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HYDR Q PROCESSI NG CATALYST W TH ZECLI TE AND HI GH
MESOPOROSI TY CROSS REFERENCE TO RELATED APPLI CATI ONS

wQ 0@&29iBE present application clains priorityPCDURRES/031668
Provi sional application Serial No. 60/607,607 filed
Septenber 7, 2004. The present application is a
continuation-in-part of copending US application

Serial No. 11/ iyipROPHOLESHNGICABATARP, which is a
di vi si O”a'wj%EDLﬁﬂ?EANBFH B MEsIPOROSHIA313. 720
filed Decem ., 2002 TCIT TS a
continuation-in-part of U S. application Serial No.
09/ 995, 2ZR(SS REFERENGETOIEL Z0BD APRLICATIONSIed as
U S. Patent No. 6,762,143, which is a
continuation-in-part of U S. application Serial No.
9/ 390, ' E : : :
001 LR p ke PR B! iRy (B PP B maLHotion
Serigll No. 68607 A0V fidéd $éperabarr7e f004. | Thragtesepphppdabiians aand/ or

o R BB el S1] SRCA TSy,

2005,%2%11 ikh iﬁﬁﬁﬁﬁmgg.ﬁyﬁ%&&{bnrs"érﬁi RS, {®3 @,’?%6 gféatﬂéeeﬁber 6,

cdat al'yst havi ng rogenati on and acidi
2002, width isnson@nuaBankygperiod Uo$. aphbcdtieh el Mo 109/995027 filed

Noviggers 2D oY Tt ey BB A 1 e aP AR ar o
contWRlatiorK oM MU ISh 8piichtiGh JerR 9&E 8S/308 216 HISPEPRIIRL 7€ 1999,
systens Wi th uni f'orm pore sizes. However, thése

and new dsshed & . SnBatent Wo SsE556486, tohwhich priprify is chpwedsalbef the
onl y. nesopores. M gropores.are .define S res_having
atorgticEs S Elrstndls REISTE 13 AR La R BB ER s BRHES
as pores having a diameter ranging fromabout 2 nmto

about 50 nm [004] Because such hydrocarbon processing
reactions areﬁﬁa@ GROIANPLPF ITHEH%\GE,NEI@%& alyst with

1. Fly dr96at VRl size will facilitate transport of the
"TTeactants to active catal yst

[002] The present invention relates to a bifunctional catalyst having both

hydrogenation and acidic functions.

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.
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sites and transport the products out of the
catal yst.[005] There is yet need for an inproved
woreoe02€dB7 havi ng functionalized sites w thin aP@DUS85/031668
framework for processes directed to the catal ytic
[005F O THEFeSk ?E‘t e 4’&ran5iﬁix% Rk nPaler il hQMH%NﬁﬁﬁﬁQ@fﬂ&e@ Ql@es%ﬁﬁﬁ a
organi ¢ Conpounds. SUMVARY OF THE | NVENTI ON
porous fiaimesttork fur phocdsses direased todhe eatsliybo cmrs/e;mmmﬂémi' adsorptlon of
drher in, t et cat al yst cor% ising at |east three
By oG BBRLHIO PTG RO B ol oent with a
hydrogenation function, (2) at | east one type of
m croporous zeolite, and (3 por ous, noncrystalline

i norgani ¢ oxi deSHWAé{Y@F Wﬂ‘ﬂﬂ@bhnect ed

1006]" 5“8 3R BeCiet 59 Vet ff Porlel Rt Bee B b ek T
compiRaMY BaSadt Aéd c&ﬁpbﬂeﬁmgm} 4tQéhst §ned<ﬂ§rﬁéﬂt Reth zhﬁ{rcﬁb 4 h@xW

with reference to the draw ngs wherein: [008
funciieni (@) &t Ixast aye @pe pf wrpmrovmjltep aind & ﬁ@omusmnr@rystalllne

inorB e Wiy Ao B Elal H0 b ASmRRERRE ol %t ay

reﬂeﬁﬁ@@ﬁmmsémyerp@ SIdég@esZt@QiSH@gr@@t a and zeolite
beta/ TUD- 1 as prepared in Exanples 1, 2 and 3; [010]

FIG 3 depicts XRD patterns for nesoporous material,
MCM 22 zeolite, and the conposite prepared in Exanple

4; [011] H ze

di stributi on%mﬁFIhegg%fnpgg?ﬁéﬁgﬁﬁg%W§ pr epar ed

in Exanple 4; and, [012] FIG 5 depicts XRD patterns
[007pf pur e The trbviehBonYisalestribed Bamepibeloss witk peferedcd to thx draplings

5. DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODMENT( S)
Whe{eEHS] The inventive catal yst has a novel conposition

essentially conprising three active conponents: (1) at

[008] east omnp&@lc@xtﬁguﬁﬁaéﬁ&fq t&éhlslof h% zebliB beta and
| EB and VD3 in the periodic table of the el enent s;

zeolitehetaflUldd o praperedyp Examples dr 2 pat @,us zeolite

[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.



10

15

20

25

provi ding sone acidic function; and (3) a
noncrystal line inorgani c oxide having randomy
W0 nicernzasnect ed nesopores ranging from 1.5 to PSI/US2V05/081668
di aneter. The catal yst can also optionally include
bor 9RTATHEDDRYOREAONSORTHIPR BEERRENPENASBDINIENT(S)
physical integrity, the catalyst nmay further conprise
a binder. [014] The netal is mainly selected from
[013]r ansi t iThe imeadive catalys has gaoselsommesitingepsentially comprising

conmbj .ons.. Thes j It ani adiu
toreg RS Rt A e O RelaL e aR AyRb Yt RS P
and MIBAR ke Perivalcabie f fe olintdid; (2)Caliedst ond typdof tibAgSdre zeolite

pal | adi um  rhodi um rutheni um and, plati num Sone of
provigiag sems peidicaiinetéion; sadit3d @ nencrypellipsirorsyre axide bavinge

. . L de: £t

ran FAGPAER ASKABN BB HATS ASBE FBRCRE Tho sy
can algb spiidnsllydncludd bdrai tidiér ptiospiioranalf aotted catipshenti SFatephysical
. the zeolite mcropores. Al so,, gorre of the nmetal can be
integrify nthg g2fglyst way &uiher gampmiefdpder 015] The net al

content in the catal yst, depending on the specific

ppl i caty rs i :

1P e o af MRy oo ol Yapsiioh il Hobfefh PR 2Hd their
combomtiemt. Thpseahetnkbhcludeaitgasmt vamdinz, zivosmtiymaapahekgzinc,

transition nmetals its co nts pr.eferably .ranges from
copRg B P st B REP B, HEkr SoDalh ik igseh
pallddirh UaR diveh, FuGERRAY SdDlARA. S8nRBTektd6talstad be located on the

non-crystalline, porous inorganic oxide. The

porersuciaopeok the meseprirpes inpaganbroxids) sopgef dienntay kgpveaperated

..zeolite. ne,_ex | es..ar.e zeql i.te Bet eol | Y.
withif s R ST r R A5 G 8 R dne E el e e
zeolkte ma&bEres. Z8Nb, some of ¥ hdal AbMedBcatdd @it e bataBivbidder.

ZSM 34, ZSM 35, ZSM 48, SSZ-32, PSH 3, MCM 22, MCM 49,

MCM 56, I TQ I, ITQ2, |TQ 4, ITQ 21, SAPO5, SAPO|I,.

