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WD 2005/ 100244 PCT/ US2005/ 012038 SEEDED BOEHM TE

- PARTI CULATE MATERI AL AND METHODS FOR FORM NG SAME

: ﬁQ@%§§qagﬁERENCE TO RELATED APPLI CATION(S) [ 00fd4/ustioSn12038
application is (i) a continuation-in-part application
of US. Patent Application 10/414,590, filed April- 16,
2003, which in tamis a non-provisional application

of US Provisional Application 60/374,014 filed April

19, 2002, and (ii) a continuation-in-part application
of US Patent Application 10/823,400, filed April 13,
2004. Priority to the foregoing applications is hereby
c| ANFNED BOEHMETE IHaRIIC UTat Tie MATEBILAL AR MIBIHODS FOR
i ncor porated by refereFORMBNGISBROUND Fi el d of the

I nvention [0002] The present invention generally
relates to boebmte particulate material and

processes for form ng sane. More specifically, the
present invention relates to seeded boehmte
particul ate material having norphol ogi cal features.
Description of the Related Art [0003] Boehmte
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form al unm na _abrasive grains.. As %es%m%ied, tK&}he . "
be¥¥niPrieritrde Geiferpeias annbpahogs iyerby clagpd phdibe sdbicd myptter
| Bielebfhdr@8 hddrReAREDT RfBaRENI te particul ate materi al
that is adapted to form al um na abrasive grains. As

such, the disclosed particulate -1 WO 2005/ 100244
PCT/ US2005/ 012038 mat @AGKGROUNBrti cul arly desired
spheri cal norphol ogy, which nmakes it suitable for
abrasive appli cati onsgjeld of the Invention

[0002] The present invention generally relates to boehmite particulate material and
processes for forming same. More specifically, the present invention relates to seeded

boehmite particulate material having morphological features.

Description of the Related Art

[0003] Boelmite particulate material finds particular application as a desirable raw
material for forming aluminous products, for example, alumina abrasive grains having
high performance characteristics. In this context, the US Patent 4,797,139, commonly
owned by the present Assignes, discloses a particular process for forming boehmite
particulate material, which is then used as a feedstock material for later stage
processing to form alumina abrasive grains. As described, the boehmite material is
formed by a seeded process, and is limited in scope to boehmite particulate material

that is adapted to form alumina abrasive grains. As such, the disclosed particulate
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[ 0004] Beyond abrasive applications, there is a
particular desirability for creating boehmte

particulate norphology can have a profound inpact
HASh %Q&gﬁ@%ldrﬁ@%éi%%pﬁdcﬁlﬁﬁorﬁﬁélgéy', Shich aREEH suildfe for
arisen in the art for creation of new materials for
aappive appliceniensbeyond abrasives, including fillers
utilized in specialty coating products and vari ous

|y R iSRS | GatilonSelinsiig forlchsgs i N
(R, L o R Borric oIS, R4 filtiou zed i niﬂj]d_tsr as- -
Hoelmidp atiafae matildraving aaryig raorpedelst cdiee RatSEE . | n

addjtion to the interest jn creatifg.. Lyl
TBReRed o Db, bR g R e SRS, 2pocd
hﬁﬁﬁlﬁsfe'g ah the Eﬁ&"&&r&aﬁ@n bﬁndikemedﬁﬁaﬂle ¢br aﬁplmtécms .bbj’pblfdfﬂbﬁtsives,
-regar such_processing technol.ogy i,s desir co

i ek [0S SR 6] RET R SPoCr HEOGNET B AR 08 LBer et
GRY RPRAHERSOL I hydegh Ghich BldVIRIYite kARAS]is Abimddn ftgas-o
one aspect, boehnite particulate terial formed b¥ a
foeedsthte. rtorrdiaion g frdgodnmaeile {2 14T fofefBETRE S eame
n%@%te;l?a]tﬁ;, #OQQSQ?% &‘ﬁﬁ&% & ﬂﬁbﬁr% B0 RIReorTRESH mederidlb Geeds

