METHODS OF GRI NDI NG WORKPI ECES COWVPRI SI NG SUPERABRASI VE MATERI ALS TECHNI CAL
FI ELD The following is directed to abrasive articles, and nore

parti cul awvbyepizmettsods of using abrasive articles for gripaaiusgoigopmsrabr asi ve
wor kpi eces. 5 BACKGROUND ART Abrasives used in machining applications
typically include bonded abrasive articles and coated abrasive articles.
Coat ed abrasive articles generally include a | ayered article including a
backi ng and an adhesive coat to fix abrasive grains to the backing, the
nost comon exanpl e of which is sandpaper. Bonded abrasive tools consist of
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mat r . typically monolithic, three-dimensional, abrasive composites in the form of wheels, discs,
segments, mounted points, hones and other tool shapes, which can be mounted onto a

machining apparatus, such as a grinding or polishing apparatus.

Bonded abrasive tools usually have three phases including abrasive grains, bond material,

and porosity, and can be manufactured in a variety of ‘grades’ and “structures’ that have
15  been defined according to practice in the art by the relative hardness and density of the

abrasive composite (grade) and by the volume percentage of abrasive grain, bond, and

porosity within the composite (structure).

Some bonded abrasive tools may be particularly useful in grinding and polishing hard

materials, such as single crystal materials used in electronics and optics industries as well
20  as superabrasive materials for use in industrial applications, such as earth boring. For

example, polycrystalline diamond compact (PDC) cutting elements are typically affixed

to the head of drill bits for earth boring applications in the oil and gas industry. The PDC

cutting elements include a layer of superabrasive material (e.g., diamond), which must be

ground to particular specifications. One method of shaping the PDC cutting elements is
25 use of bonded abrasive tools, which typically incorporate abrasive grains contained

within an organic bond matrix.



The industry continues to demand i nproved nethods and articl es capabl e of
grindi ng superabrasi ve workpi eces. DI SCLOSURE OF | NVENTI ON According to one
aspect, awoebtad4si gri ndi ng a superabrasi ve wor kpi ece Pogiusd@s/o$78pé aci ng a
bonded abrasive article in contact with a superabrasive workpi ece, wherein
t he bonded abrasive article conprises a body including abrasive grains
contained within a conposite bond mat eri al including an organic materi al
and a netal. al .. d furt ncl udes rotatjng .t he bonded
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mat eri al , the threshol d power is not greater than about 140 Wmm 1In

anot her ec a _method of grinding a superabrasive workpiece includes
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met hod further i'ncludes renoving material fromthe superabrasive workpiece
at an average specific grrndrng energy (SGE) of not greater than about 350
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abrasive article comprises a body including abrasive grains contained within a composite
bond material including an organic material and a metal material, and wherein the

15 composite bond material comprise a ratio (OM/MM) of organic material (OM) to metal
material (MM) of not greater than about 0.25. The method further includes rotating the
bonded abrasive article relative to the superabrasive workpiece to remove material from

the superabrasive workpiece.

In still another aspect, a method of grinding a superabrasive workpiece includes placing a
20 bonded abrasive article in contact with a superabrasive workpiece, wherein the bonded
abrasive article comprises a body including abrasive grains contained within a bond
material, and the superabrasive workpiece has an average Vickers hardness of at least
about 5 GPa. The method further includes removing material from the superabrasive
workpiece at an average specific grinding energy (SGE) of not greater than about 350
25 J/mm’ at an average material removal (MRR) rate of at least about 8 mm®/sec for a

centerless grinding operation.



The present disclosure may be better understood, and its nunerous features
and advant ages nmade apparent to those skilled in the art by referencing the
acconpanywogotrewiengs. 5FI G 1 includes an ill ustrati onPofi/tsr01alon36 ve
article in accordance with an enbodinment. FIG 2 includes a diagramof a
grinding operation in accordance wth an enbodinent. FIG 3 includes a plot
of average power (kW versus average material renoval rate (mB/sec) for a
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10  FIG. 4 includes an image of a surface of an abrasive article in accordance with an

embodiment after conducting a grinding operation.

FIG. § includes an image of a surface of a conventional abrasive article after conducting a

grinding operation.

The use of the same reference symbols in different drawings indicates similar or identical

15  items.

DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

The following is generally directed to abrasive articles and methods of using such
abrasive articles for particular grinding operations. In particular reference to the process
of forming the bonded abrasive article, initially, abrasive grains can be combined with a
20  bond material. According to one embodiment, the bond material can be a composite
bond material, having components of organic material and metal material mixed together.
However, the abrasive grains may first be mixed with one of the components of the bond

material. For example, the abrasive grains can be mixed with the organic material.

The abrasive grains can include materials such as oxides, carbides, borides, and nitrides

25 and a combination thereof. In particular instances, the abrasive grains can include
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superabrasi ve materials such as dianond, cubic boron nitride, and a

conbi nation thereof. Certain enbodinents may utilize abrasive grains that
consi st eseentalhicy of di amond. In further reference toPChaSainagisve
grains, the abrasive grains can have an average grit size of |less than 250
m crons. In other instances the abrasive grains can have an average 5grit
size of less than 200 m crons, such as less than 170 nicrons Certain

abrasive articles .ytilize ,abrasiv ai ns. havin rit size
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m crons and about 200 m crons. The mXxture may utilize nore than one type

of abrasive grain. Mdreover, the mxture 10 may use abrasive grains having
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enbodi nent's, one may utilize a mxture having a greater esser
per cent ap}nrtmﬂaﬂl;abgwwnmbcmmow migransndabouidfifanecbriso each ot her. A bonded
abrasive article can be forned that includes a first portion of abrasive

grai ns having . an average grit size of |ess than.abpout 150
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t han gl 50may ﬁéé)é"b?asnl'd”glﬁiﬁ@ hRdhE infodé ﬁfan'oﬂéh@é?&@ $riQiZ Xthif 8, BABxdnie ude a
first portion of abrasive grains having an average grit size within a range

bet ween m@@urmqflabtraswangaanlmnr’nemsc;hﬁlaamgluaesl@tg@ rédhd sonatligsit sigés. dbroasi ve grai ns
haV|nga age gr lzef thin a e bet ween 50 m crons and 200

ot ons. CBGRERCA T paflohprabituf Pl R e B SR ® R SRR B o s
such t hagizd, leen b¢ barhbivied WithRGeOMIAdREIGDS brasereR@ahis havdhgldesexaimplgast about 5
vol % abr asi ve grains for the total volune of the body. It will be

appr eci atByler pygragegritsizgdharcibe rlﬁsgaalgraam &@Wé’f e finst Rostion. nEhe st andt  of

abr a Aabout 10
vol 0/% eigeasﬁ ﬁ%ut thé Q(gq Sﬁﬁ%t(eag;’a‘g gfd out ﬁgdm %@egﬁlxg%eenﬁ??h? east about
40 vol %aﬁbdichmeht@;caie i} utitize aaﬁ1xtdiehbnﬁlga gteates onessb pasemagaot lagdees, t he

m xture n taJ n an anou t of aaﬁaswe grai ns such that the

finally- ?'@rﬁwg oy 22 eoRATRL RehEB about 5 vol % and about 60 vol % and
nore particularly, between about 5 vol % and 50 vol % abrasive grains for the

total vohwaRIQS atriivdRel¥le can be formed that includes a first portion of abrasive grains
having an average grit size of less than about 150 microns, in combination abrasive
20  grains having an average grit size that is greater than 150 microns. In one particular
instance the mixture can include a first portion of abrasive grains having an average grit
size within a range between 100 microns and 150 microns and a second portion of
abrasive grains having an average grit size within a range between 150 microns and 200

microns.

25  The mixture can contain a certain content of abrasive grains such that the finally-formed
bonded abrasive body includes at least about 5 vol% abrasive grains for the total volume
of the body. It will be appreciated that for other exemplary abrasive articles, the content
of abrasive grains within the body can be greater, such as at least about 10 vol%, at least

about 20 vol%, at least about 30 vol% or even at least about 40 vol% of the total volume
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5 1n reference to the organic material conponent of the bond material, sone
suitable organic materials include thernosets and thernoplastics. In
partiucl awp 20teen2imsnd mat eri al can include material s suclrCaaiSpaliputsirdes,

pol yam des, resins, aram ds, epoxies, polyesters, polyurethanes, and

aconbi nation thereof. In accordance with a particul ar enbodi nent, the
organic material can include a polyarenazole. In a nore particular 10
enbodi nmen h anic material can include pol ybenzi m dazole (PBI).
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mat eri al Oga;ch thatftghg %,l nal I y-formed 15 bonded abrasi ve body includes not
greater f Xoglg%?u(f 0% % of organic material for the total volunme of the
bond material. In other enbodi nents, the anmount of organic material within
t he bopndinvefe¢rcalo theyrgmid @akriaf @mpxangfehe buaid rgateddledonidwmitableout 18 vol %
not greater than about 16 vol % not greater than about 14 vol % or. even not
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vol % Afte{) .orm % a m.xture Pf Qr‘gaéﬂc rfateria nd abrasive grains, a
met al matBre ‘ineﬂtaa“ IPESURHRALCT B! $8dN¢IHeSE BOYHENZ91a 2RO PABITBESi t e bond
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mat eri al and net al IT&%EI‘I&L In certain instances, the netal material can

i ncl ude thetbahd materiabmay irlludsysomeThatentofaksinmatgriah| suamgs phevoligresat dnone or
nore transition . net ?I tql enents. |.n accordance with one enbotdi nt, the
metal  metePCHPOdURPS RN 1 55Bethe rési, can e Preseab PR PRRURPESHY | n f act,
enbodi mepy ssel 6 8MbiBNorith b@Rr rgdBicahatéfdler i al that consists essentially
of bronze, and contains a ratio of copper:tin ratio of approximately 60: 40
by weight. A certain content of netal material may be added to the m xture,
such t hathe méteiecan coutpigragsetamsateat aborganic smassial suchihatithe fimally-oamed apout
20 vol % er t V, 0 YT I n
ot he?g i ns aglégé?,agltg %ggég]rr%g%ltd E% Otrﬁg%ag%r ﬂ?r%nt%ro :dg?o g\ﬁtlﬁw?ﬁoﬁgﬁggcomggb? (Ighebond

mat er i al tocArRolenegrfaht Bond matetialadn othet brabadidentspthe atnoustasiorgdnidima@dialol % at
| east about. 40 vol % at. | east about 50 vol % or even at |east about 60

vol % PathF@dlg%Porémaarlﬂlémséb  darippplea RO REASEH it 2t &F VRBF al wi t hi n
a range pehipian Shait 63B 1N AeoRkrabRbol0 4 A% of LR fdf cRelpaeR about SO
vol % and” about 95 vol % or even 10 between about 50 vol %gand about 95 vol %
for the awuallvollunn mitidulsr icshanwes ithebdsiyrren fra tfemicd| suchifheer gdnar miategial he

i xt t ai ni th b [ [ [ teri t.al
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ensuring the mxture is suitably
about 2 vol% and 12 vol%.

