WD 2004/ 052537 PCT/ US2003/ 038222 MESOPOROUS MATERI AL

W TH ACTI VE METALS CROSS- REFERENCE 1 O R E_LATED
WOABRRKIESTY ONS The present application is a conpéryugico9iss222

in part of U S. application Serial No. 09/995, 227

filed Novenmber 27, 2001 and incorporated 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 B 1,

to whi ch prilESOROROUS MIAFERIAASKRDACTIVE MEEA Sof

the I nvention The present invention relates to a

nmesoporous naterial, particularly a catalytic 10

n’@%' ' f terial for the

conv e%sg#gﬁﬁggl\[% a(g iRCr"tLtI}\gr nl%g 3‘3’3’?&83‘3 &aﬁﬁc ularly

hydrocg{bons. 2. Background of the Prior Art Mst of - :

t oday' s"HPEPEE é?lﬂt?ﬁ“?ﬂ BéceBingtipe &hpait oGl &s applisatiensBetial No.

on zeolite 15 catalysts. Zeolite catalysts are well

kORRAS,227 filkd Novembed2 7p 28Gless! inedrberataddygeflrddoé Rerein, which is a

systens with uni form pore sizes. However, these

Nediinkich th9hf of U. NP FRIToLSERANG F@bkgo!ﬁéh@ TOROS R fier 71999,

only mesopores. Mcropores are defined as pores

a.di, lyes n n ksopor.es _are

s A USR03 38 4 Be By MER RBPrG b F B tbout
2 nmto about 50 nni. WD 2004/ 052537

PCT/ US2003/ 038222 Because such hydrocarbon processing
reactions are mass-transfer |limted, a catalyst wth
aBAICGKGROPOIE size will facilitate transport of the
reactants to active catalyst sites and transport the
product Figlbr e thivgteat al yst. There is yet need for an
i nproved materral having functionalized sites within a
5 porous cesses directed to th

cataly lecgr%%ﬁg‘&g@é%&@ﬁ(@ﬁ% gc} a H’&@Qﬂoﬁ?‘fsdﬁmﬁff'al_’ partimﬁar]y a catalytic

material, and use of the mesoporous material for the conversion of organic corhpounds,

particularly hydrocarbons.

2. Backeround 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 ﬁaterials tend to possess either only
nricropores 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 nint.
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hydr ocar bons and ot her organi ¢ conpounds. SUMVARY OF
THE | NVENTI ON A process for treating organi c conpounds

woo@wosyssded herein. The process 10 conpri sespc{ak2003/038222

provi di ng a conposition which includes a substantially
mesopor Qus st rugt%re gf silica containing at.|least .

97% by VETURESUST PYGPELOALBIOREFSNEIBRUIORT 3% Magsyrangter limited, a
from about 15 A to about 30A and having a mcropore
vofaiplistotithean iHesd poresiasuviliofaiitatefranspontio thei madtires to active catalyst
mesopor ous structure has incorporated therewith at

| esigs and ariispOrt 0R%prbYucts @i @ thefatApdtal yti cal Iy and/ or
chem cally active heteroatons selected fromthe group

N, o, Tat RyePiltor st vt marglal efine oyl e within
sai d catal yst has an X-ray diffraction pattern with '
onROTAS kA vask dor precesses Siiiectsd kp e catabyticgegversign and/or adsorption of
contacting an organic feed under reaction conditions

wi bilrerartebns st ethgrourgathe ceipounkds. treati ng process is

sel ected fromthe group consisting of alkylation,

.acylation, oligonerization, selective oxidation,
hydrotreating, isonerization, 20 denetal ati on,

cag@i sy Yqﬁﬁ“@ﬁEr‘l%Vl{folf yl ati on, hydrogenati on,

anmoXxi mati on, i sonerization, dehydrogenati on,

cracki ng and a}.dsor ption. One aspect of this invention

deal s wiPIPCEST [PiiFabne greaniciapmnaungs sgpseydedbhereine Theprocess
WD 2004/ 052537 PCT/ US2003/ 038222 denetal ati on and

d esomipiriges: fa prandiog a gemposidamvhidhsincipdef esubblaytidlhomesoporous
residual fractions wth undesirably high netals

andhefureestiith caREintHg H1EsPIBR LGVIERE ST SEHEY Rivi o
Conradson Car bon Regsi due (CCR). More plgé}tgi Clﬁ‘%%W?’es‘ze’a“a‘“g

- i PRS0 bR oargheinDA o Ko B0l 0.01 ot

and CCR of petroleumoils,.-5 again preferably those

c OMISFIA tiFgNFERITQUBSITUNE HasinsmOried b atertith at Reast ghoat 0.02% by -
petroleumoil fractions are produced by atnospheric or
vaeaighnof dtslytitdligtandfor chemicalteaqiaieretepsdioms Bycted from the group

generally contain high amounts of netals, sulfur,
consisting of Al, Ti, 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 §; 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.
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nitrogen and CCR content. This conmes about because
practically all of the netals and CCR present in the

wonbgioszds7crude remain in the residual fracti opcTaRghe8/038222

di sproportionate 10 anount of sulfur and nitrogen in

t orhginal .cru oi)]. also remains in_.that fractjon. .
PE?HE"%%%P“&‘P&’F“@@W& RO o REEHY MRk fractions
with iron and small anounts of copper al so sonetines
preseprdesitaidy highmetels and/or sulfur and/oniitrogeyesonteatschnd@RConradson
content of the residual fractions generally limt

t lisirboreRéshdite (CER)s Mae pahiiigelysthcliserftioh réltes RO kotreating
catal yst processing such 15 as catal ytic cracking and

hydsQed R)‘?Iféd'ﬂllgingmg} el sﬁ:lﬁﬂtéﬁ%[z?)%ﬁ SE8AS Lt @@Rg}?getroleum oils, .

speci al catalyS§ts”for these crac processes an

cause t emat ure agi ng o he, cat al yst and/ or

u ﬁﬁgﬂtpégggﬁgbfetﬂ&gé‘@pf%%gg g‘??t‘{\‘ag@’dé‘?%‘m“r?@nlp@w e, dry
gas- and hydrogen. During the FCC process, nuch of the
sul f ur Residyalgstioleurrheil fadianatard yreduced by kieposphératorivacuum
burned during regeneration, resulting in substanti al

S@stidlaiion oO¢rade poIRIARN; they SncfadllyRofthin High LASIAYE! ferd}, sulfur,
sulfur is in the final cracked products, such as

9aaRddeR %nf]‘@tﬂ +c91t§%né.cﬁls%oﬂ'l‘eels taﬁcﬁat %Fceaﬂg% ﬁ%gbc%gyn%ﬁ Qf E’ntg metals and .

for diesel fue home ating tTue

ni en contributes to NOx em_ ssions, and sone )
DG O el AL BRI G S SEAARS) FBROonE Afigaraportionate
to the 3 WO 2004/052537 PCT/ US2003/ 038222 active

s preyntodf sulfar Fdmitagal indke enginglendierad! 4lto remefnt écthavfraction.
CCR, a neasure of a nolecule' s tendency to coke

r &rineipalk el entatiiname At nicled kihd VanalBir2 M3 ifA and small amounts of
undesirable property for charge streans processed by

cg&e@{pe?zgisg SheGkidg.dpder the high tenperature

. oyea I'n catal'ytic cracking, nolecules high in

CCR th |y and/or_catal ytical Ly 5 degrade to caoke,  :

li ght gﬁalggég,h MRS b gEEoSeratng 9¥R@Oeﬁeatq&tbfgrem§ual fractions
generally done utilizing hydrocarbon charge stocks

| gefreradly himithaiesffattist uie mahagestockdioe bulgeqenatdiylyd pvscessing such
an AN gravity less than 20. The npbst conmon, cracking

CHOEQRyEHE Babian@ b RRMBEradNRé OThEhbE Ecortthiha@8ehi Sn the special

vacuum tower overheads, etc., the feedstock having an

A\?Atal%t@‘f&ltxesferc?a{&ing 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 burned during
regeneration, resulting in substantial SOx emissions. Another major fate of the residua’s
sulfur is in the final cracked products, such as gasoline and light cycle oi! (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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about 15 to about 45. Since these cracking charge
stocks are distillates, they do not to contain

weigrisesant proportions of the |arge nol ecul epcirrs2003/038222

which the netals are concentrated. Such cracking is
commonly carried out in a reactor o erated at a

t AFHES é}éﬁ ©oé thsF Eheattlyst 28d rendgisdinefiactyiee SR ca w2l 2

| to 5 atnospheres, and a space velocity of about Ito
1000lenHiSy/tenMatcs its caledathed thu crack babfondisti$, ivvalsb @n undesirable
pr esent simlar problens in hydrocracking 15

st . cgésd Y88 cHandd sudhifis ?ﬁgﬁﬁﬁgz gﬁgléfgb %ﬁaf?fﬁ?o(ﬁﬂm‘épﬁ{e%?%h temperature

even |1 ghter rge a crack

dr.ocr.acki.n n nsi s
ot iptelelh Py EPEhE o Beuidieh B GER BBl Soilycany
to 20,000 kPa. It is evident that there is - . '
c slesTade fogske, light gasesrand hydioppsi Caielyistoreslingos gevkrally done utilizing
the netals and/or sul fur and/or nitrogen and/or CCR

c drydentrboh chyrde stocistiphter tande2ua) Fatiions] hich gherally have an API
residual petroleumfractions. Wiile the technology to

o djvéang@fle!géggig(ﬁ e'I?fa&nglcgls’g bt%ﬂﬁ'ghﬁrécl{;%@@ﬁdr?@&oﬂ@ar@ E&LLr and/or crude
041,052537 PCT) USP003 038
Y efs%&urlb&qg'eggwg‘aegﬁf elbe ROk %P% 2 A0 gravity from

deactivation of the catalyst, primarily nmetal s

c GheuriSriaabeut 45 d Stisk éhesepracking ghargesuoa;s @ES(SRIIIE’EEB YOO not
THE DRAW NGS . 5 Various enbodi nents are descri bed

bebaminvdiglificst plopotions of the ¢args amidegkes iNVRICRI the nfetds ark
is an X-ray diffraction pattern ("XRD') of the

NRIRRANME. TBE ecrréc% Ecoxﬁﬁf'&ﬁg}opy e(-d, %Q )a%eéc?’or%pqatetdhata

transm ssion el ectr m Cr oS

oraBR e RE bR ¢ K ngaé’%?% 2t lbtgtﬁ woaﬁhe(%and a space

mesopor ous nmateri al
velocity of about 1 to 1000 WHSV.

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 hydr.ocarbons, 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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of Exanple I; Fig. 4 is an XRD pattern of the
mesoporous material of Exanple 2; Fig. 5 shows the XRD

woaot@szes7of the mesoporous materials of Exanppesgn8fuosossz2z

3B 15 and 3C, Fig. 6 is a graph iIIustrating t he pore

size distribution of the nesoporQ material. of

Exesifnad faptiorsiggnerzlly Bildyesqery A AsropyaioRf the catalyst, primarily by
vanadi um cont ai ni ng nmesoporous material of Exanple 5;

2@ndthlg coBaintnaa aXBBokadépesidonf the titani um contai ni ng
mesoporous material of Exanple 6; -5 WD 2004/ 052537

PCT/ US2003/ 038222 Fig. 9 is a graph illustrating the
nitrogen sorption isotherns of the titanium

7 BUASTHERCREPOER) BF rE PRIV e i < ?é bEit Pon of

the titani umcontaining mesoporous paterial o

Exanpl 6\'@jous emibgdintentssive desciibre betey }:Y&btr%fﬁ%C%?O the drawings
mesoporous naterials of Exanples 7, 8 and 9; Fig. 12
I SviahteiXRD pattern of the al um num and

vanadi um cont ai ni ng nesoporous naterial of Exanple

10; Fi Grio 1354 % ~tr;%é (ﬂPfFachbﬁ &Ee‘iﬁg'bﬂ?%") BEtHR A Ropbré8s material of

dlstrlbuf’lono umn m an

vanadi ym cont ai ni ng nesoporous material of Exanple 10;
Fifample Is an XRD pattern of the iron-containing
mesoporous material of Exanple 11; Fig. 15 sho t he
W=Vi siBilge? speicansunissish qlmron AHErOCORY 1%% 1%5%%@2“6 fRgsoporous

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 pﬁtfém of the mesoporous materialhof 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 G;
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material of Exanple 11; 15 Fig. 16 is a graph show ng
the pore size distribution of the iron-containing

worempersus nmaterial of Exanple 11; Fig. 17 ispewulbiesnss22:

pattern of the chrom um containi ng nmesoporous nateri al

of Exanple 13; Fig. 18 shows the UV-Visible spectrum

of the &h8rif asrapbntiestrating trruipsentpsrtionisatheans af thetitanium-
Exanple 13; Fig. 19 is a graph show ng the nmesopore

si zenwdinig méssbons afatdriud offEgappledys material of

Exanpl e 13; -6 WD 2004/ 052537 PCT/ US2003/ 038222 Fi g.

