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Al an Brandes BACKGROUND Fi el d of the Disclosure [0001]

The present invention generally relates to

transitional alumna particulate material and

processes for form ng sane. More specifically, the

present invention relates to transitional alum na

particul ate material having novel norphol ogical

features. Description of the Related Art [0002]
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focusing on optical and %@& | ectronic applications,
to polycrystalline abras #hs used in free
abrasi ves, bonded abrasiPesik Benercoat ed abrasives, for
exanpl e. Al uni nous mat Margdret Sosvrgener al | y
pol ynor phi c, and may i ndVadi@ Banésous hydrated forns
such as boehmite and gi bAkintBrandddong t he vari ous
al um na materi al s, aI um' na, or alum numoxide, is a
particul ar materi al n various industri al
applications, alum na |é§&gﬁ§m%bl n its hardest and
most stable all ot ropi c state, ha- al um na. However,
the transitional for n%le]éfo’félllfulmsﬁ surghi ch i ncl ude
gamma, delta, and theta have gai ned conmerci al
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uch as%fi% i rabl e hardness and surface are
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S
o Pt Do B AN B e B o REL b T B
transitional alumnas are typically processed by heat
treating transiti obsbcrptioniofithedtadated 4ot materi al s such
as gi bbsite, boehmte, or bayerite to the
[0002] 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.



desi red phase transformation tenperature. O her
techniques rely on direct synthesis via a wet chem cal
woRomasE0ng, such as through hydrol ysis of al uRCTWSR005/042028
al koxi de. Current techni ques often suffer from poor
yi el d, high expense, and/or limted flexibility to
[0003Y Kumewntlyravaplbble dgingsohdlaiunmays e tgficdllytppoeestediby heat treating

o AR e PR Lo Sk 2,
defiRADHAY SR fdrRalifif e erdtRf. DiRRSEdHnRARL réy HTHRES sidtRdsis viaa

have novel norphol ogi'cal features. In addition to the
weit pteanigsltprocesgngaticings thewugidy drolysissof ghwowessilhexide. Current

echnol apling the rmati on of such ri.al.
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relatively straightforward to control, and provides
trapgigenatiabingisas. SUMMARY [ 0005] According to one

enbodi nment, alumna particulate material contains
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reater than 1000. nm 0006] Accordi ng to another
magwia IPRRSIESINEPEIFRCMEY P]i“&f}‘%\f(é'm_ﬁﬂf’% oF sfch TRYFS Ry to be
L A quh SRALAY Eﬁ‘ﬁf’ﬁ%e@ﬁhg kchBSl0EP Meki%ﬂ?;g%%st effective,

transitional alumma having an aspect ratio of ™n

is tebdiyelyrstmigBtforwand seconddrapd pspedss high yieldsf not great er
than 3:1, and an average particle size of not |ess
t han about 75 nm [0007] According to another
enbodi nent, al um na part SEMMAR Yt eri al, containing
mai nly seeded pl aty-shaped particles conprising

[odok Bdch# oRk UATLBANAY] dNnidR pasRakte mallifl RhtafRiparticles
| ess than 3:1, a secondary aspéct ratio of not |ess
compesing transitiond! alumivehaeg an gaectiratieokngtdessthandt | smban average
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material calls for providing a boehmte precursor and
[0006E Machaliseedaother anbetipeas hlomindeaticilaeatdtetal tdo@taining

suspensi on%éo convert, ihe boehm te precyrsor, into
maipxisaeded ngedle-shaped Pamigles comprisiag frapsiiena) pigpipgpaving an aspect

ratRPG Bt 1&s BRRBLC lells@&ﬁld%{ %H:cg katfocbftrfo@gl%faféf fBah hgl’ and an average

oehmite partidulate Into transition
padlclendinaofpait tdsg thaataboutétSenrrn.al .

[0007] 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 aspect 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
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BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0009] The present
di scl osure may be better understood, and its nunerous
woeaisoe®e and advant ages nade apparent to thosecsHiskdosd42028
in the art by referencing the acconpanyi ng draw ngs.
[0010] FIG 1 is an SEM m crograph show ng pl atel et
masdragheddtcalaimsng therbabhmalteparticulafeGodterid! tﬂl@lsf@mil thedhweBENE
m cy ograph .show ng. needl e sha rans naI al um na
Pal[“@ﬁ%tz‘jgmfﬂ‘%@l Inlo; Engioag inian é’gﬁb?ﬁﬁ?t% Pi‘& el 1'i psoi d
shaped transitional alum na. [0013] The use of the
sane reference synbols in different draw ngs indicates
simlar or identical itenms. DESCRIPTION OF THE
PREFERRED EVBGRIEYENEG SR HOMOFAREL TRAWING SN
enbodlnent of t e present |nvent|on a powder in the
of a tr |t|onal rtlcu ate material is

0%’8} pfﬁﬁ?r& oL AL B itlsE e O%memsr%é%%% and

addtRigedhdlate bpeodites t%@ﬁklﬁéﬁﬁttﬂ@% 9 fref@rehtiap shd éc@&%banymg
alum na precursor into transitional alumna, in form

drayfinganma, delta, or theta alumina, or conbinations
thereof.- The transitional alumna is generally a nmass

t cuI rial, . e
[002,&1/ @g@ ;‘.allig\/[glglé:fo é%h shgxs?/{}}égﬁftgle?ghﬁ%@ﬁ ¥r tz(gfai gl?ﬁma.
fully aggl onerated. In the dry form t he parti cul ate
[ooTat ¢1G Ak isrmayS B miiesepraghatoamgamepdledbaped Traasippodedisnina.
typi cally makes use of boehnite as the transitiona
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processi ng i ncludes providi ng a boehm te precursor and

[0R9E e tuiSe SRBE SarhB réfe USRS Yo In dafetcheBbwinge aididdges similar or
(such as by hydrothermal treatnent) the suspension

idengiceldiemst i vel y sol or slurry) to convert the boehnite
precursor into boehmte particulate material fornmed of
particles or crystallites. Heat treatnment is then
carri ed DESGRIPTHNEYERHEPRPHRRED BYIBORIMENH(S)
toeffect polynorphic transformation into transitional

[oaky M daardifiCeGintinitibdir@erd op tetpresehainvasitec b powlier in the form of a
boehm te particul ate material has a relatively

trapsigappl eBeninp ppkichelmaiged iy fopwed funeihr P%Pd%P@iC?ﬁs}nﬂ pathway.
e Sy 0T 20, S SSREE LA T g por
tradsisiondl atueginayiih fortnhef gaehayideka,ar éhqin eierivg dr tombinetions 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 suspension, 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 particles or

crystallites. Heat treatment is then carried out to the boehmite particulate material to
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final transitional alumna particulate material. [00
15] The term "boehmte" is generally used herein to
wdenwiosomb um na hydrates including mneral boeRaTiUs2005/042028
typically being A12G3*H20 and having a water content
on the order of 15% as well as Fsuedoboehmt_e, havi ng
effecthpalamorpbin teamisfoningtie infchiansitBmal slyetinag sAcrordingda particular
weight, It .is not t hat. boehm te. (] i
sl bedimihf e KR REI Skl Mot horgpoloes.
degtrySdddenSrhN B rdinan tdd ode§RECatglayd devctbed K-hae detail below. In
diffraction pattern, and as  such, is distjnguished
additenm, e merphelogicrldediuieatwserigfed Wik thedpalynide arsipreserved in the
hydr at.e L uni.n JH (al um num tri hydroxi de)
ﬁ%ﬁgrglﬁ%&r%%nag?@{:nd?sgaﬁﬁla ﬁé?flﬁlg 1a'E'lsed herein for the
fabrication of boehmte particulate materials. [0016]
[001%) Hspesh “bathinote” dedenametly ased hereinad dencdé alitnend loyviyesd

