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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
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tran31t10nal alumina particulate material having novel morphological features.

Description of the Related Art

[00602] 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.




[0003] Currently available transitional alumnas are
typically processed by heat treating transitional

al um na precursor materials such as gi bbsite, boehnite,
or _bayerite to the desired phase transformation

W%H’ﬂ@ Were. Other techniques rely on direct PSYNSHEY2028

via a wet chem cal processing, such as through
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tr%?sit%lal) juthhad his regard, such processing technology is
- desira ‘?y cost effective, 1is relatively

straightforward to control, and provides high yields.
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articul gte erial contains particles conprising
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.material, .. tainin i nly seeded, need| e-shaped
1sprgfafl}!e8¥ %‘Em@gﬁsﬁfait%go"ﬁggr?&? g'io&ﬁjgf E‘&Plﬂ‘ﬁ? a having an
aspect ratio of not less than 3:1, a secondary aspect
ratio of not greater tha . d an average particle
size of not less than abSHM [ 0007] According to
anot her enbodi nent, alum na particulate naterial,
[A08Ht Arerrdigs thererrmpodimanbdlysieg parieiiye anajaiet eontatas particles
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phrcisis stZsafind1dss tlanchbaut 1d Veregd nopgredtecthen $000mnof not
| ess than about 125 nm [0008] According to another

i ment t hod, for forni L umi ti t
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suspension to convért the boehmte precursor into
rabioeti mot kesythant 3: bl sgeendary aspect ratio of not greater than 3:1, and an average

particle size of not less than about 75 nm.

'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

-2




-2 WD 2006/ 060206 PCT/ US2005/ 042028 material; and

calcining the boehmte particulate material to

transformthe boehmte particulate material into
alum na particulate material. BRLE

T -
P9949°0N OF THE DRAW NGS [0009] The pr eseRET/US2005/042028
di scl osure may be better understood, and its nunerous

feature nd dvant ages a apparent tq thgse skill ed
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shaped transitional alumna. [00111 FIG 2 is an SEM

m crograph showi ng needl e shaped transitional alum na.
[0012] FIG 3 is an SEM m crograph show ng ellipsoid

shaped transitional alum na rs£0013 The use of the sane

ref erence synBRIEF DESARIFTEPNAIF & RYVINGGi cat es
simlar or identical itens. DESCRI PTION OF THE

(0663 FERMrE e MBIR AN 6y e HeBOHdeACsoar £HdNe niedduis features and

enbodi nent of the present invention, a powder in the
advgniggesfmade appagendita thepeakilied umdhearpareifeeancing ehamecemparyings
dlfg;ﬁ{g;d t hrough a seeded processi ng pat hway. Processing
taypl cally involves heat treatnent of a transitional
alum na precursor into transitional alumna, in form
[0010]gBlG is ahel BN, miorogtaph slaovahg plarsdict shaped i thaial dngiioa.
thereof. The transitional alumna is generally a nass

cul , ‘ o ]
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fully agglonerated. In the dry form the particulate

[00RL]EFIGAR is@ySHM reiefgtdph eitbvAsg allipomd etiaped RgnsiicdglE8Smina.
typically makes use of boehnite as the transitional

al umi na precursor, which is progessed, through, the |
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idBh@AGEsShdg i ncludes providing a boehmite precursor and
boehmte seeds in a suspension,. and heat treating

(such as by hydrothermal treatnent) the suspension
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precursor into boehmte particulate material forned of
R bkl B b i A By R
transitional alumina particulate material is formed through a seeded processing pathway.
Processing typically involves heat treatment of a transitional alumina precursor into
transitional alumina, in form of gamma, delta, or theta alumina, or combinations thereof.

' 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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pol ynor phic transformation into transitional alum na.
Accor di ng to a particular aspect, the boehmte

‘ﬂ@? Igﬁ' te material has a relatively elongated
fOf88y, described generally herein in tgpﬁg&gpﬁ&uom

aspect ratl o and described in nore detail bel ow

T PP A SRR i
aagbdamth&&bopﬁfme paitiadlse mMateeinl lads a rEla0ddy eldhgatddenorphology,
"boehnmi t e" general |l y used herein tobggnote al um na
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as we mte, having a water con
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partic t han

atively ongate such as not” | ess
BedLherdio far, thcaﬁablmattlosoﬁlmebmﬁegampmltatelrwmaﬂman 14:1. Wth
particular reference to needl e-shaped particles t he
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dy R pelpendiesihr Witheibsdeondifnenditig i ganeldny ﬁdil‘ges‘stﬂlan 2:1,and
di mensi on. The secondary agé)ect ratio |s gener al | not
C

P@t’rf@ablamt et 31, 4 yor 621 1900t copRBAmBPineals v relagjvely
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a ect es C r I e

rati é generall S the cross-sectiona
el paticyaratfeteinee topu:ﬂdle-sﬂzwsd parnalep;ltmrlmmwemlva:ﬁmacr to
nrens is no

| on dj
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may be referred as the pri rrarg aspect ratio.

not greater than 3:1, typically not greater than 2:1, or even [.5:1, and oftentimes about
1:1. The secondary aspect ratio generally describes the cross-sectional geometry of the
particles in a plane perpendicular to the longest dimension. It is noted that since the term .
aspect ratio is used herein to denote the ratio of the longest dimension to the next longest

dimension, it may be referred 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

-4-



[0017] According to another enbodinent, the boehmte

can be platey or platelet-shaped particles generally

have an el ongated structure having the aspect ratios

(z?%rll ed above in connection with the needl e=shaped
%Y  However, platel et-shaped particl edCT/US2005/042028

generally have opposite maj or surfaces, the opposite

| Vagaid
PCT / US Sr?%)eg%glgél agﬁgg{egni agglnlg}r{?lfegpar aﬁ%’gﬁ particles may
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i
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nanonet ers, suclt as not greater than 225 nanonete
l@a enttha'r@mgmf J@0e0 A enamameiecd. D tg prockiseensirairtts of cartain

e oo 6 o le Prestiy PABTRCAirH RGeS B Pl ap ot Lessthan

@\é@mqan&ae&tscl@) fhdetes (Fa1ENHIaNY ¥ thd dikd 60platy paRic@BtenOt
| ess than about 75 nanomnet ers, 100 nanometers

rpgigrial |a¢mnamur9/ puriclerige @RS E) Wome@fs) B4 mapqiugters.cor 135
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[0019] As used herein, the “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 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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nanonmeters. [0019] As used herein, the "average

particle size" is used to denote the average | ongest or

| engt h di nension of the particles. Due to the el ongated

hol ogy of the particles, conventiona

“gﬁgﬁg%Pg?lzatlon technol ogy is generally i nabfel{liad’& /143"

nmeasur e average partlcle size, since characterization

t .0 at
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taking nmultiple representative san&les and physically
haye asompAGivee largfa AYqregeeParlicleyz, authidic Prespdtisioawie degsaot

fo§ %’% lorHGh 3APP! €s may be taken by various
ra erlzatlon technlques such as by scanni ng

electron m croscopy (SEM. The term 5 WO 2006/ 060206
[Pt/ Meﬁhmam&ocmm pagacylate macdrial lﬁismeerafomnd thdnet edine
yﬂmﬂ. mﬂcgs; related to th E lg
ACHERPPTCH S Part 9 “é‘EleS FRBPFEE ngR- §i§§F§ FCC nologles are
géﬁgﬁlll? nfﬁ:raailﬁéjotf ]:Qéﬂ&n g Ghehoaid a%@rag@?zgﬁélg?lzést 98 ttnE‘ éﬁ@rdalt is

conparatively | arger average par l e size,
nqthdatshemftecmtms oshe btethtiers, mpertedfpagisls siaes a@giod;n@rﬁatmn the

