ABRASI VE ARTI CLE FOR USE I N GRI NDI NG OF SUPERABRASI VE WORKPI ECES TECHNI CAL

FI ELD The following is directed to abrasive articles, and nore
parti cul avbyepizmamyed Sabrasive articles suitable for gripaaiusgoigopmsabrasi ve
wor kpi eces. BACKGROUND ART Abr asi ves used in machi ning 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 10
nost comon exanpl e of which is sandpaper. Bonded abrasive tools consist of

rigid, and typjgald i thi -di i I L% nposites in
the form of w%gg?§I¥g?§§§#h§2gﬁg&bgiggggﬁﬁggi%g@ﬁ?gyﬁﬁ%§§§A§ggﬁother t oo
shapes, which can be nounted onto i°’ng apparatus, such as a grinding
or polishing apparatus. Bonded abrasive tools usually have three phases

i ncludi ng abrasive grains, bond 15material, and porosity, and can be

manuf act TRGEINICAL 8IPvBri ety of 'grades' and 'structures' that have been
defined according to practice in the art by the relative hardness and

density of thehahiasinescaenestd srigiadatieandd Bort bativabuyieopaécent age of
abrasive grain, bond, and porosity within the conposite (structure). Sone
bonded adtasysaticlssytantpfoperipding pengraprasyveygekaiecesn gri ndi ng and pol i shing
20hard materials, such as single crystal materials used in electronics and
optics industries as well as superabrasive materials for use in industrial

appl i cat BOASGRQANIRABE eart h bori ng.

Abrasives used in machining applications typically include bonded abrasive
articles and coated abrasive articles. Coated abrasive articles generally include a layered
article including a backing and an adhesive coat to fix abrasive grains to the backing, the

10 most common example of which is sandpaper. Bonded abrasive tools consist of rigid,
and 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
15  material, and porosity, and can be manufactured in a variety of “grades” and “structures’
that have 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
20 hard materials, such as single crystal materials used in electronics and optics industries as
well 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),

25  which must be ground to particular specifications. One method of shaping the PDC



For exanpl e, polycrystalline dianmond conpact (PDC) cutting elenents are
typically affixed to the head of drill bits for earth boring applications
in the oiwoant/gas7i ndustry. The PDC cutting el ements i rcra$eoia/ohmger of
superabrasive material (e.g., dianond), 25 which nust be ground to
particul ar specifications. One nethod of shaping the PDC cutting el ements
is use of bonded abrasive tools, which typically incorporate abrasive

grains contained wthin organi c. ban trix. . . The industry
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i ncl udi ng abrasive grains contained within a bond material, wherein the
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grinding operation.

According to another aspect, an abrasive article includes a bonded abrasive
having a body including abrasive grains contained within a composite bond material
comprising an organic material and a metal material, wherein the composite bond

15  material has a fracture toughness of not greater than about 3.0 MPa m®?.

In yet another aspect, an abrasive article includes a bonded abrasive having a
body including abrasive grains contained within a composite bond material comprising
an organic material and a metal material, wherein the bond material comprise a ratio
(OM/MM) of organic material by volume (OM) to metal material by volume (MM) of

20  not greater than about 0.25.

In still another aspect, an abrasive article includes a bonded abrasive having a
body configured to grind workpieces comprising superabrasive material, wherein the
body has abrasive grains contained within a composite bond material comprising an
organic material and a metal material, wherein not less than about 82% of the abrasive

25  grains by volume are contained within the metal material of the composite bond material.

According to one aspect, a bonded abrasive having a body includes abrasive

grains contained within a composite bond material, wherein the composite bond material

2.



In still another aspect, an abrasive article includes a bonded abrasive
havi ng a body configured to grind workpi eces conprising superabrasive
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of a grinding operation in accordance mnth an enbodlnent
BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure may be better understood, and its numerous features and
advantages made apparent to those skilled in the art by referencing the accompanying

drawings.

15 FIG. 1 includes an illustration of an abrasive article in accordance with an

embodiment.

FIG. 2 includes a diagram of a grinding operation in accordance with an

embodiment.

FIG. 3 includes a plot of average power (kW) versus average material removal
20  rate (mm’/sec) for a bonded abrasive body according to an embodiment and a

conventional sample.

FIG. 4 includes an image of a surface of an abrasive article in accordance with an

embodiment after conducting a grinding operation.

FIG. 5 includes an image of a surface of a conventional abrasive article after

25  conducting a grinding operation.



FIG 3 includes a plot of average power (kW versus average materi al
renoval 20 rate (mmB/sec) for a bonded abrasive body according to an

enbodi rerwoant/e4envent i onal sanpl e. FI G 4 incl edegssantiommsge of a
surface of an abrasive article in accordance with an enbodi nent after
conducting a grinding operation. FIG 5 includes an inmage of a

surface of a conventional abrasive article after 25conducting a grinding

operati on. e use of the sape reference synbals in different
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nmet hods of using such 5abrasive articles for particular grinding
operations. In particular reference to the process of form ng the bonded
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material. According to one enbodi nent, the bond material can be a conposite
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consi st ﬁ%@@ﬂztr! @k h¥raSive grains may first be mixed with one of the components of the bond

10  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 and a combination thereof. In particular instances, the abrasive grains can
include superabrasive materials such as diamond, cubic boron nitride, and a combination
thereof. Certain embodiments may utilize abrasive grains that consist essentially of

15 diamond.

In further reference to the abrasive grains, the abrasive grains can have an average
grit size of less than 250 microns. In other instances the abrasive grains can have an
average grit size of less than 200 microns, such as less than 170 microns. Certain
abrasive articles may utilize abrasive grains having an average grit size within a range

20  between 1 micron and about 250 microns, such as between 50 microns and about 250

microns, and more particularly between about 100 microns and about 200 microns.

The mixture may utilize more than one type of abrasive grain. Moreover, the
mixture may use abrasive grains having more than one average grit size. That is, for
example, a mixture of abrasive grains can be used that includes large and small grit sizes.

25  In one embodiment, a first portion of abrasive grains having, for example, a large average
grit size, can be combined with a second portion of abrasive grains having, for example, a
smaller average grit size than the large abrasive grains of the first portion. The first and

second portions may be equal parts (e.g., weight percent) within the mixture. In other
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15di anond. In further reference to the abrasive grains, the abrasive grains
can have an average grit size of less than 250 mcrons. In other instances
t he abrasw@eomr@#213 can have an average grit size of | e®ETtusao12@B8Ti crons,
such as less than 170 mcrons. Certain abrasive articles may utilize
abrasive grains having an average grit size within a range 20 between 1

m cron and about 250 m crons, such as between 50 m crons and about 250

m crons, d.nore particularly betggen about 100 m crons and about 200

mi cr ons. SMPOdIMEREONG MIN HIZGAM YT PIUNHB REFAHH 2 1557HFE PEHRIAT OlaBressi ve

grain. NgﬁggnggaﬁggsQ&ﬁéﬁg&uﬂﬁyhggﬁnabrasive grains having nore than one
average grit size. That 1s, for exanple, a m xture of abrasive grains can

be used that includes large and snmall grit sizes. 25In one enbodinent, a
first portionAdfonddst ahspsiee ytelegen hafarmgd thas incdudesp fiest particir fabeasseage grit
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That 1o sis A0 SIS range bevel PO Bl o e or ¢

si ze of passn vhanmaaboghinkHdvime ananseagd gritchadwnlah iaoan geadierasinvied Ogniarans havi ng
an averagehg{it,size that is greater than 150 microns. In one particul ar

i nst anceHAOHIErMSe can include a first portion of abrasive grains having
an average grit size within a range between 100 m crons and 150 m crons and

a segpnd por t TRIMHuRRAEASbMEInH @kam RANNES o FHECL S s@H thatsthe ﬁnMﬂ;Lhi na
range between 150 microns and 200 m crons.
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
15  volume of the body. In some abrasive articles, the mixture can contain an amount of
abrasive grains such that the finally-formed body contains between about 5 vol% and

about 60 vol%, and more particularly, between about 5 vol% and 50 vol% abrasive grains

for the total volume of the body.

In reference to the organic material component of the bond material, some
20  suitable organic materials include thermosets and thermoplastics. In particular, the bond
material can include materials such as polyimides, polyamides, resins, aramids, epoxies,
polyesters, polyurethanes, and a combination thereof. In accordance with a particular
embodiment, the organic material can include a polyarenazole. In a more particular
embodiment, the organic material can include polybenzimidazole (PBI). Additionally,
25  the bond material may include some content of resin material, such as phenolic resin. In
such embodiments utilizing a resin, the resin can be present in minor amounts, and may

be used in combination with other organic materials.

The mixture can contain a certain content of organic material such that the finally-

formed bonded abrasive body includes not greater than about 20 vol% of organic material

_5-



10The m xture can contain a certain content of abrasive grains such that
the finally- formed bonded abrasive body includes at | east about 5 vol %
abr asi ve woaore2ir the total volune of the body. It w PCThS2@ppumsse? at ed
that for other exenplary abrasive articles, the content of abrasive grains
wi thin the body can be greater, such as at |east about 10 vol % at | east
about 20 vol % at |east about 30 vol % or even at |east about 40 vol % of the

total 15yolunme of the hody. In son brasive articles, the mxture can
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Al Y, e

(PBI). I't1onal ond material may include sone content of
resin material, such as phenolic resin. In such enbodinments utilizing a
resin, the reAftar foamirdgen pixese nf organivi maeridmodnbssivachimay nigeal us@elidln

conbi nati on. wi ot her..organi.c material s. . The. m xtur.e can contain a
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for the total volune of the bond naterial. In other enbodi nents, the anpunt

of or ganinstanessethe aletalinndi¢nml chieingbwld mdtle pi mktahraljoyse The swetalfomaterapt amgyl e, not
greater than algout 18 vol % .ﬁot Fiat er Eh n abo%{n 16.vol % %05‘ r eat er

t han abolﬁ‘POI?ﬁra\/%‘P%or&?OfS\}rélﬁ“ Bt "Fre &t 81 thah *HEOU 18" Vol PR ‘8% i cul ar

i nst ancege nidig RAEYalcanireaudtRopRe, $GhRd hREmBIAAsh theReofBILfb@l is present in
an amount within a range between about 1 vol % and about 20 vol % such as

bet ween eiBbeAiments Seodramdy abbes 2 motay gladyiabthat ervsistspasentially of pronigh erd n a
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organi c materl n rasive grail eri may be added to
facilitate the formation a conposite bond material, wherein the
A certain content of metal material may be added to the mixture, such that the

finally-formed bonded abrasive body contains at least about 20 vol% metal material for
the total volume of the bond material. In other instances, the amount of metal material
within the composite bond material can be greater, such as on the order of at least about
20 30 vol%, at least about 40 vol%, at least about 50 vol%, or even at least about 60 vol%.
Particular embodiments may utilize an amount of metal material within a range between
about 20 vol% and about 99 vol%, such as between about 30 vol% and about 95 vol%, or
even between about 50 vol% and about 95 vol% for the total volume of the composite

bond material.

