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APPLI CATION(S) BACKGROUND Fi el d of the Disclosure [0001] The present
disclosure is directed generally to abrasive particulate materials
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applications, for exanple grindi ng},& ol i shing and finishing surfaces
in avariety of applications. Abrd%i V&4

powders can be utilized in
dry or wet form wherein utilizifg%the &#F8si ve powders in a wet
formtypically requires the dispersion of the powder in a solvent to
create an abrasi ve CROBS-REFFRENCE TICBREBATBBI ARPISCATIONE)ar e conmonl y
used in polishing applications, such as chem cal .nmechani cal
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slurry is particularly relevant in the sem conductor device
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Abrasive powders can be utilized in dry or wet form, wherein utilizing the abrasive

powders in a wet form typically requires the dispersion of the powder in a solvent to
create an abrasive shurry. Particular abrasive shuries are commonty used in polishing
applications, such as chemical mechanical planarization (CMP) in the semiconductor

device manufacturing industry.

{0003] Characteristics of abrasives relevant to polishing applications, such as CMP
include material removal rate, selectivity and defectivity. Material removal rate is a
measure of the capability of the abrasive slurry to remove material, over a length of
time under fixed polishing conditions. Selectivity is a measure of the ability of the
slurry to remove one type of material (e.g., a metal), while leaving a portion or
substantial portion of another material intact (e.g., a dielectric). The selectivity of an
abrasive slurry is particularly relevant in the semiconductor device manufacturing
industry where it is desirable to uncover layers, or portions of layers, underlying a

layer of different material, leaving behind a planar composite surface.

f0004] A common problem associated with slurries is that the particles are

predisposed to settling or forming an unstable suspension. Often, additives or other
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WD 2007/ 047547 PCT/ US2006/ 040295 stabilizers are added to the slurry
to inprove the stability and hold the particles in suspension.
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principally softer crystalline particlés (relative to al pha gl um na,
such as t remssialjatepits use is limited to certain applications due to poor selectivity an

tendencies to produce undesirable surface defects such as scratches and orange peel.

[0007] In an effort to reduce the surface dafects and poor selectivity of slurties
containing primarily alpha alumina particles, softer forms of abrasive particles (e.g.,
aluminum hydroxides and transition aluminas) have been combined with alpha
alumina particles. See for example, Wang et al. (U.S. Pat. No. 5,693,239). However,
such slurries have been characterized as having limited specific surface area, and

testing has revealed generation of considerable surface defects in CMP applications.

[0008] Other abrasives compounds and abrasive slurries have been formed to contain
principally softer crystalline particles (relative to alpha alumina, such as transition
aluminas). See for example, Chelle (U.S. Pub. No, 2005/0194358), which discloses a
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of an amo E(ﬁ))?lo]u'%he industry continues to demand abrasive particulate matesials that provide
high selectivity with attendant desirable n;aterial removal rates. In addition, the
industry also needs materials that are capable of being stored or shipped in dry form
and capable of being dispersed in a solvent to form a stable, ready-to-use shurry with
minimal stabilizing processing. Alternatively, instead of dry powder, the industry
would benefit from alumina suspensions that are colloidally stable (exhibiting little or

no sedimentation after extended periods).

SUMMARY

[0012] According to one embodiment an abrasive particulate material includes
alumina particles comprising transition alumina and at least 5.0wt% of an amorphous

phase, the alumina particles having a density not greater than about 3.20 glem’.



phase, the alum na particles having a density not greater than about
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removal r&Pe¥ 3020@’}‘:;830 herg F?‘egvaﬂcé"glfse“%ﬁ%%%gﬁ%‘%l g\;%rt%ée]t y of
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[0016] According to another embodiment a particulate matetial includes alumina
particles comprising transition alumina having a turbidity of not greater than about
200 NTU, wherein turbidity is measured at a concentration of 0.50wt% alumina

particles in water,

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The present disclosure may be better understood, and its numerous features
and advantages made apparent to those skilled in the art by referencing the

accompanying drawings.

[OOISj FIG.1 illustrates a bar graph detailing the material removal rates of
commercially available silica and a variety of shurries containing alumina particles

calcined at different temperatures on a tungsten (W) surface.



WD 2007/ 047547 PCT/ US2006/ 040295 [0019] FIG 2 illustrates a bar
graph detaili nog oxi de material renoval rates of comrerci all
avai |l abl e PRI a variety of slurries containing aPGRUB#06/040295

particles ined at different tenperatures. [0020] FIG 3
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feedstock particles to produce an abrasive particul ate nateri al

cont ai ni NGpd2hAREd 19 stk - : .cles generally are
f or med prignci]ga_ll 1of?tran itiognthuz;l%ﬂ%ﬁgg,%&gﬁgd B%ﬂa%ﬁg}%%gﬁhed
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(al t er nat funsfign efdalcdningtempesgjure.o convert a boehmte precursor into
boehmte particulate material fornmed of particles or crystallites.
Heat treatgment TheudheheGaik | - ite particul at.
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al unmi na f eridpmipal s eedst ock particles. According to one aspect, the
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descri bedggangLalihiy, TS 0f _pRrimary (and secondary)
aspect rab) gﬂand dgs%%tg%pﬁeﬁe?{egg%&iz’ ‘7?%47547 PCT/ US200G 040295

[0026] According to one embodiment, synthesis of an abrasive particulate material is
provided that includes providing feedstock particles and milling the feedstock
particles to produce an abrasive particulate material containing transition alumina.
The feedstock particles generally are formed principally of transition alumina, and
may be produced through a bochmite conversion process such as through a seeded

processing pathway,

[0027] Seeded processing includes providing a boehmite precursor and boehmite
seeds in a suspension, and heat-treating (such as by hydrothermal treatment) the
suspension (alternatively sol or shurry) to convert a boehmite precursor into boehmite
particulate material formed of particles or crystallites. Heat treatment is then carried
out to the boehmite particulate material to effect polymorphic transt;ormation irito
fransition alumina forming the feedstock particles. According to one aspect, the
boehmite particulate material has a relati;,rely elonéated morphology, described

generally herein in terms of primary (and secondary) aspect ratio and described in



nore detail below, and the norphol ogy of the boehmte is largely
preserved in the feedstock particulate material. [0028] The term
"boehmit e" WR2WENEFH| |y used herein to denote al um na hygFEEWE6/040295

i ncluding mneral boehmite, typically being A12G8BH20 and havi ng a

wat er conte desail baltre, anddee mofphoBgy okibe bedhinitads lpebdobmeetedit the havi ng
a water c ' . . 15% such as 20-38% by weight. It is

not ed tha?&ggtgék e %t%éjlr&%?l Nng psuedoboehmite) has a particul ar and
identifiable crystal structure, and accordingly unique X-ray
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or 6:1. Indeed, the boehmte particulate material in certain
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than 14:1. Wth particular reference to needl e-shaped rticles, the
parti cl escoraspop prepypetyerteria hagdlerain for s fapridatieedfhoghmise partionlstecondar y
aspect ra;n:a%ﬁgﬁ]‘i ned as the ratio of the second |Iongest dinension to
the third longest dinension. The secondary aspect ratio 1is generally
not greater than 3:1, typically not greater than 2:1, or even 1.5:1,
and of t e[f0PeBrimpy @spert wtio Théelwed @ngarayio &€ pedengesitdimensiondp e ngxt

descri bes g&ﬁ% - i Al I pl ane
per pendi C{Jo?]g(l%t 0 ﬁgn?gﬁé}é@@ﬁ%‘iﬁgﬁggﬁ cgr%t &F%ﬁslibg aﬁgésle%eﬁk}lﬁg 5ﬂgtllgscse t he

t er m aspethan 24t awl preferabidndidese thanB3dl, ddnot tel.t ldeadathie boetfmitdyerrtidudatgest
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or ey - efelIR oG e BOBER s R RPR D eiebbesf e des s SHE ineS

boehni t e ppadteyios moplesd hiue8:1stiahedd irptdel cade nog BRethah 1 ¥:1hawigh an

el ongated st.rycture having.th rimar spect ratiaos _described above
in connecP%ﬂH‘ﬁir’P I@ﬁ@%&%@ﬁ-@ﬁ@%ﬁg@ﬂ%gﬁﬁp@%@s €] at el et -
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oftentimes about 1:1. The secondary aspect ratio generally describes the cross-

sectional geometry of the particles in a plane perpendicular to the longest dimension.
It is noted that since the term aspect ratio is used herein to denote the ratio of the
longest dimension to the next longest dimension, it may be referred ag the primary

aspect ratio.

[0030] According to another embodiment, boehmite platey or platelet-shaped
particles generally have an elongated structure having the primary aspect ratios
described above in connection with the needle-shaped particles. However, platelet-
shaped particles generally have opposite major surfaces, the opposite major surfaces
being genefally planar and generally parallel to each other. In addition, the platelet-
shaped particles may be characterized as having a secondary aspect ratio greater than

that of needle-shaped particles, generally not less than about 3:1, such as not less than
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that of needl e-shaped particles, generally not |ess than about 3:1,

such as not less than -6 WO 2007/ 047547 PCT/ US2006/ 040295 about 6: 1,
or even notWO¥9F47hHn 10: 1. Typically, the shortest di nBEEUSHI@HIBIge
di mensi on, perpendicular to the opposite nmajor surfaces or faces, is
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particul ate %&t eri él ffs’gan tﬁgégeg%#gi}?%%?& e??%?é"%gﬁﬁ’gﬁ%‘%%‘{éeﬂgl raftllctl:eusl%et e
mat eri al , ‘eReERRME e abritd 08hernemetsrd andsfall withirt 2 whee of about KGab | er

t han 250 r than 225 nanopeters. ,One
range for rl@g@g%ig%& Sdm&t%ﬁjr?g e%%@%%? icre'ST8 Pﬁmﬁg%\ﬁef’ﬁ?"ﬂ’ %
range of ns0ereaierZBd avanoifidtenemetel E0tmnpnaet sEH0aAGhEERIsNS® Of

certain e ' t the smal | est aver article size, is generally

T ted, - SAAR AR B0 oG an R AR el et B EoB et o1 <

(parti cul amkNeritlmnt306 nemseetat, rppradonting ©LY S@ticudas fafuhRle (HBdafkal a
125 nanoneters, or 135

m ni mum pakrticle, size .of, 110 nanoneters) 0 i
nanonet er § % %%Eﬁmti?ar&g‘élate ﬁé@rteé’fag,eg%%ﬂ meg(s FrescyEhoNate avec Brtde sig
connect i osmulidr thai2g nasdReRdrs,saéH & noP RNE} then PEY \dneibRte dmtrglg]g'e%r i's
used to denotebtpghe#average | ongest or | ength dinension of the

particl es®VERRE HremgieB Hosrlign aiibaye nesedt OdmBUtnanometsys.
convent i oN@k t£HBERE EStstrfidlsioP BertaBe I @Vt %hegs%{éﬁgﬁlakr&aéc{%gﬁag %&g to
measure average particle size, since characterization®technology is
general | yl%&g%ralbuﬁ@ﬁech suhsas mablesschan aboutt 75 taeopatetsi t0amnametespher i cal

or near - Sghgfd; in A& CLdi . ticle size vvaszgg term ned
by taki ng nul t%gkénreprg;ygﬁtgﬁﬁ?@%g%%p g@l%%}cmaﬁ%réal%m%p ?%f:i cul ate
size of 110 nanometers), 125 nanometers, or 135 nanometers.