S Y s e R
rapge &f |& biZ&, dcerHd| Eorﬁﬁ)hﬁdﬂial H‘@?ecﬁ@lﬁf@ﬁiahfp%s%@mﬁﬁﬁi@ﬁﬁte
based technol ogi es are genera Kblncapable of

matesel diasgrdingdt thejaverage parligls spamiil bie evithinsthe reppred mnge in the
pr’ri(g'%gr; ?eené:l"c{llg apabollOhE drifei@tic %gﬁd&iﬁﬂo@% rleébr&:ﬁ?aﬁét LLBL@LUr e,

rticle sizes are
_ e)mactbéﬂauﬂianamﬂrc&@m dasiributicinh émascwematnsqﬂgomﬁllmmseaded based
rather, in text of pom.nal a of
eI EoanS et BB b VB LA FHEPULapTiesdhe lower
haﬁras%ﬁéb@fwe%gﬁmrsue%ﬁmonrm A6t AbragdpahEldisREl y, the
average particle size will lie withinthe reported

range in the prior art, generally at about the
(082 1]t hikewise, iniadipelanmasnert the apaisgepdsted papegratippgenerily

clHHeR o%det e %k%lp?erraﬁocdaﬁens%&g %JressE Jh@{'éééa%ﬁ:oql%hﬂﬁ&%an

rna non-see ase C gl es nay
uppep or fowket liﬁntp msbmaﬂada M;thzl&, aspent atios nfths paitinglagemssrial | y

enptes the, | oner t aof an observed art 5%
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of—dvléf?a\é'ésse% »in ik ﬁes%ht@bé(ﬁﬁcdﬁ%ﬁﬂﬁft rathd? Sin ARANBtKENHhSh] range of

aspect rati os gener al |
aspect ratios derived from physical mspection of samples of the particulate material.
Accordingly, the average aspect ratio will lie within the reported range in the prior art,
generally at'about the arithmetic midpoint of the reported range, for the expected
Gaussian particle morphology distribution. Stated alternatively, while non-seeded based
technologies may report aspect ratio, such data generally denotes the lower limit of an

observed aspect ratio distribution and not average aspect ratio.

[0022] [n addition to aspect ratio and average parﬁclc 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 tec;h_niquc was utilized to measure
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correspond to the average aspect ratio taken from
representative sanpling, rather than upper or |ower
limts associated with the aspect ratios of the

[ e material. Otentinmes in the literature
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I'n addition to aspect ratio and average particle
si ze of the particulate material, norphology of the
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ess an out 10 g, such as not |éss than about

alxens datedOd, 12/135. dore emeclfe:gléy,ttﬂmdmehmdapartl%atﬂmagsnal may be

S|n 1 fi ce area 1 s on article .

e s R Tbinine B eh B8 piiSoiang Bagite solihf iy Peigdm exvosing
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about 400 nR/g, such ess than about 350 or 300
raypmgterigyate tophkmiteprgtenlate matsrik rdienindyenped bythe bpehnrigngecds
pfs ity SRBpTRRD MRS eI el Bot N Al BboRs Blvrbfifent,
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y
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ﬂie%%ggm td p%%oq (ga?cu?a{?éd éjseﬁl%' beg heating is carried out at a temperature

greater than about 120°C, such as greater than about 125°C, or even greater than about

130°C, and at a pressure that is autogenously generated, typicall}.r"'ground 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 z‘md higher aspect ratio of the boehmite particles and/or

larger particles in general.



above, US Patent 4,797,139. Mirre specifically, the
boehmte particulate nmaterial nmay be fornmed by
conmbi ni ng the boehnite precursor and boehmite seeds in

i on, exposing the suspension (alternatively so
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raw material into boehmte particulate material,
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R i PP S et R RN EET i Byt Qeated
nﬁﬂm@h@d THEsE Rafisl@tiorlyintione &6 adidhe rdtioVmhtSs, andrafg beli €
pH,

resulting in preferential growh of boehmte along
beghmitexirecuspr tohoehmite seed, the prsHOHIdVRR dresperigs of pad prpase used
ed_t .ev ' r t
il ST s b3 Bl SRR R e N3RS P Rl IR o RRRSE
dipedtlyiped g stional tg @RsEdt in an/auWRe 2O R Gy ABaROMal environment) of the
PCT/ US2005/ 042028 [0025] Fol | owi ng heat treatnent,
S as by hydrothermal treatment, and boehnite
conversion, the liquid content is generally renoved,

[RYFNLASartiddae U ndRe Whigh@rhiid fshaddifdd wﬂﬂeﬁfo@ﬁ? OE oft¥r biBbles
treatnent to evaporate the.remaining |iquid. )
canstanb sl hape and size of thetpariigles fargung e geﬁgmw fasticplatesheterial are
|

S te 100 nesh t is .noted t rticul ate,sjz
i) RelRmPE; Rngbvebdo g el 1AV BPLDREHE £2 3l
Yehiysd flid doludionf D907E0 ATHE kebihiip seed estii fogms needie 3R4pet aricles

the aggregates which may remain in certain enbodi nents
(4 Bt Geingrgpeciqr of BochpitsRiequEsoth AR Corfast. FOFn Bnd TabRrebaue erd
iRl Fddflatito b OREELs £F 5@ kY 'ctléé_b@@cfrﬁe &%Féb%g;%amysh%ﬂ%. Still

present 1 nventors, several varl abl es may oDe
further, when the ratio is further reduced to 60:40, the particles become near-spherical.
Accordingly, most typically the ratio of boehmite precursor to boehmite seeds is not less
than about 60:40, such as not less than about 7(0:30 or 80:20. However, to ensure
adequate seeding levels to promote the fine particulate morphology that is desired, the
weight ratio of boehmite precursor to boehmite seeds is génerally 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,

-8 -



nodi fied during the processing of the boehnmite raw
material, to effect the desired norphol ogy. These
vari abl es notably include the weight ratio, that is,

o of boehmite precursor to boehnmite see h
“%gﬁ?%@%‘%r type or species of acid or base uﬁéﬁmg§ﬂ$%ﬁﬁﬂ
processing (as well as the relative pH l evel ), and the

erat.ure mhlch [
LRGN § a0t loRbin b REPARR B8 retifceredzpio

ot 91210 i8 Xit\ﬁé‘[%ht[‘@%ﬁi adifl slatidd, elel s@fithesire paktidfes\wed Erally

ratio is nodified while holdlng the other varia
needlesshaped, in pantrabiapbernihd agd ysesupstitutge with HG @t egomtgntmf Agreight

