBYRbF B¢, ifilcermifyt ec

I ndustries, Boundbr ook, , and a sol ubl e dye such as those sold under the
t r adenanmeerryodiments drpmiabagt BO Ruahsiue 76 doseighipea¢ansbf de totahweghtahsphubiguct s
Co., Tenp Az 25 Slurry The slurry is fornmed by mxing all the

conponent ?qy‘exanple the abrasive particle, the continuous phase, the
di spersant and any additives desired, for coating. Backing 30 Exanpl es of
typi cal baghiivgs that can be used for the polishing abrasive article used
in the nethod of this invention include polymeric film prined polyneric
fildp cloth, Phpehrasivoenstivgatthihiaventiontcag futhosicomprischentional addiives, such
conbinatig

o et Lt Sk FORE AbuT A TE DB g ™ 0

PCT/ USO3/ &nh6s/ fibers, antistatic agents, curing agents, suspending agents, photosensitizers,

§1’ sl

lubricants, wetting agents, surfactants, pigments, dyes, UV stabilizers, and anti-oxidants.
The amounts of these materials are selected to provide the properties desired.

20 Specific examples of additives include a surfactant such as those sold under the
tradename AEROSOL AY 50, commercially available from Cytec Industries,
Boundbrook, NJ, and a soluble dye such as those sold under the tradename Pylam Liquid
Oil Purple 522982, available from Pylam Products Co., Tempe, AZ.

25 Slurry

The slurry is formed by mixing all the components, for example the abrasive

particle, the continuous phase, the dispersant and any additives desired, for coating.

Backin

30 Examples of typical backings that can be used for the polishing abrasive article
used in the method of this invention include polymeric film, primed polymeric film, cloth,
paper, nonwovens and treated versions thereof and combinations thereof. Paper or cloth

backings should have a water proofing treatment so that the backing does not appreciably
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degrade during the polishing operation, as water is typically used to flood
the lap neans during polishing in the practice of this invention. One
speci fi c woma/nafidbacking is polyneric filmand exanpl es i mciTuses/pokyest er
films, polyester and co-pol yester, mcrovoided polyester filns, polyimde
films, 5 polyamde filns, polyvinyl alcohol filns, polypropylene film

pol yet hyl ene m_an For a,suit ric filmis
pol yet hyl g a‘{ 6,4 lﬁﬁttﬁeaﬂ’og’fsgmgﬁ%ra&lﬂ?ea& Wag‘%ﬁf‘ f%P‘CsaHX&F%’a‘ﬁJG’é’BS%%GEM§i on to
t he p0|yn@ﬁﬁ%ﬁdlisﬁh@%ﬁhﬂe@ﬂaﬁk@offﬁfwlnlv&&io@xnces the polymeric film backings
are primed rimer can be a surface alteration or chem cal type priner.

Exanpl es of 1009%115@@6“@ tapct ef backingds pelymgtie fidrapd gxamplgs inshrde polyesteeat ment

el ect ron_BEATDASALI B o dd MR hIRALIRA AP Al bRl IgLease (he

surface area’ ype pri-mers ene acrylic

aci d5COpOj)<ylyaﬁ1da§11ﬂ|1ts Sp?dlyaéﬁﬂ aldohbl ﬁmsE’pblypryleBe ihBB,, }ﬂﬁjﬁeth)(léilmaﬁillﬁomdataﬂ et
al.), col]oidal dispersign as taught in 906, 523 (Bil kadi et
al ), azi FkuilRs exgpelenytwiably R,obégeréﬁ filn &s}péwthlweéerep@bal% The cpresl 617

(Canty) a
4, 563, 3885? “g‘? hg‘fé ’%’% B%SF@°EE% Pty hefte g&;ggg&%ﬁ“wg@ey ’B%n‘felyq.he The
backi ng npglymbsoﬁha\beclanrgsaampﬁtmmint means on the surface opp05| te the

coating of slu to sec yre th sultin oate abrasive_to support pad
or “back- up pad Y HPET G ABAES THEOT S UBal YPEBATEL BHURES Yo adhed ve
(PSA) or LifiRe aRerh@OHR ih@RAd Coréith tfrémmamhwqr@&medtoa&tﬁint&aﬁmtme&r flahe

i nternmeshing attachnent system The backi ng shoul d be suffi ci ently strong

to suppor treattmenttnnddemfﬁagdo hisrease the sgrfesierﬁgea t Examyiles wahennccabtype ppmgtsed use
condi tions nal .ty sh uId ffi.Gi I e| to all ow
mount i ng. PRUAEGIIRE Rkt i B8V hr RESR et IR PE B REpes; © T

desi r abl e((IH%ﬂionnEilﬁethﬁE lcongidhiedispraiidhasxadgtafin US. fP@f ma:algoﬁgsr23$511kztm et appi ng
filmcan be used successfully 25 for finishing g@ﬁrem sion articles.

The backi #g- ¥Bding typs r%amqlw%mﬁquseﬂnn EiS thst. %W& fEpriyband sediaiapt h to
bear st he gr%ﬂﬁ(ﬁ blg balétta O&S%.St. Ehtci(loa§ Sﬁ?gg@ﬁn %ndq(}ﬁ f’!ie bility.

Typlcally ave a t esstana out 10 nils
(254 m créﬁ‘é}é%gl{oﬁemtab)(anpl e a thickness of 2 mls (50.8 mcroneters) to
Manuf act urin n Abra5|¥1e Article

To ke an” abr HGf R 450 BaEIALa PSR AGS b irAth APPORE |
accor dancgafthk bf s1aR§ t@?éctlfédth@?eshﬂﬁlg'cBXt%BtabchE‘lNe td & SlppRrtall o Badﬁ-ﬁ;hpaﬂi the
invention is coated onto at |east oOne
This attachment means can be a pressure sensitive adhesive (PSA) or tape, a loop fabric
20 for a hook and loop attachment, or an intermeshing attachment system.

The backing should be sufficiently strong to support the binder and abrasive grains
therein under contemplated use conditions. Additionally, it should be sufficiently flexible
to allow mounting thereof on the surfaces of lapping tools. Generally, it is desirable that
the backing be smooth and of uniform caliper so the lapping film can be used successfully

25 for finishing high precision articles.

The backing should be sufficiently thick to provide sufficient strength to bear the
coating, but not so thick as to adversely affect flexibility. Typically, the backing should
have a thickness of less than about 10 mils (254 micrometers), for example a thickness of

2 mils (50.8 micrometers) to 3 mils (76.2 micrometers).

30
Method of Manufacturing An Abrasive Article

To make an abrasive article, such as a lapping coated abrasive in accordance with

one method of the invention, first a slurry within the invention is coated onto at least one
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-8 WD 03/076136 PCT/ US03/01767 side of a backing. The slurry can be
applied, for exanple, by spraying, roll coating, extrusion coating or

kni fe coawDrg/o76ibe slurry is then processed so that the se®CrarsvyoEnm

bi nder precursors evaporate or react as appropriate to the chosen systemto
forma coating. For exanple, the slurry nust be dried if an evaporative

ol taify COCRES FRkine” dReahy SR apafd TR elRinple P BR BN oGy °

condi t i ongxthiRfnUAetACGkneRs RS L, THY shurdy isahé prot@bdd soxpashé solvéitemid on beam
exposure, am ne vapor exposure and noi sture exposure. In certain

enbodi menbigderpiecurOsLEAPPIGLY PG GS RPRTAPTS tothe Fhesen AYSIRIR & B1EY a ¢abng | e.