[0134Ap0- 37 Thematudconient @ dhgsrssipstadenendme opthrspesificgpplications,
= - . |

ranggt B8 63 ey B5%0 0y AbiSeq Sh et o ML, 13 Soble motals

its comtants préferablypanges dobn G2 do Sveds] mat pahbusiidod vhetatsritscmntents

in-situ synthesized in the noncrystalline porous
Prefgﬁbﬁé%@fﬁomﬁéog(g%@st' s zeolite content can range

fromless than about 1% by weight to nore than about
[01679% by Wk gBélite deRB¥ed REIER ihél1BIQREWIRSId roddReBNR embetided in a

I's preferably :
non-crystalline, porous inorganic oxide. The microporous zeolite can be any type of
microporous zeolite. Some examples are zeolite Beta, zeolite Y (including "ultra stable
Y"--USY), mordenite, Zeolite L, ZSM-5, ZSM-11, ZSM-12, ZSM-20, Theta-1, ZSM-23,
ZSM-34, ZSM-35, ZSM-48, SSZ-32, PSH-3, MCM-22, MCM-49, MCM-56, ITQ-1,
ITQ-2, ITQ-4, ITQ-21, SAPO-5, SAPO-11, SAPO-37, Breck-6 (also known as EMT),
ALPOQO4-5, 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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from about 3% by weight to 90% by wei ght, and nore

preferably from about 4% by wei ght to about 80% by
wowiogheo13The catal yst with zeolite included predBEUSIINY031668

contai ns no nore than about 10 vol unme percent of

| Cr 0POFI§S calaBAB ¥ 2hbd H6m 1B RAS 1 | e
m”Ixi de i sﬁ%rcgf ggsa%ﬂzélgﬁge %}&?Eeledi mengi onal , r%g%{?)%ﬂgg ga%w&elght
to mionothga abaut G2V ey waight drdnyrengedhernchefwaen. [Homgdvef) 7t is praferably

ercent nmesopores (i,e., . re than 3 vaol une per t
fronf i i B SRR P D 5 PR iR - g JFS o AfDY

weig? 85 Stk 80Uy FeiBRL Ghe %talgist- With zMltd'Rfudad greﬁ%%lbtcgntains no
ncor porated ‘therein), and generally at |east 98

mory HanmbowellceiumepswpairadsniciPhorss.mat eri al is descri bed
in US Pat. No. 6,358,486, and it is denoted as TUD-I

0183, "o dPmeBySafint b PR i B R ey A
dim@Ricdal, nRepdreas inofgaiRy dxdde hitteridlQohfathidDdt 1edsd 39 ol percent

mai n chem cal conposition of the preferred porous
MeSPPRIPSYASi> €0 GHQTE EhAmETRINNe PRAEPUARISTODSERS) based on npipipppreg and
. -a |. .
mesh S b P AT BT S  D AF ARO i)
and gerebillyedtilent 9§ helupepetieni mesogares CTHX meerils-desafbed in U.S.

furth ' di , , gol d,
Pat. gy 3RS0 R ARPOERAEAUB]- AriiefioddrL e RiRe dipgeferred porous
inorERBAbide i cﬁ&l@é@g ih W@%‘f&? 6,35848% 2ddB-d. hﬁ% fapplication serial No:
oncrystal fine material (e no crystal ey 1s

10/766587ved by presently available x-ray diffraction
techniques). Its average nesopore size, as determ ned

o153 O R8T 05% BEL iy RN P M o B BB oo
(TU%S%%&IM@%MS B&ihed aoﬁgﬁ@é, anaihy, sRAGSEN{: OaAiRRSxide,

200 n2/g to about 1200 n2/g. Its pore vol ume o
zircqmiwh @k ilsl nageasias okide and tsttcombiaging/ the noreusonerganig oxide

/ 0211 According to. U S. 6 , 4 an . S,
TULE B3 arlgsf B il finky Bopdy 335: S5 fapltafim,
chrofE&aPRALDBE chun) 1gelt],cobxlt, d@niaad @ipereal | y prepared by

heating a m xture of (1) a precursor of the inorganic

oxi de, and an organi ¢ tenpl ati ng agent that_ m xe
[020] TUD- 212 anoncrys alﬁne matergl.g{ (all.e., ng cr;gsta%mty 1S observedS by
presently available x-ray diffraction techniques). Its average mesopore size, as
determined from N,-porosimetry, ranges from about 2 nm to about 25 nm. The surface
area of the inorganic oxide, as determined by BET (N,), preferably ranges from about
200 m*/g to about 1200 m*/g. Its pore volume preferably ranges from about 0.3 cm®/g to

about 2.2 cm’/g.

[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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well with the oxide precursor or the oxide species
generated fromthe precursor. The starting material is
w@ewen2d1By an anor phous naterial and nmay be coP@I/USHA5/031668
of one ornore inorgani c oxi des such as silicon oxide
mor€ 'in% i Mﬂés@&bﬁi 8s sifibdloRte ¥ ilﬂlﬁﬁiunﬁgﬁﬁé JoRRbr ﬁﬁh@\l‘c
oxi dés. The silicon atons may be replaced i'n part
additibhal rmanitoadldeat Bltmsﬂuﬂm%@nma lbs répladed de patb by otiree rma@tl atoms.
m t t,0 m nu di.um zirgconi um
TheggAafianet5ts it Franpumicd B s IR, g Afbnium,

gallfufd) bBRAUMan Sdhe 84T 1z14d) cdppby ?Qﬁn lofthaftinekeirom®@h %B}ybﬂéﬂ%l'ih
tungsten, pall adi um and atinum These metal's can

nickieh cobq@fo iran.cngsteny pelipgiym @n@ platisuox Tlakse inkptale eam’e@mp@trperated

d/
into % igp E e P RE PO AL BPGTSE thg Mo BoiEisbra he

addifBhf mhalhls Baly @ptibealiy el in@drpHr@tciiftoRhOfRtSiaf pﬁoﬂ% Qettatin}Othe
a structure that contains mesopores. Al so after

proqgaeSefpapmiu@ing efstruefurethateroniains meesopeiss Also aﬁﬁr myparatinmefithe
mate atl C%Halil;kl tt?eesrpéfeﬂ 1%((212 %B%Aalﬁg??te I?%ladeﬁ%ﬂ?c%‘t ﬁ;ﬁ i%r;slf %\E % those

an pot assl

ofaﬁihltka])i nle@? 24.¢. T belimhgpathsiung Mithiain, Bg.)agent , a
nesopore form ng organic conmpound, is preferably a

| ycol conpound hat includes two_or nore hydroxy!
[OZ% roup s) Eggngste@lp gagentp lg@wpgeﬁ@n&%@]gamc compound, is

prefg{{%f;}?é gq angi %’(ﬁ{é‘ﬁciulnﬁigf’xe[t‘?ﬁélﬁﬁ’és W6 of (0 hﬁ()?@ﬁydﬁ %{\‘){)}.gféﬁ such as

or menber
glycemhsiisthylage glfycaly iriethydone! ghydoh éetraethylmpglmmé,rmbmﬁbmﬁeglycol, and

e B ERF S SRR SASRETL PRSI SRt

sulf$l§§e fetiaethlyicne p@tﬁhﬁlne%d@‘ietﬁﬁ 88tolalRtizodte Breferftfly Fhe bfganic

ordér to incorporate zeolite into the porous i norganic
templstingpagethims priwiling mdntmfet Eest absutdddBCi bed in US
6, 762, 143 and US pat ent publication 2004/ 0138051. The

ref or eo) i.te and/ or etr ted zeolite.are
023 & ona BoRERty inforpRitls o Rl HhiartEs SoefigMotdrdi hSde s on
preférfedPri€éds W debcribiediin Usg@m&c 1434 #EUS ha@niudlidatisd 2004/(BB8051.
i norgani ¢ oxi de, and | east one Meso ore-formn

