10

15

20

25

30

WO 2004/ 094110 PCT/ US2004/ 004221 ABRASI VE ARTI CLE
W TH AGGLOVERATES AND METHOD OF USE Field The present
WO pwefopdion i s directed to abrasive articles aneCTEsivod004221
of using such 5 abrasive articles. Back round The
roll grinding industry requires a polishing step to
| TPBRASIVIEARTICTE WIH AGGIOMERATES AND METHOD OF USE
this polTshing step Is perforned With elther grinding
wheel s or 10 flexi ble dianond belts. Conventiona
1fnnnd belts typically consist of a single |ayer of
asive grain adhered to a backing. Exanples of
f1 exThd presin bR gtifieistdiretied kol disrative aricles ahd metstel oftding such
tradenanes 6450J Fl ex Di anond 50, 6450J Fl ex Di anond
abrasiveagiéicle851) Fl ex CBN 40, all available from 3M
Conpany, St. Paul, MN. However, in order to obtain a
nore efficient use of the abrasives in a coated
Badkgasinde, sone coated abrasives have been 15 made

wi th_abrasi ve aggl onerates. However, grinding wheels
sui t Bt elkBmAngyBvsi, rguiFss A RASHRGSEPI RBHER dgfired | Tinish on
valr I
R Bke! Pufendlh890H8Eas LEEL (4 Ay SR gncing whect o
fléxablle iditgn arak edts r ﬁbhvemllohyl difoyonti beltsttgpjcatyi amsist of a single layer of

AT i APECaIDaTerEs BRratlanar exi i pspaersts Mode those
sdwt{ﬁ&fr 'tﬁhn@adeﬁarﬁﬁ @@w@lé@anﬂ%%@ds@s‘m PRl Eﬁhﬂﬁhdam and 14517

kpi ece. met hod conprises providing an abrasive
Flax (]BN 40, etl}mradﬂylaﬁoneSMr(ﬂmmp@yc Smi’au]s M. However, in order to obtain
su |ve articles.with oner at es.
o FORTRCAR RS FuBL RS he sEoPh GRSk RiaRatsf Phrasives have been
madd with @bk aggloBickdiésece outer surface, the workpiece
outer surface conprising a thermal spray hard phase,
and Hewawrvgnn;dlmwhmjs sHtabletfion 8 ipolishang fiisk h&YRjIOWi@ateflal

regg)%lélorag é%urm% g%:d ‘f\ﬁshﬁ Sug SPO%I cr:tfuﬁﬁg pp’q%I X ethgge the potential

ase raS| \Y

oﬂlﬁﬂﬂ;g@:@fatsﬂrdsplmﬁlybbj' ﬂLsm@dgra?thfn&&I sh@ttdra p)bn%ntﬁ»nﬁleﬁeﬁkhamond belts
bonded di sk. 30 Brief Description of the Draw ngs

have dmitedylife and akere38EnSi¥e t | onal vi ew of an abrasi ve
article of the present invention. -1 WO 2004/094110
PCT/ US2004/ 004221 Detai |l ed Descri ption

Summar

The present inventions is directed to a method of polishing a workpiece. The
method comprises providing an abrasive article, the abrasive article comprising
superabrasive particles within agglomerates. The method fhen comprises contacting the
abrasive article with a workpiece outer surface, the workpiece outer surface comprising a
thermal spray hard phase, and relatively moving the abrasive article and the workpiece.
The workpiece outer surface may further comprises a bonding phase. The abrasive article

may be a continuous belt, an abrasive tape or a resin bonded disk.

Brief Description of the Drawings
Figure 1 is a cross sectional view of an abrasive article of the present invention.
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Abrasive Article Figure 1 illustrates an enbodi nent of
an abrasive article 10 for use in the present 5
w0 pwefp41on. The abrasive article 10 conpri ses BChaESI004H0p4221
12 and an abrasive coating. The abrasive coating
conprises a binder 14 and abrasive aggl onerates 16
DELIREDS&EpWbA hi n the binder 14. The abrasive
agglonerates 16 conprise abrasive particles 18 held
aggl onerat e bi nder 20. Exanpl es of abrasive
Aﬂ%%“m SQ%U|table for the present invention are also
descFighed illsthiss alPahbodimbonifen aﬁra%i]y?: a4ti@e 110 for use in the present
Chri stianson. 10 Backlng The hack q 12 for,the
ingeftion; vidie abrasieaTtele HBFOBRIsER ¢ 41and gp phgpiye cgpting. The
a lI‘E‘s?Y(e! &aﬁﬁ%@o@@h?&g%ﬂn@e@ Ak iafatbQBive gg%hi‘eh&@é i@’dlsﬁéi‘&d within the
acki ng may any material suitablé” as an abrasive
biaddrilal dheabkdsivg @ghbmesatex)mamm]!nﬁw ahra:stvetmeucdcmk&)lmﬂdq wathin an
of the agglo tes mai nt aj it
SRRt RATS 20 > PLEA 0h DN I Sult il B e, pvntion are
alE@& LAGkd & @s. Pfﬁeﬁ QBB S, 21f7l A8 Blctrzhggbn, Exanpl es of
ackings are we known in the art and include
vul cani zed fi bers, polyners, papers, woven and
Bawkingwoven fabrics, and foils. Specific exanples of

backlngs i ncl ude sters est,

D ek e oo 0 S A AR T i for wse
[

ORI TN S sty i e e

abivhgivtesrticie badkiap sod tse:ompaab]er\mdnthe hempbmxks afgth(: npglomgtates and

mgingue B B e g b tERibe por R Fisefifypfoe Backing i o
cRESMbEe, PRRBIE: BieBd @xaﬁfp%éuff PalEngs 28 wRNAFRWE: in tBdart and include

resins. Upon exposure to the proper conditions, such
wdsamzedafgtpm polyame@s @ﬁmrgw@\@ura@é nopfyeoven gairigs, and foils. Specific

r Cl.0SS- ol ymer
e)g\m%?srﬂf &AC E%%\Wﬁﬁlélg p8“yeStFr3§|51| céﬁo gggﬁg%}gp %gfwesgi ves
i ncl ude phenolic resins, am nopl ast resins having
BRgBdant al pha, beta, unsaturated carbonyl groups,
urethane resins, epoxy resins, ethylenically
uns a’tl“hﬁ: hinder Heisicasted anWh‘ab@km&b?c yBynicadlyebindey ig g single layer as

urea— r ma resing HSOKY

o LS S, MO SR aver o
éakﬁ{gvdu% bl daE)Sdnd S, seééndqay@ewemé lafElethefREX(Yhd S5 dvaL.)
and m xtures thereof. Generally, epoxy.resins and

phen6engrallpghybindeyris Toraned fram oigenizgmapd binderprecursors, for example,
PCT/ [
SRR o BB R 1 O 8P,
resin polymerizes to form a cross-linked thermoset polymer or binder. Examples of

typical resinous adhesives include phenolic resins, aminoplast resins having pendant
alpha, beta, unsaturated carbonyl groups, urethane resins, epoxy resins, ethylenically
unsaturated resins, acrylated isocyanurate resins, urea-formaldehyde resins, isocyanurate
resins, acrylated urethane resins, acrylated epoxy resins, bismaleimide resins, fluorine
modified epoxy resins, and mixtures thereof. Generally, epoxy resins and phenolic resins

are used.
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properties, availability, cost, and ease of handling.

There are two types of phenolic resins, resole and
wmoewaloga10 Resol e phenolic resins typically havRCHURIO&004221

ratio of formal dehyde to phenol, of greater than or

equal to one to one, typically between 1.5:1 to 3:1.

Nov opiae oRic Felfis e {videltadel s Bander preb®dsais bedduse optheir thermal

formal dehyde to phenol, of less than to one to one. )
prEpakiys, resilabdithiast, and easerod handlingg Therg g evpapgmefnheaelic resins,

by th [ i ng. it . ' ipncl
B 5o PR AR SRS i L 8540 A5  mgiache
plfeabl, Bﬁ%&‘éaﬁéﬂﬂﬁéh% chad kbonen drgtyploaly betvarh 108: Dup3:l. Novolac
general, the backbone may b any type nor nal

e of
resios tipicallydav & madporijo phiprmaldehyde taphppnleof Iptsshah to one.

A, d the .l bst it . ' .

