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W RD Field of the Disclosure [0001] ThEVEraauKe 28
i nvention generally relates to transitional alum na
particul ate material and processes for form ng sane.
More specifically, the present invention relates to
transitional alumna particulate material having novel
nor phol ogi cal features. Description of the Related Art
[ 0002] Al um nous materials have been used in quite a
| arge and varying scope of industrial applications and
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pol ycrysta e abrasive gralns used in free

abr asi ves, bonded abra5| ahd coated abrasives, for
exanpl e. Al uni nous nateﬁ? 3§ general ly

pol ynor phic, and may i arlous hydrated forns
such as boehnite and g ng t he various
alumina materials, alu ™S umi num oxide, is a

particul ar material of #H#%Bégﬁesln various industria
applications, alumna is enployed in its hardest and
nost stabl e all otropi cpai@ero@Nha- al um na. However,
the transitional fornms of alumna, which include
gamma, delta, and thetg, h alned commerci al interest
as these phases haveq%ag ?&% “ﬂ ertles such as

desi rabl e hardness and surface area characterlstlcs
[09H At Thesresent investien sensrallyirelaiente samsigeaaltalyming petiguiatp material
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processed by heat treating transitional alum na
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tenperature. Qther techniques rely on direct synthesis
(00423 Aluminous materials have been used in quite a large and varying scope of
industrial applications and technologies, from single crystal applications focusing on
optical and optoelectronic applications, to polycrystalline abrasive grains used in free
abrasives, bonded abrasives, and coated abrasives, for example. Aluminous materials are
generally polymorphic, and may include various hydrated forms such as boehmite and
gibbsite. Among the various alumina materials, alumina, or aluminum oxide, is a
particular material of interest. In various industrial applications, alumina is employed in
its hardest and most stable allotropic state, alpha-alumina. However, the transitional
forms of alumina, which include garﬂma, delta, and theta have gained commercial
interest as these phases have desirable properties, such as desirable hardness and surface
area characteristics that make transitional alumina of great interest in areas as diverse as

printing inks and catalyst carriers.




wet chem cal processing, such as through hydrol ysis of

al um num al koxi de. Current techniques often suffer

from poor vyield, high expense, and/or |imted
xibility to forn1 new nor phol ogi es that .

‘Y%f‘@?’g@?ﬂﬁl n enmerging markets based on expl oi tPéi”UéFPOEfP“MS
transitional alum nas. [00041 Accordingly, as should be

a a_.need i sts. e.art for.transitiagnal .
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processi ng technol ogy enabling the ormati on of such

desiree phask ransfedation thwerafey. e@tklpe@cmqmlnﬂy opdirediisynthesis viaa
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one enbodinment, alum na particulate material contains

“%WF@“O@EBICSGWB@P R nteresh &1 eneseiae markals Prsethern expipitation of

2% of not less than 3:1 and an average
-H ﬁ§é|e s#@% of not |less than about 1 10 nm and not

greater than 1000 nm (0006) According to another
[t80djodcomditigly ads shouda bp alehd, ¢ ndedteqistaineld at for cansitaingl ahgninas

maj nly seede eedl rticles, conprisin
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an average particle size of not |ess
dcmeébwcll 76 thisregat) 60dh prencssing ﬁqgtutodpganmldseably cost effective,
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transitional alum na having an aspect ratio of not

|l ess than 3:1, a secondaéﬁ gt ratio of not |ess
than 3:1, and an average B@?‘?‘ﬁ | e size of not I|ess

t han about 125 nm [0008] According to anot her
[08RH o A easding teonespthedintast, afusring pasticiiletaieierishponfaing pagticles
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S2005/ 420 rial:; and c ning the b ehn1te
(G0, KRR rPEEr SO me el P e AR cooRBitn
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'f0007} According to another embodiment, alumina particulate material, containing
mainly seeded platy-shaped particles comprising transitional alumina having an aspect
ratio of not less than 3:1, a secondary aspecf ratio of not less than 3:1, and an average

particle size of not less than about 125 nm.

[0008] According to another embodiment, a method for forming alumina particulate
material calls for providing a boehmite precursor and boehmite seeds in a suspension,

heat treating the suspension to convert the boehmite precursor into boehmite particulate




advant ages nmade apparent to those skilled in the art by

referenci ng the acconpanying draw ngs. [0010] FIG 1

is an SEM m crograph show ng pl atel et shaped

%&IB%I ional alumna. [00111 FIG 2 is an SEM .
G%QBh showi ng needl e shaped transiti onaPCHUSHIT{%2028

[0012] FIG 3 is an SEM m crograph show ng ellipsoid

shaped transitijonal, al um na 0013], The e gf .th ane
mRGRES Erd BRI R BB s Al ReGnitRe e blimie
paidildt@maFial ih@eidnisigidhalialugiiBa pPESORE Bk OF THE
PREFERRED EMBODI MENT(S) [0014] According to an

enbodi ment of the present invention, a powder in the
formof a transitional alumna particulate material is
formed through a seeded E}rocessi n at hway. Processing

typi cal |y i nvBRIESDRSGRIPTI@HMGRR RAWING®si ti onal

alum na precursor into transitional alumna, in form

[0089] TR Mesealedi fctosuy mhhiR) R ttad wHAk RBo0d 0dndG B R Adus BdSures and
thereof. The transitional alumna is generally a nass

adypnigeastnady pepaseniid thopeskilied anhs seidbyoricpraeing dheeascompratying

e fully dispersed, partially agglonerated, or
dljfgﬁllk,[fg;g' aggl onerated. In the dry form the particul ate

mat eri al nmay be described as a powder. The process
[o0yq3i EI&d. I ys anrfiide sniosgraph simoahgplaelashiped thnsanmiat alomada.
al um na precursor, which is processed through the
ve--nqt ed ded progcessi.n h ...l n_.mor et.ail,
P i S sebiogh S RuPp R e oo P ahbRe and
boehm te seeds in a suspension, and heat treating
[0082CHRS idun SBMRhgrdpakhdwisatimpedii sidped GuBRRMal Himina.
(alternatively sol or sl urry%”11 to convert the boehnmte
precursor into boehmte particul.ate terial formed of
(0843t The use obtbe sarpg gqfawqeﬁ&bolﬁghél?ff%%ﬁﬁﬁes indiqates gimilar or
idedat ®dpout to the boehmte particulate material to -3
WD 2006/ 060206 PCTI 1JS2005/ 042028 . ef fect pol ynorphic
transformation into transitional alumna. According to

a parti CHiCRIBERAGOF TﬁEPﬁEFBﬁRETD B%@[ggigﬁ’ﬁgggt erial

has a relatively el ongated norphol ogy,

erally herein.in. ter of aspect ratio and.d I be
b erding R utoBime PSR ente 2 RRPRMIOR B i of
tri@aionbleSurRias partiehie@ il isHermRAaRfBul. a 8¢cdePprREREME Pathay.
the final transitional alum na particulate materral.
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The transitional alumina is generally a mass of particulate material, composed of particles
that may be fully dispersed, partially agglomerated, or fully agglomerated. In the dry
form, the particulate material may be described as a powder. The process typically
makes use of boehmite as the transitional alumina precursor, which is processed through
the above-noted seeded processing pathway. In more detail, processing includes
providing a boehmite precursor and boehmite seeds in a suspcusioﬁ, and heat treating
(such as by hydrothermal treatment) the suspension (alternatively sol or slurry) to convert
the boehmite precursor into boehmite particulate material formed of lﬁarticles or
crystallites. Heat treatment is then carried out to the boehmite particulate material to
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the order of 15% as well as psuedoboelimte, having a
wat er content higher than 15% such as 20-38% by
weight. It is noted that boehmte (including

hmte) has a particular and identifi abl
‘@?é@?@ﬁgiiructure and accordingly unique X- g§ﬂm2m5m4uns
diffraction pattern, and as such, is distinguished

BB 2 AR B B o LGE o paey
asgeety R Hoelkeaite soticui@é fiaiesibl hay aeelatied) eelongdated rhdmphology,

fabricati on of boehmte_ particulate materials. c{9001610
desratbsd praetally herey! indeims qbeppadt rattpanddesesibsd in mere w. In

AUIBRAOR gp RolBfaltEathect AROGHE] WA TRANCARIPE gﬁ&‘ém'rﬁhe
to the est |nenS|on, i's general l'y not ssS th
fdalltransitidnal phuedies phtigulnieateeiab t han 3:1, 4:1, or 6:1.

| ndeed, certain enbodi nents have relatively el ongated

t t 8:1, 10:
Bshafe Fon Bl RR ool Socieibin e pbinife i e
1B<Qud1§§§lhféra‘-’f BaNeslDBPchE Bing AN, RBOL 48 hSinFBYvaRE content on

further characterized with reference to a secondary
thesprdertof l %6, & wiel svpsedaboghimte; baving dwateheontent bighier than 15%,

slugnn% ar83/l ggwélgﬁp a?intgtbag tﬁap i)(ge%nllifél %Futdl prrgeerhz r}urt; Hagﬁasa

secon I S genhera
paitibulat :eeﬂtﬂﬂysb r&@t'ysgf sAickire, aha acc:brdlmglp nmqmeH ray Biffractiond
oftentimes about  1:1. The secondary aspect ratio

ngtiererand 12§ Sydsis dihiagrished toppatheraduningpsamatgualfrinciudingrothen o
rga{awd%lmnmuaa R 2rg éﬁ%&%ﬁ%&gmm&& éda@n&{)ﬁgaﬁ&or material

| mensi on IS not that sihce the term ‘aspect
usedt hapein forubefdbhieation of hoshuiéta partictlate mai¢riats. of t he | ongest
dinension to the next |ongest dinension, it may be