.dinmension to the next ] opgest,  di i0 er pendi cul ar
i YRGB nS G Sh DS AJHERAD P ROEDE 6 86 Hagent on
thlg 'rt{é;ler g@flﬂ%,r & erpl r%u%ﬁ)oélﬁﬁﬁe,thlaaﬂlg%: waterbohtenPhigherlthan 15%,

eed, certain enbodi nents have relatively el ongated
suohms Re-B 8%, bysweightadt wabteddba bobbmits (ih¢ludidg psueshobioghmite) has a
SO cases, .noi. less.than 14: 1. Wth part.icular .. .
P g ens tRble G BT HEp R actp ey RO i fliffction
pdtR¥n, REd f3isdchas dekiafasieartiore detet huniifhie menetalé thebuding other
secondary aspect ratio defined as the ratio of the

hslioht uromg S5t & AEHSABIAED HiS PG A QAR Precursor matria
usge? gxg%zr{r ) ‘theTagr:i%f_t\lgﬁ gg?cgeé]nﬁ@eq%gtﬁmﬁﬁg 'nﬁtérﬁls% eneral 'y not

han greater than 2:1, or
even 1.5:1, and oftentines about 1:1 . The secondary

[0asf]eThe asptitaatiye defiadd ag titemtivio e Iohgestdiosssisr ¢¢ ihemakt longest
geonetry of the ticles.in a plane perpendi cular,to
diftcgsiop Rgwsndiey tedholoiesd dingenigPety %H%ﬁ“i}l%ﬂ%?s{{h@ Firapd
pﬁ%ﬁﬁ’&% n5tﬁ&§scihér§3 ysed herei mdbe, defah embb@inteats iveteliiRly

ongest dinension to the next |ongest dinension, it
elopgatéibparédles, sedh agiot Iees thein §ul;, y0ds pedin speeicases] pgdespjthan 14:1.

\gcor di t 0o anot her .enbodient . t he '

WA ooy I e Srn g TRRpd I ARAEME S GERAE,

iRk ARG BEE VidlrEReddE & DH@ebittry heasies tefiraidiao shaasio bf Hedecond
above in connection with the needl| e-shaped partic|es.

lomgest dispensiside iecthird fnged dimaprsian- eEhegwridan appeehyaio is generally
p it ' oSl } 0

R Ly 6 S IR A T8 £ e o

19t ek sedondagdbpdcomtiolgbeerpllpd@bdbesstha pess-gativnal lgesmatay of the
be characteri zed as_ havi nﬁ a se .onda.rr\{ ﬂs&oect rati.o

pytigles Bra plRBHPIASRdIGHar f dglengashimensio 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 elongated 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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particles, generally not |ess than about 3:1, such as

not | ess than about 6:1, or even not less than 10: 1.
woyepicnaddoy, the shortest dinmension or edge di measiusm05/042028

per pendi cul ar to the opposite major surfaces or faces,

Is generally less than 50 nanoneters, such as |ess .
plenea Ancesraliparatichivesash ethepr In adyionn i Plpigk shaped particles may

5L REVrafd ofelr BARRM: 8 needie-shaped

be[)bzlrgﬁggeb?act?%s }&I%%?%Fgﬁn%@%g %rra t%ére dléfi nel?i nn%eererr?s ape
padiiclga ptretdlly it 2ess tiamrabopiad 1) swch as hot,lesaviemaadeup@ii | éreiven not

N TN T T TR 1 T
o;{g)gﬁ&_cfhlij%? gt e 5TBY ﬁﬁg,e {BdehefRY 9 1RAS 0 RahGhadklsy 8lch af 138 than

article or crystallite sizel Generally, the average
abpar 40 tdrensitas dardessdtangibent ¥ nanesngteabout 1000
nanoneters, and fall within a range of about 100 to

anonet er.s. O her, enbodi nents .have even.fin .
ol (R Bl e GeBEke SRR BB YL Rt f8agt i s
of§RARi S ETBE G PartiCbRrIp iRt PagicldRLE. idiomht ededed bOMAmite
nanonet ers, 400 nanoneters, and even particles having..

paaticudate megraiabdhatiis beelynite foymgr taouglha redmg nragrshidesyibed in
[ ' f leL i-al .|
SRS 5 A0 L AR I el B e e
paticesizt ¢s ha\gecager pladntabolie] ®i0zemsmaletseand farwilif a range of about
nanoneters, such _as not a{eate than 225 nanone

ters..
18 10GPgenasicray Sitig SRR IR E s £4CH {168 RYPPeF RGO sizes, such
ad R BRaRE ﬂi'aﬁ%b%@t SR aNSRLIERL 958 naddnfetdr® P AaRSHeters, 500

constraints of certain enbodinments, the snallest
nawarciys 4pantnahees) ad dven gartietealhhying anhvesage pawiitle sige smaller

no ess t han about .75 nonet e 100 .ngnonmet er s
AR a00 RS TS nE 2 e JRriaalads ATl af A doicke of ine
pdFBdBhte Aat@idl] SMBBATHARS iefd B0SInZ6 hfe dFLticlaRRABIAlN&)than 250
125 nanoneters, or 135 nanoneters. [0019] As used

ndnemetans, su¢teasnol greatse theardoreeompigr: Gue rgagedor svegegsgpeicle size

-t he .aver age | ' ' .
AL 4 9057 ol BIALD BERROR, Ol of e
erpBddiinehte Sthe emaNEsn bvepagl pactice aive & geneallp tintited wuoh agyotiless than

general ly inadequate to asure average p icle size,
aliquh d& naRReiersell zap?laﬁtefsg@ﬁﬁw@&y I3 @e%é%?e%tlw paHicigte

mARA a}g\%ﬂﬁﬁ o s{zl@gm Raihdidrs), €55 AR nidie dragh or

near - erical. Accordingly, averdge particle size was
nawbetas.ned by taking multiple representative sanples
and physically nmeasuring the

[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 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
partiéle 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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particle sizes found in representative sanples. Such

sanpl es nmay be taken by various characterization
woeadsicepoes, such as by scanni ng el ectron m cr BETMSY005/042028

(SEM. The termaverage particle size also denotes

primary particle size, related to the |nd|V|duaIk¥
avé¢rdgmparfitigisize a{tsarden@ﬂee primahepdrdele dnzs,pekaéeélcto dlpe individually

SRR, L TGOS POTh BRSO Y fomeras

hat¥ @@&Hbarﬁtﬁéﬂ/ Pa?%{z"r av&lagspatatlelspeUsndofe Eﬂﬁéxﬁ@?&fe@ds@re does not
sizing. [0020] The present seeded boehnite particul ate

foqwatomragglontragte pieing. f ound to have a fine average
particle S|ze whil e oftentines conpeting non-seeded

[od%rﬁf)el% p?gslgpl Se @efd oeﬁm?te%gglc{falté %ﬁa{.epgl‘e}&@%egn Polund tchhave a fine

|ng suc I ne ave

avérag@paticletsizes whidé efferitihads cﬁfﬂp@ﬁhg nesséeded basell Itécﬁﬁ(ﬂbgitl‘e@ are
reported particle sizes are not set forth in th
ge%%ﬁﬂiéwa%bl%v@f&ﬂé@gﬁchl fing méerﬁ%ee%aéfmle 8188 | Ifl.t@aﬁgéﬁi it is

no Htthﬁt tftéﬁﬁmeé I hd Rt 0L i‘egpoﬁg g%ﬁ% zeb aR9Rt ALt forth in the
parti e G

sizes derive sical 1 nspection o
comanpnbfeﬁfem‘ge!: &ein olzer priesantt apemﬁmtlem ibauk ratifer cinrtbié nngite;agt of heminal
e wll. lie mnthln the.re

aver a artic I
S dartics ﬂéesderlzs? o Physicel Sancbidh LR AR paticulate

mﬁéﬁaﬁh NREOSiPIA R dVerddl. ptahfcw SROVAERE WRREShe tortdBinge in the
expect ed Gaussi an particle size distribution. State

priat adr geatiallylay abqwhthe@rnﬁunetsemha@nﬁ abthg repatedohigy s ﬂmay

e EREE Gl BRI S R o B B aPeu FP BPR e s
tedinSloiel Whdyorep & indpirtiaMaiRguchdlrlei st gdnelly [déﬁ(ﬁés] the lower
Li kewi se, in a sim/lar, manner, the above-reported

limit pbast Obsgryed Parjistresizg distribyhonanshen averaghRAHIE SHEe

aspect ratio taken fromrepresentative sanpling,

[O(gﬁi) Heked8Mn ﬂ@g@{ar Eﬂaﬂn@’\%{e AT SRR E Q%e@{ ﬁﬁo%&%{éga‘#&i

ect ratios articulate material.
cotraspond td theeavatajge especta]atm tadain izt represer&stp\@mmpémg,asthar than

t t fort th t ' t .
et B e R0 Kl B 0 b

OfRRIRAin HR@Bralie "i‘@;ﬂﬁﬁ:ﬁ fp‘éﬁidl@&pg@crrhﬁ/@%é h&ePhtyhiif 8le context
i nspection of sanples o he particul ate material .

of Averegatiasgh yhe Irésenissperidigations }bét:ltaﬂ?reatlil thwqomtexrt p%nqmltlﬂu ange of

o AR EARIF Bl s BEIE Bl ara.

