ABRASI VE PARTI CLES HAVI NG A UNI QUE MORPHOLOGY CROSS- REFERENCE TO RELATED
APPLI CATIONS [I] The instant application is related to and clains the
benefit oWoWofso3b¥evi si onal Patent Application Serial Necrakb@9/05432 fil ed
Sept ember 16, 2008, U.S. Provisional Patent Application Serial No.

61/ 097,438 filed Septenber 16, 2008 and U.S. Provisional Patent Application
Serial No. 61/187,789 filed June 17, 2009. TECHN CAL FI ELD AND | NDUSTRI AL
APPLI CABI LI TY [2] The present invention relates to abrasive particles having
a uni que nor phol ogy. Mrre particularly, the invention relates to roughening
t he surface of dianond particles to enhance their performance in industrial
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[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

[3]FIGS. 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 4-8um
diamond particles, e.g. powders, before and after modification.

[S]FIG. 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 modified

using an iron powder process.



[8] FIGS. 6A and 6B are conparative drawi ngs of conventional dianond
particle (6A) and a nodified dianond particle (6B). [99FIG 7 is an SEM

i mge of wocorwssissonal di anond particle. [10 FI G 8 ispram/iSEM0sHgGE of a
nodi fied di anond particle using a nickel coating process. [HFIG 9A-9D are
scanni ng el ectron mcroscope (SEM inmages of the dianond particles of an
enbodi nent. [12] FIGS. 10A-10D are scanning el ectron m croscope (SEM i nages
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[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 1 describing characteristics and performance of the diamond
particles of an embodiment.

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

[17]FIG. 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.



[2ITFIG 19 is a scanning electron m croscope (SEM inmage of a di anond
particle of an enbodinent. [22]FIG 20 is a scanning el ectron m croscope
(SEM i newye 20fo/m3ztsanond particle of an enbodi ment. [ 23] PCE&US2002/06H35
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[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 purpose 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,
unless 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,



[ 31] Unl ess ot herw se indicated, all nunbers expressing quantities of

i ngredients, properties such as size, weight, reaction conditions and so
forth usewoi2znioidias7speci fication and clains are to the umrdersst@ondsass bei ng
nodified in all instances by the term"about”. Accordingly, unless
indicated to the contrary, the numerical paraneters set forth in the
follow ng specification and attached cl ains are approxi mati ons that nmay
vary dependi ng .upon the desired properties sought to be obtained by the
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nuneri cal paranmeter should at | east be construed in |ight of the nunber of
reported significant digits and by applying ordinary roundi ng techni ques.
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accordaf®®@ 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 renoval", as used herein, refers to the weight of a
wor kpi eDefifiieibmy/ed in a given period of time reported in mlligrans, grans,
etc. [36] The term "material renoval rate", as used herein, refers to
material renoved divided by the tinme interval reported as mlligrans per
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formed. Fracture of nonocrystalline dianond proceeds al ong atom c cl eavage
pl anes. A nonocrystalline dianond particle breaks relatively easily at the

cl eavegRTRE RRRSabrasive”, 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.



[38] The term "particle"” or "particles", as used herein, refers to a

di screte body or bodies. A particle is also considered a crystal or a
grain. [ 39v0heiwmsssm"pit", as used herein, refers to an POUAISR@LIOSTI3Dr
crevice in the particle, either an indentation or crevice in the

t wo- di mensi onal inmage or an indentation or crevice in an object. [40] The
term"polycrystalline dianond as used herein, refers to dianond forned by
expl o nthesLs re |ng stalllne particle structure. Each
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di anond particles do not have cl eavage plranes. [41] The term "spi ke", as
used heolgeat, refers to a sharp prorectron pointing outward fromthe
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polrshlng, applng or val 45] The term
"perinmeter”, as used herein, refers to t he boundary of a cl osed pl ane
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superabrasives and have Knoop indentation hardness values of over 3500.

[43]The term “weight loss”, as used herein, refers to the difference in weight of a group of
particles before being subject to the modification treatment and the weight of the same
mass of diamond particles or abrasive particles after being subjected to the modification

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.



side of a two di nensional inmage or object. FIGS. 24-26 provide
illustrations of these concepts.[47] The term "surface roughness", as used
her ei n, rwbenw/Bes7Ehe neasurenent of a twodi nensi onal i ragastéawsTyaantifies
the extent or degree of pits and spi kes of an object's edges or boundaries
as stated in the CLEMEX i nage anal yzer, Clenex Vision User' s Quide PE 3.5
(c)2001. Surface roughness is determned by the ratio of the convex

peri di vided by th er,i nete ConvexF erineter i . Surface Roughness
D por AT te{ ET REEE revidntine: ecUBYFRe ot i e %&rﬂ@aﬁ@ %4 HEr eases, the
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herein, refers to the estimate of the encCl osed area of a two di nensi onal
i mage oedgebpreleundanes)asdiaydiiedhd G LENEX tnagecanalyzpe ClaretxeYis{quAYser’si
Sphericjty, = -5 P ]The term."surface area’ as used.herein, refers to the
ont or naputis P2 5000 SliFode TRt ECRRGT on e BRSPS E part i ol es,
i.e., ppiiBster ditided BY McSREiRiddrc surface area is used and is reported as
surface area per gram of powder. [51] The term "wafer roughness” when
referring to the surface of .the.saRp0I reomeelartiect¢reat ures on the surface of
the wafer. These features, Wwhi ch i nel ude tegniclane scratches or track marks
from abrasive polishing, are neasured using a contact or non-contact
profiloneter. [52] The terns dianond particle or particles and di anond
powde 0 r e d alely] b i nst i i nd have
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decreases.

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

dimensional image or object (4wA) divided by the square of perimeter (p°).
i.  Sphericity = @
p

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

reported as surface area 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



[53]1t is inportant to note that although the terns defined above refer to

measuri ng twodi nensional particle profiles using m croscopic neasuring

t echni quewo 20to/i3357ander st ood that the features extend t®Crhis2009/057133

t hree-di nensional form Autonmated i mage analysis of particle size and shape
is recognized by one skilled in the art as a reliable, reproducible nmethod

of measuring particle characteristics. Al though the CLEMEX i nage anal yzer

was used, simlar. deyices are avail apl e t wll reproduce the, data.
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enbodi ment, natural dianond particles, sintered polycrystalline dianond or
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abr asi veéhat inag belde:dan g JKEt £8 ingikronssitkhedis imdusetadtimmonl dhrtates nus@thctuwed shapi ng
or finishing a workpiece. Su&Frabrasive'naterials such as natural and

synt het PxDgineanargons iin Woshswiorafinilt-»dgen conpounds nmay be used.
Suitabl e dianond materials may be crystalline or polycrystalline. Oher
exanpl es of abrasive grains may include cal cium carbonate, enery,

nov ac (A5]inggnogentmbodivent, naoug ejansandartodesapintsed @ilyrysia]inglasendsr | i ca,

silicon carbide, .and zirconi.a alum na. .[57] 1 n,anot.her . enbodi t,. a
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hydr oxi des, such as |ithium hydroxi de, sodi um hydroxi de, potassium
hydr oxi de, potassi um carbonate,

[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
finishing 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 alumina.

[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 nitrate, 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



sodi um per oxi de, potassium di chromate and potassiumnitrate, etc. The
reactive coatings nmay al so include a conbination of alkali netal

hydr oxi dewo 2pB8&751 | ot her exanpl es of netal s that nayPoe/uskemiozad3 as t he
reactive coating are those included in Goup VIIlI of the Periodic table,
their nmetal conpounds and conbi nati onst hereof. O her exanples of material
that nay be used as reacti ve coatings incl ude t he cat al yst netals taught in
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about 60 wt % Ni . However, it should be noted that these ratios are a
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added teoat He duspehgirordcawdh aheyer efpieket ure of the coating bath is
mai nt ai ned at about 80

[60]In an embodiment, diamond particles are coated with from about 10 to about 60 weight
percent nickel phosphorous coating. The coating process initially subjects the uncoated
diamond particles to a solution of colloidal palladium. The fine palladium particles
uniformly adsorb onto the surface of the diamond making the surface autocatalytic for
electroless 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 fresh 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



degrees C. Wien the hypophosphate solution is added, all of the dissolved
nickel in solution will autocatalytically deposit onto the activated

di anond swof2anes357561] Dependi ng on how nmuch ni ckel depo®Crarsermvostibe

di anond, nore nickel may be added by replacing the spent

ni ckel / hypophosphate solution with fresh solutions and repeating the
process. If uniformy coating the particle, several cycles may be required

to obtain.a sufficjent uni form coverage of nickel qver .each of the
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content on the dianond is very reproducible. 1T is not uncomon for the

coat ed dfi heoneractenyav eregbamondepaticlos amlggtieptating dngngtheaosions eyulenge of t he

interactions of..the di n art.icles and nickel | ati ng duri ng. e
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not affect the quality of the process and no attenpt at renoving

aggl onertteny af novig sealPmqraey pire@rradhe di anond particl es have been coat ed,
the coated particles are placed into a furnace and, in a hydrogen

at nosphere, vacuum at nosphere, or an inert gas atnosphere, heated from
about [62380€r the dadhaund phOQ08Gavd begretoated! @8 cofited partitley @ROTaded imbaut 9500C or
about 8000C to about 9000C nay be used. The coated di anond nmay be heated
for a pBifasq apd. 1pphydieen AERASEBYEL VAP Va HNORhess- it Be B MOP RIS Sour s.
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recovered by dissolving the nickel coated dianond in common acids. Acids
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[63]After the heating cycle is complete and the particles are cooled, the modified diamond
particles are recovered by dissolving the nickel coated diamond in common acids. Acids
that may be used include hydrochloric acid, hydrofluoric acids, nitric acid and certain
combinations thereof. Acids, or combinations thereof, are added in an acid-to-coated-
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 from the diamond particles via
any dissolution treatment 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 HNO3 and

H>S0,4.



about 1000C to about 120C for a period of from about six to about eight
hours. The solution is then cooled, the |liberated dianond settles and the
sol uti on we 2dmossi7ed. The acid cl eani ng and heati ng st epsTaseommpaAs ed

until substantially all of the netal coating has been digested.

