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5 6 This invention relates to inproved silica-al um na
catal yst conpositions and to 7 a nethod for preparing
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for a variety of 22 hydrocarbon processing .

12 appl i cations, such as cracking, desul phurization, 23

13 denetal | ati on, gaACEROUND OFIT¢R INOENTRIN 25 Anor phous
silica-alum na has been prepared previously by a

14 hodifi ed cogel 26 process wherein no hydrogenation
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dri ed hous silica-al um na catal ysts were nade
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20  in cracking reactors such as fluid catalytic crackers and hydrocrackers.

21 Silica-alumina composites have been used commercially for a variety of
22 hydrocarbon processing applications, such as cracking, desulphurization,
23 demetallation, and denitrification.

24 .
25  Amorphous silica-alumina has been prepared previously by a modified cogel
26 procéss wherein no hydrogenation metals were added during the geliation
27  step. Spray dried, amorphous silica-alumina catalysts were made by the
28  method as described in U.S. Patent No. 4,988,659, Pecoraro to produce
29  catalysts used in hydrocarbon conversion processes.
30 _
31 The method of preparation of silica-alumina catalysts affects the chemical and
32 physical properties of the catalysts such as activity (such as cracking or
33  isomerization activity), and physical properties (such as pore structure and
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32 physical properties of the catal ysts such as
activity .(such as cracking or 33 isonerization
activity), and physical properties (such as pore
structure and -1 WD 2004/043597 PCT/ US2003/ 035127 1
vol unme, surface area, density and catal yst strength).
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| east 91 to 6, adding nore NHAOH to form a cogell ed
mass to 23 pH 7.5-8.5; washing cogelled mass; mulling
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apH 7.5-8.5; washing cogelied mass; mulling the mass with peptizing agent, a

Group VI-B metal compound and a Group Vil metal compound to form
“extrudable dough; extruding; and drying and calcining.

U.S. Patent No. 4,988,659, Pecoraro teaches a cogelled, silica-alumina matrix
prepared by the method which comprises mixing a silicate solution with an
aqueous solution of an acid aluminum salt and an acid, to form an acidified
silica sol in the aluminum sait solution, and adjusting the silica sol/aluminum
salt solution mixture to a pH in the range of about 1 to 4; slowly adding
sufficient base with vigorous stirring, to the acidified silica sol/faluminum salt

. solution mixture to form a cogel slurry of silica and alumina, and to adjust the
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29 aqueous solution of an acid alum numsalt and an
acid, to forman acidified 30 silica so[ in the
al umi num salt solution, and adjusting the silica
sol /alum num 31 salt solution mxture to a pHin the
range of about 1 to 4; slowy adding 32 sufficient
base with vigorous stirring, to the acidified silica
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- In a second aspect, there is provided a catalyst composition comprising a,
silica-alumina cogel catalyst prepared by the method as defined above and
‘having a Surface to Bulk Si/Al ratio of fmm 0.9t0 1.1 and a crystalline

alumina phase present in an amount no more than about 5%.

-In a third aspect, there is provided a continuous process for preparing a

highly homogeneous, amorphous silica-alumina cogel catalyst comprising:

- - providing a first aqueous silicate solution; providing a second aqueous
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providing a first aqueous silicate solution; providing

a second aqueous -3 solution of an acid alum num salt;

providing a third agueous solution of a basic

preci pitant; continuously contacting and vi gorously
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conpri sing a, um na coge yst prepared

blyiniduen sait subdtioawiie imaiediniiyatre pHmﬂthe mixed solution less

than 3.0 and ensuring vigorous and complete mixing of the aluminum salt

and silicate solutions in the first mixing zone to form a first mixture;

providing an aqueous solution of a basic precipitant; continuously

contacting and vigorously mixing the first mixture and the basic precipitant

in & second mixing zone while maintaining a uniform pH of from about 5

~ fog to produce a precipitated cogel; continuously removing the precipitated

cogel from the second mixing zone; washing the precipitated cogel; and

processing the precipitated cogel info a finished catalyst.
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having a Surface to Bulk Si/Al ratio of from0.9 to
1.1 and a crystalline alum na phase present in an
anount no nore than about 5% Disclosed hereinis a
nmet hod for making a highly honbgeneous anor phous
silica-alum na catalyst. Silica-alum na produced by
the nmethod nay have a Surface to Bulk Si/A ratio (SB
Nnatki r !,glt&% bly
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crystalline alum na Phase Fresent in an anmount no
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sel ectivity in conmparison with other silica-alum na
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procedure for preparing a silica- alum na conposition
saf@lyﬁfdm@ ac‘@ondmg o hearathastdisakisgd rr@ythlbft highenagtivity X- Ray

300 S s s SR Bk >
PTION 2 3 The silica-alum na conp03|t|on of the

present invention is highly 4 honbgeneous. A "Surface
to Bulk Si/Al Ratio" (SB Ratio) has been selected 5
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characteristic of the si |1 ca-al um na
acooeding Wriheaumathiod disolopeay leerdih matyteRhibit Superiorheavy distillate

silica-alum na conpositions. 8 9

selectivity relative to a comparable catalyst in a hydrocracking application.
The catalyst made according to the method disclosed may also exhibit lower
gas and naphtha makes, and comparable light distillate make compared to

- reference silica-alumina catalysts.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is a Flow diagram of the general procedure for preparing a silica-

alumina composition according to the invention.

Figure 2 is a Powder X-Ray Diffraction of various silica-alumina compositions.
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10 (Si/Al atomc ratio of the surface neasured by XPS)
SB Ratio = 11 (Si/Al atomc ratio of the bul k neasured
by el emental analysis) 12 13 14 To deternine the SB
ratio, the Si/A atomic ratio of the silica-alumna
surface 15 is neasured using x-ray photoel ectron
WEHMEBE5copy (XPS). XPS is al so 16 knowPCA&S®Psi2n
spectroscopy for chem cal analysis (ESCA). Since the

117 penetration deppRraf E¥ISEsERIPTRINE han 50 A, the
Si/A atomc ratiom%y‘r PS is for the
surface chem cal conposition. Use of XPS for
Si [ i shed by W
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[ e outer

5 | rore MRagus 2%‘%*.5 oo Bt R e U ace
6 medlisanabiiming ofiter piRpeNl yentionand iscompges it eiteetheon 23

7spﬁggfam@é)yon(p%§§%nsand Secondary ion mass spectroscopy
(SIM5), could 24 also be used for neasurenent of the

8surface conposition. 25 26 Separately, the bulk Si/Al
gratio of the conmposition is determ ned from27 ICP

10§ é:ﬁ;: 3o o Tl 'ﬁ?mc g8 of PP s R T 21 1
S o t e 2B b R R R e e

12 particle is explained as 30 follows. An SB ratio of

13 1.0 neans the material is conpletely honbgeneous 31
throu?hout the particles. An SB ratio of less than 1.0

14 dafelarmineibg §B catie, the Siptatamie ratip alihe %mnalummmsuﬁace
15 ahélmeéléuﬂéc( &H‘ngi@ﬁwh@tgel%ﬂ@dh s?sb tds85Py (xPRY X3 BHm i s

pr edom nant | Yy [ ocated on e ext'erna sur ce of

16 ¢ #80%?% plesteas, SPW@SSBW@IQ*@"EEI anplyap (E§64). @J@QQWE
17 P%ﬁéﬁ%%@@éé&ﬁ%ﬂ)@ﬁs ns':eémﬁ% $@Rﬂh&syAl é dééégﬁeb%'tyﬁ

surface is enriched wt l'icon (or

18 a9 infanfhe W@C%ll?hﬁ’m'%ﬁ@m@sﬁp@déﬂﬂ qfaqaa f9r silweaedumin@n
o siTTee AT 1 Bl e Al Piesteg et fana
20 | 496, 208Rpws47r258. Bie XPS technique is, therefore, effective in
21  measuring the chemical composition of the outer layer of catalytic particle
22 surface. Other surface measurement techniques, such as Auger electron
23  spectroscopy (AES) and Secondary ion mass spectroscopy (SIMS), could
24 also be used for measurement of the surface composition.
25
26  Separately, the pulk Si/Al ratio of the composition is determined from

27  |CP elemental analysis. Then, by comparing the surface Si/Al ratio to the pufk

28  Si/Al ratio, the SB ratio and the homogeneity of silica-alumina are determined.
29  How the SB ratio defines the homogeneity of a particle is explained as