After forming a mixture of organic material and abrasive grains, a metal material may be
added to facilitate the formation a composite bond material, wherein the composite bond
25  material contains the organic material and metal material. In certain instances, the metal
material can include metals or metal alloys. The metal material may incorporate one or
more transition metal elements. In accordance with one embodiment, the metal material

can include copper, tin, and a combination thereof. In fact, embodiments herein may



15m xed, the process of formng the abrasive article can continue by
treating the mxture. In accordance with one enbodi nent, treating the

m xt ure o8O 20m0i2u2be a pressing process. Mre particul ar lPgT/ush@18m36i ng
process can include a hot pressing process, wherein the mxture is heated
and pressed sinultaneously to give the m xture a suitable shape. The hot
pressing operation can utilize a nold, wherein the mxture is placed in the

nol d, and.20during the t pressing operation, the applicat.ion of heat and
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t han about 8 tons/in2, not greater than about 6 tons/in2. Still, certain
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bet ween about 0.5tons/in2 and about 10 tons/in2, such as wthin a range
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15 mixed, the process of forming the abrasive article can continue by treating the mixture.

In accordance with one embodiment, treating the mixture can include a pressing process.
More particularly, the pressing process can include a hot pressing process, wherein the
mixture is heated and pressed simultaneously to give the mixture a suitable shape. The
hot pressing operation can utilize a mold, wherein the mixture is placed in the mold, and
20  during the hot pressing operation, the application of heat and pressure is utilized to form
the mixture to the contours of the mold and give the mixture a suitable, finally-formed

shape.

In accordance with one embodiment, the hot pressing operation can be conducted at a
pressing temperature of not greater than about 600°C. The pressing temperature is

25  considered the maximum soaking temperature utilized during hot pressing to facilitate
proper formation of the bond material. In accordance with another embodiment, hot
pressing process can be conducted at a pressing temperature of not greater than about

550°C, such as not greater than 500°C. In particular instances, hot pressing can be



15CGeneral ly, the atnosphere utilized during the treating operation can be
an inert atnosphere, conprising an inert species (e.g., noble gas), or a
reduci ng worroephezse having a |imted anount of oxygen. PaTaiSh@n/ 01834 ances,
the pressing operation can be conducted in an anbi ent atnosphere. Upon
conpl etion of the hot pressing operation, the resulting formcan be an
abrasive 20 article conprising abrasive grains contained wthin a conposite
bond material. .[FIG 1.includes an .abrasive article,i cordapce with an
orbod e At § st bt duaereoes Brbreen o a0l ARNGEY bonded
abr asi vembRApYarti@lariawithig afraBRSdtwbdnyatdaNMRC spbapge@nd defining a central
openi ng 102 ‘extendi'ng axially through the body 101. The bonded abrasive
body 101 can include abrasive grains contained within the conposite 25 bond
mat er i al Thesprgesieg proeess lsan b¢ pondugted eto patindar RicssHrethatds saixiawm andhe
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combipat Rt @5 eHs)int sddenbady 101. The body 101 can have particul ar
amounts of abrasive grain, bond material, and porosity. The body 101 can
include the sane ampunt (vol %9 of abrasive grains as described herein. 10
The bodylmageorgarce] with alembediments theessmigprecpapenti heecandnetedrsiichithatithd or t he
total volune of the body. In . other instan t.he..bod 01 can.i.ncl ude a
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for the total volune of the body 101. In other instances, the body 101 can
be for melhiniiesnat Ipast alba 20 Hrpess, 08 v least 3} PaMutesonpri ses bet ween about 15
10 vol % and about 80 vol % such as between about 10 vol % and 60 vol % or
even et§@&% % 9 i,al: r the total
voluﬁg of t gﬁggﬁ%u%%¥¥QkE%gE%9?H?ﬁ%ﬂ%@g%ﬁ%%%ﬂ%ﬂ%nﬁ%h?%ﬁﬁénr?o have a

parti cul @mosplicrg coapasingman tifeet spetiasree. g enabdngaspfor ahreduwingeatmospheteer i al s (OV)

to nmetal, materj.als caontai nedq wi.thin the : .
having a 11m1ted gmnt o(% oxygen. C}n other instances, the pressing operation can be

conducted in an ambient atmosphere.

Upon completion of the hot pressing operation, the resulting form can be an abrasive

20 article comprising abrasive grains contained within a composite bond material.

FIG. 1 includes an abrasive article in accordance with an embodiment. As illustrated, the
abrasive article 100 can include a bonded abrasive body 101 having a generally annular
shape and defining a central opening 102 extending axially through the body 101. The
bonded abrasive body 101 can include abrasive grains contained within the composite

25  bond material as described herein. In accordance with an embodiment, the abrasive
article 100 can be an abrasive wheel having a central opening 102, which aids coupling of
the bonded abrasive body to suitable grinding machinery, which is designed to rotate the

abrasive article for material removal operations. Moreover, the insert 103 can be placed
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20 conposite bond material. For exanple, the conposite bond material can
have a ratio (OM MW of organic material by volune (OM to netal materi al
by vol umewQNM2/t1a67ng a val ue of not greater than about POTAB2011/04eEOr dance
wi th other enbodi nents, the abrasive article can be formed such that the
conposite bond material ratio is not great than about 0.23, such as not
greater than about 0.20, not greater than about 0.18, not 25greater than

about 0. 15, VEen t t t han, about Q..12...In particul ar instances,
he. bodyaur®the ooy hEh iRty <ona! Somieshianinhater Fantess™e | ati o o
organi c iﬁ@él@'l()ﬁlnaﬂfge HRhatAl rﬁﬁéﬁe[l'vﬂiiclig}{’fNMitaWdt&'uglh@g éﬂﬁgﬁo@ﬁmﬂ%ﬂ about
0.02 and 0. 25, such as between about 0.05 and 0. 20, between about 0.05 and

about 0. m8&chipesyween about 0.05 and about 0.15, or even between about 0.05
and about 0.12. The abrasive article may be forned such that the body 101
cont ai ns e i : f po i . can have
a por osi Rﬁ}‘e;ﬁ) Jdtﬁ@? Q%lglgg%g&% a%a%a(%glﬁ% E%Sblj\;%:{lg/?l ?ﬁérm%ﬁ%né gﬁg&q%éfl%% of the

body s10larolifid e bdye offilsd bR artiéle 100.0¥hatQd, thabodyalMg can peicdd hloyig €ie not
greater than about_ 8 vol % such as not greater than ahout 5 vgl % or even
Snot  gr e@ter ParpAsraherdsistof she igpery 105, which if gEed d, 2. wome &stengis, 2deERies: such

that the jif- '5 i b r 8 petween 0.5 vol % and 10 vol % such as
bet ween g@%%g{%n%t%%ﬁ?@%ﬁl\?gﬁ% Be’t ween about 0.5 vol % and 5 vol % or
even between about 0.5 vol % and 3 vol % of the total volume of the body 101.
The maj ofhd¢ jodyf 101 han pevasrtigularcamduat od febedive@rais,j tond guatprdlsindgocdsityed and

i sol at ed ithin th d material . In fact. in.certain. 10inst ,
casent | af 1 oo 103 rcspis i By T § b Seafoire ek B s bEYD o 1.
I'n agdi t TRObIEY foN&ah GRIMHES 1ASSTT chh%dcoﬁkﬁfoi@it@boddhﬁat@ﬁﬂ)foﬁ% t&t@Mvdlemé or med

such that it has a conposite bond material wherein not |ess than about 82%
of the adithebody.glnaithes mgitanees therodyd@y can inchide acgseater epateniwt ¢omposite net al

i al, of . i b i,al I h b
oy BGRCRTRSLE PR B Ch e G0 VR r ol Sigho65, °,

| ess t hagveaholastIBYut 30 valveor fiettotaPEsumbanttzibedy 102%mwéthéastakeaghye grai ns
within the body 101 are contained within the netal nmaterial of the

conposi t @dyohtd srabeforaed syeiuthabiy compositerbome maserin ot sesbRETcepaPOEen about
82% 10 apOYllo it ab%ﬁfjsdf{?ﬂ%, R elsc%h\%elnyabggteftd’%q% 4 4 %%a&i’%{r%n%% of the
In the’body 1 h

abrasive grains wt can be contained wthin e netal

mat er i al bawesrhabono 2@l voils ed sdout 20 vdlbebdrandadrisifoathe t@abvdhimaé ef the bobe

enbodi ments can utilize a conposite bond having a fracture toughness of not
greater Han 3.0 MPa n05. In fact, certain bonded abrasive articles can
have a bond material having a fracture toughness that is not greater than

about 2. RofyBR;, EHEIbo%%QtH 3sn BOtore8 & BiveaTARIARR WhitiPbdedbR tH o hithe €VEN NOt
greater than about 1.8 MPa nm Certain bonded abrasive articles can utilize

a comnposparecth ofithe2Bgaras maicahls i @M)rtg metdlmeateniale(MdDgonteined vathithe about 1.5

