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AN AMORPHOUS S| LI CA- ALUM NA COVPCSI TI ON AND A METHOD
OF MAKI NG AND USI NG SUCH COWPCOSI Tl ON The present

WO nyeedsem rel ates to an anor phous sili caal um PET/US2008/074221

conposition and a nethod of maki ng such conposition.
The prior art presents nunerous nethods of

manuf acturi ng anorphous silica-alumna and it is
recogni zed that the physical and catalytic properties

of AIMIRPHBUSI §1LreR! AtUMINACBOMBESTIWN Ande pcndendD OF
upon the net hagkbyc VAN TG SuoRcdmssiTadn For
exanple, U S. Pat. No. 4,289,653 teaches that the

properties of silica-alumna are highly dependent upon
t he NMEITnEFEBYwhi B A0 TRaALEACt Urdd 2mea@hpys silica-

gi-gelRsesnens: Fet hothofa ReeRasi AY B idiikAsakUM:BAvosition.
conposi tions. The nethod di scl osed includes the

pr epdidt PEAOBT 5T | RERRAIEPHES BYU %6 Ty dgn O4| Rapyfacturing

g%@gho%l | 568k 82 (£1 @ni ROGIMi 81 | | CAL&)grWAhy @Raal tim num
salt (e.g. alumnumsulfate) and a mneral acid to

Ployhat aeddPpiedysiol PTAPBASES pp e cipi TRt Ss e hl ga-alunina

é%ﬁ“%@‘H@gﬁi?rgﬁFéﬁaéﬁ%tdﬁ%ﬁ added. 10,4 hg, aciidhfied; sol
to raise’it to thereby cause the cogelling of

m¢ﬁpﬁﬂqﬁwa§danﬂoélQﬁﬁmﬁ§€8p€c§esPa¢héWTeéhﬁﬁ@mé5éo§@ﬁ¢ﬁﬁf
mss 9fe ghbheaal umna éMq £Q0gh wh S, L ecQver %ﬂl% ??&ér‘l@ent

solution and used in the preparation of denitri .
Vet itde andnet hey Wm%ﬂﬁoeés@ﬁh@fm%%t gndoht a@xﬁcn@ses

cgé)%t\}{olg %@d%%s ano 11%56‘{’3]%&11\%518 copn%%sﬂé@ons he

4,499,197 tea her I'ng a
@éﬁhqﬁrdﬂsaﬁbﬁadctwqﬁuﬂqa Ghe @hEBa¥ﬁﬂ¥ﬂﬂ cfeachesatdeumina

15‘?'}&5] %:%g%% QE $11 168 "ég‘é%a%g% %ﬁ%' QQlf‘E‘ate

tal mnnate(s ium al umihate) sol ut
Wi tth 2an adlkahimesaret ale gllaéamen@@Cﬂnhﬁaug Iaoat@)mlneral

LTS ghtanapensh o)l Leaal g ienetLon, oo
&mmﬂnunwxéﬁdmpkhdanliuuhannadﬁsalto the acidified sol to
raise its pH and to thereby cause the cogelling of the silica
and alumina species. The resulting cogelled mass of silica-
alumina hydrogel is recovered from the solution and used in
the preparation of denitrification and other hydroprocessing
catalysts containing Group VI and Group VIII metals.

U.S. Pat. No. 4,499,197 teaches another method of making
a silica-alumina composition. This patent teaches the
manufacture of silica-alumina cogel by reacting an alkali
metal aluminate (sodium aluminate) solution with an alkaline
metal silicate (sodium silicate) solution to obtain a pregel
silica-alumina reaction mixture having a pH of from 12 to
12.5. The pregel is then mixed with an aluminum salt
(aluminum sulfate) and acidic rare earth solution, and, after
aging, the resulting cogel is recovered. The amorphous
silica-alumina cogels of the ‘197 patent may have a silica

content of from 10 to 90 weight percent and an alumina
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(al um num sulfate) and acidic rare earth sol ution,
and, after aging, the resulting cogel is recovered.

wab@oapssphous silica-al um na cogels of the 19FCPEEMNG/074221

may have a silica content of from10 to 90 wei ght
percent and an al um nacontent of from 10 to 90 wei ght
percent. The cogels are characterized as having a
surface area of from 100 to 400 n2/gmw th from about

Shttent6@ per-eento ofo idos wephacgeaé@a t hak ksge0ataided
in the pores having a dianeter of from about 40 to 100
HYSRTErEZe0. B PHILING. 54§88 655 i cIfoers Q0 to 400

®2 Adrcariahumi-pa £0gel Andcactebeekof JrakicRgssuelice area
cogel . The cogel is nmade by adding a silicate solution

@Bﬂhﬁfaﬁﬁéééén%%liﬂlqﬂ$ GPTraA BRYH Arfd HErd taF uft ntirA™

St ueh asoalwpdiugnchl oride or al um num sul f ate,
to forman acidified silica sol having a pH in the

rangd -6f- From Hot ol A HalSPEWEHS BYOTR ST fg lttRe~pHIBENg el
sS4 abyneac@h%ngfammﬁﬁ; RAhNGoLbe. sBle @NRA1r €5ON8Nd NG,

the resulting coge The recovered cogel can further .
%@iﬁﬁb@€§ééécﬁyeLﬁﬁ#%ﬁlQ§nthP@ FHINFUCOLEFRRR et 30 acid

%@§Qkﬁ@.a@ﬂginﬁﬁeﬁiu§p%%%hd5¥|QanEhﬁ1Q%ﬂ@E1g5|§g aluminum
cogel has uses as a cracklng catal yst, a support for

wydraser adki Agrapp? i xHdidns dandl beheroludey ing e SoH Pat the

Noh o B.F7 2,8851 di 5¢ Oﬁﬁio%daﬂyrpﬁp%gs tricaal ypi E‘@e S0l by
conposition having a surface-to-bulk Si/Al "ratio (S

@@mr@) at lpasei sag g Héer arge @ﬁdfrm\@mn@otmesr%wltlng
i t]hng THeS$ o £HA0, 0% Llystaly| EH&}?A#'Ee”%rBEéége@r@f%e of

e COI’TpOSItI on. The anor pnous silica-alumna is
epaﬁbdobyndva$r@ynﬁnﬂﬂlﬁeaweSQS@mAunxbltheate§pray

: ' I t
SEf U o, 5 a0 g1
soialtyison at shessrt hiar &yﬁ@bbomedlmg aﬂmilgaadqaﬁ and other

addition of a basic precipitant to the m xed sol ution

U.S. Pat. No. 6,872,685 discloses an amorphous silica-
alumina composition having a surface-to-bulk Si/Al ratio (SB
ratio) that is in the range of from 0.7 to 1.3 and having
less than 10% crystalline alumina phase present in the
composition. The amorphous silica-alumina is prepared by
mixing a silicate (sodium silicate) solution and an acid
aluminum salt (aluminum sulfate) solution while maintaining
the pH of the mixed solution at less than 3 followed by the
gradual addition of a basic precipitant to the mixed solution
to produce a precipitated cogel that can be recovered, washed
and spray-dried. The cogel material may be used to produce a
silica-alumina catalyst or catalyst support.

U.S. Patent No. 6,872,685 teaches the use in numerous
hydroconversion processing applications of compositions
including amorphous silica-alumina that is made, in general,

by the preparation of a sol containing silica and alumina
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to produce a precipitated cogel that can be recovered,
washed and spray-dried. The cogel material may be used

w0 eoopiodece a silica-alum na catal yst or cat al BGI/US2008/074221

support. U S. Patent No. 6,872,685 teaches the use in
numer ous hydroconversi on processi ng applications of
conposi tions including anorphous silica-alum na that
is made, in general, by the preparation of a so

£ONtRicd Bg skligsa andraltua paf ol traved ey aell Béi@sedfas a
the sol. The cogel may be used as a catal yst suggort
FRIEESH SHPPPET Nt Ye ddomBi ned™w tif SIHE "egnphorentider
g Bdniteesn dher£agel has cH§es hdk hj/sdarsoﬁ!haﬁgﬁﬂgeracking,
dewaxi ng, and h%drofllnyshlng . It is desirable to

PN 1ay - arB P phBesC SilisPal 4l uni na conposi tion that has

certaith sghysscalpand £akakybhCaRs AneNnld @3 17kl Aguhina
especially useful as a catal yst or a conmponent of a

%%ﬂ&ﬂ%kﬁ%opthQEeh@%1QQﬁﬁaéﬁsP ya%%%%dﬁé%§@ﬁ§lytic
éﬂ%ﬂésoﬁgkinéFiﬂﬁ%%ﬁé%@a@@%'ﬁ@&%&i?é% have:g1 PEOCess
or the preparation of anorphous silica-alum na having
eemiantdesi reddphysitcdlorande cat al 3l sphyPEPPFe%esqing
hspfithersdesirable to have a reasonably sinple and
econom cal Erocess.for the manufacture of annrghous
siIid&aﬂ@nﬁ.é?c@ﬂﬁ@%ﬁﬂﬁbﬁ@,haﬁﬁ,éiﬁﬁq%ﬂﬂﬁ éarakhe .
FRIANQYS ShET caal WM NA GARYSLT RN having certain
desired physical and catalytic properties .
decoradl pglvyicpt oviderhtied valaonebrsitiasa- al um na
conpasi ti;0n,t C@aﬂggrﬂ g A bLiea- 2l i
having'aﬁ AFBB?%fio a§§h§rg?na t%?bgg%ﬁﬁe8§ gxgge fﬂ%nd
ochonilfiad pirbeeas afunithe cenpdsttion armberhade dHylica-

§ jﬂy %%mﬁ%gb£[%ﬁgfﬁgﬂdjgi%oB%r¥§%§¥af%n%m%Eﬂﬂthn%ilica—
sultTate to provide a mXture having a pH I n the range
pfurfimemcbmbot bt Bohs hadvemgafeerain desired physical and
catalytic properties.

Accordingly, provided is a novel silica-alumina
composition that comprises an amorphous silica-alumina having
an A/B ratio (as hereinafter defined) exceeding 2.2. This
silica-alumina composition can be made by combining within a
mixing zone water and aluminum sulfate to provide a mixture
having a pH in the range of from 1.5 to 6.5; thereafter,
increasing the pH of said mixture to within the range of from
7.5 to 12 by adding sodium silicate to said mixture within
said mixing zone; and recovering a precipitate solid from
said mixture in said mixing zone, wherein said precipitate
solid comprises said silica-alumina composition.