The slurry-c i . i . f a

pat t or ned B0 EBE SRR e iich HUAGLBLAMNG DUAE YL ST IEH R 2

t he Patt edlso subjdcaaitotcondidom tasolidify @ greeticadedg) thedlireler pieeuisotse Miest at e

article is then renoved fromthe prod cti,ﬁn t%ol . nerally, this is a
?trlgg

. Ge
cont i nuourieserditionpninclide heat\gxpgsurg, perayy heEXPOSret 5?@{0%111 ed to the
producti o » arhi (YA @5,1@% i ' tool contacted with a backing
with the & I %yaf%@?@dr‘:e? %S%t 00 aﬁlg&g%ig:%io%}? and the slurry, dried as
necessary, is bxpdsmcmtwdibertsthaugsaltingliapporgSilmOme arthieholdmémsionahkiofide. a

| appi ng cQated abrasive is described xcept for the vel aspects

descri bed?ﬁl%gi’t‘ﬂgcﬁ?tg‘ié?ﬁl“’}&ﬂ}@hﬁ? BWtaqt?fFﬁ?tg%’eF‘&{“?r SRHJ.gceS(,’ féﬁ"ﬁ‘ff‘?gt o Pieper
et ap ForpRlih@fhi¥e Aot &SdvaBoRIBR BF £ireS Thé B awtd the paiterh RBrfidetb Fhr@tlan
abrasive article can conprise by wei ght anywhere between about 20% by

wei ght suintarmisdiatsi ardiclpalhe gitermedigte @0cledoshipy remedvgH frosy Berpaedustipy éool.
particles~ Cenerally the.abrasive coaiing. ' % ight to
80% by wepﬁ?ﬁr&gyug}g? %ltsbar%?s f19%°u§ r ﬁeéfegf.terﬁ%[l\ge?ggﬁg éf Sﬁ'?&%%ﬁ#éﬁg a%)ﬁ%edl\%br asi ve
coating coepkodietomiool,easdlupoebitedpiadaytioetoghdontidedrvaitll abackéngowith tiel es, for
exanpl e about 30% by wei ght to 80% by wei ght parts superabrasive particles.
Sui t abl e slaryketgen Hsgpolqndbagking andithgeslymy,gired ag negessany, iHEXRAsed 19 ap Lap
Test cdef i 2 | S I L i r; :

fol 1w ngt Baann Stiop, piCingurl {6 e e (Rl bR SEAREENG, b

i nvent i onfor Tieaswekaspoqit dsscabel imehe pyesdrvinvehtiors tim Bt $.\Rat. (N pals@D17eml y and
are not rrgil%nt to be imting on the scope of the appended clains. Al
parts, p B%rrﬁt&]ges, ratios, etc. in the exanples and the rest of the

speci fication ps&fR¥iVEIRNve prop&siss, i safhg en HeTifiMed@brade afticle can

comprise by weight anywhere between about 20% by weight superabrasive particles to

20 90% by weight superabrasive particles. Generally the abrasive coating comprises about
20% by weight to 80% by weight superabrasive particles. In specific examples, the
abrasive coating comprises at least about 30% by weight superabrasive particles, for
example about 30% by weight to 80% by weight parts superabrasive particles. Suitable
diamond lapping films provide 15.0-25.0 mg cut on the Flap Lap Test defined below.

25 This invention is further illustrated by the following examples that are not intended
to limit the scope of the invention. These examples are merely for illustrative purposes
only and are not meant to be limiting on the scope of the appended claims. All parts,
percentages, ratios, etc. in the examples and the rest of the specification are by weight
unless indicated otherwise.

30



WO 03/ 076136 PCT/US03/01767 Exanples Materials and sources: Material Nane
Descri ption Source Efka 4400 Pol yneric di spersant EFKA Additives USA, Inc.
St ow, ChiwOHBk21d046 Pol yneric di spersant EFKA Additives BEA/USDIIECL767 St OW,
Ohi o Sol sperse PD- 9000 Pol yneric di spersant Avecia Pignents and Additives
Charl otte, NC Sol sperse 24000 SC Pol yneri c di spersant Avecia Pignents and
Addi ti ves% Chgrl otte, NC Sol sperse 32000 Pol yneric di spersant Aveci a

Pi gment s itives Charlotte, NC Lactinmon Wetting and di spersing
By k- Chem ®1atdpAlsiand sourdéldi ti ve Pal os Park, I1l. D sperbyk-161 Pol yneric
di spersant_Byk-Chemie USA Inc. _Palos Park || I DLs i C
di spersant BylateGhkName USA | nc. DPafipgotPar k, |1 Aer osoSOLAM: 50 Surfactfant
Cytec Ind Boundbr ) at CCpp L&k
Gol dschm %:?IE% m cal Cor p?ﬁ&yﬁi{l‘f‘ fl%égéljifggnt Jas«;%fi‘f %ﬁéﬁk’m 5C3M 0-12
m cron (}—dianond (‘-nnprnl Electric Mcron Prodi powd each,
FL Tonei | #ifkadtdé 250 nm dj Belpmdripdisgesantonei EEKp‘oAddntwnS USAAIET i ca
Engl ewood Ciffs, NJ YP-50S Phenoxy Resin TohSow&dp Co. Ltd., |nabatja
Anerica K, 1] r-Eﬁ?lsom
Cor por at i@ﬂgpﬁs?\?}gb%ﬁrbg h, AOIY%?T 15v]vg]tSp 27200 Si ?%&g %f(?ﬁ ene @Ew
Speci al tiles, Greenwich (T oxide/propylene aox ng Agent
Solsperse 24000 SC Polymeric dispersant Avecxa Px gments s and Additives
Charlotte, NC
Solsperse 32000 Polymeric dispersant Avecia Pigments and Additives
Charlotte, NC
Lactimon Wetting and dispersing Byk-Chemie USA Inc.
additive Palos Park, Ill.
Disperbyk-161 Polymeric dispersant Byk-Chemie USA Inc.
Palos Park, Ill.
Disperbyk-164 Polymeric dispersant Byk-Chemie USA Inc.
Palos Park, Il1.
Aerosol AY 50 Surfactant Cytec Industries, Boundbrook, NJ
Variquat CC-59 Quaternary Amine Goldschmidt Chemical Corp.,
Wetting Agent Janesville, WI
SJK*-5C3M 0-2 micron (u) diamond General Electric Micron Products
powder Deerfield Beach, FL
Tomei diamond 250 nm diamond powder | Tomei Corporation of America
Englewood Cliffs, NJ
YP-50S Phenoxy Resin Tohto Kasei Co. Ltd., Inabata
America Corp., New York, NY
Mondur-MRS Isocyanate crosslinker Bayer Corporation, Pittsburgh, PA
Silwet L-7200 Silicone/ethylene OSi Specialties, Greenwich, CT
oxide/propylene oxide
Wetting Agent

Milling Procedure

5 Roughly 40 cc of 0.5 mm diameter Yttria-stabilized zirconia beads (available from
Tosoh, Hudson, OH or from Toray Ceramics, George Missbach & Co., Atlanta, GA) were
put into the basket of a Hockmeyer HM-1/16 Micro Mill Electric (“Hockmeyer mill”)

