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-1- ?m HEAVY AROMATI CS PROCESSI NG PCT/US96/018185
Fnvention relates to a process for convertiJdy. a f eedst ock contal ni ng
heavy aromatics, specifically, Cerr]+ aromatics, to lighter aromatic
product s, specifically xyl enes. 5 Para-xylene I's an inportant
by- product of petroleum: - refining because it. is used in significant
quantities for t he nanufacknmvrohnoxngmbshnhoczssuﬂmwh|ch i s reacted
W th pol yol s such as ethyl ene glycol in the manufacture of =

pol yesters. 10 The maj or source of para-xylene is catalytic

ref or mat e -whi cThis pnveatédnbre&axﬁmgtpear@nanessutnmaconvert;dgogen

- and contact | noed dgsBhEk EEnblhifo>Heddy aramabiUOUALL R debygr ogepation

catal yst such as pla acl di ¢ “suppor
hal ogen treat edrg@atigsuntaalighter aromadig prodnGQQHrqpeenzigally

fractionis s iéﬁég fromthe reformate, extracted with a sol yvent
sel ective for a(onatlcs or .aliphatics to separate these two kinds of
conpounds Sand BF§3U8¥18nﬁ|}§uﬁ@¢¥mﬂﬂﬂﬁﬂ£ﬁ¢?¥ﬂﬂﬁﬂﬂﬁﬁk ofi patroleun

rela}:vely 50 ref%ﬁﬁngfbébaﬁﬁéth&ﬁlshﬁmﬁa'ﬂﬂ< ﬁ!id&ﬁﬂaﬁainﬁﬂﬁFesn?Er
usual I y cont ai enze ol uene . and xyl.enes Wi e
benzene. . the BARNARCERFEP %@3&&%@@%@ L8 raRctaaguith
hi gh tenper at L_pelyolesrrsucnchsngtnmbnmtdlqoolem the idnuefadtureadbgnat i cs
and may be'usggb%g? gre BTX in a simlar manner’.

Concentrat ed ractlons are also provided by .- severe cracking
over sucﬂobatalystsThe B8PS source of pagmmanlsine i catalybicorveforfihte.

??ansalkylgfrgﬁﬁ%?ﬁs Fiﬁagggégt ﬂ%5$d%#§kﬁﬁ%fuhﬁgnﬁﬁ%ﬁgeélthn ¥B§893P
val ue as .fuel, a%ﬂchBFEQ dngokhe E@Hﬁﬂﬁ? Vith(ﬁﬂﬁﬁﬂQﬂgm)catalysts The
stability and ﬁyaﬁseéhxkabhyaenydrdaﬁﬁaaadﬁ1&@ﬁ§1§§¥ﬂsﬁéhtE%apiatzhbhﬁon
reaction is th a moderately acidic support such as a halogen treated
15 alumina. - :
: Usually, a Cs to C, fractlon is separated from.the
o reformate, extracted WIth a solvent selective for aromatics
- or aliphatics to separate these two klnds_of compounds and
S produce a'mixture of aromatic compounds which is relatively
20 free of allphatics. Thls mixture of aromatic ‘compounds
usually contalns benzene, toluene and xylenes (BTX) along
with ethyl benzene.
quulds from extremely severe thermal cracking, e.g.
'hiqh temperature steam cracklng of naphtha are also rich in
25 aromatlcs and may be used to prepare BTX in a szmllar
| manner.
. concentrated aromatlc fractions are also prov1ded by
severe cracking over such catalysts as ZSM-S and by
_ - conversion of methanol over ZSM-5.
30 - Refineries have focused on the productlon of xylenes
| by transalkylatlon of Co+ aromatics, whlch would normally
only be of value as fuel, and toluene, over zeolite
contalnxng catalysts. The stablllty and transalkylation
selectivity of zeolite beta for this reaction is the
35 subject of several recent publicatidns. See Das et al.
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35  sulVeds24%68several recent publ i catigns. See Das et aT WO -

96/ 24568 PCT/ US96/ 01818 -
- 2- " "Transal kyl ati on and Di sproportionati on of Toluene and err]
Aromati cs over Zeolite Beta" 23 Catal yst Letters pp. 161- 168 (1994);
Das et al. "Zeolite Beta Catalyzed Cerr] and ([err] Aromatics

- Transfornmatjgn' t 21T B f -p@],ugﬁe7anal 4) and
Wang et al. J"B nsaé?:gﬁfﬁ% |§§aﬁ of r% 'F(‘)I:Iil?enne and o] £| meth (i ene and
Thei r Tr ansatématicsn oveay ZE@thﬂeeagélaa t g

pages 2005- gne%o(g;%%@ s Das et al. ﬁ%dnwlaaua mmlsyz‘edf ay amwdﬂ:,m ng

xyl enes fro on:fracti ,ons, _cor aromatics

have bagnmatmso@@@nafqrmt&afbnt 136 ﬁ%& éiﬁiﬂréﬁ% ﬂt

4, 380, 6585 dk&hi %&e gqr_aygsqllm)vami kyﬂaigcmt al.  transal kyI ation or
a

dlsproportlonatlon 0 substi tuted. aro t
m xture of BPABRFOPOFEIAR afé' &f?rp g‘fgé@g cg?‘i’%/‘??% zeolite ’

- characteri zQﬁeJ_r Transalkyns ﬂia:mtovezdezeqﬁitetBBtQ"ana9a19§I-| &8Gal uni na

nmole - ratio o t Ieast #c?#%sn é&ﬁ, c(aigfgd)st havi-tig i*ncorporated -

t her eon _var FBER. or us Dur.i ng..t-he .deal kyl ati on
reactjons that, nmmﬁldnalm pMnyhePE%%iQQOKY&Fnﬁ?a\F}y% omat i cs

to xylgpes, - bygrechs %Aﬁpﬁ]ﬂ%f&{ﬁ%ﬂfémﬁé néhhé‘tﬂﬁﬂﬁédoa&mlﬁiws’ have

reacti r.mati-on coke. whi ch rap tivates
t he catal ysbeetﬂdifsm rib| theypakent teraturﬁrodhc{:"s \ﬁﬁta?q:t “al so -

contri bute hoag%t %é?td% losk cine Aﬁhsemcﬁﬂvéoamkyﬂ-atiw.w ng the
probl.em posed efins.formtio

.enc
sat ur-ati on. trans%’@j’eﬁﬁ! |% %‘F%P°€€%‘H 3 ﬁ‘a ngmgu%%eqktyéc\e/\%d{]
saturat e ol giroma Al dﬁxﬁp@iﬁd ok epiov i i armanﬂuhevefbddnlkyleRMor at ed

: into the catal stsi}%& gl ar:ba/q] rrp%og%gglpggh 39.?01'3%@ &a%émaéea

 pressuk®s o FOMBFRRARI TR X v hydT oCarbon =~ = “nofe’ T atios. have been
proposed topy & dorestatint Indemtoﬁnl to 1&ndn€a§aﬁyé-t1¢§g J.na mole

U.S. Patent NQ.',J, P &e Qéécié’ffs 'E‘h@reﬁﬁﬁiysﬁrhhb&ng incorporated
thereon varzous metals and phosphorus.
Durlng the dealkylatlon reactions that, typlcally,
20 accompany the converslon of heavy aromatics to xylenes,
" olefins are formed which tend to undergo secondary

';reactions resultlng in the formation of coke which rapldly
deactlvates the catalyst ‘and of und351rable aromatic by-

“ products which can also contribute to catalyst

25 deactlvation. One approach for solv1ng the problem posed by
| oleflns formatlon has been to encourage “olefin saturatzon.

' Hydrogenatxon metals, such as platlnum, ‘are known to
‘saturate oleflns and prevent coke formation and have been
lncorporated 1nto the catalysts. Simzlarly, employlng high -

30 hydrogen partial pressures or h1gh hydrogen ‘to hydrocarbon
mole ratios have been proposed to mlnlmlze olefln ‘formation
and catalyst aglng. '

u.s. Patent No. 5, 030 787 dlscloses a process for the
:'hvapor-phase conver51on of a feedstock contalnlng at least
35 one C,+ aromat:.c compound to a product conta:.nlng .' ._



vapor - phase conversion of a f eedstock containing at least 35 one (err]+

aromatic c%ggound to a product containing WO 96/ 24568

PCT/ US96/ 0 - 3- PCT/gS6MB18,|
quantities of Cerr] to Clerr] conpounds, e™8T benzene and xyl enes.
The conversion occurs over a catalyst which contains a zeolite having
a Constraint Index of-1te 3, ., = e.g. zeolites MCM 22, ZSM 12 and zeolite
beta. Steam 5 treatnent of the zeolite is proposed see Col . 9, | i nes 66-
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st eam tr eat menangdr mexnsr.ncdﬂmrcnn\(ersﬁon occubs ayerogecatadystethictsee
Exanpl es 20-220048aing a zedd¥86'ha J{}g‘q %eﬁ: s@i‘QiREeEfk&*aﬁno(forip‘i{oe%ts and
not on 0

hi gh hydrogen partlal pressures reduces o rfat i on
and catal yst agefg Beolites MﬂMﬂi&ﬁ;Eﬁﬂt#%Ianﬂ zeolite bpsaar oftEan

conpounds g esutieReneht! V¥ _>en°é Sadiitdeis pr?gsééaabgfe' c8llL e, A1 Fe-

products -such as benzene; uene and nes nalnta|n|ng

hi gh hydrogen.68. & qmpoam;om CITIN ¢w.)aereagw€edr m&é
are cost | ynt ehw@yeacitﬁrce Sfhpked Gf nthé\ndgbcseéueé the zeolﬂﬁéSfmt