30 follows. An SB ratio of 1.0 means the material is completely homogeneous

31  throughout the particles. An SB ratio of less than 1.0 means the particle

32  surface is enriched with aluminum (or depleted with silicon), and aluminum is
33 - predominantly located on the external surface of the particles. The SB ratio of
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6 the present invention when its Surface to Bulk ratio
(SB ratio), i.e., the ratio of 7 the Si/Al atomc
ratio of the conposition neasured by XPS at the
surface and 8 the Si/Al atomc ratio of the bulk
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i N accordance vvl’ I on an’ SB
r Biemabout OerTQﬁibalHdu‘t aod moﬁbpraibmbty 10.3 and is highly 25
honogeneous in that the alum numis distributed
essentially uniformy 26 throughout the particles. To
mhikg Hi ratiotoh eeferendeailicg-abfminaneareplées foam twasammagrciat s 27

[8fAL
crress QB fof SBolCENBeda A28 AOMIEHIAG es) o, 20
' meawr%dmdth@fallwn@@aln@eWergiobgamdhogeneous t he
silica-alum na conpositions of 31 the present
i nvention are anorphous, wherein a crystalline alum na
.phase SB rgiio @‘L&Bﬁl-ﬁéssﬂi@e&jmbéerﬂﬁ +@&8al uni na phase, is

prese ) 3 than about 10%
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PCT/ US2003/ 035127 1 |If the al um num at ons are
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no separ a esen n the
sahqoh on ﬂ&&u@‘dcmf thehaamcles (i.e., depleted with Al) as pubhshed
earlier by W. Daneiell et al. in Applied Catalysis A, 796, 2000, pp 247-260. On

the other hand, MS-25 silica-alumina is enriched with aluminum on the
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surface of the particles. The silica-alumina in accordance with the present

(&)
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invention has an SB ratio of from about 0.7 to about 1.3 and is highly

[
[}

homogeneous in that the aluminum is distributed essentially uniformly

=]
)]

throughout the particles. To maximize the activity of the silica-alumina, it is

]
=l

most preferable to have a highly homogeneous silica-alumina having an
SB ratio of about 1.0,

NN
©w oo

In addition to being highly homogeneous, the silica-alumina compositions of

W
- O

the present invention are amorphous, wherein a crystalline alumina phase,

|9\
N

such as pseudoboehmite alumina phase, is present in an amount no greater

o
w

than about 10%, preferably no greater than about 5%.
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3 above hypot hesis, the anobunt of crystalline alum na
phase present in 4 silica-alum na sanpl es was neasured
using an external reference of a 5 pseudoboehnite
sanple (relative peak area neasurenent simlar to 6
ASTM net hod D3906) and the results are reported in
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S
SR Do TR PHRS B GRS 0BT X g REns SebReBY ng o

Slobdlﬁglm%dldﬂﬁhlﬁ}ﬁ IICOBIMSDS bifdh- Qumﬁﬁ@ 7 BYRNthAR rhib) 29
are shown by’a m)del

h%ﬁ%’ Eﬂlﬁ’b n conversi on processi g

B HY alupnyra ] disbyigaptormiyondhe ayacecinageition foy wa

N ity é’rﬁbﬂﬁﬂo@s am&beéluﬁqm%cco’#&ng%éhd%ﬁ%n%%e%e@
@?ﬁg ﬁ wt % 3- Met h I1fg_gnt ane. The nodel

@igg’é "?fé@’ﬁ lge RlEnRAeRTaK?- nfagrab@mﬁ therpawder X-ray

W%mfsb@ﬂruﬁﬁﬂ@hé/éﬂéﬁ bof 78 gré*e?ze .%giaﬁ 'ché@ém&é 0% 8RS
J own over the_24/40 U

crystal ine phase alumina. This powder X-ray spectrum along with

compositional information indicates that the silica-alumina of the present

invention is homogeneous throughout the particles and amorphous.

Benefits of using a silica-alumina composition of the invention in

hydrocarbon conversion processing are shown by a model compound

testing where the catalytic activity was measured using a model feed

containing 50 wt% n-Hexane and 50 wi% 3-Methylpentane. The model

compound testing was performed at 900°F. The hydrocarbon feed vaporized
_in helium carrier gas was flown over the 24/40 US mesh pelleted
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WD 2004/ 043597 PCT/ US2003/ 035127 | silica-alum na at
0. 68 WHSV per g of catalytic material and conversions
of the 2 hydrocarbon species were neasured using Gas
Chr omat ogr aphy. As shown 3 in Table 1, when conpared
to other reference silica-alumna, the 4

wOsi004i0¢3897al um na of the present inventi onPEHEWE/035127

@m«qo:c.h-hmm-x

significantly higher 5 conversion activity. Siral-40

sigiib&amumina Tt 0B3RS pgr é’o@ &Ryt nﬁité‘r%wﬁﬁt:ing&siﬁWb%ﬁe

silica-alumna 5.1 % conver sl on
silviregaren ReRiss Here measurrpingdrasshiraralgmuhy. disshown

C YRS, Qbhen\WBhph % i ncrease
in activi t;}n legd%gﬁtbfrt%%gg léé)ﬁ[gglargall% site using

t Shppidiiieef feqypsantivenion shqyadsignificaptly highebase such
a%omé%.&fadnﬁ@pgmwoagmgtazuﬁﬂmbwg kidopfpRyti ate

desirable silica- al um na conposition fromthe

c SAVERTN M§r2%$"|'qac%\uram ritketotabesiversionwghile 118 per f or med
t eMBLEBRIMERS meqmeﬁﬂaf%o@@zs% 283 2R 'rs%h WhiB &ﬁD) of 14

i sopropyl am ne PA) adsorbed in ydrate

s {CPTesROBgs iRHPH 1 %ﬁ’fﬂ’"@%sep‘éﬁdw% procedures publ i shed in
J. Catalysis 114, 34, 1998. The results reported in
16 Table 1 indi_ca_te that all thee silica-alumna show
abWgptitgomoiie peid siig yeingstemperative proateaitehdesorion afl t he
desey dued aé RA; 6PROSBPyISIARS caiot aaﬁér[eﬁt'neﬁé Qeéﬁ\"a%ﬂ'% g 18

above nodel conpound testing

peliginicopwasitien I fhe-corvRntianay ﬁ'i*@?aamlﬁi"ftal”ﬁé‘"@lﬂ?p&%e tion
O]é&ifcﬂﬂnbd féﬂiberaﬂﬂ-re‘f}?é%aﬂn@@%%m Ué@or@aSI (]‘?@' b'g)Bf‘ of the

L lica-al um na can provi de a

vv?SanOP!él?fa'ée PA)pdsarbagdn ég’gfgaﬁﬁd $lw§mfwa@ﬁarmmes perabout
iro@@ddfés%uﬁhtﬂ‘% i I Gd’ﬂﬁy@éﬂ ‘iﬁ 34, h@g@r ?ﬁ@?ersﬁﬁisbr%ﬁ&@ n?f

;glgnum content is from about 30 to

1 |'W'°?F?efh%hﬂ'f|$h%ﬁmlm§|%%a Sfmwsa@ub%wnra@@mmdzﬁe%
%%céﬂi?é@i&né And bR cﬂa‘ébr‘ﬁe@ PR Shtdnt Q&S‘Wit E{ﬂ'ré?é’cé WRRRRNds to

Si /Al atonic ratio in conmposition so

a@b‘t"s mpsgh Wuﬂ%@sw(?% ty of t he f i naI 27
silica-alumna catalyst. 28 29 Silica-alumna
according to the present invention may be prepared by
a Thespprepifqgst pf glicarpndipbtrinaivihesamnysitian everalhean
CO4H W@H@Wh@édﬁ%%ﬁl@ﬁ of tﬂe diiddQ0RRG ¢ n?fﬂ)e eB ations. In
one enbaddi nment bat process, ﬁ i nvention

easily to provide a W|de range of alumanum content from about 10 fo about

90 wt% Al20s in the bulk. The preferred range of aluminum content is from

about 30 to about 70 wi% Al,Ozin the bulk and is most preferably about

46 wi% Al;0s in the bulk composltion which corresponds to a 1.0 Si/Al atomic

ratio in the gel composition so as to maximize the activity of the final

silica-alumina catalyst.