In another embodiment of the inventive method, a silica-
alumina composition is made by forming within a mixing zone a
precipitate solid comprising silica-alumina by: (a)
introducing water into said mixing zone; (b) introducing

aluminum sulfate into said mixing zone so as to provide a
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increasing the pH of said mxture to within the range
of from7.5 to 12 by adding sodiumsilicate to said

WOoroope®sswi t hi n sai d m xi ng zone; and recover i PQI/HES2008/074221

precipitate solid fromsaid mxture in said m xing

zone, wherein said precipitate solid conprises said
silica-alum na conposition. In another enbodi nent of
the inventive nmethod, a silicaalum na conposition is

a1y hapht BgnWM #didr andl XiAgi Z@Ne A Rrechpita e pH in
solid conprising silica-alum na by: (a) introducing
Weft 2195t 6EsAF A 53 ¢ Pore; (Eb)thew &y g™ BF U A

sadfiat @1t Qasal thid XaNG ZOREN§O0- &% tQ RPHRYEHE increase
am xture conprising water and al um num sul fate havi ng

B Rt Rl ahtetofe foMt EN5N 1 6%, BRdEc P it hepRaf terto 127
(Dt rORUGIRE o $ 001 R Rl UHTHRAL € uh DE @n S 10Xk A9 ZONEY Tl xing
t hereby increase the pH of said mxture to within the
FAMY & Of-PPEBRY 715740 T, PHdY Lt Aet@di-rdmrei hPr BHeihge

Bl numMesulf at € Nt ssaidgmXi ngh 2N @, t her ebYucing
| ower the pH of said mxture to within the range of
FPOMML S5 1i6abe 5intghdB i) MiKereaf et ,td ntes80Ei pgcrease the

S0A A8l h6RLerd MO SAIKA MEXENG. 2N £ ¢ LhehebYro 12; ang
increase the pH of said mxture to within the range of
FeAHCEinot 6212; PR Hided e sPhGA sBF @ pradel pilkateesol i d

fromsaidenxtr e, dodhHeheaROL R, &1 in@_@% RLcade, an

i nventive nmethod, an anorphous silica-alum na o
Fonposiusi 6alisanadening Cayresiblien nigg Wacer banda) combining
i %HHE@ syl hal&n L0, QW de ?réH&é 4n 'E‘égemhéyﬁf‘&.@aving
pHin the range of from1.5 to 6.5 (b) adding sodium
alririimattéet oasae dof i frsm A%t bped t o proviedeiagsecdiidn
ilf{&geh%' Pgié PH AN wﬁiﬁ%u&»é”% ag?%x;irc%ma7sécggd Iisture

C) a |ngaumnumsul ate to sal second mxture to
provigde @it hinr then sangee dfavicnyg a- pHad A 2yhdcy angel of
%%RMﬂ%mﬁsEQfgt%?téQinﬁﬁ%b%%Péoﬁ%QQ%é'HkF?%%vESesé' i rd

Ird mxture to provide a for mxture having a p

nixktire hangegod pit om The tendl;ofejrom 1.5 to 6.5; (d)
adding sodium silicate to said third mixture to provide a
forth mixture having a pH in the range of from 7.5 to 12; (e)
adding aluminum sulfate to said forth mixture to provide a
fifth mixture having a pH in the range of from 1.5 to 6.5;
(f) adding sodium aluminate to said fifth mixture to provide
a sixth mixture having a pH in the range of from 7.5 to 12;
(g) adding aluminum sulfate to said sixth mixture to provide
a seventh mixture having a pH in the range of from 1.5 to
6.5; (h) adding sodium silicate to said seventh mixture to
provide an eighth mixture having a pH in the range of from
7.5 to 12; and (i) recovering a precipitate solid from said
eight mixture, wherein said precipitate solid comprises said
amorphous silica-alumina composition.

FIG. 1 presents the aluminum (?’Al) solid-state NMR

spectrum of the inventive amorphous silica-alumina powder.
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addi ng alum num sulfate to said forth mxture to
provide a fifth m xture having a pHin the range of

wo e@ai019580 t o 6. 5; (f) addi ng sodi um al um nat e POCT/B820d8/074221

fifth mxture to provide a sixth m xture having a pH
in the range of from7.5 to 12; (g) adding al um num
sulfate to said sixth mxture to provide a seventh

m xture having a pHin the range of from1.5 to 6.5;
(h) addi.ng sediumisdildiGat enke saprbiseventhin Xbpeerd or
provide an eighth m xture having a pHin the range of
thomrrentige1Dethel a9 a§é86%@F?ﬁg9%PﬁﬂW§EFpPF%@et%ol|d

hdomgaiud e ght i MR, aiepebins sid preghpihat e
solid conprises said anorphous silica-alum na

COMRIoSiticdn. FIG 1 presents the al umi num (27Al)

sol i d-13f abe, NVRe $PetHLUMRb L he-Fy entdve -RRBRPHOMS  ra of
silica- alun1na powder. FIG 2 is a schematic that

Hepi e nEéT Ear OB $ 181 cehelihvehtioreleret RogoBrRICially

2ss50GIAkedneauh HIE N1 1used at amiRAUS Adr, e ahhes i Pyent e
anor phous silica-alumna conposition . FIG 3 presents

poggowder x-ray diffraction spectra of the inventive

a”Drﬁﬁ%u§n§bh£§§%zﬂﬂﬁ?ﬁﬁ%ueogggﬁ@afbfﬁMﬂH%rq%gkbycomp031tlon
avai | abl e anor phous silica-al um na powder, and

e mftte ipowdenue ﬂnﬁﬁHQ®Jeﬁﬂﬁv@a%ﬁﬁﬁﬁﬁﬂ3@§099rtleS that

n%}lé G- @Jame@l&fﬁﬁ)sm%ﬁzél kb PN, hass el moH@I Qs
physi cal and catalytic properties that wa e it

pairalveul arl yssai calt@ensr ofse eptietitaldonetasvar. The
ﬁﬂ’e‘ﬂt&% LoBSs@ £Mengnt ‘BEe Ak t%q ¢atal¥stina is

The 1 nventive process for I ng the annrp ous
zit9lea-lalkedm panpke eanceleainvrl yasi syt aand tecoabmcal

ARRLIACH 10, IAKI Jﬂ lal fl%@%gﬁ S&é%@ﬁr@'u%m a {3?&‘%&{‘ nd
certal n unique sica é tic prgper hd
¢¢taMMﬂlwze$oaestﬁeﬁMIaaﬁ pH smmh92¢ﬁuﬂﬁsmﬂcaﬁﬂag pH swing

MELN2GQ!.09Y ot Q- PrOYI dE f RE BIRLPROUS, SIISRALYM DR i cam
alumina composition of the invention with its unique
properties.

The inventive process includes the preparation of a
mixture that contains water, an aluminum salt and a silicate,
and the ultimate formation of a precipitate solid by the
sequential addition to or mixing with the mixture in one or
more series or swings of an aluminum salt source that
provides for a low or reduced mixture pH followed by the
addition to or mixing with the mixture of either sodium
aluminate or sodium silicate that provides for a high or
increased mixture pH. This use of one or more pH swings in
the formation of the silica-alumina precipitate is an
essential feature of the inventive process.

What is meant by the use herein of the term “pH swing”
is that the pH of the preparation mixture is changed or

cycled from a low, acidic pH to a high, alkaline pH by the
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conposition of the invention with its unique
properties . The inventive process includes the

w@e@paresd on of a m xture that contains wat er, PERUS2008/074221

alumnumsalt and a silicate, and the ultimate
formation of a precipitate solid by the sequenti al
addition to or mxing wwth the m xture in one or nore
series or swings of an alum numsalt source that

fIOMiides thoeha bewOfadiedugedr it xtanr exrpHif.ek howesh by
the addition to or mxing with the mxture of either
SYHUR"A &Ai ARERT orC sodicdm-6F| PEate tratcprovi 8899 6t

Bedt GMa0r 71 BEI e&sed YU Xhldr aapbkiod i thse Rt pahg: fin

nore pH swings in the formati on of the si Ipl ca-al um na
BHECITS Pt 81F8C A XS SEhAL AN PRER e B tHe SEAVERET Ve
PFQcess. Mhat {8 Banl; Byet Resuse-digfeidr ehebhertefdn 7.
"pH swing" is that the pH of the preparation mxture
A h&RGe @ oRCEY RIe P irGiy athewr e del ding pHeFsPathrgyolid

ehkalinepielYi t headditdan t 904 hei preRanat keps i xtyr e
of an alum num salt conponent in order to |ower the pH
tepgfecdei diFc1? drrelvfed é83tt Ran 79 o1l Ghed BY $Heg

RAddd OF LobheaPr&aPaRLI R MEXTE UNg: Qfowilt BRErSRGEUM
alum nate or sodiumsilicate in order to raise the pH

$ 0l dve ABagi a2 r arryee Bft igneat e e hanv S L10Af éERohes gmique
FRre R swhngsy aihe £ esulbi-ng.precipitate solid that
is forned in the preparation mxture is recovered
t her éincomt Fhei adhalticaped st hastites use the thienphye pH
SWi.ng Jiethad of preparathon,preyidas fl theinovel.
anorphous silica-alumna conmposition of the invention
vwdel ttdhatundgqbenphysimcalingndrcatadtyidre zonepépti esrriQme
Ot the ?’fﬁ\é'i‘ﬂﬁagr‘?@%relfﬁ%%%ﬁﬁogf Eéi‘&i'o@avg'%t LYE {f!)éé’!sn.g Tt
process I1s that 1t a WS or the use of a single
vegseled habtdehi mesy & imtkengroer regctdrocezene for making
gf%féngiumina, multiple processing tanks are required for
conducting various steps of the processes, such as, for
example, a gelling step may be carried out in a different
vessel from one that is used to prepare a silica sol, and
different vessels may also be used in carrying out certain of
the other steps of the prior art processes. The inventive
process, on the other hand, provides for the use of a single
mixing or reaction zone into which the components of the
preparation mixture of the inventive process are added. This
eliminates some of the manufacturing complexity that is often
associated with the prior art silica-alumina manufacturing
processes that require the use of multiple mixing, reaction
and transfer tanks or vessels.

