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WD 2004/ 052537 PCT/ US2003/ 038222 | NI ESOPOROUS
MATERI AL W TH ACTI VE METALS CROSS- REFERENCE 1 O

WORRIOAVER3APPLI CATI ONS The present applicati on PGI/ES2003/038222

continuation in part of U S. application Serial No.

09/ 995, 227 fil ed Novenber 27, 2001 and i ncorporated by
reference herein, which is a continuation in part of

U.S. application Serial No. 09/390,276 filed Septenber

7, 1999, 5 now issued as U. S. Patent No. 6, 358, 486

Bl, to whi AMESOPOROYS MADERII W BRACKERONDMETAESe! d

of the Invention The present invention relates to a
nmesoporous naterial, particularly a catalytic 10
n@h%ﬁS@f{EFﬁ‘ﬁEN%%el@ R AL DErE AaRICHT kerial for the
conversi on of organi ¢ conmpoun icularly
hydrocarbons 2. Background of the Prior Art Mst of -

t oday’ SIHDEFBE AHISATHT S cESBIREIPR EnPRT B} Ss applisatiensSerial No.
on zeolite 15 catalysts. Zeolite catalysts are well

k OY0R5,227 filed November? 7 38Glessi inedrpemtadarygeftrgnae &erein, which is a
systens with uni form pore sizes. However, these

”&Srﬂfu’u@io% ihpad oto 9%§§%ﬁoﬁs&hﬁrN@@9)e9o 76rf9&9§é?§en%er7 1999,
only nesopores M cropores are defined as pores having

S or.es. a
degwﬁsSl aeas rlz‘iée'ﬁ%}a i ﬁ;gglﬁ%?iﬂep e\y{vl?gl}?goﬂglﬁc[ﬂﬂ]%%out
nmto about 50 nm -t WD 2004/ 052537
PCT/ US2003/ 038222 Because such hydrocarbon processing
reactions are mass-transfer |limted, a catalyst wth
aBAKEGROpOIE size will facilitate transport of the
reactants to active catalyst sites and transport the

product siQulor ffe thb&itieat al yst.

The present invention relates to a mesoporous material, particularly a catalytic
material, and use of the mesoporous material for the conversion of organic compounds,

particularly hydrocarbons.

2. Background of the Prior Art

Most of today’s hydrocarbon processing technologies are based on zeolite
catalysts. Zeolite catalysts are well known in the art and possess well-arranged pore
systems with uniform pore sizes.. However, these olaterials tend to possess either only
micropores or only mesopores. Micropores are defined as pores having a diameter less
than about 2 nm. Mesopores are defined as pores having a diameter ranging from about 2

nm to about 50 nm.
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There is yet need for an inproved material having
functionalized sites within a 5 porous franmework for

weroeeses directed to the catal ytic conversi orCEUSY003/038222

adsorption of hydrocarbons and ot her organic

conpou Y, OF THE | NVENTI rocess. for

treati CSYSQ:&%%?F&MO?*’éS‘Bg ES%CH%Ep HE MESH trafﬁ’fsr limited, a
process 10 co rises: (a) providing a conposition

whitagtyst Wath ad édeabperasige avitlifadilitpterteansport ofithe reactants Wraetive catalyst
of silica containing at |east 97% by vol unme of pores

hasicngndrRept the pRodudRPuBEf thecatalyghout 15 A to about
30A and having a mcropore volune of at |east about

0.01 c t,
heor pg]i]a{e 18%&“:1{6%%?\?% qg{iﬁe gg‘l{;aQ%%aéEl nggggrgﬁlgggﬁ’zed sﬂﬁ% within a
of cat tically and/or chem cally active heteroatons
sé?oé@ﬁgbaX’f?‘&%? R eregesngp duectedipsthg cptalytigconyersign angjor adsorptlon of
C, Zn, Fe, Sri, M, &, N, Co, In, Zr, M1, Cu, M,
PdhydRicazhods and/otherdrgder edmpaails cat al yst has an X-ray
diffraction pattern with one peak at 0.3 to about
3.5 at 2 0; and, (b) contacting an organic feed under
reaction conditions with said catalyst wherein the

W?}P [HEPEE: I&\ﬁ”ﬁ\@t%ed fromthe group consisting

yIa ion, acy Ion ollgonerlzatlon sel ective

OX|dat|on hydrotreating, i sonerization,
denet aIAaPFOé?Fs R )8 P@%WH‘P@‘“%?W@%Q?@W%@ The Process
hydr ogenati on, anmoxi mation, isonerization,
d&imm)m@e(taprmmngnaoﬂnpngn@md/haﬁsorlpﬂ¢smsub€laat1aspme$oporous
of this invention deals with an inproved catal ytic

ProGesse §allich ragntam;r)ngv?@ 1800419 I3RS f éﬁggﬁﬁ/x $§ §31% size ranging

derret al at| on and desul furizati on of petrol eum o

G A R AP ol Dl R B o AR B s e L e abbut 0.01 ool

and/ or. Conr adson Carbon Residue (CCR). More
pay}gqr@[]|tlg>(m§ﬁ’opq>qqustrtm,\gﬁthps)mcp@paqtgisthp@\\ath at least about 0.02% by .
hydrotreating process for reducing high netals,
sukdight.ofandyticdliyagdfor chathiealip aand Hetdhoabmpetleatk€ fidm the group

oils,.
consisting of Al, T1, V, Cr, Zn, Fe, Sn, Mo, Ga, Ni, Co, In, Zr, Mn, Cu, Mg, Pd, Pt and
W, and wherein said catalyst has an X-ray diffraction pattern with one peak at 0.3° to
about 3.5° at 2 0; and, (b) contacting an organic feed under reaction conditions with said
catalyst wherein the treating process is selected from the group consisting of alkylation,
-acylation, oligomerization, selective oxidation, hydrotreating, isomerization,
demetalation, catalytic dewaxing, hydroxylation, hydrogenation, ammoximation,
isomerization, dehydrogenation, cracking and adsorption.

One aspect of this invention deals with an improved catalytic process for the

2.



5 again preferably those containing residua
hydr ocar bon conponents. Residual petrol eum oil

w0 e@menssss are produced by atnospheric or vacUuram/US2003/038222
distillation of crude petroleun they generally

cqont ai n.:hi gh,anount.s_ of tals, sulfur i trogen.a .
A &g 3o SR S s ottt hogRYa B ractions
of .the netals and CCR present in the original crude

r Wi yndesirabhehigh §1e(§|qjg|anc§¢rav¢xﬂﬁubmd/qmtrggen contents and/or Conradson
di sproportionate 10 anount of sulfur and nitrogen in

t RartaniRysitake (CCRYe Murt patisalarignBisisventioi tutdted tbadiyd@ireating
Principal nmetal contam nants are nickel and vanadi um

%P&eésrfgpré%ﬁ@%ﬁ? gﬁihl m&IRYUAH & A{ld nitBRALLonEd S L

It R bFF&roleum oils,
present. The metal s, sulfur, Artrogen, and 8

cont.ent of t residual fractions enerally limt
© Rei Potirakly e Gontairine aRge Bedonap oty ent
catal yst processing such 15 as catal ytic cracking and
hydr oc Rggikh#igetrTleummadt fkctivoaeemredused byl epansphermror ivheuum
speci al catalysts for these cracking processes and

C distilati sieofluredeietrioteudd ithey @hetallg comhidl HigH ard\GH6 metals, sulfur,
unwant ed si de reactions such as cracking to coke, dry

g ' C : h
O FtreBR 2P EC RO enky TR e e A E AR calT £ p P kil and
burned durin regeneration, resulting in substantial )

3B Kniesstt gl oRgHEhER Frigoin 1t residuah 6agti08; g ¢sprgportionate
sulfur is in the final cracked products, such as

gasohitred salur dridghtrogench éhadrigifa chlderdi algp remoimp omthat fraction.

for diesel fuel and honme heating fuel). Some of the

NPLHROIPEIMERNEIntdAih &%ts bR nidKK afIVA2HRAAS wiANFnSAABmall amounts of
nitrogen (the basic nitrogen conpounds) becones bound

t 4/ ( 37 PCT/ US2003/ 038222 active
s??%ds%?%'f-sgtsﬁge%g% é:lg?ei‘l?yst_ and renders it ineffective.

CCR, a_neasure of a__nolecule's tendency to coke . o

r at her TORAIBIIRERR, BHdrdHtregess pid CCReoptegiofdhe residual fractions

undesirable property for charge streans processed by

catadralty kimi nisckéfiigtivenstess dhbzeltoghs foespiseqdent eatalyst processing such

..enployed in catalytic cracking, nolecules high in

CERANGHEBIabYn @R RYdr6&haliNg | $Rd h¥tal contaminants deposit on the special
catalysts for these cracking processes and cause the premature aging of the catalyst and/or
unwanted side reactions such as cracking to coke, dry gas and hydrogen. During the FCC
process, much of the sulfur ends up in the FCC catalyst’s coke, which is burmned during
regeneration, resulting in substantial SOx emissions. Another major fate of the résidua’s
sulfur is in the final cracked products, such as gasoline and light cycle oil (a blending
component for diesel fuel and home heating fuel). Some of the nitrogen contributes to

NOx emissions, and some nitrogen (the basic nitrogen compounds) becomes bound to the

.3-
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5 degrade to coke, |ight gases, and hydrogen.
Catal ytic cracking is generally done utilizing

whymrosEsbon charge stocks |ighter than resi duedT/US2003/038222

fractions, which generally have an APl gravity |ess

t han 20. Th nost nmon, cracki.ng. charge stocks are
c&ﬁ%}‘e SicEPbihe Sl GarataymaRd fpRdersily lggff%wsufﬁ%veemeasure ofa
over heads, etc., the feedstock having an APl gravity
f mostecuddxotendebBy teocodb catheraban Saclcand/drebgilt; inalko mgundesirable
charge stocks are distillates, they do not 10 contain

S 'p%}ie ?Cf&fﬁha@e‘%ﬁ%ﬁlé Hogesedd E\r‘@nél?ﬁ@@ram@ihgc WrRer the high temperature
whi ch the netals are concentrated. Such cracking is

carrled 0
nmi) ur} (é&t%l%’t] r%&{m%é%oq%cﬁ%gb% in ‘gégﬁé%?lﬂ?fé/ agp/Oélgqtqutxcally
1 to 5 at nospheres, and a_space veI oci'ty of about
£ Jegra0IRBKEVIZINERER SN hHroReT. [ atalyhe &fﬁ%mgﬂg gmqﬂky done utilizing
present simlar problens in hydrocracking 15
opetdakarbos chdngd stacks lighter thahlrysidaal fiaetibroytvhivh gehamate have an API
stocks even lighter than those charged to a cracking

A vity YRRl 20nVIHEedsBedthROn! @AGERY cipeadibiianse cORsS h§<§/or crude
of a tyenperature of 200 to 550C and a pressure of

SRR ol ectet by B Bh s R heYips pR AR gravity from

the netals and/or sul fur and/or nitrogen and/ or CCR

cehowrs topboidb oSHich 8195 crapking ohayge stoekn age [dystidiptes, they do not
resi dual petroleumfractions. While the technology to
acenaml dighfiédnt propoftiondd Bhk ldragé eoldcars iwnhidhahe besdls are
advanced consi der abl y, attenpts to apply this

t%%ﬁé(}ﬂg?@g.réf?ch Crikk @Q%h%%%%ﬁ ?&JAM?%QQ:?&&%&%%% ata

resi acti ons denera due to ver

c e bl &535%35%@%3&@%5@ ahpe! BRIy, epd 2 space

- THE DRAW NGS 5 Vari ous enbodi nents are descrl bed bel ow

wivelocite b Batent & ta POUONEHINawi ngs  wher ei n:

Metals and sulfur contaminants would present similar problems in hydrocracking
operations that are typically carried out on charge stocks even lighter than those charged
to a cracking unit. Typical hydrocracking reactor conditions consist of a temperature of
200 to 550°C and a pressure of 700 to 20,000 kPa.

It is evident that there is considerable need for an efficient method to reduce the
metals and/or sulfur and/or nitrogen and/or CCR content of hydfocarbons, and
particularly of residual petroleum fractions. While the technology to accomplish this for

distillate fractions has been advanced considerably, attempts to apply this technology to

4.
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Fig. 1 is an X-ray diffraction pattern ("XRD') of the
mesoporous material of Exanple 1; Fig. 2 is a

W@ zeawssnsssi on el ectron mcroscopy ("TEM') i magecmis2obsz038222

mesoporous 10 material of Exanple | ; Fig. 3 is a

raph illustrating the pore size.djstrihutipn of the . .
nesuivet Busionagenerally fagrlueeayepy @pil dogrtyatan pEfhs Fatghylf primarily by
pattern of the nmesoporous material of Exanple 2; Fig.

5 nifnSoritirainkmMD apditdlerdepogdfiort. he mesoporous materi al s

of Exanples 3A, 3B 15 and 3C, Fig. 6 is a graph

illustrating the pore size distribution of the

nmesoporous naterial of Exanple 3A; Fig. 7 is an XRD

DB DB O RGNS Toecporoue meril

titani um contai ni ng nNesopor ous nmater|j

al of 'Ex e 6;
-5 WD AB0i90LeERERNRTE/ gijed dglopowiticreferency tﬁﬁ%‘?&b‘?ﬁs
illustrating the nitrogen sorption isotherns of the
t ipdigkm  cont ai ni ng nmesoporous material of Exanple 6;
Fig. 10 is a graph illustrating the pore size

di stribution ok thestdda RPMKRIDY) BPthe HRSOPITO @ Raterial of
mat er i %Ilil:"olflgéﬁa)l(n%{glghgta 5 F?ng 1q sho?/vs t he XRD

patterns of the nesoporous materials of Exanples 7, 8,
afkagwlelsg. 12 is an XRD pattern of the al um num and

vanadi um cont ai ni ng nmesopor ous . .
Fig. 2 is a transmission electron microscopy ( TEM") image of the mesoporous

material of Example 1;
Fig. 3 is a graph illustrating the pore size distribution of the mesoporous material
of Example I;
| Fig. 4 is an XRD pattern of the mesoporous material of Example 2;

Fig. 5 shows the XRD patterns of the mesoporous materials of Examples 3A, 3B

and 3C;

Fig. 6 is a graph illustrating the pore size distribution of the mesoporous material

of Example 3A;

Fig. 7 is an XRD pattern of the vanadium-containing mesoporous material of

Example 5;

Fig. 8 is an XRD pattern of the titanium-containing mesoporous material of

Example 6;
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material of Exanple 10; Fig. 13 is a graph
illustrating the pore size distribution of the

w@boenvsnsst and to vanadi um cont ai ni Nng MeSOpPOr ORST/US2003/038222

material of Exanple 10; Fig. 14 is an XRD pattern of

t he |ron cont ai ni ngl mesqporous material of Exanple

11; Fi gFig1B ishegragh diistretingtheimireged0Eptiqiisethemgof the titanium-
i ron-contai ni ng nesoporous naterial of Exanple 11; 15

Fi gontdiBingsnaaopgpraphmsteoisd ofjEtdneplpdr e si ze distribution

of the iron-containing mnesoporous material of Exanple

11; Fi griglio is% gprtlsRatideeie g)%?e §1£’@dlstnbutlon of the tjtanium-containing
chr oni umcont ai hi ng nesoporous nmaterial of Exanple

] he \/5|ble spectrum of the .
chPEﬁ?Pﬁ’ml‘éé’h%%%{%ﬁ% gx B5fbrous 20 material of Exanple

13; Fig. 19is a showi ng t he nesopore size

di stri bbig bhshspvsit e @p&tﬁrosjgf thmqsppmou@ma@mmféixampleﬂ 8,
13; -6 WD 2004/ 052537 PCT/ US2003/ 038222 Fig. 20 is an
XRehgpattern of the nol ybdenum cont ai ni ng nesopor ous

material of Exanple 15; Fig. 21 shows the UV-Visible

spectr Ufnoofz If;h%i)gﬁg g?t%ﬂ-ﬁ@f Stﬁ@ﬁﬁxrrﬁlﬂb 1UndB4RIRLG- co]n%ammg MesOporous

and, 5 F oW ng t he nesopore size

di strlb n of le mesoporous material of Exanple
15?“%?@?&?*1_%5”’@‘:% | PTI ON OF PREFERRED EMBODI MENT( S)

Fig. 13 is a graph illustrating the pore size distribution of the aluminum and
vanadium-containing mesoporous material of Example 10;

Fig. 14 is an XRD pattern of the iron-containing mesoporous material of Example
11;

.Fig. 15 shows the UV-Visible spectrﬁm'ofthe iron-containing mesoporﬁus
material of Example 11;

Fig. 16 is a graph showing the pore size distribution of the iron-containing
mesoporous material of Example 11;

Fig. 17 is an XRD pattern of the chromium-containing mesoporous material of
Example 13;

Fig. 18 shows the UV-Visible spectrum of the chromium-containing mesoporous
material of Example 13;

Fig. 19 is a graph showing the mesopore size distribution of the mesoporous

material of Example 13;
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The catal yst of the present invention includes a
t hr ee-di nensi onal, stable, porous 10 silica, which is

weabgHEIsi al | y nesoporous in structure. The siPdDES2003/038222

possesses a non- crystalline, but regularized
(pseudg-crystalline) structure. Mesoporous materials )
are  dbisPDheen XRILpaserpat BamokddepussgniagEngmesoRgreustnaterial of
is herein incorporated by reference in its entirety.
TReamplerihous silica material of the present invention
generally contains both 15 nmesopores and m cropores.

M cr opei£91answdaf e/ 1PQE&R N 8Y e ShRofdr8IBIGfer@f of Example
| ess than about 2 tun. Mesopores are deflned as pores

h gjy a dianeter of fromabout 2 nm to about 50 nni.

