TRANSALKYLATI ON OF HEAVY AROVATI C HYDROCARBON FEEDSTOCKS CROSS REFERENCE TO
RELATED APPLI CATIONS [0001] This application clainms priority to U S

Provi sional Application Serial 5No. 61/301,055 filed February 3, 2010, the
di scl osure of which is fully incorporated herein by reference. FIELD

[0002] This invention relates to transal kyl ati on of heavy (C9+) aromatic
hydr ocar bon 10f eedstocks to produce xyl ene. BACKGROUND [0003] An i nport ant
source of xylene in an oil refinery is catalytic refornmate, which is
prepared by caRAXSAIKYBATIGNWEHEA ViYea ROMAMHHEDRIOC ARBONVWHEBSIOGKSh a
strong 15 hydrogenati onl dehydrogenati on catal yst, such as platinum on a
noderately acidic support, such as a hal ogen-treated alumna. Usually, a C6
to C8 fracti oﬁRDSSMHMNICETTDdRrELhEEDe&RBUI@tA@IGNE extracted with a sol vent
sel ective for matics or ti.cs t.o proue

compounds ¢ na M8 el ac i ver iy PRECUFT dhPsREBIYES U5 RS ttGl Rer SO bL s
conmpounds ususd. I6y/30nm5aﬂila$deamz}e3)eol(l, dicdesniesiaaol whyttein @8ly (EbXpratall horgr by t h

et hyl benzene. 40004] However, the quantity of xylene available from
reforming is Tl rﬁ“fed and so recently refineries have al so focused on the
production of xylene by transal kyl ati on of C9+ aromatic hydrocarbons with
benzene and/ OIEIEIL?J uene over noble netal-containing zeolite catalysts. One
such process,—tastng MCM 22 as the zeolite catalyst is disclosed in U S

Pat ent No. 5,[0612] 787. Howawverion duatestg ttamelkylamsaf HeytyaiCooraraohatiCOrydaramat i cs
with, for Oexa}xv’%bto kst 250%gced(eﬂe to produce xylene and benzene, saturated

by- produc F’u oP {16 same tenperature range as the desired
aromatic products, are typically produced maeki ng separation of the desired
products at hi PWddNp! evel s difficult. For exanple, a comercial benzene
product may y of 99.85 wt % or higher. However, initial benzene
purity after [@003]i ]| atAmnnpwfrtara sburansiatyitopk an arooil rediacy iloetgytoduotmats which
typically onl 0,10 % d il.ers, ch as
met hyI cycl ope% ?ei)‘“,%c{ bty ?O%ﬁ & ﬁ&% Ec)ij'hﬁeet Oﬁe%frph%? ane%dgﬁyd%%%?t“léﬁc dtﬁin ane
and 3- net Byl Hefd@gelatlditi@hedrogeegucamdaddi tsucmnalplcemma(m admpdsrtdety mdluswbﬂt,y
required to fynt 0 e t

[ 0005] One sol E%lll gigtﬂg@% —t\{gaﬁegb{] rrgnﬂgf Io(tI dr 0 :(%néag 1(];‘Eenz %Ilg{eggr }f ers
during the trraﬁqe)adtd(yﬂlchtxt@nted)fmtﬂleeawveat eﬁrtmtw@@rl (sordaltse loog8phaiies 10. Isoduéatdent
No. 5,942, 65][111%% dfg}/o?rlaylgﬁ r%éb%nésttﬁe&%s dtlgeq){;'h@é:({) al ?hafﬁci eﬁgs 1%8(%5 b@dr&g (Ilgg +
aromatic hydrocar bons and t ol uene un transa ation reaction conditions
with a first compaingstsugbnposin b@ncrmowpmn@mdg&y@n%ewmelonsWavihm@crazcnc
const T al o L £ An0! i EOM s oPy BHCR AT AU 2on R AN gaSRAl T on
corrponent The e quent resultl(n m{ irst contacting step 1s then
cont act ed wi tréreatlysebongs bastcadlwsﬁ)cweimomctm@ncmm adxylsoepy trewslkalattenodfi Coer
having a congtyaipt, h%gﬁﬁm{s%ﬁ{ L L %9qmb%3m§§Mo§ualn%&d éMHeCh
may be in a separat te or a separate reactor from t Irst cata

conposi tion tcealystedleesugh vnoamallsmﬂvéQMdﬁ ap g eedlivhcapalstigdisclosndpr UsS. ﬁi’gtmlto
benzene and I b t t east 5%
may be obt ai )rf?)e()dgggo (7jz|9yst ?[Bﬁl ng C’Ehﬁggg%ntzr%%}eik}?%g% O'Ekntfegl%ta)r{%{flj?ist1{3@v '{ha'?oﬁ gngﬁelgctl on
product, A4 t hQuancttheprebied xylone and deicnd. oamlatalxby-preductn vdidpt OIhet&edsidmg to
the ' 651 pat EiMpordErAECANM E3HA Yhar MRAS L OB EARRI LS anﬁgosegaqd%@ of
the total wei first and second catal ys]tj conposi tions £

Anot her probl Fhee@sl@éma@@dﬁ\m bigh ey yevgbsahiiicile s el pmalei dropnesie é@écﬁes 15
catal yst agi ?H)dﬁétr}ﬁa%‘f ned$ agiaﬁéﬂ@f@l %S&t%:exkﬁl M bl DET GRRH RO Burff . RLT €am
hi gher tenperatures are n required to nai ntain constant conversion.
Wien t he rramdwﬂhqtnoeaéﬂ@ﬁn%léﬂwbe@raltewlenpgodrleawwdﬂst Py 8xealty §9-Stedigdo the be
repl aced 3gr hRIGRE! AL SfboildEP&RA a{ggmgmychLQO&QfEncCGcﬂfoh&%n@Of@g%hc—;tlﬁ)%nf%et he
feed, the cycle length may vary from on nmont R hi rati os
of 85:15 to distitylaclppentage pegt3- rreth/y@gwn@ hergfore gn etidltzcedlsetracme&etﬁv isgsvatlyhas
20 shown t hate & BGrHG: ffdkdcBbnAXd ﬁ&dt@gplltr?’tﬂt'a%‘% d@ﬁk@ﬂtlbxﬁw catalysts is also
strongly dependent on the presence in the aromati ¢ conpounds havi ng
al kyl substitutents with two or nore carbon atoms such as ethyl and propyl
groups. Thus these conpounds tend to undergo di sproportionation to produce
C10+ coke precursors. [0007] To address thee- probl em of C9+ feeds containing
hi gh levels of ethyl and 25 propyl substituents, U S. Published
Application No. 2009/0112034 discloses a catal yst system adapted for

transal kyl ation a CO+ aromatic feedstock with a C6-C7 aromatic feedstock
conprising: (a) a first catalyst conprising a first nol ecul ar sieve having
a Constraint Index in the range of 3-12 and 0.01 to 5 wt% of at |east one
source of a first metal elenment of Goups 6-10; and (b) a second catal yst
conpr|5|ng a second nDIecuIar S|eve haV|ng a Cbnstralnt 30 Index | ess than
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transal kyl ati on, when they are brought into contact with said C9+ aromatic
feedstock and said C6-C7 aromatic feedstock in the presence of hydrogen.

[ 0008] Whereas the nultiple catal yst bed systemof U S. Published
Application No. 2009/0112034 represents a significant inprovenent over
single catal yst bed processes for the 5 transal kylation of heavy aromatic
feeds, it suffers fromthe disadvantage that the first catalyst, in
addition to deal kylating ethyl and propyl substituted aromatics and
saturating t h®09¥sul t abbe sileibn nsthe pehids ctfdﬁefpmﬁiul:timwf berztre cotbdders d@otgition of
aromati cs satyrat S heaction i.s I rt of
cycl e when thtednrs%lfgc‘?lon OF hedv%dro ur Cé 5 %M @Fo%eg &8 d&ﬁz’s% Sﬁn elélgorla it
since it reduces & omedciige yi febdl camdngxeg]ébatmncsmt thaIceldtqu;’r actu ¢dleenc | lmder
addition, song o 0 saturat ed,pr and

et hyI cycl Ohet)r(aar}ﬁaeﬂqtl ng% deast cgi cond 10615 r\ﬁl%l Cl%osegt?lgSt 051 Wg C;hr%m zeoh%e
difficult fo haemgweconlsnregﬂn Lpdn'XI rtayg@grﬁz»mn@ﬁ A3t lahgds Z$Msl2par@bh dmiroganatien

al | eviated by S l()tflelng : '% uer{{% sﬁiltmﬁ%o%{ %i}%tf%sto t%tlétﬁlr tsbei']gpls ttl?en ct%g%égtgd whfgl [
aromatic satufatron ac en undesi r necessitat es
addi ng the fa&cdndtqaeﬁysacmlnmmtlén dihivgy @aglemes at otk fheeing tah®nﬂmralln®&I¢nM| on.
15[ 0009] The p nt i e ro

transal kyl at |%O§]§grt%%:éé§%&?a% ZSR/Ir i’taggns ? \}rg% ar%*ﬁg?oi ﬂgetplar% ¢ redc e from

cat al yst systteenfishi dalysedercpasgion He ppod)m eirrtrmfsalavl@imt motgat moda,tct @nmmmftgout
e need [ RoSas W LARL! AbeRlert BRGANENE] S PHMARY ZALO0HOLL0000Re0
aspect, e invention reS| rocess roduci ng xyl ene by

t ransal kyI at i yndigillirgg tmgberaer@nfmnn dlehsamadicfawtlbmmaﬁte@dsodmk walhoti the ©8d derddoor C7
aromati c hydr 9c Sd P oL@k CRMLAGEY A% opatic
hydr ocar bon faggﬁél?ag%ﬁmkngn Fteast%%goﬁgggg at%d or P (E%)t ar omat |Bc S?tgsg otn&qgnd
hydr ogen wi t frompfijes gp tocditvethydthauptdewcighsndiht f@h@ndeﬁf?@@dmt%'l&%ttcgmp@swd@al kyl at e

aromatic hydr[@f@j bons Alﬂ)tﬁep%l(glﬁ(%q gb%&‘ﬁteﬁoxplhf’“h gdr%é'ﬁcg‘l F(X/latlgﬁ %‘lﬁ%&b?& g to
saturate C2+ o ins forned so as prod ucea irst e ent I rst
cat al yst Bonprialytrigingisinca af fhe s@tdlmlceltsu Iwath ingireasiag hmvpmgr%mdmﬁlsqri&anmtdtm%dex
in the range o) i ea i sty e

di fferent rretag@){]r g&%?ﬂ% %%%%ﬁatg I;A%ilgtgaélo a(d C%)nu‘%%mIn tﬁ)@hleiz1 t(rgl ﬂ{mPlgr%gég

