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[001] The present application clainms priority to U S
Provi sional application Serial No. 60/607,607 filed
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2. Background of the Related Art.

[003] 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 materials tend to possess either only
micropores or only mesopores. Micropores are defined as pores having a diameter less
than about 2 nm. Mesopores are defined as pores having a diameter ranging from about 2
nm to about 50 nm.

[004] Because such hydrocarbon processing reactions are mass-transfer limited, a
catalyst with an ideal pore size will facilitate transport of the reactants to active catalyst

sites and transport the products out of the catalyst.



[005] There is yet need for an inproved nmaterial
having finttionalized sites within a porous franmework
for processes directed to the catal ytic conversion
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I
(PP uer AR ToE i T bt B4 i o
pozatsctapsworlc forrprocessesglimtted ®ebe catdlyteconesrpion emt/sr a(dic)rpfam of
one element wth a g drogenation function, (2)
n%],}n %

hygfocf‘rg’ggsta@r?éhefﬁ%‘mwm orous zeolite, and (3) a

porous, noncrystalline inorganic oxide having

randomy interco avi ng an X-ray

reflection in zﬁm&ﬁﬁ%@\gﬁﬁm@ 2.5 degrees.
[0667 EFA RESSR (BT hydbbcedb ol bbnveRMIiNszovide@idreih @e béftM?ﬁt ion

i s described hereinbeloww th reference to th
cOmPEFE gtleash fapegompopaitidl) #tileast queglsgeat witlka hﬁ@wgenaﬂon
fuﬂétfohr Q? b 19& §&é@e JraditSporeuieoPld! 78R ﬁ&&sbﬁ‘&rﬁrﬁﬁﬁmc
zeol | as prepared I n EXanpl es 3;
infrgag} omﬁ@a@nmmomlx mtmomm%bmmmeyar@rhaﬁmg@n%tﬂm te

%[‘%6 i t prepared i n Exanpl es

re%ctn -0 %e?w e&fgi&)%%g-%%%r%?s XRD patterns for
mesoporous material, MCM 22 zeolite, and the
conposite prepared in Exanple 4; [011] FIG 4
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[009] FIG. 2 depicts the mesoporosity of pure zeolite beta and zeolite beta/TUD-

1 as prepared in Examples 1, 2 and 3;

[010] FIG. 3 depicts XRD patterns for mesoporous-material, MCM-22 zeolite,
and the composite prepared in Example 4;

[011] FIG. 4 illustrates the mesopore size distribution of the composite
zeolite/TUD-1 prepared in Example 4; and,

[012] FIG. 5 depicts XRD patterns of pure zeolite Y and of Sample 5 prepared

in Example 5.
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ATIPQ4-5, etc. Such zeolites are known in the art, and many are commercially available.

In this invention, the zeolite can be incorporated into the inorganic oxide or can be in-situ

synthesized in the noncrystalline porous oxide.
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[021] According to U.S. 6,358,486 and U.S. patent application serial No:
10/764,797, the mesoporous inorganic oxide is generally prepared by heating a mixture
of (1) a precursor of the inorganic oxide, and (2) an organic templating agent that mixes
well with the oxide precursor or the oxide species generated from the precursor. The

starting material is generally an amorphous material and may be comprised of one or
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removed by extraction or extraction together with calcination to obtain a composition

having zeolite incorporated into a noncrystalline, porous inorganic oxide.

[024] In addition, U.S. patent application serial No 10/764,797 discloses a

method to prepare the noncrystalline, porous inorganic oxide by using complexes.
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[027] The sources of the group VIII, VIIB, IB and IIB elements that can be used

- are well known to the skilled person. Examples of sources of nonnoble metals are

nitrates, sulfates, phosphates, halides, for example chlorides, bromides and fluorides, and
carboxylates, for example acetates and carbonates. Examples of sources of noble metals
are halides, for example chlorides, nitrates, acids such as chloroplatinic acid, and

oxychlorides such as ammoniacal ruthenium oxychloride.
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petroleum residua, tar sands bitumen, shale oil and coal liquid. As such, the

noncrystalline, porous oxide TUD-1 having mesopores size from 1.5 to 30 nm can fulfill

the need to enhance the mass-transfer.
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par anmet er whi ch influenceS both activity and
haye verytgoed selecivity frs middle HigiliatesAlngonkash @isttofigianid funpticuretd a
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t sele | o b ar.e or er.;
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catalyst. [033] In or der to get _.good selectivity fo

proferable dhatyi given a significanty b ﬂ%afe@wazﬂksongontmte%@ﬁeeds seanc Tetals
ofgﬁwmtan@m%fﬁﬁkafeéaﬁae%d BPAGEMAEAI e Silica-alun

I'nas as porous materi al
[034] One conventional sulfiding method which is well known to the skilled
person consists of heating in the presence of hydrogen sulfide (pure or, for example, in a
stream of a hydrogen/hydrogen sulfide mixture or a nitrogen/hydrogen sulfide mixture) to
a temperature in the range 150°C to 800°C, preferably in the range 250°C to 600°C,

generally in a traversed bed reaction zone. -



have zeolites selected fromzeoliteY, ZSM5, zeolite

Beta, MCM 56 and/or MCM 22, and have netal s sel ected
fromgroup VIII and/or VIB in the periodic table. It

is even preferable that, given a si gn| ficant,

03 gr oup Tt B e onbioh G Bl
hy@:‘@ét‘%x’tJ bifduthion F488, ahd 5&34*]&1@1&9) s@arvasnwidelyalep&idirfg ol m@nature of

method which is well known t ille

thefopd itke apabity of dherdepiged niodugis aﬁ$ %gﬁ@éﬁe&f“ﬂ@é}% &5 Teliner. The
teragééfit\n%% ﬁ@{?r g%’{'er 2%009C, g PHRbBy inithe Ange1508@ 18 £90°@. The

rogen gen sulfide mxture or a

Pressure e Ml dMRecpad vsuallyioger InyRe. dﬁb@)qui“&lty af hydrqeep daur e
byl S SERGR of Rfrol (B0 o LS Bl 3Rty it 3065000