The Gnorgani ¢ oxide material of the present invention

- has a volune percentage of mesopores of at |east

about 9m2antia praghshawing the meswste isclistrivgtien ¢f the meseporous
for making a preferred porous silica-containing

caiagdribbf Bxmpslet15i s 20 described in U S. Patent No.

6, 358,486 B 1. The average nesopore size of the

preferred catalyst as determ ned from N2-porosinetry
ranges from about 2 nmto about 25 nm -7 WO

T DS T GF PREFERRRITEREIGO IS Cai7

active nmetal heteroatons incorporated into the porous ,

si | i caflbe satplystafrthe prElent dasealign inchidesa theed-dignenaonal, stable, porous
heteroatom (i.e., non-silicon aton) can be sel ected

f §i0i6d, KL suBstatidBy rhdsoBorold/B, strudre. VIR silVd fssdékdsla non-
VA, and M A of the Periodic Table of the El enments.

Sui - hat e URi .
LSRN, Py LT Ul WG R AU O bl r
(Zn),. iron (Fe), tinOCéSria nmol yhdenum (Mp), gal |i um )
(@ﬁé.’:,nb?ﬂ ’é‘kléi_ ) FNieyt,N% % 6'(6@5,,whl?mldihgfﬁn( |1ﬁ))1;porated by refer¢nce n
zirconium (Zr), manganese (M), copper (Cu), magnesium
(Mg¥ntirped | adi um  (Pd), platinum (Pt) and tungsten (W,

for exanple. The incorporated heteroatons can be

i sol at ¢ andfoudifits htdiaoBfie predst Blventibn ORAGF @igains both
matri x. They can be in an atom ¢ form
mesopores and micropores. Micropores are defined as pores having a diameter of less
than about 2 nm. Mesopores are defined as pores having a diameter of from about 2 nm
to about 50 nm. The inorganic oxide material of the present invention has a volume
percentage of mesopores of at least about 97% and preferably at least about 98%.
A method for making a preferred porous silica-containing catalyst support is

described in U.S. Patent No. 6,358,486 B1. The average mesopore size of the preferred

catalyst as determined from N,-porosimetry ranges from about 2 nm to about 25 nm.
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10 or nolecular form(e.g., as oxide). The heteroatom
content of the catalyst is at |east about 0.02% by

wowioghs2sef the catal yst. The atomic ratio of tPeEr/US2003/038222

het eroatons to silicon atons in the catal yst can be

varied up to about 0.9, preferably from about 0.0001

to abodeFaBlystingludenped istfieniiopplized avigy esepr mpipcartytisally active
has a characteristic X-ray diffraction pattern

('R Hetandvitons fftonmradd inentht potoas pidiakte atrudiud. The cBabttically active
at 2 0, which corresponds 15 to a basal spacing

b%é’éﬁ%te@é&lﬁn’i’[@, ﬁ’&psil‘i\cQINlt&rﬁ?Qaﬁrbeasg%@{thffoﬂpG?cﬁx?s?B, IIB, I1IB, IVB,

reveal a tunable pore Ssize rangl ng rom about

0 30
3 VR B o by A gt i ¢ tﬂ@%ﬁf Tab‘ieéﬂmzc‘ﬁgme%ds%ﬂable
pore vol ume of from about O. cc/g to about 2.5 cc/g. -
th@dmgqt@mémcwttﬁh@npmééﬁt tifaninen(Tibryatekum (V), chromium (Cr)
t hree-di nensi onal, randomy 20 connected nesopore

Sy iicg@n), WonqRe){ €6 l($n)1 RabBSIemSHNbR RSl aMm (Qfa) eéet axi Scobalt (Co),
and products, and avoids pore bl ocka e. -8 W

2 3 Q o
ne‘i’l%é*%%?%ﬁsigaf’ st éfe’s@ﬁwﬁ‘?@%é%m T g geticiom
dfr ntheS| xture co alnln
RSP e B Aed Wmar s bfarontaantoit ol ROt el oatoms can be
and at | east one pore-form ng organic tenplating
adrotated and/er distributed pagjastor in the poetusaektfiorThegkcamye irhan atomic form
catal yst of the invention, the silica 5 source,

het alodauRIMfEaIets, as@me?)rme%rbﬁml RhtcAbo LU BAthS Xt i8hEleast about
conbi ned i n aqueous ution to forma synthesi s

?P?Z%E?%ovgfg%?# %e%iltg@le Ther&to ic ra Q.0 fg(sg b%gx%g n%%g s%con atoms in

e Vo e conponen
m xture wat er, al cohol) are renove

e.g.,
c&?ﬁf‘eﬁ‘ﬁ'ﬁé 63t byatird upie Abe O Weﬁ‘@“aWth“beOl\F\%tOﬁ@hfo about 0.5.
forced air flow The drying can be conducted, for
exanpl &he abmg@tiowoithe ptesd irb@0Goif bas axmatamealbtmﬂ\ ra® diffraction
hours, nore preferably from about 60C to about 120C
f Bhtt&n ("XRD") which shows at least one peak at 0.3° to 3.5° at 2 8, which corresponds
to a basal spacing between 25 A and 440 A. Nitrogen adsorption tests reveal a tunable
pore size ranging from about 15 A (1.5 nm) to about 300 A (30 nm), and a surface area
ranging from about 300 m%/g to about 1,250 m?%g, and a pore volume of from about 0.3
cc/g to about 2.5 cc/g.
The composition of the present invention has a three-dimensional, randomly

connected mesopore system, which facilitates mass-transfer of reactants and products,

and avoids pore blockage.



to 36 hours. In a final stage the organic tenplating

agent (s) are renoved by conventional neans such as
wazloehsessy and extraction. Typically, the cal crau/ogpooz03s222

performed at a tenperature of from about 450C to

about 900C wi th an oxygen-containing gas (e.g., 15

ai r) f@metllypoth? Meloporsys gilicfreatabilyofabe prtOMmt iroveabonits prepared

700C for about 4 to 15 hours. The extraction can be

AR aUFhtAEk OhBRRE CosalnRtSe Bt o JiRCHPRAlUEE et ohé BBferoatom

about 30C to about 100C dependi ng upon fhe sol vent

: W Qr. no,t.oxicit are

5P E e SARE By B8 Po e e G PP A b hod can

i.nclude aging the synthesis m xture at 10C for. up t

20 24 'nedirs stase of theraetbed fig neakénybe seialvst @Hﬁﬁé‘h‘@ﬁf'@“ dhe silica

the synthesis mxture. Optionally, the synthesis

rsoicy) leteeanomaoheatad drgandnteatplaticagentdd) age tcﬁﬁmeecatmacmeous

of from about 100C to about 220C for up to about 10

8o BS B ABhICES A RIRRIAH grpf -9 VO

537 / US2003/ 038222 Fom about 120C to
about 200C for to 96 our renovin
pore. foAnig el Reertiali isPiod P Naf s hplsgt o ymhesis
can tune the nesoFor03|ty to nmeet specific
rmaieptiire e nwster, Bleohely areremiued bhgonvenmxg:éme@n% pisdijasglrying with or
such as silicon and al um num wi | | coal esce to form an

AR r€edf di a®WoTKe diyid @ntdtecopaicted, doméxaghprgent)°C to about
fornms aggregates 5 to shape the inorganic franmeworKk.

1@% é'fgreupdﬂoscﬁ)[)u bt RS, Aford Btee'{é}gﬁs;qﬂ)% ? af8beEd Qﬁ@uttﬁ@ Cfor6

nmesopor e 'size str| ution e aggregate

size mainly depends on the nature of the pore form ng
d9SRtOUEShe t enperature of heating and the |ength of

the heating tine. So for a certain pore-formng

agent ,InaHmahgsgpibe organig tohplatieg higend(s) metrempsed by potuentional
tuned by nmanipulating the tenperature and the heating
th&s sd@ VRARIMA dddCatt@ttion. Typitds, fHer&tcnﬁhg%ﬁperfdﬁﬁﬁed ata .

silica source, oOf silica precursor, can be
temperature of from about 450°C to about 900°C with an oxygen-containing gas (e.g.,
air) for 2 to 20 hours, preferably at 540°C to about 700°C for about 4 to 15 hours. The
extraction can be done using organic solvents at a temperature of from about 30°C to
about 100°C, depending upon the solvent used. Some alcohols with low or no toxicity
are preferable as solvents.
Optionally, the method can include aging the synthesis mixture at 10°C for up to
24 hours before removing the volatile components of the synthesis mixture.
Optionally, the synthesis mixture can be heated in an autoclave at a temperature of

from about 100°C to about 220°C for up to about 10 days, preferably at a temperature of

9.
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silicon conpound contai ning sone organic groups. Such
conpounds can be al koxi des, &e.g., tetraethyl

wo@edohosisBT cate ("TEOCS'), and sil atranes, e.d.,PCT/US2003/038222

tri et hanol am ne-substituuted silatranes. The silica

sour ce can alternatively be inorganic, such as

AFMY abyid 2 BrC ﬁ%‘?%éoos iforasp tg @B douts, Bfpreaamaying dhgepare forming
The silica source also can be geothermal silica, but

tagedt5 Thadichtingastep irethe butoclaye carstupe dfeana@bporofiof toaneet specific
crystalline source. The organic tenpl ati ng agent

ReQfiRhRBksY ﬁLWﬂh@%eQYr@ otbanic PelicYLRHURS s%xlagltx and A0Minum will

hydr ogen bonds W th the i no?ganl speci es

and het eroat o have atoms W t
oSG8 2raleh tircctri ra@swo'%%o i o, BT adsh o apsregates
het eroatons. Such -organic tenplating agents include: .
4 vleede shg mogganipirgipgiverke Tdleysizs|distabytaradithe afigeedates datgrmines the
20 glycol, triethylene glycol, tetraethylene glycol),

ahdsapart amnﬁﬁnbﬁacgl ,Howeek hﬁﬂ@&géﬂdﬂ@sme{ maiafy depends on the nature of
triisopropanol am ne) di et hyl gT ycol di benzoat e,

& 4 o
RW&%%%%%?@%%%’%%W'&&% gﬁ%tléé?%n%ggg (h %%l%slzeatma time. So
latin nt shoul d have a baili oi_.nt abqve
180keSt ey GhrEragmipE eV RO oL 0Ly Of{}%’%gﬂfgt’%‘ﬁﬁ §#f be tuned by
source can be with or without organic groups and is
myagiipdating the tieprratare dngl thoheatiog tanssol uti on. For
exanple, in the case of alumnum the source can be 5

al um nasRePaleroal A8/, (108 - firsteskdp] ML BIlicE RIred @ kitied precursor, can be a
al um na, al um num hydroxi de, al um num nitrate,

t I chl or| the LSy
%Ilft’: ure%gérll“d; Sngallmg\ 3 %'Hrg groups. ¢ Cl}c cglalpgtclﬁl SR f}ﬁglkomdes
Hof the m xt |styp|cally|nclude or gani c

&Ié‘k éFtraeélwdwr‘éigs‘é*é%tFé W@?én@?@rﬁlle}mwoﬁr gxirgthanplammeeyybytituted

and ot her tetraal hyl anmoni um hydroxi des, urea, and the
lsilkteanesnr Thogtigasiuwwcd Ganadlicalatively ble ias garivmenetum anhydrous or hydrous
hydr oxi de, sodi um hydr oxi de, sodi um carbonate, and the

lsilfeg gels DRGIIRAMY8RISIs. TRRGHICE Qo&-@@gl's& LS gdoftRmAkIdBTca0but to
addi ng and m xi ng conponents and
facilitate reactivity, is preferably not a crystalline source.

The organic templating agent preferably contains hydroxyl (-OH) groups that
form hydrogen bonds with the inorganic species (i.e., silica and heteroatom). They inay
have atoms with a pair of electrons that can bond with the silicon or heteroatoms. Such
organic templating agents include glycols (e.g., propylene glycol, glycerol, diethylene

glycol, triethylene glycol, tetraethylene glycol), alkanolamines (e.g., triethanolamine

["TEA"], triisopropanolamine), diethylglycol dibenzoate, tricthylene pentamine, starch,

-10-
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t he pH can depend upon the heteroatom and shoul d be
sel ected to avoid premature separation (e.g.,

weemaeofssat i on) of the heteroatom Premature SBPEUSI0DI088222

can result in failure of the heteroaton1to be

ncaor te nto the siljca str

cofRRo R TR Rt U e fea o 4akF f Baile point above 150°C,
cat al ysts, co-catalysts (a part of catalysts),
cdﬂﬁ&?@ﬁY§uwp@b@S18@d§orbents and nol ecul ar si eves.
Dependi ng on the functionality of the incorporated

het er oaTiTeterbd16m GOMRO Sart BeOWitle 8NwBME orENe giBRES B is typically
and strong acidity, consequently it can cat aI yze

[ n c

ol ;Iﬁgg&rire ﬂ?t;hg g?rﬂggr;f/ra S%ﬂwrcr)gr IF grg%ﬁ%rﬁé dr? ﬂ'l)? K %f éftl aefum]mu’g} élée source can be

co ounds and 20 desul furization, The conposition can :
MHRRAl KX g (SR IR RIS SORFPR iEd A U HEa pipgEnum hydroxide,

epOX|dat|on of al kenes (e.g., cycl ohexene, octene,

etdlyiane nitratepzlmpyiuenm)lfateseﬂ aeminnen cldriidat i on of

al kanes (e.g. cycl ododecane, cycl ohexane), al cohols

and ami TRSynthédis MEX12QQ44 9k ﬁ%?udg QTléall-{S?rOAQ?d lgaa%f.%g the pH of the

hydroxylatlon of aromatics an amoxi mati on o

k C

o(r%fg(gl?ral ysims&% aﬂ? u%ch%g’, $aﬁ1éct }S%ésucgdaa%tf ﬁhyg?mﬁ%g iU hydroxide
g and/or Pt/ to this conposition offers

fd EEﬁQﬁIa mqptafr tﬁwﬂ@émkmﬁgl hyidyatvidese Heeri @, the like, or inorganic

dehydr ogenati on, and desul furization. This conposition

c aatkadl sioh acanmanianselydrénige sodfimhydanlidd, @sdiamcarbonate, and the like.

zeolite-like structures, together with all possi bl e

het er oatsRRAL X8 H co@tﬁ@éfr’% tHe 'o‘??b difsans! xf?)% cBHn?onents and

conp03|t|on of the I'nvention; whic rs aci

e 380 OB R s Sl 2L cdiabiEmare

mhlch conventional ly uses corrosive Lewis acids such -

asCPINGi® (gigd PHFEIRIEOR ) fdlemieaterpatom. dirgmatmesaparagion can result in |
wastes. The conposition of this invention is
erfyilureoiethadlerodtdrh b McaperataAintoant gidica bigcture.

conventional catalysts. It can catal yze al kane or

ar omat i, composition of the invention can be applied as catalysts, co-catalysts (a part
of catalysts), catalyst supports, adsorbents and molecular sieves. Depending on the
functionality of the incorporated heteréatoms, the composition can have weak, medium
and strong acidity, consequently it can catalyze cracking, isomerization, alkylation,
acylation, oligomerization/polymerization, dehydration of organic compounds and
desulfurization. The composition can also have redox properties, which can catalyze
epoxidation of alkenes (e.g., cyclohexene, octene, ethylene, or propylene), selective

oxidation of alkanes (e.g. cyclododecane, cyclohexane), alcohols and amines,

-11-
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al kyl ation (including Friedel-Crafts al kyl ation) using
ol efins, alkyl halides or alcohols as alkylation

w@gwans2s3The aromati ¢ conmpounds mai nly i ncl udepdBUE®NE)38222

napht hal ene, phenanthrene and their derivatives, such

a ol uene, xyl ene, isopropyl napht hal ene, di. 15 phenyl

ofe?/ xy Powﬁgramailc%ﬂk&ﬁp"ﬁm@ﬁlma.ﬂorrﬁék%%eﬁ AN peRPeiQscan be used
agents nmainly include al pha- ol efins, preferably those

wias po-gatelystison catalyblesuppoite Fdramstange, adgitehef abbly nmtalg e.g. Pd and/or
than four. Suitable olefins include e.g., ethylene,

PPORY kigs @om?d%dti&r drEra AaREDRalitfbERRbcradkig, B drBBenation,
y

agents nain i ncl ude met hanol, ethanol, 1 sopropanol,

banzyi. . al cohol nd,ci.nnanyl...al cohol .. The al kyl at.i o

r BB o R0 e BEMREARATY T SR A e G thp Gl vpes of
about- 80C to . 20 about 400C, under a pressure between .
12¢fldessondizgplite-ke strup sy togpian wish all poBible keterapigms mentioned
300C and between | and 30 bars. -12 WO 2004/ 052537
P&HgWdS2003/ 038222 A i gomeri zation and pol ymeri zation

of ol efins can produce fractions for gasoline, jet

fuel, digprhl &gl leaé‘tdlh% H%g@ﬁ%mgf RagRetidn; wilmﬁxﬂfg/ers acidity, is the

catal yst “conposition o I nvention, especla

L gﬁeZ{?odlgqglfq%taﬂkxgﬁu%lea%%](lpgég] | gglp Efggé#@sqf grﬂulafr%ﬂ]y ?rglpé)rrta?nrt] reactions is-
ol i gonerizatjon of olefins such as al pha-olefins. with
aalkylaben, whigh apsicntianadlyrusgy ecrrasivetlieans adidsesach meAlEl amd HF and
condi tions, depending on the specific feedstocks and
desierates largedimedunt of wastewd €Tla do@ippsitiak or thid iangitidg i éBAronmental
about 25C to about 300C, and a pressure ranging from

AR d&n 9%&?(%%19 c6&eﬁ98&5ﬁ c;tgly e’r f-card @ﬁ%l?%% ?illéé(r%tor aromatic

conposition o e I nvention can used

sel ect.i ve oxi datj 0 f .organi ¢ conpounds. .