1 el Bp IRt p AR AL Hin SR BR ERInd BRI AT SR
S@fbRXépoaf eesirisrifclatle fOAMEATPEI3 rusias afkepolgserit apixyeesins and

exanples of suitable_ substituent %goups | ncl ud

condiayg sayingdnckbongs g sUDsEIGRY STERR P8, BeBEHR Shedagkbone may be of
of 2o A B QRS L 61 U818 PRS0
subsrubihtHrdurs2a8 inchpdeanyreppuxfirde ikl e hpdagen atb that is reactive
di gl ycidyl .ether of bisphengl. O her suitable epo .
Wil &P REIRIFHRARE BB BEh KT R LA YOOGS My pstituent

1

gﬂ%gﬁsofn@ﬁlde Eh%g&%gfzéjﬁrje %r?t&fab‘? SREMEREEY sERSHARS giohd, YHSk A0 sfoups,

omeric an conpounds that contain atons
nioo graudand physphagegroumnd oxygen, and optional |y,

or ' bERmale SO tmay 2 B BE AR TAIER G PR SRSy B propane
(autﬁgglgtbﬁ??eth&rﬂf%ph@M. WtB& sait1O Eporste¥ihe Hchdelg¥ycidyl ethers of

uf at ed conpounds generally have a nol ecul ar
pwmiopformeldehylesnavielas. about 4, 000, and nay be esters

d ' f . d i Ni .
a1 R an A ley et e a St iR ey,
cAhPsiRgs 8iadl coniiin atdthasshrson; Bpdabdit; add bliggens athompnally, nitrogen

acrylic acid, methacrylic acid, itaconic acjd, .
and tlegeinatoras iQKYSES G RiBIOSHN @LoBs ol bofkrpge gemesplly preseqt inpasher, ester,
Repres ti X e I ' '
o BB ERb e ASN LBfE AEh aly hv
midlecuny Weihz efiess thian yboutal000nad bt estersghadediom the reaction of

c%ipgg{%/l}s gérgéinienﬁg]h . ﬁgfmghéf&%@eéggé{ :aii&)Ee}tichpeo)i%qy%gci)x%rl groups and
uﬁga.h{fgt%@ g%ﬁbﬁlgﬁﬁﬁo EJcill%IQ g&‘ﬂgﬁE QeidHn¥@aEShic EidafibhRIRid, crotonic

pent ae triacrylaté, pentaerythritofl
adieibarotphimtaeid, pedtmaiiigadidi t ol tetraacryl ate and

ARG FE L e AT A
PRSLAELOY B SHRapa, SR, BB e, n
glycol methhdrylated kexmeiliobdiaQytee, tdethylahe glycol diacrylate,
tr?rinétilyglg?p%ga%gttr?ziacrr]}irlg ) &%@r‘%ﬁ* trgggryla_tg, pentaerythritol triacrylate,
pentaerythrito]l methacrylate, pentaerythritol tetraacrylate and pentaerythritol tetraacrylate.

Other ethylenically unsaturated resins include monoallyl, polyallyl, and
polymethallyl esters and amides of carboxylic acids, such as diallyl phthalate, diallyl

adipate, and N,N-diallyladkipamide. Other suitable nitrogen-containing compounds

-3-
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WO 2004/ 094110 PCT/ US2004/ 004221 i nclude
tris(2-acryloyl- oxyethyl)isocyanurate, 1, 3,

w®G2a0miop4a10met hyacryl oxyet hyl ) -s-triazi ne, acryPenUam)4/004221

met hyl acryl am de, N-nethylacryl am de,
N, N- di et hyl acryl am de, N vinyl pyrrolidone, and
inblude md(map@naﬂomethmﬁsdaymﬁmemy 5- uf@hﬁéthﬁmbxﬁeehyl) s-triazine,
optional additives, such , for exanmple, fillers 5
aqry BN e dRGr g Ai-rey hylcrylapide, Hrmdsmstbyl@ma@@wﬁg, N-
ARt surfactants, I gnents,
“é%@hgg%‘%ru ng a\gﬂﬁp?,gﬁ&ﬁg}gestl ci zers, and sﬂsgendl ng
agenThe bintier mapfinthsr cﬂmpmtlonﬂtﬁditﬁzles saenas) €or example, fillers

.S cted 0 provide the, properties. desired. K Exanples

06@511 88 £HP mg RE sf%ﬁ 410 A5l RBRCATi: MNSHREAEORIS, Surfactants,
cakhrn

PR R Pl ot ??‘ﬁfé&% RS8R Bing s, BliAlnfounts of these
ma@halsucan b&@elmigdmspmmdeahdamnmreﬁs desitedm car bonat e, and

magn S|u e); Silica (such as_qua
bosaExtpEe el BERRIEts Bh iR pSs et FirpgRas (such as
ce(le?ﬁﬁfbaﬁﬁmﬁt@l@g %hﬁlé%aﬂﬁte@marl AR, nh O] {rf@)limestone), calcium
dspar, mca, cal ciumsilicate, calcium

mﬁglteawm caﬂamrmte sodilmmnsartzinate, nmémlagwtm carbdiate); silica (such as

s GBS DTGRPl S5 iR b ol S e,

m@ﬂﬂrﬁcﬂﬂﬁmﬂ@)' feltispatinSdd, EatiRi siHyHRS lémcm@h{aérsﬂidafeesomd
15 flour; alumnumtrihydrate; carbon black; netal

almmglcet@umuag siighie); umetabsuifates (Sugk ps caleiummivifate, bxiiute sulfate,

A R AT A AT S

fleut; Aveige triipd-ite; cartbinAtackan@tal gxfdw(@ualb adital@luh dxadel@he),
m crometers, preferably between 1 to 50 m croneters,

alpginginy pifle FalBnipa apd.isnium shexidey; and I@Pfléh@tlféﬁ% (suglp as calcium
i) 20T AN BB RS RSB g 00

mixhenetes| prafulaih psiveeh 1o GOesisrmeddrs ahmaquasfgrashty Iedtween 1 and 25
resul ts in inproved performance. In particular, a

MFORHFRg ai d nay 1) decrease the friction between the
abr agi;\e1 RS ABinkhee p@ﬁ}&maﬁ&ﬁa@ﬁw Eleaiaﬁﬁ%%%f wich has a
prevent the abrasive grain from "capping”, i.

SIgmév&m effecttonl th@ahetlmczhlasldfphymdd epmmssmg oﬁ\abldéldgtvmd:ltmsults in

he abr rai ase t

R G e o o e RRRTI A Y L aags therftiogubetween
thwbxlaﬂlv@ eRinsHhd/(RE w}kﬁ&@m@ﬁ@%}&&dm}lﬁ%ﬂgth@%%ﬁze glrﬂn from

general the addition of a grinding aid increases he

"capmingl, iie ,fPée‘@flt mietal pdicles fraby besowing @eldad fnidpe ddmbsof the abrasive

grg_lgg Oﬁ‘%?rﬁ%ﬁ,e éylvel: nter aach tee ¢ é%ﬁﬁuaed%eéggﬁl trﬂg)%g%g{vg éragliass the Workplece
an@fdragl degedk dise Erivdinelforv@XBSgenefaland &ddiadd 6 SMMRLAE Sncreases

halide salts 30 and netals and their alloys. The
the pepdi life ﬁﬁrhecf@a@d pssivesCrnding pidsicoeqrngesh pavifte vaniaty of different

3 X | ogen acid or a
S R R B8R BB e 01
Examples of grinding aids include waxes, organic halide compounds, halide salts

and metals and their alloys. The organic halide compounds will typically break down
during abrading and release a halogen acid or a gaseous halide compound. Examples of

such materials include chlorinated waxes like tetrachloronaphthalene,

4-
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such materials include chlorinated waxes |ike
tetrachl oronapht hal ene, -4 WO 2004/094110

wEOAsA004/ 004221 pent achl or onapht hal ene; aneBICT/US2004/004221

pol yvi nyl chloride. Exanples of halide salts include
sodium chloride, potassiumcryolite, sodiumcryolite,
PPN rHRAHENAK et 8nd 13RSI dHlbridee Ek @hple® bPRAIREIts include sodium
sodiumtetrafl uoroborate, silicon fluorides, potassium
cllntide, ipatassiummeyielite sedirm epPHEe, a@a@m eryelitenpotassium

teér H)Jrgﬁﬁ)ra r' %Alulgxﬂatreiﬁl.f gzrfﬁog%e Cs%? n f}uog S % ng%SlUél chloride,

nbhdddin ghidtids. Exdghplebeoratdtils incledegat)lead, &uﬂnﬁm cobalt, antimony,
conpounds, graphite, and metallic sul fi des.

cadamiBin Hon.omdgitaningy Bxampleypf %Pwmdﬂigj@d%m@hﬁllﬂ §Blfgyp organic
he ab
SRl EL BB L RSB EA BB PR incing

aidk d&n @sslbeugdnThe ARARIMémioaad exmp@iss @ drindirgnddsgre aedat to be a
Exanpl es of antistatic a% ents include %raphlte car bon
re@reéelktat%ﬂww@%&rﬂwg ai 6 @ohmeant tg gacomppass alf grinding aids.

o

hmhectsdtsuami theskilck. t'ﬁ'leﬂ@klﬁlslldlﬁ dgemd ere distipeed de$.3.rRam Nos

%, of a binder precursor, and
5*9@? ‘évn5 ia?go?gffz g%?, 8\é%‘:w ght % of the abrasive
part Géh ngqge sIgt u@é’djfotﬂl%ﬂ?e thé'énﬁ@f eé%h%h@.% €595 weight