00C, ylnatraversdbe reacti on
liter® néhydBogfeﬁ) paTlitdies feddTleechoadi spage pelocityss gensralivtin thegange 0.1

, r
to o s PR et Y o7 PV e 1BLF SRRFLLR R e,
indlfide, foatientpl€)imiddib dlsfmaels witthebaejling tahge offfrdnin ebae $50°Sdo
products. a he lities available to the refiner.
ab?‘ﬁé‘%téeﬂﬁéagf%?’édi ©hei8Mal Iy over 200C, and usual |y
in the range 250C to 480C. The pressure is over 0.1
[03dPa and Gendllythekgiroitorhdrzatickhetaiystetg. for upgrafimg adFipeher-

Tepisehpiaie (URARY i 1S BRI0 P ARG g B 0r P

caﬁ%& QEedD c&ﬁﬁorﬂeht% Stippofted Gesh acﬂi@mbﬁlldﬂl&e SIPpee td/@/e]!he ty
enerally in the range_ 0O vo%%{ges of ,
casgkylst h@r@senetmnaﬁ%wnae# aqu} TR ?&F?P@enzmg e

H

hy@fo@%ﬁ ESRRisohREEMER, coﬁcﬁﬁoﬁ%ﬁi@l?mdl‘&décﬂ t8mplératutd If FolS
a b0| range of fromabout 150C to about 400C
aboitd §87C tfowbputégﬁcr@mesws &owi qbout[ldyslo ey Q1 bags, andes LH LHSV

ol S PR, Y Pl o S g

thase ipa hydmcaﬂma synthesizreacncthp camymc mgtat an}gongnt MREy gomprise a
S_Supporte t t
Grf"ép ﬁg’é&?‘?}%‘e %’I a):;g’ $ oﬂp({?ﬁn&% Ry dr geng | g&r(]ér,?a S F}%ﬁg 42{%{
xﬂ{ﬁBﬂatﬁzl&s aticH chnbeémloyddovithiielprocess nBthe fivegtidrh & is preferred that
rocar bqons droi soneri zation,condi ti.ons t
A APl CamaRAGE! SRR o1 ST ORISRyt B HRE Frout
VIﬁQQ@aIs uéH B0/ NE ahd pénw&mwlu lyﬂiélillytaﬁso alvdude azyafaulbm metal
and a LHSV__ from about l1to 20, At tlvem/1S
ai? %L suc.

(e-goNoy 3V xddsspmoten g be éﬁﬂ&tmyfr 2y Firoup 1B

copper, as a hydrogenolysis suppressant. Phosphorus may also be included to enhance the

solubility of the metals and to aid in overall stability.

[037] The cracking and hydrogenating activity of the catalyst is determined by
its specific composition, as is known. The present invention provides a preferred catalyst
composition having catalytically active metal, e.g. cobalt and molybdenum, the oxide

support or carrier including silica, alumina, silica-alumina, silica-alumina-phosphates,



those in a hydrocarbon synthesis reactor, the

catal ytic netal conponent may conprise a Goup VIII
nobl e nmetal, such as Pt or Pd, and preferably Pt.
However, at the higher tenperatures vvhi ch can be

I d. Wit h.th
5P ool Pk B BURECRRpdt 1V Lok PY EBsoRomel wlsfisis se
z€0like, Qtichnas zeollte ¥ {inekafding 11SKO), zeplite Becdund ZSMMEp VI 1 |
mstals such as Co Ni and Fe, which will typically

(B0, o e gD Bl e i ot 45

way tithithsy itsGo@eer, as a hydrogenol ySi s suppressant.
Phosphorus may al so be included to enhance the

solubility of the netals and to aid in overall
E;U;AMP]LEIV (0371 The cracki ng and hydrogenati ng
act|V|ty of the catalyst is determned by its

c ition, is known. The present
(038 o T s Pmle Remesiaiet Be P Aiat of <Polle Hets BisesiisaiD-L
Fﬁ@w 8 Par€safinétl iz66Hté Betd eﬁth\a%lomnbs m%lag ratioFgh indfflaverage
Tybdenun] t he oxi de upport or carrier including

ng'tlplp gige 080.2 mm\aere gusper@gd ritagtg water and stirred for 30 minutes. Then

23 g TS eatﬁin% @Eﬁtt@ ﬁﬁ’e sgsp%sﬁ@fwﬁle\%}ﬁx%o gﬁ{fer c%%tinuous

stinghg foasncztherdl) mmww b3.6 tpaﬁsstatrdetlaé odtlmsilichte (THOSIY) iwedd adged.

zeol | t 03 ol | ow .
AR i 6 FPURe ARt 2 Ao et T gt Bitroice
acqueyus Sﬁﬁl}?ioil (WA)IWB@G addsd Smp{iﬁse teodAixbnrd. A8 Sfirrihpifer about 2
hexa Fq%n})nst [ ncorP n of eoI ite _Beta
GU e, ke YheePHas e Srobtg) |1 o
teBPERmS ﬁﬂaeastﬁ‘%ﬁ&ha@fom urs. Ntektothe fgem'éasaﬁzéd %{‘alr at 100°C

average particle size of 0.2.tmwere suspended in 51
fopad h@urwéﬁhe driggheel atap fransferved intg guiaelaves end hwﬁ@them@iiy frafted at
b I
1L SRR YR BEHER iR PEES AR ying
. oﬂﬂl°ﬂﬂmasrheﬁ>BRE ppiddrh 8f the tersalemhpﬂodm td&ﬁgﬁdté&ﬁt&dp'leTEﬁEshbwn

infFi6 o SOnChplen Ao BB R 2FARS AT ERO RO e i about
207696 Q8biteS ki RN ir{aBeoipodls. NimsiRe quéfpmn%@mea ‘i?cs bliace area

m xture. ,After stlrrln for abg)ut 2 " hours,

of byt 738 17 {g5 pazg valumgiof Rbouﬁbﬂ$ FIBE e gsoPoThIE sige @é‘lﬂb\m@ of

S 1 &lshb QR feper at ure under static conditions for
a%%ﬁﬂourss Next, the gel was dried in air at 100C :