(DL B bAE dPRITRE i c35REH ek AR R OUT) (B 96l e

I ment,

d@hatseinqjer@h@aﬁdr toﬂk’f?erlbng?:bﬁﬁrr@ﬁﬂ@i a4 panefany ﬁotaélssahmgtaﬁai
structure havin?ﬂthe aspect ratios descrlbed above jn

R*E?fﬁ‘iﬁ‘é‘a’tﬂpb]ﬁsw"!fh el =r?ééd+ é“@%ﬁé&mﬁﬁﬂtbp imegts haygeslatively
Rdri@hEd E&m?l@?@@& R G 1B 8:98ET 3hl h AL QRPRR 1458 than 14:1.

maj~or ades, the opposite maj’or surfaces belng
\ym parditulyr refrene medlaeme@ pmﬁaveusmmcﬂeszﬂasbe fortherar

e ara each ot her ditjon, the
Fae G Sl heins serrdudgpech Eoapar S e alio B mé Sond
l&f’gébtf)ﬂn&ls&ﬁﬁ@ ﬂi&&bﬁ‘d H}‘ﬁ?&ﬁ&uﬂe@hbﬂ FheakSidahyapedt halo i9 nera_lly
needl e-shaped particle enerally not less than a

ot greateifben &4, tipicallyenos grenanthan s opeven 1§, endpftendimes m@é
1taf‘.af‘he]sgco]nda%369 %[a 18 E@%Fﬁy%@?ﬂ&:@? the gfo@?—?e%lugﬁhl g&&?&%ﬁof the
I'mensi on ar to the ~opposite naj or

fatticledes plane ﬁcﬁp@ﬁlwula.ﬁtogﬁmimgédt dith@s®nt [tdnndi€d that since thc term

nanonet ers, uch as |l ess than about 40 nanoneters,
aspect rafip ésnusac{l)g £indp) dmﬁdﬁ%{@f)@f the longest dimension to the next Iongest

dimension, it may be referred as the primary aspect ratio.

[0017] According to another embodiment, the boehmite can be platey or platelet-shaped
particles generally have an elongatéd structure having the 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 generally
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[ 00181 Morphol ogy of the boehmite particulate nmateri al
may be further defined in terns of particle size, nore
particul arly, average particle size. Here, the seeded
‘?@Sﬂ@jée particul ate material, that is, boehnmte

3%86 ough a seeding process (descri bed |P§T’[}§69"é’042028
detail below) has a relatively fine particle or

I

P e el SRR Bl 0 Ll R 3hdf pfie ey
hmcharacnerazedam baving a soourdary a&p&nralm@mernbalmm dmsedlSHaped

di nent 5 have even finer average ticle sizes,
TR, SRocalY Db s o HoRAS O S ek St 8.1 Sistyen not

lE‘s@'ﬁQﬂq'Oelr Skypf@fly RRDBREE dfmem A or BARAFBERSh, pdPendicular to the
nanonet ers, and ‘even particles having an average

a@suuemhaeorsuﬂ"eces wafabes; 1s geherall BBSs thamdheanemeters, such as less than
enr senti pa ate material. In the
b @ q??ﬁglaﬁgpﬁ @BW%@émﬁg?gpﬁal embodi nents were

shown to have a particle size smaller than 250

(ORI MBS BhSlogseRte Bsehivde paft alag matbrad mdy De HaRraéfies in terms
e range for averaqe particle SI ze lies within a

of pagelesfze 1 more rtEy ot nodYS FEE BRGICIE Bige Hsrep%é@%d@d boehmite
p%ﬁ[}ﬁtafearhﬂgﬁaloﬁlﬁtclg rbtogt'lIHLtc fied 'tl'ﬁrﬁ.é&%l SF%@;@ g%gcnbed i

average particlesize IS genera
thas detafl delowd han s relafiveip finapardick,or i@@aﬂﬁ&mﬁmt@ﬂmraﬂy, the average

arti.cul arl he . cas f plat rticul
Rl g1 = Bongreh aneampns (00 neforeeidie %04 bl B repee pf about
11.'}350 DEIHHEREGERrs. @thek 3mboARRANET9E &fen[ﬁggrlaq\ﬂera@@ H9BI sizes, such
herein, the "average particle size" is used to denot e

astmet mﬁcrag@ ahongwnammeﬂe@n@imnadpmm W wihompters, 500
rguqﬁlétgl e-’fUO nangrﬁetg %}31(1) g%? ? hoa!vgrgg% ggrh%l Isur.e smaller

co erl atlon

tgﬁfmmaiahymew@d@gnadnﬁng a fifie particalad vetape Inbe tontdxe oiSfﬁxiae
S|nce characterjzation technology is generally based

RepisH It malsE e Qstimenth wereshewp &t qve ﬁ@%ﬂlﬁkél@eﬁﬁ@% ¢rithan 20
rglﬁ@rﬁetéﬁ h&{ﬁh g.@hot ﬁ,“a&? El‘gﬁl%l.i %F%&H&érégén@l%ﬁ é fb’r gvé%%%a%ﬁe size

term he ing nultiple representarive sa
L avithbrysiaogd d)fyl Shea2afy mamgrrletees Iplasrtb ipricessshrewiftooftdrtain

r.esent e h .sal v . t aken
ARAERE. Blesianpd ARt P B VS, R §F ncess than
SRATH MdoabieR! [ haibBEREIaRYickI DM theldaSe 651 paiieliate
2006/ 060206 PCT/ US2005/ 042028 averagél particle size

raaterénl @amptnayn partipgsize pht 1Q ranemsiepsy, 129 apagregiers.ortle
Aaggl'hg‘_je%ual ly identifiable particles, whether dispersed

or agglonerated forms. OF course, agglonmerates have a
conparatively | arger average particle size, and the

(00163 ext useld Berbmsthe avdexps paticle diet iusedhtoaipgbietier aemge longest or

lgrlxgzth Hgﬁcnsion of the particles. Due to the elongated morphology of the particles,

" -conventional characterization technology is generally inadequate to measure average
particle size, since characterization techhology 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 and physiéally measuring the
paxtiélc sizes found in representative samples. Such samples may be taken by various

characterization techniques, such as by scanning electron microscopy (SEM). The term
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[0020] The present seeded boehmte particulate materia
has been found to have a fine average particle size,
whil e oftentines conpeting non-seeded based

echnolo ies are generally incapable of providing such
qugﬁl%(\}g?age particle sizes. In this regard, " @03’0“028
noted that oftentines in the literature, reported

r e el

a\%ﬁgtt: g&tjggle aSé Iea;so% réotgs?ﬁe a‘?t% pé.lglé: le ]rzc rc{alt]eed to?% grvrd r%

1denmﬂalbe pra@m@xtvhaﬁcrnmpersadi or dgahgeerated foamt.i OF eot&r,ezeglomcrates
derived from F?ﬁySI cal inspection of sanples of the
hays arcpeppiatizely ippgce AY AL DREICY H7.6 gnd/the prrsentviisclagere does not

fo@u?sréﬂéﬂg?orﬁ'érgtgsr‘%g lie within the reported range in the
prior 11

enéer y at about the arithmetic m dpoint
of the reported range, for the expected Gaussi an
(0p20] t Tiel presnzeediddbelhin paticulBt ataguliabhdsdeeafouvéliohaveifine
non-see.dEDrcTIs bas

echnol ogi es r t fine particle

oAb PAGI i NEIS AR ee P e POl strdPLLset e esaies e

génefAIY iRfapale qua?&ﬁ&%g Q&rﬁﬂecévgragé ﬁeﬁh@ib Sizkd QHihiORpAR;t ROt
average particle size. [0 kewi se, in a simiar

nmdwt’merqftemnmcab‘dbehtcmmtrepb@dnemclersmes ot e pesferthl in the

ond to .the average. ect en fr .
odpliss BERRe? thid SR ARV RREPCERER: i Bt s Copief Thagpminal
rahpdTbf fartds Siedste Ak dirdrh ph%@caﬂiﬁ'@ﬁ‘dlorﬁ af slaﬁfpld@fof t@articulate

particulate material. Otentines in the literature,

matspak tAcgopshnaly, ieavarape partilg ize 3v1h He within hefeppaed mngenin the
pIrltﬂ' ?Q]teﬁﬁfy at MouPYELA 1@?1]1#111551.1:11 4 Ry éc)ﬁ(‘%‘d lange, for the

specrt ficati.on, but rat e cont om nal
. eXpacige Gaﬁsma]aqaﬂrctc SllEtdlﬂBbldEml Beded aimmaphgtgs,l weldle non- seeded based

ection of s es .of. the rticul ate
R TR e DR Al 74, St S STl ittt opyer
hrnh%fa@s@rete@ phARRR e idtiutidniafd nddveragdpdiBEidkizy. at
about the arithmetic m dpoint 'of the reported range,

for the expected Gaussian E@rtl cl e norphol ogy
(0824t kikpwise.on 2 soriler swnagrt Ge gheveveparted ppreceratighzeseralie d

t
oHA850ha  SNRRRSLS TR GEAE s ARESal W o B el Th
uprep ecltowreatmms aissdiated with dire apett roios af/the podicalateaniteriahit | 0.
0022 ddltlonto € ratio.and aver article
dgemigagsin Tofs: &H°&F€P$FEF18PFI§Pt rati QS ARSI b@ﬂbfﬂ top gontext
oPRkldeEUdsah %hc']}?és%ﬁt' s@écﬂ@a\ﬁoﬁeotft wthedSih iRt 6f rlo%ﬁ‘ﬁ’al kdhge of
terms of specific surface area. Here, the conmonly

agpocti thtads| deriBedTirore physicglimspration of dampld of therperisulas mseri