Tabl e of the tEhpomsure ¢ reaghdd. ttheeert B b9e@1®m brotehlngpdar récsagitcd B@nemho& O@thesai d
first effluent . {hca %CIHSL &ﬁﬂ@%eé’cﬂheccgapién%ég%y%@%'Glugﬂ'%%‘ﬁmL A nidneve

havi ng a Constraint 1nd | ess than nditions effective to

t ransal kyl at €09+ r@m@mﬁﬁ%ﬁéS ey elrcwt Aryboh Sonvip Y Hoog &ir datips of @88P. direcnopwodky has
aromati c Jydr 9&\@[{ ﬁ)igtnth& Q IIIQ H@ @f &%QQQQar%fiﬁdfl'a’@&lt ca@amrlk §fs@9tr8f1§ yed}?cndcnt on
[0011100nven| ently, % Is at | east one pl ati1 num tg 'adi um
iridium and tlnehlépﬁemﬂlam ft:weofmw compaindg kpvig aikefb&ltbbfﬁwént@)fvvl éysper more
silver, gold,c,fp Q@)msumch'ag Qhyl Eﬂw&%hﬁ roufR. | viadle n&é@% c&fﬂ%héy tefd ﬁk@ﬁdergto' n
and zinc. [00121In one enbodi rent | rst metal conprises platinum and
sai d second MispEpoBeRtier ogwedusobpeeokdmBIBPSonveni ently, the first netal is

present in thehjrst cgf st tpdtmnds 681 HE@N AR HighAdveiNgr 8RAULGS Wt %
of the first catalyst and the second metal is present in the first” catal yst

i n amuntZShetigsh sEtduenty. Y61 Pamh%@mll%eowm AO0YREIZP34 discleses ot yafplyst

[ 00141Convenisehtl YiapSaisd tﬂfahsraﬁ;[a,xaﬂm @@% AbmSHh U1 sROINRAth §€S-BlrdnRas Fec@SKOf
ZSM 5. 10 ZSM 11, Z8M 22, 7S 35, ZSM 48, ZSMr57 and ZSM 58
Conveni ent | y COPPrasings e mdTshetdry Fcaﬁprﬂné\ﬁéfrw?%w@ége@twlé&gF%%mbhld%& ite
beta, zeol it encYan oﬁr@a%a@bm % { WBYht atDeR! dHTBirRESF irkDRAk! e@nenmcﬂ@gust e,
NU- 87, ZSM 3, ZS Mazzite), ZSM 12, ZSM 18, NCM 22,

NCM 56, EMw $0/0; EWM G- e Falabmt SONPTISHE G CEhBARSHEHtSICVE haviag p domptragit

mol ecul anpsi xRy iss AAVS POD § Be, 9e600d: FRIEEHE 8 a REAMENdA £alvhe FThdups
[ 0015] Conveniently, the first nol ecul ar sieve has an al pha value in the

range of 1000t18: YEoD dKaveishd revcsnaid it setalysirto §i"1é\?\§°ﬁ%§m%h‘§t A PR pagerd in
the range of 529§ 95:5907he first catalyst, which is optimized for dealkylation of the cthyl and propyl

groups in the feed, is located in front of said second catalyst, which is optimized for
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[ 0016] Conveniently, the second catal yst al so conprises the sanme first and

second netal s or conpounds thereof as the first catalyst.

20[ 00171Conveni ently, the weight ratio of the first catalyst to the second

catalyst is in the range of 5:95 to 75:25. [0018] Conveniently, the

conditions enployed in the contacting (a) and (b) conprise a tenperature

in the range of about 100 to about 800C, a pressure in the range of about

790 to about 7000 kPa-a, a H2:HC nolar ratio in the range of about 0.01 to

about 20, andiras@5NHEY, wientting arclirgeshoihtoatootatt vWithGiidi(o+ atvoutic koGtdvk add said

[00191Conven|8n&I 0mduc§f brages efur%terpcgrofﬁong)rl ses (c) contacting at

| east a portioch of sal second et r'uent I'sing xylene with a third

catal yst conpiodéiing a Whireab mmneﬂ:twlamﬁysevm fyatemng &S CRntheduArpphdandleNm n

t he range of n er condi tions. crack

non- aromati c %035%)'6:1 g%%ﬁ' ar 668%{1? asn%m Cantﬁﬁlgmve %“e%eﬁamgf 1 ﬁtﬁg%agcef%er%r?ﬁ’ra{het hird

ef fl uent ci)rrpttrclnsalk;gatnoyloé}uwy annhatlc feeds, it §udfersrimcote disaiyantydeeine terfpsnegalyst,

third effluent 0 er, as t r |

cat al yst sys {3 r%dcél don dldalelgtl dkpr?@?b%)ﬁtltgp%@ gﬁlé?% ? satur%ér%ﬁqg§ res rita%t

f eedst ock wi tchefals,cenc@‘to Bucidipaat uhe: mh@/nba@malobanmamdﬂeatwaum yBtis @Wlbemprlmarlly

conpri si ng: st c i

mol ecul ar si /PNRLD i gtatile é’%arE:O cle Ealc%?%m%g%{énﬁ dpgs lgézvgbt %K{ 1%{1§({ebléab 0

about 12 and gice)it raducbseasrtnattq yle;ld aachgcrtsemsmdurdkﬂmmdem hfeetdelitlsn,opmc@ﬁpmwwds

t hereof o 2 of i, odi A

differ entf enbg{é&gdzedg %){i}wgasfl nc%li(;()%ﬁf% a%j n%cj;lj-?cghghe% @Eve%o%@%ﬁ%g? Pé (!;g)t bed

conpri si ng a lsecoadhivbnesed 1ad1fﬁ3quw(erehwr high aur@ml’wsmmm mlthonglethis| regident ban  3;

10wherein th 1104; t e st
eocv\ﬁle th%éﬁttsﬁlﬁdlgé th%%eq%} a{aﬁfgtg%géam{ to tr&iu&a{hglr %ﬁ)ﬁ‘gpgs %@Any

is in the range o out wher el n sail

cat al yst bed acgvilyothétiedftapetiesgalie of it sargitgeculdds dutfadijies ambﬂllﬂmmgtcmteto
catal yst syst i to contact with said C9+ aronmatic hydrocarbon
f eedst ock and @Ett@e%@&%@fﬁg%%&“ ¢ hydrocarbon in the presence of hydrogen.
15 BRI EF DESCGRISTI ON CFheTHECDRAWNGS ccis00 2oy R géive abmalic argrliyhiiqel reedeisng

Wt % sat ur at edy ar Hﬁgehs adyaSes 3R Al G QL ACHRER AIHHE FecliGhy BRBBRE of

aromatic transal tron process arrp e y| ng a cat al yst,
a sulfided Ptdﬁ(ZSMCSdt@IatlQﬂ wightoutthel nged Fer@uy- %@MdBOIC tthd gpelysts20 DETAI LED

DESCRI PTI ON [ 0022] Descri bed herein are a process and a nulti-bed catal yst
system for produci ng xyl ene by transal kyl ati on of a heavy aronmatic

hydr ocar bon fSEMMARY with a C6 and/or C7 aromatic hydrocarbon. In

particul & t[b‘(ﬁﬂ?at al ylﬁton\%ya%fye%{ptﬁé) mléﬁt%‘ﬁsrcﬁ&esliﬁaasbmtzéé@ foxaﬂgducing xylene by
transalkylation of a Cot+ aromatic hydrocarbon feedstock with a Cs and/or C; aromatic

hydrocarbon, the process comprising:
(a) contacting a Cot aromatic hydrocarbon feedstock, at least one Cg and/or C;
aromatic hydrocarbon and hydrogen with a first catalyst under conditions effective to
25  dealkylate aromatic hydrocarbons in the feedstock containing Cy+ alkyl groups and to
saturate C,+ olefins formed so as to produce a first effluent, the first catalyst comprising (i) a
first molecular sieve having a Constraint Index in the range of about 3 to about 12 and (ii) at
least first and second different metals or compounds thereof of Groups 6 to 12 of the Periodic

Table of the Elements; and then

30 (b) contacting at least a portion of said first effluent with a second catalyst
comprising a sccond molccular sicve having a Constraint Index less than 3 under conditions
cffective to transalkylate Cot+ aromatic hydrocarbons with said at lcast onc Cs-C7 aromatic

hydrocarbon to form a second effluent comprising xylene.
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optionally three, catal yst beds which are arranged so that a first catal yst
bed is | ocated 25 upstream of the second catal yst bed and, if present, the
third catal yst bed is | ocated downstream of the second catal yst bed, when
the catal yst systemis brought into contact with the heavy aromatic

hydr ocar bon feedstock and the C6-C7 aronmatic hydrocarbon. The first

catal yst bed is effective to deal kyl ate aromati c hydrocarbons in the heavy
aromati c feedstock containing C2+ al kyl groups and to saturate the

resul ting C2H001@fi ns, Cwhenieatty, filve neet orrd lea8®ne af alajiwtm, lpetadign,gfiflient ande t 0
transalkylatethe he aromat.i.c droc r h th -C7 ar

hydr ocar bon tge%?% Iﬁagtég?fc : metdl hﬁq ed% ?Sﬁa S &frhslﬂtrv%f ‘gboé%zg'llqg%nt% 38nh%58%ﬂ
effective to molamknmmowlonmkalcmmyutlzmc hydr ocarbons in effluent fromthe
T'IQI::-:[' amefgflﬁﬁlﬁlfgt gl %Oc;[snlet%ren odlme t %d%rs?gnkéll éo?rlo%’sgsA?atﬁ{srﬁ%ng gal(? ecoxtu{‘I r%ettaler m
cont ai, ni ng atcolmpasts coppecar bon at om; I n addl tion, the term Cn+ aromatl C
hydr ocar bon f t ock" mher v n n h

