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1 HYDROCARBON CONVERSI ON USI NG LARGE
CRYSTAL ZEOLI TE CATALYST ) ¢FI ELD OF THE | NVENTI ON 5
This invention relates to the use of Iarge crystal zeolites as a

cat al yst OVWO8¥16468/st support for hydrocarbon conversion

BACKGROUND OF THE | NVENTI ON 10 Crystalline m croporous nnlecular
si eves, both natural and synthetic, ysuch as zeolites, have been
denonstrated to have catalytic properties for various types of
-hydrocarbon conversion processes. In addition, the crystalline

nmi croporous ol ecul ar si evmmmomemmmamsor bents and catal yst
carriers for various_t pPcesses, and
ot her applications. RS ; por ous,
crystalline material having a defi nite crystal l'ine structure as

determ ned by x-ray dlffractlon mﬁthln mhlch there are a | ar ge nunber
of smaller cavities which 2 20 nunber of stil
smal | er channel s or pores. The dlnen3|ons of these channel s or pores
are such as to allow adsorption of nolecules with certain dinensions
while rejecting thohiy iﬁ\iehhbﬁrﬁhteﬁllta’ﬂh%lﬂs&ofﬁlfge crystabtzeolitest aila spaces
or channels fornmed by the cryst et wo enabl e nol ecul ar si eves,
such as cryst%@%"ﬁl“ﬂ?ﬂhﬁf%‘i@%‘aﬁ%i‘y Q¢ 125°n‘i?§§8né’§°?ﬁﬂﬁ%?:ul ar sieves
in separation processes and catal ysts and catal yst supports in a w de
vari ety of hydrocarbon converS|on pr ocesses. Zeolites are

conprised of a lattice oBACKGIROR i na conbi ned with

exchangea?&e cations such as al kali or alkallne

Crystalline microporous molecular sieves, both natural and
synthetic, such as zeolites, have been demonstrated to have catalytic
properties for various types of hydrocarbon conversion processes. In

~ addition, the crystalline microporous molecular sieves have been used
15 as adsorbents and catalyst carriers for various types of hydrocarbon
conversion processes, and other applications. These molecular sieves

are ordered, porous, crystalline material having a definite crystalline
structure as determined by x-ray diffraction, within which there are a
large number of smaller cavities which may be interconnected by a

20 number of still smaller channels or pores. The dimensions of these
channels or pores are such as to allow adsorption of molecules with
certain dimensions while rejecting those with larger dimensions. The
interstitial spaces or channels formed by the crystalline network
enable molecular sieves, such as crystalline alumino-silicates, to be

25 used as molecular sieves in separation processes and catalysts and
catalyst supports in a wide variety of hydrocarbon conversion

processes.

Zeolites are comprised of a lattice of silica and optionally
30 alumina combined with exchangeable cations such as alkali or alkaline

'.H.‘..- s e .
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2 earth netal ions. Although the term"zeolites"” includes materials
containing silica and optionally alumna, it is recognized that the silica
and alum na portions may be replaced in whole or in part y

oxi des. FoVOR¥UMP e ger mani um oxide, tin oxide, phosphor%‘tﬁ(gg}i’é}g 5 and
m xtures thereof can replace the silica portion. Boron oxide, iron -

oxi de, titanium oxide, galliumoxide, in2liumoxide, and m xtures

t hereof can replace the alum na portion. Accordingly, the terns

.zeolite", "zeolites" and "zeolite material”, as used herein, shall mean
not only nol earth metaldonsonAthougl the temm “zreliteshdnelydes ymatarigls num 10
atonms in the . | | CQ- ] : . | ar

o oves whi oh cshpaitie BficaBhls Gl shithiing. JE5F RooslilbathaP HIPLRER

al um num sucind ahenima poxtinaks unay bpheplitad ein whelkiP@) in park with other -
al um nophosphates (ALPO . The term "alum nesilicatge zeolite", as. used
ner el . ohal | GRS 7EGH PEREP{e, REFOAR T A 2 ORe, PROPPRGEDfS Bide; 5

al um num atsoMgy PpdiRues YB&R0E &€ rbplaké €8e SflicdGioHidn! B6REAl oxide, iron

The catalytic activity of mar.\&%zeol Ites relies on their acidity. The
substitution opide tisanimm rpxddengallinm yexides indiwm rexide.t and mixbrres

val ence state gr e | Li cha. hclenc %'! c A
conpensat ed byﬁgfegogt ?%lﬁ 12;&%: agi?ea l31/:1r o%g‘ggljin%n? I%ce: acl glﬁi’ya{(}’f b‘?ﬁég

zeol i te can be'zoslitel\e'zeolifest andf "zetlitezmakeria" angl uaed heveinhishall mealannel s

of the zeolite. Wthin.,a pore, of the zeolite, hydrocarbon conversion
reacti ons sucHGL Ph‘?l?‘?‘ﬂqwﬁﬁ? conftaining silicon; %“‘i’lé’éﬂ VoA hond

| soneri zat 0N, 48P0 BN H%@ﬂirﬁ”latﬁb&é{ﬁc{m1 tieofl b SALK YhélbbdBr Of 25
aromati cs may be governed by constraint's i nposed by the channel size

of the ol eculsdevesi which ¢ndaimsuitableaeplacemens asoms fansnch silicont and of

t he feedstock j . | ar 0 enter_..he pore t, i prodsct
sel ectivity oc%ﬁ‘?’éﬂﬁﬂlén %@% ofz{lt hea%E%a&J:"t'%%’cﬁé’%ﬁégﬂﬁgeavW@ channel s.
Product di st ridlutiintghesphatdss GADPON t Thedtebin t'alnnsinbsilicaty abelitet) asti vity

30 in which certain reacti,pns can t occur .because.the reaction .
transition used eregn, ) mean zeor]ﬁes congistmg essentla]i]y oi' sfhcon and

15 aluminum atoms in the crystalline lattice structure thereof.

The catalytic activity of many zeolites relies on their acidity.

The substitution of silica with elements such as alumina with a lower
valence state creates a positive charge deficiency, which can be

20 compensated by a cation such as a hydrogen ion. The acidity of the
zeolite can be on the surface of the zeolite and also within the channels

of the zeolite. Within a pore of the zeolite, hydrocarbon conversion
reactions such as paraffin isomerization, olefin skeletal or double bond
isomerization, disproportionation, alkylation, and transalkylation of

25 aromatics may be governed by constraints imposed by the channel size
of the molecular sieve. Reactant selectivity occurs when a fraction of

the feedstock is too large to enter the pores to react, while product
selectivity occurs when some of the products cannot leave the channels.
Product distributions can also be altered by transition state selectivity

30  in which certain reactions can not occur because the reaction transition
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8 state is too large to formwithin the pores of the zeolite.

Sel ectivity can al so result fromconfiguration constrains on diffusion
where the di nensi ons of the nol ecul e approach that of _the pore system
Non- sHQLBI6468 [ eactions on the surface of the nol ecuPGHUSYTAPMS syuch
as b5 reactions on the surface acid sites of the zeolite, are usually not
desirabl e as such reactions are not subjegt to the shape selective
constraints inposed on those reactions occurring within the channels .

of the nol ecul ar sieve. Thus, resultlng produc roduced by reaction

with the surfacetateil-‘dt@llawm o 0&&&9@@#&5 tyasane 10
Snd can al so de &tt'ﬁﬁ %ﬁ dation constrains on% e

esirable to ca ocar conversion processes u3|ng arge
crystal zeoli teﬂmahaohsromthéandecmlleywpmioach sthaseﬁ the porbesyetem.t dNoman t he

crystal s have a I ane ter at | east _of ut ) For rrple

| arge crystal. m®acions.on the aé’eo%i]g? e“'%sﬁ’&l"e’sﬁw A area
whi ch can reguceeéuﬁohegoﬂymeosﬂfaw deftl \e3i 6 the zeohb@ O WRuallf h&@ACtioNs.
whi ch take place on the surface of the zeolite. Furthermore; [arge

crystal zeol it edesizakle| mgeemhdreaemnaraqsannt|senhmsto the shapehselectivee used

|t ormed at o pobbSrSBEE bpBRRd SR HhdtoAAIERes Ypiletil LSRR el e,

si ze can changeof tite anllenitaw sieye. ofrlidsermﬂﬁhnim&ﬁal prboduced by Feadim i n

hydr ocar bon conver.,si on pr cess such di sproportiopation of

tol uene to par a¥Heihe gp %PfgﬁeGFo te areaF‘@H{t‘F% un le

di sproporti qpat Lan 4 dl g@{bﬁvragbﬁfg@ﬁxi e, i ncreasing the size of the-
zeolite crystal to ['engthen the diffusion path I ncreases paraxyl ene
selectivity. The selectivity occurs because an I ncrease in the

di f fusi on constraint bul ki er Qwer di ffusing o- :
and m xyl ene i soner sﬁ%ﬂych'gf gﬁﬁrt(?a“(?fw 8H§&y\£°carb?lhé:g'év?r§b°ﬁ‘ers and

i ncreases the ypebddssds mgzﬂgertﬁ-ymb gedlites0 The term “large crystal” is used

herein to mean the crystals have a diameter at least of about 2

15 microns. For example, large crystal zeolites have less specific outer

crystal surface area which can reduce during hydrocarbon conversion

the amount of reactions which take place on the surface of the zeolite.

Furthermore, large crystal zeolites have longer diffusion path lengths

which can be used to modify catalytic reactions. For instance, with

20 respect to intermediate pore size zeolites such as a MFI type,

increasing crystal size can change the selectivity of the catalyst when it

is used in hydrocarbon conversion processes such as the

disproportionation of tolueme to paraxylene and the alkylation of

aromatics. In the disproportionation of toluene to paraxylene,

25 increasing the size of the zeolite crystal to lengthen the diffusion path

increases paraxylene selectivity. The selectivity occurs because an

increase in the diffusion constraints is imposed on the bulkier, slower

diffusing o- and m-xylene isomers which reduces the production of
these isomers and increases the yield of paraxylene isomer.

30

3.
FE3
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4 SUMVARY OF THE | NVENTI ON I n accordance
w th the present invention, there is provided a process for converting
a hydrocarbon feedstream under hydrocarbon 5 conversion conditions with a
zeol ite catWOP86468nprising | arge crystal zeol i tes. ThECTHPYASMS st o
zeolites used in the process of the present I nvention are nade by a
process which conprises the step of heatigg an aqueous zeolite
synthesis m xture under agitation to a tenperature equal to or |ess
t.han the effective nucleation tenperature of the 10 synthesis m xture.
After this step, the aqueouSEMMARY ORTHREINVENTIONeated in the absence
of agitation to a tenperature equal to or greater than the effective
nucl eati on tenperature of the aqueous zeolite synthesis m xture. As
used in the specifi qat AQBrddifteCivith"the bi&seh ifivention,oftie®é tik ifrovidedeat i on
tenperature” neans the tenperature_at which 15 continued stirring of the

heat ed zeol i t e papaesseforscomverting a bydepcarkan feedstream yngar thydaeearberr ease

of the nass Jre |, _di  Of . | r S,.
o g redder aRuENtR colillRe Sithl o Hftite catllyRf UohnpEiily Ml oi5bAN 2,
crystals of 15 zeelitesnt The lgrgeatrgstal Preolitusalised, in the prozesebf the grésemper at ur e
to which the synthesis m'xtu‘ie is heated wi,th 20 stirrin V\n'e-%h?result in a
reduction of t HBVRRGAR 8 mads by  PRicess piich, comprises, he, Sthm, 6f hoalipe e

crystals of |esg hhadoutzddBis SitheBRMAHRGRS RhAY Agitation BF A teipiratuRE! cent .
The process of the present invention has application in hydrocarbon 25

conver si on procuswdstoany Yesndhapathe sifestive ppndleation temperaepef the

conversi on proc .wheyr ed -sel [ | di & 107 t .
for reacti oﬁ) seﬁg'zliﬁ?s\}?%ff/ o%ﬂeﬂ%ﬁéﬁ%géﬁgsﬁégﬁﬁfgﬁ igg?ﬁx&%ﬁ 5 such
as al kyl ati on, kiegedyh 2he abserbeufragitationdoad teniperattret eqarad a6 loy [greaten -
reactions. 30

than .the effective nucleation temperature of the aqueous zeolite
synthesis mixture. As used in the specification and claims, the term
“effective nucleation temperature” means the temperature at which
15 continued stirring of the heated zeolite synthesis mixture would result
in significant decrease of the mass mean crystal diameter of the
product zeolite crystals, e.g., a reduction of the mass mean crystal
diameter of the product crystals of 15 percent or greater. Preferably,
the selected temperature to which the synthesis mixture is heated with ~
20  stirring will result in a reduction of the mass mean crystal diameter of
the product zeolite crystals of less than 10 percent, more preferably

less than 5 percent.

The process of the present invention has application in hydrocarbon
25 conversion processes and finds particular application hydrocarbon
conversion processes where reduced non-selective acidity is important
for reaction selectivity and/or the maintenance of catalyst activity, such
as alkylation, dealkylation, disproportionation, and transalkylation
reactions.
30
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5 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Zeolites
useful in the process of the present invention include any of the
naturally g or synthetic crystalline zeolites. 5 s of

t hese zeol%ﬁigaﬁw#% ude | arge pore zeolites, nedium pore BC es, and
smal | pore zeolites. These zeolites are described in "Atl as of Zeolite
Structure Types", eds. W H Mier, D. H56 Ason and Ch. Baer | ocher

El sevier, Fourth Edition, 1996, mhlch S hereby i ncor porated by
reference. A large pore zeollte |y | ze of at | east
about 7 A and i ncl udd2ETAILER DESCRLINE - E *BEA, and MOR
structure type zeolites (IUPAC C0nn155|on of Zeolite hbnenclature)

Exanpl es of | arge pore zeolites, whi ch correspond to a structure type
| i sted above, incl uZeoliinsz;iaeﬁ;l in theproaess tof the quiesérs: inveukionSinchetd i te Y,

zeolite X, onega, Bet 3 15 ZSM 4, 7ZSM 18, .ZSMZ APO and
MCM 22. An int gpxeﬂfa% ﬁ‘ﬂ'}% QGCYLIIE  OF &Y g'l‘f@sm ze
from about $A Wxasdifled of /bhese z&dliteb ﬁﬁbﬁ‘i@%aré@'bo%%@ﬂi@s MédeE oreMr W

EUO, MIT, HEU, FER, and TON structure type zeol | tes (1
Conmi ssi on of ze@iteseand smnﬂrmenaﬁleﬁee) Thege apolites gre das bﬂ@cﬂna‘fl’eﬂ%ﬂ)re si ze

zeolites, whic UG cl ude
ZSM 5, ZSM 12, o %%OJZ%W?‘?ZEB%BM Mé&f Qsﬁ 3@@5\@28 L 50,
ZSM 57, sBaerlathér, Elsekuer’l i Fadrthe ]RdmhnsrrﬂE)BG,pomml zés zdnei'ehye has a
pore size from aboé 0 about i OA and in udes r,exanp CHA,

ERI, kFI, Ppsorponated PX reference, A dgrge pors zqol chﬁ%asEP’Eﬁw of 25

Zeol ite Noﬁﬁnckﬁb%feit lé@éﬁ%bﬁﬁ o8 #idlihclRdes I?HQ'VFP‘SMAE'M Zﬂﬁiﬂ
SAPO- 34, SAPO- 35, ZK-14, SAPO 42, ZK-21, ZK-22, ZK-5, ZK- 20, zeolite A,

erionite, chabEMTe OFEo| FBEAT, amdel MOR esmt!mﬂ?'iYPanGeOhtesclaﬂBéﬁ lolite.