VP d_ab 3.0 MP h i ¢ hi : b t 1.5 MP
and Ts st e palial i e bl <BPofi B SRR BB about
2.3 MPa (ina/Mi)astioygand thhteli@iSoy Wihehe (OBY td theRd kifatedial BY hyluidédi vedah e f or

renoving material fromparticul ar workpi eces, such as by a grindin
pr ocess. havingoavalpe of nat eaeatas dhareahoyt 0.2feln accordance with other embodiments, the

abrasive article can be formed such that the composite bond material ratio is not great
than about 0.23, such as not greater than about 0.20, not greater than about 0.18, not

25  greater than about 0.15, or even not greater than about 0.12. In particular instances, the
body can be formed such that the composite bond material has a ratio of organic material
to metal material (OM/MM) within a range between about 0.02 and 0.25, such as
between about 0.05 and 0.20, between about 0.05 and about 0.18, between about 0.05 and

about 0.15, or even between about 0.05 and about 0.12.
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bonded abrasive articles of enbodinents herein can be particularly suitable
for grinding and finishing of workpieces incorporating super hard materials
or super awpasinve4sat eri al s. That is, the workpi eces canPORNES2@N/ 0880 age

Vi cker's hardness of 5 GPa or greater. In fact, certain workpieces, which
may be finished by the bonded abrasive 5articles of the enbodi nents herein,
can have an average Vicker's hardness of at |east about 10 GPa, such as at

| east abgut 15 .GPa,. or even, at fact, in ce

ot ancobhe RS HoHES T SRR hE e a0 ap e A R SPFTERA ¢ bl e
for gri nﬁér@ﬁt}Dde?%kﬁhp@ tihe b@ﬁ‘j{}@dﬁl Sdrthadt APoHRR otﬁoﬁé}éﬁ&' then AUk 1gat i ons.
One particul ar exa wor kpi eces i ncludes polycrystal line di anond

conpact Y®HECor ehsttot golmmeetféhﬁequle\l\hthmhthmmylstbecepJ the bddy ltmsha@aas of

eart hborin and

cutting %‘l’ ﬂg’ fln"é&reaeﬁ an B"‘gt oé‘t“‘thasrtlﬁ rea%fﬂﬁ %&5 ‘%/et}e | ayer
over | yi ngotgréasdigharadtout I ktelo/s ugsit, Ftﬁé Bod32 M0 beartbeformed sdcﬁehaanh@ﬁdfetht iki )
material. That is, the substrate can include some content of netal

typi cal | yithid aiangsbesweenhamal’ agd hdvelh.anch mobetwaenhd &01% ped abgws Br at e can
have a ngf@al bQR&e%{l 'a@nkuttohs%ﬂ)aﬁldas JotoMp %@%ﬂggeﬁsﬁbgt& b vé’tb/%ﬂﬁd ?volT/‘e

substrate can i nc el’ement, ne or

t ransi t i efthewdtall vohiregrefths bO(ﬂ,)ﬂl(ﬂfDl"Ehep@ﬁJbthubf&he bmtna;nmsbe dldnsed puﬂstty at e can
i ncl ude a carbi de teri al nd nore icularly tungsten car bi de, such
that t heCQHETRE¢! @Sr@élﬁd&%? Porsw&htnttgt ltogﬂdomatea JndartdacpityB. The

wor K eChStahdAL es@ﬁﬁaﬁﬁgﬂr&% urt%té/%ttﬁﬁ%% %f‘%hﬁ’ﬁ AblddGiRSsit) re' n may

i ncl ude 20cutting e nts rnore, cer a|n wor k pl eces ca
particularly brittle materials, having a fracture toughness of _at I east
about 4. h addition(s the ﬁqatilmstd,esqribed\hmekpitl@c@dwdﬁlhawbe forfned sualr that ibbapmess of

Peast - abutiEbs e SRELMRr AT b ot TosS frap 850 BUM e atradb R e B wlfing e can

have a fiheeodyeot Qﬂég;bﬁ@ﬁ&dtvtlﬁﬁn the &kl Iﬁét@ﬁil@iftﬁé@ﬂlp%@f%’borﬁﬁnﬁ)tefﬁam such
as not greater 25 than 15.0 MPa mm 12.0 MPa nm or 10.0 MPa mm_ Certain

wor kpi ecempdn the deYz]é)laGaﬁbP &orimed Sh@h/ihﬁbn(é lgsp Hlean §5&o, tsyelyiriecs desothani n a

range. i n within a
rangs 1 ndreiis 7. AR BrgfEodh: & v 8305 ol ol R ATEARIERRAS X' Snge

i ncl udi nga&i@@ﬂthmﬂt&ﬂﬁﬂﬁlﬂﬂaﬁ dotaneduiithif) tKe vital Iﬁﬁteﬁal of Theecatyoasie bend ayer of
the workpi ece may be bonded directly to the surface of the substrate. The

abr asi vempigpial Higrbodyd 0 gan e famed segh fatlfsbeg\ﬁteﬁ aé?@%%?r/b Emabout, Py e,
car bi desp, Qgﬁ%rgﬁﬁarl}ﬁ%gtv&eﬁ Q5D e[t'lgta'bgﬂt 4 ﬁ abllaglvgg?alm hﬁ%calgodynSt ance,
v "ude nor e

t he abrasi ayer “éan I nc i anon rticu
pol ycr yst@ll ¢anrbe cdntaireddvithary thre. metal material of the bond materlal

20  The bonded abrasive article of the embodiments can utilize a composite bond having a
fracture toughness of not greater than 3.0 MPa m””. In fact, certain bonded abrasive
articles can have a bond material having a fracture toughness that is not greater than
about 2.5 MPa m"™, such as not greater than about 2.0 MPa m®>, or even not greater than
about 1.8 MPam”’. Certain bonded abrasive articles can utilize a composite bond

25  material having a fracture toughness between about 1.5 MPa m®” and about 3.0 MPa m”>,
such as within a range between about 1.5 MPa m”™ and 2.5 MPa m””and even within a

range between about 1.5 MPa m” and about 2.3 MPa m°”,

The abrasive articles herein may be particularly suitable for removing material from

particular workpieces, such as by a grinding process. In particular embodiments, the
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5 Some wor kpi eces, and particularly PDC cutting el ements, can have an
abrasi ve | ayer consisting essentially of dianond. In accordance with at

| east onewenbrdi2umnt , t he abrasive | ayer can be forned eCTaseutionisal havi ng
a Mohs hardness of at |east about 9. Moreover, the workpi ece nmay have a
generally cylindrically shaped body, particularly in reference to PDC
cutting elenents. 10 It has been found that the bonded abrasive articles of
enbodi ments, herein are, particularly sui.table for. grindin d/ or..finishing
of wior kpPailed apragise ABIELE o gmBAREInIS e RGeS paricpleySuitais oy epding oy o

al | oys syhfidshin Gkﬁbr@?eiﬁﬁinﬁék?@fa@ihk Quser ARAY thhtbALls UPhhREMehsieper al | oys,
carbides, nitride, borides, fullerenes, dianond, and a conbi nation

t her eof ) mapgeisndhat isethe wodipiecgsroarahaveian@verage Vikierig hardpess@fdmla ethe bonded

abr asi ve _bod be 15rotated rel,ative to.th rkpiece to facilitate

ot or 1 a1 P, B ety orff QoAb RET Sut i b A Fed IR LESSed Bty ocace i s

i 11 uss r agr@idlel Bf ik @mbddintdns hefeihEnUEeS aa whir@y ARk & s ur@idsO8f stdea@per ati on in
accordance with an enbodinent. In particular, FIG 2 illustrates a

cent er | edul 1P pdangch geptleash AP IGHangr ¢vea ahkpasisabout 2x P&l e 100 in the

form of an abrasive wheel incorporating the bonded abrasive body 101. The

centerl egspgr QY &iﬁ&ﬁﬁ% ) tﬁé‘b&%eﬁ%rafsﬁgtaﬂ?cﬁesi RlitdR Jﬁrﬁcgl?éil%yastuﬁtmevmeel

201, which can be rotated at a particular speed to contr he gri ndi ng

pr ocess. foAgrihding o€ matdrialss tvhivhentle alf@uscd ip abtasive hpplicatohse rOmesgarigeulardi ng
operation, a workpjece 203 can pe dj sposed between the ahrasive. wheel 100
and the VRgRIGP %_ﬁlg‘h TiElaocss fichlea F‘E’ﬁﬁa e %%QW%%@?@%&I& n a

par t icul AEmPRS] WhieH nB?tb\é%%e&l be tHeagd (\!f‘eawﬂﬁ@ﬂing]&lﬂl Byl én IR AL Ng Wheel
201 by a support 205, 25 configured to maintain the position of the

wor kpi ecgasdodustiyr iGegenghy,RIDG guttidg etemabintscan anaduds @edyoptisite materdlihavigg

centerl ess .gri.ndi ng, the. abrasiyv eel ,10Q can be rotated r.el ati.ve to the
o ki oot SRRt v g B Bie b REs S & e RE LB E Al ¢ ot oo
novenment maferibNeTHAO RISE sabitasd B iRdilde sbde dodtatt bY e, RsitdI5Unddllos Wk f ace
(e.g., acircunferential side surface of the cylindrical workpiece) of the

wor kpi ecapgadloy amgertahuEor exgriplsel thegubstratheandhawe a cectdlfmaterdal et kps ®ce 203.

Addi H Onﬂo ée(g?r%tﬁ%a %?Qé’alb%h{ gg\lx\? Sﬁ)lstrgtg jCaﬁ? ﬂ’l{&ﬂ.ﬁ% arrﬁ%tﬁl;[eg%n%#, \}'En%h T4 time the

abr asi ve iS rotated to contro ero € wWor kpi ece 203

and continolude ehé at MofkataRitiod mictdifcldghtQ rinftore Ppanfealadinstinces| theGabitaitd
i nstances, the regulatin% wheel 201 can be rotated in the sane direction as
the abr agniaclydseearbidganaternial. anddaporg parignlagly sungstegcabids, gechthgfithat i ng wheel

201 and {facrARCAs .&Mﬁis\f\@s%gllltially of tungsten carbide.