2006/ 060206 PCT/ US200 /04 CIfIC urface, area
R R A e R R T A T e S
ghiRFBly A 2B the REBRELE eni@stikt dftuteate@rtmtrargle afor ha%xpected

reI ativel # hi gh specific surface area, generally not

Gpussian perishe mpigbelogdippibytions Ripfed altemetivelgswhilqans-ssgrisdibased
te%l%cﬁgél& mZ)QreHg/t Bped at'fH?tsuc!hetﬁfa éeh@r@llyag’&%tes the lower limit of an |

observed aspect ratio distribution and not average aspect ratio.

[0022] [n addition to aspect ratio and average particlc size of the particulate material,
morphology of the particulate material may be further characterized in terms of specific

surface area. Here, the commonly available BET teeh_niquc was utilized to measure
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90 n2/g. Since specific surface area is a function of
particle norphology as well as particle size,
generally the specific surface area of enbodi nents was
about 400 nR/g, such as |ess than about 350
‘&)6?@&8&2@/9. Specific ranges for surface areg%g 2%?5/813923
75m 2/g to 200 n2/g. [0023] Turning to the details of
s&egi%é%[ﬁ%%sa?%sof By rp‘%c%[kté Bﬁw{iﬁ?ﬁﬂk&ﬁir@% ElnBHyiRkSts herein, the
materi a ormmng a transrtional al@&m na precursor, ’or
béchedstpaticulnd iatered] hagmpeldveelyiiphfspedific edface genegeatrhly not less
el ljpsoid,, need or platelet-shap '

2 | e, eg bogehm t e
tham abowt (1@ 80"/ @nch 3 peldessrtban 2Roudn Ag 1 /8 i B paidess than about
pi.c ak ol L _ bt 1
R R e
pattsle sizbegbnenallyt the spaxiimosul fucaoanered eprabdmbentkesas]eds élthn about 400

apove Patent 4, 797, 139. e specifically, the
T BeHi £ st et a0 ealBmi e Spe D Ganep st tisy e e about
7SRRI BhD@nithe boehnite precursor and boehnite seeds in

suspensi on, ‘exposing the suspension (alternatively sol

or slurry) to heat treatnent to cause conversion of the

{0023} Faming taltheidatadls bbéh pracesspalt winah Sedogmise paticulate material
urther influ h ] i '

GoltbBR b RS Hec i 30 SR BRED) o O pliacibes
geietDlgeiipssidemed e onpiaél ct-shipeatt boelamité partitles b Gy onsaich

that, an el evated pressure is generated during .
beshautegusavgsor frpically pn ghumipeus S5 h e B!y a@@ﬁgmawa;}& by
hgcﬁgﬁtew E)rfgét s ehdtRlyHesdrRg id tﬁ@@orﬁm@fﬂy%v@f{éa BhtehtREred

|
mte seed material has a particle size
aliavacUS Phtent 4TRILI3 90 Morespacdnslly, @ertmehinity pattingate ewtbrial may be

articles are present in an a nt, greater. than about |.
RGPS PSP BRTG e ROHG Y TR LOTIRO: SE G PR Seposing
the ka6 hsioR keB@lelNébl bSsIGRY) tb Akt BEtnRht B chE¥REMREEf the
greater than about 120C, such as greater than about

rappmeteriakint\ophmpiteparieulath mateaibb (irthen Bigpncgd gy the baehmite secds
PR RES Y ghiBin’ FRUIBARNS O8RSl ABRGP ope,

tatis| incaataatbelave, Buahxharaded: viagd pesduer reknasad doringnsocessing. The
onbined with relatjve l.ow seedi ng.l evel s, and aci di c.

i SRR SiBRER0f it agﬁw?ﬂ%ﬁrtgﬂb%wrﬁr%ﬂﬁ%

afBe BEEHIA sebRateAXIRs a bAROR iR Y EohRe iRk 06 higbhENt

may be wused to produce even | onger and hi gher aspect

Generaldy, ¢lic sehdpastiedénrre prepent in anl aspuahgieger thamakget 1% by weight of

rticles in neral. -7 2006/ 060206 .
o R B B S Tttt L PO A B e QU ehpisperatue
ghedehthag abyut NYWCOHRE aiPleafef had MRNE | 2 20 ob8RhA Bich®r than about
~conversion, the liquid content is generally renoved,

13QiEhangsat @tpressih thahis ah oaeRquply gaaeraded. typically around 30 psi.

[0024] The particulate material may be fabricated with extended hydrothennél 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 boehrnite particles and/or

larger particles in general.



process or by heat treatnent to evaporate the renmaining
liquid. Thereafter, the resulting mass is generally
crushed, such to 100 nmesh. It is noted that the

descri bed herein generally describes

“ﬁﬁ£ |&ﬁlate si ze
P0aPRH% crystallites formed through pr oce8ETg2005/042028
rat her than the aggregates which may remain in certain

M T R SN o U

c@BleRRITe the hﬁguﬁiféﬁn@ﬁﬁ§ QeerdIR\reN6 RASsuch QY Girdigh A it AlBilte:Sion
may be ified during the processing of the boehmte

pwoawswabé h%treatmentéﬁ frrporat¢ide gundipiag iqwdr ﬁh@ﬂﬁ@y thW@lEng
lr&agsr %Ql%e“?zﬁlyn Ot Oé chnt%| ]Hg ?neglp S Vﬁ{ogé&t%%@ﬁ 1ctutl]a‘ri‘é Sjke

mte precursor to see t he

d@RFibéChEraR pdnkRMly Aesceibesthe single cAGiallitey fohﬁaﬁhmgﬁl prddé!sfslnﬁg
processing (as well as the relative pH Ievele, nd t
dheFrarcgalss whichdnaydpmais in serfgroppadingid (etgo for those

[
P?ﬁﬁa?Hﬁ?ﬁmqbﬁ?€%§%¥@%9@9ﬁw M rot hermal environnent) of

n par ul ar, when the weight
ratio is nodified while holding the other vari abl es
UGS Aam:rding tmeiaﬁw@mrahldj the presenft irchmopasdvbral asiables mapbe

oehm art cu rial are fied, Fo
@Qﬁﬁg GO e ARG i BB 1 miehel, Pbectds oyt
5?;51{ gyD Thesé VWA notdYly intlbd €the Slethhs Btid! thans, tie 1386 4P
ATH: boéhnmite seed ratio forns needl e- shaped partlcles

begkmiteaeqygrontodivelmnie sesfl, thepartisuler tppeceruspesens of agig or base used

d{iﬁﬁ%&%@ sStrég\Agg %B qg HQEFIﬁH‘% p{ﬁ"lervgl Zagg gl'ée treﬁéér&ufes(vfh?c%l‘ig ed

dieédtiypropoadonyl 8 peade irSin dutogehsirsthyérotherh s Rntih@uteat)ioo thes
further reduced to 60:40, the particles becone

SYS&&}-- spherical .  Accordingly, nost typically the ratio
of boehmte precursor to boehnmte seeds is not |ess

[d{)hﬂnk?ﬁb%ﬂulaﬁ Qi@ méweighaaumtmcicﬁﬁal Whig okt ihe §heBCarRbles

80:20. However, to ensure -adequate seeding levels to
constanbitles shage andisige 194 thei pattices éormangothe boefymitetpatticukate material are

desi h ht f b : :
e T U LI

YOBitr: acﬁ&ﬁ)ﬁ.lﬂloﬁ,rh 90 AdtEgehinde sed ritRcfoaassedle- shﬁjcg Ipbrticles
rati o genera %QI ncreases aspect ratio

whi | e

(4Edbsinga spest prhnite precugione (i Fonraste Bhemtbe éx%‘a%@tmte seed
il 5@%;9@%?1%@% gft 5, %c&%ﬁc&%ﬁ@m@fc aﬁmmﬁwshgﬁﬁ St
ﬁsﬁap evhee ttg.raticass fexther reducasl) to 4040 sthe partifles beeopamtarespherical.

ar e .af ect xanpl -8 WO 2006/ 06Q20 .
A7 ebio et Sipicly (R RER o Eposhiade PR TRGT ARG stis inpot les
thb8 @601kt @0:4bVac R BHict 1 tHanABoA Thizhee Bonb e Ho Rk g bhfire
adequate seeding levels to promote the fine particulate morphology that is desired, the
weight ratio of boehmite precursor to boehmite seeds is QEnerally not greater than about

98:2. Based on the foregoing, an increase in weight ratio generally increases aspect ratio,

while a decrease in weight ratio generally decreased aspect ratio.