20 is apjXRP; : ; ] 2 LG e c
Tes0por OUE Tt 2P Rl Mo e MO SR HIRASRHR R RBkipiym-containing
UV-Vi si bl e sgectr%ggof_ h% mesopor.ous material of

Ex ANpPRoousgnatgiig) ot dxgmple &) 5 3 graph showi ng t he
mesopor e size distribution of thé mesoporous materi al

of Exanpige 118howehal{HD pBRSCR Pile@nE0p o RRE RERRES of Examples 7, 8,
EMBODI MENT(S) The catal yst of the present invention

i nghdides a three-di nensional, stable, porous to

silica, which is substantially nmesoporous in

struct Ugg, 17he, S %@é@ﬂ?éﬁﬁ@ Sﬁnﬂnﬂ rhg}dqa%?%i;ﬁgi:&?aining mesoporous

but regulfarized o-crystalline) struc
b, SREEFHGY BT GATcn | o herei n i noorporated by
reference in its entirety. . The anorphous silica
mat er i aFigof3 isregrpple Hbistrating ttpoonsigedistributipnof theadlwreinum and
both 15 nesopores and m cropores. Mcropores are
defvhmdihnesoainRg MéopbeHua nihitaHR bEExahipl£RB
Fig. 14 is an XRD pattern of the iron-containing mesoporous material of Example
11
Fig. 15 shows the UV:Visible spectrﬁm'of‘ the iron-containing m.esopofc;us
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

matenial of Example 13;

-G-
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than about 2 nm Mesopores are defined as pores having
a dianeter of fromabout 2 nm to about 50 nm The

wonagarssc oxi de material of the present invenpoomshasoss222

a volume percentage of mesopores of at |east about

97% and .pref erabl | east about 98% A nethod for

maki ng Fg A0S N%Dmtﬁmgf telma)sbdeonmgontaming sespParous material of
support is 20 descrl bed in U S. Patent No. 6,358,486 B

1 Exahplealer age nesopore size of the preferred

catal yst as deterrri ned from N2-porosinetry ranges from

about Zxjg un %‘Eﬁ,{zﬁsmﬁ pect?urwaf ﬁfégéés%ﬁ&%gz material of Example

PCT/ US20 3/ 038222 e cata yst 1 nc

Lg?% cﬁnal ized with, one or nore catalytically acti ve
a

et eroat ons i ncorporated into the porous

~-silicate structure. The -catalytically active netal

het er o&i®A2(i5 2 graphrsbpawiig the mesepoongizadistribatiore b Sibie entsoporous
fromGoups 1B, 1113, 11113, I1VB, VB, VIB, VIIB,
Vh‘lalteddIVP\ExﬂﬁpﬂelllslA of the Periodic Table of the

El ements. Suitable 5 netal heteroatons include

al umi num (Al'), titanium (Ti), vanadium (V), chrom um

(Cr) zinc (Zn), iron (Fe), tin (Sn), nolybdenum

hﬁ%ﬂ%ﬁ#@&#ﬁé@%@ﬁ ﬁ%ﬁ’gﬁ?g@%ﬁ%@bﬁ%ﬁ o

rragneS| um I\/P @t?al l adium (Pd), platinum (Pt) and
t ungst he caqlyst ofrthe peaspitdnvenitien incbidepothacedimensional, stable, porous
het eroatons can be isolated and/or distributed as

chiligh, avisich i ﬁxbﬂaﬂﬁi@uﬁes@?bﬁoh%m stigdire; arhdflidd pRBesses a non-
atomic form 10 or nol e ar form(e.g., as oxide). The

g.@xéggaﬂgfeﬁjﬂﬂltﬁ'gﬁl %ed‘thsetuﬁg c%ﬁbﬁ%ﬁgxﬁuc?ur?t I\J[e% 51’03&? %(#enafs are

e cat omc

t he 0 tons .i,n, . the catal st can
bge%ﬁ?iwoﬂ F%%‘Hat &3486353 brdtighhisyereiy mcawemted by reference in
0.0001 to about 0.'5. The conposition.of the present

i Hyemtiteon has a characteristic X-ray diffraction

pattern ("XRD') which shows at |east one peak at 0.3

to 3. 5Tat ariofbhowkkitiba ﬁﬁferrﬁﬁmﬁéiﬁres&@ ifvRnBoPg&Rkally contains both
spaci ng between 25 A and 440 A. "Nitrogen adSorption

TR R g AR es 3 BE A et HFFRER dfhuel of tess

rangi ng from about 300 nR/g to about 1,250 nR/g, and a
ptiad ahotnam o Mespprrrad siefipedss 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 prefer'red porous siIica-contaiaing catalyst suppoﬁ 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.

7.
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cc/g to about 2.5 cc/g. The conposition of the present
i nvention has a three-dinensional, randomy 20

woonamsissd nnesopore system which facilitatespcr/us2003/038222

mass-transfer of reactants and products, and avoids

pore bl ockage. -8 WD 2004/ 052537 PCT/ USZOOS/ 038222

Gener al T cafalyst insdusise cod és Sinttionalizetwith, ane of moteecatalytically active
present invention is prepared froma synthesis m xture

canétal Indt¢tgatdins ivRFSorNEEInSé the GArcvL Wiikste stlicthR2Sthe@BRIytically active
het eroatom source, and at |east one pore-formng

OYrHﬂEf | FerdsBHBh G ﬂ?xﬁ-ﬁﬁ@é atwg?a [ bd echhidfify Plo rPlgq?hIIB 1B, IVB,
het ey om sour.ce, _and organi
glffﬁéﬁﬁ%\éﬁf d¥p 5%1?@% rbihs Bgripdic éfabl@@ééhe Elgpgnts ofuitable.
to forma synthesis mixture (usually a gel). In an-
i meteniatéraztems irjeleaiurninemral )l tithnitnn €TiY,0laasdibe (V), chromtum ( Cr)
conponents of the synthesis mxture (e.g., water,

alzeR @), il FEL MR\(SH), RivhybaBy e ey %niﬁﬁﬁ{@)%a{él ?ﬁx), cobalt (Co),

drying with or Wi t hout forced air flow The

b
4, PG S 5 5 B R S
60&%85333%5@@%85 aéq%%rg? Syt Bt et canbe

cqnventlonal nmeans such as cal ci ni ng and extraction.
Tygulated hyd/ohdistohliteid rs clgsters ip drefporomsdnaitix 2Theyeapbe &t ar #omic form
of from about 450C to about 900C with an

0%y ﬁﬁﬂed%l%tf@finﬂgeﬁg z&a}ildeg Bhe hdteroMom) con@int 8f the cgtgiyst is at least about
hours preferably at 540C to about 700C for about to

s Sr DT st 15 of B suibl BeGRp eGSR En Pl &%atgﬁﬁtfen stoms n

100C, dependi ng upon the sol vent used. Some al cohol s
V\Aﬂ@%‘?‘F‘HWtGF“ h@vm@ up; tp pboud 09, praferablydiaam akows 1008 htsabout 0.5.
Optional Iy, the nethod can include aging the synthesis -

m xt ur dhatcotPEsifion ofhe peesent invention has a characteristic X-ray diffractior

pattern ("XRD") which shows at least one peak at 0.3° to 3.5° at 2 6, 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 é three-dimensional, randomly
connected mesopore system, which facilitates mass-transfer of reactants and product_s,

and avoids pore blockage.



20 24 hours before renoving the vol atile conponents of

the synthesis m xture. OQptionally, the synthesis
woizadosesszan be heated in an autocl ave at a teppenstissess22?

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

days, preferably at a tenperature of -9 WO |

2004/ 062%3a W POE/ ISP 0O 822 thatdriabof thb presedidA¢ertion is prepared

about 200C for up to 96 hours, before renoving the

PRE® d ShiFefld middR Y ontalllBy Q@l@ﬁét Ree SitieH sétﬁ'cé heiast Be!R¥eoatom

can tune the rresopor03|ty to nmeet specif

ui rene ng.the heatin n an| speci es

e B st e e e R RBEF BEE 70 orm an

i norgani c_framework, whil-e the pore formn agent,

forms Ia@gﬁrégm&@fshme@ﬁé&rmﬂé% Hisrogtahyst o rh@n@v\smtwn the silica

The size distribution of the aggregates determnes the . .

nesmeqeohderdhtom busdel arklisrganic tdriopletiey agehl(s) 2¢go:RBRIE in aqueous

size mainly depends on the nature of the pore formng

a%ﬁﬂ&nt&%ﬂ@%e@fs%ﬁ Rf (Jlﬁéltly E‘gelznd the length of

eating ti'me. So cert por e-f orm ng
agent,. the nmesoporosit f th i,nal terlal ca
tuned’ By IHEHT "rtsfﬁaﬁaxvﬁs mcdingh 15 e sﬁ@nf*ﬂ%e%%ff’fﬁﬁaynthesw
time. 10 More particularly, in the first stage, the
siiterg (& Buwetsr, abgohgl)arermoved by sonventiaralineeaas seth asghiying with or-
conpound contai ni ng some organi ¢ groups. Such

ColmeUI fisiseC#n 168, Thk dyyifgsan becdhducttifonetdmile, at 40°C to about
orthosilicate ("TEOCS'), and silatranes, e.qg.

t fBJOBH}QF]g[L Q)“c}b'aﬁf mlaﬁﬁﬁ %rggreféﬂab 50 %ﬁout-@@ecstblab&?t 120°C for 6

source ¢ ternativeély I nor gani ¢, such

angyg{ous or hydrous silica gels or silica hydrogels.
5190Sca source al so can be geothermal silica, but

to 15 facilitate reactivity, is preferably not a

cryst ala firal stogs the orgrinis t@rnglm"ng agentfs) ata ragrosigd hy conventional

preferably contains hydroxyl (-OH) -groups that form

hyeR8eeh RAVAiME &l ERCTORT DANEA1YS BRCaRSnihE i€performed at a .
silica and heteroatorr) They rmy have atons wth a

qg{nge;% ur@h?ﬁ&é%@ﬁut%%@t(: Q@th%ﬁ PWE RJ?thtA?le ?FLIH %gﬁ}ra%gneg gas (e.g

g agents I'nc
gl.ycol s pyl ene roI di et hy
zfer)gfwyc@l 2 ltqurSeP ¢rably a@P%& to %b@m rCnyéﬁEOWyteth)hours The
al kanol am nes (e.g., triet hanol ani ne
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 mixiure.
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
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("TEA"], triisopropanol am ne), diethylglycol
di benzoate, triethyl ene pentamne, starch, -10 WO

waamd/08E3537 PCT/ US2003/ 038222 and sul f ol ane. pdhv@s2003/038222

organi c tenpl ati ng agent should have a boiling point
ﬁfbove 150C, . _preferably above about 180C. The

£98 ABeN 0SB oW 2006 for umto 96 hautsh beforeoemaning the pore forming
groups and is typically added in the formof a
sagientt i T0re:hekong sepivpthe, autatladvb earcmae thafméedopsiobitymo thé specific
source can be 5 al um num al koxi de (e.g., alum num
|r f -] < B | are . .
SR, i i Tepng, BB it R 1o 4 ffinum win
synt hesi s.m xture can.al so include al kali or acid to _
W P Ra A HioTefiae FAmRD o VIP R HOGE foyptiage: forms aggregates
i ncl ude organic al kali such as tetraethyl amonium .
H9 ahapgithie inogganEafopmpwarkd Tiersige disstibutioniofitemapgnégates determines the
hydr oxi des, urea, and the like, or inorganic 10 al kali

suesbpars simerdiniibunidty dHowe e, the Behrbdatd3 8 MyintedepeAdl diMhe nature of
carbonate, and the like. The solvents, reaction

Kl e S
| ected t voi d t Y ti Q..
TR oS g ior i S et D ap SRR O e PO ik b med by

can result in failure of the heteroatomto be
inFREdIb g the termpesaturrearst the beatisgtimet ure. 15 The
conposition of the invention can be applied as

cat al yWabre, pactieulatyqlity deSirftatdpe/ the sidica Sailréd, ¥B§ifida precursor, can be a
catal yst supports, adsorbents and nol ecul ar si eves.

CHRSAE B P Bl 0 OB AR e o

het er oat e COo

and straong acidity, , quently it can catal yze, .
.&%aé%‘r“ﬁg'}ﬁ iogﬁﬂﬂilf%‘s{ ﬁ%&ej{ a{@w&fﬂrw,ﬁ, ¢ Hicyiekanegamine-substituted

ol i gonneri zation/ pol yneri zation, dehydration of .

stigranes Conpbemsairemchn2itedesively be iimaginin) sudhas anhydrous or hydrous
conposi tion can al so have redox properties, which can
sRicabyIE @r sitie@ ki aREIRN TOE sick SARSe 4180 Ean heC)eltRARN AN R, but to

octene, ethylene, or propylene), selective oxidation
?Jcalﬁhtléﬁ'gﬁivfﬁ; id 'pr&gx%hﬂ}jr?oqg%?ﬁ?dllir@/ S%Im(_)clgfaxane) , alcohol s
and am nes,

The organic templating agent preferably contains hydroxyl (-OH) groups that
form hydrogen bonds with the inorganic species (i.e., silica and heteroatom). They may
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, triethylene pentamine, starch,

-10-
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-11 WO 2004/ 052537 PCT/ US2003/ 038222 hydroxyl ati on of
aromati cs and ammoxi mati on of ketones. The conposition

woamds2sased as co-catal ysts or catal yst supppet/gs2008038222

i nstance, addition of noble netals, e.g. Pd and/or
on'p03| tion offers functl onal ity
hy%n%%&lffﬁgkﬁ né e ﬂﬂ,%amagf@ﬁaatnerﬁgent@mwgd}aa@érbathrerpm%tr@aove 150°C,

desul furization. This conposition can also. contain
al prefoygidy alpiveBbaedBi@s and zeolite-like structures,
together with all possible heteroatons nentioned

above. Phd hddre@Rbme%akPlsm B wiher ﬁ(ﬂﬁ&ﬁ%réérﬂ@ gﬂ)fupE B&d is typically
| nvent| on which offers acidity, is

al-liu
PR B8 gl B LR FBE et ”Lhe ca%f R(jﬂﬁse%ﬁn the source can be
V\,hl ch conventional |y uses corrosive-Lewi s acids such -
astlminus glkexifle (e P laminyeisenieraxiqeds Jamine alwminpm hydroxide,
wast es. The conposition of this invention is
eralimonmentrate, aliimiremd$uifasendr daminueptidoddé.he
conventional catalysts. It can catal yze al kane or
ar omat i ghe ?lﬂﬁék@hhﬂﬂre(daﬂ Glsd %J‘lﬂie':dika‘ﬁd&] acfd l%fa(d?.l st the pH of the
al kyl ati on) using olefins, alk hal i des ohol's

y nt.s The aromat.ic oun mai_n .
el RO o Eetie nig?ﬁ‘éﬁ‘ R R Rebm hydroxide
dey |vat|ves such as toluene, xylene,
i éﬂﬂ },%@tﬁgﬂ tgtﬁ@lk)aqmmgmgmelmdm)gglesd greaoend the like, or inorganic
2,4-di -t-butyl phenol. The ol efin al kylation agents
medlidlysiich ad ardmoaiuphiaydradidd, sodiumphyvefexidd) lsydimosebodateha®d the like.
carbon nunber nore than two, preferably nore than

four.  RishaRkh& Rh&hh ndtﬁ&ﬁsu%f% 6[1169 of aﬁﬂltﬂx laﬁﬁ' ?mxmg components and

propylene and 1- hexa ecene

AR < e P HFe ey oL BuRER Sl 2R AP irgRare

reactlon can be carried out at a tenperature of from-

ali§paraigpdeio PPEiRwGaR) ABdeterngiom. el’rprrnetsewe@amrpmeenrdsultin '
and 50 bars, preferably from about 90C to about 300C
arfdiline ofeheeerautsh 8Obdintsrporated MO tROSMICH BaThilre.