The workpieces that may be ground by the bonded abrasive articles herein may include

20  cutting elements. Furthermore, certain workpieces can be particularly brittle materials,
having a fracture toughness of at least about 4.0 MPa m®”. In fact, the workpiece can
have a fracture toughness of at least about 5.0 MPa m’", such as at least about 6.0 MPa
m®?, or even at least about 8.0 MPa m”. Further, in certain instances, the workpiece can
have a fracture toughness that is not greater than about 16.0 MPa m”™, such as not greater

25 than 15.0 MPa m®, 12.0 MPa m®’, or 10.0 MPa m™. Certain workpieces can utilize a
material having a fracture toughness within a range including about 4.0 MPa m”’ to about
16.0 MPa m”, such as within a range including about 4.0 MPa m®* to 12.0 MPa m®*and

even within a range including about 4.0 MPa m’” to about 10.0 MPa m®”.
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100 can be rotated in opposite directions relative to each other. It has
been noted that by utilizing the bonded abrasive bodi es of the enbodi nents
herei n, twe 2oeteuicéal renoval processes can be conduct edPCh/us2@angiscul arly
efficient manner as conpared to prior art products and processes. For
exanpl e, the bonded abrasive body 10 can conduct grinding of a workpiece
conprising a superabrasive material at an average specific grinding energy
(SGE) of,. . not gre er(gh n ahbout 350 .J/ ot her .enbadi nents, the SCGE can
bo | bse. TRCESETEr B RO P B S e gD HEGERe P gbEat or t han
about  31Q:bd{ri¥EBThe rafiv € RlyEr canNAuADRIH ndeGiald OB as BArb&Y, ShllddSesgr €at er than

290 J/mmB Still, for certain grinding operations, the bonded abrasive
mat er i al casbidest Doridespard areqrabinafionf thenerf. Hla ane PRificelae instangd tha/dhragiee SGE wi t hi n

b . 50 J/ d ab 350.,J/ . b b
O oy e SRR InpR e, o8 P BerB ity R v B il TR B 0%
JI mBs angomad Metkpiedls, rtichlaSlf PDC clreing elefdnishédn a9€ bRbbragie RNy

paranmeters (e.g., specific grinding energy) can be achieved in conbination
with ot heansistpg pssertiadly of diampaidn dn pesordapseriith at feastiane embedimsgnéthal 20

renoval ggl%)a I - ver [ te can be
at Ieast&g Sgietl(a m"rg}o gg%g@a@aﬁ%t?ﬁ%?lgg%égra %&%ﬁe&fﬁ%@%@’@gy Eag have been
achi evedMoseustbr, @lse workpleee atagidavoi gaderdlBaslindticully shfpedrtdids ggartiilaty s at

| east about 12 mmB/sec, at |east about 14 mmB/sec, at |east about 16

M8/ sec, TeireRagdn PRIC puiting clgmewts. 18 nmB/sec. I n accordance with particul ar

enbodi nents, grinding operations utilizing the bonded abrasive bodies 25

herei CRMaAENSYEnPHE! BRE BoRdldSiblRlve aSHANAf enfoBfindMtd Rirbinird q&a&n&% ween
about 8 mmB/sec and about 40 mmB/sec, such as between about 14 mmB/’sec and

about 40sutaBledecgrimimghara¥oriiatisheegowolipictS inpBpe@ting supcetharg materiateB/ sec,

and even, bet wee bout mB/ sec.and. 40 ,mB/ sec. rindi oper ati on
i 1 21 g aea e ta eyt it pidRhLiss sofband BindmPidiurd

wor kpi eCcgllgyQdarbigés) gitSat 86 A2 fil RnBR IdRinhéild, @Da Bembiangicihedopt a threshol d
power that is not greater than about 150 Wnm Notably, the threshold power

i s nor maPhriegia msteriaheeneyint Gt inding) eperatina, Hisrbastledatarsivabasy dan bet her
enbogl ”E&E'zﬁed Felihef'{vte 35 %%W&rﬁyi}gge‘r’]\%;f%%g %&%@@W%%@%ﬂf&g gﬂqug&?{?ké)n can be

| ess,” su as no reater not greater an about 130
Wmm not greater than about 110 Wmm kW not greater than about 100 W nm
not gr eaOe¢ sidhanatedial uemSthl Yrowess ielillsueated AFIG X aRler 2tildhndes halidgrain oV nm

Certain gri.ndi ng operations can be conducted at a threshold power within a
range be? JEHNGBRRIEIPUIMALERHIANGE VAR BRI B SEHEUIAE, TG AABRTRISRAL 20

mm 1 @éﬁ%rﬁ?@éﬁnd#%’g%ﬁ%ﬂél Lg\ilﬁ%%g%ge behyee 5‘111@%91% iR %e%%?gﬁ?%r%gyw mm - or

even between 200W rtain grinding properties

speci f i cwhedl mutiongpratingy thy bonded ebiasivd bodywdd]. Tt emntaless gnmsliad opeastes etc. ) can
be oAt e CRIRAPELL N BRI GHar S8pecia, o i erded pbrosive
For control the grinding process. As further illustrated, for a particular centerless grinding

operation, a workpiece 203 can be disposed between the abrasive wheel 100 and the

regulating wheel 201. The workpiece 203 can be supported in a particular position

between the abrasive wheel 100 and the regulating wheel 201 by a support 205,

25  configured to maintain the position of the workpiece 203 during grinding.

According to one embodiment, during centerless grinding, the abrasive wheel 100 can be
rotated relative to the workpiece 203, wherein the rotation of the abrasive wheel 100
facilitates movement of the bonded abrasive body 101 relative a particular surface (e.g., a

circumferential side surface of the cylindrical workpiece) of the workpiece 203, and thus,
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15exanpl e, the grinding properties herein can be achi eved on abrasive
articles in the shape of abrasive wheels (see, FIG 1), wherein the wheels
have a diwoebevo2efé7at | east about 5 inches, at |east abeat/UB20monms3) at

| east about 10 inches, or even at |east about 20 inches. In certain

i nstances, the abrasive wheel can have an outer dianeter within a range
bet ween about 5 i nches and about 40 inches, such as between about 7 inches

and about . che rindin o] her ei n .can be i eved on
D aat vesiifti pEBE Nrhion ot Erelur kbt Ph R bbby e CeBusig eieel 501 ey of n

t he wheepsrfbd AAKE sAndMiflE fhe BPasKRASKHE TORE OGR! Contdl it REatloR@rakr asi ve

| ayer defining the rimof the wheel, of at |east about 0.5 inches, at |east

about 1 Wwatkpiecaf208 e@pbcorémbg@rtaln Bariam@wé%of the grieding opgraiian. Anicaghies, at | east

b 2 h b he rrb di
U 1 PEaRE B e RS 20105 18 e HCRRR R LR b BeBRES Thous

0.5 inc hwﬁeeando anpstherSgrindalpesroc&bighthe e ARitigarha DRI arfdl the bbhraties wasel about 4
i nches, even between about 1 inch and about 2 inches. |In particular

mstancek ¢aneerFatakad 1p oppesis daectinns relativee caeleptitle a centerl ess grinding

operation wherein the speed of the abrasive wheel is at |east about 900

m mn, SHCBQS ﬂéen%tédnﬁatoq’}élggg[zﬂ%btg% r%%gébﬁa?ﬁf? %0&1%9 Q¢ trl]iie odﬁﬁen’tsel?e%m about

1200 ninln even at articular processes can
utilize thegmatmhl r@n(vmlaiocsspseechm/betdmnducaed mngEarbcubet wefénicatmaitinet @00 n mi n

and about 3000, mi m n, et ween about 1200 .m.m d about . 2800
m nin, o?oraleﬁé?fimrwééﬁpa fs PGP F IHTEw fh%wgﬁtf ASVE ROPar ti cul ar

i NSt gNCegn éoh&ud?%hﬁ&in@'of E%H?Mﬁéc%p'i‘fsh@rhssub&%fégﬁfe ARG 8F dPSRrdgei ndi ng
operation wherein the speed of the regulrati ng wheel is at | east about 5

m m n, sspehifegrodingtencigyd 8GEY T not gremettharhahout 351) Hﬁm n Inathet east about 12

2 1 egul SXTR RGeS MESOE A ArS P ANBR BeA LA b 5! e RBia about 50

nnmn, sgehtePthal@8bNRSN03IRAHY ndDorhidt ﬂlaﬁBQOLﬁQOUU/Iﬁ’{QZ' Bk Biéh nR gr@vfhapet ween
about 20 mm n,and about 30 ‘mmn The grindi ng process may al so utilize a

parti cul 330 Yoy @hill; for sextiain grindipg opgratiorss, thy bopesdsatirasive mpterial 4a8 a measur e
of t pge rl%gdo%l n%%ﬁal fr%tn {h8 Wﬁﬂg&tat Qﬁ EM&S& é&% v@ia{n"i‘g Iran%e between about 50

J/mm’ and about 350 J/mm’, such as between about 75 J/mm’ and about 325 J/mm’, or

even within a range of between about 75 J/mm’ and about 300 J/mmnr’.