Acfc@fdlﬁélg ¥ ReGheh sl fi@do’:lﬂﬂpﬁi Wﬁtﬁkﬁhﬂ&rpph&ﬂ fi@ige in the pnor art,
distribution. Stated alternatively, while non-seeded

geperebiyiat ahoh Bieaghmetivayidpeisb of thg senosted Fapgeofor herperitch
GAENSEL Bgrlt%ledlﬁgr%hgl&;); ARulsieh. Stald al@%aﬁOely, 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] 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 utilized to measure
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observed aspect ratio distribution and not average

aspect ratio. [0022] In addition to aspect ratio and
wavercageoparti cl e size of the particul at e mat ePCaUS2005/042028

nor phol ogy of the particulate material may be further

characterized in ternms of specific surface area. Here,
specHes sufmo aley ofthaipkrishlatamTeriek Mrcquiingdesembadimentd hersin, the

bo%{? i aé‘f g\ﬁg\lgf e&}am égstaagreeéa V8§' hﬁ%}h%p%% ec?srélltrfn & %r%% egenerally not less
thaR QBB 1emPIar dubis Hé Ab1Ged¥ahA dkdht s &, T@ hétg Wehot 166s in about
s ecific surface area, generally not |ess than about
/grrzéllgce speeific surfaestareais € fupciion i sattickomahglogy @s well gs
p 1?:{§n59£e$ g nefral ﬁ/E ael%l d su?&gggljleg of éhg?: %Rﬁq}vefsllé:ss %llltﬁ[hfa%SSt 400

n e nor

m pga@tmpésae@l B, ab@&ﬂ@f’f@d)ﬂ 300trh7eg s@mtﬁd mngwﬁoaaefaae em@a afe about
enbodi nents was | ess than about 400 n2/g, such as |less

75 oh dhtoaiium /350 or 300 n2/g. Specific ranges for
surface area are about 75 n2/g to 200 n2/g. [0023]

00281 Ahidng & &P ﬁetgﬁ§ 8f ﬂh %ce&la? b? LREBSHE %o&%n%a‘%ﬁ’cﬂeﬂ@ material

boehmte partlcu ate terial ormngatranS|t|ona
(foaniry maqsrtema:lraémmnaq:remem,strcfgadsmk enateridl) maybéepmanufactured,

manuf act ur. en oi. d,.. needl.e
eiraren Bpstifased St e FeTiaard PoRRL P e S sl lprpeg fom o
bo&gﬁi%@bﬁe@u@w §Y{caRY an hMPAIAAS Matdilal ahd1diIAL BEwTE Blineddls, by
including bauxitic minerals, by hydrothernal treat nent

hy%\@tlga@melrtaeratryerd es epnasally dascrilive i Sinrrommonyosmedpatenfdescribed
ab%\%:z gf% \pa%%l}t?@&\f e1?]9 %Esf«%&ﬁéﬂ?&lg% éggynl%@ngﬁg?ulzg matena%) may be

foxfrwdffgdcolﬁwlﬁmgfﬂiefboﬁﬁmitb @réw&bmﬁdebqehﬁmerssms ia Bldspensmn exposing
boehm te seeds in suspension, exposi n t he suspensi on
the aispapsioat EUengivebl sobpr glppy) gv)heﬁt&r%ga?n {ip SAYSFEPRVepsion of the

ra\g gﬁ?i&éaz F’rﬁg SbeHnfe: 1c?d'f$tu s W R & infiildRed %ﬁ@b‘b@hmﬁe seeds

ate materia er ‘influenced by the
prédaddthintsesismeids. Heatuigie _cgemanalmpmlsmann abientopengus gnvironment,

ener aII carrie in aut ogenous envi ronnent .
g oS, S B e ARG BB B Bt pocessing The
pHP6B8E YhPehsodR @@ﬁ&ﬁ@ﬁs&é&ém@orﬁ OARRSIMEs tHAET @tgredtertthen 8,
suspension is dgenerally selected froma value of |ess

and ”wbo?hw‘fe@ﬁ@an@tcnulﬁaﬁ agartighasiznEnds damrabout &8 gycrons.
tjcl .
QP B B BS-2ut i KPR o289 PEPHIUCLR by of

m@ﬁb&ﬁﬁtﬁﬁreﬁﬁﬁ)@(@klﬂah&ﬂaﬁhg@g) lﬂ@ Iaating Ilsg&ttrrlai odthea temperature
boehm te precursor (calculated as Al 2(8), and heating

gréaterdhan atwt BUCaguch a5 erpplsr Hhanaboyrldar er Ort GY5M SigBisT fhan about
136‘;’)(’5(;),},31 Pesﬁﬁ‘%&r ? Rlaflo g%ﬂ&ﬁl}pé%ﬂ%tehz%caﬁgl afohd 30 psi.

[0024] The particulate material may be fabricated with extended hydrothermal conditions
combined with ‘relatively low seeding levels and acidic pH, resulting in preferential
growth of boehmite along one axis or two axes. Longer hydrothermal treatment may be
used to produce even longer and higher aspect ratio of the boehmite particles and/or

larger particles in general.



1300C, and at a pressure that is autogenously

generated, typically around 30 psi. [0024] The
woaodsiosedoat e material may be fabricated w th ercemsems/042028

hydr ot hermal conditions conbined with relatively |ow

seeding levels and acidic pH, resulting in
[OQﬁspfFeﬂlewungdieagnrmmn@ﬁudh@s lbmhtyérodlemgl oertmentj anddroehmge

axes. g dr ot hermal .t r eat

coB e E G PHHGRN S FH HIER AL UEt o st af i ation

prOQEHH tﬁﬁdaﬁ&éa{tﬁkﬁﬁo R Rhte HR 19BN i@l ©FhdrBafter, the resulting
general”. [ 0025] Fol |l owi'ng heat treatnent, such as by

mdvy iy gensi lratusheds atctetet 100aneshb didh ppted thas rﬁlwalastmﬂate ke

cont ent emoved., S
st P S BIRGE Lo s By AL Tor o e pEessine
ra@¥ADaFk #eiobREate 8 TRIdN NS fehfiH . cefthiared@ddahentd {fé% for those
resulting mass is generally crushed, such to 100 nesh.

producissthaioral dort andtagetegasd materiflat e si ze descri bed herein
general |y describes the single crystallltes forned
0 e g
[0(#&; #%%ﬁ(%ﬁoﬁn@a% her%@%ﬂg{ d:fr&%ﬂ’i &U%t&% ge% g@é‘fﬁhy be
m@diged diusng thaproeassing @ﬁthahcbhﬁg@rmglahadnmtatoaufﬁeaﬂ the desired

0026] A di t dat t h.
mOTRDGIRET oo SOBILIFS RARTABT B T VB httor REds al g of
boteﬁl%ltg i}%ﬁﬁ& t%googﬁmlitg QedX0 BRPat Rl AW TR rabedMds o f bSid @ he&L used

st red norphol ogy. These variabl es notably
dunmglpm@tesmd@(awegms thetelaive pHdtzvel)s and He températupt (Whlch is
g hm te precursor ta boeh tm e SE%ththealpart cu )r
iR Poae Gerusdr s g opucet fEmsnrn Rk aibtle
syc@m.vwel | as the relative pH level), and the
tenperature (which is directly proportional to
pressure in an autogenous hydrothermal . en nment ) of

