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TECHNICAL FIELD AND INDUSTRIAL APPLICABILITY

[2]The present invention relates to abrasive particles having a unique morphology. More
particularly, the invention relates to roughening the surface of diamond particles to

enhance their performance in industrial applications.

BRIEF DESCRIPTION OF THE DRAWINGS

[3IFIGS. 1A-1F are scanning electron microscope (SEM) images of conventional
monocrystalline diamond, modified diamond using a nickel coating process and diamond
modified using an iron powder process.

[4]FIG. 2 is a Table 1 showing the physical characteristics and performance of 4-8uum
diamond particles, e.g. powders, before and after modification.

[SIFIG. 3 is a graph that shows the surface roughness distribution of conventional diamond
powder, modified diamond powder using a nickel coating process and a diamond powder
modified using an iron powder process.

[6]FIG. 4 is a graph that shows the sphericity distribution of conventional diamond powder,
modified diamond powder using a nickel coating process and a diamond powder meodified

using an iron powder process.
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[9]FIG. 7 is an SEM image of a conventional diamond particle.

[10JFIG. 8 is an SEM image of a modified diamond particle using a nickel coating process.

[11]FIG. 9A-9D are scanning electron microscope (SEM) images of the diamond particles of
an embodiment.

[12]FIGS. 10A-10D are scanning electron microscope (SEM) images of the diamond
particles of an embodiment,

[13]FIGS. 11A-11D are scanning electron microscope (SEM) images of the diamond
particles of an embodiment.

[14]FIG. 12 is a scanning electron microscope (SEM) image of conventional monocrystalline
diamond particles.

[15]FIG. 13 shows Table | describing characteristics and performance of the diamond
particles of an embodiment.

[16]F1G. 14 is a graph depicting characteristics and performance of the diamond particles of
an embodiment.

(171FIG. 15 is a graph showing the characteristics of the diamond particles of an
embodiment.

[18]FIG. 16 is a scanning electron microscope (SEM) image of a diamond particle of an
embodiment.

[19]FIG. 17 is a scanning electron microscope (SEM) image of a diamond particle of an
embodiment.

[20]FIG. 18 is a scanning electron microscope (SEM) image of a diamond particle of an
embodiment.

[21]FIG. 19 is a scanning electron microscope (SEM) image of a diamond particle of an
embodiment,

[22]FIG. 20 is a scanning electron microscope (SEM) image of a diamond particle of an

embodiment.



[13] FIGS. 11A-11D are scanning el ectron m croscope (SEM i mages of
t he di anond particles of an enbodinment. [14]FIG 12 is a scanning
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characteristics and performance of the dianond particles of an
enbodinment. [16]FIG 14 is a graph depicting characteristics and
performance of the dianond particles of an enbodinent. [17TIG 15 is
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[24]FIG. 22 is a graph comparing the lapping performance of conventional monocrystalline
diamond particles, conventional polyerystalline diamond particles and the monocrystalline
diamond particles of an embodiment.

[25]FIG. 23 shows Table 2 containing experimental conditions.

[26]F1G. 24 is an illustration supplementing the “Definitions” section.

[27]FIG. 25 is an ilustration supplementing the “Definitions” section.

[28]FIG. 26 is an illustration supplementing the “Definitions” section.

[29]F1GS. 27A and 27B are SEM images of diamond particles of an embodiment.

[30]DETAILED DESCRIPTION

Before the present methods, systems and materials are described, it is to be understood that
this disclosure is not limited to the particular methodologies, systems and materials
described, as these may vary. It is also to be understood that the terminology used in the
description is for the purpese of describing the particular versions or embodiments only,
and is not intended to limit the scope. For example, as used herein and in the appended
claims, the singular forms “a,” “an,” and “the” include plural references unless the context
clearly dictates otherwise. In addition, the word “comprising” as used herein is intended to
mean “including but not limited to.” Unless defined otherwise, all technical and scientific

terms used herein have the same meanings as commonly understood by one of ordinary

skill in the art.

[31]Unless otherwise indicated, all numbers expressing quantities of ingredients, properties
such as size, weight, reaction conditions and so forth used in the specification and claims
are to the understood as being modified in all instances by the term “about”. Accordingly,
uniess indicated to the contrary, the numerical parameters set forth in the following
specification and attached claims are approximations that may vary depending upon the
desired properties sought to be obtained by the invention. At the very least, and not as an

attempt to limit the application of the doctrine of equivalents to the scope of the claims,
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each numerical parameter should at least be construed in light of the number of reported

significant digits and by applying ordinary rounding techniques.

[32]As used herein, the term “about” means plus or minus 10% of the numerical value of the
number with which it is being used. Therefore, about 50% means in the range of 45%-

55%.
Definitions

[33]in describing and claiming the invention, the following terminology will be used in

accordance with the definitions set forth below.

[34]The term “abrasive”, as used herein, refers to any material used to wear away softer

material.

[35]The term “material removal”, as used herein, refers to the weight of a workpiece removed

in a given period of time reported in milligrams, grams, etc.

[36]The term, “material removal rate”, as used herein, refers to material removed divided by

the time interval reported as milligrams per minute, grams per hour, etc.

[37]The term “monocrystalline diamond”, as used herein, refers to diamond that is formed
either by high-pressure/high-temperature synthesis or a diamond that is naturally formed.
Fracture of monocrystalline diamond proceeds along atomic cleavage planes. A

monocrystalline diamond particle breaks relatively easily at the cleavage planes.

[38]The term “particle” or “particles”, as used herein, refers to a discrete body or bodies. A

particle is also considered a crystal or a grain.
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treatment.

[44]The term “workpiece”, as used herein, refers to parts or objects from which material is

removed by grinding, polishing, lapping or other material removal methods.

{45]The term “perimeter”, as used herein, refers to the boundary of a closed plane figure or

the sum of all borders of a two-dimensional image,

[46]The term “convex perimeter”, as used herein, refers to a line joining Feret tangent points,
where Feret is the distance between two parallel tangents touching the boundary on each
side of a two dimensional image or object. FIGS. 24-26 provide illustrations of these

concepts.
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[48]Note that as the degree of pits and spikes increases, the surface roughness factor

decreases.

[49]The term “sphericity”, as used herein, refers to the estimate of the enclosed area of a two

dimensional image or object (47tA) divided by the square of perimeter (p).
i. Sphericity = 4—7?
g

[50]The term “surface arca” as used herein, refers to the external surface of a particle. When
used with a plurality of particles, i.e., powder, the term specific surlace area is used and is

reported as surface arca per gram of powder.

[51]The term “wafer roughness” when referring to the surface of the sapphire are the features
on the surface of the wafer. These features, which include the fine scratches or track marks

from abrasive polishing, are measured using a contact or non-contact profilometer.

[52]The terms diamond particle or particles and diamond powder or powders are used
synonymously in the instant application and have the same meaning as “particle” defined

above.

[53]1t is important to note that although the terms defined above refer to measuring two-
dimensional particle profiles using microscopic measuring techniques, it is understood that
the features extend to the three-dimensional form. Automated image analysis of particle

size and shape is recognized by one skilled in the art as a reliable, reproducible method of
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[56]In an embodiment, other abrasives may be subjected to a modification treatment.

Examples of abrasives include any material, such as minerals, that are used for shaping or
[inishing a workpiece. Superabrasive materials such as natural and synthetic diamond and
boron, carbon and nitrogen compounds may be used. Suitable diamond materials may be
crystalline or polycrystalline, Other examples of abrasive grains may include calcium
carbonate, emery, novaculite, pumice dust, rouge, sand, ceramics, alumina, glass, silica,

silicon carbide, and zirconia alnmina.,

[57]In another embodiment, a reactive coating is used to modify the abrasive or superabrasive
particles. Such reactive coatings include but are not limited to alkali metal hydroxides,
such as lithium hydroxide, sodium hydroxide, potassium hydroxide, potassium carbonate,
sodium peroxide, potassium dichromate and potassium nitratc, etc. The reactive coatings

may also include a combination of alkali metal hydroxides.

[58]Still other examples of metals that may be utilized as the reactive coating are those

included in Group VIII of the Periodic table, their metal compounds and combinations



[47] The term "surface roughness”, as used herein, refers to the
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[59]In an embodiment, a metal coating is used as the reactive coating and the abrasive

material is diamond. The weight ratio of diamond particles to the metal coating is about 10
wt % to about 90 wt % Ni or about 10 wt % to about 60 wt % Ni. However, it should be
noted that these ratios are a matter of economic efficiency rather than technical
eltectiveness. In one embodiment, the metal coating at least partially covers the diamond
particles. Alternatively, the metal coating may uniformly surround each diamond particle.
It is not necessary that the metal be chemically bonded to the diamond. Nickel and/or
nickel alloys may be used as a coating for the diamond. A method of application of the
nickel to the diamond is with an electroless deposition process however methods such as
electrolylic plating, physical vapor deposition or chemical vapor deposition may be used to

coat the diamond particles with a layer of nickel.

[60]In an embodiment, diamond particles are coated with [rom about 10 to about 60 weight
percent nickel phosphorous coalting. The coating process initially subjects the uncoated
diamond particles to a solution of colloidal palladium. The fine palladinm particles
uniformly adsorb onto the surface of the diamond making the surface autocatalytic for
clectroless deposition of nickel. In the next stage of the process, the activated diamond is
placed into nickel sulfamate solution containing about 10 grams per liter dissolved nickel.
While the activated diamond and nickel suspension is mixing, sodium hypophosphate is
added to the suspension and the temperature of the coating bath is maintained at about 80
degrees C. When the hypophosphate solution is added, all of the dissolved nickel in

solution will autocatalytically deposit onto the activated diamond surfaces.

[61]Depending on how much nickel deposits onto the diamond, more nickel may be added by
replacing the spent nickel/hypophosphate solution with [resh solutions and repeating the
process. If uniformly coating the particle, several cycles may be required to obtain a
sufficiently uniform coverage of nickel over each of the diamond particles. By monitoring

the number of cycles and controlling the coating bath parameters like temperature, pH and
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al um na. diamond ratio of 100:1 up to 1000:1 (by volume). The mixture is then heated between
about 100°C to about 120C* for a period of from about six to about eight hours. The
solution is then cooled, the liberated diamond settles and the solution is decanted. The acid
cleaning and heating steps are repeated until substantially all of the metal coating has been

digested.