25 After forming the mixture containing the abrasive grains, organic material, and
metal material, the mixture can be agitated or mixed for a sufficient duration to ensure
uniform distribution of the components within each other. After ensuring the mixture is
suitably mixed, the process of forming the abrasive article can continue by treating the

mixture.



10conposite bond material contains the organic material and netal material.
In certain instances, the netal material can include netals or netal

al | oys. TWe 20et@h27mat eri al nmay i ncorporate one or nore PCRNSRALLOMSREL al

el enents. In accordance with one enbodinent, the netal material can include
copper, tin, and a conbination thereof. In fact, enbodi nents herein may
utilize a netal material that consists essentially of bronze, and

15contains a ratio of copper:tin ratio of. approxinatel 0; 40 by.wei ght.
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particularly, the pressing process can include a hot pressing process,
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greater e“pressing tenperature is

The pressing process can be conducted at a particular pressure that is a maximum
and sustained pressure exerted upon the mixture suitable to form the mixture to the
desired shape. For example, the hot pressing process can be conducted at a maximum
pressing pressure of not greater than about 10 tons/in”. In other embodiments, the

20  maximum pressing pressure may be less, such as not greater than about 8 tons/in’, not
greater than about 6 tons/in>. Still, certain hot pressing processes can utilize a pressing
pressure within a range between about 0.5tons/in® and about 10 tons/in’, such as within a

range between 0.5 tons/in® and 6 tons/in®.

In accordance with an embodiment, the pressing process can be conducted such
25  that the pressing pressure and pressing temperature are held for a duration of at least
about 5 minutes. In other embodiments, the duration may be greater, such as at least

about 10 minutes, at least about 20 minutes, or even at least 30 minutes.

Generally, the atmosphere utilized during the treating operation can be an inert

atmosphere, comprising an inert species (e.g., noble gas), or a reducing atmosphere
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10consi dered the maxi num soaki ng tenperature utilized during hot pressing
to facilitate proper formation of the bond material. In accordance with
anot her ewbadizmemt7; hot pressing process can be conduct edTAS2&1p#B8TI Ng
tenperature of not greater than about 550C, such as not greater than 500C.
In particular instances, hot pressing can be conpleted at a pressing
tenperature with a range bet ween about 400C and 600C and 15 nore

parti cul th| range between about 400C and 490C. The ssi ng
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the desired shape. For exanple, the hot pressing process can be conducted

at a maxi mum pressing pressure of not greater than about 10 tons/in2. In
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o e9si noilENed B der s BUSEG0 e Perae drhondseatieine fodh B darieiton of at

| east abge%htelraﬁlg%ﬁﬁﬁtales%apé Qn@&&ﬁﬁnfﬁpﬁﬁaﬂgﬁgﬁng T et e&nalgpt}{rotﬁgh Yeeater,
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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 around the body 101 and define the central opening 102 and in particular

instances, the insert 103 may be a metal material which can facilitated coupling of the

15  body 101 to machinery.

The bonded abrasive body 101 can define an abrasive rim extending
circumferentially around an edge of the abrasive article 100. That is, the body 101 can
extend along the outer peripheral edge of the insert 103, which is affixed (e.g., using

fasteners, adhesives, and a combination thereof) to the body 101.

20 The body 101 can have particular amounts of abrasive grain, bond material, and
porosity. The body 101 can include the same amount (vol%) of abrasive grains as
described herein. The body 101 can include at least 10 vol% composite bond material for
the total volume of the body. In other instances, the body 101 can include a greater
content of composite bond material, such as at least 20 vol%, at least about 30 vol%, at

25  least about 40 vol%, or even at least about 50 vol% for the total volume of the body 101.
In other instances, the body 101 can be formed such that the composite bond material
comprises between about 10 vol% and about 80 vol%, such as between about 10 vol%
and 60 vol%, or even between about 20 vol% and about 60 vol% bond material for the

total volume of the body 101.



Upon conpl etion of the hot pressing operation, the resulting formcan be an
abrasive article conprising abrasive grains contained wthin a conposite
bond mat ewpab12/@#7G. 1 includes an abrasive article in a&ctarsdanoe’ssft h an
enbodinent. As illustrated, the abrasive article 100 can include a bonded
abrasive body 101 having a generally annul ar shape and defining a central
openi ng 102 extending axially through the body 101. The bonded abrasive
body 101 can jncl ud brasiye grajns contained within the conposite bond
Tt ori el ae d80EhPbd ey aph o e laed Bl Ntk A B BAEEERE t he 10
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15body 101 to nachinery. The bonded abrasive body 101 can define an
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and a cogibataathan abdth@r80b) even nohgrebedshah @houtZ0Mhdnlpacticulbd inseampned) shee
particul ar anmounts of abrasive grain, bond material, and porosité” The body
Fi

101 can Py @adedpranedsmeh b thscompapity bosd maierial howa ftis) ¢l orepniciaatrilhed
herej . ThiedOdieAd 1514180 Al B&Slec nYRUUCARRES LGsbgnd mat er i al
for tﬂe %otgFﬂgaFunécgﬁﬁ%¥Q9%o§$? I% o?ﬁ%ﬁ instgé%és, theé ﬁ%gﬁ 101 can

i ncl ude bketgeeaiteut ¢.0Mtaatht.20f bawagoadicue0.H0ndd peduw Oilal betsaehaltasit 8105lasdst 20
vol % at le about 30 vol % at 25| east t 40 vol % or even at | east
about SOMVW?QQ§OW“?3%EW3FSWa tbﬁéfﬂgagﬂ&?gﬁ%y 101. In other instances, the
body 101 can be formed such that the conposite bond material conprises

bet ween about THOn+edi% ﬁ’ﬂdleall%%hﬁe BEmYOL%h B G @&yﬂ@ﬂ%ﬁﬁirﬁ@%ﬁaﬁﬁ V_0| % and
60 vol % or even between about 20 vol % and about 60 vol % bond material for

t he t ot afonyeiIt @freoreity. héorssampleothe body 101 camlgtvaipprositief pedgreatethamn be
formed tQ NAYE PR ecttéka%o{uﬁfé &t éal?oeogr Nt %th\éplng{gﬁcé)se{h%%%h?f %% %Khe
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or even not greater than about 3 vol%. Still, the body, 101 can be formed such that the

porosity is within a range between 0.5 vol% and 10 vol%, such as between 0.5 vol% and

about 8 vol%, between about 0.5 vol% and 5 vol%, or even between about 0.5 vol% and

20 3 vol% of the total volume of the body 101. The majority of the porosity can be closed
porosity comprising closed and isolated pores within the bond material. In fact, in certain

instances, essentially all of the porosity within the body 101 can be closed porosity.

In addition to the features described herein, the body 101 can be formed such that
it has a composite bond material wherein not less than about 8§2% of the abrasive grains
25  within the body 101 are contained within the metal material of the composite bond
material. For example, the body 101 can be formed such that not less than 85%, such as
not less than about 87%, not less than about 90%, or even not less than about 92% of the
abrasive grains within the body 101 are contained within the metal material of the

composite bond material. The body 101 can be formed such that between about 82% to



(OM M) of organic material by volume (OM to netal material by volume (MVY
5having a value of not greater than about 0.25. In accordance wth other
enbodi mrerwe,20te4zbr asi ve article can be formed such t h&CTiuseo1aons8si t e
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 greater than about O0.15, or
even not greater than about 0.12. In particular instances, the body can be

formed such t the conposit ond rial . ha rati o of. organic
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a porosi . of r r.t &b f ot ot vol une of
t he bodyﬁf}l('@)% a Fg&g ﬁggéh?lﬁssst%%@ é%l?eateﬁgl%gtgéi&fé car?? ﬁ%&ig%g&%gr%%%?(fy of not

greater ibradivadiidies Sanvitdv¥a Ha madsian@hivigs editafurd foaphiadothiat B neok¥atepr even
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bet ween 9 u 0 5: %0l 9 : | % or
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and isolated pores within the bon eriggl . fact ,sin certain instances,
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In aﬂﬂith@geB&W%a?mk%@ﬁgnﬁﬁaﬁﬁéﬁ&iQ%%tb%@@bgnﬁﬁhe body 101 can be formed
such that it has a conposite bond material wherein not |ess than about 82%

of the abrasive grains 25within the body 101 are contained within the netal
mat eri al of thee duapesittielehberdinnmaebs particianly sudtabis! for renpyigoaigteniall can be
f or med chh t hat . not Less thaﬂa8§%% guﬁh as_not Iesgg%pgn %qu%n 7% not

| ess t hano ABEIHGH0L° BV & “RE IPRE R b out " §2 the abrast ve grains

wi t hi n t e bbadhd abddsivar £ticlenddniedimeithhéreinn@n e atticoRi g suRdbl®fort he
conposite bond material. The body 101 can be fornmed such that between about
829% t o grinding and finishing of workpieces incorporating super hard materials or superabrasive
15  materials. That is, the workpieces can have an average Vicker’s hardness of 5 GPa or
greater. In fact, certain workpieces, which may be finished by the bonded abrasive

articles of the embodiments herein, can have an average Vicker’s hardness of at least

about 10 GPa, such as at least about 15 GPa, or even at least about 25 GPa.