% orqesQQE@ %Lh%ﬁx %C lesaglrg gga{*a? n%!a: %E&'Ecaqt\g’h&# g%e %Ngs/" or

nple; essSI ng-i s c rrie

mlgﬁsrroﬂﬂon 1sa1talzwIt@mynth%.ﬁetdtpranccl@cvedoxﬁ@gdmtetaup ne@w&@hala@d At 1
ATH: boehnite seed ratjo fornms needl e-s aped partlcles

welght-Yodermte agid She evndhesiged prstaeles are platedehshapsd) Fugther, with use of
aBM {fARibn, éﬂ(egg%gt%ﬁw%e ﬁhﬁ%% tﬁé% dgﬁrﬁ%l'eér)r%fregﬂzﬁagHﬁgﬂed.

val ue o partl
lfeal rh:xplre afadcidg asthbpeslis vt izdd, sucﬂumstl hveanght%Eﬁ)H drel ¢ awieight %

further. redu d to.60: 4 artlcl
AL iR BRTIOEY SEIRGose o PARGUES i eheh pes Aofeyrqrty,
tHRfabBRATEH €4 RAISSHTIRY acidR ah@ sm hi@ bRRAGS thSsdlidb cbifSt only of
t han about 60: 40, such as not |ess than about 70: 30 or

18 @espectiveisviisl aspensionearsaurges, thab suare @othmeeti orgthe ¢atel weigls % of

articul ate norphology that is
é??ﬁ”%@“°ﬁgm3§£F rati o of boehmite precursor to
boehm te seeds is generally not greater than about

[0989)25uiBBleadidoand becd ipckdoinigral atids nchaasierid m&yeirgmic acids
enekﬁlly I Nncreases asgect rati

S‘&S@F i gl Ralpgen acpdsspeh ajdwdsogiipyic 6%@@83@@81%8%8{‘3}1 as
al'ilﬁ"t'iﬂu?n nilr9@8 284 nﬁgﬁéshﬂ sulf’élﬁ:e EiteRGye lyaQ@s RElu@C kgt e%mBESﬁnin@s

modi fied, holding the other variables const ant ,
inchidpg a(rngua, atkelp dpdroxides Wyh anpbtassim hydraxids, plémhmech)ésomdes

a af f.ecte exanpl -8 WD 2006/ 060206
mﬁ&ffﬁ%ﬁ@@é?%%ﬁﬁ% d@ﬁ@ﬁsgPocessing is carried out at

180C for two hours wiith an ATH:. boehmte seed ratio of
[08890]18xill further? when ghipefdature tsrmhelified whisoholdihgothet Vegiables constant,

synt hesi zed particles are generally need] e-shaped,
W@&ﬁ{ ly %@f‘gcs\ﬁﬁf‘e‘ﬁmﬁlﬁf‘étegé‘i‘ paride sigskoneirmal Cvx)i”{‘fﬁl Hegesae éF

R0 Giht &f A TWRE ke eé?i ®tiol0?96:10508 2%@1@?§ﬁ1ﬁ%md solutlon at
particles. are generally near spherical.” Wien 2 wei ght %
154°C for two hours, the crystalline size from XRD (x-ray diffraction characterization)
was found to be 115 Angstroms. However, at 160°C the average particle size was found
to be 143 Angstroms. Accordingly, as temperature is increased, particle 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

-9-



hi gher of HCI is utilized, the synthesized particles
becone general ly needl e-shaped. At 1 weight %formc
acid, the synthesized particles are platelet-shaped.

th use of a basic solution, such as 1
"gé tﬁ@“%}” the synthesized particles are PCT/US2005/042028
pl atel et - shaped If a mxture of acids and bases is
utilize such as | wei %KO—IandO ht %
offfia) MBS DR dari e Gy e RISy s s ey 84 borifolled
pa.%ws%%%mmmngt EheElonbilAREH of ﬁpﬁ@ﬁmlhg)ﬁﬂd cdntB1RBRYS

wei ght % val ues of the acids and bases are based on th
verbledsn therprecess mathpdaégy, such as w@tmlv,eacslcﬂnddaase species and

O K T e L R G N
cdRRd8L aRUESARIIBLIB plddSssAB G BEHBS bbéeditt RN @hteARl dS

such as nitric acid, organic acids such as formc
mgphglogiesl ogen aci ds such as hydrochl oric acid, and
acidic salts such as alum numnitrate and magnesi um

[(;‘?‘dr?‘g]lf & le tﬁé %mﬁé%a? ?q}gfefiiaﬁ%hb‘ﬂﬁrte r85uc%ﬁ”2911.1§h FAT NS

roxi des such’ as potassium

fdsqddmd«mdtenala:lrltahsmmam yldiminai pﬂmISOS tatedalsa paiuculanmSpect of the
%drOXI de, and basi ¢ salts. OO 0) Still ai/her when
Pf ﬁ%é‘?"&?ﬁ?‘b“ﬁ"@ Aito) ?ré’aoc\ﬁﬁﬁ“ﬁeo ¥ ﬂﬁs%ﬂﬁé‘? e Q’H}S@’é’na'

aRNRE 3re, tht wékfaﬁ |ﬁfcc9ﬁ@ﬁﬁ%§at@¥c§te%f‘ tdicahesh 49 t&ﬁqeﬁgt%e

si ze. For exanple, when processing is carried

safficiaTHolveesertanefog@ b a@ramhtl@r(ad plirst alumiR, oed gimbidétion of

nitric i d | utij,on for two. hours

@Gl Pltses. Sty aaltleaio T TealFeal s By ol a

t&ﬂp?&ai@x’é daZed tthbouti36°d, Bunidwepthae 1 (0DSC ARG $énfiyidures less than
However, at 160C t he average partlcle size was found

258°(p ransformatigainte the, loviest Bripergiy forofispptional plueinas gamma

[ Z6 i o
DL B3R BRCHERE. i O Kl e PREEERRE S0 el e
pmhmewﬂhmmfc(ﬂnan@lm@aiﬁmq:hajeewhehas forbe avc[)iﬂ@cBﬂ)]obtam transitional
ccordin |nent descri.bed rein ativel
o TP CARHE IR LA GoT &)@éggwﬁéwhsﬁm%w%“% s carfel
oﬁﬂﬁ'a@%ﬁﬂerﬁt@:@%@ﬁ&e{ﬁiﬂ st rsach 201RNRY Qgh SSouk BSECL NBe

precur sor mte product. O particular si ni fi cance,
ez welaingtion fepipzratisemaicbe lepy thaw s&50reg 1 KX G, thesrghpper a

il SRR %%%%%%@%ﬁﬁﬁﬁﬁ%&eﬁﬁﬁ%

hlghest temperature form of transitional alumina.