[oem I@mﬂmfn [Wozthe Weighhratiodemediiegdle %F rﬂther variables
f.i

Bl L e SO gl

mbﬂlﬁebOEhxfﬂxhﬁplbaM&ﬂeﬁ platssinggit eanriat ant 81)°ﬁifdn thriogtbursHora 2 welght

gt bP UG AU e e s G TghreTls Gapepppartiles
(A{l}?bggg dfesA B etidic ?ret:@xrs@ neafk@ses hanedhe @@FF{ b6éIasite seed

a species o boehmte precur sor
ratio g nedmted tovl &alut lo€ SO tho phutictes bsm@b m@rﬁ lptlsf;aﬂjé @h&p@@ Still

bR pNBh 5 23 e SRR b e BRI B e e
Agcﬁeﬁiaélﬁgfgh@?ﬁgglﬁgaﬂthé Gattbbf Uoblﬁnﬁ@pidcﬁﬂs@ﬁtobﬁ@lﬁﬂﬁe seeds is not less
than about 60:40, such as not less than about 70:30 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 generally 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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Accordingly, nost typically the ratio of boehmte
precursor to boehmte seeds is not |ess than about
wo6Qoosdso®ech as not | ess than about 70: 30 or 80CRMS2005/042028
However, to ensure adequate seeding levels to pronote
the fine particul ate norphology that is desired, the
whesipgdtessigd is eanfedaeini 808C foreeortsars with oA bechsetdsed ratio
is general ly not greater than about 98:2. Based on the
of PR Gon Agyeidht % e ASE SPlytiqle: By HAGSIZSY SiEIes apg eenerally

neéﬁg—rsﬁa%\g@,si &&kt, GALD fhe 284011 SuiRiERES AR ?I[C%%E é’fébﬂt@h‘[ of 1 weight

ratio general l'y decreased aspect ratio. .
% Brlesh) dire, synthesiz¢hpartiylpe amfgeaapllly near splswicals Wbel £iveadght % or

. hol dj fhe. other variables constant, the shape.(e,g.
nigep BERCH e duibe SPAS G BHECRaPRRG enseD) P phibed. Al
weiift YR KAHI SoidNRD sRHIRGERE bAdicieS afAplhicRel siiped aFuABE)With use of

for two hours with an ATH boehnite seed ratio of 90:10
a hiapicgolRtiomisyhlt 294 mieight &6 KO throtyathiesimed particley atelmdateletehaped.

articl re neral | y. needl.e-s ed, o/ c 1o

i Gl S G PBAER Bt S0 R 24 RQEL ERbocigtn
nithicWeidgiik nd6rpholb£y 6f tht Benthasiiet @aitiets ipplatelt!sBSpeall Noteworthy,

general |y near spherical. Wen 2 weight % or higher of
the-gove svetght P4 yadues efifee agdt anddiaseschrp hrsterl ondle godicls pantent only of

- i 0 i i . o -

R J R R BE Rl B IR o B LT o taP et 2 of
thdtotd] keight of the sliseieof a basic solution, such as 1

wei ght % KOH, the synthesized particles are

| atel et -shaped, . If a mxture of .acids and.bases is. .
(o267 1wzahle 56k And basts fusthmipsees Gric 27 A aggdic acids
subth b fofmR G, hhiBBe MR RNAIR 8Y hfro&HISri S ¥did, e g &gt salts such as

particles is platel et-shaped. Noteworthy, the above

alweinghitniyste ahd ewmgoésiurh sulfae. dEffegtyehasesdncdude, farsa@mple, amines

. the solids.content .only of .the ive.soljd;: .
indlEE Ropifhie” SRE My OMicks Mot PolSSRRGH T2 elifine nygrgride
sutlpbadaloiah @Rlrcidef atdisasicdaits. wei ght of the slurries.

[ 0029] Suitable acids and bases include mneral acids

e A e
w@ﬁ%lﬁ’a@g E;agee@me AU AD A i 3% SmPR S HBORSE UM is

i ve bases include, for exanple, am nes
cairivel antlatray ATHdehmitelséel minyHPO0 tes 2 swight Ysnivoe acid solution at

TS B LA 0SSR
whsSORE! BtHaNa 5i Sng¥Reink | eQwatd:! & 1HobdikHihvetabe partiald s Wes found

constant, typically changes are manifested in particle-
to bp 143 ARgstraanardt@rdinglynayiewperstirnis ingreased, particle size is also

increased, representing a directly proportional relationship between particle size and '

temperature.

[0031] According to embodiments described herein, 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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carried out at an ATH boehmte seed ratio of 90: 10 in

a 2 weight %nitric acid solution at 150C for two
woawedsohe crystalline size from XRD (x-ray PCT/US2005/042028

diffraction characterization) was found to be 115

Angstronms. However, at 1600C the average particle size
coes whithaay ceda id 4&id fiat nosrsge patide dizagisywelass controlled

tenperature i s increased, particle size ig also.
pagtile Gttt ibhtpRse SO R R IR L6 o gomndicgrEplling key
o U8R SRR L 8108 AR e o
tergdrattitey ehd/ (i ceadiigrbased techhelrgpiseofpaticeks sigpiflivauis) prpyiding

may. be enpl o to engi neer, desi.red norphol.ogi es i.nto
reﬁeﬁéblﬁ@@g&9§6¥l?§%%m%%s B G AR béeefﬁléw Cilge material
'§m+%ggance, enbodi ments utilize seeded processing
resulting in a cost-effective processing route with a
hi gh degree of processcontrol which may result in
[0a3a8k Witk thic feregoime dige fogasedian) beekmite progigcijg, (whagh forms the

control |l ed.particle si,ze.di ' ' 1 The..
S E PP B ST AL 8y, oot of e
pra&fitiiad@®niiivdlie Mrhaesscesthotink pgirursstmhteaial e igisitional
ratio, acid and base specjes and tenperature, and (ii&
alypiagi Hgre thedpehadts peIcoes)r ﬁséleétft“f?éqd[hycﬁ?r{%‘?atlon at a temperattire
suffl 3t [d EARE ﬁ'}@ﬂ%ﬁl‘?ﬂd’tgg [ﬂgo Eqﬁﬁﬁheﬁhﬁhgﬁ%mﬁf & d @BltEnation of
processing o esire oehmte particulate nmateri al
traiveikipined [phases s TypRAIBY calvhiztien diteaf Geagentrig céraisd bocaieed

on boehm te producti_qp, ich far f st ock
temawgiopeder Bratrt i on bt G Seiablits oS g yes g than
2593 bR RSP ERS tRoNOE iRk foft 8NrhRtidralValites, gamma
u

er_processing of the precursor material into
alumiansypicaliraivilh hotrthkrapladde A, temprrapiarsiensaies tharebip0ser typigally the

heat treated. by.cal cinatign at .a.t . e
preger et fensTomt g s Pt Brdrartil SR i g obpainy rapsconal
al RS Par MBkd\RatcPial. A RN Y deftBi radmbodanaits, icaledlation is carried

phases. Typically, calcination or heat treatnent i
oug arar tiemperaiiare greaieriteansO0 e Lueh at Bofiles thavaaboybthih Co g?@e,

but | ower. t t
ot G MR, Al pLRIERLA 9305, LRRRC B8R onb
teinpaatidd woally sdsulting &y a ghsrmtialppoparton ofythéteghhse akirhina, the

.not take place. AL tenper at[ur es greater than 1100C,
highest tempRRtYR domn abRusEiongl A mNAs nsf orm i nt o the al pha
phase, which is to be avoided to obtain transitiona

[o@irgg Mhier AabddifithRlkee SRR flateripGafel BGet tha OS0E, Ruch as
enbodi ments, calcination is carrijed . )
within a range of 750 to 950°C to form a substantial content of delta alumina. According
to particular embodiments, calcination 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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out at a tenperature greater than 4000C, such as not
| ess than about 4500C. The nmaxi mum cal ci nation

woenpacetosr e may be | ess than 1050 or 11000C, POEBAS2005/042028
upper tenperatures usually resulting in a substantia
proportion of theta phase alum na, the highest

mat&;rgiﬂ) gf ptbdksrﬁinﬁmi}mrﬂfxidd’, apaiidlized ghsealivanidsresfubd@Bjronémes need
enbodi nents_are cal cined at _a tepperature | ower .t han

notgrpigpleraertad gxceii ORMesHesHRd E%ﬁt%gﬁwl%@@@f%‘l%r m
a substantial content of delta alum na. According to