[0028) 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,
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of 90:10 in"a 2 weight %nitric acid solution, the
synt hesi zed particles are generally needle-shaped, in
contrast, when the acid is substituted with HCl at a

of 1 weight %or less, the synthesiz
“%P£®$@# & are general ly near spherlcal v%enpgT%E?ﬁﬂ?u@@
or higher of HCl is utilized, the synthesized particles

econe general | I ed. At [ % f.or ni .
BT oceeHIEE Gl s o oF Breoisy i el RafEbod i sftd o
off 90 LR G.2 WéiEIt % SR ri®kcid Sol@st, theSOhthbdiRa pafildfel’d adSgeherally
wei ght % KCH, the syntheS|zed particles are

nggidbet shiped, sthegnerdst, when @eWﬁu&ﬁuéstéﬂteé@ilthéﬂélrﬂéab‘a@te%t qfd weight
%ucgrllé:ss Ztﬁed %/n@%gxtz%(flﬁarhclg\ea géne(l)/si’ll?g_l rf)ge \»ﬁ&gwxve/ ght % or

nitri e’sy n es i'zed

h@mrtde@ss utHized aheﬁéyﬁtheﬁbéﬂﬂﬁ&lclé\d(ﬁee(\hﬁé fdtgrally nbedlebipiped. At 1
wei ?yt % val ues of the acids and bases are based on the
weight goEnimeefithe pnghesized parliclesarp platalspshapsd; gurther, with use of

aﬁ&‘s"{’cp 'ﬂﬁ:oﬁ ﬁ’g/(s) F?HI@L@%{OH“@E \,\}é&hﬁ%g}?mﬂg%ﬁ%ﬁ’? atBt- Jh'%lﬁed

tota tota rres
lf[aGﬂiZQﬁe cﬁ‘tﬂctchkahda baes dutidind, babes 1|wmghu &eKeitharda).7 a(elgtis%

such nitrj [ ani c. acj. ..such as farnic
nis i s Tgehoad b St esechipat e Beflerahmed. Mtpvort,
1R GbBeOwei Bt b5 vAUSI LA achls Wl BAKEY BYetth 84 naNsJ1RS BEFEM Bhly of
sul fate. Effective bases include, for exanple, am nes

themcﬂpadwn golaimmﬂnaxonabmwmem;km Bxird @st meeshenate poalassghtits of
gg ?Ilne hydr oxi des such as cal ci um

ﬂﬁ§ Pa& ¢ salts. (0030) still further, when

tenperature |s nmodi fi ed whil e hol di ng ot her vari abl es

[00091sSiable acid;( and bdsbylncmam@a&rzamadmhfaeﬁitﬁﬂamm apgdnid aids

size.. For rried out t

Such aquqntfoaé l@gf*sneae%g[1 rsafhp%%ag %‘0% agid 353 cigic g s

aldififdnfniftle dnd elagﬁesﬁﬁh é\nfatel FHechiQ bads¥and10d, For &BBple, amines
crystalline size from XRD (x-ray diffraction

mh:dm@trmqnzeatalkeh)hydm@e# wamas pasassieu ySroxides tikelime hydroxides
aver%ge particle size was found

. t160
st%@%éﬁégg Kﬁﬁ?f o aﬁﬁég dingly, as tenperature is

i ncreased, partlcle .size is also increased,
[oos@r EtﬂEfmt-thag whend 'teﬁ@etaluyc proogtifiéd whidd hdltﬂh@bﬂhemﬁdj'lables constant,
en particle_ si tenp [ 0031]

bet and rature.
@faﬁaﬂ@%tﬂ&e @%&dfeﬁéwgﬂ%gle? | ﬁ@cfxwépla Whenprpeqssing el y
czRH«‘MEBJt W 2rPREH BRI Seed RIRCE98: 1084 QQ%&@Q% fRYc Qﬁ’d solution at

enpl oyed t o engi neer desired norphol ogies into
lﬁi}"éd‘mrtwo mobxseﬂmncnetabmduc frorr(KREa(Ktra)Ctilffmt:tlsm glmr:{lqt@mau@)

odi, pent.g uti | eded res t|n
B8 B T uresti e A o abt &G arekf Bificiegriscrag found
tdBeOI8 Phgstord) @&Qﬁt@ﬁ%@@nﬁ@ﬂhﬁ@?ﬁ@@e&é@ Qadicle size is also
increased, representing a directly proportional relationship between particle size and ‘

temperature.

[0031] According to embodiments described herqin, a relatively powerful and flexible
process methodology may be employed to engineer desired morphologies into the
precursor boehmite product. Of particular significance, embodiments utilize seeded

processing resulting in a cost-effective processing route with a high degree of process
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control which may result in desired fine average
particle sizes as well as controlled particle size
di stributions. The conbination of (i) identifying and

I g key variables in the process met hodol o ,
‘gﬁgé‘l&&g{lz\b\gl ght ratio, acid and base species ditd/Us200 032028

tenperature, and (ii) seeding- based technol ogy is of
rticular si |f|ca rovi di repeat ahl e and

oBR BT blodE S dins Pvertas Bt UG T g8 P TRl o

pARERKi8!distTRNRRAS! POH @rbidatO38E (1}/\’3!3&5%15?%& an%gﬁinﬁﬁe as

focused on boehm te production or s
vhrabits tio te predess mathodelogyr suchias iveight ragip mmdrmldphamp@gsr and

mat eri al artic I ar, .a ct of .t ese i nventj.on
RGBS Hering boed (STRE O B on BT b ke, BN
répehtRblt BANStioMABIE praRkdditl BR desiied BoeHtiR fAARNM @aterial
precursor is heat treated by calcination at a

maphedazagsure sufficient to cause transformation into a
transitional phase alum na, or a conbination of

Qdﬁ]” Wﬂde‘%ﬂé‘%oréc’%%%%é foEﬁ{é‘d%?'boXhTﬁ@ SiAbH Q0niOA fo'?ﬁ?hle

reat nent erature greater
feddetotk AR dllﬁan‘slﬂm altunirma pteQEGT méteribleapantiatlur Bpedt es&e

than, 25QC,  transformation i nto the | owestqun'per ature
PF%FW“E‘%%PPF% STAQAs 1 O T hePRECUTSAr (RAtsTIR! 1EQ) BRusKions
aYﬁrrlnlla Ndre HRK g?éﬂnﬁf&ﬁ)rccﬁ;sof RHea bk %? cag&ﬁﬁﬁcﬁlr atb f@fberature

C typica precursor wilT transforminto the
saffphat tolrasse, traxwhﬁoohatlos into a ranst@ialipliast gulntaapra combination of

tra nal artic r di ng
e ] DR i TerReaion et FelRirtisdiecdit st "o
témpeRdtiRe gRdatts ehGy HAEtEX501d) B0t BOLLhak UNI0°@S A Wmpefftred R than
about. 450C. The nmaxi mum cal cination tenperature my

258°G, &raastommation o therlowesb trperagiirs forms diansitienab alumunay einma
SHEL DS M Bk AR s RGPS P, SR
ptrercaﬂsn Wilbtrealsforintintonke ai@kﬂQihaée @hivans terbbadmd@tosab&metransitional

cined at a tenperature | ower. than,.950C, such a
a&ﬂ’ﬁ% Pﬁrﬂcﬁ%{ﬁ &E‘t‘i{gP 7%%?0{%“89@6@?18 efng?qﬁngntg %?HPP éﬁ carried
oPRtaQEthp@htuftedbAe@ha00eC, SHGCAN it [E@s thhu® abRAik B5®! athe
embodi nents, calcination is carried out at a

maximen selaingtioetempetatine manbe lessgbac 059uwe 1%0501, tisse upipan

t%?%?elf’ gt%%%gﬁaﬂg rc%ﬁmméa% % Slfbgtﬁﬂ%éhgo%@{ nof ?ﬁasenat.h?rgﬂa, the

higiestit@nipapatre forid of tridBiordl \alunsingrent s i ncl udl ng
controll ed gas and pressure environnents. Because

R GRS o AR Et bt bbb s bR L s

WiBAE ta0Be o7 BIRGR For}ﬁ'rr{ £8istah?8 codtbht of delta alumina. According
to particular embodiments, caJCmat]on is carried out at a temperature less than about

800°C, such as less-than about 775°C or 750°C to effect transformation into a

predominant gamma phase.