The aggl onerates €an be irregularly shaped or have a
Jpofechiaderghequescasanidictivem abotuhs ta Hewpighote, ektepbmsiva particles and
cube,. .pyram d, truncated pyram d, or a sphere. An

a ﬂﬁ@ﬁ&¥ate conprises abrasive particles or grains

within a pernanent bi nder matrix. The permanent 20
Alg}dg%rAg%& tgg@n be organic or inorganic. Exanples of

or gani c rs i ncl ude phenolic resins,

ur eaThe agg:lbmien;ase:an bs iirmguleamhap@kgr haze iarpsecimm #ssodiated with

i nor.gan i nders |ncI t.als uch as nic
e FAREO B s, BB Sunctled By o sipeft A pddiomerate
c&ﬁpﬁdeg BBYasi¥e pﬁlltféﬁe% ok \gfaaﬁd witgd)a, peﬁﬁ&ﬁdﬁt Binder maﬁfxl I'THa§ermanent
gl ass-ceram c. Specific exanples of the pernmanent

bi@dﬁtdteatrlm@n be @rgﬁnasg iporigereic. Fxamplss pHorganicrpaders include phenolic

oxi des for silica. . 25. Th te
e e bl FROER el HBy FRubua By Rt Bie Bl inctoce
niéf&@@dd;ﬁ & mﬂbﬂ)‘aﬁh&’ ehep okides.ebledl Oxitlex &€ ubhilly @assified as either a

oraré)blnder and a permanent binder _in solution
gka&ﬁ JEified, serapig (cryirbing)) piglasstrsramict Specifig exagnnles effhe
| r e

p%&agélﬁtgoglﬁ%?)l/&c@fdﬁﬁ%sg%loﬁ@ﬁr %@J ﬁl%{d%?rﬁleﬁg 891@1%& ?oﬁ%lle Yilica.

t he Thxhggombeyesid tikoppieat Mvehti Ghberpyrepasedibwibe folidwing

a nold, for exanple, a
procedure.” Abrasive particles are mixed with a temporary binder and a permanent binder

in solution to form a slurry. Generally, the mixture is agitated to disperse the abrasive
particles. Specific examples of temporary binders include dextrin in water.

After the mixing step is complete, the slurry is moved into a mold, for example, a
tooling bearing multiple cavities. The cavities in the tooling can have many different
shapes, for example, a truncated pyramid. Excess slurry is removed, resulting in discrete

molds filled with the slurry. The slurry is then solidified by drying, for example, at room
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30 tooling bearing nmultiple cavities. The cavities in
the tooling can have many different shapes, for
wex@apbd]o a truncated pyram d. Excess slurry iBCT/US2004/004221
renoved, resulting in discrete nolds filled with the
slurry The slurry is then solidified by drying, for
i foPhbdu® 95’%%5’066@26 8Os Ogéﬁ&l@icg %1[;{ HSARIPSA4ASal of the
nperature for out 15 to about ours.
h@unldl fdinf tteanixturer dbeldtied partinies aremgglonadratelpeecuksongy held together by

fromthe ture. . The dried.particl.es. are aqgql onerate .
1 Pt Gndera Ty B0 REY S ThareieiS Risth Be FEHPREBIES before final
ﬁﬁhg Bt FRRlR %éhepdlﬁ%rreﬁ%&f whtSthRipREn e ﬁiﬂ%ﬁgﬁétﬁtaﬁ‘&i for

ore final firing, but would generally be renoved

exvrapie theetemepmywbmdelbwmérbunsaw inveefiigngg sttpr 5 exanpl e

t he or.a i nder_ woul d n.afirin

The JG0ReHBLRDe BeGir R arctngy iR o g0 ineh pd 18 Dermanent
binded is Retivaddi THIS iSnERNGAEconPRAE by ReAGd fdé@ttl‘iédpenjﬁﬁhé‘nt binder,
is generally acconplished by heat to fuse the

opley radintion to peftate 2 salidifigatipn gragesse dior exampley e @gglomerate

pR PO LR ks BeRR SRS Rl FEAR Sy (e £ 98h RTEH Bh 400 oc
fdi)abb\ﬁal hdtgs anl Oee meﬁém@b@uire #00is6d *Dwlihin BBOUI0 T HOwE Softening
and then the terrperature is raised to within about 30

painkef the glaspfarahpwigl bW nt of the gl ass for about 1

lhg;;;rhg Eg ?g’ %ﬁ%ﬁ%@gﬁg ?2@5 gétﬁar:ﬁis}/zﬁ 1Lt %&l‘? g %%(roﬂ{e{ers in some

embahmeﬁb@mea&&bmsuwx)nMemetet NInSsone: e&nﬁmrﬂﬂneﬁltthe abiiasive particles
abr asi particles nay be as |large as

gy b airiires & S0 RHEBAO RS AR skl gopD! Ocrisrpers. 15
The qggh B8 dPlthib ﬁiv%nﬁ(gﬁ’ &8 t[lll N8l B HARO & HatrRive products,

make coated abrasive products, nded abr asi ve
bcpxrdadubtaswe@rcgiqctsga gn @rmgmgﬁvdeb]s neronweu ehraaiye gsodoets, and other
nd.ot her Oduc@g Fre abrasive grains
et iRt iy olf SRERLLPDRHE T ¢ o5 The
ABRRASIPARIdey ticles suitable for this invention include
abrasive particles known 20 as superabrasive
par t Th¢ alyrasige p@mabs agitapde v s mivestiqemelude kjrakiye gamicles known

hEriERR RS, S BrEBLS e ORI e hiGe Shighy Bibaness of

gleatePthan 8l tHﬁaﬂﬁ;lesUI@u@lM@%ta%&sﬁ@ pattidl@&Sin€lafde BRnRnH RBH cubic boron
shaped (e.g., rod, triangle, or pyramd) or unshaped

niggides Thej qbr@g‘m particlestea baveitherghapedt (e &1 redsirizagles oniygamid) or

e for advantageous applications of 25
I?S?}e&gfrg ﬁﬂ?égltuacf ntion is at |east about 0.1
M cr Phebwirsge patideosize efftiedbrmivepatticld Rastivalbaisbus &pdications of

m croneter and in other enbodi nents, at |east about
the PEesRRtARYFAII0RAS 2t Ipast abows 0. lomissempeiers: & someerabadiments at least about

0 B%uo%&a ABYn BeheP8mbaiidRnAS 230t Mtk Bh&%Smetle In some

brasi
embod1ments the abrasive particles may be as large as 300 micrometers. The abrasive

particles are then placed in the abrasive agglomerates of the present invention.
Method of Making the Abrasive Article

Coated abrasive products may be manufactured using the agglomerates as
described above. The abrasive coating comprising agglomerates and binder may be

applied to a backing to form the coated abrasive. The abrasive coating can be applied by

-6-
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particles are then placed in the abrasive aggl onerates

of the present invention. Mthod of Mking the
wWo\RvoasH4ae0 Articl e 30 Coated abrasive products PEHURE04/004221

manuf act ured usi ng the aggl onerates as descri bed

above. The abrasive coating conprising aggl onerates

afy hoR 1 8Ans R, &%}l)_ cafBlg, SidryRoatilaeleciBsthtic EdAkify OB coating, etc.

coat ed abrasive. The abrasive coating can be applied
Msghods of\Dapofaaiuciog shasiverrtighrouizide dothe peasgntimyspgion are also

neans, . i-. €.y .dr ating, sl.Ur4hy. coating,
deeglcgg‘?@&sqgt Page tgg?rﬁﬁ%,é’irhgil’é}l%ctga h?hﬁgi%lsgfl t. Methods of
ManUfTRE tkitddbradivesinie @eépared dshs vodvaatiendl aanbbi€ e.g. applying a
present invention are also described in U S. Patent i
nRserbeat ogerthe backng, draeqasing Hivsagglomaratey guerdbe BBkasoalepplying 2

.can_he nr, i s I I .
B8 B P e P oG ATLRRR ARG bl o o o i
cédh Godat adRiradl ¢ affest erodabiityrakihe agglomesdied, y.& ) theasizedoaeshould not

coat, and then curing the thus-applied coati ngs. .Care |
flapththe guHace ofthhcaried FaesiYe A UsTaelVebh AR MR 25581 2 size coat is not

L { .
<8 SR S50 b o 1 s GABREIRE Bl e ormany
einpyedfirgiepatingsizeeoatdl t ernatively, in many cases, a

size coat is not. requjred, particu]arl en the
csi RoRaUBH HeBRCIEY 8o GG Pueiaeey Sind hangsicaping process. In
s%@pg@bééés, 02 S 1BIneMRS nfe%ncntyr%@g, 38y opAbH agmﬁves are

Ive article may al so be manufactured Using
agitaied tp fomat ishigrypresdary isthensapatedaonpr tedmeking hdhe slurry may be

oo SR Siont RE e o B iragefieras i ek R0 i creates
miuBiflo8 lﬁl?ﬁlfa%g dNPeell AR oS 18 thitk&ess bEltHe)eoBBYz. DBhe binder is

coated y toallow for a single |ayer of
theg gblidifiedtfer expmpde by inikatingoopalympiizationreastion. 15