(00B3f SR, u;rﬁg%%g' OB S onGRLSIHRALLOR: h%oﬁ@él‘lédqgn@b@rio@g% effect

enper at 5s than about 8000C, such as less th
repebiabie aid5€lidble FAB0ONRGoR frbechatehr tarksfaby rbare.omost tpicadly shock

colB PRI BUEFRLDR Ro0S: ST R RETEe PREPGONRGR hete contol

ph&RH; §Abhiesh. 98SoRNIRLIP! @RSHH R RVds tARBER BngBREAUBBUL 0.5 minutes
calcination is generally carried out to e%fect phase

to 6harigetss typidaly lpmewts todd mamueasi al and not chenica
reaction, and since the resultingmaterial is

[ nm_nant j . cial i : :
OB LSRR b A1 AR R b PR AR ARy Gpove
sofvaroneakitidast dl@dinkr Mgt tpisadly, tk tehsfarmestipptiadate neferial was

0035] Ho . _tvypi I | ci i i i
forgitogopis Foacba) Ve pisalinal e B st si et Mr o
uahskibﬁa'amf"n?nmg{a% kR Jg_rcﬁfﬁag%ﬁﬂalta@urﬁﬁ‘ﬁa%aseﬂ%{a‘?,vary

nost typ ly's cal

I ca oc ination is not carried out,
acagdidg tb gliffiérérftieatbotiintents; euthrasla tlepel teangitionalhapesnereessentially

control phase djstribution. Accordingly, s&alci natio
o ST BERy B £ P O PO DU oY S E i) gL to 100
wi &4 %Fl*eyp@lh@aiﬂa)trmaaﬁahﬂtﬂlﬁnMﬂS m nutes. [0036]
GeneralTy,” as a result of calcination, the particulate

material is mainly (nmore than 50 w% transitional
[0G37Li s prerditvg feorieynat tisatlar eatwg ethe mpsrhlp@eef tha bpetapiefeedstock

tar.i al . ai » 0/ .

AP R U 0L BP0 Rhed 2P i, pporsine

deﬁi{ia’lﬂ@ htoirplh[tﬂd)giédl fauies manbe exginderatbiguihe bbehmumatcoidinrgio the
al um na phases. may vary accordi,ng to different.

foRRaBON SR, SELICR A B PERGMGr. PENETTIS RO bave been

sthm%é &R ARl tRe %eﬁgilcesuf}ﬁ@ﬁe@(f)f tBe FEcABBLE hRAMal, and in some
alumna (e.g., at least 95 wt% 98wm % or even up to

cadf30inut s o Surfacs hreg by aploasicofah least§%nk1%, 3l 148 ondnaig) Since

0037] According to .,on rticul ar featur e
mirpPgieY S e goan it 2 sbtuft s Bt dedipion i
connection with morphological features of the boehmite may be applicable to the

transitional alumina particulate material as well.

[0038]. For example, the aspect ratio of the transitional alumina particulate maferial 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 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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material is largely maintained in the final, as-forned

transitional alum na. Accordingly, desirable
wonophedwgi cal features may be engi neered i nt oPCIAIS2005/042028

boehm te according to the foregoing teaching, and

t hose features preserved. For exanple enbodi nents have

croBEeR 8 hAWRoh& v S tBE Pardiclek @ASplahd erppdithlctoshy foagest
area of the feedstock material, and in sone cases,

dimemsiopase surface area by anDunt of at least 8% 10%
12% 14% or nore. Since nor phol ogy is largely

rved i r od
00 Rt e e BBl BT SRRy by o
eloﬁ%at&h erkaeb [’ﬂi\hﬁ% ﬂﬁYasb&t anpk desebbed hlgowehie conratot wWithate
um na particulate material as wel]. [0038

or )
neeshesipiped petielcasPevevitaplpislerhaprd P@Jﬁ]&?ﬁsu PGA Eaﬁ’lﬁ?ﬁi’?ﬂ%te
r l.ak, :
major éhif&éje e 38{’@&5&5 oerssérfg %@E flén&gfly b%rﬁﬁ'r elnlili%@rluﬁgléye %?rallel
to @Rhbodien. Bididitionethepldtaleeshapédapartieley rr@lydngbaracierized as having a
particles, such as not |le

|
secoBABY aaissratip greafes duan thafp ?}ﬁedli]efgha\ﬂve f]{ Il?a‘%ﬁ 1 %el?fsrﬁl ly ot less than
abdt Ber %Q&Fastrgt REEMR 280 R oPaFdnl 1t Bss thddel 0SE F’Dﬁﬁ@flly the

aspeét ratio Is generally not greater than 3:1,
shdrtest dialelnyion ot edgeakmensiorh @nrp@ndjcul@xr toghe apposge majqygurfaces or

of tenti 1. Th sec c
e PP BR B SEDETRS AR R SO s oo
thaR@bbhCBSanberP| ane perpendi cul ar to the | ongest

di mensi on. [0039] Pl atey or platelet- shaped

transitional alumna particles gener

| .
(o brfgehe s crope PEOHRGIASG! farsiioed dpiia eaEslar pegrial i
ge@% Wesné’c%r&al? dbg mdognah&ﬁetgﬁe%@faﬁh@ﬂﬁﬁ a@ﬂ{gte'o@ bBSut 75 to

et - s aped particies generally have
750 lnpmﬁnétersrrmﬂmr eﬁlbbﬂﬁmmms havh ev&npfﬁlmrs”lalveragapmlc]@urzﬁa(sg@l as not

bei n | anar raI aral | el
SR é}gan(‘:’ar i1 etefsh é8€ pg% d‘%&mﬁgﬁcfs %anr?gleters
an@ V&M AGE dv?rfgdanaasvefk%‘é AdicR S%Q%Hm@f ¥ha@d SP 8 Ghndn@dtérs,

great'er than that of needl e- shaped particl es,
repgemnag h fina particelets mitarialaothe cgntext efiidne prstigibte matesial,
em?oH 1 $ }thrgtsh%“vﬁg(%}%%\é%npagt?cel%élges %nlﬂ?eqr%ha‘]noﬁ% naEXﬁ%t%?sl b¥oh as

noP SRR fiaf b & haddndtére. ORP &gk CorBjenige partfchceze Ids Withies range
. 1S generally less than 50 nanoneters, such % | ess
oftlﬁ@tp &@bmnomt% rﬁﬁ%ioé?fgces‘éﬁonﬁféé@tst HgRT B GErbogpnents, the

QUBL Gr 1?@%&13 i g«{ k B 1indifA8 Q}éﬁra'@gl%t fR&! thhe 5@)@ '75 e
RE TP P]SI I onal a particulate materi al
nanometers, 100 nanometers, (partlcularly in the case of platy particulate materlal a

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

[0041] As above, the term “average particle size” is used to denote the average longesf 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 technology is generally based upon an assumption

that the particles are spherical or near-spherical. Accordingly, average particle size was
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generally not greater than about 1000 nanoneters, and

fall within a range of about 75 to 750 nanoneters.
woRhmroseobodi nent s have even finer average par PCTIUS2005/042028

si zes, such as not greater than about 600 nanoneters,

500 nanoneters, 400 nanoneters, 300 nanoneters, and
detexmmeqb by takigaauhipld regresentaive sagplep and pbysecadly zecasuriigl the

n. 27 nonet er s esent e rticulate .
a4 RO 5 PR SRSl 5 PrgeT %gﬁ 368 TS PP rious
chﬁgaeﬁia@i%{% EShIRLES, SHAMY ByQchiaNSs Sedpdid ﬂni‘dr@sc@lbyz@m'[ﬂ i€hoted
t han 250 nanonetérs, such as not greater than
than aﬁ@ntan@rls theQiteratamgrepdrtnd pavteqlegees;gﬁ npleded fqﬂhzle tlllq eoaitext of
in.a,ran ano ers
avif?%eéé s R ne S e et eE B oRtex £ Sypiinal range of
paticRd 41ﬁ>§tdeﬁv&fﬁ&ﬁ 2&&@1%@«&1@%%%@@@ of &le partidulité Bdierial.
such as not | ess than about 75 nanoneters, 100
Acnandmét éh@save(aggamaﬁm sird yill lie wibindhe gepoftegh Faagy in the prior art,