Another of the advantages of the inventive pH swing
process is that it can significantly reduce the total

preparation and precipitation time required for making the

final slurry from which is recovered the precipitate solid
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out the m xing and precipitation reaction of the
process. It is noted that in many of the prior art

woe@omsses for making silica-alumna, mnultipl ePCT/US2008/074221

processing tanks are required for conducting various
steps of the processes, such as, for exanple, a
gelling step nmay be carried out in a different vesse
fromone that is used to prepare a silica sol, and

ehddf efaptr1kessehs dmyrpalose belusedhlivniGar byl Afe Oltventive
certain of the other steps of the prior art processes.
FHE G Sve APy BLpP e s Mok Ot ha gt Herthahd, Pﬁ?B%Fﬁ%%O?or

hheUse 0k aoshbHYe- Mg Nga0h Heactd Rt zRNeri phO W ¢t
the conponents of the preparation m xture of the

nenrermtt vElpPEcess kit @iaddededTh? st Vifiendrésaseer bftotal

phe mnukachurifg €omexibtyphhatids of ek asseci ated-y
with the prior art silica-alum na nmanufacturing

*ﬂ?%éé’scééld?ﬁaﬁh? SRR F@itRECUsRL BT - Ml t19FIe CAPRF ngthe

éf%gééd3%l%@df&£aﬁﬁéﬁHréﬁﬁ%K309f vessel 1,0t hen 04 the
advant ages of the inventive pH swing process is that

190 CSPGAYT PRAR Y FEauEBOEREC 01 HIC P rEFaPEP F oS Ahd

precif takien!i ik requinkedf remmking thesfipalciatiy,
slurry from which is recovered the precipitate

s dtingt vesfpr i s> ture naro Fphduse sil istialabufinGgs ofs to

%MJ&V%%&%%P&%%S& nakhg ghapsed {d ne.iftQr, addi n,g d %H of
he preparation m xture the conponents for each of the
%étfeqo@@fn t/helbnes ofeqioedlpH swi h@% whrphéhsnindzed t o

RI-0u,de 1,0p.a %ﬁthﬁeé Ea‘?utg%' r?%rﬁ' 't%” elisMe f9r the

preparat|on 0 final urry t incl'udes the
preefed ypittlat efsohi d.td rp nﬂhytcaseéerabﬂy,ewagsedltlmblﬁxnture

&E}cﬁﬁ‘%{ gLian, 0%%‘%1{4@31' Shutpy %QE‘ D&, S1 gL Fcér‘% Yo 5

orter than ose of prior art T 0Cesses. genera
e igvpectpvéy netdiot iaG| ddes, 3Lh|1tcp al 1y, Oooabtlmsngmltial

ngé%r qu ?E%H&@u lﬁ ri%kES%QBi#fhgﬁa %%da§n£fhdes

provi n1xture 'S aC|d|c i.e.,
@d@ﬂﬂgﬂan amount of either sodium aluminate or sodium

silicate to the initial mixture in such an amount as to
increase the pH of the resulting mixture so that it is
alkaline, i.e. a pH of greater than 7. It is desirable for
this pH to be in the range of from 7.5 to 12, and,
preferably, from 8 to 11.5. Most preferably, the pH is in the
range of from 8.5 to 11. These two process steps, which
include a change in the mixture pH after the addition of the
aluminum sulfate to lower the pH of the mixture followed by
the separate addition of either the sodium aluminate or
sodium silicate to increase the pH of the mixture, are,
together, considered herein to be one pH swing.

The time elapsed between the two addition steps of the pH
swing method does not need to be large, but it only needs to
be sufficiently long so as to allow for the substantial

mixing of the added components. In the case where the
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less than 7 . It is desirable for the pH of this
initial mxture to be in the range of from1.5 to 6.5,

wa@eao/opnsed erably, from2 to 6 . Mst preferabl pCT/UR®08/074221

initial mxture should have a pHthat is in the range
of from2.5 to 5.5, and, especially preferred, from
3.1 to 5 1. Once this initial mxture is fornmed, the
next step of the method includes addi ng an anount of

Ebidrefersedium abmimat @ coetsedi Wmisid icatiegte hheing zone,
initial mxture in such an anmount as to increase the
th'H ot FeRe TARS I ??lﬁgﬂi‘ﬁ Pt eIsbifhate ite iS¢ fatRafrhe o allow

fo -mikiPH ofF gheat&@ipdRans7to bptodsadesishabkenfos1this
pH to be in the range of from?7.5 to 12, and,

PRRFIOAOIY, PFPBAT B 15 TLxEUrRpshn pretearaplty feaher prpf $he

imydiheangengh f$om 812 teplicadhese d WRIREPEESSH swings
steps, which include a change in the mxture pH after

Hhe e direPeRabE O et dgniPAGRPsaF Feait Uit Urenehat hiee gsies

ofc the XtUEey f&%|é%%%%abﬁth§l§ﬁ¥KHfgd%e§ddbE'oﬁtﬁgrw1se,
ei ther the SOdI um al unmnate or sodiumsilicate to

¢ nerEdade oftheé PFPeFPIve Srisei difl eCOBiR el S itrgg L héFa—alumina.

Cons'ﬂue%e%%r%@cltﬂcb%m‘%él%ht%%chheTH%v%hH?v@r@@éﬁﬁj
between the two addition steps of the pH sw ng nethod

doescarprngeed ¢6 e Ibacgerabuenitioniye reedsorplird

Sl ent k%), 000 0,138 mtlglﬁ!tgl ow for.ihe sdbstanti gl
mXxing of the added conponents. In the case where

dhecepenearsnar er corrsitied eogetded Wiiichi Rravsingleeans
A XINg 208, 1L St'hf abLe,bor i‘esd“aé' g Lh e Qe

{
sufficient to aﬁ m X1 hg of the components to
provide larsubst ame aiﬂe;mmrmgen@@u@d prepacarponses the

[ Xt 1%%5”89%}%“ v%%wpﬁ.ofhé hﬁgl%e%&' ¥8a£‘§£$}9d
Isint Ilcatlon mul'tiple pH swngs int
m:eqcfdx a:talnoheoﬁny heupregpar aesoal rrcinxd LﬁseSCIChattebee@ment

£$ e%akh% gr%y fﬁ gﬂJﬂ %%eaggt %ﬂ ﬁ%oge sgél that is

er wi'se, urry preci pitate so CONpr1 sing
silimgadawiahnasans for stlrring the contents of the vessel,
such as a rotating impeller, to provide for blending and
dispersing of the components therein and suspending and
dispersing of precipitate solids of the preparation mixture
of the inventive method. The vessel may also be operatively
equipped with means for exchanging heat with the contents of
the vessel in order to provide for the control of the
temperature of the vessel contents.

In this embodiment of the inventive process, which
utilizes a single mixing zone, water and aluminum sulfate are
first introduced into the mixing zone in such amounts and
proportions so as to provide a mixture that comprises water
and aluminum sulfate having a pH that is in the range of from
1.5 to 6.5, preferably, from 2 to 6, and, most preferably,
from 2.5 to 5.5, and, especially, from 3.1 to 5.1. After the

mixing of the water and aluminum sulfate is completed, sodium
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In a nore specific enbodi nent of the inventive nethod,
t he conponents of the preparation m xture are conbi ned

wo ogenksso Wit hin a single mxing or reacti on VRCGEES2008/074221

that defines a mxing or reaction zone and which

provi des neans for m xing or reacting the conponents

so as to ultimately forma slurry of the precipitate
solid that conprises the silica-alumna of the
ANUEINHALRN 1 sTHRe M X g Riceheagt b Othy e§sahgCabnbea@ddymi xed
sui tabl e vessel and associ ated equi pnent known to

Y HOS &Sk FERT? Nt 1ar £ AB| FUPHYE SV ESsEP tRafedss the

saupped withyreans fiamhist khei phdde canbentssofothe
vessel, such as a rotating inpeller, to provide for

B ifdiang Yandr e spersildg Sof 2Pfe BONpoHETts abhEr ef AP © to
suspendi ng and di spersing of precipitate solids of the
preparation mxture of the inventive nmethod. The o
vesselt miy daPs62bke dpeMatiVery eefui pFed TRAPAT ARaher fMbxing

exchangiongnhsat s vidd theiieophent sy of s the ¥wesash +& only
order to provide for the control of the tenperature of

et vessel teontentsed It PRPEL@AbdAIMEICIORSt Rgxture within
LY ERLIVG PERESSEn 1 WNiGh lﬁt‘lti'xhh%e@in?e HROkerf XePGhdin
zone, water and alum numsulfafe are first introduce
iR thige tiPRi A e@HETaMts UEhlAppUnt S CardupPBpoEt $ bFy and

SCAS LR tBLAVI ffe & MHXLULG i 1hat « Gompid;SeS Wakgs and
alum numsulfate having a pHthat is in the range of

A¥grArbes the eoBpomTefersalbibyd, f gom 2 ltly 60 andtheosinge of
Pr&f el abl ¥o hEQM s 0 RcFeiBhdscgspecially, from3. 1

to 5. 1. After the mxi ng of the water and al um num

sul f &tfg eirs tbenpbrat et 1 o difutrhe udd et e sicg ibrénpl swing,

£fﬁﬂﬂgﬂp%qlkg£g Igga ﬁﬁjqgt%gggcquuﬂk%%%em%ﬁgiﬁﬁQKXﬁ and
m xture therern 1n an anbunt SO as to I ncrease the p
rofxddherimhxtbeeptepaudthiion mhgtpangeorgfaifregmtebeto AP, an

%{cg}‘rfcg%%'l}és trom&tadlyp 8ndy RSt Rretgrably. (f5,0m 5
to 6.5, preferably, from 2 to 6, most preferably, from 2.5 to
5.5, and, especially preferred, 3.1 to 5.1. This step is
followed by the introduction of sodium silicate into the
mixing zone and mixing it with the preparation mixture
therein in an amount so as to increase the pH of the mixture
to within the range of from 7.5 to 12, preferably, from 8 to
11.5, and, most preferably, from 8.5 to 11, which completes
the second pH swing.

The formed precipitate solids contained in the
preparation mixture after the completion of the second pH
swing may be recovered from the remaining ligquid, which
sometimes is referred to as the mother liquor, by any of the
methods known to those skilled in the art; however, it is
preferred to continue with the sequence of pH swings before

recovering the precipitate solids that are formed in the
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It is desirable to mnimze the tinme required for
m xi ng the conponents of each addition step of the

woreaoboehsB® only that which is required to provP@BRUS2008/074221

honbgenous m xture within the m xing zone. Wile the
m xing tinme can vary dependi ng upon the type of

equi pnent utilized, the equi pnent size, and other
factors, the tine required to conbi ne, blend and

£l isperss e rt-hec e onponeniss rshebhdni gener df Yhebentant hes
range of from1l to 30 mnutes per addition step. After

BHeEConpl etion of the aforedescribed pH sw ng,

al um, suktat ecis @Rt Bhr educed Jaiadt Be Bl xhdg
zone and m xed with the preparation nm xture contai ned

THEHGIUT SHLAATanbuMIsd agtredreseriitss thA Péxwe e and

thed ange ohefhomd-o e 647, i Pr &l er@hlnt. sbram & tﬂwﬁer
, nmost preferably, from2.5 to 5.5, and, espeC|aI

Prefdt rdd the, BixeIme 10 THIEE1EL BRE | 295 CSWEdOBy. theto 6.5,

b foduat or-gh Sodi WD siokikCaterd Mo |t heBlxbng zone s,
and mxing it wth the preparation mxture therein in

A afiFiPeCc 1361 asP¥ot § adéonhe- pHof° thhe THi- &t 8FeP tiP

ﬁ%ﬂﬂHd&dﬁ%@ £ 8D9€n Of o fU QM. éfth&%nnQﬁ%&ﬁ%@@byln{£Qﬂh§
to 11.5, and, nost preferably, from8.5 to 11, which

Rotigl e tzes et Red setoed g @Wthgtherwefmwaom @é¥b1i”f€at e

solids, aantai peduin dhepreparation mpd yre aftgr the
conpl eti on of the second pH sw ng may be recovered

M@ﬁﬁaﬁeonemxhw@ 14 quitdl nwhhe hr soreetdfmdgons 7 f ef e rled
21e, ”!EH%Y gliguar s, b)éna”ymé’!tt&%f%‘%*alaﬁzg)s %P&%{ma 5 to

ose Skilled in the art: however, I's preferred
Lb d@nmpm@éGMﬁtthH@Mseh@éneEl@@ pH smnngs bef ore

recoveihng, Epetﬂé e&dnﬁi 1348 Sgki dg. té‘ﬁtmalfp Egﬁﬁ’ﬁ,d dhmi num
thefinal “slu e preparatron m xtu of the
$nhVieatte vie pg@cessntrdﬂuged ahterthdhenicomgl ebnenand nieed

5§¥ﬁng%epgr%%gggtion mixture therein in an amount so as to
lower the pH of the preparation mixture to within the range
of from 1.5 to 6.5, preferably, from 2 to 6, most preferably,
from 2.5 to 5.5, and, especially preferred, from 3.1 to 5.1.
This step is followed by the introduction of sodium silicate
into the mixing zone and mixing it with the preparation
mixture therein in an amount so as to increase the pH of the
preparation mixture to within the range of from 7.5 to 12,
preferably, from 8 to 11.5, and, most preferably, from 8.5 to
11, to complete the fourth pH swing. Upon the completion of
the fourth pH swing, the formed precipitate solids contained
in the final slurry of the preparation mixture are recovered
from the remaining ligquid.