[64]Subsequently, any converted graphite (carbon from diamond that has been converted to
graphite during the reaction with nickel) is then removed lrom the diamond particles via
any dissolution treaument method known in the art, An example of a common dissolution
procedure includes the oxidation of graphitic carbons by gradual heating range between
about 150°C to about 180°C in an acidic solution containing a mixture of FINO; and

H>SO.,
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rot ol colePHE ARG ad s OE il B el HORIRY SO B bty il b
t o about ncﬁessaty %I*Mdmm«m!qmﬁrdemre thbowhsheb @ motosd atitaindtirbede, pahiso &
are a matter f econ i nc er,. than technic

o Fect i vepEtsSuosFERD uiaBempihet st it hodRrhgtd P aubiecied o
partial luu@@wweﬁlylheoﬂbmmsimgaﬁdm&ib@ﬁowp{\inttﬁé Batively, the netal
coating may uni form y surround each di anond particle. It is not
necessary that the nmetal be chem cally bonded to the dianond. N ckel

et hoa (S ORE e Be R JERin R e R b e B BT,

el ect r ol eeguldepubicts wshewordd&isSh d)(mv@ﬂDné'f[(lioldE stowch meulslien of dhmeond

be” useq PRUMBLER AL B ShoRa il Pl off FRNGE mayERRL s B RRR Bl

an enbodhdventen Mbaified dsip@ HeingdUas! @@ﬁllﬁﬂ&b@@ \h Ldidifi 0w (Rt hehdd t O
about 60 wei ght ercent ni_.ckel phosphorous coatin The coatin

process FHFEMAES eé’ﬂﬂﬁl dapopd! Rigee ye dF‘&H“i)?hi‘“ﬁ istigs a8 somgargd to

sol uti 0ncd?lfvcxﬁf&ndpxhgﬁiuﬁ@iihlﬁ%lﬂﬁ&ndﬂ?ﬁld‘lusr&ﬁo@ﬁ‘H S{J%QﬂHtIBC 8§, 18
uniformy adsorb onto the surface “of the di anond neking the surface
aut ocat a$fy>w3@lngldmwm@logsssldﬂep@isarmorxdrpddfdwau&é'l(.l IiAnsholvs anext st age

of the process aced into nickel. sulfamate
ol ut on BEEEEohg oS R PR Bl S PR e el B T <

t he acti patiees lﬁl'oamn Oy atitling iveehoLSulsipaas ioahe inddificiiohdreaighi,um
hypophosphate is added to the suspension and the tenperature of the
coating bath is nmaintained at about 80 degrees C. Wen the

hy popheemAakRwth YIGOID | (Be ﬁﬂ@gﬁﬁd d?alnlon@ alifdfes HepRRIsiadicah @K Blbrd q@xkcs
solution w || autocatalytically deposi tp onto the activated di anond
surfac esdnd[mtﬁ]ﬂmp@nmmnfd manowyatadine diasioat! shkepoini TI6. bht dhe hpikesiaghasnd,
nore nic in e [ h ate
ol ut 1 oro gy e SpALERE e SRR Bkl HRISRERL DBt Ben MRPRTRYT
coati ng thhecifantancd &, ths émamoad pmyfcllcesf tﬂ’mmstmt i;@ﬂjuatrcmdlg‘nﬁ"umbﬁlﬁimpraves
suffici enh[ umformcovera e of @I ckel oyer each of the diapop ﬂ’@‘n
particle¥. ‘*‘éﬁ‘*‘i‘rﬂh’i“ﬁ‘o‘f Brasy AP IR RPLIFAUSNS witgingklighy ble%ﬁpmspwwnt en
coating @@%dﬂﬁfd%ﬁd?dhﬁdf@ A EETRENRA HkE bddd s§HEm X Fﬂga}ﬁlﬂﬁé Pkest he

ni ckel content on the dianond is very reproduti bl e. i's not
uncommonhdlp pecureethe paitield withimbaborbsigre some | evel of aggl oner ati ons
as a consequence of the interactions of the dianond particles and

ni ckel plating during the coating. So | ong as the individual

partic [(ﬁlntdna:tmhodmmni seetdlhpartzig Idmnatmomﬁ;nmaklmmmpam nﬁ‘h@ﬁuught

ni ckel coati resence of a rat es not
qual i ty BHO PE@M@PB@ BRLCIER 1P TR LGS 5 1P Sl &? WV ejr* 5 §i= 8%“’& that
requir Edthcicﬁaﬂcﬁfcﬁ@ﬁ rrfah& &'L@MQQ QﬁfddnGjr B%hdd @H‘dﬁ t&%ﬁﬁal‘l@ﬁl@ﬂmsésh €he

coat ed partlc es are p ace into a furnace and, in a y rogen
size of the metal particles is in the range of about (.05 microns to abou( 100 microns. The
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[ 631After the heating cycle is conplete and the particles are cool ed,
the nodified dianond particles are recovered by dissolving the nickel
coated di I nmon aci ds. Acids that may be used | <
hydr ochl o?‘?@r}g@?ﬁ?ﬁﬁydrofl uoric acids, nitric acid and %@ﬁpg‘ﬁ%mnﬂm
conbi nations thereof. Acids, or conbinations thereof, are added in an
aci d-to-coat eddi anond ratio of 100:1 up to 1000:1 (by volune). The

m xture is then heated between about 100C to about 120C for a period
of from siboof the meta] partiblesiis tepighily 1ess dlras. thahiee sfgheidiamond partitlen Inewl ed,
the Ii be(raa{x%ld di ampnd _felttles and tge, soll_,uti.on i'st'cﬁileﬁﬁfqt ed. Thed acid
cl eani ng BRA HENt I ALPETERSIEY B VEfle FUBPEHYS ForRiB i ST ATaY,Podrtd s
the met afhepRsbind ahambbgeRneingaé edde HEA PRSARBUGNEIpovwARY (BRI er t ed
graphite_ (carbon from dianond that has been converted to graphite
during thedwigghefanefreypany).ni ckel ) is then renmoved fromthe di anmond
particles via any dissolution treatnment nethod known in the art. An
exanpl e of a common di ssol ution procedure includes the oxidation of
gr aphi {69Aohelzhricntppwgesiths dkerheeaitiongd assnpevdee tvedan cabng odtSRGnbeess,

about 180C in an acidic, solution containing a m xture of HNO3 and
1198 04, OB A SRR GO TR TIHE: FARSAEE BORGIOTIERHE BaHTaal. R Grnd
| ess 1 eagdrhi9IRatiBRY (1RELH Mab®EWRRN t he netal and the di anond. The nore
the netal etches into the dianond, the nore graphite is fornmed and,
thus, nore weight is |ost by the dianmond. To conpletely dissolve the

gr aphi 4 af L1 ; (e I eaddit
o 2001 TRV EERSE o oAbkt Syflns AR SR HAASDL R abou
t hen wasbB@deigbt peecanvdiamond particlds mrellirainebors A6 o a@wui 9O paten iron particles

Subsequent | v. he di anond rti.cles are dried in an . oven, air dried,
suby ect cteris By SoRopRRG ifing Ereliod b e eGSR Rositer 4 fhe
art. [ 66¢chaiiashodt mig&]ewfﬁﬂiah@@f th@ 0P RACAiXsbRl pdrti@c e paristoRasd i cl es
having very rough, irregular surfaces as shown in FIGS.  1C and |D.
FIG ID %eﬁéﬂé“‘é“ﬁ%‘mﬂ igtojaomixge devishonel 35y Furbule® shakgr-mixr (Glendhidas an
enl ar gengpt ~ef: 1.clerfs  ElLGrad 20 Ghes .k

ol 11 ed s g e g U ATt it ghopl Oy Rk o SRR B0

r oughenedimppdantng epe bdve. Addider ecty dptomlig bp adddddb € thiauee pndrgae
characteristics as co _,rlelg{.to co‘n.y._qtj Qngl JrRnoct ,St.aU.i‘Eﬁ;di mond
parti cl eTXNHWATHS PIEE TRIAN O REHClE ST aligigite 2 A6 hRACEE SR Biore
monocr y sindaten@n@teeacknae kel pevdndnd-di@nohd) BRAYS aRO helplirhgament of
a particle fromFI G _1B. The conventional nonocrystalline di amond
parti cl eRepeeBobeaseerds kigrsrg-tadye not subjected to the nodification
treatnment. [67]As shown in FIG 1D, the nodified dianond particles
include significantly nore spikes and pits than conventi onal

monocr YAl ahd mixtere di hemeamphiswhsd 45 FCGatekA inlithage spikesf dotmand pedictcs ng
edges whepn .used in free-abrasive s|lurry applicati.ons. |t .has bheen

ai scover 58 ARGy’ PR ATEREL o bt BB IR AR RlrodRo R

i nstant pppdlecatlognibal ey for@antihymateaii aveSandiiie padsae drdidf veeclagy asi ve
| appi ng ap Iica&i ons \ﬁ‘iatlhi n a Iigui d slurry or suspension. Wen the
modi f i ed“Wi&hBHE OPartatdre &g methoddned b9 campress HeEyinwisiid BiHEC Pihe pits
and the spikiba!iRed @RUECHT {15reRATAH Slafpll 3l i iBIE pRANE a TR pellet
[68] I n an enbodi nent, netal particles are used to Fdel fy the di anond
parti cl egressThangsiuged by aiver, dfc. iValrrshdNda kit the Hiepress, the taktuysas subgdoesl

s 105 tt% p?ésjs’ul"c IB'QMVB(,\(/, Bboultts aﬁ@ %loluEiSBﬁO(? Ss;[i,eb%u%]e%taboul 10,000 to about 40,000
psi or between about 15,000 to about 30,000 psi to form a pellet. Although pelletizing the
mixture is taught, it is not nccessary that the mixture of diamond and iron particles be

formed into a pellet, only that the particles be compressed so as to form intimate contact
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these ratios are a matter of economi c efficiency rather than

techni cal effectiveness. The size of the netal particles is in the
range of .05 mcrons to about 100 m crons. The I t
metal part §|Lih,’§’9"i3g‘§? ypically I ess than the size of the %ﬁﬁ%ﬁ&m’p&’
particles. In an enbodinment, iron particles nmay be used. Exanpl es of
iron particles that nmay be used in the process of an enbodi nent

i nclude grade HQ 1 i m carbonyl iron powder (BASF, Ludw gshafen,

Cer many) with 68¢ Aldilroufbstation: pewsatic passieeith defoihaietolsg mapalao bs
used in carryi out the process, other nmetals such as cobalt,

ni ckel , H%ﬂé‘gﬁ‘g‘g‘?eé@fﬁlnEW? f8Matd t heir nmetal conpounds and

conbi nations thereof may be used. [70]1n anot her enbodi ment of making
modi fi ed di anond particles, flom about 10 to about 80 wei ght percent
di amond723Ateinatieedy, drednixagermal elso begompreadsd by powsipgitdelna thipgheet that is
particle re m-: Usiong, an EQPriate .m xi et hod. . .achi eves
a unifor %V%dgpm@ggfsﬁgasﬁ&é%ﬁ%c&? ér)rg]h(%p“%’ﬁég }\%giil Bﬁg&g}l%%rnpﬁdgtﬁésﬁ%pb? e iron
and di anbighepagtroltd. Ekhedoengaushedtniingy eheh de cutsien| sedhlandctions éoitfedhdrnt o a
m xi ng devi ce, such. as adSbT r bul a@ shaker - m xer ‘(SG en Mlls, Il,l’_lC. :

Cl i ft on, PIREWSHEASBYTISES .e)i)“"féPO §r methied ol goBRFesHing g dpixtugy of iron and

al t er nat givgbMd paleed indRd8d MHERSand@xBRAKE (HRIEix e HindefpRESEL PBY2ing
optionally be added to the m xture prior to mxing. Binders provide

| ubri ci t {hemyxiysr of didraonshuntl awe paricles widrrgpedledren opiu g thegnizhue ivor e

intimte { I [ ' . 0
nel p i n Bona LB Bab d8e LA N oy 89 o BURB S B REE By

m xt ur e The pdilets, aickps eimetiesor aed te (orneat by theseinndthoda meayrthed herfertiodr

di anond arti%{es.and iﬁoln particles. Any nmethod may be used to

conpr essPPRESH BAbKHSSE4APHP¥ es and iron particles so long that they
forman intimate mxture and the particles are in very cl ose contact
with one another. One nethod used to conpress the mxture is to place
t he mi ktAlpeditigrsd methads ebicempessig tahmixtye o6 jon apfl digmanyl parbelesinglyfle abl e
press is:.a..( 2L L.et , uf-act d :ne (Vbash,
Ny 1 st ERLAEEkjord BRSO MLAGI NG, e EPlape Hina,C con
about 5 Ahdmalvaiy, isyi000 dpsiond lpettinkee magtbe woatdd b Gtz pailticles b yn000

psi or between. about 15, 000 to.about 30.000.psi to forma pellet.
ATt hough BRI e ERe SR 00 B P rclinroaRy. oo Pt Pl S ot
the m xt yipficatic MehdrBsl mgds,i th®RoPMd digth&s! Reidley e th inniacopadtvath

only that the particles be conpressed so as to formintinate contact
cach other.