In fact, in certain instances, the bonded abrasive articles herein are particularly

20  suitable for grinding of materials, which are also used in abrasive applications. One
particular example of such workpieces includes polycrystalline diamond compact (PDC)
cutting elements, which may be placed on the heads of earthboring drill bits used in the
oil and gas industry. Generally, PDC cutting elements can include a composite material
having an abrasive layer overlying a substrate. The substrate can be a cermet

25  (ceramic/metallic) material. That is, the substrate can include some content of metal,
typically an alloy or superalloy material. For example, the substrate can have a metal
material that has a Mohs hardness of at about 8. The substrate can include a metal

element, which can include one or more transition metal elements. In more particular
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about 97% and nore particularly, between 85% and about 95% of the abrasive
grains wiwthin the body 101 can be contained within the netal nmaterial of

t he bond wet2er@h277The bonded abrasive article of the emrbodiSeenig’ssan
utilize a conposite bond having a fracture toughness of not greater than
3.0 MPa5. In fact, certain bonded 5abrasive articles can have a bond

mat eri al having a fracture toughness that is not greater than about 2.5

MPa5, such as not greater than, about. 2.0 MPa5, .or even not greater than
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3.0 MPa 5, such as within a range between about 1.5 MPa 5 and 2.5 MPa nband

even within a 10 range between about 1.5 MPa 5 and about 2.3 MPa 5.
The abrasi ve &ha Wetkeiechethal mayrhg eisang Ry theckingded gbrasive asictes heieiny ®apvi ng

material. framparti rkpieces h . rindin I ss. In
parti cul ar fu@%@%?%r@%ﬂse,%&t \r@ gﬂr?ggoerg cggr%%@%gs 15%'% C%P gg P 8&%%‘512 %(rfrtgent s herein
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i ncorporating super hard materials or superabrasive 15mterials. That is,

the wor kpPePEse cehhhgAdTagra i eagess vf eklenst sbom Sdhils ot sichps ableagir eat er .
| n Tact, afet b3IMPARPKALRGES ot 180 GlbUTRY) 1y b FIRM:DM EhGINIRNMRA AL asi ve

articles o? the enbodi nents herein, can have an average har dness
of at | eastkpaoutn hive@mctut chughseatthdt éasit galaoartthdbabGRal 6.0 MRvel?’,at | east

about 25, e, blbbS pgh s SRR Y SSPe SIR FRISh AL gplye artioles

10 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®”.

The abrasive layer of the workpiece may be bonded directly to the surface of the
15  substrate. The abrasive layer can include hard materials such as carbon, fullerenes,
carbides, borides, and a combination thereof. In one particular instance, the abrasive
layer can include diamond, and more particularly may be a polycrystalline diamond layer.
Some workpieces, and particularly PDC cutting elements, can have an abrasive layer
consisting essentially of diamond. In accordance with at least one embodiment, the
20  abrasive layer can be formed of a material having a Mohs hardness of at least about 9.
Moreover, the workpiece may have a generally cylindrically shaped body, particularly in

reference to PDC cutting elements.

It has been found that the bonded abrasive articles of embodiments herein are
particularly suitable for grinding and/or finishing of workpieces incorporating super-hard
25  materials (e.g., metal and metal alloys such as nickel-based superalloys and titanium-
based super alloys, carbides, nitride, borides, fullerenes, diamond, and a combination
thereof). During a material removal (i.e., grinding) operation, the bonded abrasive body

can be rotated relative to the workpiece to facilitate material removal from the workpiece.
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20sui table for grinding of materials, which are also used in abrasive
applications. One particul ar exanple of such workpi eces includes

pol ycr ystwibl2ore#2dizanond conpact (PDC) cutting el enents, pamiuskorrmy7see pl aced
on the heads of earthboring drill bits used in the oil and gas industry.
Generally, PDC cutting elenments can include a conposite material having an
abrasi ve | ayer overlyi ng a substrate. The substrate can be a cernet

25(ceram c/ netal | i rial. That is, the ude some
content of mePir ffﬁyB B Bty SIS df I el Paptsa” evanp .
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about 8. ubs rate can include a metal element, which can include one
or nore tllruatmgcs a @ﬁmtqmts apriediegreprration| mllmngethp abmapize amcle l%)stn alirﬁcf@sm af he
substrate can. Jungsten

Sarn do. SufiROEhe TacBut BctelRe BRI Bl B0 TRRE, PR ftled] trlndih?

car bi gde. opdigional Fiu@eed sndlitita ﬂagtﬂab@g @hednd1 byhich ealbmﬂmecahraa@rw@tar ticles
herein may include cutting el enents. Furthermore, certain wor kpi eces can be

parti cul $hepq teantro] e ppmdmgipapass. h/aﬁlfqﬁ@leaﬂ]ﬂlﬁfa%tﬁfbrf@f 1 pugpHaseenitlegy | east

about 4. rk ss of
ot 1 cast iy Oy s peitia0sRalf B SREADNRER e (iRl bl JUIRERS ¢
| east abmuateduilinyReherb20 IFUTitenesrkpicte 2@3 tai be suppsbradaicies, patrth:elampbhnbece can
have a fracture toughness that i s not greater than about 16.0 MPa nb, such

as not gPEWEd}th Fﬁatﬁlsws vegipdOand theregulgpag wheelg01 Py aguppst 48>- Cert ai n
10WOtd<p' uf‘eartot'r)ttahﬁttlmh@ S8 &G dfahe RBMID eeo%e%fggg%@n&ﬂ%ghness within a

rangeln |nga MPa b to about 16 such as within a
range i ncl ud| ng about 4.0 MPa nb to 12.0 MPa nband even within a range
i ncl udi ng aboftcotdidg MPana@nbadizbot durligy @nwlassnﬁind'ﬁl@ thrbassiveewvhezy é00 of t he
wor kpi ecceanr{)ae%og?ed reﬁggg todt E:%v%trllq}{ege%ot?sh\%hgr%{rf the rotatlon gtethe 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,
15 and thus, grinding of the surface of the workpiece 203. Additionally, the regulating
wheel 201 can be rotated at the same time the abrasive wheel 100 is rotated to control the
rotation of the workpiece 203 and control certain parameters of the grinding operation.
In certain instances, the regulating wheel 201 can be rotated in the same direction as the

abrasive wheel 100. In other grinding processes, the regulating wheel 201 and the

20  abrasive wheel 100 can be rotated in opposite directions relative to each other.

It has been noted that by utilizing the bonded abrasive bodies of the embodiments
herein, the material removal processes can be conducted in a particularly efficient manner
as compared to prior art products and processes. For example, the bonded abrasive body
can conduct grinding of a workpiece comprising a superabrasive material at an average

25 specific grinding energy (SGE) of not greater than about 350 J/mm’. In other
embodiments, the SGE can be less, such as not greater than about 325 J/mmS, such as
greater than about 310 J/mm®, not greater than about 300 J/mm’, or even not greater than
290 J/mm®. Still, for certain grinding operations, the bonded abrasive material can

remove material from the workpiece at an average SGE within a range between about 50
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15substrate. The abrasive |ayer can include hard materials such as carbon,
ful |l erenes, carbides, borides, and a conbination thereof. In one particular
i nst ance,wohet2alzgi ve | ayer can incl ude di anond, and mpc@/ysastiiogisBar |y may
be a polycrystalline dianond | ayer. Sone workpi eces, and particularly PDC
cutting elenents, can have an abrasive |ayer consisting essentially of

di anond. I n accordance with at Ieast one enbodi nent, the 20 abrasive | ayer
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that the bonded abrasive articles of enbodinents herein are particularly

sui table for ﬁél ndi ng and/ or finishing of workpieces incorporating
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relative to the Worr(ﬁl ece to facilitate material renoval fromthe
wor kpi eclast about 8 mmaysec. shidpctngieater Bpteriahisevalgpise Bake begnjaphigesds s4dd in FI G

2. FIG % rpt‘i% WARS oPatha?s%@cg?th ng‘n‘gfécngfcﬂ% APELRLLAR 12'?111‘?1%@ 9@1@&%‘? W th an

enbodi nent n part| cu 'Ustrates a centerless grfinding
oper at i ogbout i4 hmh igcthéeaatatasi Kemartsec)| e et@0atilenst fisut 08 mmof/sean Imbr asi ve

wheel incorporating the bonded, abrasive. body 101. The centerless grinding
Soper at i %mo'%&HCWF R&CHIZE$T) %dlalewégm@e%@vv%@élﬁ uﬁgzﬂngmw E“;n be rotat ed

at ajpar i el aboiRartkih QaIFQdTlﬁévglaVEﬂage Hatetd] RERLPGQRS SvitthP a bk Bfween
illustrated, for_a particular cent erl ess grinding operation, a workpi ece

203 can ﬂ@udB@podwd ape ebesdOte /sder ashwae betvereh ab Q0 1dmamt/bes anégtbblat40ng wheel

the’ abr a8 CRge o 700 SR ORL Y BELIAT FbaRed) oL by md SEb B o205,

10conf i gasRE20 shrdeBhad B0 Whig'/eesi tion of the workpi ece 203 during grinding.
Accordi ng to one enbodi ment, during centerless grinding, the abrasive wheel

100 can be rotated relative to the workpi ece 203, wherein the rotation of
the abrasi ve Weslndinnopespiqn wtlrzey the beisdabesiveneidesrmdsmbadingitve body 101

rel aH Veh& 18%1& 'a%rﬁ]él)eéé&;gnﬁﬁ%n\{gm%enabﬁsﬁ% g%lféqagléﬁm)é ﬁdndﬁ&tgg a4’ face of the

cylindri cal wor Kpl ec i ece and t grinding of the
surface tieshbld pavrek fiaeseo? @ikateAdchntaboutall SOWY/rhine Naeghly,.ahe thgeshbielglov2®1 can be

ot at | onl ST AGPINF BRSO AFUI WUFEahOpST SRRFE TS Oohe
grindi ngth?é%ﬁ()lﬁtﬂo%r during the grinding operation can be less, such as not greater than about
140 W/mm, not greater than about 130 W/mm, not greater than about 110 W/mm kW,
20  not greater than about 100 W/mm, not greater than about 90 W/mm, or even not greater
than about 75 W/mm. Certain grinding operations can be conducted at a threshold power
within a range between about 20 W/mm and about 150 W/mm, such as between about 20
W/mm and about 130 W/mm, such as between about 20 W/mm and 110 W/mm, or even

between 20 W/mm and 90 W/mm.