pAKatigr g‘PFG“Wfﬁ@BF‘é@”&‘F@ﬂW#&%) E%\’Ef-’a?'ﬁg'ﬂs’ elrbbaides gnalcohols as
containing 10 one or nore heteroatons selected from

t allipkiion egentet Blesaromotiuddmpounide magxtpimelee bemgepesnaphthalene, -
zinc, iron, titanium chromum vanadi um nolybdenum
apkkrahthrenE@hd itiest @BALvdsh 1 RRAGET ek RbaloplyMaphthalene, di-

titanium zinc, chromum iron and nanganese can

C%e@\'ﬂéﬁde, or 2,4-di-t-butylphenol. The olefin alkylation agents mainly inciude alpha-
olefins, preferably those with a carbon number more than two, preferably more than four.
Suitable olefins include e.g., ethylene, propylene, and 1-hexadecene. Alcohol alkylation
agents mainly include methanol, ethanol, isopropanol, benzyl alcohol, and cinnamyl
alcohol. The alkylation reAaction can be carried out at a temperature of from about 80°C to

about 400°C, under a pressure between 1 and 50 bars, preferably from about 90°C to

about 300°C and between 1 and 30 bars.
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epoxi dation of olefins including aromatics such as
phenant hrene, anthracene and trans- stil bene. The

w®xiodasss? used in this type of reaction incl udecDusmns/as3s222

or inorganic 15 peroxides, nitrogen oxi des, oxygen and
any gas m xture containing oxygen. The conposjtion .
cont aiQligrgreriaptier andrmp! yerezation phplefias Fap prpdypseciagtiony for gasoline,
for catalyzing the selective oxidation of alcohols to

erfhels predifng aad dohy e basy ok ahtayst afmpiséiol ofghelinvention,

- napht hol can be acconplished using the catal yst

Segggzggﬁy nt:lﬂ%(f%ﬁgﬁnﬁ %Llﬂglir‘ilinﬂ,’ ch&&ﬂﬂm;/, SARREr ir&iPR@kfoafsk, can be

prior art, acylation of aromatics

was _ conventi gnal | erformed, usi-ng,Lew cids, ..such
AehprCaRaly e (9T it pEEATOBRE OlRe ceg Aty i Wifd Creon
I'n

amount’ of wastes. contrast, the conposition of the
prueseniargengeertérahgn thssge Readtion emdsignsedepsndingon Hisnipgeific
-13 WD 2004/ 052537 PCT/ US2003/ 038222 al um num iron,

ot dstddms ahd 8B pRidaets, ihelRi@ 6 esmpdr&uteahgind Eitots about 25°C to about
Acyl ation agents mainly include acyl halide, carboxyl

id~anhydri The: ar | i ygdide
e A e s R M R RS R B M 06
derivatives. Acylation can be carried out .at . a e
t enper BhasaE1YSt GRIMAGBIAN Alpthe inyeahon fanbgied ?‘Rfrf&g pelgetive oxidation
pressure of fromabout 0.5 bar to 5 about 20 bars, o
pofefrgarad tomounids.aPatitul 60 Cptederadsioare tHRE5O Catalysiccompositions containing
pressure of fromabout 1 to 15 bars. Wen

i %ﬁ%‘?&@%@t@rcﬁ%rﬁ@eﬁc%ﬁ%ﬁ tdaRsitiBe nf¥BIORRIAUEE, $od dx@mple, copper,
of the Invention, transition metals such as cobalt,

054 R SO OS50 B SO LG A U e

conbi nati ons thereof, provide catalysts 10

peamuiasificardoptaging HBRAINT, GinchgRIPBY YR ek PhEnpRiBeenssE R Fatalyze

as (1) hydrogenation of aromatics in gasoline, jet - '

f elxidatioR 8eblefineinchmdihg arbmbdet suoly aoplignag@yene, anthracene and trans-

hydrocracking of heavy fractions such as vacuum gas

?%:tg%?r{egis[:l?%w(-%;\{s%%d ANRisARcE bt Bide B ifQLAY SDahit VMt gdnic
peroxides, nitrogen oxides, oxygen and any gas mixture containing oxygen. The
composition containing copper and zinc is particularly preferred for catalyzing the
selective oxidation of alcohols to corresponding aldehydes. Hydroxylation of phenol and
1-naphthol can be accomplished using the catalyst composition containing tin, iron,
copper, cobalt and vanadium.

In the prior art, acylation of aromatics was conventionally performed using Lewis

acids, such as AICl,, FeCly, H,SO,, etc. which generated a huge amount of wastes. In

contrast, the composition of the present invention, especially embodiments that contain

-13-



15

20

CCR reduction, denitrogenation, desul furization, and
denet al ati on of hydrocarbons, including the

wabovesasent i oned fractions. Denetal ation is PCT/US2003/038222

particularly useful for the 15 renoval of iron
and,. ar se reatin reactlon

d
0o ot SRR S 0 L EURRTERT dcfbs G tiiod agents mainly

rangi ng from about 40C to about 400C, preferably from
abdltuds aeykwlide sarbozgireid anhydader Besarpmatiangnpeurdsominly include
at nospheric pressure to about 300 bars. I|sonerization

of baydngaaghbdend, phénhanthréiétzaa eheinddRRati P, Al USR] be camed out at
and xylene) can 20 be catalyzed by using the catal ys

Of a tdiher MR IR ot Bt 1L HSh\§ ab@’byﬁltlde?%g}%gsségrtg: qcﬂfﬁﬂl Wout 0. 5 bar to

ISOFTEYIZ&tIOﬂ contain zirconium tu

ani um. a | um'num as. heteroatons. -14 WO ‘
08 S 7. Rtk 0 GO SO0 C iy th s ederprsssure of from about 1
sat ur ated hydrocarbons to unsaturated hydrocarbons can
e“bﬁﬂ&ﬁ&zed using the conposition containing nainly
vanadium iron, gallium cobalt and chrom um The

sat ur at @theh )’rdﬂ’oﬁfbaﬁtb@ Bs K&&oR®msfif Ehe%@é&bxeous Bfi{eR @R the invention,
|sobutane and ethyl benzene. The gas hourly space

r 0 to 20
b ARk e R OB T T i Rebparaphipptions thereot,
pr ess y ranges from about 7 kPa to about
608 ! l?ggf mﬁtﬁéfsé?*hfﬂ Rlal{ s PafadimoriepRIbingtiapy therepprRFide catalysts

The reaction tenperature typically ranges from about

35p@itudargboutable 500y dootedating procedsrsnoh aali) by drbgOndTidn®f aromatics in
about 600C. Hydrocarbon cracki ng can advant ageously be

Cagdsbiek, P tuclsdieng] hll%?arid"MSﬂ&dtM@ oﬁo(é%galdéﬁcgir‘g of heavy fractions
conposi tion Cont al ni ng nickel, “tun art,

n um.num .and r, th )
caERSEP s rgaldbvnaf?fwﬂmuw% 5 rgigpal (coal oil); (3)
al one or toget her with zeolites. The hydrocarbon can
beCERariicen. depitrogpnationcdashlfynationrandidemgtalation of hydrocarbons,

including the above-mentioned fractions. Demetalation is particularly useful for the
removal of iron, nickel, vanadium, and arsenic. Hydrotreating reaction conditions
typically include a reaction temperature ranging from about 40°C to about 400°C,
preferably from about 60°C to about 350°C, and a pressure ranging from atmospheric

. pressure to about 300 bars.

Isomerization of hydrocarbons (e.g. n-butane, n-pentane, 1-butene and xylene) can

be catalyzed by using the catalyst of the invention. Preferred catalyst compositions for
isomerization contain zirconium, tungsten, gallium, iron, titanium and aluminum as

heteroatoms.
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hydr ocracki ng, etc. The catal yst conposition can al so
catal yze the cracking of waste polyners to recover

wazefins2ssr acti ons of desirable chem cals. 15 TRET/US2003/038222

conposition can be used as a catal yst for

Fi scher-Tropsch, process. The rocess involv

cont adteigraaeasied ol SHBEISRIATRLIORG HYMAUGUFT Riffocarbons can be
carbon nmonoxide wth the catalyst in a reaction zone
reaiahyzed nsidg dte @ompositonenrmdrgniing voadium, des, gallium, cobalt and
effective to produce an effluent stream conprising

RYAHRAGAY PARSsatulted Ba&obabsd YanTRafe eximeploChrbyardeGIM)tane and

may range from about 100 vol unes/ hour/vol une catal yst

(hr') to abqut 20 10.000 hr, -. LM, t .
ety e Ene Pitelaps Bty kg Vilociny RS GL Al LABLE RO 100 to 2000
is typically in the ran%e_lfromabo,ut 160C to ahout ] :
FooQrefsrabliitant SO0 todRPA BBt TheotmeratingPIRBITs GEHN g?@é%“ rom
PCT/ US2003/ 038222 to about 260C. The reaction pressure

| #olityPkRadol abouncathiePa; prederatdfy fraboatious7 ksBa ta aboabdQd kB0 The

bar, preferably from@8 bar to about 30 bar. The

gggmi‘ag it%i]é’&Mﬁﬂ{‘tgPF&H? BthabOfr6h 86t 356PF t@ RIS 6567, bieddribly from

sor articu conmpounds. Due to its tunable pores
and functionaglized nore wall, it allows various. 5
ORPS d;foogbé’ﬁfggoﬁhe pores and interact wth
functional heteroatom groups on or in the wall. Far .
i nst arfdydroedrbon ereekips £ ¥lyapageaushsraTicdPuh 4388 Hieghventive
but unsaturated coordination nunbers, which enables

t Keal e L& Padi Qe cdaihigmidetaigeat] ababandlybdértum, aluminum and/or
oxygen-cont ai ni ng, nitrogen-containing, and

SYhEHE: 5@({?%@6?”99 cﬁgl%?gﬂgnﬁsitﬁ)n 6F BRYnveafib&64d dehstd alone or

renovin es€ conpoun omstreans. It can also be

a base-acid 10 interaction. For. exanpl t he. . .
cloapBY it ealibyt b ‘Wé“%‘i?'i?ﬁi‘ ﬁﬂm%éﬁ@%ﬁ?ﬁjﬁ% Ht“éixcuaéa‘yt‘c cracking,
conpounds such as cyanuric acid and p-chl orophenol '

f myatocsaakesgystc. Ahesuathyst tomapostiswpsialsosatabyza threcraddrg gfgvaste
adsorbents and nol ecul ar sieves. The invention

dbSAGhOS Y5 BBV ESRBES fidctiehy of Mpirable olemagiy ous or

SO-m cropor ous
The composition can be used as a catalyst for Fischer-Tropsch process. The
process involves contacting a feed stream comprising hydrogen and carbon monoxide
with the catalyst in a reaction zone maintained at conversion-promoting conditions
effective to produce an effluent stream comprising hydrocarbons. The gas hourly space
velocity (GHSV) may range from about 100 volumes/hour/volume catalyst (hr') to about

10,000 hr'!, preferably from about 300 hr'! to about 2,000 hr™'. The reaction temperature

is typically in the range from about 160°C to about 300°C, preferably from about 190°C
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silicate contai ning heteroatons, having a randomy
connected three-dinensional pore 15 structure with

WO pwabsxs3pore sizes. It offers a new, cost-ef fBCHUY®03/038222

process to synthesize the nesoporous silicate wthout

any surfactant involved. It provides new di —eésgt bout 60
ctet Pyt 369 ° CrrBlieatienddios progareiis typically tdke f%@eﬁ}le Qi 9char fg,about
apply the conposition in catalysis and separation.

Vidr preferdbdafromessbantto shvat Bdbant i on are illustrated by

t he Exanpl es given below. 20 X-ray powder diffraction

pat t er fge {oiidkitiBh chilBe LAY EffELGivBB AA is@lesti Wy Edsorb particular
recor dede usi ng1 CLCJKa e|;adi ation oﬁl@a Phi li ps PW 1840

di ffractoneter .equi pped witr raphj :
B R
with steps of -16 WD 2004/ 052537 -PCT/ US2003/ 038222 .
0c@RpouTEa Hserites Sheoppres AEtipErRchVER &E&B@al @?E‘Wat%sgm“ps on or in the
performed using a Philips CVMBOT electron mcroscope

Wintal). @otiaBandel thenmuipasted hetematonseaohaed kigh bongnsaturated
operated at 300 W Nitrogen sorption isotherns were

@g&gﬁﬁ@orp{ﬁuﬁ&%, Q‘Y‘@({H AGPHOR Nt 8 ProbBratcodrliketion bonds with
y was ca

SOpOor 0S| S cul ated using the Barrett, Joyner

o S, b BB AR G

exanpl e shows how to incorporate alumnuminto silica
wieffbdivelytrembying tese compouads Hemelisamaf bcan alksp beddiasgAcid
10 First, 1 part alum num i sopropoxide

( Ak iasrOGIFEY B plwaRe estagsditiontcon@mippalumimfm camremove toxic
aqueous sol ution of tetraethyl anmoni um hydr oxi de

( TEAOH, 359 [ stirring. i ihen , the
p&PREOYIS oy |he\g‘hlg%§1r§r%c Ldedn?gf)%l&%ggf) ﬂgéﬁ\?g\nt lté%ﬂng plAaS%ta gh

of water were added ingo t he, abpve sal ution under
StePMPPHEON TS, usehagrgEeroeRf aT‘E’F’P%&“ﬁW‘eYﬁSt hosi | icate
(TEOCS) were added Linder vigorous stirring. A clear .
sol ut i dhewasniidt dsciedire ifescnsstd naw hge of' mesoporous or meso-microporous

silicate containing heteroatoms, having a randomly connected three-dimensional pore
structure with tunable pore sizes. It offers a new, cost-effective process to synthesize the
mesoporous silicate without any surfactant involved. It provides new diverse catalytic
materials. And it provides the processes to apply the composition in catalysis and
separation.

Various features of the invention are illustrated by the Examples given below.
X-ray powder diffraction patterns (XRD) of the resulting materials were recorded using
CuK, radiation on a Philips PW 1840 diffractometer equipped with a graphite
monochromator. The samples were scanned in the range of 0.5-40° 2 6 with steps of

-16-



10

15

20

15 was continued for 1 hour, and then the synthesis
m xture was aged at room tenperature overnight and

waleioedszs7 9S C in air for 24 hours. Finally, tPEr/US2003/038222

synthesis m xture was calcined at 570C for 10 hours

[ j& with .a.ranp rate.of 1 O m Fig. | shows its ..

X HaPHPiSs oR e PR PusTessey { SEMRatasdisriarmebttiee & Philips CM30T
in 2 0, indicating the characteristic of a mesoporous
neetesiion micioscepedyith ahaBoHdambsten tle wiir@®feEstubuecperated at 300 kV.
peaks for alumna inplies that no bul ky alum na phase

f adiedgen forftiorisPthesraivare @BasuPRIGH thE QuhARSHTFbERI Allosorb-6B at 77 K.
el ectron mcroscopy (TEM, showi ng a randomy

c ed: SQpor et ure. enent al . anal ysi
honsaorpiy (S SRERHE STARL Hefrey To TR R B ygnoa. an
2004/ 052537 PCT/ US2003/ 038222 which is consistent

WiCCHIPOHECR REGLHIEOY e Sl esg indiatechtB8PViss. xt ur e' of 25.

Ni trogen adsorption revealed a surface area of 983

n2/g, a total pore volune of 1.27 cnB/g and a narrow
nmesopore distribution centered at 4.2 nm shown in

Fig. 3. 5 EXAWPLE 2 This exanplgpdenpnstrates the

i ncorporation of heteroatons with heating in an

aut ocl ne,calcination, 3.3 Parts of alymnu .
i sopr oz%]% %gafn le(lresehoaof’ gﬂéo g?oningoﬁj Of)ag? PPy o &gwﬁé‘?ﬁ?g“t heating in.
of TECS and stirred for an hour. A mxture of 7.6

paneytostave pafogggploinagon.nart s of water were added into

the m xture of TEGCS and Al (i so- OC3H6) 3 under stirring.

10 Aft éiirsg 1hparaduratriun isogropdtidp@Ail(s&soc® CTHEAPW a8@086€ed into 26 parts of
drop-w se added into the above m xture and a thick

98h af I Yo udibBe o Bekraby laq{da&ﬁH{nghygan)g%efg C:E’?%(\)lgsg%%ggaég stirring.

hours and then transférre

R AT L I T TR Y e

an intensive reflection at a low angle in 2 0, 15

i Addesdniotge ehevecsiehirtiut wides stircingf Thers @oaradsiof tetitaethy/bdrthosilicate

El enental anal ysis showed its Si/Al
(TEOS) were added under vigorous stirring. A clear solution was obtained. The stirring
was continued for | hour, and then the synthesis mixture was aged at room temperature
overnight and dried at 98°C in air for 24 hours. Finally, the synthesis mixture was
calcined at 570°C for 10 hours in air with a ramp rate of 1 °C/min.