1
rese vention, a boehmte particulate nmaterial is
16 be deeldpyd s welbda &s reend, juple PiRgessing fesinalesgis deHBeRRCEle
GUrso Ba 1 a2 SHSRENSI YA ds. and
¢ 5%‘@t%égyﬁﬁgm?%%ﬁsusp§%§ﬁgﬁﬁ%b cgﬁvertﬁgﬁgg b%ehnite
precursor intqQ boehmte particulate material. The

particulate material maygnigyRya certai n nor phol ogy,
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is formed by a process including providing a boehmte
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about 2:1, such as not less than about 3:1.

[0007] Still further, accordiﬁg to another aspect of the present invention, boehmite
particulate material is formed by a process including providing a boehmite precursor
and boehmite seeds in a suspension, and heat-ireating the suspension to convert the

boehmite precursor into boehmite particulate material. Here, the boehmite particulate

material is comprised of platelets, and has an aspect of not less than about 2:1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1is an SEM micrograph illustrating platelet-shaped boehmite particulate

material.

'
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WD 2005/ 100244 PCT/ US2005/ 012038 [0009] FIG 2 is an

SEM mi crograph illustrating needl e-shaped boehnite
Wﬁb&/%hﬁte material. [0010] FIG 3 is an SEMCTstzowouoss
m crograph illustrati ng el I'i psoi d- shaped boehm't
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%Rqﬁe S(arﬁf ai‘ffrgcq{on pattern, and as such, is distinguished from other aluminous

materials including other h}rdrated aluminas such as ATH (aluminum tnhydromde) a

common precursor material used herein for the fabrication of boehmite particulate

mafterials.

-[0014] The aspect ratio, defined as the ratio of the longest dimension to the next
longest dimension perpendicular to the longesf dimension, is generally not less than
2:1, and preferably not less than 3:1, 4:1, or 6:1. Indeed, certain embodiments have
relatively elongated particles, such as not less than 9:1, 10:1, and in some cases, not
less than 14:1. With particular reference to needle~-shaped particles, the particles may
be furthef characterized with reference to a secondary aspect ratio defined as the ratio

of the second longest dimension to the third longest dimension. The secondary aspect
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average particle size, since characterization technology is generally based upon an

assumption that the particles are spherical or near-spherical. Accordingly, average
particle size was determined by taking multiple representative samples and physically
measuring the particle sizes found in representative samples. Such samples may be
taken by various characterization techniques, such as by scanning electron

microscopy (SEM).
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[0020] In addition to aspect 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 commonly available BET technique was uttlized to
measure specific surface area of the particulate material. According to embodiments
herein, the boehmite particulate material has a relatively high specific surface area,
generally not less than about 10 m?/g, such as not less than about 50 m%g, 70 m*/g, ot

not less than about 90 m*/g. Since specific surface area is a fonction of particie
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particles and/or larger particles in general.

[0023] Following heat treatment, such as by hydrothermal treatment, and boehmite
conversion, the liquid content is generally removed, such as through an ulirafiltration
process or by heat treatment to evaporate the remaining liquid. Thereafter, the
resulting mass is generally crushed, such to 100 mesh. It is noted that the pamculate
size described herein generally describes the single erystallites formed through-
processing, rather than the aggregates which may remain in certain embodiments

(e.g., for those products that call for and aggregated matferial).
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constant, the shape (e.g., aspect ratio) and size of the partlcles are affected. For

example, when processing is carried out at 100°C for two hours with an
ATH:boehmite seed ratio of 90:10 in a 2 weight % nitric acid solution, the
synthesized p@rﬁcleé are generally needle-shaped, in contrast, when the acid is
substituted with HCI at a content of 1 weight % or Ieés, the synthesized particles are
generally near spherical. When 2 weight % or higher of HC] is ufilized, the
synthesized pz;rticles become generally needle-shaped. At 1 weight % formic acid,
the synthesized particles are platelet-shaped. Further, with use of a basic solution,

such as 1 weight % KOH, the synthesized particles are platelet-shaped. If a mixture of