6 S 855L BRSNSy PR AL et combinin

witla ehdhitsuch @§ a ¥l @Hh@erbYhd sbrhdied artigleacap Gk Y 0BRVdrd] fobBxample,
_reaction. The abrasive article of the invention can be
injg & delbytapraiolisglisqu 9esheeh combi nation with a machi ne
such : ' r asi.v i .
S Bt bl o FAE AN AShE-A( B8 PR gt and
spliced, thes fosiaes an lldse belneAtsphgriess balticam slso bh @sddvdGdneedly, an
ends of an abrasive sheet afﬁ/g%j oi ned together an

: d
crfpsSABERSIVEIRGY cp HTAYSHEP QYFT @hlepstoae pllprrolland g nlaig ggeontact wheel.
1@5 H:dﬁ@ga o@k&gp@@n 68 E6hta ERi l¥ius@A to lsaeaimlé ld@:gfr?g%g‘é &f cut and

can traverse over at |least one idler ro
wolgtiemr sarfacofiisict Tishawhsive Gdlespeead depeads vport the dpsiedent rate and

or, cantact wheel is adjusted to obtain the desired
swgice T BERGTeIHGAEEH DeE FaDetp I LOPRaHASE meters per
s@c%gé,stgﬂi%al%étwé&? 86l i RPN e HRAN peh@cORS! TRELAAinteatiBns can

and 25 surface finish and generally ranges anywhere
rdnge froabahaut 06 dno tdl 0 o mids @refetablysl.@ &r 30 cm, and from about 5 cm to
1,000 cm long, preferably 50 to 500 cm.

Abrasive tapes are continuous lengths of the abrasive article and can range in width

from about 1 mm to 1,000 mm, preferably between 5 mm to 250 mm. The abrasive tapes

are usually unwound, traversed over a support pad that forces the tape against the
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second, typically between 30 to 70 surface neter per
second. The belt dinensions can range fromabout 0.5
W@ pooooid® cm wi de, preferably 1.0 to 30 cm apPdI/UsINNE/004221
about 5 cmto 1,000 cmlong, preferably 50 to 500 cm
Abr asi ve tapes are continuous | engths of the abrasive
wollgidek Sardinle:€ ARy uRBI Ehé Bbkiete Papes Barl B@éﬁn@iﬁ@bﬁs%}lfeﬁfﬂﬂoﬂgh the
, 000 nm preferably between 5 mmto 250 nm The !
abrpdiag interfacgpmd canbe mgleged.| y unwound, traversed over a

suppqrt pad.that.forces i . 1 .
2004105 N qutsery e B A5 88 hsF BT i U st own i the

abreoeI g as Thigsyabéashve frap@abowad0 it ©ane0oNtaLaldiarheek, preferably
t hrough the abrading interface and can be indexed.

SOy H) man. o yiepllywphraHverdiscssare sequird todebackaip R by e attachment

i t | t 1 r- n 1 n
it 49 505 NG| RS20 PR A R beren
1 poetet 500y revolbions perifiduten Typi cal |y, abrasive discs

are secured to a back-up pad by an attachment neans

and can rotate between 100 to 20, 000 revol uti ons per
Wrirkpiees, typically between 1,000 to 15,000 revol utions

per @in , r ki ' £ or
Cxcarpr S o Bl ER, B bRl By RSB G heifiehe and hara
Wik sheces ke foe@sd Uﬁa/liFlﬁ dllow fed exdfmysle lah ghiimiahmoyloy f @rsteel.
exanpl e an alum num al l oy, or steel. _However, these
Hewexen desswagipigsay/@ay hews infriogmashanied Proneshissy sycas wear
SHEhc@s wear resistance. Therefore, the workpiece may
Be coated with a coati ng. Such coatings comonly 15
ar e Fpgkiored ths watkpicie amay esioatedneith € oadtingg Suockn coatings commonly
conmponents, roll coatings, thermal barrier coatings, )
ai 2RPlIgdeas abragign r@%‘é@??g@%“ﬂ%‘é‘h%?%ﬁ*%en%?ﬁcﬁ%il%ﬁa theftnal barrier
cbdtt %é,mgﬁ 8k BB 2B fndRidhhl RGor#Ba oA s A8 biHER Y a0 grind
appfi’ed to surfaces for the purpose of | nproving
catingsnthet mey banpplid topndpes fortbe pOpese giompodvihgsaiface mechanical

coating.s referred tao as thermal spray .coating. .
PROREAET T B YR § B Lo RA T FIE TR A DAL PRy Ring: fmpacting
moBb R 6} AsarHheltch Riksy AhBHVISHIGUtS b SlbstaRtfrodies Sudhtoatings

speci fic énbodinents, the coating is a thernal spray

coat Imspecifisendhodimenys, theoeassing és aennalepraygopties The coating

conprisi.ng the coati.n The td .S general |
o PR e RaEEsehp EP ARy 3 Dol LRCorip g FGHRIY hara phase
nRRFANTEr eamplEofeialallona cefaniiebak tb@bmadok f @iallid dhd ceramic in

order to inprove durabili t% I n sone enbodi nents, t

. he
orderta imPprove Juratilipy i18 someeribadinants. terreatngwill s bogh a hard
p%{)%gﬁgﬁla%gng?g:g&;sgs of hard phase coatings include, for

e, ne oXi des, such as
Examples of hard phase coatings include, for example, metal oxides, such as

aluminum oxide and zirconium oxide, carbides, such as titanium carbide and chromium
carbide, nitrides such as titanium nitride and silicon nitride, and hard metal coatings such
as chrome-nickel-boron alloys. In specific examples, the coating is tungsten carbide.

In certain embodiments, the coating comprises a hard phase and a bonding phase.
The bonding phase binds the hard phase to the workpiece. Generally, the bonding phase
will have a melting temperature lower than the melting temperature of the hard phase, to

facilitate it acting as a binding agent. Examples of bonding phase materials include metals
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al um num oxi de and zirconi um oxi de, carbi des, such as
titanium carbide and chromium carbide, nitrides such
w@gooiopeamé um nitride and silicon nitride, and PEr/AS2004/004221
metal coatings such as chrone-nickel-boron alloys. In
speci fic exanples, the coating is tungsten carbide. In

arsPhbal Hxed OdeEﬁIH I igdedd dihal OMRkispesfi@chaing is tungsten
phase and a bondin ase, 30 The bondi ng phase bi nds

carbidetrad @obﬁhs@ene@al?m thehsrdphase & batwprr 8% yand PR by weight of the

I t
cRR PR GBHRRH bl A0 Sl ROy bR bt L.
faci H"h& &ie@mhl spedyt coagn@ s genbiallgicoged gethic chkplmiﬂ epardf suitable
bondi ng. phase materials _include netals -8 WO

metiod 019]41]5111!8 ftaare epEOYIDR,/ MTIERIC SPiRYingek asigrgdRiasma arc spraying,

PR o Sy FERAF RS AP, oot IBeAPRTA KighRR) bitPor it i

thahaase i s between 85% and 99% by wei ght of the coating
and between about 1% and about 15% by wei ght of the
bondi ngbphase The thernmal spray coating is generally

Yhg He Myeppr 88&lDy any suitable 5 nethod,
[ ncI
tr ansg‘!‘é Pvr%é od 9‘1@“%5‘5‘2%6@@% tpghm s&&f t@ Parrs%gécﬂ%'ed above. In such a
cp/ thy binfacend bfe Ipalished rmbﬁxpn@ersdhé uster suffues of thetwaitpica¢.€The method
known to one of skill in the art. Method of Usin the
enipi ROV ling 41 dqresiipariple CRBIPKSING SHPFHARTat¥e perkicles W
%&ﬁ@ﬁ%ﬁ%ﬂcﬁé&?%ﬂﬂ%ﬁr ( Hz%sa?gcl@%ﬁlea wh& SENTRe wh Hece

a e polis

e surface to conpri ses the Pouter sur
gaferdllyehasanloptes cerf: acErwnrpmsmgdi themtiaA ispiay hanlplosa gIrmome

abrasive article super aprasi v articles
‘%B‘P‘ﬁfnﬁnts IOGHE S Y npﬂrnétﬁ ¢ BWl”gﬁst ‘?ﬁ‘éﬂad? f-asi ve

ar ti ¢he abfabile Gt i Pubto cotltfet W?ﬂhktﬁé B&ter sIfRE B?iﬂe%v&lﬁﬁlece
an outer surface conprising a thernmal spray hard

Tbeh atyeswd: artstmte tHed reoveddelating to, the vorkniecsr A opdlamsanay be introduced

(i e Bine oy, SodmALBO TR snbtiGuf SpRPT e aoppive

&rh@levwmhﬁlt olokh&aRPEcnetal§ a8 Fist a4 & systerh ARGwEOVed
reI ative to the workprece. A coolant may be introduced

to the interface. Cenerally, a belt will be run at the
Epgpplesm speed for the abrasive particle within the

e amgranviot 5 R a5 n ol v s HbRics 5 re g imenea

td [thlt oNd £S F@ SEiRlifventi BRI TIRES iipléd e mée@ly f&ﬂllhstfﬂtive tphﬁmses
scope of the invention. These exangles are nerely f
P

omllylandtammqtm@eapmomslémtms ohyhese@pa pEths @ppersad claips. be
limting on the scope of the appended cl ai ns.