Fig. 1 shows its XRD pattern with an intensive reflection at about 1.1°in 2 0,
indicating the characteristic of a mesoporous material. In addition, the absence of
resolved peaks for alumina implies that no bulky alumina phase formed. Fig. 2 presents
an image of transmission electron microscopy (TEM), showing a randomly connected

mesoporous structure. Elemental analysis showed it to have a Si/Al ratio of about 24.8,
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rati o of about 24.5, consistent with the ratio of
initial synthesis mxture was 25. N trogen adsorption

wo em@a@bxser a surface area of 799 nR/g, a total PoOr/ES2003/038222

volune of 1.24 cnB/g and a narrow mesopore
d'\%flirchWédngﬁteﬁﬁahﬁﬁﬁedra% of h% ifit S}%ﬂ\e@s(ml %t’QZJINIIQ'roven
denonstrat 8s the | ncorporaticon o Uni num and 4 s

apility of t conposi t Parts of alumn

P'&‘E8§F‘H’§a raéua’ i3 ?ft%%[ﬂ‘f%tattp@l Wrﬁholslswsofda?&fgn}/g and a
- 18 WD 2004/ 052537 I?CT/ US2003/ 038222 of TECS and
stharyosdmegapofe &sthiburien ceAtaredk stuk. 2nof sig8vipiaritis. Jof TEA
and 21 parts of water was added into the above

. m xture under stirring. After 2 hours stirring, 23

parts of TEAOH were drop-w se added i nto the above

m xture and after 0.5 hours rHaE% it turned into a

clear solution. The sol utloﬁ I\é[ riFed in an oven at

100C for, .4 days and 5 then transferred _into an

aut oc| alids S%ann@eéemevstwes teralgorpRTatign oy heteropigans with heating in an
calcined at 600C for 10 hours with a ranp rate of |

Cl avitotlave befare citieneorn. 813 Rarsl of slwnishoviegprogusidsi wekk added into a bottle
ratio to be 99.2. Fig. 5 shows its XR D pattern with

any N2 Py e TOY andbifQOBP AR ESRT K hf?ﬂul%m?")'% @arﬁ%rf T®X and 25.8 .
pore Si ze di st ribution cent er ed at as

a0 S5 BRe Bt g MG ogé‘%ﬁﬂsea"@f AR S8l i

cm /- EXAVPLE 3B The material obtained in Exanple 3A
vwaAte hags sthriaatdrparsof TEACHE mere diop-wissaddg®Rinto the above mixture

pattern, seen in Fig. 5, still shows an intensive
pemild,a thickigebforted.t Tiee gl imgis riiled irdre6vadl at 98 4 fdrt22 hours and then

indi cates that this conposition has high hydrothernal
&%&EE&% 8&8%%&%9]&93@1@@9& t_'oma(f;S H&Q'E.OF'ﬁaWFh%rg'eﬂvﬁs calcined at
600°C for 10 hours in air.
Fig. 4 shows its XRD pattern with an intensive reflection at a low angle in 2 0,
indicating the characteristic of mesoporous material. Elemental analysis showed its Si/Al
ratio of about 24.5, consistent with the ratio of initial synthesis mixture was 25. Nitrogen

adsorption revealed a surface area of 799 m%/g, a total pore volume of 1.24 cm*g and a

narrow mesopore distribution centered at 4.5 nm.

EXAMPLE 3A
This demonstrates the incorporation of aluminum and its stability of the
composition. 3 Parts of aluminum isopropoxide were added into a bottle with 38.8 parts
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The material obtained in Exanple 3A was cal ci ned at
900C in air, but its XRD 20 pattern (Fig. 5) still

WG bowes2a87 | nt ensi ve peak, indicating that the PCT/US2003/038222

mesoporous structure was preserved. This result

B VO PRS0 R S B 2t prts of water
PCT/ US2003/ 038222 EXAMPLE 4 This is an exanple to_use

i s gdddcinteethe pbeMegnixi b pedes si®inEnddiepd havs safring Adparts of
into silica. 7.2 Parts of alum numnitrate nonahydrate

WETBA OIH S50 dR@-W 3¢ dd2d ifaitiicsabele nivdtn@rand BeN).5 ibudk stirring it
parts of TEOCS were added and stirred for 0.5 hours.

. ,’;\F%gffné%_é%gxr %oétﬁo‘g.g[lfﬂe\%gltuﬁorp@% ffti&igil téagtoR-%?Lquoe @or 4 days and

er were a into the above

m xture under stirring. Afte hour stirring, 49 . PP
pdhandrapsiegd annen sEHRH o lé’PgC}%fﬁiéwy ARSI s calcined at 600°C
hydr oxi de (TEAOH, 35wm % were added and after 0.5

hdor ¥) Isturs withg rampeaté pHh1C/mixinaie turned into a thick

gel. The gel was dried in an oven at 100C overni ght

and t h@ehéanshelysiedhdvddhaBi/Alidichkabeoad. F8IG shows &s XRD
hours. Finally, it was calcined at 10 600C for 10

h . . : e i .l ir. Lo e o
a?ﬁ)g{t?/nsl&lhgehng:\%[eegg@ﬁ g% ll\ﬁro%eax}c%dg&gpbq %l?dévs 3 Eﬁﬁ%&@ size distribution
pattern showed an intensive peak at, about | degre Ln

2 conteiqrat b Bm. BURGFSHGIIR Fige Petich cahikHed BIYIFHSE areg;of ghout 385

di stribution centered at 4.5 nm a specific surface

am&#z, ahd alpotet vol@be nkdbgut hd2ica’/got al pore vol ume of

about 1.02 cnB/g. 15 EXAMPLE 5 This illustrates the

i ncorporation of vanadiuminto silica. | Part of

vanadi um (1V) acetyl acetonate was added into a bottle

with 41 parts of TEGCS and EB\’iArI\pISEEE%r 2 hours. A

The material obtained in Example 3A was boiled in water for 17 hours, but its
XRD pattern, seen in Fig. 5, still shows an intensive peak, similar to the original matenal.
It indicates that this composition has high hydrothermal stability compared to other

mesoporous materials.

EXAMPLE 3C
The matérial obtained in Example 3A was calcined at 900°C in air, bm its XRD
pattern (Fig. 5) still shows an intensive peak, indicating that the mesoporous structure
was preserved. This result indicates that this composition has high thermal stability up to
900°C.
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20 m xture of 30 parts of TEA and 25 parts of water
were added into the above m xture under stirring.

WQ@Rdo@ns2B3hours stirring, 20 parts of TEACH wasPCT/US2003/038222

drop-w se added into the above m xture and after 0.5

hours stirring it turned i el . The. gel was

aged at -20 \%\D 2004/ OSZSS%%@%‘@%O%/ 038222 gr oom
tenperature for 24 hours and dried in an oven at 100C

over ni gAY indHexaFte KalssineganiaheteoOM SPUILES woiRearppFate aluminum
air and finally turned into orange powder. El enent al

aiab ysics BDParslof AlamShlin hittdt©ndmhpérabOwbre drisglved isto@0parts of
its XRD pattern with an intensive peak for

%'f E&‘}: g1 ;%Hg oWTEhﬁJ\tvet%%d&F% ﬁéﬁgb}’@@%uﬁn .&nother mixture
OXI e’

ases. I trogen adsorptlon S a narrow

S Z$£|Strlb tlon cent ered. at

eci
e Rire Q1 Lragihyinegdyrohfng 64 p%t??oor?W?}S SGddbing the above
about 0.91 cnB/g. EXAVPLE 6 Here, titanium
i naipromdei Shring 4880 h Sonastiedng, KOmarts obRqedauasPUOR Of
but oxi de was 10 added into a bottle with 31 parts of

TeEGRe@pAnsidnifigtyiRxide (TBNGH, AWKt wére a@fied?zhdaffa il Shours stirring
of TEA and 17 parts of water were added into the above

H%tfﬂ{a?gtm%% 'étl fiith gthlcﬁ‘ \%EFrTlll O%gwé\“a d'?‘ltetir hﬁlgven"ﬁ 190°C ov ernight

parts o vvere rop Se a nto t above

m xture an ter O. ours stirring it t dinto .

t Affheg gpns qfﬁ%{ igiq arhagog Pt B0 l’é ?Bﬂwér ﬁmﬁa hipggs caloined at
22 hours and dried in an oven at 98C overni ght and

t 680" € filr d D hedrsaritl7 @ Gadngp cate 401 AS/nfioum giri n air and

finally turned into white powder. El enental analysis

showed Etdign&il /aﬂ_z'il%é'@klhcﬂvécpthggt/ﬂg r&io &f 105.3.81t8 IXWUB phttdin showed an
XRD pattern with an intensive peak for nmeso-structure:

bnq%r{sweip%a O %%upfaale(vreg {l‘hi bt ﬁr} :g]n %éé(g%tt%t\lévtﬁ&%g%%afmg pore size

Fns are s revea

pore size d| strlbutlon centered at 4.7 rim
Fidigtribugion gerdeyed pf 4.8 neyrarspee fi arse%fa@farab@mbogt%(m% and a tota pore
and a total 20 pore volune of about 0.84 cnB/g.

volume of about 1.02 cm®/g.

EXAMPLE 5
This illustrates the incorporation of vanadium into silica. 1 Part of vanadium (IV)
acetylacetonate was added into a bottle with 41 parts of TEOS and stirred for 2 hours. A
mixture of 30 parts of TEA and 25 parts of water were added into the above mixture
under stirring. After 2 hours stirring, 20 parts of TEAOH was drop-wise added into the
above mixture and after 0.5 hours stirring it turned into a hard gel. The gel was aged at
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-21 WD 2004/ 052537 PCT/ US2003/ 038222 EXAMPLES 7-9
Here is a denonstration of the incorporation of three

waledoes2sst het eroatons. 42 Parts of tetraet hyPCT/US2003/038222

orthosilicate (TEOCS) were mxed with 30 parts of

b@rﬁ ré’tme%r 24{ H&ﬁ% 8}‘1%&‘%1 1991}{ ovEPat99b° @o’%}t‘ﬁ O%tgnd then calcined

Mx ture prepare Ivn het e

sour ce 22 parts ter. Part of [1ium

olige %oeﬁﬁhowaere g in temeemta@waﬁa POWSF. par s of

tin chloride were used for Exanples 7, 8 and 9,

r espectblera¢ngal anplysisskowed thaSi/Vdrtoptotiesd. adidigd7 simves th¥RD

m xture | under stirring. After the conbined m xtures

| paitéin With MEhRnSiVE hedfol Qfes&trﬁcthﬁ:l'hrna ,w1%u5arl33154'a§s abm vanadium

- tetraet hyl anmoni.um hydrOX| de were drop-w se  added

V\’%'xld% p%lée%r Nntgo Afatdgo %w%%'g&%x\-e/rg\(\z{fp%;e sD%e &Ftrﬁ)utl&l??entered at 4 1

t hi'ee

sol utions and flnaII of ~ammoni um hydr oxi d ,
( 2P0, 30PSRiDg sunkse aa @ abm ﬁgém “lge i BAF rVPg'ﬂlef erabout 0.91 cm”/g.
another 2 hours, the mxtures were statically aged
overnight. The m xtures were dried at 98 C for 24

hours and each turned into dried gel. The dried gels

were charged into autocl avessadAmPpBeG for 2.5 hours and
finally were calcined at 600C in air for 10 hours. 15

00 b TN TR B ETS Bl S8l sy utonice s
and 9, respectively. Table 1 presents t he nmesoporosity

anddestiste a:laatﬂe whﬁdsnaﬁisaﬁTBOStanﬁ sarreehfos 2ihgnes. A poXaR Jr22.5 parts
2004/ 052537 PCT/ US2003/ 038222 Table | Mesoporosity of

galf TEWwnand 177 paets ofindter wereaddedinid thg abbld it under stirring. After 1
Exanples 7, 8 and 9, respectively Exanple Heteroatom

MthCQmiﬁQt] s3q pa%@%TT'EtA%ﬁ'were drop-wise added into the above mixture and
after 0.5 hours stirriné it turned into a thick gel. The gel was aged at room temperature
for 22 hours and dried in an oven at 98°C overnight and then calcined at 700°C for 10
hours in air and finally turned into white powder.

Elemental analysis showed the Si/Ti ratio to be 49.6. Fig. 8 shows its XRD
pattern with an intensive peak for meso-structure and no resolved peak for titanium oxide.
Nitrogen sorption isotherms are shown in Fig. 9, which revealed pore size distribution
centered at 4.7 nm, shown in Fig. 10, a specific surfaca area of about 917‘n12/g, and a total

pore volume of about 0.84 cm’/g.
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(W% (rim (n2/g) (Cm/,) 57 Ga 1.3 4 830 0.71 8
Zn 1.9 5 690 0.69 9 Sn 3.3 4.5 780 0.67 * Dp stands

wo o004ps2587 di anet er, SBET for specific surface BCEES2003/038222

V,,,,, for total pore volune. 10 EXAMPLE 10 This

exanpl e denonstrates the st ﬁ$¥¥ qﬁpy § incorporation of

two types of heteroatons into silica. First, 2. 7

parts of alum numi sopr oxj de were m xed w t h

parts oferyHiadfmpRsraign oftl rerpergnpethgsdl %fzr%fanefegf’%}?ms 42
tetraethyl orthosilicate (TEOCS) to 15 get the first _
miPattsl pEtetragtby satmadicate XTEOS) wertraixpdwitB40 parts of wictliiENamine
and 21 parts of water. Then the second m xture was

- d r(‘PEA‘}V'l&el Reded Oétri'ﬁthLIré"F {idifle IM4E preSarbdd g? HlS%langlh@&matom

After stlrred for 1.5 ours 16.8 parts of

;ﬁg{lrgg ¢ h q, ﬁm {]s gll'i'm ‘éart%yl%t rugea %Erg e %%8%‘15 cgfdzn% chlorlde and |

thick gel. The gel was statlcally aged at room
t dpparistafitia cém.rrq@. Ve usedripeBxamplanb@ atnér9 wopgsevely. Abigture Il was

then heated in an 20 autoclave at 180C for 3 days.
Fidaagd-vyse adtledimso thentikieel] anded Str€ng.n Adter the combhet airsires I and II
Fig. 12 shows the XRD pattern of the al um num and

vVanad iR LORDAI HYURY 24 Sigatts BF Riradth{1EAARAIAPRRIBLiHOWere drop-wise |

revealed that it had a narrow pore size di strlbutlon
ace are

0 wake g AN odPa g 57 ap g P ‘BB&B‘freiWEE? cach

cm/g. Elenental analysis showed that Si/A = 13
smhssem@i tp, bexdear salutpgnsrud 42 8372 @@mmgméwd%mz(ﬂ 30 wt%) was

EXAVPLE 11
added. After being stirred for another 2 hours, the mixtures were statically aged

ovemight. The mixtures were dried at 98°C for 24 hours and each turned into dried gel.
The dried gels were charged into autoclave at 186°C for 2.5 hours and finally were |
calcined at 600°C in air for 10 hours.

Fig. 11 shows XRD patterns of gallium, zinc and tin-containing silicates prepared
in Examples 7, 8 and 9, respectively. Table | presents the mesoporosity and chemical

composition of three materials.
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Thi s exanpl e denonstrates the preparation of
Fe- cont ai ni ng nesoporous silicate. One part of iron

W@ ddokps2strate was dissolved in 5 parts of dei mri/Eem03/038222

wat er and then added to 27.4 parts of tetraethyl
orthosilicate (TECS) and stikigd f or 1 hour. Another

sol u es%ﬁca?sgbgtn %hlﬁxy DY.. 1td Jlr‘lmgconm(}[ﬂﬁatgsfm E‘Ial’nglte&a@ Md@%!ﬁ&m rely

(TEA par S0 ei oni zed water were

| nigaduced gronmwinie | NtQ tdgad i rst mpgture. Agfer
another | h of stirring, 182 parts Ofm) (m/g) (cm'/g)
t et r get hyl ammogi um hydr oxi dg ( TEACH) were drop-gapse 0.71
added to the nmgxture. The ifd nal honogeneous pabe 0.69
yel | @w sol uti ogn Was aged atzroom tenpesature fogo24 -~ 0.67

hoDy Sandsdod B diadrbred] BQCof PecifR4urhoudia, v arfet il pak koume.

cal cined at 650C for 10 hours to get a pale yellow 10

powder. Fig.14 shows the XRD pattern with one

i ntensi ve peak at a | ow angkampr gbhout 0.52. 20,

representing the meso-structural characteristics.

El emental anal ys f £

wee. 4615° TURRF BB OB e SEudhatle ‘*n%"ﬁdg%‘w%hoéﬁgéﬁibes °

peak around 220 nm representing the four .coordi natg ‘th 0

" heRroaigms Blosica- Efithu?drrts AhHURHITD fFPRISBON DV e mifved With 0.86

representing the octahedral coordination of iron in

t partssoflvianadiomt(iV xacety2acatisatepind 3A parte aftatrastieyi tosthosilicate (TEOS) to

reveal ed the BET surface area of about 630 nR/g, the

g&rtﬁgﬁrsﬁﬁﬁﬂﬂg The SRNB LAk corbatdd b fhrts 'o'Inl'EiAfand 21 parts of
g.16 and the total pore volune of about 1.24

Fé/ategnirgxﬁl}{gée@nﬁn&%{%e wg? é{oocr%g?lg% gg(i)edtuﬁa If hd! grsi&nxturle under stirring.