The prefermied zeokits andior pmtrle@tpdrzeplm fieisHepen lnrﬁ mixiurg with water.
Thelg %fsg%pra?g%lé t Ori;lgn(feggve hfarr% %01%%110% ?Jédc{r%r otrr 'o?%ag‘ergamc

oxidehdait 1dayt difeyhmp@% fartﬁlﬁg‘@ﬁgaﬁidﬂoﬁqﬁduﬁm&ﬂ)r&l?&ﬁlxtlﬁbenhe
t he gel is heated up to a tenmperature from 140 to_ 200C

mixiypeiprefsrably fawms gal b ageingand(prsiigingnt cergain gprpperature from room
temperature to 100°C and/or by drying at a temperature from 60-120°C. Then the gel is

heated up to a temperature from 140 to 200°C and for a period of time sufficient to form
a mesoporous inorganic oxide structure. Finally the organic pore-forming agent is
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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a mesoporous inorganic oxide structure. Finally the
organic pore-formng agent is renoved by extraction or
we@isazeison toget her with cal cinati on to obt ai PCHUS2005/031668

conposition having zeolite incorporated into a

Coﬁﬁléﬁéé’ﬁfcﬁ la, Ie%e, siPedRUSuARASA Riaha®atiednd ﬁa@@éﬂlaﬂ}g sificon
dition, atent apllcatlon serial” No 10/

trlethagellamstees abunmmhéaethmqémm read thed migtire pan bé tiedas the

proB et} RS HARI R b thol At G o g 1Y Pk Ugpgibed

in S5 76204 36hy US?patdnG SpplichRé 2004/ ABBOSL, a composition having zeolite
al um numtriethanol amine and their mxture can be used

incgrgoxated ipfoerpnsnistadline RRroHdEFgAsicidnd ULpd) ousbe obtained.
i norgani ¢ oxide. Follow ng the process described in US
762 1 4 8
1028 oo ¢ SRR RPRLEE o APRbLABKLR Rre ol uiindeudda ito the
catarh}tz)anm yisfeadni stgges qfennalist %nepatrgm:m %Afmx th@ré%’dﬁdn) ofaBf cdiBposite
obt ai 5] The,said netal having rogenation
having zep T&ﬁn OS‘QTYS lnSPRERS moteRe AXIdE é‘?@lo@tas izgolite/TUD-1),
r
e B o L o AL BB bl 1o
pOSﬂbhdha}téh@mletahts ipwodiesd intozepdité beforel z&eht(edmmpc&dteds’nto the
ite/.TUD-1) he et al ca be ] oaded i
pordfipesiri AEICe @rH.'D D ingesiigtion al‘nloafaﬁ%mgé Injpragtige.4hg o
zeoR@ARIIOL 18is pRFbrab RS0 BE kidlpedl §s1h§EE@QHB§ﬂefsn§&h%§Qiu'.tﬁlﬁa After

before zeodlite |ncorporate rnto the porous 1 norganic

catabyst steap{rp.Jthel hethcanrpgrietgrbicedio the citalystexchange. | n
practice, the zeolite/ TUD-1 is preferabl e to be shaped

sing c | d as al u Af.t er cat
[Ozghap?ng?ﬂ{e%&]nr?g? Eeg gi%e ﬁgﬂ Nt v el g:f? L& ?tﬂ‘éasi:?x?ea‘f B0 o
confafiZfg atTbest oosFlomkhteidie @’rdLﬁ)Gle,JDLIEB ITBPITBGME VTSI, Wolesbf
| east one sol ution containin 'east one el enent
groyn YIR %wgtsw%,calvbmsedlaee ws%%nawa taAhe skilled perses. E?famples of

mol cge‘ﬁs Ivd[nlﬁ etgxlx%f@l%ﬁrcteﬂx (%Hfﬁ%p @ése n%n%dlé(gawaﬁ&)

er son. and
tungstio geitle andthair calss, ar }mrnwld%nmmmdmmﬂmmdﬂ@s anmﬂrﬁnhdl c

cjds and tungstic ids and their salts,
oot e AR L e PO s BT RRSRCA i acid
pho SHB PR RIBLY RARL ﬁhc&HH%t LAV aS Rk tlc gc1d and their

phospﬁonnlybdlc aci d, phos ungsti c acl herr
saltss Rraferablyi DXIdeMncmaml sdlts meluscrbsuniwtamnmuunh molgbdate,

the%qrﬂh%ﬁléu l{@ﬁr%{ﬂ?a’#%‘?m dgaﬁgngsgatammm um salts are

[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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amoni um hept anol ybdat e and ammoni um net at ungst at e.

[027] The sources of the group VIII, VIIB, IB and BOB
we@b@awen137 t hat can be used are well known to tP€T/US2005/031668
skill ed person. Exanples of sources of nonnoble netals
re nitr I : : e A :
028 ol ¢ A SRS SRR FR oL L€ Tomeihio gains of

differemtisbapdsand sljimémsions X Brgyl age gestallyasedntthe doinooftydimdrical or

anpl es of sou s of. noble neta re halides, for
poly R B e DUODes: i HERr T B DESIoH g Sright or tsted
shapeNb@tR8Y} &nM1so BrHduced dn@ By th Whd R8s of %Sllﬂgf“b%sed powder, tablets,
amoni dcal rutheni um oxychl ori de.[028] The catal ysts
ringgbeads@dviesls he present invention are formed into
grains of different shapes and di nensions. They are

eneral Iy us | n the for f cvlj-ndeical or polyl obed
102935 udarths g CpGed IR IR B i ftrafing Bl o)
hydoisotheizatidrd iWhichralllowiabisethre bEeutioBMt cdriliingdh RiERndeon
produced and used in the form of conpressed powder, i
and g hyiregenatingfarctiopels dsimporigpide bglanpgthote triecfunetions ji ¢ certain
pro c%?sr.] TBg mieidl gel'e&f:& ﬁgﬁ%ingﬁﬁh Q%etalha?ﬁg rn%t)feerﬂét%ln&fergﬂgdro genation
ydiorsonerrzation, in rchalT catalysts are

funckibh UTied inospbratedaebliteiofigrodatidftindtidnl Mk moncrastdllide porous oxide,
drogenat i ng functiaqn. is inpartant to bal anc

h I
TUD-K eS8 qffigy apidfunctionandior aYéresmﬂﬁn @@@eg,sdepw@ngrﬂxegahemical

comggéciiﬁ&ji &6k oRARe! Fﬁ@hﬁﬁ@ptpﬁg&)f’dm RN Ingxé‘ﬂ%)?%i?, gﬁfcg—raﬁlmina,

rogenation functio I ncor porated zeo
and tifeh éfr sipplieschei dufuatticn Thd perons nridy $¢ silitd comtgiming nickokarnde,

D-1, can.offer acid function and/or hydrogenation
molypiuhsf LGB AER SR G B Eat st S T O Gris Ay ot
offePalydRid ST hRirGEERhGon fulletd0 &‘&%’%aﬁ?le‘?ﬁ? thSpérolid s8de %&@sﬂica.

silica-alum na; and then it supplieés acid function.

So thik aopal cotatysbhdscegreat deall afdlextbality 40 adjust acidcfusttiamand

mol yhdenum. it of fers hydrogenation function. In
hydrggﬂ%/%oﬂﬁfmrgtnﬂg' porous oxide nay not offer any acid and

hydr ogenati on function, for exanple, if the porous
[0309Xi de | frjotep iBpdriatfeato@e bhihss daAIRt oﬁf@ﬁs&ﬁ%’lﬁﬁlemr@ity by

_great deal of flexibility to adjust acid function and
using thernogeratalline Homenstoxéds, sipnidiopnthieihaesing mssy-tragsfer and
: < hi .

cond GRSl AL ORI AR il PRSELEE AN,
intrap aiifiaeah 8g-trams fer limdtatibreérredund catalyst utilization and lower overall

catalytic performance. Introduction of mesoporosity will boost the overall catalytic
performance. Moreover, many refining processes are using heavy petroleum feeds, which
need large pores to facilitate the big molecules into and out the catalytic particles.
Petroleum feeds can include, for example, undeasphalted petroleum residua, deasphalted
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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consequently inproves the catal ytic performance. For
nost 1i qui d- phase processes, intraparticle

wore®s/eaiansfer limtations reduce catal yst utiPCRES100$031668
and | ower overall catalytic performance. |ntroduction