It should be noted that certain grinding parameters (e.g., specific grinding energy) can be
achieved in combination with other parameters, including for example, particular material
20 removal rates (MRR). For example, the average material removal rate can be at least
about 8 mm®/sec. In fact, greater material removal rates have been achieved, such as on
the order of at least about 10 mm>/sec, such as at least about 12 mm®/sec, at least about
14 mm’/sec, at least about 16 mm?>/sec, or even at least about 18 mm®/sec. In accordance
with particular embodiments, grinding operations utilizing the bonded abrasive bodies
25  herein can achieve average material removal rates within a range between about 8
mm’/sec and about 40 mm’/sec, such as between about 14 mm®/sec and about 40
m’/sec, such as between about 18 mm>/sec and about 40 mm>/sec, and even between

about 20 mm?>/sec and 40 mm’/sec.
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15article and the workpiece. In particular instances, the infeed rate per
grind can be at |east about 0.01 mm at |east about 0.02 mm and even at

| east abow0 20120842em Still, the grinding operation is typCtaiSke119¢1870p such
that the infeed rate per grind is within a range between about 0.01 nmm and
about 0.5 mm or even between about 0.02 nm and about 0.2 nm Additionally,
the grinding process can be conpleted such that the through-feed 20 rate of

t he wor kpj eces..i s bet ween. abo 0 in.and. aboyt 15Q. cm i n,. and nore
par t oul Wbt STRRG BRI the P Ta B Gt copRiniers RN AR  Ur mer
be appr egatigfedeRBnptiSing SlipcRittasi N blcki8PGndel COHIR P PR RIS powhe

regul ati ng wheel can be angled relative to workpi ece and the abrasive wheel
to facilthabiseot gneatgyythan abeiitd S0 Wenmo Nefribdis éke thrashgld ppivetisaoriplized dees, t he

regul ati wheel le, s not greater 25 than..about 10 d es, such as not
oot o (R shRG S RE Gnt FuBSbe fER, Thofier SHRREREL SRR S g cven
not gy ea@ingt tha @riﬁdlﬁ%l bpdrati@UEMeR. ledsOsuch @ hai gre@enthed higss 190 Wydindthot
operations, the regu atingmxheel can be angled relative to the workpi ece

and t he &isptgsthan ahgied BOW/MrNMad grentry shaneabaieh OaWaunm kW oneieseaterdhathd about
10 degre : e g&gg , and nore
particu|§¥W§¥%?¥ﬁ@ﬁ9§5r§%§§r eﬁ%EQﬁ9§Qgﬁg5i&§2§538@§%%£%@%% 2§grees.
EXAVMPLE w/ibhe Ceatdiogtinding opdrati@s can de tpatugtdd\ae a ebrasholep®ierawititmaed abr asi ve
body (Si) formed 5 according to an enbodi ment herein conpared to a

[

convent i GREF beBicas AR AR RnG Eagut ded MyFur sueh &t bolgeaihonbs? dsmpe
Mt g al and FRAPIR) Wi shdl AHRenGBHA T Winth MR8/ ifth, OAGER bBRkeR TR |

di anond gral ns, wherein t Ianmond grains have an average size of
U S. nesk0 Womi2ad 90 Wemm.aver age grit size of 125-150 microns) and | arge
di anond grains having a U S. nesh size of 80/100 10(i.e., average grit size

of 150-1Z5 mcr.ons). The.large and. small m xture of dj anond grains are

i xed | nC EUREFBRRE BrovFies -8 or s ettt R e i ed wi th
appr oxi n&n@vil rafes @f@@n%fe aBRie iAo MbRRANEN KBthYaktadulf ABSdcitd M Bdnded

pol ybenzi m dazole (PBI) commercially avail abl e from Boedeker Plastics Inc.

Ther eaf t drasigpidostingineaprocessdnclydingdorgiamplea pantigwlar wheel Beemetsids.t ot he

avai i AP ETE RO AR Frcha g R AU R Rl W SRRED ) "

of abrasive wheels (see, FIG. 1), wherein the wheels have a diameter of at least about 5

inches, at least about 7 inches, at least about 10 inches, or even at least about 20 inches.
In certain instances, the abrasive wheel can have an outer diameter within a range
between about 5 inches and about 40 inches, such as between about 7 inches and about

20 30 inches.

The grinding properties herein can be achieved on abrasive articles in the shape of
abrasive wheels (see, FIG. 1), wherein the wheels can have a width, as measured across
the width of the abrasive layer defining the rim of the wheel, of at least about 0.5 inches,
at least about 1 inch, at least about 1.5 inches, at least about 2 inches, at least about 4

25 inches, or even at least about 5 inches. Particular embodiments can utilize an abrasive
wheel having a width within a range between about 0.5 inches and about 5 inches, such
as between about 0.5 inches and about 4 inches, or even between about 1 inch and about

2 inches.
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The m xture is thoroughly m xed and poured into a nold. The m xture is then
hot pressed according to the follow ng procedures. Initially, a line
pressur e Wb 2602/q8167i s applied to the m xture. The m xt uPeTits20thewsheat ed t o
395C. A full pressure of 10 20 tons/in2 is then applied and the m xture is
heated to 450C for 20 m nutes, followed by a cool down. The finally-forned
bonded abrasive article is fornmed into the shape of an abrasive wheel

havi ng outer dianmeter, of 8 inches and a whee| wi dth qf approximtely 1
eh Tl o e b e sprisRs etk g 63D aEORbos, t e bond
nat eri al gpdphRInkierin tROSHEd of the BB WReET ik af lchst abb\R 0B i Q0eh apder i al

and 10% of the bond matérial is the organic material. The bonded abrasive

articl e &k osdarolf at Isist pbent 4000 oxinira elegst 3Boutd200 mitimima o geengt ddassaboihe bonded

abr asi ve ticle ijncludes a mnor unt of.. pQr.osit ener al | | ess than
T ar b S5 G, PATSHEF Brfte b E i TR B e BBV RS inbid RRRRItanks . oo o

| ar ges anget@a8d Aboit A0BUE/rGihaind 2bo 3006 niimid) Sudh®l betwWiécamdod: 0Bifysmihave an
average grit of U S. nesh 5140/170 (i.e., 150 mcrons) and the |arge

di amond #ideabeyt BIAPamamin o reqvaR Betjicpn akqus d 5@ mimiy andeabput2600miming i . e, 181

m crons). The large and small m xture of dianond grains are m xed in equal

parts. Tfhepagieiﬁéfriﬁstﬂic.eé Qflegﬁuat%ﬁgl r%ﬁ%lvgl (fﬂeﬁiﬁaﬁgﬁlchﬁie?c)é%ﬂ?gs%ilngﬁgor gani ¢

bond nat eri consisting of resin an , conmonly ava s DA69 from
Sai nt - Cobyaratiodbwiaseivelse spbed éfitha meguibdtingfwifsieGs gt kastabauted mlmm, sudtled oho t he

m xture, wherein the S C grains haye an average. grit size of 800 U. S. nesh

and are ﬁ\?&rqqemf?ét_ lgast é&i}é%e@n@iﬂwwg%}%@?%% FYeRst E&itvaeeutc%?r por at i on.
Addi {3 Onglhd, FErtBulRpr Btad itilfre-a répdliathsd Whed kpdeithiRh rairkeddfRdnt 0 the

m xture as DA148, available from Rogers Corporation, New Jersey, USA. The

m xt ure aut how/ourdnd/abeiuk 80l mamih, patirasdetwrten ahowtolOdn/mMih@ndiakewd® i s t hen hot

15pressed accordin o the fallow.n roc res.. Initially, the mxture is

pl aced iW/Tﬂleoﬁ%‘fea%ﬁhﬁeepﬁgo%&gtW@nigggﬁg(&ﬁgg "ﬁ'%m?tQOC. A full pressure of 3

tons/in2 is then applied for 15 mnutes, followed by a cool down. After hot

pressi NngThé chfci]@g PRdes3 haSildeutilRe Qe sl tRossh indedirag peakendhg 210C for 16
e

hours. Sanpl ¢ Is forned into an_abrasive eel having essentially the
sanme di neResatims which 1s a measure of the radial depth of engagement between the abrasive
15  article and the workpiece. In particular instances, the infeed rate per grind can be at least
about 0.01 mm, at least about 0.02 mm, and even at least about 0.03 mm. Still, the
grinding operation is typically set up such that the infeed rate per grind is within a range
between about 0.01 mm and about 0.5 mm, or even between about 0.02 mm and about
0.2 mm. Additionally, the grinding process can be completed such that the through-feed

20 rate of the workpieces is between about 20 c/min and about 150 cm/min, and more

particularly between about 50 cm/min and about 130 cr/min.

It will further be appreciated that in certain centerless grinding operations, the regulating
wheel can be angled relative to workpiece and the abrasive wheel to facilitate through-
feed of the workpieces. In particular instances, the regulating wheel angle is not greater
25  than about 10 degrees, such as not greater than about 8 degrees, not greater than about 6
degrees, and even not greater than about 4 degrees. For certain centerless grinding
operations, the regulating wheel can be angled relative to the workpiece and the abrasive

wheel within a range between about 0.2 degrees and about 10 degree, such as between
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20 the abrasive wheel of Sanple 51. Sanple C has approximately 28 vol %
abrasive grains, 42 vol % organi c bond material (phenolic resin),

appr oxi mewel29122842601 % of SiC grit (U.S. Mesh 800), and appruszéimmsmsiy 3- 4
vol % furfural. Sanple C is available from Norton Abrasives as a PCD
resinoid grinding wheel. Sanple C had the sane di nensions as the sanple 51
wheel . 25Sanples C and 51 are used to grind superabrasive workpi eces
(i.e., P tting el epent avi ng tungsten.carbi de substrates and

