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CERAM C PARTI CULATE MATERI AL AND PROCESSES FOR FORM NG
SAME TECHNI CAL FI ELD The present invention is

w@eosnsdiy drawn to ceramic particul ate nmateripdT/ERIN08/051066

processes for formng same. In particular, aspects of
the present invention are drawn to alum na ceramc
particul ate materi al. BACKGROUND ART Al um nous

partjcul at [ [ dj i nas

Er arer e ol e A e o Eh B anee

phase of al um na, al pha-alum na, have been comonly

used in various industrial applications, including use
TEEHNIGALIBLD raw material s for ceram c bodi es and

abrasi ves, anong nmany others. Certain industries,

i ncl ThgiPFEet Muenaey s epipedy drwp &t fepmic paiculats maffgal and processes for
fram sontl al @rtikeibredspals of the presors envbidibimre eal ©ViuAgia tdi@nic particulate
Jpterial in a free-abrasive slurry, a coated abrasive,

a bonded abrasive, for exanple. Wthin the context

of abrasive slurries, a particular species of slurries
AT KdROUNBSGR 1T OF cheni cal mechani cal pol i shing (CWP),

in which the abrasive slurry not only has nechani ca

pr opgimih@s pa@tfculatb masilidD nnclubﬂdﬁ h}ara&ﬂ) aldﬁiﬁés[tﬁabirtﬁbn@nhﬁﬂhl@lﬂrhas and the

ass ni cal

h%%?e?nl%gr%ﬁluree?phase o% a‘?’lumm 6Ha-a1ummaggﬁfe %een g n(?y usec? fn Y(arlous industrial

r’es

applicatipits aigeludife 1&1: emﬁlim, prardtesigl eﬁqreerﬁm épcilfal anh gbrggivesywmong many

oﬁ@g eCér@ln 1£dﬁ§tfﬂsnﬂclﬁ'cﬁfg| tEbra6i@ds ai{mlsﬁry,b(ﬁﬁj LR She }gtfeﬁﬂe tnb#@®3 in loose
s desired that the ceram c bod |§s ar e S|nte

f‘t“B SPGB P et dt & JeuAREEYe 2 RoR FIFE AU FREr e "BﬂFggag‘iﬂm for
exampleu Biithig the iconitexedf ikl ms/e dnrriprax partigntarsspasteestishigies ie nijzedibiohenical
n@&gm&\’\"ﬁ&ﬂsmﬁg [@\g’?) ﬂnlvmlctheﬁré HRiv0 rs]lurtnhﬁottotﬂ@rlﬁ?‘lmealurqgi?ﬁnroggyes of

| aced on processing due to tenperature limtations
a‘?ﬁ‘?1°6tbr‘fbar15°é‘6%‘fﬂﬁerr‘%lﬁ?‘§a’ PiQPeEtigs assighng i thopistagicplaemoxp @f peferiaf fom a
wpik@eessi ng costs, for exanple. However, particul ar
t her mal processing parameters are typically bal anced

agal(ﬂl%}- 1n'r:h§1§‘1e§j &L gcﬁlargice %k‘ gl‘ﬁlﬂfnﬁ rﬂg“ucru?a%q z(tggl %y Y‘atl/ematerlal formmg

partl cul ar conponent an at t endant enS| I catl on.
vyriogHAerage boies- FQfier BMmpRgit isj desiied thatfh Gepamicaioplies M Entraity @ atdewed
deﬁhﬁr@'\bmﬂae a GcerFMtlfernﬂablidgdf Lirllcaidﬂg MRitibisah makifGh lshdﬂerﬁtg temperature and

dweé]vtlme€ Lgr(r)l%léo C? Bermal buc?ﬁ%t 8:?/0 ee :lgi-clg uczn Proclgssmtgr{iay to temperature

llmrﬁepludanw@w't mewrte Gugaps qul coinpass el dyodi processitisreasty, Yas sxample.

H&WEH 9§‘tldqup $hernﬂ1$ pro@esgu@epa‘i’aﬁ‘r{&erscér‘e %rplcglﬁfsﬁ‘ala(ﬁéed Fh@!nhs?’ RleN@gree of
mna particulate

R L0 B P RO A RS PP GBI Cho art 1S

wel | developed. Among the state of the art, particul ar

pr o&ebshi plgtherdtrgpingolt dgpagisulayadshisable He plowdqresrantn pasticulgte material,
m\i‘l’hdir% dllﬁﬂrﬁ@)arﬁf:lesa{hhtmhﬂﬁ‘op@ﬁﬁst Wlﬁdﬂ'nﬁy Be EHDJn&E&JuQEf &ploy Mt % Rarious

mdustr S m(ﬁ n%rtﬁose rlélquzrzlr{ng S51 tererli Lgd(r:es Sa rasn%g z?pp? atlons (as 1nﬁ)|e particular case of

par
pollshmg slurries, and ﬁller applications.

Alumina particulate technologies are mature and the state of the art is well developed. Among
the state of the art, particular processing methodologies enable the formation of a wide range of
alumina particulate morphologies, which include particular specific surface area (SSA), particle size
distribution, primary particle size and secondary particle size characteristics. For example, one process
methodology relies upon utilization of a salt raw material for forming the alumina particulate material,
such as an aluminum nitrate salt solution. Such solution may be seeded to aid in the transformation of
the aluminum salt into the finally desired crystal phase, such as alpha phase alumina. Examples of

such approaches are shown in, for example, US 6,841,497 as well as US 7,078,010.
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di stribution, primary particle size and secondary
particle size characteristics. For exanple, one

w@ems®sd7net hodol ogy relies upon utilization OPCEHUSHDE/051066

raw material for formng the alum na particul ate

material, such as an alumnumnitrate salt sol ution.

suc |,1Axs§6qnu)ﬂ1ﬁ%lrpyWog@n&@é&a@@a@quz% gphp-plupigg particulate material may be
siicE 4Ty ObirRd iBdhgl0fynthbs® Wbed NMbshUigEbd ofl adald rdvhBatbriaDalibyever, the
ll‘%)%ﬁ(l)lg ?eq agc[ %%vtdglcﬁaﬁ’zn%ﬁsibs e%ﬁ)%& bg%ucglaﬁg?(ﬁcﬂ%p ’3%? ékvﬂz[pc&%n d. Other

arrpﬁ es of such approaches are snown in, tor exan‘p? e,

agyRagheg giilizetifighy tgmpgstyre eatnymt 7 @7adpha2igming peegusiep | shdhj asch ygrated
aliiBa fn@lﬁ@ﬁ’é K¥ehnRAl e me%resdﬁm%e&edlcla&s&hﬁa éﬂlrhll[ﬁ £¥&ds. Such approaches

art| cul ate ma ess
DR GH it HOF SRR BB A T gt o el o e e of
appiitageris 2ut alseibave Vimited peiticde moplpingleogi elsragmdbtipowder
characteristics enabled by such approaches are

somewhat confined. O her approaches utilized high
WW@P&@QP@Y@Q&‘P%M of an al pha al uni na precursor,

suc al um na

o o Qe B m BB S P 1 B e SR o e
paiyes bavdige spehifiv eirbeearsa §154L e Bsuhanilf mf/m endfnot gratei tm BHfm?/g and a

spﬁ!‘:lgw qﬁlntld‘mi B aPRhst bﬁeuéfétb% HBh Sduh@essTOf 18 MnTL716 3N GRasRHEd by
pl1cations, but also have limted particle

RABRISHI BB T ATHET A BIA SETRHD Tip et ebpabereis concevity is the
pdrd‘dMENIlhﬁH’t AL OO (l’bhsﬁdg orf Dsadple ofridaacti 0@ prticles vihith &NeG concave outer

pe‘i’gﬂeHl ixﬂe iffat TREAL hl 2 d ﬁ&%n‘ééjﬁcﬁ 1e% HH N 9955? é’% Al)%‘id irkf36iion, the

av ng ecific surface area
cqn@%%mﬁﬁ aiiphem! Pﬁ“/“@‘ ha\fm ajegati Y asas @ cUEvRiENg as7Bewse frem ahlate%\or of the
psfiericity quantified by at |east one of (i) a nmean
roundness not |ess than 0.710 as neasured by Roundness

COI‘ I‘ el J(‘:asigpl no{ﬁa ngembAJ}meny Sa cer)%}ml.% g)g?lé.llate) maf’iler 1&ud]gs a?(lmma Hartlcles

er elrn concaiv er cen
thp a¢rt1q1€t§ | he\snaoaalsféera@rprlala@anmple sigf gragter| tl@aé@ nro@d dess thag [l Bsnm as
mmmyh@\w afd £ PRGRMEqUaMEFRI bR néaa hes @1 (1) elet ] andhaatwt less than

t ends al a di stance. 0% of .
o Sy PBEL BT hrinRS BT Bhogt CaPsser ghih ey b din 20%.
wiregpini qegraityniegaeross of ddnivespatitlechased at waelplasf ay jeespe phatigen, which

ha¥dla éoﬂ(ta% duQ:F pe@if)hepahﬁortfbﬂ fad Scdefts al’gﬁ\gca%sgah&g]ottl&s ﬁ\E}Piob)@Jf d50 by TEM
enbodi nent, a cerarnm‘eg)a rticulate materi al includes

‘“%PF“(S‘H? A5 CpgR BT oBr ¢ ?Vl?lg ESHUFIHYS Shevnfredgicwed from
anpiterivasfithepaititie.cl e si ze greater than 60 nm and | ess than
135 nm as neasured by TEM and a sphericity quantifi ed

by ﬁgcmldﬁla%t anGHYE elglgodﬁﬂe)lt aQex%ﬁ@ Barﬁc‘ﬂldfé%@ﬁa?l nﬁfaﬁes 2R fa Ezl?@crﬂes the
as neasure ness Correl ation

pa}&ﬁ?f vg S, "1 A1t P‘i“}‘argp*’ét&k:ecsé%‘?lnt’&gfaéeé drag ﬁ%fnmééso a\%ﬁ%ﬂr i HFEM. 2

seqDdrCaparticl sizs cafagerjzed tyents rof lealthamil fanmpamtchsoleé 8y Hia®e dorghtion

s @ctrgﬁgml nd Qg h@%cwl/ &Lﬁﬁﬁﬁe&%pat Rad Bﬂe%lf G)Sa méﬁ’ﬁ] ¥o‘ﬁllﬂin&§}{(ﬁ lé’éls than O 710 as

concave outer EerlF eral portion that extends al o%%
meFFEtdaiyc Boyghesy i9akageoRafis 80 (IB)? PRy e @R 20, wherein

cohdagityQOME par@ntQil biehin Liticph essal onp@mﬁpleocn“ ahleagd 109 partidkeg@tidn\heve a

CO[lC%gé ME' T g)gl 1p§\e% opr%élldxq {ﬁata&tel\/cfs %Yéﬁ d[58 nt le@ttﬁ 119% oqfd.SS IB? TEM

par t o anot rrent a ceramc
mfr?@ﬁ“t"l é@lcwc@e REereReiRgpral mewb?églg alnwﬁlwq aadplapﬁ quevptgss as yipged from

an interior of the particle.