25 Certain grinding properties (e.g., specific grinding energy, threshold power,
material removal rates etc.) can be achieved in combination with particular aspects of the
bonded abrasive and grinding process, including for example, particular wheel
geometries. For example, the grinding properties herein can be achieved on abrasive

articles in the shape of abrasive wheels (see, FIG. 1), wherein the wheels have a diameter
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In certain instances, the regulating wheel 201 can be rotated in the sane
direction as the abrasive wheel 100. In other grinding processes, the

regul ati nvgowheal242Z01 and t he 20abrasi ve wheel 100 can becCTaiSatiac47887
opposite directions relative to each other. It has been noted that by
utilizing the bonded abrasive bodies of the enbodi nents herein, the
material renoval processes can be conducted in a particularly efficient
manner as c npar.e rior art ducts

roce For exa the
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not greater than about 350 J/mB. In other enbodi nents, the SGE can be
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310 J/rmi%lb %q%>%§ éﬁn &pan about 300 J/mmB, or even not greater than 290
J/m8. St ?? P arn n-grindi ng operations, the bonded abrasive materi al
can renove material fromthe workpiece at an average SCGE wthin a range
bet ween about Thdgrirlin@Bropadicab@din 3hGe AbHHd Glbhaskde HetlaeRNhabigipt of 5 J/ M8
and about 325 J/mmB, or_even within a range of between about 75 J/m8B and
about 308Prayivasheels (see, HIE. Shaieeeimbeidiesls C@ﬁBﬁVecf’eWtdé]il 7S GRG2HHPHACTBET amet er s
(e.g. Sae%&ehqugﬁdé D100 BOS BN hiGaRe A GSAL BXEA. bl GOTDIDE D ShateL h ot her
paraneters I nc or exanple,” particu r materi a renova rates
(MRR) . Fatrleask abmit é,mdhhet lamstnlage [fainelidsadt leaetmimlt 2iadhes,calealyebatt 4 east about

8 mB/sec. In fact, grea ter| rates have been achi eved, such
as on ¢ nEchrdgE G anfarahet S5 %@rw%? 5@1590 digiraty 38 UEHZT ¥ndtrasitout 12

mB/ §£C, whkel he@sk a%@ﬂﬁtwﬁlﬂn m%g%%twéétn AbBESH.5 ARAK arnkCbBTBS ffefies, Hicheven at

| east about 18 nmB/sec. In accordance with particular embodi ments, grinding
oper at i omsbetwédni abont).6 echbemrkbaboti04 atvhes iov evendetitweesndpei hingh andativeve

aver age Eﬁﬁﬁrial renoval rates within a range between about 8 nmmB/sec and
about 40 fsec, such as between about 14 mm8/sec and about 40 mmB/sec,
such as between about 18 mmB/sec and about 40 mmB/sec, and even between
about 20 MMB/ Bsar@didardfstaieBs, SREmatbhial @hoRal dpgrRieas aicluae awehteilgisng t he
bonded abrasive articles of enbodinents 15 herein and a workpi ece

conpri si #Pdupersiasyiecindberncad ochs abasivedisek is gt ]ﬁﬁSt&b@Wr%)gm(Fan,pOV\er

t hat | LE AL t hal ris
S R e e A R tae S L
enbodlnehhsabthSOhmeﬁmmlHmﬁoMawmﬂUﬁ&ngahhehgfagﬁmhggamaﬂap&ﬁhWEMnabe | ess,

such as not greater thaq ut 140 Van} not gre%ler t han abou} %go W mm
o bo ; 20

not gr eaf¥dge q{afﬁeréw W]ﬂng\ﬂpout m/min, such as between about
m/min and about 2800 m/min, or even between about 1500 m/min and about 2500
m/min.
20 In particular instances, the material removal operations include a centerless

grinding operation wherein the speed of the regulating wheel is at least about 5 m/min,
such as on the order of at least about 10 m/min, at least about 12 m/min, or even at least
about 20 m/min. Particular processes can utilize a regulating wheel speed within a range
between about 5 m/min and about 50 m/min, such as between about 10 m/min and about

25 40 m/min, or even between about 20 m/min and about 30 m/min.

The grinding process may also utilize a particular through infeed rate per grinding
operation, which is a measure of the radial depth of engagement between the abrasive
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
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20 not greater than about 100 Wmm not greater than about 90 Wnmm or even
not greater than about 75 Wmm Certain grinding operations can be

conduct edwator/2im7eshol d power within a range between alpowtus2@ 141887 and
about 150 Wmm such as between about 20 Wnmm and about 130 Wnm such as
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25Certain grinding properties (e.g., specific grinding energy, threshold
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properties herein can be achieved on abrasive articles in the shape of
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| east about nche as abo 10 inches, or
even at 1% d?ﬁh%ggngnéﬁsm&§ﬁ “mlﬁ g%}? anaﬂ ééég ?%Enﬁg?a@lve wheel can
have an piti@rlaly Bereer ab¥uk BOBmﬁnfnad‘iﬁ%bB@ttm%/ﬁb@Ut 5 inches and about 40
i nches, such as between about 7 inches and about 30 inches. 5The grinding

properties herein can be achieved on abrasive articles in the shape of
abr asi ve wheeltavi{l dwiher pp appregiategient éh FeriabCoiElPs SN haRBAEONN WEh, as

measur edl};egﬁl"aﬁﬁ%wthga oW BE Qn&@%d I‘J'zﬁ VeRE @v%k I:ﬁec!eaaYlS':c éjﬂréﬂmhieh 1% fa'c tﬁg the

wheel |, ast about |nc es, east a out I nc ast about
1. 5 i nchésqughtfe¢afSthe slvoiytiec?s.i hcﬂn&Sculatmith thdmgtlading Mdllaelsa,ngharls even at

| east about Parti cul ar enbodi nents can utilize an abrasive 10
wheel ha¥eHg: ﬁlawﬁwﬁ 1QideaeRs: SUehaTdet S@@Fﬁég}? §§8th éf%eqsn%%égeaéﬁﬁ Whout 5

inches, siabeasgRel ‘éﬁ&@vé\%‘t‘ brefier tﬂaﬂ%‘a@& @H&r@é@o%r Geriafifh8ferle®d even
bet ween about 17inch and abolit 2 inches. In particular instances, the

mat eri al gmraimg/aper@tpmsathﬁ orlating wiatel camdngmmg}eae@lstvgﬁrtpnhh wgrlqp[mp and g wher ei n

t he spee t sive wh t abo such as on
the or detrgrverhsd JPELE Gkt Boseafin 0L er a8 aneit Cudile AR I or even
at | eastbaRest abbRP0.5MebieBs aftBAHouE S h@%e@r REEHDRSpHAUIMY WithiR rafEd ndi ng
wheel speed within a range between about 1000 ninln and about 3000 m mn,

such as bdwegerboabbdegreg gl about 3 degrees.

15 EXAMPLE

The following includes a comparative example of a bonded abrasive body (S1)
formed according to an embodiment herein compared to a conventional abrasive material

(C1) designed to grind superabrasive materials.

Sample S1 is formed by combining a mixture of large and small diamond grains,
20  wherein the small diamond grains have an average size of U.S. mesh 100/120 (i.e.,
average grit size of 125-150 microns) and large diamond grains having a U.S. mesh size
of 80/100 (i.e., average grit size of 150-175 microns). The large and small mixture of

diamond grains are mixed in equal parts.

The mixture of large and small diamonds is mixed with approximately 25 grams
25  of an organic bond material consisting of polybenzimidazole (PBI) commercially
available from Boedeker Plastics Inc. Thereafter, approximately 1520 grams of metal
bond is added to the mixture. The metal bond material is a bronze (60/40 of Sn/Cu)

composition available as DA410 from Connecticut Engineering Associates Corporation.
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m mn and about 2800 m mn, or even between about 1500 mi m n and about 2500
mmn. 20l n particular instances, the material renoval operations include a
cent er| eswOgorizdieatg operati on wherein the speed of the Pregaisatitngssheel is
at |l east about 5 mmn, such as on the order of at |east about 10 mmn, at
| east about 12 mimn, or even at |east about 20 mimn. Particul ar processes
can utilize a regulating wheel speed within a range between about 5 nmimn

and about 50 mn, such as tween about 10 mim n. and about 25 4Q nmmn,
o even bet vl HBULE TR HAdq400AP0SE THp AR The BRRars Mg
process pRYsedla8@rdihk d &R BBk ipsdtediirel NRAN, h Rheptssiad 6f AEpsi@ | ndi ng
operation, which is a neasure of the radial depth of engagenent between the

abr asi veapplied ¢d deamdturh eThiomigiiedethen heged to T Er A dltpersers oftile i nf eed
rate per_grind gan _be.at l|east.abaout, 0.0 o least abo 0, nm and
cven at 1BYA T80 PG SRR 1 peru g P by SRR o e B o 'y

set Up sesondbhat the infeed rate per grind is wwthin a range between about
0.01 mm and about 0.5 nm or even between about 0.02 mm and about 0.2 mm

Addi tionally, the gri ndi ng. process can be conpl eted such that the .
t hr ough- f eed Fog Bndly-foraedibendsr abwsive drtisds indermesdysie the shapg ok AR Vabout

