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HBJ.VY AROD'fICS PROCZSSXBG 

This.· invention relates to. a process for convertinq a 
feedstock con-t:aininq heavy aromatics, specifically, c,+. 
aromatics, to liqhter aromatic products, specifically 
xylenes •. 

Para-xylene is an important by-product of petroleum 
refininq because it is used in siqnificant quantities for 
the manufacture of terephthalic acid which is reacted with 
polyols such as ethylene glycol in the manufacture of 
polyesters. 

10 . The major source Qf para-xylene is catalytic ~eformate 
which is.prepared by mixinq petroleum naphtha .with hydroqen 
and contactinq the mixture with a stronq 
hy(lroqenation/dehydroqenation catalyst such as platinum on 
a .•~derately acidic support such as a haloqen treated 

1.5 alumina. 
Usually, a c, to c, fraction is separate~ from the 

reforJllate, extracted with a solvent selective for aromatics 
or aliphatics ~o separate these two kinds of compounds and 
produce a mixture of aromatic compounds which is relatively 

20 fr~e of aliphatics. This mixture of aromatic compounds 
usually contains benzene, toluene and xylenes (B'l'X) along 
with ethyl benzene • 

.. Liquids from extremely severe thermal cracking, e.g. 
·.· 

hiqhtemperature steam cracking of naphtha are also rich in 
25 ar~matics a11d may be used to prepare BTX in ~ similar 

mann~r. 
. .. 

concentrated aromatic fractions are also provided by 
severe crackinq over such catalysts as ZSM-5 and by 
conversion of methanol over ZSM-5. 

30 Refineries have fQcused on the production of xylenes 
by tra11salkylation of c,+ aromatics, which would normally 
only be of value as fuel, and toluene, over zeolite 
containinq catalysts. The stability and transalkylation 
selectivity of zeolite beta for this reaction is the 

35 subject of several recent publicatiq~s. See Das et al. 
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i•Transalkylation and . Disproportionation of Toluene and c, 

Aromatics over-~e61itel3.ta" 2:3cata1yst Letters PP· 161-

16a ( 1994) : Das et al. "Zeoli te Beta catalyzed c, and c, 

AZ'omatiC:s Tra~sforU.tion" 116App1ieacatal.yssis A: 

5 Gen~ral, pp~ 71~79 (1994) and Wang et; al •. 

"Disproportionatidn of Tol:uene ·· ·ar14 · ·of Trimfithylbenzene and 

Their Transalkylation over zeolite Beta", 29''inCi~· Enq. 

·Chem. Ress~ ·~a9'es · 2oos~201'2· c199o> ~ · · ·· · ;· ·y 

Additionally;· processtls for produciriq lCY'lenes.from 

10 hyc:lrocarbon fradtidns "containinq substittited aromatics have 

been disclosed in :the pat~t ii.te~ature.· ·· · u.s. ·Patent No. 

4, 380, 685 discloses the para-selective alkfiation~ ·. 

tran~alkylation;or disproportionatic>nC>f a s~stituted 

aromatic compoiinCi tO provide . a mixture· \j:f dialkyll:>enzene 

15 compounds empi~yin9 as a catalyst a· ;zitalite characterized 

by a c::anstr~int I:nciex c)f '1 to i2 and~·si1it:a/a1\1mina mo1e 

ratio of·•• at least 12/1, th~ cataiyst havinq · .. ·incorporated 

thereon various metals and phosphorus. 

· Durinq·th~ dealkylation reactions 1::hat, typically, 

20 accompany the coriversion; of heavy· aramatics tc:) xylenes, 

clef ins are formed whieh · tel'l.d to tinder9o sJacoridary ' 

reactions resultiriq in the formation; of coke which rapidly 

deactivates the ~atalyst and of undesifable aromatic by..:. 

products which can aiso contribute to catalyst'; 

25 deactivation. one approach for solving'theproblem posed by 

olefi~s format.i:c>nhas been to encourage'olefin saturation. 

Hydroqenation metals, such as platinmn, are kriown.to 

saturate olefi.ns and prevent coke formation and have been 

incorporated into the catalysts. Similarly, empioyinq.high 

30 hydroqen partial pressures or high hydraqen·t~ hydrocarbon 
. ,. . 

mole ratios have beeri proposed to minimize olefin formation 

and catalyst aqing. 
u.s. Patent No. 5,030,787 disciloses a process for "the 

·. vapor-phase conversion of a feedstock . containing at least 
. . 

35 one c,+ aromatic compound to a product containinq 

; ,i, 

.. 
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substantial quantities . of C9 to . c, compounds, ~. g. ben~ene 
and xylenes. The conversion occurs over a catalyst which 
contains azeolite having a constraint Index of 1 to J, 

e.g. zeolites MCM-22, ZSM-12 and zeolite beta. Steam 
5 treatment of the zeolite is proposed, see Col. 9, lines 66-

67. A Group.VIII metal can be included ~ith the catalyst. 
In the specific examples of the disclosure the zeolite is 
subjected to the steam treatment prior to incorporation of 

: . . 

the hyd~~qenation metal,.seeExamples 20-22. 
10 ·. How~ver, the use. of· hydrogenation components and hiqh 

15 

hydrogen pa.rtial pressures not only reduces olefin 
formation and catalyst aging but also promotes saturation 
of· the aromatic compounds resulting in low yields of the 
desirable lighter aromatics products such as benzene, 

'· ·: .. · .. ·· .. ·. . . 

toluene and xylenes •. Also, maintaininq a high hydrogen to 
hydrocarbon mole ratio requires large reactors which are 
costly to manufacture and maintain. An object of the 

· present ·invention is to obviate o·r· alleviate these 
disadv2u1taqes. 

20 The invention is directed to a. process for convertinq 
·c,+ aromatic hydroc~rbons to lighter aromatic p~oducts 
compri.sinq tlie step of contact.inq a feed comprisi~q the c,+ 
aromat~c hydrocarbons, benzene arid/or toluene with a 
. ... : . 

cat~lyst composition comprising a zeolite having a 
25 Cori~traint Index of 0.5 to 3 and a hydrogenation component 

to produce a product comprising xylenes, wherein the 
catalyst composition having the hydroqenation component is 
treated to reduce its aromatic hydrogenation activity. 

Th~ catalyst employed i~ the process.of the invention 
30 includes a '·zeolite having a Constraint Index of o. 5 to 3. 

35 

The method by which Constraint Index is determined is 
described fully inu.s. Patent No. 4,016,218. 