[0033] Other embodiments are calcined at a temperature lower than 950°C, such as
within a range of 750 .to 950°C to form a substantial content of delta alumina. According
to particular embodiments, calcinatioﬂ 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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control which may result in desired fine average

particle sizes as well as controlled particle size

di stributions. The conbination of (i) identifying and
ntrolling key variables in the process nmethodol ogy,

‘@ﬁgwﬂﬁ Nfeight ratio, acid and base speci es &R&/US2005/042028

tenperature, and (ii) seeding-based technology is of

articular significa r.ovj di ng peat abl e ., and
metgriglis pre ﬁsm@aﬁﬁl ‘? @PEGE’“H B#W%@HW%L@C FRIPLREN S peed

ndT‘BE %g@lnenize EQ&% 08 St dekiPQBZdnsMBh 41 %lL[nlﬁﬁa 3] @ggﬁcﬁg has

focused on boehmte production, which forns
feedstock material or transitional alum na precursor
(0] eHb*atver,aty;peai lyi @ldizationspeeticdafut fore coptreBaitimé prviedto offiect

PR F e e Rr TR R oflp b Sol e n b BP DY Fook

caMiBR&InS O hot Arrl@ 3hit, hd i€ &l B clM t€ nbloDRidpefatdt afd hence control
tenperature sufficient to cause transformation into a

phaﬁaﬁgtrtbiumal Amah@halcamrﬁaon Bmestypisally reage Gamigbout 0.5 minutes
goarg u es éallghl‘? mu% tMF' %Ltgéf' cal ci nati on or heat

trea ment tenperature greater than
about 250C, but |ower than 1100C. At tenperatures |ess
[0 NGedlly, ad 4 mnsf aficakination, it lﬁnr(idlﬂaatd: maeesial ik endirdy amre ¢han

ormof transitional alumn m na, typicall
sht) e topplealyning oMopg bpig %%@“BF‘EB%‘E?““FF\ Refil vl

fo%ﬁ@ %onﬁa\m htclé’ds Yo H% ty]tB{EeﬁErLHt 4kt 80l drt'%,tsﬁ@ff‘z?sfa@le%t'%bﬁ% he
al pha phase, which is"to be avoided to obtain

trmsarmat dlomila The @ramchaamp pft;@nsaw@alr@memaaﬂlhase;xmm v ng

ert Y i ent I Ci o)
oSl i Brpl PR iR 50 DM Bl ubRibeite t r e
a §iBgld tphaktdG. mﬁﬁ@onanmmmar(e ga laplemt;ﬁ 4, 2BPEE, Bk Bved upay 100
be | ess than 1050 or.  1100C, .t hese upper tenperatures
%Gﬁ?lswg%qqfﬁér@%tl%%%%tl al proportion of theta

phase alumina, the highest tenperature form of

Obfﬁnﬁ%dr&ﬂ?koa&lte {d@lar Eegglg@lhe%é}?ﬁol@é‘@%gﬁ&ﬁm@rf&dstock

calcined a ~tenperature l'ower than"950C, such
moaletibl in lagelnmgmtaied 16 Chet finab Bo-®rmed trenntienad alomiean ticaordingly,

CSTBE Bl PR SEHEEF U uf BB A o e
foreived idhig, hifitBode featuradpratervdl0 00r exinglle asbddimsntt RadB been
about 775C or 750C to effect transf ormation into a

shomandgmeipiarat legs iheespriag aurface arsa pf by fesdptack Byteraly apddn some
cd8d ﬁ&%sgéﬁhgagga%%y QHSuf? BY ANERTBAL 0% NCRA H4Bor more. Since

cont
morphology is largely preserved in the final product, the foregoing description in

connection with morphological features of the boehmite may be applicable to the

transitional alumina particulate material as well.

[0038} Forexample, the aspect ratio of the transitional alumina particulate maierial 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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and pressure environnments. Because calcination is
generally carried out to effect phase changes in the
precursor material and not chem cal reaction, and since
%ﬁe resul ting -10 WD 2006/ 060206 PCT/ US2005/ 042028
2H%92% s predomi nantly an oxi de, speci al i ZEd/G3YEER8
and pressure environnents need not be inplenented
except for nost desired transitional alumna end
crppsowpatena! sqooessof thewattistes in yplagapirpendiculasith e langests
d&&&&%ﬁq out for a controlled tinme period to effect
i'epeatable and reliable transformation frombatch to
_batch. Here, nost typically shock calcination is not
[0039]r Pladty @t blatetes-shdped Sraghitidnalcalbrhink @at@idspeherdlBiaes ai ur e
and hence control phase distqu%}ion._AccordjngL%,
elongatsd AR havingshe dspedt &3toy desaribed 3boyfintnanection Brith the
u i . .
R ERed Bishg) ol it Bhc puef BB R bpposite
miajoe sydacks, chel appesiteana@on salfaces bemag génerdl yoplanat hadhgen&@liynpadplle!t

LA i RS ) Yy L el
sebR@ary &E@c@éﬂoﬁrﬁt@r' 18B5that®f? n¥d ¥ shapédp Aficlad, g&ﬁﬁﬁl? n8Ple¥d an

transitional um na The exact makeup of transitiona
abyut Ailnsuchhasedessthanahoyt 6: h oreredingglesothan §9:&r Eypically, the

enbodi.nents, such,.as_a bl end ©of ,transiti I has r
a0 R Rt B PR PR s

faces, & gendially ResSthaDS$0 wdrf¥meB)Mh a@lesettan abigut 40 ndinetork, Yr less
of a single phase of a transitional alumna). [0037]

thap @byWBA Gaaagiedsie particul ar feature, the norphol ogy of
the boehmte feedstock material is |argely maintained .

[doRo)t PErtek NRY avege hAkiBRizk LRMAS thhOiGHal &luRd\Articulate material is
Accordi ngly, desirable norphol ogical features nay be

penegillyeet paatenthan atiout H¥Omanereters,cod dilhyithio atthege of about 75 to

I eqoj teachi .and .t hose features preserved. FEor
7P TR Rl R Gt 8 R A s PR R oot
giteBRr e ebdut 60BRENbAGRIALEndbmtless, A8ERAGarterdyBEidndneters,

and in sonme, cases, increase surface area by amount of
ang evieg garticlgshavirgman aysage parsisle pizgmalier dhanckd S mapieFogy
relpPest A8 1 FateGfath ol ¢ 160 b5kt BF AHY Girtic It material,

Pa?egggnglﬁg%§§§6tio% iA connecgfgn a#?hlﬁorpwaﬁggica
embadimests vafe shhen hokdeiatpartiviesidesnaipl themdienanometass, such as
n(t)trga}ga%el:rttha%%% nglllolilnnétgrg B%g. Eingeuilo?%\?crg’g%tp%c?é sizaes lievsve v»lri{h"m arange
‘of 150 to 200 nanometers. Due to process constraints of certain embodiments, the
smallest average particle size is generally limited, such as not less than about 75
nanometers, 100 nanometers, (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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[0038] For exanple, the aspect ratio of the
transitional alumna particulate material is generally
not less than 2:1; and preferably not |ess than 3:1,