Commission of Zeolite Nomenclature). Examples of large pore zeolites,
which correspond to a structure type listed above, include mazzite,
offretite, zeolite L, VPI-5, zeolite Y, zeolite X, omega, Beta, ZSM-3,

15 2SM-4, ZSM-18, ZSM-20, SAPO-37, and MCM-22. An intermediate
pore size zeolite generally has a pore size from about 5A to about 74
and includes, for example, MFI, MEL, MTW, EUO, MTT, HEU, FER,
MFS, and TON structure type zeolites {UPAC Commission of Zeolite
Nomenclature). Examples of intermediate pore size zeolites, which

20 correspond to a structure type listed above, include ZSM-5, ZSM-12,
ZSM-22, ZSM-23, ZSM-34, ZSM-35, ZSM-38, ZSM-48, ZSM-50, ZSM-
57, silicalite, and silicalite 2. A small pore size zeolite has a pore size
from about 3A to about 5.0A and includes, for example, CHA, ERI,
KFI, LEV, and LTA structure type zeolites (IUPAC Commission of

25 Zeolite Nomenclature). Examples of small pore zeolites include ZK-4,
SAPO-34, SAPO-35, ZK-14, SAPO-42, ZK-21, ZK-22, ZK-5, ZK-20,
zeolite A, erionite, chabazite, zeolite T, gmelinite, ALPO-17, and
clinoptilolite. '
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6 In general, the chem cal fornmula of anhydrous crystalline
netallosilicate can be expressed in terns of noles as represent ed by

the formul a: %@lwl[err]o Werr]O[err]:ZSiJerr], V\herelr}scg‘] | ect ed
fromthe gr@ consi sting of hydrogen, hydrogen precur oval ent,

divalent and.5 trivalent cations and m xtures thereof; nis the val ence of

the cation and Z is a nunber of at |e@ast 2, preferably at least 3, said
val ue bei ng dependent upon the particular type of zeolite, and Wis a
metal in the ani oni c framework structure of the zeolite such as

al uninum gallium In gengrsh, the chespicaliformula of anhydrousherygellinee has an
e 2 P i 5 g, GBS RGP

havi ng the fol

[err] whehe formulas Me/i0: We0d: 28102 c whersih, Ms ik belasted ! fitomantha gomlp | um

Zi nc, i ron, and/or g ron, YLS a tetraval ent eIerret S h as S|4|con,
tin, and/o@%?%ﬁf’ ﬁ?&ﬂgﬁnn FALOSEn PREGHISENSe MQNOV y from
20 about 29 t@ntrseattcaaanzgnﬁ%fxﬁ%&tmy 'lyl.irtﬂ &ﬁx%% Ea?ﬂd val ue
bei ng dependent upon the particul ar type of "zeolite an the tri v ent

el ement presenandrZ ishe m@bertqi'at 1east2 preferably ahleast 8osaidredne bsitig | ed in
the art, the agi dit f a zgolit can er uce n hni ques
such as by deaﬁﬁﬂ%‘g?qqowgn ep n'iy??ﬁo Wik % go lsaﬁglng%y’dtﬁf of a
zeolite is depandgilé fuptdwirkestructuk® 6ftiaf zdolite 206k iak alwnliuinl) @allitghogen

form having the highest acidity . and other fornms of the zeolite such as
t he sodi um f or RPFEY Py iOh grMes s acidity than the acid form Accordingly,
t he nol.e rqPr os of silica to 30 alumna and silica to gal lia disclosed
herein shall include not only

When the zeolite has an intermediate pore size, the zeolite

preferably comprises a composition having the following molar
relationship:

15 X20s::(n) YOq, .

wherein X is a trivalent element, such as aluminum, gallium, zinc,
iron, and/or boron, Y is a tetravalent element such as silicon, tin,
and/or germanium; and n has a value greater than 10, usually from

20 about 20 to less than 20,000, more usually from 50 to 2,000, said value
being dependent upon the particular type of zeolite and the trivalent
element present in the zeolite.

As known to persons skilled in the art, the acidity of a zeolite

25 can be reduced using many technigues such as by dealumination and
steaming. In addit:ion, the acidity of a zeolite is dependent upon the
form of the zeolite with the hydrogen form having the highest acidity

and other forms of the zeolite such as the sodium form having less
acidity than the acid form. Accordingly, the mole ratios of silica to

30 alumina and silica to gallia disclosed herein shall include not only

SUBSTITUTE SHEET (RULE 26)
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7 zeolites having the disclosed nole ratios, but shall also include
zeolites not having the disclosed nole ratios but having equival ent
catal ytic activity. 5 When the zeolite is | ilicate
i nt er medi at™o K668 2o zeolite, the zeolite preferabl }W a
conposi tion having the follow ng nolar rel ationship: -

[err] 10 wherein y is between about 720 and about 500, typically from
20 to 200. The zeolite framework may contain only galliumand silicon
atons or may_al so contain a conbipation of gallium_ alum num and

silicon. 15 zeolites haypngthe disclosetymoleraficsy bpt shall @lsoingludezeolitesy| yst i s
U nasi ki b ; T B Biatett
fouarry UM GHBE HAVEE E Hkdfed BOIE kakifd bk Y R Bhrafel

particul ar actiyityocar bon process in which the catal yst systemis
utilized and is therefore not limted to any particular ratio.
General ly, however, and 20 depending on the structure type of the zeolite,

the zeoliteswi || havheéh the Zeblite @s 50 gallitith Ndlicatecintairhodiate Pord aisd 2: 1
and in sone instances_from_ 4:1 to about 7:1. For a_nunmber of zeolites,
especi al | y i nt geelifei dhe pealite prefexably comprises atenmpgsition, havinguthea nol e

ratio will be j I . .om about 10:1 to about 1,000:1. Wen
, Eldwifig A0 rblationsiyi

t he catal yst n- aci catal yzed reactions such as cracking,
t he manuf acture of paraxyl ene and benzene by the disproportionation of
tol uene, the al kylation of benz%pe or t(gg like, the zeolite will be
acidic and wll preferably, when qu*’ St i ntermedi ate pore size
zeolite, hagye higher silica to alum na mole ratios, e.g., 20:1 to

about 200:1. 30 .
wherein y is between about 20 and about 500, typically from 20 to 200.

The zeolite framework may contain only gallium and silicon atoms or

may also contain a combination of gallium, aluminum, and silicon.’

15 When the zeolite used in the zeolite catalyst is an
aluminosilicate zeolite, the silica to alumina mole ratio will usually
depend upon the structure type of the zeolite and the particular
hydrocarbon process in which the catalyst system is utilized and is
therefore not limited to any particular ratio. Generally, however, and

20 depending on the structure type of the zeolite, the zeolite will have a
silica to alumina mole ratio of at least 2:1 and in some instances from
4:1 to about 7:1. For a number of zeolites, especially intermediate pore
size zeolites, the silica to alumina mole ratio will be in the range of
from about 10:1 to about 1,000:1. When the catalyst is utilized in acid

25 catalyzed reactions such as cracking, the manufacture of paraxylene
and benzene by the disproportionation of toluene, the alkylation of
benzene or the like, the zeolite will be acidic and will preferably, when
it is an intermediate pore size zeolite, have higher silica to alumina
mole ratios, e.g., 20:1 to about 200:1.

30
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8 The structure type of the zeolite wll depend on the

parti cul ar hydr ocarbon process in which the zeolite catal yst systemis
utilized. For instance, if the catalyst systemis us .

ref orm ng WO9/16468 napht ha to aromatics, the zeolite type &ﬁ&%?éggrabl y be
LTL (exanple 5 Zeolite L) and have a silica to alumna ratiro from4:1 to

about 7:1. If the catal yst systemi 8 be used for xylene isonerization
or the manuf act ure of paraxyl ene and benzene by the disproportionation

of toluene, the zeolite wll ferably b n internediate, ppre size
zeolite, such 'S%f* &W@t?@@t@@%ﬁ&%&iﬁ?@%’?@? R zeolite
catalyst 10  gfygiREHich Pﬂ)cgfs ﬂ?%ﬁ:ﬁlrthgr@eroﬁwgga%zgé bydtém ishatibzed.er r ed

pore si.ze and structure type Wl epend on the size of the nolecules
to be cracked For inatancehdf dbeicasalyst caystem isTmsed cfozcthepeforming aft r uct ure

itﬁp?hfeor arggg&@:caa&bgr%ﬁa%{]c\é? Si?&ﬁé%ﬁﬁgﬁ%@ﬁ%@ﬁﬁ%’?%? Zki Il ed
process of §hezgslaea) and havé Avélita 86 aliuhing efie fvm W: h ey absutgss Iean

di anmeter of from about 3 to about 10 m crons and, nore preferably,
wi Il have a nuthe masalyst systemif die grse; for atydene Isemerigation 5ox theons.

Wien the zeol ihwa&g%.%ggtpiaagwh dialip eﬁevsé;&%g\%ﬁ EO%Q%E an M

structure type, the crystals no nore than about
5% on a nmass tolueie ths zeblitecwill prefaraply hé snlintermddiatelporeciznzeatlitert er .

The large zeolite cry s.used ip th roce t resent 25.invention
are preferabl ys‘f‘éﬂés Mlpﬁtggggge ?kﬂlecﬁxgﬂp& ?S@%?hzﬁﬁ)e zeoﬁi&e I"ﬁ%l st eps:
(a) formng agystEMSi8U4s HeAsell foP cFicking Pafuffiha, tHe\refivéd pore size and -

of a trivalent netal oxide such as alumna or_gallia, silica, 30
al kali nmetal csenetre typeivoHadenend, omthe sizeapfothe mpleguileg to be cracked

and the desired product. The selection of the structure type for

hydrocarbon conversion processes is known to persons skilled in the:
art.
15
The large crystal zeolite used in the process of the present
invention will preferably have a mass mean diameter of from about 3
to about 10 microns and, more preferably, will have a mass mean
diameter of from about 3 to about 6 microns. When the zeolite is an
20 intermediate pore size zeolite such as an MFI structure type,:
pi‘eferably the crystals will have no more than about 5% on a mass

basis of zeolite crystals less than 1 micron diameter.

. The large zeolite crystals used in the process of the present
25 invention are preferably made by a process which comprises the

following steps:
- (a) forming an aqueous reaction mixture containing sources

of a trivalent metal oxide such as alumina or gallia, silica,
30 alkali metal cations, optionally from 0 to about 10 weight

SUBSTITUTE SHEET (RULE 26)
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9 percent seed crystals based on the weight of the
reaction m xture and, optionally a directing agent;

(b) heati ng t he aqueous reaction m xture under agitation and 5

f or sufficmg?s’ to a tenperature no greater than the PCI/USI7/18943
effective nucleation tenperature of the aqueous reaction

m xture to effect heat transfer to the a§ueous reaction

m xture to achieve a nore uniformtenperature in the

aqueous reaction m xture; and 10

C heatj ng,.the aqueous
reaction nmixture of stepPqresnt seedifaystals based( °2‘ the wmg%ggf]gée EPACHOR f ur t her

agitation to a tenperat ULeGfddhd! dhtionally a directing agefté 9reater than the
effective nucleation tenperature of the - aqueous reaction

m xture and for sufficient tine to result 15 in the
production of |arge,zeoljte.crystals. . . Progedures..to determ ne
zeolite crystal siz 3ar eh?ﬁﬂﬁn eoaqueousigg?%%myﬁu'r?gb&%ﬁagﬁgtlg?ta_n%t For

i nstance, cgystal size nfoy safficient tigles €6 @ feptbatatwe! hy grvaterktihag thesui t abl e
scanni ng el ectron mcroscf?pe 20 SEM picture of g representative sanple
of the zeolite crystal s.effective nucleationytemperatues; obthe ggueans geactionenent s

of the zeolite my be ahifhre to effdiPHeds traRIRE ! fle UiBofls YERRIGn"Cd | N

the literature, as nmay the preparation of the synthesis mxture. 25
For exanpl e, the source wixtaré itoachieye hemare iunifoxie terapgratuse in the al kal i
metal silicate, a tetraalkyl orthgsilicate, a precipitated silica, or

an aqueous coll oi dal sus B AeHFL ,ré'f%'rdjexanpl e one sold by E. I.
du Pont dejfenours under the trade nane Ludox. 30

() heating the aqueous reaction mixture of step (b) in the
absence of any further agitation to a temperature equal to
or greater than the effective nucleation temperature of the
aqueous reaction mixture and for sufficient time to result

15 in the production of large zeolite crystals.

Procedures to determine zeolite crystal size are known to
persons skilled in the art. For instance, crystal size may be
determined directly by taking a suitable scanning electron microscope -

20  (SEM) picture of a representative sample of the zeolite crystals.

The sources of the various elements of the zeolite may be any of
those in commexcial use or described in the literature, as may the

preparation of the synthesis mixture.

25
For example, the source of silicon may be a silicate, e.g., an
alkali metal silicate, a tetraalkyl orthosilicate, a precipitated silica, or
an aqueous colloidal suspension of silica, for example one sold by E.I.
du Pont de Nemours under the trade name Ludox.
30
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10 When the zeolite as an alum nosilicate zeolite, the source
of alum numis preferably hydrated al um na. O her al um num sources

i ncl ude, for exa alumina netal, a water-soluble alu

e.g., aIun“ﬁUﬁﬂQnghate or an al koxide, e.g., alunrnunrnkgﬁ&%%@§¥%
Optionally a directing agent, such as an organic or inorganic conpound
contai ning nitrogen, oxygen, sulfur, or 1phosphorous may be i ntroduced
into the synthesis mxture in either powder formor as an . aqueous

solution which is preferred. _The cation may al so be ;LO | troduced_ in the
formof a mxture Wdﬂl@x&%@t‘arﬂ# an| alunungsilicate zeo. litg) the songee Qﬁent used °

will depend o t The
order of mxi %I'S%ﬁmle gr egsgﬁpggf@éﬁoétlﬁessent i al H ufn E"mu(‘ﬁ:epend

| argely on theneladka; foac b:mmgleprahpnumdmd%al ] matmsdpblehelummmrsahesr S :
m xture can be prepared by ol v Ium an aqueous

caustic sol ut i%8r ARERIOTIG &&éﬁi rﬂ'ga]ﬁ‘ﬂ émbn}mgxsoprogpﬂ a source

in water. 4 20 Equi prment used to prepare the zeolite crystals of the .

present i nvention are known to persons skilled in the art. For, exanpl e,
zeolites can be cofntienaly g @@Mﬂe@gﬂ’% usichgas AngersAmie Or JREEEATHE ch

have suffi cient itation te e
dur i ng heat ugoBRRRe el fug REER, SRabelf #80Lr, bE phBgRdals By B
mxture is a(t:) h{;ﬁ\oadﬁed ma;eaﬁf synthem:s rnixtares am either pnwdamé‘mtmh lcmreaslyan
t enperature bel ow t he ective nuc eat jon ratur.e wt itt or
no i npact on PHEeQUS §‘§HF‘PPe @Pﬁ%’f ‘*ﬂom’é‘r f“P ngmay 4§
continued gboy ﬁ&oﬁﬁcs&flﬁcmé/fomcdfeatm%&@rmqrﬁwme hhe Slfdel t, a
zeolite crystal size will decrease. Stirring to progressivel é l@rgg

r ged

t enper at ur es diadide. t Mhecagandt used will| dependnon dhp te erepgre

process.