[0032] As used herein, the “average particle size” in connection with high aspect ratio
boehmite particulate material is used to denote the average longest or length
dimension of the particles. Due to the elongated morphology of such embodiments,
conventional characterization technology is generally inadequate to measure average
particle size, since characterization technology is generally based upon an assumption
that the particles are spherical or near-spherical. Accordingly, average particle size
was determined by taking multiple representative samples of the bochmite particulate
material and physically measuring the particle sizes found in representative samples.
Such samples may be taken by various characterization techniques, such as by
scanning electron microscopy (SEM). The term average particle size also denotes

primary particle size, related to the individually identifiable particles, whether



mat eri al and physically neasuring the particle sizes found in
representative sanples. Such sanples may be taken by various

char act er i 242 *9#%47&hni ques, such as by . scanni ng el ect PERURBYHEWSpy
(SEM . The _term average particle size also denotes primary particle
si ze, rel atigrgrsee of taslomparatod Suas) Of cause hgolamdratepbaveiaconparatibey her - 7
WD 2007/ 04 A 4 . di r_aqgl rated forpns. O
cour se, ang%gerrBé@g&é y %g%g {Zg %@%%atﬁlgb ?‘@g{eg 8%5%6%’?%@?@&3“&8 rnf%?"tf{;i

si ze, and thepregdnediscrposésesabt foedsamenglongraidwzihgehn te material, the
present disclosure does not focus on agglonerate sizing. [0033] In
one enbodi : e particul.ate material _has_been
found to [Egj\% I%E’Jﬁ]é.a%“zﬁ"g\%g%‘é’g‘ggg%? %Cﬁ?ﬁ% t?’?@%m‘flﬁte E[eém:l E@ﬂe@n fCiu{lgi s
not ed t hatto dfiteenfinermsragapartiele sizet Brthiswegard, irapastb@thapeitdntialeginsthZes are

not set f i.h.th ont. ext. of aver as in the present .

speci f i cagi |{t%r%t,mebﬂetm§%{%"’é{i§e PRk q{%n%tc?%%gé}ﬂ indhe et 8f avemregRayip the
particle giraest spetéfidavien Hut iy HetRhtekNTREGIHPRNSE oBRRRISSZQf the
boehm te naterial . Accordingly, .the aver age particle size wll lie
within th e’f“é%‘lot?‘inéa ¥Séﬁ%£;’é’51? ﬁ%/lh%f PPl ohtie bogduntermaterjeladecerdisaly, t he
arithmet i ehd@vdp@t Bhrtiek si2B%vin GR¥hih8on i t ian
particle si zeﬁgi gt ri butjon. Stated Eafk?glﬁﬂr?ar%%elfl@% %ngg %gfr(%i?ygt?t

t echnol ogi®Bt i arilapeficmidpeiat offhe repetted rengeefor hectrpédtercGaisgiamgarticle

general |y sgg H%&?o%ﬁ%ﬂesﬂaﬂ&’%ﬁeﬂl&tmeh, g{luéégﬁlé;r%ﬁq%%gglg%%ﬁr'kac Lr\?pso Stimzee

di stribution and not average parti T a
sim|ar nmitAfele sizehwich Bog sizing gonardly dmptes the dawdr disnigefiumrobkdryed particle

correspongizggﬁ&nﬁﬁ Et{cﬂ%?aﬁg%ﬁ}af%:?tsi'o taken fromrepresentative

sanpling, rather than ‘upper Wet“Timts associated with the
aspect ratios of the precursor particulate material. Otentinmes in
t he |iter &0&#leLikewiporivedimiar riapher, the pbate-repirted sspmeeratios ggetalljorth  in

th t . in.th t ification, b t her,
i nthe. contanroRy 6 RARRES alhely e BLESRI 1RGNk FerPle Hbeifia

physi cal bpgpeckinenlinits saogikted with thdwpedpaitivs 6Ltha bR clifbSfaidulate :
Accor di ngl .tapeo ver age as ct ratiowill |ie wmthin the reported
range in F%teenpr'i ] o tﬁﬁ@%ﬁ?ﬁ”ﬁ’ gpo d’ﬁFm{e‘r?éP%ﬁ‘ﬁUﬁﬁéﬁeil@tFﬁt&?@i nt of
St 11 DUt on. St ot od ol tor nat Lyey e A ey
t echnol ogP¥e&l gee%ﬁfﬁeoh?ﬂ%‘!l‘eﬁr"ﬁg frgm phyeieal nspectign ok pamnlss ofdemot es

;C g r Lg\é\/e;g%rieiﬂléte ?fgg?igl. obsRfdifsly aBPRctagk 3led: I il RAbARR tﬁ@gp&%d
range in the prior art, generally at about the arithmetic midpoint of the reported range,
for the expected Gaussian particle morphology distribution. Stated alternatively,
while non-seeded based tech.nologieé may report aspect ratio, such data generally
denotes the lower limit of an observed aspect ratio distribution and not average aspect

ratio.

[0035] In addition to aspect ratio and average particle size of the boehmite particulate
material, morphology of the boehmite particulate material may be further

1

characterized in terms of specific surface area, Here, the commonly available BET
technique was utilized to measure specific surface area of the boehmite particulate
material. According to embodiments herein, the boehmite particulate material may
have a relatively high specific surface area, generally not less than about 10 m% g,

such as not less than about 50 mz/g, 70 m*g, or not less than about 90 m?*/g. Since
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[0035] In addition to aspect ratio and average particle size of the
boehm te particulate material, norphology of the boehmte

particul at 0&p4’87 may be further characterized in t BEWHSP6/040295
specific surface area. Here, the commonly avail abl e BET technique
was utili z@dﬁi‘ceuwfmms sﬁmcildin af ;attrcﬂeau@'phfpleﬁy wiwalles pesiskize

particul ate terial ordln te
particul af@® Fﬁﬁé]?q %’Fc‘ﬁﬁ§m aﬁ%\%?a POC{Q ﬂ%%ﬁﬂag{a?g?ﬁdgr}gdg%m
area, gengsRkd tHaWoul EHorBbam® @b@pémﬂ@raﬁ@dsgbr susfacearegsar about &8 s tghan
about 50 nR/ 40 n2/g, or not less than about 90 n2/g. Since -8 WO
2007/ 0475@72(%@//@82006/ 040295 specific surface area is a function of
particle norphology as well as particle size, generally the specific
surface argpasioTugiraad Eﬁm&taﬁs mﬁﬁe bﬁﬂ&shd‘!gmhbimhb s¢b(d@d h@ahgﬁtes uch as

| ess t han about 350 or BOg CI fic ralg él%féfetar ea are
about 75 Bitiighlategnasesil wey ge ﬁﬁ?r t ohdenaee t he
prOCfeSSfS %emmﬂe% i%%ﬁél?ﬁ'ozﬁ@%@ﬂﬁ; rscaﬁgdrcwxadll@ ammnmhs may be
manuf act ur e

enerally ellipsoid nee | at el et -
g y € Feap

boehni t e arastirbingksding bwiite 1@6@% P b TG 8P ig'n al umi nous
mat er i al | hHéjd ﬂqllé)@o%(Sfoov%élﬁﬁa%n% des@ﬂbéﬂ)ﬁ@f)@ erent 4 7eat ENt  as

gener al | y escribed 1n the conmonly owned patent described above, US

Pat ent 4, me iﬁi:@ﬁcalllmrﬂ@ sepedibbpluaite Sartiquiste satstedaydeHmE Yarticul at e
mat er i al oS LR preE B ol BORMBaAL L Romg a0

boehnite & n suspension, exposing t suspensi on (alter natively
sol or sl @ﬁsrpyﬁmdrqﬁhﬁaitn{ebmi mmhlrrﬁ)cbo h@usfemmgmt\i@pmseppwrsmé ftheaw

material into boeh, tIC o | I by

t he boehnid®magsaly Fﬁua}gtﬁgt? hep gﬁjme nﬁp‘%&r%gé}j ﬂIgeeHr(:’er al
carried Ougeds ero&r[tlealzﬁ ggga@m Iﬁﬂmglegmr&lly ctiat! oirsin ah BUBBCTEUE ocI ave,
such that an el evated pressure is g&ntgrate t%{lnp %‘5‘? %g?srgqe@g The
pH of t he eBYEwEEh Gt iss g8 futosiav s S HBEFFFEHPE VAT U ess than
7 or greatgf éﬁ%ees%ngamé ﬁfh@fm@atmﬁsﬁnse@@eﬁmyeauammaaramroﬂm e
size finer than about 0.5 mcrons. Generall

th |
present i haary cresenar ﬂgqﬂesaﬁ@ Fha‘?bﬂu%?ﬁm?%l%)ha p CSIFZ %ﬁ% t%ogf}ma'[ 2
precursor {caly %ﬁﬁ'&g WO He se@t{éﬁla.\{iﬁé’é dr® frebent uﬁaﬁlrdhh(ﬁﬂt prehtenthaa
éa s

terrperature gr er than about uch as greater tgrg{ﬁ ahout
125C, or eveut 1§t baweight ¢fahe bisbwite PEOWsOTARRlcHped aph Qe sl 9gtpe 15
autoge nousclal\ﬁl-led%ep i érggaat{l%pérga?érlt?(an%gﬁ{rﬁﬂ@ R as greater than about

125°C, or even greater than about 130°C, aud at a pressure that is aufo genously

generated, typically around 30 psi.

[0037] The precursor particulate material may be fabricated with extended
hydrothermal conditions combined with relatively low seeding levels and acidic pH,
resulting in preferential growth of boehmite along one axis or two axes. Longer
hydrothermal treatment may be used to produce even longer and higher aspect ratio of
the boehmite particles and/or larger particles in general.

[0038] Following heat treatment, such as by hydrothermal freatment, and boehmite
conversion, the lquid content is generally removed, such as through an ulirafiltration
process or by heat treatment to evaporate the remaining liquid. Thereafter, the
resulting mass is generally crushed, such to 100 mesh. It is noted that the particulate

size described herein generally describes the single crystallites formed through
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[ 0037] The precursor particulate material maybe fabricated with
extended hydrothernmal conditions conbined with relatively | ow
seedi ng | eV¥? P0FMISHci dic pH, resulting in preferenti aPCHE8RPH8IOS
boehm te al ong one axis or two axes. Longer hydrothermal treatment
may be us@wcesings other than therngkages Whidldmay timain mosdein embpdisent  t he

Fol | ow ngAEatc 13 Rl aflel e AR EL B L mh Bl P hont and

boehm te conversion, the liquid content is generally renmoved, such
as throughota®i dbcardifip ka dad gadheredy soved sarmbleb mati ba madifedtdueing theo

evapor at e _t he renai,ni li.quid, I ter t SS is
gener al | ypﬁorc‘ffgﬁlég)? h%el})gﬁhl'{l.%e Hﬁgcurlr%gﬁa%ﬂ%l’ ?’sef%%{}g%désﬁg?htoh%%% ticulate
si ze descThaedahsbiaimtabnacabie she et taiesthattie tisd migd of lnrehsital | i t es
formed through -9 2007/ 047547. PCT/ US2006/.040295 rocessi.n

ather t hAOUHY R e A S SRR AR ST S CHBR AT s
(e.g., foprdebemg (@ weuadibe tdiaive Hllbvel)pindahe REPERYIRE ohichisdirbaly) -

[ 0039] Accordi hg to data gat hered, se\égr | vagri abl es TSB?/ be nodified
during t hEOPPHIgERILS PIFEsUsT Tk aRAUGEIANT B 3@?@? EfvAoBMGRY gf fhy pystem.
to.effect the desired norphol ogy. These variables notably include
the weig htooagt InGarfidudd, Wisen thEGeiphf fefo BimdIORIAGHIR holiREUE Skr t O

boehm te see the particular type or species of acid or base used
during preEblscarptanhdhmiape sl st s gt fm%%by?m@m ate

t enper at Ug B whire tholiffiedl F8FEdathpld HARDHHEQRRAL istcRrrRAQS 8I°E fhritwan

aut ogenous hydr ot hernmal environnent) of the S)ést em [0040]. In

parti cul aboufiten? whightv ritiic apidisptipn, 2P9d0t4 Bdrooshmts ssed @HAE™Ee ot her
vari abl es S L8, Wy LGP Rebledrf Smf @Ay t he
boehni te Bgératﬂ‘;s%%ﬁéﬁpe rr%f%ri a %g%jaeﬁjﬁélgsl ibgd. F%I;%exaégl 3,' when

pr ocessi ngthes the ¢ Fi:bekhatitels8@iafio ks edused toguvaduei af 88:20, e patieleso nitri c
acid solution, a 90;.1 - boehmi. ratd Q. f haped
parti cl es%‘(%ﬁﬁ WY ﬁ%lpgc@§gglg%e§ gb ﬁ%(‘)@%fﬁ hgg%%egg%(?{ssor ; epfeggctze?r;ﬁtg rast,
when t he ATHOhbepatitles ieonie hadrisphéral eduorthgl nwsvigbisellothe 80020, t he

particles econe nore elljptically sha . Still. Rat her en the
ratio is Pﬂ%[“ﬂ rpr?célﬁfﬁﬁgﬁmceb&%@?eﬂf)%é Phé S&ﬂﬂﬁéevteéso-‘@gé‘bcﬁé‘s nOLIeSS
near-s pheﬂiaﬁaigoutg\ggo e BO:QDY Howesdr, tb \lﬁﬂsiuﬁ@ddﬁguﬁt&%eﬂjﬁg ilsgeksgo pimﬂﬁ)ltfmh ite
precursor to boebmte seeds is_not |ess than about : 40, such as not
less t haﬁleaﬁ?@lﬁ‘ﬂfﬂ?ﬁl?@d“?ﬁjg@egé@?t ipgeaue e veeifa @?@&Eﬂf}ﬁ?@c%ré%rdi ng

level's t OPEQRRRHE secif R dehOBIIPAGH Gkt Bl BRIORO! BA¥ed dithe Estegbos, bed,
the weight ratio of boehm te precursor , . ) i
increase in weight ratio generally increases aspect ratio; while a decrease in weight

ratio generally decreased aspect ratio.