PCT/ US2003/ 038222

The 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 hetereatoms, the composition can have weak, medium
and strong acidity, consequently it can catalyze cracking, isomerization, alkylation,
acylation, oligomerization/polymerization, dehydration of org,;anic 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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A igonerization and pol ynerization of olefins can
produce fractions for gasoline, jet fuel, diesel fuel

wa@ngh4losdzsr cati ng base oil. The catal yst conpospii/o82008/038222

the invention, especially those containing alum num

chrgniu . galliumor iron heteroatons, can be wused as

c Ay droyxtation of argmagesand aampsimagpn of kstpres. dhe poraposition can be used
al pha-olefins. with .a carbon 5 nunber |arger greater

t laano-chmbels orReaalyssupportsi Férdnsancd cqdenidinrd nolsie tietals, e.g. Pd and/or
specific feedstocks and desired products, include a

t PFNBHIAS YoBpbRicH Hers HHBBRAY ogéﬁr&gacﬁ@@!kydr@%‘gﬁtioﬁnd

a pressure ranging from at nospheric pressure t6 about

1 58 BB SRR Sk PR s ot

compounds: Particularly preferred -are those catalyst

c 8eites andaseliedikesimeivges, gebaevith alppssitielasroatonsamentioned
sel ected fromtransition nmetals including, for

exbowel e, copper, zinc, iron, titanium chrom um

vanadi um nol ybdenum and tin. For instance, the

COMpOSiat 4 i j j i: 4 ' , om j e
and ol RReEAREL e LB oFbPfchiln? ShitRolehPllidiy, i the
i ncl uding. aromati cs ch _as phenant hrene, anthracene .
i goutatding i iiigubeantiet dalint o ceoupct dnusirly SmBOrEAR apactions is
reaction include organic or inorganic 15 peroxides,

npkky tgjen, wikich eenveatigrly usazicarogivgdswid scidsrsecie andliiinambHF and
oxygen. The conposition containing copper and zinc is

pacderated Ardeyanpyuat f wasled. oThecahpbyizibA gf thitSinv&Efiba6d éndBronmental
oxi dation of alcohols to correspondi ng al dehydes.

Hysling Arﬁtéag '?ffg;ftceﬂﬂs E@Aveﬂﬁgrllal }étglg'&@.t by Sﬂﬂyg’eeal{caax}enc{r r?éomatic

acconpl i she Ing the catalyst conposition”con

ti l.ron, opper,, cabalt and vanadi 20, 1n the

pPHﬂéslrﬂhaP Sl,nclaﬁW?ﬁ@éﬁi-ﬁﬁ?ﬁe&%ﬁoev%&g@m %‘ﬁ?@f{]’&ﬂlg‘ﬁ gr alcohols as
performed using Lews acids, such as Al 3, Fed 3, '
Helspatior agentsahl ienrgmaiée eorapoundh nginlninslnde bofzenastpkthalene, -

In contrast, the conposition of the present

| piveahthedhe aRe RS dlrlvidt SEDOGL . I SereNAHereORbAoPy mdghtN¥ikene, di-
2004/ 052537 PCT/ US2003/ 038222 al um num i ron,

g [ =L NGiaUimy: € I i s aclds . . . )

A@%“ZF%#’%S 62%@ ‘ﬁ‘ﬁ‘.ﬁﬂplj&ﬁ’q' Fhé §lehH%llJy?aWoﬁ a:,entéj 1§1amly include 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, benzy! alcohol, and cinnamyl
alcohol. The alkylation reaction 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.

-12-
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i nclude acyl halide, carboxyl acid anhydride. The
aromati ¢ conpounds nmainly include benzene,

waoaghikaene, phenant hrene and their derivati veeT/US2003/038222

Acyl ation can be carried out at a tenperature from

about 40C to about 300C, under a pressure of.from )
about Oligorbaization Sndhpynedutivara olafine tar aisidycd fragHons for gasoline,
about 60C to about 250C, and a pressure of from about

Liet fuRl, BesPIA0S] anEiFidaiEObRGIGA eTheaatahiat esmpdsition ofthe irevention,
nesoporous silica of the invention, transition netals

such.. alt . .ni . I o
S0t FRREL o i, SRS E5E Ry oo, can e
pl ati num _ pal | adi um or conbj na}j i.ons thqr eof

, | d
 CereRieg SRS FyalePBs A IR of Gl IECl & PRSI PR T A arbon

process such as (1) hydrogenation of aronmatics in
gmanbdriege] greaténthhn thaiee Refuctieretordittbns udapiending g thg $pecific
(2) hydrocracking of heavy fractions such as vacuum

gﬁé?s%dk»s ah& 8t M dduaG! ineRde aémpérttdmndmeifked absi@ 25 °C to about
coal (coal oil); (3) CCR reduction, denitrogenation,

desulfurization, and | QF

pe R S R RS S i

is particularly useful for the t5 renpval of iron, . - . .
ni ckel TheeatalysteampasitiompEbairventign £t beused ey #ls aglﬁ?tb‘f? oxidation
conditions typically include a reaction tenperature o

r ahgzage tompowidouPariodatly paifoned 46 BEse cptabyserapasitfang gpntaining
about 60C to about 350C, and a pressure ranging. from

a%ﬂ%z o @lreih‘égr&\'i@rﬁﬂé'l&tédofr@rﬁ @ehsiB0R nR&dIS incl Lﬁi‘:illf% Fozexah@le, copper,

o) ocarbons (e.g. n-butane, n-pentane, 1-butene

and xyl ene).can, 20 be catalyze ' . he t

o itons HUEHER gheorpp gy ef PR e B AR AT PTG AR, the

i sonerization contain zirconium tungsten, gallium

i eampositiareaentainiag Htaai wiviziga P Rromine; Ko aRbRaNgangse i catalyze
2004/ 052537 PCT/ US2003/ 038222 Dehydrogenati on of : -
s giaxicitiod ofipifias mich@ig dromuaticsaduch a$ pknaythroeauBbriserseand trans-
be catal yzed using the conposition containing mainly

Va8 Mhel JxRiantsdRE {n4fls (GG eadPF include organic or inorganic
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,, FeCl;, H,SO,, etc. which generated a huge amount of wastes. In

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

-13.
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chrom um The saturated hydrocarbon can be, for
exanpl e, propane, isobutane and ethyl benzene. Thegas

woaongloy2space velocity (GHSV) nornal ly ranges peowsif®oss222

to 2000 5 hr-", preferably from500 to 1000 hr'. The

An ressyre n |y ranges from,  about 7 kPa
toedciig'gml 600182 "'“bﬂ‘é#”é@aﬁ%y repiasRt s detvivadids Aeylaienagents mainly
400 kPa The reaction tenperature typically ranges
f r deRludsonsy! Isdide qadboaxiybadid 680Gridpr Eherrablayic koppourtsaniinly include
450 C to about 600C. Hydrocarbon cracking can

advamicaganphthylee phakantifehOd sk ﬂ&zvtaheeé n)((éﬁﬁtiiéﬁecah%e carried out at
cat al yst corrp05| ti'on containing nickel, tun

bt PRI L g Ao ot
ed al gne or ther vvlth zeolites. The :
hy 8'?%&3%8?? RIgh ‘g’éy f@@ﬂ%ﬂ‘i&ﬁo TCoto aopyi 2P ARGt 2ndya pressure of from about 1

cracki ng, hydrocracking, etc. The catal yst
cofpbsbars.on can al so catal yze the cracking of waste
pol yners to recover useful fractions of desirable

cheni caihenMicofftfate® Hpﬁéiblto'af?ﬁls(iﬂ%&ﬁe@@%u@%ﬂﬂa of the invention,
cat al yst for Fischer-Tropsch process

a g%sg?@o'ﬁ%n%%g% %gto%aft,?rﬁgie; @gﬁéﬁ Iqsglstgg,r%y %gpptlons thereof,

zon i nt aj d!bat conver si on-pronoting conditions
of Prable Bela 5,5? gielatinn gral lndium orsombinationsiherasifrprovide catalysts
hydrocarbons. The gas hourly space velocity (GHSV)

magarticiiedy $uichledbolydrddéating Iptm:ess/ suohing {19! ?m@oeﬁﬁtﬁin){:ﬁ'taromatics in
(hr') to about 20 10,000 hr', preferably from about

30@asbline, e fiad Quése?f&@@nd"'ﬁlbncm?@ oﬁlegiétﬂfgg)éé%m%rcﬁ{}#ﬁﬁl fractions

is typically in the rangefromao to abo

por e by (SRR ey s o ops el (roal o ()

&K ally in-the range of about 5 bar to about 60
baﬂ? B fCéJP%!ewtfogéfi*ﬁ@nb@%utfw@b@mang@ienmalat‘mmfhydrocarbons
conposition can be used to effectively and sel ectively

adsoluthingahd dbowt-aentionshbamidas. Deetalutioh $s paialhdy RYNESor the

and functionalized pore wall, it allows various.
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, I-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.

-14-
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5 conmpounds to enter the pores and interact with
functional heteroatom groups on or in the wall. For

WO nekapse7 the incorporated heteroatons can haveriksbsoss222

but unsaturated coordination nunbers, which enabl es

the heteroatons to form coordi nati on bonds V\Mlh

oxy gerPdoAregenating ofsriuralerbinvdeenar gy g isatirgied hydrocarbons can be
sul fur-contai ni ng conpounds, thereby effectively

rambdxied gsing elsecapmpdiondonfaimnng shinkavanadium, den, gdlkenirebalt and
a base-acid 10 interaction. For exanple, the

CRTRARN. | Bk SARLRH Ry BDcALYRLHE, ERRxhRPRYSropshs, fsobutane and

compounds such as cyanuric acid and p-chf or ophenol

f . .As h..th . L4 | |
S0hBure TheapbtnpaieoSrisdBlTRY) RlyERY rifet 36 A0 0 2000

di scl osure-presents a new, type of pesoporous o
l 4
Loransrs

r
nisS optefesatd)p Gloous00 toi 1008 e IngPressvisMeER Bl ranges from
havi ng a randomly connected three-di nensi onal pore 15
SdbolCt MP£1oMboht EQ0nklY, praferalely Sioneshout 7 kBh teatoundd@®ila. The
cost-effective process to synthesize the nesoporous

Sﬂegtit%ﬂtt&lééﬁnﬁ%lgpﬁﬁﬂy ?&Hg@?ﬁbﬁ%}:oﬂ'ntrﬁggk 28l abdut GBg‘Q}{ ipﬂﬁé‘rably from

new diverse catalfytit imaterials. d it provides the

pr.oce s.to applLy.the conposition in catalysis and
s‘g’ﬁétr %&FOWF%%weatures of the invention are
illustrated by the Exanples given below, = 20 X-ray . )
powderHydrbtarhen ¢rsekipacerdyaniagauplydre camiedrais yipg ﬂ?j Inventive
materials were recorded using CuK, radiation on a

Pézitdli(]s@aonﬂwﬁﬁé@cmtﬁfﬁrrgotimumgsaqmq@pnmmw&mm, aluminum and/or
graphi te nonochromator. The sanples were scanned in

t : n .+Ra i e : d al

0D S S s ey sl BueA B MR s it loner
el ectron, m crosc TEM ,was rfor SLNG a, 1 . -
e ook AR SeBh bRk 4 e crciing
fil'ament as the source of electrons operated at 300 W =
Nhydrogacking efst i The datdysh epmposiomecanalsosatatyze the ¢acking of waste

Quant achrone Aut osorb-6B at 77 K Mesoporosity was
Cﬁélﬁ&lg@ttgl@?dé%ﬂ&eﬁh%a&@drfs%ﬁﬁesin&@ﬁ%&m&ﬁtk. Hal enda ( BHJ)
net hod.

5 conposition parts are by wei ght unl ess
I ndic a{‘ﬁedcoorlt'n@o%ft}’gnsﬁn 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 f;*onl 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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EXAMPLE | This exanple shows how to incorporate
alumnuminto silica wthout heating in. an autoclave

woebmars2ssal ci nation. 10 First, | part al um nunpcT/us2003/038222

isopropoxi de (Al (iso-0OC3H6)3) was added into 26 parts
%ueous solution of tetraethyl ammoni nL

h;:cdat@m "CTERORactBBopresipiel istygically e rangeadebout 5 bar to about 60

di ssolution, 38 parts of triethanol am ne (TEA)

tB@:@bi&ﬁﬁrab@ﬁbn&&&%ﬁbtﬂfm%mer were added into the

above sol ution under stirring. Then, 26 parts of

tetraegfy Loxﬂé&sﬂ%'c’ah 68Lsed t6 E%e%nﬁ sele@ekly RaRD 1|)_articular

Vi gorous stirrin cl ear sol ution was Obt al ned.

stirring 1 cOo nued for hou h

Syhnels Pus Rraonas e opggisgirab dfg: bllSus varous
overnight and dried at 9S Cin air. f.or 24 hour s. '

Ficompounds tchenterythe peses andrinterast withdanctigngldickrgeptom SRS on or in n the
for 10 hours in air with aranp rate of 1 Cmn. Fig.

| waloWs: ink@ndtRMeladdrsuratedhttoroamsndaa have/kighdht extatuwrated

at about 1.1 in 2 0, indicating the characteristic
oc?rdmﬁ l{l% r\@'@&{ én%IJtes I ]éﬂe%attérﬁé‘to fohg BbBRARNYonds with
25 reso pea?i or alumna 1nplies that no bul ky

al um na hase f or med nts I A
tPéh%q'?rfé’gWBH" ot sone dings el TEr Ry e R s, thereby
random y connected nesoporous structure. Elenental
aréikstiviely retmowiad tliese compeiinds o stiRRmp.altican ghso kg @ ase-acid
24.8, -17 WD 2004/ 052537 PCT/ US2003/ 038222 which is

C QRSiaSh N tFopet dmpibané adrhgosttfontdagtaliing lalimym ciresinsove toxic

m xture"of 25. N trogen adsor pt ion.reveal ed a surface
ar.ea HOEOh iregl%scms/sﬁch the
amgglinrgg§$%lvn\l£ %%‘Sg ag Fﬂk on cé.nt1esr ed at 4.2

h Fi Th mpl
Bls%ﬁé%lﬁé?@”w%% WF%TBF'HF Pefhmsﬁcwa% SPYSt oms wi th

heating in an autoctave.before calcination. 3.3 Parts

of al uffihaimmensopdisgosireipresmtsa ratdge CAMESPATYLS QTENESO-Microporous

with 42 parts of TEOS and stirred for an hour. A

M gledfe@oRfainlnghdtddbitdm8fhal el 2a388lodly Bonnected 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 8 with steps of
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parts of water were added into the m xture of TECS and
Al (i1 so-0C3H6) 3 under stirring. 10 After 2 hours

wetomyiszsgy; 21 parts of TEACH were drop-w se addetd/usmiogoszs222

t he above m xture and a thick gel forned. The gel was

dr%ﬁ an oven gﬁ% 98C for 22 hours and then
t ransfet PEYSHEB © ‘faat“b‘ETOeﬁwYa(TEi@O@Serowe%BﬁwsaPhﬂlps CM30T

Fi naI ly the gel was calcined at 600C for 10 hours in
ai Hlectmingnicrossopawith ad Al lpakehessthekduncesor diettens ppeated at 300 kV.
reflection at a low angle in 2 0, 15 indicating the

chditagte E«bl‘ﬁtlbl@is@fhef’fﬁ§9&%ﬂ@§suﬂa¥(ﬁf tha! uaﬁ%a@l'if%ﬂ{e%utosorb 6B at 77 K.
anal ysis showed its Si/A ratio of about .