According to another embodiment a ceramic particulate material includes alumina particles, the
particles having a specific surface area (SSA) not less than 15 m*g and not greater than 75 m%/g, an
average primary particle size greater than 60 nm and less than 135 nm as measured by TEM, a

secondary particle size characterized by a dgs not less than 150 nm as measured by photon correlation
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particles having an average primary particle size not
greater than 135 nm as neasured by TEM a secondary
w@2008/084127 si ze characterized by a d 5 not | essPehEs0d$E51066
nm as nmeasured by photon correlation spectroscopy, and
a sphericity quantified by at |east one of (i)
spegtRs e 84 Arperipiysiantified by of Ieegipnaef (e yetiredisys IRbla%% ém’é%%m as

nfe@tfke® bat Rd@ﬁﬂnhdﬁ&@ﬂelﬁfdﬁllh}i@h Sunalguind ar(dl (ii) a GoncONE BW than 1086 Svherein
s t he

concav?}l ISQhC gae cen?o Galumm%%gr%aé:/sl t{a%d 01% a sa{nplle OF at ‘I"eas]t_g%()o partlc{es W, 1012 have a
c«wmve wuthxanpeplalat prvdchat @mnéfr algrera pﬁ@mnot frot thpio hO‘Ve AB€50 by TEM
8 Etﬁ)ﬂdtﬁe @hQnGouter Blriphed ﬁ(ﬁtlcﬁmlﬁvullgaas&gétlb@xﬁdlﬂsQ%lef/auﬂéﬂ VitWed from
EM. i ns ect| the concave outer peripheral portion
a‘h‘BR?‘il?ﬁﬁ lﬁ‘gﬁgt ive radius of curvature as viewed from
an interior of the particle. According to another
enb ddiondrgtanether enlpdinentpandtliod fdr &rwingregrasyiq particilpie nafghiad is provided,
wicl Hfblﬂ&s Bﬁ(llﬁﬂnih §Rse ﬁobv@er Qﬁaf ﬁéa?t}'qeﬁt%ellﬁ@}(dnmg fhe W?ecpofvﬂ& comprising
urface area S a
P i F R BN G og 18 e dgacep i (o oo ¢ g
nglieatherabbhan i) whemirathel pdrigss ake ligiividi 86 ivsmtasllymeasd tedfetyphase
Mlnagorpoq&g%ggfxwpgrt icle size characterized by a d85
not |ess than 150 nm as rreasur ed by phot on
correl ati onspectroscopy, and hericity quantified
by addijiualsembgfimensy el f & HERA "hfé IR s €9t PHEY tet Rgggial by
cdnbihddd aa slufraa sraduesdr vath sRLdude&&Bt caoent edt b4 tbam abern (@ weight percent

0% ein.
wﬁp % C%‘éltost’he %‘% nl%& l)vg%?oigtgenaq haa ecln‘@cﬁsam} tﬁ@&ecg I{?oc%gr? l?lzorﬁtmued

cent um na parti cles
Wéh arpie Oéfhe atuming a§fur820(9t°pﬁéahf rlemigg parlighes Bhhaqbipratment. The spha-

alGRINE dM el lﬂle@rhaﬂeﬁ Ispe0ifiE @lrfapOfirtd B3AS A@AtleseXa fldSm "8, @ity spBericity
0
qlfap]tsfteg‘ g}g] at lre-]aot t one o ﬁ) zg ng'arlll r ucl)lcﬁefs nogIL'_é tPaXn %8/' as me CJ b oq{oundness

cav oute peripnera IOI’] aV|n a negati ve
Cvr@@rlmshr@ze anptyviatang él) asowvetwéﬂeb ﬁl?ﬂo%i’/vawhqrm eqnpaorrty tyfthet fgesent of

ratldlr&laepam@\ﬁﬁ 66l &Q% mtehtgrat %H%@Qd@ PRites, WhidhEltakO8 cbRbve outer
a rtrc at e erla
pWﬁ'F B TN L euerg Biect g et pr E b G popecton. e

cangag@dutee nftnp@haamymn Javifza nbgm‘s:eadp@vxﬂerva@@ AYMiGvSd frgm an interior of the

pa?t@fet 'AQLcﬁ:@ln t@m !;l'%tmg' RARH a:t]é Qunﬂﬁeﬂﬁ&hr@g cgﬂd%nﬂlgéougl)hge formed of
| oose e carried out at a pressure

baghypitey gg%se‘tdﬁ%‘?ﬂb%lﬂﬂﬁlagﬁ“nisﬁ?‘és wherein the particles are
individually isostatically pr essed to effect phase

Bhﬁ%ﬁg%wﬁ%or heese powder. Additional

Irrents cal a net hod of formng a ceramc
par %Aecpilmlas%t echsiqastureernll ?lbﬁk%gt%g(h?ratgrstnédq g?dagené‘%‘er{"ﬁgﬁatg rsea%%J %grages
m@de |alg:hltentp<eﬁﬂ@se pldilledyintthe artés ppéencingphe deeompeye Aedingiei ght  of
the al um na precursor and the seeds. Processing is

coNticNURE pikdsd f1owQ0d6eSiEItddM eBbodidi@t. al um na precur sor
into al pha-alum na particles by heat treatnment. The

glr ggﬁ%lsé%]ﬁl gﬁlgﬁﬁf/}@g&h es han%lgte% %Bha b dlg 1Lc%lat9é Eeggl%ccording to

angoraperdtifd esgnitlyy at | east one of (i) a nean roundness not
| ess than 0.710 as neasured by Roundness Correl ation

| magesAnal ¥ SituSratedlla-gluthiha powa@nGHatiel Yo HILBS afteN@itind@H according

to\gﬁwemb%hur]lleqoncawty Is the percent of

FIGS. 6-11 are TEM images of a commercially available nanoalumina powder from Taimicron.

FIGS. 12-15 are TEM images of a commercially available nanoalumina powder available from

Sumitomo.
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al pha alum na particles based on a sanple of at |east

100 particles, which have a concave outer peripheral
w@eoosiga17t hat ext ends al ong a di stance not | esSBCT/lI82008/051066

10% of d50 by TEM i nspection, the concave outer

peri pheral portion having a negative radius of

cur VEISu k@2 5ase THM Wweadesfof ospraanc paniicdnté optergf actdidinglapt grgodiment of
e Qhdhvedioh0 the forgoing method, the alumna

precursor can advant ageously be for med of boehmte

DESER) BRI G DRAT RES TGS ARES tl Exivgdap sssppe o
atbembbdiéngr under st ood, and its numerous features and
advant ages nmade apparent to those skilled in the art

referenci ng the acconpanying drawings. FIG 1 is a
DB%/%EEIQNQF&HE%@WIHMEﬁ {gg an errbodi ment FIGS. 2 and 3

are_SEM ogr a hs of sintere
par £ PB0E Lot (L’ Hais&y{iag é%%tipé‘i“ﬁré plroées Plg eé‘ﬁi)‘é’\‘fhactoi“vlémg a feedstock
pawangsheallyBh @Snindhs amﬂeﬁwnﬂ feerts tirs&p 0 laThhiaedstbalmowder payidormed

otséﬁbilﬁfﬁhae gyd?a@e +@_;!IrtPh]th n‘?atehﬁr ﬁaérﬁ:érdq %é Qlﬂmlnélcl:&cﬁﬂtg 'pﬁ'gcuta@?: A&lerial
nbodi nent are M i mages

melbc}?ﬁeideresﬁlwma%for%m 8 thﬁé‘ﬁ‘B‘é{"I‘ it Opo*(}eaféroﬁam%ﬁndb (3-2)/2. In

geh@hlMh€ hloMina FydEt paltiduldd makeal TEM wat@ gasen0df aout 1% to about 38% by

I ; 0 A .

w? %t SuI é% gl‘) ut){S‘ﬁ'Y_ciaJ&%R%/e w%%qgrﬂényﬂpé%l %ggg& o?e\ﬁgﬁdéezgllée?n . 0 the

fOpﬁ#qqoﬁﬁP@ﬁfemﬁ*am’eﬁAéﬂOa)accor ding to an enbodi nent of the
present invention. FIG 26 illustrates the effect of

tr anﬁlﬁmanfa/ﬁxiaenpahemmenﬁteume chaserdonusRadi iygotiéyebuch as ATH

(a@ﬁ}%l%l '{/E)%.\rot % ) 1.F dr}lrﬁerazgorlneknfgvlbeominonlégs-r %r alte%ayg;ltg or bauxite, or can
1népﬁ9@¢qum@mlonolp/ﬁ@@e§@| rﬁ@rrqgetg |a:h§oe{mnfeh Wplﬁmﬁ@ hgiromdes can form

Al RO 16 Karf@WH &laterif @RAE gektlcMar®uisa@hiuni nous powder, with
seeds at step 101. The feedstock povvder rray be f or med

31 a aélrt}?lzrlrl]r emb é{men‘?tw% rp aa {sta lg:r(l)'lxmqgt one ( Wl%ln eneral formula: Al
SRR U A RY O Y BRI ooy

(qm@b udle@ Pydrad erdi lzsq1= mﬁ)ﬁathe elnm@it hxdrﬁge maieriaheorrpspPde foghoehmite.
MbYe g@lg‘ﬂ)lﬁlct%e t8rm V%@fnﬁte Olsﬁs@ Iferedh @M6holR afun(id- l@)i/aﬁs mlclﬂdlng mmelal

boghl%{ gql?wa&l% ﬁ?l%afxyggfﬁgbﬁu t gv%gﬁ)eet QE%%L%]%%JM alté 6)1 er tl ?JF{%, as well as
pssudc-hoehwitea by a Wb ¢ooter igwertr B8 %6 hestiehras 8¢5 tOeBﬁ% beywelght As such,

thé/\@f'ngtﬁ)chmﬁy WeYe QSfed %ﬁ@ a@mmm ma@s h'avan iSh){ﬁto f"@% Jmacontent such
corregﬁon s to alumn rate

asgaterq Eit WA oPRRER et ééﬂﬁ npiped %sa%ehlam@ﬁ%ﬁ% RGRIP B gEE has @
pagtid@lhy aadidéuliFhbleadrystal sruamore, mad dogoetiingli delique Krrayndiffratiah pa‘rtem,rmd as

sugpé ﬁ\é@tirfégim H!)Q{ otffét a}g}nkﬁ%inﬁﬁrialgﬂéﬁ%ﬁ'ﬂg(}ﬁer h9({rat£@alﬂﬁ(d.irto§s. or

Boehmite may be obtained by processing aluminous minerals, such as an aluminous precursor
through a seeded processing pathway, to provide desirable morphology and particle characteristics.
Alumina hydrate particles formed through a seeded process are particularly suited for forming treated
alumina hydrate agglomerates, as described below. Such seeded processing advantageously may
provide desirable particle morphologies and the particles formed by such processes may be further

treated without removing them from solution, such as the solution in which they were formed in situ.

Turning to the details of the processes by which the seeded aluminous particulate material may
be manufactured, typically an aluminous material precursor including bauxitic minerals, such as
gibbsite and bayerite, are subjected to hydrothermal treatment as generally described in the commonly

owned patent, US Patent 4,797,139 (incorporated by reference herein). More specifically, the
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i ncl ude al um na nonohydrate, also referred to as

boehm te. Such al um num hydr oxi des can form al um na
whyasaga7parti cul ate material that is parti cul BET/¥S2008/051066

useful. In a particular enbodi nent, when a is

approxi mately one gl within the general formul a

Py g terigipiay e fgrmed By comBining e precursorand yeeds (hayijg deav f‘lﬁ‘rﬁyﬁé} phase

ml’d}/cﬁﬁfﬁsﬁorl’lﬁdcﬁ bd Ekhnfie rsé’eeﬁ ﬁlﬂdﬂﬂ)Snstoﬁ) cRpeihgring eispeMddnalternatively sol or

term " boeh

slgr eyl% ciheat i eatment ?o Qﬁusa rccglffeersgon 0 1]e xzav mg‘[er?erlfﬁg)rt}g coﬁ%oshlgn ?f the seeds (in

um na
thisycpdie deghme) @Ehfn@gedAp@dea m@taf@d crwa'c\!/ Faepreonad &pwiB Ohthe precursor.