f eedst ock con@E i ng 58?%5 %I% yt %le ﬁr?@%mf %’ %?%{he%g%ﬁalﬁgg%arﬁ%%lﬁg& gevnl ng
at | east n nubber0.@f acdrlyons atbrf e fpercanhybtendlte. be@c@ozmqtar uysredehiein igafingt

aromatic feed n (> i ater than 50

Wt % conveniently at eas 5 typlca at | east of one or
E ?) # in Ui ntlb%lw%%‘n E{II\JKBB}%I ancp g‘q%ﬁ t/(FMe f?rgtd:at\%{yg

nmor e ar onat i d0eleipoundSonyentraiynsad) fatt nhcée;star Sicvaruprrisat enfast Spe i fASY-C9+

aromatic o] n i ead eSi

(1, 3, 5- t“F(P gznzzéléhgg% Eglqrjeshgg’?dti%/g,@%?gtetrg?r%%ﬁ%? enz'e%é‘%‘%nl%mly’ the

hem mel | i tenese(ohgizloibculan siet hyhrény @le)t onp sEzedbie batesmsolftd Y2 Ultrastable Y (USY),

trimethyl benz[sa{a pgY Hhal vg@ﬁo%denﬁg%%y'zﬁw@%@{r%ﬁzgeﬁm% M-18,

benzenes, but stl ut ed Benzenes, and zenes ui t abl e
sources of t H‘éCMSZQ ayloMait, M4CHI-, MGMSor ENIMetl, diMirOR any 25M-2herlp greocess

that is rich 15; . or
TOC napht ha. TROSERRL i SRV EBIAT. S REI NG 5 0B AL SR RO E A 3ae RIS,
t ol uene, tdypildally tol uene. The feed may al so include unreacted tol uene and

C9+ aronatic [f,ﬁegst oc kcgnbgg?dﬂﬁ &lgﬁmn%férﬁm%ve ﬁ%oﬁra?ﬂﬂa%lué’ﬁn B G g%/ {) V%% he

product from't ef f | uent he transal kyl ation reaction. Typic
C6 and/ or C7 tat ¥Pand thelgadndmalcbder seunbasian aipbs valyy in 1egmeardz0 w8k as 20 from

10 to 70 wt %gy;6} he erﬁannauénﬂgdme\@@c%g%aawea L RHAARS GonCRTPANENLond

constitutes at Ieast rom 3 w% of the entire feed
to the transaﬂlqwfiﬁtcpmnoqﬂé&@@ﬁc@frﬁstf[@@@@?%e‘ f eedst ock may be characterized

by the ar o of r ;
enbodi rrerrgjtos 6 eI conbléngglga?{éelggst? ggﬁlghplﬁgé ggtlr}rlglf?lsé? El“%%\bt go I'fhltc @g&)&%&&g?\& K lﬁe

C6- C7 ar onat |fh,€rﬁ1@d>§58él@535 Jas a nolar ratio of nethyl groups to single

aromatic 25ri [OEB) int %n@%@ygﬁe EJnQH‘oQb énBﬁl%eﬂ’m ﬁl‘é(‘cbntééml r(a%h& ﬁ)Qm%pése for
exarrplefrom15t0225 First Cataly 7] The firrst catay bed

enpl oyed in tHempsraEet the snar 9%%bogty@9é¢ﬁ@@twn‘édame%ura in the fgnge pf dbapta]XPst

conprising af Lt 76M S ar pslieMfoaMtifth fhe tgraiphle d.ndeXatol 2d1enk ange
of 30about 3 to about 12 and at least first and second different netals or

conpounds5t h&YY ighe @retfebent0@! 1pabent t08& Peri odi ¢ Tabl e of the El ements.
100281Const r gy | ndeXpghSerfen@PINERLERL ruRR LA the extent to which an

(c) contacting at least a portion of said second effluent comprising xylene with a
third catalyst comprising a third molecular sieve having a Constraint Index in the range of
about 3 to about 12 under conditions effective to crack non-aromatic cyclic hydrocarbons in

30 said second effluent and form a third effluent comprising xylene; and

(d)  recovering xylene from said third effluent.



al um nosilicate or other nolecul ar sieve provides controlled access to
nol ecul es of varying sizes to its internal structure. For exanple,

nol ecul ar sieves which provide a highly restricted access to and egress
fromits internal structure have a high value for the Constraint |ndex.
Mol ecul ar sieves of this kind usually have pores of small dianeter, e.qg.

| ess than 5 Angstrons. On the other hand, nol ecul ar sieves which provide
relatively free access to their 5internal pore structure have a | ow val ue
for the Consti082Mt | ndbxa faridr aseet] the ipomesn ofsidearge ialyet syflee mipteddoby
whi ch constr i f No.
4016, 215, oINS AL Rk Bof BSRLREI L, Wik S 9%&??’%7 Che
met hod. 10029h6uﬁﬂabhewnUMGmuhag sieves for use in the flrst cataly

Corprise o <ast 0, P 250y ol A i S

3, 702, 886 andinfRex mzre 9. of Z8M 3 1o itwudEsandi(ibled ldapt ftettand becpml diffSentPadtdnor  No

2525 1 5 deserPRalRREFY OBl iRy 50RY, )80 o RRnL 420 ey 1T

U. S. Patent Nenzehs @l@paGctidSMM8 is nore particularly described in U S

4573, 067 zom58'Vs doveriad ot arfR A e RREY R Byt 6ol one

preferred enbodixdesthanBhe first nol ecul ar sieve conprises ZSM5 and

especi al | y, ZSM 5 i o )aiS4128..9f Scata AN O rgn

such as a out 0.0 @%$§§%%Qﬂ%%%§%Q%353§%§Sﬁ%?“,@%me“$§?2€ ﬁgﬂecu %r |eve
has an al pha apadtue®3 tp tteet Tagendofvherd saiddust ckRiyst bedai demated 3pgreaguethsals
about 150 to s@ Htcat}rgg%edmén gramel g SO s OG0! B %!Jet \%Psa1c€‘e9h§roﬂ4§d Ue i's
a nmeasure of e cra activity of "a catal yst an described 1n U

Pat ent No. 3, 13(51‘430017@ %Wdtopkrattdweldr@tﬂvﬁmmaer hydhsecaibes rrsthe pf@rencezrof hydrogeny
(1965); Vol. 6, p. 278 (1966); and Vol. 61, p. 395 (1980), each

i ncor por at ed herein b reference as to that description. The experi nental
condi ti on® of BRIKK RIS dONHAF AHE PRAWINGSy const ant 25t enper ature of 538C
and a vari ablgy 2f1!50W rarflgureﬁ fieasgfagf?%qjotﬁr{'g der %%L'Jum'te’a él%an]cof-!ﬁ%naa{gaﬂﬁt reagtor

Cat al ysi s, Vbl 1, page 3 Generally, the first ecul ar sieve is
an al um nosi |tr>remeurﬁéqnﬂrfg%r @Qmﬂiﬁééldtl*@lkaldtl?ﬁ pracaype iixamalei lengfoyingssP4sdir
1000, typi Ca'slaétaf}fspghﬁl?&BdtPt/%@M ?ca@&?%‘t'&nd]a‘l%ufzggﬁﬂe{[é{%t cally, the first

catal yst conprises at least 1 wt% preferably at |east 10 30wm % nore
preferably at |east 50 wt% and nost preferably at |east 65 wt% of the
first nolgculprrSierprdORHIoN addition to a nol ecul ar sieve having a
Constraint 1ndex 1n the range ol about 3 to about 12, the first catalyst
conprises at 1P®3kt fi rRescrihvd hewsiagrRia aTorsse patht MvEtbidscatslyst wepdRnRISIHCREr eof
of G oups 6 tx9reﬂe2b§>ftrdﬁsaa%er%d 0k feal @BkEnaBE i f8c BB Rk A%th US€dadifdrai N,

t he nunbering schenme for the Periodic Table G oups is used as in Chenlca
and Engi neer .drﬂjnarr@vré/dwsebe) Ip 7pagticg3s) the [ @BESY THEe icP@Prissetehlledss thenedal | y
sel ected fromgpdmal dy MR, B@lyk@sidyhidh bl ddidhgear BembumaandailiyXt sides bheigeof

wher eas the second netal is chosen so as to | ower the benzene
upstream of the second catalyst bed and, if present, the third catalyst bed is located

downstream of the second catalyst bed, when the catalyst system is brought into contact with
the heavy aromatic hydrocarbon feedstock and the Cg-C; aromatic hydrocarbon. The first
catalyst bed is effective to dealkylate aromatic hydrocarbons in the heavy aromatic feedstock
containing Cyt alkyl groups and to saturate the resulting C,+ olefins, whereas the second
30 catalyst bed is effective to transalkylate the heavy aromatic hydrocarbons with the Cs-C-
aromatic hydrocarbon to producc xylencs. The optional third catalyst bed is effective to

crack non-aromatic cyclic hydrocarbons in cffluent from the first and sccond catalyst beds.