[00251 In particular, when the weight ratio is
nodi fi ed while holding the other wvariables constant,
WORMSSREE and size of the particles formng tRET/US2005012038

boehmte particulate material are nodified. For
%ﬁﬁ%&bag\é@% 'ﬁnﬂ&é%lg %@'a@@ wWeibnf 8 KOﬁdanab 71»8&&':@951119&'\5&@ the
hour s Yonitric acid sol ution,
Aldiphdedynatitke %ﬁ'@smﬁ paotiflesripplatelpdabipsd.s haped par t | cI es
(ATH bei ng a species of boehmte precursor). In

nt t r d
00 ST BB e RO A AR Skle sy GEMRS
elcids pidhealfbrynis hagddlogsh achdis Sﬁlﬁh adlgrdrooesin atifeind acidis spks

further reduced to ., 60: 40 a

U PP PRI P gy e B E R TR B o
@kample ShthéSnflh @G p bsafonta0al bl d:id s eecssipstassiim hedrexide,
t han about 60: 40, such a | es t hap about 70: 30
GtkaBee bgronigareyei as %l%ﬁlﬁ;@ﬂ f‘dé&%ﬁfl‘séc%l di ng | evel s

to pronote the fine particul ate norphology that is

qewBy sdil filrtier Wﬁieﬁhémﬁe&ith& iohotigiehwihtle hgdieg Uﬂmovanabkas
boehni te seeds is genera notﬁgﬁeater t han
ggnsgant, wEeally shanges Axdp ?f e digh Ep ?Né’f it

g?écb&lr%qggirﬁéd b{ut'a'ﬂﬁr[ BT RENESed kald oF.90MDiid £2 aveight %
ecrease in melg rati o generally:- decrease S@GCI
méiti¢ ecid pefatienatapiChir twabrars, figery @%%Zﬂiana%% g -
dﬁfﬁg&ﬁ)'nf ch cteﬁﬁtfahf\gast R8nPHMEMN 1Y AhkaRINAS Howehst AN60°C the g)

e shape aspect ratio) and size of the

raamg@aésﬂw@e Wi foundtd berldp Angstemms & CcoREEbR RLEERERAES is
strc[r_?%%g éhﬁ'gclglﬁze algé)ﬂ&eﬁlﬁﬁ %%@Sfﬁgﬁé 2 di%ctﬂk} pﬁfﬂ;om()nal

mie seed ratio of 2 wei ght %
ummumBMabmmﬁﬁmpyupbﬁme@h@ﬁﬂﬁﬁﬁﬂﬁ@s|zed particles are
general |l y needl e-shaped, in contrast, when the acid is

%(H)E?]t}a d Wbl dlcadartRlCcORtkent of 1 weight % or

I"ess, e syntheS|zed partlcles are generally near
spherical . Wen 2 we % .
[40397; 4e uiopkyge W%WR |""2@’d ‘??akb *%‘E%C@a@féﬁglng@lﬂlé%%%i%‘de

RERHAsEA EBAPEHea; A 821b We behini Kobaid¥t CroacS ASOL tuder the name--
nt hesi zed partlcle

S_ar | ate] et-s Furth r
Pty TRA B SR ﬁ%ﬂmzec‘ls‘ww 539? ARy Rrade;
EH@O $¥ i J109hiR iR hbiC TRShRhAitphas pleati fﬂecpﬁ$ Ibldff te water
m xture of -7 WD 2005/100244 PCT/USZ Efo%ééﬂg aci
and0. E—)&B)ecsfﬂl%a%d befpreeadding i the algma}n%ﬂg}ry L7 E}?&ﬂamamg
VWeid d?/ kyfGiigb, the norphology of the ;")

synt partlcles is platel et-shaped.