The order of mixing of the ingredients is not essential and will

15 depend largely on the zeolite being prepared. For instance, the
synthesis mixture can be prepared by dissolving the aluminum source

in an aqueous caustic solution and then adding this to a mixture of a

silica souxce in water.

20 . Equipment used to prepare the zeolite crystals of the present
invention are known to persons skilled in the art. For example,
zeolites can be commercially prepared by using large autoclaves which
have sufficient agitation to homogenize the zeolite reaction mixture
during heat up until the effective nucleation temperature of the

25 mixture is achieved. In general, stirring can be continued to any
temperature below the effective nucleation temperature with little or
no impact on product zeolite crystal size. However, if stirring is
continued above the effective nucleation temperature, the product
zeolite crystal size will decrease. Stirring to progressively higher

30 temperatures above the effective nucleation temperature, or prolonged
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stirring at a tenperature above the effective nucleation tenperature,

will lead to progressively larger decreases in size of product zeolite
crystal. The effective nucleation tenperature of the synt ure
will depenWOSBI648 conposition of the synthesis mxture mﬁ?@h&"ﬁl‘%

w || be governed by the zeolite being prepared. Wth respect to the.
preparation of an MFl type zeolite (e.g.11 ZSM5), the synthesis mxture
is preferably heated with agitation provided by a m xing device which

W ll nmove the mxture in a turbulent fashion such as occurs with a

pitch bl ade t ustirnime @it e temppraturenabove tre effective rnelgation tempgratyge, known

to one skilled e_“ S
synt hest s. mixt B8 P8 BbroERbafoLP TR MeorGiel (8ol BE Pibdl scalite
pur pose of thecsgtdlatTiomeffective mﬁﬂeaiomﬁmnpémmum‘ d‘rthecsylmhesg miilxtrsies

m xture in a uniform manne but the degree of agitation shoul d | ow
enough to m ni Will deppm R g somposiian 91‘8 ‘g S‘Hi’sﬁnsg’fg

m xture. 8 Qfar evith r29hdctitoOth can
be neasured as%%e sgee at V\/nthﬁ &Eietgb de tlé) nmoves 1throgiéh t he y

synt hesi s ni xtprepa(ratlpnwﬁaad\}[ﬁ‘lmmm&e ghd Mﬁ)sﬂ@eﬁﬂﬁhwﬁmeess

about 3.5 M s erReia Beeeoyet i PRfad fy S A0uke Efer W, |

on the tenper aiyll emeveé the Miktwre i a hﬁ‘b&lféﬁt%bﬁomsuéhuae aoedrs hdtlgas in
m xture viscosity during h=at up. Prefpéilably a cogstant ti eed of
about 1-2.0 M pitch biadg twrbine anixgpyeOther dneans, ol Hiniro 5

120[err] C i\g g@ﬁ{%ﬁqﬁ %%E@ﬁ%e%cé@ﬁ@%ﬂo&é&rsﬁéﬁ% ;ﬂhﬁ?ﬁ%&ﬂé as heat

up conti nues u ation tenperature is reached
preferably t hesymhemsrrmtnrepﬁm pse aiwtltofzﬂié Mflt;m&veatq aemothert uTheof

Sho, 190,10 koo oh 4 AUl BLSLF A PR U0t b

required for hﬁﬂktdiﬂ mfaﬁiih@ommﬁnm Bwther&egsb@ufdglbmmshaﬂﬂlmslow
practical to mnimze the armug%l t he *nt hesi s .m ure s 30
agitated to re@newshHaminimize *‘f‘ﬁ‘éi ormpation ifg esis

15 mixture. When a turbine mixer is employed, the degree of ag;.tahon'
can be measured as the speed at which the blade tip moves through the
synthesis mixture (tip speed). Preferably the tip speed should be less
than about 5 meters per second (M/s) and more preferably less than
about 3.5 M/s. The tip speed of the mixer can also be varied depending

20 on the temperature distribution of the synthesis mixture and changes
.in mixture viscosity during heat up. Preferably a constant tip speed of
about 1-2.0 M/s is used until a temperature from about 100 to about

120°C is reached, and then the tip speed is increased gradually as heat
up continues until the nucleation temperature is reached. Most
25 preferably the maximum tip speed is about 2-5 M/s at a temperature of
about 130 to about 150°C and most preferably from about 2 to about
3.5 M/s at a temperature from about 140 to about 150°C. The time
required for heat up of the reaction mixture should be as fast-as
practical to minimize the amount of time the synthesis mixture is

30 agitated to reduce shear induced seeding. The time during which
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12 stirring occurs at tenperatures above 130[err]C is preferably |ess
t han about 6 hours and nore preferably | ess than 3 hours. After the

synthesis m xture reaches the effective nucl eation terrpera)%fgl[lg }%
agi tati on YOI, Heating of the reaction mixture can AR ¢ o

qccur after the stop of agitation with no undue effect to product quality.
The tenperature can al so be mmintai ned atl2t he t enperature reached when
agitation was stopped. The synthesis m xture can al so be allowed to

cool after the agitfation is st ed, but .for sfru
e e b bees St Hem e ahavh: AOSCoi BreeEAblE Jeet then
130[err] C and afjput éimﬁsrdﬁ J&% %Eéﬁféblyelegb'%ﬁﬁtBOHo&ﬁ”D@‘AﬁéPrtﬁecan be

confirmed by procedures known in art such by x-ray detection of
crystal presencynghesis @n@mreao}lese@@ efeative Ehelngtgnuwnnwahws ghe

m xture viscosit eat

onset of crystal®rz 3 a be a 15
detieid ol Hpddhs B ok RAcHPR InuibCaiL i} AloybilRe

functi ondof st hexctypaftef t}i’@ﬁbpbﬁa@ﬁaﬁﬁnmﬂﬁabemmcbﬁmvtoﬁﬁioﬂ:ncbgu?hty g "

expressed as a erature range.r er t an | e sharply de

t enper at ur e, d{’htmmp grature,raty also be nqre&aﬁd e

150[err] C for O i ZS [ ;

tenperature w :\Afﬁlusué?fazlfd v?#tskéﬁ{ f(;linglghﬁo\c ?Hom i{)out 130 to a OutBQZO

150[ err] C. Theallawssl taaqmlrwezf the talgztaupgtslsastbpnai,lhnt foxdMFIsstarnctore

conditions wll var vveen abouyt. 4 abou _

our . Nore. pr dVES 2P etelbfy P TentpeR i RentarpdieeaBatihest - g

about 36 howrs.1309€ &id abehd 186%C0. 0Theieffecties nhﬁl@%io&biemif‘éi'dhhsé can bget hods

known in the art such _as by sanpling the reactio ture at 25 . various
ti mes and deter‘H‘?FgFWthhYd’KPF@f eF oYY 1y ther 312 Shr: @ﬁ \E-EAY etecBPB@ifpltat ed

solid. The cont itaP 8%&{1 a?fy corrphh? sabd Gef@n @ﬁangesfugcéa}d aligd if

t he reaction m ure a rises from about mto
about 10.0 per aamtulseaeuasos;ty dunngtlaeatagedammlsmbeme(yrto dh@rmme yhe hesi's

i sclosed i UoneSt pf GERIETIA - o ofERYS ulidBbR ebBriusf kil bty

15 function of the type of zeolite being prepared and may often be

expressed as a temperature range rather than a single sharply defined
temperature, but will generally be between about 120°C and about -
150°C for MFI type zeolites. For ZSM-5, the effective nucleation
temperature will usually be in the range of from about 130 to about
20 150°C. The time required for the crystallization under static
conditions will vary, but is preferably between about 4 and about 48 -
hours. More preferably the crystallization time is between about 12
and about 36 hours. The crystallization time can be established by
methods known in the art such as by sampling the reaction mixture at
25 various times and determining the yield and x-ray crystallinity of
precipitated solid. The control of product crystallite size can be
facilitated if the reaction mixture additionally comprises from about
0.05 ppm to about 10.0_perceni; seeds of zeolite based on the weight the
synthesis mixture. The use of seeds to control zeolite crystallite size is
30 disclosed in U. S. Patent 5,672,331, which is hereby incorporated by

SUBSTITUTE SHEET (RULE 26)



WD 98/ 16468 ' PCT/ US97/ 18943

13 reference. Seeds can be added-to control the nass nean crystallite
di aneter. Even though the seed | evel can give crystal dianmeters Wi t hin
certain particular ranges, large crystals may not be achi evabl e by

reduci ng swensngeBevel without enploying the present inveREFHRITISHS
Stirring can affect the anmount of seeds that are used when done above

the effective nucleation tenperature andypreferably the seed | evel is
from about 0.05 ppmto about 0.1 w.% and nore preferably from about
0.0001 to about 0.05 wm.% 10 When the catal yst conprises a Ml

t ype al um nosi refersneel aSeerds can beradded to cortrokthe masscmeanccriystablitef er abl y

prepared from g, reactio m xt ure hayin composi tion,expressed in
terns of nole a’éﬂ‘ of. HVen th(%géegl?e e?§e‘¥olte?%'a/§??ngve crystal élaﬁéej{grfsants
Preferred - within ceM¥if SB&ﬂé\ﬂ!ai'Q‘dnges, large crystaléfdy héd beachidvable -
>50 70 to 20,000 Herr]OQ SiJgerr]

to 100 by regucingseeeding level withopteppplpying the present igventipn. 0. 5

0.01 to O. 25 Stirring cf.grar%ﬂté% %Jgntt.of seeds tbtatgaggg%?% grlfenodone above 0.05

to 1.0 15- cting agen roma group
consi sting of the effective gpaoleatiohftempepatiye andpdefprablp theseeddenelaisni ng

i nor gani ¢ and rgani.c conpounds. 0 Upon .conpl eti on, of o
crystal | i zati offoms agwgt @Qgpppgpq gﬁ?ﬂt QF\@‘%'% andr’é‘aéjp’iﬁﬁe’iﬁ%% from abemt o oquct
crystal s are s@gppodtishboit oy wL%.i ng and filtering, and are water -
washed and dried at a tenperature of typically from about 25 to about

250[err]C, and nore preferably from80[err]C to about 120[err]C. 25
10 When the catalyst comprises a MFI type aluminosilicate large

crystal zeolite, the zeolite is preferably prepared from a reaction
mixture having a composition expressed in terms of mole ratios of

 oxides, as follows:

Reactants | Preferred More Preferred
SiO2ALOs >50 01020000 |
H-0/Si0z 10 to 100 16 to 50
OH/Si0: 0.01t005 0.01t002
R/SiO: 0.001t02.0 0.05 to 1.0

15
MR is directing agent selected from a group consisting of
nitrogen, sulfur, oxygen, and phosphorous containing inorganic and

organic compounds.

20 Upon completion of crystallization of the zeolite from the
reaction mixture, the product crystals are separated, as by cooling and
filtering, and are water washed and dried at a temperature of typically
from about 25° to about 250°C, and more preferably from 80°C to about
120°C.
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14 In the case of many catalysts, it is desirable that
crystalline zeolites be incorporated with binder material resistant to
t he %&ée and ot her conditions enployed in orga? n@fﬁi si on
processes uc inder materials include synthetic or arally
occurring supstances as well as inorganic materials such as clay, silica,

and/or netal oxides. The latter may be éi#ther naturally occurring or in
the formof gelatinous precipitates or gels including m xtures of silica

e on (e B B i, BE by MAepRén it B beRie) B ERRRASE
fam lies, whi cleolites | beeSinctjorated: heithulbihés Omiat@salan@sisbentk el ithe

commonly known as Dixi e, Nanee- Georgl a and Fl or| da cl ays or . others in
whi ch the mai rfemmeEaRITe; aR t?"thGEn‘Emdé waer msynlioye oy SrgRRiceconversign ki t e,

nacrite or an Suah,ch! B¥sd hevhihtRt ae Qﬁ“ :
originally m ?P%bé&elsm t acﬁ y su ect e to C<"El]|rﬁ(§){ien§¥fl a??dn g]é;l ment or.
15 chenicd rm:dufmngsubstances as Well as mbrgaaﬂdmatenalsmdcheas‘dap,gpﬂmg

por ous mai i x e Fageal GaR. SRS Fter may B Sith o Ha i PR B E '

si lica-magnesighe ﬁ;ﬂnl Pglhtinoms Precipitates -drigls mcla&ngsmh*ﬁee@ef ¥ilicha, and

silica-titania, as well as ternary_conpositigns, such

si | i ca-al uni naandharetal oxides.c Nasnralisacomrriagrelays el gan beromposited
magnesi a and Segig Oy, e :
conposited wt zeﬁl tic E%?Ielﬂ‘{ %’el g@%e%&{gn [ cn?réat erl aﬂ‘s ]\JAﬂi ch

are di scl oged famikes, whixh &atnlms ﬁrﬁﬂﬂdﬁé)@he snih-hénuonitberahytﬂé kaohiner por at ed
by reference.

| | d,to,bind th
| arge crystal comyppRly known,[ 'ﬁ% i I%&é"? g’fs???réledzgﬁﬁ“fl?o ﬁ;ér‘fné’ifl an can

i ncl ude | arge gihess in whithtRe ﬂﬁﬁmaﬁmmesoamtdemgs W09 s#€ kadlfsitand t he
structure type_of. the
dickite, nacrite or anauxite. Such clays can be used in the raw state as

originally mined or initially subjected to calcination, acid, treatment or
15 chemical modification.