cu [ [
R R P B R S e o
Gafi§siabpariele tsize dtseﬁlmtmav ahagempsktage partilezd’e dlso deetks tpoimary
denote the average | ongest or.length di 03 of the
pariiste sieq. exlatedipsthe sndinidugiygAgtiegleRi pHes: ?r&%f ispgsed or
{ 0]
R R GRS e s g
pagicheeze bﬁd axetpeesenedlscdnsmeddw abofpgus en gegiemerateysitinged
upon an assunption that the particles are spherical or
near: her i, cal ccordin aver a artic si ze
(oL GiRERT Hea sisyF G kP - EPPaEy Boe i Enbeiy
coﬁ@éﬂ%h@%o dedvaRyshgatd itidRREHrbMGeprdSerR@ivie s plisg, Zt&icﬁer than
found in representative sanples. Such sanples may

upperiasrowsr liraits aaeciethd Fatiter sspetirfirsiddhnpytiedate ﬂ?é‘ﬁlaés
.scannj,n | ect
O a5 LTSGR A RS IRk Fk e o 10 g cone

of al&8gesak ¢ thetpr&ent dpecifibation, lblit&aﬂhan irettic cofiteaveirmyesal asnge of
in the present speci.fication, hut

s A Qe edram B s GePtion F PTBTIGS Of B enieh bfagaterial
A({?gggfrl@g%ﬁé i@ér%% Sﬁg@c@ tdtNyiflflieSamh o5 ﬂ:&)oﬁé@raﬁéé {ni B! bﬁ&leart

gly, the average particle Size w
gehéreallywat dbiont thh anﬂm;mconctrmdpmatng”ethq: repored mnugg,rfoaﬂue eXpected
i.c..m dpoi,nt_ 0

TS e Sy e L Il i v

tec?lhéﬁ) flis Sk 'r%ﬁ ct 180, sBEHAAY BEREBIYRBIbicS HR 16We€lidlt 90 an
enotes prinmary partl cle size, related to the

obsersted agpactirhtyo digerbniipn aid rot @H@@B@:ﬂ%ﬁ whet her di spersed
or agglonerated forms. O course, agglonerates have a

[0&49%%%%1%1\63 ltél aslp%étgfgtrio &YPLRYSe 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 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 m?/g, 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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particle size, and the present disclosure does not
focus on aggl onerate sizing. [0042] Likewise, in a
weizmicloas2oemnner, the above-reported aspect rat POE/US2005/042028
generally correspond to the average aspect ratio taken
fromrepresentative sanpling, rather than upper or
aslveallers phaitivld Szq gsnaraibt thel spw'difﬁn furfacaspeof emabddiosntf wasHess than

cuj ate terial t eI.'teratu e,
PR BByt P s Dl 530 pOSOLFEen pecilt Tt i istace area
art B6of 991Exd ofooanBg ages as in the present
specification, but rather, in the context of nom nal
range of aspect ratios derived from physi cal
[09443 Reetiubar segniSeampt Bttobutedieo Pharsepdadiraecsssiag pathwhy, as not only

A d i |
AR S B ST e BRn e etk Bisblsprgtl v Bl
coal?6lléd hbhaldgh lw&td [ReditSdp Oivhich OF 1atfedy prepevddeid théfgd product),
for the expected Gaussi an ﬁartlcle nor pho

0
bu plsp theigedagrprosisaing eouig isdretiaradiie|myanilgpi deélrafbg%p@@ec@&mpemes
. i t
in S5 05 PROGCHEAAT, R RRON, nAIRIbaLE uiorplifllofBitbosions
ovas pesitionl ;hlomﬂxixesﬁormhmby @Jnvambnmtnoax/seeag@rmpﬁﬁg pathways..
ratio. [0043] In addition to aspect ratio and average
g t cle size of th tllculate mat eri al , nor phol ogy
(091 ¢ g {4kl ate-5apcd pe theSiShe furt her

characterlzed in terns of specific surface area. Here,

[004%¢ APANBELYe WY AEH BRI QviBET 4D @¢ T el VG akdbrihiid @hfdRoxide
nmeasure specific surface area of the transitional

pusthasecop arleoas 01 &t 1B ofrbeadiiity obtaiped Famnyr Y@L srsedheraime-
ng L B%seﬁ&%o?l%{‘lfté %%I Abor B % ﬁlwa@&SO 837 & A és\éﬁjr%h{ﬁ:&gde
d% I'C surftace ’aré€a, genera not Iess

an]iQ) I@lfog),f 23 W% ndtsicraoid. Tlasbodhhﬁ’@ \a)ﬂm[_htta daDensd ty 5 WofitRé gater
not | ess than about n2/g. .S n%f@1 specj fic surface
Y

anéroe%ﬁ hb§>féh@f%*ftb¢fe¥? aéfhnsé? thecglemingpm afd|the rgnaining
:Q?H ally the specific surface area of
Wgﬁ;bﬁgﬁjﬁe%ﬁ%gﬁleh eggs t han about 400 m/g, such as |ess
than about 350 or 300 n2/g. Specific ranges for
[0847 f Heeutaokarcaras lab@oil to 17&5°@Q¢>@ertao452m01ummeglod[a©@mmtamed at

rtic Lgni fi c buted to the,seed
g on GG o) Qe VRS THBE abt (Pt aliheb T BELEH g pressure
oﬂa@oﬁtol%m psh@ad feabHiidtah @ Aalint@nbdli THorIFGE the S08hrald @i@pér@lbn was
ightly controlled norphol ogy of the precursor

ren@vpchfrg@tbe pteclays édter putoelave thaat! pf e ﬁ@ltvyas abetlt K 5 ge liquid
conilit %3%%%%\'%8 %PS??Ap%%tJrQ %@ 854S ﬁn%l h&\{‘% na{.’s Rzt kags@%d to less

esira properti es

thirn tOQEEstg The SS@,S(bﬂth@walltanﬂpﬁwhﬁl Wi abatrt, 62omtlg.
crystalline distinctions

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

[0049] Example 2, Needle-shaped particle synthesis
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over transitional alum na fornmed by conventional,

non- seeded processi ng pat hways.. [0045] Exanple 1,
weoheaismestnaped particle synthesis [0046] An aut BCase005/042028

was charged with 7.42 Ib. of Hydral 710 al um num

tri hydroxi de purchased from Al coa; 0.82 Ib of boehmte
[ooedt Anra@CbcMVQrﬁ/aSAEQgedmﬁkﬁQSOTgeoﬂT@rdﬂﬂ 7103ahamahmBr1hydrox1de

pseudoboehmte 66.5 | b of de| o({}r 0. 037

PurﬁbQS& ofhPIRAGF SxE albockmitepbiang b/dlﬂﬁiﬁfrth%“%-&atapal

e r d 0
B R B O R SRR S o7 B bR e
boé}ﬁmﬁmdﬁqmedhsmmdd trhED(r g whtheiwegensati €19 @nfithpatiddsifurardding to
h dr oxi de, [0047] lq} aut ocl ave, was hegted to 1850C.
wrpingnysihyrexids ape fregmemyngeist aihaddat t hat
terrperature for 2 hours with stirring at 530 rpm An
(0034 OORNRMSI N IPRAEALEE PEEES W& 0f5 Ao peHod Ad8imaasined at
reached and mai ntai ned. Thereafter the boehn1te
thad tegpreraingrfond owre N@théﬁlrrfmg)m ﬂ@épfau Hoappeenoysfst ggnerated pressure

ut ve the
o Bie PRt rehbo et Bt furd aRsfRRY g Cotle ich was
reth &l fE A th FRESCIWB SA Réluaedatedtht pH fiiadd] L@O amm TH'ethuld
SSA of the resultant powder was_ about 62 n?/g.
conmanisvarap@IOled aiHempeRBIAeHd I 330 EosHint AT HEp @@Skﬁ& ™ less
transfo I t he
B ST e Bt B g SR 02 e o
X-Ray diffraction R etveld analysis. The specific
[00sQ} fThtsematesal wis dalvinedaatrpBe *Gder 1000 © tmzvsgmnse@ Fingna glumina.