[0031] The autoclave was heated to 185°C. over a 45 minute period and maintained at
that temperature for 2 hours with stirring at 530 pm. An autogenously generated
préssure of about 163 psi was reached and maintained. Thereafter the boehmite

* dispersion was removed from the autoclave. After 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.

[0032] Example 2, Needle-shaped particle synthesis

-8



[ 00271 Suitable acids and bases include m neral acids
such as nitric acid, organic acids such as formc
wax2ds/160adogen aci ds such as hydrochloric aci d, pEmus2005/012038
acidic salts -such as alum numnitrate and magnesi um
t
e g HEaH A iR e R 25 DRl 11 BN B ER,
hpdmhnse@l ﬁom Adbdeald pef hgednmbemﬁ'ameé fiom $%S @ahnqlen the name--

(R ateielPeea fo 0k tiei g raicng behdd YaRumteat

C Qﬁ@b@ﬂmlte pr@ahép)érs@@ anesy aftie: 325001 zfnﬁﬂ%g:lof the paid biefoke
size. For exanple, when_ processing is carrl ed out at
af Woﬁléfeﬁ%‘#ﬁl@émst@wf‘?’a‘{lq #nddhe mypayng Water and\ge; ght %
nitric acid solution at 150C for-two hours, the

Clagsd) althé ARodAR8yds 'h@ﬂb&(BQ ROXC. IRy a 45 ﬁlﬁlﬁ&qiehﬁﬂl and maintained
aracterization) was found to be 115 An%st rons.

%Mé@rmpeéamrié@ hoes Wity el ERBAYSAP FRTR AP SRRy EsTRd
t BBl 3n AN 956 159 DBis rAEGRI Al Bk aindS ThERRR: M bR hinfte

i hcreased, particle size is also increased,

r dispessenyistgmavedi frase theypuiselpo ifies AEpolayehap ok di 91 was
b?&o r”I‘hQ ﬁhﬁﬂi %gﬁ‘t eIV 1 %ﬂ&eﬁ%ﬁ%ﬁefr@%ﬂﬁﬁc of Q)Gég’%h@égtﬁﬁhﬁmass

1, ate-s article synthesi's [0030] An autocl ave
W8S cutrﬁup@@dewthdm 1004zesh. BlhecﬂSAl-gfdhianesﬂmet }a?l“(ﬂft’t wasebout 120
~trnhydrOX| de purchased from Al coa; 0.82 |b of.
bGefini t e obtai ned from SASOL under the name-- Cat apal
B pseudoboehmte 66 5 Ib of de| oni zed water; 0.037 Ib
4 ! afganticle gynthesist 22wt % nitri c
aci d. The boehmte was pre dlspersed in51b of the

"‘?63%! Aﬁﬁl@oc@dvé %&E @heﬁ’éedt\bi%i 20 o f18fded1 &1 e dRkdgunh @itsAfoxide

um num tri hydroxi de and the remainin wat er and

;m@gqulfrﬁnhﬁmoaxﬁ%of lf[oehrsriqobrfﬁ@eda%?raé wieer fhe e

L3 PRp séﬁ\ﬂ%oeﬁm‘ﬁ@ 1500 %toe APBhilz ALy AR afB2 N Rioh @g%&ﬁmc acld
t at tenperature or hours with stirring at

mﬂ@ﬁ@g@@@fﬂ@@%@@péao gof e (ates 28¢ 12p & 9f thﬁeagldp‘%%fom
Vm g%@ﬁl@ e ARt BRyatAtdedd mEhehsaitSfatdrRfd haghm te

di spersion was renoved fromthe aut ocI ave After

aut ocl ave the pH of the .The li
- JOE rEhegac ke teand fa IF%EpeYeaﬁf?? gl gigiod sanditained
- réagz\idjc ffeﬁitiiﬁratu[’@ﬁ 3 WoSrs A that@ 53 @55, thhancketbuiBsdtnerihé
0