[ 64] Subsequently, any converted graphite (carbon from di anond that has been
converted to graphite during the reaction with nickel) is then renoved from
t he di anond particles via any dissolution treatnment nethod known in the
art. An exanple of a conmon dissol ution procedure includes the oxidation of

gr aghiéé]ﬁeﬁéﬁﬁm AY rghadudhditead mded, 3G _opfé%%&i(ﬁﬁ%% o%&@ggvfe@n about

1800C in an acidic solution containing a mxture O HNO an '
H2 SO4[ 66 Degydraadil g amping Ty masethe orwtlil elchasinghids dmmandy tiegnort ggaphiteact i on

may occur. between_.the netal ,and the di gnond. e no the metal etches into
(o af airdRa o b an s apre Tatos Bof Biang. TDred ey afulfbie £ Tost by
the di agmpsite, hxheOqRnAHE o LiBEHOY ¥Euidadr atdpBhAlRlissblugbe reftiRRAtsirhdyese of aci d
may be used or additional dissolution treatnments nmay be necessary. The

di anondngsasseie | By drmonthpaitiglas #e dhanow isbad {eereaoive gcidh and esiddgesuclsgicd as in
wat er . e t di t ar ' \.han.even, . air dried,
subj ectggtl% fogﬁntl%(g:{ldoeé\gz’etnggyl nga %(rgrt%?{%ea!rrecéciir?@q lﬁgaﬁr?g’% éf%grsdr%ﬁlb%b??cg&ttﬁe art.

[ 66] Onem@urbwavadRingpe otk A8yt Omeboockysiain theertdi anond particl es havi ng
very rough, irregular surfaces as showmn in FIGS. 1C and ID. FIG |ID shows a

popul ati on of dianond particles and FIG 1C shows an enl argenent of a
par { i fdlohe PALBifient a0 RAILGLER A AREMARL! T 6k WrY Rlighhe et hod
descrlﬁt)()(-e}g agove.1 IeH ]%ééll-{tign tno ]?%ue 1rnougdf&lnene appear aﬁ%e, H@grﬁ)di fied
di anondirpankr siréschavshowniin iiéGS hEr aict Hpi $1G.cldD sl veonpauédion®f demoadt | onal
nmonocrystal line di articles sho i n.FlGS. d . ]B. Fl | B shows a
popul a1 FHEISt TLSE D Sabe At B AG e GO AT TRpeyTis an-
Snl ar ggﬂmtbe@ﬁ nRdRRktsHg8hd FtfRolldGcribBd adf\R. IR RNERLA RN@L rélpResdy st al i ne
i anon

appearance, the modified diamond particles have unique characteristics as compared to

conventional monocrystalline diamond particles shown in FIGS. 1A and 1B. FIG. 1B

shows a population of monocrystalline diamond particles and FIG. 1A shows an

enlargement of a particle from FIG. 1B. The conventional monocrystalline diamond

particles produced by milling were not subjected to the modification treatment.

[67]As shown in FIG. 1D, the modified diamond particles include significantly more spikes
and pits than conventional monocrystalline diamond shown in FIG. 1A. The spikes act as
cutting edges when used in free-abrasive slurry applications. It has been discovered that
the performance of the diamond particles of the instant application significantly improves
when used in free abrasive lapping applications within a liquid slurry or suspension. When
the modified diamond particles are used in a fixed bond system, the pits and the spikes

help secure the particle within the bond system.

[68]In an embodiment, metal particles are used to modify the diamond particles. The weight
ratio of diamond particles to metal particles is 1:5 to 5:1. However, it should be noted that
these ratios are a matter of economic efficiency rather than technical effectiveness. The

size of the metal particles is in the range of about 0.05 microns to about 100 microns. The
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particles produced by mlling were not subjected to the nodification
treatnent. [67]As shown in FIG ID, the nodified dianond particles include
si gni fi camoI2g1m38E5spi kes and pits than conventional nomotsgtlosiee

di amond shown in FIG A The spikes act as cutting edges when used in
free-abrasive slurry applications. It has been di scovered that the
performance of the dianond particles of the instant application

si gni fi cant i nproves when used in free abrasjve. | appi ng. applications

wi thin 8% ?flq%ﬁ a@lﬁml%ﬁs %YH%@%%‘%%H@“W%W‘? ?aithﬁﬁ@mng@a 16%%.[1?5%61” icles
are usegnbillimehd, %66 pRORLEs ¥R Msed. NEX P 185 SNEbdt RELAR KESmBEhPusAGHT € the
particle within the bond syStem [68]In an enbodi nent, netal particles are

used t othapdideys dtha ctitaxiomeht pan tdecdrade. HQhlepumeadivhyk iadi poveder dBASDNd parti cl es
to mtaL(garti les,is 1.5 to 5:1. However, it should be noted that these
rati os sPEVigsHEET SR cononi ¢ ef ficiency rather than technical
effectiveness. The size of the netal particles is in the range of about
0.05 mcrons to about 100 m crons. Thesize of the netal particles is

t ypi ct9lklthesh itdvapowdee had been afienfiheeddisanmrvdlep asddi ip lcesying mutithe gndyosh, nent |
iron particles may be used.. anpl es of iron particl.es at may be used in
e pr ot LeEmERIsTR kst e Sl e e S ad PR e SR b P Boctor
(BASF, tdiimhasdmafieieor@ay@niskd. [ 69] Al t hough iron powder has been nentioned
as a powder used in carrying out the process, other netals such as cobalt,

ni ckel , manganese and chrone and their netal conpounds and conbi nations

th . . i t. i (. fi.ed di d
par 1 QS B ER BB bioel SRR AR O PR} A la0 el 2 "ana
f rom abguivedBt p@cahdidmdHd ppaidatindiffoanatpait 20 ¢ gsouape peickadransangciany

appropriate m xi.ng nethod that achieves a uniformmxture. In an
enbodi n¥RIMIXedesipBrGHEPTYBIaLG BRdnpmethed that gehigyrg andRHRAIBEYE-i Biads are put

chakor o el FPAE B P HIRRATR ol Moo EML D SRR A i ) Sat
about oswelddaud ioertedltt@sn naking ekbyice alnbuts a3irbula® shaker-mixer (Glen Mills,

Inc., Clifton, New Jersey, U.S.A) for at least about one hour or, alternatively, about 30

minutes to about one hour. A binder may optionally be added to the mixture prior to

mixing. Binders provide lubricity to particle surfaces allowing a denser packing and more

intimate contact between the metal powder and diamond. Binders also help in holding a

pressed body together as a green-body.

[71]The mixture is then compressed so as to create an intimate mixture of diamond particles
and iron particles. Any method may be used to compress the diamond particles and iron
particles so long that they form an intimate mixture and the particles are in very close
contact with one another. One method used to compress the mixture is to place the
mixture into a fixed die set on a press. An example of a suitable press is a Carver® pellet
press manufactured by Carver, Inc. (Wabash, IN). In the die press, the mixture is subjected
to pressure between about 5 and about 50,000 psi, between about 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 necessary 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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m nutes to about one hour. A binder may optionally be added to the m xture
prior to mxing. Binders provide lubricity to particle surfaces allowng a
denser pawizog/@ssfsnore inti mate contact between the netralr/yseswdss7iand

di anond. Binders also help in holding a pressed body together as a
green-body. [71] The m xture is then conpressed so as to create an intinmate
m xture of dianond particles and iron particles. Any nethod nay be used to
conpress.the d| g particles and iron [ n %wthey forman

EIC es so
i nti mat ¥HORE Eﬁ“& AndSHHREC 95 MANEHRLC BT WU A5 0&@6@8 one

anot her ,3cM& 2BENRAH: Hegdthid SotEPress the mxture is to place the m xture
into a fixed die set on a press. An exanple of a suitable press is a

Carver(r) pellet press manufactured by Carver, Inc. (vabash IN). In the

die p the mxture is sub'ec ed to sure between t nd about
0. 005 asteriiydfidhe i 6 HE6PE BB T RE PiGameer Er SR eerindhs.