[74] After compressing the mixture of diamond and iron particles, the compressed mixture,
which may be in a pellet, an aggregate or other condensed [orm, is placed into a [urnace
and, in a hydrogen atmosphere, vacuum atmosphere, or an inert gas atmosphere, heated
from about 650°C to about 1000°C. Temperatures of about 700°C to about 900°C or about
750°C to about 850°C may be used. The compressed mixture may be heated for a period
of time of from about five minutes up to about five hours. Time periods ranging {rom

about thirty minutes up to about two hours or of about one to about two hours may be used.
[75]After the heating cycle is complete and the compressed mixture is cooled, the modified

diamond particles are recovered by dissolving the iron particles in common acids. Acids

that may be used include hydrochloric acid, hydrofluoric acids, nitric acid and
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wi th one another. Isostatic or nonostatic pressing with deformabl e

tooling may al so be used to achieve the intimte contact.

[ 72] Al te”\%‘zﬁﬁﬂf 3s;5he mxture may al so be conpressed b?(cﬂ[ﬁ%ﬁhpgis’st
into a thin'sheef that is several mllinmeters to severa

thick, i.e., by high pressure conpaction rolls or Mquetting rolls.

The formed sheets may then be cut into snmaller sections for further
processi ng as di scussed bel ow. Anot her nethod of conpressing the

m xt ur e ofmbingivnatigradi.akoids. garmbohessitmtaides addediimgn aridtcempressdi ng

t he m xt ur der o Pelleti xtur.e of, di ampnd ,and

i ron par F‘l”%"réfg %Beél%géf Rl @ﬁrl Wrtotzlhﬁ@ﬂhﬁ’g 0T‘Ff«’%e)m gt Shep Rgged ng
appar at Usetdtéh MoBP100PE .6 Msdut mcwqugélddfmmﬁ%obes& £84boliPei SRMBLRS S
the mxture. The pellets, bricks, briquetttes or cakes be f 6r med

t hese methoedutipgys thew goded, ﬁlaprhlmateqocﬂlme%@@ha@n@ﬂmglslgerdlst;@mmd The

[ 73] Addi : . ' i anond
part ol et BRMREMIRNR] GRTRY PSRRI BRI TR B8 ARl 10
into a cdigtsa¢dier or tape casting. Al ter natl veI y, | ndl VI dual di am)nd
particles may be coated with netal particles by ion inplantation,
sputtering, spray drying, electrolytic coating, electroless coating
or any I[m] b&dse@RAlY, @b LonIRENRPRIR: (cBBEN ABm didtBorld BR h@a Heéﬁl &HR%?Qd to
particles are in 1ntimate contact with each other.

conpr essgiaphiterduring khejeaction vdthdiam ¢ thergremoyed %thtilftllﬂé%deﬁt ‘h@ amo mpr essed
m xture, a ensed
Form. 1, SeRh o Ry ki BB e 18 "B HEE BhmfRb Hss RE
vacuum apnmoﬁmremelpdmthanmdm&mtoi gaphaicrmagphebegrathed heding ramge dbeween 650C
to about 100?(&5 ,Te ag@r es of about 700C to, about 900C or about
750C t o #sBht>EB50e: Qs &n aciniesotsinp ceudiaem Redre ohl)Osandheat ed
for a pepiqg, of time of fromabout five minutes up to about five
hours. Tine perlods rangi ng fromabout thirty mnutes up to about two
hours or of about one to about two hours may be used. [75] After the
heatin S r t he
rodi 11 S AFLegleg oREhElaEs BAiACHE AR RSB F L bR A BT, e
particl eslclnﬁbtalcamtmm mm The intlse tma:hetﬂwwha duaﬁdmt@meuidaenond the more
hydrochl ori ¢ aC| d, hydrofluoric acids, nitric acid and conbi nati ons
t her eof . BIARRSS (Bfn(’éd%l%l MgV R lopt byarhaed'aa@ag 1 cerppletely dissolve
aci d: conpy %ﬁﬁ)ﬁﬂe mlgiﬁyﬂ@anﬁhbseol acRl Iﬁ@)J Bebifskd 5@4@91&51 A8 iutiol Bredithen @yl
(by volune). The mxture is then heated between about 100C to about
150C f or bfanqsesﬁmord 1&e djamsrd podiges grodhernowathed to iemghie adidyans resigus, such as
solutlon i h I i n | es g

sol uti on' |‘§dt%1e?ab§§§é&$hlhva?dnll %élglﬁ'lﬁ%élg'a‘ﬁ?a hfga?ﬁ#é“geg d g" jected to

r epeat edmimdwivesivfiag andthal dryinglmetiands khewn inche lwds been di gested.

[ 76] Subsequent |y, any converted graphite (carbon from di anond t hat
has been converted to graphite during the reaction with iron) is then

r endv eg7g) AR BhbB@nRAl fdr@lne $o MoBo@PalHhESainbAd PRidIEERIVIBNer fRLEPD known
in the art. Exanple of a commpn di ssol ution E{ocedure i ncl udés t he

oxi dat i owbéﬁldlg?la m&qséh@w olfies- B9k Aol LR AP Ayl laisgél ddtlledn about
150C t of
e andhinet B ol ol Bttt Bl bR Hallflo D HhllERifls o

nore or ¢censgﬁu<rchacbm\@mummymouystinlﬁhwémmondhpamﬂt,sad;ho&mdnﬂ(é . drhend.

The nore the netal powder..etches into. the the nore graphite

2% or RO R R Bty R kg Saovr HE TR

conpl et el¥eGbobsdictRdib teGh@Rhtdidn wBa@RA quantities of acid nmay be

used or additional dissolution treatnents nay be necessary. The

di anond particles are then washed to remove acids and residue, such

as 1N R terr Ul?é?ft‘i'e]%tthéggmgi'n@ﬂm%cﬂﬁﬂ&d &idé‘swagﬁt 18'.{s' &‘?fag@m%a

f ur nac arr 'sub to mcrowave d r ot her dryirg
mdtm ial removal, mughnws and sphericity for a sample 0[ monocrystallinc diamond
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[ 78] An enbodi nent pertains to nonocrystalline dianond particles

havi ng very rough, irregular surfaces as shown in Figs.9A-9D, FIGS.
10A-10D a J1A-11D. In addition to the roughened

t he di am)% paﬁﬁnﬂ es have uni que characteristics as co @S% ﬁ‘l}(}%
conventional nonocrystalline dianond particles shown in FI G 12. The
conventional nonocrystalline dianond particles produced by mlling,
shown in FIG 12, were not subjected to the nodification treatnent.

[ 79] Ref epairiinlgs Qq.uk). G\dcﬁti@lall'yr,admhma&ti&e ditaiferdotat donvaalondi monaigedline
wei ght urf rea, materi val , royghness and, sphericity
for a saﬁ‘&P’Q”@Pmﬁﬁ d&&%f"é‘i%‘??f@l a? %ﬁgﬁmﬁﬁlﬁf‘ioe By tiglg of gymilar particle
Addi ti ongibddare GRARATBE] dea Q@sﬁ%e&%cﬂ?ﬂ& ﬁlﬂ%fﬁﬁ@‘i’f?%%onﬁhnd 15 as discussed
nonocrystal l i ne dianond particle and a conventional polycrystalline
di amond pde¥icle of similar particle sizes are shown. This data was
used to create the graphs in FIGS. 14 and 15 as di scussed bel ow.
[80] As shown in FIGS. 9A-9D;, FIGS. 10A-10D and FIGS. 11A-11D, the

di anon@8Qas shawres FGS. ¥£100; GihS .cl0AL0T) andlpjiisal dide De drpidineshdtparticles

conventi onal stalline dianond particles as shown in FIG 12.
ARG S R A R St IR NS AR

10A- 10D shaves sEMovAROPR:.QD, FEes B ADPNHoRIEM ﬁﬁsﬁges effmguﬁﬁ@na%uﬁe@s
11A- 11D show SEM i mﬂlﬁ’?— of the dianond particles of

(Tabl e 29f Rins#s HEGS H3 plesrves &meégaém@shwdmamtoéﬁugﬁ msl of

5269?; agﬁgﬁ'q?%k@o%%an q@l %ggé f’ﬂﬂ%ﬁﬁﬁ&w&ﬁgﬂ%%ﬁn% parti cI lé E‘rab ﬁcﬁd

spi kes ahsls ﬁietcerres‘pbedisg)pfoesrtias: tndachacagtetisting of dgelamdrelpartioda frcnn
free-abrasj I urp applications. It has been discovered that the
perfor maftt %Ddl fied dianond particles significantly inproves
when used in free abrasive | apping applications within a liquid
slurry or suspension. \Wwen the nodified di amond particles are used in

a fixedSHORGANHOIHGSt H- 9k FIGKNI@POO prd BISIS &5AHAPpths dénsrandimasicles
particl ey ib e(ﬂk%hﬁld%t QdTﬁcyﬁ)tuemm[a%%hTh@ cfrgc@ Jinﬁqsé?i' ﬂ%g%&&f [;'sﬁ.ag 2

exhibit uniq aracteristirrcs in sur aBe ness erici
mat eri al appélnumb Itfhehechblishomed mhahepm‘rﬁammteecrfll]&t mo&haekdmnmpar ed to
wei ght | 0s edd Details.has to wthe

e onr enban e b Bog on Ve WA e Bty e s 4ok Ry

FI G 14, iijihe siiiy@htu ;.b@monofwnmhehmmd d&taﬁdnuqddﬁmdsalmw/ﬁﬁ@n%%her
than 0% to about 7009 83]As shown in FIG 14, dianond particles

exhi bit &5&gh fledétbrlaﬂ/@h%églkeﬁr hqlpsesurerbnpaitiga tvihinge bast syaiee.
roughness of between about 0.50 and about 0.80 and between about 0.50

[82]The modified diamond particles exhibit unique characteristics in surface roughness,
sphericity and material removal. FIG. 14 shows these characteristics as compared to
weight loss of the modified diamond particles. Details has to how the measurcments were
obtained are discussed in Example IV. As shown in FIG. 14, the weight loss of the

diamond particles is between greater than (% to about 70%.