[038F nesopbr agklition, did donbiystatline)yeorowes:ddd hasaiod bifyitenable
many refining processeS are

f . \
o R Bt e S aaries.
6,358484, iifs %,rﬁiohh? _119}31%0%6%9%%2%6%@% gﬂél.g:giﬂe ﬁfgﬁn%lg?l&?& gfonia gther

catalytic particles. Petro can

mesoparays slaterrde asphel MEY-gét Thul rendomlgsn@annetaspbalpbRs reduce
um resi,dua, tar n,. shale oil and

trol ands bjtu , . .
the Bfiarc® P pofieplockaes E?:fﬂl?af‘?fﬁ@qﬁ%ﬁ@i%{ggwh P op b erdimengianal pore
systeDThud e indge RSN W8 hal ZEloh f My hdPart
fulfill the need to enhanceot%elmﬂss-tt?gaér?sgggé@ﬁ’[gg%%blloﬁkage
deagfy@tipnon, the noncrystal |l i ne, porous oxide has not
only tunabl e nmesopores, but also has randomy

jjnt er co S es. scribed in US .
[(mé, 358, 4%,%% 1?1‘330‘?%ﬁgﬁﬁsﬁ@qaﬁlﬁﬁg,gﬁgﬁeggch}ehggem;de@d
hydsigetationr fancticsis i g RindlB@snthl parBétBERhidE BRRNO’ S oth activity and
s MCM41. The randonly mterconnecté/c?n

mat.er i Es, such a ; ,
Seleﬁ%‘éEYp‘bf?’f & Catalysle & Werk acithivaetiost angor ropg bytragenatiomfanation
eri i b ) - di i onal
prodile 1ol oY Cof ottt Rorall fafeld ITRE B8 ooy
(390fGvanbays) andgdodispacepeidith |(DHBV§£,%n91%ﬁgQihV136ri 19§a),tbﬁl@§&lerauy
et ween

In the process of hydrocracking, the balance b
have,pery sapd selocivaiyarmidsie distildatesoFscangrast, 4 stnetenesid Ainction and a

N T M e —

distiflatss exengohyrgihsgendyit combinatén May BIs6 Aue@sdlP Wnpdd h¥ink Ktability.
require a high reaction

tal ysts, which I
The feicl fok sbflablR aess dpis apwslies aemmddns pwpeisaisstion pooichyf the
functibfidS¥ ARREHR! dchvidy/ Egléctﬁft?l/]sﬁﬁ%%y( b!ﬁgﬁcegﬁrﬁg ?Athi}sth ave
I y for m e di I'Tate

very good selectivit St S771n
contrast, a strong acid function and a weak

[033hy dr oge Fraoidsntof gat gbodselgptivity b middle distillats in Aydoysitising

t | i Vi for mddl e distillates are poorer; L
procfihy (REBT Bkl all P niaitia Wica-plymmas py Pereps material,
havea@bli@s séladted troih zebHR YS ERMES, ze@ﬁte%tﬁ,@@bﬁa-@a;aﬁa/x? ml}a-zz,

thus revol ves around the proper selection of eac
and hayg npeiple selepted fionugious ¥ IH land/or VIB in the periodic table. It is even -

prefe?%l%lg ?fl‘%{até,%/éﬁ% & ﬁgﬁi\ﬁ'c aﬁlt,/ ﬁettearg elltlc)llrniiy poqgc;nac%%?en? In t‘i’xg ?’eed, some metals
of group VIB and VIII are in the sulfided or oxysulfided form.

[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. -
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[033] In order to get good selectivity for mddle

distillates in hydrocracking process, the catal yst
w@e@bmeabl y have noncrystalline silica-al um naBCEES2005/031668

porous material, have zeolites selected from zeoI itey,

SM 5, ;
[035 tals gg?hg{hgdé ?fq ﬁgnpgro SB(Q)\I}IQHI(%Q516(5[#/%{h %%% %%@
hydpgeéri citctutationlrhte, ardt spase mhamtyp) caf erplidely kiapendmg\mrnha nature of
fic t t ent
the Gphane EBPLOLINS GFH PR YR feoires Pyeifle e Shaiefiasy. The
temyRat{ie4s gﬁl cﬂBﬁO\fePQU(‘Pd, Q&d‘ﬂlsugwlme\f Izgoeﬁ: te48PCITRg

is well known to the skilled person
presaoe s oes 0dfMRe and ngpaily oy érel W@s’éhﬁ:@laotltymﬁi’rydgmn isa

i B R S TR Bt bl Bl SRS 5010500

t pbh{ gsRhheAnReeNfesd! ThAR R $hatetkldcity ds £@IEPATyAH Wherahge 0.1
liter };raang IﬁléSCI%C to 8000C, uPI'y ?ereab V %he rgﬁ e rahge

to 2(2&121013% of Bedo¢g, vajene pﬁcatsflys;trpeahwravléy@e@lrableldg pealyicisgan

B0 PR M LA S BIRE RS AR G 140

abouft BO6T, \iRdseICiubNanddake baeilw del y depending on the
nature of the feed, the qual ity of the desired

6E])_roducts and t he faC| lities available to the refiner.
[036the t enfisnerelly the hydgeisrsmerizetion caiplystopgdor ypgradmga kigcher-

r 1
Trorh bidRuf 383G Rl iId 854525, iRl 8Re U Mot GRABE
cata]lyac glel’al nbmpnméfmlfts éi@pbmd;]cbﬁmamﬁmdhy manqj@énldgmulr)pmﬂ a&r gw? the
and usua in the range i t.er
catalwyd?roé@% ydiagenaipa fmgtion gudia ﬂmg %%ﬁPPg" 3&&&%8%@@%&@& the
hydrbSarS&1e I‘%dréﬁfsbrﬁeﬁﬁ%oﬁ %Bﬂcﬁu@ns]%}%@al%m\‘fﬁld@ %énﬁéraﬁﬁ@&f from

per volu cat al drocr acki
abo@ﬂé@ﬂ&tosaboatﬁ()(ﬁel aI[iE,SSLﬁ‘O fronxabopt Ebantd dbiow QdHOshard, ud @ EHSV

i,t h | f  f ut 15Q0C t t
fromgiponcl1 & maoit 9o, B ety 5o A S Pcip st B opy oo
thosé [}8a RS QSR Sntiesls rOfttdratha |c¥t§1ytlc enefal cf)fLijxgoH&ﬁrlﬁé%" ddghpitise a

Fi scher- Tropsch product (disclosed in 6,570 O4g121
Groupo¥ nelde msted, sich apProrPd apd prefaralysiP4l Hewevengat e higher

BB 3 HAE  AR AER e T B B

the cata dﬁfél rﬁetﬁktfb@ﬁ;ioﬁ@ntf dinphige bad SOMBrel 1&dsegpédieve, non-noble Group
rocar bons. Hydroi sonerization conditions t()J( pically
TO

VIII ,nm;qtlg,d;gc]aaq @ﬁﬁgyegldtﬁeew@pcmwlgﬁypmaﬂy also include a Group VIB metal

(e.g., Mo or W) oxide promoter. The catalyst may also have a Group IB metal, such as
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,
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about 1500C to about 5000C, a pressure from about 1

bar to about 240 bars, and a LHSV from about 0.1 to
W@bwen2a87 At rel atively | ow hydroi soneri zi ng PCT/US2005/031668

tenperatures, such as those in a hydrocarbon synthesis

tltaﬁﬁaﬁfogﬁra t(ﬁedeaalﬁi é/thérCG E@i rvoqur&ggayaﬁdmsi RRHE

nobl e et al as Pt
zeobteeste‘hab Izyolm Y (Bwbedieg USé(t) AehbtelBayhard Z8Mper at ur es
whi ch can be enployed with the process of the

nventi refe t. the catal ytic netal.
10380 rponentiecaliph el el i enEsdf lintliof ot in any
wayRRithehtsacépoup VI netals, such as Co, N and Fe,
which will typically also i ncl ude a G oup VIB net al
(e.g., Mo or W oxide pronoter. The catal yst may al so
EX P:’a\lGroup I B netal, such as copper, as a
%nol ysi s suppressant. Phosphorus may al so be
i ncluded to enhance the solubility of the netals and

[039]0 aTHhisienaraplerdeinonstiad the in¢orpbdith o'flza)lﬁé Beld ifith ¢k TUD-1.
hydr ogenating activity of the cataly is determ ned