EXAMPLE 2

[040]  The zeolite Beta used here is the same as that in Example 1. First, 12.2 parts
zeolite Beta were suspended in 51 parts water and stirred for 30 minutes. Then 23 parts
triethanolamine were added to the suspension with stirring. After continuous stirring for
another 30 minutes, 63.5 parts TEOS were added. After stirring again for another 30
minutes, 12.7 parts tetracthylammonium hydroxide aqueous solution (35%) were added

drop-wise to the mixture. The same procedure was followed as described in Example 1.
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for 24 hours. The dried gel was transferred into
autocl aves and hydrothermally treated at 180C for 4
hours. Finally, it was calcined at 600C for 10 hours
inair with a heating rate of 1C mn. The XRD pattern

A e& 8%&21%2‘ 1?{1, Léf gﬁf)l a%ﬁ] um&y%@ﬁgﬁ& g%@%@? W{?ﬁ% fn };IG. .i,SWhich

1R sRGIwoThiractpiesis eaks of swlite Reth Ghare iditene4ove % balite Beta

. 20wt % zeoljte heta heflnl osi.t Ni

in fhedinehamgesieAralife b&??é@?ﬁ?‘a pfighe Vﬁﬁledgﬁso%lffta%gea of

abG%/ 687 ni;% Bor¥ QbR 0P EbckP 0.0V ch’/B8iteri&Pore §2€ di¥EAGH &8 shown
size distribution of Sample I is shown in FIG 2.

inEMAMPLE 2 [040] The zeolite Beta used here is the sane
as that in Exanple 1. First, 12.2 parts zeolite Beta
wer e suspended in 51 parts vvater and stirred for 30

EXAMEBLES Then 23 parts triethanol anine were added to

[Oéhlt]e SR §E€9Jlllté%%tg ﬂggé PR wed bel aQ@é@Eﬁ%&%‘ Fxample 1,

irring or ano m nutes, 63.5 pads wer'e
exeape! oot the%bmtcab:tmqmtsn’@h@gmm9 Loertaprolitedict3(7 pmtfh‘mtels 7.6

vt RRRins 7y e TARRRO 4 gt f B BRHORUR pyororce

aqUddRs SeliEtton(B S%R dlefinabsrofwndt,| devignbtabasdiasple 3 s cluracterized by

ample 1. 10 IC|n its. XR a er,n.
XBTS 310 a8 seinumten. TR0 mateh Pl W tantt S B i
peﬂis%ﬁf&édhtébétwﬁl‘lfewﬁfwmﬁ%bﬁ VSdeblite BRakE mfﬁmec&mﬂoene
Beta. There is about 40w % zeolit i.nal

Nikrpgaspdsarptiongsysaled ity epface anga of wélhﬁ%@ffspﬁqfﬁﬁolm g53bayt
097 EnFY fI{s%oﬁééz@&sm%mﬁtls §%mBFLG. pore vol ume of

about™1.07 cnB/g. Its nmesopore size distribution is
shown in FIG 2 EXAMPLE 3 [041] The sane zeolite

Q@tQL gnd procedure were used as described in Exanple
ept for the chem cal anmpunts. They were 9.2

[0423r t SThiseexainple iBBastrates ingorparation ofAVIEM-27. Hirst, Barnazts as-

syithesPled BRI AR 2 bidh LIOUALES idsar B o6 b Svbespprtice

s1zIEﬁ25l ma{ven@rsgﬂiﬁﬁded il &5 gmﬁ\eaiercmaldsa:md fer 30 mma;EkesR’Ehen 9.2
caracterl e as adsorption S .

be PR IHR PEe 20050 (0404 SPoUn BB A Mg A B cpntinuos

R3S ﬁf)théﬁﬂj HolnfteBee pafil TEOSWAGe ARUL A B WtirrbipZgsth ifdre

stin
?a in the final corrp03|te
another 30 minutes, 2.52 parts tetraethylammonium hydroxide aqueous solution (35%)

were added drop-wise to the mixture. After stirring for about 2 hours, the mixture formed

a thick, nonflowing gel. This gel was aged at room temperature under static conditions
for 24 hours. Next, the gel was dried in air at 98°C for 24 hr. The dried gel was
transferred into autoclaves and hydrothermally treated at 180°C for 4 hours. Finally, it
was calcined at 600°C for 10 hours in air with a heating rate of 1°C/min.

[043]  The XRD pattern of the resultant product, designated as Sample 4 and shown as
the uppermost plot in FIG. 3, clearly shows characteristic peaks of zeolite MCM-22
(middle plot) and mesoporous material (lowest plot). There is about 40wt % zeolite
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Ni trogen adsorption revealed its surface area of about
639 n2/g, pore volune of about 0.97 cnB/g. Its
nmesopore size distribution is shown in FIG 2. EXAMPLE
4 [042] Th| s exanple illustrates incorporation of

Mﬁ@%%ﬁl %ﬁ" L es%[ ag% ép%%l d%‘ aﬁof ar ra Jfﬁﬁszfpﬁgjéi?@;sé& & alummum

cofitét, agemiraoi abinginwaifive dficeBusSmepoparensmaterigl ANitioden adsorptlon

regalen B B M o R T o R e R > 2

m&sUHdIe Bigh BtrbRHE centerddrardi@d 10hinein Fm‘i . iAmgaLRisorption showgd
for another 30 mnutes, 12.7 parts TECS were added.

miggoperes ¢9t67P4 # P 2B/ n for another 30 ninutes, 2.52
parts tetraethyl ammoni um hydr oxi de aqueous sol ution

(359 wer e added drop-wi se to the m xture. After
_EME@LE@E for about 2 hours, the mxture formed a
[O%AQ' CKan PRALR @'ggr@f Sﬂ’? havidgd §1(%ﬂllzdﬁﬁol§t9:§ﬁ’o &t 14,9810 a surface

nperat ure un atic conditions for 24 hours.
ardaaf 1606 g wpslinoaseporated inth anralumhinum tconfgigingnesoporpis matFs.