he resul t ant povvder was abaqut P@Eﬁ 321
EEAPP € f shou\i@dqiskwatwgpdgd pad Ifnplélraénegy'glgqg eg%e %oelgml e
dispersion was removed from the autoclave. After autoclave the pH of the sol was
about 4, The liquid content was removed at a temperatore of 95°C. The resultant mass
was crushed to less than 100 mesh. The SSA of the resultant powder was about 135

mY fo

[0038] Example 4, Near Spherical Particle synthesis

[0039] An autoclave was charged with 165 g of Hydral 710 aluminum trihydroxide
purchased from Alcoa; 110 g of boehmite obtained from SASOL under the name--
Catapal B psendoboehmite; 1000 g of deionized water; and 35.2 g of 18% nitric acid.



-8 WO 2005/ 100244 PCT/1S2005/ 012038 [0033] An

aut ocl ave was charged with 250 g of Hydral 710 '
WOl 20090t ri hydr oxi de purchased from Al coa; ZETYUS2005/012038

of boehm te obtai ned from SASCL under the nane--

g | 46 BORI :Ehofor
b BB g E R B P £ D e Fbefore
padding) ts ferabeainim tiigCraridsf and e impmimgavederend agidof t he
acid before adding to the alum numtrihydroxi de and

}'1@21 Gl Zﬁ?éﬂﬁ)@%&é’@g seﬂea%rci q%r 2&6&@) o\[eQ Q §§ lni 01139 gﬁggdodﬁh %’a‘?ntm at

over a hute” peri ¢ mal nt ai ne
athatt teiaperttergfer b hows with sBrrmguat $30wptoh Astrirogemgsiatzes3ged

rpm An .aut ousl| ner at ed. .pressure of .abhou 50
B e R L e Lo S
b@glaedidrewasdis el Ftoantharstot D W filtedhieibe pilof tHeavkwas
After_ autocl ave the pH of the sol was agé)%k i{h Th%

| 3oqH - dhRigHe coptent AR 4 et { ICIRRFEES P of NeigEultant
Th&s a8 BhbRAto BSchan YEPmEiUTREIs A of e $&ultlia o84 R ebout
The SSA of the resultant powder was about 120 nR/g v

[13635]e-Exanpl e 3, Ellipsoid shaped particle synthesis
[ 0036] An autoclave was charged with 220 g of Hydral

Trd6h1 P AN AW E DY RO H8sori i R3S Qdeh iRy Fbeaail 2Bbfigkible

of boehm te obtained from SASCL under the name--
GuecepanetBodsleaydeiydsieminieved foggingeiesie] Barhalasizainds the

itd pRlaud 8 Bkl Gr A6kifcancd RELBERAM RO S cded
Sf?’glﬁ‘.}%‘%é‘r gegu_%noélf%%fg %lf- %ﬂhlece{/f\lét er and 15.3 Ig ofe ti[.he
audatsdief rovudtingzid dicag-offisctiteerredessvigronict witha kigh deggee efipgocess

t L r [ : [
TR A 0 fBE atbrafhLle 208 2B R URoted
giaritcheatizetdistipriany r BiefoombinationpS(i)ifertiilgng prd engtrating Joy
rpm..An t no r.e: H
e A R A AP L Bl e R BB PR o
heefmittie, 4rdi (Epeedingbased sechavtogeid of pastivlirsimifivate peoviding
Afte ut ocl ave the pH_ of : e
i R iR BroBhis Dl T B 2@ podtBio bRt ile iyl
Hephicdspidst ant mass  was crushed to | ess than 100 nesh.
The SSA of the resultant powder was about 135 M/g

- - [0042] Aspects of the present invention enable utilization of the boehmite particulate
material in 2 wide variety of applications, such as a filler in specialty coatings as well
asin ﬁolymer products. Tndeed, the particulate material may be individually and
uniformly dispersed within solvents (particularly including polar solvents), and/or
polymers without forming aggregates by conventional compounding prbcesses. In
addition, the boehmite particulate material may be individually and uniformly
dispersed with a non-polar solvents, and/or polymers without forming’aggregates by
ufilizing conventional dispersing agents such as silane coupling agents. Of course,
particular applications of the boehmite particulate material are not so limited and may

find commercial use in a variety of applications.