15, 000 {Qcabaiillinderd@seR&ial fnohdsQhidk ai. ey 1R pRkithobethpRebh esllszdrng t he

m xture is taught, it is not necessary that the m xture of dianmond and iron

part i cl ksquséinegeledhaiosmed pefsenay Ban he ewdniosmallgnsectiensder futhepnpr essed so
as to f Jo@és'sﬁ(g &g? s‘éus%g({i“B&S%vWAJ&l%?%leﬁ{q%t&%r p!ress‘é’gg%ﬁé ?ﬁre’l’;?%ﬁ%ﬁ‘&' ¢

pressln ormabl e toolin e use eve the intimte

ContaCtdmﬁ%ﬁ@ﬁmmek@akmxﬁhﬂnﬁh@anﬂbx&wmﬁgﬂﬁYm&hﬁ@u@ﬂx@ﬁﬂpﬂesBdﬂxhygpreSSIng
it into athin sheet that is several mllinmeters to several inches thick,
i.e., biemighrpplediampad anhiserparbsles viaapeletizss pgwitlingghe Birte itge f or ned

sheet s tl)ﬁg?%gfi}%ug H{? aﬂé?)t zﬁte 'vE&’ t}ﬁﬁﬂﬂa‘?ﬁ& fb%rus&}‘{otéaﬁ{ rd@sr g‘rfeeéﬁétﬁlg as

di scusse Anot conpr essi g t he nlxt iron and

di amondTapdliecd, bﬂcksnbﬂlqndamssmr)cakag barfiarnexdttyutlesegnéthedsagt tlmena befiddrer pr essur e.
PeIIetizin%;R£?&$1xtur di anond and iron particles via a pelletizer or

t unbl i ngOFHES ‘¥unbllng apparatus are al so alternative nethods
that may be used to conpress the m xture. The pellets, bricks, briquetttes

or cakes be fornmed by these nethods nay then be further processed as
di scufsR4déisibngl methods of compressing the mixture of iron and diamond particles include

injection molding, extrusion, pressing the mixture into a container or tape casting.
Alternatively, individual diamond particles may be coated with metal particles by ion
implantation, sputtering, spray drying, electrolytic coating, electroless coating or any other
applicable method so long as, the iron and diamond particles are in intimate contact with

each 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 form, is placed into a furnace
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 from

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 moditied

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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[ 73] Addi ti onal methods of conpressing the m xture of iron and di anond
particles include injection nolding, extrusion, pressing the mxture into a
cont ai nerwonotepssisasti ng. Alternatively, individual di oon$2@ansiies es nmay
be coated with nmetal particles by ion inplantation, sputtering, spray
drying, electrolytic coating, electroless coating or any other applicable
nmet hod so long as, the iron and di anond particles are in intimte contact

with each other. [74] After conpressing the m xtyre .of dianmond and iron
parti cl SENPIpHEng A é@aﬂ_[sn?&%q%?atm?&w%yﬂﬁéﬁ'fﬁw i3 aBé_F’%@P,mPé"r?S%f]ggr egat e
or ot he&i;&@x@‘{ﬁé‘.?@ﬂeﬁé@f o b 1(%:@%% 160®1 ?bJ Winace Bldnixtie & AYIROGRN

at nosphere, vacuum atnosphere, or an inert gas atnosphere, heated from

about 6680 dboabdA°CLHOABOE. 1 STEfbaraapaiod ©f donmaldwut siX QAU eighbbutrs.9000C or

about 7500C.to about 850QC be used. The conpressed. m.xture be

neat ed TGt SUGuIE Qi OR B BPe R habad eH <) M a0 BLiot SS8but™f | ve
hours. JiifeleRGh) Qfﬁhéa@iﬂg's{égs fireqBp@RAUNGE MidstaYii MM PME §SthERoh RadbQit two hours
or of about one to about two hours may be used. T75]After the heating cycle

i s conplligtedand t he conpressed mixture is cooled, the nodified di anond
particles are recovered by dissolving the iron particles in common aci ds.
Aci ds that nay be used include hydrochloric acid, hydrofluoric acids,

ni tri g7@AShKkcqRAAOdIyIdh QRS dri}Hi@EarbACireH, difhokPilii MAtbeOMsorivbRECRf , are
added in an aci dxonpressed m xture (i.e., a gellet) ratio of 100:1 up to
1000: 1 gmphijdusing)the Tgetion withyiren) is thasaameued wemibe prrealea gy 1000C t o about

150C f of. [ f b Si b ' ol | uti [
then cour ARt @Rt AR e AP, PRBHRSY PRbbRH Breolt 0 Gecant aa. -

The aci groct®adninethdandhe ke ataiiog ofg@psitiakeboepent@dud meatingstbsd botveal |y al | of
the iron has been digested. [76] Subsequently, any converted graphite

( car bonatfoup i HFCarwheut IRAFC iaan padia selvHor eoaining agmagsie b HINP: 3 t he

reactiogi hth iron) is then renoved fromthe particles via any dissolution
treat nent nethod known in the art. Exanple of a common dissol ution

[77]Depending on the furnace conditions chosen, more or less reaction may occur between
the metal and the diamond. The more the metal powder etches into the diamond, the more
graphite is formed and, thus, more weight is lost by the diamond. To completely dissolve
the graphite, higher quantities of acid may be used or additional dissolution treatments may
be necessary. The diamond particles are then washed to remove acids and residue, such as
in water. Subsequently, the diamond particles are dried in a furnace, air dried, subjected to

microwave drying or other drying methods known in the art.

[78]An embodiment pertains to monocrystalline diamond particles having very rough,
irregular surfaces as shown in Figs.9A-9D; FIGS. 10A-10D and FIGS. 11A-11D. In
addition to the roughened appearance, the diamond particles have unique characteristics as
compared to conventional monocrystalline diamond particles shown in FIG. 12. The
conventional monocrystalline diamond particles produced by milling, shown in FIG. 12,

were not subjected to the modification treatment.

[79]Referring to FIG. 13, Table 2 contains data including sizes, weight loss, surface area,

material removal, roughness and sphericity for a sample of monocrystalline diamond
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procedure includes the oxidation of graphitic carbons by gradual heating
range between about 1500C to about 1800C in an acidic solution containing a
m xt ure GVBN@zEss7H2SO4 [ 77] Dependi ng on the furnace comrdirttisemns/oshesen,
nore or |ess reaction nmay occur between the netal and the dianond. The nore
the netal powder etches into the dianond, the nore graphite is forned and,
thus, nore weight is lost by the dianond. To conpletely dissolve the

graphite, higher quantities of acid nay be used or additional dissolution

t r eat mePECIRR( WB) nedasienly, campargi e ivtiop dpth crayentianat RAROSTEEHERS t o
remove aci I [ el g (FRYPS ' nd

parti ol SEERA PR AR A Eny SR Py R g AR B im0 i g
or ot hesizdrayé sigpwret fraddatk mawnsddriotchmteatht grfpR8]mRIGETddhdréfitas peedsacds t o
nnnocrya%alline di anond particles having very rough, irregular surfaces as
shown i '#gs. 9A-9D; FIGS. 10A- 10D and FIGS. 1IA-1 ID. In addition to the
roughened appearance, the di anond particles have uni que characteristics as
conpared to conventional nonocrystalline dianond particles shown in FIG
12. TH9]lAenewt indrl&lS. AdAY2rKISiSall 0A N®Ddinsintdad . panlile), €8s Qarodutpatibys ni | | i ng,
shown in FIG .. re not subject to th dification treatnent.

;767 Ret Hp oG en B Do ThnpTarEin sl ke alig LS o gne

| oss, spurfideeaddh®dn iNRIET | Bl FIBTOKAD sk SANESSa a0 df GRkRmh@idpardidés a sanpl e
of nonocrystalline dianondparticles (9 my. Additionally, conparative data

for bot ¢f Bucétidadi UixllORphews pEVAimaase obithgdeaeonsaraideseofdhin#a agdnvent i onal

pol ycry |4 | n It sim l.ar ti W4 . This
ot & van Qs ddAE T AR SERRighdsE 81 @ Bl For RIS RGP Py 0TI RIE S, ow

[ 80 As Bhowr correfpoading PlorRiieskhBShardObristik@Df gedlidrhésfl patlided frdéfd, the di anond
particles _are very different in appearance conpared to conventi onal

nonocr y&tdiienahgangleirond particles as shown in FIG 12. FIGS. 9A-9D show SEM
i mges of the dianond particles

[81]As shown in FIGS. 9A-9D; FIGS. 10A-10D and FIGS. 11A-11D, the diamond particles
include spikes and pits. The spikes act as cutting edges when used in free-abrasive slurry
applications. It has been discovered that the performance of the modified diamond
particles significantly improves when used in free abrasive lapping applications within a
liquid slurry or suspension. When the modified diamond particles are used in a fixed bond

system, the pits and/or the spikes help secure the particle within the bond system.

[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 measurements were
obtained are discussed in Example IV. As shown in FIG. 14, the weight loss of the

diamond particles is between greater than 0% to about 70%.

[83]As shown in FIG. 14, diamond particles exhibit a surface roughness of less than about
0.95. Surface roughness of between about 0.50 and about 0.80 and between about 0.50
and about (.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
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of Run #4; FIGS. 10A- 10D shows SEM i mages of the dianond particles of
Run#5 and FIGS. 11 A-1 I D show SEM i mages of the dianond particles of Run #
9. FIG MNM8O(0mni3ss7®2) |ists the correspondi ng properti espamdSetwananseri stics
of the dianond particles from additional sanples. [8l]As shown in FIGS.
9A-9D; FIGS. 10A- 10D and FIGS. HA- HD, the dianond particles include

spi kes and pits. The spikes act as cutting edges when used in free-abrasive

slurry applications. It has been discover that the rf ormance of the
modi f i ektcley éﬁgﬁ%f%irm@e@%smgﬁe@m ﬁﬂ_e aﬁ&twﬁe tﬁ_ﬁﬂ&v@dmeﬁr??f%amf@ﬁlafr ee
abrasi Vl%rﬂ(ﬁrﬁl%_rhgaﬁ;ﬁgﬁ bﬁﬁéésQH@se%éJ‘ian)@AMP?LlE B)shétesks BonSisRE NS 1?1%- When
the nodified dianond particles are used in a fixed bond system the pits

and/ or fone sspidcasugiuieps Bewnpbatdue09arnte hlopdus 200 niy for & herfisendugysssdastof 82] The

nodi fied. di a | particle xhi hit unjque characteristics i.n surface
FoughnedsboB RRR: B asT B D oPierdtBlatffr FERESLEh G kBe BN

char ?-Ct@liﬂl&rlo‘f%pt@iﬁg%@fﬁpﬁth@ﬂh& QuryvRk @idifi @$idn Providie. nodi fi ed di amond
particles. Details has to how the neasurenents were obtained are discussed