11; however, only 0.52 part of iron (I11) nltrate d%

uddigr stafadetor ¢4l fmurﬁatlﬁérpartﬁ REtespethiarmioni s Aydrexide were drop-wise

showed that the powder has a Si/Fe atomic ratio of

98ddid Wiiter Digen. aTisosypitliesis mixRdc MiEh A6/ 206REZEL. The gel was statlcally

PCT/ US2003/ 038222 showed a specific surface area of

S8R une%hi&ég{l%egggﬁ G R1806° @ for22HuRBnd ¥NG Rated in an

poTe Vo
autoclave at 180°C for 3 days. Finally, it was calcined at 650°C in air for 10 hours.
Fig. 12 shows the XRD pattern of the aluminum and vanadium-containing
silicate. Nitrogen adsorption revealed that it had a narrow pore size distribution around

11 nm (shown in Fig. 13), a surface area of about 433 m*g and total pore volume of

about 1.25 cm*/g. Elemental analysis showed that Si/Al =13.5 and Si/V=49.1.
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EXAMPLE 13 5 This denonstrates the preparation of
Cr-containing silicate. 1.2 Parts of chromumnitrate

woznahydsat e were di ssolved in 5 parts of dei omie$2003/038222

water and then added to 26.3 parts of tetraethyl
orthosilicate (TEOS) and sty f 1 hour. Another

sol ution consists of 19 parff:’{s(AggpIthflhet hanol am ne (TEA)

and 22.2 parts _of deionized water were introduced .

dr op- wi ¥ $X3imple demaeilstrates s rrepasptiong i contriningrmepoporous silicate.
hour of stirring, 26.2 10 parts of tetraethyl anmoni um
hy@iregpairtcte i1(oNENCH)i traerveasatistetl-ed i f pattsef dedorife whoet aridethen added to
The final honbgeneous pal e green solution was aged at

r ogm b RERE E@Ea@fh?ll f)ﬁﬁoslgl‘ﬂca@({‘fr}?@S) Al isﬁge@?or]ﬂ%gr.f Ahofidr soluition

hours, and finally cal cined at '650C tor 10 hours to

SRR M UGB FER) LSBT e v

at a | ow angl e of about 15 0.52.2 representing the
meBEediced droprigise dha thechitst mettings Aflgyangtherlheof stirring, 16.2 parts of
spectroscopy (Fig. I'S) showed two distinguishing

p aetketian anmonid2thyainokidO (TEAOH) meps éopviseigddedao fiihixture. The
coordi nated chromium and al so a shoul der, around 480

n mﬁaﬁﬂéﬁmgél?%gé:‘%lﬂd‘?\f ?ﬁﬁ?dr']naxtk'%s £ 0L fe ie%turﬁgor 24 hours, dried

pol ychronmate (- e sil1ca mt

R e g TR SPGB T LS8 o

1.96 rim(cf. Fig.19), and the total pore vol une of
alpotdent. 54 cnmi/g. -25 WD 2004/ 052537
PCT/ US2003/ 038222 EXAMPLE 14 The procedure of making

Cr - mes P Pitsoves the KRB pheriiwWliH @e ih@niib@pedknt BI8WRNEle of about
13; however, 1.31 parts of chromumnitrate were

uged., Af Lg:g{'es;éﬁtlg@.ptg\%iéegglstr[x&ﬁm%!c%@&&‘%tics.aEPeln%/eﬁ]i(t)aﬁ (z)lflalysis showed the

showed { “has™a atomicra |

i B SR GBS SHR b5 ST ek arouns

V()legrxzﬁl, (r)gpresenting the four coordinated iron, and also a shoulder ranged from 250~350
nm, representing the octahedral coordination of iron in the silica matrix. N, adsorption

measurements revealed the BET surface area of about 630 m?/g, the average mesopore

diameter of about 4.8 nm (cf. Fig.16), and the total pore volume of about 1.24 cm’/g.

EXAMPLE 12
The procedure of making Fe-containing silicate is similar to that in Example 11;
however, only 0.52 part of iron (I1I) nitrate was used. After calcination, the elemental

analysis showed that the powder has a Si/Fe atomic ratio of 98.6. Nitrogen adsorption
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1.7 cnB/g. EXAMPLE 15 The preparation of the
conposition containing Mo is denonstrated here. 1.6

w@2008852530 of anmmoni um hept anol ybdat e t et r ahy dpE/852003/038222

sol ution [(NH4) 6Mb70, 44H20) were dissolved in 5 parts
d
SRR Bk ARl SR nREF o2 Pk BB 0 vm. v

hour. Anot her soI ution consists of 19.6 parts of

t 0% YRIHBE Ar8Ri /4 TEA) and 30. 4 parts of dei oni zed

wat er were introduced drop-wi se into the above
solution. After another 1 hour of stirring, 16.1 parts
of tetraethyl anmoni um 15 hydroxi de (TEAOH) were added

.drop-wise to:the mxture.. TheaMma 1honogeneous pal e
. yel l ow sol ut| on was aged at room tenperature for 24 -

o SRR G S TR, g o

Fig. 20 shows the XRD pattern W|th one intensjve p
atchgorhowm aitrgleenagphygsegpverpdissolved in g SR HFIRRIZEH & ater find then
meso-structural characteristics. UV-Visible

S pRIkd STOPpartsd Rretrac?y] dithosi ioas (EE@Sedadatioad do2RBouri sAnother
representing four-coordi nated nol ybdenumin the sili ca

t Edei d
5y iSSP BRI TER) 043 B e

TSRO0 228 e 1S 88 eSO E AL g 202
of about 1.31 cnB/g. EXAMPLE 16 5 The procedure of

mepdrtsgf MjFm&ymmmusnﬁlydr%d@(T%@H}ﬁVP@rad@éd frpprWisg to the mixture.
Exanpl e 15; however, 3.9 parts of ammoni um

hephaRiInBRREEndoaS bﬂbgﬂ{eﬁtsmuﬁﬁh wiak @¢ed at room temperature for 24 hours,
[ ( NH4) 6Mb70, 44H, O were used. After calcining, the

at rllﬁ tﬁg{)“%n%l %ﬁg u%hgl)ﬁfﬁ%lgghl% del Gt GRS h@ﬁo@rs% @@t ayellow1sh

sorptlon I ndi cat ed

specific
orange powder containing chromium.

Fig. 17 shows the XRD pattern with one intensive peak at a low angle of about
0.5~2.2° representing the meso-structural characteristics. UV-Visible spectroscopy
(Fig.18) showed two distinguishing peaks around 220 and 390 nm, representing the four
coordinated chromium, and also a shoulder around 480 nm representing the octahedral
coordination of polychromate (-Cr-O-Cr-), in the silica matrix. N, adsorption
measurements revealed the BET surface area of about 565 mz/g, the average mesopore

diameter of 1.96 nm (cf. Fig.19), and the total pore volume of about 1.54 cm’/g.
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surface area of 565 nml-/g, an average pore di aneter of
3.93 nm and pore volune of 0.98 10 cnB/g. EXAMPLE 17

weRembsEse0oUS | ncorporation of both Ni and M Pat/USA03/038222

mesoporous material is denonstrated. First, 7.7 parts

of nickel (11) nitrate hexa?éﬂyg%g q@d 32 parts of 15

anmoni um hept anol ybdate t et Fe wer e di ssol ved

into 54_parts of ter, under stirring. Then, 67 parts

of tet r’é@‘% Prorediye g@??‘l“i“éé%ré“fsmeﬁ}ls Weicate ackdrmear tattieat imExample 13;
above solution under vigorous stirring. After

sthowévey 1f drpatts®fkbronspnvfitrp@ntae ofed. After calcination, the elemental

t et raet hyl ammoni um hydr oxi de (TEACH) were drop-w se

adgdad, sWinb®ed tHat fHe@wdbPRas S¥NEPSBHSe PhisLEAE 3t W{iﬂ?ﬁ%g rzrlldsoqt.tic\n

into a thick gel. The gel was statically aged a
te rature-20 overni dr,ied at,.100C for_24 hours :
o BF IR st ek S Y572 BT L Gofkt didBpier ¢ 3 Gmigg pare volume of

Fi nal | the synthesis m xture was cal cined at 600C in
ai F-/£BF/210 hours. -27 WD 2004/ 052537 PCT/ US2003/ 038222
The XRD pattern of the final powder shows an intensity
peak at around 1.1 degree 2 0, indicating the
characteristics of mesoporous material. N trogen
adsorption reveals that itghagyppglirow pore size

di stribution around 2.3 nm a sur%ace'area of about

633 -, and.t ot ore volunme aof. ahout 0.86 em/g.

o1 orrent BChiABH o e BT Be o FontS pisGadr e pbEre. 1.6 pars
6.1 wt%of N and 10.5 wt % of Mo. EXAMPLE 18 This

exairigimorni srideatamat dxlatd tetrahyainato yelution SNFO)Bd,Op » 4H,0) were

both NN and Winto a. nmesoporous material. First, 5.8

patitsslvell inb plias of ddidninéd walee ah@ ¥R YIIRL 18 22N GaAS oPRIrhsthyl
of 10 amoni um net at ungstate hydrate were di ssol ved

' 2. LLE i Th 250. 5
DT B 0 S A ML BB B8 o

into the above solutiogn - - - o _
tricthanolamine (‘%EA? ané 38.4 parts of deionized water were introduced drop-wise into’

the above solution. After another 1 hour of stirring, 16.1 parts of tetracthylammonium
hydroxide (TEAOH) were added drop-wise to the mixture. The final homogeneous pale
yellow solution was aged at room temperature for 24 hours, dried at 100°C for 24 hours,
and finally calcined at 650°C for 10 hours to get a white powder.

Fig. 20 shows the XRD pattern with one intensive peak at a low angle of about
0.5~2.2°, representing theheso-structu_ral characteristics. UV-Visible spectroscopy (Fig.
21) shows a peak around 220 nm representing four-coordinated molybdenum in the silica

matrix. N, adsorption measurements revealed the BET surface area of about 500 m%g,
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under vigorous stirring. After stirring for 1.5 hours,
30.0 parts of tetraethyl anmmoni um hydroxi de were

walzoposisse added while stirring. The synt hesi SPan/K$200%038222

turned into a thick gel. The gel was statically aged

athe QML AR i @6 134 25 12

hO]L?rS filot i 8’;5(9 g%ﬁlee%\‘%?%&pggtl (r)m\ \%/iel:a%lt 2 tl?eoto%ag pore volume
S. aI , It was calcined at 600C in air for 10
?@utiﬁg CR}%- pattern of the final powder shows an

intensity peak at around 1.0 degree 2 0, indicating

the characteristics of nesoporous material. N trogen

adsorption reveals that it has a narrow pore size

distribution around 2.4 nmgxaaspirf age area of about o

649 n2/g 20 and total pore volune of about 0.81 cnmi/g.

El emen the final . C aj, ned
6. 4wt S0 6 PRRENE 6P T 3RBERaaGrong ot s o iR o abin Exampte
P /USZOOB/ 038222 EXAMPLE 19 The preparation of a

| NRCY AT S A 9 AGMORtUaR hetamelgb Halydaste golugen
Parts of the material in Exanple 1 was m xed with 35
pHNEE)MayOh mdHaDpwevatueed. | Aftaddiething) tliddlamentabdnalygistshowed that
allow the resulting catal yst to be extruded. The
C e owgler ' 5 \/
for §J6 hou}rﬂ\%saf %?lv[g\%e%gq%? noztg@?g pl I\ggg%élndd%@lg?] mdtléa?&pysmmﬁc
n en 5 /mn.o r e calcinin
G Aot 81 Ber a7 wreighies et 661 Do ulipste Slume of 0.98
mai pt aining that tenperature for 12 hours. Palladium
W8 /gncor porated by inpregnation wth an aqueous
solution of a palladiumtetraam ne salt, Pd(NH3)4Ch.
The extrudate was then dried at 120C overni ght and
calcined at 300C in air for 3 hours. The final
catalyst 10 has 0.81wt. % ofy 5@8&%5 4m surface area of
630 n2/g, partl cle density o g/m, and pore

vol ume_ of 21 c
Slmultaneous mcor;(leoratlon ol\ﬁ)ogx 1%1 and Mo into a mesoporous material is

demonstrated. First, 7.7 parts of nickel (II) nitrate hexahydrate and 32 parts of
ammonium heptamolybdate tetrahydrate were dissolved into 54 parts of water under
stirring. Then, 67 parts of tetraethyl orthosillicate (TEOS) were added into the above
solution under vigorous stirring. After stirring for 1.5 hours, 40 parts of
tetracthylammonium hydroxide (TEAOH) were drop-wise added while stirring. The
synthesis mixture turned into a thick gel. The gel was statically aged at room temperature
overnight, dried at 100°C for 24 hours and then heated in an autoclave at 180°C for 3

hours. Finally, the synthesis mixture was calcined at 600°C in air for 10 hours.
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Al kyl ation of naphthal ene with 1-hexadecene was
carried out in a flask with 15 nechanical stirring.

w@Eai0abysss of Exanples 1, 2, and 3A were used.PdT/Bsa003/038222

of catalyst was loaded in the flask and heated tip to

200C u %r)\}t'[?gh‘tg%] ](_’88182% 5\§del‘°$fhto@rs ahRftenSR alésatt aMfad 1.1 degree

cool ed |n er nitrogen, a mx
i ng a

can wej arts_of naphthal.ene

oo g andiesthagis et tier Pjoedrly THPGE ﬁ‘éﬂrp&%&ﬂ sofftion reveals
under stirring. The tenperature was raised up to
20Bat 205 aandokapre sondisarutiom Avwund 2t iona 30rfadexareg f about 633 m*/g
was anal yzed by gas chromatography with WAX 52 CB

C Qi tal FRACEILRR of ﬁl@&ﬂ'()t% W/ %ngn&fn@eﬂ enklyciatsAbystie final powder
are summarized in Table WD 2004/ 052537

rccﬁé%?ﬂ%g%%/\of’gﬁég%l aﬁa?bg\%/\w hal ene al kylation wt h

cen &F ent® Cat al ysts 5 Catal yst
Conposition Reaction tine Naphthal ene conversion
Selectivity* (hr) (%9 (%9 Exanple | Si/Al = 24.8 4
25.6 57.6 Exanple 2 Si/Al = 24.5 4.5 27.3 56.7
Exanple 3A Si/A = 99.2 4 IBXAMBLB18 The selectivity
refers to the selectivity towards nonoal kyl at ed

napht hat tﬁ@&ampﬁ@d%ﬂ?ﬂaﬁs 2ihufifane 8@ inkspbidtioaldfpbet NDihd W into a.

of benzene with chl orobenzene was conducted in a fl ask

% BAEHA Bl FEh T p LD 0L RSy o

in the flask and heated up to 180C under. vacuum for 4
hommsonipmrastatupgrate by diaesy eralissebsh apfodBwhParts @orater under stirring,
under nitrogen, a mxture consisting of 102 parts of

Then 50.5 parts of tetraethyl orthosilicate (TEOS) were added into the above solution

under vigorous stirring. After stirring for 1.5 hours, 30.0 parts of tetraethylammonium
hydroxide were drop-wise added while stirring. Thé synthesis.'.mixture- turned into a thick
gel. The gel was statically aged at room temperature overnight, dried at 100°C for 24
hours and then heated in an autoclave at 180°C for 3 hours. Finally, it was calcined at
600°C in air for 10 hours.

The XRD pattern of the final powder shows an intensity pegk at around 1.0 degree
2 8, indicating the characteristics of mesoporous material. Nitrogen adsorption reveals
that it has a narrow pore size distribution around 2.4 nm, a surface area of about 649 m?/g
and total pore volume of about 0.81 cm*/g. Elemental analysis shows the final powder

contained 6.4 wt% of Ni and 12.0 wt% of W.
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benzene and 8.2 parts of benzyl chloride were
introduced into the flask. The tenperature was

weznghsIsl y kept at 60C or SOC. The reacti on nrca/u$m®03/038222

was anal yzed by gas chromatography with WAX 52 CB

colum. Reaction results usj | f ent catal ysts are

20 sunmari zed in Table 3. S%g‘g‘b@%g%/ 052537 :

PCT/ US2003/ 038222 Tabl e 3 Benzyl ati on of benzene to

pr oducd N8 PENREARPR ofataladiuoveontaning eatelyst wast denysstsaisd. 65 Parts of
Cat al yst Conposition Reaction tinme Tenperature

Coreventsiialnin Sxampld Vivtay miked With 36 Gartd Mm% andExaemb 8ddkd to this
Si | Fe=98.6 240 60 86 100 Exanple 11 Si-Fe=50.1 60 60

St oBNRIAE rdshile Jéga’rgsg tc%\}el%glagg%l(gﬁep %%ggjgnga/s gleippd at 480°C

anple 11 Si/Fe=5
240.60 ,64.9 100 )le. 9 Sil Sn=46 240 60 15.8 100 o
18 %%?Xn(}ﬂ ‘523%@5@3}%&3 '@ilmya@ pihederlaceen ehtwmarqgsn flow with
acet ophenone was perforned in a flask tinder nitrogen
wivimst ofrais. nbhe q@dginingsyas complRreiny misingthe tempamatutt@o 540 C°,
were used. One part of the catalyst was activated at

1gfinthiaingdhfraemperdfidle forvaaiours. randdiiieRad Ntorp8alea®y impregnation
down 20 to 80C. Then a m xture consisting of 100 parts

of,;acst f { I ene_an art,s of

o Ao S0088 T 95 N BEAE AR a3 8 Slucetc vas

flask .unde jrrin The reaction m xture was

= HEP 56, o P 6 o S5k AP OR eI 5tor Ohouts s fnal catalyst
has 0.81wt.% of palladium, surface area of 630 m¥g, particle density of 0.83 g/ml, and

pore volume of 1.21 cm?/g.

EXAMPLE 20.

Alkylation of naphthalene with 1-hexadecene was carried out in a flask with
mechanical stirring. Catalysts of Examples 1, 2, and 3A were used. 1 Part of catalyst
was loaded in the flask and heated up to 200°C under vacuum for 2 hours. After the
catalyst was cooled down to 90-100°C under nitrogen, a mixture consisting of 6.5 weight
parts of naphthalene and 26 parts of 1-hexadecene was injected into the flask under
stirring. The temperature was raised up to 200-205°C and keét constant. The reaction
mixture was analyzed by gas chromatography with WAX 52 CB column. Reaction

results using different catalysts are summarized in Table 2.