Preparation of agglomerates

Agglomerates 1-2

The formulation for the temporary binder sblution is reported in Table 1. This
binder offered adequate green strength of the agglomerates before firing and burns off
clearly during the firing process. The formulation was mixed in a closed beaker in an

ultrasonic bath until dissolved.
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25 Preparation of agglonerates Agglonerates 1-2 The
formul ation for the tenporary binder solution is

WO e@antddo i n Table 1. This binder offered adeptEUS2004/004221
green strength of the agglonerates before firing and
burns off 30 clearly during the firing process. The
formul ation v@eﬂ}ﬁfed |n a cI 0Seq beakgrp 4 N an

ul trasoni ¢ bath—uonRrti++—dcssotved: 9—WE—2604+0914110

PCT/ US2004/ 004220nizsd WaEh 25 0 d L Dd5ili zed| Wat er
75.0 g Total mg 0 g Tabl e 1 'Ien'pom{j(ygBl nder for
M neral The SS uvvum S UsS
al uni no- bor osi | | &akle It Jﬁ@P@EﬁrﬁmfﬁrcMﬂSpﬁm alty
G ass Incorporated of Marl borough, FL. under the

desi.gnat.,i ons 1086 .0r SP2014.. & h I ts )
oo P R R Her b onbwe hpel e Hivh Speciaty
GRkd mcﬁﬁﬂraftéd)@ﬁ K2 #1B6rofueH, FQJ. @hﬂ&ﬂh@ﬂesyg%ﬁhoﬁﬂﬂ(%@% SHd014. Other
under the designation Aerosol AY100, and Dow Cor ni ng

ingrsdigatsdapkdediodim digntl @wm@wwpm wgfag@mp obteinedrfrah Cytec

Uy Mo S ST T AP ST R 5

Carnthgl 63desoarper@ibtrifdl fedra MRSy COSHBE Comlration DTV AADRNG. The
particles were obtained 10 from National Research

fO@Bﬁ*@Hﬂ@S ofrTabired Wererysed &n mpke HPhguerops diemgad aaglemetated hlgh

BB 5 e SRLTRI Py BN BB o

fr@8 Noifion £l Ressarplo Goerpat SRA0Hesjer88dOVIT underd @atendn{e™¥ SMB-5.
m cron) 38.07 38.07 25% Dextrin in Water 22.84 22.84
AY 50 (50 % MEK) 0.76 0.76 Dow 65 0.25 0.25 Tot al
100 1QU0 Tabre 27 Srurry Forputation fo rdl
%ﬁ v@ Aghl

wei ghtl_percent I n each casg eAgglﬂBleE}t THefR vy
m xed [MedzhiGrosin§réngtian open B Syst em2987 psi

Glass powder (SP1086) - 38.07

Glass powder (SP2014) 38.07 ---

Diamond (50 micron) 38.07 38.07

25% Dextrin in Water 22.84 22.84

AY 50 (50 % MEK) 0.76 0.76

Dow 65 0.25 0.25

Total 100 100

Table 2: Slurry Formulation for Mineral in weight percent

In each case, the slurry was thoroughly mixed by stirring in an open beaker system
for five minutes followed by an ultrasonic bath for a period of 30 minutes. Polypropylene
tooling having cavities in the form of a truncated square pyramid shape having dimensions
of 0.36 mm x 0.36 mm x 0.36 mm and a taper angle of 10 degrees was then coated to fill
the cavities with the slurries prepared above. Excess material was removed. After filling
the tooling cavities, the slurry was dried at room temperature overnight. Following
drying, the agglomerate precursors were removed from the tooling with the aid of an

ultrasonic horn. The resulting green bodies were then transferred to a refractory sager and

-10-
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15 for five mnutes followed by an ultrasonic bath for
a period of 30 m nutes. Pol ypropyl ene tooling having
W@ 200409430 i n the formof a truncated square pyPEnU82004/004221
shape having dinensions of 0.36 mMm x 0.36 nm x 0. 36
mnm and a taper angle of 10 degrees was then coated to
hdatdd to 400%C atahdakiag rate bh 15PE psit mirutesndticdd eor@choupoMmehat
Excess material was renoved. After filling the
tePSI4yg- cavities, the slurry was dried at room
tenpayp afd p%ra%ﬁ% WSQHéH rai:sgh It(?Wﬁtﬂﬂl 3?(90%?3{%”@%&53@2 &Oint of the glass
aggl onerat'e precursors were renoved from the I'ng
atvil idatih eat@df2°qf peaminutetand hiehl for bbb at The terapethtutet fuse the
green bodi ﬁls were t hen t%an ferred to a refractary .
aggleasraiend This fompgRBisRs/so9aied 4o ooy hasdrsead Drpopy fora given glass.
LOFE Elph A ndlo SuORRlortnl Spénell okt MENAUEANES tend to give
higbeqiendtstregsthvakftértfesing ahe eanpevatuiet dfitie BMlacefwas lkeoled to room

softenin oint of the glass at a heating rate of 2C

teﬁquwrﬁﬁ? %B%@gﬁéﬁe&fa& %Tr We'at that tenperature to
fuserﬁélarélgag@ tﬁ@ﬁ%@sﬁémewa% evERBRE A MEohipraslof #stiflg of the
to give the desired property for a given gl ass. Lome%

agghomentes ané guangifiying thegitrea gthaligiribitoond Btermedjamload that the

higher te rapures t.en 0 Qi.v i gher bond ..
s3I AEFTgIeh CONP RIS o0 HePuiparcheDiEy oS dhentitind fag al
bEtfes ©9 L S 8mbRtds AR wer€ PR{InAS A MEncfor@ reQAtdde chdhQ pfakticle was
2C per mnute. The strength of the agglonerates was
megsradaw sl a $himep Berep Cege devignagest F@h-Sofobtdired from Shimpo
a Qe S d quantifying the strength
m&&%?ﬁgﬁﬁtgs % e medi an | oad that the aggl oner at es

coul Bhanvidsihsrteitsdbtdin&DirensSHeriatgIGlNsaha if Mdrlbov&sgh, FL, SP1086
uantified for all _batches of agglonerates that were

DI & gwhenrdred gf 635 Ceamdi 8200C pHerer jrsdlian sheensths P& 29%kpsi and
i a Shi npo Force Gage desi gnhated FGE-50

S%ﬁgs?%ggecyrv%ﬂi Shinpo Instrunents in Itasca, IL. 15

The two glass frits obtained from Specialty d ass Inc.
AgéloMardtd®r ough, FL, SP1086 and SP2014, when fired at

685C and 820C of fered nedi an. stren%;hs of 2987 psi

and Thumgthed descaibpd for Agglgmenatps| lowgdriaves wed do preduce agglomerates
. B . I, . ]
o 93 LR Een LIRS AD RIS, oo
aggdomeratel evefeoformbdby amlding theen frodaviriss mgthTadbé endx 0Baam x 0.36

aggl oner.ates were fornmed by nolding themin cavities
iy BFEL SECRHPR. GLESES A QUELass ve R A0 frEagegad of one hour
in H1eR ct@%ag&’? aeGSst We it Heafiffaf thé %Q&ilggg%ycg% &)t%ﬁietf?)ﬂs Were the

one hou n a refractory sager. The r
saheatsiabgvefod Aggbmarates hgndYcl e conditi ons were the

-11-



25 sane as above for Agglonerates 1 and 2. -11 WO

2004/ 094110 PCT/ US2004/ 004221 Material Wi ght [grans]
wor@ssqponder (SP1086) 38.07 Di anond 74m cr onPGBUS2004/004221

25% Dextrin in Water 22.84 AY 50 (50%vEK) 0.76 Dow

65 0.25 Total 100 Table 3 Agglonerates 4-5 Cubic

Boron Nitride (CBN) particles,—obtainedfromPR nnacle

Abrasives ofMuliaut 5 Creek, CA LWeight lgeamis]ade nane

of HS-2, we rorms ( RgRPaT onef at esydlgy Ng the

foll ow ng f¢ edure-used-to form

Aggl omer at esDibnmnd 72mickhe gl ass powdedB.OBed was

SP2014. The %Brﬂ/o%e&ﬁml' KL ng and ﬁgg{mnd

;3

agg| oner at e - The fpll ow Ag Tab 4
shows the cchmfcﬁﬂe(ﬁt)%METé)j to prepare t R&bs| urry for
the CBN parbl cles. 10 Agglonerate 4 Aggl-omerafe 5
Size 4Q m cr m' cron G ass ) 36. 68