saturation activity of the first nmetal and is conveniently selected from at
| east one of copper, silver, gold, ruthenium iron, tungsten, nolybdenum
cobalt, nickel, tin and zinc. In one enbodinent, the first nmetal conprises
pl ati num and said second netal conprises copper. [0036] Conveniently, the
first metal is present in the first catalyst in an anmpbunt 10 between about
0.001 and about 5 % of the first catalyst and the second netal is present
inthe first catalyst in anmount between about 0.001 and about 10 w % of the
first catal yskeed§td€87] 1 n nost cases, the first catalyst also conprises a

bi nder or mat er pal th S - teme a t her
condi tions en{)rﬁ%} i nA’? héédpg%%lléﬁ%g ?e ?Igntscgfb y‘%hgfaﬁtgﬁ JE)rdo ngstfg;.E qég%h ﬁlg%ngrl al s

i nclude acti V@H@nuhcﬁ macdupentamingri Bhg nandos yemheti glddionnée teral"Cy" ardatic
occurring ze " 0 I ).l ca
and/ or et al OAC?J g%%ogﬁeeﬁﬂézls( ‘a u shell E%ﬁhéltgghﬁé a?illn[zcarrbgtt@l gt d?%fe&s&?%%grgﬁé%lé%e
nat ural I'y ‘occareatérnignn S6witorf eivenafiohyrafibgel laving eusaspr eoilst eltrdon etomgalpst

i ncl udi ng mxrh(lﬂg@ of silica and netal oxides. Use of a binder or nmatrix
mat eri al whic self is catalytically active, may change the conversion
and/ or sel ectli0024y of Tihe tbathedvy strorggivplosdstoclomsed maibt ipveenratrercssat@nmisest abl y
serve as dil ir 0

transal kyl at ggg&%e?é%gcstﬁgﬁéag&g %b&glﬁr?e ?lpflté{nfy%l gﬂeﬁ%@ﬁﬁ@ &ﬂ%‘%o i/nofreanner
wi t hout enpl oyemgicophesundeemidaifiog atdemt 9 9¢rb¢m¢jomhesncatﬁe (ot arogrti¢ roppouTdese
catal yut a) | Yol 1 Rpich NGl MEWIRLELIALS (Y Gl iifn ol FXAPYO. 5.
natural ly occurring clays, e.g ent oni aol | to I nprove thé crush
strengt h of ttﬁearmﬁéwéliey@n@comgreﬂhtm U dei-tricsthriberedend). opeugdacumgnec ofldd-#i ons.
25[ 0038] Nt Ur ok BGEHI A GLERES, otBRYIEANN By SOTRRRE ! Dk pdilfictt

nol ecul ar sieve as a fide or th yst ‘conposition 1 nclude th

mont mor i | | onibcezeagsd alpéhd)lmefh}’fe{imblewefl%hl S}walflamqrﬁfees)fﬂhﬁc@ﬁdﬁomﬁ@s are any Cot
subbent oni { €Sac Al EnARhLD m&mﬂgﬁch RO s D & coMNR TR G2 0! 2
and Florida clays or others in whic main mneral constituent Is

hal | oysi t®, keaphthanr{léC mipktki-t e, nacrl te or anauxite. Such clays can be used
in the raw stg§@;as orygi pah ly t?f@rﬂd%@éi o iRhiba %&r&e&umﬁ&t %ﬁleﬁ@ typically

cal ci nation, aC| d treatnment or chemcal nodification. [0039]In addition to
t he foregoi ngolmleeﬂbalfsed mgealf¢ mstudpyniseaigdaielusicend armippaticdrgoork &gt with a

porous matri 4eé}b1@@%‘ﬁeﬂ”’?ép§[aﬁé}l of CRIAR ABdNBOBARE CrPichASr $R! ealsatyihdam the
group consisting of silica, alumnda, zirconia, titania, thoria, beryllia,

magnesi a, andeacehbh YRt Hs Golgad/ a7, aravsls hydroeqrpaneausiiyiesiundo 90 wtv%, such as

silica- magnesioh 1$id 7(?@%0/@ bf GQRhAwe f§éd| Whdedshes ba ar@hlhﬂlc@,%og’lﬁ&%hﬂ dAstitutes at
Slllcatltanla as wel as ternang’ﬁ ta/ OSltlonS such
W

si i ca-al uni r#%bttlr‘?dﬁ‘tl/oasucéla%‘ fre 34t Qﬁhéélﬁﬂféfeeétolth%‘é“é@@ﬂi‘%&ﬁ?ﬁ@?%m a and
si i ca- magnegp@sgi I COniR. feddstofBha il RhRERHVABY aREAMSE: fafo BF&\é{hSlﬁ @lpd Bast a
part of the foregoing porous matrix binder material in 5coll oi daig faorm so

as to facili ﬁ@gl@ ARG EPen [ fonparantedinenisthe evthisdifedyack froganpritpmeathey t he

first nol eculgr .fd BY €S @Bl X REUWckS) hiNEMBNARS o OhethRIFduls FBGRId AbmaR t hat
the first catal yst conposition contains the binder or matrix material in an

amount r #Agi HiGeTipdharsnae ot Gemk ol 4atvah tyine ha 35-forsrapc f18mee® @24 Second
Catal yst Bed 10[0041] The second catal yst bed accommbdates a second

cat al yst corrp[i sing a second nol ecul ar sieve having a Constraint index |ess
than 3 and o or nore netals or conmpounds thereof of G oups 6

to 12 of theferj odi c Thalke oliydbed &hRERAShe pRAAZLBUI S dRlcth B RGEaRE a

sieves for use in the second cat al yst conposition conprise at |east one of
zeol i te bet alirss &ypivteomprizing p fuit gpdleeuipr msev&ﬂlf};seaﬁa%ﬂﬁinﬁatﬁiew tegprnep)of 15
nor deni t gg Nebd 3 uZ\%Mrus 12 %ﬁ%ﬂle&%ﬁl Iaﬁceéeco@SMfarzm et b8 conMolhd2therbsitdf3,

SSz- 25, MCM 36, EMMt 10- P and ZSM 20. Zeolite ZSM 4
is descri bedGi“Hlptﬁ@ IZF%ft“é:rﬁcr‘Rﬂ)‘C Tgblg?féh%g@m"‘zéol ite ZSM 12 is described in
U S. Patent Nm2gi3, 832,(dAQraindemtiéd 8 4SWbRnib® H8SGF BEdhd RxldnS.to RatientanNO.
3,972,983. Zeolite Beta is described in U S Patent No. 3,308, 06 and Re.
No. 28,341. EBWNsFLinPUrbsraatisaylee sivve piovie @Rt asseayie TUeyiesiof ViR Ler i bed
in US. Patent Nos. 3,293,192 and 3,449, 070. Deal um nized Y zeolite (Deal
Y) may be prepared by the nethod found i-rﬁU. S. Patent No. 3,442, 795.
Zeolite UHP-Y is described in U S. Patent No. 4,401,556. Rare earth
exchanged Y (REY) is described in U S. Patent No. 3,524,820. Mrdenite is a
naturally occurring material but is also available in synthetic fornms, such
as TEA-nordenite (i.e., synthetic 25 nordenite prepared froma reaction

m xture conprising a tetraethylamoniumdirecting agent). TEA-nordenite is
disclosed in U S. Patent Nos. 3,766,093 and 3, 894, 104. MCM 22 is descri bed
|n U.S. Patent No. 4 954 325 PSH—3 |s descrlbed in US Patent No.

A NN A NN NN P~ ™~ a2 A NSNS PN — P P



[0043] I n one preferred enbodi nent, the second nol ecul ar sieve conprises
ZSM 12 and especially ZSM 12 having an average crystal size of |ess than
0.1 mcron, such as about 0.05 mcron. [0044]Conveniently, the second
nol ecul ar sieve has an al pha val ue of at |east 20, such as from about 20 to
about 500, for exanple from about 30 to about 100. [0045] Generally, the
second nol ecul ar sieve is an alum nosilicate having a silica to alum na
nolar ratio of |ess than 500, typically from about 50 to about 300.
5100461Typi caditey, totibeinpambntiucat.al §st cxeonier mvisulat sibeaswhigh wajdeps éfgbbabl y
at least 10 I o r . at
east 65 we %" tu e Tel R MUTRAR Horth bERT xRl e IRANIRRE ¢ CERRAH DY
cat al yst conpnilsesMalecileastvesorfehiafithdprefprhaix poraét of] sewl tdiametaoe- grdesaltlsingr
conmpounds t he L odi ¢ - ts.
10Ceneral l vy, fr\ﬁ% roslgco%%gg?l gfha%? n:}Cﬁec(arl slg\geb eﬁé&g’gdr\fgde}?%‘t%ly ag%gﬁﬁgﬁngt al s
present imt hetcsahwrammrcsheezs dd@mtvaluﬁécdtwma@almtilnw Mttawlsztporcs of large
[ 0048] Gener al ]y, I
mater| ol vhi G O AG @pRi L CRIMANDT el BLEGTn TR Bt (o,
the first cathid ydtl6.adhd wheh liyecqmme@emermmb)awfeaqm@fw thealntgilnef tharoeth@l. t 0 95
wt % and typiggley frogﬂlé&e&xﬁotle%&awmeg fr ok RERANGARL @(ermse o IDROIBASHE | ON-

[ 0049] Conveniently, he first catal e second
catalyst is |ZﬂSMﬁeZSMﬂUeZ§M B, I5M-83. Z5M8), @ﬂﬂ&n%ﬂl\/l'ﬁﬁlaindl Z@M a8y <6 MBR ¢

100501l n gAdi c‘?fﬂec%fh éietﬂﬁl lfnlugt pAG 1\%%%98296&3&1' §t2§ 9@§d§sﬁm' RYRhiibky fhe

present 20 rru catal ysts system it may desirable to I ncorporate
a third cat aldgtil ib&S. demrisNe 85A.810- tzkﬁéfl?,éwmlcr@ad al Y-8t Paiag Nan . 8P £éttidve to

crack non-ar ofipiseg CZ@M 1?%851‘?&@%@9%5 PAthtt €4984d, ézﬁe%slvf §9f§‘d%§l:?ib£d hg$sand

second cat al yst beds. cat al bed accommbdates a third catal yst
conpri si ng a Rakint Yo. rqulée?éﬁ aZSMr@vemqmaﬁgm@ﬂm?f@ﬂb% inlU.§. Raent Nosotldbollt 1

to 12. Suitabl,g4nek %y'ﬁm%vw@e@c&b@a iMS 8. Pled RQ, 3@716%70%@& xﬂb &m&a Be at
| east one of ZSM5,  ZSM 2511, ZSMr12, zeolite beta, ZSM 22

ZSM 35, ZSM 48S. Paght BT 4698.2F5M 58, with ZSM 5 bei ng preferr ed Pr oductl on

of the Catal ygjsp [Ooﬁ%lolpﬁreﬁ&@lemsmaﬂetﬁé ﬁrs?fnofep\ﬁarfs'lcrvgtcoﬁMe§2§lQn§jand
catal ysts can be incorporated into the catal iqt conposi tion by

co-crystal | i zaeriehy Ze)Mchiumigedn prarasccrstabimpb st haml-t o 1 microgosushtas rbowt
G oup 13 el enpjtmic®nd- . alumnum is in the nolecular sieve structure,
i npregnated therein, or mxed with the nol ecul ar sieve and bi nder. For

exanpl e, the IRl corfpomemnslyctin fisg molprudsgiivedas mn aiphpnalindn Hel eds ofr

sieve, foi exahmplifo 'td“aﬂoﬂﬁlﬁ@)@ss%cl@‘ﬁm o 150UBabAY 15608 @lri REMSIDELIPELEL AbutSi eve
with a solution containing a platinumnetal -containing ion.
600. Alpha value is'a measure of the cracking activity of a catalyst and is described in U.S.