(Hockmeyer Equipment Corp., Harrison, NJ). The desired superabrasive particles were
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MIling Procedure 5 Roughly 40 cc of 0.5 mmdianeter Yttria-stabilized
zirconi a beads (avail able from Tosoh, Hudson, OH or from Toray Ceram cs,
Geor ge Mwelaohe186 Co., Atlanta, GA) were put into the bagkatusos/oee?
Hocknmeyer HM 1/ 16 Mcro M II EI ectric ("Hocknmeyer mll") (Hockneyer

Equi prent Corp., Harrison, The desired superabraswe particles were

-10 WO 03/ 07 6 PCT/ US03/ d t Th d
di sper san‘t"eﬁﬁﬁ‘?%? glﬁ- k‘J éﬂe%ﬁ?fg‘ggp%%?& g‘f%ﬁ”&? 56%896%83 8‘.?1%3 he ©
stirred byih@bhd p¥iviidt aﬁd%@ﬁwbﬁeﬂymﬁha@ﬁathtal Mhe FeKlti; g%ﬂmﬁ-et\x*h@'ﬂhdﬂﬂﬂll%d at
the 70% speed settl ng of the Hockneyer m | éca 4200 rpm . Mol ecul ar

Wi ght Deatéher7Gfatspend ssttmelofpi@rﬂmwnrmmma ¥9rmaphy i s used to determine

the nol e t he oI ynmeric dispersant. The sanples were

di ssol vegM g?'é?%%@ﬁiefter%%m 0 an approxi mate concentration of 0.25% The
sol usi ons wer eGtl per@eibnlehidifatfgrdphy Brueedioatetdriiftie thel insidanid weifhit lof ehes
before injection. The injection volunme was 150 microliter. The sanple

sol ut i onsp%mérlw@mr%m he; spamRles Werealisplrd in fegphydrofugandto ap APprIMateef or e
AL ance TaEB R cFOR5H, AR o R R 4 B B T L Var ox
ELSD I | A malﬁleﬁ”ﬁtets(hefc(ré\hﬂjécﬁmln Ags dnjeatioasvolime was De@niicreliddy. Thy sangdd umms:
o D o 0 B i
cal 'lbr ati i‘i’i]fbc‘l’i’@ﬁ eFlPQhéfﬁﬁﬂ@h?G&}g%ﬁﬂ&’éﬁ" A% a(e%@%%])haﬁ@é)!n é&?(fr/litﬁxﬂpg Qi es,

I nc. | om ng Table 1 gives the nol ecular wei ght
(MN) Of t(rWatdrssiimpsa/htfosiaNb‘L)emth ofVar¢reEI;I$l§ﬂIa$ Ytass Detector i(Alltegh Aseapdsitesed from

t he vend e descri [ e. Tabl ant Mwv
Di sper by(lzf“ffiijef&f%gguaﬁ? 3?& Jon%égdlé%ﬁg & Icgaealngelxgﬂffgéa)%g ég
Sol sper se(j3rh AQsctfés, Bgﬂﬁéhé}ﬂQQA&l’?ﬂe fl&¥ efte 404 6.01HRR2 Standards used for
calibration were Polystyrene standards (Easical) (Polymer Laboratories, Inc., Amherst,
15 MA).

The following Table 1 gives the molecular weight (Mw) of the dispersant samples

of the dispersant material as received from the vendor using the above described

procedure.
20 Table 1

Dispersant Mw
Disperbyk-161 141653
Disperbyk-164 6217
Solsperse 24000 SC 3990
Solsperse 32000 3060
EFKA 4400 8121
EFKA 4046 192532

Amine Value Determination

The dispersants were measured for total amine value by titration. These titrations
used a Metrohm 751 Titrino™ autotitrator (Metrohm, Ltd., Herisau, Switzerland) and a

25 Ross combination glass electrode (Orion Research, Inc., Cambridge, MA). The
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Am ne Val ue Determ nation The di spersants were neasured for total am ne
value by titration. These titrations wused a Metrohm 751 Titri noTM

aut oti t r aworo3(0hasé onm Ltd., Herisau, Switzerland) and a PE3/1R0%81767

conbi nation gl ass el ectrode (Orion Research, Inc., Canbridge, MA). The -11
WO 03/ 076136 PCT/US03/01767 paraneters of the dynamc titration were; pH

measuri ng_node, nqr titration rate m ni mum | hcr t. 10 L. and 0.0995N
HO in i sBPPBESH Ogltgeg%mﬁgggatfﬂygﬁt ?Hﬁeésurfﬁ.gtrﬁ%%’ élrgr%ﬁ%l)slér&g%rart%s ponds to
ASTM st anghfighubemtrebieAr 8o GE, 41@r0.09358 HalinigoptopHlalcohollan dtr&ipeTEENt as

provi ded by the vendor was dissolved in 50 mM of 1:1 m xture of toluene 5
and i soprmpthod ampbdyst corTesponds totASFMustandatdaeast D207 319%2dor total mirmaipobest . Each
sanpl e nal yzed in triplicate., The Am ne Val.He .1hen cal.cul ated for
1 gr am of The FBRr? eprdoen By e ridon Wi e e B T3 L Al il e
Acti ge | ngideidb@bhyl\WRioBbl RS sofitfonAVdsiBenMatdial tolbhs pRipdait! EXed denflotayi ded by
vendor) (corrected) Di s;%erbyk- 161 12.4 30 41.3 Disperbyk-164 16.6 60 27.7
Sol sper seazdged irsmpigate. The Azgne Valys| wasdhesecabodaied foy 1grapefagtive  EFKA 4400
42.2 40 1 . 38.0 Sol sperse PD-9000 0.0 100 0.0 10 The
AV for ealg%regéerrr‘EF@vS\ggp%t%éﬁn%% g&r ated using the fornmula AV= 1000*[ (AmM ne
Value)/ (Mv) ] The results are reported in Table 3. 15 Table 3 Di spersant

Am ne Value Mv AV Disperbyk-161 41. 3raA4d 953 0. 29 Disperbyk-164 27.7 6217
4.45 Sol sperse 24000 _SC 28 Q 3990 7 02 Solsperse 32000 17 2 3060 5 62

Measured | Active Ingredient weight percent | Amine Value
Dispersant Value (provided by vendor) (corrected)
Disperbyk-161 12.4 30 41.3
Disperbyk-164 16.6 60 27.7
Solsperse 24000 SC 28.0 100 28.0
Solsperse 32000 17.2 100 17.2
EFKA 4400 422 40 105.5
EFKA 4046 15.2 40 38.0
Solsperse PD-9000 0.0 100 0.0
0 The AV for each sample was then calculated using the formula
AV= 1000*[(Amine Value)/(Mw)]
The results are reported in Table 3.
15 Table 3
Dispersant Amine Value Mw AV
Disperbyk-161 413 141653 0.29
Disperbyk-164 27.7 6217 4.45
Solsperse 24000 SC | 28.0 3990 7.02
Solsperse 32000 17.2 3060 5.62
EFKA 4400 105.5 8121 12.99
EFKA 4046 38.0 192532 0.197
Solsperse PD-9000 | 0.0 N/A 0