[83]As shown in FIG. 14, diamond particles exhibit a surlace roughness of less than about
0.95. Surface roughness of between about 0.50 and about 0.80 and between about (.50
and about 0.70 is also observed. Surface roughness of the diamond particle is a function of
the size of the metal particle(s), amount of metal particle(s) in contact with the diamond,

reaction time and temperature used. As can be seen in FIG. 14, as the surface roughness

14



and about 0.70 is al so observed. Sutface roughness of the dianond
particle is a function of the size of the netal particle(s), anmount
of netal p@btzhﬁrll%ﬁ in contact wth the di anond, reac"%@ﬂu&ioﬂﬁn‘?{}q

t enperature use can be seen in FIG 14, as the surface roughriéss
factor decreases (roughness increases) the ability of the dianond to
performmaterial renmoval in a | apping process (described in EXAMPLE
V) increases fromabout 125 ng for a surface roughness factor of
about 0. Setor decatases (rhneny ifasgases) therabde of thadhnesd té patoom rofteddiout

0.62; an_jincrease. of abqut _percent, LS, Ry _be atfrib o the
ner easetr RunGER By Baied Hhe Mine: Eihiecu® bmabbiiiog e

provi desfor [d&él]ffdeGouJﬂe@fS@oﬁdl(absutM totab@ut QOBEYTIr PaurTace FRBhAIsS Eactor
exhibit s e“@@éy readi ngs of |ess than about 0.70. Sphericity

r eadi ngso o 28 increage Ghheet o) peresny élb‘éHF‘Y@eEﬁlll?%ecbtoéth%mélea-‘reﬁlo
obser vedy, fMhd-RPLsting Phigting: i sh?fa%bﬂﬁ@ﬂﬁﬂ%%defseat ure from surface
roughness, it can bé observed that there Is a strong correlation

bet ween sphericity and the | apping perfornance of the di anond as

shown i LG .14... it can .h mat.eri gl
ool HIFE o spll ot bt uiallon Bk SO Wb Aol 5 RE A B heys g
about 20fkayt 660, SplspiloRy eailings of ababiodiR chabZ)ELOAlaﬁd)abo&E()Qﬁlb be ageff I N

FIG 14, ther rong.correl ati on between the weight |oss of the
di anond ﬁ%ﬂé& éﬁf& ﬂi‘e*l’h%tﬁrbtb’h-‘g“np'éii?%iﬂﬁ%E“é‘“é"sflPWdP{{é&eéauﬁyle?bhé can be

i ncr easegharERiRg iRle it %@9&&14 doRkelAiBABYReen Hhelibify MRIEGp ¢19§ ?ex‘?émgln? ty

di anond i ncreases, the di afond becones nore aggressi ve ts a
to renovel hediamoad as f@l}ﬂﬂn EG.18, In&IG ldriapm @fﬁbﬂwmgmtlﬂ‘!amh@lmngival

loss (% I ation
of o | . ¢ PR HohPiRuFl Ahne KIS RRAARE 6tE B 3 Bl AMPPREIIHLLS
mt;dl fi edoﬁtbamrfmis pzarsb,uaslcgls bdrse¢n MQE mllgrm?ﬂeg% stg:l’ng&bﬁ*élahdﬂ?ib’el@ﬁ&@ thé
about 20% er conpared to co ntiona I anon artjc avi ng
he sanewHERPN o 1 BAMGHLb e Cie 1P et GRgte by eoien by iehe
speci fi CingrbaicA AR (s@ppHiREreRRVhI. CAEific Wight rogﬁédcualﬁémﬁathseoam to
the extent of the reaction of the dianond particles and iron

parti cl edlaggrd heromse MoptagRIGHre Bntsabdiy fefemoye owtesigl. For exanpl e,
specific surface area readings of the dianond particles range from
about 0.45 to about 0.90 n2/g. [86111GS. 16-19 show exanpl es of

var i ou8XJFiidAdis pardphchesing idairndmdw&:@ﬂdtna $%byecirfde iaay hy rdaginde geees
of treatgﬁnt wthiron FIG 16 shows a diapond particle that was
heat ed alf"eh FIRPSLRYAR o %e‘em%&d PRCEdSy fﬂlhsm%‘:ﬁyﬂm it ofithon
resul ti ngoliifica dﬁaﬁl&&@mﬂam hR&Se @tlbhn%bsdh@nanﬁdrpﬁ,z ksGlbBut ﬁw?@;y
shows a diamond particle that was heated at a tenperature of ~/50C fo
1 hour i¢rngBYeddy coricghional demond patticienbaving die 3896 pelighisizk dsgritption.hk

di anond anti.cle hat

ot "t enlblchi e Gl St PO B TR R B G e B Pl iﬁb
in a 30%wueitghthelraetonbdl mhdlamoampﬁldmpaﬁﬁd @brﬁmed:l@s dulDgshomedificslloarond
particle that was heated at a temperature of 850C for 1 hour in 80%
by wei ght™4UmeH PrESEt tHoR §FamPlG SBSURwICGAE 2ic&adiges piae diagopd garticles
parti cl epanfd SohQbEH (4MWabLSBioRRDE particle that was heated at a
tenperaturé of 850C for 2 hours in 60% by weight iron resulting in a
53% wei ght 1 oss of the dianond particle. Fig. 21 shows a di anond
partic t t e e of 8 for ur 80%
By wei MO, 1932 HRPHEts & BARRARM Bl SRk woaBiied O
parti cl evar {/ﬁg]dagreesmfdueﬁuneﬂt ﬁlltmmmdl marmlshd)\%a diamoad parcicle tlﬁm m@h&t@l ts
and/ or spi kes. An ex di anond particle exhibiting these

f eat ur es*iadCBARSHHG ¢f 7%5@ f01é hom @rﬁ@rf‘dbbéff”tgi‘bli“é’ rpsultipg/infgl S5 weighhtoss
| oss of glQuLi.fe; gﬂ gfhﬂglhuﬁ? [@hﬁoﬁvs‘% ahbit ypjrﬁ)oqg' ll%phgﬁ%%tefl%gg tdnfRBkAT

of the spikes an its vary accor
of 750°C for 1 hom in 80% by wught iron resulting in a 25% weight loss of the diamond
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[ 88] The nodified abrasive particles, as descri bed above, nay be
useful in many applications including free abrasive applications,
fixed abra‘g,b\éﬁlﬂ%ggg7gcatl ons, |apping, grinding, cutting Cﬂﬁ‘ginﬁt 6;9%3
drilling, dicing, sintered abrasi ves or abrasive conpac¥ , and W re
for wire saws. In general, one would expect that the roughened
surface would aid in the retention of the diamond particle within the
tool or resin bond system [89]Wth regard to wire saw applications,
t he abr aparuelepaigt il&'slmwmwmnoml paagiiethat washeated et dienpleatre opgHCrigy 1
metal sipteri r meric or res bonds ropl ated wire saws
general | Son ey ahe %P@f?sa&%*g it 5@%%&&0%3? ﬁlﬁéra@gonécpaa@ diig-def
with a | gy anlarﬂéxfaii‘%ktzdi@&ﬁﬂ wa@f&ﬁ@d‘ﬁ{ .S éﬁ}p@}aﬁﬂe HEE5(RCEES] ﬁbdﬁ@n 8 ‘B?
the abrasives to the wire. The use of the nodified di anond particles
woul d ai weight iptvrommdtmwmblefti?ewexgbt losrt dfdhe diftmbhepabelas Figere2irshowke in
the net al esi. tr| X e increasin life of W re saw
The moct Singtand Bt J iiaf healitht S Pafttn b Aa0iCaieT RgHar Rap ey maer
renoval fg4 Ez‘:eﬁﬁhﬁ%ﬁ i3 3% ivelghe R S Ul the BRInRBE bhkiYle., F[c99] Madvard @hiBond
typically cut w wire saws include silicon, sapphire, SiC, netals,

cer am csparele ﬂ@nwaalmtqdzat aﬂrmvedwlgwé%wébﬁ@pa@pmesn 8%@}(9}7@ fren

[91] The abr.asive a so useful. in slurries and ot her
carrier elsuqlup%gl ‘iﬁ% ﬁg@gfosss?fﬁt laglgflﬁ l(tjl(n‘lemay i ncl ude the nodified
di anond particles rangl ng in size of fromabout 0.1 to about 100

m cron eseg& a concentration of about 0.2 to about 50 percent
by wei M F‘Sﬁ* diggrne partilge Fonsain QN TAPEIPAE AR/ ietRi ks o An example of a

gl ycol - b@%ﬁena/smzelle%xmefuhg@%@éam%mlﬁ fin m&rﬁﬁ%@%n&)gﬁﬁa@{eh' cles

and conbi nations thereof and opti onal |t|ves i ncludin
sur f act akhavang @W@hﬂosﬁmf ebowdp s !l’@hlsles pitrck, § et rsitspikedd "ﬂ‘hy ilenrgtha@é fhies .

[92]In a rti

Super aby S aod SRIRETRO0 R by o DR Q98 ARAREER (BRI F i, e

rmdi fi casveeape dspthh:t&& pﬁatq mm@mtﬁle mﬁgee(ﬁt ﬁﬁb from bkt GHS db¥hk, 70¢A0f Mt A,
"l'ib and | Vb f tﬁ1 gl{)erl ?fg%c tabl e and including alloys and

conbi nat [P88&t {engih@bfhe part metallic coating that may be used is

silicon carbide. EXAVPLE | [93] A 4-8 | am nonocrystalline di anond

particles, e.g., dianond powder, with a nom nal nean size of 6 Rm was
coat ed[881The modified abasirorasides a%detﬁ@dzqdrﬁgotegmmﬁ/nm%m)manﬂaeplmaum

coated dj

per cent i ?ﬂeﬂgé&gég Ff"gggénlg?}%ﬁ‘ga Lea%vq\'/](‘-flsaB ﬁorghy k}ﬁng{%]rnéglg\m@ L{tﬁlp% he
Ni P coat peighingvdrilRie, giciup, smtqndcﬁ&nasfvets bEal:Nxm ctp,omd&nrd/ﬂef wirbeated
in a furpace. e25]grams n’glewa datuggg 31 1 hour and
the- ot helt s0eiabgee FRvl] <hpist bk st RBetHara e grou Rgin G e Rea of

heati ng g¥&bid pascie Mahehe thorberelil®os@@fsReh.di anond powder was cool ed
to roomtenperature, the nodified dianond particles were recovered by

di ssol vi ng t he nickel coated dianond in two liters of nitric acid.