Suitable zeolites for use in the process of the 
invention include MCM..,;22, ZSM-12 and Beta. ZSM-12 is more 

. " 

particularly described in U.S. Patent No. 3,832,449 and has 
a con.straint Index of 2.3 (316•c). Zeolite Beta is more 

'· 
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particularly described in u.s. Patent No. Re. 28,341 (of 

original u.,s. patent No. ~,308,0~9) and has a constraint 
Index o"f o. 6~2:. 0 ·. (3l6-399 .• C) ··~.·.zeal.it~ MCM~22 : is described 

in. ti~ s·. Pat~t N~·~. :4 ~ 9S4, j25 and haj a banstraint Index of 

1.5 (454.C) .• . . . ..... . 
:It may.be.des'irilbie" to. incorl>orat;:·''t&e" selected 

:aeo~te t=:~~an:~=~~-=~~~t!~ 
. proces~ ~f ···tli1s .. lnv.~tion •.. :. ''sliC::h ;mate:i'i~1~······ include active 

. ::1!:.~~e-~i~lto=:t~f~i tr:fi:;:=ing 
silica and/or metaf. ~~ides' s~ch as ·.ai~~. :·. The _latter may 

be either natur~ll:y <?CCUrtin9 or in'tlli''forJll.o:f qelatinous 
precipitates_ or gel.ss · iriciuc:iinq. mixttires'of sllic~ .·and metal 
oxides. ·.Use' ~f· a mater.iai in conjwictiort with .the zeolite 

cataly~t, i.e. cbmbined the~ewtth·~; ptis~rit durinq its 
synthesis, ~hi~·';! tself. il!l. ~ata1itib~ily acti~e, may Chanqe 
the conve~~:i.o~· ·ahci;~r ~'ei~6tivlty. of ei~··,~~taiyst., 
Inactive materials suitably serve ··as diluemts to control 

·.· . . . .· .. . ·.• 

20 the amount of conversion so that transalkylated products 
can be obtained economically and orderlf~ithout.eJnployinq 

.. . . : . . ·. :- .: . ·. . '•• . . . . . ·:.~: . .. . 

Other means for. controll.ing. the rate Of reaction. These 
materia:l.s may. be incorl>~~~teci ·'into. n~turaily occurrinq 
clays, e.g. bentoni.te.alld' kaolin ta i~pr~e th~icrush 

.. ,.... . .. ' .. · .. ··-· ., . ·. . . .. . . . . . 

25 strenqth Of the.catalyst under commercial alkylation 
r • . . . .· . .. , 

aperiltinq conditions •. Th~ materials, .:L'e. clays, oxides, 

etc. function a:s·bi.nd.er'll fo~ the ·catalyst. It ·is desirable 
to provide a catalyst h~vi~q goad.~ri.tsh 1St~~n9th because in 

.. . -. . .. ,.·· . .. . ·-· '. :·" ....... . 

commercial use, it is ~e$iral:>le to prevent the catalyst 
JO from breakin~ down i~to: pOwder~lika' IDatez;iais. These clay 

binders. have b~n E!Jllp1oyed normally···. only for· the purpose of 

improvi~g th~· crush sstr~nqth of the cataiy~t·. 

35 

Naturally occurring ci·ays which can b~ composited with 
·. ~ - . : . : .. · ; . . . . .. . .· ... . ,·: . 

the zeolite catalyst herein include the molltjiorlilonite and 
kaolin family, which:· families incl\lde ·the s~bentoni tes, 
and the .kaolins···coDlinonly kriown a.s 'o:i.xie~ MC:Na~~e, Georqia 

. ' . . '· . . ' . . - " -~ . 

. _._:; 
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and··. Florida clays or other~ in which the main mineral 
constituent is halloysite, kaolinite, dickite, nacrite or 
anaux:ite~ _Such clays can be used in.the raw state as 
oriqinally'mined or initially subjected to calcination, 

s acid tre~tment or chemical modification. Binders useful 
. : fO; COmpositinq Wlth zeolite also include· inorqanic oxides, 

notably alumina. · 
In addition to the foreqoinq materials, the zeolite 

. ' . 

catalyst can·. be compo_si ted with a porous matrix material 
10 such as an inorqanic oxide selected from the qroup. 

C::aris:i.sti.nqof silica, alumina, ·zircoiiia, titania, thoria, 
beryllia,· magnesia, and combinations thereof such as 

,···· .. .. . 

silica-allUiaina, silica-maqnesia, silica-zirconia, silica­
thoria, sili~a--beeyllia, .. silica-titania as well as temary 

15 compositions.·such as silica-aiumina-thoria, silica-alumina­
zirconia, silica-aJ._umina-magnesia and silica~inaqnesia­
zirconia. ·It may also be advantaqeous to provide at least 

. a . part · of the foreqoinq matrix materials in colloidal form 
so as to facilitate extrusion of the bound catalyst 

20 compon~nt(_s). 

The relative proportions of f inel-y divided crystalline 
material and !~organic oxide matrix vary widely, with the 
ceyst,al .coritent ranginq ~rom 1 to 95 pe't"cent by welqht and 

' ' ' 

'more usually, particularly when the composite is prepared 
25 in tl,1.e form of beads, in the range of 2 to a·o weight 

·.• 

percent of th~ composite. ·.The zeolite is employed in 
co'lllbinati~n··~ith a hydrogenation 'component such as a metal 
~elected f~om ~r~up VIII of th,~'i?eriodic Table of the 
Elements ( CAs version,.· 1979) • Specific examples of useful 

30 . hydrogenation materials are iron, ruthenium, osmium, 
ni~kel, cobalt, rhodium, iridium, or a noble metal such as 

35 

. •.· -

platin1lm. 
. . The amount Of the hydroqenation component iS selected 
according to a balance between hydrogenation activity and 
·cat~lYtic . functibnality. Less of the hydrogenation 
component is required when the·· most active metals such as 
platinum are used as compared to molybdenum which does not 
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possess such stronq hydrogenation activity.. G~e~ally, the 

catalyst co~tains. .. 0.01 to ':lc)'-wt.%, ~~e1fer~ly o:~os.to 5 

wtt r Of the ~ydoqenatiozl COmpOtlent~.. . . .. • .... · ·,. ·,.·. . 
·. .. .' . . :•' ,.·. :·.·· -... · .. ·' : ........ ·· •:" 

' The hydr~qenation cqmponent ca~·be in~orporated into 

5 the catalyst ce> •. sition 't,~ ··co .. cJ;l's~;i1Tzatio~,· ~e.Xchanged 

' into the composition 'tel the ert~nt ~: Gr~up. IIIA ';ai-ent, 

e.g. , alumin~~ is·· in the ~ttuct~~· •. -~~~~~ate~ .~~rein or 

mixed with the zeolite and the inorganic oxide matrix. 