C%@%@B%ﬁt{%ﬂ%iﬁnﬁ décg{ri% f?lf ﬂag\;&aﬁ)gge a Biglg&dél@}lggmethod All

of 799 np/ tal pore voI ume of 1.24 cm /9 and a
naFPPmﬁSWé’gg’ﬁUF éfegays‘mabhwl@ﬁ ipdipated adeayise,. 5 nm 20
EXAMPLE 3A Thi s denonstrates the incorporation of
alumnumand its stability of the conposition. 3
Parts of alum num i sopropoxi de were added into a
bottle with 38.8 parts -1s pgd0 ¥pp#/ 052537

PCT/ US2003/ 038222 of TECS and stirred for 1.5 hours. A

added | Mo TRAERIG e ot F VS hofils BRRTPRingd 2aRh oyt heating in

hours stirring, 23 parts of TEACH were drop-w se
a&Bé‘b‘tqciﬂVSbFE’é %é%’\‘?é“?ﬁ‘ xture and after 0.5 hours
stirring it turned into a clear solution. The

sol ut i dirstidspadtrdledinum isopmperidai AKBOMEMH,) 4 veaywadalniatd26 parts of
then transferred into an autocl ave at 190C for 7.5

d@M %quéﬁu@ abhuioh bf t@%eﬂ%ﬁhd’i@ﬁuﬁthﬁf@@ {rent aﬁ @W §zhlle stirring.

h'a ranp rate of mnin arr anays

xg%%‘st‘;&‘%?'ﬁ/ﬁﬂ it Titundariee 15 Baee gl pars of water were

adsorption-shows a narrow pore size distri but| on

céfdetiatp the abgversglutyon wides etimiag. TherkiZg.pads ofitsitrabthyl orthosilicate
exhi bited a surface area of about 385 10 nz/g, and a
PETEOSpivaremdatd abdrrtvigordds stitrihg. 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 8,
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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EXAMPLE 3B The material obtained in Exanple 3A was
boiled in water for 17 hours, but its XRD pattern,

woean/o5rs3Fi g. 5, still shows an intensive peakpcgiuRdosnss222

to the original material. 15 It indicatesthat this
co [ er abi | i t

£ o TRRA s LARAAR M be B Pt O RL s R Rle i B ifhogen

rrat rial obtajned in Exanple 3A2 was cal ci ned at 900C

! 'OBG?anl agRpiacoChHet & M /E.m4 §lal Byregpjunie efiloidkem?g and a

an i ntensi ve peak, indicating that the nesoporous
st nargpvumesopeasdiptribstov eshterddass. 2 asykhowmidiKigt®es t hat
this conposition has high thernmal stability tip to

. 900C. _t9. WO 2004/052537 PCT/ US2003/ 038222 EXAMPLE 4
~ This is an exanple to use i nor gani ¢ -het er oat om sour ces -

to incorporate alum num gmttg 7.2 Parts of
i“ss

al um num ni trate nonahydr at ol ved into 20

parts of . water. Then, 61.4 parts of TEOCS were added

and st i Fhiagxareple gemongiiates thownsermeration of heterostonistitteleaging in an
parts of tetraethylene glycol and 24 parts of water
wentodalade fora tacinhiom BAvRartsa Haluntigun isgfeopcsiderwérd Gdded into a bottle
After 1 hour stirring, 49 parts of aqueous solution of

t ek TtReD By SSIDEDS T Y% §n ﬁaﬂ%xﬁﬁe@to@v R 0298Rdnd 25.8

and after 0.5 hours stirring the final m xt eturne

B I e SRV

180C for 3 hours. Fi nall)i_ it was calcined at 10 600C
f oMt RS Sirging2 laparia b TEAQH gtere droprvise 4ddedinto the above mixture
El emental anal ysis showed the Si/A ratio of 15.3. Its

XRidpethickigal fovaed: dThegel iwak efigd itarpewdn ad D3 A @122 lhours and then
degree in 2 6. Nitrogen adsorption reveal ed a narrow

SO0 88 L YOO PG ALl o
PBB°C for 10 hours in air. |
Fig. 4 shows its XRD pattern with an intensive reflection at a low angle in 2 6,
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

-i8-
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1Tn alr.an

vol ume of about 1.02 cm/g. 15 EXAMPLE 5 This
illustrates the incorporation of vanadiuminto silica.

wo 28|re523f vanadi um (1V) acetyl acet onate was adoe82003/038222

into a bottle with 41 parts of TECS and stirred for 2

ho . mxtu of 3Q parts

oo RS eSS s trBiaisS o pari it Bkt 21 s of water
stirring. After 2 hours stirring, 20 parts of TEACH
wavsaschdded it the atideadmixitre undes stiaingy éfier Rthones stiming 28 garts of
0.5 hours stirring it turned into a hard gel. The gel
WEEE AQHAvét drop2@isWed 04100k ibdle RENLESRIAQAHPB 8 Dddrs stirring it

roomtenperature for 24 hours and dried in an oven at
.1Q9r9e8"f'1ﬁ5§ ?41{- ci"’lpt‘?lor{ hﬁﬁs ﬁn‘c‘s' %an@& in aQuOoQ 39{ lddld‘ﬂi"ﬁ%ays and
& ur ne |n 0 orang

nment al al ysi s shovved N ra |o to be '
F. en tfﬂ%SFF&ﬁg AN REYeC aki%\f“t]e(’ron ?x)rt'lnS OV rﬁ"a%br%ab'éaa\%ned at 600°C
for mesostructure and wi thout any peaks from vanadi um
5 foxiGkoyphasths. rafptrateg€h° Gdsonipait.on showed a narrow
pore size distribution centered at 4.1 nm a specific

sur f ac ElahefaldnaBlRiehoB&btheRl/Al ratiddo Be PORE FYRIsWKBwWefits XRD
about 0.91 cm/g. EXAVPLE 6 Here, titanium

d i | .
E’t%gg:(l?lgelﬂ{ V\%rgﬂlt% §w9§§£§51§1§{t%%& adbc}lipfﬁlg Q{'sh:} gptf?cﬂzv <§'1-‘(e51 distribution
TEOSa irred for 2 h re. of 25 part
ofCCTHEIR a”ﬁz o, gspregeniad | A5, v@wg] ealavggeﬂﬂmr ceRERAabaut 385
m xture under stirring. After | hour stirring, 18.5
pan¥s aofl apEACH wee ef aroap! 32 se*/gdded i nto the above
m xture and after 0.5 hours stirring it turned into a
thick gel. The gel was aged at roomtenperature for
22 hours and dried in an oven at 98 C overni ght and
then cal cined at 700C for %9< PEBEP inair and

er e

finally turned into white po nment al analysis

showed the Si/Ti ratio to be 49.6. Fig. shows
XRD  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 material.
It indicates that this composition has high hydrothermal stability compared to other

mesoporous materials.

EXAMPLE 3C
The mat-erial obtained in Example 3A was calcined at 900°C in air, bu; 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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pattern with an intensive peak for neso-structure and
no resol ved peak for titaniumoxide. N trogen

woao@tosze37i sot herns are shown in Fig. 9, whi chpeensfesoss2zz

pore size distribution centered at 4.7 nm shown in

Fig. 10, a specific surface about 917 m /g,

and a total 20 pore vol urreE%Fﬁ\zBlgEtA* 0.84 enB/g. -21

WO 2004/ 052537 PCT/ US2003/ 038222 EXAMPLES 7-9 Here is ]

a denprdtsriaan exangile fhusq mewapisrietarenionssontpee & incorporate aluminum
different heteroatons. 42 Parts of tetraethyl

orifitoaiickl Zatharts SERMinem ety aenabytidWepadit®add into 20 parts of
triethanolamne (TEA) for 1 hour to get mxture I.

\V/? ' ' i 5 P
o 6\)&?«%‘; ?hfﬁ‘%tﬁ\(g@sﬁ?‘%g’?ﬂ, 0 R¥rdisasg &Nc’b%?{&g%\‘?ggﬁ-ﬁ%m Another mixture

wat'er,

DR et 54l Y e of Mt Sl v
respectively. Mxture Il was drop-w se added into the
minkxwreundeustiteng.s Aifier il hgur wiirtieg, 4dprrsefiaignens sbkition of

| and Il were stirred for 0.5 hours, 24.5 parts of

t edtfaagily nds BRI Ny ardXYEH (DHABHYES 124 Warewdded ardfighed 0.5 hours stirring
while stirring. After being stirred for 2 hours, the

t eeﬁna'lﬁnffhwegﬁ?i}éﬁg P%qgﬂgjggl.gfﬁe:%o%stﬂieﬁ?n Gh 89%;16 at 100°C overnight

solutions an ni-um hydr oXi

(27-30 wt/ s added. After being stirred for, )
Rt ﬁ@ﬁ irgnslergrebintg sLaviplats de SREEdoRh Ewréaﬁrgﬂ“aggavas calcined at
overni ght. The mi xtures were dried at 98 C for 24

hé04@3C ford Odsauts with aeainp rtoofit 1@higét air. The dried gel s

were charged into autoclave at 180C for 2.5 hours and

final | Elevhea agallsik Basivad the GHA N rRticPdf 15,91 1td KR Phtfern dRowed an
Fig. 11 shows XRD patterns of gallium zinc and :

LHEGNURELBoGL| ket 2ORALSHy BT ST glnpy poc e
and chem cal conposition of three materi al g WO

. =22 W .
2 A bysion eentered a5 oy aFpgeifio surface area of abou?786 m*/g, and a total pore

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

.20-
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Table 1 Mesoporosity of gallium, zinc- and
tin-containing silicates in Exanples 7, 8 and 9,

woefmﬂlsissvel y Exanple Heteroatom M M cont ent PEr/gBh3/038222

WO (W% (nm) (nr'/Q) (cm/e) 57 &G 1.3 4 830
9 b

< trégs]n t@l} éé}arhre or 5? glgr% aﬁg dg%t% an g vgré 5te @]IOf I%govgﬁnqg acaéld lHPen calcined
are for togal ore vol ume. 10 EXAMPLE 10 This
ﬁ%ﬁ’ & bedBheprsdn ay apg énghlwpteéﬁ%tsl%anaﬁ@awﬂélf ation of -
tvvo types of heteroatons into silica. First, 2.7
parts dilemental analysissb@weptheiSdd rase & I 5esl ng: A sBo8Sits XRD
parts of vanadium (1V) acetyl acetonate and 34 parts of

- T gatia@tvin aPiitdneivk bkfetd® nfelbiRt utankRvigfRiut Ettfsepéa'kﬁ %m vanadium

- m xture. The second m xture contained 34 parts.of

t.he secaon
e B, i oeem bt et arﬁawmpe%ﬁa%ﬁmé}%u}f@? PR pgptered at 4.1
After stirred for 1.5 hours, 16.8 parts of
C € AR AT TSIy aPOI s s andh pRyo e okt 0.91 crr/e,
while stirring. The synthesis m xture turned into a
thick gel. The gel was statically aged at room
tenperature overnight, dried at 100C for 42 hours and
then heated in an 20 aut oclpywgvet pl$0C for 3 days.
Finally, it was calcined at 650C in air for 10 hours.

Fig. 1 e XRD pattern of t
Vanadi TEEOPAR e R R EmORg bl d PR TR REY) butoxide was
revealed that it had a narrow pore size distribution
arfgdsintoa beiile pith\drparts ofT§OS pay stimedsfor Reursarfemivre of 22.5 parts
about 433 m-/g and total pore volunme of about 1.25
crif TEA EdeYVaatialof anel yairsadilod wesl tHehbbvéSinidiretndsr Hirdngl After 1
SiN= 49.1. 25 -23
hour stirring, 18.5 parts of TEAOH were drop-wise added into the above mixture and
after 0.5 hours stirring 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 surface area of about 917 m¥g, and a total

pore volume of about 0.84 cm®/g.
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- ana ys s showed that t

WO 2004/ 052537 PCT/ US2003/ 038222 EXAMPLE 11 This
exanpl e denonstrates the preparation of Fe-containing

worenrpersus silicate. One part of iron (111) pctastmsn3s222

was dissolved in 5 parts of deionized water and then

added to 27.4 parts of te thosilicate

(TEGS) and stirred for %W%yﬁﬁﬁér solution 5

consi sting.of 19.8 parts of triethanol am ne (TEA) and

30. 4 pditE ivd defepnstrbLOiihe Bicommeration of threscifargnt heteroatoms. 42
drop-wise into the first m xture. After another Ili of
stRarts iofi (gtragihy Poyplansilsalef( TEOS) mast thixked mith ri0ypaxth yitrziadelamine
(TEAOH) were drop-w se added to the m xture. The

- fl(mam)h&npgﬁne@ua rﬁ@&@eyeM&Y&a@w& gf&Baﬂé@ﬁ a&eavﬁtg heteroatom

roomtenperature or 24 hours, drie at 100C ftor.

o 0 A, S 308 St

pattern with one intensive peak at a | ow angl e of
at&b%?artsoofam chlgridergse usedrfor Ezganmﬂe% Frssand O ragpectivelly. Mixture Il was
characteristics. Elenental analysis showed the atonic
r atrop wide ddidédFimntovit®e di@uuBe 1 bideVkidirink e Afipete cosbiney niikiuges I and II
15) showed a peak around 220 nm representing the

f Q%rre et LionBlschuid, 8.5 pARd OP{eﬁ'Qetﬁ‘ylm%hﬁﬁ{ hi REBREWelLdPop-wise

0-350 15 nm representing the octahedral

r,d on .of iron. i.n the

gg?dp‘t"ﬁg%“‘rﬁgasﬁ\ﬁéﬁ’éﬂ?% igsrClar R ESvRah b ues aressen
of about 630 ne/ the average nesopore dianmeter of
awgeerved © hﬁﬁlwﬁoluw@ apg)finaly .5t el angnenivpdydraxidefgeé-30 wit) was
of about 1.24 cm/g. EXAWMPLE 12 20 The procedure of
madialy AfRedmivigadtivied Jorsdrotheal oins, the Miktares werd Naticallp aged
Exan'ple 11; however, only 0.52 part of iron (II1) -

Nigh bRk gh e fie Hﬁ%res'%ﬁetr@ﬂ ri&Pde 9 ﬂ@tf 1% ho'ﬂ%eﬁlg e@&?ﬂh?éd into dried gel

e po as a e atomc
i o of 9 i tro r 2004/.052
e Hted el trn St AR A §V§ LB Gt Rage i daany were
580 n?/g, an avera{g gore di ameter of 5.96 nm and a
calcined at 600°C in air for 10 hours.
Fig. 11 shows XRD patterns of galiium, zinc and tin-containing silicates prepared

in Examples 7, 8 and 9, respectively. Table | presents the mesoporosity and chemical

composition of three materials.