e R AR AR R 4 B et

mintites. ihsn ¢24 partsexdethzd:noﬁﬁm@ waye added hoothe sbavie sasplenmlt Wndar

sy A ot SR PRI o e ARG SRR sl

17!1 E?)aﬂ@@ﬁl‘ms hncm&;iarﬁs of fihﬁnulaa, 1s@rquidp v&lm)mhigcé lunder st1mn0.
caracterlstlc or ze It m e t
Afler gtining agp iy en gtg 1 |I%1‘Put€?’ ‘%S %%Af*)ﬁafﬂf‘ﬁ%?‘ém.hgd‘gﬁ@ﬁ%

g0k sORAGAB 596§ whie A ZSp-wike T iR Indxtire. Afer sﬁrﬁi@fdﬁ about 2
anal ysi s confirnmed, this nunber ,?%%geﬁii on al um nu
1

hopgsnthe mlxtugg’gmﬁdrpgth.wg wag il%eé &h]g)om temperature
unS 8 %BQ MR IR UG 24@10urs’\k&ft Qg€ ?elaﬂﬁ Qfiet inQi at '1@)’@&'619211 hduﬁs

ace area of about pore vol une of abo

The dgigd getByag transferradeiniopsn ua@toela\zeeanéuhmiﬁothﬁmalbfrffeé@ﬁtaﬁ@ac for2
hoﬁ‘{s%i% 3519( v&HA“chl?mEA g‘ﬁoﬂ“cot%g 90 PoR '&P:Phéaaﬁ - of 1°C/min.

res centere LE 5 [ 044]
Thlelﬁmahﬂatarhndleva!(dém@\d)edlaaﬂmngeé Sl 2/ A1203 nol ar ratl o of

. 8 f ed
o488 o TS R S Eomtie Bisto TR S JE bl B 20! BaRbE
cledrl§ siivsttso ld:hirﬁasﬁﬁb Ipeakz ebtdotite Waudanesostus:pnfe] oetrinh The lo©/er

plot %eplcts ga{]tt%msot zeolﬁe Yf '%ere 18 about 5wt % zeolite Y in the final

composite. Nitrogen adsorption revealed its surface area of about 694 m?/g, pore volume

of about 1.1 cm*/g.

EXAMPLE 6
[046]  This example demonstrates catalyst extrusion using alumina as binder. The

proton form (i.e. H') of the Sample 5 was obtained by ion exchange, mixing one part of
Composite 5 with ten parts of 1 N ammonium nitrate solution at 60°C for 6 hours while

stirring. The solid material was filtered, washed and dried at 110°C to get a white powder.
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m nutes. Then 124 parts triethanol am ne were added to

t he above suspension under stirring. After continuous
stirring for another 30 m nutes, another m xture
containing 171.4 parts of TEOCS and 28 parts of
Aﬁfezuﬂ&m iofl SRR IS ?]‘ﬂﬁﬁgteﬁﬁ G cMBiEl&] arShbid fogg hours in air.
ter stirring again for another 30 m nutes, parts

t et raet hyl ammoni um hydr oxi de aqueous sol ution (35%

] BT B S5 ST 6 8 o o

Niy@amﬂ toqwbvide gedtalystilis myieturevass agedbdantorcgmmmamhepmﬂit E6

r st C i.tiqns,for th

i ety bp iR BB splelp RhfsPec M fmouts, Finfifyne
exBlatelcamsihed apdt 4% US Y8 176 st Md%&nt&ﬂﬁgh}bﬂér%thlﬁﬁé’[@bfo}&s
treated at 180C for 2 hours. Finally, it was calcined
oxjfle g Wict A¥i%ours in air with a heating rate of
10 mn. The final material was designated as Sanpl e
5. [045] The XRD pattern of Sanple 5 is shown as the
upper plot in FIG 5, which clearly shows two
characteristic peaks of zeolite Y and nesostructure
material. The lower plot depicts an XRD pattern of
_X_éMBEE_Y There is about 5wt %zeolite Y in the final

BT O3ib Sxerhhd HQASILALNRL Bh O NSHE oo Hace

trxcﬂﬁmgamﬁx,émﬂpla@ 131&&6450 "p'hntssofesﬂmagble6957epm of trizthesolamine

| Th
Py 2ol oY Shstong Bt oGk BB M Bl iRt wip»
cdndénsexx CAfeen g, conteitts 0 the Mlaskpadrt niked walhpitisa h%glﬁmjml dtirtes the
I on at

i St o2 R HEE e 86 i e oGS S
genbrated rdaﬁmg M&fbﬁdo g’a.l-ﬂﬁr @ith @ @mall pdrliefrof BGERIn fhe WY -dfthe

powder . second_i on exchange, the sol.id
cdpdenstt, Measithile st ol B A5bBOATGRRBE g Sherepiopmixiare, Afer

abofifs{d h(?dl‘é} IBEatﬁ@ RfaS st@f);txéd‘ AidBREG oA NiRfufe Whs@UeMbd dhel %blmg

parts of alumna in formof Nyacol to provide

dayartal5§%t | Thitveasropmuikareysas sighthimewi.idspgted ¢4 siliggr i cal
m‘%&gﬁﬁmﬁm x%pl@x sm di aneter. The extrudate was dried
and cal cI ne '

at 550C for 4 hours. Finally the
‘extrudate cont ai ned about 4% USY, 76 wt % of

E@ﬂ@géﬂ ni ng noncryst aI l'ine, por ous oxide and 20 wt %

[049]  This example demonstrates the zeohtefI‘UD-l preparation using silica-

triethanolamine complexes as a silica source. A suspension of 99 parts of zeolite Y
(CBV-500) and 300 parts of water was loaded into grinding device for wet-milling. After
30 minutes of grinding at 3000 rpm, the suspension was collected for zeolite
incorporation info silica TUD-1. Two hundred six (206) parts of this suspension
(measured to be 20 wt% zeolite Y) was mixed with 217 parts of the complexes obtained
in Example 7 under stirring. After 30 minutes, the mixture formed a thick gel followed
drying at 90°C for 24 hours. The dried gel was transferred irito an autoclave and heated
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EXAMPLE 7 [048] This exanpl e denonstrates the
preparation of silica precursor, silica-

tri et hanol am ne conpl exes. First, 250 parts of silica
gel, 697 parts of triethanol am ne (TEA) and 286 parts

ol 8B 5 B A RISH, A A HEpr g

m%ir@ﬁ&ulﬁﬁfa@lﬂe&aﬁe wefhite povdera mechani cal sti rrer t he
m xture was heated up to 200- 210C:§P|Ie st W n Thi s
9)