[0043] While the invention has been illustrated and described in the context of

specific embodiments, it is not intended to be limited to the details shown, since.

- 10 -



100381 Exanple 4, Near Spherical Particle synthesis
[ 0039] An autoclave was charged with 165 g of Hydra

wd 908/ ﬁpun1tr|hydrOX|de pur chased fron1Alcqﬂ:/
6% %oé te obtained from SASOL under .t he nane TridHdodhiz0ss

I 0
Sﬂﬁﬁé‘%n&%ﬂ%ﬁ“%@ﬁ Sl one o be el AR BOL SRR ey
POHISR 9@:@1‘: 01126 pBsent hovelrpah Rt cxample, mdemha]sqleqmedentn
f.t bef
SRt e o iRl faiRommy B SRS EeT TR R R
wetn@loyed) hsatdhg furfheOhOdifiddiRna bl DsfuadBniwas tedatedtod Rerein
160C. over a 45 n1nute@ﬁer|od and mai ntai ned at . that

t SIFpiaresPAYPor o persP Shitled 1 thp ad pipg RoEOK thamyufigin - An

aukREBRAMELY 18ENEHRA BRIIRLESRULE egjwaa&ﬁy;re %&%veé to BBSithin
reached and nmi ntai ned. Thereafter the boehmte

dtheserpsi o theigeniemasdsingd onthe ﬁ@lo&mm¢1We. After
autocl ave the pH of the sol was about 3.5. The liquid
content was renoved at a tenperature of 95C. The
resultant mass was crushed to | ess than 100 nesh. The
SSA of the resultant powder was about 196 nR/g. .
[0041] According to enbodi nents described herein, a
relatively powerful and flexible process nethodol ogy
may be enpl oyed to engi neer desired norphol ogies into
the final boehmte product. O particular
significance, enbodinents utilize seeded . ~
processing resulting in a cost-effective processing
route with a high degree of process control which may
result in desired fine average particle sizes as well
as controlled particle size distributions. The

conbi nation of (i) identifying and controlling key
vari ables in the process nethodol ogy, such as wei ght
ratio, acid and base species and tenperature, and
(ii) seeding-based technology is of particular
significance, providing repeatable and controllable
processi ng of desired boehnmite particulate materia
nor phol ogi es. [0042] Aspects of the present invention
enabl e utilization of the boehmte particulate
material in a wide variety of applications, such as a
filler in specialty coatings as well as in polyner
products. Indeed, the particulate material may be

i ndi vidually and |

-11-



uni formy dispersed wthin solvents (particularly

i ncl udi ng pol ar solvents), and/or polynmers w thout
form ng aggregates by conventional conpoundi ng
processes. In addition, the boehmte particul ate
material may be individually and uniformy dispersed
Wi th a non-polar solvents, and/or polyners wthout
form ng aggregates by utilizing conventiona

di spel sl pgiAgents such as silane coupling agents. O
course, particular applications of the boehnite

particul gt re Al : Lm . find
con%epqi%fﬁﬁgﬁ&@ﬁ&§h¥§%?%@§ﬁ3¢8§%%P%%ggf%ﬁgﬁa@%q43].
Whi Brevidinges bashrmi pretyrshieand ihechimite biedsie e sseensign d! adedight rae dot
in the qaRkEX k0.9 of bABRGpeeuSITROSHARI Seds! the duSpelfbn being
intended to be [imted to the details shown, since.