Silica-alumina according to the present invention may be prepared by a
variety of methods employing batch and continuous processes in different
combinations. In one embodiment, a batch process, the present invention
provides a method for preparing a highly homogeneous silica-alumina cogel
catalyst comprising: vigorously mixing an aqueous solution of an acid

-7-




32 provides a nethod for preparing a highly
honogeneous silica-alum na cogel 33 catalyst
conprising: vigorously m xing an aqueous sol ution of
an acid -7 WD 2004/ 043597 PCT/ US2003/ 035127 | al um num
salt wth a gradual addition of an aqueous silicate
WO804($8358M whil e 2 maintaining the pH of PEEUR0M®F12T
solution less than 3.0 and ensuring vigorous 3 and

C Giphikdira sait watrng g%ﬁuél%@dlﬁémdﬁ% sdtlstsiRRE s%iuhbr@@ﬁu%
sol ytions .t acidified silica so] in_ the

S RHOD 23 7 S s SO aTass fian A gnal Basisergs
pra@d lc@nnbl@fet mikidg bhm@aﬁmwm @eﬂt #ndl sieateselutissudrdmmansal t

‘sol whi | e X or ous ing the solution to
té et § Rlcg9! Byt ?% m;%/%'téﬂfuw @feé‘éiﬁ'é’raqdﬂ‘@r? bpslg, 7
prp@wpuemgo meCa‘bﬂﬁled%hlb'é éd{faluﬁﬂﬂinh éHrl! swat’bn Whecelydro@dny of

basi.c pre t he range of

f YRS ﬁﬂ?@? &%R%LO@@ ff%ﬂpaﬁp Q\Haﬁeéthan a&s ously

Mipkddoging @ cbb@ shagedonsiuiig tie haditid dThasip pFé&%lt;i}’fﬂ 'téE LMty
precipitan

of t.he slurr mwzéﬁre during the 10
a &bt theTangesf ot riiete &E&?f'iﬂww@a vigBgusly Miting
PHiRC@esl sgnttenairkdin Hea@ifghiit oPhe GRAG mikiDieQufing thai shed

cata not her enbodj nent, continuous sol
f BF%?@fﬁfefr?déﬁ@‘ %tSinaﬁﬁlaa hequpqipiiatesitogel and precqssios i

| preipithien cByd el Snisheg@atalygtious process for preparing
a highly 15 honmpgeneous silica-alum na cogel catalyst
conprising: providing a first 16 aqueous silicate

s arotiesr ,embb@imeﬂi a@maucﬁg@@ndmaém QHE cminu@a@bu&fonan
num sal t I%r ovi rd aqgueous

2 Bielhrpsaht We’g]‘JBBEﬂVE’e?)?@e wv9mmg63§éor@6%nn%wmv

caﬂmagér!eags §ilivsh- alurﬁﬁé ot yatératicBsphidigy: fpl'dvﬁfingﬁﬁ"ﬁistsecond
ueo s.solutions in a first m xing zone whi

;
nﬂﬂ‘l‘ﬂ LB S ﬁﬁe aolutffrn proyiging asgeand azsee@mcﬁolwt'erﬂreiﬁrmﬁd
peRfraiuabbait; ﬁmﬂln@ wahid stuedud dolfibn BF %a&z@pr%&]?mnft he

first mxi zone; continuously contac and
aﬁ%%'wﬁr%ﬁ'wwdwomsytm'ﬁwfh%sta?ﬁa seqand 22 third

aaqm;@us sﬂ@ﬂndﬁkllm@ﬂﬂsﬂmﬁmg Q@ﬁ&‘ﬂhlm rﬁélﬂﬁlrﬂﬁgﬂﬁ 81 1685 than
rrglntalmngaumform of fromabout 5to9to

Qd@wvmpﬁ’f@@raﬁ'wwwoe%a firstiraiiiy(a frein thefestandng y 24
Cﬁcﬁﬁd BOHRNGELY doh%cm{g%ihﬂ migbaiueg nqsaggtheffrrsa ik HeaNd
zZone; S |n precipitated cogel; and
%’ 3&?%@ SPHﬁlarb'Fé Emdawzélag é@{f‘e‘l"h'férﬂ‘%ma'“ﬁ'igrﬁ ¥R 26
C it af ysrh abot&B 188 td ﬁro@tﬁtﬁétﬂﬁémﬁ Eﬂ?&ﬂéd@mem@ﬁ{gc Brefdbly

for rtmtl OP ah cont | nuous ation,
continuously, the precipitated cogel from the second mlxmg zone; washing the

coob-qcr:ch-l:-mr\:—-t

-
[ow]

G R WN = O O 0~ b N =

precipitated cogel; and processing the precipitated cogel into a finished

N
[=>}

catalyst.

NN
o« o~

In another embodiment, batch sol formation and continuous gellation, the

B
«©

present invention provides a continuous gellation method for preparing a

w
o

highly homogeneous silica-alumina cogel catalyst comprising: vigorously

44}
s

mixing an aqueous solution of an acid aluminum salt with a gradual addition of

4]
e}

a silicate solution in a first mixing zone to form an acidified silica sol in the

[
(%]

aluminum sait solution while maintaining the pH of the solution less than
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29 present invention provides a continuous gellation
nmet hod for preparing a 30 highly honbgeneous
silica-alum na cogel catalyst conprising: vigorously
31 m xi ng an aqueous solution of an acid al um num salt
with a gradual addition of 32 a silicate solution in

WOR094/0#3527 m xXi ng zone to form an aci di fi e@CEUESGH3IHY | n

© o N O R W N

G G W L RN NN R NN NN NN = A o s oA o
oaoncooo-qoam-hoaoncooo-qo:m.hmm-so

the 33 alum num salt solution while maintaining the pH

p) DR Bbre R sBEPicte Foddcf e i Seteng,
c shigate selutiansiimtpedirst niingonaritoiprmsilrst naixtdre; @osidingcat e
T e
ba/igiotouply suXipg thsrﬁrst mbeuTe iand thesthiyd aqueoas sdlutipndmal second
V'nﬂﬂﬁ% &A(Hfb)fﬁs{}Qalﬁlﬁ aluhfictn dpm éﬁfﬂrﬁa%%ﬂ@b v#bt#tﬂ:e a

aqueo utiron In secon m Xin Zone
meqmtaﬁ@d 599et apniifustisly paFnayingfthe meamaied gogebir@m the

PIsBEting Sorl: Gabithd B BibchRgiEl cof0blupHAUSLY, f8TOVE NG

t he preci p P ate Seco m XiMhg zone;
mmnﬁgtedn@gquré@aﬁmslmdec@tamge| and processing the 8
precipitated cogel into a fini shed cat al yst. 9 10 The
present invention also includes a silica-alumna

c dnp dsisentdrveptienaisainciudes alsilicataiumina hordposities erépaesd by

h?r{eel%&hodsz%es%ﬁbem%réﬁmt two, and nost inportant,

steps In the preparation of a silica-alumna 14 cogel
are (1) preparation of the clear so[ containing silica

o e fiskiiloh ndfide ool sy b Roplpibfy 2 Blatthlfifa®
J &0gab ager(d) Wesaration of the dear sdl coaBiNdBsilicRaod alumina arek h of
V"Kﬁe)%%ué%{oﬁ otthel sBﬁ%fn%%{@JsE%lBﬂ%rr %E&U%‘%téﬁ? NE! £o89 %58%19

starting mate prepar at'i S
i deffesens B8, Batent N h988.669, Pezoraambdth caiwdjlc:b ard I | ca

Sﬂ{'&)ﬁ)gra’ie r@l‘e%ﬁc@ HWae It sources that can be used for

theS|S|nc but are not limted to
al um num sulfate al um num nitrate, 22 al um num

c I‘Fhé’ Haﬂﬁg @t&@ﬁw%g &8 rﬂr&)ecl I—. g{g:pr;,t,qnde%q,i a‘ﬂg'mm% ‘éﬂh num

aumnumms m na di ssol'ved in
aecld . ar@ﬁlltﬂa sauiice. Wewiuresur salt saleges tiat chiube asad faothe

L)L;\mtlﬁ;%% Jaér?ll.ldceag@ttdrg n&i Eﬁj(ed oélt%ﬁuﬂ%uﬁatg allhlrﬁiHﬁMﬁlltlaag%?e

s 8l shierided@ymisum heraide,ctluminwintastide, elumireii acstate
and aluminum metal or alumina dissolved in acid. Useful acid sources include,
but are not limited to, acetic acid, formic acid, sulfuric acid, hydrochloric acid,
and nitric acid. The silicate sources include, but are not limited to, sodium

silicate, precipitated sifica dissolved in a base, and colloidal silica.

As previously noted, sol preparation can be done either via a batch process or
a continuous process. In either case, it is critical to maintain the pH less than
3.0, and preferably less than 2.5, and to ensure vigorous and complete mixing
of the aqueous aluminum salt and silicate solutions to minimize any unwanted
gel or ﬁarticle formation.