(05§t y pThemb@ahw%%D BCONBPF COYRTI UYL HeigeR B,
adgcﬁ'gﬁc’i E\d bk 1@ha§'§‘?éﬂ3T Rfabd &8 & abﬁ@ 560 g L t8al o vefume of

con enser. Meanwhil e, npst of the EG and TEA
lzetndgmwwemg@mésqpemze@ﬁabﬁUka After about six
hours, heating was stopped; and the reaction mxture
vvas collected after cooling down to 55C. This
XABPLEON m xture was slightly brown, denoted as

o, Bl R A o

exﬁﬁcmadstailhmn L'minﬁgleﬁl 11; ﬁn:ther fundtiehdlzzadbyinmpregrationivel & awd
a_silica souyr ensi gqn. parts. of zeolite Y
W B ahticishatalhAbeay iR S PG nef h's Fpals
of@fnkﬂyﬂilﬂgméﬁtﬁhg@té SUTutiRl(391B kit 4197) uAdelr efirring OTHel it tuesis dien
rindi at 3000 rpm .the su E'ens U\@‘i %eﬁlﬂ% f6
dﬂzt@éw Paiﬂﬁ OEWHEH WP HITiRg: &2- o¥{Ijtate o e
arSintpréedl Q@hwﬁkﬁ&ﬁéabe% KirissohitipR R @mmé@ﬁﬁwoafé an@ cﬂané’d)at
vvtA)zeo ite Y) was m xed with 217" parts of

500%hior @ kewurs.ciheassuling modified sxisndates °QF?4%F§$ 4. QtWtr/r P%Hl angglB Jwt

o m nutes, the mxture fornmed a thick gel followed
r'ying at 90C for 24 hours. The dried gel was
transferred into an autocl ave and heated 13 up to 180C

Qg@%}iﬁ‘lﬁ there for 6 hours. Finally the gel was

at 600C for 10 hours in air and ultimtely

[032cane aThisiexamplodeemstrit@s0g pr"e'paarattdnmflo e patladitiyBad
SLte co 5.WM.% of zeol i |

o SRR S byl et B e M TERET ofifed n

Ex@ﬁ@lbtz 19 §fpre@iated viioh 4l aghevue solﬁﬁdml’bﬁmpﬁsmé. 022 paﬂd @f tetregimmine

average nmesopore size of about. 5.7 n EﬁA
platinum n%trate 12. S%arts of aqueous solut?on of tetraammrlnne palladium mtrate (5% Pd)

and 43 parts of water. Impregnated zeolite/TUD-1 is aged at room temperature for 5
hours before dried at 90°C for 2 hours. The dried material is finally calcined in air at
350°C for 4 hours with a heating rate of 1°C/min. Noble metal dispersion is measured
using CO chemisorption; the powder is then reduced in a hydrogen stream at 100°C for 1
hr followed by heating to 350°C at 5°C/min and is maintained at this temperature for 2 hr.

A dispersion of 51% is measured for the metal assuming a Pt:CO stoichiometry of 1.

EXAMPLE 11
[053] This example demonstrates catalyst preparation of 0.90wt%

iridium/zeolite/TUD-1 by incipient wetness. 0.134 Parts of iridium (III) chloride are
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[0511 This is an exanple showi ng netals incorporation
into the catal yst. The extrudate obtained in Exanple
6 is further functionalized by inpregnation with Ni
and W Five (5) parts of nickel nitrate aqueous
solution (1 xed w th

cisgaivahIn A P drigupsd woido S Giptends 96t B RRts 6 cer

ze8llite UG obthiRd i Bfddipde 4 with heKing. drhwcﬁmemwwur&dpawe of
wat er under stirring. 12.5 Part ext rudat e obt ai, n,[e]:l
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+148€ prI hef ll@w&cﬁbyal%it F50€at FC/min
re&é&%%ﬁr# or di e%ﬁ?%aﬁ{@rhe resul “ﬁ(;? nodi fi e&ﬂgg{?t rudat es

and demnaintained apthigtterppesgiungiforghlar. ) ghepisorpian showsedm £% 0
f
i P R e L Dol ¢ o TUD 1

by incipient wetness. The zeoli te/ TUD-1 obtained in
Exanple 2 is inpregnated with an agueous sol ution
conprising 0.42 parts of tetraanm ne platinum
nitrate, 12.5 parts of aqueous solution of tetraanmm ne

iumnitrate (5% Pd) and 43 parts of water.
m@gdw ed zeolite/ TUD-1 is aged at roomtenperature
[053)r S5 hQuisexfnblelifistitbstle ade T d‘a&lysﬂoﬂﬂﬁﬂefcﬁn FXlnéple 9 as a
dried material 1s finally alcl{ﬁ%ﬁ EPalr 350C for
hydrqqagk@gmt{dpfstaWhlng,eﬁ glugtsd for gudaleistiliatesiyglsptyitydt 5
Wg«l kiR OPhd &aﬂﬁﬁ&w‘s %&ne&’ §ﬁt"iﬂ a@@w‘%@ﬂﬂr&ﬁﬁxﬁﬁésﬁlﬁde& ffm (in a
er I's then reduced in a hydrogen stream at _100C
coﬁmnnqanal Iway) usingadsdraspated hedvi yaquymge oil 4t a bedstock- AHg i s
; .
opBled R ARY 'y sl el RERALAL Heule¥r 140 E1£rn(parﬁal r&sB66 o BiE
of $t5chat,hind mptrtipl préssire of m&éf 075 b&%]ﬂn%g@/f%m %f 1500