Dol vty s Preleaitenentrumt 3 Srvees syl Pe gl PibPadehe betrdy

oper at i ogpoul NQYcPRE ANELRIUS 3AbgleBe centerl ess grinding operation are as
follows: an abrasive wheel speed of 6500ft/mn [1981 nimn], a regulating
wheel speed of 94 ft/mn [29 mMmn], a regulating wheel angle of 2 degrees,
a dept h BXAMRLRpproximately 0.001 in radially (0.002 in change in diameter
targeted per grind), and a through feed rate with nmanual assi st

appr oxi I N/ 1 i rage
power (k eetlo\glf) glgréé %\9@? gbgie%agﬁg e&%rélﬁi)e\c/aaflagorogp ééd %ﬁ%&%@gﬁg% gf"“?ﬁ‘g grindi ng
oper &t i oxccorditig @cancunhbodirerg hemirpé@apated (o @nvaftibnababtdastle mpledal (802) . As
clearly illustrated, sanple Si utilizes |ess power at all neasured average
mat er i al 49sigR5Y ¢ eringd wwerabrasiyqmedls o the sanple O, thus demonstrating
that sanple Si was capable of conducting grinding in a nore efficient

manner t Q%g%lk Re i$ AIFREE bgg?%ﬁl)iﬁ% InixtBNEIT 18tk hAEsAIBRROonEBIASS, dlhefegiTOVal

rate (27 [sec [1.2 i r sanple S, 10 the average power

(appr oxi thatselall dangonid\grame bawzmavetage sgawé Udy. nhesbd 00120 (tehmvetageghibl d power

of sanple d pproxi mat el . 8 ich.is ex pol at ed on t he

ol ot - 30252 o RIS R e dipbond s RaFinE Rt 8PPRE S RFROSN ol o
powero cafl.ehavaagd it ARMbLA1B011TS miciods P THEret AR ka1l hag@ee OMdiddiendont act

w dth of the wheel, such that the normalized threshold power of 4kW25.4 mm

i s equal gas BBOMKCHR ¢@RL patker nror e, upon eval uation of the surfaces of the
bonded abrasive sanples Si and C after conducting centerless grinding

operatio 1 r feal Hes: Bl d Si
dormnst © i dedicRe MR SRl PEERonkd is fiRed B phidRind DS Bt o Jha 5

i ncl ude orgagie bond niateeiabeorfsBting oHpolybunzinidprods (FBI) actinEtcidlhspadiblyel y aft er
conduct i rindi ng operatigns. As illustrate t he surface of sanple Si as
pr ovi dedﬁgw%gﬁlfee%l%%@ﬁn%&%?@s anpéalaﬁgeﬁﬂgi%ag{ama@ém&rai R4 ¥e surface

t hat 1§13V§dd&f&'t6‘ﬁh%'rﬂi§ﬁ1r§.' 2\ ﬁlbfﬁ@ﬁ&rll(ﬁﬂatfeﬁEHS ﬁgli’tgﬁg 66740 81'Sh/ENPESHRIsRidar ovi des

evi dence that the abrasive article I's capa conti nued abrasive
oper at i omsilafldds DA lftom Coheccticutdingiregiiog A sg@iatesCorpOdtidenonst rat e t he
bonded abrasive article is capable of perform ng the abrasive task in an

efficient, manner .apd _has.inprqved life. By cqomntrast. the surface of the
Sampl e oFhe BR0G iEftorolbry RES 458 phire e h ot TBE kS PR be bond t hat
have snegicedd abébraiay € HREONByHEDEdRdurtheERtidIBYiadite peésbudeTB0peiiat € a bond
that has a high anount of friction with the workpi ece, which is evidence of

an i nef f rpliedfo Geinygiurgy Beemagirsrs then bepterdtoedPSte. Phidllgaessne ofil0 | n short,
e : ratt i . N ‘

e e B B A SR s e e Logy 9 ©
cool down.

The finally-formed bonded abrasive article is formed into the shape of an abrasive wheel
having an outer diameter of 8 inches and a wheel width of approximately 1 inch. The
bonded abrasive article has approximately 62 vol% composite bond material, wherein

25  90% of the bond material is the metal bond material and 10% of the bond material is the

organic material. The bonded abrasive article of sample S1 has approximately 38 vol%
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The foregoi ng bonded abrasive articles of enbodi nrents herein and net hods of
form ng and using such bonded abrasive articles represent a departure from
t he st at ewof2etie4mrt. I n particular, the bonded abrasi vecChase@s/ outsréi ze a
conmbi nation of features including a m xture of abrasive grains, abrasive
grain types and sizes, conposite bond material 5having particular ratios of
netal and organic materials, and certain properties that i nprove the
efficien rindi i ons on _super-hard and/ or er aprasi ve

wor ki Bt RauTe M pRARHEPHSRE HasE HRBIES Raned Rt FHEREE e 1ot hod of
maki ng tgﬁwgg@d@ggggﬁqabmg and the nethod of using the bonded abrasive for

particul ar grindi ng operations represent a departure fromthe state of the

art. It is noted that use of bonded 10abrasive articles according to the
enbodi nehkscowertional sangde (Ql)rs frmed b gombarng @ wdurs ofdaige peg splt e ef fi ci ent
grinding d i f Si Vv ln

f or egoi n%fgﬂl(rg{a1 gl;a?& %%? lle T t%e g&fih E! ?aérﬁ nﬁ%‘?ﬁnép&% nd' %? %ég gg n(gfe[étsl on gl? of certain
conponent40/18 (ikl), uso hﬂ&rbnsa andl thenatde dimeipgraiak hhedart dv@tage ghiesiee 6 £UIS
conponents as bei n coug ed or connected is jntended to disclose either
direct cHAHEEIVHY Ges Webmiaany. 1he bsgpwikimall pptyrs of diggrond @54BL#€on t hr ough
one or i g conponents to carry out the nethods as di scussed
her ei n. )&gdgﬁﬁkﬂﬁgkgbove di scl osed subject matter is to be considered
illustrative, and not restrictive, and the appended clains are intended to
cover al Thesnnd:ttuneudila‘r'gcamd ona] diembadﬂ:ie nmimctwithlad ogdaherboadinedenednt s, whi ch

fall within. rue scope of the tion, T 1o theIHM|num
batent SATBRHRE g S na TR SomhRrsingiats et BABY o ShpLLoPah AR o

det efgn N&H afbuht'r SHC%QQ% £rel%@s'br£'d§§d i@)' tBe lﬂ‘itﬁfep wWakRid @B s §I=Jiﬁb K9k kW ng
clains and their equival ents, and shall not be restricted or linited by the

f or egoi ngyetrgeairit side ¢€8e¢ Upt. ingsh aﬁd]@remvgléabcb@@ﬂléAﬁP BP0 puit fiioen BeivdGpbain
interpre neanln of t i d|t| in the
for egor raPtteinet Chtrobomm et RiBhuan Bl rRplinte e sFRBit &g ner
or dESCrtob:ﬁéinh)Etufb BIDWI 43, avdiRienfesth Mogérstdwp&uﬁmmwfer@presm ining the

di scl osure. This disclosure is not to be interpreted as reflecting an

intention that the clained enbodi ments require npre . features than are
expr ess| Yh westisds therughly mxgd and paymed into aénqlﬁeTh%mlwerfg thendohs refl ect,

of " the. dfeol LEFrATE ) e (RS g TR RUNTR AP Bplackidh e of any

mold and the mixture is heated to 190°C. A full pressure of 3 tons/in” is then applied for

15 minutes, followed by a cool down. After hot pressing, the formed abrasive undergoes

a post-forming bake at 210°C for 16 hours.

Sample C1 is formed into an abrasive wheel having essentially the same dimensions as

20  the abrasive wheel of Sample S1. Sample C1 has approximately 28 vol% abrasive grains,
42 vol% organic bond material (phenolic resin), approximately 25 vol% of SiC grit (U.S.
Mesh 800), and approximately 3-4 vol% furfural. Sample C1 is available from Norton
Abrasives as a PCD resinoid grinding wheel. Sample C1 had the same dimensions as the

sample S1 wheel.

25  Samples C1 and S1 are used to grind superabrasive workpieces (i.e., PDC cutting
elements having tungsten carbide substrates and polycrystalline diamond abrasive layers)
in a centerless grinding operation. The parameters of the centerless grinding operation

are as follows: an abrasive wheel speed of 6500ft/min [1981 m/min], a regulating wheel
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1. A nethod of grinding a superabrasive workpi ece conprising: placing a
bonded abrasive article in contact with a superabrasi ve workpi ece, wherein
t he bondewloabr2zagi2ee article conprises a body includi ng abramskea/ogrsal ns
contained 5within a bond material, and the superabrasive workpiece has an
average Vickers hardness of at |east about 5 GPa; and renoving materi al
fromthe superabrasi ve wor kpi ece at an average specific grindi ng ener gy

P A S e S

10 2. A spprbamhatily 000N fbiafly 301067 AdRALY R dwfﬁé’tﬁf ﬁ?g%téa%‘épl’ghﬁdl)ngnd placing a
bonded abrasive article in contact with a superabrasive wor kpi ece, wherein

t he bondéwoughrfeed mate with maneal esmgs rpprozimatblyd) inmain il Ingn/atinhsi ve grai ns
contained within a corrp03| te bond nmaterial including an organic material

and & gl SRS B o PR SLRLIWADA GUOSEEE HIRRE AR EH] Al COTPr T o€ 2

ratio ( nic m

greater (mﬁs@bwth@gﬁﬁdmgapbrﬁtwﬁéarﬂ*@ éhasibgratagleal @slove0 grahd Gle(proel ative
to the su(g)er abrasi ve wor kpi ece to renove material fromthe superabrasive

wor kpi ecé!2)20\s3! %ﬂbfélthrﬁér&teéf sagpnlndld Hylizes Jens PP AT ssalhacasiol svergee corrpr i sing:
pl aci ng r t
wor kpi ec@ag%glr%g}oﬁgtﬁég% %ﬁ%&rg fbat‘g?\s/ %;&‘ﬁéfﬁgs téiglﬁ‘g?su%séggé gﬁbgﬂ@ﬂl ncl udi ng
abr asi vewgs edpasle@d nbmduaﬁnlg writdihg irea nnremfﬁcmnt ihamcr thahehé smple €l udm ng an
organic terial met al teri d 2brotati.n e_bonde brasi ve
article FehaYee tﬁ‘gh igfist g@&é@ﬁ%ﬁ%ﬁﬁf@%@? e i gw.s@éf%éﬁep »from t he
supef@br @giaV&adopsPirqGFproXiRtay B sAuW) Rgs skt g{eesgmgfor RMM4h AL iRdsRsaal . the
t hreshol d powef is not greater than about 140

power of sample C1 (approximately 4.8 kW), which is extrapolated based on the plot 302

crossing the y-axis of average power. Note that the threshold power can be normalized to

the size of the samples based on the contact width of the wheel, such that the normalized

threshold power of 4kW/25.4 mm is equal to 150 W/mm.