Patent No. 3,354,078 and in the Journal of Catalysis, Vol. 4, p. 527 (1965); Vol. 6, p. 278

(1966); and Vol. 61, p. 395 (1980), each incorporated herein by reference as to that

description. The experimental conditions of the test used herein include a constant
25  temperature of 538°C and a variable flow rate as described in detail in the Journal of

Catalysis, Vol. 61, page 395.

[0032] Generally, the first molecular sieve is an aluminosilicate having a silica to

alumina molar ratio of less than 1000, typically from about 10 to about 100.

[0033] Typically, the first catalyst comprises at least 1 wt%, preferably at least 10
30  wt%, more preferably at least 50 wt%, and most preferably at least 65 wt%, of the first

molccular sieve.

10034] In addition to a molecular sicve having a Constraint Index in the range of

about 3 to about 12, the first catalyst comprises at least first and second different metals or

-7-



Sui t abl e pl ati num conpounds for inpregnating the catalyst with platinum

i nclude chloroplatinic acid, platinous chloride and vari ous conpounds
cont ai ning the platinum anm ne conpl ex, such as Pt (NH3)4C12H20.

Al ternatively, a conpound of the hydrogenation conponent may be added to
the nol ecul ar sieve when it is being conposited with a binder, 5 or after
t he nol ecul ar sieve and bi nder have been forned into particles by extrusion
or pelletizing. The second netal conponent may be incorporated into the

cat al yst conpasippiuoh tiateof hEGoapes i ldef dnderindit hidlsatke Famags. Asusctberfinr st
met al conponept rnatiy n tal co

i ncor por at ed |hnf1 urﬁ}%eﬁ%gs emf?or)(hec%rrrlg(ggl%gﬁ oghoa 9us®h°‘wx??§&§wm¥d ?&c eerlcﬁ1ent
has been incoNpev at(@d27 s his may be achleved in the sane or an

10al ternative ner. 052 Af r |n [ or t nts,

t he nol ecul ar [05| ve i s{rgesga % raH t%g faEn gntﬁré% EAI agﬂr}gpg}f?ﬁg'tgt to
160C, typiZal thynilhES! mgcttmdﬁﬁz;rcdfowhfadzae Itleassctonﬂ mgiahigtcBosameb gem&mal thy bomene

| onger than 24 res,r i P.

Thereator, Aarann stk oPURIY iR SRR HERD Rt Bt ckERn ot coppe,

such as air osllv&ISgoltir mgem,unatlron etmmteat mobbdafimf rarit260CL tor §606nd. ofn dn¢ 0 20

hours. Cal cin i [ I F 100 to
300 kpa & [ OBLETRR AR R orGRRE TR Sy RICRINER L EOAAE SRBT 2
systemis t hamlﬂ?rﬁt]s ar oﬁmmmcrhgydrtlwg‘émamc@h isaprebont tiry thicstijsovatalysh is greanmagies it
may be degjrahl t yst
beds prloﬁjto dgggggﬁéggg%%ggﬁhgﬁﬂgangf%ykg gﬁﬂﬁP%ug%eggﬁg%ﬁ%%kg ﬁg%%ﬁ

cat al yst conpbsfitst aelyst mhnﬁmmbﬁ:@etroalm@m/ﬂ(ﬁtae@ﬁhoat 1wt eoighe Bisraklsf. at | east
260 to 650C f | east 0 I :

pressure of @g‘ﬁb 259 (%pgmg; Bmg&ﬁggéﬁﬁ g%%%%@?%gégggﬁpzrgal atby
cont acti ng t heresitaal tpshe winpératgros @m etéercrfon@mrf%mmploye@hl ths eyt ogesalkglatidn de,
at a tenperat r ' u 1to
about 24 houﬁg&%? 3 gg%gg%ﬁeﬁg??%n&mggg?%?ﬁ§§§hga%?%%22£%%hﬂgw %ﬁ%@ﬂfﬁﬁst
and secontd catceurying zdvdiths, arkll ast ln?ngetsentdterlﬁlheuCthm%erIdYQaiﬂaldy@ﬂ/Obé@td#rayldbe
located in SQRAY Al-AukiRACTRY iRordHlc Al ANY 40 lo il h¥tuda$ aéc%qmlgnorqn #eGheor
reactor, typically separate rom anot hef by spacers or by inert naterials,
such as, al urdchsingyaipresipgptesseiradls IncBgting migpurstofl vidFaandimppial oxidet sl 8 bderd
catal yst beds, Goulhd an‘enEP@%ﬁ%élf‘ OO RAE chm@nlqa§ pomalie c&%@w%ﬁw&ed

| ocated in a different reactor. As Her alternative, the first

cat al yst bed selselivély bethp @@dvsé@omppséwe F@@E@‘F@?atﬁéﬁﬁ spikrblysers el dikeats thangol
catal yst Qedsyd geahedr &dﬁva’&gh L(f ﬁfa?ﬂ?&nsélﬁﬁ&tg@ﬁmd&@s @alnlbc%bh%gi iPBS coohbiichil T St
catalyst is not mxed wth second catal yst and the hydrocarbon

f eedst ocks arild [oydFly géﬁmaréﬁﬁwf&W@@ﬁmgdﬁ%%n@ﬁé%ﬁFH@“ﬁ@P@iﬂ@d@§lv5ﬁmﬁ@ﬂ
prior to contggld NQIkibaySEGRY ifRLR rMa?t@rlat%ergay 1§blmle,| fr c)(am]ilé nﬁth%u& REdusking
catal yst bed is present, the hydrocarbon feédstocks and hydrogen are
arranged to chbecs b@lﬁ@ﬂ@e@ddﬂol@atumlv@@veo@a cpih sirened elofie sELHFOMRRSIHM r d

catal yst bed. ,3lQ0RRdlR) GRE[AE EMAitiohdre first catalyst bed is maintained
under conditions effective to deal kyl ate aromati c hydrocar bons contai ni ng

C2+ al kyl25gr d¥p81 i n t H¥atyelixsecaripralpyche senidn WEROdiTH Vb tedtrehma euichdeve
resul ting C2+g @bgfiditsr thSbutdi AR b&nsRmidh tm@@@ th AonQRAH BhikcOfhd R0 I8}, nich
catal yst bed conprise a tenperature in the range of about 100 .to about 800
C, pref er abl yasisutclgdptbe du%éfﬁtﬂt%o%ﬁdéhe Kaghipg §%1nm%nly KPHE 2y B MNagBe UL
790 to about @08 kRarioridd @ys & 8Hh&L ablhi APAN tmatil A 3RARRLKPA- Rulogitk2: HC
nolar ratio in the range of about 0.01 to about 20, preferably about 1 to
about 10, andredmipSickith TaREte AARXIEE BB caR1be e Bt r%@dtﬁr‘i‘ priginally

preferablyy abowdd of idi®a@RM¢ctedQo bicitatioh ORRG IR nEECaNTicAMAl Mstionbed i s
mai nt ai ned under conditions effective to transal ky Iﬁte C9+ aronmmtic

hydr ocar bons [#3¢h sai dhatdditiende BndoresRity wGhEt ithe Hpdraie e vicve pgn be

Sui tabl e condbhp@nsd &0k a PRRLA AR Whdct hRtcHRIC AR o6 ah dloy&hicRBEH-GORPEL HEmA
tenperature in the range of about 100 to about. 800 C, preferably about 300
to about 500 s, sRuRCEEEPE of ilichedl FRiGe ZiEONEL §iFfia7 §Tit0 PENE ]t MIBOD KP4- a,
preferably about 2170 to 3000 kPa-a, a H2: HC nolar ratio in the range of
about 0.01 to about 20, preferably about-&-to about 10, and a WHSV in the
range of about 0.01 to about 100 hr-', preferably about 1 to about 10 hr-1
20[ 0057] Where present, the third catal yst bed is maintai ned under
conditions effective



to crack non-aromatic cyclic hydrocarbons in the effluent fromthe second
catal yst bed. Suitable conditions for operation of the third catal yst bed
conprise a tenperature in the range of about 100 to about 800 C, preferably
about 300 to about 500 C, a pressure in the range of about 790 to about
7000 kPa-a, preferably about 2170 to 3000 kPa-a, a H2:HC nolar ratio in
25t he range of about 0.01 to about 20, preferably about 1 to about 10, and
a WHSV in the range of about 0.01 to about 100 hr', preferably about Ito
about 50 hr' con{bﬁlﬁﬁ&isdbmie«ﬁusdcy asvsiﬁé@aeluh‘rinel filicstpgresie.onlicagmdoroptsileadhoriahi r d
catal yst beds jin , [gact or o] atl ondi |ons |n
each bed are Ssﬂﬁ ﬁ}egﬁld Sﬁfd' Ht‘”ﬁ” Ya ng mdry[%lg’@ ‘kl]1 e ‘B(rg]}\l/entllﬂgdnﬁw tt

nore particul salndayahdms‘cmrcbmd Wchhlwnerﬁoemwea $rol sﬂh&n&@neﬁmampdnees Iamdy dlso be

acconpanyi ng dr aw n kyl ation of Ar onat |
Feod Lot ne B @l o RIAER S3at b e oo Ko BlREuS b M AURIE LS
Si/Al 2 nolar eotibidel fodm ﬁ]&smﬁcmtamaubmdn qfdrmatakyst cofpkitich. pm was f or rrul at ed
into a 1/16 @qu]“d“ cql lcaﬁ"y rtH date {4 %‘%g}p %ée s %Ji\ﬁme?'c) oI dhé 29, dﬁﬂ%{?‘ ahtobe

extrudate (Ex e 2) u ersa Ader such that the mass
ratio 5 of zemittbmaé w,rtlyaxslﬂal ﬁmocaadlyammmpowsn iorftalnw\thalpmder @uiRLtrig ohaitriabim @S

added duri ng arrulul L0 crg%t 15dtwt‘2{ f G2t A% twt(g/ExarrpI es 1 and 3) or
Jilg e B yst (‘/E‘x ol & 25"