N R EoR i geeecd ARSI TR Voo 0. 134

[o5@rts of iridium(lll) chloride are 14 dissolved in
5.3 parts of deionized .. This solution is added
to 8 parts of zeolite/%btai ned in Exanple 4
Wi th m Xi ng. HydietréateddBsavyWaculin €as @il PRipeities [ 054] For
di spersi on nmeasurenent using CO chem sorption, the

powder is then reduced in a hydrogen streamat 100C
for Disti{latipi (D@ by heating to 350C at 5C/ nin
IBP, °C (vol %) 345

10% 402
30% 441
50% 472
70% 508
90% 564
EP 741
KV @ 100°C, cst 8.81
Carbon, wi% , 86.6
Hydrogen, wit% 13.4
Total sulfur, wi% 0.008
Total Nifrogen, ppm ' 16.1
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and is maintained at this tenperature for 2 hr. CO
chem sorption showed a 78% dispersion for the netal
assumng an Ir.-CO stoichionetry of 1. EXAMPLE 12
[055] This exanple illustrates the use of the catalyst

t al ned.d I . . rOGCrHaGK] . 17750
08 oh' T s THE sV Ry B ey QR Rttt Be ¥ob17eec
to BA5°d) Y Hse5cack b B colVegsi@Veflcompbmentsi of 66@t%.i Setpeisihgly,tha

flow reactor with presulfided form(in a conventional
selgptimityrsaches 2. hyHeot r eat ed heavy vacuum gas oil as a

feedstock. It is operated at LHSV of 1.5 kg /liter

hour, total pressure of 140 bar (partial pressure of
EXHMPLEf35 5 bar, and a partial pressure of anmmonia of

075 baky. j . .
(OR10 por o1 Shis3Rinfle B8O S, 154 yiBidaha bQidity Ml Spprbiiinent
Théabinposite Ayalite THDat etaikehinyExvaplefris Gapregiatedmyityietraamueine

i stil.latio 1160).: | BP, v 0 0 02890
ol 58 5 lripd B and 3, ol 6 gl e ol koo B
typicad ldeoilad WanfeedhdtBcompobitiok shgem, in Webile 2 Beléw. This deoiled wax

0 .
is gbl%:ﬁlg& fror\lq't th{g s%lv%gts(hdﬁgt(i%lvvayllrlg E)P g ?&7 SI%) @510%) %eutxla? oil obtained
from an Arab Light crude. The total liquid product from the hydrocracking step is further
upgraded and hydroisomerized by processing over a low acidity Pt/zeolite Beta/TUD-1

catalyst obtained to effectively hydroisomerize and convert most of the unconverted wax

to very high quality, very high VI lube oil containing essentially all isoparaffins,
primarily singly branched. The waxy total liquid product is processed over the catalyst at
400 psia H; partial pressure, 2500 SCF/B hydrogen, and 0.5 LHSV over a range of
conversion levels. The total liquid product is then distilled to a nominal 700° F+ cut-
point. The waxy bottoms are then solvent dewaxed to produce lube oils having improved

lube yield. Table 3 contains results of these experiments using zeolite containing

hydrocracking catalyst.
[059]
Table 2
Properties of Deoiled Wax

Gravity, °API 39.2
Hydrogen, wt % 14.04
Nitrogen, ppm 9
Sulfur, wt % 0.01
KV @ 100°F, cst 6.294
KV @ 300°F, cst 3.15
Pour Point, °F 120
Oil in Wax, D3235 3.1
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[057] The selectivity for mddle distillates (e.qg.
boi ling point range from 175C to 345C) is assessed at
a net conversion of conmponents of 65wt % Surprisingly,
the selectivity reaches 72.6 wt% EXAMPLE 13 [ 058]
Thi s @xaipl IRAGE s lube yield and viscosity
i ndex T npr deblgt:?int. I'Br eg?porrposi te zeolite/ TUD-1
obtai ned in anple 6 is inpregnated with tetraamm ne
piatiuuuuui65atc as desgrg bed Tn Exanpre 9, and the
final catal ySt has abouZUQ.G w%Pt. A typical
deoi | ed wax Jeed has tthOcorrpositi on shown in Table 2
bel ow. Thi s, deoi | ed WaXgcd S obtai ned fromthe sol vent
( MEK) devva:%g of a 300 S (65 cst) neutral oil

f

o)

obt ai ned m an Arab ht crude. The total liquid
product fr t he hydroc king step is further
upgraded a hydr oi somefi’zed by processing over a | ow
acidity Pt /%ol ite Beta D-1 catalyst obtained to
ef fectivel y’hydroi somer?%e and convert nost of the
unconverted®®ax to ver$high quality, very high W
| ube oil coMtaining ess ially all isoparaffins,
primarily s¥nhgly brancht®¥8 The waxy total |iquid
product is processed aver the catalyst at 400 psia H2
partial pressure, 2500 SCF/ B hydrogen, and 0.5 LHSV
over a range of conversion levels. The total liquid
product is then distilled to a nom nal 700* F+ cut-
poi nt. The waxy bottons are then solvent dewaxed to
[og0]oduce | ube oils having inproved |ube yield. Table 3
contains results of these experinents using zeolite
contai ning hydro cracki ngTebdd &l yst. [059] Table 2
Properties of Deoiled Wx Gravity, APl 39.2 Hydrogen,
w % 14.04 Nitrogen, ppm9 Sulfur, vt %0.01 KV @