22
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25

pore volunme 1.82 cm/g. EXAMPLE 13 5 This denonstrates
the preparation of Cr-containing silicate. 1.2 Parts

wof00408233m um ni trate nonahydrate were di ssol vedrius2d3ess222

parts of deionize.. water and then added to 26.3
parts of tetraethyl orthosiliggie (TEOCS) and stirred

for epc%g{os:%AP%ﬁilél%E& ne- %llyﬂrlé%ﬂ%_ﬁ§hc§¥e§ F %gae p%s ‘P% i]g!sJ I(c):gpecm ely

triet

matgaampnéﬂerenéta&awmced drmonwnﬁe intoghe above
solution. After another 1 of sti nﬁ.l ng, 26( ,g;o (cm/g)
parts; of tetraghhyl anmoni um jwydr oxi de 4 wepe 0.71

addeck drop-w septo the m xtluge The fsnal horm@eneous 0.69
pal e green sol ghi on was agegh at room tgnper at urgofor- - 0.67
24 Dhaafstor potl didted 8,1 BOLedify sufsde OV S, foRrBIRN pbie Melrhey '
cal cined at 650"C for 10 hours to get a yell ow sh

orange powder containing chromum Fig. 17 shows the

XRD pattern with one intengikwavipeBkoat a | ow angl e of
about 15 0.52.2 representi ng the.neso-structural

Shovea T b ER Al REOE SERERLEARTARpma e B by of

representing the four _coordinated chrom um and als
R SR R TrAfTtS @PRIUBUHIN frgPioReXide taTreaNGY With 0.86

coordi nati on of polychromate (-Cr-OCr-) in the silica
mpants of vahladiaog 6V padetyiacetmatkiand 3d pags phiegadtled otthesiBit (TEOS) to
surface area of about 565 nR/g, the average nmesopore

2Qcth MRk &lix@fe. Th8 Geddmt hetkturdtdhtatn®) 34 of Te At} }Jarts of
pore vol une of about 1.54 cnB/g. -25 2004/ 05253

P%ﬁ%ﬁﬁ%{% %%gg ﬁ nu%.@’f’\}z@d?o% ‘|$ Je%(iﬁtg Lfﬂeeﬁr%{il;( mlﬁ're NHder stirring.

Icate IS SI

;  however, ts of chromumnitrate were
uée‘er strFgdetor &4 laurf»'atl ﬁérpdrtﬁ Rétcipehlamgionym hydrexide were drop-wise
showed that the powder has a Si/Cr-atomic ratio of

48dded \Nutersmgxemg dhisosyptliesis niixsihowetdspeai thick gsliThagd was statlcally
area of 572 -/ g, pore dianeter of 2.35 ntn and pore
VQééHTﬁ r&m temperature overnight, dried at 100°C for 42 hours and then heated in an
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*/y. Elemental analysis showed that Si/Al = 13.5 and S/'V=49.1.

-23-
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1.7 cm/g. EXAVPLE 15 The preparation of the
conposition containing Mo is denonstrated here. 1.6

woaod4ms2380 -of ammoni um hept anol ybdat e t et r ahydpat®szo03/038222

sol ution [(NH4) 6M70, 4. 4H20] were dissolved in 5

parts of deionized water angxt(ﬁg qzed to 27,1 parts

of tetraethyl orthosilicat %S? nd stirred for 1

hour. Anather solution consists of 19.6 parts of '
tri et hahyp s¥armRle dymapstegies tBopreppration obFe-awitginingodesoporous silicate.
wat er were introduced drop-wi se into the above

soDu¢ parhof iAfrt @H) ainatdwens disdodend 106 patts bF HelgnizdP whidpand then added to
of tetraethyl anmoni um 15 hydroxi de (TEACH) were added

drop4 Wi -4 | : i Nal e S »
e e [T M SRR PP BRUES ABBler solurion
hours. ..dri at  100C .for 24 ho .. and finall .

o ESatE S POty ot Bndamuat5 B eoa J0ees ol deigrized water were
Fig. 20 shows the XRD pattern with one intensive peak
atIngodusad drap-wisefinta s tirst migue, Afterapethselit ofwirting 16.2 parts of
meso-structural characteristics. UV-Visible

s pegietiodanmynium BydroXide ZTEASR) Weer& dRpakisa h@dHItoROmbiure. The
representing four-coordinated nol ybdenumin the silica

T RSB O S YL 008, 85024 b, i
DR ERA 2 ) LB ERRPRLE, A BTESSH oSt vt

volunme of about 1.31 cm/g. EXAMPLE 16 5 The

erﬁ’(:‘@GUre of maki ng Mo-nesoporous silicate is simlar
to that in Exanple 15; however, 3.9 parts of ammoni um

hept amfiy.bdl shevd e DERIY pans@ vl steliBRnsive peak at a low angle of about
[ (NH4) 6Mb7014. 4H, O were used. After calcining, the

el(ﬁmﬁlr&tp?éo@hq%g@@ma%?m&ﬁ% clw%'gﬁeﬁ{?w.efilel?%ﬁnae} a %J/yg{ts) showed the

atom ¢ ra 0 trogen ‘adsofption indicate
565 m-/g, an average pore’

speci fic. surface area of L

o1 aftion ! SRSV A S S VOB P16 B frescoPy 6 iga15) showed a peak ardund
220 nm, representing 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) nitlratc was used. After calcination, the elemental
analysis showed that the powder has a Si/Fe atomic ratio of 98.6. Nitrogen adsorption

224.
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10 cnB/g. EXAMPLE 17 Sinultaneous incorporation of
both Ni and Mo into a nesoporous material is

wdeomrstzat ed. First, 7.7 parts of nickel (11)rortusatosioss22z

hexahydrate and 32 parts of 15 amoni um hept anol ybdat e

§ro%|% gttrs?%cl;ﬁ% ur?af% afc'e% lé;%par&sgn ?v%{%% rpt ?gfap\@?ér%rt"s 96 nm, and a
orth05| licate (T OS) were added into the above
s OPUE VelmMend®% CRGor ous stirring. After stirring for
1.5 hours, 40 parts of tetraethyl anmoni um hydroxi de
(TEAOH) were drop-w se added while stirring. The
synthesis mxture turned into a thick gel. The gel was

- statically aged at room tenpgnpajprre120 overni ght, e
.dried at .100C for 24 hours and then heated in an P

aut'ocl t 18 3. _ho t

e or oL tis Berodraei P reedatb or G iings ARy & fﬁ%‘*fs of

WO 2004/ 052537 PCT/ US2003/ 038222 The XRD pattern

t hiehirpmitem nisesiseanabyba veaie fisealved ipy prsiief AFionisu hd‘tef agd then
degree 2 8, indicating the characteristics of

mesdiea ke 6.3 patteof tatracthyltorthgsiticae FEMS) ol stiened dbs1 holratAnother
it has a narrow pore size distribution around 2.3 rim

3Of°d‘i{1t§ (f%n?igﬁ ?f % thkl’QHf m@@én&gﬁl%e (?E?‘x) ah@babh ;ﬁ?trs%f deionized water

out . El'ement al "anal ysi’'s shows

w&;glg%dﬁe%p? &% t |n %ggg tIIOé‘l% é%r &g?l%\%u?of stirring, 26.2

si mul t aneous i ncor por at| on of both Ni and Win
nepotsordetmetylammaniumphydsexide( TEASAR) wewsradded fé@np MSF jo the mixture.

nitrate hexahydrate and 35 parts of 10 ammoni um

metrhé Ang Soaiogelvods pile grensollitiss olay agkd atroond 2er8pgratutesfor 24 hours,
of water under stirring. Then 50.5 parts of tetraethyl

or fht?(?osﬁtl 1i06'% gje r OGRS, Y1 Bn @%Qldeﬂh??ﬁd‘@ BPPY Rours to get a ye?lownsh

rvigorous strrring. After stirring fo
1 5 hours, 30 0 gﬂrtﬁgof t etraet hyl ammoni um

hy B84 BRYider §oRfa eMbited while stirring. The

synthesis m xture turned into a thick
Fig. 17 shows the XRD patiern 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 mzlé, the average mesdpore

diameter of 1.96 nm (cf. Fig.19), and the total pore volume of about 1.54 cm’/g.
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gel. The gel was statically aged at roomtenperature
overnight, dried at 100C for 24 15 hours and then

woeead4@d2s3m an aut ocl ave at 180C for 3 hours. Feoatus¥03/03s222

it was calcined at 600C in air for 10 hours. The XRD

pattern of the final powder | ntensity peak at

around 1.0 degree 2 6, indi@g‘gpﬁ)&?ﬁt characteristics

of rresoq,ﬁr ous material, N trogen adsorption reveals

that it 'HABIoseHHF PHNABBLLIsmpsorgress silisateiipsinalaoterthiatdn Example 13;
nm a surface area of about 649 nR/g 20 and total pore

vohowevenf 1. 3bparts df.cBfoncinn? gitrafel werental. Afa!cYBinatish evSelemental
the final powder contained 6.4 wt%of Ni and 12.0 wm %

of alysigshoWed 2040 %%@f& hECTSHE2 AR 0RRR242 40%{7&%§soqﬂion

The preparation of a palladi umcontalning ca

de rated. 65 Parts the material in Exanple | -
wagp‘%(desﬁg%g? A e&aﬁﬂtc’sf%fJF 8, BOE SRR E P! 355 BEled Ppis volume of
this mxture to allow the resulting catalyst to be
ext/§8EE: The catal yst was calcined at 480C 5 in 5

v/ivimn nitrogen for 6 hours foll owed by the

repl acenent of the nitrogen flowwith 5 v/v/mn of

air. The cal cining was conpleted by raising the

tenperature to 540 C,  mai ngai ANpPEtRat tenperature

for 12 hours. Pall adi um was 1 ncor porated by

i mpregnation .t h agueous sol ut.ion qf  a pal | adi um ,
Lot aar fioSRyEtoref Re BBt ion Frtaining e istoes atsbhre. 1.6 pats
dried at 120C overnight and calcined at 300C in air

f o?f e Renipa heprandlybedafe tetraldyate solotibm N1, BMatOge 4H,0] were

of pal | adium surface area of 630 nR/g, particle

dedisdolweddh 5(afs ofdsibnizeddratep i thed b8de 197271 phits 6MBfrfethyl
EXAMPLE 20 Al kyl ati on of naphthal ene with 1-hexadecene

SRS LTEON) WSk b Aha PN EBligeor 1. pnsor
| oaded in the flask: and

3o Ghos R oS e e Ao-vise o
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 the-ﬁleso-strtlcttlral cﬁaracteristics. 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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catal yst was cool ed down to 90-100C under nitrogen, a
m xture consisting of 6,5 weight parts of naphthal ene

weanw4adis2parts of 1- hexadecene was injected i nt 8CTS2003/038222

flask under stirring. The tenperature was raised up

t 5 a1 he. reactinon 20, m xture

e R e b A W (S T ArbernCstal e volume

c%l um. action results using different catal ysts
St RIS Table 2. - 20°WD 2004/ 052537

PCT/ US2003/ 038222 Tabl e 2 Napht hal ene al kylation with

1- hexadecene over different catal ysts 5 Catal yst

Conposition Reaction tinme Naphthal ene conversion

Selectivity* (hr) (%9 ExagxMqpieds/At = 24.8-4 25.6 .

'57.6. Exanple 2 Si/Al 24.5 4.5.27.3 56.7 -Exanple 3A

Si/A s . 355 The selectivity. refersg to )
the selieprgefut rfheklie Memearne fiscliltis iy Bhibat rxample
EXANPLE 21 Egei edel -Crafts al kylation of benzene with
cHP Ot VPRSP O BRARLTS Aentamelybdaig tetrabydrate salytieni ¢
stirring. Catalysts of Exanples 7, 9, 11 and 12 were
uSQUL)M P 1= 46507 teredBed a fibryaicining thodeaentalanahgis showed that
flask and heated tip to 180C under vacuum for 4 hours.

Atfegpowdeh BasCASiAVY Stonie Pat Y1368, AAWHedrds éiUfg?rﬁﬁcated a specific

nitrogen, a mxture consisting of 102 par

OSSN R BB Py e W SR B g vl .

congtantly kept at 60C or SOC. The reaction m xture
Wi /&nal yzed by gas chromatography with WAX 52 CB
colum. Reaction results using different catal ysts are
20 summari zed in Table 3.

EXAMPLE 17

E Sinwltaneous incorporation of .bolth Ntand Mo into a n&csopor‘ous material is
demonstrated. First, 7.7 parts of nicke! (II) nitrate hexahydrate and 32 parts of
ammonium heptamolybdate tetrahydrate were dissolved into 54 parts of water under
stirring, Then, 67 parts of tetraethyl orthosi_licate (TEOS) were added into the above
solution under vigorous stirring. Afler stirring for 1.5 hours, 40 parts of
tetracthylammonium hydroxide (TEAOH) were drop-wise added while stirring. The
s_yntﬁesis 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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30 WD 2004/ 052537 PCT/ US2003/ 038222 Table 3
Benzyl ati on of benzene to produce dipltenyl nethane

wovard/deifzferent catal ysts 5 Catal yst Conpositi 80r/us2003/038222

Reaction tinme Tenperature Conversion Selectivity

(16n0n ) "ﬁl@)l(lg]_’@ff(té% of E@%Al%o% lgg'log‘/% %8%1%)2%&9( ﬁ%[ound 1.1 degree

Si 0 60 100 100_10 Exanple | .I Si/Fe=50,1
oﬁ?ﬂ%@@tm AT APPSR b TIPREoRR B reveals

9 Si' Sa=46 240 60 15.8 100 15 EXAMPLE 22 Sel ective

oxthetat hasra refrost oyt bieadistribition aceindgh2none swefsce area of about 633 m?/g
performed in a flask tinder nitrogen with stirring.

Cadualiytat sored olﬁﬁﬁrﬂfﬂasmt@% dd/ang | keI i8R Gho M ehe final powder

: part of " the catal yst was activated at 180C for 4

&?an%ﬁ%efwt ng%d?gnsﬁgﬁiﬁme cool ed dovin 20 to

re c ng of 100 parts of
acetone, 82 parts of ethyl benzene and 9.5 parts of
tent - butyl hydroperoxide (TBHP) were introduced to the
flask under stirring. The reaction m xture was
anal yzed by gas chronat ogr apKpaMPLE IBAX 52 CB col um.
Reaction results over various catal ysts are sunmari zed

i n Tablghidexahi Berflonkbrafed RMRIIBINSBuLIncOpBYARAMF BB NPand W into a.
acet ophenone over different catal ysts. Catal yst

OBl 555,14 ERBEES GuRENG M g 3 oo

94.5
ammonium metatungstate hydrate were dissolved into 42.3 parts of water under stirring.