.29.
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Reaction results over various catal ysts are sunmari zed
in Table 4. Table 4 25 Conversion of ethyl benzene to

waemtofdsenone over different catal ysts. Catal yBtT/US2003/038222

Conposition Tinme Gas fl ow Tenperature Conversion
Selectivity 30 Exanple 13 Si/Cr=130 4S0 Dry.-N. 80
68.5 94.5 Exarrple 13 S|/Cr 30480a|r 80 73.6 95.3
Exanpl e 13 gn % 254.7 99, 3 Exanpl e 14
Si/Cr= 40. 3 thgfepe ‘6‘36‘?“ ‘S“hdz"e’g“deceseézh%wéfetw catalysts

8 360.air .80 24. 58 9 35 -31 WO 2004/ 052537
PCT/N%‘éé’%bsl 038555 ERAMPL g VB9 goriPlt ’?}ff“f gHvepfon  Selectiviny

1- dggﬁﬂglmas p Jer din a®irred batch ?actor The (%)
catalyst of - §1“ zﬂg was used. In the reﬁy | part 376

of EXtRIGfst mﬁ%”ﬁ,?ﬁPvatcd by5 heating 5 2M3 nitrogen - 56.7
at Rappetor 2 fipueso225 Partg of 1- decenesﬂ§re added (55

b’yﬂﬁ:)éé'lécﬂg@' A1) rthe@élgc‘tggﬁa\ ofds Ql\gﬁoallhﬁ vl nq&l% eQ) Was
carried out at 150C for 24 hours. After the reactor

was cool ed down, the product was anal yzed by gas
chromat ography (GC) with a WAX 52 CB colum. For each
test, nole % decene conversion and diner selectivity
IS presented in Table 5. 10 Table 5 digonerization
of 1-decene over differentE¥aAMALETL Cat al yst
Conposition Tinme Tenperature Conversion 15

Friedel-Crafts alkylation of benzene with chlorobenzene was conducted in a flask
with magnetic stirring. Catalysts of Examples 7, 9, 11 and 12 were used. 1 Part of the
catalyst was loaded in the flask and heated up to 180°C under vacuum for 4 hours. After
the catalyst was cooled down to 80°C under nitrogen, a mixture consisting of 102 parts of
benzene and 8.2 parts of benzyl chloride were introduced into the flask. The temperature
was constantly kept at 60°C or §0°C. The reaction mixture was analyzed by gas

chromatography with WAX 52 CB column. Reaction results using different catalysts are

summarized in Table 3.

-30-
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35

Exanple 2 Si/A1=24.5 4 150 12.6 Exanple 2 Si/A =
24.5 24 150 25.8 20 EXAMPLE 24 Acyl ation of

wQ@20mbspsxy napht hal ene to 2-acetyl - 6- met hoxynapktes®ng038222

is performed in a stirred batch reactor. The reactor
with 16 parts of catalysts %n Exanple 2 is
heat ed at ,240C. ungder_ vacuum hotﬁrs an

f| Il ed wi CAZFYPSI FPSYSnProdee & @‘ero?éeég'{%ﬁf‘“ cgtalysts

\ sa#t-—s—ef——eleeah-n—(-as—a
sol véﬁ W, 31 PaPpoys Té‘t“ﬁ'asiynaﬂimmr%e Copyergiof ¢ g Selectivity

o.f._aee%a_p_h_g deide and 1d™8dr t s of d-Getr ndpr‘é (as (%)
an E¥PRePnal  sY%Atidr d) are2ithjected if o the refctor. 100

- Af EERaEm®: hour S'spamtii on, thepreactor .myxture -33 WO g0 .

20@4dnk2837 P@{ﬁ/e%ZOOS/ 038242 is anal ywed by GggoM th a o0
WAXxdabl« OB col sims=soand it i sof ound t hage t he conwer si on 100
of Exampit 2t hoxgvi@phit hal ene e#aches 36. &% Wit h 184086 100
selBahpydty t Gigr=acetyl - 6- 2406t hoxynapkd hal ene. 155 100
EXAMPLE 25 Oxi dation of cycl ohexanol to cycl ohexanone

was carried out in a stirred batch reactor. The

reactor wth I part of catalysts is heated at 180C
under vacuum for 4 hours and then filled with dry
nitrogen. After cooled down to 55C, 100 parts of
acetone, 10 part of tent-butyl hydroperoxi de (TBHP)
and 7.5 parts of cycl ohexanol were introduced 10 the
flask; and the reaction t&¥VBLEZ was kept at 55C.
After 5 hours reaction, the reactor mxture is

anal yzechye @dﬁﬁdnrbf‘éﬁ%lb'iazéﬁ'@ t& Q&édﬁhenéﬂéjwhi‘ﬁerfomwd in 2 flask
performance of different catal ysts was sunmari zed
Iﬁl*agpnlﬁrbgéﬂa\wtﬁst%mg. Catalysts of Examples 13, 14 and 16 were used. One part of
the catalyst was activated at 180°C for 4 hours under vacuum, and then the cooled down
to 80°C. Then a mixture consisting of 100 pans‘ of acetone, 82 parts of ethylbenzene and
9.5 parts of tert-butyl hydroperoxide (TBHP) were introduced to the flask under stirring.
The reaction mixture was analyzed by gas chromatography with WAX 52 CB column.

Reaction results over various catalysts are summarized in Table 4.

" Table 4

Conversion of ethylbenzene to acetophenone over different catalysts.

Catalyst Composition Time Gas flow Temperature  Conversion  Selectivity
Example 13 Si/Cr=130 480 Dry N, 80 68.5 94.5
Example 13 Si/Cr=130 4380 air 80 73.6 953
Example 13 Si/Cr=130 480 air 60 54.7 99.3
Example 14 Si/Cr=40.3 480 air 80 67.3 92.9
Example 16 Si/Mo=39.8 360 air 80 : 242 58.9

-31-
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15 Oxidation of eycl ohexanol to cycl ohexanone over
various catal ysts Catal yst Conposition Tenperature

wdareme/ossver sion Selectivity (C (hr) (9% (% PpCEKsaops/es38222

15 Si/M=97.9 55 5 79.4 95 Exanple 16 Si/ M= 39.8 55
5 84.6 93 20 EXAVMPLE 26 The material of Exanple 17 was
eval uated for upgrading Paraho shale oil at 68 bar H2
and LHSV of 2.0. Reaction terpdPRER3e varied from 260
to 400C. The shale oil properties are given in Table

7. Pro@l@onwrﬂ@tﬁfﬁéfélsd@feﬁ@{vaﬁ;&ﬂfo@%@m AERreAWATRR b 8st. The
in 25 Table S. -33 WO 2004/ 052537 PCT/ US2003/ 038222

SRR DR AL g s

69 - Arsenic, ppnw 37 lron, ppnw

B BFOQF%RQL{W%EA hotis. 25 2 A6 | FABIErVerg addudchy Syringe unde:

Mol ecul ar Wi ght 307
nitrogen flow. The reaction was carried out at 150°C for 24 hours. After the reactor was

cooled down, the product was analyzed by gas chromatography (GC) with a WAX 52 CB

column. For each test, mole % decene conversion and dimer selectivity is presented in

Table 5.
Table 5
Oligomerization of 1-decene over different catalysts
Catalyst Composition Time Temperature Conversion
Example 2 Si‘A1=24.5 4 150 12.6
Example 2 . SUAl=245 24 150 258

EXAMPLE 24
Acylation of 2-methoxynaphthalene to 2-acetyl-6-methoxynaphthalene is
performed in a stirred batch reactor. The reactor with 16 parts of catalysts made in
Example 2 is heated at 240°C under vacuum for 2 hoﬁrs and then filled with dry nitrogen.
After the reactor is cooled down to 120°C, 250 parts of decalin (as a solvent), 31 parts of
2-methoxynaphthalene, 42 parts of acetic anhydride and 10 parts of n-tetradecane (as an

internal standard) are injected into the reactor. After 6 hours reaction, the reactor mixture
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C=C bonds per nolecule 0.85 15 Sinulated Distillation
D2887 5% 239 30% 373 50% 432 70% 491 20 95% - -

wa abhesB3Guar d Chanber Processing of Shal e O | PET/US2003/038222

Product Properties 25 Tenperature Bromine No. lron

P
Lsggsd %bém'%eﬁm%ﬁ%eﬂwé o Ed?g”%éﬂ% Rekapgigion of 2-
290 <0.1 6 1.85 4. 57 1.89 30 315 <0.1 2.0 1.61
3m@ttx9xmphﬂmsnezmhaﬂo3. 615"0.\21&11 % @elgctiyiygo 2- &f@tylzﬁo
<0.1 <0.1 0.1 <0.1 <0.1 1.18 35 The eval uati on shows

t hiathokigaphetatdnygt i c material of Exanple 17 is very
active for olefin saturation, renoval of iron and

- nickel, denitrogenation, and desulfurization. It is
also very active for arsenic renoval. -34 WO

2004/ 052537 PCT/ US2003/ 038222 " EXANMPLE 27 Sel ective
| ube hydrocracking is perfmpéﬁ% Ni - and
W cont ai ni ng nesopor ous
Oxidation of cyclohexanol to cyclohexanone was camed out in a stirred batch

reactor. The reactor with 1 part of catalysts is heated at 180°C under vacuum for 4 hours
and then filled with dry nitrogen. After cooled down to 55°C, 100 parts of acetone, 10 -
part of rert-butyl hydroperoxide (TBHP) and 7.5 parts of cyclohexanol were introduced
the flask; and the reaction temperature was kept at 55°C. After 5 hours reaction, thé
reactor mixture is analyzed by GC with WAX 52 CB column; and the performance of

different catalysts was summarized in Table 6.

Table 6
Oxidation of cyclohexanol to cyclohexanone over various catalysts
Catalyst Composition Temperature Time Conversion Selectivity
0 (hr) (%) (%)
Example 15 Si/M0=97.9 55 5 79.4 95
Example 16 Si/Mo=39.8 55 5 84.6 93
EXAMPLE 26

The material of Example 17 was evaluated for upgrading Paraho shale oil at 68
bar H, and LHSV of 2.0. Reaction temperature varied from 260 to 400°C. The shale oil
properties are given in Table 7. Product properties after upgrading are summarized in
Table 8.

233
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w@rooansiss7 Tabl e 9 bel ow,

mat eri al of Exanpl e 18 above. The feedstock consists
of a heavy neutral distillate having the properties

of the oil after solvent 5 dewaxing to -18C pour

poi nt (ASTM D-97 or equival ent. _sych as Aut opour).
After solvent dewaxing, the l ggen,content is 1500
ppm and the distil | &prertigs A PerahorSpale Rfezmpli v ") is 53.
In | obe hydrocracking, the objective is to increase
the unedonvéPted material's VI |eveblfo the 95-100

r angeliiepine™t¥axi mi zi ng | obe yield. Thil e 9 10 Heavy
Neut rEIoseR- 8% | ate Properties Hydréden, wt % 12. 83

wt % U722 PPRBl Gravity 22.0 KV (n?,100C., cSt 18.52

ConpaSTHFBN, wt %20 Paraffins 18. 32" Naphthenes 32.2
AromglI"csPB9. 5 Sinulated Distillation, wt % C 25 |BP
405 AWURI 00471 95% 586 30 $9f vent Dewaxed Q|
Pr ope@é voRds per molecule 0.85
Simulated Distillation D2887 (°C)
5% 239
30% 373
50% 432
70% 491
'95% --
Table 8
Guard Chamber Processing of Shale Oil - Product Properties
Temperature Bromine No. Iron Nickel Arsenic Sulfur
(°C) , (ppmw)  (ppmw) (wt.%) - {ppmw)
260 0.7 35 1.95 5.3 0.63
290 <0.1 2.6 1.85 4.2 0.57
315 <0.1 2.0 1.61 3.1 0.48
370 <0.1 0.2 1.3 <0.1 0.25
400 <0.1 <0.1 0.1 <0.1 <0.1

together with the proper/Usmss/038222

- Ni t r.oyé#:; Y'9pbm 1500 Basic N trogen, °Bpm 466 15 Sul fur, .

Nitrogen
(ppmw)
1.98
1.89
1.78
1.40

1.18

The evaluation shows that the catalytic material of Example 17 is very active for olefin

saturation, removal of iron and nickel, denitrogenation, and desulfurization. It is also

‘very active for arsenic removal.
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KV @100C., cSt 20.1 Viscosity Index (VI) 53 Pour
Point, CO Lube Yield, wt %87 35 -35 WD 2004/ 052537

wOEEDANEARI0D3/ 038222 The distillate i s processerCEUS2003/038222

tenperatures from 385 to 401 C, 138 bar hydrogen

pressure, hydrogen circula%kg$¢ ? 00 SCFB-feed and

0.55 to 0.61 LHSV. The dat ese experinental

runs are sunmari zed in Table 10 beI ow. Table 10 5

Tenp. , Satectivs lubgdydmerackingds peréormed on 23%- amigWicostaiipgpesoporous
061054055 343 C+ cony., W %22.9 37.6 47.3 10
Liuberi B siBxatriphs] Qboge 1 08E feedaSik cbhsiol of a Bavy.nébiral 8UB11@e having
100F 695 398 201 VI S6.2 110.2 126.3 Pour Point, C

_ JT%F R %ﬁle%%a\}ew?r? T?bl%bduel%@ to/gemer wifhn &y r'éﬂrcraes_rmhe oil after solvent

c ve for upgradlng

eavy . neutral distill raw di still ate

sdevra¥ing toob8 \W PYPK &&u&?kgﬁ qu]rﬂf&ﬂ}é& AN SuEh, @S éﬁ“SP%“rngﬁef
65 Wt % 20 EXAMPLE 28

solvent dewaxing, the nitrogen content is 1500 ppm; and the distillate viscosity index

("VI") is 53. In lube hydrocracking, the objective is to increase the unconverted material’s

VI level to the 95-100 range while maximizing lube yield.

Table 9
Heavy Neutral Distillate Properties
Hydrogen, wt % 12.83
Nitrogen, ppm 1500
Basic Nitrogen, ppm 466
Sulfur, wt % 0.72
API Gravity A ‘ 22,0
KV @ 100°C,, ¢St 18.52

Composition, wt %

Paraffins 18.3
Naphthenes : 322
Aromatics 49.5
Simulated Distillation, wt % °C
IBP 405
% 452
10% 471
95% 586

Solvent Dewaxed Qil Properties

KV @ 100°C., ¢St » 20.1
Viscosity Index (V1) 53
Pour Point, °C 0
Lube Yield, wt % 87
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Thi s exanpl e denonstrates the preparation of FCC
catal yst using the conposition of this invention and

wW@eoupasxss7 its cracking results with that of a pet/Eb2083/038222

using MCM41. Catalyst preparati on was as foll ows:

About ;;35%% of the conp03|t| on of n‘gl e 4inh a

si | i cathgiqitliaie i€ IPERreRsst At tempsrajpses fmr@é p 8140149 138rhag hydrogen
of the conposition of Exanple 4 were ball-mlled for

Iptedsougr bydrogen23@ uhition WP DS00TSEF /Brieetlatd WeStor(.63 &HSV offhe data
the mll with 52.5 ml of H20. A slurry was prepared

Credth @lcaé E')%e%%?engil ﬁtns'ﬂr@un?’rﬁax"éze@% T%l@flolﬁéﬁlxd n clay
(Ceorgia ol i n Kaopaque), 4 parts of hydrous

and
silica (Philadel phia anrtzﬁé%/@ - The slurry was
stirred -36 WO 2004/ 052537 2003/ 038222 and
16.4 parts of H S04 (96.7% were added over a 30

m nute perilgap. 2.9 Parts of ARR(S03) 3. 16H20

di ssol ved iPesgx, barof H O were ddtled 18% opdse. 396
Parts of tHélSNall- mlled MCM 4561s| @Sy (O0B%. 36%

sol i ds) wer3d3 ddidedv.tvo % he sili @adal dbna4éBay slurry,
and the m xture was vigorously stirred at 800 rpm for
30 mi nut es LabeProdeatias filtered. 5 The solid was
re-slurriekV@ 1620..afrd spray drii.etl. 7Bhe spsay-dri ed
product wassusshworFed with H, Oé6and Bbe fi2oes fl oating
on the slurvly were di scarded. The ramminiing3 solid was
exchanged wotdPolnN°GIHANO3 (5 cc IBNHI N@8 / g2ef solid).
The solid vase vaghed: w th H20716i | teesed,s1and dried in
an oven at 120C. A 50g sanple of this material was

cal ci nad Ataly2#QfatbQil i988ednod 'Tor'u@gﬂanﬂﬂﬁe ﬁeav%é“x%f@:shﬂate from a
air. The remai nder of the oven-dried solid was steaned

Tt B8 0 105 Y phodlBhe it et PR E TS BB ES vy %

N,. Air was gradually increased over a'/2 hour period
while the N2 flow rate was increased. After the %
hour period steamwas admtted for the 4-hour period.
For conparison, a FCC cat gtystips@sai ni ng 35wt % MCM 41
was prepared in the

This example demonstrates the preparation of FCC catalyst using the composition
of this invention and compares its cracking results with that of a catalyst using MCM-41.
Catélyst preparation was as follows:

About 35wt% of the composition of Example 4 in a silica-alumina-clay matrix
was prepared. 130 parts of the composition of Example 4 were ball-milled for 14 hours in
230 ml HZO.V The product was rinsed from the mill with 52.5 ml of H,0. A slur?y was
prepared containing 827 g of H,0, 33.5 parts of kaolin clay (Georgia Kaolin Kaopaque),

and 175.4 parts of hydrous silica (Philadelphia Quartz N-brand). The slurry was stirred

-36-
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15 sanme way as descri bed above. The original MCM 41
had a surface area of 980 n2/g, a pore size

wa@lz®tmns2sst i on centered around 2.5 rim and a peCBUS2003/038222

volune of 0.72 cm/g. It contained 5.4 w % Al, 03,

simlar to 5.3m.%in the materi al qf Exanple 4.