. Indeed, certain enbodinments have )
“ﬁéﬁgpﬂ@%$y elongated particles, such as not PESUSEIQ#2028
8:1, 10:1, and in sone cases; not | ess than 14:1. Wth

artlc refe ence to edle d.particles, .t
b Ih Rl RS Rp e bR r AR G P G Pl fe
pzﬁfttdle stz¥PloGRd InVrepredentitiatdipldsh Bncksabapley ma}ebéﬁt@keh By vhrious
and oftentines about 1: 1. The secondary aspect ratio

chpgasdarigrian teduiquen sych asdy SC@@”@@@UQGF@@G@@B}? (SEM). Tt is noted

thagiltegﬁﬁlgg E{I tgé' ?ng&ure Cr%g SHed églgltcieos a.x% Fﬁctt rfc%/ rth 191fthe{ J?)%lext of

a\d:lret'gem &4 iaNhe ﬁr@&ﬁ&]peaﬁaétﬁm lﬂit rftheaf lﬁltﬁé ecﬁlk@dﬁeﬂnommal range of
transitional alumna particles generall%%hav

patighf gaeedprived fremuhusipal uispeption of srgpdes oft H’aé%cuéeé%@ﬁ'icﬂé'd
E%ﬂ&ﬁgl TkhE ?\FH?%% edaﬁﬁlé"él%ﬁhwh e m&ﬁﬁﬁle% ??159%{ EhleB i&art,

shaped parti ener al
g@ppﬂwmtﬁmummpnn&mumﬁanﬁmunbﬁéwwgmm&dtagnﬂ@omcsuwtades

bei n | anar _and genera araIIeI to eac
CRvw P s BRonn b et ar st ceurlBa fe 59 canils R
phficleRRE aelken Iu;sh@ iRfviaMiyenfifialfie pABIRE YwiRBRE Blspdratdi o?

greater than that of neédl e-shaped partlcles generally

agphomérated farman Of abwoss, agglamerstge havga qeotparatively l41ger antragst
or e t ha i
gl o0 P Tt Erent FETobighetirdnmer SR EBrbaie it ar 10

the opposite major surfaces or faces, is generally

[OoexsLikbaize 50 a Ban i eiadhe, the hiﬁﬂVeaSpdrKEEl ss;iehaatlcadagwtmwg,o
nanonet ers, or | ess tha ut 30 nanonet er L O4%%P
cqITRSPRRehio theverage ASpERt TR ce %fﬂféess?tawesaw B e

@Jey B} R¥ePRb]t £34b@4Ed TRh &leladbect é:tmﬁ@f‘tﬁé Bhrkivul e maRRAL er
han about 1000 nanoneters, and wthin a range of

Ofiputirnes7s thediteragige, mqmdn@paeh@e amettentl@rmmtrsetrfpsh frete context

ofiEhesnBit (RosRraRafta 6 BuBhERS i e R Gty ERLE Y
aspanraaidselesivedXedin PRERInEeStion &vAmplee of ﬂﬂrpt«nftﬁhle& rRaatiang
an averaggﬁpartlcle size smaller than 275 nanoneters,

Aregsiiaglnile Averagerasprst e ikt lie 2iGinthe spored range inyfle prior art,
- gé}%églmﬁ)ﬁ atut o A ERRE nfilof & ¢ IRL, %dn]%hm @rmpg,eg%&&dwe

to have a particle size s han
Gaagstmghgick, mephdlogsdistribution. Stated alternatively, while non-seeded based
téchnologies may report aspect ratio, such data generally denotes the lower limit of an

observed aspect ratio distribution and not average aspect ratio.

[0043] In addition to agpect ratio and average particle size of the particulate material,
morphology of the particulate material may be further characterized 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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not greater than 225 nanoneters. One range for average
particle size lies within a range of 150 to 200
nanoneters. Due to process constraints of certal n

odi ments, the smallest average particle siz
égb HAE i nited, such as not |ess than aboﬂFT’ng‘W(“ms
nanoneters, 100 nanoneters, (particularly in the case

Sl spobuflS i ?@%gﬁar%fﬁffgaﬁa%a»@ﬁs{f%esareaoqf”“ﬁg&ﬁ%éﬁ%%ée?’s'g fran
abf4dd mAs, ABRYSIess g 4RGN SR VB HE /P Betifik Barped Br sihrface area
used to denote t he average |ongest or Iength dinmension -

a@fabpﬁeﬁpmmtoci()@sm /Due to the el ongated norphol ogy of

the particles, conventional characterization
hp
(SR PR S8 BERRLE et USRS B Y7 A oy

di@rseecah Ipyocbastto dfaith@ftaafdnaPilitiha ptreh;a;soi ﬂ&)vpmt tigkdyes
are spherical or near-spherical. Accordingly, average

oprtralied morRitolagy Ra Se Posusies OGudy 9 dwg9 Proeeryadsp s il podect),
bQPaI Ek%ﬂeff roE£§|h€ ehufb Bél#v@d E&B&%ﬁ%ﬁ&e@%b\{@p@% O& erties
p t ound 1'n

ysical Ty neasuring particle sizes
im t-hp fesigmodict, \m:llxhnrg)dotmaosﬁundi meumbb leglcatagndbmyﬂtadkmmmctions

vari ous haracteri zation t such as
USRS gL FlUBY? T A
oftentines in the literature, reported particle sizes
[G48) Bedmsiel. Plaktdajed phiticlegonthest of averages as in the
present specification, but rather, in the context of
nom nal range of particle sizes derl ved fr.om physi cal

[904eb SanigRlayy W§%?P&FE'§§ wiif 7 Helbpel Hydee 74P alumiman fraffydroxide
;@%ﬁ%‘é&i o8 A([goé 9e823Y %f@&ﬁmm%uaﬁiea Fn?SAYOL lun {jer&%he'\ﬁa&&' n

e reported range in the prior art, generally at
CGabpaltB piredaboehmitgtGoc Inoligoomredowvatet 0.08% ﬂm@adlmammndc

f t ed. [ ticl

o 1p B o 22 sty Ty R0 OE vaf - BahBeEle bl ol e
aRAD1B o 6F thé Z8d béfBleati@iEly tOthe RRIMiREH itdadxids anaelﬁgﬂe&laam&e
particles, whether dispersed or agglonerated forms

V@m@s@potw@mhﬁr@ué@ have a conparativel y | arger
average particle size, and the present disclosure does

M?A &R&%o@&c%l e @tl%SSC ZdvBBa 45 0044 pérfo%l%}% Ic‘n%mtéjﬁ]edaat

['ar manner, ove- reported aspect rat

tlape teapatalture furdrltoasqamﬁtbtmmg fié3avenale agsgeactsly gd:uetatetqu-nure
from resentatlve . N r,t er ar

of it | e 1ediiotiond Bt ThiealEh seborupit B hertomues

r&Aéveld e hfth€ aliBtI8Vd. Alfter autoclave the pH of the sol was about 10. The liquid

content was removed at a temperature of 65°C. The resultant 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
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Otentines in the literature, reported particle aspect
ratios are not set forth in the context of averages as
in the present specification, but rather, in the

