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PROCESS FOR REDUCI NG BROM NE | NDEX OF HYDROCARBON FEEDSTOCKS FI ELD

[ 0001] The preexemessiadvention relates to a process for reetivUsgodd3ezcd

"Brom ne Index (hereafter Bl) of hydrocarbon feedstocks such as
aromati ¢ hydrocarbon feedstocks havingiat | east 50 wt. % of Cs
aromati cs. BACKGROUND OF | NVENTI ON [ 0002] Hydr ocar bon feedst ocks such
as aromati c hydrocarbon feedstocks ar e derlved fron1processes such as
napht ha ref or BR# Yol
can be used in a variety of petr&%ﬁzgﬁiﬁ%égocesses such as

par a- xyl ene production froman a ocar bon feedst ock
cont ai ni ng benzene, toluene and xyl ene (BTX), toluene

di sproporti dfiELIPDN, xylene isonerization, alkylation and
transal kyl ation. However, aromatic hydrocarbon feedstocks often

. contain contgmi.nants r|S|n rom reactive_conpoun ncl.udi ng
cnsat ur at od MYMTocar bade Pescit A eRl AHARSIEf Fiotsss AR SRy RORiM

styrenes. Thage Qﬁfhaﬁ&usﬁ SINERIEbJaFtdh efesdstiRks @adhl 0RBmiatic AYRRISIHAAM

processes. ggﬁéefore t hese contam pants should be renmoved fromthe

aromatic hy Wekovingst bes ok Stk PEr e PREYScan be used in ot her
processes. [0003] I nproved processes for aromatics production, such as

t hat descri @gcmnmgmgwm@et rol eum Processing, McGawHill,
New York 1996, pp. 4.3-4.26, provide increased aromatics yield but

al so increas e ano of _cont ant For exa the_s from
hi gh- pr essur@)@am -re E’F%{P%Eﬁ 3%}? aﬁ Fomaie g%é%%afﬁ‘)é‘ Foﬁ bed
ref ormers r egalldeSvdd fidmS pasdsadt szh dsnﬁz[pﬁﬁﬁerelfd%mﬁig bt ERemsetasamd e
streans, which are aromatic hydrocarbon feedstocks for downstream

processes. TRIEEDEESuPIeh feslsipelsycanberisofbit Yoty PatreahemisebIROCRRE, | ess
expensi ve megfpds; gﬁfa-{ﬁéﬁevg;lod%ohy%ﬁp%b%&a@iet ﬂg@:@&moﬁ frE Abck

aromati c hydrocarbon fé€edst e.g reformate streans
containing benzene, toluene and xylene (BTX) toluene dlspmp()rtlonatlon, xylene

isomerization, allylation and transalkylation. However, aromatic hydrocarbon
feedstocks often contain contaminants comprising bromine-reactive compounds
including unsaturated hydrocarbons, such as mono-olefins, mmlti-olefins and
styrenes. These can cause undesirable side reactions in downstream processes.
Therefore, these contaminants should be removed from the aromatic hydrocarbon

feedstocks before they can be used in other processes.

( [0003] Improved processes for aromatics production, such as that
deseribed in the Handbook of Petroleum Processing, McGraw-Hill, New York
1996, pp. 4.3-4.26, provide increased aromatics yield but also increase the amount
of contaminants. For example, the shift from high-pressure semi-regenerative
reformers to low-pressure moving bed reformers results in a substantial increase
in BI in the reformate streams, which are aromatic hydrocarbon feedstocks for
downstream processes. This resulfs in a greater need for more efficient and less
expensive methods for removal of hydrocarbon contaminants from aromatic

hydrocarbon feedstocks, e.g., reformate streams.
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[0004] A efins (nono-olefins and nulti-olefins) in aromatic

hydr ocar borV9 @¥d61%3¢ks are commercially renoved by hydr BET/BSR0Pail§7264
“processes. Commercial hydrotreating catal ysts have proved active and
stable to substantially convert nulti-olefins contained therein to
ofigoners and to partially convert the olefins to al kyl aromati cs.