H@fﬁ‘mé REeRFHEEar®d okDifGan AfogdRhd en@§on91§1@ uake ih eehmib&ave, such that an

avi n a wat er nt ent rea such a
<5385 By At kG DGO TR Bk SBEERRE depe iy FopLom
a ygechftlass ttlenbor@rfateumm aifvlytbly lelegitehepd innggrid 594 4 ourtBB%ze finer than
aelé@ttoesr mlGI‘aﬁht 5Bt rabip H&Qhaﬁ%%@ﬁd%ve%%é’l@éf&%lﬁ% 18N to BY I the case

%’d I's noted that boehmte (inclu
inySige sseni pegoneaiedah sied PRHfis il GO i it sz
Geeyafy, @tle s&t bzuﬁdldd b€ pregefdin aCH@O |gfegbryhan aboutniveeyewelght @yhe boehmite

prgj:uﬁsfol %ﬁt% fgg{ E‘Ve b Welﬁg%uéﬁas Lt‘c?ﬁb% ﬂﬁ?“oﬁqwl&h)egto 15 % by

um no terlasmc
Whight KC&F@@F%@IS dirPro BscurBbaseriat ie tyrisally tradeg st aal?ﬁffé‘a S‘Bv‘s content of 60%
1oPBRACRSEEhUNIsse tpdomous nineral s, such as an al um nous
precursor through a seeded pr ocessi ng pat hway, to
ghaﬁg%l?%g%g 1gde})9t| a?%\{ggl%eo ahtuorle %rg%e %Ptg ab@%??dl é lsgcsk’l a? %reater 81an about 120
°G. lar o199 hre'ﬁerél@e d@e}t PP6cdrgn mk@dlﬁarrtttﬁwpcafiﬂng tengrﬂtére isf ggpater than
1908 NUKGIE fh@@ltogégsu%l tblﬁﬂuﬁﬂirehy dew ﬂmﬁt@@d) em@.ﬁoatagefess tRe® about 750 °C,
descrl bed hel ow. q processi adv ta\% 1}/
P B Oy ARET APt ECon 6y ARG el A TRE (e o
atpetr t ixc |08 Nefvonsiediobgpog u&:fh X piod dewwesn main b@ tfxmmtlfh ghe pressure is

aJth@r@tls%dgeWrettémoty];waﬂ' oMk Bg 16 hemohgm sol ution, such as
the solution in ich they were fopned in situ.

s o B dirishp gt bR SR it Sorimertf Svaint
somaesu f lachis repkct, vyrpicedmimprcatly atailablenpglanitveownddrg bivailable from Saint-

G RBFSI0L, Tha\rlsidi RPcRBUXiEdsc M neral s, such as
gl bbsite and bayerite, are subj ected to hydrot her mal

treatnent as generally . d ribed i
pat & tsfate@éecly&t EATsRe ‘Tys ™ G B Bof%%érﬁ“‘)ﬂyopaé%@?av\ﬁa‘gm"k
mbtetabwirh) seeddrsep §jde Ehe selairk gqvarttdgeapay & padtighlart ceystathae pidsih the phase

trMmQ@o oc[} rtﬂ'g%npﬂ/oug @%fom H&eﬁah ﬁntom‘lee ﬁrﬁﬁys QJSH@%aS% &F q§ partlculate
havi ng desi red cry st al hase and nmposi ti1on, such

migeieh Mt rbesalyaipa.j iy t‘é‘%@ﬁ’é‘ﬁ’stlwoﬁeds é%p%?lﬁ@d privgiraly of alphe a&ﬁ’ma
su(;kﬁdsh&tﬂd’sadhmmbuy 95wdighoercgit u]pliaya)un’(n@ hreah etsengaltyrvmtirtly tlpha-alumina.

The%é‘eﬁ?arg Xa%g/ i ];n z[nn) nt I \%sm earbln@b llv@ 2 &t w th respect to the
ORLED B R

e see IS case
C@@@Wswmh@vf Ta@alamtl?ef?ﬁﬂstafl@n?t%\al aelﬁ yrstoggds. c%ﬁ‘ﬁ?é’l‘@f @ﬁllﬂ-’éﬁ@omem of

se@fs Qéﬁ{lﬂ u@fizel, RECchPRE S&UU'S&@&H abb‘lle abs Reglit @ergﬁiﬂ adtadst WarCabiti0Sdveight
envi.r O

an a (S t
peécelat F lg nhan a out%l ({1 %ercent no sts Qh&h aboutaz O we eght psercer% or not les%jthan

SucC
ab@lmmowgngptrm@ers SEvegy higheh leaditds o bt htélzgwplemxprdws fogn about 5.0 weight

LR Sl leLSYtha%ezll)&@b & dvefgﬁt%@ﬂc@ht \63- luH GesPfhar ﬁﬁ)sw&éﬂaﬂsr%nto ITypically, the

.at. e ee
BESEACE e, By RGBS 2250, T3AE) B 3R B
percews Thefseads d-SQIbIvimve aride @yvregy patiFlesifsr(&d sneiss yn dverags ppitiglpsize not

grgagzr adoﬁlt *)5' &mCR&Las nB‘t {epmaJ JB@utﬁ?(ﬁl% ofth&® greater than 100 nm. The
ﬁggl onerated, the see Pg rticle size refer

mﬁtﬁlhg)/e Iﬂ &i}lfl?l% fl@smcgfdzege mer, such as not greater than about ?O nm, or even, not

greater than about 40 nm.
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Generally, the seed particles are present in an anount

greater than about 1% by wei ght of the boehmte
wEe@ssdor, typically at | east 2% by wei ght, sSPChUS®0R051066

to 40% by weight, nmore typically 5 to 15 % by wei ght

(cal cul ated as Al 2(3) Precursor material is

t ypiTo@aplpyinguy é@éﬁépcbtna@rwé @eneiatht hag a1 pEeT pAicErize gfo ng0YHALeH than

a&ﬁ%oopﬁrefs@h abhyt B2k then %%umm ko ad Sot Gahttd €6 @UthmAt Indeed

P BRBIRS aBbur it DBy Ty agPaLERbet B opne o
aveB@0@rticlersiza notgrebtecthamabduf 94 ima nptr go@Es bhanapodt &frper @tevaneaiof geater
9t 834:@E 4 han 1500C. Usual |y, the processing

tenperature i s bel ow about 300 °C, such as less than

about 250.0C. Processin ener al I carr,i
t he T80EHL4NrA Oéﬁlmawm&f&%ﬁ?czdf%mlgs%f ds gy Cagefﬁw ] ffueous
fogm rsadhgient ©f alebioants fetdssocklDBerieant! sekdsrigtmtan aquoo tis@rsHnsn the form

oilaosgl W@&%m‘[gn oil the a@tﬁﬁno@g(@m&’maﬁeﬁﬁ v@tﬁ@e%%ua& ?ﬁeﬂ 1, typically the
aut ogenousl y generated, typical ¥1 ar ound

MRED A B, S”‘%\f?cfeé r“h%fqn\’ﬁéﬂl%v P“tc?fél edU2EHBE IP“EHWBI&SB gogyfrsion at

sthﬁl 1S0ME edtbirkd OBt eadituldRIif AUE: PONDES ©i, alay &Y aibjeald & a drying
eraHor1 %Tp 10?i f&l{cjl)wg'd bé/%r%ﬁlm%teeﬂrlds c}fag{}igc?ﬁy kg)foge!g]}?g a%t%l lOy 1f needed. Drying
AEBARTTAABFads dpdig in Fmve@rvlﬂsa%@mperqnﬁéra@@wf pkto dt)(? Fi fpgrample, or

by urs ligheBodRRye, processing typically begins with the
conbi nati on of al um na feedstock material wth seeds

at {‘ eds, are advant age arti
cr yg as CO{l‘ﬁiI‘S{On at s%g ?1 C’ll% IF]e corm oges e? ery%r%S%step nh]{l(?l‘udpng c?lcutlahlon at step

107 apdriivivg gt sﬁeeé@i%t%wamtcmﬁeaﬁrﬂ?drwt)mtafﬁ'@naﬁq i altdmpergfais inptdegs than

a&ﬂ@@@cpsfuchte‘g Bot ﬂ’é@sr ﬁin%b‘d)u@li(@ avetyBicd gl the @kHh&#Rn temperature is chosen so as
um.na. see

al pha- a can b . .
o Bn B SHE, s g1er b SREE Slsrt S ® BERS M B atyminag whiet
intlhdzn caiyoudelt® Sndubety bitasep e Aererdingla Ipdidterarleratiren an the ordenve§50°C and

ab%§§§@5F1@4119 Yiot€plo ?e%l £ 1B QARBadh PO 10 i @@nﬁﬁ&gﬁm awhae converswn
| Cca resen n an anpunt not ess an ab d1 are

mfR/e‘feig Righ rSE‘éTIP&ré‘H’F fm A HeepecPrr g ite  OBIB ??&Hla%@l t@?ﬁ pegips
gehbrdllyateatni tha ab@edstinod, snahtagid s tian ebottdes loae dsnot EEstti@n about 1.0
ndulses, a higher content of seeds can be utilized, such

as not |ess than about 0. 25 wei ght percent, not |ess

t han about 0.5 wei percent, not | ess than about 1.0

wei éﬁ?r cﬁ@yl}aél@ha(t ,ste;h tpeégsgltlgg.faﬂerlébaﬂ&slra?lyon %foglh ?f a transition phase
al{pifiC Bhted MbveNditl fdr@SSlobsh aswdarb @ption3llyDa Mghi @illtng pen@emical agitation

Even. hi di I

% Y, b carr%(g(bl? E%érgaﬁil\g gtgls eccll%g Pgngﬁd'ggélle a?e? ?sfe as ieHlt‘ﬁ%g %%aagkatlofgﬁé) to
prmciegemoospew@ht:omp@?e mmmﬂal@sgf ltlclﬁ‘é‘i*\lalll@”@lewe?@Fﬁsu}ﬁe”r%@n@le phase
co-ll_\)éﬂsioﬁ @ﬂelb Y11 riak) onttfAR &¥ith IHI At at @dp Iﬁ)bleUlﬁﬁedﬁvdnﬁon@lfHIPlhg according to

as not

aﬁtlcﬁ?r aéxﬁct OQan ehl}bgcp menl? %{Iltgmg %F]arrleld %Ltll dnS co ectlon a\‘kbt? '?oolg]e é)owder State of

the frh glmewaga@g]@ammw tikige FBPifgito(yrm bk C%ﬁmab@veadaé one of

selRM1 bdteda§s. SoZ &ahift, a%Fe@%r%ﬁmllﬂ@iﬂte@@ @éﬁml@&gy Gf@cur&h' @Jﬂnﬁﬁem) can
rea

ter than m 00
SR THE 100 dE TRy KRB pabt Per B S Ractbyee 0. e
enfapsudated pgeawter egnppsht igtheradubiectad iamgtatooreratdOand trigh presseng @rogessing
to Bt tgf! Rofh8bn t;fq(ﬁ h 69191%1 cel%glcn mtg;ba%v@}l Hmuwﬁzeg ?%%EE gllﬁcess in

mat eri al gener al )é ads an aver age pardtl cle Slhze 5 g
W}H%Ita C@rﬁr@]ﬁtg]@iin b(OflPéllsl subjected to a smtering proCess in order to convert the green body into a

ceramic body with entirely closed porosity. The thus sintered green body having closed porosity is
then subjected to high temperature, high pressure treatment (HIPing) in a fluid (liquid or gaseous)
medium to complete the conversion of the body into a desirably high density body, often times on the

order of 99% of theoretical density and above.
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about 200 nm such as not greater than about 150 nm

such as not greater than 100 nm | ndeed particul ar
wendedsarent s t ake advant age of notably fine al POM/Ne2088/051066

feedstock material, having an average particle size

not greater than about 90 nm not greater than about

75 ngoneyst, BYfdng 18Dt cecrebx @rrice piE i RpseHon 85h p fpesepRwder, as opposed

t(p@dmmﬁ%ﬁxotﬁat @f sulé}éc'&éﬁ‘t&ﬂ@&éﬁnﬂg&@@f&toﬂ 6Ka ﬁf&ﬁlﬁl&ﬁn@ |op@zﬂﬂn SeedSjecting

logfed)mv%bﬁgll 1% g1§ fn vléiuarTB%rtgblrIlels f‘-)_ )fperlenc 1in}1‘tanc é)ressalg ?%erﬁr}]pm% operation at
sterr) Y8 derdratdhi ®igesnsrignintoj the domverso provesf  Amcasdingly, Afnyeayiongpf the transition