FirshyG patssigiedsy Zéolé'@rﬁf‘éswﬁhéﬁlodélq% holenAtio PRES prRéarAYerage

part é;% ﬁgé 696]%21?19%‘) ﬁ%F@enBE | \elgelrlﬁa,e ‘ixfaattea} a%ﬁtstllg‘gcggqr%loz{hlgﬂtes Then

23 puk y@dﬁiﬂﬂﬁmmb etxadiied S8R 8lidpeNsio hile StirrinBC | AfeHr RBntinuous
silica, alunmina, silica-alumna

stirréng fog anatherA0ainyrssGhapess teiraciinyl grihosilicase (‘TEQR adiraadded.
, F \V/ |
Aﬂ&@ﬁgﬂ‘fé@aﬁcﬂ? Hﬁ’otiééurc r%(gﬁ{tzegg 2. (i %%'t C]il}af Ru bé%ﬁydromde

aque(ms |sblueoB3€3 o )pweke 2884 bdrop Fa8] to Themlixtiteo Wifteg stérxiagmbesbout 2
| Lustrate_the present invention_w thout in_ any way

houys; fhegnigics famed dick onfipmeiel O8] Eetrvas agschgoem

I o
T R R R A B SR N e T
for 2/4 hdura Tﬁe@ﬁé\lgﬂﬁvmiraafsfmﬂ liito @bitoéaveywhdarydeotheragdly treated at
article size nm wer e suspended in 51 parts

1803 st hawes. &I}aulle/ela g r&alsme@rﬁmﬁ%Q forrHblrpursingir pith a heating rate

t dd t.h
of 11 AL KR ARl B, AR BRAILE is shown
in FIG.NY&e8ch Early it Swb ehara&biitc RakSWITkblitedeR. Thde®about
were added. After stirring again for another 30

20wk/nerobiss betpingthp fipelscommopise Nilyp sammdaerntivyayealr ie surface area
of a@cﬂﬂ %%' §112§g0 #)iﬁtéi'r g\in(lg’ g?@b { B3 %%d@? ng I%QSOpois'e sikd dltsé}l%utlon of

rrlng or a

Sample 1 is shown in FIG. 2.

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 tetraethylammonium hydroxide aqueous solution (35%) were added

drop-wise to the mixture. The same procedure was followed as described in Example 1.

10
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hours, the m xture formed a thick, nonflow ng gel.
This gel was aged at room tenperature under static
wa@omvdioz41ens for 24 hours. Next, the gel was drPEDUBIW05/031668
air at 1OOC for 24 hours. The dried gel was
I
Aftef LSRG T FePpluh R R e 2RV 1y FIC. 1 which
cleaﬂy slﬁﬁ@ﬁ“fomhafe@telmsm peakes ofizgolijd BhtaaTlhmats abgurt 40vet %6 fzeolite Beta

. 1 ¢ mn. The X e fthere ul tant . pr

i the Ly mRa s S B D | Mo et el ififtape avea of

bouft 682 012Ye, SBRWB MO0 LARLAL DR Chidlel s RR3orobizE Rtribusion is sh

2 0L%et a. 'Igngre i's abgut 20wt %z;eglol |Ste betra 1|zn theu |OIr11:laSIS own

inFl€b@posite. Nitrogen adsorption revealed its surface
area of about 730 n2/g, pore volune of about 1.08
cnB/g. The nesopore size distribution of Sanple 1 is

ExXsuepri3in FIG 2. EXAMPLE 2 [040] The zeolite Beta used
here is the sane as that in Exanple 1. First,

[041par tEhesamiizeelitBBete dmsoepdursatiere &S¢%asaie§crﬂz@dtlg Emméle 1,

exce?? fé)rt?li] Jhe (%cafl gﬁloﬁl%sr% gé&%e ?Er}faﬁt %golﬂ@'Btetsa 17 pa.rt§ };\{ater, 7.6

ano am ne were a suspenS| on

partsSiiethahSigminy 1162 paeTEOS N 452 parts dfgetianthydapinbaiunBRydroxide
m nutes, 63.5 ts TECS were added. After stirrin %
aqueggwq{utpq;} Garot ﬁ“@p fingl prpduntcdesignsteg ag, Sample 3, was characterized by
URH [ q t
KRI) Bhd B BT Tl RO IO SRl SRTH R bnbrdbtitc
peakp o eadiie Betuafhére fwae abalit 26wt &6 aolibeBeta mn Enea"mal eompdsite er

Nltrc%aekgggcgrhé%rqvhgl%} éRsDLE a%\;aﬂfeeé%f ﬁor rﬁ%é Fg%i])dl n umemf] about

097%H@f/§q{s%és%bb& PR iBticAGe shdvin Beire;, 2.Ther e is about
Owt~ % zeol1te Beta in the final conposite

zeol ite/ TUD-1. Nitrogen adsorption revealed its
EX 35@@ e area of about 637 nR/g, pore volunme of about
nB/g Its nesopore size distribution is shown in
[042f! GTEs edattWitfastBatbPihddrpdfadion ANRIEMOID. Fﬁsth antd ds-

procedure were used as described in Exanple 1, except

synthqsrzeci ﬁeoletn MﬁZMaQZ E’ﬁb arﬁl@z/ATi%yanérr 18tig 0§ b pnd an Axenage particle

size Bg# ? 4 % sugpledl g pgrtso aerttt{elz%rﬁ s'éfr%@e}gr Wlnu% ;}‘hen 9.2
partd Widihansld@iRaNae ld&d&pcb Wihd £HdVE 3dhknsidi Bnder BRdrinR! AEEontinuous

desi gnated as Sanple 3, was characterized by
stirring for another 30 minutes, 12.7 parts TEOS were added. After stirring again for

another 30 minutes, 2.52 parts tetracthylammonium 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

11
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XRD and gas adsorption. Its XRD pattern in FIG 1
clearly shows two characteristic peaks of zeolite
w®@eaa/029Ber e was about 60wt % zeolite Beta i n pPeiEUS2008031668
conposite. N trogen adsorption revealed its surface
MCHE n?lnoffanﬂhé’ Ul 2 RBeHE 8 anRI9ES cYidiER tRfs ndRMEE bfed én alummum
mesopore size distribution is shown in
contént, Wlﬁloﬁlalpm@n ﬁbmlmamnesqmrmﬁmfé@m Nitrogen adsorpt1on

or por.ati on o 2.2,First
roveslgd s PRI AR SIAPR, SO 5Tl Ui oBAE R Sesan fp s
mesépiré ﬁz@ﬁlsﬁﬂf’atﬁﬁ%ﬁereﬁ\éﬁﬁﬁﬂemﬁﬁ{ i BIGR 45 AZRnOddserpHofBhowed
wer e suspended in 10.5 parts water and stirred for 30
mlcmpmse@tewﬁ@hognmparts tri et hanol am ne were added to
t he above suspension under stirring. After continuous
stirring for another 30 mnutes, 12.7 parts TEGCS were
EXsdded.s After stirring again for another 30 mi nutes,
parts tetraet h}/l anmmoni_ um thr oxi de aqueous

[044§ o m wlirastabinY (15 ¥) bavingie Sy s B1olas ratieoint 4@ gda surface
avea S 6 r*fe k4 3 forBfas AR an i ol K atb forb Y At
First} E%ﬁ@hﬁfﬁta&%ﬁ)h&ﬁﬁbﬁeﬁe suepetided ank7.0 partSZ‘&aﬂeﬂ acsstirred for 30
inb e 4 s ¥4 e S8 o

d "
s ASESE R L i, ¥ Sphling
171.heatts aﬂfE@Smnde&p@ttsrbﬁalu@ﬁmﬁ;l isTprepoEde plard: aided uﬁdezrrsamng.

e S L A0 T R R
aque%’ﬂ@&ﬁﬁttl@l{ [3304)Gv @8 ﬁ&federoﬁ-Gf?sle' th %é%\%% Affbldéﬂrﬁng Fftabout 2

and nmesoporous material (|1 owest plot There is about
hourg,(the n%wemfmmemm@gnwuﬂosan@g@l Thi San v agedat Blom temperature

e N = e M

The GB&®REINRAsSramBicaiel alto ah\laﬁtbage@aﬁmﬂmhemummwm 18®°€ for 2
surface area of about 686 n2/g, pore volunme of ab

hourg. @Balbﬁfgfl s qalainegkat GPRCaLos 10 oS 38 FF B DhpatianFals ShteChmin.
The %8 49 DB 4 &FLtgdaA'S?f%g%n adsor pti on showed

S cen nm EXAVPLE 5 [044] An

[045)1 t rﬁ&tm@aﬁeﬁqlﬁ&mw; 3ghewiaERcAlppEBp10DINAIG: 4} Whichf

14.8 and a _surface
clearly shows two characteristic peaks of zeolite Y and mesostructure material. The lower

plot depicts an XRD pattern of zeolite Y. There is about Swt % 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.