150 cm'm | . ] t 130
CNM My Reel %Qﬁ{l Egmﬁ f?)}n% gi?lt ke §r1111éﬁe?§ﬁd"§ %e&?ﬂgﬁh é%pgf&mlzﬂel@qqn@ipou

cmimn. er be apprecl ated ertain-centerl ess
gri ndi ngTpkomaed atuasive heictedlguslappiongmatblgel2 voitfa compasigl mahdrmedtatidlye t o

wor kpi ece, and rasiye wheel to facilitate through-feed of the

wor Kpi ecaﬂgf?rewn‘f(%gpf flf*&a?r)aﬁ\f H}Wiﬁéﬁ%mt op @616&9%& 1?9?(@@13 t?laﬁ@v% i's not
greaygr &Qéﬁaﬁ@%oré%i@%&&%ﬁﬁmd@é aPbivehRRIESr bRl GPRut 8 degrees,
not greater than 10about 6 degrees, and even not greater than about 4

degr ees. afpoexivetel pdhvalénilmadiesgragsi Atk hgndgderbatsiversticle helydegalmanémg wheel
can be an[allggrﬁ gel at.itve to hz %kﬁ e(%% and the abrasive wheel within a
range bet OaBEG D Sy e¥s " Ybout 10 degree, such as between about
0.5 degrees and about 5 degrees, and nore particularly within a range

bet ween about THe eegeomanchnadout1)3s degie ®s combinm®VRlitture of largdlagd f ol | owi ng
i ncl udes a conparative exanple of a bonded abrasive body (Si) forned

accor di ngnalbdigmosagsinsnaherchiihgismall dimenderaigs BaveomavRiazs gif oa¥dasi ve
mat ef4 al m(:gﬁli4(g?ﬁj @pe (ii5(5 RucgrthQn& H&qlélag@rd@ﬁﬁélrﬁi ﬁ%‘n?hh@e‘ ahr average grit size

of U.S. mesh 170/200 (i.e., 181 microns). The large and small mixture of diamond grains

are mixed in equal parts.

The mixture of large and small diamonds is mixed with an organic bond material
consisting of resin and lime, commonly available as DA69 from Saint-Gobain Abrasives.
20  An amount of SiC grains are also added to the mixture, wherein the SiC grains have an
average grit size of 800 U.S. mesh and are available as DA49 800 Grit from Saint-Gobain
Abrasives Corporation. Additionally, a minor amount (i.e., 3-4 vol%) of furfural is added

to the mixture as DA 148, available from Rogers Corporation, New Jersey, USA.

The mixture is thoroughly mixed and poured into a mold. The mixture is then hot

25  pressed according to the following procedures. Initially, the mixture is placed in the
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.
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Sample Si is forned by conbining a mxture of large and snmall di anond
grains, 20wherein the small dianond grains have an average size of U S
mesh 100/W@Qo(2024277 average grit size of 125-150 m cr on®rTarsdoliastes’ di anond
grains having a U. S. nmesh size of 80/100 (i.e., average grit size of
150-175 mcrons). The large and small m xture of dianond grains are m xed
in equal parts. The m xture of large and snmall dianonds is mxed with

approxi matel y_ 25 grans .250f .an organj c hond material. consi sting of
oy b i daSBTE CBat O RP AT G aE e TR AR BeP ast i o5 1 nc.

Thereaft&hwnﬁﬁﬁi&%h@ﬁﬁﬁhye%%BgmﬂﬁﬁﬁﬁmﬁﬁLnﬁkﬂhe@Qﬂﬂshﬁmﬁggﬁ@ﬂ%QSQBE%”?Xture-
The nmetal bond material is a bronze (60/40 of Sn/Cu) conposition avail able

as DA410alirasove Goimsetd v th orEmyjt herd inatgriAk@bendicassibo pprypaimately 25 Tkl ni xt ur e

nccordi i 15 eRCREMEReRg! sFS subtPu TPty Sieb R Go8ir o of "60 pai
i's appl i gehilhBle tfiven Noxbt! A®rashRe afTh PUW Rsindidt dipdihedid $am 89T hab thall |
pressure of 10 tons/in2 is then applied and the mxture is heated to 450C

for 20 niap@gensigny asibeisampla SEedsel down. The finally-formed bonded
abrasive article is formed into the shape of an abrasive wheel having an

outer dianete I yﬁﬁﬁg i aX| e ihgh. The
bonded abrasi%%H@ngg?ggﬁzgﬂggggéx nat%ﬁ%g%gmg%Pgﬁg%%%%g?%éb%g#gh#%ieriaI,
wher ei n 868wt hhvieg hostemabbideasubstmtdshund petyalyskdingt dramhend abragndlai@% of t he

bond 10nmaterial is the organjc terial. The bonded abrasive article of
sanpl e St csateslssy guiding erateg. &E‘FW’&H}%@F 9€th5rcsl?t ?SSfﬁlaglﬁgﬁasraﬂ%rasi ve

artigl e iRGk HlRSs2aMhRQsiv@TRM kpQfd FIS506HAMN [ ERNSHANKY o k&S ideARkel VO %
speed of 94 ft/min [29 m/min], a regulating wheel angle of 2 degrees, a depth of cut
approximately 0.001 in radially (0.002 in change in diameter targeted per grind), and a

through feed rate with manual assist approximately 40in/min [101 cm/min].

FIG. 3 includes a plot of average power (kW) versus average material removal

15 rate (mm’/sec) for the grinding operation carried out using samples S1 (plot 301) and C1
(plot 302). As clearly illustrated, sample S1 utilizes less power at all measured average
material removal rates as compared to the sample C1, thus demonstrating that sample S1
was capable of conducting grinding in a more efficient manner than the sample C1. In
fact, even at the highest material removal rate (27 mm?/sec [1.2 in3/mm]) for sample S1,

20  the average power (approximately 4.5 kW) was about the same or less than the threshold
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 4 kW/25.4 mm is equal to 150 W/mm.

25 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
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The conventional sanple (Cl) is fornmed by conbining a m xture of |arge and
smal | di anond grains, wherein the small dianond grains have an average grit
of U S. NMsoesty/m40/170 (i.e., 150 microns) and the | argeCuitsrenad4$Bai ns
have an average grit size of U S nmesh 170/200 (i.e., 181 microns). The

| arge and small m xture of dianond grains are mixed in equal parts.

The m xture of large and snmall dianonds is mxed with an organi c bond

materi al _consistin resin and linme, c | v avail abl e.as DAG9 from

Sai nt - CoBbRnPRRided it Bl S8R s et TEng Al flohar wr el uahbr ot he

m xt ur e, mahelifdditifcad Qn%fc@'r@%hlﬁé‘ééearﬁf‘th@fé%régﬁ‘ov%dstevﬁi'eﬁ@e @ht 800 U. S. nesh
and are avail abl e as DA49 800 it from Sai nt-Gobai n Abrasives Corporation.

Addi t i onalirhsjye atipfenpeapablsficoiitinugd absite pp¢rggionst Addifienally, the rangtied to t he

' . i labl e f Co. i . Th
i xtur 1 8Phap bt TG ualsars GTREA piRhCar Rl B CrabE b e e o

25pr essegbrageotadht mthnt FfitiBer thldeP W BhsRMPERAUNIES - BY Bbittiadt, ke sukface & theure is
placed in the nold and the mxture is heated to 190C. A full pressure of 3
t ons/ i n2sanple fénasshpned FiorS, dsmansitptasgegipel IQvfdhghond tatdiavesmaareds t er hot

pressi ng Si S -farm e . for 16
Pours, | ead e bR R TR UG ORAR AT 130 B B Puth adOhe
essent i abfl fyictie wsthnie dbrkpivse onsiclass dvienabobai meffistene briadinSapghtorSls. Sanpl e
Cl has approxi mately 28 vol % abrasi ve grains, 42 vol % organi c bond materi al
(phenol i €OPRAFHP, the BspRig Shadb RpPro sa0p)e %&d? cagaplepyf jpghieying gragiesh 800), and
appr gxi . : 9% . : i j rton

D e Ve ke e iR cuaa VRn ey AR HR A S

di mensi ons as the sanple 51 wheel. Sanples C and 51 are used to

gri nd super abtasforezomy kqrided elsragive erticlePpCembodimegtsdiceaie andmhtwilngt t ungst en

car bi de substrates. and | yerystal line.di anond, ahrasj ve.l ayers). in a
conter | ebbmgia iy 2ael B SEhRe plRRaP P SRRt B Sty Rt ng
oper at i ofhe PR pasichinl,|tRWEondRD aBRERSE b¥eieVifRle SRR@tnfon@F0Mhesm n [ 1981
mmn], a regulating wheel speed of 94 ft/mn [29 mmn], a regulating

wheel anigclidgiz pmirdee o sbragivelapins. alfrague Sapplybs angtsédcy. @noDitg hondadi al | y
(0,082 BT AT SN B Db o A oo ot
that improve the efficiency of grinding operations on super-hard and/or superabrasive
workpieces. 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

20  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

25  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

30  of the present invention is to be determined by the broadest permissible interpretation of
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FIG 3 includes a plot of average power (kW versus average materi al
renmoval 15 rate (mmB/sec) for the grinding operation carried out using
sanpl es 5WO@2pi2o4301) and C (plot 302). As clearly ill eerrst@d/po4sanpl e 51
utilizes | ess power at all neasured average material renoval rates as
conpared to the sanple O, thus denonstrating that sanple 51 was capabl e of
conducting grinding in a nore efficient manner than the sanple d. In fact,

even at th i ghest .material renoval rat 27 mB/sec [1,.2.in3/ ) for
sanpl o e TOBPPHE B bR sar Ve A 8 el ByPefesT g CGUBEBBYE he oame
or less thanitd@idiueri@lfiopower of sanmple G (approximately 4.8 kW, which
i s 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 sanples
based on the temdisdoswi gilhnefberysed ghiatsrpreseichmit it scopreoipeanad ofebie t hr eshol d
power of 4. kW. m.i. S, & | .10 wW Fur.t he re, upon eval uation
of the sﬂ? aCgﬁégéﬂgﬁéh@EH%%%O&E%E%?@%KEEQ%Pég‘%ﬁggﬁﬁgﬁﬁgg?Pg% conducti ng
cent ey | egSupdd tdgéther @HIRE@bed S a Gif gleehibdidima fkithe @Posd &f se@smlifingthd hat

sanples O and 51 denonstrated significantly different surface
nor phol ogisdesure| Bais disclogeress nofde badnteipegesasoriedivesaringeddn Bt hee sanpl es