Examples 1-3 and Comparative Examples A-C

Initial screening of the dispersants was conducted by noting the appearance of

sonicated samples comprising 3 g of diamond (SJK*-5C3M diamond, nominally 1 micron
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EFKA 4400 105.5 8121 12.99 EFKA 4046 38.0 192532 0.197 Sol sperse PD 9000
0.0 VA O Exanples 1-3 and Conparative Exanples A-C Initial screening of
t he di spewsannsssas conducted by noting the appearance of pcyarsosat7ed

sanpl es conprising 3 g of dianond (SJK*-5C3M di anond, nomnally 1 mcron
-12 WD 03/076136 PCT/US03/01767 dianeter), 0.2 g dispersant actives and

o aonde. SaElsaY 0208 peril 8ot Sk btk B RehS fhyierark 48 BRI AR o1 (n°

wooden st pgkmpleavdiFtN THE diaeindsl digPershit, Bhd e eyl keldad GRtOMiteHIIFDRMAES
cleaning wultrasonic bath. The sarrpl es were then allowed to sit undi sturbed

for up towithiaoyeoderiicksandhemsaminatcdias 19 orivtesing henehipp glaseyase slepringas

Scater s ol ELAR RERRbRABERRIe | Db GO Bty (B AR o g
repott ed appedatewds n&abhxf;d the lfammﬂ sizdDvsPmessardd 1Appﬁenhamya—e-pb®;&mur wing a

Particle _Si Zeé\l%th e At 3 mnutes clear fluid Not Measured
and a gr a§roRK V‘F?émc%gllt(%?té%% depice ag2 3G (CGoRHF (@PaMBIRLEES Ehar

fluid >3 pH.GhOAS rePRdd & BiY 4Cake on the bottom 1 Efka 4046 1 hour, opaque
suspensi ons779 Grﬁnorreters Conmp. Ex. C Sol sperse PD-9000 1 hour, opaque

suspensi on 87% 557.0 nm 13% 1915.9 nm 2 Sol sperse 32000 1 hour, opaque
suspensi on 65%941.6 nm 35% 414.0 n 1D| sper byk-161 1 hour, opaque
suspensi on 64% 1556.2 nm 36% 498.2 n Exarrpl es 4-7 and Oorrparative

Exanpl es [ cExample Dispersant Appearance Measured Particle
Size(s)
Comp. Ex. A | None At 3 minutes clear fluid Not Measured
and a gray cake on the
bottom
Comp. Ex. B | Lactimon At 3 minutes clear fluid >3 microns
‘ and a gray cake on the
bottom
1 Efka 4046 1 hour, opaque suspension | 779.6 nanometers

Comp. Ex. C | Solsperse PD-9000 | 1 hour, opaque suspension 87% 557.0 nm
13% 1915.9 nm

2 Solsperse 32000 1 hour, opaque suspension 65% 941.6 nm
35% 414.0 nm

3 Disperbyk-161 1 hour, opaque suspension 64% 1556.2 nm
36% 498.2 nm

10
Examples 4-7 and Comparative Examples D-G

Initial screening of the dispersants was conducted by noting the appearance of
sonicated samples comprising 2 g of diamond (SJK*-5C3M diamond, nominally 1 micron
diameter), 0.5 g dispersant actives and sufficient methyl ethyl ketone to provide a total 5 g

15 sample weight. The diamonds, dispersant, and methy ethyl ketone were initially blended
with a wooden stick and then sonicated for 25 seconds at 300 W of continuous power at
20 kHz (Ultrasonic Processor Model GE600-5 with a ¥2 inch diameter “microtip” horn,
Ace Glass Inc., Vineland, N.J.). The samples were then allowed to sit undisturbed for up
to 1 hour. The appearance was noted and the particle size was measured in 1-methoxy-2-

20 propanol using a Coulter N4+ Dynamic Light Scattering device at 25 °C (Coulter Corp.
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Initial screening of the dispersants was conducted by noting the appearance
of sonicated sanples conprising 2 g of dianond (SJK*-5C3M di anond,

nom nal | ywb ogiocg1eer  di anmeter), 0.5 g di spersant actives amdTdaish$/Hmbent

met hyl ethyl ketone to provide a total 5 g 15 sanple weight. The di anonds,
di spersant, and nethy ethyl ketone were initially blended wth a wooden

stick and, j.hen nicat.ed f 25 seconds.a t| nuous power at 20
(Ul ¢ MU ELr SURRES MRsledr | RERGRFES BiefiSonlFS of SENts WAgoel i crot i o
horn, AC@vaﬁa@&ﬁfok Particle iZeali@AButiot uhidss ndfe8. TAORIsaRs ¥R repdriediin Thblewed t o
Sit und| sturbed for up to 1 hour. The appearance was noted and the
particle size was neasured in 1-nethoxy-2 20 propanol using a Coulter N4+
Dynami ¢ Light Scattering device at 25T#ig&oul ter Corp. -13 WO 03/076136

PCT/ US03/ g+#+67+—Mati rL; Safptes—w-th—etear Igycl\. after—5—rnutesor

| ess of slet Expmgleferp not  eDEPESEMYd for pdrtiPV#-si Je Measyrdhertisl unl ess
noted. The results are reported in Table 5. PFBRﬂaéanseEmanpl eSizgisyper sant 5

Mn. Measjyfed Partic gfkaéﬂmgar ance Si ze(s) 4@5@ 46 @(})ﬁlﬂ,}ém@&@s

nanonet eris—5—HEka—4#00—Ccoudy—+68—ranoretet 6—SotS | @OLUUU Sotdy 780

nanomet erlsd_Comp. Ex| EB52PA08000 Ol ear Not AvaigislVe 7 RPORCEteIS 4 @ ear
790- 1500 n@anomet ers | $8l rseE}QOOE Sodi um dod ecyjlolﬁjyl prat e7%0 Mbrri&tﬁrs
Avai | abl Con tr T methyt—ammgmiugy Cear Not - Avai t

br om de %3‘ E& PEI@SL 7200 d ear >3 |nmi crdfk £XM1¢ aﬁldé])lﬁ ang
conparat i VE Exarrpl es Hisbep%ykabnes of di anond dCkper si{o7%0- Qﬁmﬁ@oﬁs&té’fLCSM
di anond) e vaiuated at the Igfp [evel of L ngr edi ent
based on ¥§ H‘;(ﬁnnd g%d ﬁe Cléat N&A aXlgbl 9

]mq'o eqyls Q|IIFFIF\Q \I\ re nrnnnrn \I \I\DI nlr| ng
di sper santComp.dExa F25 Gnuytitrmmhydranghaﬁemvi al| an@leaddi rg 1(N<pte¢tw;lhblet hyI '
ketone to a total of|Broddg of material. The dispersant was all owed td

di ssol ve é&; é}?'&,t §%‘k]&qd9%@d anmount of [di ife (&’JK*'}% gré’%@s added.