in Exanple I'V. As shown in FIG 14, the weight |oss of the dianond

par t 1 el SAORNRED. A EARELahIRN SR G Bl AT a1 G 14

di ano particles ex a sur e roughness o ess an<a 5.
Sur f aceatioauglioeSphaicidpetaken ochboit 002 ®hband).akhadtbdit 825an0d.4at wBen about
0.50 and about 0.70 is also observed. Surface roughness of the dianond

parti cl ebsewed. Plterghoiphsricibnis agidepghdenhieatiss HpmpaFiacerosglness.dheiide of
ol : Ce 8 >12 ! . ! :
met a p@ﬁs%f\féh%ﬁ%}hé/&glsca%foggfco%&&oﬁ Qéfvgérﬁ%@,@ﬂgg iﬁﬁgﬁlg ?}nggg%rf%ﬂﬁ nce

t enperature use can seen in FI G roughnessf act or
decr easelsth¢ domghdes showicinddsed). ThEI(ab4d i ¢an befshbive tidit shwomaletial rpmobdr m

material renpval in a i rocess escri_hed jn MPLE | i.ncreases
MR L oissteaaagrm by 12880 B0, BIREERR aL AR QDTS alyfin o B bout 200
g for & spenf @es AQWIINESDef bt ArrIef 12RAME i0a Gfong@drlcNELEBSEV e tRbout 60

percent. This may be attributed to the increased nunber of cutting points
t hat t heeight oacel th@diamqmétppwdelpmglvth@b@ping performance as indicated by the

increase in material (sapphire) removal. As the weight loss of diamond increases, the

diamond becomes more aggressive in its ability to remove material.

[85]FIG. 15, is a graph showing diamond weight loss (%) vs. surface area. The readings were
taken from a population of 9 um diamond particles. The specific surface area of the
modified diamond particles having weight loss greater than 35% is about 20% higher
compared to conventional diamond particles having the same particle size distribution. It
can be observed that the specific surface area of the particles is directly proportional to the
extent of the reaction of the diamond particles and iron particles during the modification
treatment process. For example, specific surface area readings of the diamond particles

range from about 0.45 to about 0.90 m*/g.

[86]FIGS. 16-19 show examples of various diamond particles that have been subjected to
varying degrees of treatment with iron. FIG. 16 shows a diamond particle that was heated
at a temperature of 750°C for 1 hour in 60% by weight iron resulting in a 15% weight loss
of the diamond particle. Fig. 17 shows a diamond particle that was heated at a temperature

of 750°C for 1 hour in 80% by weight iron resulting in a 25% weight loss of the diamond

15



[84] FIG 14 al so shows that the dianond particles also exhibit sphericity
readi ngs of |ess than about 0.70. Sphericity readings of about 0.2 to about
0.5 and avoupi0m32®sto 0.4 are al so observed. Although sph@niseompsiigs an

i ndependent feature from surface roughness, it can be observed that there
is a strong correl ati on between sphericity and the | appi ng performance of

t he di anond as showmn in FIG 14. In FIG 14, it can be shown that the

mat eri al renoval increases from about 125 ng for a spheri mtg@of about 0.70

to aboub8eony's df S%O%%é&arr&nwaw eatBManl%d ab\f‘%f‘énpeé@“@éﬁg ‘Gl in FIG
14, theﬁ&h ﬁé‘%s% i tClPJnr nﬂ%ﬂl Mfé"’%?egglh'i‘c?ss L a%dE hgiedi @mond

powder an per ce as I ndrcate rease |n mat eri al

(sapphi ﬂe)))vsraedmnalhd pa%ﬁclte Inlmmeis tbdted Mtemfpeﬁmmﬁsls(m?ctbea&eﬁr, int80& By anond
becones npre aggreSS| ve in its ability to remove material. [85]FIG 15, is
a gr aphWelBhirerycansRs i defogrightdes O(f%e digmord,pariigle. Aiguc &H@WSeaadu ngs were

ar e of SeRr AR She s Henga HTh B ATRASRRTSMC AR PR BB8E &1 el 20" 004

i s aboufroRRXulfing ves 582nPE mdoiscz)f@w@mbh@pahclél emg)rzd snam h@iaﬁﬁ)nﬂaVI ng the
same particle size distribution. It can be observed that the specific
sur f acepaitielg tl@ﬂt wah éle?g@d 24 %ﬂeé@eiagqu 3 %iQTyforp? bpeistiil §p%I byt weighidraxt ent of t he

reactloréu g ) tﬁs e aoda rﬁpartlcles during the
modi fi ct tg Hgf % etg %c,sess or %x%r‘?pfg specific surface area readi ngs

of the dianond particles range from about 0.45 to about 0.90 n2/g.
[86] FIGS. 16-19 show exanpl es of various di am)ndqi/part‘i cl es that have been
8

subj e87ddhe wodidied idipmandgragiedesgfontaiparhRpoigiPity apd/ehspikgsg Amgraghbigl &

di anond A t u 1 hour in
500 by Sarioh Bk RhiIER, AEREHLRS (G RIRFAELE Sty Darticle.
Fig. 17hammg/\5wa1gﬂt mmmwi%lmcmhedplm% teateeth spikee. tErqlenghmfethe)f 7500C
for 1 hour in 80%Db iron resulting i.n a. 25% wei ght Ioss of the

di anondafesiaer deptps af thwlt% N&WG&O@}D&&BH& fﬁaﬁhle%tioél YqgpentRarametired bt a
termerawfgeqiep&ﬁﬁ% 5 onla Haelrghg@g% é;z/e M@m%sue PR hssiehding ad a 30%

wei ght | oss of "the dianond particl
longest length of the particle.

[88]The modified abrasive particles, as described above, may be useful in many applications
including free abrasive applications, fixed abrasive applications, lapping, grinding, cutting,
polishing, drilling, dicing, sintered abrasives or abrasive compacts, and wire 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]With regard to wire saw applications, the abrasive particle may be attached to a wire by
electroplating, metal sintering or polymeric or resin bonds. Electroplated wire saws
generally contain a single layer of abrasive particles co-deposited with a layer of nickel
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 matrix, hence increasing the life of the wire saw. The modified
abrasive particles may also provide higher material removal rate with better free-cutting

ability.

16



shows a dianond particle that was heated at a tenperature of 8500C for 1
hour in 80% by weight iron resulting in a 45% wei ght | oss of the di anond
particl e.wBi2guwms3Z8 shows a di anond particle that was hearas2@b/087133
tenmperature of 8500C for 2 hours in 60% by weight iron resulting in a 53%
wei ght | oss of the dianond particle. Fig. 2 1 shows a dianond particle that
was heated at a tenperature of 8500C for 2 hours in 80% by weight iron

resul ti in a 61% wei ght. | oss of the di.anond rtigle. 7] The .nmodi fi ed

di 2okl ma& tégw@gﬁ%ﬁgi“ﬁ%‘ﬁ%e W%&@%Fl?lgowat?p@eres%_ck@f@ﬁ%ﬁe@%%| e of a
d'a"PndQQQﬁLhﬁ&ﬁg%%Bbﬁﬂ&hQQm%Bﬁ&%gﬁ@%%Mﬁ@$ is shown in FIG 19. Dianond
particle 1, having a weight Ioss of about 45% includes pits 4,6 that form

spi ke 2. The lengths of the spikes and depths of the pits vary according to

t he i.fjcation treatnment. par ters.. The er age dept f the pits on a
par 1 BT hERsad% G TER BT uie s WS S S85erdRRIdRe A whBEBiEngth o
t he par{digtiér mhpikiae mosbdified daalipiRidRarrhhGhem siaSofdRrss hbAR @, |aove, may
be useful in many applications including free abrasive applications, fixed
abr asi véboap Pl eagrpeyesanhid ericerfratingiohgboud Gt torg§outpd) nestanhby weraht.13 ng,

di ci ng, _Sj - SJ X rasi.Vv N - A . W re saws. In
gener i TS EEEAALESLYRR Rl YpfRler BLENTRRE Py ATtk ighoh®, R

r et ent i bydrodarbdrebdc@netidepaid ¢ophtgnamidnk klierédiand opliomt addigvas ibadndingy st em

[89] Wt h regard to wire saw applications, the abrasive particle my be

at t achethrtastagtsypilang golor adipstels) and Hgposipemerifyingpgsithg or pol ymeric or resin
bonds. Electroplated wire saws generally contain a single |ayer of abrasive
particles co-deposited with a layer of nickel nmetal. Sone wires also use a
r esi n[2Inatrivgeh etmhedialengsihg esodied dheaswva partidlbeandsspafbtabieesmody be ed di anond

particles.moﬂld a%g iﬂ provi di be.ﬁer.rete tion Ofkhh% abrasive particle
"n the NRHURTSFOR VAR AapRane: aidimedifiationasichgs & mateia Slgsied Famu r o saw
The nodiEdupd 1RR! §38, WAAPATH lufd BS GBMe BERRIPLON M8 ifIgNRE all&isehial renoval

rate with better free-cutting
combinations thereof. A non-metallic coating that may be used is silicon carbide.