51 and I i i i.nd] o)

1 st r ot SRRt Rl RO I R R% n, t rates
regi ons Rboherandthé(3llaliapgldide reflect, aventiveatubjray mat@i miyabadidecsidgnildsis cant
surface rou ess, and therefore provi des evidence that the abrasive
article ﬁ@ngQE%%WESa§5 dgﬁh%@%ﬂo Fﬁé*ggn%ﬁ%rations. Addi tional ly, the
rough regions 401 and 403 denonstrate the bonded abrasive article is
capabl e of perform ng the 5abrasive task in an efficient manner and has
inproved |ife. By contrast, the surface of the sanple C, as shown in FIG
5, denonstrates regions 501 of the bond that have sneared and have becone

snoot h. These regions 501 denonstrate a bond that has a hi gh anmount of
friction with the workpi ece, which is evidence of an inefficient grinding

operation as conpared to the sanple SI. In short, sanple 51 is capabl e of
achi eving greater 10efficiency during grinding of super-hard workpi eces
t han the conventional sanple d. The foregoi ng bonded abrasive

articles of enbodi ments herein and nmethods of form ng and using such bonded
abrasive articles represent a departure fromthe state-of-the-art. In
particul ar, the bonded abrasive bodies utilize a conbination of features
including a m xture of abrasive grains, abrasive grain types and si zes,
conposite bond
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15mat erial having particular ratios of nmetal and organic materials, and
certain properties that inprove the efficiency of grinding operations on
super - harwoant/mu273uper abr asi ve wor kpi eces. Mor eover, treTseétomg7sdescri bed
herein, including the nmethod of making the bonded abrasive and the net hod
of using the bonded abrasive for particular grinding operations represent a
departure fromthe state of the art. It is noted that use of bonded
20abrasive articles according to the enbodi nents herein in certain grinding
operatiogﬁé®%§oms for nmore efficient grinding and extended life of the

bonded a e article. In the foregoing, reference to specific
enbodi ment s apd abAgive ARNECEI BRI, certain conponents is illustrative. It
w || be appreciated that reference to conponents as being coupled or
connect edborgef pbesiye daving @ibody drduding tunsivk gras cenined t“ilglmn bbeeen said 25

component 5. ¢ o2ar ol SRt ME SRR Aab MO eRRuRREe o MU SRMERY 1 e

above- di scl oskd/isdif)] @etagealitiedrs hardheks eaclons abiart SdGPd Atuatakataby specird not
restrictive, and the appended clains are intended to,cover all such
modi fi cat i onsZihRGeREERRMGEE) Amat SenEr therBbeNtFaRTANMnAT BHRVELRCE MY n t he

true scope Ofrekggg?(ﬁ\tﬁ‘%ﬁmaté OV MdsCoboud §Hin3 A& ﬁ)P%g &idugifghent al | owed by

| aw, the scope e present ITnvention is to eterm ned”by the
br oadest pernmossathdne i nterpretation of the following clains and their
equi val ents, and shall not be restricted or Iimted by the foregoing
det ai |l ed descri ption. The disclosure will not be used to interpret or

limt the scoORg affasiVBARMIcRhpridig:claims. In addition, in the foregoing
description includes various features nay be 5grouped together or described

in a si ngbenderdiabdistvemtvihga boHp configragktogfrindtwabpieéavicompritemgdi scl osure. This
di sclosure is_not .to. be %nt%ggﬁeteg aﬁ eflectin%)an intention.that the
clai med embodiWEHPESPEUFE nEPEC Pl Dros Y IRARCH PR K pr 889 et ed i n
each claim Rgithira co@‘gpotsfﬂ@b&fﬂ @i AIdnélhdinEBn oeddn@Crhatefi AVl M&as UD] ect
matter may be directed to less than all features of any of the disclosed
enbodi ment s. m@epplv@herein pef legsithay aboub$i%p of heabnsiiesdryigs by volume are

contained within the metal material of the composite bond material.

3. An abrasive article comprising:

a bonded abrasive having a body including abrasive grains contained within a composite
bond material, wherein the composite bond material comprises a fracture
toughness of not greater than about 3.0 MPa m®’ and the body comprises a
threshold power for grinding of not greater than about 150 W/mm for an average
material removal rate (MRR) of at least about 8 mm*/sec during centerless
grinding of a superabrasive workpiece having an average Vickers hardness of at

least about 5 GPa.

4. The abrasive article of any of claims 1, 2, or 3, wherein the body comprises a
threshold power for grinding of 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 during centerless

grinding of the superabrasive workpiece.
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a bonded abrasive having a body including abrasive grains contained within
a bond material, wherein the body is capable of grinding a superabrasive
wor kpi ecewbaving4mn aver age Vi ckers hardness of at | eastCalsat1194@Pa at an
average specific grinding energy (SGE) of not greater than about 350 J/ mm8B
at an average material renoval (MRR) rate of at |east about 8 mB/sec for a
centerless grinding operation. 2. An abrasive article conprising: a bonded
abrasive having a body configured to grind workpi eces conprising
superabrasive material, wherein the body conprises abrasive grains

cont ai ned wi t hhmatnagenposietod abmﬂclﬁmselr i2abr$ nfdlen@nﬁgi@dy@ﬁ@iamwnnat erial
and a_metal. T8 L8 ANSTSL VARG J6oRa N8N, RO BEY0GE.d RS A p st ve

grai ns by’ VEITURETAT & 2ont &th I PEr i a e conposite
bond mat ghi’ake, aBleadmbabt BISIME/ s8¢, tat relaa a@@mra rﬁmﬁ/gec ar aqa@edbcabna& ve having
a body includi ng abrasive grains contained within a conposite bond

mat eri al mnﬂf\ﬁéﬁ?el n the conposite bond material conprises a fracture

t oughness of not greater than about 3.0 I\/Pa nb and the body conprises a

t hreshol d po for grindin ot. greater_than about 150 Wmm for an
aver age grat or 15 abrasiBR AficleaY an R&éymafl o1  hereih i DosY ARBPYS A ur ng
center| e%re%’e'rﬂﬂé&ﬂ &ho @l 4P ?Mﬁl?d’) %{h‘fﬁ a Y‘Qfg% RE&RRN ABY IR/ &V Sl@BBuVI Ckers
har dness of at | east about The ab raS|ve article of any of clains

1, 2, or4@mmwer éqemetemelbb@tdlydr mmﬁ'{ﬂec sedsahaput K0 eshdied, lpr(oweern font ¥ i ndi ng of

not greatern than 150, W mm rt Wi not
Oreater PRbHEARBLEOTEE0 DA o e e rbr t Ao s REY - eat er
t han about 110 Wnmm or not greater than about 100 Wnmm during centerl ess

grindi ngyof thg e i {ﬁa%ﬁ 'o\fgn%#éﬁgﬁn%cleQ iypﬁ%}éﬁ%‘k@mﬁiﬁg&é 2011/047887

5. The abrasive ar any’ o ern the body
achi evescanp@ite hageiahesdpiidhg i sumvale ahdhe af RN} 1:0kr aterlydasthe aﬁh‘swatelo
mB/ sec, at | east about 12 MM3/sec , at |east about 14 mmB/sec , at | east
about 16 nmmB/sec , or at |east about 18 MVB/sec. 6. The abrasive article
of any 08. cl allsatiasit; arteledf ampef dhimst he, biodywlecdin ¢heegorkpicay esrapsesat eri al

renoval rate a ran tween about 8 mmB/sec and about 40
mB/ sec, aB@?ﬁé@éﬁ%%@Wﬂgg@ gﬁ&uﬁ% Ilﬁf‘ﬁltm'rﬁ»/sec bet ween about 18
MMVB/ sec and about 40 nm8/s ec , or between about 20 m*rB/sec and about 40

8/ s €Cy.- The abrasive article of claim §, wherein the substrate comprises a cermet.

10. The abrasive article of claim 8, wherein the substrate comprises a metal.

11. The abrasive article of claim 8, wherein the substrate comprises a metal having a

Mohs hardness of at least about §.

12. The abrasive article of claim 8, wherein the substrate comprises a metal element

comprising a transition metal material.

13. The abrasive article of claim 12, wherein the substrate comprises tungsten
carbide.
14. The abrasive article of claim 13, wherein the substrate consists essentially of

tungsten carbide.
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7. The abrasive article of any of clainms 1, 2, or 3, wherein the workpiece

is a conposite material conprising a substrate and an abrasive | ayer

over |l yi ngvoherzsnlsrrate. 8. The abrasive article of anpCofUuSediaionssl, 2, or
3, wherein the workpi ece conprises a polycrystalline dianond conpact (PDC)

cutting element. 9. The abrasive article of claim8, wherein the substrate
conprises a cernet. 10. The abrasive article of claim8, wherein the

substrate_co ises.a netal.. 11.  The abrasjve article of aim8, wherein
The subsiTat eTEbABRT Cel e AT RayPrs B ORE Ha e opteddfdkds about 8.
12. The gbrasdive article of claim8, wherein the substrate conprises a
nmetal elenent conprising a transition netal material. 13. The abrasive

article of claim12, wherein the substrate conprises tungsten carbide. 14.
The abrasé.ve @nd asrh@voirticleaif Mald 8, Whefed the bbRsisus/kr adiBpeRP 8 ingdi&ial
essentially of tungsten carbide. WD 2012/024277PCT/US2011/047887 15. The
abr asi veseictadciirem ghe groap aeBisting of earhon. Hallepresssajidesaperidsssailkbhded directly
to the Sm&ﬁﬁo%'theégf The abrasive article of claim8, wherein the
abrasi ve T'ayer conprises a material selected fromthe group consisting of
carbon, fullerenes, carbides, borides, and a conbination thereof. 17. The
abrasive article of claim 15, wherein the abrasive |ayer conprises di anond.
18. The %ﬂorasiﬁ%ataﬁftwf‘c%clafo?elaam#wﬁermeth%ﬁwaflﬁ%ﬁasrr%ﬂﬁwe? vg}onaonpri ses
pol ycrystal | i ne di anond.