The temperature conditions at which the preparation
mixture is formed within the mixing zone of the inventive
process can affect the properties of its amorphous silica-

alumina end-product with higher preparation temperatures
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alum num sul fate is again introduced into the m xing
zone and m xed with the m xture therein in an anpunt

W@ 000924580 | ower the pH of the m xture to w thi PCT/H82008/074221

range of from1l.5 to 6.5, preferably, from2 to 6 ,
nost preferably, from2.5 to 5.5, and, especially
preferred, from3.1 to 5.1. This step is followed by
the introduction of sodiumaluninate into the m xi ng

Zone rand omyxeng hitamith thetpi epasad iy Xt Uh€ and lower
therein in an anobunt so as to increase the pH of the

R HPAPoN CRTRRIA S 156 WeP A RY t e YR fige Sof-af r bR 7. 55 mpre

ddorgiRiser abliyved f omB o @ahlps, 1 80ths MIStnRr ebgpabd dure
from8.5to 11, to conplete the third pH sw ng

FIddvioRg Fﬁ@uéjé‘?‘n%lféﬁ é/ﬁeéfjlﬁﬂeat@ﬁsrldfeﬁHp§@FH§t Thus, it

al wanumesul fat eohsragaink Akt egdueed Adle ibher BhXd M ures
zone and m xed with the preparation mxture therein in

@h EifolnFECs6s agters Itfﬂ/vé’rltfﬂﬁé pereotin e fprepar atperture

FAddH e defeWht D n the ofiange 9haf rormdiom E@m?e@atures of
preferably, from2 to 6 , nost preferably, from2.5 to

S5 dndeeBPeti ATy Proefer Pedin figmZnget 6F5710m THj ©C to

%9& i 3, Lebhouwed, by dheni Ber edugh ian QfnSOdbYM preferably,
licate into the m Xing zone and mxing it vvlt]low t he

fﬂ?@pa‘#@atolcoﬁoﬂ Xt e tthererAPEAlahl wrARmitra®deador othe

hNErRASe ot heapH: Of éﬂ“echl%r %B%éﬁéﬁ{‘s X tehe {a@a%tﬂh s
the range of from7.5 to 12, preferably, from8 to

QU0 tandsofbsrmpk eCfcmdamly,HSfa@mfs asgble, wiph the use of
. t t i I
t?;ﬁ;gi@faq %ohﬂ8r£9gi I{H%’ﬂth%Bgre% Pon, 4 he.£ceam 8&1;9@;&&.

ourth pH sw ng, ormed precipitate so
toradifédni hot bee féardirodl afr yhefmitieins eparat fom various

ML are Lespverad f ot Eﬁ &%F]%s“' ng Liauhd, Jhe . ap1e

tenperat ure condi tions at gr epar Fation
1m> xtame nies ther aergoamdrtvisn ltnhemnmxtﬂgsm@sofwt beovide a

%n%lu%r %géé aﬂx%I ggghtpﬁeeﬁgﬁgrtEg%eogoitég are

r
anDr hous % ﬁlcaa
recovered that has a SOlldS content of from 1 to 30 weight

percent (wt. %), based upon the total weight of the
preparation mixture. Preferably, the proportion of solids in
the final slurry mixture is in the range of from 2 to 20 wt.
%, and, most preferably, from 3 to 15 wt. 3.

To provide for the desired weight percentage of
precipitate solids in the final slurry of the inventive
process the relative amounts of the aluminum sulfate, sodium
aluminate and sodium silicate for each of the pH swings are
adjusted within certain desired ranges. For example, in the
PH swings that involve the addition of aluminum sulfate
followed by the addition of sodium aluminate, the weight
ratio of the sodium aluminate-to-aluminum sulfate for the
components added to the preparation mixture should,
generally, be in the range of from 0.1 to 1.5, but,
preferably, from 0.3 to 1.1, and, most preferably, from 0.5
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end- product w th higher preparation
tenperaturestending to yield material that is nore

w@reooszdsBo ne and | ower preparation tenperatur eBCT/BRZI0SIQ74221

yield material that is nore anorphous. However, there
can be limts on the tenperature conditions required

for yielding a desired product. Thus, it is desirable
to control the m xing and reaction tenperatures of the

5 0Cess 18t eps $0 My teekt ahoted ined sberpesat &if e
ranges. Generally, the m xing and reaction

tEipera Grésase "6 Pe CPR 39 HgiesRuPadbeN | Hi e te

12N ge 10 tf Fam 20 G HO B0k sPI e erablya1tmnemB0s0Gate
to 80 oC, and, nost preferably, from40 oCto 70 oC .

$hoyld e gf8eFal Y, desiirabPe F8rIe et MBend -andor eadtiton

Pfciheagmpensat s 40 4,akeqpl A6t | fr-d%Gl0se €Pom 1.5 to 3.
i sothermal conditions as is feasible with the use of
typi dale dentrerti @t G »iheg 2aR@ P@actYIdir tsr o6egsum aluminate

LU IBNL sk addl tiondeqt s contg o 0hitihe MxtWe or
pH of the various addition steps of each of the pH
S Ay enite VPSPaP &S W&y 8Bl 81 obitnéEvhECE bfpohetit $1

LA AMRURLS LSUSH &8 1 RIQYLdE & fidi@lomlurry m xture
fromwhich the precipitate solids are recovered that
Wag wigebildsnepmtentnoem ffror2se o530l hast ght thereehtfor

§@§ar$¥ﬁ%git9@$§geé%5¥%d%%e3595§£ ﬂﬁ&ghﬁmpﬁehgﬁning fluid of
preparation mxture. Preferably, the proportion of

St i fdgailn st her ¥ i pralpsinarey tah xpirteuss ray Pheupadige of

2 Y . 4D r I
A 00 e AR ToShe LI pploom ey
paraoenitiage bfepsecd pidratretsohi dend nvadverf ispakrat uenr yand

Q%n ti'}l%liu'&‘ée@%'év&s@rooﬁ %ﬁﬁigﬁsn{eé@éﬂ Vs a'%%g%%ﬂé Ihe .1t
al um num sulfate, sodiu um nate and sodi um's Jfl cate
forteach pdbtehengH smends Lapes agjdista@crw vhcnusefi diars .
CeiiR Ve TR ST hn, e SN LI oy
tdeh ead diitthonaoé r stodi nemeadeuiimpat et idhesusdi ghat sodium and
sulfate salts. The amount of water used to wash the
precipitate solids may be any amount that suitably provides a
washed powder having a pH that is within the desirable range
of from 2 to 7, and, preferably, from 2.5 to 5.5. The weight
ratio of water to dry powder used in a single washing step
can be in the range of from 0.1:1 to 100:1, preferably, from
0.5:1 to 50:1. One or more washing steps may be used to wash
the filtered precipitate solids. The washed precipitate may
also be reslurried and spray-dried using any of the suitable
spray-drying methods known to those skilled in the art to
provide a spray-dried powder.

The spray-dried powder may further be processed by
drying or calcination, or both, or it, or the dried and/or

calcined powder, may be composited with other components to

form a composited composition. The spray-dried powder may be
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ratio of the sodium alum nate-to-alum num sulfate for
t he conponents added to the preparation m xture

wa@ b@alogkssgeneral |y, be in the range of from 0. RCT/OSH0$074221

but, preferably, from0.3 to 1.1, and, nost
preferably, fromO0.5t0 0 .9 . In the pH sw ngs that
i nvol ve the addition of alum numsulfate foll owed by
the addition of sodiumsilicate, the weight ratio of

dheesadi WArshbli gaf etreralsunt By silddesBouhder otherwise
generally, be in the range of from0.5 to 5, but,
?J?Jé'faéjrlébldﬁiylflﬁo?ﬁ”idlt%%s a&nd, IRoStY predPerabrye ¥t drhe

daryd @3 rromheo f&f md noshibeh bh@f@ﬁmynumr@w tates to 180
sodi um alum nate and sodiumsilicate is added to the

r epdreatPEA YRkt o VT ThePrATeRt Ve PFr6ces 8T RAGT beeing

ghider ray 8cdry1soldd Qlieds st agueus Seket bancSlathens,
parti ‘cular co onent. Any suitable nmethod known to

#HOs e TS PRI eav+ Ar £ He» &t OKgBeBepait @imigct Rémosphere, such

PEeCiP abgpsel i gds, framat B%l&@ﬁ@tmrﬂ&efrdp'é'rgtgf:etm the
final sl urry or preparatl on m xture may be used t

Farv et £HEMpE é8i ¢ tte & 0981 Pa: @E@:ffﬁwétlry@dérpmc%%vc to

gavddy sepapati %\.«eﬂ%&%%%g}r ersERaE & i QN ,aRdovaeuum
separatlon and can include the use of equi pment such

BRe ifrplenstdappeorpEIYS fsiliepsalphiitd- &iderr ahgne or when

é&ﬁﬁ&ﬁ%e@n%wté{ﬂeﬁ/ H«#J%Ehké%é £ e of Icbhgh8fceq
preci pitate solids, ['ter cake, may be washed wi t h

ity stto Cp@ﬁ@eetwmurqatm bs saehuhsimsadinitrandrsely atfe
§ﬁf§%af£%% §QBFQ§ %gﬁdgﬁsd f&& lge cracking,
ds rhay RETE

preci pitate so e any  anount at Sui
ydvitdestanvashed- ﬁmmdc@rdehawnglaatpwrt hat is wt h| n

06 511020 10gP ol HOM.2LA Tons AN pr efer ably,

ratio of water fo dry
Mndieﬁimedngn 'ascsilqrguzeltwshlnglm@uzcaemome ratédhetic

(ltigwa%% %f ngmcgtgl lcltco clggklhg‘?r]%sesr %til ’feedgg%?k?t]h t
eps nmay e use was
tdre dd Im@cedspde@r pulteaattedsulsudg tkTeheLr\mhede amorphous
§gf¥% %E%R?na ¥nclude hydrocarbons that boil in the gasoline
boiling range, distillate hydrocarbons, including diesel and
kerosene, gas oils, including atmospheric gas oil and vacuum
gas o0il, atmospheric or vacuum residues, deasphalted oils,
catalytically cracked cycle oils, coker gas oils and other
thermally cracked gas oils and syncrudes.