12
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area of 606 n2/g was incorporated into an

al um num cont ai ni ng nesoporous matrix. First, 2.9
WQ@2006921B1 r ast abl e zeolite Y were suspended i nPATUN2005/031668

parts water and stirred for 30 m nutes. Then 124 parts
Aftérd RboaniohREINDgURAE skt sl W aRRRdGt SYORERS 6Wurs in air.

under stirring. After continuous stirring for another

30 m nutes, another mxture cont ai ni ng 171.4 parts of

E 4 | umn re ad
oA B 3SRl A PR SRR P AER 53 o o
NydtbotpesvidS4 caarytsts The figRtdwhedktided itd Y i dEsHaps Raud .6

solution (35%  were added drop-w se to the m xture.

mmyigraetes tTIhF .em\gd%wae%m angl galsie, attSﬁ@°G1fosz fhours: Binatiy the
I
0, 0,
extth U8 Bollified MR PE5T, TENATATRRLAREE nBlor §8he, porous
ox1ddmtﬁ20tvh1%gleimms dried in air at 1000C for 24 hours.
The dried gel was transferred into an autocl ave and
hydrothermal ly treated at 1800C for 2 hours. Finally,
it was cal cined at 6000C for 10 hours in air with a
heating rate of | C/mn. The final material was
desi gnated as Sanple 5. [045] The XRD pattern of

B 5 is shown as the upper plot in FIG 5, which
shows two characteristic peaks of zeolite Y

0483nd TS @RdrhE deinstB @ thébrepdafod SMElicbrburdsPLifibS an

[ 8)1(RD patternIMof zeg lite i)Tgereols aé%al(}% 5ur /olzeollte

trictanofamine complekes Gingb 250 eartswftsﬂmg@nrl 3% paps pbimicthenelaiméat

(TEA&) <f ﬁ'%g rgs ﬁ Sﬁxayg%f&ﬁ%? EE \Z%r]e q%egpor gin% %equlpped with a

condtR8EN A frer tieScohdndd ySthe ﬁxﬂdwee AHixeswed v@iﬂﬁ"in@éhaﬁﬁ:al stirrer, the
bi nder, The proton form ( H+) of the Sanple was

mix{gipe Wrnbeptesun ©r208x9%A g@ﬂe mlmnﬂg Télrrﬁesepmnen@rvemﬁapmf wager

sy R0 BaBh TR 38 i e

condeaserf Mémwhde, mast o€ thedBd ankd TEA @inalib@iftHeegionanintiiré. €A fter
abm&g er. Afiter a second_ion exchange the solid materi al

iR assterned;s Aid the Fraghan mmtaqerwasp@l!vqtecta%qﬁcoohng
dowR 36 55°COTTHE readlid RiixduidSy R sﬂg]?‘tf}dbl’Mh at ecpeffkrstﬂ?c

alumna in the formof Nyac to prow cata]yst
trietinolamine oeoplesss. ext ruded into cylindri caI shape with
1.6 mmdi anmeter. The extrudate was dried and cal ci ned

at 55Q0C for 4 hours. Finally the
EXAMPLE 8

[049]  This example demonstrates the zeolite/TUD-1 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 into 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

13~
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extrudat e contai ned about 4% USY, 76 wt % of

Al - cont ai ni ng noncrystalline, porous oxide and 20 wt %
w@bengioz37 EXAMPLE 7 [ 048] Thi s exanpl e denonstPEr/@s200$1e¢31668

preparation of silica precursor, silicatriethanol am ne

CFirst . oy

wp  PEPEHA IRy RO e B SRl FRIPREEK 0 bour

in aig biy® ltim{af<By bvenhe 4 whitepowddro a flask equi pped with a
condenser. After thg contents of the f)l ask \{vere,m' xed

[050)e/ | The finel aeqtibe/REM-£ sPmpesiiecaptans fe Vs Lpee i Nifiessrias

10

s A B S bl of e S B BSRe yqlpme of

1.2 an¥grand ayepadeinsopdre EZefof ebout &Y imp of t he condenser.
Meanwhi | e, nost of the EG and TEA remained in the
reaction m xture. After about six hours, heating was

EX&M@FEQ}JI; and the reaction mxture was collected after
coolrTng down to 55C. This reaction m xture was

[05131 i dFitis is doremampledsbowingdnetsls sndorpastianantoetho cataiyse The

extrt?cﬁaé@é‘tgés?q @%&P g B ?se%\gt?-g% @gﬁkqsﬁ@ﬁ%%@yl i?npqree gln% 181t1 (N%?h%sl and
W. Bivei(Sptdris@irhrnel AhieQqesuiRs6masn aist vt BiNi) ¢PmB@ureith 8 A parts

suspensi on of 99 parts of zeolite Y (CBV-500) and 300
of ammongmpmeteungstaigesslutivad 39 8ivrit’o Vorundgr sitriggvieamixdpre is then

. t-mdling.. Atter 30 .0.nu . arindi -
B A e SRy Pl U8 S L AALN, AnBOTRERpi o
are itdpi&zngiclivith thblabdve NMWY dolutidhedrial a 14 8Q5jor Raioiss 4id dalviged at

suspensi on_(nmeasured to be 20 wt % zeolite Y) was_ m xed
500°% 1op 2 hewrspBhe swifing podifindsxardaesrontginet0 i /EehMpprd 8.7 wt
o, wender stirring. After 30 mnutes, the mxture formed a

thick gel followed drying at 900C for 24 hours. The

dried gel was transferred into an autoclave and

heat edup to 1800C and held there for 6 hours. Finally
MLEQLIQ was cal ci ned at 6000C for 10 hours in air and
[osz;' timat ;‘ms &@&g%e%ow@w@s ﬂﬂ@gﬁﬁﬁ:aﬁw 3PD 0T, zgama&ihm and

eolite/ TUD-1 Conposite contains 45 wt % of Zeolite.
0.3wth4 platrem/geditadSdr-p by dncipihoiweeinessaThe zedide TR/DBE Dbtained in

Exar?lgfefZai% ?mglte%ﬁatgé W%B%lrjltaqggo%s rsTgl/ugd)n E;oont*lggisil?go .52 \}l)gll'té'l oF teg‘];ammine

platinum nitrate, 12.5 parts of aqueous solution of tetraammine palladium nitrate (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 (IIT) chloride are
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1.2 cnrVVg and average nesopore size of about 5.7 nm
EXAMPLE 9 [051] This is an exanple showi ng netals

WO p@epasat i on i nto the catal yst. The extrudat BCT/US2005/031668
obt ai ned in Exanpl e 6 is further functionalized by

d1sscHx'}$c{ gltg?? RS 0 ofgielo 'g:(}tv?%% ( Pﬁf éo\flﬁ&rﬁl fﬁ’&rdtt§ 83;;11&?' ?kel

zeolBe/FUTRI lobta@edan MR AP ARith tixigg! dhe pswtertvasrdr{ed At 85‘\@.