38.07 CBN 3fpte8 38.07 25 % Dextrin inogater PR5.67
22.84 AY 50

. K073 7 DOW 65 0. 24 0. 25
Total 100 100 Table 4 Bacﬁipahlﬁ%Pol yester fabric
backing material identified as twin ply woven

n &£l oth Type 15 X642 obtained from Sanpl a
A%@W?efﬁ{gegéﬁi of Mlan, Italy was used as the backing

f or (Ilﬂb@c Be@atNithide(CBN)\pesticl ) bbtaired fonvwAsmacle atbeasives tofi Walnut
pr epoxy resin before abrasive i
Creek CA under the trade name of HS-2, were formed 1nto agglomerates using the
following formulation in the procedure used to form Agglomerates 1 and 2. The glass
powder used was SP2014. The process of making CBN and diamond agglomerate was

identical. The following Table 4 shows the components used to prepare the slurry for the

CBN particles.
Agglomerate 4 | Agglomerate 5
Size 40 micron 74 micron
Glass powder (SP2014) 36.68 38.07
CBN 36.68 38.07
25 % Dextrin in Water 25.67 22.84
AY 50 (50 %MEK) 0.73 0.76
Dow 65 0.24 0.25
Total 100 - 100
Table 4
Backin

Polyester fabric backing material identified as twin ply woven polyester cloth Type
X642 obtained from Sampla Belting SPA of Milan, Italy was used as the backing for the
coated abrasives. This cloth was treated with a primer epoxy resin before abrasive is
coated on the front side to enhance the adhesion of the abrasives to the woven backing.

The formulation used as a pre-coat treatment is reported in Table 5. This resin was

-12-
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coated on the front side to enhance the adhesi on of

the abrasives to the woven backing. The fornulation
wais@d/ogad1@ pre-coat treatnment is reported in TRGI/ESHN4/004221

This resin was -12 WO 2004/ 094110 PCT/ US2004/ 004221

appl ied at O 025 mm (0. 001 inch) gap using a notched

e EhiEe (T iashyiRes e grohed B Rals® S Pt oernieht a

ro&@qgmggﬁuﬁgy n Resol uti on Performance 408.6 100% 30
Products, Houston, TX Versam d 125 Henkel Corporation
272.4 100% 20 Anbler, PA Polysol ve Dupont

Cocp@ipahd®n, |681 - SQurc | m ngtlonweht Tof adolikid64 cent By
Tabl e” 5: Backi ng Precoat Forrmuliati on 5 The front S'W%ﬁght

r\ af I oAl d
III )\l ul T UI 1 IIUCI |JI cuuu JUIT alTa

EBep 84%tesined ?QIPTé(PlbgerfoFH’@n e*cuf@éﬁ was Pi%parled i 30
accor dance wi Produnis, Howstei. d reported in Table 6.
VBRak&B 7P US @ﬁ%@elf&frjﬁéﬁﬁoﬁr eCL rsoawas Raugeds | - 20
pol ymer sol ut mlelppg resin.| The aquepus phenolic

resin—used—w tbr nall \1 nr nrlllﬁnrl r-esol nhenollic 10
P‘I’ AAY] moouo P_l IIIIII T T -_— T

Pelgsaive ont ai | %Oﬁe@@m@mﬂgﬂ,% o 1681 % ff ee - 50
f or mal dehyde | aidmBigtam, ®B% f r ee [phenol , |percent |solids
W)out 78 9 th the renmal nder bei ter, pH about
Wit h({?aw ss than |1 9% Sodi-um I—I\Izlg;n‘gladn (‘atpa| ycet anldoo
Vi SCOS| ty bet weeﬂialﬂbdutBaEldaﬁi@Pmud»aQBﬁﬁnﬂﬂmhl poi se. An
equi val ent resol e phenolic resin is conmercially
avai | abl e from Ashl and Chem cal Conpany, in
CoviTitBiht sti¥ viRYRN doBRdWiBIS AR ARiRD grecmblsarfcﬁs' n
was conbined 15 wth funmed silica obtalned from
ag@onpoated paticies. Thspmebarsorl wasprdeared insactorsldacenaitie the formulation

roRP B ARE S learr AT Etens et ot e aarud ppfimer sSfion
ph@ﬁ(ﬁ rrésfiﬁSTFCi:él_ @Qﬁe@{@; AicAsHc fésﬁms&l {yas %ﬁ%ﬁﬂ&)g ddu@éHE@@dlé’ pRénolic

under the designation ASP 600 peerl ess

resmn agrntalamg hetweanib?5 BGL.6 6% Geq éumatdshy danddsto SChditeagiesol,
th t
vt OHESAHE T4 it ine riadf R bR et Bes BRSSP g than 19%

Solfih P dRYxiAPOAthlyFQmd Fis¥b st swba] 408t 2409 and 2800 centipoise. An

equivalent resole phenolic resin is commercially available from Ashland Chemical

Company, in Covington, K'Y under the trade name Arofene. This resin was combined
with fumed silica obtained from Cabot Corporation in Tuscola, IL under the trade name
Cabosil; 9 micron aluminum oxide powder, obtained from Treibacher Schleifmittel AG of
Villach, Austria; peerless clay obtained from R.T. Vanderbilt Company of Norwalk, CT
under the designation ASP 600 peetrless clay; and Interwet 33 obtained from Akcros
Chemicals in New Brunswick, NJ in the proportions indicated in Table 6. The mixture

was agitated thoroughly for a period of about 30-45 minutes before use.
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-13 WD 2004/ 094110 PCT/ US2004/ 004221 Wi ght Percent
Raw Materi al Conpany Percent Solids Phenolic Resin 3M
WG 2009094600 Water - 16.99 0% Wetting Agent AKRCDES2004/004221
Chemi cals 0.45 100% ASP 600 RT Vanderbilt 5.94 100%
Funed Silica Cabot Corporation 1.20 100% A1203, 9
m cron Trei bacher Schleifmttel—-AG846—100%Table—6+
Agdl onerat e Bindér Precursor Fornul at|i oWeBdnp| eBergemt
Bel|t sRhw Mixterisll es 1 and Gympaaye pr epadr eBeragrith |hi Glolidnd

| oymedi,ag crush{strength revels gf t briasi
par @Ph‘éﬂﬁ 3 6636 76%

"' he lbel ts respect el y—Two—$tret
| eV@lagerwer e obt ai ned by using two dilff f it g asdés

as [thebipder of [t he ; [ ongr at 1 and
Th %ﬁﬁ%ﬁ K%@%ti ng mi xt |c_rrgss Hemichld T__,mgaggglaJ ﬁ-‘}f)g%ec
wasARPepar ed usi mg t heRTAGgiderbdlt at e rlepofOéd in TABVe
7 Vith CUrsor |in i 22000 T m Xt ur S
10 W?‘gsl Kfade doat ?ﬁbgapgrﬂg’%%& et rleat 2'20\‘,\‘,0\, n I%O%a

badki,0g, Yesaon bed Tesibadher Schltiéniteha6d ba8#bng hasl 00ken
transtferrednto. v
tenper at ur e TEB° B3 e ipAg Gt B A Ton

tenperature in the oven was held at 93C for 90
m nutes. The oven 1is then heated to 110C at a rate of
Exgmplsith and is held at that tenperature for a period

of 5.haurs. ts. i.n.

o oA R DA AR AR, R st ot
leveBV&t the Shradihepakicias b ehelsults respectively. theo ktedrigth levels were

respectively. Two strength |evels were . obt aiApeg n?éi‘atesl

obtrsiasighyt weinadtivior et glassss asthg bindgeobibpabiasiye
ana?rasive Aggl onerates 1 and 2 as in Exanple 1 and 2.
& belts were first coated wwth the precursor with a
doctie fhlapeatingimigape & the didhondruggiomtiates pestpredaesl using the

were drop coated and packed with a rubher rol i 20
Aggleraeraigrigpertpddn Tablsed WERPEICHISHF @ disHe 0?) 302t She fgrure was
do?@i{bgagg Bg%ﬁc?of?t'o e ﬁ%ﬁ%a’t@q %Vé;l} PR debQde8earlitReThe coated