S~ch campone~t can be .i.mp:r~~at~d· ;iri;· ~~ ·:~11, ··the zeolite 

10 such as f_or .f!~:J.f!, in .thf! c:~se ~f .~~at.in~, by tkeatinq 

the. zeolite w:i.t:J?.'.~· ~olutio~ ~ontai.r1i~c)··.···~ platinum m~tal_­

containinq ion.. s~i.tabie platinum: 'c~po~ds" for ' .. ·· 
." • • : • •• •• •••• • •, _,. • '• : ' ' I • • • ,• • • '" • '• •··.• ·1,• :°'·, (:· ·. • 

impreqn~tirig the. ·~a1:a1yst. with platinum Inciucie . ·. 

chloroplati~i~ 'ac.id, : pl~tin~u- ,' clii~rid~ : a#d vaiiou'.~ 
15 c~~unds cont~i~i~q platin~ '~i~~ c~pl'e~, ~uch 'as 

'·. . . . .. . :. : .... -.... ·: . ,. .:· ... · ·. :"", ': . .-.. ·. ·· .. ·· 

pt (HH3 ) 4Cl2 .H20 •. 

. After treatment.with the hydrogenation tuncti.on, the 

cat~lyst composi.t; _is' usually C:ir.ied,.by ~eat.inq···t:he catalyst 

at a tempe1;atur~.'.~£.:150 to 320·-F · (6~, t.~· 16o•c), p~eferably 

20 f~om 230·F· to .29o•F (110~-C .to 14l~c:)·. for' at lea.~t about l 
~. ; : . . . 

m~nute .. and ,. generally not . lcmqer th~n ~~out·· ~4 · hours. 

Thereafter, the ca:t;alyst. c()mposi te ·is · calcined in a stream 

of dry gas, such-as air or nitrogen.at teinpe~atures of 500 

•F to i2oo·F (26o·c to.64~·c) fo~ it~ 2o:hours~ 

25 c~lcipation is prefer.ably conducted .. at pre~sures 'ianginq 

from·: J:s .to 30 psi~' ('100~.200 kPa) . . . .. 

The catalyst CC?JDP9_S~ ti on is tre.ated to reduc'e ·.its 

. ~romatics hydr~q~n.ti~n · ~(;tivity, wi'til~~t s1ibstarit:i.a11y 

. inhibitj.nq its oltafi.n satu~ation.activity whi.C'h p~-vents 

30 formation of the desirable produ~s. · ·' ... · \ .. . 

35 

Aromatics ioss ov~r the treated.cataiyst composition 

of this inventio~ is substantially lowe~ tha~ .the aromatics 

.loss sustained ove~ the untreated catalyst. 

The .. activity ·~f th~ C:ata1ist · coniposi.ti~n for aromatics 

ri"g loss relative .to the entire amou~t of •aro~tics in the 

teed, .is an ef~ec;::tive.way to evaluat~ ti:ie aromat.ics 
··'· ,·: . ..... . 

1. ·. · .... 

.. 



·." .. ··' 

W09612458 
PCI/US96/01818 

5 

-7-

hydroqenation activity of the catalyst. Ideally, aromatics 
rinq loss irs less 1:han·1 mole%. However, ring losses of 
less than 10 mole %, specifically, less than 5 mole %, even .. . more specifically, less than 2 mole%, are acceptable, 
based on the entire.amount of aromati~s in.the feed. Ring 
loss is determined using gas chromatoqraphy by camparing 
the amount Of aromatics in the feed With the amount Of 
aromatit:s .· in the product. 

'!'he benzene hydrogenation activity test (BHA test) can . . . ' . . . . . . 10 also be used to determine catalytic activity for 
hydroqenation of benzene to cyclohexane and it is a good 
indicator of aromatics hydrogenation.· capability which, for 
purposes of the instant invention is minimized. The test 
is, typically, used to determine the activity of noble 

15 metal catalysts. The conditions of the BHA test are 
described below in the examples. The BHA test is also 
described in u.s. Patent Nos. 5,188,996; 4,952,543; .. 

4,~~7,397 and 4,849,385. This test provides a rate of 
benz~ne hydrogenation in terms of moles benzene/moles 

20 h)'dr6genation · functionality /hour at 100 • c. After treatment 
·the.catalyst of the invention has a BHA less than.500, and pr~'ferably less than 400, most preferably less than 20. . . 

The extent and methods of treatment of the catalyst 
including.the hydroqenation functionality for minimizing 

25 loss' of aromatics may vary depending upon the catalyst 
composition and its method of manufacture, e.g. the method 
of_ incorporating· the hydrogenation functionality. 

TypiC::a11·y, steam treatment·. of the catalyst composition 
is employed as an effective method for minimizing the 

30 aromatics hydro9.enation activity of the catalyst 
composition~ In the steaming process the catalyst is, 
usually, contacted with 5 to 100% steam at a temperature of : ..... · . 
soo•p to 1200-·F (260 to 91o•c) for 1 to 20 hours at a 
pressure of 100 to 2500 kPa. 

35 Another method for minimizing the aromatics 
hydrogenation activity of the catalyst composition is by 

i, 
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-exposing it to a compound containing.an element selected 

from Group VA or VIA of the Periodic Table of the Elements 
. (CAS Version, 1979). :'The Vl:A .element' s~ebifi~~liy 
. contemplated_. is sulf11~ ~ whe:i;eas a si;>ecj.f i~~iy contemplated 
group VA element is nitrocJen. .. 5 

10 

... · ... Effect! ve t?atm~t.·: ~s ~c::coiaplished. by 'conta~ting the 
.. ,. . · .. ;: . ·. ·. ··. . . .· '· .. , . .. .... . .:··· . ' 

catalyst with a source of .sulfur at·a temperatiire.of 600 to 
9o~·p (316 .·to. 4ao:•c) -~·· . Th~ source-. of ,!Sulf~r can be 

.. . . . . . . : . .. : .·. .'. : . : . ··. : . . . . ,' . . . : . . =.,., · ... l . . : : . . . :.~ •' ~: • ... ,:· . 

contacted with the catalyst via a carrier.gas, typically, 
an inert gas such as hydrogf!n .. or nitrogen·~ . In this 

embe>dim~nt, the source~f ·s~lfui: i~·typic::ai1y hydrogen_ 
,._. 

sulfide. 
: · .. 1 . . :' . 