A6 R oS OnOSPekNiEn USRS SO UERSHAG; 429 Parts of
Tabl e 11. -37 WD 2004/ 052537 PCT/ US2003/ 038222 Tabl e

| AI)(SCoypisit],Oatissofvetl e IFCOf HaOal srs addrsirirapwispg 396 Barts of the ball-
conposition of the invention and the one containing

VM4 MetA-21 s18ke i . B6% sofdSatedd ¥&ded MR lidPalumina-clay slurry, and
Conposi tion NClﬁlfil SiOO,, S%/t& % 72.6 71.8 A1, 0, ,] wt X)/o w

3B O B Y 5Pt B e

Catalytic Cracking test The two catalysts in Table 11
are evElaseliddvasee-skrarskindgOJand sprayshisd. g wpragedied product was
Ol ("JSHEO') in a fixed-fluidized bed unit at 516C

aldied & it FuG sndoe SineeAdatinglon thd Sk vasedisbarded. HiEhe remaining
properties shown in Table 12. The catal yst-to-oil

:sglillg gv:j(s) kb Ewith 1RMNVE, 0! IPSe% QHLIQOS A REIR THARLid was washed

conﬁer5|ons. The Y ds are sunnarlzed.!n

it BLQobebrip el LT SR arpl e Deni Ly, g oo

> 8918A 50g sample of this material was calcined at 540°C for one hour in N, and 6
hours in air. The remainder of the oven-dried solid was steamed in 45% H,0 at 650°C
for 4 hours. Prior to admitting steam to the reactor, the sample was heated to 650°C in
N,. Air was gradually increased over a '/z hour period while the N_2 flow rate was
increased. After the %2 hour pAeri-o.d steam was admitted for the 4-hour period.

For comparison, a FCC catalyst containing 35wt% MCM-41 was prepared in the

same way as described above. The original MCM-41 had a surface area of 980 m¥/g, a
pore size distribution centered around 2.5 nm, and a pore volume of 0.72 cm¥/g. It

contained 5.4 wt% AlLO,, similar to 5.3wt.% in the material of Example 4. Properties of

the steamed catalysts are shown in Table 11.
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Aniline Pt., C 80.8 Hydrogen, wt % 12.13 25 Sul fur,

wt
w@ovnashsan Carbon, wt % 0.54 KV 100C, cSt 8. 5PcB0SsH03/038222

40C, ¢St NNA Bromine No. 8.7 R1. 21 C1.496 Pogr3
Point, C90 N, ppmO. 34 BSMO.SQ Na.. ppm 1.

% 2.4 Ntrogen, wt %0.41 Basic N trogen, ppm 382

/ US2003/ 038222

0.3 -38
Best Plolmat i g‘ﬁm fig the %@81‘“%8 Sptpipingife epeposgionglghe invgign

346 20 381 30 4o7an 4!03 o&?vg)ntammo MCM-41 after steamniny.

Catalyst Inveation Composition MCM-41
Si0,, wt % 72.6 71.8
ALO, wt% 13.8 _ 13.7
Surface area, m¥/g o 462 . o 307
- . Avg. particle size, um ' - 86 92
Packed density, g/cc 0.65 043

Catalytic Cracking test

The two catalysts in Table 11 are evaluated for cracking Joliet Sour Heavy Gas
Oil ("JSHGO") in a fixed-fluidized bed unit at 516°C and one minute on stream. The
JSHGO used had the properties shown in Table 12. The catalyst-to-oil ratio is varied
from 2.0 to 6.0 to examine a wide range of conversions. The yields are summarized in
Table 13, given on a constant coke 4.0 wﬁ%) basis.

Table 12

Properties of JSHGO sample
Density, g/cc 0.8918
Aniline Pt., °C 80.8
Hydrogen, wt % 12.13
Sulfur, wt % 2.4
Nitrogen, wt % 0.41
Basic Nitrogen, ppm 382
Conradson Carbon, wt % 0.54
KV 100°C, ¢St 8.50
KV 40°C, ¢St N/A
Bromine No. 8.7
R.L21°C 1.496
Pour Point, °C 90
NI, ppm 0.34
V, ppm 0.39
Na, ppm 1.3
Fe, ppm 0.3
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40

50 448 10 60 468 70 489 80 514 90 547 100 601 15
"Yo unrecovered 0 Table 13 20 Catal ytic cracking

W@ ooupasisson bet ween the catal yst contai ning

t PET/US2003/038222

i nventive conposition and one containing MCM4 1.
Catal yst The invention MCM 41 DELTA 25 Coke, wt % 4.0
4.0 Conversion, Wt %59.9.56.8 3.1 C, + gasoline, w
. Sh % 31.5 32.2 -0.7
30 HFO, wt % YgDsted 0 0. 8 41§ vol % 14.7 13.3
1.4 Light gas, Wt %6.9 7.3 -034 H2, wt 'Yo 0.03
0.04 -0.01 C5's'Ovol %5.5 4.7346.8 35 EXAMPLE 29 A
medi um pressure BYdrocracked bot%onms fraction was

39.7 37.2 2.5 RE\ukMonpsofie

LFO,_ wt

subjected to catdytic 407
. 40 428
50 448

60 468

70 489

80 514

90 547

100 601

% unrecovered 0
Table 13

Catalytic cracking comparison between the catalyst containing
the inventive composition and one containing MCM-41.

Catalyst The invention MCM-41 DELTA
Coke, wt % 4.0 4.0
Conversion, wt % 59.9 56.8 3.1
Cs + gasoline, wi% 39.7 37.2. 2.5
RON 93 92 1
LFO, wt % 31.5 32.2 -0.7
HFO, wt % 10.2 11.0 -0.8
Cy's, vol % 14.7 13.3 1.4
Light gas, wt % 6.9 7.3 -0.4
H,, wt % 0.03 0.04 -0.01
Cs’s, vol % 5.5 47 0.8
EXAMPLE 29

A medium pressure hydrocracked bottoms fraction was subjected to catalytic

dewaxing and hydroprocessing. The feed was processed in cascade operation over fixed

bed reactors. Eighty grams of HZSM-5 dewaxing catalyst was loaded into a first reactor
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40 dewaxi ng and hydroprocessi ng. The feed was
processed in cascade operation over fixed bed

WO e@ases3? Ei ghty grans of HZSM 5 dewaxi ng catedpE52008638222

| oaded into a first reactor -39 WO 2004/ 052537

PCT/ US2003/ 038222 and 240 g of the inventjon catalyst
adndietlcs phiba Ve ERR SRl SYas c%a%ntre&aa EFampiol S was %é%’r,%‘ﬁ%ﬂ’ the
reactor. The feed is passed over both catal ysts at 175
bagcond ré@ctoHSThofeed it prssediearibaiti cagalgsts al 1/&5thar,0l.@ BHSMSwer the
over the hydroprocessing catalyst. The tenperature in

t R&vaxihg &taly Q3G BOLHAAS o U tRE Al MRPrREssBil cabad st CThe tepéeature in the
a target pour point of -6.6C. ~The 5 properties of the

bottons fraction ar £ below in Table .14 - - o ,
Tt Sy RS bl REBa ST ahC T ied BtsBi 0 g sgo-c. The
% 377C+ conversion: 10 Nitrogen, ppm 9 Ml . Weight 558
Patpperigh Af thegotame frapom arexdyseribeddsiow mn Bablg 4.
Conposition, wt % Paraffins 42.1 Mnonapht henes 19.9
Pol ynapht henes 21.2 Aromatics 16.8 20 Sinul ated
Distillation OF 1BP/5 209/ S54 10/50 902/982

Table 14

Heaviest 10% of Bottoms Properties at 45 wt. % 377°C+ conversion

Nitrogen, ppm 9
Mol. Weight 558
Pour Point, °C >120
KV @ 100°C., cSt 11.3

Composition, wt %

Paraffins : 42.1
Mononaphthenes 19.9
Polynaphthenes 21.2

~ Aromatics 16.8
Simulated Distillation °F
IBP/5 209/854
10/50 902/982

UV absorbance of the product was used to determine the aromatics in the
lubricant base stock. The absorbance at 226 nm is a measure of the total aromatics while
the absorbance at 400 nm (x10%) is a measure of the polynuclear aromatics. For
comparative purposés over PA/MCM-41, catalysts prepared in accordance with the
procedure described in Example 19 were also tested. The results of the runs are

summarized in the following Table 15.
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25 WV absorbance of the product was used to determ ne
the aromatics in the |lubricant base stock. The

wabmaonkaEsrte at 226 nmis a neasure of the totabCT/US2003/038222

aromatics while the absorbance at 400 nm(x 103) is a
measure of the polynuclear ar tics. For 30
conparative purposes over P@E&jzl 1, catalysts
prepared i n accor dance Liftetthydrotrstingst Héeelur e descri bed
in Exanple_ 19 were also tested. The results of the
runs are Summarized in the folllowing TaBl e 15. -40 WO
2004/ 05253 MdRCT/ US2003/ 038222 PFabl e 15 Pdbe
Hydr ot r eat iSagpoat 274C Run 1 2 M@MKkt al Paarmrle ! Support

-MCM- 41 Exarfplabardmatio 226 nar onat | d£10226 nm@W2210 0. 120

Pol ynucl earognekatarasiics400 nm (x103) 1.30 0.78 10

- Conpari ng wbenmendor mance of t H80Pd/ MCM 4T78cat al yst

with the catalyst containing Pd on the conpagsition of
this invention, it is apparent that the conposition of
15 this invention is nuch nore effective in saturating

ar omataogspariaSAM b & fotthalkdd 6F tBXBMEMdeNensll stabiets the Shtatyst
the conposition of the invention as a catal yst for

h . i [ i i ; s .
gégﬁra&tér(e%e?% lgg glPe?%)dl?ba)%g%é r‘?‘é :ﬂﬁ’fjllnglgntx&;'lr, Iiﬁﬁs Eﬁﬁréﬂ%tftﬁeccomposmon of .

this invention is much more effective in saturating aromatics.

EXAMPLE 30

This example demonstrates using the composition of the invention as a catalyst
for hydrotreating of a coal liquid.~ While the specific coal-derived quliid exempliﬁeq hete -
is a liquefaction product of the H-Coal process (using Illinois No. 6 coal as the starting
material), other coal liquids (e.g. coal tar extracts, solvent refined coal, etc.) can be
similarly upgraded. The catalyst sample was made in the same way as described in
Example 3A. However, the method included hydrothermal treatment in an autoclave at
190°C for a relatively short period of time of 4 days. Nitrogen adsorption showed
mesopores with a size centered at 11 nm with a surface area of about» 630 m?/g.
Elemental analysis showed a Si/Al atomic ratio of about 99.6.

The material is further impregnated with an ammonium heptamolybdate solution.

Particularly, 45.12 parts of an aqueous solution containing 6.38 parts of ammonium

41-
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20 is a liquefaction product of the H Coal process
(using Illinois No. 6 coal as the starting material),

wrdeensseal |iquids (e.g. coal tar extracts, sPimES1003/038222

refined coal, etc. ) can be simlarly upgraded The

T SR H B R R i

hydrot hernal treatnent in an autoclave at 190C for a
rehsdriedeitt 26 hGrand welcined irodir 4t 538° Glinderdayditions sufigjent to
adsor pti on showed 25 nesopores with a size centered at

| decBRpBE zﬂmﬂoﬁiﬂfnf [Rpeind PRlaRfand R entraté 3o O {i@reby producing a
El ermrent al ana yS| s showed a Si/TA atonmic ratio of

99. The er| is further inpregnated wth
aW"%ﬂ% }HHP{S%‘E% égt e solution. 'Particularly,
45,12 parts of an aqueous sol ution containing 6. 38 '
parts biic malybdenvm-impreppictopaiens 25 Hen pmeg@%wlbasz%l nitrate
hept anol ybdate is added to 40 parts of the above
nedl@idna| Partiduiartye 8 8 R thangofivet aquredus isb liktion warstaishiriged3 partd 80
C and calcined it air at 538C under conditions

g N n e \ d e@%%(%ﬁs LREQIPQS %%m& %15%5@{5@{1%@% e sulting wet

, there cl ng a “nol ybdenum

i mpr egnat ed . mat er.ial regnat ed .
T AR P T TR,
solution. Particularly, 48.2 farts of an aqueous
swidganenteifd. dherehyprod®ipge niskdand ol yiEisnwmaEpregnated material.
added to the nol ybdenum i npregnated nmaterial. The

r Bfettchial 8naMpdis sHomisahdtahe figal elfategid] @dntdiasl1 30 anth dfiMdaO, and 6.4 wt%

calcined in air at 538C to deconpose nickel nitrate

anﬁNgfnerate Ni O, thereby producing a nickel and
denum i npregnated material. 10 Elenental anal ysi s

shoms that the final material contains 15.0 w % of

VB@Ecoamrison; anME Mof 1 Natorialis pselo Bichi hgs A S“%E%Fer@tfﬂmfl”z m’/g, a’

material is used, which has a surface area of 992 .

nBé1@ siza dls{mlﬁl&loalczﬁtechdsﬂt Bishut, ianch a peret wrede af 0.32 Snvg 1t is

and a pore volunme of 0.72 cnB/g. It is

impregnated in the same way as described above and finally contains 15.2 wt% of MoO;,
and 6.7 wt% of N1O.
Their activities for hydrotreating are evaluated using Illinois H-coal as feedstock.

Table 16 shows the properties of the feedstock.

Table 16
(Properties of Illinois H-coal)

Gravity, APl 25.8
Aniline Point, °C <-1.1
Molecular Weight 147
Viscosity, ¢St at 38°C 1.645

-42-



I npregnated in the sane way as descri bed above and
finally contains 15.2 W% O MO03 15 and 6.7 w % of
WON@#/023&i r activities for hydrotreati ng are erci/usdoesioss222
usi ng Illinois Hcoal as feedstock. Table 16 shows
the r\\[ erti es of the feedstock. Table 16 (-Properti e§9
m%me Aoi s Hcoal) 20 Gavity, '"API 25.8 Aniline
At &: <-1.1 Mol ecul ar Weight 147 25 Viscosity,

ity 38C 1. 645 -42 VIO 2004] 052537 PCT/ US2003/ 038 g
y\i'm@o 29 Bronmine No. 42 Carbon, W. % 86.9

m aen, . % 11.39 Sulfur, W. %0.32 Oxygen, W32
Y0ilyg 8,0\\« Yot aI Ni trogen, W. % 0.46 Basic N trogen, 180
. Votal #1tQgedOVel® | ron, ppm 22  Chloride, ppm 32 046
Basic Nitrogen, Wt. % ' : . . ' 0.30
10 Iron, ppm . o ’ i - 22
Chloride, ppm 32
TBP Distillation, °C
Svs 13/81
15 10/30 101/167
50 207
70/90 242/309
95/99 346/407
20
These two catalysts are presulfided for a period of 1 hour in a 500 cm*/min flow
of 10% H,S in H, at 230°C and a total pressure of 680 kPa. Hydrotreating is conducted
at a temperature of 350°C, a pressure of 6890 kPa, a hydrogen flow rate of 500 cm*/min,
a liquid hour space velocity of 0.33. Table 17 shows the comparison of activity in terms
25 of denitrogenation, Conradson Carbon Residue (CCR) reduction, and desulfurization.
Table 17
Comparison of hydrotreating activity
30 Catalyst This invention MCM-41 catalyst
Denitrogenation (%) 73 48
CCR reduction (%) 98 63
Desulfurization (%) 95 58
35 )

The catalyst of this invention shows much higher activity, which partially should

be attributed to its unique pore structure. It has relatively large pores with three-
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TI3P Distillation, C St/5 13/81 15 10/30 101/167 50
207 70/ 90 242/309 95/99 346/ 407 20 These two

w@a0abysss are presul fided for a period of 1 hetr/US2008038222

500 cm/mn flow of 10%H S in H2 at 230C and a total
pressure of 680 kPa. Hydrotreating is conducted at a
dimprsiatalieenngeti@s odiciacay assempmedyt apduanspes large molecules such as
hydrogen flow rate of 500 cmi/mn, a |liquid hour

peaeet iMebsldiduydsof 0.33. Table 17 shows the conparison

of activity in terns 25 of denitrogenation, Conradson
Carbon Residue (CCR) reduction, and desul furization.

Tabl e 17 Conpari son of hydrotreating activity 30

Catal yst This i.nvention MCM 41 yst . o

Deni trogenation (% 73 48 EW‘?@SLH on (% 98 63

Desul furization (% 95 58 35 The catalyst of this -

i nventThenEsdnople demohstiatesdtbe peapaiatipn ¢f FraghiecArepseh rathlygt and its
should be attributed to its unique pore structure. It

Q%?tﬁ'éﬁﬂ"oﬁﬁ&ﬁbe! aw@tp?zozgam StA L dUneSning haldRal made in Example 1 is
2004/ 052537 PCT/ US2003/ 038222 di nensi onal connecti on,

W S6H RS RITFRAHofir Aflehe N, ABRPRY § ok S BB with 2 paris of

Co,(CO); in a glove box. This mixture of solids is placed into a tube furmace boat in a
sealed tube and removed from the glove box. Then it is heated in flowing helium at
100°C for 15 minutes, raised to 200°C over 10 minutes, then heated at 200°C in helium
for half an hour. The final catalyst contains 16 wt. % Co.

The above catalyst is treated with hydrogen prior to test. It is placed in a small
quartz crucﬁble ina .chamber and purgéd with nitrogen at 8.5% 10" Nm?/s at room
temperature for 15 minutes. It is then heated at 1°C/min to 100°C under flowing
hydrogen at 1.8x10* Nm*/s and held at 100°C for one hour. It is then heated at 1 °C/min
to 400°C and held at 400°C for four hours under flowing hydrogen at 1.8x10* Nm%s.
The catalyst is cooled in hydrogen and purged with nitrogen before use.