(g éﬁ§¥‘0f nom nal range of aspect ratios derived fro
v{) gb A% nspection of sanples of the parti cﬁFE’tUém"“’O”ms
material. Accordingly, the average aspect ratio wll

th| the r ed r rior art
loa@ié%%ﬂt aYe SEGHEEHEES) g%y‘@aﬂf (Ot ripoxide
plr SR Ffh AEHED5 % Of bdehFi® BB For{BUSS L ARINAANL ha‘fﬂee Catapa]
mor phol ogy di strfbution. Stated alternativel y, Whil
B pequdgletimate hH¥E ¢ of iesohized wgieegndraw gepdBYo las]@@a;td Tlai i o,

oSl VPSSR i\ ORE b P kot It adine o

the aRAfkum aiiyaroxid@fdihe! (Bmamietigt v 4 h@aggpect ratio and.
average particle size of the particulate material,

nor phol ogy of the particulate material may be furt her

[Oe:’hl&r Abe %P%w Was heapdho b‘?fO"fs‘p@@r 3 fre mindig Pfa@é a8 @rintaipedeat

thtangmgé)r%?ﬂo}( 2% ﬁ"s Wi’tﬁlsﬁn t%?&ﬂ)‘ﬂ# g#;n nérﬁshj éeﬁ@xg el 8ressure
meas speci |c surfacé€ area-o st 5 oRal

ofadbou 158 ppiawid reathed andmasietairel. ThAeadecthe god;lmlteehtlﬁdloﬁeztﬁs:s

hereipn, the particu erial_h arelativ hi gh
el o 1 Rorbase A ot e o pEy 1ot <31 4@ abamir. TSl
coHE b GrenNED aBSteAratu eSSt Qtsb@n[‘tfékié’ééltalﬁ%ﬁgbﬁs crlibhe%d Rss

or not |less than about 90 n2/g. Since Speci fic surface
tham 30 ingsha Thei 884 iobthe oésuanttriovider wasraphis| 13§yl WO

2006/ 060206 PCT/ US2005/ 042028 as wel| as particle

: r d

QAT PEAREL L SUBAREHI CRYEh ARG o sampe g

Attbavalcataciog, 185&; @hfisidd toed 00%Bpatinda adurtian @&6tof)0¥Ra§ diffraﬁtem
area are out 75 nR/g to 280 e/ [00441 &Stl cul ar
gm@.alaaﬁc qwaﬁmr@aw&ap the samide ¥aR it BLEs Seabie- 2

pat hway, as not only does seeded processing to form
(00538 Edadipid §1ENAbicahMENARISsHHaE al low for tightly
controlTed norphology of the precursor (which is

| argely preserved in the final ngoduct) but al so the
[OQ@édfé@alﬁﬁ‘éé&%@Sﬁ@ﬂg%Wéh 230 pef Hadal’ o vaimumezipydroxide

ﬁtcﬁlsécgﬁérg Aggé(ﬁa_z gg ? tof e ﬂﬁﬁ{eto'bﬁl ed'ﬁ%rrf @x@?ét 3 rﬁ.ﬁ@ﬁjay& -Catagal

I onal, norphol ogi ca crystal
X Bcﬂ:selﬂobubhnmreslooa)\ge]f déioamsd tvatenand al 4ol ElS%CImIEChchinhe

b Y nve:’&}éls %pe(il p%f::?sgngﬁ g%g ;%ﬁg?%dg&rf g amd befo[’e a%ﬁlsllg .to

the aluminum trihydroxide and 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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[ 0046] An autoclave was charged with 7.42 | b. of Hydral

710 alum num tri hydroxi de purchased from Al coa; 0.82

| b of boehmte obtained from SASOL under the name--

‘gaé@g% pseudoboehmte 66.5 | b of deionized water;

PB% ot assi um hydroxi de; and 0.18 | b ofPCTA{RA542028

nltrlc aC|d The boehmte was pre-dispersed in 5 Ib of
18 | b of the acid before adding to the

[OQM nT lﬁa mafquﬁhwrca%ar&é aaﬁ%ﬂ Erier T winatesith gansiop isjo sgryna

al%&rﬁ ARy Sgﬁ('ig@as ¢SA@AAda IR 1868 rr%‘"alr?ﬁ/ 1&@&61'889{03}@ -Ra

over a m nut e peri od and tal ne
d1ﬁ“eacpen Rietvedd bratys. Thaispcific sirfat aren iof theabmpRd 67 ﬁmn /ArSee
ogenously generated pressure of about 163 psi was
F'lge ched and mai ntai ned. Thereafter the boehmte
di spersion was renoved fromthe autoclave. After

[083H] OKLR¥R ok R p@ée:ﬁfl n'eio HablasilidhRulof 1{9: bo-gﬁkﬁlté bzﬁlﬁéﬂatc

content was renoved at a tenper ature of
meissal in amrdmwa‘@ppmgheed lrtcbldite@smlqaham m@@rmmaﬁfchbﬂy

R R O RN BB Bl b0 o

hilgh wﬁﬁe@maelp?dcessg@m&h a8 hiéMipfessiVglof flueBhRedgdlydts. Plderties
material was confirmed to be 100% gamra al um na due to

of g retirdanee AV pretaciien, veaberahiity, shegnicatesistgnse,thermpal

CPUIEES SEE Bl PRI S 000 AR s P
ind@ (26106416602 0cPGES UBRAR5H P RSt orf BOHAHdve mpaped av/n ink

h d th 250 of 710 al
RSPRG0Sl O Es 85 SO T A P ish hosh OF By SoAbErsiverin
dQRIR eﬁlf&f%&ﬁ\%al%ﬂﬁﬁné ned ﬂﬁﬂ@et&%xﬁ&qhdus%

pseudoboehm te; 1000 g of deionized water; and 34.7 ¢
of 18% nitric acid. The boehm te was pre- dlspersed in

[0988) Whle theraventiomhasheen dlustrajedyindidgscribed in the cotext gfisneaidic
K ter
ol S X1 R85 AP R RLAGN Oo
maddbations ahe sybetitutichsaraa baeradd aithad da;hartmgmatany enp &pmtthe scope
r 2 hours wt stlrr at 530 r ut ogenousl y
O{fEﬁ BTSSRI M ERATS Roeraigeleaisitonsce eﬂ&vakﬁ%tss PRI B
pIoRidel ahdashitiohBesreghivaent 64 e8I jsRaf bs BRHRYAN A8RSch, further
- modifications and equivalents of the invention herein disclosed may occur to persons
skilled in the 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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renmoved fromthe autoclave. After autoclave the pH of
the sot was about 3. The liquid content was renoved at
a tenperature of 95C. The resultant nass was crushed to
%ﬁéa] t@@p 100 nesh. The SSA of the resultant

$6UP° 120 ne/g. [0052] This material was % IW§2WEQJNHS
at 530 Cfor 5 mn to transforminto ganma al um na
After calcination, it was confirned to be 100% gamma

Ray diffraction Rietveld analysis.

gﬁgqgggcgglc su?face area of the sanple was 145.1 n2/g.
See Fig. 2. [0053] Exanple 3, Ellipsoid shaped
parti bl slugyra freetsidatd @@M}ﬂ fompisng| ave was char ged with
220 g_of Fydra nttrrh dr oxi de C
7 ¢ o Eoh8h g B el s Y e i B e
t he nane- -84 /03 aver%g@?ﬁﬂgg bioe BihdtQess mgb&tqflﬂ nm and not
dei oni zed wat er; 4 g of 18%nnitric acid. The
boehnite wmgﬂpﬁ@mdﬂﬁﬁeﬂ5ed in 100 g of the water and
15.3 g of the acid before adding to the al um num
trihydroxi de and the renmai ni ng water and aci d. [0055]
The aut bl pveulsésmhlentled claon 1,/21@reiovhke transdidnatiaturpiea is selected

d d d h . f 3 h
PPy vy Gte saa PR e BaBRUTe D peRad e

pressure of about 120 psi was reached and nai nt ai ned.