AGRRPIERAL l%ncaQ:fnmgrh@ @) W iR UHni-fesst O kaBh&6ds8l beWatdd out at
seeds at ste gﬂ‘%’ﬁl lv. the conbl ned material is

CTUBBEDL U BEBRLe FInFd Ol gdfarpraff ogss then
alio0t JODrES Brcic N Biaon: @t lesttigp aloll400t) ot dosmbandolit 450°C, or not less
'chgﬁi 1oht! S%bc’g p[%ﬁlbérchLSaCEllL Ye Jef soln@wﬁahﬁgﬂceprlmlgi ndt le§soﬂhan 569% IH& less

ecte $/n operation at ‘step 103, foll
thW rQ Shioh lgssabag 861°Gs Flfer%fl}edﬂﬁm GReeRE T Gregotally @aerfbasl those
utilfzed g etdﬁq)heriarp;ebsn@ pBRPEOSGIRSonGedeshel GIhitt @re @Fiyh tiu@s bmth@srder of

lﬂ%%nanfl above suc% ag (ojn & (r)r ér%% ?206‘%“ 9% ?{dlt%r@ oiI p?e[g#geo%(%ddl i to thermal

into
eneshl \mlrnstls elwseattansﬁr@ﬁw& mo Q‘}F&'Frdlblémé 6@@9@@%@@%@? lggst about 50°C,

oSHBS 1t 8RS abbud @d)olgkdl dgveaab@nat thanthatenpér@ire 1ydireartek il £ind Ghase
cination can be carried out in a

tatf St e% 1(%9.

PEPHREE 24t n%p?eg%rgsrstgf ure not |ess than about 3000C,

such as not |ess than about 4000C. Typically, the

cal Gewelly. GhPivemperargne lissthatibgeh! 5o seel ay ryt sepipe about 025 ki,

ndt N8I AbdHRS.5 R oPfiot lebihaalabbn NOKsS }ﬁ@fﬁg}%&sﬁl@éﬁ R b&I1i3dd to assist in
into a transjtion formof alumna, whi Ch‘tf:hnd u

P RGP T PR BHARES " RGBS AL g o gen doou 20
ks, anatpless aliau raesit B kiihe eomder lepfthd 50MCS A e dbovieghar messures can be

uttiY R 5@k rka¥h QL ss& MR ARG rebiBin LREHIERI Ghdig Mi’cﬁlla@ﬁﬁ%ﬁ§§ such & not
prevent partial or whole conversion into the high

lefsélﬁﬁétfoéttllglkﬁ OFB‘FﬁP%feSSé\’aﬂﬁli’oﬁ%\z %5tYfa- al uni na. Typi cal
calcination tine periods are generally greater than
aboWhild the forgoing @sseripgiocies &®n made ih emgectidnarithalzequenti@l. focess flow in

wmafgaﬁ‘mat% apg iO%%sScat'rE@Butqp Q)HL a]traglt!gf? Hﬁa§e ahﬁ‘ﬁlhae;grlor to HIng the

cl nati on gfi' resutlng material is
caFingiigngsp ay aﬁtertnﬁ@elf %lﬁpaerd ‘é}twtv%ﬁ@blﬂﬁd@hlmﬁﬁé%mak WA ifhang geeds

prScIe@cﬁr%CHu&b@ ‘e leazrgdrrefa@rems Hwkan spa-nmnﬂszl GEsiralﬁ)ﬁlb}ﬁraﬁllnﬁrM ,paiculate
may be carri ed

matexgpthave been aﬁl ved thro )gﬁ Hle selgrlenlubg C 0 noted above

aggregat es as a
resul t of t he caI ci nation step, to provi de a | oose

powdelovesrprislenn Sp e BRI Prostss i thidievitie ahasp Fpnefopped partioulate
mitér QC@&Sﬂerp@)cM&jhilﬁhai een iktasedcianmetisiPag tl&hﬁs}ﬂltifi@.ﬂhaﬁ&%nsformed
po'yﬁai; has Hesue}mcy low, nPr‘%n? Yetd gen d?\}?du% %rtlclgn lwhlcl% m%f B gagi &%L down
th@n@cﬁdlngh@nﬂlmg lsﬂem?ucmgeq agt byalraﬁ imaléinge erfrmpmmélalﬁnfé dit Mhnaqur fexample.

Aiteﬂﬁﬁ\% oP QIS pr &te@fn@ athep i Renatnkiudd pE’ﬂnEl@tet @ﬁlﬁ@ ah @c@litﬁﬁ processing
ensi t

oy =iy ighal BF rilpbiar B ot Sl OB s g sue
digpergien caprbe patitulagdy ldssirsblenit e adntoe plamviithing epbficatiprsen uirhg:@ra slurry is
utﬁ:i%p&'ﬂ@lﬁﬁi)lg &@MP applications.

Following phase transformation into alpha-alumina particulate material and any post conversion
processing desired, characterization studies of the particulate material reveal particular morphological
and other characteristics. Of particular note, the ceramic particulate material has a notable sphericity
quantified by at least one of mean roundedness and concavity. Mean roundness may be characterized

by Roundness Correlation Image Analysis. According to one embodiment, mean roundness is not less
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be encapsul ated in a gas and/or liquid inperneable
menbrane referred to a "can" in the art. The

wepmapsubat ed precursor conponent is then subjBCT/E82008051066
hi gh tenperature and hi gh pressure proceSS|ng to
effect the formation of a high density cera
thap ghopt ! Pasaghyas nedlest fgn thoytiO; 72@@ aotﬂ%th%& 3oyt 8#6% gadeed, jppyticular
eMbiidBlnt@iha €bcaiioGndgs Reda Had youhdiess bddjeesabtaad.74® a Si nteri ng
process in order to convert the green body into a

cer %W‘erﬁﬁ@&? ¥r X&d@ Bna sf)l're§<!n¥ nﬁl? @ @lﬁra&%z@@ b}t yonca-ug)e I%b 142d herein

sintere reen havi ng osed por oSl t
"9y B sy pereenh?fghwné RpeaPHPeen aﬁi‘“@"rlF ¥ ﬁté%aéth%PamcsafNﬁﬁh{*ave a
cdnblvPiotig) pdrlBheall fpbrtibndth{t] dx@its Chiog agBERQUS) 1638 thiatiM% @f d50 of the

p?]mcn‘ﬁle dna%rlal a% asgzgr Ciunec[ %f%gl‘tansmn}esglono%ec%{%le&%rrgﬁ eprygj el?éteg)g}yhy ?oncave
O‘Itﬁe@wétlleaﬁlolﬁéﬁﬁﬂlﬂﬁgﬁtl‘ﬁﬁaduﬁ tobsrevalupe ae g pdafsam anHptmiiqy gt heparticle.

Idd&e fﬂl@tﬂeﬁ |elan0d91f&ﬁtE bﬁﬁje Brdhic bﬂtl&lﬁfénﬁﬁildtl Qfve Bbeh oudd b 0SS @ concawty
a cera

er 0 t S
le; 5% t ap 1(,5 é(h Isﬂch asp % Eagtll ohor even no mleés tgell n%éer Iﬂlﬁeged oerr)nénr a}{llzn?schave been
mByursththe'ca pqmgaVltso@sgreq@m)WdleM tsvzrh Bl of grepter thire2%.ndi vi dual
particles experience isostatic pressing. The HI Ping

ope @%Helo the %ﬁulﬁaqﬁm«l@@foﬁﬁﬁg fha béréfm@gzdﬁcuﬁﬁ Qﬁ&)‘ml' rﬂiy%at/eh@ specific
conver sji on proces

nversi,on_of
SFRERGT LT AT ALY Bty TREETAT G SRt G gfmggerin vr
dinatbe deghpingasd dipha 266 fardd/amuag@dusd )loy barogearsimeld point BEH on a

QEANRI R ¥o Apgaeat&sem%m&r%@s For exanpl e, H Ping
can be carried out at a‘tenperature not |ess than

about 300°C, suc er at ur ss th

000 g 1ER T BT SB0E T gP ool ek T Ry Corral
the et 1in500 OESS AT @ nytereatithag Sbaneld njk, Setas s gevtkralian Aoghi®nm /g, not
gx’geH& A 3bdiP50 §‘I J‘ﬂ? %r L(Q %FLat@OtQaano rp%t Fluﬁl%? tﬁem IZQQQ% errtlcularly

ess C. Cenerally, the
“PEW%@?%?H?@%“&P@“%8@%%??3?Bﬁkr t han those utilized in
at nospheric pressure phase transformati on processes,
whi &ths @rier adiddaimt the AeSin partdee faomide the edrandid QO3 Watamelterial generally
he
arg omg;%ileld éyzﬁ;n] %ﬁ’a ﬂ]%nﬁlﬁ‘a asc?ill—rgﬁ% reng{trlgxﬂea gl%g%: Thllglgrg?lﬁﬁdtﬁéuﬁﬁ gg%”als
mtw eongit @ﬁsm@hlm@f alpfe-ghage hveiea | Rericwlar eatbog @Wﬁeﬁrf‘afou?eégmwpaﬂy of

alﬂﬁfﬂaﬁz{saﬁlhlﬁmﬁﬁuch %aaSteasﬁm&ﬂB) Gif)6i lea@ﬂ' ab&\Y S0 wted, atll@aaboutd3auds alpha
et e er.at ur

h
phla%e aQun?néa dmf ven esﬁ( 11?1%) en 1re${aa thaah ase .!:'1] m1na orn}% m{ngr non-alpha phase

rans
alamn@svpch@raudw f;;rt@e%stmp@tleseewe rllallwl ppase mrmlhg’orplﬂléé@me%ﬂcaaﬂ@culate

mi&al Jn%sﬁsotdmﬁbl)aM&ne@ ofla slﬁféle cry§tMC A%, ﬁ@&roic@%&nﬂﬁﬂmas revealed
thrlt él&éndll\ﬁcg%l pg%uélﬁlstmai%ﬁ)fo?gesd of ﬂagge c eyrstal alljtha 'gunlygas wknch mﬁ/ be%esuable for

paiculpi apgdations. assi st i n phase transfornatlon further
reduci ng requi red processing tenperature, such as not

| es st faawdr, @QQH&}H\% pQTche‘é have BEh cha@SBrideld MRerADOPimay Qark@d size and
or even

a
S PUELTEE Sean BRUE 11 TSRt “Ur iy BRLeRRE by afyimn
panixle size gightér than abopeg) xm gchaetnm debrdinteyts pay have lihited @rimary particle size,

SUWES%H g?éz&r th%uﬁ)bm 485 R lbr h(ﬁ §1$at$rhlﬂiﬂ 18000 stihQudeSi, the @erdgd frihary
not |ess than about 20 ksi. Wile the for orgoing

PRisleSiE ey 8?1 nefsggeais 'ﬂ’ﬁ'&el 19 Hmc%‘ﬁlh%sc‘t"f BRRSRi iR 2
ﬁl&BﬂLﬁ@’fbbduﬁéntsp{ffoﬁbeﬁSselft|110/Wltiom prekide hotabyl Wicnaticdne abtegt,gpving an