[0041] Further, when the type of acid or base is modified, holding the other variables
constant, the shape (e.g., aspect ratio) and size of the particles are affected. For
example, when processing is carried out at 180°C for two hours with an
ATH:boehmite seed ratio of 90;10 in a 2 weight % nitric acid solution, the
synthesized particles are generally needle-shaped, in contrast, when the acid is
substituted with HC! at a content of | weight % or less, the synthesized particles are
generally near spherical. When 2 weight % or higher of HCI is utilized, the
synthesized particles become generally needle-shaped. At 1 weight % formic acid,
the synthesized particles ate platelet-shaped. Further, with use of a basic solution,
such as 1 weight % KOH, the synthesized particles are platelet-shaped. If a mixture of
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to boehmte seeds is generally not greater than about 98:2. Based on
t he foregoi 8 increase in weight ratio generally increases
aspect rat %t 2?/%401‘7é47a decrease in weight ratio general PFTESPE0Y
aspect ratio. [0041] Further, when the type of acid or base j s

modi fi ed, adidd zmdr’ogsasrmeutdxzherswaasu latyeighs % pghf}.7 weight apis agid; e |
aspect ratio d 8CkBhe Rk gaqq;qg@l e,
when procglé’ 80 é)ﬂ(?‘gr% %SE thFHt' _E[géé%&?@{&a% hour s vmp? ol

ATH: boehniticabseeseigth @alo@s ahel @idsrand baseme@hsed%lﬁhq goligs a@it@t only

sol ution, the articl r I aredh in
contrast, Oﬁ\ﬁgﬁﬁesf’ Vﬁﬁ‘? EP‘?UBSS?IiF 1%‘cﬁl%\z}vl h tbéféagﬁg{éﬁoﬁt %f 1

wei ght %%oﬂtﬁ§ﬁatalﬁaf&%hwﬂhb§1md particles are generally near
spherical . Wen 2 weight % or hi gher of HCL is utilized, the

synt hesi zed pa es, | ht %
formc aci@* 41 %’ Lﬁ‘xﬁﬁl‘ﬁ gg%ﬁg ﬁ%egqérggg cgtél gﬁﬁg Fgrt he(;,
Wi th use qfiddsRBSS fors) 4id, ﬁﬁlogensdttiﬂﬂ s8ch ds hmoglﬂbrn%dﬁﬂ]ﬁndahélc salts .

synt hesi zed particles are platel et-sh Xt ur 10 WO
200710475 5FhReHISpon 51 FE0Pds12 26T e S@E?g" b%‘é%&“’?@ ﬁ‘%edcm such as 1
vei ght % @géﬁlpﬂ 09:0nck Jﬂ@\!uﬂlt;% an{Pthf'a,rdlEalﬂ@'dﬂamdel@@ch@@@pﬁﬁﬁ@g&&y@bmﬂhe
synt hesi ze articles is atel et-shaped. |t w gl] be appreciated that
t he aboveawimymwg@%ﬁﬂﬁﬂ@m% el BEs8 S o based on the

solids content only of the respective solid suspensions or slurries,
that is, 033]”?{111*?&&1%9 wien ik ks MBIiGBd while Rfldinbettiepvaableri ght  of

t he slurrles 0042] Suitable acids and bases incl ude n aI aci ds
such as nicomstant,dypienllychepess are mamiigaedipdrttisle $45r FoE R WSl ogen
acids such g ﬂrY%qE Q&H.ch’&}t%t AC K G 1RRANAE bedlii GatRAr08: IOSMQQ v@e&gh@%lm num
nitrate aRd esl um-s Ef fective bases i nc u e r exanpl e,
ani nes i na:ﬁtriclaaslg salmiemitd 50°6) ffoawom dhe canvssal necsizeFE0T HREL G5 7

hydr oxi de ies L CabhRg DY B A RHE A8 AaLID hw&a dergpengcbasi ¢

salts. rrperatuels nodi fi ed wh
hol di ng otah@&ge/mma&heewas:fmnsd anriie 146yﬁmgsesbm3y Atvariiesly.af Eempgrtire & ed

in particle size. Fo exany jout at an
ATH: boehnilfeEeaseh gastiglestze iy %mﬁ?aee et ?S&mglﬁghaggﬁtﬁ/ﬁ @éc{ﬂé&%m d

sol ution atjalGie ﬁ:@ﬁva‘eﬁ\/@mﬁews&eahﬁleer@emal line size from XRD (x-ray
diffraction charact erization) was found to be 115 Angstrons. However,

22; C é?g,cné Ege[gdfﬁlﬁ\éfcrpgr tggntat}v% 1}%51%1!5 esc\rq%ed he éiﬂda r%f%’u@&y %é@ef%ﬁlgiﬁ& feBle
process methodology may be employed to engineer desired morphologies info the
boehmite particulate material. Of particular significance, embodiments utilize seeded
processing resulting in a cost-effective Iz;rocessing route with a high degree of process
control which may result in desired fine average particle sizes as well as controlled
particle size distributions. The combination of (i) identifying and controlling key
variables in the process methodology, such as weight ratio, acid and base species and
temperature, and (ii) seeding-based technology is of particular significance, providing
repeatable and controllable processing of desired boehmite particulate material
morphologies. The foregoing discussion of providing a boehmite particulate material
through a seeded boehmite processing pathway relates to one embodiment. In another
embodiment the boehmite particulate material can be obtained through an unseeded
processing pathway and as such can make use of commercially available boehmite,

such as Sasol P2K, Disperal, Disperal 20, 40 and 60. In such as case, the boehmite
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increased, particle size is also increased, representing a directly
proporti onal rel ati onship between particle size and tenperature.
[0044] Accd¥UPNE8*enbodi nents described herein, a rel BETAEI0)6/040205
power f ul and {ll exi bl e process net hodol ogy may be enpl oyed to
engi neer dB&Y havg linyied paisogmismpiphelogy and g hreeiergllyrisatoplcamtke
mat eri al . leda%édté:&gséﬁbeglagwefl cance, enbodinents utilize seeded
processing resulting in a cost-effective processing route with a high
degree of process control which result in desired fine average
particle SI‘B%% Whil %\T@PIfOfa&O%hﬁsrf@quﬁ@zpﬂ awitable beehwiitegadicstatd dsteiidns .
The conbi I ) n bl.es in
t he pr oce@anﬂg]f ﬁgﬁ%édggoibg@u%h%gﬁ%e %P ggéﬂ%@%ﬁé%édn%oggeg ti es
and t enparegesties Oﬁh@b!éﬂhn)lfesleﬁdulaq dmgeﬁntt@&hdmdo&tgmmcalam‘mﬂmiill cuI ar

si gni fi cang e I n controlla sin

desi red boeﬁ m?&«.ﬁo%ag{ﬁi%gu ﬂa'aﬁ grﬁ% g’ﬁ;bt Eeg%yfﬂ]g’ ?Iéiff

di scussi ortelnﬁcrpnmauﬂiqn@ta) mm&rmrmllﬂwlmmxmﬁmlcon@m@ugh a
seeded boehmltm gcesm % %ar#lh relates to gne enbodi nent. In

anot her  &HBOAr Meh F 4HEEEE %ﬁl‘r?‘f%‘%hn%ﬁt’@n Fapsition RbassHBoobt ai ned
t hrough anpuiprseadelifipiReeasatmeiondF iwariANe Agarkiol aﬁﬁ‘ﬁlngﬁffﬁe gsg of
comrer Ci aI I aval | abl e boehmte, such as Sasol P2K, Disperal,

Di sper al bipgtiomef tesitipn Phasengengrally surespends ke henst &) wi%h, yeperally
2007/ 0475@&5@% WRA000LDA0ZR0: TN 90 Uik hitla BRASRY.T OPI ©
nor phol ogy, and rmay be general I'y isotropic un 'k enbodi nent s

descri bed @rg g_H %045 Wil e the foregoing has focused on a suitable
boehni te p&FPl LOf SAleningienyestiureihdereniont, &t Pk 1een the g eR bogmite

particul abaﬁ%ﬂ%tmﬁéndl bed Bk %ﬁ%%césgbléffg doPfert 1Y %bé’lﬁ%tcf #E—Iﬁéé'fz{t .

processing of the boehmte particulate material Into
parti cul afiteHal ertragpition élﬁfnalian iGrgeralinibke Qalmnateumeme oo ,greatqaethan

boehmi te b5, igadoek! erh& dnB¥ditRhE AR LD ﬁBt eater & cient

to cause transformation Into transition ‘%}m%fe con
princi paI IibovéliQ(BGSIQOIU&\OMaQQO@Cu@pmaIU embc@nﬂanmahlm cﬁmiungnm tion

phases. C ti t Lnci pal ly"
B ansi ¢ eEitiERE Rt nBl! 4008 5B T B P b Brcic Bihates
gener al | yembmdmsp:endsmhrg veithit e asize 80abotit PR0°QenE0att.y at | east 90
W. % such as at least 95 wt.%transition alumna phase(s). [0046]

Th I h f
pochm to (Sant PEUTERERE for e ERAROEM w AR MR 3508, | 1 ne

boehmi t e paterinandabedesired composition of the transition alumina material. Typically,

caleining is not carried out for greater than about 5 hours, generally within a range of
about 1 to 4 hours or 1 to 3 hours, It will be appreciated that the processing
guidelines described above are not restrictive and are merely illustrative of possible
steps facilitating the formation of a feedstock transition alumina. The resulting
feedstock material may be principally composed of transition alumina, such as gamma
phase alumina or a combination of gamma phase and delta phase, or gamma, delta

and theta phase alumina, or delta and theta phase.

[0048] Calcination may be carried out in various environments including controlled
gas and pressure environments. Because calcination is generally carried out to effect
phase changes in the boehmite particulate material and not chemical reaction, and

since the resulting material is predominantly an oxide, specialized gaseous and
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material to transition alum na. CGenerally, the calcining tenperature
is not greater than about 1250C. O her enbodinents utilize a

cal ci ni ng Ye9p¥784784%e not greater than about 1100C, 1080TUS00&EP5
900C. Typically, enmbodinents utilize a calcining tenperature not

| ess t han BiseHe BUOTmETIPed sI0het implesented grcepdBCMonl compoyitipely and
enbodi nent 1.1l MR f out 700C to 1100C. [0047] A
sui tabl e t?‘ﬁ@‘?@?%@ﬁg%‘?ﬁﬁ‘%ﬂ%&%}g‘ﬁgﬁ%g‘?P‘%d%ﬁgt upon the boehmte

particulate material and the desired conposition of the transition

al um na nait8#9l aficcording ok particelat fepttienthe inwrpivlogyanf thiedwebmite f or

greater thanp: ; e 1.t f _.about 1 to 4
hours or Iﬁét}gagaﬁ%&%&gﬂﬂﬁ%\?flﬁqg}éﬁ%&%}lﬁqgitfgétdg@% h%ﬁg’ﬁﬁg mﬁF%%gssi ng

gui del i nesAdesdinglyetbsiadidomomghelogmtl fegates inay by engimdredriatortey Blelirmite

illustratiy f sible . steps facilitating the formmtion of a
f eedst ock %Cr%%rﬁg}gft |8§'ne tgfeﬁ?rlflﬁ e.agiﬂ% PRENFT feﬁ Siﬂﬁeesﬂfgft%’gtghﬁﬁfeé?ﬁvﬁcfmnay
be princi pékky-fansdosettionfalinian phtivwlite alatsiial dor & 18 SmBadi@nts PAAS €

al um na or, a conbi nati on %%?ggemm ,Phas%a and delta phase, or_gamm,
delta and”FREFNHRALENS (Favtile sperilip apfage A of the achmrilsrartiquinte 8]
Cal ci nat i ofaBy, B! if 86thé Oed) MerdaBe MRMbOME: BPMhHRDFERSs $9%] 18k Ng

control led gas and pressure environnents. Because cal ci nat | on s
gener al | y Eabrifeuordueres singg membology ilargeiyameperved in thp es-fumkdimpesition
part1 cul at ulifthahb fregdith MOL AN CithediBAT: i Worpldhiod MG ed e
resulting material is predomnantly an oxide, srBem P ze gaseous and
-12 WO 200rebaitspatipdate usryabisqedymrplinabisduthe tensiiionameitsnaiesd not
be i npl eméc,g except for nost conpositionally and norphologically
controll ed alluim na end products. [0049] According to one particular
feature, the norphol ogy of the boehmte particulate material is

| ar gel y mdP#0hiArserdng to hee ¢mbefimonkihp fet§tock patticuinte weierbl is then