POPEOlitEBEa AR Isomerization of Low Conversion

Hydrocracked Deoiled Wax

1 2 3 4 5
Reactor T, °F -- 691 632 638 678
700°F- Conv., wt % 18 23.3 22.5 21.5 8.9
(Overall)
Solvent Dewaxed Qil Properties
KV @ 40°C, cst 19.04 18.05 23.2 2233 23.07
KV @ 100°C, cst 4457 4299 5195 5.04 5.089
VI 153 152 164 162 157
Pour Point, °F 0 5 15 10 5
V1 @ 0°F Pour 151 149 158 159 153
Sim Dist (5% pt) 674 557 732 705 623
Composition, wt %
Paraffins 92 97 93 89 91
Mononaphthenes S 0 3 2 2
Polynaphthenes 2 1 4 6 4
Aromatics 1 2 0 3 3
Lube Yield, wt % 31.7 49.4 42.3 50.1 53.8
(Deoiled Wax Feed)
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KV @300 F, cat 3.15 Pour Point, F 120 Q1 in \Wax,
D3235 3.1 16 Sinulated Distribution D2887 W% P 0.5
759 5 811 10 830 20 860 30 878 40 899 50 917 60
938 70 959 80 983 90 1014 95 1038 [060] Table 3
W&’Z&%’% ntt al Tlgpél I %Q@’Efl Eghl on~gf Lowy! nvEr sion

I OCr ac 5 Reactor T,
() ; 5 21.5

8.9 (Overall) Sol vent Dewaxed O | Pr operties

[061] While the above description contains many specifics, these specifics
should not be construed as limitations of the invention, but merely as exemplifications of
preferred embodiments thereof. Those skilled in the art will envision many other

embodiments within the scope and spirit of the invention as defined by the claims

appended hereto.
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KV @40C, cat 19.04 18.05 23.2 22.33 23.07 KV @ 100C,
cat 4.457 4.299 5.195 5.04 5.089 VI 153 152 164 162
157 Pour Point, F 05 15 10 5 VI @OF Pour 151 149
158 159 153 SimDi st (5% pt) 674 557 732 705 623
Conposition, wt % Paraffins 92 97 93 89 91
winorapihenes 5 0 3 2 2 Polynaphthenes 2 1 4 6 4
“Aromatircs 1 2 0 3 3 Lube Yield, wt %31.7 49.4 42.3
50.1 53.8 (Deoiled WWax Feed) 17 Wax conversion, %
47.1 68.9 61.4 70.1 91.2 [0611 Wi | e the above
desdr AmatabﬁchY@P%meW%ﬁ@t?W%mgt hese specifics

houl d not. b f
v Rt 5 BB EeRERY I B SR bons of
pr ef(gth? teorﬁgglﬂ)e%?%&oﬁgﬁs%ghte}?gase skilled in the

art enV| on man odi mrents within the

SCORE) Ao Phdnc sﬁfhxk'i'&)rgafﬁ.‘ifcﬁﬁc‘ide%vﬁg raﬁﬁmwtembnﬁmed

cl ais = appended hereto. 18 What is clained is:

méRdpereySid Having lay K-y acieotiorcinr?ddotyicom 0.6 clepreessto 2 degf&as
at |least one elenent with a hydrogenati on functi on,

R A e )
Fuh ARG Mola {RIRRATRAE EOps mp O QIE; /T 6hd WAIB 60héPeriédicaly

reflection in 28 between 0.5 degrees to 2.5 d .
Table of the Elements. g egrees

3. The catalyst of claim 1 wherein the at least one element having hydrogenation
function is a metal selected from the group consisting of Pd, Pt, Ni, Mo, W, Rh, Ru, Cu

and combinations thereof,

4, The catalyst of claim 1 wherein the composition percentage by weight of the
element with hydrogenation function ranges from 0.2 % to 30%.

5. The catalyst of claim 1 wherein the zeolite is selected from the group consisting
of zeolite Beta, zeolite Y, ZSM-5, MCM-22, MCM-36, mordenite, Zeolite L, ZSM-11,
ZSM-12, ZSM-20, Theta-1, ZSM-23, ZSM-34, ZSM-35, ZSM-48, SSZ-32, PSH-3,
MCM-49, MCM-56, ITQ-1, ITQ-2, ITQ-4, ITQ-21, SAPO-5, SAPO-11, SAPO-37,
Breck-6 and ALPO4-5.

6. The catalyst of claim 1 wherein the composition percentage by weight of the ’

zeolite ranges from about 3% to about 90%.

7. The catalyst of claim 1 wherein the inorganic oxide has at least one element
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2. The catalyst of claiml| wherein the at |east one

el ement with hydrogenation function is a netal
selected fromgroups VIII, 1B,11B, VI1B and VIB of the
Periodic Table of the El ements. 3. The catal yst of

sl GG 4e B SPANRCER OF S’ & Fintdh 2 150 e iapr B i V.

Nf FO UM g CR18H Séihbidatitns Bféreo?t Ni, Mo, W Rh, Ru, Cu and
conbi Rati ons thereof. 4. The catal yst of claim1

wherei n the conposition percentage by wei ght of the

el e e %e &Mlg £ Y L ?%Eﬂe&ﬂhé hiBf]ghhl@ Bx7d8 N8R clell #8hkhe gfup

to 30 e catalyst of claiml wherein the zeolite
cansistirng cé@thea aﬂmmttﬁ@mgn exide, Zpadiiung prige arg conghinatiops thereof.

Beta, zeolite Y, ZSM5, MM 22, MCM 36, nordenite,

Zeolite L, ZSM 11, ZSM 12, ZSM 20, Theta-1, ZSM 23,

ZSMBZThe ZBENy36f clZigM #BereB3IZe Borgamspikide is al@nina gilica.

MCM 56, ITQ 1, ITQ2, ITQ4, ITQ 21, SAPO5, SAPO 11,

SAPO- 37, Breck-6 and ALPO4-5. 6. The catal yst of

cl ailt Thedaedlyst of dléie Ciunhaiomprisinge fanethtcampotmont wézdcgr;ldtfrom

of the zeolite rapges from about .3%t bout 90% 7.
(59 o Sprap e fspork PUARROrUS 1 QPG 18580 Bant ¢ oxi de.

has at | east one eI ement 19 selected fromthe group

conS|st|ng of S, . [

O, lgThahtalyg of drgim ln@rth%rcoalﬁaﬂ%wtﬂa&m@n For i

8. The cat al yst of claim 1l wherein the inorganic oxide

Is selected fromthe grou consi sting of silica,

al uri2nA pracessodimpking g caalystqompsiaing'm oxi de and

conb fdnisd

ciaref BakAEEatREERLL nereoklfe P bRy Rl BBk oxidy
witlaxaadqswimrcgmmmmefaqnordszer conprising a fourth

co ent, ¢ LRl
oo SN e RECRT s EbRTerl(E)p lalb P pSARNL B ABLRT.
incrfrpa’_rhta& mtdtfg mni;hqstaﬂmnmom?pnmg)zede@aﬂla’my@;lb inteteonnegied
. api ng process of making a catal yst
mes8RAYPFYsi ng: (a) maki ng conpl exes as the precursor for

t he (O)anesdusinglat let ohd1EigERving@hyd@genation function into the

composite made in step (b).