A]Qg AES n&agl;HJaeeteﬂanoa%%b@mIl QLN a@ndt LR ddn QPouPEASE 78hMMErFen not

greater than 60 nm.
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calcination step may alternatively be skipped, wth
t he conmbi ned alum na feedstock material and seeds

w@emsogdirng directly to H Ping treatnent. HOWeRET/[S2008/051066

particul arly desirable al pha-alum na particul ate

materi al s have been achi eved through the sequenti al

pr odde SEAElapopaEileatity . chimpiqrigrni Frepit B IPhienfCT iR ERgeroscopy.
EHb&&uﬁ@ts ﬂiﬁ\@@ﬁﬁ&i,a s&claleiaﬂyeps:um mfegh@n&ﬁ&d lby ans fncﬁ ed®tflan about 150 nm,
s%ﬁ éascno\(f;fésrse Cim lﬂ? 1{me rém%odlﬁf%s haxe {)vﬁncseoﬁﬁgv% ha l{'irggr dgs vﬁlug s%rh as not less
thap ehautflae, ot b@\ﬁh‘é@ pbokid §0 @t@sSeméqualrtwwsme@M ‘:ﬁémﬁ@tcmwnzed by

Itljhhdé ¥nfliea |meﬁ@1%1tnhl@ bﬁgoond&ﬁﬁ Ifaﬂlclgﬁye b@c@&ﬁg tb%‘m&fdﬁxlfeﬁt@ tRHOWhcan be
rou St e arr ou
PSR S OF PP GH T FRT ) S B, P on 100

exanple. Alternative or addltlonal processing at step
EXARPHEY include particulate sorting. In addition,
processi ng can include redispersion of the particul ate

gni al into an aqueous or non-aqueous medi um Such
di spersion can be particularly desirable in t he

Icgn ufe(l)gr: | eolf IHL%F ates%he GFFQZS %QPT&)@I‘&PUYG&R}F’%‘éSSUI’? on COI%VBI'SIOD OfSSCCléCC{ Q{UIHIHOUS

fepdsioblowniha gorp hé@ehlmlteaﬁ@fnok rrieding rvith fre &redtiphel-ap plyminmepl prepared by

mB@Het106 éuarﬁst & ﬂ@&rﬁrﬂo%lt@ﬂgn 30Y1 EVREatiGHOY CTlsT ol water w1th 5% alpha-
roces g% desire q?@\;)gct eri zation studi es
b

ot et A aersr e P ARk Rrreap R g e of 03
ming aphhdumichad ABtof niritarid selati@f to heghiite UTha sanmpiet veas tteh elaced into a
d&%é "3{79;1 Ca_t dbtolvgnlﬁ%lﬁt %ﬂgphﬁfnk "i}lto Heﬁés ﬂam&ﬁmvgy P Hﬁfzb&?' % dried

guant i f | east one of nean roundedness and
MBIETE 40 %ai?‘“e%@r? hog HieAs e &< 0Priny o © G & PoBY fransiorpghase alumina,
foRRL BN@SS sticiieethatid, @ lIbolsdTﬁalngL_llz{%El ahtyiSdl SavinAGianieddinREpdritrleQfaeking.
Tl%r{b% ial was} en ﬁjenedr 10 Fl §%S m%}n%t o%¥am a%%%%@%ga %Ht Table 1 below

sSuc as not 0 ut ess
shomahe affRsuef tOnPPETe e plewes coyahinafiqhg P the eli*f%‘mnrferma%onr%\f}@ loose
p(b@@npri;\ﬂiém ¢h he Hm%nﬁroﬂﬁ&n NPHNARESHS cd'ﬂ&ﬁt s’aﬁﬁls whd faracterized by

ngé) ya eéllhg Cf? ?v?]gté%{)d 101¥s volt PS'tkt\} 91%1;%!1‘['4}5 ps. OC7 stte:% size, X second

VAR latet\TD usé ere

hdlg; 68¢°adve-thytd. i s t he percent of al um na partlcles based
on a sanple of at least 100 particles, which have a
concave outer peripheral portion that extends along a
di stance not | ess than 10% of d50 of the particulate
material, as ascertained by TEM (transm ssion el ectron
m croscopy). Notably, the concave outer periphera
portion has a negative radius of curvature as vi ewed
froman interior of the particle. Indeed, particular
enbodi nents of the cerami c particul ate materi al have
been found to have a concavity |ess than 15% such as
| ess than 10% or even not |ess than 5% | ndeed,
enbodi ments have been neasured to have a concavity not
greater than 3% such as not greater than 2% Further,
the alum na particles formng the ceramc particul ate
materi al may have a specific surface area (SSA), as
nmeasured by BET analysis. In particular, the SSA
measurenents herein were done by degassing and drying
at 25Q0C for 0.5 hours, followed by nitrogen single
poi nt BET on a Quantichrone Quanti sorb apparatus,
nodel year 1983.



According to enbodi nents herein, the SSA is generally
not | ess than about 15 nr/g. Cenerally, the upper
wo 2098087t he SSA is not greater than about 75r@ir/U82008/051066
such as not greater than about 60 n2/g, not greater
t han about 50 nR/g, or not greater than 40 n2/g.
Further, the SSA may have a particularly confined SSA,
Telth! as not greater than about 30 nr/g. It is further
not ed déahale tMEenpktfiraa partretves f onf Memgy t heAlper amic
partilcul at e méCefor Hir gener alkdiy are Coi@)i Sedcoofent
al pha-phase jal um na, as allready nenfi oned apkwRD The
al uminla part{i¥él ate materijdls may coAdist esHehti al

y

10

15

of al

pj‘la phasmsal um na

Pcmb i c ul ar

eﬂb_@dl me

nIOS%ar e

for

u—, pr et
| east “about 99261

wt %

Ily UI

at Iprct about

at pllq phase—al

yna,
Qg Wt 0/n

H)bd as—| at

east

about| 95 wt %

%P pha phase aPuni na or

éven es

S]é)H(I al lly

ha, ignor

i Ag5 mi no

r10a%n- al pha

entirgy al phasphase al um
phase @rum nazspeci es,” suchisas tracespfipuriticgs. 1he
al pha—phasetpartieles—+tormngthe——cergme prailLtO—J—euHue
mat erli \ " so desirabl y Iég a lsingl e
cryst/d . Thdt99s, spectrosédpy anal y3P% has| ¥W8%eal ed

t hat 9o dual parti c¢clies may b(=3bDr med wb%si ngl e
crystal-—atpt Hom e whirghh—may—be 1 dULlW
parti f‘lll(l)| ar ;bgﬁl cations Q:“?iﬂl L furt 12?11: the a_&ﬁ_pp_na
B0 been char aft®rized i h>Perms [0P%Bri mary
AdB%r di mg

partilciles haw
particlze sizers@and secondarny.Sparticl €385 ze.

t o TEMzamat s7|5§, embodi TTEMES Nave Degps f oundiphl nhave a
pri mary—parti-cle—size great-er—thar—abott—60-—nm

A ey ray—hase it et Bl i Rar ti gl e
si ze, }%uch %gggot greater ‘.'g?f.an abot 3%’:5 n.n?;'%% ot

gr eater—that 5—m—St+H .A‘ gtherTthe—averggs

pri mgrg pcutléeoc STze MRy Qg Rt greater thafhygbout
110 nmp such g Mot great enh hiagn aopyb, T00 mighe, St |
furt her;embodiments of the present invention provide

not ﬁbéo)ﬁpiris&leb@@e%ﬁ |sz§1¥ﬂlea§ Qnﬁ&i@ﬁlhﬁﬂe safy i Mﬂgn SfhicAMRY g€ seeded

t t
o3 Al RO o 0 S B gt

versmy frbreurs essigpdlennyitigpa viaibdPieg Ginméde s Elkﬁa? aet &pre 26 hieogrppls of

RO LRI 95 I‘MI @Bha%oﬁ&gff)%@ Qﬂ]Yple &ﬁm@dduﬁﬁm&ﬁaléﬁa\fﬁldmons
own a _second ary partlc e EZG ch gliE cterized ﬁé q, ;
S“ﬁ%’l“g PeEsOThalh canstt a5t Ty iRl 4 oY i T%lé o
comparatzeip dlldAetftBﬂ[ie&tdf@féO(I%(h oithna gremmevssdt af lasig ér coaigmisanalf tigs 2 and
Wgﬁ: |ﬂlg§34 %ﬁtS h§v§ $hat Q%@fom@&t un&eZmeQHt ch%tlohﬁ§§is tt(h 92?tr1]ally necked

Secon ary partl cle size may
Pagtisles éf@t érleldiféaﬂtb’}? millpag. wiche bprshiragiedde f@ﬁ%‘ﬁlf)gl@% features due to
agBREnA dﬂﬁl}g PE HlFGheEpr&eke® @tilizAg QQFddiurehsdiso caapdp@e ihaery Spentsthgture

n?& %g Bl'{ea%t gxlé)velttéa%r}wﬁep %H& is %‘a%?y rgmblesﬁﬁ Een%%l(l))nﬁgintains

an%mu%(%laz‘gs n
not greater t

fhWMDES HEWMIPQ“CF IEB(&‘WM’BGPW “i“lhln@st rates the effect of
tenperature and pressure on conversion of seeded

ExapleR Nous

Further characterization studies on powder particulate sphericity were also carried out. As
noted above, sphericity may be characterized in terms of concavity; concavity being the percent of
particles based upon a sample of at least 100 particles, which have a concave outer peripheral portion
that extends along a distance not less than 10% of ds; of the particulate material by TEM inspection,
the concave outer peripheral portion having a negative radius of curvature as viewed from an interior of

the particle. In this respect, a state of the art nanosized alpha-alumina powder is depicted in Figs. 6-11
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feedstock in the formof boehmte. Exanple 1 begins

with the formation of an alum na sol prepared by
woreoosngp1100 grans of Di speral boehm te from SaBol/US2008/051066

Corporation into 700 m of water vvith 5% al phaal um na

seeds, having a crystal size of 02 m cron

fig@ aimigre  Hpserrarticlsomrkad rpseset mfilqlﬁs gt e e seqm%ﬂr pcavity to be

cais@ha} adobdaidyartaid Ba¥d @fon ke tdnipl: sadlysth degidta@lt ih Vis.t66i 1, the Taimicron

pow er nAS fngg 60%1% ?SSHla% V\@%Qﬁh/enA pe'cﬁlﬁ%lgte op{hg ]gr@g ¥ % Sumitomo

over ni Dr um dr into es nma
(catntneqmﬁlat jvgidably ap AKHT(0) rsté@vn THE lnmia@a CRrEEEROping to\figs: 12-15. The
Sﬁrﬁ‘lkoﬁio rﬂ)@@ldek RhsCrodhd onavd uERaely s 501G BeQdved v thOpHitulat s@mple

C%I{EFpOI& st pe sta{teho?& Qrt I%ESra%e Jt Hrs%dr}){r:ldc?s€1n% uﬁ %nbeg I{OLPSEPON 010.