Accor di ngl .\ .6esd |_og] . r may be.engi neered into
the. boenm HbetoThi @l SRR RILE Brun Bt MaRRa Rl SO Fiint ur os
ar e subst abtastkelpgrtionie®anataikli Bmbodimenis of grasvk partaonddts matrrial g nse
particul ate erial, For .exanple, enbodi ts.hav been shown to
retain at neoasih3 %rp%%légP?tF%t’ é?ljvr{?%la e° ‘F‘%}L}Eansché”ngﬁeéﬁﬁ‘? PEUSSSEE AU at e
mat eri al , damdibedhbdowe cases, increase surface area by anount of at

| east 8% 10% 12% 14% or nore. Since norphology is largely

T T L

in an acidic environment to maintain stability and avoid gellation of the particles. The

pH of the slurry for wet milling is generally not greater than about 5.0, such as not
greater than about 4.5. Typically, pH is greater than about 2.0, with various working
embodiments within a range of about 3.5 to 4.0. Various acids may be used to ensure

the desited pH. Nitric acid is a particularly suitable acid.

[0052] The abrasive particulate material can be dried after wet-milling. A variety of
drying methods may be used, such as freeze-drying or any form of drying that does
not substantially alter the characteristics of the powder. The dried particulate material
may be dispersed immediately after drying to form a slutry, or alternatively, the dry
powder can be stored and/or shipped and dispersed at a later time to form a stable
sturry. The dried particulate material may be stored for extended periods of time in a

dried or freeze-dried state, and may be dispersed in a liquid medium to provide a
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boehmte particulate material is equally applicable to the transition
alumna material as well. [0050] According to one enbodi nent, the
feedst ock P¥P240¢0478t%e material is then milled. The thuSCEHPENHEE29%5NA
mlled partj may be described herein as abrasive

| at terial
parti cul at taﬁ]‘gt"' |eYa &.%e %;éié%dp et sstefile dprnafier dongahuitions of &y setaeei al
h ; : || ed_densi
o ot nefoaRM B ShBAAS AN L o5 RO Rl £E"5,

and refined particle size as  described ccor
one enbodi Heidmeatelveniadios skbilizing additives e Immidétionathe ipsrtinkes ofthe | ed i n

an acidic VAl j Y iLit nd .avoi d. gel | atj on of
the parti cﬁfgs.nli%ﬁe pl-rlta{c?)P gﬁ?gé@lggly Sﬁ/ﬂggg%lh%f’%ﬁ?fgﬁeﬁjﬁ Spg’l’ﬁ;e‘ﬁ‘él?%ﬁ y not
gr eat er t hany ssimentaBo@, such as not greater than about 4.5.
Typically, pHis greater than about 2.0, with various worKking

enbodi nment It Qi ne:a f 13 to 4.0. Various acids may be
used to en 8&& Q{iﬁ%&%@{% g%éﬁ P Iglfeﬁ%ﬁﬂrl?dc%é@fvﬁ piaglcﬁla%dﬁ’t?réﬁ Ry

sui t abl e awidgitalfe@ 0 RirthFhmodiliy ths pweicpahirhcetstite FortRimplk, BakhRgedr i ed
after wet-mlling. variety of drying nmethods nmay be used, such as
freeze-dr y“lggnIJ ééu(%a&gglﬁénﬁ%??ﬁ ‘b‘%ie’éﬁo)?flﬁ‘@y‘?xﬁ &8 8@§e‘i’|‘i‘°‘of° algh e drit poardey

al ter the densityacitor ekdhple,Son® bardtibelaioneahan gbBoddi i dnddifel bGHbiS the

mat eri al be dispersed I medjately after drying to forma-slurry,
or alter naqq}%gp&asxﬁgaraggm Fitiet wilhmrasia, sich pe Iﬁﬁgﬁbﬂl asighd edioandd
di spersed @bu@t:1 805kt & bR I 0anihiMng ﬂ?etc%mbﬁmigﬁ gf t¥reridlQ for Sdufiffion of
particul ate material nmay be stored for extended periods of tinein a

dried or flidwss: diffemisipgthe abesive pajicwate distariat the gpaiticlea atei sipvedlamiedi um

to provi dey@rendadt Q{Q‘?e()kggél TeYyA g]jHJ 4 st abl séhyurry.
The ability Iieg for_%n alsta Ile s‘?ﬁfzreg a %&‘%’%@e%?‘gﬁ %rﬁ%erotgmh Y
storage failpd pirasiespasteitaiyivatgriand shi pnent of a powder without the
addi tional concerns of including a solvent and/or stabilizing
addi ti ves.ppdsa] addbiii®ne ohdEnpaEL kLS - L.ovention can be
made hi ghl'y si abl e 2o may 1 er%%‘%’r%é%@‘E‘%ﬁ‘*fbg’ﬁ%%fa?&e%%“gh@ CoLigins two

sedi nment atPtigeipalqyomehenty dinsitbmadiupine eebsi aignobud (secnds| dheninah oakicy

particul a i ndertaken to.further m))%'hf th

particle %ﬁié)?g{gtﬁ %@I?AQ?F%CO%% %e&ngﬁﬁ%g&uqeﬁtgﬂ]ﬁﬁ’lmécﬂl@%e o438y g‘f“&‘@ﬁ%ﬁse

mat eri al phgseyneientgo terhirina pardhiang eoplkaakaiubeut NORI%,a0cH B0l les

P e bt 1090 o SBRR, 5 or B 457 e QOneEa o heamaipiogs <
phase is generally limited so as to form a minority component, that is, less than about

50wt%. Typically, this amorphous content is not greater than about 45wit% or even
not greater than about 40wt%. For ekample, the amorphous phase may be present in a
range between not less than about 5.0wit% and less than about 40wt%. Other
embodiments may lie within a narrower range, such as amorphous phase content
between about 10wt% and about 40wt% or even in a range between about 20wi% and
about 40wt%.

[0055] Turping to the transition alumina, this crystalline phase is generally formed of
at least one of or a combination of transition alumina phases: chi, kappa, gamma,
delta and theta. Generally, the transition alumina includes gamma phase, and indeed
may be the majority crystalline phase. In one embodiment, the transition alumina is
primatily gamma phase. Turning to the overall composition of the material, the

alumina particles forming the abrasive particulate material may include not less than
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ml|led abrasive particulate material with a resin, such as | ONAC(r)

in a wight ratio of about 1:1.005, at a pH of 4, and m xing the

conbi nat i oVOF%Bt’&t% al s for a duration of 12 hours. APEEMUSHP&4AZS

t he abrasive artlcul ate material the part] ﬁ re siey d and the
a9

resul t ant abisi 4&Wiessame Phask alvaing generally nehlss OBB%QM SERERt v
greater t B?% t ?li'themtﬁé @leﬂ'ghadﬁin)ﬁﬁa ﬁ’i§§; fcfuldé Biher ﬂlﬁﬁe%rﬁcﬁébly {hgﬂt%lise

Accor di ng ‘one enbodi ment, the abrasive particulate naterial
cont ai ns Immanniummﬁs qmltalmogﬁmtv@ha& generally |gt'1m@ﬁ remaing asdhamalosly

al um nous @@éﬁt - }¥ one
embodi nenf ﬁ gasgeﬁg%%e aﬂﬂ Anor p us ﬁas l?@e%a%I%hYO
al uni na pafcludehetsiessshmweswt%Iti:mmlﬁiasnﬁluxsnw% a@a&shhwhomtlﬂl ess

t han about 2 vvt o or _even, 30wt %. Th t f the
anmor phous Wt %%%% g‘gﬁ‘ﬁi“gﬁ Fﬁfefeé’ﬁe ghEang %h go@%&g{%m aﬁ"tarlél%t y
conmponent jpchiddthe lﬁeseh&ﬁﬁ' deha a@@&luﬁlm@ﬂhp%ﬁﬁmg'ﬁmnm@w ¢a¥cinibpi s anor phous

content is not greater than about 45wt % o g(i‘ gter t han
about 40wkesaperagieakathibirkat caliiingsRpHBYES ‘i’i‘ﬁQO %%% PP o

range bet n%ﬁfdéhuﬂﬁ% gljla‘ié &e%&ﬁgﬁﬁbl%%{%@éﬁ&t&ﬁ%ﬁ BamhigReut 40wt %

O her may |1e narrower range, such as anorphous
phase content between about | Oam % and about 40wt % or. even |n a range

bet ween aB96s! Powwigminacartistrs ferrnaksabipSusBTtcnFh P Eeeprely
transiti og, gl MdBorb it phdst 3 égémﬁgnanﬁ%ﬂoﬁntg@a%r@}s,ltanﬁeo&ﬁ@iﬁo@f at

| east one of or a cohbination o ansition alum nam%hases chi,
kappa, gapiwse(s),dedht thatdhedlirardsision cryGtatine phisp(s) anvethe pamphoesamagd uni na

e e TR RIAR S oG Snle RS pliec Ty bRB B UolfoaBbi( BE 2 | 1 1

phase. In"0 ion na i1s primarily gamm
phase. Tu tramsilgmt@ysttahml@p&amtei) amcbmpamntphous 1oiset doenposdsarot ks thahabout

"l ude o s SR S e a0 O e A S SO DP9 MR

| Ot % ganmsmptiane aRbiité paiclg anekial. | Typivatly,lieis dedidabie tadd thetanRiphaudo ganma
phase. Further, the transition alumn i ncl ude ases,

not abl y tﬁ@sa%%élansﬂflw @H’E‘B@lﬂ%@?‘?ﬁr@ @Hﬂ%eﬁf]{?@n} fé%%%g of e
general |y aﬁﬁﬁﬁﬁ%ét%ﬁal 0§ arBSevieRe afiBieibitt omBitatsahdyi laauaﬁmma’mch
alum na particles forming the abrasive particulate materia

i ncl ude nes othergéna@qsaﬁalabmﬁ@s W%t‘%?t%hﬁfs‘éheéloﬁWﬁﬁ‘t@%i% as | ess
t han abo“}en}&ed%nfﬁéhriﬁﬁﬂer%?@c%&nga‘dd' tionally, the presence of gama

phase al unm na

[0057] According to one particular feature, the alumina particles forming the abrasive
particulate material may have a dry powder density not greater than about 3.20g/ o’
such as not éreater than 3.00g/em’. Typically, the dry powder density of the alumina
particles is not greater than about 2.90 g/cﬁg, such as not greater than about
2.85g/em’, 2.80g/cm’ or even not greater than about 2.75g/cm’, Density values are
typically not less than about 2.00g/cm’, such as not less than 2.30 gfem® or even 2.40

glom?,

[0058] Here, it is noted that state of the art abrasive materials including both
transition alumina and an amoxpbous phase are generally of high density. For
example, inspection of gamma /amorphous material in accordance with the disclosure
of U.S. Pat. No. 5,527,423 reveals a density of about 3,73 glem®. It appears that the

density of the particulate matetial is not solely dependent upon the type or amount of
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i ncl ude the pr esence of delta phase al um na, dependi ng upon the

cal ci ni ng erature, such that at cal cining tenperatures above
about 1000(‘;"? 78€P17a phase and gamma phase are indi st PEHUSZNEMOISt o
some characteri zation technl ues. qT%tOSG The al um na particles

form ng t hRhasgsEeselteang a0 hofiebee ogher ghargpderistied. | Withowi stishites tofve
anor phous A
amor ph :Jonm;cﬁ ggjé ?mﬁcﬁsuch&ﬁﬁg BEevBIBYN  nel? 2 LR LR ¥3 (fépréhce Sk o )

, at the transition cry sa
and the anBHPRIEs ﬂ}?ﬁ@@@tﬂb@'@rﬁ@ﬁ@Gomh@ammmqensmmrmuﬁ abbvd. fmxch

particles. ;g r ansi n taI

phases( s) andeg%1 Aar%{r%?geﬁ é ﬁg‘geg}sggﬁpg %’%ﬁ ﬁl%‘?g pﬁ’ﬁ'ﬁﬁ a'a% 95
W % of t erspadits Juek ss mtrmcabammszemtaafmﬂcmewm Sdliing drpdachhe al um na

particles formng the abrasive particle material. Typically, it is

deswable hetr sjtion_al um na

phases( s) gn t E gnt%g&;éﬁ%rﬁ% S%% \%& /81 iclegmayibave aspegifica) .