The recovered precipitate is a unique silica-alumina
composition that is highly amorphous in that it contains very
little alumina that is crystalline. The amount of crystalline
alumina in the silica-alumina composition is indicated by its
characteristic powder X-ray diffraction (XRD) pattern that
has a significant lack of XRD peaks which are representative
of various of the crystalline alumina phases. Generally, the

amount of alumina that is in the crystalline phase contained

in the amorphous silica-alumina is less than 10 weight
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al so be reslurried and spray-dried using any of the
sui tabl e spray-drying nmethods known to those skilled

WO poobloz9580t to provide a spray-dried powder. TPET/US2008/074221
spray-dried powder may further be processed by drying
or calcination, or both, or it, or the dried and/or
cal ci ned powder, may be conposited with other
conmponents to forma conposited conposition. The

SdF @yrrdidirednpoveies 1 ey gaedoicedhé Ns @i cBa1aRynat her
sui tabl e at nosphere under ot herw se suitable dryin
CIMA GRS - alloBe diRA TG Cehpér at iff T AR Sy dhgecpFalumina

EsIBAQ 106 h9s 2005 DG hpr &f %@?hﬁ’ pd¥FQMA6Q 96 501 180 oC
The spray-dried powder, preferably after further

beitgiadr Ped; YT bePeCaiidicAedY untlerhasuiegs| ghan 5 weight

St Ldhatignegondid ipngingnd, in particular, in an
oxygen-contai ni ng at nosphere, such as, for exanpl e,

air, e éméépb@%%tﬁ%ﬁ%qﬁ§ﬁﬁémaﬁﬁr%PWHP%qﬁéopaﬁ@@ o174 riom

ggf&égsdd%téggotﬁg%.ﬂggﬂﬁEﬂgl¥an5éQﬂﬁ%QQmp@Ot908@@ W& ght
and, nost preferably, from 350 oC to 600 oC .

PRI v @ LA FOF PROBEB1Y PeacarbinPHiald &iasker Cal é]ﬁ% “eptal dry

whemhCompeskt ed Wil h 0ther conponentish t @nko Eéﬁerred
conposi ted catal yst conposition, can be use in a

wldleca\/atpuné@ytofh%m%arl@oﬁnptb%e%ag&e qfnépfetﬂu #g, t9 ot

%er@ggEocéﬂgkhﬂH%t %XQE8££§@t|ﬂH¥ Qngca content is in
hy rodesul furization, hydrodenitrogenation, and

Hydroderredl ﬁz@tuftﬂw)to Ny drophi npsiiang,- Toenet bzdnd omy be
POl ydTRY I %a‘th&}”sjbj[cg&? g;m‘inge%% 5%+ A0 1GALAl ¥EiGnt in the

cracki ng. Possi t ocks t at can be processed or
tarest ed dsmgl? heo i fvertiohe aevephousicsiel ispacal upd ey,

] t b I
O T Tl o e O2Rr Bor ™ Mt udt oy 8 BEbTark
kerdseme ghgascoiést . |nclud|ng atnnspherlc gas oil and

deas %%Vgnk?%&g $E|c %fvcraéﬁ&ﬁg%bggegil}cé_

deasp al ted-ol cyc
@iﬂmﬂnagasmppbstzwmjthuﬂat it has a relatively high ratio of
its pore volume that is contained in its large pores to its
pore volume that is contained in its medium and small pores.
One measure of this property is the ratio of the pore volume
(cc/gm) contained in the pores of the amorphous silica-
alumina composition having a pore diameter of less than 2150
A (“A”) to the pore volume contained in the pores of the
amorphous silica-alumina composition having a pore diameter
of less than 210 A (“B”). This ratio of A-to-B (A/B), in
general, should exceed 2.2, and, preferably, the A/B ratio
exceeds 2.4, and, most preferably, the A/B ratio exceeds 2.5.
References herein to total pore volume are to the pore
volume as determined using the Standard Test Method for
Determining Pore Volume Distribution of Catalysts by Mercury
Intrusion Porosimetry, ASTM D 4284-88, at a maximum pressure

of 4000 bar, assuming a surface tension for mercury of 484
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thermally cracked gas oils and syncrudes. The
recovered precipitate is a unique silica-alumna

W@ po24580 on t hat is highly anorphous in that PCT/US2008/074221

contains very little alumna that is crystalline. The
anmount of crystalline alumna in the silica-alum na

conposition is indicated by its characteristic powder
X-ray diffraction (XRD) pattern that has a significant

b @eds @f aXBDzpeaksadhiGhylar @it BPARSEIHALS e 10bavariUs of
of the crystalline alum na phases . Cenerally, the
mt of alumna that is in the crystalline phase

cont aiRedci-Nchhes AMOFRAAYS 081 LhE s AHNR k31 88Sathidma
10 meL%gtpercent of the total weight of the

SR Ioﬁnfﬁat%%ﬁpﬂéﬂﬁﬁoﬁ.SN@FéfﬁﬁﬁﬂﬁHﬂ capPysugfree area
20DrRRUS psiki far@Mma cappess tian has bessntfgd Singe
meg%ht percent crystalline alum na, and, nost o
Shelciar ¢l §2/ 9% tHas'1%8s/BRan Bt neigift sperééngally, it is
of yslaldinge skupfg.2otheagRr PHoLS) sidiga- ahdm Adre
conposition can have a silica content that is in the

yRAfge 6B Y onf 101t &2 DOASIgRY per centam-wiThR £RBa e it

&5ﬁéﬁgﬂbfb%h@ga§@§§ﬁbd§1Qﬁh@cgogfﬁmfké/dMﬂﬂ%@ﬁt@Entb§ in the
silica-alumna conposition. The preferred silica
eomemt, fhefeVed , cq/am ot he3r apgenofndreomPesifecgbly, from

' ercent p r 5 4l L ]
e SOl i Ere T Bge o 1 Fom 40 ta 60wl ghr " O+

pereernc. 1Thecal @i na nay be present in the

sili %‘ea'aHH\:Bﬁo&Q'G{%Lcta'—%ﬁufnﬁné‘”c&%&ltti'oﬂ %;!E‘etﬁ'i?”ge

of from 10 to 90 wei ght percent, nore specifica

fromt2bnt gs75uneightciperrcentizatdoy nost Adpacihfuinc el TAL)
fs0omAQ.ta EQEV‘&B@J‘EI ergeat Fl%ﬁf&éﬁys%%%%%%e NMR
property of the anprphous silicaal umna conposition is
shrattrum ods the r ghatpheelsy shilgharaturoliof dogopor eowotamre
Eﬁfge'éig%QEEQéQEd %JkéJ !f%&gﬁ gggﬁghgé%tkésago%ﬁout 65 ppm
vol une tthat s contained in its nediumand sna

porgs: chemical shift scale representing tetrahedral aluminum
sites; a second peak located at about 30 ppm on the chemical
shift scale representing penta-coordination aluminum sites;
and a third peak located at about 3 ppm on the chemical shift
scale representing octahedral aluminum sites. These chemical
shifts are referenced to agueous aluminum chloride at 0.0
ppm. The shifts of the aforementioned peaks can be influenced
by the acidity and second order gquadrupolar interaction
experienced by the respective aluminum nuclei.

FIG. 1 presents a representative 27A1 solid-state NMR
spectrum for the inventive amorphous silica-alumina. One
important characteristic of this spectrum is that it includes
a strong penta-coordination peak, which represents the
presence of penta-coordinated aluminum (Al). The penta-

coordination peak and its strength are an indication of the

disorder of and defects in the structure of the inventive
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One neasure of this property is the ratio of the pore
volunme (cc/gnm) contained in the pores of the anorphous

W@ lwo2EBLIM na conposi tion having a pore di aneP@r/usfo0s/074221

| ess than 2150 A ("A") to the pore volunme contained in
the pores of the anorphous silica-alum na conposition
havi ng a pore dianeter of less than 210 A ("B"). This
ratio of A-to-B (A/B) , in general, should exceed 2.2,

anskpHref enabty-atihe A, Bahat i 0 exceedsev@ddnaddehdsdnta-
preferably, the A/B ratio exceeds 2.5. References
Fe €t im a6t st AP pat drdREare teP tHe porEey B A

geterdnned: Hsi BGudde Standand Testcveidhed tf,0thereb
Determ ning Pore Volunme Distribution of Catal ysts };Jy

Wé?‘@djrly]gl APF USTA Tt GSitRRYFYC %@TW@MZ’@@“SBSG%H%

aped UM pressuse; s 400QRak; 1 assud R R aSUbbagenation
tension for nmercury of 484dyne/cm and a contact angle

REdh SAREEPhBa%e st |1 TR-talVEnPRAS oF© 1400 OtAREt Répminum peaks

§<§‘3d530ctoeﬁ:'e§tfb§e19€ the ﬁ@%ﬁggu§f%éﬂ&ia-(%lolf@lﬂéted aluminum
conposition is that it has a significantl

SurdracEcaréadapdt e ottdlapSPePgoramie. o tides Gpﬁageo%r@%@
@@fb@ecy'p@st B? éﬁﬂgﬁnﬁrf Je&a?@%%gge@%ﬁmﬂeotﬁgge é&]@ of the

but, nore specifically, it is in the range of from 200
gtz gﬁmetcérg% Horgmpaid icaor g, s*‘plé%li‘uﬁwgl penfeom 225

%Mna‘%ﬁ%%@gﬁ%‘% oThe ot al-pores MRIRITR RE LR £ the

anor phous sitica-alumna conposition is in the range
fofatems0 s8léca grm ol e, 3heslgnpe nbrea tspyedinBhncabb yof the

wgé@ﬂ %9+ hE/ Hkéé’o@yf?elc%/fgghuﬁi‘ m MO8Hq, SRESLT LGald ¥icar1y,

romQO0. 95 cc gmt cc/ gm The ‘anmor phous
st |dtcarlal bei naceorpddian dAsob Lt blee i tmiendt iodnths flurecherypes
zed by its Alumi num (27Al) solid-state NWR
ngzac[:lt%?num kLl’he al um num sol i d-state NVR spectrum of the
anor pisousfsirbnced dianrima ¢ORPUSRts@aTthas tlir eke amorphous

§119P' 41:GARE nREBKRs0 & 1St sPERK: | Oeaked Al AROUL . 83,51 ng

any standard Solid-State Nuclear Magnetic Resonance (NMR)
spectroscopy methodology known to those skilled in the art of
using NMR techniques for characterizing structural
configurations of solid materials. The determination of the
NMR spectrum of the amorphous silica-alumina composition can
be made by using any suitable instrumentation and equipment
that provide a spectrum that is substantially similar to one
which can be provided by using the NMR spectrometer
manufactured and marketed by Varian, Inc of Palo Alto,
California as Varian 400-MR NMR spectrometer using a Doty
Scientific, Inc. of Columbia, South Carolina, 5 mm high power
solid-state NMR probe. Samples are loaded into a 5 mm silicon
nitride (Si3N4) rotor and spun at 13 to 16 kHz (780,000 to
960,000 rpm) in a dry nitrogen atmosphere at room
temperature. The stator housing is adjusted to be at a magic

angle to the external magnetic field to minimize the
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on the chem cal shift scale representing tetrahedra
al um num sites; a second peak | ocated at about 30 ppm

woroovizesehem cal shift scal e representing PCT/US2008/074221

pent a- coordi nati on alum numsites; and a third peak
| ocated at about 3 ppmon the chem cal shift scale
representing octahedral alum numsites. These chem ca
shifts are referenced to aqueous al um num chl ori de at