In addition to the foregoing materials, the zeolites as prepared

herein may be composited with a porous matrix material, such as
~alumina, silica-alumina, silica-magnesia, silica-zirconia, silica-thoria,

20 silica-beryllia, and silica-titania, as well as ternary compositions, such
as silica-alumina-thoria, silica-alumina-zirconia, silica-alumina-
magnesia and silica-magnesia-zirconia. The zeolite may also be
composited with zeolitic material such as the zeolitic materials which

are disclosed in PCT Publication 96/16004, which is hereby

25 incorporated by reference.
When zeolitic materials are used to bind the large crystal zeolite,

the structure type of the zeolitic materials can include large pore, .
intermediate pore and large pore zeolites and the structure type of the
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15 zeolite binder can be the sane or can be different fromthe |arge
crystal zeolite. The zeolite catalyst nay be further ion
exchanged @ffeleseg cCal cination to renove organic tenplat Fcf‘rﬁs' 8+5,gown in
the art either to replace at least in part the original alka met al
present in the zeolite with a diffecrent cation, e.g., a Goup 1B to
VII1 Periodic Table netal such as fPckel , copper, zinc, palladium
platinum calciumor rare earth metal, or to provide a nore acidic
o O e ¢ Gablilpief Ko B4R Shund br cafl HsHibrefilFrontithid fieCiridd 2t ©
ammoni um fol | owe y calcination o the anmonium  tormto provide the
aci di ¢ hydrogemeolitee m The acidic formmay be readily prepared by ion
.exchange using a suitable acidic - reagent such as ammniumnitrate. The
zeolite catal yst may then be calcined at a tenperature of

400-550[ err] C for aHeriealtdfcatllysP BAY" el Futthek Cid CexthaRBEA aﬁ‘#ﬂeate

t he hydrogen form 1on exchange i's_ preferably conducted after formation
of zeol it e3catcalgjmationse removeprganic template as iskoowndndharast efthee tohi ch

render the materi Vi i | . .actjwve.. espacially for certain

hydr ocar bon c%ﬁé%‘?éiagﬁlg%a‘%tf%%s&eﬁle%g& ﬂ%ﬁﬁa@grﬁﬁ&&e{he 9% ecarth
metal s, and navith s diffédent pation,fe.gl, ld Grod® 1B yAVIIIBPetidBe T4bl8 métdB. and
VIl of the Periodic Tahle of the Elawts. . Preferred nmetal s include
Goup VI 11 neyel agmnigkel, esopepging, palladiumyplatipum, calgum eprargparth) G oup
| VA netals (i. : ol Iy, and
Goup VIIB netlg?t?l(s'?} g@?rﬁq@hﬁ, 5%@5?%3’&* e deblife gf's%}fuﬁ.g’gf‘?" . Pd,
lr, Rh, Oslo amdkslimetad vathdntermediate ammenbmmetollodded by calcinatiolof -

hydr ocar bon c¢ | on. esses ar e, used f.qr- processi hydrgocar bon

f eedst ocks. &@%%@%&gbﬁﬁgé‘ﬁsﬁ&%? {0 ea?ﬁalccaﬁ%%r?gen fg’ggnp%}iﬁ%éﬁ‘g‘hd can be
from many di f fermnhay berwadily prepared byt i exchangpaising ausaitdhdé acidie,
recycle petroleumfractions, tar sand oil, and, .in 30 general, can be any

* carbon cont ai APREETY THEY 23, 2pEAninmenitgatee oThe zeolite catalygiomsy
PCT/ US97/ 18943glcined at a temperature of 400-550°C for a period of 10-45 hours to

15 remove ammonia and create the hydrogen form. Ion exchange is
preferably conducted after formation of zeolite catalyst. Particularl&

preferred cations are those which render the material catalytically
active, especially for certain hydrocarbon conversion reactions. These
include hydrogen, rare earth metals, and metals of Groups IIA, IIIA,
20 IVA, IB, IIB, IIIB, IVB, and VIII of the Periodic Table of the Elements.
Preferred metals include Group VIII metals (i.e., Pt. Pd, Ir, Rh, Os, Ru,
Ni, Co, and Fe), Group IVA metals (i.e., Sn and Pb), Group VB metals
(i.e., Sb and Bi), and Group VIIB metals (i.e., Mn, Tc, and Re). Noble
metals (i.e., Pt, Pd, Ir, Rh, Os, and Ru) are sometimes more preferred.
25 '

The hydrocarbon conversion processes are used for processing
hydrocarbon feedstocks. Hydrocarbon feedstocks contain carbon
compounds and can be from many different sources, such as virgin
petroleum fractions, recycle petroleum fractions, tar sand oil, and, in

30 general, can be any carbon containing fluid susceptible to zeolitic
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16 catal ytic reactions. Depending on the type of processing the

hydr ocarbon feed is to undergo, the feed can contain netal or can be

free of netals. Also, the feed can al so have high or |ow nitrogen or

sul fur inpur The conversion of hydrocarb ] an take
place in any‘;”%%nvem ent node, for exanple, in fluidi ze%%&ﬁ?ﬁ%i ng
bed, or fixed bed reactors depending on the types of process desired.

10 Exanpl es of hydrocarbon conmpount¥ conversi on processes that
find application in the process of the present invention include, as non-

limting exarrple he foIIovm ng: The atal tic cracking
of a naphtha fef O 5AGHENS. | gfPensnding on tﬁe ‘?fc gilaﬂﬂ 'irh
reaction condi th?&ﬁ)chftﬁinuﬂ!édflé amadddego, the feed can conta.m5ﬁﬁ[tﬂf 61 €at peabout
750[err] C, presgures of subatnospheric¢ or at nospheri c,

general | y rangi ﬁg Lﬁfmét%oﬁlsqz e feed can also haveshighs ph MW itxegendr and

resi dence tine % catalyst . feed rate) from
about 10 m i secon 0 about 20 10 seconds. (B)
The catal ytig cracki ng of high nol ecul ar vvei ght

hydr ocarbons to | owe wei ht h c reaction
conditions for catal 08?’8’@@/ ﬁ’é&? d% can take plagecin,@es of
from about 400£&Nehﬁmomaae%r7&%ﬁﬂé,lﬁ ﬂmd:zed bed, moving Be SerBedol from
about 0.1 atnosphere (bar) to about at nospheres, and

wei ght hourly shegteactoxs eeémgfonﬂmﬂypes of process desiredabout 0.1 to about
100 hr-1. WO 98/ 16468
PCT/ US97/ 18943 17

- 10 Examples of hydrocarbon compound conversion processes that

find application in the process of the present invention include, as non-

limiting examples, the following:

(4)  The catalytic cracking of a naphtha feed to produce light

15 ‘olefins. Typical reaction conditions include from about
500°C to about 750°C, pressures of subatmospheric or

atmospheric, generally ranging up to about 10

atmospheres (gauge) and residence time (volume of the

catalyst , feed rate) from about 10 milliseconds to about

20 10 seconds.

(B) The catalytic cracking of high molecular weight
hydrocarbons to lower weight hydrocarbons. Typical
reaction conditions for catalytic cracking include

25 temperatures of from about 400°C to about 700°C,
pressures of from about 0.1 atmosphere (bar) to about 30
atmospheres, and weight hourly space velocities of from
about 0.1 to about 100 hr-1.
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(© The transal kyl ation of aromatic hydrocarbons in the
presence of polyal kyl aromati c hydrocarbons. Typi cal
reaction conditions include a tenperature of from about
200[err]C to about 500[err]C, a pressure of fromabout 5
at nospher i cWOPSA888t 200 at npspheres, a weight hourly
space velocity of fromabout 1 to about 100 hr-1 and an -
aromati ¢ hydrocar bon/ pol yal kyl aromati ¢ hyHr ocar bon nol e
ratio of fromabout 0.5/1 to about 16/1. 10 (D) The isomerization

of aromatic (e.g., xylen eedst nent s pi cal
reaction conditions @ e%k"n ‘i‘ﬂ%ﬁ‘@ﬁ@aﬁm of aromatic hy‘%"%@?a’f‘hr@/eof from
about 230[err]C to about grbGdrfder bf, pélyalkylaromatic hydrocAbBAS.UT ETRicall OM
about . 0.5 atnospheres to about 50 at m)spher es, a weight

hourly space vel ocity of Yepeiomconditipgs include a tempegatprgcp afmmt abeg hr-1

and a hydrogen/ hydrocarb I 0 to
about 100. Q%daeTﬁtg é’ﬁ/g?(l rﬁOOO(F hydPoca ons by sel |ver

renovi ng 5 ataidsphdit tomdjontmmaatmog)he}'bs 4 eweighd hoaslydi t i ons

are 20 dependent i rge, measure on t fe sed apd upon
the desired pour point. 5P °q‘t¥d%tﬁ'9m i 1itg out 1%% br'"and an
include a tenperature betéﬁ\,ﬁ%tﬁbo Eéﬁ/%yﬁy‘%ﬂ%dm&ﬁé] Chy(frocarbon

pressure up to 3,000 psig and a |ICUI our ace

velocity from0.1 to 20. :ggleranoofirom abm}tOﬁhletraaWtaan of aromatic

hydr ocar bons, e.g., benzene and al kyl benzenes, in the
presence of an aIkyIating agent, e.g., olefins,

formal dehydeo al kyl (D i dFite dseinetiedtien sof aromatic (e.g., xyleme)Viférglstocko about
20 carbon atoms. Typical reaction 3

nd|t ons |[nclude a
tenperature of from aboutCoMRIPERts. Clypjcal reaction conditions for s“‘:i‘ Slb\gSTl TUTE
SHEET (RULE 26) a temperature of from about 230°C to about 510°C, a

pressure of from about 0.5 atmospheres to about 50

PCT/US97/18943

atmospheres, a weight hourly space velocity of from about
15 0.1 to about 200 hr-1 and a hydrogen/hydrocarbon mole
ratio of from about 0 to about 100.

(E) The dewaxing of hydrocarbons by selectively removing
straight chain paraffins. The reaction conditions are
20 dependent in large measure on the feed used and upon
the desired pour point. Typical reaction conditions
include a temperature between about 200°C and 450°C, a
pressure up to 3,000 psiz and a liquid hourly space
velocity from 0.1 to 20.

25
()  The alkylation of aromatic hydrocarbons, e.g., benzene
and alkylbenzenes, in the presence of an alkylating agent,
e.g., olefins, formaldehyde, alkyl halides and alcohols
having 1 to about 20 carbon atoms. Typical reaction
30 conditions include a temperature of from about 100°C to

SUBSTITUTE SHEET (RULE 26)
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18 about 500[err]C, a pressure of from about atnospheric
to about 200 atnospheres, a weight hourly space velocity
of from about 1hr[err] to about 100hr[err n n_aromatic
hydr ocar boWOMBA68t i ng agent mole ratio of from about 1/ 1%5&1&"3

to about 20/1. - (G The alkylation of aromatic hydrocar.bons,
e.g., benzene, with lod§ chain olefins, e.g., Cl4 ol efin.
Typi cal reaction conditions include a tenperature of from
about 50[err]C to 10 onabout 200[ epr] C ressure .of . from about
at nospheric to about 500 %bﬁu?refﬁﬂrépﬁoé?meglé 2 3%§W%aﬁrl y
space velocity of  about 200 atmobplPesDo Weighi by kphes 08kiky 2000
hr[err] and an aromatic hydr ocar bon/ ol efin nole ratio of

from about 1/1 to about from about 1lhr! to Zgut 19pbr} candtamgarematiets from
the reaction are long 1 . | I L.C ,eh when
iydrocarléolﬂl?lé:%%ueﬁoé] ﬁgé/het %gir(e[vil'a(t::ﬁqr Fbhn ou\m./

subsequent |y ar application as

synthetic 5 to abeleti 20/gent s; (H The al kyl ati on of
aromati c hydrocarbons with Iight olefins 20 to provide short
chain al kyl aromatic conpounds, e.g., the al kyl ati on of
benzene with propylgye fHhePLIR 'ﬂfoﬂ“;‘;?q}gm tic hydrocarbons, e.g..| bBhfee M €action
condi tions incl ude(g‘slterrper até'}e oF rom alie Ayaro s ga'bout 1§[err] Cto

about 200[err]C, a presyatlelarg ¢haimdefins, eig.t £14 olefin. Typical reactigwut 30

at nospheres, and an aromat|.c. hydraocarbon 25 wei ght  hour |y
space velocity (WHSV) oF°‘P$’6‘RP§ 1p r3 tegperature of from about %b&ulto 50

h : ° ' '
el o (dhos 500 Ao SRR SRNAIEY,

f eedst ocks, cyclic
stocks. The zeolite 30 about 200 atmosphexes| 3 steightshexmlyispacec veloeity ofin

effecti ve anmount of at
from about 2 hr-l to about 2000 hr'l and an aromatic

hydrocarbon/olefin mole ratio of :Eton_1 about 1/1 to about
20/1. The resulting products from the reaction are long
15 ' chain alkyl aromatics which when subsequently
sulfonated have particular application as synthetic

detergents;

(H) The alkylation of aromatic hydrocarbons with light olefins

20 to provide short chain alkyl aromatic compounds, e.g., the
| alkylation of benzene with propylene to provide cumene.

Typical reaction conditions include a temperature of from

about 10°C to about 200°C, a pressure of from about 1 to

about 30 atmospheres, and an aromatic hydrocarbon

25 weight hourly space velocity (WHSV) of from 1 hr-1 to

about 50 hr-1;
M  The hydrocrécking of heavy petroleum feedstocks, cyclic

stocks, and other hydrocrack charge stocks. The zeolite
30 catalyst system will contain an effective amount of at
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19 | east one hydrogenati on conponent of the type enpl oyed
i n hydrocracki ng catal ysts. (J) The alkylation of a reformate
contai ning substantial 5 guantities of benzene and tol uene

W th fuel gs098/16468 cont ai ni ng short chai n ol ef POE/USYE/IF943

et hyl ene and propyl ene) to produce nono- and di al kyl.ates.
Preferred reaction condigpi ons include tenperatures from
about _ 100[err]C to about 250[err]C, a pressure of from
about 100 to 10 ~about 800 psig, a WHSV -olefin from about 0.4
hr[err] to least mpeiyd¥ogenation chmponatf thectypenaoployedf r om
about 1 hr[err] to . ._aho hr[err] and, optionally, a gas
recycl e from about 1.5 mhydrocraclungcaf’aﬁ%szcﬁ._ 5.vol /vol fuel gas feed. 15

(K) The alkylation of aromatic hydrocarbons, e.g., benzene,
t ol uene, xyl ene, and_naphthal ene, with |ong _chain ol efins,

e.g., Cerr] olefin@o ghedatilatiny| of & zefomatec copiginings substantial
stocks. Typical reaction ﬁgﬂﬁiﬁ%o g | &Léiﬂ? LEAP SRl e Swith  fuel gas
gbou OFer rh]ré

f rom about f60[err] Cto and pressures from 20
about 350 to 450 psig. containing shoft) chdire alefipisat{eqn oéthybereol andi t h

ol efins or equival ent ' al cohol s t rovide | chain al kyl
phenol s. Typi cal propylens) to, pepdhits FaBUR PR SRR IRt SRR R r oo

from about 25 _ reactib0[@hfitiorsO iabltide 2eMpefdthes PEr6HS Wkt rom

about 1 to 300 psig and total WHSV of from about 2 hr[err]
to about 10 hrferr]. 100°C to about)2507€, sonvessure wf dromi ahrutpldGiitei ns to
o1 ef s andjpr about 800 Fe2g % Witsv -l Bdim obSRE AT £ 1T 0N

about 0.8 hr-1, a WHSV -reformate of from about 1 hr-1 to

about 2 hr-1 and, optionally, a gas recycle from about 1.5
to 2.5 volivol fuel gas feed.

15 | (K) The alkylation of aromatic hydrocarbons, e.g., benzene,
| toluene, xylene, and ﬁaphthalene, with long chain olefins,
e.g., C14 olefin, to produce alkylated aromatic lube base
stocks. Typical reaction conditions include temperatures
from about 160°C to about 260°C and pressures from
» about 350 to 450 psig.

(I) The alkylation of phenols with olefins or equivalent
alcohols to provide long chain alkyl phenols. Typical
reaction conditions include temperatures from about

25 100°C to about 250°C, pressures from about 1 to 300 psig

and total WHSV of from about 2 hr-1 to about 10 hr-1.