In any eveﬁmfﬁcmgamoemmﬂianabmmmz@ smyhslnﬂﬁlebﬂiﬁaﬂiﬁbut’ i45n€p, such as
.

ot her pha .na or und tal s or, other oxides that
may be rzf%%tb"g‘@i‘ Fﬁ‘g‘géd n‘%&?‘t’%g}‘eﬁ 6°° FHOSFrh ATebIE Hgt o one
parti cul arlSDméfgmcﬁ Jesk ﬂmabumm@n’@garlvsﬁ/gswbﬁﬁ@o@gvéJLQJoﬁPf gihye

particul ate ve a dry powder density nota‘ngater t han

about 3. 208%% ma&%ﬁaé&f e‘feagrl@a%féﬁmfﬁ&hasn@ﬁ@/%ciﬁeof &lly, the
dry powderys I3ton trhe fek iREEECL 83ad &

about 2. 909/0 su?% as noté%% ea?%r tlvfn ab%utcz %%%ﬂe%tﬁgghgg /cnB
or even né?chﬁﬁqé%ter t han about 2.75g/cnB. Density vaI ues are
typically not |ess than about 2.00g/cnB, such as not |ess than 2.30

g/cnB or esmDd] Fudfer, HeWiBnink QRA8ES Jgt’é‘%ﬁave'ah eloi, 5’@& E@ﬁjﬂ%ﬁ:%s%%g@mgf the

art abrasive, materlals i_ncl udi ng transi |on a

anor phous Ppiiisles that e @é’?ﬁ@?’ﬁaﬂhﬁﬂﬁd@r neadignshapets feyterndiavingbasrplegined

i nspecti oab&jevgme/%qﬁ@}gg cordance with the

di scl osure of U. S Pgt @gg?@%g%eé{l/%% g a density of about 3.78
g/cnB. It ap ears that the den5|ty of the particulate material is
not sol el YW04EpERERSHNE tpone wphedingss the primastipspeot ratio 0BthWENRGIT/ 047547

ET! US20086Q402R%: RARER ARIESS n SR SRR LRI LOuRLRSE

characteristics. Wthout wshingto 0’ any
it is bel a@mn%a@ctmt@r@rtleasﬂa@mﬁma@|loﬁ1ofem@cbs&tnlngthepar aneters

may contr LAYLEmbfs hiG SOREA RN elé’ngap W sie grsela er esgré]eostuet(fI ap Que. Suc h

primary aspect ratio is not less than about 9:1 or even 10:1, Referring to the

(')

secandary aspect ratio, one embodiment contains needle-shaped particles having a
secondary aspect ratio that is not greater than about 3:1, such as not greater than 2:1
or is about 1:1. In another embodiment, the secondary aspect ratio of the alumina

particles is not less than about 4:1, 6:1 or even 8:1 denoting a platey morphology.

[0062] Continuing to refer to the particle geometry, according to one emﬁodiment, the
average primary particle size of the transition alumina particles is not greater than
about 85 nanometers (nm). For clarification, the average primary particle size is the
measurement of the alumina particles, along their longest axes. Particular
embodiments may have an average primary particle size not greater than about 50nm,
or not greater than about 40nm, or even 30nm. In the case of anisotropic particulates,

the average primary particle size may be determined by taking multiple representative
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processi ng paranmeters may include use of wet mlling, pHIlevel,
particular acidic species such as nitric acid, and the general

cal-ci nati orWQZQ?f”P‘Wﬁ”rTg approach. [0059] Turning to furthBET/US2006/040295
characterization, the alumna particles my have a specific surface
area not | ¥lesead phtsinatly Teeneing thesavivleasizen fiunt és the tréyaeseatativ

125n2/ g. 1.C i ave high ecl.fic rface areas,
such as no%@I{pttlaéss’s%!t0 ﬁésnw%%gﬁ%}% ré)écsog?’ ﬁ%ﬁb@ﬂ?ﬁf If’égﬁﬁflﬁ? 175t2/ g,
190n®2/ g or chataeisri20DnRdchniqibemaypewked patiaiateeisetefc pRYchia¢e an upper
limt suchmgéﬂgl? the order of 350nR/g, typically 300nR2/g. The
foregoi ng Specific surface areas are neasured by the BET technique.
[ 0060] Further, the alum na particles nmay have an el ongat ed

mor phol ogyl0043hcWhidti suitablp avdrigd mandripirtiele eize fasitatt the RAREE0IOHF stable

needl e- sh e terns hayin en defjned, , above with respect to
the feedstoc espg]r@taiv%:rgg%?ego?ép@g?g‘ﬁ? SIEQ G TP Pﬂ@&@ﬁéﬁeﬁé agYPeHs also

enbodi nentatfettchepbilipofthaapesive patitatOatcRe] 1816 fable BafdesChes is not
t he al um na particles have

| th t 3:.1.1n, di ment s,
o pr i mary SORLE GG el DO e azpioEais temehoe i
Still, ot hesdiuenbabk A aﬁi@&@s&%éehﬁbx%%h&t*a%id%F@o&k&ﬂgé%:‘?cfse&ﬁnghan

greater degree such that the primary aspect ratro i's no ess
about 9: 1 % PrEGE 4 gecpndeE partic efig Corpisiang with embpdimeytsdspis ther ati o, one

enbodi MentpaffRi dkis |sGeRAPRS ' | Sfopdar.
aspect ratio that s no S reat erqfﬁh%%@gg%ngﬁ%%%u%ﬁ“;as St E“(’ég%’eat er
than 2:1 fefices betwiagsthe particles, thezahyaieiding mitwtintignpglotdemtivecondar y
aspect ratio of the alumna particles is not |ess than about 4:1,
6:1 or evemsd hAclerabinNg FekhAbel |gg§2. ntinuing to
refer to ?(?Peﬂi]parct i cl %‘!ygeorrgtry,&%lgg%r_ i%l}%rg oseg%e n%%%?gngﬁ?? fe
aver age prRlWRirdPIsEgles is het spater thin dbhet 200Bmsdiuth ennat|grsaten shapabbitc| es i s

not great b ter Lo . larification, the
aver age. pri oy SRR dveP T BBl 1. S b e
parti cl es smallenagelometates kurighsitthascesndaRayattictadizd is nerdesdir®at Sommy have -

an averag i Nl articl i,ze not greater than about 50nm or not
gr eat er tﬁg%%%/m Wﬁfn%g 03%@’%‘6 °q a’fyi@ﬂlc}s%z%‘f"eréﬁ?@ﬁﬁro%i c

par ti cul atepsssenthtive samples geing taseratiffrap@nttbdhhRusi ze may be determ ned by

taking multiple representative -16 WO 20071047547 PCT/ US2006/ 040295

sanpl oS RsHNXELRAM ¥ VERRSHEARSuh 1S B hhe p2 SR O b
present disclosure is suitable as a dry powder or dispersed in a solvent, o create an

abrasive particulate slurry. Dispersion of the abrasive particles forms a slurry suitable

for polishing applications such as chemical mechanical planatization {CMP),

[0066] According to one embodiment, the alumina particles are dispersed in water to
form an aqueous slurry. The amount of solids in the sharry can vary, but generally the 4
solids loading of the slurry is not greater than about 30wt%. Embodiments have a
solids loading not greater than about 15wt%, and other embodiments have a lower

solids loading, such as not greater than about 10wt%, 5.0wt% or even 3.0wt%.

(0067} The slurry may contain additives, such as organics and oxidizers, depending
upon the intended application of the shury. In particular applications, such as
chemical mechanical planarization (CMP), oxidizers may be added to the slurry to

oxidize the material surface of the workpiece fo facilitate polishing. According to one
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sanpl es, such as by scanning electron mcroscopy (SEM. O her

particle size characterization techniques my be used particularly

for isotrop¥@2WaliBtul ate materials. [0063] Wile suit EETASHIEIEYE

primary partjcl.e sizes .%aci Iitatg the formati on of stable slurries,
2

t he aver ag&™ Afadt oxidirerisisheasdPp Is agded tr dheydiry iglas agiopmt ot greater
aggr egat esthah sout ab% tvﬁei%l‘ﬁ.eo_ﬁﬁi‘ bhbotifintd 9295 t@gj{g}égr ié]%t ' i ‘d%ngt}o‘?

material to formstable slurries, A suitable s urr

facilitat e8FeH§ HAR FROUES-Gwiteshsri&ear exsgrdlyalte butttyicallyraidizdr frepresemdi um
St abl e sl uprdn@snodhoflahRSE oSUsPensi ons that avoid aggl oneration and
settling of primary and secondary particles. Consistent with

enbodi ments _herein, the particles have a charge sufficient to repel
and over colVBo¥ H& somn applicatiams) weaniasesetypively ddded eslitpetsantesutfagtants,

particl es, pihfigs j-ghi . S i-al ratian.. [ 0064
Accordingly, i ﬁ%gﬁlgabggn%gld? %ﬁ%{@ ?ﬁ% 13311 & %g%hlgg)?c%aﬁﬁ’a%gﬁﬁ’%%gg@]r“@ 7 e
of the albfmdded i9dhe sletrssudhsasintn gneat eot grévaen tababbutX00n. SUCHRhas

not great By : 75n or even. not, greater than about
Tosnm ot T LRl AP0k oh 2 B eRAE i pndh £ P hostiEnnaina:
t he secondueaterphatdbolie3.@wt¥e i s not greater than about 150nm The

measurenents of the average secondary particle size were taken from

repr esent a ] i | aser. diffraction.techni qye. [0065]
Accor di nga[?%é\égaéfog %ﬁéﬁ%%lﬂ%é {énaérﬁ%%rfsnf%%gtgeb%éﬁ‘{?emﬁﬁ% PEOUHBE © Wat er i al
of the preesedimeai,dod dery e abigicqpHt<ahd)e Safalde siidic ROWBRMAS subl SABISed
in a sol vent, LQ rtea%e an %ﬁ%aai ve particulate slurry. D spersion
of the abrss &g GB%? {e &4 gratplihracidity of the Slumy, Otisy embgdienis proyiieng
appl i cat i eharyStehidshe iR SaloroaRe an bk 6ol 803F baalden (CWP) . [0066]
According to one enbodi nent, the alumna particles are dispersed in

water to ..a oys slurry.. The amoyunt of solids in the slurry
can vary, [%ﬁp Pégdﬁgwg%ﬁ%yH}eﬁéese%tﬁmﬁggfedﬁﬁ? PEViden a highydegipeiof not
greater t Isabiliapioui skAGM%r tHeiostiseRdtiiss BRMEsue, ROty e adiuRg 0t
greater tggﬁ%%bo t 15w ‘é/%iéa_nd oég%r enbodi ments have a | owel solids
| oadi ng, 48 thedielehf ebsedymephiopmedyithing erydugted syloensblixedyen

3. 0wt % [Q%ioﬁb@é@hélé%}’cd%ﬁﬁﬁ@%%ﬁu&y%ﬁ@ﬂ&%ﬁé%’du?éiﬁ)ﬂ as organics and
oxi di zers, depending upon the Tntendéd application of the slurry. In
parti cul a& gglplrri cigrél ons, such as chem cal mechanical planarization
(CVP), ox il Heleblfdyprowdedioploy semmeaizes stabilify pbExamalell fmoedsedstaitser i al