Catalyst treatment can be effected ex-situ prior to 
the process of the invent:ion or can· ·be' effected. in situ in 

15 the p~ocess react:or ei~e~_before o:r durin~·at.ieast part 

of the process. . . . . 
For exupl.e, a source of sulfu~ c::an.be co~fed with the 

hydrocarbon feedstream in.a concentz'.~1:.ion raJJginq from 50 

ppmw ~ulfur to 10, 000 .· ppmw sulfur. ; Any sulfur . compound 

20 that wtll df!COmpose to form H2S and .. a -i.i.qht hydrocarbon at 

about 900•F. (4so•c) or. less will su'.'ffice.·. TyPicai examples 

of appropriate sources of sulfur include carbon disulfide 
and al~lsulfides SU~. as methylsulfld., .. dim~thyl~Ulfide, 
dimethyldisultide; dietbyisulfide __ and dibutyl. sulfide. 

25 Sulfur treatment can be considered sufficient'(rfhen sulfur 

brec;tkthrouqh occurs: that is, when sulfur appears in the 

liquid product. 
:·~ . 

T)'Pica~ly, ~ulfur treatment .. is. i!lit:i:at:ed b~ 
·incorporating a sou;c:E.t of sul~ur· irtto··• .. #ie. feed and 

30 continuing sulfur treatJDent for a few'· days, typically, up 

to 10 days, more specifically, from orie;to.fi~e days. The 

sulfur treatJllent c:an be monitored by measurinqthe 
concentration of suifur in the pr~duc~ o£t,9as. ouring 

.s treatment, the --~ulfur concf!ntration·. in the off gas 
. ... . . ··. : . ·.. . .·. : 

uld range from 20 to 500 ppmw sulf~r-~: preferably 30 to 

ppmw. 

l .. 
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A further method for minimizinq the aromatics 
hydroqenation activity of the catalyst composition is by 

·~ .... 
' ....... . 

·t:ll• !addition ~f an ·· inac1:i ve. or less active element, such as 
art.element selected from Group IB of the Periodic.Table of 
the Elements (CAS Version, 1979) •. The IB element 
specifically contemplated is copper. 

5 

Any orie or a combination Of these in situ and/or ex 
situ methods can be employed ·for minimi'zinq the aromatics 

.· hydroqenation activity of the catalyst. It has been found 
io· that these methods minimize aromatics hydroqenation 

. activity while sustaininq.· sufficient hydroqenation of 
olefiris which avoids rapid.catalyst aq.inq. 

. . . 

Aromatics hydroqenation·activity is also controlled by 
. . 

operatinq the process under conditions of low hydroqen 
15 -partial pressure. Typically, ari appropriately low hydrogen 

·partial pressure is ·100 to 3000 kPa, preferably 700 to 2100 
kPa and hydrogen to hydrocarbon mole ratio of less than 
3.0, preferably l.O to 2.0. 

'The heavy . aromatics feed used in this process 
20 comprises · o~e or .more. aromati"c compounds ·containing at 

25 

30 

35 

'1east' 9 carbon atoms such as, e.q. trimethylben.zenes,. 
dimethylbe~zehf!s, and diethylberizenes, etc. Specific c,+ 
aromatic compounds include mesitylene (1,3,5-
trimethylbenzel'le), durene (l,2,4,S-tetramethylbenzene), 

I' ' .. ' . . 

· hem;i.mellitene '(1,2,4-trlmethylbenzene), pseudocumene 
(1,2-,4...;trimethylbenzene), 1~2-methylethylbenzene, 1,3-
methyl:ethylbt!nzene, 1, 4-methylethylbenzene, propyl­
subsiti tuted benzenes, butyl-substituted benzenes, isomers 
of dimethyl-ethylbenzeiles, etc • 

. · Suitabie ft:aeds include a c,+ refinery fractions which 
are r~ch in ·aromatics, that is contain at least so wt.' c,+ 
aromatics. Typical.refinery fractions which may be useful 

. incltid~ catalytic reformate, FCC naphtha or TC.C naphtha. 
··The feedstock employed contains benzene and/or toluene 

in addition to the c,+ compounds. The feed can also 
contain xylenes. This charqe will normally constitute 

i. 
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40t to 90 ~. more specifically 50 to 70 t, by volume of the 
enti?:e fee.d, the balance of the feed is made·up by c+ . · .• ··,: .... :'.· ... ·•·. . . . ·;.:."··;· .... , ..•.. ,.·. ·;. 9 

aromatics •. 
. ,. :.::: . .·· :· : . ' . ····:. ·. ··:, : ..... ·: -~ : : ~ 

The p~ocess .·can be ce>nduc~19,d in any appropriate 
. . . . . . .. ·. :. .. . . .. . . . . .. 

5 .. · reactor. including. a radial flow, fixed bed, cont:i.~uous down 
.. ··.· : .. : . . .. : ... . .. ·. f'.: ;, ·' ."\ ··: ... · '· ::'·' .· ·. . : ·.· .. : . . ,, . .. .... : 

10 

15 

20 

25 

flow or fluid bed reaQ'tor. 
The process is perforaeg at a temperature of 60o•p to 

11oo·F (31s•c to .. 59·o~~)., pr~terab,iy '7oo~:P."'t:~ 9so•p. (31o·c .. . ., ,, ·: ,.. . . . . .... · .... , :. ···' :.;."· ·,. 

to s1o•c) a catalyst j.nventqry of 0.5 to 4 •. o WHSV and a 

total .system ~'r~~,~~~·ofso·te> -~~~?.:~,siq. c4so to ?ooo kPa>. 
Th~ invention . w.:,i~l n()W . be ~o;• P,~rt,icula?:lY described 

with re.fere~ce to . th~ ac~Olllpanyi.ng d.X:atlinqs, in which: 
-· Fiqure 1 is ~ ~±mplif led ~cb~at:i.c ~flow diag·~~m of one 

. embodiment .. of the '-P~c:>cess of . thi~ : invl!~tion. . . . 

Fiqure 2 is ··a .plot of h~drcca~bon. ~onvf!rs.ion at 
. . . . . .~ . .. ~ ' . • • . • •': .:· ~ . • • •• • • • • . i; ·• . . 

constant pressure and hydroqen 1:~ hydrocarbon mole ratio, at 
a tem}lerature of: ~pcn~t ·12s•F (3:a5•c) ~rid _a temperature of 

: . . . . ·. ;, .. . . . . . . . ., . ~ .... . . 

about a5o•F (454.C) as a function of days on stream vs. 
. . . ;: __ .:: -·· -· .. ... . . . .. . .. 

average reactor temperature. 
Fiqure 3. is a plot.of hydroc~rpon conver~ions at 
. ' . . . : .. ' ~- ··.. .. . . . . ·. , . ' . . . ·. ·;:;> 

constant tempera-t:"7re and . p_ressu,re .. at . hyd~oql!n to , , . 
hydrocarbon mole ratios of 2:1 and 3:1 a~ a function of 

. . . . . .. . .· .· : ···. . .·:-. · .... -- .· ..... ·· . . 

days on stream vs. a.verage reactor temp~~ature. 