After th had " nrenared. it was shakenhby-hand allowed to
settPe for 5 minutes. The |evel of
Example 8-13 and comparative Examples H-1

hu

Dt L))

A series of diamond dispersions (using SJK*-5C3M diamond) were prepared and
evaluated at the 10% level of active ingredient based on the diamond content. Initial
slurries were prepared by weighing dispersant into a 25 mm diameter glass vial and adding

10 methyl ethyl ketone to a total of 9.00 g of material. The dispersant was allowed to dissolve
and then the indicated amount of diamond (SJK*-5C3M) was added. After the sample had
been prepared, it was shaken by hand and allowed to settle for 5 minutes. The level of
settled dispersion, observed as a dark gray layer below the lighter gray layer of solvent and
suspended diamond, was measured and recorded as millimeters from the bottom of the

15 vial. Each vial was then sonicated for 20 seconds at 300 W of continuous power at 20 kHz
(Ultrasonic Processor Model GE600-5 with a %2 inch diameter “microtip” horn, Ace Glass
Inc., Vineland, N.J.). The samples were again allowed to sit for 5 minutes, and the
measurement of the settled dispersion was repeated. The samples were allowed to
continue sitting for another 25 minutes (30 minutes total after sonication) and the

20 measurement of the settled dispersion was made again. The vials were then opened and a
wooden stirring stick (3mm diameter) was gently lowered into the dispersion to determine

whether or not caked material could be felt on the bottom. The vials were sealed again,
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settl ed dispersion, observed as a dark gray |ayer below the |ighter gray

| ayer of solvent and suspended di anond, was neasured and recorded as

m || inmet ewe oBoodrsé he bottom of the 15 vial. Each vial wasPChasosesTat ed
for 20 seconds at 300 Wof continuous power at 20 kHz (U trasonic
Processor Model GE600 5 wtha /2 inch diameter "mcrotip" horn, Ace d ass
Inc., Vineland, N. J.). The sanples were again allowed to sit for 5 m nutes,

and t he wﬁa@rléﬂmﬁpnéhelt fide, Sdrerd &g ptﬁsgtpéroglabwnmgf Gopd aatedial qthidd banpl es

were all oy 0 nutes (30 m nutes total
after sonl aulglo &gﬁ&d ‘tﬂg&a %E#éagﬁer%rrewgw% lﬁle S8 tVY ed di spersion was nade
again. The vials were then opened and a wooden stirring stick (3mm

di aneter) was gently | owgngl 4: mr@pgrﬂﬁ)ndjf%ﬁ)@ﬁ&{(m]_lﬁegslmt erm ne whet her or
not caked material could be felt on the bottom The vials were seal ed

again, -14 W) 03/ Bx&hfke PCT/ USO3Dadpétant and genDisperbaitd orDiahend $i de,
where the presence or absence of caked materialWweihit(h)be| Wdigtqh) )

observed. Act{uai—Weights arfeggs._sn rabie 6 tow—JTab

Preparation oLga i k i $(§§I}?HS§%Q,¢YSP Di spersant Di spprl:lr?mt i anond
Weight (g) Wigght (g) 8 sm&mmam(mo SC 0.1 1012 9 Sol speé]Ose 32000 0.1
1.00 10 Efka hOB 0.25 1.0 Erﬂqg{% Ka 4U4b 025 D12 slpp%r byk- 161 0. 33
1.13 13 Di sperbyk-164 017 Conp- H Lactinon 0. Conmp. Ex.
| Sol sperse BOJO00 0. 10 1. OQELkS 40%e results f thQa25 ests aré.0§um*rari rzne)d in
Table 7 bel ow.{sTable 7: Andl MEE& };]( lérl m cr ometer glyanond di R8T S! pns before

and after somntecat+oen—->5—M -A—36—M-n—Caki n“ Sett! Hrg=—Set{ | i ng**
Settling** Detldcted by Caki Qispebeed 64 Exanl e ( nmy (ETW- ck? (Y/'N)
Visually (Y/ NGomf B3H6 25 Mhcimod 23 25 22 N N .20 1.02
Comp. Ex. 1 Solsperse PD9000 0.10 1.00
5

The results of the tests are summarized in Table 7 below:

Table 7: Analyses of 1 micrometer diamond dispersions before and after sonication.

5 Min. 5 Min. 30 Min. Caking
Settling* | Settling** | Settling** | Detected by | Caking Detected
Example (mm) (mm) (mm) Stick? (Y/N) | Visually (Y/N)?
8 23 26 25 N N
9 23 25 22 N N
10 23 26 24 N N
11 23 25 24 N N
12 23 25 23 Y Y
13 7 10 3 Y Y
Comp. Ex. H 5 6 Y Y
Comp. Ex. I 22 24 24 N N
* Prior to sonication
10 ** After sonication

The greater the height of the “settled dispersion” (i.e., the less it has settled), the
better the dispersion. The absence of visible caking on the bottom of the vial is another

subjective indication of better dispersions.
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10 23 26 24 NN 11 23 25 24 NN 12 23 25 23 YY 13 7 10 3 Y Y Conp. Ex.
H565YY Conp. Ex. | 22 24 24 NN * Prior to sonication 10 * * After
soni cat i owolBe7gBeat er t he hei ght of the "settled di spersipam/Uys/0es7 t he

less it has settled), the better the dispersion. The absence of visible

caking on the bottomof the vial is another subjective indication of

better dispersj 15 WO 03/076136, PCT/ 03/ 7. Fina e vials
wer e shaken b lﬂgﬁpﬁ the, Hajéa"FﬁS?é ﬁlh%@r 2 dql"‘fdlaﬁt“Bcegé%i‘/t“pSnal net hyl
et hyl ket gidtidnal mpehyl etﬁy&e%ﬂeefoaﬁahmgIsfzeqna@slhaﬁ laltBoribadipht &Qtﬁéﬂilﬁg’l ng
particle size analyzer {(Horiba Instruments Company, |rvine, el

LQ\- I910) ; mdegr@prpn@szqné}lenbmmsw@gnta@rr@em|I§/Vla% QAxé‘{b@qud%b Erhépar ed
i | ut ft
(01 2, Lt 16 SRR S 5 UL 050 O e, o

the sell gfid wﬁﬂy})en r@:litﬁllﬁ!é&@hhﬁlu&&ﬁftsmmﬁfdt aedlysinhadbiden c3mpidtaiin ordeahd € 8:
Anal yses of dispersions Initial Analysis Second Analysis __Percent Percent
Exanpl e d%ewedggc‘éateqn iathece]56f a9y 9%11“5“@11&81”8 sgmpatjged in Eaie Bhelowp 981
2.560 87.0 9 0.988 2.612 86.3 0.993 2.659 85.7 10 1.042 2.796 82.7 1.046
2.807 82.4 11 1.034 2.772 83.2 1.055 2.781 82.3 12 1.067 2.615 86.0 1.026
2.745 83.8 13 1.103 2.977 7ETaneB m&l%egﬁﬂdis?l&rsioxmrrp Ex. H 1. 814 5 359

352 18 0 l-'\ ’)17 ’Jl-'\ R C“I 2EQ 2 £21 Rl: l: 2&:!: 64’) 65- _|. 10
The | ower| the d50 and d99.5 vaI H’é’élAPﬂe‘éS‘f’)etter t he drsé“'ﬁ ‘%ﬁB‘h‘yg‘lﬁ'he hi gher
t he percentage below I.5|mM cron[the Detf Pordehe (01 SPersion. The eLRagr |t he
“initial® and Example dso(u) | doos(u) | <1.5p | dso(u) | doos(p) | <15
8 0.995 2.587 86.2 0.981 2.560 87.0
9 0.988 2.612 86.3 0.993 2.659 85.7
/ 10 1.042 2.796 82.7 1.046 2.807 82.4
11 1.034 2.772 83.2 1.055 2.781 82.3
12 1.067 2.615 86.0 1.026 2.745 83.8
13 1.103 2977 78.2 1.103 2.963 78.4
Comp. Ex. H 1.814 5.359 35.2 1.800 5.217 35.6
Comp. Ex. I 1.259 3.631 65.5 1.265 3.642 65.1
10 The lower the dso and dgg s values, the better the dispersion. The higher the

percentage below 1.5 micron the better the dispersion. The closer the “initial” and
“second” analyses are to each other, the better the dispersion.
Example 14:
A solution of 40% dispersant in methyl ethyl ketone (Solsperse 32000 (15.1 g))

15 was blended with 402.4 g methyl ethyl ketone and poured over 400.6 grams of diamond
(SJK*-5C3M diamond powder) as described in the Milling Procedure above. Aliquots
were taken at t=0, 1, 2.5, 5.0, 10.0, and 20.0 minutes, and samples were analyzed by a
Horiba light scattering particle size analyzer (Horiba Instruments Company, Irvine, CA,
Model LA-910). Samples at t=10 and 20 min were also examined by Hegman fineness of .