0. 115 wt % Pt he ‘extrudat es were
converted intM@Q&@jﬂLf orm by cal cining at 538C for 2 hours and then

st eaned ato ?@5415 427G Tﬁeosreco% 9t5’l§r$[ {' zi’lcgrgn{?oﬁe}t&aangeg d%gtgggtactgglpflﬁgég ?econd

catalytlc ac y. The resutan sts were th I Xxed- bed
m crounit. Theolidlar emed hﬂwrmrae@(smrentvlageG&S tipwi gan@2plidnakiPaje andor mestdtiPoHC

ratio was 2:1, H}Lﬁ«dg %%%B\%ﬁgrgﬁsfgg@% PR %ﬁl %f%’% RGN ar omati cs and

15% benzene + t ene anal ysi s o I'S shown in Table 1.
Tabl e 1 Feed [@posi t | Dntabls OBlagaler @eVQQfOB@Sﬁz@rﬁl@ BeBE cTalystenmpesit8@ comprise

Ethyl benzene 0.0Q &yl &M531id- ®h, BN 1OIHENGHR2Y 9B sTh,) BRANHAEDZEMSal v),
15  mordenite, NU-87, ZSM-3, ZSM-4 (Mazzite), ZSM-12, ZSM-18, MCM-22, PSH-3, SSZ-25,
MCM-36, MCM-49, MCM-56, EMM-10, EMM-10-P and ZSM-20. Zeolite ZSM-4 is
described in U.S. Patent No. 3,923,636. Zeolite ZSM-12 is described in U.S. Patent No.
3,832,449, Zeolite ZSM-20 is described in U.S. Patent No. 3,972,983. Zeolite Beta is
described in U.S. Patent No. 3,308,069, and Re. No. 28,341. Low sodium Ultrastable Y
20 molecular sieve (USY) is described in U.S. Patent Nos. 3,293,192 and 3,449,070.
Dealuminized Y zeolite (Deal Y) may be prepared by the method found in U.S. Patent No.
3,442,795, Zeolite UHP-Y is described in U.S. Patent No. 4,401,556, Rare earth exchanged
Y (REY) is described in U.S. Patent No. 3,524,820. Mordenite is a naturally occurring
material but is also available in synthetic forms, such as TEA-mordenite (i.e., synthetic
25  mordenite prepared from a reaction mixture comprising a tetracthylammonium directing
agent). TEA-mordenite is disclosed in U.S. Patent Nos. 3,766,093 and 3,894,104, MCM-22
is described in U.S. Patent No. 4,954,325, PSH-3 is described in U.S. Patent No. 4,439,409,
SSZ-25 is described in U.S. Patent No. 4,826,667. MCM-36 is described in U.S. Patent No.
5,250,277. MCM-49 is described in U.S. Patent No. 5,236,575. MCM-56 is described in

30 U.S. Patent No. 5,362,697,
[0043] In onc preferred embodiment, the seccond molecular sieve comprises ZSM-12
and especially ZSM-12 having an average crystal size of less than 0.1 micron, such as about

0.05 micron.



39. 09 Propyl benzene 2.65 1, n-ethyl xylene 10.56 Tetramet hyl benzene 2.45
O her 010 aromatic 5.31 O her 011 aromatic 0.30 O her 012 aronatic 0.00
| ndanes 0. 74 Al kyl indanes 0.00 Napthal ene 0.01 Al kyl naphthal ene 0.00
Heavies 0.00 Unidentified 0.80 15 [0061] The catal ysts were reduced in
hydrogen for 1 hour at 410-420C prior to the

[0044] Conveniently, the second molecular sieve has an alpha value of at least 20,
such as from about 20 to about 500, for example from about 30 to about 100.

[0045] Generally, the second molecular sieve is an aluminosilicate having a silica to
alumina molar ratio of less than 500, typically from about 50 to about 300.

5 [0046] Typically, the sccond catalyst compriscs at lcast 1 wt%, preferably at least 10
wt%, more preferably at least 50 wt%, and most preferably at least 65 wt%, of the second
molecular sieve.

10047] Optionally, the second catalyst comprises at least one and preferably at least

two metals or compounds thercof of Groups 6 to 12 of the Pcriodic Table of the Elements.
10 Generally, the second catalyst comprises the same first and second metals present in the same

amounts as contained by the first catalyst.

[0048] Generally, the second catalyst also contains a binder or matrix material, which

can be any of the materials listed as being suitable for the first catalyst and can be present in

an amount ranging from 5 to 95 wt%, and typically from 10 to 60 wt%, of the second catalyst
15  composition.

[0049] Conveniently, the weight ratio of the first catalyst to the second catalyst is in

the range of 5:95 to 75:25.

Optional Third Catalyst Bed

[0050] In addition to the first and sccond catalysts beds employed in the present

20  multi-bed catalysts system, it may be desirable to incorporate a third catalyst bed downstream
of the second catalyst bed and effective to crack non-aromatic cyclic hydrocarbons in the
effluent from the first and second catalyst beds. The third catalyst bed accommodates a third
catalyst comprising a third molecular sieve having a Constraint Index from about 1 to 12.
Suitable molecular sieves for use in the third catalyst comprise at [east one of ZSM-5, ZSM-

25 11, ZSM-12, zeolite beta, ZSM-22, ZSM-23, ZSM-35, ZSM-48, ZSM-57 and ZSM-58, with
ZSM-5 being preferred.

Production of the Catalvsts

[0051] The metal components of the first and second catalysts can be incorporated
into the catalyst composition by co-crystallization, exchanged into the composition to the
30  extent a Group 13 element, e.g., aluminum, is in the molecular sieve structure, impregnated
therein, or mixed with the molecular sicve and binder. For example, the metal components
can be impregnated in or on the molecular sicve, for example in the case of platinum, by

treating the molecular sieve with a solution containing a platinum metal-containing ion.

-10-
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verage React or enper ure,
or after thc molecular siecve and binder have been formed into particles by extrusion or

pelletizing. The second metal component may be incorporated into the catalyst composition
at the same time and in the same manner as the first metal component. Alternatively, the
second metal component may be incorporated into the catalyst composition after the first
metal component has been incorporated, and this may be achieved in the samc or an
alternative manner.

[0052] After incorporation of the metal components, the molecular sieve is usually
dried by heating at a temperature of 65°C to 160°C, typically 110°C to 143°C, for at least 1
minute and generally not longer than 24 hours, at pressures ranging from 100 to 200 kPa-a.
Thereafter, the molecular sieve may be calcined in a stream of dry gas, such as air or
nitrogen, at temperatures of from 260°C to 650°C for 1 to 20 hours. Calcination is typically
conducted at pressures ranging from 100 to 300 kPa-a.

[0053] Although one advantage of the present multi-bed catalyst system is that its
aromatic hydrogenation activity is low, in some cases it may be desirable to stcam treat
and/or sulfide one of more of the catalyst beds prior to usc. Stcam trcatment may be effected
by contacting the catalyst composition with from 5 to 100% steam at a tempcrature of at least
260 to 650°C for at least one hour, typically from 1 to 20 hours, at a pressure of 100 to 2590
kPa-a. Sulfiding is conveniently accomplished by contacting the catalyst with a source of
sulfur, such as hydrogen sulfide, at a temperature ranging from about 320 to 480 °C for a

period of about 1 to about 24 hours.

Transalkylation Apparatus and Process

[0054] The first and second catalyst beds and, if present, the third catalyst bed may be
located in separate reactors but are conveniently located in a single reactor, typically
separated from another by spacers or by inert materials, such as, alumina balls or sand.
Alternatively, the first and second catalyst beds could be located in one reactor and the third
catalyst bed located in a different reactor. As a further alternative, the first catalyst bed could
be located in onc reactor and the second and third catalyst beds located in a different reactor.

In all situations, the first catalyst is not mixed with the second catalyst and the hydrocarbon

~11-

eresults



Total xylenes 14.6 16.2 13.6 Ethyl benzene 0.3 0
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feedstocks and hydrogen are arranged to contact the first catalyst bed prior to contacting the
second catalyst bed. Similarly, if the third catalyst bed is present, the hydrocarbon feedstocks
and hydrogen are arranged to contact the second catalyst bed prior to contacting the third
catalyst bed.

10055] In opcration, the first catalyst bed is maintained under conditions effective to
dealkylate aromatic hydrocarbons containing C,+ alkyl groups in the heavy aromatic
feedstock and to saturate the resulting C,+ olefins. Suitable conditions for operation of the
first catalyst bed comprise a temperature in the range of about 100 to about 800 °C,
preferably about 300 to about 500 °C, a pressure in the range of about 790 to about 7000 kPa-
a, preferably about 2170 to 3000 kPa-a, a Hy,:HC molar ratio in the range of about 0.01 to
about 20, preferably about 1 to about 10, and a WHSV in the range of about 0.01 to about
100 hr', preferably about 2 to about 20 hr™'.

[0056] The second catalyst bed is maintained under conditions effective to
transalkylate Cot+ aromatic hydrocarbons with said at least one Cs-C aromatic hydrocarbon.
Suitable conditions for operation of the second catalyst bed comprise a temperature in the
range of about 100 to about 800 °C, preferably about 300 to about 500 °C, a pressure in the
range of about 790 to about 7000 kPa-a, preferably about 2170 to 3000 kPa-a, a Ho:HC molar
ratio in the range of about 0.01 to about 20, preferably about 1 to about 10, and a WHSV in
the range of about 0.01 to about 100 hr™', preferably about 1 to about 10 hr.

[0057] Where present, the third catalyst bed is maintained under conditions effective
to crack non-aromatic cyclic hydrocarbons in the effluent from the second catalyst bed.
Suitable conditions for operation of the third catalyst bed comprise a temperature in the range
of about 100 to about 800 °C, preferably about 300 to about 500 °C, a pressure in the range of
about 790 to about 7000 kPa-a, preferably about 2170 to 3000 kPa-a, a H,:HC molar ratio in
the range of about 0.01 to about 20, preferably about 1 to about 10, and a WHSV in the range
of about 0.01 to about 100 hr™', preferably about 1 to about 50 hr'.

[0058] Obviously, where the first, second and optional third catalyst beds are located
in a single reactor, the operating conditions in each bed are substantially the same.

[0059] The invention will now be more particularly described with reference to the

Examples and accompanying drawing.