Ing was then transterred into an oven and
babldag Ok thepmrdneferfed rtope batniiel HeatedIonatomm teatperafire to 93°Cata

rat%:&% C].:lég]C?ﬁnﬁIFl“gg ftgﬁég%%hé QY@{pg\ﬁas%\ézf%tg%? G I}(grag)dggﬂu?%.cfhe oven
is {h%k%e&gd O 768140 2 28 oF 6.77CMfln 3hd {R1d at that temperature for a period

of 9.25 hours. | |
Belts in Examples 3 and 4, were prepared with high and low median crush strength

levels of the abrasive particles on the belts respectively. Two strength levels were
obtained by using two different glasses as the binder of the abrasive Agglomerates 1 and 2
as in Example 1 and 2. The belts were first coated with the precursor with a doctor blade
at gap of 0.125 mm and the particles were drop coated and packed with a rubber roll.
After drying at room temperature more precursor was applied as a size coat with a paint
roller. The coated backing was then transferred into an oven and heated from room
temperature to 93°C at a rate of 1.5°C/min. The temperature in the oven was held at 93°C

for 90 minutes. The oven is then heated to 110°C at a rate of 0.7°C/min and is held at that
temperature for a period of 9.25 hours.
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tenperature for a period of 9.25 hours. -14 WO
2004/ 094110 PCT/ US2004/ 004221 The final coating

wOoroos9Hd1d or Exanpl e 5 was prepared using Aggl POFUS106$004221

3 with a precursor ratio of 86:200 and was doctor
bl ade coated onto the pretreated woven backi ng

des cThdAfalRBblihEhixtiRegor BRdrgsle Bacis prgpawcl;usﬂngr\gglomerates 3 with
transferred i nto an oven and heate rom
a peesprsprratip ©f 86:268 @nd wag dpeipeblade (1085@ RHtq theyprgtreated woven backing

d?%%ﬂ‘ﬁ%ec{e %_}llféfe 'Ilhg c'i)gt%d %X s figh graﬂgfefi 1%%5% £26v&lland heated from

: he “oven e tat e t arate of
rddny/ fat@e do 98°Chai edraast of 1t576Ymire fftertatpemtifroin the peen vds held at

9&@%@@@?&;? g caon s ggg%{ggdvté O Gt 2087 P and is held at
thaggbg)gpart@g%%gp S phati o of 86:200. They were

cured under the sanme conditions as
Exangk&aples émddZ wéie phgglainesing AgSomermesd Agbh am@ccatvely, with an

T B A Sl B 1 e Sl ST B e e

Sﬂh@gg}mmggggmg{ plefggamerate 2 Low 74 30: 200 50
cron am)n Exanpl e 3 Aggl onerate 1 High 273 - 50

m cron di anond Exanple 4 Agglonerate 2 Low 273 - 50

mcron (i @?Gﬁﬁeﬁl@ np'S%reﬁ%tﬁg( Iﬁér@te3 A(g otneat86] 2Abrasive

74 microp dianond |Exanple hQiE eddr@p 172

86: 200 4D mcron CBN Exanple¢ 7 tonerat i gh{ 172

86: 200 74 m cron-—CBN Tab!ng 7 Fest ) ngrli.lr{%l(ﬁ g

Example 1 Agglomerate 1] High 30:200 50 micron
diamond

Example 2 | Agglomerate 2 Low 74 30:200 50 micron
diamond

Example 3 | Agglomerate 1 High 273 - 50 micron
diamond

Example 4 | Agglomerate 2 Low 273 - 50 micron
diamond

Example 5 | Agglomerate 3 Low 172 86:200 74 micron
diamond

Example 6 | Agglomerate 4 High 172 86:200 40 micron
CBN

Example 7 | Agglomerate 5 High 172 86:200 74 micron
CBN

Table 7

Test Procedure

A Dynabrade 3 hp grinder equipped with a 145.5 mm (5.73 in) diameter drive
wheel was used to run the 1.17 m (46 in) long belt. The wheel was run at 4000 rpm
resulting in a surface speed of 30.5 m/s (6000 feet per minute). The grinder was run for 10
seconds without any load to assure coolant flow rate and belt speed had been established.
Coolant, C320 obtained from Master Chemical Corporation of Perrysburg, OH, was
diluted to 4 % with water and supplied at the grinding interface with the help of a nozzle.
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A Dynabrade 3 hp grinder equipped with a 145.5 mm

(5.73 in) dianeter drive 15 wheel was used to run the
wda 2d4/0m1e6 in) long belt. The wheel was run aPCHOSD04/004221

rpm resulting in a surface speed of 30.5 m's (6000

feet per mnute). The grinder was run for 10 seconds

THY &/&%Ieca s pRaded MG ERUIE of @blasive bl evith tht eideofdBitdhtl 712
speed had been established. Cool ant, C320 obt ai ne i
preumacuMa_sslnleier @h@meééxomBrrpba Mengfacarinp&ompanyy Yones.IL. Material

reajrovﬁ((lj F“h@ E g tglél WI %&oﬁ@e[dﬁ r/}tacﬂg Pec’% hg %? tl@ttestt 'ﬁﬁc\l/\%c the end of

thé @&W’c@@%é@@ts%ﬂ/eﬁ:&?@ﬂﬂ/ IR ark ﬁlﬂa&s Vg ﬁetemnaxhsnd recorded. The
plunged into the driven abrasive belt wth_ t

i d
beh wasesupparted e iad? feromatT RIS TeenG GrptRct W&ﬁ’?q ﬁﬁawmt where the
nuf act Conpany, Monee, IL. Material renoved as
Wg/q?ber(fce: %ﬁlh‘%g time was recorded. At the begi nning of
t he Teswodipitcas tHahwerndeoin thedeceviahstiony dre preseufhd : tadollowing

or lengths of the work pieces were determ ned and
Tabde8r ded. The 5 belt was supported using a 90

dur ormet er pol yuret hane contact wheel at the point
where the workpiece is plunged. The workpieces that
%;@Ié&ed in these e/gbmagl ons are present ed| Bizet he
—ottowng—Table—8 S € Sirze % eel
RStesbrn State St eel ﬁlr@‘i’i‘:ﬁi %geqim (Brldgafg\‘mv{?m%gmm
(0.5 in x 1 in) GC71P Wf%\h%rbl de Cener alV-CHt b

Ger pprasdseh GdbRlen X GREer@NTarbi¥e) C¢rgSratioN\C / | 12.5%nfx) 25 mm
@ﬁz?@%&%%@/ﬁ%ﬁc& b (Gifeeiisbhrg, PA) ORC- 410 Copt@elidR 1 in)

ICb“HUIUgI s—12 X ITIT1

CRGH Briapird B2 S19q) ( DPEVE SEriEcs RchIoS iR Con] L45pm X 25 mm

Steel Praxair Surfaceﬂﬁé@ﬁ?ﬁﬂ’éqﬂ@s 12.5 mm x ﬁ}jSFrﬁlem)

Eeﬂ@c@@ﬁélpﬁh isteel | N (O PPaxlaft Stirfhcé MechhBlobady! € 812.5 mm x 25 mm
scription of the g EMH%%HI Pigces Convent i gmglmxlm)

Sl nnl e-l-aver—di-ano r P

Yord--of N—BETtS gcncnall“ exhibit

P A
decline in nefahie & Desmimon@fdm groesd WQFKPFRj%se as
shown in Table 9. Although the initial cut rate of
t he nono-1layer belt, Conparative Exanple A, (6450J

flex C@h@éﬂ?ﬁﬂd@%g@@l@bﬂ@l@n{oh@ o &mselﬁcgeparauy egitibibfa decline in
Mapl ewood, MN) started at about

mjapgiigl rp)novaﬁg ailitydaring ye as(ﬁhog/,ry iR él“ apbe 9 h%lt]a(mg%rt]éq Wwitial qut rate of
dec]
tlgeerﬁoﬁ N 9&:11% t; §F Igli)gf ny 'tﬁhgméﬂ-: A Q%ESGJ%J}@ (Eer 2 ?Bﬁﬁfned from 3M

rate furt I ned
QR oot Vhglew 6o OAN) btarted at.apout 0.2 mm/min (0.008 in/min), after one
hour of grinding the cut rate had declined to 0.0813 mm/min (0.0032 in/min) and after six
ours of grinding the cut rate further declined to 0.0076 mm/min (0.0003 in/min.)

The cut rate associated with the Example 3 belt dropped to 0.0965 mm/min

(0.0038 in/min) within the first hour. After an additional six hours the cut rate was still
about 0.0864 mm/min (0.0034 in/min.)

All belts started out at high tungsten carbide removal rates. Rates declined
significantly during the first hour. This is a behavior common to many coated abrasive
belts. The majority of a grinding operation is performed after the initial sharp decline.

Table 9 indicates the removal rates of tungsten carbide by the abrasive belts as a function
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The cut rate associated with the Exanple 3 belt
dropped to 0.0965 mMmimn (0.0038 in/mn) within the

wo poogoodiour . After an additional six hours thePCTUSI084/604221
was still 20 about 0.0864 mmmin (0.0034 in/mn.) Al
belts started out at high tungsten carbide rermval

o PR bR BT b e X £

1\@ ag&p e A, 1s also shown
ingpRy) ve belts.