P RpMngTheusbd fis ©fhdohe cal onesendd arednpeaksi ¢aquhe
i nfluenced by the acidi t%l and second order quadrupol ar
Mt adtiton TekpEtiehded thy ERESFREh&RINFE 141 GAFHmThe

P RinceFlEGe gle REESRIU S13mA BRREeseM At iave t2{Al field
solid-state NVR spectrum for the inventive am)rghous

sF19ealalgnitAa: 3 OHE i Mp6r BRAE T ERAratidY iodt PeSofHF hik Pulse

Wt rdHMmi 8 hbhatoddcdRe! udesaarst§ONY gelay of 0.3 seconds
pent a- coor di nati on peak, which represents the presence

ofe FELRvedordi Hat etRATIPRGM: (2001t ITHE -

pent Qﬁ%@%%eé%@ﬁ‘t R?@l%h%n%iv%t%é ggﬂ{ltéﬂri%@méﬂhod of
i ndi cation of the disorder of and defects in the

BN @r 6 Lof CEhel iTHvVENIOveaRbE PR U Fliudesafar inphaswings

and 4id nos Bekkeved that, the-peptacaordinaved al um num
contai ned in the inventive anorphous silica-alum na

Torposint FoR - addss ta iawiagkdrt yyher dby thesvPapngidorior
enhangad cat gl Yo col tdaVistY nWheo wsedd.n cat alyst

applications. Generall'y, the penta-coordination peak
Fhomhdusave laca et Binive $irgducd hdel ot mertaioninuwme
;E’f%?é‘i%ﬁ%@é@?t[%?f'%?&%i%l}?h%fﬁ&%%i%fh macroporosity and
pent a- coordi nat e al umi nunTi n an anpunt gr eat er than
Sthigertdent aofhe hectotiagltiohliest heek alypesunf NER updram

i;gcpfo%%%%_%ﬁi géﬁ?{z;Peé%’s%%t%ﬁgar&itéﬁ‘ech'él'}4R3%p%C£E UMe total

r'e speci a e strong” pentacoordi nati on pea
ofu2AIn o6l tde statmo NVRospethe upyofeitdre aypkphol® includes

Sl ear a'o%”kggcélh&n“'vdes%%lgﬁ‘é‘at ghidihan 33%.0t fhe; fotyl
of the t ir eé ypes of "al'um nGm “and, nost

sgediifancabhy, and shouldtsbecgneater inamgd0% otatheng the
éé%ﬁgné%%stg% Egéegaéﬁg¥%%ion mixture 14 contained within the
mixing or reaction vessel 12.

The mixing or reaction vessel 12 is, preferably,
equipped with a stirring device 16, that may include a
rotating impeller 18 that provides means for blending and
dispersing of the components of preparation mixture 14. The
mixing or reaction vessel 12 may also be operatively equipped
with a heat transfer coil or heat transfer jacket 20, which
provides means for exchanging heat with the preparation
mixture 14 of the mixing or reaction vessel 12 in order to
provide for the control of its temperature.

In the first pH swing of the method, water and aluminum
sulfate are introduced by way of transfer method 22 into

mixing or reaction vessel 12 to form a first mixture of the

preparation mixture 14. The relative amounts of each of these
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of alumnum A s referenced herein, the NVR spectrum
of the anorphous silica-alumna conposition is that

wani0el029580 gener at ed usi ng any standard Sol i d- SPEL/8S2008/074221

Nucl ear Magneti c Resonance (NVR) spectroscopy

met hodol ogy known to those skilled in the art of using
NVR t echni ques for characterizing structura
configurations of solid materials. The determ nation

&mddie lNVRaspess{wmf toheratpaphous sidsiccaiatupd néo that
conposition can be made b using any suitable
thstaufeRtlat P ot AP efuiopnere™t hat 15t Avitdd@Ralepet® um

tdadids isuRshanthald - @ickial BErEonONR WHsCR rCARe beinal
provi ded by using the NVR spectroneter manufactured
B i rkEtede byt VAT &t crPRetoPn Pal eyl ¢, eafi Fig? niargeted

RS A iR 4002 0 NMR sRect 1 oABt £fg USiyMnd BBt Ye contained
Scientific, Inc. of Colunbia, South Carolina, 5 mm

Hi g OweF1B6F 7 e STHLESNIR pRebELNSarfdiues varext varied

| Nt O 78 3 sHA-Shi{eaD 1 tricde b S BNA) ;1 1ol cand spun at
13 to 16 kHz (780,000 to 960,000 rpm in a dry
PRV GET Sat DS phieF e Ato T 66ATT enperatifle L 2TREAsTAY die DY

@@yﬁkQQoESaQQJyéi@%bﬂé3H@%n§§_ﬁn&ﬁQEQKﬁQ%B%uEQ bb&ns or
external magnetic field to mnimze thebroadening
eRUSEd My nE aRd oPROTE ¥aTt EILENMOANE her imdievivdaahepugtdiable

i reference, 19, the %‘%n?%ﬂéhtmtiin%rfoid%gngT@E?em into
resonance frequency for alum numnuclei at this field
BHRigrgolr ir§at0403 WHEeITRE - sPeesr althani ldile 6PPOCEINHz,
@?Mf%ef WedhBg 082 %&éﬂf&%@?‘é@@ﬁﬁ angd %Ft%éﬁ‘u‘tfi&?'@fy the
of 0.3 seconds are enployed as the experinenta
condiusi opsronones embodienemerefat hen imventrievé 4 pEhai iy
Jf‘é%}rﬁb@ﬁ%h%kﬁn[@i Sl 'r%%bgh%” {}‘%%‘{”H‘%S.' tion includes

our pH sWwngs and IS now descri pe wth reference to
FI G 2 terShownodmeiFldGth2 rduanneguipnerite spsteenmddking or
}gggF%§ho%%ggé ff&,tgg%fy%pghﬁﬁgﬁ {E(Hs}l%%ee§a§%épg by way
nethod for nmaking an
of transfer method 22, added to and mixed with the first
mixture of preparation mixture 14 in such an amount as to
provide a second mixture of preparation mixture 14 having a
PH in the range of from 7.5 to 12 to complete the first pH
swing of the method.
In the second pH swing of the method, aluminum sulfate is
added to the second mixture of preparation mixture 14 in such
an amount as to provide a third mixture of preparation
mixture 14 that has a pH in the range of from 1.5 to 6.5
while also keeping in mind the targeted percent solids of the
final slurry mixture of preparation mixture 14 and the
targeted weight percentages of the silica and alumina to be
contained in the precipitate solids of the final slurry
mixture. After the formation of the third mixture of
preparation mixture 14, sodium silicate is added to the third

mixture in such an amount as to provide a fourth mixture of
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anor phous silica-alum na product having certain unique
physi cal properties including having a high

wor@wopss®si ty and exhi biting a characteri sti cedT/¥S2008/074221
strong al um num NVR pent acoor di nati on peak
representing greater than 30 % of the total alum num
of the conposition. The equi pnent system 10 includes a
m xi ng or reaction vessel 12, which defines a m xing

PfegLagticanmzeperand pravi des aesmsid AheMr¥hhg &F from 7.5
reacting_t he_conponents of the €reparat| on mxture 14
tonthited Cwr AP N HRITE XPnGLBE Peactatoir teesBBFCaABt SiHd ds

&F X Hg ﬂha&eéﬁuf%ﬂ viegsele 32 psepdrafierablivcuedui ppadi the
with a stirring device 16, that may include a rotatln%
e

e qeer WEBQ?Ea@e]ﬁ?%\EadJ@§ ﬁéaﬁgef%ﬁfllbqaeﬁﬁlldn@lﬁiﬁﬁna to

%ﬁtﬂﬁfn%ldngn%hé her commaneat so0f aPrepanat irgRam Xt e,
The mixing or reaction vessel 12 may al so be

r@bétruafﬁ vEPy SegempIiE withh AcReat BF ansrer ofoi he ore s -

transfernbacketq 30y Whinghopr oMk dRScHRANS 118K num sulfate is
exchang |n% heat with the preparat|on m xture 14 of the
F

MIGhg Cor-Nredet T oh Wesser 12 Fhevtiier ¥ Tpire9i B $or

H@pa‘%%’%ﬁ%%' w9kt its tenper %UEﬁerékB‘y theof iar $t cPH SMNG-e
of the nethod, water and alum num'sul fate are

haitisddced by Wag oInaer adstepmmbthod 22 5 Whélei 19y or

EEASH PN VRSS! +112 L SR BLhESE JHXIM 8£0EnLheinay
preparation mxture 14. The rel ative anmounts of each

@hﬂﬂh9§é@@ﬁﬁ©n@ﬁt@i%ﬂﬂ?aédpﬂsmé@twﬁﬁ[ﬁ4ﬂﬂmﬁethﬁet$¥@%ﬁed
ﬁ% %e%gekggéeét pQ§m55951EQ £H§ Jﬂﬂg%aoEofEQnaénéglned

5 whi | eepl ng in mnd the targeted percent
s@lu@s rofcthetétqadolsiasr oy mhgt frealofs e ypnepavneat i griter

tf%rr%ajcgoﬁngft@ﬁe LArQel ﬁqx‘éﬁl:&h%f REI %%%%98?1 RltDg 14,

|ca and al um na to be contal ne reciprtate
S@MLdrs agfumtiheté i haladlagr ty phxt Oreth 'ﬁrlacrwﬁ:er tmetlhmmbkzxz

reg‘é' f’%ﬁe g;sérﬁﬁejﬁja“r%{ N9t ngEgP@oﬂﬁ%sd LAt eI NGOl 4
sixth mixture having a pH 1n the range of from 7.5 to 12
while also keeping in mind the targeted percent solids of the
final slurry mixture of the preparation mixture 14 and the
targeted weight percentages of the silica and alumina to be
contained in the precipitate solids of the final slurry
mixture. This completes the third pH swing of the method.