A pressure vessel containing the catal)./st and n-octane is heated at 225°C under
69 bar of H,: CO (2:1) and held at that temperature and pressure for 1 hour. The reactor
vessel is cooled in ice, vented, and an intenal standard of di-n-butylether is added.
Hydrocarbons in the range of C,, -C,, are analyzed relative to the internal standard by
GC.
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present in coal l|iquids. EXAMPLE 31 5 This Exanple
denonstrates the preparation of Fischer-Tropsch

w@E20ah352587 and its catal ytic performance. Twengr/(2093/038222
parts of Al -containing naterial made in Exanple lis
dried at 200C for half an hour under N2 fl ow, (.S
then nfed Radicoih(gCw fhoudkpgselysipfs Ca&%wogbq 334 pased on the
gl ove box. This m xture of solids is placed into a
t inbeprdted pradectivnatf thelCa -Cg datwdarboeparkg ofealystpérhont. The
the gl ove box. Then it is heated in flow ng helium at

1R:108f &pe ;Ln'élom RRS fof Slck @8kbbR ndBEr 1@;/%/%25 ?lotted as the

m nut es, then Reated at 200C in helium

The fi £ t
.agrgi\}gltec\és? 5}1@)8@ qlg,gli.)?%gféggﬁo Tﬁ\ﬁm/rﬂyaa}}é gegr?cgf,a g?oqﬁttpet SI%qe a value of
is placed in a small quartz crucible in a chanber

amldhw@wnmtolbeﬁ;&ﬁ ogen at 8.5x 10-6 NnB/s at room
tenperature for 15 mnutes. It is then heated at 1
C/ m n WhikQRCibonve descliption agnidibs pdy egreifiat thisedgedificSshould not be
NnB/s and held at 100C for one hour. It is then heated
kRioh08F RN oS é“ %99&:1 foﬁf S Holhlifications of
d-lstr%crésrhml oy 0%? € s m Féll{ﬁ_a frip

oW ng rogen a

cat S .cool e dr oge

M N LU A 31&583‘ E art%ﬁrﬂ St gehher
catal yst and n-octane is heated at 225C under 69 bar
opogsibnlit@® Withir hespeperral gpiit of Hstinvention padefireddntthe claims
pressure for | hour. The reactor 20 vessel is cooled

| Qp;jdﬁ@ed Ne&bed, and an internal standard of

di -n-butyl ether is added. Hydrocarbons in the range of
C'" -C40 are analyzed relative to the internal standard
by GC. -44 WD 2004/ 052537 PCT/ US2003/ 038222 A C'T
Productivity (g C'+ /hour/kg catalyst) is calcul ated
to be 234 based on the integrated production of the

C' -C40 hydrocarbons per kg of catalyst per hour. The
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| ogarithm of the weight fraction for each carbon
nunmber In(Wh/n) is plotted as the ordinate vs. nunber

wobkoogmsdsen atons in (W/n) as the abscissa. Frear/ukm®o3/038222

sl ope, a value' of 5 alpha is obtained to be 0.87.

I scription contains many specifics,
%‘ nfLﬁ %f)gﬁould not be construed as
I|n1tat|ons on the scope of the in ntion, but nmerely
as exdnp BPeEafordrratigg OrE’ﬁP’éf"@F‘lpB‘é“‘gﬁ”’gB TRt her eof .
Those skilled in the art will envision many ot her
possi k) pravidiag wicomppsitibe whbpecleded aspbstantiay nidseporous structure of
i nvention as defined by the clainms 10 appended hereto.

' sﬂﬁa\é%t%m%! A3228977GY WRAROS! b3&Ah2indWHidTe bi2e ﬁin@lriﬁ&ﬂ)m about

A process for treating .organic. conpounds whi ch
d|n a _co 0
g‘gf%%}%“&?@& @ g% ugrpp&% tvﬁirutglleo amagthaboﬂtc(l) Hfjgg g, %nd
contalnlng at | east 97@6by vol une of pores havi .
poteseisithempsapgravg strreicdd Utcoaﬁomewhﬁﬁwa@@u%ea%@ﬂuta(w 7 by
having a m cropore volune of at |east about 0.01 cc/g,
anglghtwifar hst onbearnbsioplly audgorshemetlly ecthadetencoopeelacted from the
therewith at |east about 0.02%by weight of at |east
Wbufé gisyh%sﬁlpllymﬂﬂ/cqrz& RIS £ alb m\% ¥6, 1heLe mathma, Pd,

he ’group consisting of Al, Ti,

ARl P sshm e s iaeaPLsl syt 5‘?%195 i

an X-ray diffraction pattern with 10 one peak at 0.3
tanegisaluet B3 Sto ahoup3 67 ap? Ocont acti ng an organi ¢
conmpound- contai ning feed under reaction conditions

W th sgicdneatiag sbroahiecempolifiBedntfaing fgedpmdeassction conditions
sel ected fromthe group consisting of alkylation,

3\9%1 Qﬁi il %}Flyg WHQER thé ﬂgétm@, réceeE@ﬁtsél\é@(e&)ﬁbﬁiﬁEé gfbup con51stmg of
denet

I somer | zat al ation; ataylc _
demaX|n roxyl ati on, h d enat.i MoXi
alkylatlong acylat?on 0 womenzatlonyse{ecgve 0\1dat10n l?y rotreatmg, 1sorhenzat10n

demetalation, catalytic dewaxing, hydroxylation, hydrogenation, ammoximation,

isomerization, dehydrogenation, cracking and adsorption.

2. The process of claim | wherein the treating process is alkylation, and wherein
the organic compound-containing feed comprises an aromatic compound or alkane and an

alkylation agent.
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15 isoneri zation, dehydrogenation, cracking and
adsorption. 2. The process of claim1l wherein the

W0 2dan523g7 process i s al kyl ation, and wherei n R¢BUS2003/038222

organi ¢ conpound-contai ning feed conprises an aromatic

conpo or al kape an n .alkylation agent.-.20 -46

5000 bepisrofes pLasRb S 0gasa o2t i€ Sptecti g the
2 wherein the aromatic conpound is selected fromthe
groopsocos Bigfibapzent, wehihalnae, phaptthigneieluene, xylene,

phenant hrene, tol uene, xylene, isopropyl naphthal ene,

topR b ehthalene, afthedy 1xdie; ArflrX 4-Qliteyl-Phephknol5 4. The
process of claim3 erein the al kyl ation agent is an

ol efin or an alcohol.- 5. The process of claim#4

~wherein the at |east one heteroatomis A and/or Ga.

6. The process of claimy5 wherein the aromatic

conpofinths Rogrss RE ARRIN ﬁé”&ﬁrem% %@HE%%E‘%?HH‘S@H@]%{I“E‘PW g alcohol.
i s 1-hexadecene or ethylene. 7. The process of claim3
wherein the al kylation agent is an organic halide, and
wherein the at | east one heteroatomis selected from

the g5OMR: GBRsSE BF RN afwiRiréin tifeat 1868t o Kbt&OMBNI A1 ARE/or Ga.
thereof. 15 8. The process of claim7 wherein the
aromati c conpound is benzene and the organic halide

i s chl orobenzene. 9. The process of claim1l wherein

the treating process is selective oxidation, the éﬁ

feed PnERuRrescsanl sRIMPVIRGEIA JisrAromANC coraPHNd ig Haphtpgigne or
heteroatomis selected fromthe group consisting of
Benzednandhe olafin iV, -H8ixadeckie or@thyldde. and conbi nati ons

t hereof. -47

7. The process of claim 3 wherein the alkylation agent is an organic halide, and

wherein the at least one heteroatom is selected from the group consisting of Sn, Ga, Fe

and combinations thereof.

8. The process of claim 7 wherein the aromatic compound is benzene and the

organic halide is chlorobenzene.

9. The process of claim 1 wherein the treating process is selective oxidation, the
feed includes an oxidizing agent and the at least one heteroatom is selected from the

group consisting of Cu, Zn, Fe, Ti, V, Sn, Mn, Cr, Mo and combinations thereof.
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WD 2004/ 052537 PCT/ US2003/ 038222 10. The process of
claim9 wherein the at | east one heteroatom i ncl udes

w@rookesess7 one atom sel ected fromthe group conBiBU$2003/038222

of Ti, C and My, the feed inr~ludes ethyl benzene,

and wh I

reat g HroReleBbahini s BrhY Ruf ke oRTipghudes at st
process of claim9 wherein the feed includes an

aPRoHBm ssleated Aonathe grawr consistingiet Bis GREWSHYIPnBE depdsindudes
and/or Zn. 12. The process of claim9 the organic feed

i etbybdezene,yandotvtexainalpradidt af the edetive otidatidn tduting process includes
sel ective oxidation treating process includes
cxGtaphexseone. 13. -The process of claim| wherein the
treating process is ollgonerlzatlon the feed -

conprises at |east one olefin, and the at |east one
heteroatomis sel ected from the group consi sting of

Al, Cr, Ga, Fe and conbinations thereof. 15 14. The

pr ocess!-dfedragess afclaep sthsramibe deegandledes apdicohel anddke at least
1-decene and the at |east one heteroatom i ncl udes Al.

1éne Hheoppociasiaded Cahad/or Znwherein the treating

process is acylation, the feed 20 contains at | east

one aromati c conpound and at | east one acyl ation

agent, and the at |east one heteroaton1is sel ect ed

from and_conbi nat ons ereo -48 WO

b004) 0k2AH perctrtRURR) BET s s ced ML ORL e oL i frproduct
15 wherein the feed includes 2-nethoxynaphthal ene and

aelethf eclegihvpgwidaeion treatinghpropess ediientycidhakanonewher ei n

the treating process. includes hydrotreating and

13. The process of clatm 1 wherein the treating process is oligomerization, the
feed comprises at least one olefin, and the at least one heteroatom is selected from the

group consisting of Al, Cr, Ga, Fe and combinations thereof.

14. The process of claim 13 wherein the organic feed includes 1-decene and the at

least one heteroatom includes Al.
15. The process of claim 1 wherein the treating process is acylation, the feed
contains at least one aromatic compound and at least one acylation agent, and the at least

one heteroatom is selected from Al, Fe, Ga, In and combinations thereof.

-48-
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5 the at | east one heteroatomis selected fromthe
group consisting of Ni, Mo, Co, W Pt, Pd and

w@zoohoseasi ons thereof. 18. The process of cl ai Pa1@S2003/038222

wherein the organic feed includes shale oil, or

derive oal liqu si du et.r ol um fr ctions,

t he hygpofl?ee@f’?%go ﬂeqnb g%év %F fe 1@CIB§esl%me thoxynaphthalene and
deni trogenat i on, desulfurlzatlon, CCR reduction and
degeticdnaydrode. 19. The process of claim 18 wherein the

denet al ation includes the renoval of iron, nickel,

vanadi um and arsenic. 15 20. The process of claim 19

wherein the feed is a petrol eumresi duum the

hydrotr nltro

L e e S e e
The process of claim| wherein the treating proces

i g tldesst %}eah?!ﬁrwgom ivgpleciesl gy SeeopB sesisting of Ni, Mo, Co, W, Pt, Pd
PCT/ US2003/ 038222 22. The process of claim 21 wherein

t laed corabikatngpsitierénfdr ocr acki ng and the at | east one

het eroat om i ncl udes one or nore netals selected from

the group consisting of Ni, W M, Co, Al and Ga.. 5

23. The process of claim20 wherein the cracking is

CoL 2 b T S0 80 L0808y bR S Bh AT . o curved
treating process is catalytic dewaxing and the at

| eaaltliqyitle onessidnd dctmichclrangiess, she hyslgtreaing irgledns one or more of
selected fromthe group consisting 10 of A1, Pt and
Pdeni#tbgenhtien,plead fsizatidn, JGR reductwdinearei dentdndationeat i ng

process is hydroxylation, the at |east one heteroatom

is selected fromthe group consisting of Ti, Fe, Cu,

Co, V, O and

19. The process of claim 18 wherein the demetalation includes the removal of

iron, nickel, vanadium and arsenic.

20. The process of claim 19 wherein the feed is a petroleum residuum, the
hydrotreating includes one or more of denitrogenation, desulfurization, demetalation, and

CCR reduction.

21. The process of claim 1 wherein the treating process iricludes cracking.



10

15

20

conbi nations thereof. 15 26. The process of claim25
wherein the feed contai ns phenol and/or naphthol. 27.

wabe4psnsess of claim| wherein the treating ppODESH03/638222

i sonerization and the at | east one heteroatomis

sel ect om onsi stjng of. Pd, , Ni_,. Zr,

W Ga, %g‘eﬁez‘bm%‘g?o%lg%ﬁ%Fé‘%’ﬁfﬁ“h%%&‘f&‘“ﬁﬁ%’?gd?cfaq@éﬁ g the at least
2004/ 052537 PCT/ US2003/ 038222 28. The process of claim

2 PRGABFEIRIPM HE!udaeens Qfanerg sretals s¢lectet frondhdgronp cansixting of Ni, W,
selected fromtl,e group consisting of n-butane,
nMeriamd and Gaut ene, xyl ene and a waxy petrol eum
streamw th an average carbon nunber nore than 20. 5

- 29. The process of claim1 wherein the treating

process i s dehydrogenation and the at |'east one

heterogtaomis sel ected om t he group consisting of ’
7o oW, 2eaaodtSs SFUR AR et brasPnaes Sy gasiong and the a
30. The process of claim29 wherein the feed includes
offastmehsiceoatem ifchedsd Al10 hydr ocar bons. 3 1. The

process of claim30 wherein the saturated hydrocarbons

are selected from the group consisting of n-butane,

n- pent ane, 1-butene and xyl ene. 15 32. The process of

claim Q4."fh%:)p§{): ssta %l%iﬁﬁ?k@?l@?rp{hg?rgg‘t%m; ;ﬁrgge‘g? gactaWicsde\\'axing and-

Fi scher-Tro east one

selected fromthe gro consi sting of Fe, Co, N and

REhe a5t PR M 4nc i Bleast 9ae StoRsciseisddin dfe sopian eansisting
1 wherein the catal yst contact with a feed contain 20
h9ldAbgrandRd. car bon nonoxi de under conditions: a

pressure from of about 5 bar to about 60 bar,

preferably from8 bar to about 30 bar, a GHSV from

about 100 hr' to about

25. The process of claim 1 wherein the treating process is hydroxylation, the at

least one heteroatom is selected from the group consisting of Ti, Fe, Cu, Co, V, Cr and

combinations thereof.
26. The process of claim 25 wherein the feed contains phenol and/or naphthol.

27. The process of claim 1 wherein the treating process is isomerization and the at
least one Vheteroatom is selected from the group consisting of Pd, Pt, Ni, Zr, W, Ga, Fe,

Ti, Al and combinations thereof.
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-51 WO 2004/ 052537 PCT/ US2003/ 038222 10,000 hr'"',
preferably from about 300 hr-' to about 2,000 hr-', a

wo esvpesaEsur e from about 160C to about 300C, peef/esnbs/gzs222

from about 190C to about 260C. 34. The process of
claim erein e, Co o iti.o ncl udes
zeol 1t 85" T sy of SATR gF netit i 7 BT & ey e hydrocarbon

substantially mesoporous st ruct ure of silica
cEAHEHPHITAY G SrarsONsTIBhyf vbitans nefentroesbbhtgne.ylene and a waxy
pore size ranging fromabout 15 A to about 300A and

hastralguia strean e@ar £h meligorRa®on dindbeashraday 2o 0. 01 cc/ g
and having surface area of from 300 to about 1100

n2/g, and wherein the nesoporous structure has to
incorporated therewith at |east about 0.02% by wei ght
of at 2§aft one ca aI ytically and/or. chenicall

act i ve Mot B REePLERE | ddherdip e %@t@gme%ﬁéﬁgrdrﬁgnanon and
of AL, Ti, V, C, Zn, Fe, Sri, M, Ga .N, Co, In,

Zthe atdeasiGine hetgro®om iRsmecFPtd frovhathel gmup‘ajonsittirrgxsf Zn, W, Ga, Fe, Ti, Al,
thereof, said catalyst has an X-ray diffraction

p8htagd Bombinhtiomeahpeak at 0.3 to about 3.5 at 2 0. 15
, 36. The catalytic material of claim 33 further

conprising a binder, selected froma group of silica,
alum na, clay and their conbination. -52

30. The process of claim 29 wherein the feed includes one or more saturated

hydrocarbons.

31. The process of claim 30 wherein the saturated hydrocarbons are selected from

the group consisting of n-butane, n-pentane, 1-butene and xylene.

32. The process of claim | wherein the treating process is Fischer-Tropsch and the
at least one heteroatom is selected from the group consisting of Fe, Co, Ni and Ru and

combinations thereof.
33. The process of claim 1 wherein the catalyst contact with a feed contain
hydrogen and carbon monoxide under conditions: a pressure from of about 5 bar to about

60 bar, preferably from 8 bar to about 30 bar, a GHSV from about 100 hr' to about

-51-
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10,000 hr!, preferably from about 300 hr to about 2,000 hr'!, a femperature from about

160°C to about 300°C, preferably from about 190°C to about 260°C.
34. The process of claim 1 wherein the composition further includes a zeolite.

35. A catalytic material comprising a substantially mesoporous structure of silica
containing at least 97% by volume of pores having a pore size ranging from about 15 A
to about 300A and having a micropore volume of at least about 0.01 cc/g and having
surface area of from 300 to about 1100 m*/g, and wherein the mesoporous structure has
10 incorporated therewith at least about 0.02% by weight of at least one catalytically and/or
chemically active heteroatom selected from the group consisting of Al, Ti, V, Cr, Zn, Fe,
Sn, Mo, Ga,.Ni? Co, In, Zr, Mn, Cu, Mg, Pd, Ru, Pt, W and combinations thereof, said

catalyst has an X-ray diffraction pattern-with one peak at 0.3° to about 3.5° at 2 6.

15 . 36. The catalytic material of claim 33 further comprising a binder, selected from a

group of silica, alumina, clay and their combination.

-52.