-10 WO Detisiupnigyorpetritisonpwssion sueing fAmpinerdd; and

MO dichti tfeat g AeSsuspanhi b § teirpbthhuR3Sea AR aDAoBRAE ONo Lirt the
departi in aqé way fLo t he sche of . the tes&nﬁ.

i nvent | CRERIRIGPERSNIME dochEs Pardate materaoRipdPIigRty being
subst i t wesipssadofiatdét@idpadphribuig, thelshiehhiody@tticalate material having an

equi val ent prodycti.on steps n. be enployed, £ uch
Furt hor TRSEFFIRSIEPURE MR SRURyEERErar et IG5t
herei n tlnscl. osed nmay occur to persons skilled in the
art using no nore than routine experinentation, and
all such nodifications and equival ents are believed to
be Ailhdunethod dfeladic bpeierin Hehtdreating éyairied oetst diefmperadrelgyeater than
am%pﬁﬁﬁgllomﬁng clainms. -11 What is Clained is: 1. A
net’hod for form ng boehmite particulate naterial,
conprising: providing a boehmte precursor and
boenmid QetbRiad Slainh 1, aviSktEIRMSIeat Mg & catiedOit@hi pre|iue @redrei
hIess §?an 60: 40 of boehmte precursor to boehmte
thag aboit85 BShe suspension being a basic suspension or an
aci di c suspension containing formc acid; and heat
treating the suspension at a tenperature greater than
abofitThe pethod of dumiewkerein the weightpia iengles s r2G nt o
boehm te particul ate material predom nantly being
conposed of pl atel et-shaped particles, the boehmte .
par piThgmgihed plalamidgphasey p W@gﬁﬁam&% peskipite gepgsop o heghmite
Sa£§§§?%g§ﬁr§m49@md havi ng a secondary aspect ratio of
not | ess

6. The method of claim 1, wherein the boehmite particulate material has an average

particle size of not greater than about 1000 nm.

7. The method of claim 1, further including setting at least one of heat treatment
temperature, type of acid or base in the suspension, or weight ratio of boehrite precursor to
boehmite seeds such that the boehmite particulate material has an aspect ratio of not less than 3:1

and an average particle size not greater than 1000 nm.

8. The method of claim 7, wherein setting includes modifying at least one of heat

treatment temperature, or ratio of boehmite precursor to bochmite seeds.

-12 -



than 3:1. 2. The nethod of claim1, wherein heat
treating is carried out at a tenperature greater than
about 130C. 3. The nmethod of claim 1, wherein heat
treating is carried out at a pressure greater than
about 85 psi. 4. The nethod of claim1, wherein the
wei ght ratio is not I ess than 80:20. 5. The nethod of
claim4, wherein a weight ratio of boehmte precursor
fo . . _ _
ot fol Sy oFARAS, a1 e MR Koniteteciiotio bl Geets s
increaged tq ingredsaaspent ratio.cor depacasqdde daceepss agricolgatisf not gr eat er
t han about 1000 nm 7. The nmethod of claim1, further
including setting at | east one of heat treatnent
t enpriae Behod ehyelpam 8¢ whersingthgheahfzeg nentfemprsatirg dyjpgiepeiio
inc&ﬁseﬁﬁﬂti@l@tsizé, @ iddrcdded ROGIICE b 8Ur sor to  boehm te
seeds such that the boehmte particulate material has
an aspect ratio of not less than 3:1 and an average
particle size not greater than 1000 nm 8. The nethod
of claim?7, wherein setting includes nodifying at
| east one of heat treatnment tenperature, or ratio of
boehm te precursor to boehmte seeds. -12 9. The
met hod of claim@8, wherein the ratio of boehmte
precursor to boehmte seeds is increased to increase
aspect ratio, or decreased to decrease aspect ratio.
10. The nmethod of claim8, wherein the heat treatnent
tenperature is increased to increase particle size,
or decreased to reduce particle size. -13
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