.··. ( 

Referring to Fiqure 1, . a c,+ ar~~ati~~ stz.-eam alonq 
. :.: . 

with toluene and hy4rogen are, introd\1-ced,;~ia line 10 to 
reactC>r 12 which ~on:t:ain!; the transalkylation catalyst of 
this invention. The .reactor is maint.a.ined under conditions 
sufficient so that benzene and .. me~hy:i_ ar~~a~ics (toluene, 

. . . . . .. ,. . . 

xylenes, trimethylb~nzenes and. tetrametj\ylb~zenel!S) 
. . ·. ·• ' . . : . : :· .. :. . : · .. 

30. approach thermodynamic :equil~brium th:r~1Jc;Jh.transalkylation 

.. 35 

reactions. The c;, to . C11 aromat~cs hC1.Vi~q .·. C2+ . alkyl group_s 
. unde7;go dealkylation to. form ii9ht··. q~s ~~d, .. bf!nzene, 

ethylbenzene and methylbenzenes whichc:e1.n u~derqo 
.; ' .·• .. : '·' 

transal]tylation J:'.eactions. 
. . :::··· . 

The conditi9~s are. maintained 
to promote the seconrjary r~actions wh;ch involve 

.' .: . 

hydrogenation of liqh~ olef~ns w:hich requce coke. The 
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. 
. . conditions are.also maintained to prevent olefins from 

taking paft· in formation of heavy ~romatics compounds tbat 
... · ·Can d.eactivclt·e · the catalyst Or procl~Ce undesiJ:clble by-

. pradut:ts. · _These results are achieved without producinq a 
5 · · · high . yield of saturated aromatics. The product of reactor 

12 is witlici±-awn via line 14 and introduced to hydroqen 
separator.16 which separates hydroqen for recycle to 
reaC:tor 12 via line 18. The feed then passes via line 20 
to astabilizersection22 which removes c,- fuel gas by 

10 

15 

···'.· 

20 

25 

30 

35 

known t'echniques. Thereafter, the product is fractionated 
-: 'into benzene, toluene and xylenes streams in fractionators 

24, 26 and 28, respectively, for separation of these 
'!Streams. Th~ remairiing product which comprises unreacted 
C,+ feed and any heavy aromatics is separated into a c, 
aromat.ics :stream 30 and a c10+ aromatics stream 29. Stream 
30 is recycled back to the reactor feed, removed from the 
process, .;'.(,r a combination ~f both" (partial recycle). The 
Cio+ aromatics stream 29 is suitable for qasoline blending . . . 

' or other, product such as sol vents. ·· 
Example 1 

This example demonstrates formation of a platinum .. · .. exchanged alumina bound.ZSM-12 catalyst~ 
65 parts of zsM~12 synthesized according to u.s. 

Patent No. 3,832,449 was mixed with 35 parts ·af LaRoche 
Versai 250 alumina on a dry basis. The mixture was dry 
mulled and formed into 1/16" (l.6mm) cylindrical 
extrudates~ The eXtrudates were dried, activated and 
c~lcined. PlatinUm. (0.1 wt.%) was exchanqed into the . ' 

eXtrudates usinq [ (NH3 ) 4pt]Cl~. The extrudates were washed, 
dried and cal~ined at 66o•F (JSO•c). The platinum 
containing calcined.extr\ldates were steamed at 9oo·F 
( 480 • C) for 4· hours. The resul tinq catalyst was desiqnated 
as catalyst A and had an alpha activity of 53 and a surface 
area of 281 m2/q. 

The catalyst was tested for its activity for 
hydrogenation of benzene to cyclohex~ne in the BHA test. 

\, 
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In this test, a gaseous mixture containinq 100:1 molar 

.. ratio C)f . hydrog!n and . benze11e was . f:J_o~~~ 'l:lq:Oµgh a .. vertical 

.. · quax1;z . ( •Vyco:r:~ : tr~c1~rk) . tub~l~~ re'~~t9~ ~ l/ 4··. i~ch ( 6 mm) 
.. - : .. . . . . .· .... ·. ; . :. ... · .. : ; .. i-. ··. . 

.··.in d~ameter and . 5 i~ch.es f12. CJI) · Jn ... l~m·~· .. · contaJ.n,ing 

.. apout 2so mq of 1:lle ·. t;:ataiys~,1, .• ~t: ·a.· hydroqen •. flC)~ .. ~·te of 
.. , : .:.. : _.,., ~~.:: ,.. . ~- . . . . ..· •.. ..:. 

200 cc/min, a total pressure of l atm. and .. tC!JDper•tures 

between 7s·F .... (24 •c:) and.3oo·F··· ClSO~~·), -~e~e~dfn~>on -~ 

·activity of: ti\ecat~i~is1;· •.. The. b~z~~·h~drocJe~t;~~n 
. . ·. . '•. . .. : : . . . . . ·' . ··~: . . . . . . ·: .. . ' . : .. . . . : . .. ,. . .. 

activity was det~rmin.~d by me.suri~g th~ ~i:J.~~Y of the 

· catalyst to. Jiyd;-?g~n~~e benzell~ i~~- t~11ns· ~-~. ~e moles of 

benzene hydrogen~ted per_mole15 of pl.ati.JiµJD:p~r.hou;r at 

ioo~c. The -~~t,lys~ had· __ a _BRA, C)f 4~~ ·~C»;l.8.15. ~nzen•/moles 

. pt/hour. · ... 