15 Furthermore, upon evaluation of the surfaces of the bonded abrasive samples S1 and C1
after conducting centerless grinding operations on certain workpieces, it was noted that

samples C1 and S1 demonstrated significantly different surface morphologies.

FIGs. 4 and 5 include images of the surfaces of the samples S1 and C1 respectively after
conducting grinding operations. As illustrated, the surface of sample S1 as provided in

20  FIG. 4, demonstrates regions 401 and 403 along the surface that have maintained
significant surface roughness, and therefore provides evidence that the abrasive article is
capable of continued abrasive operations. Additionally, the rough regions 401 and 403
demonstrate the bonded abrasive article is capable of performing the abrasive task in an
efficient manner and has improved life. By contrast, the surface of the sample C1, as

25  shown in FIG. 5, demonstrates regions 501 of the bond that have smeared and have
become smooth. These regions 501 demonstrate a bond that has a high amount of
friction with the workpiece, which is evidence of an inefficient grinding operation as
compared to the sample S1. In short, sample S1 is capable of achieving greater

efficiency during grinding of super-hard workpieces than the conventional sample C1.
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WD 2012/ 024267PCT/ US2011/ 047870 4. The nmet hod of any of clains 1, 2, or 3,
wherei n the workpi ece conprises a superabrasive nmaterial selected fromthe
group of wateryehs7consi sting of di anond, cubic boron niPCTius$e)11foutsier enes,
and a conbi nation thereof. 55.The nethod of claim4, wherein the workpiece
conprises a polycrystalline dianond conpact (PDC) cutting el enment. 6.
The nmethod of any of clains 1, 2, or 3, wherein the workpiece is a

P FRORLSH oS Rl ST Bh S SRR ol Bl v "
conpr i segndusif ieh bonded®brabiR attd&OdpREef !afl‘ieg'zlrﬁlre Waa! @k Btatd S-St At e
conprises a netal. 15 9. The net hod o? claim 7, wherein the substrate

conpr i separticylen, e beagedaprasivbbedidsartize g sombingtion ebfsatuggsoneluding a10. The
net hod of .Xctlrai &:: 71, .vvherelzi n f}alrhe1 supsr“at e ”%? ri ses a. ngt a(#mel enent

conpri si WA ZREFYE ST e ARFSIXREGTT JPCS 2070 TRA G 8O M3FeErn 10,

wher &3 N hdvengSpreiéulataticOsmhétaamdlongand atctialParesertain profettiesitha met hod of
claim1l, wherein the substrate consists essentially of tungsten carbi de.

13. The warpwitheriliqiencinod gripgtiag eperations aapupey-hasd pad/er supstabssieéd directly to
the s UbS{;VBf”Hp?eces. Moreover, the methods described herein, including the method of making

the bonded abrasive and the method of using the bonded abrasive for particular grinding
operations represent a departure from the state of the art. It is noted that use of bonded
10  abrasive articles according to the embodiments herein in certain grinding operations

allows for more efficient grinding and extended life of the bonded abrasive article.

In the foregoing, reference to specific embodiments and the connections of certain
components is illustrative. It will be appreciated that reference to components as being
coupled or connected is intended to disclose either direct connection between said

15  components or indirect connection through one or more intervening components to carry
out the methods as discussed herein. As such, the above-disclosed subject matter is to be
considered illustrative, and not restrictive, and the appended claims are intended to cover
all such modifications, enhancements, and other embodiments, which fall within the true
scope of the present invention. Thus, to the maximum extent allowed by law, the scope

20  of'the present invention is to be determined by the broadest permissible interpretation of
the following claims and their equivalents, and shall not be restricted or limited by the

foregoing detailed description.

The disclosure will not be used to interpret or limit the scope or meaning of the claims.
In addition, in the foregoing description includes various features may be grouped

25  together or described in a single embodiment for the purpose of streamlining the
disclosure. This disclosure is not to be interpreted as reflecting an intention that the
claimed embodiments require more features than are expressly recited in each claim.
Rather, as the following claims reflect, inventive subject matter may be directed to less
than all features of any of the disclosed embodiments.

30
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14. The method of claim®6, wherein the abrasive |ayer conprises a materi al
sel ected 30fromthe group consisting of carbon, fullerenes, carbides,

bori des, wodor/ewhi nati on thereof. WD 2012/ 024267PCT/ BE620B1047B70

15. The method of claim 14, wherein the abrasive |ayer conprises di anond.
16. The method of claim 15, wherein the abrasive |ayer conprises
polycrystalline 5 dianond. 17. The nethod of claim 15, wherein the
abrasive | ayer consists essentially of dianond. 1018. The nmethod of claim®6,

wherein [ r has a Mohs hardness of at |east about 9. 19. The
nethod_oﬁﬁgﬁiqgﬁiéﬁgpﬁg%g, 2, or 3, wherein the workpiece is in the shape
of cylindricah hasyd ofi&ind?tk a SlperabRishedvatkpietycdthpridig: m 1, 2, or 3,
wherein the process of renoving material is a centerless grinding

oper at i oplacing a bopded aprasiveeartiela oeonkany vath acsuppighragive Workpie, wWiprstetha t he
bonded abr asi ue 8 Lhel G bR PrAbES bbd) Abilhel e SRAERIRRRA 2 rate

of at |east a
5 within a bond material, and the superabrasive workpiece has an average Vickers

hardness of at least about 5 GPa; and
removing material from the superabrasive workpiece at an average specific grinding
energy (SGE) of not greater than about 350 J/mm® at an average material removal
(MRR) rate of at least about 8 mm’/sec for a centerless grinding operation.
10
2. A method of grinding a superabrasive workpiece comprising:
placing a bonded abrasive article in contact with a superabrasive workpiece, wherein the
bonded abrasive article comprises a body including abrasive grains contained
within a composite bond material including an organic material and a metal
15 material, and wherein the composite bond material comprise a ratio (OM/MM) of
organic material (OM) to metal material (MM) of not greater than about 0.25; and
rotating the bonded abrasive article relative to the superabrasive workpiece to remove

material from the superabrasive workpiece.

20 3. A method of grinding a superabrasive workpiece comprising:
placing a bonded abrasive article in contact with a superabrasive workpiece, wherein the
bonded abrasive article comprises a body including abrasive grains contained
within a composite bond material including an organic material and a metal
material, and
25  rotating the bonded abrasive article relative to the superabrasive workpiece to remove
material from the superabrasive workpiece, wherein during the step of removing

material, the threshold power is not greater than about 140 W/mm.
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22. The nethod of claim 21, wherein the bonded abrasive article is rotated
relative to the workpiece at a rate within a range between about 1000 m mn
and aboutwBQOr/amawsrn. 25 23. The net hod of any of cl ai nsPCT/UR2010/04870 Wher ei n
a speed of a regulating wheel is at |east about 5 mmn 24. The net hod of
claim 23, wherein the speed of the regulating wheel is within a range

bet ween about 5 mimn and about 50 mMmn. 30 WO

2012/ 024267P US2011/ Q47870 .25. .The t hod .of, any.of clains 1, 2, or 3,
Chorern Bt Ehe Reog e oty or IR o S SYHRER ™ P GkPErS EMBRSh o g 1 Lom i he
wor kpi eCQipdfabfi3ivR\RAteEe soaéed 3 the 'gR)h%' ofﬁl@ét@fia(ld\@%kisﬁﬁg 8t dihﬁ@ﬁ&, cabeut 10
mB/ sec, at |east about 12 nmB/sec, at | east about 14 mmB/sec, at | east
about 16bemBhgude, faellerenes) angds compunationghera®l sec. 26. The nethod of claim
25, wherein the average material renoval rate (MRR) is within a range

bet ween about 8 mmB/sec and about 40 M8/ sec, between about 14 mm8/sec and

abouts 405 MmB/ $REmethOl WECRIAROWherdh theB/osigficAnpRioe a pélyerpiiasiae, or between
about 20 mmB/sec and about 40 nnB/sec. 27. The nmethod of any of clains 1,
2, or 3,digmendrempas (HBE) cetnpelenest. a fracture toughness within a range

bet ween about 1.5 MPa in" and about 3.0 MPa 28. The nethod of any of
clainms 1, 2, or 3, wherein the bond material conprise a 15 ratio (OM M) of
or gani ¢ émt er Thd meBbvl of anyref dhinsdt, @f ored, whebdin dfe warkpgtertaaioniposite about

0.23, not greater than a%out 0.20, or .not greater than_ about 0.15. 29. The
met hod omag?ﬁ@ RIS AsSUpstrate apy amabrdiug @Y Fr QWEYB8dle 2ONHEses at | east
abouty, 10 vol % bond material of the total volune of the body. 20 30. The
met hod any of clains 1, 2, or 3, wherein the body conprises at |east about
10 vol % abr asThemgthaid o clafim bheh¢metnethe yaistrate compiries damimet.

8. The method of claim 6, wherein the substrate comprises a metal.

15 9. The method of claim 7, wherein the substrate comprises a metal having a Mohs

hardness of at least about 8.

10.  The method of claim 7, wherein the substrate comprises a metal element

comprising a transition metal material.

20
11.  The method of claim 10, wherein the substrate comprises tungsten carbide.
12.  The method of claim 11, wherein the substrate consists essentially of tungsten
carbide.

25

13.  The method of claim 6, wherein the abrasive layer is bonded directly to the

substrate.