[0034] 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 precursor material and not chemical reaction, and since the resulting
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WD 2006/ 060206 PCT/ US2005/ 042028 material is

predom nantly an oxi de, specialized gaseous and

pressure environnents need not be inplenented except

f or t desired transitional alum na end products.
\'f(gf)(@g/?g?—ﬂfv\ever typically, calcination is caffFTd§2e9sp42028
for a .controlled tinme period to effect repeatable and

rellabletransforrrat on fr atch to_batch. Here, npst
melGHR I3 PregoRBRilY m’c%i‘l'  BIREE ﬁe<f’ ROt 2RG Presgie eRMTONRENts peed

ndt Be SnpleleHlel ei&Fﬂ%mnwd deEn?éH’t?in@ihHﬁﬁ AR D EREFrof QR I Ol
phase di stri but Accordingly, calcination tines

typically range fromabout 0.5 mnutes to 60 m nutes
(003691 Daiveyer, tpicdllyucatinasion b eairmasl e for[a0088D | @etimes pirioy o effect

t th t] | t I
R G o e s ot O 5 SpBRL bt el et g Shock
cdlyiRAtiodlib Mot aRRd bheask & dTERUAAS Ednbdl RivPelile bhdhen¥@Sntrol
found to contain at least 70 wt% typicall gam | east 80

PhaseglisyibgHomsAerordingis calsmaiipnsimey %m@ialﬂy wags ram@hpi 4. SThimutes
eu tra t | um na phases may vary
loggc@crgrn F%é'pt]&“&lf ]é]}]{eéf}t 1'2%%‘&35?rem s, such as a blend of
transitional phases, or essentlally a single phase of
[0azd]r Gasardllyo ased reallugficaleingomg.the Ial‘tldLMSma%m!Nts YWairdB{ahOfe than

t0.100 % of |
s bzt FersUfeafl e SApre Dpsa, DRNEDF ARG ptighge material was
faRAd td Edtah af IERE Y ﬁi%ttpﬁcﬂ]%rrfﬂ’ nakiadYwf, shéteadd® RRNIGHSr%

feedstock material is mai ntained in the final,
trasitfapphauminaaibé cxaghaakeap ugrtrmﬁluombaiwmnagnlhyses maesw abl e
hol ogi.cal a ure ngi peered |

R o 2Py PR R B o S B PEL B e b AR seaciany
a Elh@l&%)hﬁ.@&ifldmaﬁmmrﬁBﬁﬁM&ﬁ-(e.EQ bt [e2686P k»e%egmm e Bien upay €00
been shown to retain at | east the specific surface

Wi 04 a shglephareaf gdrapionshtlerind). and in sone cases,
increase surface area by anount of at |east 8% 10%

ﬁfSA&cAm/Hlﬂ tcf@‘fe?artéhlﬁp featuf® ﬂ‘érlﬁl)r?%/logjgoi* BE 96dhtnite feedstock

er ved final product regoi ng _
mdtgs@lr iis prgedy maimtainedrin gt fingh awfmrmedrmammr@g Rlomiing dacordagly,
<Gyl T A o e i g e i B el e
fopepifg RachinpearipeRifeatitts presdrvddn@ot exanglé emb@imaﬂxtumv%een
particul ate material _is _generally not |less than 2

shorye tgrreipiarahisps thicpegifs surfasa ares ofjthe deeflstogk Hetemal Md'eéeme
o e ﬁ

o8 e STREELIPDY S0 B AL Dbl o CtZBROBER: o, Since

megpelayseirgetygiredensd irt tha lﬁmaléprdduct{\»thdlfombtngcdakcaiption in

reference to need) articles, the econdar
CAS AT il InGroGIoGEAL RN oL Jt byt e HogprbCipr e
trhkRi 3| AMmAlpadicBidle@hatédldhs dell, or even 1.5:1, and
oftenti mes about 1: 1. The secondary aspect ratio

0%3e gr]elr:grl Jx%m%ﬁ:s %I:{el aggest’:t lt*att]w of the transitional alumina particulate matcrlal 15
generally not less than 2:1; and preferably not less than 3:1, 4:1, or 6:1. Indeed, certain
embodiments have relatively eiongated particles, such as not less than 8:1, 10:1, and in
some cases; not less than 14:1. With particular reference to needle-shaped particles, the
secondary aspect ratio is generally not greater than 3:1, typically not greater than 2:1, or

‘even 1.5:1, and oftentimes about 1:1. The secondary aspect ratio generally describes the
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-11 WO 2006/ 060206 PCT/ US2005/ 042028 cross-secti onal
geonetry. of the particles in a plane perpendicular to
the | ongest dinension. [0039] Platey or
| at el et - shaped transitional alum na particles
‘88&%%@2{}6 have an el ongated structure havi nGTHE2005/042028
aspect ratios described above in connection with the
needl e- shaped particles. However, platelet-shaped
crpsg-3eceonas separedy af the pagictes tipbplane perpendiaiar suhedenesst t he
di%pe%g&ilte maj or surfaces being generally planar and
generally parallel to each other. In addition, the
_platel et-shaped particles may be characterized as
[0039]i Pigtest or pleribidispyd &apdtidnalrahirhma paerlee peididly Habatn of
needl e-shaped particles, generally not |ess than, K about
elgngatedsyiuRtusEshan g theeaspedt fatios aﬁeube%%bfye bt coapestion siith) tags s
1 ; TyRi | : - (dl j
oPRAR 10, Skl LRSI Bok L TERRIOR I NE,
major shfees thd appgeteenadl syrfhes beitp genchdyndawnetdgeacraBy piralle!

e B BREOF BB e ok BT R ng
seoR@rPhspkfi@atlo’ e tha N BAt AhsblldlehaB@ pdrfitlbabEnerly @bt Bbs than

is generally not greater than about” 1000 nanoneters,
abovd 3 flaguchap nafiless thanahee 6of, oaprsnmoyBss iban Y60 hymentiyt bes.

r,.enbodi ts,.have even fin aver aqge.. t.icl
b e T L e e

4064 i@nemmity REsSthartODndmneERd, alch as B30 than AboR 4O hanomedis] or less
even particles having an average particle size smaller

thap ghowi 38 naasesiRss-er s, representing a fine particul ate
material. In the context of fine particulate material,

[RAROPLARA R WRfaBe PAAKR siz8 oPAY GrafsifGHal Eﬁ;hﬁnéﬂa%@cuﬁ&%ht@ﬁai is
than 250 nanoneters, such as not greater than 225
gererabiysobgrsaterchan atantyE000genemessragad palt witbing rangesf pbay 75 to

i thin r e f ;150 t.0 200 nonet ers. e.to
8% batethoe, A erbpg P T SR TORLOSI TR APt such as not
gizaRt thas bbaw 60agmopealetd, S0Endbmetetss 4gENSoaleteys, Bihdneheters,
such as not | ess than about 75 nanoneters, 100

ahFHSHRRRICles Dyiag 41 2vGTa4F PYFUFlSiph smalies dhagr 273 ngagmeters,
Bk | A2 pRichlatedhatedal. B CHIABE hné }8&&11&9 m‘afcgéﬂ]

anoneters), 125 nanoneters, nanoneters. |
erAbodibents wetdsbowe tohdvaegregl sparstiaflbethan 2% nansmetssdsuch as

denote th vera | opgest o | engt h di nension.of the
U D8 R e OB BELCB A" TR U Ly o rtigin & tiage
o PRI b Q06 Banonfe@RY EDid BNRbceSIBAAGIRE bEEHa EniRARAtOtE | S

general |y inadequate to nmeasure average particle size,

sryplinstavsrge awtieleisizaty gamerally imdeh gychi 25 npé leas tpn gboyhiged
natfRRiLiRL] 188 ﬂm&c?g (particularly in the case of platy particulate material a

minimum particle size of 110 nanometers), 125 nanometers, or 135 nanometers.

[0041] As above, the tcrm"‘average particle size” is used to denote the average longest or
length dimension of the particles. Due to the elongated morphology of the particles,
conventional characterization technology 1s generally inadequate to measure average
particle siie, since characterization technology is generally based upon an assumption

that the particles are spherical or near-spherical. Accordingly, average particle size was
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that the particles are spherical or near-spherical.
Accordi ngly, average particle size was -12 WO
2006/ 060206 PCTI US2005/ 042028 determ ned by taking

[ representative sanpl es and physi cal | )
‘ﬂ@ggﬁﬁ%ﬁﬂsthe particle sizes found in repre§éﬁﬂ§ywygnﬂm
sanpl es. Such sanples nmay be taken by various

haracte i,zatio echni h as, nni n
GPRARF % Ol PREHESs oGS AR BAE I e e
pdriicit Bed folu@d @trepresent2BRO sanflesP Buth §dnpl&d BSbeAthRen I tvaiBlis

forth in the context of averages as in the present

chagasdqrizaieai tedwiqussitsuehpasthy scanningtelrsirep AieRicopy (&M Has noted
tham%tlﬁfes mﬁﬁé 1tc?cjtt§r Srlelgo%%dg%rtlc}éesgzteg El%rﬂo??éf % n thﬁ context of

nspection o cul ate na
\Aea:geg ald mglheypre:teheSpavﬁm@a mra‘.the:r] i the amtemt bi ndnmaal\mgaldﬁ
the reported range in the prior art, eneral |y at

paliigle EizeherinFd framathyeicalingpestinr obfammles ¢fdiorariacylqte Matsrial
A%ﬂjgdtli'tgf;ﬂ & Q@&&a%ggmﬁ?%“t&' il 1@%&411"? gﬁ&éd‘? Eﬁd &lépheﬁan

m aver article size enot es
gpard lyat gbont the arithaleait @ddgomt bhthei remhmd daxgbl fgr lhel emmacfed abl e

artlcl s, whet her dispersed or nerated fornms., O

OB i st A Ao AT 0 aTtp BT e 1151 QRS primaty
pzﬁﬁ@é@% relBf o ﬂﬂe%ncﬁbné@al!y@c!&uﬁﬁlﬂc BABieRE lwittiRe HRBdKA foes

not focus on agglonerateé sizing. [0042] Likewise, in a

agglorigrated famme Of coiree, aggimeemt@p b?r\tee’ctoamg@élwely largesgerage
BT P AYSHAT SRS,

lower limts associated vv|th t he aspect ratios of the
[go&a]t Likewiat,en BRingitar alannerGhe sitviengoried atpeet dahctsegeatxun)e,
reported partlcle aspect 0S are not set Iorth

r at
CQrErsPRBHP digraversge %ﬁ@e?ta@t@st% fjroan feREs sptaLgpmpling, rather than

uSRe6t foweaﬁmﬁ@asswttet At &le-aspeet tahss §OME E%thmﬂgte ReRdAAI
range of aspect ratios derived from physical