26 silicate, precipitated silica dissolved in a base,
and colloidal silica. 27 28 As previously noted, so
preparati on can be done either via a batch process or
29 a continuous process. In either case, it is
critical to maintain the pHless than 30 3.0, and
WOopEiEdEbly | ess than 2.5, and to ensur ePQT/ge0eE®ss12ind
conplete m xing 31 of the aqueous al unmi num salt and

s R e

2 P@FrdlﬁSQ Goi30bte The adifionefdheprgeipitinbraises thespit b the sol
3 arﬂﬁgﬂé %m%%ﬁ%%mg%tﬁerbﬂﬁa Qﬁéjgﬂmfn% s@gﬁeg DAtteYnbrhéifla

. sol utlon Ition o itant Tal ses
4 t welum i§the prefeged basic priegipiéargfor ﬂ@s:,@llaﬂongother baggeisueg

fﬁ% NEaH, mA@dKéH%@% Sy heEFeriviived B 4838 peed %F]the

ution s the asi c precipi
g@ell%‘ﬂpndhts pegferead fp ase gn BQEanG base iuacst redspns, KOH or
7 organic am ne derivatives can also be used for the 6
gellation. It is preferred to use an inorganic base
8 f dihe @gliatiop sigp GAR be Jonegeithrevig batchpiogessytr spntiaube done

o 8.1 BuRPLE, AE ORYBOF HREbL RN nyRERBESS. |
O R HEpg gkl marte il

her cas e,
10 m!t?nf‘%llj egstant rothe r@ge oﬁéﬁdp@’fﬁﬁbdyafhﬁ and fmﬁé pre&ergbly of

11 |5695 -7. erﬁts%ﬁﬁééll % !@vﬁ corﬁﬂgte”ﬁﬁéroﬁ lﬁfxfﬁ WPln% sihd scﬁut%n7 5.

iIs critical ave Co orous m Xi g
12t péth §je hgsicgvecinitagh and to wmﬂalntuméo i thrgyoboitihe avmture and

13 1 Qluﬂﬁgj Rk %Pé%lp@ié‘r‘;tfa%i%npﬂeé o dd?t’:l’é}l?@h’ﬁmﬁﬂg@ fdﬂnéﬁr%j{ & |so1'a%ed

durin preciprtant addition step in or
14 nisihe czrealn%awaalwaﬁadﬂma@m ated 14 silica domal ns and
15 al um na domains. 15 16 The precipitated cogel is
washed to renobve any unreacted silicate and 17
16 aiThaPragipitatad cooshisavashedto rempye anvtreastedallicnierapdd t o

7 f%rﬁm{rﬁﬁ%{ 5 thEHﬁ:s érﬁmem%'exbr?ansaﬂé rfam%é&f%{ vatﬁ%t ely

- hours at room't enperature or

18 ¢ éﬁaﬁé isza0al éor @ppigmatehadg @pungw@nuemn@raage ar gogel may
19 b @Ie%&[a@iém%@at%'o? gp tﬁboﬁ%\‘@ 3h& ﬂ%eagtga g{la'yt 8 s Pﬂrn al

st or age, urt process
20 cdried g@orwp@qmqen@ haﬂﬁ]lgg ard sipw@ge, 2P may be further processed o

21 the final catalyst from the moist state.

22

23  If desired, the material may be extruded, dried and calcined to produce a

24 silica-alumina catalyst or catalyst support. The preferred method of drying and
25 calcining includes an initial drying step in an air-purged oven at 65-175°C. and
26  afinal calcination at 480-650°C for 0.5-5 hours in a furnace or kiln. These and
27  other methods of finishing the material are set forth in U.S. Patent No.

28 4,289,653, Jaffe, incorporated by reference herein. The above methods are
29  setforth as examples of how the silica-alumina cogel produced by the present
30  method may be processed into a finished catalyst and are not intended as

31 limitations on the present invention. Other methods of processing the cogel
32 into afinished catalyst are known in the art and are contemplated for use in
33 the present process.
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23 If desired, the material may be extruded, dried and
calcined to produce a 24 silica-alumna catal yst or
catal yst support. The preferred nethod of drying and
25 calcining includes an initial drying step in an

ai r-purged oven at 65-175C. and 26 a fina

wocalioiset i on at 480-650C for 0.5-5 hour spCTuseofawsszic e

O 00 ~N & 3 AW N -

W N = O O e ~NSg AW s, O WO R W NSO

or kiln. These and 27 other nethods of finishing the
material are set forth in U S. Patent No. 28

4,289, 653, Jaffe, incorporated by reference herein.
Théhen barmgoneetsivad e aombin2@willke thefcogel Hoasxagmpdanpdodies of how
t il ca- _ 30
B PGB AR S0 EborBl B TR SR BRET S Onna
aAPOiotic] daw dedified cl@gs, inonganitdxives, and dxide ppeaism,

| Vet | f S|

H}e als c?@bn% C??Et:aﬁ&t% é;c?elﬁ 8&&0% ofﬂg{ ﬁgﬁlsclﬁggﬂﬁ% ar e
cus&dd kalaegb fesrduaié*@zonlnt%etchmp lm*erhme ustsdwye bedrD

[T N T e

( bizppods for hychfoprechMQ,applmdfcms é"hufdilmplog &xamplebare si eves
h\ﬁ&ra%@e g%ea%res?é!g %v%n’uon bﬁ‘ no% ngénded 1§ 'rﬁﬁ' fhie | g{lér{ ed
ays, 1 horganic oxides, recursors, :
nﬂtaiiysvayd:aycbniwvhabrsg:anﬁamed umtsbe alammmhlm oliov.n addi tion,
other nmetals may be 6 used to exchange residual Na2O
In these conpositions the cogels have been 7 found to
b Examplel 1t yrtthasistaf Bties-AluinaRE®edpehiiardiy ateh, gelistionel | as
excel l ent 8 supports for hydroprocessi ng applications.
The foll owi ng Exanples are 9 illustrative of the
pAe seidic alumimb salutjondGolutiorel aootiningt ‘ehetd Al0:) Wad t  t he

 REBRel B il R YBACTIAR s 4 5 90 B T

0(999% cometraled)im 1857 g dfeleionizetvaien Axyilubesatitiog ef sadiunon

ggllrll%a @Iuﬁgéﬂggr&?b“ﬁ]f%% Si mg%ésopgeéﬁ% %% Jg@'ﬂgégm g of

dcersehivatenhsctil@9silicabd soMtich Icobt4p G M%?_Stﬁlz gndﬂ%ai&aa{)i) Cc

aghiladiSrbeayaidh TROSHINS Al el ohindiySdaba k8N zed

( Sahirurmosolutibn whmet dAgaorously Mixing%o SiePile Sm.ﬂlopdlda pies ed by

StritepBi PRl e B 98 e T adthabbpr 5687

- dellicanandesiliniad. dhe fifidipHsoflthecBdletiondll was 812, aabthg maxiogl | y

G084 d8E silica and alumina solution. The final Solution Il contained

Si0s/AlbOz molar ratio of 2.0
H*/ Na* molar ratio of 1.1

Diluted ammonia solution (Solution IV containing 8 wt% NH3) was prepared
for gellation. The diluted ammonia solution was added gradually to Solution Il
containing silica and alumina sol while vigorously mixing. Cogelled
silica-alumina started to precipitate when the pH of the slurry reached at about
3.2, and then gellation completed when the pH reached at about 7. We
continued the ammonia solution addition' until the pH of the slurry reached
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20 al um num sol ution while vigorously mxing to
prepare Solution Ill. It.is 21 desirable to maintain
the pH below 3.0 to ensure fornmation of clear so] of
22 silica and alumna. The final pH of the Sol ution
1l was 2.2, and the m xing 23 produced a clear
WOPMBEE7Tand al umi na sol ution. The final 86TUSPGA3I|
contained 24 25 SiQ2/AI2G3 nolar ratio of 2.0 26 H+/