18. The abrasive article of claim 17, wherein the abrasive layer comprises

polycrystalline diamond.

19. The abrasive article of claim 18, wherein the abrasive layer consists essentially of

diamond.

20. The abrasive article of claim 8, wherein the abrasive layer having a Mohs

hardness of at least about 9.

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

shape of cylindrical body.

22. The abrasive article of claim any of claims 1, 2, or 3, wherein the body comprises

an annular shape.

23. The abrasive article of claim any of claims 1, 2, or 3, wherein the abrasive article

is in the shape of wheel having a central opening.

24. The abrasive article of claim 23, wherein the abrasive article comprises an insert

within the central opening.

25. The abrasive article of claim 24, wherein the insert comprises a metal material.
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19. The abrasive article of claim 18, wherein the abrasive |ayer consists
essentially of dianond. 20. The abrasive article of claim8, wherein the
abr asi ve wayer2/harmrng a Mohs hardness of at | east about PET/US2d11/071387
abrasive article of any of clainms 1, 2, or 3, wherein the workpiece is in

t he shape of cylindrical body. 22. The abrasive article of claimany of
clainms 1, 2, or 3, wherein the body conprises an annul ar shape. 23. The
abrasive article of .claimany of clajns 1 , ,or 3, erein the abrasive
Sorrl ool | e e Wit RudhiRinne Bady SrSisdean busl. he

abr asi vep@{phifal 8dgfor@h@inde€3, Wherein the abrasive article conprises an
insert within the central opening. 25.The abrasive article of claim 24,
wherein the insert conprises a netal nmaterial. WO

2012/ 02427 7 PCThdJS2hd BA4BST clazf any BEclaliaE iy er rwheestia tif badyaiefindban Wher ei n
t he body extends al ong an outer peripheral edge of the insert. 27. The

abr asi veatiptiyeri@ exfending chicapyersftiatly arepnd an egee gf thg abigize aftifle-he body
defines an abrasive rimextending circunferentially around an edge of the
abrasive article. 28. The abrasive article of claimany of clains 1, 2, or
3, where® t hEhaatirkqiveendcleoiplimasy af Elnmed Lire of dugltnea sheowokpidceast about
4.0 MPa nb, at |east about 5.0 MPa nb, gioleastagbo t 6.0 MP

nb, gr at
| east abeRIEPIEEH2 KiBSLUFROULBISSS afial least ahou %E?ae%eaéqaépm%ﬁw%mcrai s 1,

2, or 3, ,;MbRE gldht blavipR LR §CL1LATRbLSES Mpd @Tt ur e toughness of not
greater than about 16.0 MPa mb, not greater than about 15.0 MPa nb, not

greater than about 12.0 MPa nb, or not greater than about 10.0 MPa nb.

29. The abrasive article of claim 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®’.

30. The abrasive article of claim 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 mO'S, about 4.0 MPa m®’ to about 12.0 MPa mO'S, or about 4.0 MPa m®” to about
10.0 MPa m®”.

31. The abrasive article 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.

32. The abrasive article 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’.

33. The abrasive article of claim 1, wherein the SGE is within a range between about
50 J/mm? and about 350 J/mmS, between about 75 J/mm? and about 325 J/mmS, or

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

34. An abrasive article comprising:
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30. The abrasive article of claimany of clains 1, 2, or 3, wherein the

wor kpi ece conprises a fracture toughness within a range including about 4.0
MPa nb t owalkolrt024570 MPa nb, about 4.0 MPa nb to about PETMESMAA/OWBS7 Or
about 4.0 MPa nb to about 10.0 MPa nb. 31. The abrasive article of claim
1, wherein the average Vickers hardness of the workpiece is at |east about
10 GPa, at |east about 15 GPa, or at |east about 25 GPa. 32. The abrasive

article o erein the not reater t han .about 325 J/ mB,

not | or cat by aials Heigge Do s dies Srats RN RER I TS00 CHARES or ot
greater than ghpthad98 céﬁ{ﬁ’lﬁmg aﬁ%r ahiemaRFiasinie @éthi @h@riff whbRifmnd, wherein
the SGE is within a range between about 50 J/ mB and about 350 J/m8,

bet ween about corspapitergndamdtcaibbhas aFPE ¢ tav@hness obaotvgresierdbautbops3d/ mB and
about 300 J/ 3#%. An abrasive article conprising: a bonded abrasive
havi ng a body |ﬁ5Pud|ng abrasive grains contained wthin a conposite bond
mat erial conprising an organic material and a netal material, wherein the

conposite bond material has a fracture toughness of not greater t han about
3.0 MPa #5. B abradivenptiglsiof eladinrcwhergin the HnpumAougieseis Mot HEEr &gk ur e

toughnes%%h§2§ghpghpagﬁ%o Q%QW99@ Lhdut® aqgw or not greater than about
e ‘abras

2.0 MPa a e of aim 35, wherein the fracture
toughness is within a range bet ween about 1 5 NPa nb and about 3.0 MPa nb.
37. The rasive article of any aof cla or 34, wherein the bond
mat eri al % onpf PsR¥asiyF yriglamt elaﬂa@é r Warrem té@ fraqtﬁée (GpEhness s vAi R LS ¢l ai m

37, mher&hae&hﬁxgpp@I@p&ﬁpﬁgﬁdg&ﬂpg@@@@aﬂpconp05|te i ncluding an organic
material and a netal material 39. The abrasive article of claim 38,

wherein the organic materi al conprlses a naterlal sel ected fromthe group
of nater nsi sting .of polyimdes, polya resins,

ot anmde. Yot y 56 areverigls B ond ST L 2o B RabeBRTE heRbBRERahs. e
abraSiVeaﬁﬁ$ﬁ§$§ngﬂwﬁk3hﬁh§§, wherein the organlc material conprises a
pol yar enazol e

38. The abrasive article of claim 37, wherein the bond material comprises a

composite including an organic material and a metal material.

39. The abrasive article of claim 38, wherein the organic material comprises a
material selected from the group of materials consisting of polyimides, polyamides,

epoxies, resins, aramids, polyesters, polyurethanes, and a combination thereof.

40. The abrasive article of claim 39, wherein the organic material comprises a
polyarenazole.
41. The abrasive article of claim 40, wherein the organic material comprises

polybenzimidazole (PBI).

42. The abrasive article of claim 38, wherein the organic material comprises not
greater than about 20 vol% of the total volume of the bond material, not greater than
about 18 vol% of the total volume of the bond material, or not greater than about 16 vol%

of the total volume of the bond material.
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41. The abrasive article of claim40, wherein the organic materi al

conpri ses pol ybenzi m dazole (PBlI). 42. The abrasive article of claim 38,
wher ei n twe 20rxyami7c materi al conprises not greater thanprabaseo1204%881 % of
the total volume of the bond material, not greater than about 18 vol % of
the total volume of the bond material, or not greater than about 16 vol % of
the total volume of the bond material. WD 2012/024277PCT/ US2011/ 047887

43. The abrasive article of claim42, wherein the organic nmateri al

conpri ses between about 1 vol % and about 20 vol % of the total volunme of the
bond nat g1 al TR aReivesacRRP YLk 42%?(@1@&4h@9%dhlcjf§at¥1@il%bﬁl ritdi®etwdeal vol une
of the bond material. 44. The abrasive artic claim 38, wherein the
met al matkwui IVOk%)ﬂrm il 20 vakst af theltotelyyolusg of edoadmesiriabonbativetre of cl ai m
44, wher [ nsition netal element. 46.
The abré@ou yng@ab i?g.%fﬁﬁﬁw f@iﬁmfﬁéﬁﬁépﬁﬁnﬁgFgglal conpri ses
copper and t|n. 47. The abrasive article of claim46, wherein the netal
material consists essentially of bronze. 48. The abrasive article of claim
38, wher#tn tHee shvadye srbelerdf laimgipyherel the megd srateiind gempigsey 8|etdlf t he

t ot al vo%ng of the bond material, at |east about 30 vol % of the total

vol une o he bond material or at |east about 40 vol % of the total vol une
of the bond naterial 49. The abrasive article of claim48, wherein the
metal material caonprises between t 20 vol % and about 99 vol % of the

t ot al faf Ehe h{%SIYFoﬁHCWQPF&I‘ﬁ H‘Efét%%Hleé?ééft?ﬁer@gc%P%eéﬁdra&B‘BBF 95
voI@bof Lber Let@ht vol une of the bond material. 50. The abrasive article of
any of clainms 1, 2, 3, or 34, wherein the bond naterial conprise a ratio
(OM M) of organic material by volume (OM to netal material by volume (MVY

of not ate an .about t great t han abo t 0.23, not ater

t han abg ?e JrEJC‘F %?S%eo%rﬂ&]rﬂé’éf@ﬂmgﬁ Wﬁ eélei?’gm Al comprises cOpper dnd
2012/024@J7PCT/U82011/047887 51. The abra5|ve article of any of clainms 1,
2, 3, or 34, wherein the bond material conprises a resin.

47. The abrasive article of claim 46, wherein the metal material consists essentially of
bronze.
48. The abrasive article of claim 38, wherein the metal material comprises at least

about 20 vol% of the total volume of the bond material, at least about 30 vol% of the total
volume of the bond material or at least about 40 vol% of the total volume of the bond

material.

49. The abrasive article of claim 48, wherein the metal material comprises between
about 20 vol% and about 99 vol% of the total volume of the bond material or between

about 30 vol% and about 95 vol% of the total volume of the bond material.