S12-
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1,2,4-TMB conversion, %21.9 26.6 22.0 1,2, 3-TMB conversion, %29.9 32.2
23.6 C9 conversion, %45.9 48.0 43.4 C 1 O conversion, 9%59.3 56.5 48.0
C9/ 10 conversion, % 48.7 49.8 44.3 Toluene + C9/10 conversion, % 28.3 29.2
25.5 Total TMBs 34.13 32.35 34.43

Examples 1 to 3: Dealkvlation of Heavy Aromatics Feed using Bi-metallic MFI Zeolite

[0060] A ZSM-5 zeolite having a Si/Al, molar ratio of 65 and crystal dimensions of

0.14 pm was formulated into a 1/16” cylindrical extrudate (Examples 1 and 3) or 1/20”
quadrilobe extrudate (Example 2) using a Versal 300 alumina binder such that the mass ratio

5  of zcolite crystal to alumina was 1:1. A Cu or CuPt solution was added during mulling to
create 0.115 wt% Pt catalyst (Examples 1 and 3) or 0.115 wt% Pt, 0.0375 wt% Cu catalyst
(Example 2). The extrudates were converted into the acidic form by calcining at 538°C for 2
hours and then steamed at 800°F (427°C) for 3 hours in 100% steam to moderate their
catalytic activity. The resultant catalysts were then tested in a fixed-bed microunit. The

10 reactor pressure was 350 psig (2514 kPa) and the H,:HC ratio was 2:1. The feed to the
reactor contained 85% heavy aromatics and 15% benzene + toluene. A detailed analysis of

the feed is shown in Table 1.

Table 1
Feed Composition %
Cb5- gas 0.00
Benzene 8.55
Toluene 6.39
Ethylbenzene 0.00
Xylenes 0.21
EthylToluene 22.93
Trimethylbenzene 39.09
Propylbenzene 2.65
1,n-ethyixylene 10.56
Tetramethylbenzene 2.45
Other C10 aromatic 5.31
Other C11 aromatic 0.30
Other C12 aromatic 0.00
Indanes 0.74
Alkylindanes 0.00
Napthalene 0.01
Alkylnaphthalene 0.00
Heavies 0.00
Unidentified 0.80
15
[0061] The catalysts were reduced in hydrogen for 1 hour at 410-420°C prior to the

introduction of feed. The catalysts of Examples 1 and 2 were tested with just the hydrogen
reduction prior to feed introduction, whereas the catalyst of Example 3 was subjected to H,S
sulfiding after hydrogen reduction using 400 ppm H,S in hydrogen at 420°C. The total
20  amount of sulfur added to the reactor was 5 moles S per mole Pt prior to feed introduction,
and a further 10 moles S per mole Pt after the feed was introduced. The activity of the

catalysts was determined at 350 psig (2514 kPa) with a Hy:HC molar ratio of 2:1. The total

-13-



Total TeMBs 4.43 4.78 4.87 Total 218C+ BP 0.84 1.41 1.52 % Deet hyl ati on
89.7 88.0 80.4 % Depropylation 99.4 99.0 98.3 Total saturates 0.11 0.02
0. 02 Benzene purity, % 98.89 99.81 99.83 Light gas 10.5 8.2 7.3

feed flowrate, expressed as grams feed per gram catalyst per hour (WHSV) was 10 hr.

Product analysis occured using on-line GC-FID with a 60m DB-WAX column. The results

are summarized in Table 2 and Figure 1.

Table 2
Example 1 2 3
Catalyst Metal 0.115%Pt 0.115%Pt 0.115%Pt
0.0375% Cu
WHSV 10 10 133
Pre-/Co-sulfiding 0/0 0/0 5/10
Average Reactor Temperature, °F 786 789 788
Total xylenes 14.6 16.2 13.6
Ethylbenzene 0.3 0.7 1.1
PX/Total xylenes, % 243 24.2 243
PX purity, % 23.8 232 22.5
Ethyltoluene conversion, % 97.0 95.0 90.5
Ethylxylene conversion, % 73.6 72.4 58.4
1,3,5-TMB conversion, % -1.8 2.3 -2.0
1,2,4-TMB conversion, % 219 26.6 22.0
1,2,3-TMB conversion, % 29.9 322 23.6
C9 conversion, % 459 48.0 43 4
C10 conversion, % 59.3 56.5 48.0
C9/10 conversion, % 48.7 49.8 443
Toluene + C9/10 conversion, % 28.3 29.2 25.5
Total TMBs 34.13 32.35 34.43
Total TeMBs 443 4.78 4.87
Total 218°C+ BP 0.84 1.41 1.52
% Deethylation 89.7 88.0 80.4
% Depropylation 99.4 99.0 98.3
Total saturates 0.11 0.02 0.02
Benzene purity, % 98.89 99.81 99.83
Light gas 10.5 8.2 7.3
5
[0062] Comparison of the feed and product compositions in Tables 1 and 2

respectively shows that the all catalysts were very effective for dealkylating the feed without
catalyzing transalkylation reactions to any significant extent. The Pt-non-sulfided (Example

1) and Pt-Cu system (Example 2) had very similar de-cthylation rates between 88-90%. The

- 14-



100621Conpari son of the feed and product conpositions in Tables 1 and 2
respectively shows that the all catalysts were very effective for
deal kyl ating the feed wi thout catal yzing transal kyl ation reactions to any
significant extent. The Pt-non-sulfided (Exanple 1) and Pt-Cu system
(Exanple 2) had very simlar de-ethylation rates between 88-90% The

Pt-sul fided system (Exanple 3) was slightly | ower at 80% However, the
saturates produced with the Pt-non-sulfided system (Exanple 1) were much
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Pt! 0.032f wd,Cll. D e vl OAIINRabgact or pressure was 350
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i ntroduced. Produgjgangl yﬂv;_a%w/s&cg L ed ¢ ng on-line GG FID. The
results are sunmmarized in Table 4. 30 Table 3 C5-gas 0.0 Benzene 0.0
System B
Top Bed: 0.115 wt% Pt/ 0.0375 wt% Cu / 50:50 ZSM-5B:A120
20 Mid Bed: 0.1 wt% Pt/ 0.0326 wt% Cu/ 65:35 ZSM-12:A1203
[0064] The recactor pressure was 350 psig (2514 kPa), the WHSV was 4 and the

H,:HC ratio was 2:1. The feed to the reactor contained 60% heavy aromatics and 40%
toluene. A detailed analysis of the feed is shown in Table 3. On start-up, the catalyst beds

25  were reduced in hydrogen at 420°C. The platinum only catalyst system (A) was subjected to
H,S sulfiding after hydrogen reduction. The total amount of sulfur added to the reactor was 7
moles S per mole Pt prior to feed introduction, and a further 10 moles S per mole Pt after feed
was introduced. Product analysis was conducted using on-line GC-FID. The results are
summarized in Table 4.

30
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Tol uene 41.4 Ethyl benzene 0.0 Xylenes 0.1 Ethyltoluene 14.0

Tri met hyl benzene 29.2 Propl ybenzene 1.9 1, n-ethyl xylene 6.2

Tetramet hyl benzene 2.8 O her CI 0 aromatics 2.9 G her Cl1 aronatics 0.4
O her Cl12 aromatics 0.0 Indanes 0.5 Al kylindanes 0.2 Napthal ene 0.1

Table 3
C5-gas 0.0
Benzene 0.0
Toluene 414
Ethylbenzene 0.0
Xylenes 0.1
Ethyltoluene 14.0
Trimethylbenzene 29.2
Proplybenzene 1.9
1, n-ethyl xylene 6.2
Tetramethylbenzene 2.8
Other C10 aromatics 2.9
Other C11 aromatics 0.4
Other C12 aromatics 0.0
Indanes 0.5
Alkylindanes 0.2
Napthalene 0.1
Alkynapthalene 0.0
Hcavics 0.0
Unidentitied 0.2

- 16 -



Al kynapt hal ene 0.0 Heavies 0.0 Unidentified 0.2 Table 4 Catal yst systemA
B Pre-/Co-sulfiding 7/10 0/0 Days on stream 16.4 6.3 Average reactor
tenperature F 767 765 Catal yst Performance % Deethylation 70.7 80.6 %
Depropyl ation 95.9 96.7 C2/C2=

Table 4
Catalyst system A B
Pre-/Co-sulfiding 7/10 0/0
Days on stream 16.4 6.3
Average reactor temperature °F 767 765
Catalyst Performance
% Deethylation 70.7 80.6
% Depropylation 95.9 96.7
C2/C2= 1161 2521
C3/C3= 875
Benzene purity, % 99.26 99.10
Conversion %
Toluene 31.2 323
C9 58.1 60.2
C10 60.5 67.3
Toluene +C9+C10 47.6 494
Ring loss (Naph.=1 ring), % 2.6 3.1
Yields, wt%
Light gas (C5-) 7.8 8.7
Non-aromatics 0.3 0.2
Benzene 6.1 6.5
Toluene 27.5 28.0
Ethylbenzene 1.2 0.8
Xylenes 31.9 335
C9 aromatics 19.6 18.2
MeBenzenes 2.9 1.9
TMB 16.5 16.2
C10 aromatics 4.9 4.0
Diethylbenzenes 0.06 0.02
Dimethylethylbenzenes 1.9 1.3
Tetramethylbenzene 2.6 2.5
Cl1+ aromatics 1.3 0.9
Naphthalenes 0.5 0.6

-17-



1161 2521 C3/C3= 875 Benzene purity, % 99.26 99. 10 Conversi on % Tol uene
31.2 32.3 C9 58.1 60.2 C1 0 60.5 67.3 Toluene +C9+C10 47.6 49.4 Ring | oss
(Naph.=1 ring), %2.6 3.1 Yields, w% Light gas (C5-) 7.8 8.7

[0065] As the data in Table 3 indicates, system B has higher de-ethylation/de-

propylation rates and slightly higher conversion with only slightly higher ring loss (2.6 vs

3.1). If brought to the same de-ethylation and conversion, the ring loss for the two systems

would be very similar, illustrating the suitable use of bi-metallic catalyst system to replace a

5 platinum only system when sulfiding is not preferred. The higher cthanc to ethylenc ratio for
the bimetallic system indicates good metal function for ethylene saturation, which is desired.