In the forth pH swing of the method, aluminum sulfate is
added to the sixth mixture to thereby lower the pH of
preparation mixture 14 and to thereby form a seventh mixture
having a pH in the range of from 1.5 to 6.5 while also
keeping in mind the targeted percent solids of the final
slurry mixture of preparation mixture 14 and the targeted
weight percentages of the silica and alumina to be contained
in the precipitate solids of the final slurry mixture. After
the formation of the seventh mixture of preparation mixture

14, sodium silicate is then added to the seventh mixture to
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the use of any suitable neans, including conduit neans
or manual neans or conveyor belt neans or by any other

wa ivaiseo means for conveyi ng the conmponents aPdI/US2008/074221

i ntroducing theminto mxing or reaction vessel 12.
Thus, the line depicting transfer nethod 22 nerely
represents the introduction of the various conponents
of the preparation mxture 14 that is formed within

heddly Ghikeachs Ol WSSk fgzepﬁeﬁﬁoﬂ ntikeduei Ng ihe to
alum num sul fate to the n1X|ng reacti on vessel 12,
?Vl

St dicam ARt eTIRER MH&tEart W Ay of FRansteFe of
reddhod 5220 addegdi 10 and mexedny 1h {:he finestaphxtay e

of preparation mxture 14 in such an anopunt as to
P oATde Sg1ddeontl MstidrélofLpFepdratiei® Rifxtlperqgparation

having q4pHnantﬁ@etgﬁyaﬁ%doaeﬁggﬂrg ﬁ&éd%a%%st@fcgﬂ@l§ﬂﬁica
the first pH swi ng of the net In the second pH

IR g UBFL "EhEC e hetn taaingd Atnt 3% PERE Al a48dea +9s tHe the

second 1ML UL e of - Pr eRalsatbpp1 Bt Xt une kR sHCh By of
anopunt as to provide a third m xture of preparation

M tREtECct4 that has a pHin the range of from1.5 to

6.5 Wﬁfb%eak§ﬁogﬁﬁﬁhﬂ%f'Qh€15ﬁ Lhend gebed PEECENMA
solids of the final slurry mxture of preparation

Myt € PR HRECh hidha arrgetied ties gt Liskriceneagesref tdie be

§£Ad‘%% and  al ym pac .0 be SQQ&Qké%%%A'hJQ%%rBr§@'pTﬁ&ﬁ‘Ethe
solids of the final slurry mxture. After

foravatsilonrgf of hehe Hided nei erureaofgr éfp?@rsétll éﬁ v et e n
SUC%%%%' UASELL C@&fnﬂ ?ni@g‘éﬁgg Lo ﬁ%iﬂytﬁ%”}n&%@e T4, is

an anount as 0O provi foourt m xt ure
‘of preparat énom1umqum;xmmgthatrhagt%DWNHQSﬁeﬂhéZrbmgeuoﬁi

fr.oma7 %tfofé tP{‘Q} pﬁfo 395 FSth”&»&& g, ad ﬂé@&é?f&% ed
percent soli t'he fina urry m xture
quqmnuﬂat@nsniXQ@r@ﬂmdfamdetﬁertafgene@ewenghtsteps or

Q??th‘?%%%%gé%e Eh&ps'ci't'e A %”E@ﬁ'. “%“ 4Q %%t%S”{ﬁéPec%e
[ € precipitate so s T of e Tinal “slur

final slurry may be filtered using any of the methods or
means known by those skilled in the art as previously noted
herein. The filtered precipitate solids may be washed,
preferably with water, to remove impurities and spray-dried.
The recovered precipitate solids may be dried or calcined, or
both.

The following example is presented to further illustrate
certain aspects of the invention, but it is not to be
construed as limiting the scope of the invention.

Example T

The description in this Example I illustrates the
inventive pH swing method of preparing the amorphous silica-
alumina composition of the invention. Further presented are
physical property data concerning the amorphous silica-

alumina product made by the pH swing method.
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m xture. This conpletes the second pH sw ng of the
nmethod. In the third pH swing of the nethod, al um num
w@dobaresss s added to the fourth m xture to theP&bysS2008/074221
| ower the pH of preparation mxture 14 and to thereby
forma fifth mxture having a pHin the range of from
1.5to 6.5 while also keeping in mnd the targeted
percent solids of the final slurry m xture of
preparat iieReAt Xtalrenckpnand theitargeiactawebghtr was
percent ages of the silica and alum na to be contained
PHERAECDHEIPi R ate TBINMSTEFIPHER F1HAIPTOICGEPy thf Kkt titetuded

Abterprt Reihgsmabh@n-1Qfa tiheaf ki b1 ) Xddi@ 1084 strike tank.
fr eparation m xture 14, sodium alum nate is added to

119 PERPARFRELPR H@qqﬁjélﬁféby r'a¢ser thfelppasf first added to
PLERANAL) @Erm(ét@e[r% 14.apdqhenther eflers:ms@l§’ci(<§I|i‘s of
m xture having a pHin the range of from7.5 to
T UE solkeepi ngP i hiddd L R t%?%eﬁtcéjduﬁ‘ersééﬁ?a‘é%lvi'%%e
Ldadde of bnakqsb 11 Mattdhe: of chdes Riepanat i-en,mxd ure
14 and the targeted wei ght percentages of the silica
AP THISURSNBT BB Dt ot divkéd I nte e priddivupirt 4Pet3bIedsD
Qﬁe téjce:lfk' n%'anﬁl o) r;yrcml)geurt%e irb#{§o§ciﬂpl &t %§s€h§n<ﬁmaﬁ%d in
pH sw ng of the nethod. In the forth pH sw ng of
Paktitod,. dPuli RENs S Fateresragdieded aﬂh@ §|e§apﬁr@rwwr<€
3% Edl& %@él%o%roé hePH ggnengP@rz?g?q'%l@nxt:HE@ 34 @j]d:pm
to thereby forma seventh m xture having a pHin the
Trhgeldeft ibroand . Bltignb LB mghifpe et &o KespipgrPnimdryl five
ANl ogtednpercente Sold d5s0f (Ehedilndls ShUREY the solids
m xture of preparation mxture 14 the targeted
ol gttt pér ceat dgesl ofiduee, spki @hmand alagmamaut@ Hiex weight
é? tne(% ‘/\7@ heﬂ?éseems%llti% ewé?é pesconferelaleannx%ls}hed. The

urry mixture. After the formafion of the sevent
moduaredobnpr epalradt | ol igisxtiare, 1aﬂgaﬂsod|war$hsdt i gad e titen,

ve X Ot her he

EiEUE IR Fe At s B
rowadmght h mxture having a pH in the range of
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from7.5 to 12 while al so keeping in mnd the targeted

percent solids of the final slurry mxture of the
w@e@paeeBl on m xture 14 and the targeted wei ghPCT/US2008/074221

percentages of the silica and alum na to be contained

in the precipitate solids of the final slurry mxture.

This conpletes the forth pH swing of the nethod. In

one enbodi nent of the pH swi ng nethod, the final

sdwird v Fr oruwhi 60 e preei pht ate St sl ST eeover&d

bR ftls0RbLE Ber Sk hidh iTiaxbUE Be O I e RAIARLEN1 AL X§ UWi€uor

dé.gabusicebhe final slurry of the mxing or reaction

vessel 12, which in this case is the eight m xture of

Pr&Pasalg On dHeXl{WaBed Fompsneht NS &Fie0MdJs08F 1 N@H M XILNG0r
or reaction uesgel 12 by way of addenecazdbofi@it | urt&emddition

processi ng |[i n1 orlderet heaiecover theigraeci pitate

siolstdse Whi|l e2 t Hesfwrther progessi ng73t eps of 3.2
quigpnment gre nqtsudépiected in|FIG 2, it is|noted
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2ci pi tatle

Lf“ésent e(
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FOFF ol ng e;;\?rf)l @
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construed gs [im luggnat@e scope of
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= leﬁ i Tnc Ut%&hhyﬁdr&.ﬂl UL llllb I:)\ E}JI T 1 6.5
éiiilngs rated the ivepid ve pH swing method of prepari ng

t he "anor phqusg sST{tdgagh uni ma CQnposST g of  t e 9.6
i nvention. |Furthenuptesented are physical property

data concerning the anorphous sSilIcaalum na
The spay-dried, amorphous silica-alumina powder that had

been calcined at 538 oC (1000 oF) was analyzed by Aluminum

(*’al) Solid-State NMR with magic angle high-speed (14 to 15

kHz) sample spinning. The “7Al NMR spectrum of the amorphous
silica-alumina powder that was determined in accordance with
the methodology described earlier herein is presented in FIG.
1. As can be seen from observation of this NMR spectrum,

aside from the reference peak, there are three other peaks at
locations of approximately 3 ppm,

30 ppm, and 65 ppm of the

chemical shift scale. The peak at the 65 ppm location
corresponds to tetrahedral aluminum sites in the lattice, the
peak at the 30 ppm location corresponds to the penta-
coordination aluminum site, and the peak at the 3 ppm
location corresponds to the octahedral aluminum site of the
spinel structure. The NMR spectrum shows that a significant
amount of the aluminum is present in the form of penta-
coordinated aluminum as compared to the other forms of

aluminum.
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15

product made by the pH swi ng nethod. The inventive
anor phous silica-alum na powder was prepared using a

W@RD09MNRI580 preci pitati on process that included POUUSBB/074221

swi ngs conducted in a single, so-called strike tank.
In the preparation procedure, a water heel was first
added to the enpty strike tank. Subsequently, aqueous
solutions of alum num sul fate, sodium al um na, and

sodi UMeSisbireat &r Wed & iaddedail Bmans SRt ahdmBpResiridbn
the order and relative anobunts as presented in Table 1

TS 1FifgRerMRoht & Ed "PnaPAed s T dnk ARBTPROVE de

$he dd-guenipE gso@l &0 dsedi eat edi tdrilapl@thlysFotsmpthy in
swi ngs were perfornmed at a tenperature of
Ja‘bi)r%ﬂ%a"f?éwe 58t g Eid "aCéohkt a}hifd%%ﬁ%ﬁnﬁa(f%t%lfysm
xﬁ‘@rer @QchTB%aﬁggéélkS&n d JBEXbRg: ti4m J015 eaGheStPray

ive mnutes. At the end of the | ast

roxi mat e
gﬁﬁﬁ%}@ﬁmgv\b%@olq% dbFi g8eebrt €t tSrSehERFPRal

ééMytl‘%sS!aHé I Yre Mz R Qunergi x3 \’\@Alsgmayp%c@l@&eﬁx%d the
These solids were recovered and washed.