Offtastpraes in dhe [Béraiampépesied partitie 2partirataed eotrsattfeﬁh &l the context

or di i ng t he r at 1,0 VVI
of 6%t Bre s sp PRGNt AP Blncl 7b o s afpt) Pl of
asp@thtidshieri add fedtphysicalingjeotidt oﬁl;ﬁmbhz@ of eﬁ@aﬂedlafeammal
for the expected Gaussian particle nng?golo

Agreydinglyythe areragsragpecrasiopull Ha it e reprrtpdrapghindaerpicd art,
: gaéﬁﬁf} 2 tt?o%me LA TR oo R gtmtgetfogme%gﬁ%tedat a
a Mo

gene y denotes the wer serve
Gasgpsentpartate morghalbgy distribationa r$¢htccbﬁltemﬂ$wdg,ewlakp®mtseccbﬁ ibased

043]. I n addit t t d
O e i S e
oBerdcd@s R hti6 WisRitRusRLRI oRAveray aljfect tibher

characterized in terns of specific surface area. Here,
the commonly avail abl e BET technique was utilized to

[W0aHs v additiop de asppet rafif and@uerageeRpriénie sifeok thepartieyle material,
HQHHHIJB of ﬁnretp'aﬁféhﬁte%:ﬁ%aq Ha?lbe FRAEPEH R erk2d in terms of specific

surface area. Here, the cormmonly available BET technique was utilized to measure
specific surface area of the transitional alumina particulate material. According to
embodiments herein, the particulate material has a relatively high specific surface area,
generally not less than about 10 m*/g, such as not less than about 50 mllg, 70 m*/g, or not

less than about 90 m*/g. Since specific surface area is a function of particle morphology
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enbodi nents herein, the particulate nmaterial has a

relatively high specific surface area, generally not

| ess than about 10 nR/g, such as not |ess than about 50
[ 70 n2/g, or not |less than about 90 nR/g. Since

%@gﬁg’?ﬁo@ﬁsurface area is a function of parti EEE/”SZOOS’O“OZS

nor phol ogy 13 WD 2006/ 060206 PCT/ US2005/ 042028 as wel |

as particle .size ral |y the specific, surface area
el RRaelres B P Rerts SRg A0 6 REPgePE e 15K than
ab&B 200 KB, AR UL 1e3PBarPibodP5 06 /300 nSRE CBdJebiﬁc rApBeFor E@face area
surface area are about 75 n2/g to 200 n2/g. [0044] :
aabpRiddmre B YWiM/gance is attributed to the seeded
processi ng pat hway, as not only does seeded processing

f he.tr it um. n cursor _allow for
R P e B 00 BeBhE o e PPl by
db& deeded PoteRiRSe Tiatht Radsiteonhil dlaminarpaausby allovbfdr tight§o

the seeded processing route . is believed to manifest
corieqtied Broghsiagyiof the pricaar thddh isilagslp arepgrivg indhefppd product),
ol ydtht RRACOIBOSk L PR s pIRABTR) GRS dosPile EXRA RS
icthe faaitprohat, inohalins@egesitipna.cespholggpalt imdayrgstalling difidbiions
Exanpl.e 1, Pl ate:shaped part.icle synthesis [0046] An
OXFBEH AR AYERA APERAPAGODEIHORS, O SCB e e sTm rRays..

al umi num tri hydroxide purchased fromAlcoa; 0.82 |b of
(tvashBkiBple ! PlaRRetadet @aAiORIGhthedisler t he nanme-- Catapal B
pseudoboehmte; 66.5 T'b of deionized water; 0.037 Ib

ot assi um hydroxi de; and 0.18 | b of 22wt %.nitric acid.
(o) BesHiRrlake wascharesd i etk!@dot Hydsal 740 ghunyipyem jrilvdroxide
offiflesla 8l Robl, ol Gp BFEANNGE bR IAAHRAISASOL RRAA! BRI
trihydroxi de and the renmaining" water and potassium
Uataghridk patedotoemitg; 6613db alidoalizadewaters 01087 thembtassiuhBifCroxide;

OVEr 45 m put.e. peri.Qd an intained at,.that

o3 s o i SisoRg e FEORTERA Prenfipates i Bia hoger
284D QY BNOURE Xci@BETBFAHSHp B @8 Sk nul fripdRixide B3 tRSlemiRfg”
reached and nmmi ntai ned. Thereafter the boehmte

vegites pad patassivwakydroxddmved from the autocl ave. After

autocl ave the pH of , the so] was about 10. The liquid

: 3 : o

(AT FRE aB3alc R KEePl 123 (CRES £45 R popE ond Bt o
tipSAngkratire for @sholutsawith ghiommgeat 538 sprabdw tutég@no@dly gede essure

iS terial s .cal cined at_530C far .5 mnutes to
of i T4 5 s Bt Paiinel TRetpnsy He hoeinil iSersion wes
réBé R R WB sueeRld. Amechts 1R tHOPTLY M vdsWibma 0d7E: liduid
X-Ray diffraction Ri etveld analysis. The specific

conietzes remengd of a temperbmp b Sies ThoEswtant mass was crushed to less
than 100 mesh. The SSA of the resultant powder was about 62 m%/g.

[0048] This material was calcined at 530°C for 5 minutes to transform intc gamma
alumina. After calcination, the material was confirmed to be 100% gamma alumina due
to X-Ray diffraction Rietveld analysis. The specific surface area 6f the sample was 100.7
m?/g. See Fig. 1.

- [0049] Example 2, Needle-shaped particle synthesis

- 14 -




n2/g. See Fig. 1. [0049] Exanple 2, Needl e-shaped
particle synthesis 14 WO 2006/ 060206 PCT/ US2005/ 042028
[ 0050] An autoclave was charged with 250 g of Hydral

num trihydroxide purchased from Al coa 25
“Z‘?Q‘B%#m%e obt ai ned from SASOL under the nafEIV %(E*&P’-S

B pseudoboehm te; 1000 g of deionized water; and 34.
f 18%nitric acid. The eh re:- dlsp edln
[0990 24" Btoslmee Wase ey 238 vimb Qe 155@%%9

pﬂr&asécfﬁ‘orﬁ”&lman?ﬁ bf bJRyAf t@’&'bglﬁlcérﬁ%n{ $LSOENMRELY (HOnRL €Tatapal
and aci d. [0051]°The autocl ave was heated to 180C. ove

B pset@obrichmite; {90 |g@d dandlznthmtealané d4.31g of tl At nitrergoalr Tﬁlue.u re

oo Buf PRl ety B fe Apteiplpd T ol ELRER KRl o

the By &) ﬁ%yd?d%ﬁfe%ﬁé tf@rreﬁlaﬁutgeﬁenéﬂah@ adlispersi on was
renoved fromthe autoclave. After autoclave the pH of

the sot was about 3. The liquid content was renpved at

(0851 e Aperiecine W homel oTHE ¢ easigr @ 4hminue perigdand mpbvaed 2

o ag Ll s el 16, R BY P

oBdbottAG0 Psi wiis reaciedraridambintiret OT erdaftbiothe boehanite disgesn was
After calcination, |t was_ confi d to_be 100% gamm .
regoyeA fem dhreauterlave F&éerdwch}aae& da%lme ofific.$0) &yag a'a%|33§|eélqu1d

cd'EEl-;%t &Qﬁ&hfdv@d ﬁ%rtéﬁ?é?atﬂfee&’f RBECITR éﬁﬂmt%a\@@%a;&%s&d R 1eSs
Fi Exanple 3, Ellipsoid s aped

g.
mplaﬂ@O whsh. §yﬂ85&9fﬁle[rﬁ®541}t pawdenwascbastd 20me/ s har ged with
220 g of Hydra] 710 alum numtri hydroxi de purchased

BT S D8 05 5 i

Agtel aRima€dn aivey conﬂﬂl(ihd% bé IQO%fgaﬂ;l&%alhirmmh duami X-Ray Hi#fraction
boehmte was pre-dispersed in, 100 t he wat er, and
Riptyelsl apalypist e spesitie Bebos é‘ﬁéaﬁl‘ihﬁémfllgc W@ﬁé“il Bt s Fig. 2.

tri hydroxi de and the remai ni ng water and acid. [0055]

(0858 BULRH AU8L¥eR NERHGAH ShBEsisover a 45 minute

period and nmai ntal ned at that tenperature for 3 hours
with stirring at 530 rpm aut ogenously gener at-ed

[08543 A pdoclaye ‘a@@bvgq@mtbgm w§ Hydak Hdpyhmumerihy4eHed .
purﬁ%ﬁ o if rAIE&eSP ghgﬂethﬁ'ug'o%&%{eﬁtfﬁﬂ'l g@?O% uﬁﬁ&‘fﬁgnﬂ Batapal

ocl ave. ter aut ocl ave e sot was
. Babaudbbethmiiep1000guwif deioniand eater;wad 2i élgmfd&"/cantra: acid. The

oS 4 o B o R

th\é@ﬁmﬁmmtnﬁly%%xr@/aﬂd the remaining water and acid.