The majority of a grlndl ng operation
is perforned after the initial

sharp decline. Table 9
i ndi cates the rennval rates of tungsten carbide by the

[ ; al bt
aptastve bet-ts—as—arfunet IT}II 1+6—AD—2004/-094110—

PETRES2004r0WazdTYe of Exarple A coﬁ%@ﬁplﬁ@nqll Exempledly ¢ Example 4
dihgwishd | bdixampdApat ati ve Exanple A, is|al so showy in

0 BN R T W T T AN I
0. o%)esspb. 0960635 0. 06380889889 006838 0. 09@109@11016 031016
0. 0533 0. 0702503 0838 009985 0/ T0Bysd 00432107 1L 4 1016
0.9889 |6 008695 0. 430-981b559 004584 0|0767104taplle 6:0965
V\Csemo al _Da@Bes by eachobsdt in gwimin gs @.dogactiong ogge
of me conpat aggtgneratre—hetts;

e fiml ok oIR8 b BN ROR IR T Bs6T | 0.0762

(desi paag od Wa38ovdl eate B emr&ltﬁﬁ nﬁiﬁxn@ih%d i @h IMime

Corporation of Maplewood, M) as well as a
5 conventi onal nonol ayer pI ated fl eX| bI e CBN bel t,

ConraReaiis CRNCazto Rt dn Saminish a&'faooancg?ﬂmr%we

Ex8thipTeB i(d@tbrated G50 Bf1dOdiahbdad @R@btﬁi&d%ﬁ BMJ@O Ffion of
obtained from Praxair Inc. of Danbury The tested

Maglemoeds M) es welbps 2 eenveniienabmosoleger plaied ﬂpklbkﬁélBN belt,

Cog{ anaﬁ%ﬁ?ﬁcéh&%%ng g}jf Jé%%é\{) %éj ﬁ %&am ﬂ: f?om 3M Corporation

10 of Mapﬁhdmgl M)t Fe ‘G@hﬁlah%dﬁhnﬁﬂ)%jl(b%@ ICRC-D€0 6&Anlgs ere obtained
osed the underlying workpiece. 15 Bar 1/ Coati ng

frogagrazmé%& ioh @agblrrrys¢"éo abe krytedspmplessers sigpplied on a D2 steel

workpiece. Praxair Surface Technologies, Inc., located in Indianapolis, IN, applied these

coatings. All grinding tests were terminated before the coating exposed the underlying

workpiece.
15 ,
Bar 1/Coating | Bar 2/Coating | Bar 3/Coating | Bar 4/Coating
Removal Rate | Removal Rate | Removal Rate | Removal Rate
(g/min) (g/min) (g/min) (g/min)
Comparative - -
Example B 0.0018 0.0018
Example 6 0.0013 0.0013 - -
Comparative
Example C 0.0233 0.0220 0.0217 0.019
Example 7 0.1060 0.1080 0.097 0.09

Table 10: Grinding Rate (in g/min) results for Praxair CRC-410 coating on D2 Steel

Tests comparing CBN agglomerate belts, a diamond agglomerate belt and a

conventional monolayer plated flexible diamond belt, Comparative Example B, 6450J
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Renoval Rate Renpval Rate Renpbval Rate Renoval Rate
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waEx@apdda1B 0. 0018 0. 0018 Exanple 6 0.0013 0. O0RGI/US2004/004221

Conparative Exanple C 0.0233 0.0220 0.0217 0.019
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5 we(fQ f@i‘ﬁl‘i&h&i heforRRd é&*ﬁhg efqﬁ&:@&l ﬁfe&ﬁﬁbﬂylhg G‘worﬁﬁw@n bury,
The tested sanpl es were supplied on a D2 Steel

vvor kpi ece. Praxair Surface Technologies, Inc. |ocated

in Indiana 3Q3£rS/CdaNngpp|EaC_Q/Gdaﬁﬁg C Bdri3nQsatindl || Bar 4/Coating
gri ndi ng t e{enovalRAE tRfePﬁd%m@te effngovialRa04t Refoval Rate
exposed thzaz,ar r@ﬂlﬁuln i ng vvor(émuﬁ Bar Jg//rﬁfjﬁt' ng ??gg/min)

f"nn{-

2/ Coating- tin HG Rerbval

@l@nmramVGRw e Renoval Rate ReanaI Rat e / m n)
BgngleB (gf mi n§.0{%f rri n Cfbﬁtﬁz& at ive ER& B|0. 01056148

1’)(\ n 1’)(\ f\ 0090 Al

gag%g‘gso 0158 802 Exan(pb‘ .0218 @5 pﬂ75 9. 051y0475

o
ALV EVAV) AT T

E}@mmg%dl 1g TRO05G esul ts 981300 axai r 99580 coatl| ng &GP0

D2 St ﬁféme YRr cﬁﬂam%!iﬁké %g@gggpﬁ?g% 1354 e&aﬁg%ﬂ PEiebhe

prese I nvent appar ent ose
skilled in the art without departing fromthe spirit
and scope of .the i nve ti on f’L% WO 2004/ 09411Q

PCT/ (e qsifaeasions gdgliegations of the present invention will become

10 apparent to those skilled in the art w1thout departing from the spirit and scope of the

invention.
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1. A nethod of polishing a workpiece conprising
provi ding an abrasive article, the abrasive article
W@ oimpndHIng superabrasive 5 particles w thin PCT/US2004/004221
aggl onerates; contacting the abrasive article with a
wor kpi ece outer surface, the workpiece outer surface
Ctampri sing a thermal spray hard phase; and relatively
novi ng the abrasive article and the workpi ece. 10 2.
The method of claim1l wherein the thermal spray hard
hase i y- ' .- fhe method of claim
lg mhé?gﬁﬁRﬁﬁgiﬁgggﬁggg%ﬁgﬁégﬁgpﬁégglaIuninun1oxide.
15 4proVidingrad hsrdsiod axtickh, the2bwdsreeairticle bemprtial superateasive
conprises zirconium oxide. 5. The nethod of claim1l
PW&%WW‘%@@%@H‘&P? spray hard phase conprises a
car bj Q. T : : j Rgt=i=Y |
c orrnggzécém it}tl%%?ﬁ% Eak?]g}egxél.t Eégjoghﬁgrhe ﬁcgtsﬁa%%%&gf@?( fece outer
sirfasheomprisinp e tieandal sigay bagdrphases awdr omi um car bi de. 8.
The nethod of claim5 wherein t car bi de conpri ses
{ UngSteirebannr e DO SHEC R G SPREIeGr m 1 wihor o n
the thermal spray coating conprises a nitride. 10.
The nmethod of claim9 wherein the nitride conprises
10 2t i t afheimethiodraf glimliwherhia thetheodalspray kerdmpRaseicemprises a metal
%@? nitride conprises silicon nitride. 30 12. The
O¥Efhod of claim1 wherein the thermal spray coating
conprises a netal. -19 WD 2004/094110
PCT/ US2004/ 004221 13. The nethod of claim 12 wherein
3t he tbe glethpdrpdcladad wherpindhe metad pide somprses dlgpinum axide.
The nethod of claim1 wherein the workpi ece outer
surface further conprises a bonding phase. 5 15. The
15 4ret hole aettpldafdlalh 2vBéreinthé hrtdd oride Rgmplissezivonini &dde.
a netallic material. 16. The nethod of claim 15
wherein the netallic nmaterial conprises nickel
chrong . ] ' f 0 : .
5ot hotapetapE it ip S ERERUEIA BAF il R phadcbohlprisc 8 carbice
a netallic oxide material.

6. The method of claim 5 wherein the carbide comprises titanium carbide.
20
7. The method of claim 5 wherein the carbide comprises chromium carbide.
8. The method of claim 5 wherein the carbide comprises tungsten carbide.
25 9. The method of claim 1 wherein the thermal spray coating comprises a nitride.
10.  The method of claim 9 wherein the nitride comprises titanium nitride.
11.  The method of claim 9 wherein the nitride comprises silicon nitride.
30

12.  The method of claim 1 wherein the thermal spray coating comprises a metal.
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18. The nethod of claim 14 wherein the thermal spray

hard phase is tungsten carbide 15 and the bondi ng
W@b@g 94130 cobalt. 19. The nethod of clai m 1 wheeEUS00ME@04221

aggl onerat es conprise abrasive particles wthin a

gl ass binder. 20 20. The nethod of claim1 wherein the

18D aghy fiefolliof cRit Sl 2awkieéih ithe sl bethprises 2khrothenitkélRaston alloy.
of claiml1l wherein the abrasive article is a resin

bonded disk. 22. The nethod of claim1 wherein the

28 STEGRER P PR e Tl compre

b&M@Ed pigsehape. 24. The net hod of claim 23 wherein the
aggl onerates are a cube, pyramd, truncated pyramd,
or a sphere. 30 -20

15.  The method of claim 14 wherein the bonding phase comprises a metallic material.

16.  The method of claim 15 wherein the metallic material comprises nickel, chromium,

cobalt, or combinations thereof.

17.  The method of claim 14 wherein the bonding phase comprises a metallic oxide

material.

18.  The method of claim 14 wherein the thermal spray hard phase is tungsten carbide
and the bonding phase is cobalt.

19.  The method of claim 1 wherein the agglomerates comprise abrasive particles

within a glass binder.

20.  The method of claim 1 wherein the abrasive article is a continuous belt.
21.  The method of claim 1 wherein the abrasive article is a resin bonded disk.
22.  The method of claim 1 wherein the agglomerates are irregularly shaped.
23.  The method of claim 1 wherein the agglomerates have a precise shape.

24.  The method of claim 23 wherein the agglomerates are a cube, pyramid, truncated

pyramid, or a sphere.

-20-