EXAMPLE I

[93]A 4-8 um monocrystalline diamond particles, e.g., diamond powder, with a nominal
mean size of 6 um was coated with a nickel/phosphorous coating (90% Ni/10% P). The
nickel coated diamond powder contained 30 weight percent NiP and 70 weight percent
diamond. Each diamond particle was uniformly covered with the NiP coating. Two 25
gram samples of the Ni coated powder were heated in a furnace. One 25 gram sample was
heated at 825°C for 1 hour and the other at 900°C in a hydrogen atmosphere for 2 hours.
After the heating cycle was completed and the coated diamond powder was cooled to room
temperature, the modified diamond particles were recovered by dissolving the nickel
coated diamond in two liters of nitric acid. The mixture was then heated to 120C° for a
period of five hours. The solution was then cooled to room temperature, the liberated
diamond settled and the solution was decanted. The acid cleaning and heating steps were

repeated one additional time until substantially all of the nickel had been digested.
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ability.[90] Materials typically cut with wire saws include silicon,
sapphire, SiC, netals, ceramcs, carbon, quartz, stone, glass conposites,
and graniwe.20{0aBss7Re abrasi ve particles are al so usef ul pcm/uskamnsass and
other carrier liquids. A typical slurry solution may include the nodified
di anond particles ranging in size of fromabout 0.1 to about 100 m crons
present in a concentrati on of about 0.2 to about 50 percent by weight, a

maj or _vehi. cl h as a vvat vehi c |l yc vehi cl e,
oi | -b&%‘ﬁéﬂ% FEPC e]oWaSn‘S?B‘PHE rB{?nt g%}?n@e FEp ertgﬁ&ra&ﬁ E GERIGHNt her eof

and opt jigRdhd atdhid Bees chivdiddid aﬁhﬁ'tef @tﬁh%rth§rea@ﬂi'btﬁ@gh aRlen waditst ers, and
viscosity nodi fying agents. [92]In anot her enbodi nents, the nodified

abr asi venmazled ﬁotre&ne padicku peing Brldesis wé sulfmic doed ktrpiadan dlSD‘SC toaten hvuth a

coating i cation, such as a materi cted from G aoups | VA,
VA, VI Alh Og elb‘FOOcl toﬂ@?lindﬁtlBer?‘élﬁft - dhe] EImP]PI fﬂfmyerqlgtogpqﬂwgdﬁw

conbi nafd;@tsh Jvﬁkede%é’ﬁted Arﬁlé)ﬂﬂfﬁ?i"c% di &ea%ﬁf%tdnﬁgleﬁtﬂ?gt stFRYWRE r&fR8@d bfie Si | 1 con
carbide. EXAMPLE | [93] A 4-8 mm nonocrystal I'i ne dianond particles, e.g.,

di anondadsioteiat (imgiunhl substentialbl allhedhe giapkitohadboemdygestedoat ed with a

ni ckel / phosphor ous coati ng (90% Ni /10% P). The nickel coated di anond powder
cont aj 30 wei ent NiP and 70 wei er.cent d o Each di anond
parti IHE BP ﬁbk?é%éﬂf%etrﬂ“% SN SB%‘gtCil%Verer %Hgﬁﬁgtﬁ%anpl es of
the N GQRIEOPOWHES fr(‘ﬁﬁrtﬁs @?ﬁérﬁﬁ’erﬂt NiR1ddel RRGS: an@ﬂ%ls%@lsgﬁ@m B3R EmWNas
heated at 825C for 1 hour and the other at 9000C°in a hydrogen atnosphere
for 2 hdamend Afat s triediffedatsingg foyeciken W%@mb@taediemed hercovabled di anond

powder was ,coo o ro erature di f.i ed di apond particles were
Pecover datss i Eliol nagREhe St Ho Bt a LG PSRl TR br s of mtrc
acid. The mxture was then heated to 120C for a perlod of five hours. The

solution was then cooled to roomtenperature, the |iberated dianond settled
and t F2618ke sriasn ravelness aad srhricitn egcohtained amrgageriibabasa gnaieriendier

modified diamond particles taken with a Hitachi model S-2600N Scanning Electron
Microscope (SEM) at a 2500X magnification. The SEM images were saved as TIFF image
files which were then uploaded into a Clemex image analyzer Vision PE 3.5 that was
calibrated to the same magnification (2500X). In this example and for this magnification,
the calibration resulted in 0.0446um/pixel resolution. The image analysis system
measured particle size and shape parameters on a particle by particle basis. Measurements
for a population of at least 50 particles 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
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. Itis 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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repeated one additional time until substantially all of the nickel had been
di gested.[94] After the nickel was renoved fromthe dianond, the converted
gr aphi t e woantwarszf7zsom di anond t hat has been converted t®cgrzspdnons7iduri ng
the reaction with nickel) was then renoved fromthe particles using 2
liters of sulfuric acid heated to 1500C for seven hours. The sol ution was
then cooled to roomtenperature, the dianond allowed to settle and the

solution was decanted. The sulfuric acid cleanin nd ti teps were
r epeat _e&’t?)lﬁéd (YamRle thetusinesy valins el o 4P 8993%tﬂ§?§pm te had
been d'ﬁ%&&ﬁ%wgkgﬁk@gﬁﬁﬂé%ﬁﬁﬂbﬁl@§9Wﬁ099hnhﬁ§§6péﬂ&ﬁ%&ﬁ@ﬁ@&@ﬁ@ﬁ&%ﬂ@”d
sphericity were obtained fromthe material recovered fromthis experinment.

| ncl udedhé¢ sphehivisy eaiedsybrsgededsor RO4SI K45 far S dicenspndeighblioswamplodid i ed

I I T B T I R TN

surface roughness and sphericity were obtained fromimges of the base

mat eri al and nodified dianmond particles taken with a Hitachi nodel S-2600N
Scanni¥dNpledbaty greapibesegciodd G SEMblad), salhsogxthemepniifi¢agian iporressth@08EM | nages

were saved as TIL.EF i mage,files. which r hep upl oaded..int o, .a C enex i nmage
anal ys ol SHER e 3T st of Gt i Bahp BpwB i GRE S vleet Ton
(2500X) gpelitictshitacraiBigp A8l BE pidibs prRBRhEd fabkan, meheis elehBXIAtAPN
resulted in 0.0446nm pi xel resolution. The inage anal ysis syster neasured

parti cl diffisienee anitic sthrghecpand sphegicgy ohthasgplava sapipdeshy Tixasurface exbasi s.
Measurenents far, a,.popul ati.on of at | t 50, parti.cles fromeach set of
expor | noHLCes? i GUREPHY RS St wuflhel RS etan Bvink GRS SR Ser

Mat hematiQBt of Qlitidd FSinlds @dthBYgH thesd MRGIR:sARAMYZ@IppaieNi wEerf BokiAS lav@et he
nmeasurenments are found in the "Definitions" section above and can al so be

found i boundary@t@ssiclaprofilss, Deprlse exish aeosPEheRmBirg oo of cgliphsice. 1t is
chenoct L9 2 NGy PG R GR Bt LB R REREC, 20
t ext ur eingfrotdiepaifdainfuh@chf dhemodidicp didmldgairticles. FIG. 6B shows a two-

dimensional illustration of the cutting points or teeth of a modified diamond particle. FIG.

6A shows a two-dimensional illustration of a conventional monocrystalline diamond

particle that has not been modified with a metal coating. FIG. 7 is an SEM image of a

conventional monocrystalline diamond particle that has not been modified with metal

coating. FIG. 8 is an SEM image of showing the cutting points or teeth of a diamond

particle modified with a nickel coating.

[99]For purposes of distinction, the surface texture of the modified particles is different from
the texture that was produced using the iron powder modification process as taught above.
As shown in FIG. 1E, the iron powder modified particles display deep pits and spikes. The
average roughness of the iron powder modified diamond is 0.68 and the average sphericity
1s 0.34. As shown in FIGS 3 and 4, these values are significantly different than the values
measured for the nickel-coated modified diamond particles. It can also be seen that,
although the particles modified by iron powder do not have as many cutting points per unit
length of perimeter as the nickel coated modified diamond, the deeper pits and pockets

could be useful in providing better retention within a bond system.
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produced using the nickel coating nethod is significantly different than
the surface texture of the starting material shown in FIGIA It is

appar ent wbabio/mass7senper at ures above 8000C, the nickel Preaatssoosiosh3s he

di anond and creates a unique texture that can be described by roughness and
sphericity factors using the imge analysis nmethod. Based on the

dat aobtained in this exanple, the roughness val ues changed from0.89 to
0.77 for the 35 percent weight | Bﬁﬁg% and from0.89 to 0.78 for the 56
percent weight | oss di anond. Thqugﬁ' I ﬁy val ues changed fromO0.64 to
0.47 for the 35 percent weight |oss sanple and fromO0.64 to 0.46 for the 56
percent weight | oss dianond after the nodification process. [98] Note that,
as cd0ja MBen6I(h’/(F3@mesh (paddrestdljine diantvod ghrtickes wrsdbfted atithon process at

9000C resyul in a higher Laht di nd nd a slightly finer size
and st 1 GREpRl e Ee gt O AT 4B 7 e PBRR s B BB 25 por or med
at 825GeontifE®Es5d Wei@hRRtdndNiY an@44linkigpt paicentidiunidiRl. TRAUE AReshdPatickphericity
of these two sanples. The surface texture produced of the dianond particles

can be yaarntamlyerverafesih edNiPaoatag, i hgramangmpleslf|the Neeqated povwdent t i ng

[ . Alth h f d | ooki h
Poundar Yo eRaRr b aneaf DAL R oI REh rERRE LR REP N AL T ace o

each paihtihehtthg dytlel Wwastddep@hied hktBihe thbfRed BRARAS Polvbert S dddHARH r@fmcut ting
points, or teeth, is responsible for the inproved performnce of the

nmodi fi egmicetyadhe sodifigdeiammdpargdes weikgeepvewddiyrasselvargatheinidkgst r at i on of

the cuttin oints. or.teeth. of a i fi.ed di anpnd rticlhe.ElG 6A shows a
tio- i iR BRRORT 1Tk Bt Bieth e BBk b1k LR biiafrs % amond
particl gertduadf fhahoRt 1heepluiBalwak @ftnWobldd @0 RlenfRAdnlr8dthe fib&ated 1 s an SEM
i mge of a conventional nonocrystalline dianmond particle that has not been

modi f i ediagond serdedhindcibasolngon Fagle@nied. dhe sENIclornige aod hedosistapstweee cut t i ng

boi nts gnLePLh. Rluidbedl AIRNAPABLLELS AR EA I g Bl Gl L0t T NG,
[ 99] For purposes 0 istinction, e surface texture o € nodified
particles is different fromthe texture that was produced using the iron
powder nodification process_ as taught above. )
[101]After the nickel was removed from the diamond, the converted graphite was then
removed from the particles using S00ml of sulfuric acid and 100ml nitric acid and heated
to 150°C for seven hours. The solution was then cooled to room temperature, the diamond
allowed to settle and the solution was decanted. The sulfuric acid cleaning and heating
steps were repeated one additional time until substantially all of the graphite had been
digested.
[102]A 14% diamond weight loss has been achieved with this experiment. Samples of the

particles are shown in FIGS. 27A and 27B.