Then 50.5 parts of tetraethyl orthosilicate (TEOS) were added into the above solution
L}nder vigorous stirring. After stirring for 1.5 hours, 30.0 parts of tetracthylammonium
hydroxide were drop-wise added while stirring. Th;a SyntllésAis;'ﬁlixture' turned into a thick
gel. The gel was statically aged at room temperature overnight, dried at 100°C for 24
lhours 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 peak at around 1.0 degree
2 6, 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 wi% of Ni and 12.0 wt% of W,
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Exanple 13 Si/Cr-130 480 air 80 73.6 95.3 Exanple 13
SVCr-- 130 480 air 60 54.7 99.3 Exanple 14 SVCr- 40.3

woaw4a525380 67.3 92.9 Exanple 16 Si/M=39. 8 380Taisr008038222

24.2 58.9 35 -31 WD 2004/ 052537 PCT/ US2003/ 038222

EXAVMPLE 23 digonerization - e was perforned

in a stirred batch reactor. g%‘h“i“‘g@g?% yst of Exanple 2

was use@_lf In the reactor | part of catal yst was

act i vat e BBsPHdEN ¢ palafinhientagyeg cataly200as danoitrated. 65 Parts of
hours. 25 Parts of 1=decene were added by syringe

urfb¢ watenint mdgpemlé dOwvas thiked @RBBISPArYVARINGAL ﬁdcﬁqat@xul'% a@&ed to this
150C for 24 hours. After the reactor was cool ed

-t hRixRhe e o W\Bs 8y @ﬂal?%(_{ 59 B2 eﬁﬁ{#ﬁaﬁﬂg F&gg)gﬁ C)glgﬁged at 480 C

with a WAX 52 CB co eac est

nd di.ner, sel [ i S esented in
q@\rﬁ’r’@m? B%PaB j Lot ‘Bﬂ‘lfbgqi’é’ﬁveﬂi?yi%fea Cqmens @6 His niegen flow with 5
di fferent catal ysts Catal yst Conposition Tine
TERFBIRELAE Boriagisingvas conpletetberadsis) thalteadgersud 3580 C°,
12.6 Exanple 2 Si/A = 24.5 24 150 25.8 20 EXAWVPLE

24nahatyinatg that tefapermaird dxyrrefuld) ?E*zﬂ?]ﬁ@iuhpwas mcorporated by impregnation
2-acetyl - 6- met hoxynapht hal ene is perforned

St eﬁldaqti@é&rboﬁﬁﬁaﬁto‘? apall E@mfnelgt%a%m%fhp P%MS{& 'Phe extrudate was
cat al yst's nade
then dried at 120°C overnight and calcined at 300°C in air for 3 hours. The final catalyst
has 0.81wt.% of pailadium, 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 I, 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
stitring. The temperature was raised up to 200-205°C and ke;):t constant. The reaction
mixture was analyzed by gas chromatography with WAX 52 CB column. Reaction

results using different catalysts are summarized in Table 2.

-20.




Exanple 2 is heated at 240C under vacuum for 2 hours

and then filled with dry nitrogen. 25 After the
woeem062537 s cool ed down to 120C, 250 parts of detal2o3/038222

(as a solvent), 31 parts of 2-nethoxynaphthal ene, 42

parts of acetic anhydride and 10 parts of :

n-tetradecane (as an intern [st andard) are injected

into the reacto Aftl_[ 6 ho elgeaction! t he reactor

mxture -32 vﬂ*%“é‘if BB yitEheradesotrrsy I matrapiysts

anal by GC-with.a 52.CB colum, and it is o

f oun étﬁ At the o r?\sftef?nsm?ff“?ymﬁet HERYPRsIREtssinRe  Selectivitys

. ( . . ) (1) Al (%)
r eaghgs30- 5% Wit ;4Q0% sel e |V|tyt02é‘étyl 6
met hﬁoﬁj)?/pna ht-ha\#éne. g EXAMPLE 25 Oxi dat i of?0f 576
cycl'8H&amol t &/dytéhexanont’ was carried2duit 'in a - 567

sti Exaegllebat ch swgaober. The geactor ‘with {gpart of

Camsyls&iﬁtyir&ex@%Qﬁe%geéﬁt'ity]tg\gﬁsHoMﬁ_l}lary Hyfﬁletlgr 4 hours
and then filled with dry nitrogen. Arter cooled down

to 55C, 100 parts of acetone, 10 part of tern-butyl
hydr operoxi de (TBHP) and 7.5 parts of cycl ohexanol
were introduced to the flask; and the reaction
tenperature was kept at 55C. After 5 hours reaction,
the reactor nmixture is aneKfpMBRLEHYl GC with WAX 52 CB
columm; and the performance of different catal ysts

was s uifmedel-CerdtsialicyTatines fhenzBabivith @hibPotRskdRtvwRRoRducted in a flask
.cycl ohexanol to cycl ohexanone over various catalysts

Gafti2 hisghetfeQiRsd, (CQRyHSBPEL . Ly

o B ighet! y (R0 (hT) ¢ 0/§ ﬁgéﬁagﬁﬁ%%ﬁ‘%ﬁ%%’@“ of the
%M%ag éogaged RRRLE 49 h%la(em)nﬁ t(;e’ ?80§C5u§1desr v%%iu?m %gr 42 l?ours. 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 fiask. The-temﬁemture

was constantly kept at 60°C or 80°C. The reaction mixture was analyzed by gés

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

summarized in Table 3.
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The material of Exanple 17 was eval uated for upgrading
Paraho shale oil at 68 bar H2 and LHSV of 2.0.

woeewmiis2337t enperat ure varied from 260 to 400C. pdinars2003/038222

shale oil properties are given in Table 7. Product

properties after upgrading aggg 'slﬁrrmari zed in.25 Table

S. -33 WO 2004/ OSiES? PtCT/U 038222 Tak%l e 7

Pr opert i es 35?3’ ok R ahigPrdes firkeaypiethancvenditierent capalysts
F—F—5—Hr a0 wt—04-4+1—4.9— Ahfrnnan Wt 04 2 2

Ca‘t’al—'_'ty o SIiOR.. eartio em e n Selectivy
Sul TS 06 f%ﬂ? Ar s e IO iRy 37 caper pBeriERPR 10 ity
I aloal BN ’) /I Rr nm ne HIBE]QF 45 _AQI)_” Mol P((t/ﬂ)_at (%)

V\éhég AEPISt7 o s per #tecule 0.8% 15 Si msGt ed 100

-Di stihpiatii on 9288701 5% 239 030% 373 - 5% 432 TH% 491 . g .

20- BX59ple t1 Tablsgra3s0.1 - 150 60 100 100
Example 11 " SifFe=50.1 60 80 97 - 100
Example 7 Si/Ga=71 2490 60 64.9 100
Example 9 Si/Sn=46 240 60 15.8 100

EXAMPLE 22

Selective oxidation of ethylbenzene to acetophenone was performed in a flask
under nitrogen with stirring. Catalysts of Examples 13, 14 and 16 were used. VOne 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 pmts. of acetone; 82 parts of e‘tﬁylbenzene and
9.5 parts of tert-buty! 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 difterent catalysts.

Catalyst Composition Time Gasflow  Temperature Conversion  Selectivity
Example 13 Si/Cr=130 480 Dry N, 30 68.5 94.5
Example 13 SilCr=130 480 air 30 73.6 953
Example 13 Si/Cr=130 430 air 60 547 99.3
Example 14 Si/Cr=40.3 480 air 80 67.3 92.9
Example 16 SiMo0=39.8 360 air 80 : 242 58.9

-31-



10

15

20

25

Guard Chanber Processing of Shale G| - Product
Properties 25 Tenperature Bromine No. Iron N ckel

woanredrszs3dul fur Nitrogen (O (ppmw) (ppmy) ( WPCTAAR2003/038222
(PPmw) (PPmn) 260 0.7 3.5 1.95 5.3 0.63 1.98 290

<0.1 2.6 1.85 4.2 0.57 1.89 30 315 <0.1 2.0 1.61 3.1
0.48 1.78 370 <0.1 0.2 1.3 <0.1 0.25 1.40 400 <0.1
<0.1 0.1 <0.1 <0.1 1.18 35 ER&MRIA 2t i on shows t hat
the catalytic material of Exanple 17 is very active

for ol ebigomedsatiombdf Ddecene iy pdrfdrined PR s ¥iicHs@hotor. The
deni trogenati on, and desul furi zati on. is also very

It
B L A et oAV v by g
PSSR M B B i Dot

feedstock consists of a heavy neutral distillate
havireggn flave Phaysestidnexasganied ouhat AR @ 2B &oots, After the reactor was
together with the properties of the oil after sol vent

5 cdelodXiong, the prokRic: waskmaBeEdby §AIIMN RS ra @@} Vit 8WAX 52 CB
such as Autopour). After sol)\,/gnt dewaxt nlg,gy he s

ni ' istillate . .

[ OLRRETTHALERL bl AU aR T ADoh B BBt et By is presented in

trrgfs Fe'ective is to increase the unconverted )
8 al's VI level to the 95-100 range while

maxi m zing lube yield. Table 9 10 Heavy Neutral

Distillate Properties Hydrodgahlem % 12.83

Oligomerization of |-decene over different catalysts

Catalyst Composition Time Temperature Conversion
Example 2 SifA1=24.5 4 150 12.6
_Example 2  SiAl=24.5- el 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 hm;rs and then filled with dry nitrogen.
After the reactor is cooled down to 120°C, 250 parts of decalin (as a soivent), 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

.12,
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Ni trogen, ppm 1500 Basic Nitrogen, ppm 466 15 Sul fur,

W %0.72 APl Gavity 22.0 KV (J 100C., eSt 18.52
weao@pamsesron, W % 20 Paraffins 18.3 Napht henger@22003/038222

Aromatics 49.5 Sinulated Distillation,w% C 25 |IBP

405 5% 452 0% 471 ,.95%.586 .30 Sol.vent. Dewaxed Q | .
SROBERERLDY F Wk GORAX St B inn. g 8 Foll Refage pofpyersion of 2-
53 Pour Point, CO Lube Yield w %87 35 -35E W
208405 a3 Thabar reshen 3604890l 1 00%selgrtivity togt-acety-6-

processed at tenperatures from385 to 401 C, 138 bar
hyigbtlegenaghtiessier e, hydrogen circul ation of 7500 SCFB

feed and 0.55 to 0.61 LHSV. The data
EXAMPLE 25
Oxidation of cyclohexanol to cyclohexanone was carried 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 cyclohexano! were introduced
the flask; and the reaction temperature was kept at 55°C. After 5 hours reaction, the-
reactor mixture is analyzed by GC with WAX 52 CB column; and the performance of

different catalysts was summarized in Table 6.

Tabie 6
Oxidation of cyclohexanol to cyclohexanone over various catalysts
Catalyst Composition Temperature Time Conversion Selectivity
°C) {br) (%) (%)
Example 15 SiMo=97.9 55 5 79.4 95
Example 16 Si/Mo=39.8 35 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.
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fromthese experinental runs are summarized in Table
10 below. Table 10 5 Tenp., C 125 739 754 Pressure,

w0an43%3138 138 LHSV 0.61 0.54 0.55 343 C+ pOomus2008038222

% 22.9 37.6 47.3 10 Lobe Properties KV rl 100C., cSt
11.05 7.89 5.45 SUS a, 100F_695,398 201 WVI.56.2
110.2 126.3 Pour Point, C 1322879 15 Lube Yield, w
% 71.5 60.6 51.3 ThePrepts gifiaeharikeQildhmply sel ecti ve
for upgrading the heavy neutral distillate froma raw
di sti¥ruwve’API of 53 to a 105 VI produét at a
(undeihaase) "1 %be yiel d of 65 wt % 204EXAMPLE 28 This
exanplEoyeiBifstrat es the preparati od2of FCC catal yst

- uSi n-gs“ffl‘fe“’i:%rr,posi tion of -this invefffon and conpares

its crACKiMG results with that of a>tatalyst. using
MOM 417 PPEAT al yst' preparation was a§,foll ows: About
35wt %rgk:.;lf?q&}b%pnposi tion of Exanpl e4'§f in a
sili cg‘.-g_a;[dylgguﬂpwg%@y matrix 25 was prgpared. 130 parts
of t he-cGRIRAS L, of Exanple 4 werggbal | -mlled for
14 hours in 230 nil H O The product was rinsed from
the bl Billinaen> ™M of H20. A sl Ut!izfs.\m\hkgﬁ _prepared
contajepi ng 827 g of H O 33.5 partsagf kaolin clay
(Ceorgk@a Kaolin Kaopaque), and 1753 parts of hydrous
silica% Phil adel phia Quartz N brandy32 The slurry was
stirrme -36 WO 2004/ 052537 PCT/ US2@913/ 038222

‘93% - :

Table 8
Guard Chamber Processing of Shale Oil - Product Properties

Temperature Bromine No. Iron Nickel Arsenic Sulfur Nitrogen
(°C) : (ppmw)  (ppmiw) (wt.%) - (ppmw) (ppmw}

260 0.7 3.5 1.95 53 0.63 1.98

290 <0.1 2.6 1.85 4,2 0.57 1.89

315 <0.1 2.0 1.6t 3.1 0.48 1.78

370 <0.1 0.2 1.3 <0.1 0.25 1.40

400 <0.1 <0.1 0.1 <0.1 <0.1 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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and 16.4 parts of H S04 (96.7% were added over a 30
m nute period. 22.9 Parts of Al,(S04), 16H O

wdizemabsd in 92.2 of H O were added dropw se. p8P®S2003/038222

Parts of the ball- mlled MCM41 slurry (11.36%

solids) were added to the gili.ca- m na-clay slurry,

and the m xture was Vi gorgh@ll\gﬁsﬁwred at 800 rpm for

30 mnutes and then filtered. 5 The solid was .

r e- sl ubeleaiveilwbeHpOregierkiy ispedeinted onpHd- iyt Bycantqialge mesoporous
product was slurried wth H 0 and the fines floating

Ofhatefie! 6f EiamploVEs gbalies The dadstodiheorsBrif aihegyy alraldiistdinte having
exchanged with I N NHANC3 (5 cc NHING3 /g of solid).

P g R 1, 0 I R A e

cal cined at 540C for._aone_hour in N2.and 6, 10, hours,i
VeIt RRREPOUR (Ao . af ol D) h A TSP R edRer
in 45%4, O at 650C for 4 hours. Prior to admtting
ssalaent towtting, tieanitiogen cdtderd ani108 ppas 2ibte distillge @O Tyrindex
N2. Air was gradually increased over a V2 hour period

Wi ik e, INIudd iMrecicking she dbjtieaiad inciatethe ubnYerted material’s
hour period steamwas adnmtted for the 4-hour period.