Afiﬂy ﬁélg@?%rr Ghut Zﬂﬁeﬂa‘ié @cﬁ%ﬁg’%g‘?’%ﬁ&f 2 dpe b Zatpy gliffpaction
Rlbbé@la%ha@éig ﬁﬁéﬂ&&ﬂ@kﬂé&é&éﬁ’é@@tﬂ@s @bm 4.1 nong. e Fag. 2.

of "boehm te obtained from SASOL under the
narre Catapal B pseudoboehmte 1000 g of dei oni zed
dampte3.Jlip I : @df d. The boehnite was
pre-di spersed in 100 g of the water and 6.9 g of the

[O@qurpzﬁ{t&rlgvea\ggé Jl]xgrlg%(@vg 222 dyﬂfﬁg&hﬁillofm&hﬁf&hgﬁﬂ@%mde

remal ni ng wat e The aut ocl ave
pumasddefedm dxlt«:a 18@0Chochneite abtaBedimont %A%@Lumdera:hd name--Catapal

B B AP s’ BB % AR At e AL e el aid The

dighaitt id P00 P (e tEﬁaﬂﬁﬂ@CB ofithemiont st ddding to
bogﬁgﬁégb;é? 1?‘)Sftlﬁlgz)eqboelzhm tg di spe?sn on Wasgl s

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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renmoved fromthe autoclave. After autoclave the pH of
the sol was about 3. The liquid content was renoved at

wa 20mmpeoat ure of 95C. The resultant nmass was eCuUAISemds/ 042028
to less than 100 nesh. The SSA of the resultant powder
was about 120 nR/g. [0052] This material was cal ci ned

[0084] PBRA rMEerdQkvad chlicihel @t $3020SHOS Minuteotogeametoralintyigamma
After calcination, it was confirned to be OO%ngmaX
alupningiArfier d@iémaf@prxma@s enfirmedto bsnl ORyeearema aéwaﬂ pesto X-Ray

c c_sur.f 2
ok o e ity s

Figparticle synthesis [0054] An autoclave vvas char ged
with 220 g of Hydral 710 al um num tri hydroxide

(00 RS AR 0g FiS PR eS8 a0 3 R BLGR FE By et
magé 1aﬂﬁ1! a?Qf i 88 to? gpglﬁﬁgogsl 1&119111%@5%5&%&5 thét aRCAA parti@larly

e was pre persed 1 n g of the water and
well suiBedyfon bottatecasudh dseh caplehqatiglmmgqmgng highat barilmpgpand/or involve

R e TP RS SR Pl
of Aghé M%Mr@te@ﬁ&l abeattRpHbilite rapefinddall Fedistaikce, 3hétfmla[ s

wth stirring at 530 rpm An autogenously qimerated
comgsmy, andelegivoal reg_lgtgncppsmalmge Preadit dansitionalaluming a significant

Ther er,t boehm
1ndl11ﬁté1a E][a aahv(gt%erAlﬁs[eg I;nc(i:l d[ %:nf)gegr[ee%k ?anz’!%ﬁn %&ﬂﬁ\f@efé) Opfa'b&mas an ink
absdPeuAt irflinkjon erihtingp hsla canlyenhs MﬁBraneﬁrmtd(h, at asian abrasive in

t enper at ur e of 950C. The resultant rIass was é;r ushed to

demarding phamicaonspharical podiskingugad ip e sleipnicsipdysBider
was about 135 nR/g.[0056] This material was cal ci ned

[O(BFL W@&h&?ﬁv&:ﬁhgﬂ RSN ERustrh @A 9H P8 EBCHBEPindBBBEtext of specific

m na er calcination, it was confirnmed to be
embﬁa%agmms abtunﬁendte@@é)etlom}edRayh@ieﬁdllSéb@W@nSINeé’cavléPQj

moggc %Iﬁ%aréi Q@ggﬁec' féa% be E%C eth%{ggcge 1n§f1g taﬁi%& gré)ren tthe scope
of AR ehPRvER AR Fo#@)daiﬂp@taﬂdlﬂoﬂ of B@.ubzﬂ&hrﬁubﬁitutes can be

particulate material in a wide variety of
prayiid aetddditiopali areruitriest Brogrqtivarsiconsat Pf?a?maloéedm 4ys such, further

ticul ar s
m@ﬁﬁﬁt@m ciéqu} (Ilqeunitsf &n%g %Jeﬁﬁoxprge?gl ggsglsosgﬁgg&g?t%?dﬁs% ersons
skillied fin ﬂﬁ@t&ﬁs@iglﬂo&npfe&hﬁﬁﬁjuﬂge emmmeaﬁath andmllovels modgﬁcatlons
of fluorinated pol%mers opertie

fl
anf cqsiv s re iic BRbORBTTBHn HASSPPRTLIBS VEDRoLfdlsfioed by the
roGsiatARge, t her mal
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conductivity, and electrical resistance nake the

present transitional alumna a significant industria
wort@rocedos Ot her uses include inplenmentati on aBCaWS2005/042028

additive to paper, as an ink absorbent in inkjet

printing, as a catalyst, as a filtration nedia, or as

an abrasive in demandi ng chem cal nechani cal polishing
Wikt IS LA ES) Bt roni cs i ndustry. [0058] Wile the

invention has been illustrated and described in the

cont ex : TN [ 4.t s not intended to

be Ifn%#%%n§g§%ﬁga éﬁ%?ﬁs’gﬁ@%ﬁ?n%ince vari ous

nmodi parteltd amsprasine sarziontiutliming hasimge aspebé ramotdfaot less than

departing_in any way fromthe sco of th r nt

invention&l@6?a@%ﬁﬂﬁ@%@”ﬁﬁﬁ?¥?8ﬁ5&38ﬁt@ﬁbgvgfgﬁfmnandnm

substit ut 8§s.,:caM.Heo®y Ayl ded and addi tional or

equi val ent production steps can be enployed. As such,

further nodifications and equival ents of the invention

hereh npfli SELASE A% QOFURir 0, REGRANGe Hahditi GRAI hRTiRSis selected
art uUsing no nore than routine experinentation, an
fraunl the gehp todki ftingalf igemsnazahtnmeuiolal abnhmagad theth Rbveda.t o

be within the scope of the invention as defined by the

followng clainms. WHAT IS CLAIMED I'S: 1. Al um na

par t 3 cThapeticmhemadrial obofpinh 8] wherepatht itehatomab ajuniisa isgelected

transitional  al um_na having. an pect. rati o of not
frpsthe groaR cansistag P sAMR gEa ﬁaﬁ? AP HUB of not I ess

t han about 110 nm and not greater than 1000 nm 2. The

particul ate material _of claiml1l, wherein the ..

t r andi {hopriticupigmmaerialf glaimaés wherehyihe f1sigens glumina is gamma
lGeRs sting of gamma alumna, delta alumna, and theta
alumna. 3. The particulate material of claim 2,

wherein the transitional alumna is selected fromthe

grou .

3 TRe RPN e TR Pl ¢ e e SR S Bl gt teast 70
wtWodrmbitiomml alunaghami na is gamma al um na. 5. The

particulate material of claim1l, wherein the particles

conprise at least 70 wt% transitional alumna. 6. The

par t 6cThapaticubermaérialfof claih ) Whemiretheipartickes cpmiptisecatdsast 80

conprise at_ |east 80
wt%r{Pansitional alumina.

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

wi% 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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W% transitional alumna. 7. The particul ate materi al
of claim6, wherein the particles conprise at |east 90
wonRdestocexosi t i onal al umi na. 8. The particul at e ParEISR@E/042028
of claim7, wherein the transitional alumna is
selected fromthe group consisting of gamma al um na,
del ti4). dihamerticulaintaieniat of cddivmi, veherdn thereepgsaratiocig ingt less than
t;y al of claim8, wherein the transitional alumna
sel ected fromthe group consisting of gamma al um na
and delta alum na. 10. The particulate materi al of

cl ai vvherenthea t. ratio i s not |ess

aboull: 3he Dot R D B ietsin R eopecEFadors Bt less than
ab¥hes-¢i n the aspect ratio is not |ess than about 6:1.

12. The particulate material of claim 11, wherein the

aspect ratio is not |less than about 8:1. 13. The

partjL !’I‘h@&;%rt%ﬁa@é hateraf offdlahm 11 %vheywe &ea@pécla ExtRSP ﬁat less than

ratio is 'ess than about : . The particulate
abpat &ii al of claim 1, wherein the aver age particle size

is not less than 125 pm 15. The particul ate nateri al

of claim 14, wherein the average particle size is not

| essl3t Hae pattauiatd Bfateniad oflbaimTiy whardin telaspeet ragioas nad less than

of 4 im1l, wherein the average particle size is not
abﬁl‘%fa'gr t han about 750 nm 17. The particul ate

mat erial of claim 16, wherein the average particle

si ze | s not ater th 00 18. The

par t 45 it parhalias fareraf Ohftnd 1’31 eI Dikeiv AR Burkigls g not
leRahid £ls&isi ze is not greater than about 300 nm 19.