EXAMPLE III
[103]The diamond powders of Example 1 were additionally evaluated in a sapphire lapping
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 “(Unmodified 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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As shown in FIG IE, the iron powder nodified particles display deep pits
and spi kes. The average roughness of the iron powder nodified dianond is
0. 68 and wbeosvmssszrge sphericity is 0.34. As shown in Fl @Ta/sand/ 047133 hese
values are significantly different than the val ues nmeasured for the

ni ckel - coated nodified dianond particles. It can also be seen that,

al though the particles nodified by iron powder do not have as many cutting
points per unit length of perineter as the njckel coated nodified di anond,
the _deeg‘é’EnOB?l't I, it aveet B gt @atdépmgwnpﬂirwa{f%ﬁn Thgrnsa it i on
W thin ghoRfe sysiceresEmMLR ('IJa{nMQQ Iﬁc&@fﬁ} B8R QaffiRAvATBR Ry TP BQEIsSE al | i ne

e

di amond particles was coated with a nic phosphorous coati ng (90% Ni / 10%
P) . Theinpheskbimeton tethpoid puotage powee and 490 ah e dk. 5bhevappihg ppecsents Ni P and 44

i ght t di d, h_di ticl i.f.or i d with
the N AR BERT Y8 TP gt RO RE N oSSR R il ST, 2
f ur nacea@buntGPARfe. fidk diandditd doabdnulRauf iR bf ednggeNwaN eeaEBet . After the

heating cycle was conpleted and the coated di anond powder was cooled to
roomte lapnd tlee visensityrmas P8 cith-afishere sash et s lyppine plateovasrdsepsed,for

di ssol vi ] . i d ] 0 fo L tri i . m xture
v hes PP e G, 0o ARG, ReIRt pRL,L VKRRl B s
cool ed aferowam 3.2 ppieraitiongl spebeof thb eappidplaic avm M0 rp@tdnt eltk dmdy tdee sol uti on
was decanted. The acid cl eani ng and heating steps were repeated one

addi t i ofts Wi frémbRes mindiifs Aefreagh FYFlalthe whlCrnwergingasyed oy Wwaght leisgest ed.

[ 101] After the nickel was renoved fromthe dianond, the converted graphite

WS RS Y bl R PR pd A 200 o 0L R Ik iG] d and LoOM

nitric acid an seven hours. e solution was then

cool ed mons@gallieapanhd pastictdién diskmndital O caved of diageintllie 560 tleysol uti on
was decanted, The sulfuric acid cleaning and heating steps were repeated
a

one addfAVenInat f¥enign polyqipealting fiamond rticlss 1q g gluffyapf {QcHald obeen

di gest egiamond in 500 ml slurry and two slurries using modified 4-8 micron monocrystalline
diamond particles of 35 percent weight loss and 56 percent 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
material 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 also 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
walfers 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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[ 102] A 14% di anond wei ght | oss has been achieved with this experinent.
Sanpl es of the particles are shown in FIGS. 27A and 27B. EXAMPLE 11|

[ 103] The woamd3zzewder s of Exanple 1 were additional | ypPevaiSaabes7idn a
sapphire | apping application. Ethylene glycol-based slurries were nade
usi ng the nonocrystalline nodified dianond particles ("N ckel Coating
Modi fied D am)nd") and, fromthe sane | ot, conventi onal nonocrystalline

di anond modi f i ed he ni ckel coati ng
modi f i Lo G NaTe nef Grarb aSvelel o S0 G X e PEH USWet

nodi f i e?eéﬂoﬁﬁ?&?kﬂl\@ﬁeﬁﬁ?ﬁ@(ﬁ@ﬂﬂda@S%mrgﬁl%n{é%erwe| | as from conventi onal
pol ycrystal li hedi anond. The slurries were used for flat-|apping sapphire

waf ers. The | apping plate was a conposite copper/resin material (Lapnaster

Lot IR R PG 2EERRE TR el DG i sk DR DT i@ e oo apbed

each of mbhecr§dtalling BRdURARRiarh ORI [SediiEe 410 ¢ E9h HgrafOndi 1. 55)ﬂ1%/gm<ﬂ fdr@r3st he same
anount of time. The di anond concentration in each of the slurries was 10

carats PRFcBEIHPO asigentvecightdes siiamondeisspEstivdy ¢ pBis cpapaice leagmcilist, t he
{Nf]‘pp' ng a%é gre%%O%%%%rgmhoqr zﬁﬂ&&%&% iMSLAG, ?’hgqg\sggﬁi'ﬁ%arg b%&%&'th%r essi ng
eel . ers s 3.

ressure on e sapphire wa , rotational
speed of)artlhle slza pipsttitgh tiphab the@s o 6Qmp1|@srmanhle fdmee. Sl‘hermyreﬁﬁeduﬁadeearms 2-3m
per mnute. After each cycle, th rs were neasured for weight |oss.
[ 104] FI @i 18 thecrgatingipd %Wﬁélraif‘??gf)ft% Svrai%ﬁ@. N pareideramEacyraiishvent i onal
4-8 mc&lggloﬁgggﬁ%gal |l ine dianond particles in a slurry wwth 10 carats of
di anond 1 n 50 slurry, conventional 4-8 micron polycrystalline dianond
particles in a slurry with 10 carats of dianmond in 500 m slurry and two
slurries using nodified 4-8 m cro{gj yf?tal l'i ne dianond particles of 35
percent weight | oss and 56 percen X&":ﬁgﬁ% 0ss using 10 carats of dianond

per AP Ale-p3 ﬁﬂrﬁéﬁd&rys?ﬁlu?@ﬂlaﬁ’i%n@ &0dd o £hEan §1z98f19 th \EAsQale@deﬁ%ﬁl e 1),

the materi al %Lermva rate of the gonventlona - gl amond slurry is 126
mg per &oudn pewder with a mean size of 3 um using a blend rat10 of 30 weight percent diamond

particles and 70 weight percent iron powder (no binder). The blend was compacted into a
2 em 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 monocrystalline 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 flat-lapping sapphire wafers. The lapping
plate was a composite copper plate and the sapphire wafers 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 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. The pressure on each of the sapphire
wafers 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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sapphire wafer. Using the slurry made with the polycrystalline dianond
particles, the material renoval rate was 168 ng/hr. The slurries made using
t he nodi fwedotvmasirad particles resulted in nmaterial rempealuse@ves7’iol 279
ng/ hr for the 35 percent weight |oss powder and 304 ng/ hr using the 56
percent weight | oss powder. [105]1t can also be seen fromthe results shown
in FIG5 that, although the nodified dianond particles provide
significantly higher material renoval rates, the resulting roughness (Ra)
of the surface of the sapphire wafers are lower than with the conventiona
monodFQAdL1Ey. |%2n§aara£hﬁﬁalpa%g theed @ww%rwﬁwfépnvwoaalér%@wr%e waf er

rough ”eﬁlfm&fryé’é@iilﬁé égﬂi&hﬁﬁﬁ%le‘%ﬁ A es o O(?:Ez}fﬁ‘t% ak hiaPn% 5‘@(5‘911 §]rll11H§'r y Was

45. 9nm + 3.5nm an roug ers po ed W t
nonocr ysinakhtional mlamminnbnv;@slydﬁﬁstﬂhm diamoRd I‘zimmleByn a:sinngm&nm cardteofvaf er

roughne s of the sapphire f ol i shed u t he ht | oss
i anondREengsn HhkHurry & B RS ed eEres SRR wei ont
| oss di gmp @m%ﬂlégrdsﬁqgh@ﬂca?atm (ﬁﬁme?&'Gf‘ﬂB@%%s@ﬁt é&m?lempé{ 5002ml SISy ARasur ed

by a Veeco Wco Mdel OO Optical Surface Profil ometer. [106]°As shown in
FI G 2 {Yabyesiy mtcampﬂybarg@@dwoftthapresm izywatdd par Xmilafelureas of the
nonocrystalline nodified dianond particles are 1.29 n2/gram and 1.55
n2/gram for a 35 percent and 56 percent wei ght | oss di anond respectively.

Thi s [N &LEBednGhaws Peg kHd ifcetlefingpecaieairfie Qre88oMBé SlonbLQktaBing 7% and 76%
increase. This is S|?n|f|cant because the particle size distributions of

t he t wodigampd eartigles of He pseseal invensiondcedidied [yamppde camparcil 4o thge to t hfal
i arond pare AL BRI B2 MR SR aBRE LTI TAIPEPERER b ourer

Wi th a vear0shzganford 187 Waseabd.eTihieds siritican becaase poydaicladizh a mean si ze
of 3 nn1u5|nﬁ a blend ratio of 30 weight percent dianond particles and 70
14

wei ght  fiewidarens ¢idhe onwrarrlgsige Eher?a@ﬁ) Theprerensechiiriaes acgppdeedhs nto a

creation of additional area on the surface of the monocrystalline diamond particles of the

present invention.