t t t th ' t
The I nventi on PEBIRFReRda Fhe SERaR TSR ERERLPFIAG 8 LACBTPPFAN AT
hydrocarbons t thiei hlydro ganuumon:metalmtsee ExamphessBﬂgzthe step of
tact f-eed h
contact| 2 e oBbield, Wi L I0F nyarRERLS Bo KRBEHIRI ari e
a 25 Cbnstrahmﬂrbsumkpa&ﬂiditpressutba.nqtrogknarednceSWPdnﬁﬂn to
produce a prody¢gima®iR Sindd 0 SOl AWEAG, BubB1s0 préRbeks batliiydd O

havi ng the hydrogenati on canmponen to're romati c
hydr ogenat i on @&t taex yaromatic compornds t Be§ulting| dncdownviedds afe shef

the invention aﬁsirhll!ﬂ'eud.q_%r&e&eqré&@fds NSréateest atht asN$hzeind), 5 t0
3. T]t? msi:ogue e \Aamdcr;:y er}fésr .al rllglslcr:] ,d eéa'lﬁtgﬂuﬁg‘ Qeﬂ,_gi hydrogen to
hydrocarbon mole ratio requires large reactors. which are
~ costly to manufacture and maintain. ohject of the
'present invention is to obv1ate or alleviate these
o __disadvantages.
20 ' The invention is directed to a process for converting
'j;cg+ aromatic hydrocarbons to lighter aromatic products
','fcompr1s1ng the step of contacting a feed comprising the C,+
aromatic hydrocarbons, benzene and/or toluene with a
catalyst compos1tion comprising a zeolite hav1ng a
__25_ _chstraint Index of 0.5 to 3 and a_hydrogenation component
7 to produce a product comprising xylenes, wherein the
' catalyst composition having the hydrogenation component is
treated to reduce its aromatic hydrogenation act1v1ty.

_ : The catalyst employed 1n the process of the invention
30 in¢ludes a ‘zeolite hav1ng a Constraint Index of 0.5 to 3.
The method by which Constraint Index is determined is

"described fully in U.S. Patent No. 4, 016,218.
J Suitable zeolites for use 1n the process of the
- 1nvention include MCM-22, ZSM-12 and Beta. ZSM-12 is more
'35  particularly described in U.S. Patent No. 3,832,449 and has
a Constraint Index of 2.3 (316°C). geolite Beta is more



descri bed™OR624568n U. S. Patent No. 4,016, 218. Sui PERUSIGRIBIS.t s

for use in the process of the |nvent|0ﬁ' I ncl ude MCM 22, ZSM 12 and
Beta. ZSM 12 is nore 35 particularly described in U S. Patent No:
3,832,449 and has a Constraint Index of 2.3 (316[err]C). Zeolite Beta
is nore WD 96/ 24568 '
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oy chae  4Ad ihactixs ARGy (Phd CelhEbtil of “pakbiaily hdtiidrtne

| nactive mat aeoa.litemlasabiellsaeamnicnmteviabat snl::hzas o:llaarsarmunt of

conver st on st sl ek LRk as Sfadialh

means or corﬁrml ng
the rate of Péa@tllt&?-r ﬂﬂfét;@llY °m§¥¥ﬁgs°ﬁa§‘nb5hﬁn€9moi°§t gelatinous

it ocpracpasares deiuts o bunli bseisebio, s e s
oper at i 4y coﬂ?fi’- S, Usﬁwé’ e‘?%l%ﬁgla EPB?Q""E*P ith thezeolite

function as kagdayst],ori téle_ cilsd v6d tnéi-ewstﬁeerr pbesent duiring’ dtigle a
oot "Lyl £ LA (T PEEURE P ica11§OUBRIVE]' ndYP crldnde’
the converSion and/or selectivity of the catalyst.
Inactive materials suitably serve as diluents to control
20 the amount of converSion so that transalkylated products
can be obtained economically and orderly without employing
other means for controlling the rate of reaction. These
'_materials may be incorporated into naturally occurring
clays, e.g. bentonite and kaolin to improve the crush
25 strength of the catalyst under commercial alkylation
operating conditions.' The materials, i e. clays, oxides,
etc. function as binders for ‘the catalyst.: it is desirable
.'to prOVide a catalyst having good crush strength because in
commercial use, it is desirable to prevent the catalyst
30 from breaking down into powder-like materials. These clay
. binders have been employed normally only for the purpose of
.improVing the crush strength of the catalyst._ '
Naturally occurring clays which can be composited with
the zeolite catalyst herein include the montmorillonite and
35 ~kaolin family, which families include the subbentonites,

_and the kaolins commonly known as Dixie, McNamee, Georgia




30 fron1break|ng down into powder-1i ke materials. These clay"

bi ndérs hawg fgageg ! oyed normally only for the purpose of PCT/USOBMigYI ng'
the crush strength of the catal yst. -5« Naturally occurring clays

whi ch can be conposited with the zeolite catalyst herein include the
montnorillonite and 35 kaolin famly, which famlies include the
subbentonites, . . .. and the. kaol i ns connnnly known as Di xi e, MNanee,
Georgi a ' andDEXﬁﬁMESSGIays or others in which the main mineral
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clays or othe?gqﬁ$%ﬁye¥F %ﬁ ha11°¥$lteélka°1ln§8§§tl Iﬂ%é%%%5|$%
kaol inite, di sraMXitecrisechrclays canuket usedsuohtheammstane @Bd in.
the ra“’Stateofiglnal 'ﬁﬂﬁ@ﬁ'¥r”1ﬂfﬁiﬂll¥nsﬁbgbkteapQhﬁﬁkﬂ idation

calcination, . 5:.7 aci reat nent .or chemc cati on ers usefu

for conpoditi H&i\ﬂ tﬂre@amem% er sehemicadcmpddfdgatdon. (Bind ers YRRl v

alumna. ' for cdmpésﬁtingnwiﬁhtEéoiQtégﬁlﬂﬁ E&E&hd%l%ndi@&ﬁ%ﬁ”éﬁfﬁes,
catal yst can be gqgg a porous matrix material 10 such as an
t

i nor gani ¢ oxi @ +Eﬁnthe gr oup consi sting of silica, alunina,

tzuh rCO”} a, tlh t ani a, :I_IrhCHclldiitlorIx toetye! faregaangsma:e&ﬁdwm‘mwtzé&nte _
ereof suc silica-alunina nesi a, 2|r on

silica- ?%&ﬁgsgl??%}ﬁe?m?ﬁiégﬁl Vgﬁg? Rﬁrr&u&s Cteﬁ’fiﬁ]y 15
conposi tl@ns sudn s san i inorganicaokhdei seleclteda-farloumthe group zirconia,
S nca-al i NeHaIAfy 0F SIALER; "RIGRINE, zircoflinCOWikandd WHoM2? DO

advant ageous to prOV| r €goi NG ratT
material's in HexYdildka fmnqmesza.sandscpvbiaetupnst@heneqﬁyanchﬁashe bound

catal yst 20 e@yﬂaaual&ﬁina, sxlica-maaﬁesihatsiﬁ dm%yrédﬂﬁi(ﬁsfi{F%y
di vided crystalline naterla and Qrganic oxide matri x vary sy
with the tbﬂe«aan shhicarberviiia, fﬁaﬁsarslgsnaér asnvedl
more usug$ |y, ceRigdsit féhy s\ﬂeﬂ aéesimﬂaasalﬁmh.hapt%&ﬁ%q %5.1idal-éilﬁniﬂam
of beads, in thelra .e'oflfl ? g s g 9353 theE@gﬂ%ﬁﬁ%te The
zeolite is enfroyEd: CARBI ML PARRARNRSIA), ht  such
as a netal _ zirconia. It may also be advantageous to prov1de at least
' .a“part:of the foregoing matrix materials in colloidal form
so as to faczlitate extrusion of the bound catalyst
20 component(s)
The relatlve proportions of flnely d1v1ded crystalllne
_ material and 1norgan1c ox;de matrxx vary w1dely, with the
' crystal content rangxng from 1 to 95 percent by weight and
.  more usually, partlcularly when the comp051te is prepared
25 in the form of beads, in the ‘range of 2 to 80 we1ght
] percent of the comp051te. The zeolite is employed in
"hcomblnatlon w1th a hydrogenatlon component such as a metal
h;selected from Group VIII of the Periodic Table of the
‘Elements (CAS ver51on, 1979) Spec1f1c examples of useful
30 _hydrogenatlon materials are xron, ruthenzum, osmium,
' nickel, cobalt, rhodium, irldlum, or a noble metal such as
platinum. )
The amount of the hydrogenatlon component is selected
_ according to a balance between hydrogenatlon ‘activity and
35 Jcatalytic functionallty. Less of the hydrogenatlon
component is requlred when the most active metals such as
platinum are used as compared to molybdenum which does not




sel ect eav@oeraseBoup Vi1 of the Periodic Tabl e of t he P(E’g%mtlgm('CAé
version, 1979). Specific exanples of usetdr 30 hydr ogenation material s

are iron, ruthenium osm um ~ nickel, cobalt, rhodium iridium or a
nobl e metal such as pl ati num The amount of the
hydrogenati on conponent is selected according to a bal ance between

hydr ogenation activity_and 35 h
hydr ogenat i BRSSess c?b%ﬁ‘o srong; hy, gﬁﬂﬁgég%v% c%#\%t*yacsléégiﬁgt&g 's%?uech

“as  pl aéaﬁa[yatemm mq:am 10 m’ybmﬁem&x BeB8 5 WO
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possess suc“t§tr8ﬁgtﬂ?dm&ﬂ%ﬁq o&tco[mgonen%ener al:| gatal yst
contains 0.01 toThe \uyd%bogamdtﬁqblmm"é can be_____g\%%:rgpr fed into "

hydogegltl Oghcog%gaﬁfy 1tiﬂ€b y&sn@eﬁtapnisaﬁmenenammd
I ncor ate s[th St . osi-tkon by cg-cr 11 .
exchagged intoi rbhc tompasiole y ?‘gept?ﬁt@?eﬂ%/gﬁ EPO%S&?‘I Pl(%e&%nt
e.g., alum gug {,{iﬁnSti#C{ﬁ”&elmﬁﬁted lmpregnated thenamecbmvlth
the zeolite amd’ the I nor gani ¢ oxi de - ogal n be .