_S l11r7f ace ObrdvirRdwelkh b@&ﬁlﬂﬂ?edf 8 6ttet &tﬁﬁrﬁer@ﬁiﬂz UGk nﬁ?&:&ﬁs@ iﬂg s%agih%p €

of each of the materials provided in Table 1 is measured by providing a 25mL slurry
in a graduated cylinder of dimensions 24.31x98 mm (inner diameter x height). The
height of sediment formed by settling particles is measured for each sample after a
known duration. Each slurry includes 3.0wt% alumina, 5.0wt% H;04, 1.0wt%
glycine and has a pH of about 4.0, As summarized in Table 1, the present shurry of
Exaniple 1 has notable stability and, in fact, provides a stable slurry with no evidence
of sedimentation over a duration of 6 days (i.e., no visible sedimentation height,
0.0mm). The slurry is 100% colloidally stable, exhibifing no sedimentation after
extended periods, such as 6 days (or even longer). Indeed, long-term observation has
revealed that the slurry remains 100% colloidally stable after 15 days, after 30 days,
and even after 3 months. During the observations periods, Exm;lple 1 was not

disturbed, but was allowed to rest untouched, In contrast, none of the cozmnercialiy
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WO 2007/ 047547 PCT/ US2006/ 040295 enbodi nent, an oxidi zer such as
H202 is added to the slurry in an anount not greater than about 10%
by wei ght . W& H&/2¥7odi nents utili ze an oxi dizer in an BEBURI0G}0295
greater than about 8 OmM% 7. O/vt(V t ot

oxi di zer pr¥iippl e SwiarialschisvasHsh by de ?@%?QFX%‘QQ% %ﬂ%% %n sone
applicatig a0 %&ﬁﬁ%@‘h@ﬁﬁh&%@'f&ﬁlém RBloARe]) SESLIAMSfomation

sur f act ant I nders, or rheol ogical nodifiers Referrlr}g

sui tabl e endghifinensafy dispessed agdwgmoﬂwlwwgﬂﬁ@ab@e@@mﬁ@ §P‘f€l‘i‘q€y, such
as in an n t ;_hﬂgt ot her

enbodi rren%ggg%é\ Vﬂ%thgﬁg%fﬁéml n an ano r%téat%oﬁiopgﬂ?%g‘%%)t t han about
4.0wmt % or even not reater than about 3. Om % [0069] Considering

ot her chafABLErli: €41 Stabﬂéy abr asi ve sl urry, according to one

enbodi ment, the slurry is qifbalb \anE{S O o kapreachdi ¢
conpoundsp—sHeh--as—att++e—acie—are ]n:u.':f co—controfy the acidity
of the sl Wplecllher enbodS ¥t s prelt?a & o W% y—inwhich t He pH i s
not great EPIPHERVSEHRRPS! OSt_35 €0 or oi8N°4. 0. ¢509é1m1,&ddi #ional ly, the
present paempeEtive Bxamnle?i igRbreitedl 3pm; gh %%_g_f__g_tabi lity in
a sl urry. (Chopaeties Branme 8s jsablet hi s dPdct banwe)- L rid @Pabi ity of a
slurry i siConphiatiexiExmnultié Isblesht of Bddi htmm it dmmed withiln a
graduated cylinder of fixed dinensions (see bel ov\% cont a| ni ng the
slurry af {0872]aAk sieterd phyicaksiyothe cpm@a?at}vemmnpleapmmd@ indEblpbpsw, _
sunmari zes_ st abl I; el ow)

as conpar &8 1 ¥m£%em$[gi?eg Ié;o ?aﬁﬁ%ﬁg%?xg&%ﬁ%&g@bl lity -
of each ofnatehiel cﬁmsilﬁdfd fabin Dngossadethumbemléﬂl ha‘sngrma&{ﬂm seepngaBvi di ng

a 25nmL slurr radua nder. of 4 8 mMm
(i nner di B%%%P‘Zﬁogé%g’m‘ ﬁ%e"}gr?e" At 40F % 13%0%1 aggnéé settling
particl espkgmpeasss a6 ﬂﬁdeﬁﬂﬁiﬂnﬁl&ﬁaﬁrﬁl alﬁttuﬁéd ﬁoml«Bnﬂmmsklu icamumher Each

slurry includes 3, Ow % al um na, O, % H202 Cl nd has
a pH of aB¥iaclayingss %’Eﬁ%ﬁc%ﬁrﬁ piige 4 13%% &%ﬁ%{ i A of

Exanpl e | ;337 064 ;ﬂ%ec%k@ma{wé Exa@me 3 ish drpgbwdd raﬁh‘mﬂ@ﬁlaﬁmal c&iﬁehﬁsd
slurry with no evidénce sedi nentation over a duration .of 6 day

(i.e., noflwﬂsfﬂﬁloéh%ﬁédph@m@ AdYPIhEN g having 23 2yRiRpe SepARIALY prrfigle size 9 0%
col | o dal I, } ucﬁ&l gs XA Qb e Or s%%ﬁgntaﬁqp%@fﬂmpwis%wd

peri ods, ays (or even |onger I ndeed, | ong-term
observat i pmv&aglumaa/mteetdl olifeined fem §3Iab.1¢’fr lpt sl 485 lﬁéd%"élﬂ JUGHVERARS y

tshgblogsg]; %g{op%%gg 19153 to?%@&n%ﬁd%s%%%uﬁé(&%&f&‘?ﬁs 3pppnths. During

h

[0073] According to another aspect, a particulate material is provided that includes
alumina particles comprising transition alumina having a turbidity of not greater than
about 200 NTU at a concentration of 0.50wit% alumina particles in water. The
turbidity of a shurry is a measure of the opacity of the particles in suspension caused
by the scattering of light. One of the units of measurement is the NTU or '
Nephelometric Turbidity Units. In one embodiment, the alumina particles have a
turbidity of not greater than about 150 NTU, such as about 125 NTU, 100 NTU or
even not greater than about 95 NTU at a concentration of 0.50wt% alumina particles
in water. Generally, the greater the turbidity of a sturry, the more opaque the
suspension due to scattering of light by the suspended particles. The degree of
transparency provided by the present particulate material in a slurry facilitates the use

of the material in various applications beyond abrasive applications, such as a filler
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di sturbed, but was allowed to rest untouched. In contrast, none of
t he commercj al | ¥ -18 WO 2007/ 047547 PCT/ US2006/ 040295 avail abl e
material s aCRPENEStich stability, and indeed exhibited SEFUSIHE442Ber
just 6 days cvndii?l&l;rbed. The a?i lity to forma high-stability slurry
facilitat e®YHd IR RAeHAY iU ipqrhrmitioprn.dorrrapwies Bel yrpdc materials
ready- t 0- U usd flchitintks (FHR6duid Y150 BERH FI¥king Blatdrialnosed removi ng
the need for m.xing ﬁggfore apﬁﬁ:i cation of itn%e aslrurrgyc?se‘l“ﬁgﬁfé 1
Col | oi dal g%cgﬁglpgwteglalg@d@a@%ys 6 days Exanple 1 stable stable
stable Conparative Exanple 1 stable stable 0.1 - 0.5 nm Conparative
Exanpl e 2 gbightdute 38ickidesla 3ibadisdn HRurtiRRAL Akl NS le
0.1-1.0 m"n@(_).? -1.60 %’rﬁ% ,Co?rpar atli_sve Exanple 4 stﬁglg?@%?%ﬁﬁn&@mn
[0072] As 14188 pissens patistligte matwiab enrdromuedrdiellpsaitphle slupiey aldedha n
Table 1 argyq4:£9 j+ ! gk)ﬁll’ ter i.ve Exanpl e |
T [ t% ak&{ sﬁ%@g‘{n 5 % TR sﬁ[rff'lgsl @erﬁe%%gg%cﬁt}vg , Cﬁ{{,‘fﬁlgl%g

is dry powder alumna’ materl arne rom Degussa,
0401050, hearisiey asmoted dergeaiovaerdpdypdiupad) iA DR Ts1 SCE wfbididkten@nd a

specific sy n/ d,. aratiyve aml e is a dry
onder al oyl BE A Ngs rr IR R R S HhRlnged 031560,
havi ng an swpleageovideddndably 2vars theh mesduze. ofs rdF2bdiinTarng, Bkaapeci fic
surface ar of 105 [ Q. parative le 3 js.a dry powder

al uni na na(ffg% Igpsegggagg%%%en@ g‘ﬁf&@éﬁdﬁﬂ"_&@iﬁ"&“ Y anduonsgggently
havi ng an #highagdensesordafateReat béth GoreriatBhs whQPcdipaitiddo @ specific
surface area of ,3&)2 [‘{ng. Conpar ative Exanple 4 is’a dry powder

al uni na neCEIREPAGHTAEL ﬁléﬁalﬂlmﬁsﬁ%ﬁ??a'I%IWPBI%I@E?%%W ng an
average SREREAWitIPAE biSiRsS #Lulbd fafck hﬁgr?%%isﬁcss%ﬁgaﬁicge surface

area of 115.3 1112/9 [0073] According to ano r aspe
parti cul at/oraElesy, spchias thy sypsage grimpzytand sedondars paniiciersizasespeltdschees

conpri si NGl \hhhd, QBnsRl WHR LOg & {H lL.dity of not greater than
about ZOO%NTU at % conc ’ﬁa{tﬂr{:‘[at&lt1 ﬁﬁ%@b V\/F%%%Sum na particles in
water. The turbidity of a slurry is a measure of the opacity of the
parti cl es TAPL3pEudidity Measssmenby t he scattering of light. One. of

29 -

. . — AL Al | | $ T = I \

(e uni 5 of_Teaslrerent | g e g o i
Cotnipardfive Bxample 7 RN I8

Example 1 572 NTU 86

Comparative Example 5 >1000 NTU 302
Comparative Example 3 >1000 NTU 885 NTU
Comparative Example 1 >1000 NTU 970 NTU
Comparative Example 2 >1000 NTU >1000 NTU
Comparative Example 4 >1000 NTU >1000 NTU
Comparative Example 6 >1000 NTU >1000 NTU

[0075] As previously discussed the Comparative Examples contain commercially
available materials from various manufacturers. The product specifications of
Comparative Examples 1-4 are previously provided in conjunction with Table 1.

( Comparative Example 5, as shown in Table 2, is colloidal silica (Syton-HT50)
obtained from DuPont Air Products Nanomaterials LLC, lot number 1A755H.
Comparative Example 6 is alpha alumina material obtained from Saint-Gobain,
having an average secondary particle size of 100 nm and a specific surface area of 37
m?/g. Comparative Example 7 is a dry powder Boehmite P2K,obtained from Sasol,

lot number 10331, having a specific surface area of 160 m*/g.
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turbidity of not greater than about 150 NTU, such as about 125 NTU,
100 NTU or even not greater than about 95 NTU at a concentration of
0. 50wt % al WP AR7BHFtT cles in water. Generally, the greBCEUSINE40295

turbidity | ur t he nore opaq suspensi on due to
scatteri ng?%’l7 & ﬁi 5%%’%4?8%@&%%%0%@6%%& ofnolidgng Fpendgelfreauetaisurface

t ranspar engyhreniasd tﬂ-&%&yde& Bﬁv%@ﬂubﬁe%%ﬁ?%@%eﬂ@wﬂg@ ce'aﬂd% slurry
facilitates the use of the material in various a I ons beyond
abrasi ve apfgicnche plspsive @whwgapbrasme@mmgte\n@t@m E’drﬁdhﬁﬁmgﬁlumma

PCT/ US2006,040493 geanfll® r o B RL ncorporation
in, for exg | e, pg rrer%l%rgi?r%}%%vrgl gﬁér&% usgnilawlugeosgcf%nﬁl ﬁng{ﬁepﬁl en
(part i cul af @Wéﬂ@lemafd@vetd taobpibey materi al s, hoses, fi | s,

packagi ng materials, and paints. [0074] Table 2 provi des a conpari son
of turbi di foy7RARYIS I the resent
parti cul atEg mat er IL%&%%?E%%%E@%E[&J}?&V ava %ﬁ%m 3" it

hydrat e (besetkansliated yelating te ihiei ;daerpmvhd)ﬂr the pIEt‘eﬁ asdl ﬂrech&EplwIﬁa}f beee of

additives, | cl.e not ed herein and pH

adj ust ed) . “%‘9%{@ %‘E%t?u @@glsihﬁfg pr%‘?%"‘ﬂ?’ieﬁ%uﬁe Islaﬂ\?%?edlfB&he Myers,
FL.) was Claihwﬂnrﬂaiwdkpmce)graoth,hamt&fd)c&m&ﬁ@é}ﬂﬁ‘i&ﬂmﬁé%ﬁ% provi ded
I n Tabl e vavere ][hen asur ed. eported in Table_ 2, Exanple 1 of
the present aggftsu&ma&ggheﬁﬁ?r €ig ?’CélﬁﬁtPR%?‘SﬁlP%%Fﬂ@ltﬁ%m@Fty and

consequentsuyfaccofiihghekprRegrae pafnchraa%&q;qae ﬁfe%bf"atswg %%n/g? Fﬁiﬁﬂferf% i ons

when conpar ed % C@frmerm ally avail abl &€ al um nas an
hi gh t r anstaFetepucet reehanical planssigationd eNMRhapicatimspAevhdudley di scussed

particle chakgiedeedah SidhR a8foRALE btﬁ&%on&%ﬁ‘?@ﬁl&ﬁﬁy\,&e & %Séb ?Salﬁmjgur%lt icle

aver age prlnary and secondary particle size
shape, derfé&siEn), sérhdrpisallsi is B eprmporchtofactmicosdicts sTABEE. Lendualp di ty