13. The process of Claim 12 wherein the said complexes are selected from the

group consisting of silitrane, alumatrane, titanatrane and their combinations.

14. The process of Claim 12 wherein the zeolite is selected from the group
consisting of zeolite Beta, zeolite Y, ZSM-5, MCM-22, MCM-36, mordenite, Zeolite L,
ZSM-11, ZSM-12, ZSM-20, Theta-1, ZSM-23, ZSM-34, ZSM-35, ZSM-48, SSZ-32,
PSH-3, MCM-49, MCM-56, ITQ-1, ITQ-2, ITQ-4, ITQ-21, SAPO-5, SAPO-11, SAPO-
37, Breck-6 and ALPO,-5.
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wi th randomy interconnected nesopores; (b) using the
conpl exes fromstep (a) to nmake a conposite having
zeolite incorporated into the non-crystalline

i norgani c oxide with randomy interconnected

mes S+ ; :

g LictrossEd  ef B2 halfinhe BRSOl Bl ol V19 1B,
IIB tiep V{IB)and V3B of the Reriodie T'eble bf Be Flements. wher ei n t he sai d
conpl exes are selected fromthe group consisting of

silitrane, alumatrane, titanatrane and their
contlisnA tpraees. forlifeatify @ hpdrocaclsm foédd Onpirising2 wherein the

zeolite |s selected.fromthe qgrou consi sti .Of
7o PhactisgioeropaES 4 e Sy PSS R it o
caf@ﬁtﬁ@lﬁ‘}léf%cti@@ﬁ&lﬁl@ ota bifehShbnbllcatadiEyedmprisaight 20,

Theta-1, ZSM 23, ZSM 34, ZSM 35,  ZSM 48, SSZ- 32,
PSH-a}at Isasenecelemantmifh 2 hydiogenatipnrfinetion, T 4 | TQ- 21,

SAP i d ALPO4-5. 20 15.
YR S Pl

The m 3 wherein the nmetal is selected
f r ore) gperops nuAdrystallig; inongpEe gxide havine rapdpmly Fiterponngeted
Per i aodi ¢ ,Tabl . .

PR G A B RIS P o8 MRS { B
feed containing at | east one hydrocarbon conponent

Wi t catal ytjcal l ffective anount. of

bi f Dﬂ o Thega es%%‘i"i%‘?é% V@%?FF&? fbﬁicﬂ’@;‘?efsé‘jn ofth% iyligqearben
coRlpBA@fts affetiod By hisakisaganeictionsddsrd fioanthe gijup@bndistiag bf

one type of mcroporous zeolite, and c) a porous,
hydenseaciiag.diydiotgatings pybydeotioRedaaittvi ng random y

i nterconnected nesopores and having an X-ray

reflection in 20 between 0.5 degrees to 2.5 degyees.

17. I$nBhemmensesef cdaimdl7arhereimsaih fpd mludaea piNaupsasHop pnd
rog ' f ea
R L G
relativelp gt grdpcathypulprdedteat i ng, and hydroi soneri zat i on.
18. The process of claim 17 wherein said feed includes
a petroleum fraction and
19. The process of claim 18 wherein said petroleum fraction contains at Jeast one

component having a boiling point above about 260°C.

20. The process of claim 18 wherein said petroleum fraction contains at least one

component having a boiling point above about 290°C.

21. The process of claim 18 wherein said petroleum fraction contains at least one

component having a boiling point above about 340°C.
22. The process of claim 21 wherein said petroleum fraction further comprises at

least one component selected from the group consisting of undeasphalted petroleum

residua, deasphalted petroleum residua, tar sands bitumen, shale oil and coal liquid.
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the reaction conditions are sufficient to effect

hydr ocracking of the fraction to produce a relatively
| i ghter hydrocarbon product. 19. The process of claim
18 wherein said petroleumfraction contains at |east
one conponent having a boiling point above about

260C. 20. The process of claim 18 wherein sai

pet r23t Ewrfwe&& o daimciSwherany saig refagiyely lighter hs@é?ﬁa%bﬁé groduct

inBRYdsMEofh 8 béi'&:télﬁ‘g)l*r% gl‘bnﬁ c8hg 39199d1e2cﬁsulf5féecomponent

process alm sai d pétroleumfraction
havmgtadjOHMgammt eagingdiom IW CEGM fagl and el tiaprpil.
poi nt above about 340C. 22. The process of claim 21
wherein said petroleumfraction further conprises at
| eagy. wn@prsmpmﬁm Ieliggdietic bomwersidneof girecydracansi st i ng
of unde ILed petr $I§yn1 res dua eas hal te g
COFPOPEH! Brered Apsans of Ly LgiserReT ERRRER st
in€l0& a {eit?la'ﬂaﬁlfe gf]ﬁc?ré abolif £508C @6 SoRt SUO°G| Dpredshie AL hRIub 1 bar
said relativel hter hydr ocar bon product i ncl udes
toab@ﬁﬂﬁ@h@manéeﬁ&ﬁ eftorh gt P4 do ahawtig0-consi sting of
m ddl e distillate conponent having a boiling point
rangi ng from 150C to 400C, diesel fuel and |ube base
oil. 24. The process of claim 17 wherein the
conversion of the hydrocarbon conponent is effected
by nmeans of hydroi sonerization and the reaction
conditions include a tenperature of from about 150C
to about 500C, a pressure fromabout 1 bar to about
240 bars, and a LHSV from about 0.1 to about 20. 22
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