20 grind gauge. The results are shown in Table 9.
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"second" anal yses are to each other, the better the dispersion. Exanple 14:
A sol ution of 40% dispersant in nethyl ethyl ketone (Sol sperse 32000 (15.1
g)) 15 wae obleniaed with 402.4 g nmethyl ethyl ketone and pourusds/ever 400. 6
grans of dianond (SJK*-5C3M di anond powder) as described in the MIIling
Procedure above. Aliquots were taken at t=0, 1, 2.5, 5.0, 10.0, and 20.0
m nutes, and sanples were anal yzed b é‘bl’l ba light scattering particle
si ze anal yzer (Horiba Instrunents Coﬁ%%’rh Irvine, CA  Mdel LA-910).

Sampl es at t fIQ. 7 m N al §o0 exam neness af 20
gr irrﬁd gauge. FTEgﬁ?ggéj!gt 5 arﬂ\é‘%u..o‘vﬂm H—Tabl erﬁ wdh QE&?’%@(SEZ—OJ-%—

PCT/ US03/ 01767 Tdbl e 9] Ti mb.0p2i n) | B0 Obyerveman Chser vat i ons . 002 Not
Qobserved 1 1./097 Not Cb>erv§e@972 5 @Jogb@syogd Cbserved 5 0.881 Not Cbser ved

laliaYa¥al

10 0. 888 Di spe+rst+on—+o6Ks guuu gbé)uur;l tes—26-—0-996-—brspergi on | ooks

good: few agql onetdtes | Exafifie 15| N hnt (Sol sperse 24000 $C (6. 0g))
and 395. 7g ngt hyl st hyI ketglgglvverm\ti,tmggh@(ﬂ into a clean beaker,| stirred

by spatul a unptit—the disper 5 d over
4008 gr ams. AL di Mimnd | S0 Shtas AP b ER s AR P A 1| t he

MI1ing Procedur e2abovel Theosd!| Wkspetsior lpbk2goot; fust egelaheraf®d pqwer (ca.
3000 rpm. AlTguots were takem at (=0, I, 2.5, 5.0, 10.0, and 20.0 m nutes,
and sanples were analyzed by a Horiba light scattering particle size

anal yzer Exionplbds Instrurrents 10 Conpany, Irvine, CA Mdel LA-910). The

sanpl e at t=20 n was 0 ex i neness. of gri nd gauge.
The results aré%ﬁ?@%ﬁnﬁ Hﬁ?%gzﬁ?g%%ég@/%g)%‘g%’;gﬁ’ﬁ thyl e f phé‘dﬁ?g‘ﬁ‘edﬁesr rvations
0 0.906 Notighlipmty £eichn BeaRes shiRld EP§RME Hntildhe dlp&Sant MR dfBSI9EY @€d then

and poured over 400.6 grams of diamond (SJK*-5C3M diamond powder) as described in

the Milling Procedure above. The mill was run for 20 minutes at 50% power (ca.

3000 rpm). Aliquots were taken at t=0, 1, 2.5, 5.0, 10.0, and 20.0 minutes, and samples

were analyzed by a Horiba light scattering particle size analyzer (Horiba Instruments
10 Company, Irvine, CA, Model LA-910). The sample at t=20 min was also examined by

Hegman fineness of grind gauge. The results are shown in Table 10.

Table 10
Time Dso (n) Hegman Observations
0 0.906 Not Observed
1 0.923 Not Observed
2.5 0.887 Not Observed
5 0.896 Not Observed
10 0.944 Not Observed
20 0.924 Dispersion looks good; few agglomerates

15 Example 16
Dispersant (Solsperse 24000 SC (40.8g)) and 239.7 g of methyl ethyl ketone were

weighed into the Hockmeyer mill with 681g of Tomei diamond according to the Milling
Procedure above. The contents were stirred by hand until “lump free”. The mill was run
for 20 minutes at ca. 4200 rpm. Aliquots were taken at the intervals shown, and the

20 sample at t=20 min was analyzed by a Horiba light scattering particle size analyzer
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5 0.896 Not Observed 10 0.944 Not Cbserved 20 0.924 Di spersion | ooks good;
few aggl onerates 15 Exanple 16 D spersant (Sol sperse 24000 SC (40.8g)) and
239. 7 g ovomabiiBe et hyl ket one were weighed into the Hoclke@gses/m7bt with
681g of Tonei dianond according to the MIling Procedure above. The
contents were stirred by hand until "Iurrp free". The mll was run for 20

m nutes a 4200 r u K he.interval s shown

the 20 sa{ﬁﬂ g’a&{m #?fnﬁﬂg' g‘l‘f%ﬂe N{ﬁ\? gﬂ Oﬁj erhleéf’fppfc?éf'tz@rrf"t’i‘gwas
particle gikgexaNAtdBEHegmdr ﬁM@e@?’éiogrﬁxh ugET Th&fé@ﬁl&l&@lhov&mwm 11.

| nstruments Conpany,” Irvine, CA Mdel LA-910). The sanple at t=20 m n was
al so exam ned by Hegman fineness of grl nd gauge. The results are shown in
Table 11. Table 11 Tine (mn) D50 (p[)‘jlr g7an bservations 0 NV A Sanpl e
couldn't be drawn - mneral aggl oner f8S " 'settled too fast. 5 NA Sanpl e

drawn; few a%h@ﬁ?ﬁfrﬁt =sD§v<”qemt 10 N/A %gﬁ%m@egvm good,; a very few

smal | aggl grerates—ptresent—20—06-—296 pefstofrtooks—very—goot—h

aggl omeratds fodhd. & EXN&hpl ¢ Sempk Gop “@%@WPE%?%W@@@F?‘WM 4.5 g of
a surfactant (Aerosol |AY-50), |5a8edtag fagtet hyl et hyl ketone, 132.0 g
toluene, and 36.9 g of I1npgt h()wreodrg\p@qg{v ag%y&néatgs QJld&ne di sperci on

from EX&ITp' e—15—-above (CGnSi St 33°) —f—26% th—amond %o\u\ -wa ; g 10

di spersant |( Sol 4Berse| 2400 S( PISP&h%OIBIGO]SS £P% £ YGTY thypallka@gbame)rat%c added
to the kettlle, and the m xtuf®mese’- stirred by hand. 5.1 g dye (Pylam

Liquid G| Purphg 5229823 >dgy! T'ﬁlsﬂgk‘?&w&)ﬁs & go&@"ﬂ?@ag%era&s@@ﬂﬁphc sphori c