The o DRty PRPHAE SlarB v B B e R Ehm G slected
fRbRUhe érouﬂ_&ﬁtsrls!ug%bfdganﬁﬂhrtﬂ@ﬂhawdél&t"ﬁPerﬁﬂ]aat a

t enper at ure of C. The resultant mass was crushed to
|l ess than 100 nmesh. The SSA of the resultant powder

vas apophe phiruli%d Ratedial MElar 9k RGORAAR: RirkltdRd QBRAiR4 a0ARhma

[0056] Thi's material was cal ci ned at 530C for 5 m nutes
alemitaansf orm i nto ganma  al unina. After calcination, it
was confirmed to be-100% gamma al unmina due to X-Ray
diffraction Rietveld anal The specific surface

ar ea df Tharartzalay mategd. of cﬁ/nzm &, wisein thg partiges qoo@sizg at least 70

f,the. present invention enable utilization of
?ﬁp%b%meﬂg aJurmrP . ; . X

e partlculate material in a wi de variety of
applications, including applications that are not
uch _as

ool | Earrotic b by gD WETHH IR SuBRiB -t g s

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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hi gh tenperature processing, such as nelt processing of

fluorinated polynmers. Properties of flanme retardance,

UV protection, weatherability, chem cal resistance,

conductivity, and electrical resist

“%ﬂﬁ&gggggnt transitional alumna a significaﬁ?ﬁﬁsgﬁ%ﬁmns

industrial nmaterial. Qher uses include inplenentation

as. aM. addiphinélatOmBRRATS R {yhdMin IRASOEPRAL it RotliBith

printing, 'as a catalyst, as a filtration nedia, or as
atmnt &fdr asi ve in  demandi ng chem cal nechani cal polishing

used in the electronics industry. [0058] Wiile the

i nvention has been illustrated and described in the

cont extThafpagRaid ineteril i Odinrefitveherdih tHeQispuat ratiotiems ésls tian

be limted to the details shown, since various
akey8bli cati ons and substitutions can be made without

departing in any way fromthe scope of the present

i nvention. For exanple, additional or equivalent

substi tThe@srticalatmatenal of Flaisy | hrivhesgie theiasivpst ragip is not less than
ﬂsﬁyFMalent production steps can be enpl oyed. As such,

urther nodifications and equivalents of the invention

herein di scl osed may occur to persons skilled in the

art [ . e tha t] [ Lon, I
such ot At R ot S 12 PR HPEThEh B0 e At e
abdut bd:m. t he scope of the invention as defined by the
following clains. -16 WD 2006/ 060206 PCT/ US2005/ 042028
VWHAT IS CLAIMED IS: 1. Alum na particulate material,
conpi4, SfhaGartfealatd Gh@halGOolaIm $] Wigkréih alesdveia@e partigle ¢ive Monot
havi ng_an aspect ratio of not less than 3:1 and an
'e&%’é‘ﬁ%g@rﬁﬁ-rti cle size of not less than about | 10 rim
and not greater than 1000 nm 2. The particul ate
material of claim1, wherein the transitional alunm na

i s sb} cidedgrtioujagametsealf slapn ébriviessin fg ayeragaparticle size 1s not

! j _alynina, and_theta alunjna. 3. The
egéaéﬁt@!}llg%ugfglﬁr@terlal of claim2, wherein the

transitional alumna is selected fromthe group

oy . | . up
cor & JHabaRlo Bl eALATL A E\hAEN o LM Bltictsiad Rénot
gient@nthed abonal Sehmm na i s ganma

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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alum na. 5. The particulate material of claim1,
wherein the particles conprise at least 70 w %
transitional alumna. 6. The particulate naterial of

[ wherein the particles conprise at least 80
"‘\%é%’%@?ﬁﬂgi tional alumna. 7. The particul at ePﬁg@é}qﬂg{P“MS
of claim6, wherein the particles conprise at |east 90
wt % itional alumn 8. ~kh arti cul at terial .
of "ot Teerdindste Pt Taliteidnaty Fadth e Hefidoy B8k o is not
leselhessgd fromthe group consisting of gamma al um na,

delta alumna, and theta alumna. 9. The particul ate
material of claim8, wherein the transitional al um na

I's sg} erhEshrtidul QMRS FRMIMCA Nwh&tih gk &bo péit WHoNgnot
and delta alumna. -17 WO 2006/ 060206 PCTI USZ00 5/0 4 2

legs thag 10:10. The particul ate material of claim11, wherein
the aspect ratio is not |less than about 5:1. 11. The
particul ate material of claim 10, wherein the aspect

rat i @3.i Shenptrtidudate matesinl ofakromt1, &chdreinithe patticlep baveiaggedle shape

terial of claim1l, wherein the aspect ratio is not
a?@%%“?‘?‘l%ﬁ’ ”Qﬁ%ﬁ?tl%o.]filmt grgaterihan é)'grti cul ate material of
claim 12, wherein the aspect ratio is not Less than
abou 1. 14, The, particul ate terial of,claimil,. .
ahar & beieardehlats BeteBAl 4t 20r YERT S ibtecSdaBy Bph iip ot
ghater fhan 27ihe particulate material,of claim 14, wherein

the average particle size is not I|ess than about 13 5
am 16. The particulate material of claim1l, wherein

t7 28 2y eTROSarR@N it Rlafridl FRIdi M 0Wherbin @R fLoldadNaspRe Wtio is not
nm
greater than 1.5:1. '

26. The pariiculate material of claim 1, having a specific surface area not less

than about 50 m?/g,

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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17. The particulate material of claim 16, wherein the
08/31/2008 18: AV BLAPE Dﬁf timl e si lzeniﬁsr@b‘%mﬂﬁ.e@%ﬁl t han abo\lllvtn 500
Piiita T80 18. The parti cul atig;irarpisa of claim 17, er ei TRy
TR e aver age particle éﬁ%@%ﬁ«@ﬂ@t greater than about 'IJB“_rS.z-.Q@.mﬂunmg
300 nm 19. The particulate material of claim 18,
wherein the average particle size is wthin a range of
about 150 nmto 200 nm 20. The particul ate nmateri al - of
claim1, wherein the particles have a platy shape and
a secondary aspect ratio of- not less than 3: 1. 18 WO
2006/ 060206 PCT/ 052005/ 042028 21. The particul ate
mat eri al of claim20, wherein the secondary aspect
ratihng i : 6. 2 .particul ate
mat g?’i %ﬁ“dg]?at%#é@ﬁ%%%é?ogpﬁg%ﬁén%ondar y aspect
r at seededsngedte-shimpdpattivias cdMprising tragitioT ayfuming iheving&n aspect
material _of ¢l ai rejin the -parsi .
necdl o siip e el B ghlg Bty 87 ik an 31,
great er #rdzen aSerhge PReticidtize fawt essubataboutetSemi.al of claim
20, wherein the secondary aspect ‘ratio is not greater -
than 2: 1. 25. The particulate material of claim 21,
wherdi hhe preticiaiomatsrigh ofsiabe B2, vderein the serondary pepgetaptiq aat
dated ian 240 The particulate material of claim1, having
a specific surface area not |less than about 50 n2/g.
27. The particulate material of claim26, having a
speaif Afunsibi pRGELIAE BAteNAl cdiBing nid@ily-about 70 nR2/g. 28.
The particulate material of claiml, having a specific
sur Perded Rlabishapsd prrteles FOmpTig BaRsitional 3 §avidg an-pagect
particul aig ofRbt8Edsthan0s: 1,6l RédMIAS asddattbild oPast S iHah B:1, and
surf.ace area not greater )

an average particle size of not less than about 125 nm.