7185 NTO g EaaaR! SRk Ao A RAGRNE R Mo SR wrBa BT
302 Conparcialilayer evealyjrigah@dislbOio 1dyet) 18T dvitdxt Eemidoatitoter Sa¥ampke 1
>1000 NTU ﬂ? ﬁemygengpaﬁ?%& \ﬁl%lu%xg gg%ltmuous pgﬂo s?ung of e>r%'1gtgpsu'>ga:ce to

expose an underlying dielectric layer, or portions of an underlying dielectric layer,

EXAMPLES

Example 1

[0078] Initially, a feedstock boehmite material, such as P2K, Disperal, Disperal 20,
40 and 60 of Sasol (Sasol, Lake Charles, LA), is calcined or heat treated in air within
a temperature range of between about 500 °C to 1250 °C, depending upon the desired
composition of transition alumina within the precursor transition alumina particles.
The calcined powder is milled using a Szegvari attritor (Union process, Akron, OH)
and milled in defonized water for 2 hours using 0.8 mm Zx0, media (Tosho, Tokyo,
Japan), A secondary milling step is performed using the same attritor with 0.3 mm
Z10, media (Tosho, Tokyo, JP) for at least 2 hours at 600 fpm. During milling, the
pH of the system is acidic, within a range of between about 3.5 to 4.0. The pH is
controlled using nitric acid. Alternatively milling can be completed in one step using

an attrition mill as described above with 0.8 mm ZrQ, media for 6 hours without a
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Conpar ati ve Exanple 4 >1000 NTU >1000 NTU Conparative Exanple 6
>1000 NTU >1000 NTU [0075] As previously discussed the Conparative
Exanpl es cOR&WICSHerci-al |y avail able materials fronPGEUSHEE040295

manuf act ur er The oduc cificatjons of arative Exanples
1-4 are pr 3\??18 ¥ l}f\FFﬂﬁtb“glp m@o‘iﬂ“ﬁ}ﬁlbf 53 S I‘iﬁ?%‘!ﬂ‘éfaﬂm %eati ve
Exanpl e 5, v t6BOWR4] Theldlhemdy bd fecz il Qﬂ'recﬁéﬂe&s@@n{ @I&Iﬁibd'?ﬂa%})

obt ai ned fro DuPont Air Products, Nanomaterials C, lot nunb

1A755H. Shepms eHERatigle sizg dlsglb&p%‘h@deﬂOUWﬂéf@bﬁt%rl al obt ai ned
from Saint - Goba| n, having an average secondary particle size of 100
nm and a s@erf AgisuendanesanadeRi i3 Tabl/ & Qﬁﬂg)@éi&hh RLe 7 1S
a dry powder Boehm%t'ée Pg}% obt alened fraom Sagr(‘)3 | ot nunbng"?6 103%1
having a sperepses thesystallinilynfdhe materidomitpn giﬁft—‘@@r@\@gﬁ@lﬁm@&ﬁ@tﬂ

PCT/ US2006{ 940888 hid ERknidt d of
polishing a COI’ldUCtSI ve netal &Ea‘i’% acgtc%gﬁgl oVi dergﬁgg’g[%pll n%égés)
provi di ng &#M08Btas formatiinndidpltbaiumermraa ownr. kKiirdxepupubeaof Tbid Bithe t he

abr asive s havi n rasi ve cul.ate rra erial containin
al uni na p%"??ﬁgi’%%maasagagb% B RRh I ERBYS SoHn vhat Hoar Gt HaRes

i ncl udes t beamsk die dh@rabﬂ&ﬁzsﬂioﬁ&@ﬂmqﬁeﬂﬁadﬂﬁb% Enpiieshred plbive to each
ot her. [00774 Theﬂgl aﬁgn may. be translated relative to the workpi ece,
or the worKpBEEe ARSACh FEUPERaeSt ed rel ative to the platen or both
the platen and the workpi ece may be translated. Consistent with

typi cal poloshiTig apiofsious eshitend b LSS UbBsiv SpaRflldt€ thatefial BAnePindx@Mplet Ne
wor kpi ece,, or both rder to create sufficient friction between:

the abras] SAR§zEd V‘f\ 1 Has Rerpdeime 3t araystsovifne MaQ sewslarde moval
of mat eri alighreubditns aStHntAADecdusd mts"l&ﬁflﬁﬁlséa&ﬁorph@n @oe@ﬁ&&ﬂtc Bllﬁ'aed

exanpl e, the abra5|ve slurry is suitable for uSe 1n chem cal
mechani cal 2pP&h &ferez formeshhavigmpresisatels 60:60 avt Yinef abiasive pertisulaisor kpi ece

can incl udgxagdid 3 @%tar%ﬁrd%eﬁ@ﬁal Eﬂﬁqﬂ&ﬁ e SR HeS u&ﬁ"g g PPE'E(%He The

alum num _tungsten), which t I's a conponent
seni conductRP dsvipsvpsa Bhiliged @tdngﬂter sctrfer @mmremn ¢tuﬁx<::oirsh$ tipstlatat &

i ncl udes t.h met al
| ayer overlyi ﬁg%%gmm e?eéélﬁ%q@% sg%gfr&#ug&t%?e cohfve g%‘fr?nconductor
substr at e@ﬁtlmathtémmutﬂocnfegmnefdﬂohyﬂmm her incl udes conti nuous

polishing of the nmetal surface to expose an underlying dielectric
llayer, or pgifgons of an underlying dielectric layer.

500°C 800°C 1000°C 1100°C
Amorphous 39.8 36.5 222 17.8
Crystalline 60.2 63.5 77.8 82.2
Gamma (Delta) 60.2 63.5 61.5 47.8
Theta 16.3 344

Example 2

[0081] Initially, a boehmite feedstock material of P2K from Sasol is calcined at
500°C for 2 hours to convert a substantial portion of the boehmite to gamma phase
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EXAMPLES Exanple 1 [0078] Initially, a feedstock boehmte material,
such as P2K, Disperal, D speral 20, 40 and 60 of Sasol (Sasol, Lake
Charl es, LAYO29030¢7847ci ned. or heat treated in air w thi nPCHUS2006/040295
tenperaturg range. of between, about 500 C to 1250 C_ depending upon
the desir e@“mb“&ngbe P?IPIBFI‘X\%WM&F Griecarson) in thepimifechfor A goyse Beiug & or
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Al ternat i vée%rlgt/) © ?ncdll?ﬁp %ﬁaéxgg%o%gﬁ %‘%%*Seoflgl& '%518]5?@16 teﬁrgrf‘ﬁggp%
attrition dhatabtedizative of theld dvefropseedsilining pSames ﬁé@?erﬁ%ﬁﬂe@oxfd&ry 6 hours
wthout a -21 . W) . 2007/ 047547- , . PCT/US2006/ 040295 nedi a
change. THEIRTS VHgelarneg ©brrmipdrmie |30 gwn ithraversge prmatt

appr oxi matpekelBze WhetedmBRd W 56 ap-'ﬁﬂ:&il%ltél? By m&@%ﬁ?&@%ﬁmﬁr i ed and

redi spersed in deionized water wth the sane p particle size
i SlERon

di st ri but iBHPAeET o e neiure of therystalline sirogmgwasgetesmigeditorkel | y shown
bel ow in Rindutell BE LR OS] LAl : ot ' t he
crystalli E?tpll; of t?I g_na??rﬂ?a ﬁalv?n%%lﬁblgg %}{%lﬁgfg E{%\A’géﬁﬁfﬁf‘gﬁ%& g@%ﬁrfbaér ature
forms of tisASiinppartsiemvers futker deterwaneddo baweci pecific sefpenat of es,
typically ?ﬂg,]z oV . | ymsna can occur. For
t he purpoégggigfﬁm%%g e / é %&Eieg&gl%ﬂg? rﬁ%ﬁlr%gél}g%agggﬁnfa al um na

transition phases are shown as co-existent phases because the
char act er i[%32] BaferiingaiFddel vengsign abtesial romdia tita gfivsious hipagvedirsies

percent age ﬂgi-nﬁx?%ﬂmgg%] ' The amorphous content of

t he abrasi ?/e particu %#éelﬂrgr%?g@?i&?%&%ﬁ%ﬂ‘ﬂﬁmﬁ%&ﬁ%ﬁlégomp%ﬁfﬁwgﬁ? zed in
Tabl e 3 waemmeriallyedaileblamjlicdRDurema | Assihstratet thampOalsieandase of g0 Was
used as a gg cause of .its | ow.nmass adsorption .coefficient.

Bl ended g%}ﬁgﬁ@gg&wer ﬁ%@%%gmﬁg%f FgeRy HBRP R AS| @&%Wm‘%&%e ‘
abr asi ve phaihtabulied garticted iacieades.t 0 MgO st andard material and m xed for
15 mnutes using a SPEX mll. The XRD device was a Philips

di f 8act onpiogl) REknl:@o BR8L LRl Gnle) K88l lebnol PG SFHE sarme
abrasive slurries illustrated in FIG. 1 are compared to the commercially available
silica shuries to demonstrate selectivity. FIG. 2 illustrates that the alumina slurries,
largely independent of the calcining temperature, have desirably low material removal
rates. As shown, the commercial silica slurries have a far greater (undesirable)

material removal rate than the shurries containing the alumina particles as deseribed

herein.

[0084] A comiparison of FIG. 1 and FIG. 2 shows that the slurries containing the
alumina particles as described herein have a superior selectivity as compared to the
commercial silica shurries. The shuries containing the alumina particles are desirably
selective and such high selectivity is suitable in various polishing applications, such
as CMP in the electronic component processing industry. In light of the foregoing,

the slurries containing transition alumina particles, particularly those calcined at or
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Ri etvel d anal ysis was carried out using Siroquant software, which
provi ded an estimated neasure of error of about +10% TABLE 3 500C
800C 1000C W4 aWT7A#for phous 39.8 36.5 22.2 17.8 Cryst aPCTi¥E208¢04p295
63.5 77.8 82.2 Gamma (Delta) 60.2 63.5 61.5 47.8 Theta 16.3 34.4
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Sasol is cakgl .5 L0 convert a substantia
portion of @’?ﬁéﬁ‘ﬁ‘f)&e@%ﬁ%@%ﬁﬁm&é@%@& 22 WD 2007/ 047547

PCT/ US2006/ 040295 al unmi ha. The cal cined alum na particles

(precur sor J008Y Refeningito FK# 3§ Se perchgagerf phisagprgsenSmeguatds containingor
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abrasi ve skttt aG9i8h Bf Aciftnl MnllRrR@b! 6 &élsfa?{nﬁaae& e Gbd T er ent
tenperatures is conpared to the “commercially avdilable silica _
sl urries. pegsiefl by twadidirent sroupsefdedhaiciane fideasirematie 101ﬂ:1dt2hfa slurries
containin ] tds ' i.nin
Fenpor at urs Lo PR BB Bl e P LG Berk 17 of B Shih 0

with increasing calcining temperature.

[0087] FIG. 5 illustrates a plot of the dry powder density of two sets of samples
containing alumina material in accordance with the embodiments described herein, as
a function of calcining temperature. One set of samples was calcined only, whilcz the
other set of samples were calcined and milled. FIG. 5 demonstrates that each of the
milled samples had'a lower dry powder density than each of the corresponding

samples that were unmilled (only calcined) independent of the calcining temperature.