' |
(20 e 881 fviuiishod atrolrd toflruiC AT ARG O
f dhisgepéled |swm-alurmmadrva3lﬂtezed ovproducs sitleted wihe e cakizled
Or,aduathda ifh Vﬁc}\téb@ﬁ%ﬁoéflalmmo%%n?Qégtﬁb?%o%‘ﬂ ) C 3y,

al um na
s if 25°Eé1f0arl @ mlm@a% aed thea rinsedpyiteciogdi ofslepnizbéwatehd’hpH of

g e I gﬂﬁ}f gfgﬁp?{d%?@ 8 %v% %P%Jﬁmess %hg gﬁ%l ﬁ%@é%%ﬂﬁ%o uatt 7. W\

35@°6mvsm9@ﬂ A gmsalianraoni of tmmusdmaaMma eae was ictushére

P tabGef g ohentE e e ARPC R bourier,

- edlivetiempaysicalipreperdes o throlinad silida-dlemingiare wngna:ﬁetrm S
ceggklied silica-alumna was filtered to produce a
filtered cake. The cake 3 was washed with a hot
sol uti on of amoni um acetfalde1(3.8 w% 10 L sol ution,
-4 _Phyioal Prepertiss atchGerysisicanfsctivityari Silicaddaning Chmpgsitionef
dei oni-zed water. The| 5 washi phg Réfepicaas |r eReferapde, f oyr
mpre tines. The fi naIS’“"é‘dll%!@“ ss"(j' ‘?‘Oéﬂ"cat 6 250825 I
ofernight. A small a o "WP%d di Iﬁ”@%\’“’éﬂ"ffﬁl a
C iePacVarea, ﬁ,F@@peO 7O Qdiblll pl ETER and-cal L,|43§u_ unger
e @@gre%,ynea&yg @t 1000F, for L houggsfor § actipgtion.
P @lsﬁ@tylstm,tgpgml es pf the final si I i ca-fal um na are
ShasetionZzed 1N 9 Table 1. 10; Table | 11 {Physi cal

Pf opeAt ties and Convefsiea Activityosof Si|lica-#$ uni na
CpnposktAcns ReferencegssRef erencam,s Sil|i ca- Abom na

=0 W0 N O B W N -

—

S| ra&b-®m0ASkl i ca- MS-25 3d2event i on alsum na 39.9
S| | ito@-—260 &vi na (Exanpl e41l) Surfame area, m/gs (a) 362
5.3 2486800 A+, % 0.4 4.2 0.4
300 A+, % 1.2 59 0.5
Mean Pore Diameter, A 69 113 75
Na, wi% <0.05 <0.05 <0.05
Surface SifAl atomic ratio, by XPS 0.98 1.17 1.31
Bulk SI/Al atomic ratio, by 1.03 0.57 274
elemental anal.
Surface to Bulk Si/Al Ratio 0.95 2.05 0.48
% crystalline alumina phase, by 0% 48 % 0%
XRD
NGy + iCs Model Compound
Testing (b)
Total conversion, wi% 8.2 3.9 5.1
nCg conversion, wi% .10 0.8 0.9
iCgs conversion, wi% - - 154 74 94
Isopropylamine TPAD, mmolfg 0.43 0.35 049

12 (a): BET measurements after activation at 1000°F. for 1 hour.
13 (b): determined after activation at 1000°F for 1 hour.
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Total pore volune, cc/g (b) 0.51 0.83 0.80 Pore size
distribution by N, Adsorption (b) 30 A, %8.6 7.9 5.9
30 - 60 A, %55.5 30.5 45.0 60 -100 A, % 32.9 32.8
39.9 100-200 A,% 1.4 18.6 8.3 200 - 300 A+, %0.4
4.2 0.4 300A+,%1.2 5.9 0.5 Mean Pore D aneter, A 69
WOIBHFIBEIMNa, wt % <0. 05 <0. 05 <0. 05 Surf a®ET/ESPIHU3ALOM C
ratio, by XPS 0.98 1.17 1.31 Bulk SI/A atomc ratio,
1 DYExh Qﬁrﬁth%s:gﬂf Slﬁéaeﬂﬁﬁﬁfn%'of %%venﬁﬁ bPE6thAoRY! K
S tio O. % crystal l1’'ne al um na
lationyy, O% 48 %O% XRD nCA + JC5 Model Conpound
3Test|ng N Total conversion, wt%8.2 3.9 5.1 nC6
conve( icin,_ w% 1.0 0.8 0.9 |C conversi on, w % 15. 4
4 7.4 f!?'diP BB SoluER (Relutipmbcontaining § wifs 4500) @ m)“emayed 12
5 (aa)ydlseamn m@@mgesm M B0 A8 dr oAk a4H00F. Tor 1

determ ned after actfivation at 1000F for

61 (ﬁé{a Foncemtzafm i 6¢06 Qafsisipnizedwaigs FodiitsHitien of sodium
7 Bxgiogb ?S@utloﬁm%h@ﬁiu% @M@Bldzf@aﬂtﬁﬁﬁr@& b?f:llldtlhgmg) %of

I nvent by Conti nuous

8 aIcQRTEN| jﬂtﬁé afPfu*em ghicqtesspluiandpontaipn?d wivm Sidy adWEeNALI03)
9 Vadh @e@n@é@ﬁateﬁ ThY slés Qézwsdagma%lg?e?m%wédd%&% ff+) 316H20

f' g sulfuric acid
10 aluminum oiution while vigorously mixing to prepare Solution l{. The final pH

- 11 . of the Solution 1l was 2.1, and the mixing produced a clear silica and alumina
12 solution. The final Solution I} contained

13

14 SiO/AILO3 molar ratio of 2.0
15 H*/ Na* molar ratio of 1.2

16

17 Diluted ammonia solution (containing 8 wt% NH;) was prepared for gellation.
18  The dilute ammonia solution and the Solution Hi containing the silica and
19 alumina sol were pumped separately and simulianeously into the mixing
20  chamber of an in-line blender. Mixing in the in-line blender was vigorous with
21 1600 RPM blender-blade rotation. The volume of the mixing chamber is
22 smaller than the total volume of solutions pumped in 1 minute (i.e., less than
23 1 minute residence time per volume). The addition rate of the
24 ammonia solution was adjusted to maintain the pH of the gel product at
25 70.5. The gel slurry was collected and then aged at room temperature for
26 2 hours while stirring. This cogelled silica-alumina was fittered to produce a
27  filtered cake. The cake was washed with a hot solution of ammonium sulfate
28 (5 wit%, 10 L solution) for 15 minutes, and then rinsed with 10 L of deionized
29  water. The washing step was repeated four more times. The final cake was
30 dried at 250°F overnight. A small amount of the silica-alumina was crushed to
31  small pieces and calcined under excess dry air at 1000°F for 1 hour for
32 activation. Physical properties of the final silica-alumina are summarized in
33 Table 2,
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6 (98% concentrated) in 4968 g of deionized water. A

dilute solution of sodium 7 silicate (Solution 11

containing 6 W% Si Q2) was prepared by diluting 2070 g

of 8 concentrated sodiumsilicate solution (contains

29 W% Si 2 and 9% Na20O) 9 with deionized water. The
WOPH[0Eat7e sol uti on was gradual | y added t 8CE/H&00B@35127

al um num sol uti on while vigorously mxing to prepare

1 SEkéﬁlQ@@ S rthesiE? thbélﬁiun'Mé ofihb IfentidtoyX@hthilcas soll | was
emX|n‘% ﬁro uced aclear silica and _
2 aPﬁ?H?fﬁtéHm f?t@“@elePP jpuouggel prepafptioBo| ution 111 cont ai ned
3 13 14 S102/ Al 2033 nolar ratio of 2.0 15 H+/ Na+ nol ar
. ‘ratio of 1.2 16 17 Di|luted anmmoni a sol ution

4 (E@ﬁﬁ'ﬂ%’f"H@'“@ wasdgautied! ingamnestipmicdbrtmipagRd inat i on. 18

5 ThRarfbib ot &@‘H?@é@atﬁﬁ'p‘r@de@tﬁ}e%@ diffefenBah tid SBirigid, the
containing the_silica and al um na sol were punped

6 skdiae flesrer oRHESITRIP ?éﬂ*’?‘édﬂ&%‘i i prenaee Pofetion 1 :gedo

7 Chandmrcorkin® sita ahd SluliRRGE bs WMl X& 148 finBi doRgndols | i ne
bl ender was vigorous with 21 1600 RPM bl ender - bl ade

8 8¢8f9™n. The vol une of the mixing chanber is 22

g smal ler than the t ot al voI ums of solutions punped in 1

mnute (i.e | ess tha m nut e residence tine
péhe %‘B'I“l@ﬁ@)ﬂfuﬂﬂ?élda"@wf’“ b?ﬁ)'qilaﬂ b ap¢ theslicaie sliBRi a
S@aillibRN) Was éﬂﬁ“pb@ %g.sbrételym ewtahéohgy b B rﬁ.ﬁﬁg gel

product at slurry was coll ected and
t ﬂ@r‘?‘b&@@foﬁlﬁt‘"'f‘% Blgndeswhile WQFPES'Y 6%"'“928"@91‘8 SRR | e