&l

005

gr

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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t han about 300 n2/g. 30. The particulate material of
claiml1l, wherein the alumna particulate material is
seeded alumina particulate material. 31. The

rticulate material of claim1, consisting essential
“g‘fz‘@%{ﬁ‘r?z"p?arti cles. 19 08/31/2006 16:17 PAY% 663/U53(§5/042028
7499 DAVI SA BUJOLD, PLLC Idj005 -" iT-r,~ Fi S- hF

N P4 ¥ T 1T el 7 =i == T el
05132 D R A T T B 3 e el BB .
particul ate material, conprising mainly: seeded
needl,e- 1c I, S : R
ol ur o P ige SR BEAGSHERIPE batsherel BlehiARBleaysgr o,
bsdnwindatds iaapaetadrahdn®8cX, not greater than 3:1, and an
average particle size of not |ess than about 75 nm 33.
The particulate material of claim 32, wherein the
seconpaTlye @ePeE b Elai 36, wheR the @v@adefartichadizeXifkhe Bdhsitional
Alum na particulate material, conprising mainly: seeded
alyming pastiate material isetlewdhan1Samg transitional ~ al uni na
havi ng an aspect ratio of not less than 3:1, a
secondary aspect ratio of not less than 3:1, and an
aver 4geThamethed ef elpimed B iwhasin the gueragtarartiplfotize i3 nst lpghthan
alum na particulate material of claim 34,
a%ﬁgﬁgpﬁmthe secondary aspect ratio is not |less than
6:1. 36. Anethod for form ng alum na particul ate
mat erj, ak, . C [ sl ng; vi din 0 it
and Bbons fETBL o5 B 36 RS Ch ARl Gl REIBRG thar
abolg3608mon to convert the boehmite precursor into
boehm te particulate naterial; and calcining the
boehmte particulate material to transformthe boehmte
par t 46 UThd @ethivd of ¢lain 44, Mherelr @B aivérhgyyaktick! die iBaot greater than
garticulate mat eri al having an aspect ratio of not I|ess
apeyA8nm. 37, The method of claim 36, wherein heat
treating is carried out at a tenperature

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

ébout 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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greater than about 120C. 38. The netbodof claim 36,

08/21/2008 16: 1 1H8E b3 29?%‘495 reatr ng)Ah% Q%"UE&L%O' Ryé al an autogenous — ogr

mreggrassure. 39, The sregTEcEai m 36, wherein a wei @520@5042@2{8”
FONCd-0010 2005 o of boehmte pr Tt 2k boehmite seeds i S noEGSEu ki
| ess 60!40. -20- REPLACEI\/ENT SE:ET-;e ~lved at the EPO
on Aug 31, 2006 22:22:01. Pt AVENDED SHEET . 11 OB 20Q
Er r.~; .z& WD 2006/ 060206 - PCT/ 1JS2005/ 042028 40.
The nmethod of claim 39, wherein the weight ratio is not
| ess than 80:20. 41. The nethod of claim40, wherein a
wei ght ratio of boehmte precursor to boehmte seeds
| S 310tTheg hreHod rof tlalin 36)8vtidreintBe traﬁl'ditfbnaiethlitﬁﬁla @hrticliatertmaérial

the average particle size of ransi ti onal
PR P A Akt et of ot Fter BT han 75 ¢

43. The met hod of cl ai m42 V\herel n the average

par e SI n ahaut 4 The
b R R e T R R
than :1not greater than' about 300 nm 45. The nethod of
claim44, wherein the average particle size is not
greater than about 250 nm 46. The net hod of cl ai m 45,
wheilei Fret ethed, of algim ar whertie thei seeoriderynaspedy ratia irnot tezeater
thaRPQUt 225 nm 47. The nethod of claim 46, wherein the
_ average particle size is within a range of about 150
nmto 200 nm 48. The nethod of claim36, wherein the
- tr agusi-rhoR@khodl SiMEIBRL B8 irhérbih aaRinABLE @hﬂe@%‘%t % Bhahitdin

shatoe and a secondary aspect ratio of not |ess than
morphglogy of the boehmite particislate 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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49. The nethod of claim48, wherein the secondary

aspect ratio is not less than 6:1. 50. The nethod of

‘cl ai m49, wherein the secondary aspect ratio is not

|l ess than 10:1. 21 08/31/2006 16:17 FAX 603 226 7499
WONPLIR24850LD, PLLC 2007 Prunt 6d 06/ 10/ 2008CT/USEDAR028
05200504208 51. The nethod?of claim 36, wherein the
transitional alumna particulate material has a needle
shape and a secondary aspect ratio of not greater than
3:1. 52. The nmethod of claim51., wherein the secondary
aspect ratio is not greater than 2:1, 53. The nethod

of claimb52, wherein the secondary aspect ratio is not
greater than 1. el

wher ei n cal ci nat 264
nor phol ogy of t hg
The net hod of cl g
al um na particul g 3 _ i
greater than thalelsin e eate material .
56. The net hod of vkl

surface area of ~ﬂﬁpart|culate
material is, at | M of the
boehm te particu gt hod of claim
55, wherein the fﬁhe

transitional alg isi not |ess
t han about 50 nR§
wherein the specp ransi ti ona

al um na particul e g 2 TAEIRYt han about 70
n2/ g. 59. The netFrét A - the specific
surface area of the tranS| nal alum na particul ate
material isinot greater t about 400 nz/g. 60. The
met hod of claim59, wherein the specific surface area

of the transitional




alumna particulate material is'not greater than about
300 nR/g. -22- 'REPLACEMENT SHEET teved at the EPO on
Aug 31, 2006 22:22:01. Pc AVENDED SHEET "31 8%®2906; WO
0 S/ 9{%%)0206 PCT/ US200S/ 042028 1/2 ~t. "?N r&Si ~. ' 4+
U006 i1 r: -77 . -~~~ Ma2t ~ - e ~ P EFEUSI00Y042028

4F-T FIG 2 WD 2006/ 0602082PCT/ US2005/ 042028 2/2 cc
"t .} r ~SE#~r. " SSE.. i. JIta. T. '~ sF ~~~Y
"e t TTY, a~'. ylr ?2~—~4 Ffi 1, FIG 3