[0055] The autoclave was heated to 172°C. over a 45 minute period and maintained at
that temperature for 3 hours with stirring at 530 rpm. An autogenously generated pressure
of about 120 psi was reached and maintained. Thereafter the boehmite dispersion was
removed from the autoclave. After autoclave the pH of the sol was about 4. The liquid
content was removed at a temperature of 95°C. The resultant mass was crushed to less

than 100 mesh. The SSA of the resultant powder was about 135 m*/g.
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15 WD 2006/ 060206 PCT/ US2005/ 042028 [0056] This
materi al was cal cined at 530C for 5 mnutes to
transforminto ganma alumna. After calcination, it
\ggg(ﬁgnfbgned to be 100% ganmma al um na due to X-Ra
P08 PM%n Ri etvel d anal ysis. The specific PGTUSRES/042028
area of the sanple 167.8 nR/g. See Fig. 3. [0057]
Aspects of the present invention enable utilization of
[09%?5 e Avterial wasrcalcansd at &30°hdotet mutssH{o Hagilera iy gamma of
: h o . | aati
oL BAR; AT fna R W CRCERRLD O 0P Re b B B to X Ray
didfipqetibn Ridtonis anabygisi Thegpebiiiigherfach ared 0é e samgleds7 8mved. VEee
F.high tenperature processing, such as nelt processing of
'l tiori nat ed pol yners. Properties of flame retardance,
UV protection, weatherability, chem cal resistance,
[00418T ABects @ B bedskMiihventifNEhaBle QL Al of (IRUhARE farfi@l fe
thé present transitional alum na a significant
miiedalsn @iveitle matictr dfaipplicatinesy; ingkidingiapplicationy thpt asgveaitpatticolarly

a ddi tive to .,paper, as.an ink. absorbent in inkjet
8 iR T bkt e e DR R o B R o ingl R Refhost g i bive
high teditfeadtinne ricBssifdeomAds RElt Ghrreistalof MRehadit CadlyR@b. Bldbagies
used in the electronics industry. [0058] Wiile the
0 faginnge & \opietection, (nsatherabilith Ar e apsiganse. thermpk
TH . it e 0oL _

B EH, g FRERRL oG BEAE Miltrboond dorsioRLafTh £ g o
indogliiflimaenan Sthandses itledideti mpleomstatanastxe adduhee Wi gaperss an ink

depart.ing.in any way fromthe. scope f the present,
oSO PER i GG PP B B PRVt TR BV G iy 2] abperve in
de?h‘ih%liﬂ%I&Eﬁ&aﬁﬁ&h%pal%ﬁyﬁiﬁjgeﬁ’se@ﬁ%@@ﬁb&érﬁ&ﬁhdt@&y.

equi val ent production steps can be enployed. As such,
further nodifications and equival ents of the invention

[0nes] eWhilaithecinemten hesbeet diystratefl anddsemibed githe comtext of spesific
US| - f i [ at:i and al
b oA Baal Rl g ek B E RGN FERR el Do
motlificatiors hed substixatiods dab e madewithan degariief inraag why frvinethe scope
| lowing claing. -16 V[%%POG/OGOZQG PCT/ US2005/ 042028
o{ﬁﬁmw@t EVANABD’ Preexampleapqsiang YA RIGna S RlFeTan &F,
plo9fiRA hSd AMHiti A drlefhi9 8l QR UcBbideds cBR BE EmQRLd. AlsWHH) further
having an aspect ratio of not less than 3:1 and an

- madificalyimspad equivadents ofighoinvengion hesin disrdesed bwgitocqur iQparsams
skallﬂéjd A%he art using no more than routine experimentation, and all such modifications
and equivalents are believed to be within the scope of the invention as defined by the

following claims.
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greater than 1000 nm 2. The particulate material of
claim1, wherein the transitional alumna is sel ected
fromthe group consisting of gamma al um na, delta
] nd theta alumna. 3. The particulate materia

‘gb%gq@?%og, wherein the transiti onalp al uni na (JI/US2005/042028
selected fromthe group consisting of ganma al um na
and delta alumna. 4. The particulate nmaterial of claim
gﬁb¥ﬁﬁggtﬂ”kﬁﬁlgransitional alumna is gamma al um na.

. e particulate material of claim1l1l, wherein the
particles conprise at least 70 W% transitiona
al um haAlBindlfreetiqdate naterialt eompriseng:al of cl ai m 5,

wh in.th ticles. [ t | t 80 W%
{1 ansPPYSRPRI A8 AT FOmATH T g Ty toE R AR LS Pt s e

claim6, Vhesfldh BRgPEiLIE LS of APMELs $Randbol 1838 hnPdhd not
wt % transitional alumna. 8 The particulate materi al-

of cl ai m Ereagndhasi 0@ e transitional alumina is

sel ected fromthe group consisting of ganma al um na,
delta alumna, and theta alumna. 9. The particul ate

mat er 2.alhegfartehbitem@erigivd cleimm 11 Weertindhes irtvissioad! akkiuing raselected

b i PP St o P st kD bra et BRI ErD 4 2

0 2 8 10. The particulate material of claim1l, wherein

th t ti [ t th . t 5:1. 1.. Th
par t bul SR ulaEs Aot SR fn R RRT BRI AR ALijeg f elected
fréthitRe Edup@nsik@§Sofl a ABAWE afd deltalefumibae particul ate

material of claim1ll, wherein the aspect ratio is not
| ess than about 8:1. 13. The particul ate nmaterial of

cl ai m 17pe PARRGRIMABAAIRTBRR 3T Rhdrlini the AMsitlef8RIIRAR is gamma
about 10:1. 14. The particulate material of claim]l,

N the average particle size is not |ess than 125
nm 15. The particulate nmaterial,of claim1l4, wherein

the average particle size is not C
5. The particulate material of claim |, wherein the particles comprise at least 70

wt% transittonal alumina.

6. The particulate material of claim 5, wherein the particles comprise at least 80

wi%s transitional alumina.

7. The particulate material of claim 6, wherein the particles comprise at least 90

wit% transitional alumina.

8. The particulate material of claim 7, wherein the transitional alumina is selected

from the group consisting of gamma alumina, delta alumina, and theta alumina.

9. The particulate material of claim 8, wherein the transitional alumina is selected

from the group consisting of gamma alumina and delta alumina.
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| ess than about 13 5 am 16. The particul ate materi al
of claim1, wherein the average particle size is not
greater than about 750 nm 17. The particulate nateri al

f 1016, wherein the average particle si ' ,
Wgrzggl/@bm?han about 500 am 18. The parti cul a%&’h’g%ogﬂﬁqn
of claim 17, wherein the average particle size is not

0r et AR BRI rBOA of Blird 9:wTEn AR b oG BMIB i
of claim erein the average particle size Is
about Biln a range of about 150 nmto 200 nm 20. The
particulate material of claim1l, wherein the particles
have a platy shape and a secondary aspect ratio of not
| essit e pastichilatel Baid¥ial 20 0181n 60 20 rdri iHe @GR 0RO 4287 Bess than
21. The particulate material of claim 20, wherein the
a@@&éﬁdary aspect ratio is not less than 6:1. 22. The
particul ate material of claim 21, wherein the secondary
aspect ratio is not less than 10: | . 23. Thep
art i tulTReoarisulatq mptendl of Flainml 1, whgpein &eﬁan@éraﬁa i¢ pai|less than
ﬂﬂﬁ 12 needl e shape and a secondary aspect ratio of
no greater than 3:1. 24. The particulate naterial of
cIa|n120 wherein the secondary aspect ratio is not
g{ Zla I})\%ﬂr t%mfxtﬁlaal Sr:%-lglg}r]rg Z? ;\ifhaegéﬂ h}% c? ra'tlglrs r?ot less than
algpue d0-er than 1.5:1. 26. The particulate naterlal of
claim1l1l, having a specific surface area not |ess than
about 50 nR/g. 27. The particulate material of claim
26, baviteGasicaPReLinhiefial D kAL €, Whideein it avk@gs partiblaRiza hontt
70 n2/ 28 The particul ate material of claim1,
lepgtham ZC%af“%pemflc surface area not greater than about
400 n2/g. 29. The particulate material of claim 28,

havi ng a specific. surface area not qgreater . o
The particulate material of claim 14, wherein the average particle size 1s not

less than about 135 nm.

16. The particulate material of claim 1, wherein the average particle size is not

greater than about 750 nm.

17. The particulate material of claim 16, wherein the average particle size is not

greater than about 500 pm.

18. The particulate material of claim 17, wherein the average particle size is not

greater than about 300 nin.