10065¢ fpa
havi ng I|n1ted |nter partlcle necking. The materi al
was It fesef canitsft eiith & stet OHP PTG slAuRERPovesseistcRlerbove, Figs. 16-

7§:caf3hﬁ§l\@|uﬂa{gbsn§bpféﬂﬂgdﬁxr embb@RLE h@reﬁﬁ&h@%ﬂn@ hewsy tsﬂherllloelf ﬁaﬁtﬁ‘des The
of, enper.at ur e, conpl natl ons. on t he o
BT B P LTS SERaere PGS iede S RLRTSe

Hl Pi ng enviromment. Al pha alum na content sanple was
Egdnmtedct eri zed by XRD, under the foll ow ng conditions:

vol tage 45 kV, current 40 mA, philips 0.2 step size, 1

S e C @REp 1dustr§es$& efitnerstedmt an tﬂ_eqrﬁhlﬁluﬂq tpﬁnsﬁﬂﬂﬁaﬁ ieﬁa@d’ﬂature required

e G s BB BOBHHA T Lot GRRT L Geraire] § ntihé fbo grams
oS Disjeert betimito(dphrades vorwerige 600 uhdevateamyl htof oitirdictdi relpsve to

bgHeﬁlﬁftgj lAeseJ&l)l géf %Sﬁa)m@«ﬁ @§h$tlﬂg ﬁln@%l%bo?&cﬁ@u%ﬂgh ﬁlﬁepﬂo%hﬂllteaiemgnated
mcro

I'Ping (sa nd phs
P@)fdsocd)rPéal?“ét’flSX/ a hg é‘ﬁfﬂ’?e’e‘féi @%w %@ﬂ%}%‘i’fé’% EPERATG e ired
cEndithese€idd bdeRfiteQntd thahipiarinise Rishadw@ndlFik. 126 Nehere Siphd @dhifoEhatith was
dgfermmed u5fngrb”lco%1’]ntall;/§ss t FIGFbgsllo¥vs th t%Ie ?ner d{s]il)’vla%g [ acgliresacgdégw the P2

alpl@mpewatmﬁc@sqafach%@%Gravafqrmatan ﬁpwswlée @sﬂéﬂhs—ﬁluwa gt cRigparatively
lo&eﬁgﬁﬂéﬁfﬂé @hen @t oFthOSmpldcaRflind Dpdrd. Figs. 4 and 5 show

that transformati on under anbient conditions |eads to

Parflally necked particles that are difficult lo mll,

i ch have characteristic norphol ogi cal features

due to aggressive n1II|n% The HI Pi ng process

ut i Exaniptegt wes spreiedsant @ sy ihg effeeion e rempsrauis@regseieyrompiiion on the
pliatel &hﬁlf&ﬁl@tloﬂ el thmpﬁﬁldﬂa?eﬂﬁatﬂﬁc KieRQar ﬂurﬁlﬁhelgeph@ﬁﬁep&@m H}eﬁltxﬁ@ 100

gener al.l y, ns
g‘?‘ﬂggg’é ’b%e?ualgeeag élglge(? eﬁna%/ fokl)lﬁg)r@& m water VIE/) h %Agy 'Iplga -aluriinous
sepdyinving al chyistalgize E)@dﬁphceonz V\fﬁb Plolvéritrie h<a¢ral@u\@ tq thegltoplopite. The sample

wad g ﬁa&e@mtopé)m@llﬁﬁ O‘Q:ﬂrat g(ﬁ@loa@rﬁglﬁph&[ Blféﬁtlﬂétei/iﬁ s 34I&Rd in a box
carri

Rk SULEF 1 e Tour R HIOT  HER P o SRR o tis g opr
sttubrere péth Gieintd nerkinpalfitally the atyad eah prapesed at \@anrpte@pwfturatand isostatic
pe&@8tondiQfsparlicles, which have a concave outer

peri pheral portion t hat extends al ong a di stance not

| ess than 10% of d50 of articul at mat er |

TEMPOEROE S T HEE G clts bt v oPREIeBHET Sl CBRPEPD A Phese
trdv@finagonalefeaiga by specificadifadsar@fancdsnsitadithedinalprodgnewed from

an interior of
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the particle. In this respect, a state of the art nano
si zed al pha-al um na powder is depicted in Figs.
w®2@gHgam Tai m cron. Those particles marked r eptBEES8/051066
particles that have the requisite concavity to be
consi dered a concave particle. Based upon the sanple
anal¥sis depicted in Figs. 6-11, the Tai m cron powder
ound to have a concavity of 39.2 % A second
skamﬁeofIhhamﬁmhepomderlﬁﬁomaSunitJE®A(conne Demilty y
avai | ablle"@s AKP700) is (tiown i n TEMn/mmges | (g/co)
ddrrespdid ng to Figs. |12-15. The Sl tono podder was
flaund tq 78@ve a concaV|ny of 25.5% 111 s belbeved
trhat thu alllL.Ulcu sanpte—correspongds—to th tate
aof the FriQ nitrate salt fannd nrnpai’gﬁm as ?’93‘3 i
il# Us 7,/678, 010. In diféct contrast’With the|$fhte of
tihe art |mamosi zed al umijna powders d&xZri be abd9Z,
R
I..

FlegsT 16525 are TEM TIgges depi ct{ gy an enbpgbarent

: . . 30!
\erel-n—showi-ng-netably—spherical—partieles—Fhe

Egar{iculate materi al according to the illustrated
i ment was found to have a concavity of 1.2%
Exanpl e 3 Exanple 3 illustrates the effect of seeding
on Sherahjampleuht erdagempasEivasamples eceories itfparly & ggic chagctegzed to

mbds @8 &Eéafrmn%%%@hvb Qﬁmﬂtgteeto 53¢ aﬁ'p&mr AlnHHiRA in ’Pabfel Ielow. Mean

al um na S 100 grans
xR B FBTOa o G AT, o e iprige o e
fonatle n*MB%P@R[MﬁﬁERW 5ncid the HAeanétereoft the loledhrincteases M circular
pl‘%&)@tﬁ)ﬂ go i) RE\Aatﬁe Pk Psas,faﬁglaWaFOGndt II'U9 iffifd 'f‘?rn%EeQ fﬂ%atsés%reh‘alﬂldly than

usi ng | nef boehm te dési gnat ed (d5
th?nAéela’oq’% )for m]cg]éarsogga§ H@ vlaléev@r @ans\MP%tlc%ly,alnan Irﬂ}’l{]qnas[ﬁ V3% generated
u@@&kﬂ}ﬂ@ﬂp&ﬁaﬁ] urea.op f3Q) frore qomp‘uerﬂc t Sample v estacquived tyelENeelsewhere
WSNF] 11‘r1p'2)n'tede nlhq{ L tlr;lJ] f OQLJJJ%RWQQ anE sAfﬁval% %Mhli)rgtecl: écgordlg%_?_ Kxe micron

rans or ITHtI on was term ned usi n%
bag ﬁ'thy §EM imfge GAS S95h GIREWS OPFet freewﬂm tHeProgire papRigtGhrecords other
1nfbﬂﬁeft161§db6ﬁl tic@agk, Qnoﬁthﬁpoﬁgntl@ ke hadttadny mghadlﬁiéremhﬂ o Ok image in pixels.

Tlgsf laﬁrma n ullsTll’lSre]Ja byglse sQ tl;wrgl?‘et tE) Orgmtg [ ﬁggn lkf)cpug nlesréntaccgld gg)tﬂﬁeragosve tf mula
that of the sanple contalnlng Di speral . Exanple
Ex aifpsreard nogaglycaera sHess wiovide! Rehewplendn &F Tedit mepp. ¢ figghand line

drﬁ\ﬁi@ﬁ&?ﬁ lkéﬁcﬁt/o p&ﬂﬁ@l«l&r@!ra%rﬁbdpﬂ adnkiQéht @1h & BeriPBRSE each particle. Only
paétrc%ﬁg—lﬁ Ofl’ t é%tfrel tlun the conﬁg E hg H‘nlla%et aere gs%é)e]gelcz?ﬁlse ofj_ﬁe naBEe alt 2 TEM

brepared

infagee bartictee xrassouteﬁllhqs zmgaracb éw@alﬁ F érmhsasaéfts crnmmlvlwhwaﬂdﬁ viewed
iRk @ﬁtlréM :;nh kA% roudd Qxbﬁer%&rﬁim NOLSsiRRE B mBAVERG:. a

crystal” size of 0.02 mcrons, with 3% of nltrlc aC|d

relative to the boehmte.

bt 81 Y PEVER: e b JuiR Dhimete YT effet Edonar
comatasd ffdilholasiSs wed, ehigedhaliena splib ehepd ertlr?aie'ﬁ@ wathin §@Mo@erfdgrwn around
tht }GQ‘[IJ@U fRent Qedlransf QF B thGdrmL ek 8dfiwafdtoPrerk haREsh bf A8hsurement

m na having a very open structure with linited

PHEERINg. Finally the material was processed at various

tenperatures and isostatic pressure conditions. The

followi ng Table 2 shows the effect of the

t enper at ure/ pressure conbi nati on on phase
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15

transformati on descri bed by specific surface area and
density of the final product. TABLE 2 Exanple 5 Severa
W@ 200pl08d71- 4 and conparati ve sanpl es accor di ngpeDUS2008/051066
Exanple 5 were characterized to nmeasure nmean roundness
relative to the state to the art powder, summarized in
T&EB%Q 3 bel ow. Mean roundness was neasured by
dness Correlation | nage Analysis, and i s neasured
according to the| faompheul a AMpirraREAést (PERI METER) LO. 5) .
As the Perineter|pfthe opjegt 1ncreases in circul ar
proportion to its-AREA—the yalde—+s—stqtionary around
1.0, if the Perln%ter |ncr%5€es nore rapidly than the
Area, e.g. for if¥egular obj4cts, the val ue decreases.
Particularly, nmean roundna551mas gener atjed usi ng
Si npl ePCl versio 1305—f+romConpi x I nc. Sanple
i mages acquired bﬁAﬁﬁmrels%ﬁﬁere were ifnported, one at
a time, into theHpfitWer e odlge sof tware|was calibrated
accordi ng to the| gkehen bar on the TEM iimage. As each
image i s opened fromw thin the program SinplePCl
I eC ok GipuRtbh @lfpaﬂelﬂbeD fhmﬁirégﬁlﬁg aﬁlﬁtﬂltneﬁth@minﬁfﬁ@eucum&{atenal is provided
thatnipas dlSthF 1n¥r££(110§y, SJrL%; as ngdlgsp ?erflaxt%ungrﬁessl concg'vng %ec c s‘ijrl?%e area, and
prsmrx vvdrsecond;ryquaﬂk|5fzgﬂ e aramplo. s Al 8scompesiion mréudtné eleypged alpha
alﬁpﬁy BvdlO MM s@espeIth %Eﬁeﬁﬁf@nrﬁﬁlfnlmls ka}{hefe@ ‘d@t‘h@bartﬁcm&@ @terial described

R e e Mt R e R A S
algioins ¢optes it compettion itk sub € medrégles.oft isébaleshe that such Gheeparti€iad opntain, at

mgﬂrgolvs"t%eaﬁ;phg Ql@rt}ung | n a%ﬁﬁl&nr Rl IOW Jenlalﬁaggsnﬁ %%ilﬁlﬂﬁagreglit ity RBuced
I mage are used. Because of nature of a TEM i mage,

“ﬁ%@ﬁ?@ﬁé§mﬁﬁ?“§6W@tﬁﬁ@?“ﬁ%@@%?ﬂ?%wm overlap". In these
cases, only particles that can be viewed in their

ent Wit the mmgitiéntag bectollwsottedtapdidshrriagiion thesonppg of spedife cabediments, it
1s§n&%énqur i§ ge ﬁlﬂfed mm{a%ﬁmn m&g Lﬁfou%d%&tieﬁsﬂﬁd H@§1tﬁ@r§ '?hay be

rawn around particles that meet the above criteria
mads YR eePRBRATRY Wey P thh gReRe! thE Bregqridryentighyi foh exyRgaditional or
eduhlbrd mhmpe naf bd fievidad &d awdittonal ar dghiealdooyratiactiod stepamagbaouipthyed.
A%,Eu%h, %1?1&' rgodg'%at ?srlﬁcpeqagﬁé}l%l'{)r vgntlgrg&réﬁ{sdx&ﬁ)gerd 11%9 o&\:ht to persons
e’'software offters nmenu of measur enment

skiflst dimdltcetr's usTEBRGEmore ABANSIRBNE PXBFEMEIRYAH e aBypughh@odifications and
eduREIBEOAH Be1ievED @b MR nSthe @bpdrdr B ifadton GsdeBlicd biBeerblloMingicBims.
provi ded that has distinct norphol ogy, such as in

ternms of roundness, concavity, specific surface area,

and primary and secondary particle sizes, for exanple,

as well as composition, including elevated al pha

alumna levels. In this respect , further information
was gathered on the particulate material described in