M) The conversion of light paraffins to olefins and/or

aromatics. Typical reaction conditions include
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20 tenperatures fromabout 425[err]C to about 760[err]C
and pressures from about 10 to about 2000 psig. Processes
for preparing aromati c conpounds fron1I|ght R?rafflns are
descri bed WO®M6#68d St ates Patent 5,258,563, which is 5 597/18943
hereby incorporated by reference. (N) The conversion of |ight
olefins to gasoline, distillate and 20 | ube range

hydr ocar bons. Typi cal reaction conditions i ncl ude

t enperatures of from about 175C to about 375[err]C 10 and a

pressure of from about ];Qﬁpemtabemtfraﬁo%mf #25°C to about 760fC amd- st age

hydr ocracki ng for upgradin car%{ﬂ Vi ng
initial boiling points é’ssg%“é%@& el foaboyt 2000 psig. Proceasts f??em um
distillate and gasoline jgh Aﬁﬂg dﬂﬁ%cpé(ﬁﬂﬂ&iﬁd@fmﬂ light paraffins areas feed
to further fuels or chemcals IT'n a first _stag

zeolite catal yst conpri deseribed inr United 8@&@$ﬁ@@§tl@2%563’eWhmh is

substances,_e.g., a Go fluent from

the first sstage woul d bgpeféiﬂ:%ﬁé&amda%gon s%é'ge using a

second zeolite catalyst, e.g., zeolite Beta, conprising one 20

or nore catalytically active substan S, a Go

metal ; as the catal T, conyleryigy o Ej%ﬂhtc‘?}gﬁ-}"ﬁ tﬂr@sgﬁ'é‘? u‘éfét'nate and
tenperatures from about ﬁﬂé[lgitfﬁh gﬂrﬁgﬂiﬂns‘15 itdiCredttion conditions

pressure from about 400 to a 00 pSI rogen
circul ati on of from abounclhdedemperaiuyes o nnalsm:t/b’wcm about 375°C and

a liquid hourly space ve LHS 0.1to
10; - 10 (P) agﬁlﬁgpﬁg{!%ug%%&%{ 0%?%? g\%/%%(?(r’\%o rgcess in the

presence of the zeolite catal yst corrprlsmg a 30

hydr ogenati on conponent and a ze as,.zeolite
Y J P ©O) o-stage (irom:a g for upgrading hydrocarbon

streams having initial boiling points above about 200°C to

premium distillate and gasoline boiling range products ox

15 as feed to further fuels or chemicals In a first stage, the

zeolite catalyst comprising oné or more catalytically active

substahces, e.g., :; Group VIII metal, and the effluent from

the first stage would be reacted in a second stage using a

" second zeolite catalyst, e.g., zeolite Beta, 'comprising one

20 or more catalytically active substances, e.g., a Group VIII

metal, as the catalyst. Typical reaction conditions include

temperatures from about 315°C to about 455°C, a

pressure from about 400 to about 2500 psig, hydrogen

circulation of from about 1000 to about 10,000 SCF/bbl

25 and a liquid hourly space velocity (LHSV) of from about
0.1 to 10;

(®) A combination hydrocracking/dewaxing process in the

presence of the zecdlite catalyst comprising © a

30 hydrogenation component and a zeolite such as zeolite
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21 Beta. Typical reaction conditions include tenperatures
from about 350C to about 400[err]C, pressures from about

1400 to about 1500 psig, LHSVs from about 0.4 to about 0.6
and a hydr S¥RM/AE#BCul ation from about 3000 to about 5  PCHUSIWISMS 5000
SCF/ bb1. . (Q The reaction of alcohols with olefins to produce
m xed ethers, e.g., thelreaction of nmethanol wth

I sobut ene and/ or isopentene to provide methyl-t-butyl

et her (MIBE) 10 and/ or t-anyl meghyl ether. (TAME). Typi cal
conver si on Beta. ‘Dyeical spaction: cengitip da rtemReratigs out
20[err] C to about e, ' o bout 200
atm WHSV (gram from about 358?@194%51?3&&& %&?%ﬁ%&%%ﬁ)é@%m about

0.1 hr[err] to about 1400 to about 1500 paig LHS¥srfromnabont Gt dohabiouto ol ef i n

nolar feed ratio froml abouyt .0.111 to a /1.
(R) The disproporti oniltq gnd %Pydﬁqg‘?ﬂa‘flf%é?nmé.]iﬂ’.@ a?’PHB%%O% about
di sproportisonation of t gopg®CE/BblIRke benzene and

par axyl ene. Typi cal reaction conditions include a 20
tenperature of from about 200[err]C to about 760[err]C, a

pressure of from ahpyt qthrgog%{l}{obcgf %%%grmr% w?% olefins to produce mjgggDSphere |

(bar), and a WHSV froma out 30
hrlerr]. 25 ( Slethese ecg.n vidves reactivh rofphickisax(cd. with Geebutené&] err])
and simlar .m xtures. to highl r.onat | 1 Xt yr Thus,
nor mal and ~ and/ordgepantpne to ngﬂ“{aﬁgﬂﬁgﬁ“W§&%am@
preferably d/ rh@xingg' Rethgl lethid: (gamﬂ 2abpyficaAbivesdbsr 1] C,
and | ess tlr?an andrio about 2 O[eerr] ' ca% be c(c:)nvertgd to .

products having a 30  conditions inclydp demperatires fmey akpant Z0Cetoahont c s
content by contacting 200°C, pressures from 2 to about 200 atm, WHSV (gram-

olefin per hour gram-zeolite) from about 0.1 hr-1 to about

200 hr-l and an alcohol to olefin molar feed ratio from
15 . about 0.1/1 to about 5/1.

(R) The disproportionation of aromatics, e.g.,, the
disproportionation of toluene {o make benzene and

paraxylene. Typical reaction cbnditions include a

20 temperature of from -about 200°C to about 760°C, a
pressure of from about atmospheric to about 60

atmosphere (bar), and a WHSV of from about 0.1 hr-1 to
about 30 hr-l.

25 (S) The conversion of naphtha (e.g., C¢ - Ciw) and similar
mixtures to highly aromatic mixtures. Thus, normal and
slightly branched chained hydrocarbons, preferably
having a boiling range above about 40°C, and less than
about 200°C, can be converted to products having a

30 substantial higher octane aromatics content by contacting
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22 the hydrocarbon feed with the zeolite at a tenperature
in the range of from about 400C to 600[err]C, preferably
480[err] C to 550[err]C at pressures ranging from

at nospher i cCWOP846168ar , and liquid hourly BEHESHI8M3cities
(LHSV) ranging fromb5 0.1 to 15. (T) The.
adsorption of alkyl aromatic conpounds f2 the pur pose of
separating various isonmers of the conpounds. 10 (U The

conversi on of oxygenates .0, , alcohols, .such as .. )
met hanol , or ethers, sucﬂ‘e;&ﬂi‘}'f’%‘k’ﬂ?l &¢ @’l‘f,ilgl?e ﬁqeqhtg!aésatemperai;urem
thereof to hydrocarbons {Haclahgh g fidnehbbst 206> L0 8BHC, preferably 480°C
with reaction conditioens 1ncluding a tenperature of from -

about 275C to about 600[terd50CC at presmues eangingrfoomadimospbesc 1640 bar,
at nosphere to about 50 at r@ipqgf S, gﬁ‘?ﬁéellg%bgu%gumsv) ran?.g)g ﬁ"ﬁ‘?e

space velocity of from By

ol i goneri zagi on of straig@httodsd. branched chain ol efins
having from about 2 to about 5 carbon atons. The 20 ol i goners
whi ch are the products of the process are medi um t o heavy

ol efins which are uggf ul r fels, -\ b€ for 900! | ne or,
a gasol i ne bl endi ng Stoc ,Qa%‘%%;‘%%c% s?.lkyl aromatic compoux'lq.fefor

ol i goneri zati on process pwpgeeef sdpayating varidus idonbers of the compounds.
contacting the olefin feedstock in a gaseous state phase 25
with a zeolite catalyst at a tenperature in the range of

from about y@50[ err] @y 0 BhS UWonGefHidH I dfCoxpedddtds,0k.glf Altohdld)t such as

0.2 to about 50 and a hydrqcarbon partial pressure of from .
about 0.1 to about 50 at%ﬂtﬂ#’éﬂre%r. e%e$‘§t%ﬁ§@§@tmether’ or mixtures

about 250[err]C may be U3RdedfOoChi@dtEitons infudifif bitRE and aromatics
with reaction conditions including a temperature of fiom
_ about 275°C to about 600°C, a pressure of from about 0.5
15 atmosphere to about 50 atmospheres and a ]itiuid hourly
space velocity of ﬁ'om about 0.1 to about 100;

(V) The oligomerization of straight and branched chain

olefins having from about 2 to about 5 carbon atoms. The

20 oligomers which are the products of the process are
medium to heavy olefins which are useful for both fuels,

i.e., gasoline or a gasoline blending stock, and chemicals.

The oligomerization process is generally carried out by

contacting the olefin feedstock in a gaseous state phase

25 with a zeolite catalyst at a temperature in the range of
-from about 250°C to about 800°C, a LHSV of from about

0.2 to about 50 and a hydrocarbon partial pressure of from

about 0.1 to about 50 atmospheres. Temperatures below

about 250°C may be used to oligomerize the feedstock

30 when the feedstock is in the liquid phase when contacting
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23 the zeolite catal yst. Thus, when the ol efin feedstock
contacts the catalyst in the liquid phase, tenperatures of

from about WQ®s/16d68about 250[ err] C may be used. 5 PQIJSO7/13943

conversion of ([err] unsaturated hydrocarbons (ethyl ene

and/ or acetylene) to aliphatic CJerr] algehydes and

converting said al dehydes to the corresponding Clerr]

al cohol s, acids, or esters. 10 In general t he cat alfyt I C
conversi on conditions i ntieudeolite catalgstpe/Thus cwhen fthe rlCto

about 760[err]C, a press b spher o about
200 at nospheres (bar), a&{ﬁg?‘&% ie%g}?‘}g ﬁ%ﬁ% lé%“ @#’%%’ty 4tgg%?%?a£oout
0.08hr[err] to about 2, Oﬁehrilﬁjut]mmt&aboutzsmcrmYWeamﬂs of the present

I nvention finds appli cat lon in the vapor phase di sproportionation of
tol uene. Such vapor phase di sproportionation conprises  contacting
t ol uene nder i dradat Baothl3

cat al yst tOny eld a(WSJI S'gfrlgge%t mxt%fggz ﬁ%ﬁ%@@%"gs rﬁnsxt e of
unreacted (unconvert ed) md/orolaumbmhd tberaimﬂlatJanoCmyl @ﬂl@hyldest remdnor e
preferred enbodi nent, t he.cat aI f| rsé sgl ectivat ed to use .
in the di sproportionatioff® e“mbgo% gﬁgs 3 cglﬁegg?lf‘y'ﬁ gf % he

cat al yst are known t o pegleshéls, amd§|@!|_-|ebﬁds,l n the art. For |nstance

sel ectivation may be acconpli shed by exposi ng the catalyst in a reactor
bed to a thermally deconposable 25 organic conpound, e.g., toluene, at a
temperaturqoin exceps Gindie the YaBAFROSthiAAs RIRER&S qheit@kd a
compound, e.g., from aBoui 480C t err]C, nore pre erably
540[ err] C to 6Sahperdtare af fmnv\lﬁbvut riﬂt)ﬂé toaﬂ)ge'r 760°6;c afpreasureoeft froml to 20-

ooy oF 250, PSR, e AR The9 % A 2 oo s Wil " 279°

hourly space velocity of from about 0.08hx"! to about 2,000hx-t,

15 The process of the present invention finds application in the
vapor phase disproportionation of toluene. Such vapor phase
disproportionation comprises contacting toluene under
disproportionation conditions with the zeolite catalyst to yield a
product mixture which comprises a mixture of unreacted (unconverted)

20 toluene and benzene and xylene. In the more preferred embodiment,
the catalyst is first selectivated prior to use in the disproportionation
process. Processes for selectivating the catalyst are known to persons
skilled in the art. For instance, selectivation may be accomplished by
exposing the catalyst in a reactor bed to a thermally decomposable

25 organic compound, e.g., toluene, at a temperature in excess of the
decomposition température of said compound, e.g., from about 480°C to
about 650°C, more preferably 540°C to 650°C, at a WHSV in the range
of from about 0.1 to 20 lbs of feed per pound of catalyst per hour, at a
pressure in the range of from about 1 to 100 atmospheres, and in the

30 presence of 0 to about 2 moles of hydrogen, more preferably from about
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24 0.1 to about 2 noles of hydrogen per nole of organic conpound, and
optionally int resence of 0-10 noles of nitrogen or another inert

gas per nnl%“ﬁ*’@ﬁganlc conpound. -This process is conduct eBCTYBITY8943
period of time until a sufficient quantity of coke has deposited on the 5
catal yst surface, generally at |east abo2t 2% by wei ght and nore
preferably fromabout 8 to about 40% by wei ght of coke. In a preferred
enbodi nent, such a sel ectivation _process is conducted in the presence

of hydr ogen i n0dr tropbewt Brraolen tof hudsagan per male of q;ga@sk@nmpqnde

catal yst. ymﬁﬁh t%e ca@n?(ib &BEPC&‘M nCE" aftbiir 36 et <uch

acconpl i shed byp on at1 ng yst™w ectivatron agen
as an organosi gas:quer molecoﬁ‘rmgamb ciinpoandi cFhizsopyoeessdis naydmeﬂ)rfbﬁen

pol ysi | oxane incl.u sihlic e and si | pxanes nd sija e I ncl udi ng
di si |l anes and R?‘“‘g ﬁ%@%l‘ﬁ%é’s cient quantity q‘#‘ﬁg’ﬁ’@ @Wﬁ t find

particular app o} all¥ &4t t yodr gy f 25
wherein R e?r] &ﬁﬁhé;dgf%lgg% bgent%r |§de ﬁa‘ﬁfoﬁﬁu@a%‘%yﬁy ‘gélgﬁkial‘r,ld Ig%a?ryl

or fluoro- al kypreferably frone ehowiod te abeut 4Q?érbwswgahbpﬁcalse clana pireferredm 1
to 10 carbon af s 3ndP'sGHE WA ctiatiol 5 dtbssds hitibied BUB% pidtence

of hydrogen in order to prevent rampant formation of coke on the
catalyst.

10
Selectivation of the catalyst can also be accomplished by treating
the catalyst with a selectivation agent such as an organosilicon
compound. The silica compounds may comprise polysiloxane including
silicone and siloxanes, and a silane including disilanes and

15 alkoxysilanes.

Silicone compounds that find particular application can be
represented by the formula:

— . —_—
20 l

o R —
25 wherein R, is hydrogen, fluoride, hydroxy, alkyl, aralkyl, alkaryl

or fluoro-alkyl. The hydrocarbon substituents generally contain from 1
to 10 carbon atoms and preferably are methyI or ethyl groups. R:is
selected from the same group as R, and n is an integer of at least 2
and generally in the range of 2 to 1000.' The molecular weight of the
30 silicone compound employed is generally between 80 and 20,000 and
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sel ected fromthe sane group as Rlerr], and n is an integer of at least 2
and generally in the range of 2 to 1000. The nol ecul ar wei ght of the 30
silicone conmpound enpl oyed is generally between 80 and 20, 000 and

SUBSTI TUTE_SHEET (RULE 26) WD 98/ 16468

PCT/ US97/ YEdIpaedes 25 PCHUSPUIBMY v 150 to
10, 000. Representative silicone conpounds incl uded di met hyl si |l i cone,

di et hyl silicone, phenylnethylsilicone2b nethyl hydr ogensi | i cone,
ethylhydrogensilicone phenyl hydr ogensi |l i cone, nethylethylsilicone

-phenyl et hyl si n nylsilicone, nmethyl{ri 5 uor.opr i licone,
ethyltrifl uorlb‘ﬁf ﬁgb's %‘? ﬁé’oapet e(ggg:pqgtgﬁyé@;cone comqlmds &Ip a
tetrachl or Opﬂﬁﬁﬁtﬁ%i%ﬂicon@' |1 giaReylsilicBhe, ac%mﬁlmemﬁMh@ydrﬁeﬁfyl cone and

silicone, tetrac Iorophenylphenyl si'licone nyl si

et hyl vi nyl si |hydrogensilicanes | ethylbydrngeusiligone, rﬁmﬂb!‘{@ce siieane,but may

be cyclic as fo cIot

oct aret hyl cycys{@?ﬁ%@@ﬁé ﬁﬁéeaﬁ'g% %’f‘ one, rﬁﬁ?‘fq‘nok a‘i\‘&t‘%ﬁ“
octgphenylslc?/cﬂﬁmblfwlémm héﬂxyltmnmf r@;iropkrml one, ccemﬁhm@li@ylal so be
used as well as _silicqpes with other nctj o groups.