[0066] While the present invention has been described and illustrated by reference to

particular embodiments, those of ordinary skill in the art will appreciate that the invention

lends itself to variations not necessarily illustrated herein. For this reason, then, reference

10 should be made solely to the appended claims for purposes of determining the true scope of

the present invention.

- 18-



Non-aromatics 0.3 0.2 Benzene 6.1 6.5 Toluene 27.5 28.0 Ethyl benzene 1.2
0.8 Xylenes 31.9 33.5 C9 aromatics 19.6 18.2 MeBenzenes 2.9 1.9 TMB 16.5
16.2 C I 0 aromatics 4.9 4.0 Di et hyl benzenes

CLAIMS:

1. A catalyst system for transalkylation of a Co+ aromatic hydrocarbon feedstock
with a C4-C7 aromatic hydrocarbon, the catalyst system comprising:

(a) a first catalyst bed comprising (i) a first molecular sieve having a
Constraint Index in the range of about 3 to about 12 and (ii) at least first and second
different metals or compounds thereof of Groups 6-12 of the Periodic Table of the
Elements; and

(b) a second catalyst bed comprising a second molecular sieve having a
Constraint Index less than 3;

wherein the weight ratio of said first catalyst to said second catalyst is in the
range of about 5:95 to about 75:25 and wherein said first catalyst bed is located
upstream of said second catalyst bed when the catalyst system is brought into contact
with said Co+ aromatic hydrocarbon feedstock and said C4-C7 aromatic hydrocarbon
in the presence of hydrogen; and

(c) a third catalyst comprising a third molecular sieve having a Constraint
Index in the range of about 3 to about 12, wherein said third catalyst bed is located
downstream of said second catalyst bed when the catalyst system is brought into
contact with said Co+ aromatic hydrocarbon feedstock and said Cs-C; aromatic
hydrocarbon in the presence of hydrogen;

wherein said first metal is at least one of platinum, palladium, iridium, and
rhenium, present in the first catalyst in an amount between about 0.001 and about 5
wt % of the first catalyst, wherein said second metal is at least one of copper, silver,
gold, ruthenium, iron, tungsten, molybdenum, cobalt, nickel and zinc, present in the

first catalyst in an amount between about 0.001 and about 10 wt % of the first catalyst.

2. The catalyst system of claim 1, wherein said first metal comprises platinum

and said second metal comprises copper.

3. The catalyst system of claim 1, wherein said first molecular sieve comprises at
least one of ZSM-5, ZSM-11, ZSM-22, ZSM-23, ZSM-35, ZSM-48, ZSM-57 and

ZSM-58.
-19-



0.06 0.02 Di nethyl ethyl benzenes 1.9 1.3 Tetranet hyl benzene 2.6 2.5 Cl1+
aromatics 1.3 0.9 Naphthalenes 0.5 0.6 - 17- [0065]As the data in Table
3 indicates, system B has higher de-ethylation/de- propylation rates and
slightly higher conversion with only slightly higher ring loss (2.6 vs
3.1). If brought to the sane de-ethyl ation and conversion, the ring |oss
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transal kyl ath@rC o€, @otRtic 8y @a8drbén, ivdEpaastBosncheedpiiorlk: with a C6- C7
aromatic hydr chr)boné filrgtece%[glg/?tl gesc{ cgglf);isixr;jg C(%rrgrfilrgti Irlll%:lecular sieve having a
Constraint Index in the range of about 3 to about 12 and (ii) at least first and second
different metals or compounds thereof of Groups 6-12 of the Periodic Table of the
Elements; and
(b) a second catalyst bed comprising a second molecular sieve having a
Constraint Index less than 3;
wherein the weight ratio of said first catalyst to said second catalyst is in the
range of about 5:95 to about 75:25 and wherein said first catalyst bed is located
upstream of said second catalyst bed when the catalyst system is brought into contact
with said Co+ aromatic hydrocarbon feedstock and said C¢-C7 aromatic hydrocarbon
in the presence of hydrogen; and
wherein said first metal is at least one of platinum, palladium, iridium, and
rhenium wherein the first metal is present in the first catalyst in an amount between
about 0.001 and about 5 wt % of the first catalyst, and said second metal is at least
one of copper, silver, gold, tungsten, molybdenum, nickel, tin and zinc, and wherein

the second metal is present in the first catalyst in an amount between about 0.001 and

about 10 wt % of the first catalyst.

6. The system of claim 5, wherein said first molecular sieve comprises at least

one of ZSM-5, ZSM-11, ZSM-22, ZSM-23, ZSM-35, ZSM-48, ZSM-57 and ZSM-58.

7. The system of claim 5, wherein said second molecular sieve comprises at least
one of zeolite beta, zeolite Y, Ultrastable Y (USY), Dealuminized Y (Deal Y),
mordenite, NU-87, ZSM-3, ZSM-4 (Mazzite), ZSM-12, ZSM-18, MCM-22, MCM-36,
MCM-49, MCM-56, EMM-10, EMM-10-P and ZSM-20.
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(a) a first catalyst bed conprising (i) a first nolecular sieve having a
Constraint Index in the range of about 3 to about 12 and (ii) at |east
first and second different nmetals or conpounds thereof of G oups 6-12 of
the Periodic Table of the Elenents; and (b) a second catal yst bed
conprising a second nol ecul ar sieve having a Constraint Index |less than 3;
wherein thg wei QH% {rjﬁéxh%fgialﬁaﬂ qwﬁérélﬁtsaﬁaﬁ@! bﬁ%iecﬁﬁr sRidiS2SONd spdkalyst is
in the range of to about 75: and wherein said first catal yst
bed is | ocsatcedd updtcubamient issaiM-12econd cat al yst bed when the catal yst
systemis brought into contact with said C9+ aromatic hydrocarbon feedstock
and said C6-C7 aromati c hydrocarbon in the presence of hydrogen; and

(c) a third catghysistGRBPlaihN) whekdih kBdMEIMCUhAra SirBYIe shRVdfMessah&@nst r ai nt
I ndex in the range of about 3 to about 12, wherein said third catal yst bed
i s | ocat edmiownstdsaih ZMsl s spetisde He of lsstthire@ Supierent he cat al yst~ syst em
is brought into contact with said C9+ aromati c hydrocarbon feedstock and
said C6-C7 aromatic hydrocarbon in the presence of hydrogen; wherein
said first et alfhé systdm beesim Snirt@ér 1ﬂbl@ﬂin@ldﬁhlr@ ahthBdi tuah confpridingm thadd
rhenium present in the first cat al)[/ in_an anount between about 0,001 and
about 5 wt M9gesplag W@Vﬁlhaé’ﬂngcat(é‘l"}?érﬁm Whds¥eith thearangs fophPURet 1 apQutal2.| east
one of cop Y, cobal t,
i okl andr e S Bhi e B e e B e 2bout
0. 001 and azbautheldhtal\yst %snémtmbrofughtsmtocanmwguth RidToer emiraty stydsystbem of
claim1i, ere| s id é t netal ses | at i num and .sai d second net al
conpri ses stitkCe f%‘l(’??fwé]?f BR 1t |pﬁ‘isincevﬁ%gﬂygf% “Baid first

nol ecul ar S|eve corrprlses at | east one of ZSM 5, ZSM 11, ZSM 22, ZSM 23,
ZSM 35, ZSM 48, ZSM 57 and ZSM58. 4. The catal yst system of claim 1,
wherei n said second nol ecul ar sieve conprises at |east one of zeolite beta,
zeolite Y, Utrastable Y (USY), Dealumnized Y (Deal Y), nordenite, NU 87,
ZSM 3, ZSM4 (Mazzite), ZSM 12, ZSM 18, MCM22, MCM 36, MCM 49, MCM 56,

EMM 10, EMM 10-P and ZSM 20. 5. A catalyst systemfor transal kyl ation of a
C9+ aromati ¢ hydrocarbon feedstock with a C6-C7 aromati c hydrocarbon, the
catal yst system conpri si ng: (a) a first catalyst bed conprising (i)
a first nolecular sieve having a Constraint Index in the range of about 3
to about 12 and (ii) at least first and second different netals or
conpounds thereof of G oups 6-12 of the Periodic Table of the Elenents; and
(b) a second catal yst bed conprising a second nol ecul ar sieve having a
Constraint Index |less than 3; wherein the weight ratio of said first
catal yst to said second catalyst is in the range of about 5:95 to about

75: 25 and wherein said first catalyst bed is | ocated upstream of said
second catal yst bed when the catal yst systemis brought into contact with
said C9+ aromati c hydrocarbon feedstock and said C6-C7 aronmatic hydrocarbon
in the presence of hydrogen; and wherein said first netal is at |east
one of platinum palladium iridium and rheniumwherein the first netal is
present in the first catalyst in an anmount between about 0.001 and about 5
w % of the first catalyst, and said second netal is at |east one of
copper, silver, gold, tungsten, nolybdenum nickel, tin and zinc, and
wherein the second netal is present in the first catalyst in an anount

bet ween about 0.001 and about 10 wt % of the first catalyst. 6. The system
of claimb5, wherein said first nol ecul ar sieve conprises at |east one of
ZSM5, ZSM 11, ZSM 22, ZSM 23, ZSM 35, ZSM 48, ZSM 57 and ZSM 58. 7. The
systemof claim5, wherein said second nol ecul ar sieve conprises at |east
one of zeolite beta, zeolite Y, Utrastable Y (USY), Dealunm nized Y (Deal
Y), nordenite, NU-87, ZSM 3, ZSM4 (Mazzite), ZSM 12, ZSM 18, MM 22,

MCM 36, MCM 49, MCM 56, EMM 10, EMM 10-P and ZSM 20. - 20 - 8. The system
of claimb5, wherein said first nolecular sieve is ZSM5 and said second

nol ecul ar sieve is ZSM12. 9. The systemof claim8, wherein said ZSM5
has a particle size of less than 1 micron, and said ZSM 12 has a particle
size of less than 0.5 mcron. 10. The systemof claimb5, further including
a third catal yst bed conprising a thirgd nol ecul ar sieve having a Constraint
I ndex in the range of about 3 to about“12, wherein said third catal yst bed
is |located downstream of said second catal yst bed when the catal yst system
is brought into contact wwth said C9+ aromatic hydrocarbon feedstock and
said C6-C7 aromati c hydrocarbon in the presence of hydrogen.