Sbiehddr Was vifBiods G/@B 2bbERPSI Hidrear abm()tbaqowaﬁaepr éf&ﬁ@d to
produce a 27 filtered cake. The,K cake S, Was W th

acmmm%domt'% rﬁrtsﬁd At Then & Aradust #% thegnylipe 'em@m
SEQdHItlbﬁ’ ) con@linidgpth@isilicd % alé\ﬂﬁlabbl?ﬁnd theeRtte Winfonld L of

dei oni zed 29 water. The washing step was repeate "%Sb
F

f BRiytioRyeEe pyrpRad Sepﬁ@tth and Sl@gr@@ew intghe ping

O¥iRf gacem - Irﬁe m&hér f@ir@BIJermé’tfont IR Bid dreRe AhmBhiBRolBén
crushed mal | pi eces and cal ci ned under excess

dwgs emust@d tomuﬁamftm pH ofHa gerspdugbatyct Ppal hiegmixing in

P
CHRSP B R4S Dbl 1 gl o
PO asb2008rtoes Keifectad amddhen eged:at mpm nemppratuse for 2 hours

Shyhile" i umige?qéﬁzea %ﬁ%'éhyrﬁﬁé \NQQfII'Péfe&&rBrbcﬂ}é@%S sol 2

pr epar at | on y continuous gel preparation
filtered cake. The cake was washed with a hot solution of ammonium suliate
(5 wt%, 10 L solution) for 15 minutes, and then rinsed with 10 L of deionized

water. The washing step was repeated four more times. The final cake was

P N N R N N /A - el eh el omd S eh oed e
N b WO N = O © 0 ~ GO ;h b W N =2 O

dried at 250°F overnight. A small amount of the silica-alumina was sized to

N
o)}

small pieces and calcined under excess dry air at 1000°F for 1 hour for

N
~1

activation. Physical properties of the final silica-alumina are summarized in
Table 2.

N
e
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WRIWHIHAY sol

3 4 This silica-alumna was identi cal
to that prepared in 5 Exanple 2, but the preparation

pr ocedu

re was different.

In this exanple,

i n conpo

t he

sition

6

in-line blender from Exanple 2 was used to prepare

Sol utio

gel |l ati

niil,
as well as the fi

on.

nal

a clear 7 solution containing silica and
cont i RGHYB2003835127
9 10 The alum na/sulfuric acid solution

1 (Solution 1) and the sil rggik® solution 11 (Sol ution

2 11) were pu

N8 s AR RIHRsand WBnFdribh hanap

usly

3 mxing 12 chankgs spfa-Alindifh diiteInbifigder while

4 vigorously mxi 'F@epaMcMﬁng)rﬂln%\% Fercés'sne

© e ~N O

10
1
12
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ni al 16 sol utjon vveref punped separa
fRetesarss M@ the m xi ng
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nCg conversion, wi%
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n 4 Prep
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iCe conversion, wi%

he
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t he
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fate 23
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P5 dri ed
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16

The continuous preparations of Example 2 and Example 3 produced

high quality silica-alumina with uniform composition. They exhibited

high surface areas of 418 and 367 m?g. The continuous gellation prep

{Example 2) produced a composition with the pore size distribution nearly
identical to the sample produced via batch gellation (Example 1). The

continuous sol/ continuous gel preparation produced a silica-alumina of the

invention with much larger pores (Example 3). The mean pore diameter is

187 A for silica alumina made by the continuous solf continuous gel
preparation, and 69 and 71 A for silica-alumina prepared by the batch
gellation and continuous geftation, respectively. All silica-alumina samples

-15-




Silica-Alum na Silica-Alumna Invention Invention

Examle 2) (Exanple 3) Surface area, n2/g (a) 418 367

Total pore volune, cc/g (b) 0.55 0.77 Pore size

di stribution by N, Adsorption (b) 30A-,%11.4 8.2 30

- 60 A, %54.7 22.9 60-100 A % 25.2 17.2 100 - 200
WOoR004985973 23.3 200 - 300 A+, % 1.0 11.1PCBUSRORA3SIZG 1. 4

17.3 Mean Pore Dianeter, A 71 187 Na, w % <0.05 <0. 05

1 Swnbaee exicliédt aatvayios hycﬁééa@borbaénﬁ’r&o&aQZh&w%th tﬁé" k
atomc ratio el enent al anal .
SdF?AAﬂ:BO'?QPUIQIt%t’@ FA?mlFiﬁ%%OV]{e@ﬂ 3%etal f%imc?@pm l'i ne

3 aldenversioR BAG BxarYe %R@"/pc%h{?g/%loﬂ QQnﬁ'?akéB@e M‘r@éan@@p ound

Testl ng, Tot al conyversi on,
4 cAIRRAY YR baigh geliptien. 1 o |C6 converS| on, %21. 3 16
55 6 The continuous prepar ati ons of Exanple 2 and

I roduced _7 hi quality silica-alumna with
6. imBiele 3 Rereion PresRiion arAMY Hidromeplgr o ot
7 am@a.mm.ﬁagcﬁgglstaﬁjbﬁglcgs The continuous gell ation
g Prep 9 (Exanple 2) produced a conposition with the

pore size distribution nearly 10 identical to the
- 9 sdnhrise-gase bydremtacking chiatystrogteining Sien-40 Brargiérends) . The

S e ST S e
1. pdbeerts Blicerpliming powddrdSina &0, ghdairedliranShsoiCorslealéhdl87 A
12 96 5 bEdhaBhobh 8BRS kOB BHOH G5 bt g
13 swellckn faBlImX iiutpd HNAE ecld byd sificidrd taniount of deionized water
14 were added to form an extrudable pasie (3 wt% HNOj; to the total powders).
15 These weights are on 100% solids basis. The paste was extruded in
16 1/16” cylinder, and dried at 250°F overnight. The dried extrudates were
17 calcined at 1100°F for 1 hour with purging excess dry air, and cooled down to
18  room temperature.
19
20 Impregnation of Ni and W was done using a solution containing ammonium
21 metatungstate and nickel nitrate to the target metal loadings of 4 wt% NiO and
22 28 wt% WOs3 in the finished catalyst. The fotal volume of the solution matched
23  the 100% water pore volume of the base extrudate sample (incipient wetness
24 method). The metal solution was added to the base extrudates gradually while
25 tumbling the extrudates. When the solution addition was complete, the
26 soaked extrudates were aged for 2 hours. Then the extrudates were dried at
27 250°F overnight. The dried extrudates were calcined at 935°F for 1 hour with
28  purging excess dry air, and cooled down fo room temperature. This catalyst is
29 named Catalyst A and its physical properties are summarized in Table 4.
30
31 Catalyst B, a NiW catalyst containing silica-alumina of the invention, was
32 prepared using a procedure similar to Catalyst A. For Catalyst B, 80 parts
33  silica-alumina of the invention from Example 1 and 20 parts psetudoboshmite
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15 gellation and continuous gellation, respectively.
Al silica-alumna sanples -15 WO 2004/ 043597

PCT/ US2003/ 035127 1 showed excellent activity for
hydr ocar bon conversi on as shown with the 2 nodel
conmpound testing. Exanple 2 showed 11. 3%t ot al

WOoRYEH8Hr bon 3 conversi on and Exanpl e 3PGI/BH03/035127

0 0 ~N & oW N -

)
o

—
N =

13
14
15
16
17
18
19
20
21
22
23
24
25
26

conversion, conparable to the sanple 4 prepared via

b%‘ixﬁﬁﬂn&%@eﬁkb@fb pr%ar@the@é@@’@ktﬁld%te 'ﬁ%’fﬂ?@%&%ﬁﬁbacgngs

Preparation o [ rocracki ng tal yst

Sl"qu‘%ﬂlW H‘ézQ%&g\?/yst A - base-case) 8 9 A
b &sealfist S a BIEH-QGHRAG %bﬁtgmﬁ@ts%é(%mnﬁ%f%ahmﬁaéh l;vaé 40,

the reference 10 silica-alumna from T 1,
pPERRRFISHIgra Hraq:qdew hegry, rdsefet@bﬁo&atqnst %5F<gfe{$&t@yst [
S 'shlbéi-ém%ﬂ%f% lﬁ\@ﬁﬁ&{ fr&ﬁ'E&é‘rhp!é@ wé%tlfséﬂ ﬂﬂﬂeﬁér@ e base