F118IRAhE 5000 bR IR IRl AY BN, 35ut % Mo 41
was prepared in € sane way as descri bed above.
The original MCM41 had a surface area of 980 nR/g, a
pore size distribution cent erd@@ez} ound 2.5 nm and a
pore vol une of 0.72 cHig#vy Neytal Digigpie Biepsads 5. 4 wt %
Al,03, simlar to 5 3wt %in the material of Exanple
4. Properties ofHydr¢mn.st¥amed cat al y8t88 are shown in
Tabl e 11. -37 WONRO@A/[@B2537 PCT/ US2008/ 038222 Tabl e
11 Conpari son of BiskaNitR@e, ppt al yst coffbai ni ng t he
conposi tion of tHhaful,mv®nti on and th&’2one containi ng
MCM 41 after steaRiGdvity5 Catal yst' | nd2énti on

Conposi ti on MCM 4V @ BioG.,cSmt % 72. 6 BBE28

Composition, wt %

Paraffins 18.3
Naphthenes : 32.2
Aromatics 49.5
Simulated Distillation, wt % °c

IBP 403
% 452
10% 471

95% 586

Solvent Dewaxed Qil Properties

KV @ 100°C., ¢St _ 20.1
Viscosity Index (VI) 53
Pour Paint, °C 0
Lube Yield, wt % 87

=35
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Al.O'" Wt %13.8 13.7 Surface area, nit/g 462 307
Avg. particle size, m86 92 10 Packed density, g/cc

wO0.20m/0682423 Catalytic Cracking test The two cabrgrySt®3/038222

in Table 11 are eval uated for cracking Joliet Sour

Heavyﬁ_,a ? "JSHGO) in a fixed-fluidized bed

uni t athedigdlage &%ﬂ%@Sﬁdﬁufe@WFﬂt@ﬁ &amn 38pre 400 YRE3 fleas dhydrogen
had the properties shown in Table 12. The

cpresguys hydrogen tirqudttion df §5MRECEM febd and @56 td 0.66.I0H$'Y. The data
exam ne a W de range of conversions. The yields are

Sﬁ*ﬂiﬂ&hdsé Qfipdriment ARLES a8 suBn¥G§FdGR Tﬁbl@qgiﬂe . coke (4.0

W 9% basis. Table 12 20 Properties of ‘sanpl e
Density, g/cc 0.8918 Anilj| n,le |]:>t C 8_0. 8 . Hydrogen,
W % 12.13-25 Sulfur, wt % 212le Mt rogen, wt % 0. 41

Basi c Nltrogen 5‘gpm 382 Conradson Carbon. w "% 0. 54
KV 100C, cdkeng. 30 KV 40C, cS25N A39Brotne No. 8.7

R 1.21 C 1.B88we.pgur Point, C 908 Nil38ppm3®. 34
LHSV 0.61 054 055

343 °C+conv,, wt % 229 37.6 47.3

Lube Properties

KV @ 100°C,, cSt 11.05 7.89 5.45
SUS @ 100°F 695 398 201
Vi 36.2 110.2  126.3
Pour Point, °C 13 28 29
Lube Yield, wt % 71.5 60.6 513

The catalytic material is selective for upgrading the heavy neutral distillate from a

raw distillate VI of 53 to a 105 VI product at a (undewaxed) lube yield of 65 wt %.

EXAMPLE 28

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.
Cat:ﬂyst 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.. The product was rinsed from the mill with 52.5 ml of H,0. A shu;ry 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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35V, ppm0.39 Na. ppm1.3 Fe, ppm0.3 -38 WO
2004/ 052537 PCT/ US2003/ 038222 Distillation Profile

woabossirl | ed TC 5 314. 5 10 346 20 381 30rd®1s2088/038222

428 50 448 10 60 468 70 489 80 514 90 547 100 601
15 % unr ecover ed Table 13 20 Catalytic crac

4 BYH czféia@@eﬁ% 78) tvaf%dgg O¥S 7t 30 RiTRYE p%rwg %39 Parts of
| nventive conposition and one contai ni ng MCM 41.
CALEG 34+ 1 GO dissodved io92CNHLD BEie BAd@bdiGpRese. W6 Padds of the ball-
4.0.Conversion. W 9%59.9 56.8 3.1

milled MCM-41 slurry (11.36% solids) were added to the silica-alumina-clay slurry, and

- the mixture was vigorously stirred at 800 rpm for 30 minutes and then filtered.

The solid was re-slurried in H20 and spray dried. The spray-dﬁed product was
slurried with H,O and the fines floating on the slurry were discarded. The remaining
solid was exchanged with 1IN NH4N0; (5 cc NH,NO, /g of solid). The solid was washed
with H,0, filtered, and dried in an oven at 120°C.

A 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,O 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 2 hour period while the N, flow rate was
increased. After the %4 hour p'eri-c)a steam was admiitted for the 4-hour period.

For comparison, a FCC catalyst containiné 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% Al,0;, similar to 5.3wt.% in the material of Example 4. Properties of

the steamed catalysts are shown in Table 11.
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C5 + gasoline, wt'Y0 39.7 37.2 2.5 RON93 92 1 LFO

w %31.5 32.2 -0.7 30 HFO wt % 10.2 11,0 -0.8 4's,

woehadsdsd7 7 13.3 1.4 Light gas, wt %6.9 7.3 Pgr/ﬁgzsobl?/osszzz

w '"Yo 0.03 0.04 -0.01 C's, vol %5.5 4.7 0.

EXAVMPLE 29 A nmedi um pressure Eédr? racked bottons
fraction S supj ected to cat +€ 40 dewaxi ng and

hydr opr oceS8PRYSORh&e f 66 riabsseopiipap e exnppsition efglediention
operation over fix&4 hanagconainig HCa-41Eifgseymigr ans of

HZSM 5 dewaxi ng catal yst was | oaded into a first

re léi"f‘o -39 WD 2004/ 052537 POTtSpOeBr0R8222 and MA41
g gj‘l”’t‘ﬁe/" i nvention catal yst as descffbed in Exanpl e I

\/\/a§11;,fab§§:é;d-1j/nto the second reactort?8The feed is. 137,
pagsed, oVt both catalysts at 175 B&F, 1.0 LHSV over30?
t hg . depay) oy’ catal yst, 0.33 LHSV ‘g%r t he 92
hydropr oce<&ing catal yst. The tenp&Pture in the 0.43

first reactor '"as maintained at 307-321'C to give a
target pour point of-6.6C. The : 5 properties of the
bottons fraction are descri bed below in Table 14.
T&stalyticCragldppdest 10% of Bottoms Properties at 45 wt.
% 377C+ conversion 10 Nitrogen, ppm9 Mel. Wight 558
Pour  P@hetwo tatafl23 in Table 11 are evaluated for cracking Joliet Sour Heavy Gas
Gil ("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 wt%) basis.

Table 12

Properties of JSHGO sample
Density, g/cc 0.8918
Aniline Pt., °C 80.8
Hydrogen, wt % 12.13
Sulfur, wt % 24
Nitrogen, wt % 0.41
Basic Nitrogen, ppm 382
Conradson Carbon. wt %, 0.54
KV 100°C, cSt 8.50
KV 40°C, ¢5t N/A
Bromine No, 8.7
RIL 21°C 1.496
Pour Point, °C o0
Ni, ppm 0.34
V., ppm 0.39
Na, ppm I3
Fe, ppm 0.3

=35
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KV @100C., cSt 11.3 15 Conposition, w % Paraffins
42.1 Mononapht henes 19.9 Pol ynapht henes 21. 2

woéneaties 16.8 20 Sinulated Distillation F  p8RB2003/038222

209/ 854 10150 902/952 25 WV absorbance of the
product was used to determ ne the aromatics in the

| ubri cant base stock. The absorbance at 226 nmis a
measure of the tdtsifatigeRaglei cs while the absorbance
at 400 nm (XeYg®istilled 3 neasure dEXCt he pol ynucl ear
aromatics. For 30 conparative pédposes over Pd/ MCM 41,
catal ysts preparéd in accordanc®éwith the procedure
described in Exadple 19 were al 89 tested. The results
of the runs are 38ummarized in 4die fol l owing Table 15.

- 40 WD 2004/ 052539 PCT/ US2003/ 088222 - Tabl e 15 Lube

Hydrotreating at 5274C Run'1 2 448 Metal Pd Pd Support
MCM 41 Exanple 160Total aromati4s, 226 rim 0.210 0.120

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 .31
Cs + gasoline, wi% 39.7 37.2. 2.5
RON 93 92 i
LFO, wt % 35 32.2 -0.7
HFO, wt % 10.2 1.0 -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 4.7 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

.39.
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Pol ynucl ear aromatics, 400 nm (X103) 1.30 0.78 10
Conparing the performance of the Pd/ MCM 41 cat al yst

wokdd/osise7 cat al yst  contai ning Pd on the conposiiiefo®bss2ze

this invention, it is apparent that the conposition of

15 this invention is nuch nore effective in saturatln
arbiad] & ef thexgweplien gPalyst a5 dosarprddndisgnipde Faves! %@?M@to the
the conposition of the invention as a catal yst for

hyetoad rezator.nGhofeed icpmked beptibdth Salyss bhE75ecl.0 LEISV over the
coal -derived quuid exenplified here 20 is a

| 'dg‘k)?\fiﬁ&&d S}Stgﬁ ‘T‘fS‘va#e][ﬁe l’ocﬁgs?r?@éﬁal?%l.s Hig g]eer?perature in the

2
n0| S NO coa as t st ng ITHt eria

tracts sol vent i
c?)aﬁ* rosg R4S pharifhneS 8% 1501 5 (@7 6 R arSrmer ewﬁ?%& C. The.
sanpl e was made in-the same way as described in

Exeappities 8fithefhottems fractiore am;teh@dvedu hebdw de@atily 8.0t her mal
treatnment in an autoclave at 190C for a relatively.
short period of tinme of 4 days. Nitrogen adsorption
showed 25 nesopores with a size centered at Il nmwth
a surface area of about 630 ”iﬁ‘o EI errent al anal ysis
showed a Si/
mmterial i s REndEe Pﬁ%ﬂ*t@aﬁsre%ea"w&“ﬁ s S
hept anol ybdat e settt+ef———Part+ew-arty;—45-12 parts of
an aqueous sol ut MBS ni ng & 38 parts of ammoni um
- 41 WD 2004/ 0525%7" BE#Y 152003/ o‘5§§222 hept anol ybdat e
i s added to 40 pg'i’“lfgmb‘f "¢ he abovd? ‘?Taterl al . The
resul ting wet mak¥@40°Cug¥ driddat 120 C and
calcined it air at 538C tinder conditions sufficient
to deconpose ankERRSHPMEd¥anpl ybdate and generate
MbOB, thereby prBHifEtng a nol yBdénum i npregnat ed
material. 5 The Nongpieioth i nprediated material is

. then i npregnat edPetrephtsengs ckel ilfrate

~ Aromatics 16.8
Simulated Distillation °F
IBP/3 209/854
10/50 902/982

UV absorbance of the product was used to determiine 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 2 measure of the polynuclear aromatics. For
comparative purpose§ 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.

-40.
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solution. Particularly, 48.2 parts of an aqueous
solution containing 9.3 parts of N (NGB)2.6H20 is

wadeaasizoyt he nol ybdenum i npregnated nateri al . pd1es2003/038222

resulting wet material is dried at 121 C and then
calcined in air at 538C to decogﬁose ni ckel nitrate
and generate Ni O thereby pr g a nickel and

nmol ybdenum i npr egnat ed Lugtidicggatingl02 @ @nent al anal ysi s
shows that the final material contains 15 0 wt % O
MDO3 and 6.Rmwt % of N O For donparison,2 an MCM 41
materi al | Maded, which has a ddrface arePd of 992

n2/ g, a p&ugpogi ze di stributi orMEdrit ered Extm@e¢ 6 nm

-and -a por e Teel ugreatied 2082 cnB/ @.2101 . imdpegnated in

t he same waglyasledesswiised above and f| nal ly- contains

+15.2 W % Ol40d/m038<10%05 and 6. 7 wi%oof N O OTfseir

activities for hydrotreating are eval uated using
Illinois Hcoal as feedstock. Table 16 shows the
properties of the feedstock. Table 16 (Properties of

|11 nQ@einfar@ahd perféinfaha/ofithe PMCWﬁcatﬁ?kﬂvhﬂ?th@@hﬂﬁtyst
C <-1.1 I\/bI ecul ar Wei ght 147 25 Vi scosi cSt at

Wn a} Oubf'g o1l é}eﬁnﬁgo%ﬂgﬂ%igﬁz EE/% 5%3\? %é}%@é%}gaé thg%mposmon 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 qutlid.- While the specific coal-derived .iiql;id exemplified here
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

A1
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5 Hydrogen, W. 9% 11.39 Sulfur, W. %0.32 Oxygen,
WE. %1.80 Total Nitrogen, W. %. 0.46 Basic

woizbegessy W. % - 0.30 10 Iron, ppm 22 Chl ori geT/ugpims/03s222

32 TBP Distillation, C St/5 13/81 15 10/30 101/167

50 207 70/90 242/309 95/99 346/ 407 20 These. t
cherippalysdale és added ta 40 rasig of Hie aoyrdnatsHalofThe rﬁ%unm Wetarﬂate“al
500 cnB/mn flow of 10%H S in H2 at 230C and a total
pmas gtiedatoli206 8arkdRalcitdgddr air nes8i° Ggindsr caddiont sufficent &
tenperature of 350C, a pressure of 6890 kPa, a

hyeloRgRRe binfitnhi BeftimAORkit8 R dBeRerateMbOy WhGediOptoduci
spac?eq%g oclﬁwln % dﬁsr% 9Q’%\bl e % Zrﬁovvs %e chrrparig%ﬂga
of ivity in ter S 25 fdenltrogenatl on, .Conradson .

e&é&?.l%‘a@g? Feéla ction, and desul furization.
TabI e 17 Conparison of hydrotreatl ng-activity 30

Cat al yghe Tl denwenimpogndsh/materisbs dpeyngtnpreanated with a nickel nitrate |

Deni trogenation (% 73 48 CCR reduction (% 98 63

Deslutibn!r Pa&ak18Ty, @¥02 R8ts DBan aqueous solution containing 9.3 parts of
Ni(NO,),*6H,0 is added to the molybdenum-impregnated material. The resulting wet
material is dried at 121°C anci then calcined in air at 538°C to decompose nickel nitrate
and generate NiO, thereby producing a nickel and molybdenum impregnated material.
Elemental analysis shows that the final material contains 15.0 wt% of MoO, and 6.4 wt%
of NiO.
For comparison, an MCM-41 material is used, which has a surface area of 992 mzlg,__a ’
pore size distribution centered at 3.5 nm, and a pore volume of 0.72-cm-"/g.- 'I‘t H
impregnated in the same way as described above and finally contains 15.2 wt% of MoO,
and 6.7 \yt% of NiQ.