[0088] Referring to FIG. 6, the specific surface area of samples containing alumina
material in accordance with the embodiments described herein is plotted as a function
of calcining terperature. FIG. 6 shows a general trend of decreasing specific surface
area with increasing calcining temperature. Samples calcined at 700°C and 900°C
demonstrate a slight differentiation from the general trend, but not outside an

accounted standard deviation,

[0089] While the invention has been illustrated and described in the context of
particular embodiments, it is not intended to be limited to the details shown, since

various modifications and substitutions can be made without departing in any way
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[00831 Referring to FIG 2, dielectric (silica) material renoval rate
of the same abrasive slurries illustrated in FIG | are conpared to
t he comer YQRIYO454i | able silica slurries to denpnstr BEBUS2006/040295
selectivit ustrates that the alumna slurries, largely

. EIG 2 i
i ndependen%orﬁithetq‘?gpec 185 PEFRL geRioR o o exampley eddifionpl auisayivilent mat eri al
r enoval r@bﬁ&uteﬁ@an%%bidé&%df&@&m&m Bféqruﬂalein{:ﬁggﬁ 'bféistg s QAve a far

greater (undesirable) nmaterial_ renova ate t t urries

cont ai ni ngfPRNeYed| dvishel Hather mpdificationg awbequiratentstod thei invenioQ BapinA
conpar i SoMyi@fioskd fay be@R® Fdrians gklg ¥5nd BlsidIE AU AL SSuGRNt @ ning
the alumna partiCles as described herer h Have & superror

sel ect i vi t&peignersstivay o alourihmodifiontives enddquisialentsarsbalieréds. be Ththin
slurries i, 0j i rticles are.desirably selective
and such HegrobEhafe kil AR Sy et ol 1 shi ng
applications, such as CWMP in the el ectronic conponent processing
industry. In light of the foregoing, the slurries containing
transition alumna particles, particularly those calcined at or -23
WO 20071047547 PCT/ US2006/ 040295 above 800C that denonstrate
desirabl e material renoval rate and selectivity, are well-suited for
vari ous polishing applications. [0085] Referring to FIG 3, the

per cent age of phases present in sanples containing alumna
particulate material as a function of calcining tenperature is
illustrated. The sanples calcined at a higher tenperature generally
have a hi gher percentage of a crystalline phase and denonstrate a
decrease in the percentage of anorphous phase present. A theta phase
of transition alumna is present in the sanple calcined at 1000C and
t he percentage of theta phase increases in the sanple calcined at
1100C, while the ambunt of ganma phase present decreases. See al so

t he di scussion above with respect to the Table. [0086] Referring to
FIG 4, the dry powder density of sanples containing alumna

material in accordance with the enbodi ments described herein were

nmeasured and illustrated as a function of calcining tenperature: The
density of each sanple was neasured by two different groups of
techni cians (Measurenents 1 and 2, respectively). FIG 4 illustrates

a general trend of increasing density of the sanples wth increasing
cal ci ning tenperature.
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[0087] FIG 5 illustrates a plot of the dry powder density of two
sets of sanples containing alumna material in accordance with the
enbodi nents descri bed herein, as a function of calcining
tenperature. One set of sanples was calcined only, while the other
set of sanples were calcined and mlled. FIG 5 denonstrates that
each of the mlled sanples had' a | ower dry powder density than each
of the corlhesjaonsidefigingstherpivestianrae asdotlevsinmi | 1 ed (only cal ci ned)

i ndependent of the calcining tenperature. [0088] Referring to FIG
6, the specific, surfac rea of .sanpl es. containing, al um na . mat er.j.al
in accor dzhc‘gn RPEHVE RETENBS At scgg’@%‘?’g'bag‘émHléirpé'ﬁf???sscoﬁ}p&ts‘tngdra?;i%‘t‘%t“
function ofalegingiand ag leastnfpew@t of en ampEhods shrenshe alyarier pdrticleehayingf a
decreasi ng sqeagityf ot gdatek @ abawtsp0pciti. i ncreasi ng cal ci ning
tenperature. Sanples calcined at 700C and 900C denonstrate a slight
differentiation fromthe general trend, but not outside an accounted
standard devitstabesive patisulatematerialioh glajm ) ewherein theaisansision afumips eqraprésgs
and descri bed ldast dnhef gantneyphasefalunpas dndcdditaphewhbdhiingnt s, it i s not
intended to be limted to the details shown, since various

nodi fications and substjtutions can pe made w t hout departing in any
way -24 WO 2@1??/5;6?&?’3@?”\5@?7%@§2@@6’?6§6‘?§5Wh‘?rF18r¥1?°c‘]ﬁ@sg@ﬁﬁ&“@fla EqyRprises
present i nvedelta phase Rlwmiexanpl e, addi tional or equival ent substitutes
can be provided and additional or equival ent production steps can be
enpl oyed. such, . further nodjf. ians, and equi val ents of the

i nvent i onﬁﬁ@i aﬁ’rdsﬂlieéjéftbcél d r‘BE?a:itu‘?Jmf“oz’p e§%ﬂghes§}“i“fr@cpaftﬁl?sﬁé’”%’tge
usi ng no nort tesxihan abat Abwt'e gpemapbageatunona. and al | such

nodi fications and equivalents are believed to be within the scope of

t he i nventi as_ defined the.f.ol.l ow n lains., -25 The .cl ai ns.
or i ni ng ehel VBT F GH ap Be APt s R T B R s g g G, P ses
mat eri al corPétr 8hasg alugtingyi na particles conprising transition alunina
and at |east 5.0Om % of an anorphous phase, the alum na particles

110 S A BN 358 S i A
conprises dtot ieé%l@?‘n Bt g4 AhePisRadamifituni na and del ta phase

alum na. 3. The abrasive particulate material of claim2, wherein the
transition afdmyRRive PIRIuBES material of claim 1, wherein the alumina particles comprise
not less than about 10wt% amorphous phase.

8. The abrasive particulate material of claim 1, wherein the alumina particles comprise
not less than about 5.0wt% amorphous phase and not greater than about 40wt%
amorphous phase, the balance of the particles consisting essentially of the transition
alumina.

9. The abrasive particulate material of claim 1, wherein the alumina particles have a
specific surface area not less than about 100m?/g.

10. The abrasive particulate material of claim 1, wherein the alumina particles are
platelet-shaped, having a primary aspect ratio not less than about 3: [ and a secondary
aspect ratio not less than about 3: 1.
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delta phase alumna. 4. The abrasive particulate material of claim2,
wherein the alum na particles conprise not |ess than about 20w %
gamma phase alum na. 5. The abrasive particulate material of claiml1,
wherein the transition alum na conprises theta phase alum na. 6. The
abrasive particulate material of claimb5, wherein the alum na
particles conprise not |ess than about 5wm % theta phase alum na. 7.
The abr asil -ellgabrastvglpattisulate reateadl obtlaih &i whereinwhreslemmatpagicidsiand meadle-
particles cofipddsBavifoh pHifess dspesd ralRout [dsOMabo-BHRIPNQHE aRBamBarySspethe

abrasi ve particilat &drat fi claim 1, wherein the alumna
particles coml)rfl'lls?[ not 2ﬁesbgbtt 'a{'n about 5. OM % anor phous phase and

not greater than about 40wt % anorphous phase, the bal ance of the
particl es 1zOM®i dtdshg @ssemite alateyiabbf tlagn ty afsicin 18 ahahid@ipagicled havdgn

abrasi ve parfkGyl ﬁiﬁa%a%él@éizfﬁotgke%{emﬂan aBhiR1s6i,G, t he al um na

particles have a "specCific surface area not |l ess than about 100n2/g.
10. The abrasive particulate material of claim1l, wherein the alum na
particl eslarke ghrash el mrticiupedieriabef rgina 1 pwheminythasipadna paticks hate an

I ess than atlﬁ)b'ﬂa%égéecén@a‘?fi ﬁ“riél_@%&@Qatr%fpatéstﬁﬁﬁéboﬁﬁid%n‘i‘pt l'ess than
about 3: 1. 26 11. The aBraswe particulate material of claima1,

wherein the alum na particles are needl e- shaped, having a primary
aspect r at$.ohgsbrases pattivalatcabatatialpf claimrd, whereindhel aveyagespentdaryr mitiade
not greater siRamnapestter3hanlaboldtl50Hae abrasive particul ate material of
claim1l1, wherein the alumna particles have an average primary
particle size not greater than about 85 nm 13. The abrasive

parti cul at® Thgtabrasiye particelatg meterial\h slagn 4. wherei) therhbrasipapariieylets nigeyiel
an aver age ceepapgdanyaqpeout slubg. Si ze not greater than about 200 nm
14. The abrasive particulate material of claim 13, wherein the

aver age secqndary particle size. is not. greater than about 150 nm

15. The abtdd\rasare Piipdpte muipddli ol claim dpaivisein Hsetein hepa colloidal
abr asi ve parstabdity at eteratinad lgl a sednmmedtion height afqbealsOshufey3 dds. The
abrasive particulate material of claim 15, wherein the slurry has a

col | oi dal . . . . . ,
17. The abrasive particulate material of claim 16, wherein the slurry has a colloidal

stability as determined by a sedimentation height of about 0.0mm after 6 days.

18. A method of forming an abrasive particulate material comprising:
providing feedstock particles containing principally transition alumina;
and milling the feedstock particles to form alumina particles comprising transition
alumina and not less than about 5.0wt% of an amorphous phase, the alumina particles
having a density not greater than about 3.00g/cm”.

19. The method of claim 18, wherein milling comprises wet-milling in an acidic solution
having a pH of less than 5.0.

20. The method of claim 18, wherein wet-milling includes milling the transition alumina
particles to an average secondary particle size not greater than about 200nm.

21. The method of claim 18, further comprising calcining an aluminous material to
provide the feedstock particles, wherein calcining the aluminous material includes
heating the aluminous material to a temperature sufficient to convert the aluminous
material to the feedstock particles comprising principally transition alumina.
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stability as determ ned by a sedi nentation hei ght of about 0.0mm
after 3 days. 17. The abrasive particulate material of claim16,
wherein the slurry has a colloidal stability as determ ned by a
sedi nent ati on hei ght of about 0.0mm after 6 days. 18. A nethod of
form ng an abrasive particulate material conprising: providing
feedstock particles containing principally transition alumna; and
mlling tReé Thedsthot Rkl gaim 2tlwertio chloiningdb varriad optart hiteh psatommit igSiateg
transition @hpgBonaldcnot | ess than about 5. OMm % of an anor phous
phase, the alum na particles having a density not greater than about
3.009/cnB. 19. The nethod of claim 18, wherein mlling conprises

wet - mi | |i A& The raethedplogflems Y, wihiersin tha aethed farthsricomplissss t han 5. 0. 20.
The met hod ofrykaleallBinawagictisto fin-avry hiufGnd reddedes nilling the

ot or eat o Tha aBEar 2o o4 PO T PR S AR kB g p

conprising calcining an alum nous material to provide the feedstock
parti cl es24whemethnd odl milishing 4 kendictive moagd sRfaes io@la wagkpigleScorh@ainigng
the al um nOﬁo%ﬁ]@dnaébrﬁs%@slhﬁgp&[\%ewﬁ wolldidc6! nlta bRORY Holisti th

al um nous n%terlaH to the fee s%ack parth | es co |5|ng [|n0|,ak?y
transition i Kas VIR FOSPISHRL NUYHbANE A TiRR Rasticlesyths aluping, patipiehg
is carried c@mpasing trassiier aluigres fsknaylesathen abpiaiwtibolan 4250Mus2Base,
Tﬂe n‘:st hod ofhetiaithe é.lﬂmiﬂd;pﬁrﬁi:l@s hide dTednRiRgl nblgdehver tkﬁ@rﬁgbl%jt_sﬁ.@ﬂg/cnﬁfr; ¥hdg
t he al um na : : - ..an i spersing
the dry aluﬁﬁﬁgg%ﬁ gPkﬁﬁugﬁg%?vg%¥w?%H¥%$ﬁﬁg%%g§?§§ive slurry. 24. A
met hod of polishing a conductive netal surface of a workpiece
conprising: providing an abrasive slurry between a workpi ece and a
platen for polishing, the abrasive slurry conprising a solvent and
alum na particles, the alumna particles conprising transition

al um na and not |ess than about 5w % of an anorphous phase, wherein
the alum na particles have a density not greater than about

3.00g/cnB; and translating the platen and the workpiece relative to
each other. -28
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