Sasol Condea) arts pseudoboehmte al um na
pERHtatgso th‘i'q@b@romr@ﬁﬁ qtfétaé»)st Rend Crarg sammagzegdn | . To

t hgppigx, diluted HNG3 acid and sufficient anmount of
dei oni zed water 14 were added to form an extrudable
pasedroleamipedsiqqowith therfpllowing pippgstistddpkly 3) wasuspgda e
VWRIAIRAS iR @tfRtsl00% sol i ds basis. The paste was
extruded in 16 1/16" cylinder, and dried at 250F
overnight. The dried extrudates were 17 cal ci ned at
1100F for 1 hour with pufgiheg excess dry air, and
cool ed down to 18 reemibaimepatisy e 19 20

I npregnati on of Nigya@ed WWas dong usihg a sol ution
cont ai ni ng amoni amcdiyret at ungst@ze and ni ckel
nitrate to the tafyetpamestal | oadjhgs of 4 w % Ni O and
22 28 wt % W3 in NHeseriPAT ¥hed cat%Tqysi. The tot al

volume of the sohsFen;tRishRt, gS—the 100% wat er pore

vol ume of the basgpextrudate sanmpdser( | nci pi ent wet ness
24 et hod). The{nmedwbs sol uti on wamredfed to the base
extrudat es grad lan!\y*%\/\hl le 25 tL##dF¥i ng the
extrudates. We %50l ut i on adcﬁz |F01 was conpl et e,
the 26 soaked ext $t es were ag r 2 hours. Then
t he extrudates E;ﬁjﬁirni ed at 27 ,F over ni ght. The
dried extrudates WEre calcined at 935F for 1 hour with
gI excess dry air, and cooled down to room
teuﬁéaﬂomf §ate|&%tawyl§tion%m apcpiipephcdewnla¥ A and
| trﬁcrahw]m coldf 0P80 IS Inehed SHEREY PARSsd ddnd@bhSwdte

approximately 2000 psig reactor pressure, a feed rate of 1.5 hour’ LHSV and

once-though Hy flow rate corresponding 5000 SCF of Ho/ bbl of oil. The
catalyst bed temperature was varied to cover 60-80 wi% of conversion of the
700°F * feed to 700°F product. The yields of C4” gas, naphtha, and light and
heavy distillate components were calculated using D2887 Simdis analysis
results. The overall yields and reactor temperature data were interpolated to
70 wt% conversion and summarized in Table 4.

Catalysts of the invention (Catalysts B and C) showed much higher
activity than the base case catalyst made with a commercial silica-alumina
(Catalyst A). A catalyst of the invention achieved the same conversion
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30 31 Catalyst B, a N Wcatal yst contai ni ng
silica-alumna of the invention, was 32 prepared
using a procedure simlar to Catalyst A For Catalyst
B, 80 parts 33 silica-alumna of the invention from
Exanple | and 20 parts pseudoboehmte -16 WO
wWOo20B44390¢3597 PCT/ US2003/ 035127 1 al um naP@BURII&EH®RT 0
prepare the base extrudates. The target netal | oadings

1 2 aH.VQB 9445 1V Sor Dl ot P et Wq'%gcg{%%*ﬁg tgefa

1 ca-al um na cont ai ni ng

2 rmdwt @lﬁcwﬁfy is asqlexprag @m cafglyig oémmr@@@ #uhat ab@ufr ly
3 | depb éo%lmtaﬁe @ﬁ@ﬂ:)éﬁﬂate%nelr‘f Rbs g@é eY.iSS n%‘ actiyity

silica-alunina of he i'nventi on rom

us?éiuartt%gepaf@@éﬂ@ Sﬁm@ tineshettepdistitete sgleciddty aphguitecal
pr, VA ized in 7
> ng%éde@%eﬁé%ﬁsgibeuﬁrﬁnfﬁhaa(gg%e&%ﬁt ﬁ'ﬁ@f‘ff%@ fol |l owi ng
6 properties (Table 3) was used to 9 evaluate the
7 catalysts. 10 11 Table 3,4id sFeedst ock Properties

g Properties AP'C%I%%'F‘réﬁJeﬁ?és%nd%Héﬁﬂanc&pm w7

TTOgemn, ppnTw_Of 7ca SITEYER<ER St 'dafa%fé’” BP
615F 10 W% 707F l&ﬁ h\%r&(@n 69F]nv oM % 8265/9;]'[7(0] wt Do
8P Bhrpoaibn Weehbdls | End Point 1079F 13114 M crouni
eyal uat lzgdtio@f catal ysts wag done in a ¢nce-through
dpwn- f SiswAlimina 75% Siral-40 | 80% silica-alumina | 75% silica-alumina

: (Example 1} (Example 3)
AlQOs Binder 26% Catapal B 20% Catapal B 25% Catapal B
Properties after Metals
Addition
Ni, wi% 3.2 3.9 33
W, wt% 214 18.7 216
Surface area, m?/g 229 182 166
Catalyst Performance in Single-Pass Micro
Unit
Activity, °F, for 70% 741 717 718
Conversion
Yields @ 70% Conv., wi%
Cy Gas 3.3 29 28
Naphtha (C5 - 250°F) 13.1 12.8 12.8

Light Distillate (250 - 550°F) 36.4 37.2 37.4

Heavy Distillate (550 - 700°F) 213 21.1 21.0

Total Distillate (250 — 700°F) 517 58.3 58.5

9
10 While not wanting to be bound by any specific theory, the performance
11  advantage of the catalyst of the invention appears to come from maximizing
12 the number of the available acid sites in the silica-alumina composition. This
13  was achieved by having a highly homogeneous distribution of aluminum
14  throughout the silica-alumina particles. As a result, the sllica-alumina of the
16 present invention exhibits much higher activity than conventional
16  silica-alumina. Typically, higher activity is connected to poorer selectivity for
17  distillate. Surprisingly, on the contrary catalysts of the present invention-

-18 -




15 mcrounit with 6 cc of 24/40 (US) neshed catal yst.
Process conditions were 16 approximately 2000 psig
reactor pressure, a feed rate of 1.5 hour 1 LHSV and
17 once-though H2 flow rate correspondi ng 5000 SCF of
H2/ bbl of oil. The 18 catal yst bed tenperature was
WOZAHI0E897t 0 cover 60-80 wt % of conver si onPET/USNE/351Y
700F+ feed to 700F- product. The yields of Ca gas,
n%RI'ﬂBihfﬁe aﬁﬂiﬂoﬂdl BéHefi ?&Cingl%Qed"'ﬁﬁ\ﬂ)éte%éé liddicifg %I%HP!@&:? nts
were cal cul ated usin Sindi s anal ysi' s
r dsomnerigationgetiviyer al | “yi el ds and reactor tenperature
data were interpolated to 22 70 wt % conversi on and
summarized in Table 4. 23 24 Catalysts of the
[ Ff\béﬁﬁ’tﬂ%ﬂ”"(‘@ﬁ%‘%ﬂ%@f‘%"s@néh%l PEpeTd HyRBIPNhieh Wﬁ@ﬁé?'bligl
AGGAEOF i téd%ﬁi’ﬁp% Bifd Qﬁﬁﬁrﬁﬁé%ﬁar@;ﬁé@&ééﬁﬁb ;Mv' it a

comer ci al i ca-al um na A cat al yst

o#hecr@feremd%rﬁi%waéwﬁhlem09%of§mil@wngeiﬁgns@ithe 17 WO
2@%6&4&5&%&&1&%&?%86@&%%% dneifica] d%é&ub'ee

reactor. tenperatures (Table I n addition,
pPﬁ%ﬁ@ﬁG%E@€@t|V|ty is also favored by catalysts of
invention in that about 3 1 wt% advantage in the
distillate yield was observed. Such high activity 4
advantage and at the sane tine better distillate
selectivity are quite 5 unexpected benefits of
silica-alumna of the present invention. 6 7 Table 4
8 Catal yst Properties and Performance Catal yst A
Catal yst B Catalyst C Non-Invention |Invention

I nvention Conposition (before netals addition
Silica-Alum na 75% Si r @40 80% silica-al um na 75%
silica-alum na (Exanple 1) (Exanple 3) Al 203 Bi nder
25% Cat apal B 20% Cat apal B 25% Catapal B Properties
after Metals Addition N, wt%3.2 3.9 3.3

O ~N & bW N -
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W w%21.4 18.7 21.6 Surface area, nR/g 229 182 166
Cat al yst Performance in Single-Pass Mcro Unit
Activity, OF, for 70% 741 717 718 Conversion Yields @
70% Conv., M% C4 Gas 3.3 2.9 2.8 Naphtha (C5 - 250F)
13.1 12.8 12.8 Light Distillate (250 - 550F) 36.4
37.2 37.4 Heavy Distillate (550 - 700F) 21.3 21.1
ﬁ. Total Distillate (250 - 700F) 57.7 58.3 58.5 9

| e not wanting to be bound by any specific
theory, the performance 11 advantage of the catal yst

fth i,nvention a to come frommaximzing 12
he n 'gf P@H@”%ﬁﬁﬁ\%l@"&?@ﬁﬂ%ﬁ%@@ oysica-