Br—-aa-a-B

aci d_est er 'ef—trt+sttetrapropoxytated) LIIIIL'.'LIIyIUI ptopafe—(12: J.g, 5w %
in tol uene); 5.0 g Variquat CC-59; a polyester polyurethane resin (246.0 g

of a 35% simpiban in nethyl ethyl ketone) synthesized from 15 21% neopentyl
gl ycol, 29% poly-c-caprol actone, and 50% MDI -i socyanate nade with

conventional pbinjisingdettiowaierhargedarith 43 etaf @rsurfactant{ Asrasabay -Ws333.Q ¥P- 50S
Phenoxy

methyl ethyl ketone, 132.0 g toluene, and 36.5 g of 1-methoxy-2-propanol. 270.8 g of the

dispersion from Example 15 above (consisting of 201 g diamond (SJK*-5C3M), 3.0 g

10 dispersant (Solsperse 24000 SC), and 66.8 g methyl ethyl ketone) was added to the kettle,
and the mixture was stirred by hand. 5.1 g dye (Pylam Liquid Oil Purple 522982, Pylam
Products Co., Tempe, AZ); a monophosphoric acid ester of tris(tetrapropoxylated)
trimethylol propane (12.1g, 75 wt % in toluene); 5.0 g Variquat CC-59; a polyester
polyurethane resin (246.0 g of a 35% solution in methyl ethyl ketone) synthesized from

15 21% neopentyl glycol, 29% poly-e-caprolactone, and 50% MDI-isocyanate made with
conventional polyester condensation reaction; and a phenoxy resin (YP-50S Phenoxy
Resin (123.0 g of a 30% solution in methyl ethyl ketone)) were added. The resulting
slurry was stirred for 10 minutes, and 24.5 g of isocyanate crosslinker (Mondur-MRS) was
blended into the kettle. The resulting dispersion was knife coated on to 3 mil (73.5

20 micrometers) polyethylene terephthalate film at 30 ft/min (9.1 m/min) with a 1.3 mil (33

micrometers) knife gap, dried in a 200 ft (60.6 m) long box oven at 225°F (107.2°C) and

wound on a roll. The output roll from the oven was placed into another box oven at 165°F

(73.3°C) for 24 hours, and the material was then removed and cooled to room temperature

prior to testing.

25
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Resin (123.0 g of a 30% solution in nethyl ethyl ketone)) were added. The

resulting slurry was stirred for 10 mnutes, and 24.5 g of isocyanate

cr ossl i nkwo o3dbeidear - MRS) was bl ended into the kettle. The pcasisos/nirg7

di spersion was knife coated on to 3 mi| (73.5 20 mcroneters) polyethyl ene

terephthalate filmat 30 ft/mn (9.1 mMmn) with a 1.3 ml (33

m cr onet e Lal1<n'f gap, dried in a 200 ft (60.6 m |ong box oven at 225F

(107. 20 d on aroll. The output roll fromthe oven was pl aced

into anot her bPwoi&ss af catGidl (#YTT828K) Kéman#fal Disles IL)avith thb di@dsesns@lf was

then renoved and cooled to roomtenperature prior to testinge.lt 25 -18 WO
¢

03/ 076136 1/PETK W& 1@ mp x6.30 apnkesr4 i 45¢ slued with cyarascpdate adirsivega,
Kennanet i L0 Phepdigensihen f 1 "1, 58 mm X
6.35 nm >6<q O,ZtE%ggén% fagér_)e)f %\dﬁure}df ’\r}\n?% hd6éyanoacr§§/'?§tngjx/a2!?ﬁ4egflﬁ\l)]ead lﬁPlgﬁF#eIa | at

surf &ce ofloag fhea/16& A1 §.38'mabx 35.4mmmxedfe, shchmhat tikbgldedwdrbidk piscesarepl ate 5

along the 1/16" 1" (1.58 mm x 25.4 edge, such that the glued carbide
pi eces ar%erp‘fi&‘%é?‘fdf’&ﬂ I&?ta{ﬂaieﬁéﬁﬁé@gg{%leé&éoéﬁﬂa‘@(g?‘éﬂhlt@t they Ao ePAcet her
and such $hgjg Hﬁ%Yagaﬁ.e Tﬁﬁ%@rﬁgﬁee’é R'thdnWeiddd ARARbuntddileVR iR} BHEwhitht hen

wei ghed and nmount'ed under a [ever armwhich presses the two carbide pieces
agai nst apussts Be twoxartidel gieeanagaina 4kj2”pi 8¢ €l ldfminagp i Tngm) pideeno laphinghat
the two carbid ieces are constantly flat inst the | appi ilm The 10
| appi g ¢ I poshRache v G p8 Ase th ban i et R oRRE S B by o

not Q0 andiappimag Himl i tufil)eclafpdd o a SEMGTatk Whidh i9URVERby 4 ARtdrnd edd¥itric
eccentric I's chosen to nove the plate in a circular notion, with a travel

of +/ - 3/suchha itmpvasrdn gp erbitabfaghipn.dilhe e¢dentiis i phasae o mpes, tie Platoin a The

wor kpi ece_.| r d [ - Lappd f.pl | . for f | bs. (22 N)
and the b?aléczﬂ%Ing(?g)%a‘ﬁglgl%at%%%ln%ﬂ [ f'ml?gér glgr})olbgﬁge%ma#@ ag%fgﬁﬁggl\?g?cg‘ti ons at 304
+/ -6 r pm wRblueiod 5 Thé & otlgide igprese@ b aias thslapping dilnubith & dreclod h. @2N)
drops/sec of a 95/5 blend of DI water and detergent (Contrad 70, avail able
from Fi sh@d tBe passtnlate @nd Bppingfiimgpse rosatpd fory SO0Q gevolyfiaons at 34 +/=ppan while
revqkut i ons, e i - 1 Gl f el @i i nd
R R B e S R (R e S e
for the sdatpigent (Costradi70,iaghidable frémdiigee Sdigntpiic dircsbdrgh, BA).f At thecediofithey of

15.1 ny. rcially avail able 20 di anond | appi n [ lms proyide 15.0 -25.0
o out Jon G ievaluBens! yRFarkaiirafomen e Fesdhal Lol a5 SR Bidos on
| nvent i onreWeldheBe TRARIffeRRRBNE M it Rpbhes&s dKich &fteived Fhrah&Edmpib ! TRUT
departing fromthe SPIrIt and scope of the
article of Example 17 produced a difference in mg of 15.1 mg. Commercially available
20 diamond lapping films provide 15.0 —25.0 mg cut on this test.
Various modifications and alterations of the present invention will become

apparent to those skilled in the art without departing from the spirit and scope of the

invention.
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invention. -19 WO 03/076136 PCT/US03/01767 Clains 1. An abrasive article
conprising a backing having a major surface; and 5 an abrasive coating on
t he maj orweusfoacies of t he backi ng conprising at | east 20%Ppoy/uses/give7 of a
super abrasi ve particle, wherein the abrasive coating is derived from an
abrasive slurry conprising superabrasive particles; a continuous phase;
and 10 a djspersant conprising a polyner having a nol ecul ar wei ght (My) of
greater tif 00 and an AV of greater than 4.5. 2. The abrasive article of
claiml1l wherein the abrasive coating is derived from an abrasive slurry
conprising a dispersant conprising a polymer having a nol ecular 15 wei ght
(My) of greatetl- t hafinBbeeivearticiheoraprisied ve article of claim 1 wherein the
abrasive coating is R 0, sive slurry conprising a