EXAMPLE V
[111]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 III) using various times and temperatures, 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 S-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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2 cmx 0.5 cmpellet using a Carver press at a pressure of 20,000 psi. The
pell et was heated at 7000C for 2 hours in a hydrogen atnosphere. The

di anond paotoolmsssmer e recovered using an acid di gesti oRCpUSC@9957133
Characteristics of the dianond particles of this sanple are shown in FIG
13 (Table 2). [108] Et hyl ene gl ycol -based slurries were nmade using the
nonocrystalline dianond particles of the present i nvention ("Modified

Di anond") and, the s rre | ot venti onal crystalline djianmond
particl %?%.a %‘f?{)’fﬂ ?ﬁl%aw@an g HE hefcﬁ‘g AR easuligrein 4ﬁﬁ@@lﬂ?léﬁ%’#}ﬁl%s nmade.
The sl UTkd 8% ‘é’%ﬁ@lyﬂ§§?stérﬁ'inefaktﬁféd bﬁﬁ@!e@&e%ﬂ@@ﬁdﬂe%a%&éﬁ on & rtlc@e%’;lr ng plate
was a conposi te copper plate and the sapphire wafers were i nches in

di anet epartidlh @a$1apMea$yr<Fm@ne§s agepulatpt of attédasué(ﬂ ngtieles frogl eachyeupider t he
same processi ng cond %nd {lor tbh ampunt of ti rrg%a Thetsl urry

di anond”&SHEEAP ALY S?P%% omap ey ae *IHREC PR s EE Y ds 15- 20

cps. Bef®@mala€asdl Byemt imhdteanaBRBt MFidel tau@nme%eqm@ﬁeﬁt@m&foﬁmmtﬁé using a
600 grit dianond dressing wheel. The pressure on each of the ?Jggphl re

waf ers Viagimtionspsectiongbayq sdan gpsedy found indhe GlsmangVisioat&cra &gy Fipm and
the slu d t fers

wer e mgé)l@%(@?f gp%véﬁ ghlfeo d[s%gléﬁ“g}%%r f aﬂlfa?erd a%ﬁ%E l%é&ltgdr ﬁnnﬂ% e |l apping
per f or méndk Dfin adxliuemtd wa@ht 16sslahdnspecitio smw@r@a%ﬁédchm@t dRasmmdromr ticles
inaslurry with 10 carats of dianmond in 500 m slurry, conventional 8-12
ni cron E@W@Fﬂtaéq ‘I‘lﬁ%@chﬁdﬁﬁ#ﬁhﬁl%dﬁtﬁf@q’lég)l naslurry with 10 carats of
dianond in 500 m slurry and 6-12 m cron nonocrystalline dianond particles
(Modified 6- 12) in slurries using 10 carats of dianond of the present
invention per 500 m of slurry andguisllamtsy using 20 carats of dianond of
the present invention per 500 mMl of slurry. [HJIt has been shown that the
increase in specific surface areas of the nonocrystalline dianpnd particles

of t pIAARRSHN th@ﬁfe«@ﬁﬂl&ﬂha(gwa@uésbﬁged}nmf%é ibn GRFRRFER etx@mm@y conventi onal

nonocrystal |l ine dianond particles ("Unnodified D anond”) is 64 m/gram
vs. 0. 5enb@figeatm ibwilhboevwklemde Smseot adinsry skil urgthﬁfaﬂdhattmmcﬁétamtlwse
particl r%oﬁfﬁzcgtions, 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 could 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,
modifications and variations that fall within the spirit of the invention are encompassed

within the scope of the appended claims.
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distributions of the two sanples are the sane. The increased surface area
is due to the creation of additional area on the surface of the

nonocr ystwbl2oressizanond particl es of the present inventiPOmUSEXMONPLEZY [H ] A
series of seven additional experinments were perfornmed whereby sanples of 9
nm conventi onal nonocrystalline dianond particles and iron powder were
pressed into pellets (according to Exanple Il11) using various tines and
tenperatures, as indicated in Fi g.gis,]a}' ble 3. [112] The di anonds were
processed and recovered as describ A anple I'V. Measurenents of weight
| oss, surface roughness and sphericity were obtained fromthe sanpl es
recovered fromthese experinents. Additionally, slurries were made from
each of the Aampoeys@Huetdemneydl panticlhbaviappi nigguks surfdesowhersorthbewtdacn
Example 1V. [113] For,. each l.e, 1nmages the nodified dianond particles
were taken V*P#‘%swftsgb(ﬁ?arﬁag&le§-t5§b%ﬁu§@'§ﬁni ng El ectron M croscope (SEM
at a 2500X magni fication. The SEMinmges were saved as TIFF inmage files
whi ch were then | oaded into a Cl enex image analyzer Vision PE 3.5 that was
cal i br at ed- t‘Bhetietidafeclpy hi Whesainitehsyzse opaghngss of paid pxidis]sl ie bemgen or thi s
magni ficati Oaﬁ%but?(?? cal ;lﬁ%ql%igen resulted in 0.0446nm pi xel resolution. The
i mage anal ysi's sy's(gem neasured particle size and shape paraneters on a
particle by particle basis. Measurenents for a popul ation of at |east 50
particles fromeach set of experinents were fgenerat.ed.automati cally by the
C emex i magel lsrRaryclept clym hewbgreiadhe sbertitael yikrprgle iness thaebodhal yzer
device to degyhye the nmeasurenents are found in the "Definitions” section
above and can also be found in the Cenex Vision User's Guide PE 3.5
(c)2001. Surface roughness and sphericity were cal cul ated and are reported

in FIG 1 (able.(ﬁ%' addition to i ght | oss and specific surf area
for each festic nagddls pbeimm whetiipie ety of Bt PErR v ieRtER §95 Tanl o
m. to about 0.6.
5. The particle of claim 1, 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.

6. The particle of claim 1, where the size of 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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Equi val ents [114] Al t hough the invention has been described in connection
with certain exenplary enbodinents, it will be evident to those of ordinary
skil'l in wbeonva3di7hat many alternatives, nodifications, pamaSe@mioatisBdns nay
be made to the disclosed invention in a manner consistent with the detail ed
description provided above. Also, it will be apparent to those of ordinary
skill in the art that certain aspects of the various disclosed exanpl e

enbodi nent ould.he used in conbination with aspects of any of the other
disclosedliﬁﬁﬁdpﬁéﬁ?gyé?nqhéW?m%WF d%TW@%@”?H“ﬁ?B&ﬁ%@ﬁ%H%F fonal , but not
herein explicitly described, enbodi nents incorporating the clained

i nvention but nore closely adapted for an intended use or perfornance

r equi r emen2sTheAmetaridphghiyn 1j whéreiniimsad gedictarangeslin siggdiomadtoat fdt i ves,

nodi fications. and v ritt' ns that fall wthin the spirit of the invention
are enconpa§§53nhpf%9ﬁa¥E@I%%%ﬁ% of the appended clains. CLAIMS 1. A

nonocrystalline dianond particle having an irregular surface, wherein the
surface roughness of said particle is | ess than about 0.95. 2. The particle
of clai m 13. AemertystaHime shignpendepariéiig hmasg a sphesigity opkest then ebeus Ok ween about
0.50 and about 0.80. 3. The particle of claim1, wherein the sphericity of
said particle is |less than about 0.70. 4. The particle of claim3, wherein
t he spher il¢iThe mirtidabicipiai 13,0beréis thedphedityadioulid fuide sabatol? tOatut 5. The
particle of claim1l, wherein the surface area of said particle is greater
t han about ZbSpercent hi gher than a conventional nonocrystalline di anond
particle having the sane particle size distribution. 6. The particle of
claim1l1, where the size of the particle is between about 0.1 to about

15. The particle of claim 13, wherein the sphericity of said particle is about 0.25 to 0.4.

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

roughness of said particle is less than about 0.70.

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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1000 mcrons. 7. The particle of claim1l, wherein said particle conprises
one or nore spikes. 8 The particle of claim1, wherein said particle
conpri seswonelons3smre pits. 9. The particle of claim8, panarsesna/ shaes dept h
of the pits ranges in size fromabout 5% to about 70% of the |ongest |ength
of the particle. 10. The particle of claim9, wherein the depth of the pits
ranges in size fromabout 40%to about 60% of the | ongest |ength of the

particle. 11. The partjcle claiml, wherein said particle conprises a
metal lic %i-a?ierf&‘?tgﬁé?% Jhien ﬁ%wffq&% s matalicpune e nnickelsai d particle
ranges in size fromabout 0.1 mcron to about 1000 m crons. 13. A
nonocrystalline dianond particle having a sphericity of |ess than about
0.70. 14. 23hBhepaethpe beclafm &§.avirardi8 saidhenteigsterheonspives hesiting saifl nseddld particl e
is about 0.2 to abou&FO.S 15. The rBjC|%pOfHﬁ#8in]13’ wherein the
sphericity ofPa&diP4rislesis @ tenpatypsaeliat i Bt 4% 16. A nonocrystalline

di anond particle having an irregular surface, wherein the surface roughness

of said particle is |l ess than about 0.70. 17. A nonocrystalline di anond
particl e @B. Bicanethodof Hawi hdy vereré¢in thegpdrentagaof aweyl codtergdpabtasecsur f ace

roughness of said particle is |less a bout 0.60. 18. A nmethod for
producing|ﬂﬁﬁ?@%ﬁ£gépﬁgbyg ﬁg??(%VEQYR ®nprising the steps of: a)
providing a plurality of abrasive particles; b) providing a reactive

coating on said particles, c) heating said coated particles; and d)
recover i ng4nbti metbed abelaisi V& wherein siid gnodified dirgsisapadtitodhdvicad aapeasi ve

particles hayg g |3U draGse 1RNIBBEST, L drida? i gh? BP R PAME1D- 95

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 claim 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 roughness of said

particle is less than about 0.95.