i npr egnat edmixedowish the 3e01ite. $ Qﬁc‘ﬁnggg exarrpEP jtsﬁe case of
_ p: ati num béﬁ%e@dmﬁbnent ade Beoimpnegmated i?-l! oronnoom rﬁ

p ati num et . contai n| i'on. r’rwj
i mpr egh@t i n§ucke Qﬁat%ﬂﬁ/sﬁm L] %lﬁ%% #uaE BB'he"{m‘ﬁor opl ?tﬁﬁnlﬁgi%m d,
pl ati nous c e Izﬁﬁ:ﬁ& Vﬁtma séluttonpoontaioéngaﬁn WM% ne

I h gs . ' Af t

Croat ment  WERRGRHARA aﬁ%**%%ﬁ’%%ﬂ“‘% toipelings for . Al Lot

COprOSI teis
usual 'y dri am;iz;emmg the catalyst with plagipum,  of :150 t 0

320 F Q f &Exd yaxaug 110 C
CELELY | SRl ELALD sty glabiiodd chlortud sh sesteng 101

than abSut 2oupaunds contahg;.ggf platin}.}? git}gpsndmgi%g{él%tychg lcglngﬂ]e g
in a stream as, such as air or nitrogen at tenperatures of 500
Lerr]F to 1%?‘5 ?gtei 2ok ertt 9:1@1195:?: h?hﬁo@en%éi%r?%ﬂf&i{fon, the
catalyst composite 15 usually dr:Led by heat:.ng' the catalyst
'.at a temperature of 150 to 320° F (65 to 160 C) ’ preferably
20 from 230°F to 290 F (110 c to 143 C) for at least about 1
~minute and. generally not longer than about 24 ‘hours.
.".I.‘hereafter, the catalyst compos:.te :.s calc:.ned in a stream
of dary gas, such as air or n:.trogen at temperatures of 500
" «F to 1200°F (260°C to 649°C) for 1 ‘to 20 hours.
25 | :Calca.nat:l.on is preferably conducted at pressures rang:.ng

D)

The catalyst compos;tzon 1s treated to reduce 1ts
aromatics hydroqenatlon act1v1ty, w1thout substant1ally
y :1nhibiting its olefzn saturatlon activity which prevents
30 formation of the desxrable products.___
Aromatlcs loss over ‘the treated catalyst composxtlon
:.of this 1nvent10n is substantlally lower than the aromatlcs
loss sustained over the untreated catalyst.“y ﬂ |
The actlvxty of the catalyst composltlon for aromatlcs
“35. 'r1ng loss relatlve to the entlre amount of aromat1cs 1n the
feed, ls an effectlve way to evaluate the aromatics



25° Chléination is preferably conducted at pressures ranging ~  from 15

to 30 psia (WO06/243g8 kPa) . - The catal yst conposition js treated to
reduce its aromatics hydrogenation actiaity, w thout su ?QHF?‘Q‘?V
inhibiting its olefin saturation activity which prevents 30 formati on of

t he desirabl e products. Aromatics | oss over the treated catal yst
conposition - of this invention is substantially |ower than the
aromatics .. dugggs sust ai ned. over the untreated catalyst The .
activity of th ogenationpaetivity’ of &he s relati

to the entire g t gésaignfghé\otb y g %}t&g I's andg?#gif i 95%5 XFS
eval uate the aronatics #noisggle %. However, ring losses of

PCT/ US96/ 01818 1@ss than 10 mole %, speclflcally, 1léss than 5 mole
hydrogenati on gy ta ar.omat i cs %g Fyen
ve dpedleion 9 ixg% o+2a8°3; mb1e” 3" are mpmencanies o

Is less*thgn L nole Fbmever
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mle % are acleMsilis£ detérmifedcds B&ngég"#%f ﬁ‘é%&;ﬁiég“

the feed. Rin | oss: is determn u3|n

conparing %ht%m&P%fa’é‘Pmi‘F%smnthﬁefeeédwxinthhtﬂeﬁﬁuﬁt& oF

aromatics in thrqmatics in the produd#& benzene hydrogenation activity

test (BHA test) can al so sed. to determne catalytic activity for

hydrogenatlon of be né’ th*é%%ﬁ@ﬁ ?£L$t5¢§iuigvo&est (BHA it YO o

aromati cs q’lydréé-mtheamsed)a&oldét/em:w ciﬁ’ilytlc aBYIR9RSS £y Lhe i nstant
used-to determ ne

t ]
the act ivity of iaeSeenaiiol of Henaeng &3 cvdlvhexane P toria e gaoa

test die ... iBeicatex) aflanenatide ngmatza'ﬁecgﬁébﬁ.ﬁ. ttg‘ %vg@.fﬁ;

d bed #he Skt tndfoF
4egzr9| 325 [ n Up&pagthg;tlpow deess"a A %%nvex?éfoxb ﬁexn%nmapeeenam test
terms of nDIes ﬁen§¥Ré léé:R?edlﬁRﬂdﬁﬁﬂnnlnnlﬁhmcactﬁﬁht?thohbbTé

100[efr] G5 Afmetalr catalysts. THeditiil i s, % 45 BB Eea hag 2 B
Lﬁ:ﬁ tzga” soo’déggrlbed b%&%‘werl%bl elisicsan}plaens.llo 'I.'herm gIFIA test J.prel o
. | _ also
descrlhed in u.s. Patent Nos. 5,188,996; 4,952,543;
4, 837 397 and 4, 849 385. This test provides a rate of
. benzene hydrogenation in terms of moles benzene/moles
“:29 hydrogenation functlonality/hour at 100°C. After treatment
the catalyst of the 1nventlon has a BHA less than. 500, and
preferably less than 400, most preferably less than 20.
| The extent and methods of treatment of the catalyst
. 1ncluding the hydrogenatzon functlonality for mlnzmlzxng
25 loss of aromatlcs may vary depending upon the catalyst
compos;tlon and its method of manufacture, e.g. the method
of 1ncorporat1ng the hydrogenatlon functionality.
| _ Typlcally, steam treatment of the catalyst composition
. is employed as an effective method for m1n1m1z1ng the
30 aromatics hydrogenation activity of the catalyst
chompos1tion._In the steamlng process the catalyst is,
usually, contacted with 5 to 100% steam at a ‘temperature of
;500 F to 1200 F (260 to 910°C) for 1l 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



The extentwgr?gur%%ods of treatnent of th'e_g;atal yst mc?rlg?gr%m?,f?

hydrogenation functionality for mnimzing 25 | oss of aromatics nmay vary
dependi ng upon the catal yst conposition and its method of nmanufacture,
e.g. the nethod of incorporating the hydrogenation functionality.

Typically, steamtreatnment of the catal yst conposition I's enpl oyed as

an effective digsdein Oi.tntB' gl ébﬂgohha ontadmiiig 0P dMElavensélested
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Ver si-on, 1979?3118th#th anm-lI‘Gpe@l‘ff ﬁ@:ld-lﬂu}' at a &mmm o€ 600f tio,

whereas a spegagépay &xsceats zed The sdudéih Wb LEIMEF édn bé' 00eN.

Ef fective treatnent 1S acco icont.acti-ng the- ~cat al %{st wWth a

source of sulgentagted: Eh‘p’bngb&r 635\31866" via a cagm;l[q;; r??s( Jeypically,
480[ err h@) - a'Ehelﬁeyfceaef sﬁahf ae Byardgen or Gitirmsgetl WiM thpscat al yst

via a .carrier gas,,typica ran Linert as.sch.as dro n or
nitrogen. | imdht 'eﬁﬂédﬁﬁﬂﬁ'?e Pﬁesé‘&tﬁ"%e 2geny

hydr ogen smltfidde - Catal yst treat ment can be effect ed ex-situ
prior to the (o] ention, ks in 15
DT boess rous FRREREF FebiEmeBE Bab R il LISHHEY BR15 Yo'
process. the pchessxeﬁ'pthe anveuﬂ:aomfozsma‘mrbetaeftﬁcwmu gsitu ine

hydr OCaggaO” f&?&'}%&é&é#”r&a&%ﬁf&%ﬁ&% 5%3% ¥ fdﬁ&‘ﬁn'iflat led éi:'-l:f ur

to 10,0 ppnw- s ur - conpoun deconpos
form H2S and Qflt@%tpmdﬂséar bon at . about 900[err] F (480[err] C).. or

less will suffice. Foiyakﬁﬁpléxaﬂpséﬁrce of sulfur can be co—fed with the
hydrocarhon feedstream in a concentration ranglng from 50
. 'ppmw sulfur to 10 000 ppmw sulfur.: Any sulfur compound
20' that w:.ll decompose to form H,s and a lJ.ght hydrocarbon at
| about 900° F (480 C) or less w111 suffzce. Typxcal examples
~of approprlate sources of sulfur 1nc1ude carbon dzsulfide
and alkylsulfldes such as methylsulfide, dimethylsulfide,
_dlmethyldxsulfide, diethylsulfide and dzbutyl sulfide.
25 Sulfur treatment can be conszdered sufflclent when sulfur
| breakthrough oCcurs. that is, when sulfur appears in the
11qu1d product. _
Typlcally, sulfur treatment 1s 1n1t1ated by
o flncorporating a source of sulfur 1nto the feed and
30 __contznuing sulfur treatment for a few days, typically, up
to 10 days, more specifically, from one to five days.: The
sulfur treatment can be monltored by measurlng the
concentratlon of sulfur in the product off gas._ During
s treatment, the sulfur concentrat1on in the off gas
uld range: from 20 to 500 ppmw sulfur, preferably 30 to

Ppmw.




of appropriate sourbes of sulfur include carbon disulfide and

al kylsulfid s net hyl sul fide, dinethylsulfide,

di met hyl di sﬁﬁﬁéﬁg"‘gr ethylsul fide and dibutylg_sul fide. 25  SUIFOr ooiom
treatment can be considered sufficient when sul fur breakthrough
occurs; that is, when sulfur appears in the l'iquid product.
Typically, sulfur treatnment is initiated by . incorporating a. source of
sul fur into the feed and 30 continuing sulfur treatnent for a few days,
typically, up 20 fafktifess  meEHod Speti fnnﬁahﬁmntgr wm-duaﬁios days.