% W under stirring. The mxture is then diluted wth
(054 par t s Fer disparapn piraeregentusingd-O shemisprptipn, the powder is then

t 0 o

reds o S A | B e o b B 6 S8 b Clmin
and Bnthifaimed nethistempeRace far2 2. 1D chemiStwptior shdwddeg78%

nodi fj ed extrudates co I.ns f N and 18.7
dispeggion,fgy the eighiapsung %E]éé?ﬁfoéi{%%ﬁiﬂ'% enmonstrates the

preparation of 0.9wt % pal | adi um and 0. 3wm %

pl ati nunm zeolite-TUD-1 by i ncipient wetness. The

zeolite/ TUD-1 obtained in Exanple 2 is inpregnated

W th an aqueous sol ution conprising 0.42 parts of

tetraanmne platinumnitrate, 12.5 parts of aqueous
EXAMPEi@n of tetraamm ne palladiumnitrate (5% Pd) and

43 parts of water. Inpregnated zeolite/ TUD-1 is aged
[Ossau r oomThquz;emateuH@strams the nmnfshoedtadys obitdined inExgmple 9 as a

l. d
nycnackip S8, pafer kIR Reio s ey =" 1
hydrbérabltiflg. TMROEwIRbAls chrfees®iifA flow FeaasHwaH prsufille@®rm (in a

chem sorption; the powder is then reduced in a
conviepdemnsy @ﬁysuai%whmrotr@w@ww vacHn ge 9ibierifepdstordatlt g

operplGu BEPRSY e Rl ol BleR R BP0y (el pressyre S

of 5.5 ®ar, tahé arpat'tﬁdl pRsSugo NgnAohia:of0. (5 dia) nd m@as/ﬁfeedfraﬂo of 1500
EXAMPLE | [053]. This exanple d nstrates catal yst
NL/leg eHa?rHPP@H%?f feefbtﬂﬁk%‘?? Oa‘inmezag&D f-te/ TUD-1 by’
[0561”0' pi ent wetness. 0.134 Parts of iridium(I11l)
hl ori de aredi ssolved in 5.3 parts of deionized water.
This solution is added tdl#lphrts of zeolite/ TUD-1

g?lt ::jn:? Izg _l‘aég}élatgd %Ieav Q’acrzplu)l% S Ollhf'?rogerwd g owas

Distillation (D1160):

IBP, °C (vol %) 345
10% 402
30% 441
50% 472
70% 508
90% 564
EP 741
KV @ 100°C, cst 8.81
Carbon, wt% _ 86.6
Hydrogen, wt% 13.4
Total sulfur, wt% 0.008
Total Nitrogen, ppm 16.1
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[ 054] For dispersion nmeasurenent using CO
chem sorption, the powder is then reduced in a
why@eogEs? st ream at 1000C for 1 hr fol |l owed byPtiHES2008031668
to 35Q0C at 5C/ mn and is maintained at this
enper a Q °
[057§” gger Sf[‘(l)ﬁﬁ% %?&thﬁ f8f ml(ﬁf% ggg%ﬁ%éﬁ%@ag&mnéggﬂﬁ%@eﬁ%ﬂ 175°C
to 345°0f) tisedreéd it aafet onvedsfdyRificodipoh&BSbS 3 tSs.eSaprbiagly, the
illustrates the use of the catal yst obtained In
seleqtivafypachos 3&0avthydr ocr acki ng catal yst, which is
evaluated for mddle distillates selectivity in
hydr ocracki ng. The evaluation is carried out in a flow
EXAMBQEQB with presulfided form (in a conventi onal way)
ng a_hydrotreated heavy vacu gas oi| as
[058ﬂ eedst odjais qremple damangirales lype Itﬁlf“icoﬁltkﬁldﬁﬁ ippgovement.

The g&ﬂ?o%&%@ilteﬁr S Lgb?alﬂéd 1}123% H&ﬁe > 6 Rl ?énafé'ﬁ%ﬁﬁeﬁ?g)ﬂme

a part | amonl a
platifu #htriteny desudbal glﬁlaﬁ@é«fﬂ reatlitos Bl ©5@yshidslahoutThé wi% Pt. A

gl eciad R B8 e oraTy R MALE? Pelaf e debiled wax

is obliRdd frl)ﬁt hé’Ebl(Igﬂt ém de{V@Emng 6 80b sUs (%ééstége@tflﬂ $i13%ined
441 50% 472 70% 508 90% 564 "EP 741 KV 1000C, cst

fromBarBArabdrightrcrude. ¥h8 éotd 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

16



Hydrogen, wt % 13.4 Total sulfur, wt% 0.008 Tot al

Ni trogen, ppm 16.1[057] The selectivity for mddle
waele@biok41at es (e.g. boiling point range from 17BCI/U82005/031668

345C) is assessed at a net conversion of conponents of

6 SWpu D sitgioy D2sRe sel ectivity reaches 72.6 wt %

EXAMPLE 13y}1@%8] This exanpl e denpbnstrates |ube yield

and viscosity index inprovenent. The conposite

zeotitefr TUp-t—obtained 7751 Exanpte 6 175 1 npregnat ed
Wi th tetr;gférm ne plati r%nitrate as described in
Exanple 9,7 and the fi nagé catal yst has about 0.6 wt %
Pt. A typi L&, deoiled feed has the conposition
shown in Téble 2 bel ow.86bhis deoiled wax i s obtained
fromthe s¥vent (MEK) @dwaxi ng of a 300 SUS (65 cst)
neutral oi40obtained fr&% an Arab Light crude. The
total Iiquf@ product framthe hydrocracking step is
further upguaded and hyghgoi soneri zed by processing
over a low@cidity Pt/zgplite Beta/ TUD-1 catal yst
obt ai ned tg,effectivel ygdyydroi someri ze and convert
nost of th unconverted?d/}@x to very high quality, very
hi gh VI | g@% oi | cont ai @339 essentially all
i sopar af f i'ngly branched. The waxy total
GHH catal yst at 400
psia H2 partial pressure, 2500 SCFfB hydrogen, and 0.5
LHSV over a range of conversion |evels. The total
liquid product is then distilled to a nom nal 700 F+
cutpoint. The waxy bottons are then sol vent dewaxed to
[060pr oduce | ube oils having inproved | ube yield. Table 3
contains results of these experinents using zeolite
cont ai ni ng hydrocracki ng ei@syst. [059] Table 2
Properties of Deoiled Waax Gavity, OAPI 39.2

, primarily

Pt/Zeolite Beta/TUD-1 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 22.33  23.07
KV @ 100°C, cst 4.457 4299 5195 5.04 5.089
VI 153 152 164 162 157
Pour Point, °F 0 5 15 10 5
VI @ 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 5 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)

17



Hydrogen, wt % 14.04 Nitrogen, ppm9 Sulfur, vt %0.01

KV @ 1000F, cst 6.294 KV @300 F5 cst 3.15 Pour Point,
WOBR0EAWIGI | i n Wax, D3235 3. 1Si nul at ed Di stri bPET/U82005/031668

D2887 W % F 0.5 759 5 811 10 830 20 860 30 878 40
WBR3%oaleribe, B0 93&770 9568.80 988490 ¥ 9591638 [060]

Table 3 Pt/ Zeolite Beta/ TUD-1 | sonerization of Low

Conversion Hydrocracked Deoited Vax I 2 3 &4

[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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Reactor T, OF _. 691 632 638 678 7000F- Conv., w % 18
23.3 22.5 21.5 8.9 (Overall) Sol vent Dewaxed QO |
w@r@poed1Bes KV @ 400C, cst 19.04 18.05 23.2 22rGRUBNDT31668
KV @ 1000C cst 4.457 4.299 5.195 5.04 5.089 VI 153 152
164 162 157 Pour Point, OF 0 5 15 10 5 VI @ OOF Pour
What Blcldi@dis8 159 153 Sim Dist (5% pt) 674 557 732 705
623 Conposition, w % Paraffins 92 97 93 89 9 1
Mononapht henes 5 0 3 2 2 Pol ynaphthenes 2 1 4 6 4
Aromatics 1 2 0 3 3 Lube Yield, Wt % 31.7 49.4 42.3
50.11A5@tafyst Dediydegatvhn cPaedivggoopnsiag:si on, % 47. 1
68.9 61.4 70.1 91.2 {11:351] Wil e the above descri ption
c o)t teastraneyelemend witheshydrpgesatigplsrtiangs shoul d not be
construed as limtations of the invention, but nerely

as (had fgast anecps %ﬁ@lcé‘?P%?‘észéPlr”@da@nbodl ments thereof .
iy H?Eﬁ'fs; RorEn ocebion e RedGRY Rl omected
T e

hydr ocar bon conversi on conprising: (a) at |east one

el emppd cé%l?gt oA AroRRaRM (R 1HRE Bl'le%leméﬁ’t)wﬁﬁ hy&88dnation

one ty m croporous zeolite, and
function is a metal selected ﬁom groups VIII, 1B, IIB VIIB and VIB of the Periodic

Table of the Elements.