US 6, 841,497. That particulate material is

characterized by notably | ow proportions of al pha

al um na content in connection with sub 60 nm

particles. It is believe that such fine particles
contain, at nost, 80 w% al pha alum na. In addition,

such | ow percentages of al pha alumina result in

reduced
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roundness and increased concavity, as observed by TEM

analysis. Wiile the invention has been illustrated and
walemsnsdied in the context of specific enbodi mTEPCBUS1008/051066

is not intended to be limted to the details shown,

since various nodifications and substitutions may be

made wit hout departing in any way fromthe scope of
A@Present invention. For exanple, additional or

equi val ent substitutes may be provided and additi onal

or equCaabieprticpiato caterial, opmsitieps may be enpl oyed. As

such almﬁ’llldg eﬁtﬁ:ﬁes quarftﬂ:le%at/lng]asspm sEed ¥l (M)%ot%ss thhers m?/g and

i nventi on ereln, di scl osed may_ occur to ons

ski | PEEeRF theRdd BY'E a”ﬂ§|sﬁli‘§“°|%q‘ﬁ'ﬁttﬁéd Praest t"f Wél mean roundness not
expetebsrtmntoam e meadiid bsl Rousdiess Comekitibn Grapd Suwadysigradd (ii) a concavity
equ' Ye t arr]ltZﬁ%ar ee ern Jota:%%%qi rﬁjlg p%c%?tvglf tll[l]ljnlga f)cjﬁtﬁ]@ Bzggleonoafsa&uneeof at

i nvention -as | "ow n al ns.
1. ChearPe PW@ wFtatwe/e fafoBtel % Puter FETHERLS PEPD ﬂ}i‘t a)ﬁqnﬁ%lalong a

par t ugh®R8 nottiye th@ta[(t/ia 6 cﬁ(SbyhﬂSM lﬁ@pe&mﬁ ﬂEeCd':oﬁﬁ':aGe Sutdr fpargpBeral portion

11 v1e91 and not ealt sl t han

area (SSA) not |.ess
75 P‘%V)né twﬁradm %frcur(‘:'%% qiaRt T S4By mro Peast one

of (|) a mean roundness not Iess than O 710 as

measyr ffl CQXmIBQMQQI% SsiteGP LA cﬁknﬂ lRBkeih HRYEA Aﬂé\lvyeﬁdeﬁhan%@ % “/g.
(ii) a concavity |ess than 20% wherein concavity is

the percent of al um na partl cl es based on a sanpl e of

at | easde cdffic patichlate Gha@Sal whiaah?, havten fie SOR avt@reit teih 50 m*/g.
peri pheral portion that extends along a distance not

| ess than 10% of d50 by TEM i nspection, the concave

out e#. Perirphiepaticulpe meterin ofpiin ngvhaelhelgéM iy eotigeepten fan g9 m/g.
curvature as viewed froman interior of the partlcle

2. The ceramc particulate material of cl

wher & HeeHamigegricplate paierial plelamt. Wgreip th 63%2)“%} gr e%ter thay 0 m”
ceramc particulate material of claim2, wherein the

SgrAt {5 i i fl o%ran% nga?t'ie%glratg ?nlgf’épal §¢) laﬂg{ %\{her\%‘% gl}-gllﬁtﬁ&? Ra@tﬂ;g%are comprised of
not gpleahase alyig;n 40 n2/ g. 5. The ceram c particul ate
material of claim4, wherein the SSA is not greater

t han_30 pr/ 6. The cera artlc | at ngteria
cl i o ATVE VGGG TP IEe PG 5 B ¢ S1Eh et i iy comis
of atspdngallp hfedda ptlaserdumdna. 7. The ceram c particul ate
material of claim®6, wherein the alum na particles

consi st essentially of al hase alum na. 8. The

cer afri thegaptic paficalps h%‘ﬁt@é?tpc gfwhErFlathﬁf‘lBl}lm pREICle pre f??&’“sed of
al umitiast eWivE £he phasd mt@NPri sed of at | east 85 w %

al pha phase alumna. 9. The ceramic particulate

material of claim8, wherein the alumna particles are
esseht Tigl cegmig mtl‘tm@lteynwrlpm claima® evherpin fiie iglming Qarticfyg@re essentially
cer affifelyRihi padl.AlGamat erial of claim9, wherein the
alum na particles are single

10. The ceramic particulate material of claim 9, wherein the alumina particles are single

crystal alpha phase alumina.

11. The ceramic particulate material of claim 1, wherein the alumina particles have a

concavity less than 15%.

12. The ceramic particulate material of claim 11, wherein the alumina particles have a

concavity less than 10%.
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crystal al pha phase alum na. 11. The ceramc

particulate material of claiml1l, wherein the alum na
w@2008i0gd1es have a concavity |less than 15% 12.Pdhes2008/051066

ceram c particulate material of claim1l1l, wherein the

alum na particles have a concavity |ess than 10% 13.

The &&r RS eergyy paricylatytreaterialt of qlaip lgf wherei e gimingarfigdisyhave a

t he adnwvitniasspan s%Cl es have a concavity | ess than 5%

14. The ceramc particulate material of claiml,

wherein the alum na particles have said nean roundness

not N4ske tdwaric Grtiedl@e madial Jvkaing b wherpie thp alpming prtigteghave said mean

mat efduidneQfot kkahdMoyfde. Wherein the nean roundness is

not less than 0.720. 16. Cerami c particul ate material,

conprising: alumna particles, the particles having an

aver agerhpedraime partfpalntt metbrdnl oficiaén 14 gBerdihiitimda3d boundme@ $s not less than

neasy &d by TEM and a sphericity quantified by at

| east one of (i) a nean roundness not |ess than 0.710

as measured by Roundness Correl ation | mage Anal ysis,

f’ind (d. ideraﬂuc%@rlﬁ&aa@ lhafertateaﬁlptlst@n 20% wherein concavity

IOfS af urrugagéf{;:tlc%édhe sg#]avmg QI%\;CI ag'e }?eg"l%lalgasglélg r%léea \f’%sesstfgabtm|3§ nm as

per i peeewred bypdM, i SPﬂ?a‘tltYG)@l@ﬁfﬁdﬂ?y aillaari gneaof ¢f) smeen candpets not less

| eSS hh@ 0 1O Mo Rfre R0 R%dﬁgﬁl\édﬂ@l&ﬂ)ﬁ GhdeP ﬂnal?sﬂearﬁ E)Q&Mﬁ:awty less
out er erlggeral orti haV| i us

cur VDR ST AT b BRI DALR B P 1 P Rt o o e
17. Theadidesawhich Ipard dogwaleatuer peeibleral j@ktiop fhatcix@ndmalbay a distance not

wher Eésnth'}nhﬁ)"/a fe(isoag)e TEI(‘/II 1%50\{101{) et doﬁ(!a?e §dte¥ %eﬂlpﬁer!atlep%ﬁloﬁ rl‘l@\nng a
125 nm . e ceramc particulate material of claim

17, vas@weraﬁlutcrtém%tagwiﬂfr%ﬁ“weﬁam Fhéll’%““éﬁ ze is less
than 100 nm 19. The ceram c partlculate mat eri al of

cl ai wherein .t he ay ' cl
| ess Wt r];fgt% ad‘nc nparttctﬂﬁe me.l;gr}aa?n B unpa f I C U th&? g/el{al%e prl%.arglpérgclé Sze is
conplesdtiand?s ngl uni na particles, the particles having an
average primary particle size not greater than 135 nm

as neasured by TEM a se rti
char Do B Feput e st Y Pl GeeReg gy parit se

measlassételn b3 nphot on correl ati on spectroscopy, and a
sphericity quantified by at |east one of (i) a nmean

roundness not |less than 0.710 as neasured by Roundness
Corr 8 dihg @matqlqﬁ@@ulate material of claim 18, wherein the average primary particle size is

less than 90 nm.

20. Ceramic particulate material, comprising:

alumina particles, the particles having an average primary particle size not greater than 135
nm as measured by TEM, a secondary particle size characterized by a dgs not less than 150 nm
as measured by photon correlation spectroscopy, and a sphericity quantified by at least one of
(i) a mean roundness not less than 0.710 as measured by Roundness Correlation Image
Analysis, and (ii) a concavity less than 20%, wherein concavity is the percent of alumina
particles based on a sample of at least 100 particles, which have a concave outer peripheral
portion that extends along a distance not less than 10% of dso by TEM inspection, the concave
outer peripheral portion having a negative radius of curvature as viewed from an interior of the

particle.

21. The ceramic particulate material of claim 20, wherein the dgs is not less than 155 nm.
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Anal ysis, and (ii) a concavity less than 20% wherein
concavity is the percent of alum na particles based on
wa@2@angdie7 of at | east 100 particles, which havECHUS2008/051066
concave outer peripheral portion that extends along a

di stance not |ess than 10% of d O by TEM.inspection,

t he &bridasemiineeicuperityitbi Srimpor thest et s Hegy KO0
radi us of curvature as viewed froman interior of t he
particl 21. The cera t.er

cl ai i 21%3 cqR R8jiSUI4th B %@gofpla“ "6t Lhelégls tFal nohl%g uh i 23m
The ceramic particulate material of claim 21, V\herel n
t he e
e R e I g b i
not less than 170 nm 24. The ceramc particul ate

mat ep4. ahe Qzﬁanﬂd Iﬁhﬁﬂlﬁ@ma‘c%ﬁﬁ €laifh 20 Vehe @B Dhel sScoifaty phifiSlS sitehafiarther
iculate material of claim

180 nm 25. ceramn ¢
20, a]"i'é‘?t%rfzﬁd EEYH’ g LREHH aP’{%‘q%%ﬂ“h cle size is further
characterized by a d50 not greater than 135 nm 26.

The sergm galrﬁ}%a;tllcﬁ&!é ﬁ&t&laﬂﬁt & 8] wiRfeinGleabddh ey parib1 €61 i Further
the secondary particle si ze is further characterized

by ac@gﬁerﬁﬁibydﬁééPtﬁea?ﬁ% 9% nm 27. The ceranic

particul ate rraterl al of claim26, wherein the

seco arti r

350 Pt ey e T Bl & oo ARG R S e

mat echalattem@bhmrdsoSlPtrgge?tefdha@rH](hféP particles, the parti cI es

havi ng a specific surface area (SSA) not |ess than 15
pr/g.and not ater than 75 pr/g, an average primary

part?gcl%éraglfci’élgf@%e MYFEOPEENEm as neasured by TEM a

seconigainypapales, itepetigéshevitzrapeatfic surfageareba 635 A) net 165s thapt 15 m’/g and

less,& Q@Qer]tﬁaq 7@ '}H @Sanrﬁegf?gu Eaﬁlgarp)farME%z@ MesCRAT Bh %In' a@ Itheasured by
spe ctrosc op

) E eI‘ICIt% gntl ie b1y5 | east db
oo, PVt O FGTRBRBEE DD | Bt FED 9 1 B mred b
measphod chryeldRau specuesspyCarrdr edphdricipnquanréige b)Aatalqutsqns of &ihe mean
( i) ro@ndﬁ&pgo"f‘}/e%stt% lO%ﬁ)Sas 'in@ﬁﬁlre @‘Vkou\ﬁ\ﬁh%{s %‘oHelﬁBE‘&%ﬁé AlliﬁlyE@ and (ii)

he percent um na particles based on a sa
at | Bepseavinolgssshep 2961 WsTenRIEHY Halereror oh alage Bftﬁ%céﬁs based on a
per i phek ak atpaktt 100 Parfidnat wlﬁ@httﬁ%dﬁcoﬁﬂaﬁﬁ’k@teﬁpdﬂipﬁeﬁeﬂlﬁ&&omhﬂt extends
| ess 1tnhandls%gge n%F lessEﬁQ kM%TIE %Bﬁcﬁsgé%ﬁm ,éhe %on%% GRYE eripheral
out ef ﬁ orti ¥t ve Fadi us of
cur veertipn éavafg a\ngéW@dadqu @fiﬁ“faﬁufF Pﬁt"éﬁf“ie‘i’)fm“éﬂ“ iptprior pidherreEirle.
29. A nethod for formng ceramc part| culate materi al,

conprisin vi ding a | oose i nto a heat

t r eat’ménte %E’ﬂg SPINE fefrgq P3Y @at rﬁ%‘é CBHPE si ng

par t protidisg a dovek botdei s atat ¢regymans shiemger( He Ppasg powdae comprising
| oosgpRWdE at a pressure not |ess than about 0.1

ksi, wherein the gartl cles are individua

i sostoh s PrssiedBEdng) the laaper Rowder sha Qisspie é‘ﬁ‘)sllFsé (AR EPYRO-1 kst

of t Wkerein the particles are individually isostatically pressed to effect phase transformation of the

loose powder.