The sul fu eat nent. can be, nD i tore r|n
concentration éﬁdﬁﬂ r#%P?rﬂFEﬁ%ﬁ °Sf£h§a§ gompositigp is by
treatment, thetHé fadditiiore ot odn oimaotﬁhe off lgss act:.ve elehemtgesidcivnas

20 to 500 ppmw i dyiiye i & S8t da 3PrbR Group IBPBthhe_Perlog%éﬁ¥égf68

PCT/ US96/ 01818 : _ R
further neﬁhodﬂhg'EiementsrwplaeVersﬁanLc1979). h{rtveodEn &liemertct i vity of

t he catal yst cggggygiéglii;éaht "1Lh daqg bg e f an inactive or |ess
suc ect

active el enent rfom Group |I-B of the
Periodic Tabl e of @ny tone menenc@m\:mstﬁ@nspsnthe»g)m sitm |and/ eneex

specifically C@ﬁ%@&ﬁhs Sca‘ﬁ’pﬂ@remﬁloyed forAmi.anﬁ rn%a YD Fethd P’

these in situ- sit ods can mnimzi ng

n
the aromatics By e Wt?‘é wiEY\PEy the Fﬁ&aQ-XF&'-I-ystIt hes Heeen found
found 10 1ot hattuahesmésé hesthodsi iintmizeraronativer qumatmn

BRI IR TR T BT T e
al so controlle@lgtins whxnheavugdshrapmdceataayseragmmgi|ons of |ow
oAt Lo pressure | & ARSAEEdR yvafaBenRkibn, AR IBARIP UL RS0 | b £E by
hydrogen to hy@@ﬁ§£ﬂ1n9rtheapE@¢essfunds: cbadit1onseof Jowefhydidgen. 0 to
. 0. 15 partial pressure. Typlcally, an 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 1.0 to 2.0. | |
" The heavy aromatics feed used in this process
20 comprlses one or ‘more aromatic compounds contalnlng at
least 9 carbon atoms such as, e. g. trlmethylhenzenes,_
_dimethylbenzenes, and ‘diethylbenzenes, etc. Specific C,+
* aromatic compounds include mesitylene (1, 3 5~
trlmethylbenzene), durene {1,2,4 S-tetramethylbenzene),
25 _'hemlmellltene (1, 2 4-tr1methy1benzene), pseudocunmene
o '(1 2 4-tr1methy1benzene), 1, 2-methylethylbenzene, 1,3~
methylethylbenzene, 1, 4-methy1ethylbenzene, propyl-'
suhstltuted benzenes, butyl—substxtuted benzenes, isomers
" of dlmethyl-ethylhenzenes, ‘etc. -
30 ' Su1tab1e feeds include a c;+ refinery fractions which
are r1ch in aromatlcs, that is contain at least 80 wt.$% C,+
N aromatics. Typlcal refinery fractions whxch may be useful
.'1nclude catalytlc reformate, FCe naphtha or TCC naphtha.
The feedstock employed contains benzene and/or toluene
35  in addition to the c¢+ compounds. The feed can also
contain xylenes. This charge will pormally constitute



The heavvogfmﬂ cs feed used in thi's prgﬁess 20 conpri seg’gﬁ%"%?“m)re

aromati ¢ conpounds cont ai ni ng at | east 9 carbon atons such as, e.g.-
tri net hyl benzenes, di net hyl benzenes, and di-et hyl benzenes, " etc.
Specific CJerr]+ aromati ¢ conpounds include nesitylene (1,3, 5-

trimethyl benzene), durene (1, 2,4,5-tetranethyl benzene), 25 heni nel i tene

(1,2, 4-tri nggpyEbesgege) moe-ize'éiféeifﬁ'&n 5d lod?. 70 1€) "By Wb PEHECBP) the

1, 2- nethyleth benzene 1 Iethylbenzene
1, 4- net hy| ifirentend, shepgﬂalance_ 1Fhe thaedi iR Magdeup by G+
butyI substaﬁmiagnzenes | soners of d| met hyl - et hyI benzenes etc. 30

Sui t abl'e feeds ipclude-a Cerr}

¥ _refine ct'i ons arerlchln
aromatics, that TRe-BRPSPAS LG ¢ ‘{h{% Jé?rﬂnly appr%?ﬁhﬁf'?'cs Typi cal
refi nesy frmacwn thcthding be maafau flow, ifictedidbad) atontint6hs’ 4BiA.

FCC napht hag.0r - The feedsirock enpl oyed contains
benzene an?ﬁ]gw %ugﬂgj'éSgedl ﬁegﬁ:ﬁ’i 'on. t:0:.t-he. Cerr] + compounds. The feed

can al so cdThe pro;cesseis pe]‘:iﬁdrmsdaraje a/\nttempmraturg oﬁneootnt to
WO 96/ 2456
-10- . %.1000%[3130c%tom5)r9g sgémpﬁecfaﬁzl'ahlgo 700...- B #ﬁé vol &?r%o F t he

entire feed‘-ﬁ tHE0 1Q) adccatrlyst ﬂ-@é’@ﬂf@%&f 1235:)}'—‘!:[43@ ]WHSV andramat i cs.
The prgCesseam bﬁyﬁeéﬂugrﬂgsh%ea% wwrzoﬁoe psig (L5 7666 "Redf. 2
Tur d ed

radi al flow fixe ont:knuyeus -down " f1:ow Qr - reac
The process is pERoiREention Widlenow be ammqaerm jqularly desquibedr|F

(315[ err] Cuittb%beerbhte tbetheabboomirﬂd: drasinfery LR difehe ] C
to 510[err] Q) ‘a- taI Zsi i, nventoryaf_: Od[S Q 4:-Q A \i da 10 - total
syst &m pr essure 1808 . ﬁépé ol vivivg ow dlagram|pt one
i nvention vamhodﬁ:ment onreheaprocelw qu d:eﬂ(slibméntion.vm th reference to
t he ‘aggonpanyin ns | nplified
scherr%?l c . flow %%‘?ﬁé Of. i%ng or* %:(Lagrg’r%%éefss&o ét hi s

i nventi on. ckhstant px—'egaueezahd hyplmgeu wmmhmm@leumm at

const ant p@%’%ﬂ%ef‘i‘éu?&%f%ﬁoh% b&@'@cggsﬁg'g(?}g'a%d &l 1Qalp eratu@e of

terrperature of about 725Lerrl:F (385[ err] erature o
~ about 850 54°C) as a function of days on stream vs.
average reactor temperature. '

20 Figure 3 is a plot of hydrocarbon conver51ons at
constant temperature and pressure at hydrogen to e -
hydrocarbon mole ratios of 2:1 and 3 1 as a function of

- days on stream vs. average reactor temperature. N
Referring to Figure 1, a c;+ aromatics stream along

25 w1th toluene and hydrogen are 1ntroduced v1a line 10 to
reactor 12 which contains the transalkylation catalyst of
this invention. The reactor is maintained under conditions
sufficient s0 that benzene and methyl aromatics (toluene,

. XYlenes, trimethylbenzenes and tetramethylbenzenes)

30 . 'approach thermodynamic equilibrium through transalkylation
reactions. The C, to . C;,; aromatics havzng C{+ alkyl groups

'-undergo dealkylation to form light gas and benzene,_
~ ethylbenzene and methylhenzenes which can undergo
1.transalkylation reactions.” The conditions are. maintained
'*{;;S_g to promote the secondary reactions which 1nvolve
o hydrogenation of light olefins which reduce coke. The

B



about 850F (454[err] C) as a function of days on streamyvs. aver age
reactor ternpooghiisg 20 Figure 3 is a plot of hydrocarbon
conversions at constant tenperature anqﬁﬁressure at hydr BgEHS601818
hydrocarbon nole ratios of 2:1 and 3:1 as a‘tunction of days on stream
VS. average reactor tenperature. Referring to Figure 1, a (CJerr]+
aromatics streamalong 25 . with toluene and hydrogen are_ introduced via
line 10 to . . reactor 12 which contains the transal kyl ation catal yst of

this inventi orcond.bt:.onecaﬁfe aisﬁﬁmatﬂit’éﬁ%éd‘% yf Jgeflns %Uf ficient

so t hat benze %# .ar %ITBII t ol uene :
trimet hyl benzenes aﬂd ra Hﬂ“ﬁ&'}?&n hegavy mmﬁ I‘mmpdslndm that

equilibriumt mmgﬁeactmvatEythEI catalystf *SHuce %{s[ % b?Ler r]
aromatics” haV|§%ﬁgf£1+ %5 i‘ ~_undergo dea atron to tor
| i ght gas_and benzene é?hgﬁﬁgﬁr En 8T8 qgéﬁg\ﬂ ditdiqut \preducing a
under go S high aY-'i@ldt ofnsaturakceds aromat ix¥di muw%ﬁ&é@lgfa*gggtg;

to pronote thQ§eI§)n@If.gu fg@ﬁt{,ggsav\#gl cI14 1y (a v.e édrogen;ltzl.ggneg

i ght ol efins which. reduce coke
PCT/ US96/ 0181 §€parator 16 whhght separatesamdmyeﬁ Tore oyl & VEHt