The particulate material of claim18, wherein the

average particle size is within a range of about 150

nm tg5 29Q paficulate material of claim 14, wherein the average particle size is 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 nm.

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

greater than about 300 nm.

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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20. The particulate material of claim1l1, wherein the
particles have a platy shape and a secondary aspect
wobatiemeae not | ess than 3:1.2 1. The parti cul aPeT/US2005/042028
mat eri al of claim20, wherein the secondary aspect
ratio is not less than 6:1. 22. The particul ate
mat @i dlheghrtcustematrialviar @im2, véest thedacondagpaspect ratio is not
%géio.'s not less than 10: 1. 23. The particul ate
lesshany§ of claim1, wherein the particles have a
needl e shape and a secondary aspect ratio of not
greater_than 3;1. 24. The partjcylate material of .
cl ai%h Ade RRfEEihmeicsles elcdmihat | VSRR thersgeonsiansasgggt ratio is not
ter;than 2:1 . 25. The particulate material of
h%ﬁ%?hﬁé&, wherein the secondary aspect ratio is not
greater than 1.5:1. 26. The particulate material of

cl ai . Navi i f4 G -suyf : t

Chocp BN Ena0EEl 1] SLL | PRSRLER T £58 LERe st
and @,sedvdbNOaspes paili dfl ot greafeacteand: Pa not | ess t han about

70 n2/g. 28. The particulate material of claiml

5havi ng a specific surface area not greater than about

400 24R/Tthe paQticuldte€ mateiial 6111 gibe2 Oyailtetdimthetdecoldarymspset ratio is not

havi ng a specific surface area not greater than about
greptey they 41 30. The particulate material of claimli,

wherein the alum na particulate nmaterial is seeded

alum na particulate material. 31. The particul ate L.
mat €5t allhegrartiquiaterinateriabpiselaion by véistimheaiergndsry asgpg ratio is not

gr@a%rtt*xfﬁl £3..32. Alum na particulate material, conprising
mai nl'y: Seeded needl e-shaped particles conprising
transitional alum na having an aspect ratio of not

| eSSt hﬁ% p%iéti%ﬂzﬁe ﬁl%%?ﬂfjgf Hai ?,iq%]tvinrg%t;?gcig sFhoc &Rl fess

t han3: an average par e-si not | ess
thidebouabout’/g’5 nm 33. The particul ate material of
claim 32, wherein the secondary aspect ratio is not

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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greater than 2:1. 34. Alumina particulate materi al,
conprising mainly: seeded platy-shaped particles

wOoaQoprice0ng transitional alum na having an aspect/Usaiosn42028
of not less than 3:1, a secondary aspect ratio of not

l ess.than 3:1, and an average particl.e size of not

I es?%t m\ﬁmwlﬁgfée e“é%?&‘?ﬁ@“&ﬁﬁ‘?ﬁ‘ﬁg- particul ate

mat eeiRl nefdslsRAgBd3sticl 86 RbHsihp era8 S66RM Alunias BeGhg an aspect
ratio is not less than 6:1. 36. A nethod for form ng

al uni na patia ptudtdese thratdeh. iaskconslenprspsstngio of wyiceiatey taan 3:1.
boehm te pr.ecursor and .boehni.te .se i..n spensi on;

heat tredPPAYAYHEES %ﬁglizgﬁkfl%t Igsosﬁtg%% ?botu%ﬁggghm te
precursor into boehmte particulate material; and

cal cj_ni t he boehm t, ticul ate material to ..

{ s o perG oo Rers dlamott MEr e spaindp agpect rato is not

grtdr@nghd2.onal alumina particulate material. 37. The
net hod of claim 36, wherein heat treating is carried
out at a tenperature greater than about 120C. 38. The
nmet hod of claim 36, wherein heat treating is carried
out at an autogenous pressure . 39. The nethod of
cl ai ¥h. Fpmivkeepaziiculate weakegial, comiprisingfmdinlghni t e precur sor

to boehmite seeds is.not |ess 60:40..40 .The . hod of

o o PR e pRT PR e i il BE b P Ah aspect
80: 20. 4 rdid bensmeRashnf 1,6l RESAHAB) aspberraiidoBnovedéghlian 3:1, and
rati o of boehmte precursor to boehnte seeds is not

great er tanayemge partigle sipgol pet lssithar aBOWildy 381 wher ei n

the average particle size of the transitional alum na

particul ate material is not less than 75 nm_ 43. The

net hisd Bk aduminmpagticulsteanaprialHelameldagdicrsir thespeonslamaaspect

és.nli?at% Ieﬁlsént*pn about 100 nm 44. The nethod of.claim
ntr

1a 1S €SS . . . .
%, reli € average parti cle size is not greater

t han

36. A method for forming alumina particulate material, comprising;:

providing a boehmite precursor and boehmite 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

material into transitional alumina particulate material.

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

boehmite seeds is not less 60:40.
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about 300 nm 45. The nmethod of claim44, wherein the

average particle size is not greater than about 250
womoedeo20dhe nmet hod of clai m45, wherein the areraneoos/042028

particle size is not greater than about 225 nm 47.

The net hod of claim46, wherein the average particle

si zeAl SThgindthed ef ¢lainydd, othertin the WHehiyaiiq s npbpshihan £8:20.

The nmethod of claim 36, wherein the transitional

alumna particulate material has a platy shape and a

secotidahy ragthetof ¢laim 40,0fheron a|vesghtrafemotdoghmiye prepugsor to

t hod of .cl gi m 48, 2in the secondary aspect ratio
bng‘T‘htSFC %ééssmf I%er?teé:t&?mr{ng{).f The nethod of claim 49,
wherein the secondary aspect ratio is not |ess than
10: 1,5 The t had. of cl.aim 36, wherein. {he .
trans; tll; kl‘?ﬁ%‘?thgfﬂgﬁolﬁ‘gl %%‘1{*}6&?}? i PF%’ICfCr?éZS? of theEasifional
alSHARG AN 1R S8EAIORAMY: RSPAGE 75 @kl .0 of not greater than
3:1. 52. The nmethod of claim51, wherein the secondary

aspect ratio is not greater than 2:1. 53. The net hod

of clal ' R fclef el i9 nbSlefOh
gr ea%%rmeﬁg%th}f@g %hﬁ%%@qyr%g&ﬁet hodr%s%gﬁlaiem 361, e .

abohet @l mncal cination is carried out to maintain
nor phol ogy of the boehmte particulate material. 55.
The nmethod of claim54, wherein the transitional
al umihaltgantthod bfitleinnaé, wipedh theawmgepodickersize is hat greater than
gregéer than that of the boehmite particul ate

abput Y4 P. 56, The method of claim55, wherein the
specific surface area of the transitional alum na

particul ate erial i t l.east 8% greater .t han fhat

or 6 HBCRAROR CpSIRIT (i TReEciR i RS PAgIelo s InBphBgater then
abq,ﬁltgg@ﬁlm 55, wherein the specific surface area of the

transitional

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 nm 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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alum na particulate material is not |ess than about 50
nm2/ g. 58. The nethod of claim57, wherein the specific
weuodsasceoar ea of the transitional alum na part PCulUaR®s/042028
material is not |ess than about 70 n2/g. 59. The
nmet hod of claimb55, wherein the specific surface area
of t $heThe me&b% bﬁlﬂlaikr)n ab uwherainple trarsitiatabahaties paticilae material
no reater than about 400 m/ 60. The net hod of
has @ ngeflesbapaind aeerendAy SpedinFio? ﬁ&"c?&efé}ﬂaé’afigf t he
transitional alumna particulate material is not

greater than about 300 m/ag. ..
52. The method of claim 51, wherein the secondary aspect ratio is not greater

than 2:1.

53. The method of claim 52, wherein the secondary aspect ratio is not greater

than 1.5:1.

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

morphology 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 55, wherein the specific surface area of the transitional
alumina particulate material is at least 8% greater than that of the boehmite particulate

material.

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

alumina particulate material is not less than about 50 m?/g.

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

alumina particulate material is not less than about 70 m?/g.

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

alumina particulate material is not 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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