Usef ul sil oxdnethyd, ﬁ?ﬂ%’ie} oxﬁﬁ%&ﬁﬁ’iﬂpi‘& iﬁﬂ n- ?4‘ﬁ?¥‘?vng tetracblpaprm es
hexanet hyl cy ‘L‘% Q?jaﬁ t hyl Ey¥& 1 . nmet hyl
cycl opent asi fﬂ%@ exgﬁlrret hy {SIIE| oxane, cglc‘?gfgrgﬁ%/? oxane,.
decaret hyl tetmaﬁlﬂlmal&hconehandeethyﬂwlsnhmn&t I o'Rhmallxcone oomaeuhél cycl o

tetrasil oxane hexapheny cl otrisil oxan aphenyl gycl o

tetrasil oxaneIieed not hb Lﬂéﬁ ulbus?l | SRS, gai sﬁ%f‘%ﬁ °’él ked‘fé&(igane’s

i ncl ude orogarhexamethglepelotrisiloxens) beﬂhﬁﬁethﬁldvﬂgtét‘iﬁlhﬁaﬁé ahef:ﬁlﬂmﬂy@
cyclotrisiloxane and octaphenylcyclotetrasiloxane. Mixtures of these
compounds may also be used as well as silicones with other functional

groups.

15 Useful siloxanes or polysiloxanes include as non-limiting
examples hexamethylcyclotrisiloxane, octamethylcyclotetrasiloxane,
decamethyl cyclopentasiloxane, hexamethyldisiloxane, octamethytri-
siloxane, decamethyltetrasiloxane, hexaethylcyclotrisiloxane,
octaethylcyclo  tetrasiloxane,  hexaphenylcyclotrisiloxane  and

20 octaphenylcyclo tetrasiloxane.

Useful silanes, disilanes, or alkoxysilanes include organic
substituted silanes having the general formula:

25 T
R Si R,
Ry
30
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[err] 30 WD 98/ 16468
PCT/ US97/ 18943 26
wherein Ris a reactive group such as hydrogen, al koxy,- hal ogen,

carboxy, am no, acetam de, trial kylsilyoxy Rerr], Rerr] W ] can be
rERipTIE

t he SHREBAMOR o1 can be an organic radical which my | kyl of
from 5 1 to 40 carbon atons, al kyl or aryl carboxylic acid wherein the
organic portion of the alkyl contai#s 1 to 30 carbon atons and the
aryl group contains 6 to 24 carbon which. may be further substituted,
al kyl aryl and aryl al kyl groups containing 7 to 30 carbon atons.
Preferably, the al kyl group for an alkyl silane is between 1 and 4

carbon atons in 10 whB#adiA R &yWidhctive group s1tlch as WarbgeacallkoRy, hAIBgMaPOr

phase di sproportionation of toluene, he zeolite catalyst preferably

conpri ses a botarbosy.uamine. atetamide/Hrialkylsilyexy &1z Hol and Ryagaimbeathsi | ica to

alum na nole rat] fu fr t 1 5 : r 25:1 to
about 120:1, a%%fhgﬁg I&E’f/g%ﬁggﬂ oré%lpgpécg})ﬁ{,ﬁgﬁggéggn#gg ﬂ%gl;lg% Met er of
from about $ tpt6 40 carbos atoms, alkbkobary earboxglieraeid ywhedeia thlel orksie zeolite
havi ng an average, parjicle si.ze of less _than about Q. 1 m.cron and an

al umina to si|Pegignpkthe alkylcantains 1.t0.30 caxhon afoms aurd the apyl group
contains 6 to 24 carbon which may be further substituted, alkylaryl

and arylalkyl groups containing 7 to 30 carbon atoms. Preferably, the
alkyl group for an alkyl silane is between 1 and 4 carbon atoms in
10 chain length.

When used for the vapor phase disproportionation of toluene,
the zeolite catalyst preferably comprises a bound aluminosilicate MFI--
type zeolite having a silica to alumina mole ratio of from about 20 to"

15 about 200:1, preferably, 25:1 to about 120:1, and the crystals:
preferably have a mass mean diameter of from about 3 to 6 microns.
The binder preferably is a MFI-type zeolite having an average particle
size of less than about 0.1 micron and an alumina to silica mole ratio in
excess of about 200:1.

20

Once the catalyst has been selectivated to the desired degree,
reactor selectivation conditions are changed to disproportionation
conditions. Disproportionation conditions include a temperature
between about 375°C and 550°C, more preferably between about 400°C

25 and 485°C, at a hydrogen to toluene mole ratio of from 0 to about 10,
preferably between about 0.1 and 5 and more preferably from about 0.1
to 1, at a pressure between about 1 atmosphere and 100 atmospheres
and utilizing WHSV of between about 0.5 and 50.
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Once the catal yst has been selectivated to the desired degree, react or
sel ectivation conditions are changed to di sproportionation condi tions.
Di sproportionation conditions include a tenperature bet ween about
375[err] C and 550[err]C, nore preferably between about 400[err] C 25 and
485[ err] C, aVOMogen to toluene nole ratio of fromo tof v
preferably between about 0.1 and 5 and nore preferably fromabout 0.1

to 1, at a pressure between about 1 atnosgiere and 100 at nospheres and
utilizing WHSV of between about 0.5 and 50. WD 96/ 16468

PCT/ US97/ 18943 . ) . 27 T
di sproportionation prihe dispregorbionatiag posessamay patconducted as a batch,

sem - conti nuous .C ' At ' ' LG :
catal yot syst om AEHGRRHERY or WEEA0AR iEkithl ubirhR Bled B bt bed
regener at ed aft avatalyke systeni idepobsived ip duresctor béd. t Mhec ckimlyst mayebered 5
extent in an oxygen-contaipi ng.at nrospher.e at .el evateg, je raturges, . as
known in the ar tr_%generate(iiaﬂzer g"kﬁfgeoa;‘}%&ég’%%é'fb‘{rﬂé“%P&stbﬁgBﬁﬁ@bﬁtq%ﬁegl so
finds particul arextent ir?RB! b:@%}hh%ntﬂnﬁm@hﬁﬁ&&ﬁmé‘r@raﬂ devited/tethe2Bfures NMOr €
xylene isonmers in a 10 (Clerr| aromatic feed to obtain ortho-, neta-, and
par a- xyl ene i n @sknown in the a¥pr oachi ng the equilibriumvalue. In
particul ar, xylene isonerization is used in conjunction with a
separation process to manufacture para- xyl ene. For exanple, a portion
of the para-xyl ene i e prsestsCorthp presentr mvehntion alsoedindsapabticulaeover ed
usi ng processes known. in the art f15' e.q, . crxstal | i zat} on,. adsorpti on,

or iso! g9

etc. The resul ti¥RPlicakon ip apropess £ 9 JOTR VAR 1SCWRE} 1At | on

condi tions tg rasf grdmatit Teed t6Rblain ortho-, 3REtaPALARYPAASS1ERe In N Ratio -
equilibriumratio. Ethylbenzene_ in the feed I's either renmoved fromthe

streamor is corfppreachingthegquilibrinm yvalue.t bn particulsy, aylenegsomerigatiewne

whi ch are easily r.at ed. LhShid | Al . | qggE ' nded
with fresh feed lgﬁl?e?hlg @gﬁcr@gsﬁt?e%%f%auzn%%?%ﬁsi tial e oa%%l%rm@;é&heavy_
and |ight by-progleis. Hoe exampld, antpothionr ¢f the paraaiydéne insa rmixed €5t hen

recycled to repeat the cycle. . . .
: yel! P aromatﬁ:s.s)t(,ream may be recovered using processes known in the art,

he

15 e.g., crystallization, adsorption, etc. The resulting stream is then -
reacted under xylene isomerization conditions to restore ortho-, meta-,
and paraxylenes to a near equilibrium ratio. Ethylbenzene in the feed -
is either removed from the stream or is converted during the process to -
xylenes or to benzene which are easily separated by distillation. The

20 isomerate is blended with fresh feed and the combined stream is
distilled to remove heavy and light by-products. The resultant Cs
aromatics stream is then recycled to repeat the cycle.

In the vapor phase, suitable isomerization conditions include a
25 temperature in the range 250°C - 600°C, preferably 300°C - 550°C, a
pressure in the range 0.5 - 50 atm abs, preferably 10 - 25 atm abs, and -
a weight hourly space velocity (WHSV) of 0.1 o 100, preferably 0.5 to
50. Optionally, isomerization in the vapor phase is conducted in the
presence of 0.1 to 30.0 moles of hydrogen per mole of alkylbenzene.
30
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In the vapor phase, suitable isonerization conditions include a 25
tenperature in the range 250[err]C - 600[err]C, preferably 300[err]C -

550[err]C, a pressure in the range 0.5 - 50 atm abs, preferably 10 -
25 atm abs, and a wei ght hourly space velocity (WHSV) of 0.1 to 100,
preferably 3VG9%14468 50. Optionally, isonerization in th®CFH58¥18Rase is
conducted in the presence of 0.1 to 30.0 noles of hydrogen per nole of
al kyl benzene. 30 WD 98/ 16468 28

PCT/ US97/ 18943 28 _ When
use to isonerize feeds contai ni ng et hyl henzene, the_zeolite cat al yst

will preferably contWhenaase toisomerize sopteining-ethithenzene, thezaplitees of

such metal s Ly "G ol SO R of kit oo o fnagion TR (1, °

Ni, Co, and Fe)Ex&mples bi\/ﬁm]emtsls(mclade the cxidie, My)droGdey pulfide, or frewet al s

i.e., SbandB d Gou net al . Wh, TJc, a Noblel
Eret als (i. PFI ?’Saer zergal é)Afo r%gpevg;ygp}se@e rpt %ﬁtﬁ]ﬁat i ons
of catal yti Caf OUEBRﬁf Nioebeari&FEPrGMB'W]'ﬁ'ﬁie%ﬁI% a. Eﬁgh ard Pb? Gf&mat I ons

of Pt with Ni, may be used. The val ence state of

preferably in ameé%ﬂ@c(i;a %m&lk@aﬁ&r@mmmﬁabm\s Mn, EGJMM isin
he f f dg t f it hi
et al mmy be-at NaPRCdtetl B 9, PRC I REC s, andREIed Bha 0, o

nmetal may be attalne n stid ’he“cour’se
reduci ng agent, Csmtiﬁnﬁoﬂywag;elynd formscifustblie of non-ndble nietalk, tsachhe

reaction. 15 . . Th f metal se in the zeolite_ catalyst
will be an eqambinatipns iy Ty pe g@w@f q‘ﬁv Ydenge, statg aftthe 001 t o
about 10 10 Pefdetatt 1Dypi’3éﬁ'ﬁly %da %aﬁé‘é@bc}de&eo%t&ﬁ 3eQ PGHeRNhidy

wei ght. The amount W ll vary with the nature of tal, less of the

hi ghly active 2¢ompenesitsis pmrthecforny (of g3 sxideyor hwlmgldeeqﬂi'heededmd of the

o5 21V, AR e of i el mal By GRA %[gwed@ﬁnﬁsﬁé e

particularly a ﬂs&éictﬁﬁﬂ[vdiem] Eradmtihbaagaﬁt s‘tﬁhcttstbydifogdnwﬁ :heludmlmcul ar

ht ol f err] through err
wei g ore s, thet%edt%her action. gh 9 ]

15 ; .
The amount of metal present in the zeolite catalyst will be an
effective amount which will generally be from about 0.001 to about 10
percent by weight and, preferably 0.05 to 3.0 percent by weight. The
amount will vary with the nature of the metal, less of the highly active
20 metals, particularly platinum, being required than of the less active
metals.

The process of the present invention is useful for cracking a
naphtha feed, e.g., Cs* naphtha feed, particularly a Cs+ 290°C naphtha
25 feed to produce low molecular weight olefins, e.g., C: through C.
olefins, particularly ethylene and propyleme. Such a process is
preferably carried out by contacting the naphtha feed at temperatures
ranging from 500°C to about 750°C, more preferably 550°C to 675°C, at
a pressure from subatmospheric up to 10 atmospheres, but preferably

30  from about 1 atmosphere to about 3 atmospheres.
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olefins, particularly ethylene and propyl ene. Such a process is
preferably carried out by contacting the naphtha feed at tenperatures
rangi ng from 500C to about 750[err]C, nore preferably 550[err]C to
675[err] C, at a pressure from subat nospheric up to 10 at nospheres, but
preferably ¥O9I66 about 1 atnosphere to about 3 at rmspherl’ég' 718943 \\O
08/ 16468 PCT/ US97/ 18943

29 The process of the presep$ invention is especially useful
in the transal kyl ati on of pol yal kyl aromati ¢ hydrocarbons. Exanpl es of
sui t abl e pol yal kyl aromati ¢ hydrocarbons include di-, tri-, and tetra- 5
al kyl aromatic hydrocarbons, such as diethyl benzene, triethyl benzene,

di et hyl met hyl b h | diis
L1 11 Sopt apy! banzonc, ThE USRS s RAREL eaEphyS DRRGA MRS e

Preferred pol yalti@ﬂsamﬂahbﬁ bf' dlysiyhaomatice HydeochhBoks/! Baaeses. of

Particularly preferred yal kyl -aromatic hydrocarbons are 10
di i sopr opyl benz &xitabled paly: m@% diydrocarbons includeri¢hi- f'é'é'd ande fetra- t he

transal kyl at I I ﬁ%’PB romatic

hydr ocar bon [L'o 3’9% %ﬁ?ﬁdg}('o @%g&%ﬁ? C%r ocaegh%lbg? pré ti l'P"‘froraﬁ about

_(I)_.h5: 1 tot fibouz Hﬁbthy%maﬂlyﬁhﬁnlzeﬁé pr e?eﬁarb-ltqluhne)n abodhs@ghp{rbbeﬂmb ]Z(C): éL
e reaction tenperature w pre rom abou rr o]

5_0|0|[e[)r] C t]? maﬁ%agp ‘?ﬁb . Pmagt?aﬂb“&f:;%gﬁﬁﬁ%ﬂfbi%%ﬂ& andy Ehi‘iﬁr essure

W e pref er alpirgfeirfed pelyafitfiGrdthatic hydeeres PareStHed dialRPO bRk dh

preferably 300 3 g to g C}’rp5| g. T?]ec wej ght shourI iwspace vel ometsy w | |

aghigulag]

range from abou v10. ppgerred  polyalkyhargmafiess qcarhqnse s eare

i nvention igg,al H%? aromati c conpounds from

paraf fins. ﬁﬁs Bg l?einggﬁxgggg;ﬁgétppﬁ)enzene i ncl udi ng aliphatic .

hydr ocar bons cont aining 2 to 12 carbon atons. The hydrocar bons may be

strai ght chain, Opengﬁgfc lic an&%%%sﬁksgﬁauogal}r%e%g%o& ﬁ{yLLnrat ed.