‘ol efins from reactoi-aﬁ ng,_g j_i &nqgor 0 aromati cs coppounds
t hat - deact Ry he cat éPys?%%)‘rb %r oguc & PESSEH Eayline 20

product s. Thé. 3 LAk Ja?%raeﬁe‘é%ea mtwbaphpmmwesgcg- fﬁelhgglg Hyel d

of satur¥®@ed immntltechni]' #! od to Wi ayn via
T S o ey

line 14 and- | o_ hyd
hydr ogen for recycl eeqf%éne, t°f‘g%%?o?n§2xvi1&nﬁﬁn§txemna fﬁmtt:hmamses
via line 20 24, 26 andt2) Ire@ectWeDy,Zgoyngggagsﬁg S o ¥Hdge f UEl 0as

by 10 knowsta@ au duct is Tractiona %d
i nt o benzene, toI uene a?]lg.1 xyrl. ene gﬁ%eﬁﬁgé e Vﬁ&?PoﬁSPBF&ses unreactsd and
28, respectivErt feed 3ndapny beavy wrmmmtics 1§t§g§§ﬁated'hfnﬁ3n§| Bi ng

product Mhi chacomariizes’ Méﬁgg@ r d an heavy
aromatics is §8par ated into a axrd a €[$ bkona2itsBerdan 15 Stream
o recycled back to the reactor feed, removed from the

process, ‘or a combination of both (partial recycle) The
. cm+ aromatics stream 29 is sultable for gasoline blending
| _.or other product such as solvents.’
20 t Example 1 .
' This example demonstrates formation of a platinum
exchanged alumina bound ZSM-12 catalyst. , '
| _ 65 parts of ZSM-lz synthesized accordlng to U.Ss.
'Patent No. 3,832,449 was mixed with 35 parts of LaRoche
%S_T.Versal 250 alumlna on a dry basis. The mixture’ was dry
h mulled and formed 1nto 1/16" (1.6mm) cy11ndr1cal
' extrudates. The extrudates were dried, actlvated and
calczned._ Plat1num (0. 1 wt %) was exchanged 1nto the
o extrudates using [(NHQ,PtJCI,. The extrudates were washed,
30 | drled and calcined at 660°F (350 C). The platlnum
o h containlng calcined extrudates were steamed at 900°F
" (480° C) for 4 hours. The resultlng catalyst was de51gnated |
as catalyst A and had an alpha actlvxty of 53 and a surface
area of 281 nﬁ/g.
35 The catalyst was tested for its activity for
hydrogenation of benzene to-cyclohexane in the BHA test.




15 - ar oMQ96&2456% ream 30 and a Clerr] + arggatlcs stream 29. Crgssslolsm

30 is recycled back to the reactor feed ved fromthe . process, ot.
a conbination of both (partial recycle). The Clerr]+ aromatics
stream 29 is suitable for gasoline bl ending or other. product such as
sol vents. 20 Exarrpl e 1 Thi s exanpl e
denonstr at es for m,albﬁgng ZSM 12
catal yst. gﬁggpa?t §L‘§%’b§§|r\}lf§tsynt heS| zed ac (L)%b(jl rﬁ ;S;

Patent No. ¥#6Po4df hydrogendand: bepzens wasy£f g V@rgﬁ iggl

al umi na on aSie e iy ABEIE incheqei am)
1/16" (1. enfﬁ‘g%é?? i §E"’f’; B g%&cﬁ?gﬂd%ﬁg getru"t'gsws% di | Sd

activated anth diameteri apd S m&% CP)Wt"’% SRE- s RN $0AE," ¢ he
extrudaiges ‘%ﬁ&‘ﬂt[ 684! gg(r)]ak[ ﬁ-,@ Edtgl[y@tr] at Emydsltoqmtﬁowerateaolfed 30

~dried. and ‘cal’cl ned at [errfE:(350[err] € ai ni ng

' p
cal ci ned eth%a?Eéﬂﬁoneas.. 'le"a 2o (48 errf&f FEQ'Q hours.
The resul ti rgegaéahyqsﬂpaqzde@)gmtde(ioo F GESQ:&G)G.I mpmdnughan hea| pha

activity of, 53 f e - ea ; The '
cat al yst wasa‘FEgYSHYfB t?"?&@ttlai% fo(r)lthez:- 3 rogeﬁdrggem?iggnzene to
cycl ohexane aatibetwatseaetemmemweumng the ability of the

PCT/ US96/ 01818,

test, aseﬁﬁgaaﬁy?ﬁj?:g 83:?[1' enatel(}" grzens arn teﬁm’sr a?Fotlgfe ﬁotl.&st lgnfs and
benzene was bénzeret hydrgigenated |R%ﬂ' moles pfRIatingm per; hg

" tubul ar reac re /4.5,4th '?Bt had dm;ﬁ;a@ftﬂ4 am@léslbehzeney&ollés in
| engt h, cont %Iaél ng re:bout 250 ng of “the'catalyst,  at a hydrogen fl ow

rate -of PRgBomx-nin, .a total pressure of 1.atm-and..tenperatures
bet ween 75[err]F (4 ]2C),_Earwlp’mﬁiesf]aréﬁ@éereé@ordtenpemg:m e

activity of the cat: enzene: h :
det er ni¥ed bFaNSa S ﬁ#&'%‘&b’r ’t'%‘g %ggr?%a?a: 1 rfo F? (:)%fei\r%t%e

benzene in tgaFal1gist ke am@stexiperatu:beamﬁnebwur'bgéhﬁt éasgemmm% f
pl ati num per houreraétt__u-]:.e ofl()aq;‘%{]&o ;h&ggtéi yg{ EéﬁseaBHApQ-fes%é‘rt&ﬁS

benzene/ ol e§
400 ps:.g (2860 kPa) and hydrogen to hydrocarbon mole ratio

of 4:1. The plot shows ‘that the catalyst remained stable
'20  at both temperatures within a period from ahout 10 to 100
days. Elevating the temperature to 850°F (454 C) after 40
days achieved a greater Cg+ converszon which remained
.-relatively constant for up to 55 days longer.”.,
25 o This example demonstrates formation of a platinum
'impregnated alumina pound zsu-lz catalyst. N
| 65 parts of zsn-1z (dry bas1s) synthesized according
to U.S. Patent No. 3,832, 449 were mixed in a muller with 35
.parts of LaRoche versal 250 alumina (dry hasis) and with a
. 30 platinum-containing solution using [(NHQ,Pt]Cl,.; The
o amount of platinum used gave a nominal loading of 0.1 wt.%
(dry bas1s) The mixture was mulled and formed into 1/16"
(l 6mm) cyclindrical extrudates. The extrudates were
,_'.drled, activated and ca1c1ned. The platinum containing
HﬁS; 'calcined extrudates were steamed at 900 F (480 C) for 4
hours. The platinum loading of the finished catalyst was




Pt/ hour .’ Fi gure 2 is a plot of average reactor terrperat'ure VS.

15 “days whi ch conpared the performance of sulfide
cat al yst Ao‘gﬁ%bggﬁ;)erature of about 725[er_5_]3E (385[err] QO angcﬁ"’s""“m

tenperature of about 850[err]F (454[err]C) at constant pressure of

400 psig (2860 kPa) and hydrogen to hydrocarbon nole ratio of 4:1.
The pl ot shows that the catal yst remai ned stable 20 at both tenperatures
within a period fromabout 10 to 100 ~ days. Elevating the tenperature

to 850[err]F (§>6be4tl 9. affny rHdulting EataBpst S¥&godeseghatetl o] +
conver si on whi ch r(imal ned relatively cqnstant for ug to 55 days _
| onger. catalyst B. The finished g%ﬁ]lés*é an alphp, §°§3§#ﬁ?e of

dem)lnst rates foyyaai “°565a.pf°ﬁ lﬂ.laa]tcni ﬂgﬁ f;,‘(z;ﬁép?@w_ )t@ﬂ p%”ﬁbﬁg . bawad agSM 12
catal yst'. - e arts - ry basis) synthesized according
to U S. 'Pat_ent%.fa__?%éééﬂggl\%ﬁgzm 480 in a nuller with 35 parts of
LaRoche V& sal 250 Figurea 3 dsy bgdict) cfhaverdge Séactpratemperature wsglg
sol ution usingsL{NHL err o T ' ) of. gpl.ati

used gave a no%L gl L’ F‘ogh.'yﬁ%%wc? \[ﬁg@‘res h&(ed r%’ﬁ’éﬁé?@?a&e%% %W%
nul | ed and forabdai Aoy hydogen to (ydregarhonimelectatiet (3dd)evithTiche
extrudat es wer: innaﬁlf' | \infell Sh | Deda 1 -3 Rl -

cont ai ni ng 35ﬁer§§ Cl ned(?egjxft ?"g{fat es were s%ﬁeﬂea? %%gﬁgr?r ?gaﬁ%f'efﬁ O .
for 4 hob¥drocaxbaon maleFatdai (3 - t HeatahyskeB wasaFfeamads and
WO 96/ 2458  sulfided by exposing the catalyst t&H/SI/H1Sdfcentration

catalyst B TREDGLAS AR REHVRRN (bbb A hed XEr S £§ SoWing’ Rydrpasm,
of 118..npl es baszeaghimres aff ténperaturexl rangingssrémcabouta6s0 “F0 .
hys o st ream LRI AL BAT A FHELE 3. SR Hletrbeatiy &gl
hydrogen to hypreduackogasolat ratlevel2.df approximately pEOf ppmce The he
same §§§ Ast plot SHAA Jhall WRIYAL perfUFhenaebel FRhECITRLY lable
: over a period of over 100 days on stream at a relatively
constant temperature of 750 to 775°F (400 to 413°C). This
plot demonstrates how a low hydrogen to hydrdcarbon mole
-+ ratio during the start-up phase of the conversion enhances
20 catalyst stability. . . | '
E S 3-4
N ‘These examples compare the performance of catalyst A
which was steamed after addition of the metal (Example 3)
with a catalyst made in accordance with Example 22 of U.S.
25. . Pa'l:__e_:'ﬁt_ No. 5,030,787 which was steaméd prior to
incorporation of the metal (Exa'mple. 4) in _trarisalkylating
C,+ aromatics and toluene. The results are reported in
Table 1. | |