14.  The method of claim 6, wherein the abrasive layer comprises a material selected
30 from the group consisting of carbon, fullerenes, carbides, borides, and a combination

thereof.
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31. The nethod of any of clainms 1, 2, or 3, wherein the body conprises a
porosity of 25 not greater than about 10 vol % of the total volune of the
body. 32woTbhe/amashiod of any of clains 1, 2, or 3, wher ecm/ush@1oatsyo
conprises a porosity within a range between about 0.5 vol % and about 10
vol % of the total volune of the body. 30 WD 2012/024267PCT/ US2011/ 047870
33. The nethod of any of clains 1, 2, or 3, wherein the body conprises an
annul ar shape. 34. The nmethod of any of clains 1, 2, or 3, wherein the
body defines an abrasive rimb5extending circunferentially around an edge of
the abrasive #hd helh@d of 3faim THSwHEERMQH: MradWy 1a9ér @niIri¥Bs diaménd.0r 3, Wwherein

t he workpi ece conprises a fracture toughness of at |east about 4.0 MPa n05,
at least about 5.0 MPa mm at |east about 6.0 MPa nm or at |east about 8.0
MPa nD*5,_ 10 6. Th hod.of . any .of .cl ai 1, 2. or 3. wherein the

wor kit eck® corhs eldd o PR 1o oot e STt soPimntls PoxdhaBbE. 16 o wa
nD5, 9ot digmead.er than about 15.0 MPa mm not greater than about 12.0 MPa
nD5, or not greater than about 10.0 MPa nD5. 15 37. The net hod of any of
claims 1, 2, or 3, wherein the workpiece conprises a fracture toughness

W thin a;4angel i t : *. : . bout 4.0 MPa
no 5 1o Sour THMEHHHLOR i 35w ferlin Ve aiRbive hoeialis ikeftidiremoott 25

38. The néiatwodd.of any of clainms 1 or 2, wherein during the step of renoving
materi al ,

10 18.  The method of claim 6, wherein the abrasive layer has a Mohs hardness of at least
about 9.
19. The method of any of claims 1, 2, or 3, wherein the workpiece is in the shape of
cylindrical body.

15
20. The method of any of claims 1, 2, or 3, wherein the process of removing material

is a centerless grinding operation.

21. The method of any of claims 1, 2, or 3, wherein the bonded abrasive article is

20  rotated relative to the workpiece at a rate of at least about 900 m/min.

22. The method of claim 21, wherein the bonded abrasive article is rotated relative to

the workpiece at a rate within a range between about 1000 m/min and about 3000 m/min.

25 23.  The method of any of claims 1, 2, or 3, wherein a speed of a regulating wheel is at

least about 5 m/min.
24.  The method of claim 23, wherein the speed of the regulating wheel is within a

range between about 5 m/min and about 50 m/min.

30
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a threshold power is not greater than about 150 Wmm not greater than
about 140 Wmm not greater than about 130 Wnmm not greater than about 120
W mm notwg@nremtes267han about 110 Wnmm or not greater tiram/usbanio4B0® W nm
25 39. The nmethod of any of clainms 2 or 3, wherein the conposite bond
material has a fracture toughness of not greater than about 3.0 MPa n05,

not greater than about 2.5 MPa mm or not greater than about 2.0 MPa n05.

40. The hod_ of a of. clains. 2 o 3, erein the_ organi.c nateri al

corpr | 56D, SBRRTEIPARTaRY BBt onit heVrah RURE WECEP STt ot i ng of
pol yi m dﬁ:ﬁteriﬁ?hﬁ@éﬂa@%&emb@&i RomeROWbADIRE At SverRRINASER rémoRP kMY et hanes,
and a conbi nati on thereof. V¥)2012/0 4267PCT/ UsZ011/ 047870 41. The net hod

of any ofMBRapfiat Iaspabagit 1Qmemésen, atHeasbabgaihil 2 mpatseei aillcagioahont sbs

pol ybenzj msdazol PBI ) . 42, The t hod, of .any of clains 2 or 3, wherein
Phe” or oo Rk ok Featt ol | PmtE sl or TS Bafle A Biests 250 val o6 of the 1 ot A
vol uneg of the bond material. 43. The nethod of any of clains 2 or 3, wherein

the organic materi al congrises bet ween about 1 vol % and about 20 vol % of
t he t ot af6.vol Ghemsthod oé clands mubaeinghe avegage material removal rate (MRR) is

within a range between about 8 mm’/sec and about 40 mm®/sec, between about 14
mm’/sec and about 40 mm°/sec, between about 18 mm’/sec and about 40 mm>/sec, or
between about 20 mm*/sec and about 40 mm’/sec.

10
27. The method of any of claims 1, 2, or 3, wherein the body comprises a fracture

toughness within a range between about 1.5 MPa m®* and about 3.0 MPa m’".

28. The method of any of claims 1, 2, or 3, wherein the bond material comprise a
15 ratio (OM/MM) of organic material (OM) to metal material (MM) of not greater than
about 0.23, not greater than about 0.20, or not greater than about 0.15.

29.  The method of any of claims 1, 2, or 3, wherein the body comprises at least about
10 vol% bond material of the total volume of the body.

20
30.  The method any of claims 1, 2, or 3, wherein the body comprises at least about 10

vol% abrasive grains of the total volume of the body.

31.  The method of any of claims 1, 2, or 3, wherein the body comprises a porosity of

25  not greater than about 10 vol% of the total volume of the body.

32.  The method of any of claims 1, 2, or 3, wherein the body comprises a porosity
within a range between about 0.5 vol% and about 10 vol% of the total volume of the
body.

30
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44. The nethod of any of clains 2 or 3, wherein the netal material
conprises a transition netal elenent. 45. The nethod of claim 44,
wher ei n twe 2ner@h2émat eri al conpri ses copper and tin. 15°rC#AiS20ih@418ed hod of
claim 45, wherein the netal material consists essentially of bronze. 47.
The met hod of any of clainms 2 or 3, wherein netal material conprises at

| east about 20 vol % of the total volune of the bond material. 20 48. The

nmet hod of, any,_.of cJ ai 2 or .3, rei ot .| ess than about 82%or not |ess
Than 00085t LG WENRUT 8Ty PEeHinscl & Goh Ut M QORGSR aT o o1 ol | o
the compgabée bond material. 25 49.The nmethod of any of claims 2 or 3,

wherei n the workpi ece conprises an average Vickers hardness of at | east
about 5 GPa. 50. The nmethod of any of clains 2 or 3, wherein the conposite

Pond S 2 RSBl LB 2 8 Gk B ML Bt AR AR
wher g§ n ghendif@éitdindeicotig IN@868nd 4n gk bif theaabiAR@ark@é ween about 1.5 MPa mm
and about 3.0 MPa

35.  The method of any of claims 1, 2, or 3, wherein the workpiece comprises a

fracture toughness of at least about 4.0 MPa m®>, at least about 5.0 MPa m®’, at least

about 6.0 MPa m®>, or at least about 8.0 MPa m®”.

10
36.  The method of any of claims 1, 2, or 3, wherein the workpiece comprises a
fracture toughness of not greater than about 16.0 MPa m”, not greater than about 15.0

MPa m”’, not greater than about 12.0 MPa m’?, or not greater than about 10.0 MPa m®”.

15 37. The method of any of claims 1, 2, or 3, wherein the workpiece comprises a
fracture toughness within a range including about 4.0 MPa m®” to about 16.0 MPa m®”,
about 4.0 MPa m®® to about 12.0 MPa m®*, or about 4.0 MPa m" to about 10.0 MPa
m®S

20 38.  The method of any of claims 1 or 2, wherein during the step of removing material,
a threshold power is not greater than about 150 W/mm, not greater than about 140
W/mm, not greater than about 130 W/mm, not greater than about 120 W/mm, not greater

than about 110 W/mm, or not greater than about 100 W/mm.

25 39.  The method of any of claims 2 or 3, wherein the composite bond material has a
fracture toughness of not greater than about 3.0 MPa m®’, not greater than about 2.5 MPa

m’?, or not greater than about 2.0 MPa m””.

40.  The method of any of claims 2 or 3, wherein the organic material comprises a

30  material selected from the group of materials consisting of polyimides, polyamides, resin,

epoxies aramids, polyesters, polyurethanes, and a combination thereof.
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52. The nethod of claim1, wherein the average Vickers hardness of the

wor kpi ece is Sat | east about 10 GPa, at |east about 15 GPa, or at | east
about 25 vébao12/B&67The net hod of claim 1, wherein the SEETiGs20m04T$r€at er

t han about 325 EmB, not greater than about 310 EmmB, not greater than
about 300 EmmB, or not greater than about 290 Enmm8 10 54. The nethod of
claim1, wherein the SGE is within a range between about 50 EnmmB8 and about
350 EmmB, between 11 about 75 EmmB and about 325 EmB, or between about 75

Emm8 and about 300 Emm®B _ _ _ _ _
41.  The method of any of claims 2 or 3, wherein the organic material comprises

polybenzimidazole (PBI).

5 42.  The method of any of claims 2 or 3, wherein the organic material comprises not

greater than about 20 vol% of the total volume of the bond material.

43.  The method of any of claims 2 or 3, wherein the organic material comprises

between about 1 vol% and about 20 vol% of the total volume of the bond material.
10

44.  The method of any of claims 2 or 3, wherein the metal material comprises a

transition metal element.

45.  The method of claim 44, wherein the metal material comprises copper and tin.
15

46.  The method of claim 45, wherein the metal material consists essentially of bronze.

47.  The method of any of claims 2 or 3, wherein metal material comprises at least
about 20 vol% of the total volume of the bond material.

20
48.  The method of any of claims 2 or 3, wherein not less than about 82% or not less
than 90% of the abrasive grains are contained within the metal material of the composite

bond material.

25 49.  The method of any of claims 2 or 3, wherein the workpiece comprises an average

Vickers hardness of at least about 5 GPa.
50.  The method of any of claims 2 or 3, wherein the composite bond material

comprises a fracture toughness of not greater than about 3.0 MPa m’>.

30
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51.  The method of claim 50, wherein the fracture toughness is within a range between

about 1.5 MPa m®’ and about 3.0 MPa m®>,

52.  The method of claim 1, wherein the average Vickers hardness of the workpiece is

at least about 10 GPa, at least about 15 GPa, or at least about 25 GPa.

53.  The method of claim 1, wherein the SGE is not greater than about 325 J/mm?>, not
greater than about 310 J/mm’, not greater than about 300 J/mm®, or not greater than about

290 J/mm’.
54.  The method of claim 1, wherein the SGE is within a range between about 50

J/mm’® and about 350 J/mm’, between 11 about 75 J/mm’ and about 325 J/mm’, or

between about 75 J/mm?> and about 300 J/mm>.
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