F~gure 2i~ci plot9f average r~actQ.i:- t•n\perature vs. 

days ·oil stream whiCh colllpared the ~~~~~~nc~ .. of sulf ided 
. . . .· : ... ' ·· ... :. · .. ·.... . ·,: ... :·.- ·.· ·····.;·:· : . ·.· ·;: ·. ·; .·.'. .· ... · . .· 

catalyst A at a t~erat~re of. abqut 12s•F .. (38!$ .• C::) and a 
. . .. . . ; . . . ' ' . . . . - ,: ~ .. ·. ,,. ' : . .; . 

tempe~ature of about _sso•F_(454•c). atcc;>p~~~t_pressure of 

400 psig (2860 kPa) -~nd .. }1.ydroqel'l:t~;.hyd~~¢a~}>on •ale ratio 
. . .. . . .. ... . .. ' ·. . ;· .• . 

of 4:1. The plot s~ows ·that.th~_catalyst rt!Jllained stable 

at both temperatures within ~··.··p~riod from about 10 .to 100 
.· ~ .. . .. . .. 

days. Elevating th.e temperature to 850•F (454.C) after 40 

days achieved.a greater c,+ conversion wt1:ich remained 
. ·"··.· .. - . . .. 

relatively constant for up toss .days longer. 

Exupie 2 

This example demonstrates f ormati.on of a platinum 
' ., 

impregnated al'1mina bound ZSM-12 catalyst.. . . . .... .• 

65. part~ of ZSM-12 (dry basis.) synthesized accordinq 

to tJ•.f;• Patent No. 3,832,449. we~e mix:ed in a mul)~~ with 35 

parts of LaRoche Versal 250 alumina.(dry basis) anc:l with a 

pla~in~-~ontaining solution usj,~q -com,) .pt 1ci2 •. · ·. 'l'lle 

amount .of platinum used qav.e a nominill. load~,~g of 0,.1 wt .• tt 

(dry basis). The mixtur.~ t1•s. mulled and formec:l in..to l/16" 

(1.6•) cyclindrical extrudates. The ext.~dates were 

dried, activated and calcined~ .Th~, platinwu C()~_taining 

calcined extrudates were steamed at 90().F (4so•c) for 4 

hours. The platinum loading of. the finished catal.yst wa,s 
. ~ . . . 
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0.09 wt.%. The resulting catalyst was designated as 
catalyst B. The finished catalyst had an alpha activity of 
77., • a BRA of 118 moles·. benzene/moles of pt/hour, and a· 
surface area of 280 m2/q. 

Fiqure 3 is a plot of 2'-Veraqe reactor temperature vs. 
days on stream which compares the performance of catalyst B 
at·a low hydrogen to hydrocarbon mole ratio (2:1) with the 
performance of the same catalyst at a higher hydrogen to 
hydrocarbon mole ratio (3:1). Catalyst B was steamed and 

10 sulf ided by exposing the catalyst to H2S in a concentration 
rangi·ng from between 0.05 and 4.0 wt.% in flowing hydrogen, 
as carrier, at temperatures ranging from about 6SO•F 

(-34o•c). and aoo•F (4Jo•c) until H2S was detected in the 
product gas at a level of approximately 250 ppmw. The 

15 i;>lot shows that catalyst performance is relatively st~le 
over a.period of over 100 days on stream at a relatively 
constant temperature of 750 to 11s•F (400 to 413•c). This 
plot demonstrates how a low hydrogen to hydrocarbon mole 
ratio during the start-up phase of the conversion enhances 

20 catalyst stability. 
Examples 3-4 

Thes~ examples compare the performance of catalyst A 

which was.steaUled. after addition of the metal (Example 3) 

with a catalyst made in accordance with Example 22 of u.s. 
25 .. Pat.ant No. 5, 030, 787 wbich was stea•ed prior to 

incorporation of the metal (Example 4) in transalkylating 
c,+ arol1latics and toluene. The results are reported in 
Table 1. 

·. 
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Table 1. . . .. ·. . ... 
Conversion of C,+ komatlcs and To·1uir!ne '·' ' ... 

over Steamed' catalysts ···· 

5 

Reaction conditiona 
Hydrocjenation' metal •' 

. . .. ·:.·, .... -... · 

Pressure · (psiq) 
(kPa). 

Temperature ( • F) . . ·· 
c ·c> 

.:i.o . .· wa.sv (~r-1 ). , 

H2 :Hydrocarbon' mole'· 
ratio 

composition·· ... Cvt~·%l ... 

15 c,. aromatics 

C10 ·•roniatics 
'Arom~·tic Rinq 
Retention;' mol • % · 
(loss) 

·· Examp1e·3 

St~a0aed . 

800 
(430) 

2.5 

1/1· 
.· .• .. 

;_ ... 

1••4 P~o411ct 

48•·5 10.1 

43.0 20.s 

7.8 4.3 

98.9 
(1.l) 

:· ... .. • 

unsteamed 

. 250 
(1825) 

.800 ... 
(430). 

2.6. 

.. '1/1 

':I'••~ .. Product 

.. 62.7•· .. 77.4 

30•4 11.:0 

4.8 3.1 

96.7 
(3. 3) 

20 The ·data reportecl i~ Table l show that· rinq·'rE!tention is 
_significantly better when the llydrog'enation·metal is 
steamed as in Example 3. Additionally, the steamed 
hydroqenation fl.Jnctionality of Example 3 enabled a lower C5 

. to c, aromatics feed to be converted to a product 
25 . containinq an amount of c. to c, aromatics which· was· 

comparable to the amount of c, to c, aromatics produced over 
the hiqher aromatics feed of Example 4. Moreover, although 
not reported in Table l, of the c, to c, aromatics produced 
in Example_3, 36.0 wt.% were xylenes. In contrast, of the 

30 C5 to c, aromatics produced in Example 4, only 28.6 wt.% 

were xylenes. 

·' 
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Exgples S-6 
These examples demonstrate the advantaqe of sulfidinq 

catalyst A prior to int%'oduc:tion of the feed and also 
compare the performance of the presulf ided catalyst with a 

5 pres~lf ided catalyst which is further treated by addinq 
sulfur to the feed. In both examples catalyst A was 
employed and the conditions of reaction included a 
temperature of soo•p (43o•c), pressure of 400 psiq (2860 

kPa) , WBSV of .· 2 • 5 and . hydroqen to hydrocarbon. mole ratio of 
10 4. In Example 5, sulfiding was accomplished by contactinq 

the steamed platinum exchanged ZSM-12 catalyst with about 
so cc/minute of 2% H2S.in hydroqen gas for about 40 minutes 
at ·660 9 F to 1so•p (3so·c to 4oo•c). In Example 6, the 
catalyst was further sulf ided in situ by cofeedinq 600 ppm 

15 sulfur (in the form of dibutyl sulfide) with the 
hydrocarbon feed for two hours. The results of conversion 
over these sulfided catalysts are shown below in Table 2. 