10 SU|Y,I c?"&'%“ exposing the catalyst tQ 42Sin a concentrg{’lucs)?\mmls

rangi ng from betvveen 0.05 and 4.0 wt.%in tlowi ng hydrogen, as
carrier, at tenperatures ranging from about 650[err]F (340[err] C and "’
800F (430[err]C) until H2S was detected in the product gas at a |evel
of approximately 250 ppmw. The 15 pl ot shows that catal yst performance
Is relatively stable over a peri od of over 100 days on streamat a
relatively v cyme . e

413[ err] C) | This .. pI ot dennnstrat!ahmev\a.a Iow hydrogen to hydr oca bon
mol e hti 0 duri nGonversient oﬁpCphaknonatios andv!oiueneenhances 10

cat al' yst’ Stbl lity. ' Over: Steamed Catalyer_pI es: '3-4-

These exanpy es conpare-the perforna Ce of caat al yst A e W0 h was seamed
after addlt“"‘ oftbig ) :

Y _‘ b bt 7A = fade Q

accor dance §j d@g@ml@mﬁgﬁs 25 Patent No 5 030, 787 - whi ch vva
st eaned priPr to . TNCOTpouTarT .o o tie netar E?Canpl R EmE {
transalkyl o ﬂwgrogenaqzm n_e‘%#bnat i csStaamed| uene | Tﬁéslt@;ﬂ!ﬂ% are |
reported irg Table 1., 7 WD 96/ 24568 : |
' PCT/ Us96/ 01fpFPFessure (psig) . . . ~ ... . Table. 250 |
Conver si.on n Jerr}+ m}at ics. and ToI (l%'?'féo) : (1325) Ovdr
St eaned Catfp Exanpl e 3" - Exanplje 4
React i on h‘\épp atuye (% drogenatlonagg&g SoSt eamadsgg O
Unsteamed § - Pressure( . Q0. .. .. ( 0250 _ }
(kPa) : Qy, o (182 ) Terrperatu [err] F)
800 0 .___-WHSV( 1L T 2ls - ([err] ©) 2 el (30)
(430)" | H,.Hydrocarbon mole R 1/1 R R U | |

' composition (wt. %) E.o.ed._ Product | Feed | Product "

15 "'c, aromatics ~ - 143.0[20.5 |30.4  |11.0
| 'cu, aromat:.cs R "7 a 4.3  |a.8  |3.1

‘| Aromatic Ring  |<- |9e8.s |--"" |96.7

x Retention, mol. % | - ‘| (1.1) o 1 (363)

{ (loss) ' o

20 The data ‘reported in Table 1 show that ring retention is
' s:.gm.f:.cantly better when the hydrogenat:.on metal is
steamed as in Example 3. Add:l.tlonally, the steamed
hydrogenat:.on funct:.onal:l.ty of Example 3 enabled a lower Cs
" to Ce aromat:l.cs feed to be converted to a product
25 containing an amount of Cs to C, aromatics which was
comparable to the amount of C, to G, aromatics produced over
the higher aromatics feed of Example 4. Moreover, although
not reported in Table 1, of the C, to C, aromatics produced
in Example 3, 36.0 wt.% were xylenes. In contrast, of the
30 Cs to C, aromatics produced in Example 4, only 28.6 wt.%
L were Xxylenes.



10 - WHSV (hr[err]) 2.5 . 2.6

H2: Hydr ocar, /1. - 1/1 . ratio

Conposi ti orﬁgw Feed Product Feed Pigduct d er rfcm’a‘@rlﬂs
Aromati cs 48.5 70.1 '62.7 77.4 15 Cerr] aromatics

20.5 30.4 11.0 Clerr] aromatics 7.8 4.3 4.8
3.1 Aromatic Ring _ -- 98.9 -- 96. 7 Ret ent i on,
mol. % (1.0 0 (3.3) (I 0SS) 20 The dat a
reported in Table 1 show that ring ret | kSs-g . Significantly better
when the hydrogenation netal is anple 3. Additionally,
the steaned hy%ﬁa@?‘éﬂpﬂ»eﬁcm&ﬁrﬁﬁﬁ they Asvantage pEdsul fiddng
Jerr] 10 ddtdIys€ AMBEi6E tecdntTdauctavedLEHL fedd Oﬁlﬂﬁtaféo

cont ai ni ng an anmount - err err]_aromatics Whl

conparable to ?W%umeoPeE{fQWF Gfethe prask %"sdﬁﬁ o%t%ﬁyﬁyevith a
t he hi ghes ar pwesubficed aatsaml %hich Myemmhezalﬁm by aaaing

reported in T r] r aro tlcs

Exanpl e 3, 368%1%‘}3/0% g“?y% &%g?%h st% Cﬁe‘?’?f to
([ err] aronat iemployedcandi thExa:npkieltionmqu aﬁga‘cwor%:mcludedeaxyl enes.
WO 96/ 24568

Exanpl es 5-6 ‘I:e_l_np___eraturlzle_l gg 8?8n€| e(éw(?enadstpr%ss{%/%*gsgéggéﬁgf (2860

sul fiding kRa) ol WBSV Ar0fr Ref and hydratger die dfydrncixhon andlel vatio of

cat Bl yat Toh 2?{2%?&%3@%%2; gL idiR vl Aoyt {dhéa By cBhEabELhgCC

bot h exanpl es & ed\R atlnume@q %CF SMrd .z srkalyss witheabousn

i ncl uded a 50 cc/m.nute of 2% H,S in hydrogen gas for about 40 minutes
at ‘660°F to 750° F (350 C to 400°C). In Example 6, the
catalyst was further sulfided in situ by cofeeding 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 Feed Example 5 | Example 6
Feed |
C,— (] 36.7 26.2
' 1cg+; non-aromatics | 0.4 1.3 1.0
25 ’taénzene | | 0 4.4 6.4
Toluene- _ 56.0 19.1 24.0
‘Ethylbenzenes 0.1 0.8 1.0
vienes 1.8 25.2 28.0
C,+ Aromatics 41.7 _ 16.2 16.0
30 Aromatic Ring 66.0 75.0
Retention, wt.% (44.0) (25.0)




t enper at WOS6BA56800[ err] F (430[err] O, f%sure of 400 psi SC{@@%‘)IB!S --
kPa), WHSV of 2.5 and hydrogen to hydrocdrbon nole ratio of 10 . In
Exanpl e 5, sul fiding was acconplished by contacting t he steaned _
pl ati num exchanged ZSM 12 catal yst "wi th about * 50 cc/mnute of 2% H2S
in hydrogen gas for about 40 m nutes at 660[err]F to 750F (350ferr]C
to 400[err]C. In Exarrple 6, the catal yst was further sulfided in

situ by cof eedi ng SUQ PARLD in b6 &1 EnbRCehEEd Qredulyhilessuil de) with

t he hydr ocar' on ours. _The results. 9_ conver si,on
over these 3gvantagesi amtc%}%r%mom theodrematis) £ing retention and

Table 2 -gy s prodlet SoR) €6 éaﬂééch:tnér stmtues and- Tol uene 20
Over Steane and Sulfur Treated Catal \ .groduct, wt. % of Feed

Exanpl e 5 Example 6 =~ = Feed "0 36.7

26.2. 5 - C[e”}l‘hesélcékﬁﬂ@él&émoﬁsﬁrate that3a ‘lower atomatics Benzene
0 .

24 0 e EPﬁ’%?z‘E’h eg:t::l.vity 0°€ Eﬁ hycl*t;agenai:i.¢::1'15%ﬁgﬂﬁt:mnaljj%yfl San

1.8 BE 2stablisiéd Gy operﬂ:énq] thér protess at - a low hydrogeri6. 2

a0 CTdrodillibn mole yatig; 1n ffiels syampllst catalyB oIon

PCT/ US96/ 01988 employed in ‘the Atransalikylatiomapfea) Cshodrematicar e
si gni f{&£ant o F: he: on
and 16 PXnes %tl on, sﬁé%% gegl {rigl‘é‘gnb %&”&h‘t&l”y‘s@ well it

Exanpl es 7 epmosesi to Suhﬂé%etéﬁﬁﬁﬁPEE denonstrate that a Iovver aromati cs
saturation activity of -the hydrogenation- -functionality:can. - be
estab1"i_s_hed by oper.ati ng t__h___g process at a y qw___:hydr ogen ... . .-




to hydrocarbon nole ratio.

in the traqﬁg

and t ol uene.

In these exanpl es, Catalyst A
%ﬁlation of a (Jerr]+ aromatic 10 hydr ocar bon
atal yst was not exg&§gg to sulfur tre

was enpl oyed

St ream
peTEispois

WD 96/ 24568 PCT/ US96/ 01818

-17- Table 3 Conver si on
of CJerr]+ Aromatics and Tol uene Under Dfferent .