¥%féoii~‘@rcééaaﬁ@ Was HetPhggitied e f @i o, S\hééﬁédal%[?ﬂd“a

ézﬁﬁﬂbessgﬁléyr gi(’;ﬁgfltcoar{tor '}}/tsgglfirmﬁl, W@J@Q@Hé numerous XRD
I'i ca- al um na” powder. Table 1 - er of the Addition

W%ﬁﬁ?@ﬁt sref r%ﬁ@r@%ﬁp@ﬁeﬁ%%“t@lsﬂel rRengamk: Ghd

448 POl 1hhen RS Ng.iLhguosy of nEagheSt eBndhe,

spay-dried, anorphous silica-alum na powder that had

@é@ﬁl@@l@@unébeaﬁ%a@@@r@m@@ oF) i s lamdlngzedvdgr of the
| t at [ :

R on Sheed (14 To O RE) CSanpre spinning. The 2¥a

INMR 15i3EGt r um of t he anor phous silica-al um na powder

that was determ ned in accordance with the methodol ogy

described earlier herein is presented in FIG 1 . As

can be seen from observation of this NVR spectrum

aside fromthe reference peak, there are three other

peaks at |ocations of approximately 3 ppm 30 ppm and

65 ppm of the
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chem cal shift scale. The peak at the 65 ppm /| ocation
corresponds to tetrahedral alum numsites in the

WO a100i0zesg0 t he peak at the 30 ppm | ocation corrCPUAIISs/074221

to the pentacoordination alumnumsite, and the peak
at the 3 ppmlocation corresponds to the octahedral
alum numsite of the spinel structure. The NWR
spectrum shows that a significant amount of the
alum numis present in the hotnyof pentacoordi nated
al um num as conpared to the other forns of

al um num The spray-dried _silica-al um na power and

torfpdlStE6A SAnPrES D2 FdeRRPTRLAMMA foTRRG 14100, wherein

SOMMBILal apRpphaus. silica-al um na product used by

Criterion Catal yst Conpany in its manufacture of

certain of its hydroprocessing catalysts were each

anal dzed nBy gt hecise Phidishandas d,pawden Xzl 8¥inum sulfate

di ffracti on net hodol ogy. The spectra of these three

e IESIitroAS AKX BU T 5ented ai REFG T3 rangg mayfpen 1.5 to

observed, the XRD spectra of the boehnmte and

commercial silica-alum na sanples show significant

crystallinity by having numerous XRD peaks that are

(@pr@%%ta%we %cxcéayﬂtn%] Lipe goppanent $:6entai Aed dthin

the conpositions. On the other hand, in conparison,

e DXROespéctroam ofd sﬁq ileabsl addivg wﬁd@m 6flipete to said

hiventd Qa cahove. fq B eseRce at, vary [ittl e crystalline

material . . d of making a

SI l'ica-al um na corrp05| t| on, wherein said nethod
MG 168) 2 COIDLINNG M LB Do 8 SBX 110 2 RAGL WAL By qasq

and um nuntsulfate to provide a mxture having a p

mmltr‘me zoargevoé r¢ ¥romeal.db puf@06p5ta1(¢3)sqlh@r eafiperses said
Ceaasallﬁ}gléhlt; %;xgsfltsi i.d mxture to within the range

From dlng sodiumsilicate to said

2. A method as recited in claim 1, further comprising, prior

to recovering step (c¢):

(d) after increasing step (b), lowering the pH of said
mixture to within the range of from 1.5 to 6.5 by adding

aluminum sulfate to said mixture within said mixing zone; and
(e) thereafter, increasing the pH of said mixture to within
the range of from 7.5 to 12 by adding sodium aluminate to
said mixture within said mixing zone.

3. A method as recited in claim 2, further comprising:

(f) after increasing step (e), lowering the pH of said

mixture to within the range of from 1.5 to 6.5 by adding

aluminum sulfate to said mixture within said mixing zone; and
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m xture wthin said m xing zone; and (c) recovering a
precipitate solid fromsaid mxture in said m xing

W@ e/ 02988@&r ei N sai d precipitate solid conpri seBRCHEBZN08/074221

silica-alum na conposition. 2 . A nethod as recited in
claim1 , further conprising, prior to recovering step
(c) : (d) after increasing step (b) , lowering the pH

of said mxture to within the range of from1.5 to 6.5

by) addiregrabum nwim &l ifnat entopsab e ddxd whigtwkEhid wiadrdn
m Xi ng zone; andw,feE)h thereafter, increasing.the pH of ,
S Fanoet GfefFomw thite tKhePrangel ™t F3%bmr7S5lteal1e Iy said

Rodi NG sedhum ahimrinatiedt eosald nmxture within said
m xing zone. 3 . A nmethod as recited in claim2 ,
further conprising: (f ) after increasing step (e) ,

1 overidigobherphbefngal dimh Xk UL Surb On M I st ek anges fin
from1l.5 to 6.5 by adding alum numsulfate to said
3 Wed PRPt RPRAPERTYF 1M xi ng zone; and(e) thereafter,
increasing the pH of said mxture to within the range
of from7.5 to 12 by adding sodiumsilicate to said
R 5% "Wt R N SBYELTE MEORG 2oRESCUPLtAEPRed ePmprising
ki NG -3 8k hhcgyal umi na conposition, wherein said
met hod conprises: formng within a mxing zone a
pr éei pi e wolniod vebfpr 18 hgasid eaiap umy by: (a)
!nQEQdyﬁﬁfgbﬂ%ﬁﬁﬁ'aﬂﬂﬁ@néﬂj§hf§d@en9n%8n§éi&FHixing zone so
i ntroducing alum numsulfate into said mxing zone so
asapotpreoddelea anfnkrtinee compriisiing water andl alvwvnHem
SUL§ a8 Dl NG, A PHkI Mt g, 12008 Ok EEQM .5 P B35
(c) tEer eg}/ter,gaian ro r&c?lﬁeg sodi um a{EumIH]nateglonto said
m XFhgtzene ftert herebydinorease itheapkinofatsaiid te xedde
tom%&&ﬁé“ahﬂ?t%a@ggrgﬁyffﬁ%géééé kgelgﬂ of said mixture to
within the range of from 7.5 to 12;
(d) thereafter, introducing aluminum sulfate into said
mixing zone to thereby lower the pH of said mixture to
within the range of from 1.5 to 6.5; and
(e) thereafter, introducing sodium silicate into said
mixing zone to thereby increase the pH of said mixture to
within the range of from 7.5 to 12; and
recovering said precipitate solid from said mixture.

5. A method as recited in claim 4, further comprising, prior

to the recovering step:

(f) after step (e), introducing aluminum sulfate into said
mixing zone to thereby lower the pH of said mixture to within

the range of from 1.5 to 6.5;
(g) thereafter, introducing sodium aluminate into said mixing

zone to thereby increase the pH of said mixture to within the

range of from 7.5 to 12;
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(d) thereafter, introducing alumnumsulfate into said
m xi ng zone to thereby |lower the pH of said m xture to

wowaobiozpsshe range of from1l.5 to 6.5; and (e) PCT/US2008/074221

thereafter, introducing sodiumsilicate into said

m xi ng zone to thereby increase the pH of said m xture
to within the range of from7.5 to 12; and recovering

said precipitate solid fromsaid mxture. 5. A nethod
as recited in clain14 , further conprising, prior to

the recovering step: (f ) after step (e) , .introducing .
é@Lnﬁﬂﬁﬁ?ﬁ§ﬁﬁfatenﬁ?ﬂ499§§ﬁdaﬁP%%%@“z%Hk?%ﬁ? tREP epytd mixing

rover-d hecpkhof 1 &l d vAXur 6t 92 W tohi - trhe thapgen of the
froml.5to 6.5; (0) thereafter i ntroducing sodi um

AR 194t € TPAt b- $aFd Gri%%i A§9zone to thereby increase
the pH of said m xture to within the range of from?7.5
to 12; (h) thereafter, introducing alum num sulfate

K%ﬂ(ﬁ@%%ﬂﬁfﬁﬁirn@n§%ﬁﬁ¥Q%§gtﬁ@ﬁe99 $oWerateha npA el d diigking

and Wee the whi hi fetdiesd angepdf ofromd m 40 8. Bo *hin the
(i) thereafter, introducing sodiumsilicate into said

ﬁﬂ%ﬁh@f26ﬁ@mt6 Phet el i ncrease the pH of said mxture
to within the range of from7.5 to 12. 6 . A nethod of
meki ng an anor phous silica-al um na conposition,

Qe ot hodi 6 nBt kot conprseseus a1 kiowisAliRgnaat er and

@&ﬁﬁﬂsrl%mo%u' [RLE1,0 ﬁl%vhg%hédf&gr%grl@e@t.ur e having a
in the range of from1l.5 to ; (b) adding sodi um

alun1nate to said first mxture to provi de a second

?A)Xtéggg)ﬁ'%@}ébnga@ejp'ir{d“ 4061 hanos, of tfeIr o) érévi&e 12 first

ng alum numsulfate to sa| second m xture to
prgwimde havithord wi xtrurtdiechaweinag af pHdm lt.Betpahge’ of
from1.5 to 6.5; (d) adding sodiumsilicate to said

third mxture to provide a
(b) adding sodium aluminate to said first mixture to provide

a second mixture having a pH in the range of from 7.5 to 12;

(c) adding aluminum sulfate to said second mixture to provide

a third mixture having a pH in the range of from 1.5 to 6.5;

(d) adding sodium silicate to said third mixture to provide a

forth mixture having a pH in the range of from 7.5 to 12;

(e) adding aluminum sulfate to said forth mixture to provide

a fifth mixture having a pH in the range of from 1.5 to 6.5;

(f) adding sodium aluminate to said fifth mixture to provide

a sixth mixture having a pH in the range of from 7.5 to 12;
(g) adding aluminum sulfate to said sixth mixture to provide

a seventh mixture having a pH in the range of from 1.5 to

6.5;
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forth mxture having a pHin the range of from7.5 to
12; (e) adding alum numsulfate to said forth m xture

wao eoopioznsBle a fifth m xture having a pH in t hePCHO§®OgH74221

from1l.5 to 6.5; (f) adding sodiumalum nate to said
fifth mxture to provide a sixth m xture having a pH
in the range of from7.5 to 12; (g) addi ng al um num
sulfate to said sixth mxture to provide a seventh

m xture having a pHin the range of from1.5 to 6.5;

h) adding sodiumsilicate to said seventh m xture to .
éﬁkﬂﬁ4ﬂén§nS@Pbﬁ?rﬁ%ﬁ%&%ﬁeetﬁa§?h% F G MEFEVF ankfe pFovide
id aMghtd h@xddiec ah o) af BEOVEI g Bhyeeeicpictaher soldd 12;
fromsaid eight mxture, wherein said precipitate
&ylid conprises said anorphous silica-alunina
conposition. 7 . A silica-alum na powder conposition,
conpri si ng: amnorphous silica-alum na having an A/B
fat ITFEveEeaPng Rrecirg tatg spliealeiurficnsd powdermixture,
FUROS] 15208 8BSk 661 dLA isB1¢halBhdrisMeglin aARPFRARYS
silica-alumha exhibits the characteristic of a strong
&t LA anFrhNVRE pepriRRTidoodi-nat i on peak representing
greater than 30 % of the al um num of said anorphous
silicaalumna . 9 . A silica-alumna conposition as
tech tsdd lica—el anhm 8 Rovifleer €PRPSal dl Ao rqshiens sing:
$hdd Sl umh na, has,a i 163,600t efs ik tihe Langei of 2 2.
from10 to 90 wei ght percent "and an al um na content in
the range of from 10 to 90 wei ght percent.

8. A silica-alumina powder composition as recited in claim 7,
wherein amorphous silica-alumina exhibits the characteristic

of a strong aluminum-NMR penta-coordination peak representing
greater than 30 % of the aluminum of said amorphous silica-

alumina.

9. A silica-alumina composition as recited in claim 8§,
wherein said amorphous silica-alumina has a silica content in
the range of from 10 to 90 weight percent and an alumina

content in the range of from 10 to 90 weight percent.
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