19. The particulate material of claim 18, wherein the average particle size is

within a range of about 150 nm to 200 nm. -

20. The particulate material of claim 1, wherein the particles have a platy shape

and a secondary aspect ratio of not less than 3:1.
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t han about 300 n2/g. 30. The particulate material of
claiml1l, wherein the alumna particulate material is
seeded alumina particulate material. 31. The

pculate material of claim1l, consisting essentiall
“g(?gﬂg'g{ﬁ@z@arti cles. 10 08/31/ 2006 16:17 PAY EBBUSHES202s
7499 DAVI SA BUIOLD, PLLC Idj005 -' iT-r,~ Fi S hF

b, gl XY E~ b ~ I Tyl o e~ T r ~ v 1 ~-7F . P-rined .
061D SR Rl E3potonida e ngep shy o s o
lpsthth 6l at e material, conprising nmainly: seeded

needl e- shaped .particles conprising transitional

al um na having an aspect ratio of not less than 3:1, a

secopgary. gsfatite mlehial dfeldi@t2 1 9wRatiflthd f8dhdailasped Afliod§not
average particle size of not |ess than about 75 nm 33.

leshhapdPtli cul ate material of claim32, wherein the
secondary aspect ratio is not greater than 2:1. 34.
Alum na particulate material, conprising nmainly: seeded
pl at ¥3.shppdtipdatt metesisl dfaimpmi Is whereinrtheparticlon hdveal ngedla shape

havi t. ti f t,] th 3: 1,

o0 ity BRRIE 09 bR r 07 Pdss than 3.1, and an
average particle size of not |ess than about 125 nm

35. | umi. i.cul terial of clajm 34 .
wher e nTEHETOTEh ARy AL 20, Sherini e Hov LR g i no

ghatkr th3R2:1#A method for form ng alum na particulate
material, conprising: providing a boehmte precursor
and boehm te seeds in a suspension; heat treating the

SUS PeASTRpdrRct 20 Miafetial SrR1BReN Myvh&eiR tBE SR ary ﬁﬁ@ct ratio is not
boehmte particulate naterial; and calcining the
gisetehthen é.Sphrti cul ate material to transformthe boehnite
particul ate material into transitional alum na

particul ate material having an aspect ratio of not |ess

t han2@: The pgticulathmaivpahdd¢lam g hating Bdecifissndhor dneaaot less

tregtlilt%g i§ carried out at a tenperature greater than
URBAEY PGE/838. The metbodof cl ai m 36, wherein heal

treating is carried out at an autogenous pressure.
27. The particulate material of claim 26, having a specific surface area not less

than about 70 m%g.

28. The particulate material of claim 1, having a specific surface area not greater

than about 400 m%g.

29. The particulate material of claim 28, having a'specific surface area not greater

than about 300 m%/g.

30. The particulate material of claim 1, wherein the alumina particulate material

is seeded alumina particulate material.

31. The particulate material of claim 1, consisting essentially of said particles.
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39. The nethod of claim 36, wherein a weight ratio of
08,31/2008 1e:szE.bmdse2w @Lgr sor tomﬁg@gﬁo@nsgg@s is not |ess @00
Dk Iarad 0. Hiaerhlree ~lved at the EPO onf’U‘TS**"éva
e B 31, 1 22: 01 BXPERAGERBED SHEET . 1] OBl 20Q ERid&ts

) r.~; .z& WO 2006/ 060206 - PCT/ 1JS2005/ 042028 40. The

method of claim39, wherein the weight ratio is not

| ess than 80:20. 41. The nethod of claim40, wherein a

wei ght ratio of boehmite precursor to boehnite seeds

IS not greater than 98:2. 42.. The nethod of claim 36,

wherein the average particle size of the transitional

alum na particulate material is not |ess than 75 run.

J;%it § ' .he average,
partlcge slltl cg[laﬁ%%’aﬂeggéguw EELE&] 100 nm 44. The
met keededbfieed|ceshaped Gartiofes rcemprmhetrawmoa@@hpama ihe¥img ¢h zgpect
is not g r .t 3! _

claim 44‘[*‘33}%2‘9% ]Eﬁtq %anaﬁf)ersaec%gargr% ngugggggféggﬁ%ttﬁ& 31,
great er midanavahgmparmﬁﬂ31mfnéﬁlcss'ﬂw areatt¥ddumf cl ai m 45,
wherein the average particle size is not greater than -
about 225 nm 47. The nethod of claim46, wherein the
aveP3gEhapartouistematerial df slejin 8hivherein tha greondary amstiiratisg not
griiel@n200 nm  48. The nethod of claim 36, wherein the
tranS|t| onal alumna particulate material has a platy
shape and a secondary aspect ratio of not |ess than

3: 1344911mﬁm@pdmédm@lnﬁfeﬂml adrapré&gnmﬂ y:.€i n_the secondary
aspect rat| o0 is not less than 1.. 50. The et hod of

cl aisFRdad Plafiiiensd, parfigles exrais g aasijeRal alumping hping gp aspect

| ess t haputio b ndt- te2 thdAS: B Y 2QA8ard Bipbdt rEieoBEL3 132 €hak 490 and
DAVI.S & BUJOLD, PLLC 7007
an average parficle size of not less than about 125 nm.

......

\..'L:._

35. The alumina particulate material of claim 34, wherein the secondary aspect

ratio 15 not less than 6:1.

36. A method for forming alumina particulate material, comprising:
providing a boehmite precursor and boghmite seeds in a suspension;
heat treating the suspension to convert the boehmite precursor into boehmite particulate
material; and . _
calcining the boehmite particulate material to transform the boehmite particulate materia}
 into transitional alumina patticulate material having an aspect ratio of not less than 3:1,

37. The method of claim 36; wherein heat treating is carried out at a temperature

greater than about 120°C.

38. The method of claim 36, wherein heat treating is carried out at an autogenous

pressure.

39. The method of claim 36, wherein a weight ratio- of boehmite precursor to

boebmite seeds is not less 60:40.
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Prunt 6d 06/ 10/2006; L° MSPAMD 05200504208 51. The net hod
of claim 36, wherein the transitional alum na
particul ate material has a needl e shape and a

“ﬁg%ﬁng%n% aspect ratio of not greater than 3:1.

§8U% clai m 51., wherein the secondary a§5@6§”W§9P8”
IS not greater than 2:1, 53. The nethod of claimb52,
mher n . f bHRan

0" The i hE LR SRERn SRt PuD Rl I GRHER 1020
|s carrled out to maintain norphology of the boehmte
particu e l.

wher & RrGe A SLH R pngitlfs WERBERLPL e pbeursor o
bs¢iegitd deedsssnbtacentarteam dBtat greater than that of the
boehm | e particulate material. 56. The nmethod of claim
55, wherein the specific surface area of the
t r anap t TRN@kthodb HEThie3 @ Whkichiiiha beeraid RFtich sizeSof the trdrRRRhal
8% greater than that of the boehnite particul ate

alyigg paticulgy maenel ivapHes tin B &hm 55, wherein the
specific surface area of the transitional alum na
particul ate material isi not |ess than about 50 n2/g.

58. TheThempibdd of cleimad nwhsrzin th reshet Rare!esyizecis ppicless than

aﬁ&%l@ﬁ area of the transitional alumna particul ate
erra not | ess than about 70 n2/g. 59. The

nmet hod of cIain155 wherein the specific surface area

of t I I [

si nor ShAREDY B Guin, B WS R SR BHRICE R sty thar
abbai3no0 b, wherein the specific surface area of the
transitional alunmina particulate nmaterial is'not

greater than about 300 n2/g. -22- 'REPLACEMENT SHEET

t eveds.arhd ethbPEr nindy whieir?B0 Gvet2gelit@le sidicis AMEINEIED than
SHEET "31 8%2906; WO 2006/ 060206 PCT/ US200S/ 042028 1/2
ahgut 256 RBrySi ~ "4+ Lyq y~ 1 ,ml r: -77

46. The method of claim 45, wherein the average particle size is not greater than
about 225 nm.

47. The method of claim 46, wherein the average particle size is within a range of

about 150 am to 200 nm.

48. The method of claim 36, wherein the transitional alumina particulate material

has a platy shape and a secondary aspect ratio of not less than 3:1.

49. The method of claim 48, wherein the secondary aspect ratio is not less than
6:1.

50. The method of claim 49, wherein the secondary aspect ratio is not less than
10:1.
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51. The method of claim 36, wherein the transitional alumina particulate material
has a needle shape and a secondary aspect ratio of not greater than 3:1.

52. The method of claim 5], wherein the secondary aspect ratio is not greater
than 2:1, '

53. The method of claim 52, wherein the secondary'aSpect ratio is not preater
than 1.5:1. '

54. "The method of claim 36, wherein calcination is carried out to maintain

morphelogy of the boehmite particulate material,

55. The method of claim 54, wherein the transitional alumina particulate has
specific surface area that greater than that of the boehmite particulate material.

56. The method of claim 53, whersin the specific surface area of the transitional
alumina particulate material is. at least 8% greater than that of the boghmite particulate

material.

57. The method of claim 55, wherein the specific surface area of the transitional

alumina particulate material isnot less than about 50 ra%/g.

58. The method of claim 57, wherein the specific surface area of the transitional

alumina particulate material isnot less than about 70 m*/g,

59. The method of claim 55, wherein the specific surface area of the transitiona)

alumina particulate material isinot greater than about 400 m%/g.

60. The method of claim 59, wherein the specific surface area of the transitional
alumina particulate material is'not greater than about 300 m¥/g
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