Hydr ogen: Hydr ocarbon Ml e Ratios. : Exampl e
7 Exanple 8 ' Reactlon Condltlons 5 Pressure, psig (kPa)

400 (2860) ' : @ : ot *

Tlne Cn'Streanl days

811 (433) Tabld 3 8!
Vel ocity, WHSV Conversion of C,£. KrdpaticsHasdr Folaehsdup@bon nol
2:1 . R & 'Diffferent - Hydradjer : Hydrdeirbon Mole Ratieduct
Pr oduct 0 WY O IS Laerrj- 13
4.0 d erjl+—nan- ’IE“ample 7 0 1 Exammrﬁit [ C
Benzene - Reaction éoﬂﬁﬂ@iqns o ©10.8" Tol uene 57.0
29.0 A8 U CUITY T UCTIZT \p [C " p e o
ne _ﬁy|e;-§ressuzsi7psig (kPa) 26.0 | 400 (2860)28.6 | 400 (2860)
Cerr]+ | oF 2
Aromatics 25 | AX@;&wera@ur}e, : 78972(I49‘5) _ 8%'@'8.(7"33)
i Time On Strean, days*I | 3.1
| | Space Velocity, WHSV | 2.4 2.4
10 | H, to hydrocarbon mole 2:1 1:1
|.ratio ' -
| Product, | Feed. Product Product
jWE.% of '
I 1 Feed
- 15, Cy= - 13.9 . 4.0
" | cs+ non- 0.1 1.0 0.2
| aromatic
| Benzene | -- 7.7 10.8 - i
: | Toluene | 57.0 29.0 34.8
20 -Ethylhenze 1o.1 1.8 1.5
o | ne ' _
1 Xylenes 1.7 | 26.0 28.6
! Gyt 1, a1 22.0 20.4 I
Aromatics’ '
25 |} Aromatic 87.1 98.7
7 | Ring R (12.9) (1.3)
Ratention, o .
mol % )
{(loss)
30 .  Examples 9-11
- These examples demonstrate contlnuously cofeedlng
sulfur to treat the catalyst in situ. -
In these examples a Pt/ZSM-12 catalyst was presulfided
with about 50 cc/min 2% H,S/H, for about 40 minutes at 660-
35

750°F (350-400°C).

In each example the reaction was



Ring  WO96724568 (12.9) (1. 3) Ret DSTIUSIE0ISI8 o) .

Exanpl es 9-11 These exanpl es d'em)nst rate continuously cof eeding
sulfur to treat the catalyst in situ. - In these exanples a '
Pt/ ZSM 12 catal yst was presul fided wi th about 50 cc/mn 2% H2S/ H2 for
about 40 m nutes at 660- 35 750[err] F (350-400[err]C). In each exanple

the reactio
ture of 800°F 430 o4 r
e Least 6 1@%@%&«1 a0 2 Yettpiature ( ), pressure °§[ 300

t enper at ur ePEAISAGATO kP43 WHSY 195 27 e%‘%%rtéyﬁ"%% to hyggpfae: kPa) ,
WHSV of 2.5mane Radied¥E 0. hxfitmardissut 125 rwdwrs abhostieam . 140t gpmbout

S o s Bl e M, e e n st D A0S el R GaB oo PO e
whi cht igre tbant!ihiwuél%ﬁd:dm ehm::mgh raksotxt orwahuars ohestreamgf fadct t hat

erc analy ik Fad A W AR Pled ae atadbittihed ERORALAD R

OUI’ S on

st ream (Exaewtfecm)umti ddhtim:om&dﬂnbommgtmhﬁuﬁhaﬁpm the The
FObI OW,19 TRicBube. AR SddiIEULS SatypdNCaLANB) Robrs on

Table 4 nuous t1.0on EX
9 stm'eam (Emgla 9) Ak 11R8 @ﬂ!@'@ﬂ on stream- (Exampg.g 10) ang]es
NO l Ti g’E %GSH&?EB dg?tg'@ream (Exdmpfle 11) 158'1‘he foli%mg Tabileduct ,
.% of Fe Pr oduct roduc Product .7 (err]-
o . reports 63!# ‘results ;,of pro tyfgraljlar f'i.. aromatics - 0 0
0 1 20 S e .
_ _ Table 4
_ COntz.nuous Sulfur Addit:.on
_ |l Example . o - 9 B Y T T
.15 Sulfur Cofeed - - |Yes - |Yes -~ |wo
Time on Stream, hours {134 {1s8 | 206 |
nProduct, wt.$ of Feed R |
| Feed Product | Product | Product
I ce+ Non aromatics |0 . o ... }lo  ]o.a
20. .} c, - c, Aromatics. |58.0 78.1 . | 78.0 76.6
| C,+ Aromatics 42.1 16.1 | 16.6 16.4
R:I.ng netent:.on, - 97.6 |97.9 © 196.1
- (2.4) | (2.1) 3.9

25 ~The data reported in Table 4 demonstrate the a _
advantages of contznuously cofeed:.ng sulfur. cOmpar:Lng the
C; to C, aromatics of Example 11 with Examples ‘9 and 10, it
is apparent that cont:muously ‘cofeeding sulfur malntaz.ned a
.' 'product of h:l.gher c, to Cs ‘aromatics content. Add:.t:.onally,
30 in Examples 9 and 10 fever C,- and C,+ nonaromatics (e.g.
| methylcyclopentane) formed and fewer aromatics were lost.
Furthermore, although not reported ‘in Table 4, the hydrogen
consumption was significantly reduced with sulfur cofeed.
‘At 134 hours on stream, with sulfur cofeed, the hydrogen



Cerr]+ Aroratics

42.1 16.1 16. 6 16. 4 Ri ng
Ret enti on, 97.6 97.9 96. 1 nol .
(2.4) 0135"*'5"“’(3 9) 25 The datg reported in Tabll’gréps”m1818

advant ages of contindously cof eedi ng sul fur.
Clerr] to (Jerr] aromatics of Exanple 11 with Exanples 9
I s apparent. that continuously cofeeding sul fur. maintained a

dennnstrate t he
Conmparing the
and 10, it

product of higher CJerr] to Clerr] aromatics content. Addi ti onal ly, 30 in
Exanpl es 9 an wﬁ rr] ] I €54
met hyl cycl openf’am’é’}n g %fmr%r%lf}oérmrl CS %egrrg} ?t ﬁ,s% rxﬁu-:?r re,

al t hough not F&EeRmad W-'lrl'-lil' aaulefur Qﬁﬁﬁﬂdrb@enhydrOQGBngamm was |
signi ficantlygpadyces %ﬁéﬁﬂ le %9#%45%%1&1&% ha¢tarOtnd ¥ Bup th

sul fur cofeed, the hy
PCT/ US96/ 0181g0feed was disccntznued, the hydrogex_ggconsumptlorbm,ﬁizoz,

was 222. %SCFQEW@garrpI e 9), at 158 hours on 'stream w th sul fur

cof eed, the "hydrogen consunption was . . 20&. 1 SCF/ B (Exanple 10). In
== ont i nued, the hydrogen

Exanpl e 11, after the sulfur cofe
consunption was 312 this $nple the Pt/zsSM-D2t bata tphte) (tﬂmis:icfsi\&
et at al yst

catal yst A (E Wpl eng%azoeq g@%&%ﬁp ﬁglg‘gteaf%tgg?é A) 10

t he conv

I n

Clerr]
[ npr egnaj 4 on

phosphoric acid

'cs

-C[err] camm:sm of a feed ddmpbisingaSsl wti ma.uptmandi 48 wek | er
' Ogr%m ii‘@s% zeolite beta/35 w % al um na extrudate with
d-amoni-umhept anol ybdate to give a

cat al yst

contai ning 4.2 w %The heta catalyst was prepared by mﬁﬂmm@qﬁialas

reduced by stg@nanGgd %al%&ﬁh

gi ve an al pha val ue of

pre-sul fided.

15

%MF/

35 wekCaTulinAleXerudatle Wit ¢

rpor totestin
Mphcrlc acJ.d and ammonium heptamoly date to giv

each cat alg/st was

catalyst ccntauung 4.2 wtt Mo and 1.7 wt% P. The activity

| of the catalyst was reduced by steanung for 10hrs in 100%
steam ‘at 1025°F (550°C) to give an alpha value of 17.
Prior to testlng ’ each catalyst was pre-sulfided with
a flow of 50-60cc/min of 2%H,S/H, at 100 kPa at 300-400°C
_ _fcr_ 40-60 minutes.
' 20 ' Results obtained in processing the above feed, after
' about 1 week on stream, at 800°F (430 C), 300 psig (2170
kpPa), a hydrcgen to hydrocarhon mole ratio of 2: 1, and 2.5
- WHSV are shown in Table 5 below:
Table S
Pt/ZSM-lZ | Mo/beta
25 | C, aromatic conversion 64 8 wtg 3 62.4 wt%
1-c,, aromatic conversion 44.2 wts 26.4 wtg
| Xylene yield 31.6 wtt - 29.7 wtt
| Benzene yield 10.6 wts 6.5 wtd
rir 3.9 mol% _ : 1.3 molt




a flow wodses@dcc/ min of 2%{err]S/ Herr] at 100 kPa at 38GTH5OFRINS

for 40-60 m nutes. 20 Results o *hed in processing the above feed,.
after . . about 1 week on stream at 800[err]F (430[err]C), "300 psig (2170
kPa), a hydrogen to hydrocarbon nole ratio of 2:1, and 2.5 VHSV are
shown in Table 5 bel ow Table 5

Pt/ ZSM 12 ' I\/b/beta 25 e aronpLic_c rsi 5 W %
62. 4 Wt % Thee Moy &ﬁ. ‘%%ﬁ’%lﬂfge‘l’ a JOUF, pihg 1“?6.2’ %

Xyl ene yIEbdnverted less c;-cﬁld&oﬂdbics, than the 2Bt/Z28M%d2 Benzene
yield - . 10.6 wm'% = - S B85 W% o derr]-derr]
ring | oss catalyst. 3 g oy 1.3 mol% - WD 96/24568
PCT/U896/01818 . Exgmplg_11~ -20- . . _— The