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, "API 258
Aniline Point, °C <11
Molecular Weight 147
Viscosity, ¢St at 33°C 1.645

42-
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35 The catal yst of this invention shows nmuch higher
activity, which partially should be attributed to its

wonimws2p0ere structure. It has relatively |ar gecpesaRs/oszs22?

with three -43 WD 2004/ 052537 PCT/ US2003/ 038222
di gﬁ onal connection, which can accommobdate and

% | arge nol ecul es such as present in coal 922
Ilé"ﬁﬂ' * EXAMPLE 31 5 This Exanpl e denonstrates the 42
PIERAS &t bon of Fischer-Tropsch catalyst and its
@SEB ,5{0 erformance. Twenty (20) parts of aﬁ_gg
smg@ t@xnNing material nade in Exanple 1 is dried £)32
2QQfzef, @ spal f an hour under N2 flow. It is then mxesjgo

.t hesioumgdatyywwios h. 2. parts of Co2(CO 3 in.a.glove box.g4s

TlBhéic"ﬂﬂrdgEd,lm owpf solids i's placed into a tube furnacegsg
boat,ppin a -seal ed tube and renoved fromthe glove boxz:
Tkeloridetppins heated in flowi ng heliumat 10 100C for 1532

m nutes, raised to 200C over 10 m nutes, then heated
affBRDBajian, el i um for half an hour. The final

catal y8¢3 contains 16 wt. % Co. The above cat al yst3/8its
treatef#M th hydrogen prior to test. It is placeldié a

smal | 3 uartz cruci ble in a chanber and purged v h

nitrog Oat 8.5x 101 Nni/s at room tenperature ¥B095

mnut et is then heated at 1 Clmin to 100C unde/fo?

flow ng 15 hydrogen at I.3x 10-6 Nmi/s and held at

100C fﬁ& one hou]r. i s then heated at ;

400C ahdcshdye cafp Y&'G@E? Pissulfiged fof guresiof of &@Puf lrb%vﬁ%cm /min flow
hydrogen at 1.8x10.6 Nm/s. The catalyst is cooled in
hyfitBg&hS and, piA3@EEr andtatotal presgea obéSdkRa. udgdrofreating is conducted
pressure vessel containing the catalyst and n-octane

| 8t hempedtudd o PHCC h??@s"sure%?w% kP4, aﬂ%dré@n(f%v”at@ﬂfjsoo cm®/min,

hel d at that terrpera ure and pressure for 1 hour.

_r gﬁ t:llga Ll?ﬁ%a%eggeﬁgélta{cgf éf 29 | ﬁq{lg{l‘%fﬁ%\ys 1§%§gﬁalason of4e act1v1ty in terms

Hydrocar bons in the range of C' -C40 are anal yzed
raf (&nitv@eﬁzﬁlthgonrﬁgl%qlrbg@ gﬁagp@(qg{z) reduction, and desulfurization.

Table 17
Comparison of hydrotreating activity
Catalyst This invention MCM-41 catalyst
Denitrogenation (%) 73 48
CCR reduction (%) 98 63
Desulfurization (%) 93 58

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-



10

20

GC. -44 WD 2004/ 052537 PCTI US2003/ 035222 A Cl11
Productivity (g CL I' /hour/kg catalyst) is calcul ated

woOaolams2534 based on the integrated producti onpetshmsiosszze

C' -C40 hydrocarbons per kg of catal yst per hour. The
|l ogarithm of the weight fraction for each carbon
rdirgasional Cowrasiion svhich coreaccasntddete apd dianspoe large nimevidss such as
of car bon atons in (W)/n) as the abscissa. Fromthe
f};\lﬁmﬁt m&:o‘dﬁhdﬂﬁd@f 5 al pha is obtained to be 0. 87.

ile the above description contains many specifics,
t hese specifics should not be construed as
limtations on the scope of the invention, but nerely
as exenplifications of preferred enbodrnents t her eof .
Those skilled in the art mﬁﬁibéﬁyﬁ§ﬂon many -ot her
p055|b|I|t|es within the scope-and spirit of the :
i nventTlonEaamplefdenexnhstogtes the pedparanion of Bisetppdinaisdh catalyst and its
hereto. -45 WHAT IS CLAIMED I'S: 1. A process for

lca@ftid1ibr RHaMieC RSP W) DatbbCAl-EMHMAhS BiterAl made in Example 1 is
provi ding a conpositi on whi ch includes a substantially

n&e@?}?% eqrrh%ffteg t*olm' {%é@ Sl[r%gagt @3 G Igllxn(gglogfuohly with 2 parts of

silica,  alumna, titania, chroma, iron oxide,
Afefls i a slovieborre ddiomixiaresy selidsis plageinte antrlh@ furpgee boat in a
| east 97% by vol unme of pores having a pore size
rsazigd hipefand neratyordt frdih the glovabau Thed 0Gfhaared ihdloiwigg kelium at
m cropore vol une of at |east about 0.01 cc/g, and

VM@@P@ IfBr Uﬁ%mtﬂ@&s PRI 080 WG EUTEm BRfes) tﬂ@rpﬁéé&rdaétegO"C in helium
therewith at |east about 0.02% by wel ght of at [east

SoruPhEhr TR e SRBIGE cGURE el W T Lo

Zn,FeSnl\/bGaNl ,Ianl\/hCul\/gd

Ru, Ptlhe appyeentalysis rﬁr@@ﬁeé meth veragsh prigaodest di Bipjaced fig small
an X-ray diffraction pattern with one

quartz crucible in 4 chamber and purged 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 cataI)rst 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 internal 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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peak at 0.3 to about 3.5 at 2 0; b) contacting an
organi ¢ conpound-cont ai ni ng feed under reaction

wQaeeiols8hs wth said catal yst wherein the trealiusges03s222

process is selected fromthe group consisting of

acyl ation,. oli.goneri,zation, hydrofreating, - R

de?/ret afy ilﬁodﬁ@%gﬁ% Bt ?]{ml,r/k%yaqabégﬁ%ﬁq%ﬂ’ated to be 234 based on the
amoxi mat i on, dehydrogenati on, Fi scher-Tropsch process
ainfegietsd ppduchion of the¥Cp -Ogdydrdcarbons perthigef catayesh per hour. The
conpounds whi ch conprises: a) providing a conposition

Wi gaHthin 61 46 @i ght SHOFNABE bath|cdrbPR TRRBEPHTWAINUS blotted as the
conposed of one or nore materials selected fromthe

ar [ st.ing of. silica [, g [ [ .
R E P T RbIS B R iBn VBT B wck Bl the slope  vatueof
structure containin at | east 97% by vol une of pores

haPha g ebipsdtode 8’ angi ng from about 15 A to about

300A and having a m cropore volune of at |east about

0. 01 c®igle thaabonk desstiptioi eontanes ooy spesci fidsy thesaspecifias should not be
i ncorporated therewith at |east about 0.02% by wei ght

Obottrued SARhitARMs 6AHR XbpEat thy iARAISH, bahRidtelRhd ¥emplifications of
active heteroatom sel ected fromthe group consisting

ety Sgpotlgeis et P B8 i R sl i hpgl oter
said_catal yst has an X-ray. diffraction pattern with .
oRessibylitigs vthipths seepegwg spiri of theringengion gy defnpdst tha glaims
organi c conmpound-cont ai ni ng feed under reaction

c oppetinteddingetow t h sai d catal yst wherein the treating
process is al kylation, and wherein the organic 46 0
conmpound- cont ai ni ng feed conprises an aromatic
conmpound or al kane and an al kyl ati on agent wherein
the aromati c conpound is selected fromthe group

consi sting of benzene, naphthal ene, phenant hrene,

tol uene, xyl ene, isopropyl napht hal ene, di phenyl oxi de,
and 2,4-di-tert-butyl phenol wherein the al kylation
agent is an organic halide, and wherein the at | east
one

45-



heteroatomis selected fromthe group consisting of
Sn, Ga, Fe and conbinations thereof 3. The process of
claim2 wherein the aromati ¢ conpound i s benzene and
the organic halide is chlorobenzene. 4. A process for
treati ng organi c conpounds whi ch conprises: a)

roviding a conposition which includes a substantially
ME&’EMM@@N ure conposed of one or nore
materials selected fromthe group consisting of
silica, alumna, titania, chroma, iron oxide,

mol ybadgrecess fir (ﬂreﬁﬁ@@l?ﬁﬂbl So@mbbuils WiBcICQthpHses:Nng  at
| east 97% by vol une of pores havi r}%@a gore si ze
r andiFgVifingri cepmesition whli¢hinglydes 2 subsntialhompsapprags gtructure
corffiBEL BT i lridll s AR A AR o Bud dofiflifle oA Mlca,
erern the nmesoporous structure fias rncorporate
alumiey Gtantah clabmis adh cxbizyinobibd2ns, byid weisghdrood sthlcturt eahining
one [@gﬁl iical y and/ or chem cally, active_ heterpat om
at 1G5} X0 o VRS ¢ I RAYHIS 2 RATS BEF raiging from abayt 15\ tapbout
30%and;1t%vi mM?@pcﬁ?@volNh'le, tletlclﬁ'ab&ﬁt*().%cc/ nd Mherdifl the

and ‘conbi nati ons ereof, said catalyst has
mespodous afructifefhaa atdogrorged therawithi dt lcash@oup@aRaiy Weight af at

bout 3. 2 0; copt act i an organi c
o3R8 bl i AtmEaty Bfiber - Eenanersn dom Ghgrow
condistifly SRIAD, Tiat/aly Stn, WBES:E Mo, Idhe Nif @&th "8, iR ¢]S Md Pd, Ru, Pt,
wherein the treating process is  sel ective oxidation,
W andecombanptions thgthed, sardl aidlyiit haan ¥gendiffiadionmatteinrwitihene
ast e atom i ncl udes at | east one atom
peagtéif {)e'ct godab?)gg%ﬁgt %tgi 8’gr oup consisting of Ti, C and M,

t heb)f@atciimehuc@aniecbinpbenizentainiagdesthgidel Readtiondoddiths
.of the selective oxidation treatjng process includes
with saif spAkRORerein. thalrprtneaseccsyis selegisd ifvgn e gaipcconsisting of
o RORRERIOLED, FOTRLLA08. oot R0 Bosspin,
ammgbxivctionslehydrogenation, Fischer-Tropsch process and adsorption.

2. A process for treating organic compounds which comprises:

a) providing a composition which includes a substantially mesoporous structure
composed of one or more materials selected from the group consisting of silica,
alumina, titania, chromia, iron oxide, molybdena, said mesoporous structure 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 wherein the
mesoporous structure has 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, Ry, 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;

b) contacting an organic compound-containing feed under reaction conditions

with said catalyst wherein the treating process is alkylation, and wherein the organic
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conposed of one or nore materials selected fromthe
group consisting of silica, alumna, titania,
chrom a, iron oxide, nolybdena, said mesoporous
structure containing at |east 97% by vol ume of pores
having a pore size ranging fromabout 15 A to about
300A and having a m cropore volune of at |east about
compp@ipdecontpiniay feedisemprisestanaromatitopontsusd or alkenannd dras
ted therewth at | east about 0.02% by wei ght
alkg]gﬁ&g Rgﬁr gast one catalytically and/or chemcally
act iviercliethe am 0N B alpeth®i stleotdy Hde Qlfé%@.lp &ﬁﬁsansg oMy
of AL, Ti, V, C, Zn, Fe, Sn, M, Ga, N Zr,
benggne, eaphthgjenepghenapthrene, foiwswlwpn@pmﬁghtbﬂ@% of |
t diffraction pattern with
dlpﬁéﬁ )ﬁgéé%hgéélhgé?gﬂiﬁ%@xg 5 at 2 0; b) contacting an
or gazhemrr:tbapb:grtadwn ag&r&umm@rgﬁme talideg end wherein tha at least one
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about 3.5 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 0;

b) contacting an organic compound-containing feed under reaction conditions
with said catalyst wherein the treating process is wherein the treating process is
selective oxidation, the feed includes an oxidizing agent and

wherein the at least one heteroatom includes at least one atom selected from the

group consisting of Ti, Cr and Mo, the feed includes ethylbenzene, and wherein a

product of the selective oxidation treating process includes acetophenone.

5. A process for treating organic compounds which comprises:
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b) contacting an organi c conpound-contai ning feed

under reaction conditions wth said catal yst wherein
the treating process is wherein the treating process

is selective oxidation, the feed includes an

oxi di zi ng agent and wherein the organic feed includes
cycl ohexanol and a product of the selective oxidation
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Cu Atation. 13. The process of claim 12 wherein the
denetal ati on includes the renmoval of iron, nickel,
copper, vanadi um and arseni c.
6. A process for freating organic compounds which comprises:

a) providing a composition which includes a substantially mesoporous structure
composed of one or more materials selected from the group consisting of silica,
alumina, titania, chromia, iron oxide, molybdena, said mesoporous structure 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 wherein the
mesoporous structure has 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 0;

b) contacting an organic compound-containing feed under reaction conditions
with said catalyst wherein the treating process is wherein the treating process is
selective oxidation, the feed includes an oxidizing agent and wherein the organic feed
includes cyclohexanol and a product of the selective oxidation treating process includes

cyclohexanone.
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14. The process of claim 13 wherein the feed is a
petrol eumresi duum the hydrotreating includes one or
nore of denitrogenation, desulfurization,
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12. The process of claim 11 wherein the organic feed includes shale oil, or
derived coal liquid, or residual petroleum fractions, the hydrotreating includes one or

more of denitrogenation, desulfurization, CCR reduction and demetalation,

13. The process of claim 12 wherein the demetalation includes the removal of

iron, nickel, copper, vanadium and arsenic.
14. The process of claim 13 wherein the feed is a petroleum residuum, the

hydrotreating includes one or more of denitrogenation, desulfurization, demetalation,

and CCR reduction.
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an average carbon nunber nore than 20. 18. The process
of claim 17 wherein the feed includes at |east one
hydrocarbon selected fromthe group consisting of

n- but ane, n-pentane, 1-butene, xylene and a waxy
petrol eum streamw th an average carbon nunber nore
than 20. 19. The process of claim1 wherein the
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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 .3° to about 3.5° at 2 6;

b) contacting an organic compound-containing feed under reaction conditions
with said catalyst wherein the treating process is isomerization and the at least one
heteroatom is selected from the group consisting of Pd, Pt, Ni, Zr, W, Ga, Fe, Ti, Al
and combinations thereof

wherein the feed includes at least one hydrocarbon selected from the group

consisting of n-butane, n-pentane, 1-butene, xylene and a waxy petroleum stream with

an average carbon number more than 20.

18. The process of claim 17 wherein the feed includes at least one hydrocarbon
selected from the group consisting of n-butane, n-pentane, 1-butene, xylene and a waxy

petroleum sfream with an average carbon number more than 20.

19. The process of claim 1 wherein the treating process is dehydrogenation and
the at least one heteroatom is selected from the group consisting of V, Fe, Ga, Cr, Co

and combinations thereof.
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20. The process of claim 19 wherein the feed includes one or more saturated

hydrocarbons.

21. The process of claim 19 wherein the feed includes one or more
hydrocarbons selected from the group consisting of propane, isobutane and

ethylbenzene.

22. The process of claim 1 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.

23. 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 10,000 hr'l, preferably from about 300 hr! to about 2,000 hr"l, a temperature
from about 160_C to about 300_C, preferably from about 190°C to about 260°C.

24. The process of claim 1 wherein the composition further includes a zeolite.
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