Exarrple of hydrocarb
B ' a molar ratio of aromatic hydrocarbon to polyalkylaromatic

,-—

hydrocarbon of preferably from about 0.5:1 to about 50:1, and more
15 preferably from about 2:1 to about 20:1. The reaction temperature will
preferably range from about 340°C to 500°C to maintain at least a
partial liquid phase, and the pressure will be preferably in the range of
about 50 psig to 1,000 psig, preferably 300 psig to 600 psig. The

weight hourly space velocity will range from about 0.1 to 10. '

20

The process of the present invention is also useful for converting
aromatic compounds from paraffins. Example of suitable paraffins
including aliphatic hydrocarbons containing 2 to 12 carbon atoms. The
hydrocarbons may be straight chain, open or cyclic and may be
25 saturated or unsaturated. Example of hydrocarbons include propane,
propylene, n-butane, n-butenes, iscbutane, isobutene, and straight-
and branch-chain and cyclic pentanes, pentenes, hexanes, and

hexenes.
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propyl ene, n-butane, n-butenes, isobutane, isobutene, and straight- and
branch-chain and cyclic pentanes, pentenes, hexanes, and hexenes.

WD 98/ 16468 PCT/ US97/ 18943
30 The aromati zation conditions include a tenperature of from
about 200[ er'YQ#/16468; 1,0t 700[ err]C, a pressure of -from aboREHPS" Y} spher e
to about 60 atnospheres, a weight hourly space velocity (WHSV) of -from
about 0.1 to about 400 and a hydrogen/ hyddocarbon nole ratio of 5 from
about 0 to about 20. The zeolite catalyst used in the.

aromati zation process preferably conprises large crystals of an

i nternedi ate pore siFhe zaromatizatigehcenditipns includes a; seppexatyes; sfpfremzs) 5) |

The catal yst pr nial ' | U Y ' rated
into the duri nggééel‘%tt e@séic’g&o \ﬁZmJtPC, %2‘%)46:3%30? [ hrr%@eo'giacthg)%gﬁe or
i npregnat ed or ¢ About 80 atmospherysp e wetghti héwxly lepare dleldcitya(WEHSByef hesi s.

Preferably, 0.05 to 10, and no preferagbl 1,to0 2.0 wt. % galljumis
associ ated wit hgi"ﬁba&"“t Q&ttﬂli{i‘ﬂ‘.“ ‘@é and a Y%-""geﬂ%y%ﬁ‘émﬂ°@x’?ﬂ’fﬂ '

exenplify the prRefsEodt 0 idshdutent i nvention.
EXAMPLE 1 20 Preparation of zeolite crystals with continuous
stirring. A synthesis m x was prepared as described for

Stirting wtha singrht sEOileRaRaft Lo B AERRERA MRSTRplY
hours a tenper agshprigés large ciatdle of hiv inBiniediataqrbra kize Heolit Giith HMIESUr e

and stirring was conti ﬁued .
. type zeolite (example ZSM-5). The catalyst preferably contains

10 gallium. Gallium may be incorporated into the during synthesis of the

zeolite or it may be exchanged or impregnated or otherwise
. incorporated into the zeolite after synthesis. Preferably, 0.05 to 10,
and most preferably 0.1 to 2.0 wi.% gallium is associated with the

catalyst.
15
The following examples exemplify the prdcess -of the present
invention.
EXAMPLE 1
20

Preparation of zeolite crystals with continuous stirring.

A synthesis mix was prepared as described for Catalyst A. The

mix was plaéed in an autoclave and heated while stirring with a single

25 blade turbine (0.8 M/second tip speed). In 6 hours a temperature of
150°C was reached at autogenous pressure and stirring was continued

at 150°C for 48 hours during crystallization. After crystallization, a
sample was taken. X-ray diffraction analysis showed the product was
fully crystalline. Laser light scattering was used to determine the

30 crystal size of the resulting crystals. The mass mean crystal diameter
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at 150[err]C for 48 hours during crystallization. After crystallization, a
sanpl e was taken. X-ray diffraction anal ysis showed the product was

fully crystalline. Laser |ight scattering was used to determ ne the 30
crystal size of the resulting crystal s. The mass nean crystal dianeter

WO 98/ 16468 WO 98/16468 PCEERIVIEYI) 13943
31 of the crystals was 2.76 mcrons and the anount of crystals l.ess
than 1 m cron di ameter was 7.2 percen$i

EXAMPLE 2 5 Preparation of zeolite crystals vvithout cont i nuous
stirring. : Preparati on of Catalyst A A
sodi um al uni nat ef the mrstaism fépumasmpdonhgsamwwgofcrystals less than 1

"n'a caust i o soPteN %*n‘ﬁers#%ﬂbé?%’é ReeBice 1 ports by

wei ght) and water (825 parts by weight) at 100[err]C. The
sol ution was cool ed and then added w 'Egious stirring 15
to a slurry containing coll oidal siliw parts by

wei ght), tetgapropyl ammoni um broni de (TPABr) (2457 parts
by weight), water (16747 parts by weight), and 54 by

wei ght MFl seeds to Brmmauonoﬁymﬁtesr@taismthmmnuous stirring. was
stirred until a honpbgeneous consi stency was 20 obt ai ned. The
nmol ar conposition of the mx, excluding seeds, was 80

Sigerr]/ 1 Al[err](err]PteparftitidbfCatelyst’A2 TPABr/ 1168
Herr]O The mx (10 L) was placed in an autocl ave and

heated while stirring with a single blade turbine (0.8

Msec tip sgged). In 6 hoﬂrs%dﬁxﬁnejlf i “&tér Eolﬁﬁo&%?&sefafdpgrw%y%solwng
reached 'at aut ogenous pressure. he heat up
alumina hydrate (201 parts by welght 65% Al20s content)
in a caustic solution comprising NaOH (369.1 parts by

weight) and water (825 parts by weight) at 100°C. The

solution was cooled and then added with vigorous stirring
15 to a slurry containing colloidal silica (15400 parts by
weight), tetrapropylammonium bromide .(TPABr)- (2457
parts by weight), water (16747 parts by weight), and 54
by weight MFI seeds to provide a synthesis mix. The mix
was stirred until a homogeneous consistency was
20 obtained. The molar composition of the mix, excluding
seeds, was 80 SiO2/ 1 Al:Os / 3.6 Na:0/ 7.2 TPABr/ 1168
H:20. The mix (10 L) was placed in an autoclave and
heated while stirring with a single blade turbine (0.8
M/sec tip speed). In 6 hours a temperature of 150°C was
25 reached at autogenous pressure. The heat up time
between 140°C and 150°C was 20 min. The stirring was
stopped and the mixture was allowed to crystallize
without further agitation at 150°C for 20 hours. After
wysta]]izétion, a sample was taken. X-ray diffraction
30 analysis showed the product was fully crystalline. Laser
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bet ween 140[err] C and 150C was 20 min. The stirring was

stopped and the m xture was allowed to crystallize w t hout
further agitation at 150[err]C for 20 hours. After

crystallizgtl sanpl e was taken. X-ray diffraction 30

anal ysi s sﬁ‘&\%@‘ﬁe product was fully crystalline. Laser PCT/USYTI§M393/ 16468
PCT/ US97/ 18943 . 32 .

light scattering was used to determine BRe crystal size of

the resulting crystals. The mass nean crystal dianmeter of

the crystals was 3.67 mcgfons and the anp f. crystals .
less than 1 nmicron di agl'lgé sﬁ%@’%ﬁ%%ﬁ%ﬂ" 3?1‘_8“3‘:’%?‘&9 crystal size of
formof the zeolite wasth@dssulting efystXsh AHEEMUSS ffban crystal diameter of
ammoniumnitrate fol llowed by cal cination to renove

ammoni um and provi de t htheerystalswas 38§dmicsens and the amount of ¢rystals

Preparation of Catalyst . . sy Rt | \ .prepar ed
as described in for Cat %1%5 an 1 micron diameter “@%%%{??%’ﬁaﬁ?ﬁ%%&m of
seeds in thse mix was 36fgm taef the zeolite was madebpywiorgexch@ige nising 36 L)
was placed in an autocl ave and stirring with

. heaj ed whil e
a single blade turbine @Bonigm nitrate followegy by, cgicb“%cff’ reRoys 75
hours, a tenperature of aiibfiid fnd provide the acidic hyd@dgeh ga¥phed at

aut ogenous pressure. The stirring was st opped and the

m xture was allowed to crystallize Wi t hout further
agitation at 140[erf] C r 5 hours and t hen
20 hours at 150[er H'C f%‘(ri!e gér(}sf.%att%yfsg]r; 20 crystallization,
a sanple was taken. X-ray diffraction anal ysi s showed t he

product was fully crystalling. .Laser . l4.9h atifering was
used to determ ne the c%y‘?f“c egls JuxX Jyas prepared as descﬂbedt!ﬂ'e*%rz*é}ﬁiwhg
crystals. The mass nean AcéMghfthdt! thE%nfdurftiof seeds in the mix was 36/ ¥ag§ ystal s
was 3.83 microns and the amount of crystals 25 ] | ess than 1
mcron di aneter was 4. 2bpaveight  The\mix3GL) was placed in an autoclayenand t he
zeolite was made by ionygxehAReRISkifing with a single bladd"RALHE @47 21
foll owed by calcination tO renove : ’

15 M/sec tip speed). In 13.75 hours, a temperature of 140°C

was reached at autogenous pressure. The stirring was
stopped and the mixture was allowed to crystallize
without further agitation at 140°C to 150°C for 4.5 hours
and then 20 hours at 150°C for 24 hours. After
20 crystallization, a sample was taken. X-ray diffraction
analysis showed the product was fully crystalline. Laser
light scattering was used to detexrmine the crystal size of -
the resulting crystals. The mass mean crystal diameter of
the crystals was 3.83 microns and the amount of crystals
25 less than 1 micron diameter was 4.2 percent. The acidic
form of the zeolite was made by ion exchange using
ammonium nitrate followed by calcination to remove

ammonium and provide the acidic hydrogen form.

30 EXAMPLE 3

SUBSTITUTE SHEET (RULE 26)



ammoni um and provi de the acidic hydrogen- form 30
EXAMPLE 3 WD 98/ 16468
PCT/ US97/ 18943

Cat al ysts mw{ﬁﬁg\/\as sel ectivated by feeding tol uene acr(}%ﬁ_ 5 9’318943

catal yst u conditions set forth in Table | bel ow

TABLE | Sel ectivation Conditions Catal yst A Cat al yst
B Hour s 33 218 192
Tenperature ([err]F) 1100 1100 :
Pressure (PsigQ) 225 225 VHSV
1.0 1.0 (#Feed/ #Cat / Hr) H err]: Fecd Tol uene
Initial Catalysts ADaxi’d)Blwas selectwated by feedihgltolueneRiirbss theo! es)

Fi nal rtgx Hydr ocar bon Parti al

I nitial catalyst@gdgrpgqundmons setdfa %T@lelbeh‘@ssur e Fi nal
62.3 Psia 62.3 Psia 10 Fol | ow ng sel ectivation, Catalysts
A and B were eval uated for

5 o TABLE I

Selectivation Conditions

Catalyst A Catalyst B —

Hours 218 192

| Temperature (°F) 1100 1100
Pressure (Psig) 225 225

WHSV 1.0 1.0

@Feed#Cat/Hr) :

Ha:Fecd Toluene { Initial : 0.20:1 0.20:1
Ratio (moles) : .

L . Final 0.356:1 0.36:1
Hydrocarbon Partial | Initial " 64.8 Psia 64.8 Psia - -
Pressure s

- Final ' 62.3 Psia 62.3 Psia
10 ‘ Following selectivation, Catalysts A and B were evaluated for -

the disproportionation of toluene under the test conditions shown in
Table II below. On-oil catalyst performance for the Catalysts is shown
in Table III.

15 TABLE II

On-0il Conditions

Catalyst A Catalyst B
Temperature (°F) 819 847
Pressure (Psig) 300 326
WHSV 3.0 4.856
@ Hr,)
Hz:Feed Toluene 0.5 0.6
Ratio (moles) :
Hydrocarbon - 197.6 213.3
Partial Pressure (Psigz.
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t he di sproportionation of toluene under fhe test conditions shown in

Table Il below. On-o0il catalyst perfornaiite for the Catalysts is shown
in Table I11. : TABLE 1|1 On-O |
Condi ti ons Cat al yst A "Catal yst B
Tenper at ur VO PYI64FE-) 819 PCT/US97/18943
847 Pressure (Psig) 300 325 WHSV
3.0 4. 85 (##Hr.) HB#rr] : Feed Tol uene
0.5 0.5 ° Ratio(noles) Hydr ocar bon
197.6 213.3 Partial Pressure (Psig) WO 98/ 16468
PCT/ US97/ 18943 34
TABLE 111 On-QG | Catal yst Perfp RE§IT ° Catal yst A
Catal yst B Tol uene Conversion (W . % 30.1 .
30.6 Par axyl ene Sel ectivity 92.8 90.3
PX [ PX+MR+OX] X:B)J(l)-Oil Catalyst Performance
s _
: Catalyst A Catalyst B

Toluene Conversion (wt.%) 30.1 30.6

Paraxylene Selectivity 92.8 90.3

PX/[PX+MX+0XI1X100

Benzene Yield (wt.%) 13.3 . - 18.7

Xylene Yield (wt.%) 15.0 14.8

Ce-Yield (wt.%) 0.5 0.9

Co+Yield (wt.%) . : 0.8 0.9

The results show high xylenes production with high paraxylene
selectivity (greater than 90%) is achievable with the hydrocarbon
conversion process of the present invention.
10
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Benzene Yi el d (Wm. % ~13.3 - 13.7 Xyl ene

Yield (w.% 1 - ylen
LT

5.0
Cerr]-Yield (w.% HI Bm
Cerr]+Yield(w.% III "
The resul t s vWoBAM6H8gh xyl enes proddct Font wi h shi gh par axy| QeIUS7/18943
selectivity (greater than 90% is achievable with the hydrocarbon -
conversion process of the present inventigg. 10 What is
claimed is: 1. A process for converting hydrocarbons conpri sing
contacting a hydr ocarbon feedstream under hydrocarbon
conver si on What iscelaimhéd 3ns With a zeolite catal yst containing | arge
crystals, said zeolite being nade by a process conprising:
(a) after formation of an aqueous zeolite synthesis m xture

conprising sourges ofg Pl 5 coliVeRting Hyocarbbhs RomPlisild codfhcting a
netal cations, optionally fromO to 10 wei ght percent ~of

seeds of zeolite, andydpedavben | yfegdslireamt i npdeyenbydineathony conversion
sai d aqueous _synt hesi s gd Xt ure under itatkign to a. .
Lenperature dqual 1o APaiisnd Tifh A Fok i eally et roteing favgs crvstals, said
tenperature of said &bl@@%iﬂfﬁid&ed)yf@ﬁﬁddeﬁﬂcdﬂmpﬁm: and, 15

(b) heating said aqueous zeolite synthesis mxture in the

absence of agitation at a tenperature equal to or greater

than the effective n eat.l . giéﬁlﬂﬁgﬁem 15 o
zeolite reaction m x'lt-égre. %ﬂné%ﬂpgéﬁédﬁrs%]egﬁﬁo ess recite eicgm& al n$ 1
wherein said zeolite is asbumcege of trivalent mmtak oxidd,i sBica; alkalinteetabdi ate
pore size zel([),l ite.

cations, optionally from 0 to 10 weight percent of seeds of
zeolite, and optionally a directing agent under agitation to
a temperature equal to or less than the effective

nucleation temperature of said aqueous zeolite reaction

mixture; and,
15 _

(b) Theating said aqueous zeolite synthesis mixture in the
absence of agitation at a temperature equal to or greater
than the effective nucleation temperature of said agqueous
zeolite reaction mixture.