di sper sant conprisi%ggghggﬁV%%%£%%E?ﬁ§§%%hgrgcuIar wei ght (Mn) of between
abous 3000 and abouin #}ive déhtiftg ol lig: rAbjoAsurY e df tHeWa€kiaf comPiisihG amteastei n
the abrasive coating is derived from an abrasive slurry conprising a

di sper sant0% &praightod asuprsplrasive palirlagwhsieimhe pbaveeating abdritved froRyampout
7.5. 25 5dxlﬁﬁaﬁa§g§&¥ idhiicle of claiml wherein the abrasive coating is
derived from an abrastve Slurry conprising a di spersant conprising a

pol ymer havi ng a nojupetabeasivewartgids; (My) of bet ween about 8000 and about
9000. 6. The abrasive article of claim5 wherein the abrasive coating is
derived from 30 an®SHFREPYEPRASGARG conprising a di spersant comprising a
pol yjger having an Aéldﬁf)erg’zﬁlttYi;@ﬁﬂrisiﬁ?_@‘ﬁbly%?er%ﬁﬁnglﬁ%lec]tﬁar wekht (1076136
PCT/ US03/ 01767 7. The abrasive articlée of clarm1 wherein the abrasive
coati ng cguiper des 580 and amdiV efigseater3ban 9. wei ght of a super abrasi ve
particle.

2. The abrasive article of claim 1 wherein the abrasive coating is derived from
an abrasive slurry comprising a dispersant comprising a polymer having a molecular

15 weight (Mw) of greater than 1000.

3. The abrasive article of claim 1 wherein the abrasive coating is derived from
an abrasive slurry comprising a dispersant comprising a polymer having a molecular
weight (Mw) of between about 3000 and about 4000.
20
4, The abrasive article of claim 3 wherein the abrasive coating is derived from
an abrasive slurry comprising a dispersant comprising a polymer having an AV of between

about 5 and about 7.5.

25 5. The abrasive article of claim 1 wherein the abrasive coating is derived from
an abrasive slurry comprising a dispersant comprising a polymer having a molecular

weight (Mw) of between about 8000 and about 9000.

6. The abrasive article of claim 5 wherein the abrasive coating is derived from
30 an abrasive slurry comprising a dispersant comprising a polymer having an AV of between

about 12 and about 13.

-20-



8. The abrasive article of claim7 wherein the abrasive coating conprises
5 bet ween about 30% by wei ght and about 80% by wei ght of a superabrasive
particl e.w0.030@3@br asi ve article of claim1 wherein the @obrasoyel76dat i ng
is derived from an abrasive slurry further conprising a binder precursor.
10 10. The abrasive article of claim9 wherein the abrasive coating

conprises a binder., 11. The abrasiye article of claiml wherein the

super abr asi ve 16’art i I“%%t?rgsw‘a?r&ﬁ%r?g."Yéirgall‘ﬁi.’ererlﬂég%?)t?’r%m/‘éoa&flg CRBIYE ALl aj m 11
wher ei n t RestdbaiiBud, basvesshPaf 4 tupefabPdsiR pak®ds than 2 mcroneters. 13. An
abrasive article conprising 20 a backing having a major surface; and an
abrasive coating on the major surface of the backing conprising at |east
20% by weight of a %Hé’%rﬁ‘mﬁaﬁ{%l% RS FherIGHELR il/‘eeco%%g%b@éﬁri% ating Is
derived froman abrasive slurry conprising supera%ra5|ve artrcres; 25 a
cont f nuousetwb&s ghoud B0 ydl & pietrand Abo et UK bp weizhdoPOsupeRbrdsdve pagticle. ol ecul ar
wei ght (Mwv) of greater than 10,000 and an AV of greater than 1.0. -21 WD
03/ 076136 PCT/ US03/01767 14. An abrasive article conprising a backing

having a maj orgsurf ; I : . [We]: f the
backi ng conpri %’i ng g{ig?bergggtge ﬁ%&%?ﬁ%ﬁgﬁ?&%@ ge %&%%?ﬁ%@?gése&gﬁ??@f‘g,
wher ei n t érealabwiessluey Cwdter ngmpssioea binddr precursamn 5 abrasive slurry

conpri sing superabrasive particles; a continuous phase; and a di spersant
conprising a polymer having a nol ecul ar weight (Mv) of greater than

100,900 and anj@V ofhQisadied artibRbf Claith® wiereihife ARhaw U&tiﬂé%ﬁbﬁs&fa claim
14 wherein the abrasive coating is derived

binder.
11.  The abrasive article of claim 1 wherein the superabrasive particle is
diamond.
15
12.  The abrasive article of claim 11 wherein the diamond has a particle size
less than 2 micrometers.
13. An abrasive article comprising
20 a backing having a major surface; and
an abrasive coating on the major surface of the backing comprising at least
20% by weight of a superabrasive particle, wherein the abrasive coating is derived from an
abrasive slurry comprising
superabrasive particles;
25 a continuous phase; and

a dispersant comprising a polymer having a molecular weight (Mw) of

greater than 10,000 and an AV of greater than 1.0.
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froman abrasive slurry conprising a dispersant conprising a polyner having
a nol ecular weight (Mv) of greater than 150,000. 15 16. An abrasive
article cwopmsiozdiag a backi ng having a mgjor surface; and ROTAISVRGI7TYE
coating on the major surface of the backing conprising at |east 20% by

wei ght of a superabrasive particle, wherein the abrasive coating is derived
froman abrasjye slur compri.sing 20 superabrasive particles; a

cont i nuous phaL ; aﬁaaé%ﬁpgggrg%ﬁﬁéhﬁﬁﬁ%ising a polymer having a nol ecul ar
wei ght (Mwy) of  greabsskiddiadvidp0Omajpd safaseasid abl e total Amine Value. 25 17.
A met hod of manufacturing an abrasive article conprising coating an
abrasi ve slurry condtapave seapag apthesmaier prface of the bagkips sempHiyng at lstddse and

o " oroai oy P B ARyPerRtSVEpar O, MR B 500 U Rl

t he Super athashed slerry paprisihgs conprise at | east 20% dry weight of all solids
in the slurry; and 30 solidifying the abrasive slurry. 18. The nethod of
clai m 17 wherein t h¥'PERPESINePEI Sty is cured. -22

a continuous phase; and
a dispersant comprising a polymer having a molecular weight (Mw) of

greater than 100,000 and an AV of greater than 0.

10
15.  The abrasive article of claim 14 wherein the abrasive coating is derived
from an abrasive slurry comprising a dispersant comprising a polymer having a molecular
weight (Mw) of greater than 150,000.
15 16.  An abrasive article comprising
a backing having a major surface; and
an abrasive coating on the major surface of the backing comprising at least
20% by weight of a superabrasive particle, wherein the abrasive coating is derived from an
abrasive slurry comprising
20 superabrasive particles;
a continuous phase; and
a dispersant comprising a polymer having a molecular weight (Mw) of
greater than 500 and a measurable total Amine Value.
25 17. A method of manufacturing an abrasive article comprising
coating an abrasive slurry comprising superabrasive particles, a continuous
phase and a dispersant comprising a polymer having an average molecular weight (Mw) of
greater than 500 and an AV of greater than 4.5 onto a backing, wherein the superabrasive
particles comprise at least 20% dry weight of all solids in the slurry; and
30 solidifying the abrasive slurry.

18. The method of claim 17 wherein the abrasive slurry is cured.
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