Mo/ beta catal 5 b |
ol et o2t 2l VoMl thd € 4 pggnse E“m?“‘cg”‘m“e%
Exanpl ¢ 13ws compaxied twiith Examp-moqli]ﬁie@/ Ptipesl E&t §pyet catedysh in 0)

was conpar gg wga?. a,gio (Bf'£d££%éZé@h?i‘isﬁﬁéa4vawit>’tbl&ene anid' &3

conversi on 0O nmprisin %.tol uené and 53 wt %
Clerr]-C ewth Q’Uﬁﬁt aropadiie blend. . The beta catal yst was prepared by

| mpregnation us Jgé t&&amglﬁag ﬁ@épg@&dt byhumpnregnfataoﬁﬁ ugihgeolite
bet a/ 35 - w % al um-: na ‘ext r-udat e-

| gt
sol ut}®n t &hgi M%Mﬁ%éfe?"b%ﬁﬁ ng® a"bq?!eafg i ngg]n?gg g%&qtes%vé%?/als on
the catal yges aQeiiiaid occmiddte vitheacplatinupdandecopper ®altity of the

- Copper - cont a' NN at[ alé’ls\;e 1a5_ noﬂﬂglaﬂoaqg.ﬂbj 8@' Ocﬁt WtPﬁMéﬁH)Lﬁ aPPper

i ndi cat ed
. wt% Cu on the catalyst. Compar:Lson of the benzene

_ 'hydrogenation actlvity of the copper-containing catalyst
15 with an 1dent1ca1 catalyst without copper indicated that

copper modlficatlon. The BHA of the copper-contalning
catalyst was 109 moles benzene/moles Pt/hour. B
~ Both catalysts were presulfided for 30 mlnutes at
20 '430'c with a feed doped with dibutylsulfide. The results
obta;ned in processzng the above feed at 800 F (430 ), 300
psig (2170 kPa), a hydrogen to hydrocarbon mole ratlo of
:2 :1, and 2.5 WHSV are shown 1n Table 6 below°.

Pt/ZSM~-12 Cu/Pt/ l?eta

25 C, aromatic conversion | = 54.7 wt% '52.9 .wt'%

C,, aromatic conversion 53.3 wtt i 43:7 wt%
| Xylene yield - 361wty | . 35.3 wt
| Benzene yield o B _ 6_.3'wt% S 401 wER

C¢-Cyo ring loss 2.7 moly | 5.6 mol3



t he benzene hydrogenation activity had been reduced by the copper

nodi ficatiop,.. . The BHA of the copper-containing catal yst was 109 nol es
benzene/ nol ur . Bot h cat al g}s were presul fi
m nutes at 20 430[err]C with a feed dope Th dibutylsulfide. Th

results obtained in processing the above feed aLﬁgQQLQLLLE~———~“‘“
(430[err]C, 300 . psig (2170 kPa), a hydrogen to hydrocarbon

atio
'(I)';bl . __62;-_1_, alnd 2.5 WHSV are shown |n Tabl e gtﬁngls&wlz““\“““mg\i@ﬁ‘!

Cerr] aromatic conver5|on 54.7 wt % 52.9 m@@b err|
aromati ¢ conversi on 53.3 wt % 43. 7 wt % Xyl ene yield

36.1 wt% 35.3 w e

aiwos e QEToTR e ceonvetting o sromppic Hydrbidrecps,
WO 96/ 24568 to g te arcmatzc products comprpg;pgs@@eyg;gp of

-21- v contabti%@r@cséédf eémﬁﬁﬂssh? e8eClof  A#oRALTB! hfdrocarbons,
hydr ocar bons to |i @é arqgai ggﬁ S.CO r|5|n t he st%P of
contacting a f& zEHﬁ% t r BnfR; on penzene

and/ or tol uenecmprjfsnagaayzéorﬂthRaVLng a caﬁsm:aim Indesolot ml.%wwga a
Constraint Ind f atlon cOo onent roduce a
pr oduct con%?lld(sjl n%i#g%égatﬁﬁﬁrS%E%ﬁggg 8) Fff’dgﬁ%&ﬂq VI ng
t he hydrogenatGﬂmnniﬁingwxyleneseawhdreﬁnrtheccataiyst.wmmpnsitzon having
hydrogenation %ﬁ@‘ﬂﬁd&ogenatlcn component is treated to reduce its

"' ‘aromatic hydrogenation activity.

" 2. A process as claimed in claim 1 in which the
'catalyst'compOSiticn is treated by steaming.

B 3. A process as claimed in claim 2 in which the
'steamlng step 1s effected under conditions 1nc1ud1ng an
' atmosphere of 5 to 100% steam and a temperature of 500 to

1200°F (260 to 650°C).

_ 4. A process as claxmed in clalm 1 in which the
catalyst ccmposition 1s treated with a source of sulfur or
‘nitrogen.

- 5. A process as claimed in claim 1 in which the
catalyst composztion 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.



2. r&?gé"*éa“cmm aim1.in which the cat al ysSRCHES60I88 on i s
treat ed by steam ng ‘“mu “\! wmumtprocéﬁ as claimed in claim2 in which
t he st ean ng’ steA A - conditions including an- .

at nosphere of 5 to 100% st éam and a tenperature of 500 to 1200[err]F -

(260 to 650[err] Q). A process as clained in claim1 in which

4.
t he . cat al yst c 0Sixt. t S fur
itrogen 5 Ba ph, predehd e chaied b gy Fréceding fidin ip o/ ys:
conposi tion v%icheshedz\mq lite daussdested Gxon 2édlite | beka; . ZSM-12 and 6..
A process asy@qapged in claim5 in which the Goup = IB €élement is copper.
7. A process as clained in any preceding claimin whi ch the contacting
step i s conducted under a hydrogeni_ partlal pressure. of 100 to 3000 kPa.

WO 96/24568 - 9. A rocess as clamed in an éigé‘@i S&fam
-22- g?ocess ‘as-,cl al ned-i-n. any.™p yp'“.'e-ae rng<clarmi J'n lﬁh ch

the zeolite ‘I’Ei%l EEFe F’Feﬂeﬂé&liﬁ’e qemponent) \is) Qaﬂ!ﬁta M%‘Z‘teﬂ from

9. A procestrespcVIITedfi the Perioaid Tarlleicy 'ﬁhé Eleméned, t he
hydr ogenati on conponent is .a“net aI sel ect ed from Group VI I'l of the

Per| odic Table of-.the El enments,.- . .
10._ A process as cla:.med in claim 9 in whlch the

hydrogenat:.on component :.s a noble metal. .

| '1':1'. A process as cla:.med :Ln cla:Lm 10 J.n which the
noble metal is plat:.num. h

| '12. A process as cla:.med 1n cla:un 10 J.n whz.ch the
zeolite is ZSM-12 and the noble ‘metal is plat:.num.

13. A process as cla:.med in cla:.m 9 1n which the

:zeolite is zeolite beta and the hydrogenation component is
molybdenum.

14. A process as cla:uned in any precedlng claim in
_ .'whlch the benzene and/or toluene represents at least about
40 % to about 90 % by volume of the total feedstock.




10.

t he

A process as clained in claim9 in which the

i s anoble ”ﬁé?g; w&hpnd%iﬁﬁ@&$§»ﬁﬁv%h&h&§§mkn claim
nobl e 1qs pl ati num

hydrogenaﬂﬂu'*‘
?h

oml/Bureau/A process as cl ai

10 in W@on&eﬂpmmmﬂmmmmtm TR FA TETECOOBERA BIONTTRRBATY (PCT)

13.

and
cl ai
repr

f eedp

@ [ OLECSS ﬁﬂ‘b! AT Ill:u Idlj;e‘ﬁlt a: ;n
ed GIACHM éﬂ“ﬁblﬁmalnlln

esents af | east about = 40 %f{Q

o
vl &

abo

(5 deterastional Publication o N or Q96724568 |

ene

toju Auﬁvgﬁ 1996 (15.08.96)

i b

58 Eiernationa Application Number:  PCT/US96/01818

(22) International Filing Date: 9 February 1996 (09.02.96)
(30) Priority Data:
08/386,892 10 February 1995 (10.02.95) Us

(71) Applicant: MOBIL OIL CORPORATION [US/US]; 3225
: Gallows Road, Fairfax, VA 22037 (US).

(72) Inventors: BUCHANAN, John, Scotr; 663 Paxson Avenue,
Trenton, NJ 08619 (US). CHESTER, Arthur, Warren; 517
Country Club Drive, Cherry Hill, NJ 08003-3009 (US).
FUNG, Shiu, Lun, Anthony; 3 Crenshaw Drive, Wilming-
ton, DE 19810-3620 (US). KINN, Timothy, Frederick; 120-
F Hemlock Court, Narraticon, Deptford, NJ 08096 (US).
MIZRAHI, Sadi; 204 Sheffield Road, Cherry Hill, NJ 08034
(US).

(74) Agents: ROBERTS, Peter, W. et al.; Mobil Oil Corporation,
3225 Gallows Road, Fairfax, VA 22037 (US).

(81) Designated States: AU, BR, CA, CN, JP, KR, MX, RU, SG,
European patent (AT, BE, CH, DE, DK, ES, FR, GB, GR,
IE. IT, LU, MC, NL, PT, SE).

Published
With international search report.

(54) Title: HEAVY AROMATICS PROCESSING
(57) Abstract

A heavy aromatics feed is converted to lighter aromancs products, such as benzene, toluene and xylenes by contacting a Co+ aromatics
fraction and benzene and/or toluene over a catalyst eompnsmg a zeolite, such as ZSM-12, and hydrogenation component, preferably platinum.
The catalyst, complete with hydrogenation component, is treated 10 reduce aromatics loss. Treatment includes exposure to steam and/or
: sulﬁxrafuermcoxponuonofme hydrogenation component. For additional stability and aromatics retention the steamed and/or sulfur treated
catalyst is suifided by cofeeding a source of suifur. A low hydrogen parial pressure is preferably empioyed to assist in aromatics retention.