Th ' h
o ut | BiEEr B ARG b iche tho Jlei M6 Pfha0be ok Bed 6 e ol 1€
settl ed aadi(mMng,ahmllswew@smqbeWwdn rebhnebomds. dz,lcﬂireplatedgnﬁmlwbeatl ng

ts Lgprsn \é\ﬁéﬁncwﬁ %grétglﬁl dg,?@é]gé%tdf gl;r)]rasmt, {aﬂﬁdﬂ!‘ Ed llcp%gilecsdt\%qg : El 1y otarlllu.lkbl

metal. Some wires also use a resin to attach the abrasives to the wire. The use of the
modified diamond particles would aid in providing better retention of the abrasive particle
in the metal or resin muatrix, hence increasing the life of the wire saw. The modilied
abrasive particles may also provide higher material removal rate with better (ree-cutling

ability.
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[94] After the nickel was renoved fromthe dianond, the converted
graphite (carbon from di anond that has been converted to graphite
during th with nickel) was then renoved from i.cles
using 2 I:J‘P’Ee)r%gﬁ% glJsaﬁl furic acid heated to 150C for seve%@ﬁgg@@“k‘%kg
solution was then cooled to roomtenperature, the dianond allowed to
settle and the solution was decanted. The sulfuric acid cleaning and
heating steps were repeated one additional tine until substantially
al | of [QﬂMmﬁbHypi&IWMtwﬁbmimiqgestrethde EBiEdvBashirer8it meiafs, veeirgis,

| oss, surface roughness.and spheri Ci wer e obtained fromthe

mat eri al ‘Pg%\%?lg%mf’?%ﬂaﬁ?%“&?’deew 824 nel uded in this anal ysis
was the SJK-5 4-8]tmdianond that was nodified using a -fine iron
powder rocess as described herein. Also included is data for a

pol ycr Y8kIARe shigsivh Resesies sotlernsedrl i Flwiueaﬂmh@ih@rparﬂ% liguids.[ Haypread slurry

surface t
base rratgén gh%%glnaﬂg ?ﬁbﬁkﬁ éir%?] rtic egﬁﬁ @%@ﬁﬁﬁ%ﬁ? %?%%E?O
nodel S- 2800 &\D(S(ﬂamnsrpgesﬁhtenammemmtmsxf aptmtOSEW;abalt 58 p2EeMby weight, a

magnlflcatlon The SEM i ) s E.im fi |ch
Were t el DT SRS G e B Fintn DAy LIS Pepapad sl ey
was cal i hydb@ebdnthaksdteyehane aﬁ&@&hﬁinﬁ@dﬂs@ﬁblécﬁ@@@?ﬁ)tionhﬂaddm@s frRARge and
for this magnl fication, the calibration resulted in 0.0446l am pi xel

resol ut | BHt2CtRR. Phardclpradyustess, 4yd vissasip modiipias gagnts.cl e si ze and
shape paraneters on a particle by particle basis. Measurenents for a
popul ation of at |east 50 particles fromeach set of experinments were
gener a{%’dlnaautpdﬁacmbfalimynlﬁyhft medifee neasivepayclervaidysaper: ablmit'drsemaztliec al

for mul as_\us zer .devi ce Lo der urement s
are foun 10%9 g‘”‘h@e‘?‘!‘h? alm aﬁﬁ%b@f’?g mé%‘o% an f”i‘ifr%zs%und in
the d errequ{s smn\/hbefm qnamﬂi VP Be Peiici? QOL. dn&sklfcﬁtﬁﬁl% alloys and
characteristics of the dianmond particles of the five powder sanples
are showrPiingtions thereofafyngn-pyetalioqqanas thahmgy be gisd is pijeeradhide.c ¢ he
surface texture of the nodified dianond particles produced using the
ni ckel coating nethod is significantly different than the surface
texture of the starting material $¥WAPLHIFIG 1A It is apparent
that, at tenperatures above 800C, the nickel reacts with the di anond
and creates a unique texture that can be descri bed by roughness and
spher i €931 4 S0 MaHSnddBistincimdRgRrtana| ¥ sl diamBhdpewddBaskda abmidhe dat a
obtained in this exanple, the roughness values changed from0.89 to
0. 77 f or mgNesignoifdin es copedith n@%elﬁﬁwmf@r@mromm 0729/ 106 ). 7khef or
the 56 pereen d e h t oues hange
fromO0.6 & édl%a ? l%n(% ﬁgﬁ(&gf'%g!r?c%dn ulgﬁﬁ%b? ogéI %‘glr?;% e PP g% 0.64
to 0.46 EﬂmnnoncheLM dipemome rpiar vk wgiﬂstudﬂhﬁﬁlydmammdulaftﬁtﬁmlﬂdwtmig)dlvf/d: gation
process 8] Not e . at,.. as e seen | 2 (Table 1), although
t he nod.ésl%@a%wif‘ @&é&@ﬂ% 9%% g peaed %d ”%“@h@“‘*\@él%"ﬁ{l S{TBRIE V3
di amond, hapd d@S%"'L%I { ¥odd a'ﬂﬁrthesdll?@c aROEh° 1'19?%& ¥ éHzQJ%{ beRE6E 3 hGurs.
surface area conpared to the process per d%\ Cg there Is
essent i afftgr thoheliting eydawes tomplhbted pulighnesed émitoscpp@wdaz mtdy cofled fvasem
two sanpl es. The surface texture roduced of t articles
can be. oEEPrEaRT GoREE PR SRR RS g LR e i

cutti ng @aidatdamdNdtihOMg NickNEsRurit @atiUMES niki8re PatihaPRa81N 138 Mor a

| ooking at_ the boundary of particle profiles, they also exist across
t he ent i pasiod 9f fise bowss. i@mhﬁmwe@lﬂ@n qoplefl g0 tquau@hmenahm, thenliberatest ease
in the n f1.CU _ e th_e_

i mprove perlﬁ%gﬁ%ﬁlcdtélhw toﬁgio%‘;(ﬂs f! &d gl gﬂ%ﬁé Bg'r%?Hg &iﬁ)“d&l %ﬂ ¢ LRows
a tvvo-d|u@pmedmmladiiiltibnrﬂtlim:tdmimsmdfstahﬁrm)@ﬂmalumgmaaﬂ hicbehn digekd of a
nodi fied di anond particle. FIG 6A shows a two-dinensional
illustration of a conventional nonocrystalline dianond particle that
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EXAMPLE 1| [100] A MBG 620 70/80 nmesh nonocrystalline dianond
particles was coated with a nickel/phosphorous coating (90% Ni / 10%
P). The ni ed di anond powder contained 56 wei gh cent__Ni.P
and 44 mi‘gﬁ?}’%@?@%&%t di anond. Each di anond particle vvatcﬂﬁﬁ"ﬁ%ﬁ"y3
covered with the NiP coating. 5 grans sanple of the Ni coated powder
were heated in a furnace at 1000C for 1 and half hour under hydrogen
environnent. After the heating cycle was conpleted and the coated

di anon@4iafidete wakelows|redotal frao thetdarmpardathe cenveité graptitd {cathodifi@rpnd
particles were recovered by djssolving the nickel coated dianpnd in
500 of THPPPY a5 K eCrPRRviiSH (g SRS D hh B0 ep V1 BB ot thgp
period Ofen{dv¥@BRURS parfifiBs SGh4! LiRR WRRIAERIERARTo t19?crc0fmeven hours,
tenperature, the liberated dianond settled and the solution was
decant edTheT$rdutiogi whschanaeoled tarmbnheaiperagirs ttepdiamendalioypd dt extilomel the
additional, tine until stantial Ly all of the.nickel had bee

i gest earoips s tRbdetqch R At rPerin g R GTH TS PRI 2
conver t esddgfianahiihe uiGisubiigitiall ¢ AN vethe fofHHité hal ean digebes. usi ng 500mL of
sul furic acid and 100mL nitric acid and heated to 150C for seven
hours. The solution was then cooled to roomtenperature, the dianond
al | onePXYcanrementapidveisy 1a6) vt laemronelncaerdnpaticity hersehtined Eomdia

| . oo ; _ o Lot )
cubet ant T T ERVERA (e e Ak AmEfp 381 G030 i SRR, S e RS Y
di anond dreinghd thabwas inadifibé esinge fine renl pewddn prdvess s xiperibakhdreinSadpl es

f th i h in . FIGS.  27A d 27B... EXAMPLE.I 11 [103] Th
di arond” PodEt § 2R B SRgrv Mt SRmall SRSl o R P AP 4

sapphire | apping application. Ethylene glycol-based slurries were
made usiqrq}g t he nmonocrystalline nodified dianond particles ("N ckel
Coat i n&POVbRR THrigee tvahsatind sghericily s phraingd fam) ipagescd frdies artrial and
monocrysa]ahalﬁlc&'aiamoag@gfiéifgemb&Lm agéiufanmb&- 8B sBbRSRAhiN e FI-QMNI Ch

t he ni ckel coating i ed dianond was nade. Slurries 11\glgere al so nmade
from i r oMigowdes (Shidd) 4tiag 00X amgndicasord dbe SEbkian«dges Exmmrpied at TASE insgk
as fromgonventiona olycrystalline diamond. The .sl urri wer e used
For 11 at ARRURL PA&IncRSpiEALERB. 2 ¢ Mie: HhBTARG RSO RE LS RANEES e
copper / r efibragRb elid fne(thapitstier (J500X). andistdrempRPAD féahWai@hiSiciine
e-plane, 2 inches dianete as- | apped surface texture and 490p, m

thi ck. THEcpappiangeslisd @ Dddum/pixelgespliions iThe iaagernalysis RSN ur r i es

under thge5aMR RRRIESA HQ FARMtdRiss BRY phRkleltySaRRIEL R WikasQEmbhdie:-
The di anond concentration in each of the slurrires was 10 carats per

500Nl an@r & ipepwitsuodiat ipay pasicky lppscacBeftmf expaigtentsestre gedveat¢dappi ng
pl at e [ £s  USi 60 rit-.di. amn ressine
Pheel . "TRuSRSREA00L B ClLOMES HEVAT, BBl rofh fITARG B G251

r ot at i onalalyspedaicefto tidhrével thp picigrqphantscarsviimb th thpDana b sedtivhrapofeced

rate was 2-3ml r mnute. After ch.cycle, th ers were neasured
for wei grmzd qaggg_g%e founﬂl{n (t?he lemex V;es?on se¥’s Guide Ph§3.\g%200?. Surface

characteristics of the diamond particles of the five powder samples are shown in FIG. 2
(Table 1).

[97]As can be seen from FIG. 1C, the surface texture of the modified diamond particles
produced using the nickel coating method is significantly different than the surface texture
of the starting material shown in FIG 1A. It is apparent that, at temperatures above 800°C,
the nickel reacts with the diamond and creates a unique texture that can be described by

roughness and sphericity factors using the image analysis method, Based on the data
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[104]FIG 5 is a graph conparing the | apping perfornmance of
conventional 4-8 mcron nonocrystalline dianmond particles in a slurry
with 10 c tzﬁmg)fs,ggarmnd in 500 M slurry, conventi ona{,C,ﬂ,Pgmn%lbzr?%
pol ycrystalline |am)nd particles in a slurry with 10 cara

dianond in 500 mM slurry and two slurries using nodified 4-8 mcron
nonocrystal |l i ne di anond particles of 35 percent weight |oss and 56
percent weight | oss using 10 carats of dianond per 500 ml of slurry.
As can bebtgwethirfthrex&Ehge, @amghnﬁqu@eﬂ:h@f‘r@mfme 89 td 7 riirehnd 3

removal rate o) h conve nt| 91 d sl 1 per
naur. per PampRei® af BPREECRIA 0000 0RO BRR Ry bt o iR

pol ycr ystad $phegcidi wmmdha‘@écﬂ froleR64 o4 ik €iel 33 pefc@ADVELLhtN8ds@avBR ahéB
ng/ hr. The slurries made using the nodified diamond particles

resul t ed2PR (hest @040 fo &WW%&%@J&W Permagdipéter e Méwgsorp@peeéﬁt
wei gh( | oss powder and 304 ng/ hr using the 56 percent weight |oss
powder. [105]It can also be seen fromthe results shown in FIG5

t hat, @P&]Notsbghatt heambel pdenenl Fifi 2n@iable dar tlitougls the nodifietien grocédssaaddd®y

hi gh I al t th | t] h f th
SuPf ace BroiA aJiBRp Pl GhEan e Gkt ey e R SOy e nal
monocr ysE&Eiﬂc@ﬁrthe%&%n%ﬁ@d% i) Iﬁ&%@% %ﬁw@a@bb@ em@lleqmgmai

waf er roughness of wafers polishéd with the polycrystalline dia nd
sl urry waidferBconrthe-rougBnesnandhypiieridity ofdliese twosagiphess sThefsurfadestexture

pol i shed _w t l.ine d|a

oo 1 B bl TRORGY S AL AF pE IR KR Sl Bb e Fpdf bR g
thle Sﬁ géeah’ﬂbl cr/\iemrgfgtmﬂmsﬁltm%mmge ﬂfﬁn@s&fﬁﬁktﬂgpa%nt%fénﬁﬁ%@pﬁ&?cﬁ
polished with the 56 percent wei ght |oss djianmond s urry ad a wafer

r oughnes8OBIA P! PATiclERrofles Ay alorsis iret hycniireaeiase ofash pygele. 1tis
NT1100 Q@lbhglﬁlth;@u{efla&@aserupthbInsaﬁ%rmedf Cu[tl:lﬂg%fh% SPRYM, is @caﬁbﬁnblgt(ﬁ-ﬁ?@l e