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

between about (.50 and about 0.80.
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19. The nmethod of claim 18, wherein said abrasive particles are di anond
particles. 20. The nethod of claim 19, wherein said dianond particles are
nonocr ystwbl2ormessizanond particl es. 21. The net hod of cl aiParAB2000i06T183 N sai d
nmetal coating conprises nickel. 22. The nethod of claim 18, wherein said
heating step conprises heating said netal coated particles to a tenperature
of at |east about 7000C. 23. The nethod of claim 18, wherein the percentage

of net al ing tQ abrasive rticles is about. 10 .%taQ abo t 90 Wt %
o The b e e T R BT St S STl el P RaRtRS] o5 haye

an average WRh9Mouk 039 of nore than about 5% of the original weight of the
particle. 25. An abrasive grain produced by the nethod of claim18. 26. A
tool conprising the particles of claim18. 27. A polishing conmpound

conpri sing,the rticl of cI 8. A slurr onprising. the particles
of "1 ar m 36 TSRS S A LB i T at g PP RS par ol es o
cl aim 18. 3meﬁmﬂﬂﬂ%Q{W§§ﬁJﬂkﬂﬁodlanDnd particle wherein the surface
roughness of said particle is |less than about 0.95 nade by the process of

claim19. 31. Aplurality of dianond particles wherein the aver age surface

rough”esssg’fTﬁegiagucﬁgs' S Gl 415 wWhERsh Ak Oﬁa‘i’ﬁc’:iés Sngefm 4 fror &ﬂ”' cles of

claim 31, "wh aver age sur e sal |cles IS

bet ween abouhwﬂnﬁmxBﬂﬁxa@ﬁwtmeuﬁ@meﬁnmﬁhe particl es of cIa|n131, wher ei n
the average sphericity of said particles is |less than about 0.70. 34. The
particles of claim33, wherein the average sphericity of said particles is

e o, B R PR B SRR LRl of ol alm 31 wherein I
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 (.95;
affixing said material within said holder;
placing said material against said lapping plate on either one or both sides
of 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 slurry

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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mcrons 0.1 mcrons to about 1000 mcrons. 36. A nethod for |apping a

mat erial conprising the steps of: providing a material; providing a holder;
provi di ngve 20mppBs3Tg pl ate; providi ng an abrasive sl urryPcorgseemiosy3abr asi ve
particles wherein the average surface roughness of said particles is |ess

t han about 0.95; affixing said material within said hol der; placing said
mat eri al agai nst said |l apping plate on either one or both sides of said

material; rotating said |.appj. | afe; rotating said hol der, .apnd said

mat eri al agai nst swangaﬁﬁipﬁbﬂﬁmgwé ol rélﬁ‘&l“%???é cQmPHSIgR YL A0S YFurry to
sai d | appi ng pl &bgpoWiesilhtry 2d6het kil araPiaggs said material until a
desirable material thickness or surface finish is achieved. 37. A nmethod
for polishing a napdrshalg sesimmaterilngtit hdestablesudfice fpmiely prlbnd netovad er i al ;
provi di ng an abraIEsH.li ve, conmpound or slurry on a polishing pad on a rotating

t ool , wherein sdf e‘éﬁfirasive conpound or slurry conprises abrasive particles
wherein the average surface roughness of said particles is |l ess than about
0.95; rotating said polishing pad on said rotating tool conprising said

abr asi ve édnpowptiipddor prodpeipe pbiasive gasigled hpong 8 wnisge sadasmeaheloent at i ng

tool conprj si i rasi ve conpound or slurry against said material; and
pol i shi ngcé%t)]ggrﬁ%@ggf%?()gnti | a desirable surface finish on said materi al
i.

is 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 are 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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achieved. 38. A nethod for producing abrasive particles having a uni que
surface norphol ogy conprising the steps of: i . providing a plurality of
abr asi ve wenvioi3sws ii. providing a plurality of netal paTttiseée®s7183i .

m xi ng sai d abrasive particles and said netal particles to forma m xture;
iv. conpressing said mxture to forma conpressed m xture; v. heating said
conpressed m xture; and vi. recovering nodified abrasive particles. 39. The
nmet hod of claim 38, wherein said conpressing step conprises formng said
mxture into a pellet. 40. The nethod of claim38, further conprising the

step of addi ngTge BicafRIof cfblm 3RNGnARINASH ﬁﬁt)di‘fﬂea'aﬂ}a%e phhRI&iHAySal d abrasive

particles are monocrystalline di anond parti cl es. The net hod of claim
38, wher ei n ayaiage wmghlt kp'alof mr@@laaa@utﬁa% cpfeth¢ wcigé9108ﬂ®mﬁdﬁ@d teet hod of
cl ai m 38, mhereng. % St%ﬁ q&(%f ng said particles and
sai d netal partftis %SaSéV Pé‘ AP PR ﬁaé fout 7000C. 44. The

nmet hod of cIa|n138 wherei n the percentage of abraS|ve particles to netal
particles is about 20 wt%to about 80 wt % 45. The nethod of claim 38,
wherei n s&bd nbdimebpagticlesmade ‘@aﬁlﬁlf@t@@ MlemaiB- aver age wei ght | oss of
nore than about 20% of the weight |oss conpared to conventional abrasive
particles not subjected to said nethod. 46. Di anond particles made by the
met hod of 42! ai Th3&ethbd. of Thémnte twheckiofn wldpamidles whge @i dived filord aboutar t i cl es

range in size from about
micron to about 1000 microns.

48. The particle of claim 38, wherein the surface roughness of said particle is

between about (.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 a 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 to
about 0.5
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m cron to about 1000 mcrons. 48. The particle of claim 38, wherein the
surface roughness of said particle is between about 0.50 and about 0. 80.

49. The paot2ols3zys cl ai m 38, wherein the sphericity of psaius2@ansiicie is
bet ween about 0.25 to about 0.6. 50. The particle of claim38, wherein the
surface area of said particle is greater than about 20 percent higher than
a conventional nonocrystalline dianond particle having the sane particle
size distribution. 51. The particle of claim38, wherein said particle
conprises one or nore pits. 52. The particle of claimb51, wherein the depth

of the pits ﬂﬁ@gﬁén&ﬂ éﬁﬁﬁeﬁmﬁﬁh@B%%kwﬁﬁxﬁ@zéﬁ autufQtk@ate, WiRrdipngest length
of the particle. %he particle of clai m38, erein said particle

conprises a nesmﬁkﬁeomﬁmeﬂnjsmg@aﬂmkned@eMymu@buﬂhéOd|anond particle having
a sphericity of less than about 0.70. 55. The particle of claim54, wherein
t he sphericity of said particle is about 0.2 to about 0.556. A
nnnocrystallymesgh@ya@ﬁ @gﬁglcle haV|ng an irregular surface, wherein the
surface roughness of sald article is less than about 0.70. 57. A slurry
conprising: a . % pbPlraity pymenogpiialting dragiond partigicsnond particl es, wherein

the average surface rs»%g%ﬁ§ﬁa%&n%%%gﬁgaﬁ%hgéﬁgs6%%(@%3&&%@&1@@%&&,0 95; b.

a maj or vehicle selec rom I'es
gl ycol based vehi cl es, zmbht@QSed vehi cl es or hydrocarbon-based vehicl es and
conbi nations thereof; and c ne or nore optional additives
b. “a major Vehlcle selected from the group of water-based Vehlcles 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 to 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 modifiers, 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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58. The nethod of claimb57, wherein the average sphericity of said
particles is between about 0.25 to about 0.6. 59. The slurry of claimb57,
wher ei n swodonsssyad particles are in a concentration ofCahsat0905033t 0
about 60 percent by weight. 60. The slurry of claimb57, wherein said
additive is selected fromthe group of dispersing agents, pH nodifiers,
surfactants, defoaners, wetting agents, viscosity nodifiers, secondary

abr asi ves an lor nodifiers. 61.. The slurry.qf claim57, wherein the
Cotal mater G %ﬁ%#ﬂVé(|0?61alfa %Wgﬁrﬂ@ct St sgioBy Ohe YogREcedbout | 50% as
conpared t0 a $diakdd GPRUBIPLRG DDS a%%@ﬁp@f@@@@ﬁ_sﬁlfrrﬁ%méﬁﬁﬁg Meahme

monocrystal |l ine diamond particles of the same size’ 62. The slurry of claim
57, wher ei n t hemaveirdgenveatienal myengphresdineglizraodutestidys elf thé same siabant 20% as

conpared to a slurry containi t he sane anpynt . of entiona
monoerystal || nddl sHehd barvrares srtna SOy Rok IR OB 81 ol ai m
57, wherein t heluh9tcdhtaffh©ihe@hme @fUAl of@bn FentiBhARh@fRrystlliRcligaasad by at
| east about 20% as conpared to a slurry containing the sane anount of
convent i onal nbdEley ot Hiclseme steanond particles of the sane size and the
average wafer roughness is reduced by at |east about 20% as conpared to a
slurry containing the sane anount of conventional nonocrystalline dianond
particl es of64 Tae san® ofickém 564whdibi tht uorpialk icbaddrdfomwheg@up of he
wor kpi ece is selected fromthe group of silicon, sapphire, silicon carbide,
gl ass, quartz, S&PMiSapPRMCt vilieRn Coelidp dilg Wy coNie nBFde. chepard cer ani cs,
car bi des, cer metsicoRAIWIE Rotals URRIARY A5iYes CUMOS! fiPmers! HpefaBPhsive
pol ycrystal li ne conposités, stone and gem stones.

composites, sintered polycrystalline composites, stone and gem stones.
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