50. The abrasive article of any of claims 1, 2, 3, or 34, wherein the bond material
comprise a ratio (OM/MM) of organic material by volume (OM) to metal material by
volume (MM) of not greater than about 0.25, not greater than about 0.23, not greater than
about 0.20, or not greater than about 0.15.
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52. The abrasive article of claim51, wherein the bond material conprises a
phenolic resin. 53. The abrasive article of any of clains 1, 2, 3, or 34,
wher ei n twe 2bdp4270npri ses at | east about 10 vol % bond matramseail/oefsst he
total volune of the body or at |east about 20 vol % bond material of the
total volune of the body. 54. The abrasive article of any of clains 1, 2,
3, or 34, wherein the body conprises between about 10 vol % and about 80

| % b terial f the tatal || f the b .. 5. T b, i
Tl oSy o B fhrafls tecie' ot 5Ry of T, % 31l R ke BRhgnd AR ot ot

| east abgihpeyQkd@abrasi ve grains of the total volume of the body or at
| east about” 10 vol % abrasive grains of the total volunme of the body. 56.
The abrasive article of claim55, wherein the body conprises between about

5 vol % apgd about 60 .vol % abr.asive.grains of . the total volune of the body.
57" The- S ast Do S LBt ERi S AL RRLRE g RERh Rttt i PhosblE, Ve
grai ns hgym an average grit size of |less than about 250 mcrons. 58. The

abrasive article of claimb57, wherein the abrasive grains have an average
grit size of |less than about 200 microns. 59. The abrasive article of

L SLEe O S .  cron lve article
ange belueen bRt 1o Grersh iy B QWA 1355 ARdTNRERRMnPhbE Gl b g
mi crons kad aabaui) 250 tohd monsial oiVBe 204DV A2A2 67 BEHoWH30ANLH4TRAT 2060. The

abrasive article of claim1, 2, 3, aor 34, wherein the body conprises a
por osi tyY %W%ﬁ‘t@%@éﬁ?ﬂiq{ﬁﬁl&%wof@ev@ﬂd% of the total volume of the body,

not greater than about 8 vol % of the total volune of the body, or not
greater than about 5 vol % of the total volune of the body. 61. The
abr asi veSar t i Thealohisied atiole®d anywbeeleins It Be3 body, wbepin thebody ponpsicsy wi t hi n

b 5 vql % and 10 val % of th | f th
body. _betiert ssattt 6ol ool Shokh & SHRCE DUevs s s SRS ET (he

body, between about 0.5 vol % and about 5 vol % of the total volunme of the
body, or between about 0.5 vol % and about 3 vol % of the total volunme of the
body. 6. Théha@ragysatighetof eneoblaiansyl, @f 3.ciraidnwhoreny thghodyneaniiisgs bt | ess

t han aboyt .85%. not, | e€ss.than abput 87% .or n l.ess than u 0% of the
abr asi ve gy apvd S SRR A GR e ot e APt PR oL R R B i
bond nat es1P@dbrasiG3graide ol tHeastaV €olaik iof ki Koagpr i si ng:

56. The abrasive article of claim 55, wherein the body comprises between about 5

vol% and about 60 vol% abrasive grains of the total volume of the body.

57. The abrasive article of claim 1, 2, 3, or 34, wherein the abrasive grains have an

average grit size of less than about 250 microns.

38. The abrasive article of claim 57, wherein the abrasive grains have an average grit

size of less than about 200 microns.
59. The abrasive article of claim 58, wherein the abrasive grains have an average grit

size within a range between about 1 micron and about 250 microns or between about 50

microns and about 250 microns.
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a bonded abrasive having a body including abrasive grains contained within
a conposite bond material conprising an organic material and a netal
mat er i al ,wotrerdizme7vhe bond material conprise a ratio (OpCENS2aifi/oar8§ani c
material by volume (OM to netal material by volunme (MM of not greater
t han about 0.25. 64. The abrasive article of claim63, wherein the organic
material conprises a material selected fromthe group of materials
consi sti of _pol yi m des, am des i es, aram ds, esters,
ol yur et Hines TR COREIERRENER & pok- b Whseh i Coth CooTRysest PRErD of
cl ai m 6441 YgratdD tdhbeh RN A% GRS ikl veRIRY dISRSb&B), NbEeNZAE dag s (PB 1) .
66. The abrasive article of claim63, wherein the rietal material conprises
copper a&@loll% af the Wb oi@ne phite DPAY/ WSL0LTARHHER Abow B, votfieof s atil ve articl e
of claim V\/?ﬁll‘% the bond material conprise a ratio (OM MM of organic
mat eri al ¥ ? to metal material by volume (MW of not greater
t han about 0 23 or not greater than about 0.15. 68. The abrasive article
of claim 63, wherein the abrasive grains have an average grit size of |ess
than abott 25Bhmiteroresarticlsef chriie 6Abwheridhabedcsampiiset p aPIPSEB WitiHet ei n t he
body hasraﬁ {t%@@lﬂ%upg\@e\rol‘%oaqldgﬁblﬂqlo%l‘% of@l?e togali %’ﬂlﬁ{e otf*ﬁ?é‘b&gf’“t 4.0 kw
during cent ess superab i'ece havi an average
Vi ckers lSE&deSIEﬂB)uO@ Sabl%aaShb@h@Luol% dHitlee totamoluﬁlenﬁtﬂlimlﬁbdyt bétoreen fighuan
abr asi ve gViO]a% e conpri si ng: a mxture including_ or (an c material,

r

net al and abpul el fo\pd ﬂ{frtﬁFaMgluH}‘?d)ftﬂileebaqqyn@r Rehwesh 3bodt &>1v81% or m an

abr asi vean'yatﬂog{ §Vgl@ybme@0tgquﬂuﬂ1@gfﬁllglb@g abrasive grains contained within a
conposite bond material conprising an organl c material and a netal

material, wherein the bond nmaterial conprise a ratio (OM M) of organic

mat eri al 6i>y V‘Ph&é@a&@@ru&l@ oTBhRbf SBIRI1 &l 3D WhHERIMN AR 16V artibolP85B ) RAL er
than about 0.25. 71. The method of claim 70, wherein treati ng conpri ses

pr essi nglessh@amphquyBé%, oot layéhaneablend Wk, ef tiepbroive grrneirp contained ng
compr | Sesltﬁl?lqgél ﬁl {a'i'gna%rla?gf trﬁr %gl%pggteﬂ) %S%asa%er?arl" the mxture.

63. An abrasive article comprising:

a bonded abrasive having a body including abrasive grains contained within a composite
bond material comprising an organic material and a metal material, wherein the
bond material comprise a ratio (OM/MM) of organic material by volume (OM) to

metal material by volume (MM) of not greater than about 0.25.
64. The abrasive article of claim 63, wherein the organic material comprises a
material selected from the group of materials consisting of polyimides, polyamides, resin,

epoxies aramids, polyesters, polyurethanes, and a combination thereof.

65. The abrasive article of claim 64, wherein the organic material comprises

polybenzimidazole (PBI).

66. The abrasive article of claim 63, wherein the metal material comprises copper and

tin.
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73. The nmethod of claim 72, wherein hot pressing is conducted at a pressing
tenperature of not greater than about 600C. 74. The nethod of claim 73,
wherei n WO 2pr242417Mg i s conducted at a pressing tenperaParasefiloatssyr eat er
t han about 550C. 75. The nethod of claim 74, wherein hot pressing is
conducted at a pressing tenperature of not greater than about 500C. WO
2012/ 024277PCT/ US2011/ 047887 76 The net hod of cI ai m 72, wherein hot

pr essi ng 's canduct ed at i ng n a range. between
Bbout 406 andhaibn esgtiels o R fow HEERohe B LR LSRRG hot
pressing OM/MM)CH{%} 1c,aﬁmt%r191r 1de {OGRDES Bleti] %a%rfah‘b valukRN8AVIPEE Ween
about 400C and about 490C The nmethod of claim?7 wher ei n” hot

pressi ngn@tgrmﬁrdhm@@ua@2é0m&ﬁmmh€s@qug0{lﬁessure of not greater than
about 10 tons per square inch. 79. The nmethod of claim78, wherein hot
pressing is conducted at a maxi mum pressing pressure within a range between
about 0. 68.t onshdMras@iatiCleiofchimmd, ahadin (A0 ab1asiSe PRIAnsIAVALE atdide grit

size of less than about 250 microns.

69. The abrasive article of claim 63, wherein the body has a threshold power for
grinding of not greater than about 4.0 kW during centerless grinding of a superabrasive

workpiece having an average Vickers hardness of at least about 5 GPa.

70. A method of forming an abrasive article comprising:

forming a mixture including organic material, metal material, and abrasive grains; and

treating the mixture to form an abrasive article having a body including abrasive grains
contained within a composite bond material comprising an organic material and a
metal material, wherein the bond material comprise a ratio (OM/MM) of organic

material by volume (OM) to metal material by volume (MM) of not greater than

about 0.25.
71. The method of claim 70, wherein treating comprises pressing the mixture.
72. The method of claim 70, wherein treating comprises conducting a hot pressing

process on the mixture.

73. The method of claim 72, wherein hot pressing is conducted at a pressing

temperature of not greater than about 600°C.

74. The method of claim 73, wherein hot pressing is conducted at a pressing

temperature of not greater than about 550°C.

75. The method of claim 74, wherein hot pressing is conducted at a pressing

temperature of not greater than about 500°C.
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76. The method of claim 72, wherein hot pressing is conducted at a pressing

temperature within a range between about 400°C and about 600°C.

77. The method of claim 76, wherein hot pressing is conducted at a pressing

temperature within a range between about 400°C and about 490°C.

78. The method of claim 72, wherein hot pressing is conducted at a maximum

pressing pressure of not greater than about 10 tons per square inch.

79. The method of claim 78, wherein hot pressing is conducted at a maximum
pressing pressure within a range between about 0.5 tons per square inch and about 10

tons per square inch.
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