1) it can be seen that the specific surface areas

nmonocr ysierpyadepcpioandice of i apasitfie dshamons) msticiese ﬁIGZQBWiZsb‘ng atwand 1.55
n2/ gram i

respectt ey ot IBRLERIE oGP et BRAEBE ol B il GURR gl 116,
M2/ gr am 6A showls/Pbvandimé6Sivna diheasidon dfhi csmimnsng mdnocigntiline dausadt he

particle sj.ze distribytions the two sa re the sane. The
.ncreaseaﬂgﬁw%ﬁdbal%ﬁ%ﬂsmﬁh@ 4 gk gandyl sagt n@rﬁé aladnggﬁa%éPéa on
the surf &ﬁﬁemonhhﬁomgbbmm TRAGES st {hhn@d:,%aweﬂ haaartedi vikieRetal

EXAMPLE 1V [107] A 6 m nonocrystal |l i ne di anond powder with a nmean
si ze of @Pagngy eH éiha Mwaghohwowrmhgémég poinester teethelr® damendof 3

p. musin 0, ght percent dianond particles and 70
wei ght drlg(élg'ltnﬁjlraﬁcl)tﬁﬁ%gjvfbggkb QOtwﬁilg‘nder) The bl end was conpacted into

a 2 cmx 0.5 cmpellet using a Carver press at a pressure of 20,000

D o pRSAEST eyt %ﬁﬁgﬁg{k feohBecs errs dgapatd Srifens Sfiuept trom
di gest i OfheR&x068 St F?xr ﬁécanmgumr@{ dWiRr HHoaIMRRGHAALEIsEhLBu L abdlics
sanpl e are shown in G 13 (Table 2). [108] Et hyl ene gl ycol -based

sl urri esAhstavmigddGysi.ike %%p%m%wétc&mtw >s disal acppitstdnd IspikepfThehe
t

Convent | SRt Ebntsc P eitdiboR BrmdiL Athond LMY IR BPRenyRphorcity.

f r om whi B.3heAysbdwhiieHIGR &mhﬁ tivas valmcear: 'ﬂgezfshmbrrdlffsumﬂhm ths edluésor

flat-| [ I t

o B LT ol QPR BT ALER RIS e

| appi Ny AHRGES the WasicRE dE et yUfn T wRieEdo SdthatyasUReS cult p%ﬂ{@pm unit
processi ng conditions and for the sane anount of tine. The slurry

di anond KBESAPrAnFiemsiRsnicke] catied mogidied dpownd dheidecher Rifsswd PPeleisnas
15-20 cpgudBRf g 6g@gl%vfd%tbeumguhé&{){vnﬂxnl%'b%mc; dressed for 5

m nut es usli ng a rit & anon ressi ng wheel e pressure on each



[110] It has been shown that the increase in specific surface areas of
t he nDnocrystaIIine di anond particles of the present invention

(" Nbdifie E|ﬁpmﬂ conpared to the conventional nonoc Bj

di anond par ("Unnodi fied D anond") is 0.64 nQ/grah%@ggﬂ}?%ﬁt”
n2/gramor a 28%increase. This is significant because the particle
size distributions or the two sanples are the sane. The increased
surface area is due to the creation or additional area on the surface
of the nonocrystalline di anond paEXAMBLBII t he present invention.
EXAMPLE V [111"A series of seven additional experiments were

per fornmed whereby sanples of 9 itm conventional nonocrystalline

di anoe0@AMBG-620) AR mEBMmEDOEREIIM dRankind SRR ds a0 chfbd RItB a
(according to Example I1]) u3|?€/var|ous times and tenperatures, as

i ndi cat eBicke}/phpgphoroys Ccrcﬁ%@% ﬂ@%]l’ﬁhéham&#ﬂrfd@tedéra@oaﬂ dewdded and
recover e&’orﬁﬁﬁ%&b Lﬁnﬁﬁmh%% AR g&gﬁn ﬁ’\&h%h? éﬁﬁaz,

surface roughness af ericity were” obtal ne fe sa
r ecover ewas umfnrmhe@:efeeﬂip‘eﬁu the i3 wdAdgil 5 o shmplesif tlre— Nigmatied lpewdade

from each of th les a ted i he | apping test also
descri beﬁeﬁeﬁ‘e%‘? Rage af @QL@E E‘ Lf p 0 SRVIFRESHh e ed

di amond %m@atmge@cwsg cbﬁb@red%a fhe:oklel epamonfr@e@hm%va%fég%h mﬁem ng
El ectron M croscogs at a 2500X magni fication. The M | mages

wer e savEspagture.p mﬁé@@d ﬂimdmt@m e pear ecqv@redlkmbl@ﬂlvmgttbe sickgilenex

rmgn 1 cart g0t e Bl RS ke AR b B AR Tt on,

the cal i periddiodive Bstik! Ble sdtutbnOAAGHEN qbkdlto kRs0lcdpAfure, TRelibaiRee
anaIyS|s system neasured particle size and shaPe paraneters on a

parti cl ediBipopd satileq adhesodutionayss deertssy I he apidglegping pad hekng flepy Weigast
50 parti ﬁ:lp@a‘iuf BxQ:erﬁﬁﬁHdlstﬁﬁe Heil @M?arnhﬂ?ﬁhﬁoi"fﬁé BicRaned Blcadigested.

automaticall'y by t Cl enex | mage anal’yzer. ﬁgnatlcal ornulas
used by the inmage analyzer device to derive the measurenents are

found i e fo nd in the
o enest TSR HER I Ao DR BR 9518, Ao AT e Bt ®hne
spheri ci feynosved eromahe paratlesusmpdsoag of enafiicedid dad F0GmI diBic(atabind heted n
addition to weight |oss and specific surface area for each test.

Resul ts. for O GRl 158 Hoyrsaf Be sleom vl BRIckpolee Lo tpgnprpiy, dhepdiainond
Equi val e hoy Y i

connecti 501}10%‘63&] 'gt é}éléct@% %’ al nggoxlh% 65% &e%%& Ir%geflstu gﬁl‘?@%&?ﬁ? dlﬁggnd H%a‘“}ﬁ to
t hose of stepsdverargpesikd bhe 4dd1ttdnel tan¢ utti atbaesniyilnhlt ef thaprapkiss had been

nndifica%yons and variations may be nmade to the disclosed invention
in a manftert c0n5|stent with the detail ed description provided above.

Al so, [102]wi 14k, BiemafpaeiRht loksthak Bestacaleval GitR &y espkiinknt. Batples dF thet hat
certain aSﬁgcts of the various disclosed exanpl e enbodi nents coul d be

used i n BEHEENHE SR MinHGspet rad BB.any of the ot her discl osed

enbodi nents or their alternatives to produce additional, but not
herein explicitly described, enbodi nents incorporating the cl ai med
invention but nore closely adapted for an intended use or performance

requi renents. Accordingly, it is kﬁ%ﬁgﬂ&ﬂ hat all such alternatives,
nodi fi cations and vari ations that g inthe spirit of the

i Nven103)1 Ry daBoedpPRARSEST Miatpld] B 8ai0RealBf cvhiiaca PP APeRir€lappii -
application. Ethylene glycol-based slurries were made using the monocrystalline modified
diamond particles (“Nickel Coating Modified Diamond™) and, from the same lot,
conventional monocrystalline diamond particles “(Unmodificd Diamond™) from which the
nickel coating modified diamond was made. Slurries were also made from iron powder

modified diamond as described in Example 1 as well as from conventional polycrystalline
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CLAIM5S 1. A monocrystalline dianond particle having an irregul ar
surface, wherein the surface roughness of said particle is |less than

about 0. 95‘3,0%019];)g§s79art icle of claim1, wherein the surg@ﬁ%{e‘]%&g{}gss

of said particle 1's between about 0.50 and about 0.80

particle of claiml, wherein the sphericity of said particle is |ess
than about 0.70. 4. The particle of claim3, wherein the sphericity
of said particle is between about 0.25 to about 0.6. 5. The particle
of clainﬂmnmﬂheT@iﬂumhe“@wnﬁatﬁW§néhpﬂﬁgsaﬁﬁhpam&itrﬁwﬂangﬁaaMemmshan

about 20 D conven MONOGK ySt ne dlann
part cf coRTRFAD o S8R BRaNRETARy eBaRmEE e 4G R 2l
of cl ai n‘in]:hesMﬁﬁ(ﬂut h@ldﬁpmuﬁcd teufaint] I@D;ﬁnlﬂﬁclbelmep’pm@mtes@ whsto
about 1000 n1crons q 5 article of claim1l,, wherein said particle
conpri s eBerfmed f.lSl%Fég:hé)g iries under the same processing conditions and for the same
amount of time. The diamond concentration in each of the slurries was 10 carats per
500ml and the viscosity was 15-20 cps. Before each test, the lapping plate was dressed for
5 minutes using a 600 grit diamond dressing wheel. ‘Fhe pressure on each of the sapphire
walers was 3.2 psi, rotational speed of the lapping plate was 60 rpm and the slurry feed

rate was 2-3ml per minute, After each cycle, the wafers were measured for weight loss.