Table 2 
Conversion of c,+ Aromatics and Toluene 

20 over Steamed and Sulfur Treated Catalyst A 

Product, wt.% of Pead Bzample 5 BZampla 6 
Peed 

c,- 0 36.7 26.2 

Cs+~-- non-aroJllatics 0.4 1.3 1.0 

25 Benzene 0 4.4 6.4 

Toluene-· 56.0 19.1 24.0 

Ethylbenzenes 0.1 0.8 1.0 

Xylenes 1.8 25.2 28.0 

c,+ Aromatics 41. 7 16.2 16.0 

30 Aromatic Rinq 66.0 75.0 
Retention, wt.% . ( 44. 0) (25. 0) 
(loss) 

'• 
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As the data in Table 2 show there .. are siqnificant· 

advantages_,. particularly·· .. 1•1i the aromatic ·ring retention and 

·xylenes productioni to· cafeedinq sulfur~· 
· ,.l(Xyples ·7 .·and' a•··.. · ·. 

5 These· exampll!s 'dellonstra't;.e .·.that :a:' 'lower . aromatics 
' ' 

saturation activity of·tht!-:hydrogenatiOn'functionality can 

be established by operatinq the process ··~t · a low hydrogen 

to hydrocarbon moie ratio~ . In these :examples, ·catalyst A 

was empioyed irt ··the transalkylatioii ot a· C;+ ar6matic 

10 hydrocarbon feedstream ane:f:toluene. ·. The catalyst was not 

eXposed to sulfur treatment·. •' ·. . 

.,· .. 

'·" .· 

., 

·. 
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Table 3 
conversion of <1+ Aromatics and Toluene Under 
· · Different ·Hydrogen: Hydrocarbon Mole Ratios - .· ~ .,.. 

Example 7 Examp1e·a 

Reaction conditions 
5 ~assure, psiq (kPa) 400 (2860) 400 (2860) 

Ave • .. Temperature, •p 780 (415) 811 (433) 
C ·c> 
Time On Stream, days· 3.1 6 

Space Velocity, WHSV 2.4 2.4 
,.· 10 H2 to hydrocarbon mole 2:1 1:1 

.ratio 

Product, J'eed Product Product 
wt.% of· 
reed 

·.15 c,- -- 13.9. 4_.o 

c,+ non- .0.1. 1.0 0.1 
aromatic 

Benzene -- 7.7 10.s 

Toluene .57.0 . 29.0 34.8 

20 -Ethylbenze 0.1 1.8 1.5 
ne 

Xylenes 1.7 . 26.0 '28.6 

<1~ :~ 41.l 22.0 20.4 
Aromatics· 

.. 
< 

25 Aromatic 87.1 98.7 
::·_.···. 

Rinq (12.9) (1.3) 
Retention, 
aol % 
Closs) 

30. EX§mples 9-11 

These examples·demonstrate continuously cofeedinq 
.··.··sulfur to treat the catalyst in situ. -

In these examples a Pt/ZSM-12 catalyst was presulfided 
with about 50 cc/min 2% H2S/H2 for about 40 minutes at 660-

35 1so•p (JS0-400•c). In each example ~he reaction was 
" 
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operated at a temperature of aoo•F (43o•c), pressure of 300 

psiq (2170 k}>a), WHSV of 2.s and hydroqen to hydrocarbon 

mole ratio of 2 •. ··After about 125 hours on .. stream.-100 ppmw 

sulfur was added to·· the feed and the sulfur was 

5 continuously cofed: :tllrougll _abo~t 11C>. ho~s 'on streaa', at 

whicli·.-time the sulflU", feed was discontinued' to eval)late the 

ef·f~~t tltat conti~ij~;~--addition of sulflir'had on the 
. . . ~. '·.' ·.~ . ·. ,. .. .'·. . . . -: : 

product. Product samples·. were analyzed at · l34 ·hours on 

stream <Example 9Yat·1s8 hours ~n'st~E!~·c:Examp1e io> and 

10 at 206 hours on ·stre~ (Exampl~. 11) • ·· The' : follo:wiliq' Table 4 

reports 'the·. results of ··:p:roduct analya;is •. ,, ·. 

15 

20 

25 

30 

. 

Table4· .. ·. .. ·continuous sulfur Addition· 

.E>eample. lg 10 ·.11 

Sulfur·cofeed .. Yes Yes No 
Time on Stream, hours 134 158 ,206 

Product, wt.% of Feed ,·' 

Feed Product Product -Product 

c,- 0 6.1 6.0 7.3 

c,+ Non aromatics 0 0 0. 0.-1 

c, - c, Aromatics. 58.0 
-; 

78.l 78.0 76.6 

~+ Aromatics 42.1 16.l 16.6 16.4 

Rinq Retention, -- 97.6 97~9 .96,.1 
llOl.% (2.4) (2.1) ''.(3.9) 
(loss>. .. ., 

The data repo:rte~ in Table 4 demonstrate the ··· 

advant~qes of continuously cofeedinq sulf~r~- camparinq the 

c, to c, aromatics of Example 11 with Examples · 9 and 10, it 

is apparent that continuous1y·cofeedin9 sulfur. maintained a 

. product ~f higher. C~ to C8 . aroniat:i.cs content •.. Addi. tionally, 

in Examples 9 and 10 fewer c,- and c,+ nonaromatics (e.g. 

methylcyclopentane) farmed and" fewer. aromatics were lost. 

Furthermore, al though not reported ·-in Table 4, the ·hydrogen 

cons\lmption was siqnificantly·reduced with sulfur cofeed. 

At 134 hours on stream, with sulfur-eofeed, the hydrogen 
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consumption was 222.6 SCF/B (Example 9), at 158 hours on 
stream, with sulfur cofeed, the hydroqen consumption was 
202.1 SCF/B (Example 10). In Example ll, after the sulfur 
cofeed was discontinued, the hydroqen consumption was 312.2 

· 5 SCF/B. 
Exgple 12 

In this Example the pt/ZSM-12 catalyst A (Example 1) 
was ·comp~redwith·a Mo/zeolite beta catalyst in the 
conversion of a feed comprising 55 wtt toluene and 45 wt' 

10 c'-Cio c,aromatics. 
The beta catalyst was prepared by muller impregnation 

of a 65· wt% zeolite beta/35 wt% alumina extrudate with 
·._phosphoric acid and ammonium heptamolybdate to qive a 
catalyst containing 4.2 wt% Mo and l.7 wt% P. The activity 

15 of th~ catalyst was reduced by steaminq for lOhrs in 100% 
steam at io25•F (55o•c) to qive an alpha value of 11. 

Prior to testinq, eaC::h catalyst was pre-sulf ided with 
- . . 

a flow of S0 .. 60cc/min of 2%H2S/H2 at 100 kPa at 300-4oo•c 
for 40-60 minutes. 