30. The method of ¢laim 29, wherein the loose powder comprises aluminous particles.

31. The method of claim 30, wherein the aluminous particles are comprised of non-alpha

alumina.

32. The method of claim 31, wherein the aluminous particles are comprised of hydrated

alumina.
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| oose powder. 30. The nethod of claim?29, wherein the

| oose powder conprises alum nous particles. 31. The
woredoRogb10f cl ai m 30, wherein the al um nous parpPCTUER08/051066

are conprised of non-al pha alum na. 32. The net hod of

claim31l, wherein the alum nous particles are

conp#i- Seeimefhodief elpmpB &V heEin e AXMBElS Parficles decpBRIIswsof Rackiffy

32, wherein the al um nous partlcles are conprlsed of

gloﬁz.? oﬁb& %egl}og Tlg elélnEBI 1r ggereln the aflanm ousfﬂalitlr asnege tcomd%ipe% of transition

al unelmaina. 35. The net hod of cIa|n129, wherein H Pipg is

carried out at a tenperature not |ess than 3000C. 36.

The nethod of claim35, wherein HPing is carried o

at a3t ehsareed pbclind) Weein HERe kgoped °Lf§‘7t 2 tPRECTHEE H%gess than

of chkapan 36, wherein H Ping is carried out at a

tenperature not |ess than 4500C. 38. The nethod of

claim?29, wherein HPing is carried out at a pressure

not BeesEhetnivtind OF Q83§ whegd. HIPing isrreiripdent 6F a empryrggot less than

wher gjosc HHPing is carried out at a pressure not |ess

than 0.5 ksi. 40. The nethod of claim 39, wherein

H Ping is carried out at a pressure not less than 1.0

ksi . 37 1The Teehodret diod 36f wieteai HPi4Q js oatned @it at dHleRpangure got less than

earnggd.out at a pressure not less than 2.0 ksi. 42.

The nmethod of claim?29, further conprising form ng the

| oose powder by conbining al um nous feedstock with

seedsg. athe AetbRBHC1AiRAd iWhereih BVEg i0darrid@but ht@Pfesstul a6t 10s thanvot 250ksi.

relative to the conbi ned wei ght of the al um nous

feedstock and the seeds, and cal cining the conbi ned

hydr 3¢t atle atthrdtioncaian gl whereid SlIRing icwmgéeut attapessale netilayothan 0.5 ksi.

feedstock into | oose powder conprised of transition

alum na. 43. The nethod of claim42, wherein the seeds

are #oripe nekad obflais PP Rerain HFRiTAS cariad Ou @ PRSP g 165§ than 1.0 ksi.

claim 42, wherein the alum nous feedstock conprises

the. 4 dfs ot of dundp sue e S Al Bl OSSP

nmet hod of claim42, wherein the seeds are present in

an a@uﬂ‘te nma%d o?éﬁmtﬁaﬂrﬂ%r 2§np\{’f§n{§ fof]n?mg EEQ @ooEEEEob,@&l b9fcombmmg

claim42, wherein the seeds have an av e primary
part .‘iil@’{lléOUé fez(gmﬁko\t/lth seeds at a seed loading level of not le ss t an 0.1 wt% rel tive to the

combined weight of the aluminous feedstock and the seeds, and calcining the combined
hydrated alumina and seeds to convert the aluminous feedstock into loose powder comprised
of transition alumina.

43. The method of claim 42, wherein the seeds are comprised of alpha-alumina.

44. The method of claim 42, wherein the aluminous feedstock comprises hydrated alumina.

45. The method of claim 44, wherein the aluminous feedstock comprises boehmite.

46. The method of claim 42, wherein the seeds are present in an amount not less than 0.25

wt%.

47. The method of claim 42, wherein the seeds have an average primary particle size not

greater than 200 nm.
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greater than 200 nm 48. The nethod of claim 47,

wherein the seeds have a average primary particle size
woeisgsaat er than 100 nm 49. The net hod of clBETUARNS/051066

wherein the seeds have a average prinmary particle size

not greater than 50 nm 50. The nethod of claim 49,

wher 8§ n Thenaethad phickigUY Peweis fhs Skedh Bave & fveaRge PHRMY particle size not

par t ;cdi@ ush @ nd>0 not greater than 200 nm 51. The

met hod of claim50, wherein the al um nous feedstock

has an average particle size d50 not greater than 150

r un. 4%2TheThahodet kipich 4% wbirein the 5deds bdve p alvanage vemerl werieiosize not

feedgt.ock,has,an average particle size d50 not greater

than 100 nm 53. A nethod for form ng a ceramc

particul ate material, conprising: conbining alum na

pr ec s, Sk m%<tctbfa1b1ﬁ1rna veHlett i titaus @@ CkSfpedttbr® hasl ap haragt pariciRaize ds

seedgot mmﬂ%Pgéﬁﬁent in an anount not less than 0.1 W%

Wi th spec o the conbined wei ght of the al um na

precursor and t he al pha-al um na seeds; converting the

al unknarmp fn@tﬁé&r o? @lﬁlmi 30 veheR|nRkbauAiddhd BRAstfR sl a6 hRFagbyartRRAlze ds

treat nent, ggeln t he al pha al um na particles have a

speclf B PP 1@ ™ar ea (SSA) not less than 15 nr/g, and

sphericity quantified by at |east one of (i) a nmean

roun eﬁn? mQtQ{ olf a§1§1 5t1 hﬁ'ﬂreg tt]e]aglm%%usrf&%&'y& %Q ag){ve gy&%ﬁ%ée dso

Correlation yslI s, d (i11) a concavi | ess

thaanewﬁﬂﬂﬁéN@WW concavity |s t he percent of alpha

alum na particles based on a sanple of at |east 100

particles ve a conc .1 pher a

por t Fort piit s maL Caucan A Pn QU RBEP IS0,

10% efmbih5@ abymﬂ'Emursﬂ%‘ﬂ@@tpil@ﬁ“mltlf’rﬁéedéé‘??@ﬁ’@@héﬂt‘f’e*e“ being present

peri Rharaou @bt 9 Mhah AV ¥agh @nfn@g:@(tﬂty Se lcadbinkd vafght of the alumina
curvature a roman interior of the particle.

54. K°HEPHS m?%ﬁ”?@? WP RG%a ceramic particul ate
mat ecdnggdrtjng de pioming pragrsociwmblivniahigine oatinlds behatigatgiesds

the §§e¢éﬂ$thpﬁb}ﬁglugﬁn§§mles 'th« @Qpe@i@f@ Hﬁlitacer!i% (é&ﬁ@ ﬁottlég;aﬂﬁanowln g,
wt % w th respect

to
boehfhd el ‘?Jﬁé‘ﬁgje’é‘/d%t g, ‘H’Gé’? fl? g“ef“h@%%*ﬁﬁ?&%ss thip §-710 as
al phacaalremtyn Ropaindss Chrestatityy IneaAndysisamigiita condagiryeless than 20%,

al ph 1 a [~ a 1 SI S€ € as
oL BTG A L DRI B,BRSEL S8y By

by abaricisagthich e sroneavy ol EHeTH GEICH S §FAET 1988 St s
0.7 1ﬁarﬁﬁ)°/ﬂiﬁfal§)uiy H(Hll\biyspRﬂbhﬂ thaesRave@nEeiedpte@npoktiva )@ving a negative

Anal x¥1§1us of iV g.lre( as v)ewé% oG %Yerlgryof th@ §a§'tlctleh an 20%

54. A method for forming a ceramic particulate material, comprising:

combining boehmite and seeds, the seeds being present in an amount not less than 0.1 wt%
with respect to the combined weight of the boehmite and the seeds;

converting the boehmite into alpha alumina particles by heat treatment,

wherein the alpha alumina particles have a specific surface area (SSA) not less than 15 m%/g,
and sphericity quantified by at least one of (i) a mean roundness not less than 0.710 as
measured by Roundness Correlation Image Analysis, and (ii) a concavity less than 20%,
wherein concavity is the percent of alpha alumina particles based on a sample of at least 100
particles, which have a concave outer peripheral portion that extends along a distance not less
than 10% of ds; by TEM inspection, the concave outer peripheral portion having a negative

radius of curvature as viewed from an interior of the particle.
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wherei n concavity is the percent of al pha alum na

particles based on a sanple of at |east 100 particles,
wokioglstiave a concave outer peripheral porti onP€TESE2008/051066

extends along a distance not |ess than 10% of d50 by

TEM i nspection, the concave outer peripheral portion

havi By “amperyAerif@ing aeraydc Bfticelglf Gaerah OmPEsiig eved fr om

an | Bdnﬂifdlr@rboé}ﬁnmﬁ Reth pigiiataluedi. sbdis, 1 alped hoeding eedsfbeingprgniain an

cer agﬂn Cuntp no¥ Ee scth'l n% lewtml%rre géct 1o n&&bxﬁédﬂ%‘l hﬁ&ﬂf%‘ lQ)'elHrgte and the

boehm A 3I dUni na seeds agp a al um na

seedslplnéillmglap?eé%ent |n an anount not less than 0.1 wt%

Wi fjh ccrneé@f%%e bBéBmﬁtpﬁto(é@HetHllfﬂrﬁﬁ pﬂ!ﬁbl&h)@ h&f rdahi@nipoehm t e
an ver

into" &ﬁr?jlhgg H%r?buﬁlénaﬁgl?ﬁ %]ave as e01 sur{acet : e é%!%g tqesmhan 15 m%/g,

wher eidrsphenieityaqupkidicdiby afi It prarof |(1¢ la@eeath gopedngss Slpfeléﬁsftllf’@ 0.710 as

sur f AtRudd 572 Homnodss ﬁgrtrelalt1§1§ ﬁnatg@ ARk, 4/ (ﬁ!) a élﬁ@lmty less than 20%,
sphericity quantified ast one

r ounYREILCHGD '8 &e PEFRYl fﬁlp%ﬁl"’@mﬁ%a RS %ﬁﬁa%e& g"b%/ RBW g fdeg 100
Cor r gdrialies,orhich g @ cédnak peerperipheral ppitipr) thay exgodcadeng fayisfagss got less
t hant glp 149'& Wrb?llrﬁl\/ﬁﬁﬂ)gélgﬁ [ cbx%:a\;ehﬁtelpﬁhﬁlﬁﬂﬁ fcﬁ)ﬁonq‘xla negative

alunlna particlfes based on a sanple east
partF%W%@me%W%ﬁVWHV@“&”@&W%@VQHBQFE?Gper|phera
portion that extends along a distance not |ess than
10% of d50 by TEM i nspection, the concave outer

peri pheral portion having a negative radius of
curvature as viewed froman interior of the particle.
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