[104]FIG. 5 is a graph comparing the lapping performance ol conventional 4-8 micron
monocrystalline diamond particles in a slurry with 10 carats of diamond in 500 ml slurry,
conventional 4-8 micron polycrystalline diamond particles in a shurry with 10 carats of
diamond in 500 ml slurry and two slurries using modified 4-8 micron monocrystalline
diamond particles of 35 percent weight loss and 56 pereent weight loss using 10 carats of
diamond per 500 ml of slurry. As can be seen from FIG. 5 and in FIG. 2 (Table 1), the
malcrial removal rate of the conventional 4-8 pm diamond slurry is 126 mg per hour per
sapphire wafer. Using the slurry made with the polycrystalline diamond particles, the
material removal rate was 168 mg/hr. The slurries made using the modified diamond
particles resulted in material removal rates of 279 mg/hr for the 35 percent weight loss

powder and 304 mg/hr using the 56 percent weight loss powder,

[105]1t can aiso be seen from the results shown in FIG 5 that, although the modified diamond
particles provide significantly higher material removal rates, the resulting roughness (R;)
of the surface of the sapphire wafers are lower than with the conventional monocrystalline
diamond and with the polycrystalline diamond. The wafer roughness of wafers polished
with the polycrystalline diamond slurry was 45.9nm +/- 3.5nm and the wafer roughness of
wafers polished with the monocrystalline diamond was 51.3nm +/- 2.7nm. By
comparison, the wafer roughness of the sapphire wafers polished using the 35 percent

weight loss diamond was 32.8nm +/- 1.8nm and wafers polished with the 56 percent
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8. The particle of claim1l, wherein said particle conprises one or
nore pits. 9. The particle of claim8, wherein the depth of the pits

ranges in \gj f about 5% to about 70% of the | onges}..
the parti c?g?zﬁlfé(ﬁ%le particle of claim9, wherein the %ce{g?ﬁﬂggpof 33

pits ranges in size from about 40%to about 60% of the |ongest |ength
of the particle. 11. The particle of claim1, wherein said particle
conprises a netallic coating. 12. The particle of claim1l, wherein in
sai d par weighelossdigmsnd siusy hal 4 waler svghnesQof133dmor o 2tTomadsontaswod Oy a

ai d par vt ol 1 vod oy oh w000,
of 1 oss. Vhde AEERBEENSH oy Ol SR LB GReieT o 157 Wnerein the

sphericity of said particle is about 0.2 to about 0.5 15. The
parti f claim13, wherejn the sphericity of said particle is
about %‘f’@gs sipven ip Flgg2 @&%%Fowd&?%@ém He the EATEIRNA SpEReiaEsae OhiGi ng an

i rregul apofthiRatne WHGEBA BiahddRd PHEERE Sre1OMANNEIH £k 1SR HY/PARI LI 851 S
| ess t han about 0. 70.
percent and 56 percent weight loss diamond respectively. This compares to a specific
surface area of 0.88 m*/gram or a 47% and 76% increase. This is significant because the
particle size distributions of the two samples are the same. The increased surface area is
due to the creation of additional area on the surface of the modified monocrystalline

diamond particles.

EXAMPLE IV
[107]A 6-12 pm monocrystalline diamond powder with a mean size of 9 um was blended with
an iron powder with a mean size of 3 im using a blend ratio of 30 weight percent diamond
particles and 70 weight percent iron powder (no binder). The blend was compacted into a
2 cm x 0.5 cm pellet using a Carver press at a pressure of 20,000 psi. The pellet was
heated at 700°C for 2 hours in a hydrogen atmosphere. The diamond particles were
recovered using an acid digestion process. Characteristics of the diamond particles of this

sample are shown in FIG. 13 (Table 2).

{108]Ethylene glycol-based slurries were made using the monoctystalline diamond particles of
the present invention (“Modified Diamond”) and, from the same lot, conventional
monocrystalline diamond particles “(Unmodified Diamond”) from which the modified
diamond was made. The slurries were used for {lat-lapping sapphire walers, The lapping
plate was a composite copper plate and the sapphire walers were 2 inches in diameter., The
lapping process was performed using each slurry under the same processing conditions and
for the same amount of time. The slurry diamond concentration was 10 carats per 500m!l
and the viscosity was 15-20 cps. Belore each test, the lapping plate was dressed for 5
minutes using a 600 grit diamond dressing wheel. The pressure on each of the sapphire
walers was 3.2 psi, rotational speed of the lapping plate was 60 rpm and the slurry feed

rate was 2-3ml per minute. After each cycle, the wafers were measured for weight loss,
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17. A nonocrystalline dianond particle of claim16, having an

I rregul ar surface, wherein the surface roughness of said particle is
| ess t han . 18. A nethod for producing nodifi S R
particlesﬁﬁggﬁgwggﬁgg the steps of: a) providing a pIurg?P@—L@Q&M%s
abrasive particles; b) providing a reactive coating on said
particles, c) heating said coated particles; and d) recovering
nodi fi ed abrasive particles, wherein said nodified abrasive particles
have a surface roughness that is | ess than about 0.95. 19. The net hod
of cl di0R]EE;. 2Btie4 efuph samparalyrhslapging petoralaas: @reendintiom d- Ranicisl es.
20. The nethod af. cl.aim 19, wherein said dianond particles are

monocr yspgpﬁ)(irﬁ%zﬁhp%%wan%%qrp%? W slurry with % carats of 1among in 500 ml slurry,

conventional 8-12 micron polycrystalline diamond particles in a slurry with 10 carats of
diamond in 500 ml slurry and 6-12 micron monocrystalline diamond particles (Modified 6-
12) in slurries using 10 carats of diamond of the present invention per 500 ml of slurry and

a slurry using 20 carats of diamond of the present inveation per 500 ml o slurry.

[110]1t has been shown that the increase in specific surface areas of the monocrystalline
diamond particles of the present invention (“Modified Diamond”) compared to the
conventional monocrystalline diamond particles (“Unmodified Diamond”) is 0.64 m*/gram
vs. 0.50 m*/gram or a 28% increase. This is significant because the particle size
distributions of the two samples are the same. The increased surface area is due to the
creation of additional area on the surface of the monocrystalline diamond particles of the

present invention.

EXAMPLE V
[T11]A series of seven additional experiments were performed whereby samples of 9 um
conventional monocrystalline diamond particles and iron powder were pressed into pellets
{according to Example IIT) using various times and {emperatures, as indicated in Fig. 23,
Table 3.

[112]The diamonds were processed and recovered as described in Example IV. Measurements
of weight loss, surface roughness and sphericity were obtained from the samples recovered
from these experiments. Additionally, slurries were made from each of the samples and

tested in the lapping test also described in Example IV,

[113]For each sample, images of the modified diamond particles were taken with a Hitachi
model S5-2600N Scanning Electron Microscope (SEM) at a 2500X magnification, The
SEM images were saved as TIFF image files which were then loaded into a Clemex image

analyzer Vision PE 3.5 that was calibrated to the same magnification (2500X). In this
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21. The nethod of claim 18, wherein said netal coating conprises
ni ckel . 22. The nethod of claim 18, wherein said heating step

conpri ses @8%%@9%2 id netal coated particles to a Fe”pﬁéﬂhk'{uﬁ)/&gzs@t

| east about The net hod of claim 18, wherein thé percenta
of netal coating to abrasive particles is about 10 wt % to about 90
wt go. 24. The nethod of claim 18, wherein said nodified abrasive
particles have an average wei ght | oss of nore than about 5% of the
ori gi nal em@anddbl th&fenmiﬁdadbe theﬁlibmoahmaktéd/ie Wéﬁmtpﬁ)@ﬂme}dti@y
t he rrethiﬁi of claim.18.

18 o7 Rl A Sl T Y eReRBle 1 Epafhe ™ "

28. A sl pu:rnMe AN Msasngenidhe fpad poillfon of aﬂb@t B0 ddticles from each set of
experiments were generated automatically by the Clemex image analyzer. Mathematical
formulas used by the image analyzer device to derive the measurements are found in the
“Definitions” section above and can also be found in the Clemex Vision User’s Guide PE
3.5 ©2001. Surface roughness and sphericity were calculated and are reported in FIG. 13
(Table 2) in addition to weight loss and specific surface area for each test. Results from
Example IV are also included in FIG. 13 (Table 2).

Equivalents

[114]Although the invention has been described in connection with certain exemplary
embodiments, it will be evident to those of ordinary skill in the art that many alternatives,
modilications, and variations may be made to the disclosed invention in a manner
consistent with the detailed description provided above. Also, it will be apparent to those
of ordinary skill in the art that certain aspects of the various disclosed example
embodiments counld be used in combination with aspects of any of the other disclosed
embodiments or their alternatives to produce additional, but not herein explicitly described,
embodiments incorporating the claimed invention but more closely adapted for an intended
use or performance requirements. Accordingly, it is intended that all such alternatives,
modilications and variations that fall within the spirit of the invention are encompassed

within the scope of the appended claims.
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29 conposite di anond wear coating conprising the particles of claim
18. 30. A polycrystalline dianond particle wherein the surface

roughness‘szﬁ&%nggrticle is |l ess than about 0.95 nadeg@*ﬂ%@ﬁ%?ﬂx?he

process of clalm 31. Aplurality of dianond parti cl

average surface roughness of said particle is |l ess than about 0.95.
32. The particles of claim31, wherein the average surface roughness
of said particles is between about 0.50 and about 0.80. 33. The
particles of claim 31, wherein the GveM8e sphericity of said
particles is |l ess than about 0.70. 34. The particles of claim 33,
wherein the average sphericity of said particles is between about

0.25 to abqutA thdPocr§Rallind BRmPA Hhi€kehathg 6h dkdPuid surtRelWhdieih heSditbce
particles range in size fromabout mcrons 0.1 mcrons to about 1000
m crons. 36. IAughesod spigmartishps s Blapaka D&P. conprising the steps of:

2. The particle of claim 1, wherein the surface roughness of said particle is between

about 0.50 and about 0.80.

3. The particle of claim 1, wherein the sphericity of said particle is less than about
0.70.

4. The particle of claim 3, wherein the sphericity of said particle is between about (.25

to about {1.6.
5. The particle of claim 1, whercin the surface arca of said particle is greater than
about 20 percent higher than a conventional monocrystalline diamond particle

having the same particle size distribution.

6. The particle of claim 1, where the size ol the particle is between about 0.1 to about

1000 microns.
7. The particle of claim 1, wherein said particle comprises one or more spikes.
8. 'The particle of claim 1, wherein said particle comprises one or more pits.

9. The particle of claim 8, wherein the depth of the pits ranges in size from about 5%

to about 70% of the longest length of the particle.

10. The particle of claim 9, wherein the depth of the pits ranges in size from about 40%

to about 60% of the longest length of the particle.
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providing a material; providing a holder; providing a |apping plate;
provi di ng an abrasive slurry conprising abrasive particles wherein

t he averagg,oszmﬂfgﬁgﬁsroughness of said particles is | essB¢%PH}§8§§§3a
i ai >

0.95; affiXi'ng material w thin said hol der;

mat eri al against said | apping plate on either one or both sides of
said material; rotating said | apping plate; rotating said hol der and
said material against said | apping plate; and appl yi ng said

abr asi ve sllirThe pastidadi-ldiappiwigraid sdicepariidle cenpriean thesdilic coatiair ades
said material until a desirable material thickness or surface finish
I's achieved. 37. A nethod for polishing a material conprising the

steps of; 12, The particle of claim 1, wherein in said particle ranges in size from about 0.1

micron to about 1000 microns.
13. A monocrystalline diamond particle having a sphericity of less than about (.70).

14. The particle of claim 13, wherein the sphericity of said particle is about 0.2 to about
0.5

15. The particle ol claim 13, wherein the sphericity of said particle is about 0.25 to (.4,

16. A monocrystalline diamond particle having an irregular surface, wherein the surface

roughness of said particle is less than about .70,

17. A monocrystalline diamond particle of claim 16, having an irregular surface,

wherein the surface roughness of said particle is less than about 0.60.

18. A method for producing modified abrasive particles, comprising the steps of:
a) providing a plurality of abrasive particles;
b) providing a reactive coating on said particles,
¢) heating said coated particles; and
d) recovering modified abrasive particles,
wherein said modified abrasive particles have a surface

roughness that is less than about 0.95.
19. The method of claim 18, wherein said abrasive particles are diamond particles.