20 Results obtained in processinq .the above feed, after 
about l" week on stream, at soo•F (430.C), 300 psiq (2170 

. . . . 

kPa), a hydroqen to hydrocarbon mole ratio of 2:1, and 2.5 
WHSV are shown in Table 5 below: 
;· 

Table 5 
. , 

pt/zs~-12 Mo/beta 

25 c; aromatic conversion 64.8 wt% 62.4 wt% 

··C10 aromatic conversion 44.2 wt% 26.4 wt% 

Xylene yield 31.6 wt% 29.7 wt% 

-·Benzene yield 10.6 wt% 6.5 wt% 

C,-C10 rinq loss 3.9 molt 1.3 molt 

·. 
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The Mo/beta catalyst exhibited a lowr ring loss, but 

converted less ~~c10 • ar~tics, thati the_pt,/Z~)l-12 

catalyst. 
Example 13 

. . . . . . . 
...... ,,._ 

5 :rn tnis_ !:xample th.e pt/zsx .. 12_-·catalyst 8 (Example 2) 

was compared ~ith a eu-mod.ified'•·Pt/zeC>!it.~ ·i;~ta':_c::a~lyst. in 

the conversion of afef!d.c;:c:mprising 47 wtt toluene and 53 

wtt c9-Ci0 a;omatic ble~~· 
- --

The bet2l .cataly~.t ~as p~ep~red }:)Y iJllpregn~~ion using 

10 the incipient: Wei;ness te,~~que Of a 6-5 wt% zeo:Li~ta beta/35 

wtt alumina extrudate with a 'platinum a~ copp'er salt 
.. . . 

solution to qive a _no:minal loadinq o~ o.i, -wtt J?t- and 0.033 

_- wtt. cu on: the cata:J.yst. .•. compai;-ison ~£ tjle· _J:>e,nzene -··. 
. .. • : . ·. ·: .·.· · .. ;. : . .. .< . • . .· .· .:- ·' .,; ·. :-: . .. . · ..• : ;'-. .. 

hydroqenation a~iyit:y of the c::opper-containing•catalyst 
. ' .·. ·.·.·. . . ' '. '· ..... - ·.: . . . .. ·, 

15 with an identical ca;talyst with.out coppe_r indic::ated- that 

the benzene hyd:roqe.nation .ac::tivity ti~d.. be.en.. reduced by the 

copper modificatio~. --- The BRA of th.~ c~ppe~-con~ai~lnq 

catalyst was 109 mqles ben~ene/moles Pt/hour. 

Both_ catalysts w~re P,resulfided tor _30 minutes at 
- .·. 

20 4Jo•c with a feed doped with dibutylsu:lfide •.. The r~sults 
·' . .· ·._:. ·- . ;.· .. 

obtained in pr()cessing the above fee~ at soo•p (43o•c), 300 
. . . . . . . ' . . . . ' 

psiq (2170 kPa), a hydr()gen to _hydrocarbon mole ratio of 

2: l, and 2 •. 5 WHSV are shown in Table 6 below.: 

Table 6 
•' 

. --
·.• . Pt/ZSM-12 CU/pt/beta 

_, .. -

25 c, aromatic conversion 54.7 wtt 52.9 wtt 

C10 aromatic conversion 53.3 wtt·· 43.-7 wtt 

xylene yield 36.l wtt 35-.3 wtt 

Benzene yield 6.3 wt% 4.1-Wtt 

c,-C10 ring• loss -- 2.1 mol% s.6 mol·% 

i, 
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·CLAIMS: . . \ \ll\111 \Ill~ Ill!\ Ill~ II 1\11 
... c 

1. A process for convertinq C,+ aromatic hydrocarbons 
to liqhter aromatic products comprisinq.the step.of 
contactinq a feed comprisinq the·c,+ aromatic ,hydrocarbons, 
benzene and/or toluene with a catalyst composition 
comprising a zeolite havinq a constraint Index of o.s to 3 

' ' 

· and a hydroqenation component to produce a product 
. . . ·, .. 

comprisinq xylenes, wherein the catalyst composition havinq 
the hydroqenation component is treated to reduce its 
·aromatic hydroqenation · act! vi ty. 

2. A process as claimed in claim 1 in which the 
catalyst composition is treated by steaminq. 

3. A process as claimed in claim 2 in which the 
steaming step is effected under conditions includinq an 

· · · ablC>alphe~e · 't,f · s to lOOt steam and a temperature of soo to 
12oo·F (260 to 6so•c). 

4. A process.as claimed in claim 1 in which the 
cataly.t composition is treated with a source of sulfur or 
nitrogen • 

. · -'s. A process as claimed in claim 1 in which the 
catalyst composition is treated with a source of a Group IB 
element. 

6. A process as claimed in claim 5 in which the Group 
IB element is copper. 

7. A process as claimed in any preceding claim in 
which the contacting step is conducted under a hydrogen 
partial pressure of 100 to 3000 kPa. 

•. 
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\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ ''" * C L M S 

a. A·prccess as claimed in any precedinq claim in 
which the zeclite is selected from zeclite b.a1;a, ,ZSM-12 and 

·-

MCM...;22. 

9. A precess, as ~iaimed :i.n a~Y ~rece4inq ,claim in in 
~hiCh- -the -hydrcqellaticn qcmporie~t: .i.~" ~ -~~t.~i c:se:i.9~ed from 
Gratip VxII cf the Periodic Table ~t":'the ~:J.~nts. 

. . -· . . . . . . '' '·· ;· 

1(). A precess as cia;med in c~aim 9.in which the 
hydrcqenaticn cc~p.onerit is a ncbl:e. Jlt!-t.ai. 

11. . A process as ~laimed in claiia lO i~ ;_~hich the 
: :>.: . ..: . ·:·.: .. 

notile metal is platinum. 

·.. ,. '·'· .·.· . . 

12. A precess as claimed in, claim' .10 in-· which the 
zeclite is zsM:-12 and the ncble.metal.·i~·~latin..U.:~ 

13. A precess as ciaim~d in claim_9-in )fhic!l.the 
zeoii-t.e is zeciit~ beta and the bydr9qenaticn c()JDp_~nent is 
molybdenum. 

14. A precess as claimed in any precedinq claim in 
which the benzene and/er tciuerie repres.!.nts ·- ~.t leas;t about 

. . . .. · . .' .. ·.· . .. -.. 

40 % to about 90 % by volume cf the total f~ed15to~k. 

: •, 