20
2. The process recited in Claim 1 wherein said zeolite is a large
pore zeolite or an intermediate pore size zeolite.
3. The process recited in Claim 1 or 2 wherein said trivalent metal
25 is alumina, gallium, boron, or iron.

4, The process recited in any preceding Claim wherein said crystals

have a mass mean diameter of from 3 to 10 microns.
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3. The process recited in Cl*m—m—l—ef——’zl%ew—n—sal d trivalent netal 25
is alumna, gallium boron, The process recited in any

preceding Caim wherein sai d Iliﬂﬁllllllllwﬁlﬂ4ggve a mass nean di anet er

of from3 to 10 m crons.

PCT/ US97/ 18¢2%/16468 PCT/USS7/18943The
process recited in any precedl ng Cl ai mwherein said zeoI ite . has
a structure type or is selected fromtheggroup consisting of _

LTL, MAZ, MEI, EMI, OFF, *BEA, MOR, MEL, MIW MIT, MFI, FER, and
TO\I. 5 6. The process recited in any precedi ng Claim wherein the
hydrocarbon cofwer sThe ppscesssetited inchse pastedingCldid whetdin said zeolite

consi sting of cracking of hydrocarbons, |so rizatjon of alky]

aromatics, transal fiSEFRChre FyRe9y Ssselested fegm P&?&FP&Q“@IS@G of
‘al kyl aromati cs, al k! MKz, OMEY, ¥t C9FF/ GBEAmMQRDfMEinMW MITT,

aromati cs, conversion of paraffins and/or’ ofefins to arorati cs

and conversi on of MydcRBReandONdr ocar bon products. 7. The
process recited in any preceding Claim wherein said 15 hydr ocar bon
conversion1s carried out at conditions conprising a tenperature
of from 100[erg]C t'IheTG@ﬁcess recisedir i Qiny. preceding Claind! RFfeRsi® ¢he0 100
at nospheres, a vvel ht houtly space velocity of fram 0.08hr[err]
to 200hr[err]. ydyocarbep o convsraion Pé‘?ﬁeﬁ%dlsl gelgated, feare they gxoMP M
wherein said zeoli t&nmsung of erdckir of yA-BORbOAS sbrietlatibfi OF afifl! 1 UM
silicate zeolite. ¥he process recited in any precedi ng-Cl aim
wherein said zeoli t@omatlcs, transandatlomtafr aeaaties, pdispropiortonation tof.
10 alkylaromatics, alkylation of aromatics, reforming of naphtha to
aromatics, conversion of paraffins and/or olefins to aromatics,
and conversion of oxygenates to hydrocarbon products.
7. The process recited in any preceding Claim wherein said
15 . hydrocarbon conversion is carried out at conditions comprising a

temperature of from 100°C to:  760°C, a pressure of 0.1
atmosphere to 100 atmospheres, a weight hourly space velocity
of from 0.08hr-! to 200hx-1.

20 8. The process recited in any preceding Claim wherein said zeolite

is an aluminosilicate zeolite or a gallium silicate zeolite.

9. The process recited in any preceding Claim wherein said zeolite
is an intermediate pore size zeolite.
25
10. The process recited in Claims 6 to 9 wherein said zeolite has a
structure type selected from the group consisting of MFI, MEL,
MTW, EUO, MTT, MFS, EUQ, and TON.
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25 10. The process recited tn CTains 6 to 9 wherein said zeolite has a

e e S AR 2
* € L *

PCT/ US97/ 1 7 The
process reci edwi‘sr? Clainms 5 to 10 wherein said zeolite hagcgmss'm]s}u IVFI
or MEL structure type. +12. The process recited in Cainms 9 to 11
wherein said zeolite is an .5 al %fvi nosilicate zeolite having a
silica to alunmina nole ratio of ' from10 to 1000. 13. The
process recitegd,in im1l.or . wher ei n i d tenperature .. . of
step (a) is noijb‘r eaﬁé‘?l’m‘?ﬁs f%‘ﬁ%% ]foafmms ig’ fo ?ﬁgﬁﬁnoi%észef’hﬁq basia n
Cains 11 to 13 wheN@IrorMEL stRigeratwet of step (b) is no.
greater than 150[err]C. 15. -A hydrocarbon conversion is recited in
Claim 1 conprising 15 contacting a hydrocarbon stream

under t ol uen ' ' td [.tions. with an
i nternedi ate pgzr'e S’{‘I%eeprocesgiécﬁﬁeﬂo%g}% %géléﬁ&ggérglonnfgﬁdn?%gn?ﬁﬁﬁ crystal
zeolite, said zeol ialamindsilicate zeolite havingapsibes $6 abaniid $idle ratioF '

(a) heati ng an aqueo eg{m’te synthesis m xture conpri sing
sources of trival e?#owgfﬂdfo Ode, silica, alkali netal

cations, optionally fromO to 10 wei ght percent of seeds of
zeolite, and og%i onal ly a directing agent under agitation to

a tenperat ure BhualTheprgceprrecitedin €laimel ¥ or 12 whesin said temperature
nuCl €at On ¢ erDer atgftepla) 2k GAEPHEAF TBHIA.S T o3ct 1O
10

14. The process recited in Claims 11 to 13 wherein said temperature
of step (b) is no greater than 150°C.

15. A hydrocarbon conversion is recited in Claim 1 comprising

15 - contacting a  hydrocarbon stream under = toluene
disproportionation conditions with an iﬁtermediate pore size

zeolite catalyst containing large crystal zeolite, said zeolite made

by a process comprising:

20 (a) heating an aqueous zeolite synthesis mixture comprising
sources of trivalent metal oxide, silica, alkali metal
cations, optionally from 0 to 10 weight percent of seeds of
zealite, and optionally a directing agent under agitation to
a temperature egual to or less than the effective

25 nucleation temperature of said aqueous zeolite reaction
mixture; and,

(b) heating said aqueous zeolite synthesis mixture in the

absence of agitation at a temperature equal to or greater

SUBSTITUTE SHEET (RULE 26)



m xture; and, (b) 7heat+ng—said agqueous zeolite synthesis

m xture in the ﬁmﬁr’ e _of agitation at a tenperature equal
oo, oot .

than the eMOMAS4R nucl eation tenperature of sdid aqueous

zeolite reaction m xture. 16. The process recited in Caim15

wherein said trivalent netal is 5 38 alum na, gallium boron, or iron.
17. The process recited in Claim 16 wherein said zeolite has a

structure type selected fromth fou onsi sting of MEL W
MIT, MFI, EUO, MNFS, and thethe gfective E‘Htﬁeamtme@égm 9@?%&‘1‘#@@& m 17"

wherein said zeolite is : : -ﬁ&.ﬁinosilicate zeolite. 19.
( .| S z@dlite reaction mixtdrsM \ .
The process recited in C?(g}m 18 V\%erel n said zeolite catalyst is 15

20

presel ecti vat ed. . The process recited in Caim19 wherein said
zeolite cataly, i resel gctivat ed by. conkacti t. he cat al yst
with a tol uene st rgl}rﬁprocess recﬁ:egtma @gﬁﬁf -w{lﬁzgvpgeﬂ)demgﬁﬂ%t ween
480[ err] C and 650 eduhin®igallivd@, boron, or flogssure within the range of froml
to 100 at nospheres and a wei ght hourly space velocity in the

range of 0.1 to 20, and wherein said tol uene stream further

contains hydrolgﬁn eItheaprocess recii:e(i'i[iﬁr déﬂxpll%e%e'i@ﬁ{ Qaﬂf zgoﬁt% ﬁas’ a
| structure type selected from the group consisting of MEL, MTW,
MTT, MFI, EUO, MFS, and TON.
10
18. The process recited in Claim 17 wherein said zeolite is ‘an
aluminosilicate zeolite.

19. The process recited in Claim 18 wherein said zeolite catalyst:is
15 ‘preselectivated.. ; _

20. The process recited in Claim 19 wherein said zeolite catalyst is

preselectivated by contacting the catalyst with a toluene stream

at a temperature in the range of between 480°C and 650°C at a

20 . pressure within the range of from 1 to 100 atmospheres and a

weight hourly space velocity in the range of 0.1 to 20, and

wherein said toluene stream further contains hydrogen at a
Hbz/toluene ratio of 0 to 2.

25 21. The process recited in Claims 15 to 20 wherein said zeolite has a
MFI structure.

22. The process recited in Claim 15 to 21 wherein said toluene

disproportionation conditions include contacting said toluene

. 30 stream with said catalyst at a temperature in the range of
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25 21. The process recited im Tains I5 to 20 wherein said zeolite has a

MFI structure. 22. The pr Claim 15 to 21 wherein
sai d tol uene di spropo ﬂa“"m"*'ljuill | ons include contacting
saidtoluene 30 str at ate erature in the
range of 98/16468\» 9g/ 16468 "BCTORsihoss

PCT/ US97/ 18943 39

between 375[err]C to 550[err]C at a pré%sure in the range of froml to
100 atnospheres and at a weight hourly space velocity in the

range of fromO0.5 o 50, said tolueng streamf her

cont ai ns hydrogen t“&eﬂ g??%&&%e a3 Ereisﬁ‘ﬂ‘“olq ﬁ‘qw&e o lgoto 5
10. 23. Th r [

t enper-ature 108 héf\e%(éﬁdjlalstrbh(?g eat er ?h%%cwé%}ert?] %ﬁ%ﬂe 24.
The process recitedange dﬁ:omso 810150, aﬂdmelmsmdltdlueeﬁwwu

anyprocedi ng O i APRAEEPREBEpH 8 tduene male réto %@%ﬁ“essfs@?@' 260l i 1e

conpri ses: s15 10. (a) formng an aqueous reaction m xture
conpri sing sources of alumna, silica, alkali netal
cations, optionally fromO to 10 wei ght percent seed

crystals; andggopt §RAlo¥edd recited in Claim 21 or 28 WhefdihWi® ¥sRperatdre
of step (a) is no greater than 150°C.

10 24. The process recited in Claims 21 to 23 wherein said temperature
of step (b) is no greater than 150°C.

25. A process recited in any preceding Claim wherein said process
for making said zeolite comprises:
15 |
(@ forming an aqueous reaction mixture comprising sources
of alumina, silica, alkali metal cations, optionally from 0
to 10 weight percent seed crystals; and, optionally a
directing agent;
20
(b) heating the aqueous reaction mixture under agitation to a
temperature no greater than the effective nucleation

temperature of said aqueous reaction mixture; and,

25 (©) heating the aqueous reaction mixture of step (b) in the
absence of agitation to a temperature equal to or greater
than the effective nucleation temperafure of said aqueous
reaction mixture and for sufficient time to result in the
production of large zeolite crystals.

30
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(b) heati ng the aqueous reaction m xture under agitation to a
temperature no greater than t atlon

tenperature of said aqueous rgmMHm:"mmm mE (c)
heating the aqueous reaction m*tdretofrstep

absence ofW! 9@1% %4%% on to a tenperature equal to or greaterl’cm’s’ms’“
than the effective nucleation tenperature of said agueous

reaction mixture and for sufficient timgto result.in the
production of large zeolite crystals. 30

40 26. The process recited in Caim25 wherein sai d aqueous
reaction 26. Thénpztbwss redited &P Olaim %nirhefhinfsramnaqueaxsoﬁéamno 1
percent by %ht of seeds . of zeol 5 27. The _process
recited in Claim 2‘91’5?“1'26’ viter dah centains drava, Pﬁr@m to 0.1 percep$ byt ep (b)
Is in the range of Q,!ﬁr 150[err] C. 28. The process
recited in dains géfg?l?o%% eore.]glg‘?]ﬁ%al d tenperature of step (c)
is in the range of from130[err]C to 150[err]C 10 29. The process

recited in to 28 wherein e t epature . . step (b)
results im a E,Zfduc DRTYEST REEY @E&Wﬁygkgl#ﬁeremsmdtwe&ﬁ]%r of the
zeolite crystals ogfgtgﬁg,)tlgmtﬂg%nge HFrom0:30°CERe 1809Tess recited in Cains
21 to 29 wherein no nore than 5% of the zeolite crystals on a

mass basi s have a di aneter of Iess
28. The process recited in Claims 25 to 27 wherein said temperature

of step (c) is in the range of from 130°C to 150°C.
10 '
29. The process recited in Claims 25 to 28 wherein the temperaturé
of step (b) results in a reduction of the xixass mean crystal
diameter of the zeolite crystals of less than 10%.

15 30. The process recited in Claims 21 to 29 wherein no more than 5%
 of the zeolite crystals on a mass basis have a diameter of less

than 1 micron.

31. The process recited in Claims 8 to 14 and 18 to 30 wherein said
20 zeolite has a silica to alumina mole ratio from 20:1 to 200:1.

32. The process recited in Claim 31 wherein said aqueous reaction

mixture has the following composition in terms of mole ratios of

oxides:
25
Si02:Al:0s >50
H=0:Si02 10 to 100
OH.:SiO2 0.01t0 0.5
R:SiO: 0.001 to 2.0
30
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than 1 m cron. . The process recited in Clainms 8 to 14 and 18 to

30 wherein said 20 a-to alumina nole ratio from
20:1 to 200: 1_. 32. gﬂlﬁm L@"w“m in Caim31 wherein said

aqueous reaction m xt us e | | owi ng conposition in terns

of ol e ratWQ2/ig6s oxi des: Si g er ACTAISPHI893) er r |
=50 Herr]OSiJerr] 10 to 100 OH:SiQ
0.01 to 0.5 RS ® - 41 0.001 to 2.0 30 WO

98/ 16468 PCT/ US97/ 18943
41 wherein R is a directing agent selected froma group

consi sting wherbimR! is Qg divecting hybnt Seluaed, fréfith BROSP K Sitn

cont ai ni ng . i porganic d organi c conpounds, 5°33. The process
recited in any pre®EdmigoRem,; rﬂ-‘m&r ePFVESH; dagéomh@phorous containing y st

further conprises &, gggﬁzr gani process recited in any preceding
Cl aimwherein said bin and or (?énnsp zeolitic material. 10 35. The

process recited in any preceding C aimwherein said crystals have
a mean masg dignet of from3 tp.6 mcron
. 3 983! Fhe process recited in any prece Sdmg Claim wherein said zeolite

catalyst further comprises a bindexr.

34. The process recited in any preceding Claim wherein said binder
is zeolitic material.
10
35. The process recited in any preceding Claim wherein said crystals

have a mean mass diameter of from 3 to 6 microns.
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