SI|IC ThIS 13 was achi eved by
havi ngrug'{lhh%%%)[/eﬁgﬁogenepgus di stribution of aI urri num
14 throughout the silica-alumna particles.

resul

| any BSidtlyikh6 3nZolEbiiftard Aoty ffﬁf‘ﬂfe
convesblutidradf shtackd aluswhual e vitdile nxi ﬂta@r&:hd the pH @‘hl@é
activity is connected to poorer selectivi tdv: f or

di st i Mixpdesoludion frssdhary$.9 and@nﬁwmgcmrwwn @nr@nlsftgts of
the presen

t nt.|
PCT/ U%E%?Hé E‘?""‘iméﬁ'ﬁ%‘i‘ ‘\fAP‘EBﬁ%S%JHg‘?'WB AN Penefit of
| pr oyedinidh shitd L;aﬁrethsé'aﬂrﬁ#nuﬂn%ﬁ%mw enhanced 2

i someri zation activit ere are nunerous
variations on the present invention which are possible

I N Sgtdighly éli‘dﬂd?bés‘?@ﬁr'&bi’ﬁgént%gaﬁ%%f bisfliga SYAHRHELS

described herein S t herefore understood that
wi t hi alutrifrauns salpsoluﬂont\blﬁlef\dddrmwlmixﬂ'igathﬁsolutidsreto rdise
i nventi on ma racti ced otherw se than as

speci theddd i Gé@'@ obioreater than 3ddnproducisg aagel iums 19

continuing the addition of basic precipitant to a final PH in the range
of 5-9 while vigorously mixing the cogel slurry to maintain a uniform

pH throughout the cogel slurry
washing the precipitated cogel; and
processing the precipitated cogel into a finished catalyst.

2. A method according to claim 1, wherein the final pH of the cogel

slurry is maintained at a uniform pH of about 6-8.

3. A method according to claim 1, wherein the final pH of the cogel

slurry is maintained at a uniform pH of about 6.5-7.5.

4, A catalyst composition comprising a, silica-alumina cogel catalyst

_prepared by the method of claim 1 and having a Surface to Bulk
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CLAIMS 1 Method for preparing a highly honogeneous
anor phous silica alum na cogel catalyst conprising:

vi gorously m xi ng an aqueous silicate solution with an
aqueous solution of an acid alum numsalt while

mai ntai ning the pH of the mxed solution |ess than
3.0 and ensuring vigorous and conplete m xing of the

al um salt.and sjlicate solutions ta form an

aci di PYAL a8 pf B 08 foi1 P oRLd SnEiAIRE Alling PASRt i on.

gr aduptdskntf @h RthodnPAS hiordfhah iaBblidsh. L0 said acidified
silica sol inthe alumnumsalt solution while
vigorously mxing the solution to raise the pH of the
80! ut pdntity i i | el
slurry; corﬁ%iggﬁci;c%gs fmhgpz%gﬁ? ia%@%?ﬁébrg%e?egl?%d pi t ant
to a amogihoRéisilica-alnmineasugel caidly&-c@mphising: vi gor ousl y
m xing the cogel slurry to maintain a uniform pH

t hroughout the cogel slurry washing the precipitated
cogel prosidihgpa firsespiengs silieatpselatipi;t at ed cogel into a
finished catalyst. 2. A nethod according to claiml,
wherein the final pH of the cogel slurry is

mai nt pionidohged sescond afusaussdiutibn abaruacié aBimidim Aaltret hod
according to claim1, wherein the final pH of the
cogel slurry is maintained at a uniform pH of about

. 6. 5- 7p@vidihg sXhirdbqlismis sotutipe sf 4 basic pmaajpitast ng a,
silica-alum na cogel catalyst prepared by the nethod
of claim1l and having a Surface to Bulk -20 Si/Al

r at i ocartinfiomsOccdtacting add sigdroauslynyising the first aldusscoad
phase resent in _an _anount no nore than about 5% 5.
A conPAYFYs SOIHtINEdR & firgsmixipg gane Whileamainkainigg a pH of
horroglggg,‘@‘lig"sl,3 o-anor phous silica-al um na cogel catal yst
conprising: "providing a first aqueous silicate

sol ution; providing a second aqueous sol ution of an
acid al.um : Vi di third eo

o1 ut EpIEMR Lhribaurs Foie P pBolc i, ARGy
contacting and vigorously mxing the first and second
P ite etiichy Bh HBotols ) rhikhd tnd i Mk 2 B Y hifa

mai nt ai ni ng- a
aqueous solution in a second mixing zone while maintaining a

uniform pH of from about 5 to 9 to produce a precipitated cogel;

removing the precipitated cogel from the second mixing zone

continuously;
washing the precipitated cogel; and
processing the precipitated cogel into a finished catalyst.

- 6. A process according to claim 5, wherein the pH in the second

mixing zone is maintained uniformly from about 6-8.
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| ess than 3.0; renoving a first mxture fromthe first
m xi ng zone continuously; contacting and vigorously
mxing the first mxture and the third aqueous
solution in a second m xing zone while maintaining a
uni form pH of fromabout 5 to 9 to produce a

preci pitated cogel; renoving the precipitated cogel
fromt ] X e t] X ing the
T oot A eRaE oIy g Ref B S oun G P BT easBRd

cogel rﬂiflh%zéhé‘ is M AMEMe ahPdritHf frork abdutiy 5.¢ess accor di ng
to claimb, wherein the pHin the second m xing zone

is maintained unifornly fromabout 6-8. 21 7. A

Bl OC e RScatlgd cBinBbsitich Sdnibri¥ing a, WKBA-Biufihd 8oddircatalysihe
second m xing zone is maintained uniformy from about
6. 5- 7 pEepagad by thatndther ofntaipdsand mavingomBuiifagerig Bak

o oA R e S e e
of 17 B8t ahchrfAdnfrEiHLALRbLI . al umi na_phase

present 1 n an anount no nore an about 5% 9. A
conti nuous gellation nethod for preparing a highly

onog [ - : ng:
80 gor ARk uous deliARnhgifibd or ERGEING B HYorfBEbS: 19
- .sol ut kica-alumata catfel eatallystriompAtiagd t in a first mxing
zone to forman acidified silica sol in the alum num
salt solution while maintaining the pH of the m xed

sol ut vigbrouely snikinga slicBteasdtLition NithiaRtqubons sBistiodrst an
conplete mxing of the alumnumsalt and silicate

sol ut peid @lumingri salt jirr g firskiniinggzongde éormaart agidified siligast

m xture; providing an agueous. sol uti.on of basi c

or eci PR e ARt ik slYoR BRI BeRaRde P Of Bs y

M Xi Nghi Iti ' j [it@nt in
2 scoangorollicntesSiitE BB ot ARTOG MMERITLET
of fr mimipoithe alunagurh ealp andisiieat@ sglukotispn trad fest raiing|

conti nuously renovi r_l% the precipitated cogel fromthe
s ec ond@onento ferivya fesh gixture;

providing an agueous solution of a basic precipitant;

_continuously contacting and vigorously mixing the first mixture and
the basic precipitant in a second mixing zone while maintaining a

uniform pH of from about 5 tog to produce a precipitated cogel;

continuously removing the precipitated cogel from the second

mixing zone;
washing the precipitated cogel; and

processing the precipitated cogel into a finished catalyst. .
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washi ng the precipitated cogel; and processing the
precipitated cogel into a finished catalyst. -22 10.
A process according to claim9, wherein the pHin the
second m xing zone is maintained uniformy from about
6-8. 11. A process according to claim9, wherein the
pH in the second m xing zone is maintained uniformy

fapom ap D . - ALC | c sition

g0 A8t stz d B oo ShalbhSho BETRATLIN oy o
by t henixing herk imaihtainBy AndeHhiRMh R8od éSor f ace to Bul k
Si/Al ratio of fromO0.9 to 1.1 and a crystalline

al um na phase present in an anmount no nore than about
9% - A3process according to claim 9, wherein the pH in the second

mixing zone is maintained uniformly from about 6.5-7.5.

12. A catalyst composition comprising a, silica-alumina cogel catalyst
.prepared by the method of claim 9 and having a Surface to Bulk
SifAl ratio of from 0.9 to 1.1 and a crystalline alumina phase

present in an amount no more than about 5%.
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