20. The method of claim 19, wherein said diamond particles are monocrystalline

diamond particles.
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providing a materi al; provi di ng an abrasi ve conpound or slurry on
a polishing pad on a rotating tool, wherein said abrasive conpound or

slurry conppisf%;abkasi ve particles wherein the aver age,s
roughness of said particles is |less than about 0.95; r
polishing pad on said rotating tool conprising said abras
or slurry; pl aci ng said polishing pad of said rotati
conprising said abrasive conpound or slurry against said

Ystifosran,

i ve conmpound
ng tool
mat eri al ;

and pol i2$hl'hegmethddiofnmdiar 1% Wharein daidamelebdortiind evnspristaciekdli ni sh on

said material is achieved. 38. A nethod for producing abr
particles having a unique stuface norphol ogy conprising t

asi ve
he steps of:

i . providing. Ehephethéd ditotaif 1 bhainvaidaatihC4iescorhprisePRAYMhE k@ nRtal

plurality of netal particles;
coated particles to a temperature of at least about 700°C.

23. The method of claim 18, wherein the percentage of metal coating to

particles is about 10 wt % to about 90 wt %,

abrasive

24, The method of claim 18, wherein said modified abrasive particies have an average

weight loss of more than about 5% of the original weight of the particle.

25. An abrasive grain produced by the method of claim 18.

26. A tool comprising the particles of claim 18.

27. A polishing compound comprising the particles of claim 18.

28. A slurry comprising the particles of claim 18.

29 composite diamond wear coating comprising the particles of ¢laim 18.

30. A polycrystalline diamond particle wherein the surface roughness of said particle is

less than about 0.95 made by the process of claim 19.

31. A plurality of diamond particles wherein the average surface roughn

particle is less than about 0.95.

32. The particles of claim 31, wherein the average surface roughness of

between about .50 and about §.80.
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iii. mxing said abrasive particles and said netal particles to form
a mxture; iv. conpressing said mxture to forma conpressed m xture;

v. heati ngwaal;]g)(ﬂggmgpressed m xture; and vi. recovering @ﬂb@"ﬁﬂmﬁ

abrasive particleées,”39. The nethod of claim 38, wherein

conpressing step conprises formng said mxture into a pellet. 40.
The nethod of claim 38, further conprising the step of adding a

bi nder. 41. The nethod of claim 38, wherein said abrasive particles
ar e nonocr B81'Hiel paneldicdniaid 3pavhbdrch et avéiage Ipheriniey diodidafarttdiesiisniess,
wherein said petal 66icles are iron particles. 43. The nethod of
cl ai m 38, V\/netH%} ‘?Pogg 3 ‘heating step conprises heating said particles
and said netal particles to a tenperature of at |east about 700C

34. The particles of claim 33, wherein the average sphericity of said particles is

between about (.25 to about 0.6.

35. The particles of claim 31, wherein in said particles range in size [rom about

microns 0.1 microns to about 1000 microns.

36. A method for lapping a material comprising the steps of:

providing a material;

providing a holder;

providing a lapping plate;

providing an abrasive slurry comprising abrasive particles wherein the
average surface roughness of said particles is less than about 0.95;

affixing said material within said holder;

placing said material against said lapping plate on either one or both sides

ol said material;

rotating said lapping plate;

rotating said holder and said material against said lapping plate; and

applying said abrasive slurry to said lapping plate, wherein said slarry
abrades said material until a desirable material thickness or surface finish is

achieved.

37. A method for polishing a material comprising the steps of:
providing a material;
providing an abrasive compound or slurry on a polishing pad on a rotating
tool, wherein said abrasive compound or slurry comprises abrasive particles
wherein the average surface roughness of said particles is less than about 0.95;
rotating said polishing pad on said rotating tool comprising said abrasive

compound or slurry;
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44. The net hod of claim 38, wherein the percentage of abrasive
particles to nmetal particles is about 20 wt% to about 80 vt % WO

2010/ 03357 09/ 057133 45. The nmethod of claim3 |
sai d nodi f\|§§§;l_{'§1@?%2? ve particles have an average wei ght%gg‘g&%@ﬁ’ﬁ{ﬁe

t han about 20% of the weight |oss conpared to conventional abrasive
particles not subjected to said nethod. 46. Dianond particles nade
by the nethod of claim38. 47. The nmethod of claim1l, wherein in
sai d particl es ranggadimg sidgolishiampadoidaidrofating crod tohprisdtzpdatd A0Lve
mcrons. 48. The particle of claim 3@ ‘\A@_eﬁ.erig t he surface roughness
of said particl e PEPHEFRLSHIRSpstGasE U REA0ut 0. 80.

polishing said material until a desirable surface finish on said material is

achieved.

38. A method for producing abrasive particles having a unique surface morphology
comprising the steps oft
1. providing a plurality of abrasive particles;
ii. providing a plurality of metal particles;
1il, mixing said abrasive particles and said metal particles to form a
mixture;
iv. compressing said mixture to form a compressed mixture;
v. heating said compressed mixture; and

vi. recovering modified abrasive particles.

39. The method of claim 38, wherein said compressing step comprises forming said

mixture into a pellet.
40. The method of claim 38, further comprising the step of adding a binder.

41. The method of claim 38, wherein said abrasive particles arc monocrystalline

diamond particles.
42,  The method of claim 38, wherein said metal particles are iron particles,

43.  The method of claim 38, wherein said heating step comprises heating said

particles and said metal particles to a temperature of at least about 700°C.

44.  The method of claim 38, wherein the percentage of abrasive particles to metal

particles is about 20 wt% to about 80 wt %.
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49. The particle of claim 38, wherein the sphericity of said particle
is between about 0.25 to about 0.6. 50. The particle of claim 38,

wherein t f area of said particle is greater th t 20
per cent hp§R§ELWﬁ%ﬁsa conventional nonocrystalline dianﬁﬁyﬁg§3¥$ﬁrﬁ

havi ng the sanme particle size distribution. 51. The particle of
claim 38, wherein said particle conprises one or nore pits. 52. The
particle of claimb5l, wherein the depth of the pits ranges in size
from about 5%to about 7096of t he Iongest Iength of the particle.

53. The pa |cI rei.n s art cle co es a
metallic c8 t. ng‘hemg 0 é%@t%ﬁlt?% mapieta db‘é{FPt“g‘F s farsithg a
sphericity ofyk@ss w%tgamoadomﬁox@ AR abétﬂ 20906 tH@tingﬁt @s@éonﬁﬁaﬂad% 54,
wherein the sphericity of said particle is about to about 0.5

56. A nonocr yonentiond abagiye partis sﬂotcspbleﬁa@tmmbmethml egul ar surface,
wherein the surface roughness of said particle is | ess than about
0. 70.

46.  Diamond particles made by the method of claim 38.

47.  The method of claim 1, wherein in said particles range in size from about .1

micron to about 1000 microns.

48. The particle of claim 38, wherein the surface roughness of said particle is
between about 0.50 and about 0.80.

49, The particle of claim 38, wherein the sphericity of said particle is between about
0.25 to about 0.6.

50. The particle of claim 38, wherein the surface area of said particle is greater than
about 20 percent higher than a conventional monocrystalline diamond particle
having the same particle size distribution.

51. The particle of claim 38, wherein said particle comprises one or more pits.

52. The particle of claim 51, wherein the depth of the pits ranges in size from about

5% to about 70% of the longest length of the particle.
53. The particle of claim 38, wherein said particle comprises & metallic coating,
54. A monocrystalline diamond particle having a sphericity of less than about 0.70.

55. The particle of claim 54, wherein the sphericity of said particle is about 0.2 (o
about (.5
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57. A slurry conprising: a. a plurality of nonocrystalline dianond
particles, wherein the average surface roughness of said particles is

| ess thanéﬁg&gﬁmgﬁg§; b. a mpjor vehicle selected fron1£§ﬁwg%@@@%ﬁ£

wat er - bas i'cl'es, glycol -based vehicles, oil-based v

hydr ocar bon- based vehi cl es and conbi nati ons thereof; and c. one or
nore optional additives. 58. The nethod of claim57, wherein the
average sphericity of said particles is between about 0.25 to about
0.6. 59. The slurry of claimb57, wherein said dianond particles are

in a concentrgtion of about 0.01 to about.60 percent by weight.. 60.
The sl urry. of PP i e ks S Saisugiesy ShPgH the
group of di sper sirfi@e d@RAASS oPHidpatiéle &8ss (B dbagt @mp.s, def oaners,

wetting agents, viscosity nodifiers, secondary abrasives and col or

nodi fiers. 61. The slurry of claim57, wherein the total materi al
removal of a yonkgi ?f@orﬁpﬁisﬁ creased by at |east about 50% as conpared
e

: I} : ;
to a slurry contalni‘ng t ane anount of conventi onal

nmonocrystal | i ne di anplnckligasfimatoesyseilinghignsadpagicks,
wherein the average surface roughness of said particles is less than
about 0.95;
b. a major vehicle selected from the group of water-based vehicles, glycol-
based vehicles, oil-based vehicles or hydrocarbon-based vehicles and
combinations thereof; and

c. one or more optional additives.

58. The method of claim 57, wherein the average sphericity of said particles is

between about (.25 io about 0.6,

59. The slurry of claim 57, wherein said diamond particles are in a concentration of

about 0.01 to about 60 percent by weight.

60. The slurry of claim 57, wherein said additive is selected from the group of
dispersing agents, pH modificrs, surfactants, defoamers, wetting agents,

viscosity modifiers, secondary abrasives and color modifiers.

61. The slurry of claim 57, wherein the total material removal of a workpiece is
increased by at least about 50% as compared to a slurry containing the same

amount of conventional monocrystalline diamond particles of the same size.
62. The slurry of claim 57, wherein the average wafer roughness is reduced by at

least about 20% as compared to a slurry containing the same amount of

conventional monocrystalline diamond particles of the same size.
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62. The slurry of claimb57, wherein the average wafer roughness is
reduced by at | east about 20% as conpared to a slurry containing the
sane anou enti onal nonocrystalline dianond part}j -1 e
sanme si ze%oggl.oﬁgﬂggasl urry of claimb57, wherein the tot g{:ﬁlr!ggﬁ}gﬁ{ba’fﬁﬂ
removal of a workpiece is increased by at |east about 20% as conpared
to a slurry containing the same anmount of conventiona
nonocrystalline dianond particles of the sane size and the average
waf er roughnesks Ths sluegdot ddinb§7,athetdade taboutte24Yeasvat ofpaneghidee isa
slurry containing the .sane anpunt .conventional nmonocrystalline

di amond parti cl é‘gleﬂfe‘w?’eaqi%ﬁgd%glnz?@% BYCOmERICALP 4 Spy yd‘f’“@’l'érfgn&%??me
wherein the wor kpoeeer tsnesti@hl ednbdrAmalEREdiGhonPpLficlsd dfithddhme size and
sapphire, silicon carbide, glass, quartz, galliumnitride, conmpound

semi conduct or s, TFEaIAgS Wals EizRress idpdicadby aldeashaiont 2006y pempared to a
super abrasi ve ¢oRR9ShiERingthdSiE iRt ¥EhHERlohh MorfcRRAfIk §fmdikione

and gem st ones.
particles of the same size.

64. The slurry of claim 57, wherein the workpiece is selected [rom the group of
silicon, sapphire, silicon carbide, glass, quartz, gallium nitride, compound
semiconductors, metals, ceramics, carbides, cermets, polymers, superabrasive

composites, sintered polycrystalline composites, stone and gem stones,
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