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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(c) a porous, noncrystalline inorganic oxide having
random y interconnected nesopores and having an X-ray

WO edobmed1Bon i n 2CQbet ween 0.5 degrees to 2.5 depCPES2002031668
The catal yst of claim1 wherein the at | east one

I {1 WM 0 i-Qn ARt I
soloF BERL ek SRE SRR 1AL T A8 Lol AR aRy W G oV
Ni,Edgmg@ria@dicﬁm‘ﬁﬁhhen@ﬁheﬁebﬁ El ements. 3. The catal yst of
claim1l wherein the at |east one el ement having
hydrogenation function is a nmetal selected fromthe
gr Qu t f ' ) ]

oo BE RSN JToifl 1 Whepef po orgal ontile Fdejo bl ik 0%roup
considtimpeif vilichealenimapkiahivanoyide, zembragm dxydemmidgivimbafatione thereof.
el ement with hydrogenation function ranges fromO0.2 %
to 30% 5. The catalyst of claiml wherein the zeolite
s 95‘?h@&Itﬁ?stfd'f‘%%ﬁlrlew%rei‘rlﬁh&fﬂe%aﬁfc' Ji(gdé)ifs amhaisﬁm@et a,
zeolite Y, 22, MCM- 36, nordenite, Zeolite

L ZSM 1|, ZSM 12, ZSM 20, Theta-1, ZSM 23, ZSM 34,

g)aﬁiq ela%l\&sﬁ of ¢! SZ}%%%%%‘E)@%hg&géfél th %@)}t L1 @ida from
the ﬁbﬁ}‘) Korkpradifls BbBRpHsplorustian donibihativn tﬂére@it aim1l

wherei n the conposition percentage by wei ght of the
zeollte ranges fromabout 3%to about 90% 7. The

B N ek B 0
AI,TI,COZn La, Cu, Au, Mo, W C, &, V, N,

, Zr and canbi nations thereof 8. The cat al yst
of 134 |pmcpswféﬁ@f1ﬁg@ﬁetay|ﬁ'tﬁogmsmgox. de is selected

H&Em ot @1&89&4 tgé 'pfk% Brf% Hics oﬁ’s md%%ox{g'a 18_%&%8@

OXI 21 PConfum oxi de and ereo
w1th1fhﬂdcﬁﬂ§r6ht¢ﬁ;bnﬂécte:dmbm&rmher e| n the inorganic oxide is

al lica. 10._ The c tal yst of clai further
@Ms& ée SOBISKEHRB 5 RBHe %ﬂ%ﬁ@épgam%ﬁ%‘@%mﬁ%p
1ncoli;%2&5d 18 heIRMAystRNRS RIARIMT HidAw iR HHABATY AllerbOialceRl -

he cat al yst of claim1l further conprising a

- mesqgatres; yst bi nder for shaping.

(¢) introducing at least one metal having a hydrogenation 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 ALPO4-5.
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12. A process of meking a catal yst conprising: (a)

meki ng conpl exes as the precursor for the
wmeows/yasal | i ne i norgani ¢ oxi de with random y PCT/US2005/031668

i nt erconnect ed nmesopores; (b) using the conpl exes from

St P T1R)prb&es§BRE1afm A2 ARSEh Ehd1avialg séRlell fOmM groups VIIL, IB,
i ncorporated into the non-crystalline inorganic oxide

I1B axidt\HIB and &B\of ithe RertdimBarledl the Sdppeds; ()
i ntroduci ng at | east one netal having a hydrogenation
function into the conposite made in step (b). 13. The

pr 06,65 proebssGopirbating AR earbonfeedcimiprisip| exes are
selected fromthe group consisting of silitrane,

al cordaqtinge feed eantaining s leasicpne hyfiocaben cABpPrens Witha
The .pr [ el ite is
catalffiFa1Bl GFERe fhoth N TolindiREEefldeorBlnE® S0,
zeg) dttieasironeZsibheént WERVA Bdro péuistidl funetionleni te, Zeolite
L, ZSM 11, ZSM 12, ZSM 20, Theta-1, ZSM 23, ZSM 34,
ZSh) gideasyang yge oSapergporopsszgolite, g 49, MOM 56, | TQ- I,

oy SLRPRPAREOAE ROE® PO Srid AT o comected

mesdfdedseind Habidgriatiakay Rflsetiondhed tetvorendr Dagseddltb 2,5 ddgrees.
1B and VIIB and VIB of the Periodic Table of the
El enents. 16. A process for treating a hydrocarbon
f og8 FRIMELAL BBciaf16 Akt bRAASIGRRE el Afbcfboheast
one ‘hydriocarbon conponent wth a catalytically
compbifedtisieffectadby micans ofia bdattivrcicl vl framtila grotp consisting of
conpr.ising: a) .at |east one element with a
hydrﬁ%?@@éﬂﬁ%f%afl%@ln drogypmefizptidist one type of
m croporous zeolite, and c) a porous, noncrystalline
I norgani ¢ oxi de having randonmly interconnected
e $ & pBiregsocass ofieleinn 7 suheiéin sajd feefllimdudasa petrokOnbizaciien and

0.5 d to 2.5 d A7, The. . '
e e T A o G
relatthlERSRGIRArRYIBRaNSdRE. @ reaction selected fromthe

group” consi sting of

19. The process of claim 18 wherein said petroleum fraction contains at least 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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hydr ocracki ng, hydrotreating, and hydroi sonerization.
18. The process of claim 17 wherein said feed incl udes
w@2@eneuaBrum fracti on and the reaction conditiPCEHUS2085/031668
sufficient to effect hydrocracking of the fraction to
produce a relatively lighter hydrocarbon product. 19.
The process of claim18 wherein said petrol eum
1 8¢ Tl Progse & Flatmyl B MhgEin SHbTel H‘ﬁgh‘égil tendrqrgrben product
[ r
inct % o B g sl BE BB ok ot o PRI R Rmponcnt
havihga $bilmgeodanpaien froﬂﬁal\ﬁl()?@ tca4 8| diesel Pl Aahd AkeMasabibut
2900C. 21. The process of claim 18 wherein said
petroleum fraction contains at | east one conmponent

h aﬂl nﬁhea%?gés% Lf glagﬁ’ ﬁ"wh%g%’ﬁle %QQ\&&M% Qpﬁe l%oclﬁ)%n

process whereln said petro raction
comporienk sreffbotenrblysa&nabf hﬁhsﬁommzamonpnd] &mtres@ioﬁccbﬁdhubnm m
t he group consi sting undeasphal t ed petro

inclydes tﬁ@aeraaﬁagﬁﬁam %ub]eior GrteahAut a8V Gua, resspredzmagbout 1 bar
to agﬁlut EE@?%S,\?#elaeLﬁS{/ ﬂaogg cfﬁ?t)ll th 9Hbfl 293 The process of

rein sal vel'y Tighter hydrocarbon
product includes a conponent selected fromthe group
consisting of mddle distillate conponent having a
boi ling point ranging from 1500C to 4000C, diesel fue
and | ube base oil. 24. The process of claim 17 wherein
t he conversion of the hydrocarbon conponent is
effected by neans of hydroi sonerization and the
reaction conditions include a tenperature of from
about 1500C to about 5000C, a pressure from about 1
bar to about 240 bars, and a LHSV from about 0.1 to
about 20.
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