[ 0005] The clay treatnment of hydrocarbons is widely practiced in the
pet r ol eum afiogkt r oc helkefina(memenisinsi ad mlajeina) il ayanaicdrydragedant o
renove inpurities from hydrocarbon feedstocks..i i.de i of
processes. &‘?éﬂ%‘fsks tHhe C%éFICP@WOYGg:@O%éﬁ?%%WQ ggotc #ﬁ% t %@é}en%}oyﬂ

hydr ocar bonn{aegskias %itaﬂgisishh@eC%a%dCﬁﬁi&b yigit Gaksd eTeitsiabiellye cowert
undesirabl e ol efins, including both multi-olefinps and no- oéﬂefi ns,
in order toTwiEplefiny sEiENIarIFRfo gREERTs put togidia M°W§g§1%@? 1%t he
term "ol efi Qikgafﬁﬁ%%!”d" or "olefinic material"” is intended to refer
to both nono- 1e ins and nulti-olefins. definic conmpounds nmay be
obj ectionable in aromatic hydrocarbons at even ver,a,:j | ow

concentrati d#95bf | esEha Rlas tzeatresht vadi lyHEocRRPES i BRdch Pracissd(Rpis) for
SOMe Pr 0CES 3&Ro13if rfiSpdtlobhdlibAln@leeN 2 €r LB00ldhGsdiCiemove
"nmono- ol efi AS™ as used herern neans ol efini"c coffpounds cont ai ni ng one
car bon- car bamputities fremigdtbepéon fimfisodts & a Bideriatiey obpropasees- SlrePf B ar e
et hyl ene, propyl ene, but ene exen tvre ) e term
Tl ol of PHEY “GREE FEFER e AB) B e R BELERER o TBS

I eést tWo Cahhigi-Sakehds tadaudve vhdsstishlpelefing limtudirg boxaumitl-elsfinf and

multi-ol efins are butadi enes, cycl.opentadi ene and i sopr.enes.

[ 0007] Mor e ﬁ%@‘rﬂl‘?‘{)ﬂ& lﬁrﬂrgf‘é 0P e Yﬂggﬁssguaiﬁfdspﬁgg%ﬁh@m-a}éﬁ 9&93‘18‘1 e
have been pPrQROSEHinASconBRUACFEDEnit HatdklapVis itéhdbd® ren@vakh Bbno-

ol efinic compounds from aromati c hydrocarbon feedstaqcks, .U S. Patent

No. 6, 368, 49&finpeadhsuli-olgfing QledaicseE@oRndsaRayRe Fhacle AP ne
reactive hyqracarDaR ¢ QMBI R SonbEdRiatCsTabds Ghal 4 RAWeibbt patts Bér

providing an“aromatic feedstTeam having a negligible diene |evel. The
f eedst r eam imsllvorwapnkidr somtpracessesisucheasmiitvation F BIngene. conposi ti on
under conditions sufficient to renpve nono-ol efins. An aronatic

wthool ) RC07 oLBS SRR IRIEER 64 %ﬁ%éﬁﬁ%?ﬁ%é%iﬂé‘ﬁ sl
hydr ot r eat i rgniciming gret caivmecarmondtivbleorrndspef frpdpasie:  Expreplesseiamoned | y

remove di enes by tarene%yh%pgfoggdgﬁé, Bitenes, hexenes, styrene, and octenes. The term

“multi-olefins” used herein means olefinic compounds containing at least two

carbon~-carbon double bonds per molecule. Examples of multi-olefins are

-

butadienes, cyclopentadienes, and isoprenes.

{0007} More recently, molecular sieves, and particularly zeolites, have
been proposed as replacements for clays in the removal of olefinic compounds
from aromatic hydrocarbon feedstocks. U.S. Patent No. 6,368,496 (Brown et al.)
discloses a method for removing bromine reactive hydrocarbon contaruinants
from aromatic streams by first providing an avomatic feedstream having a
negligible diene level. The feedstream is contacted with an acid active catalyst
composition under conditions sufficient to remove mono-olefins. An aromatic

stream may be pretreated to remove dienes by contacting the stream with clay,



k)

[0008] U.S. Patent No. 6,500,996 (Brown et al.) discloses a nethod for
t he renovaw®teotvysrascar bon cont am nants, such as di enesrPanuswhaiirng,
“froman aromatics reforniate by contacting an aromatics reformate
streamwi th a hydrotreating catal yst and/or a nol ecul ar sieve. The
hydrotreati ng catal yst substantially converts all dienes to oligoners
and partially converts olefins to al kylaromatics. The nol ecul ar sieve
converts t hen@h8fdntfontod hadkibAng BBkl inddtendifi §ELEFicRON HBKardally

ol efin depl et'ed product which can bé passed through a clay treater to
subst ant i al | ErEvAdenss buheotmerpsi ¢y ol efins to al kyl aromatics. The
hydrotreati ng catal yst has a netal conponent of nickel, cobalt,

chrom um va hum i : [<YoXAToaR!

cobal t - ni cke mg){;]ybdewmg'b%i%éc}%;ﬁol %’3%2%63%,@@%%5% (:h%llﬁéggenum gcr)r fhe

ni ckel -t ungstesrwvel phbbdroparbgn lsoriaminehtel sunbl gbdisn witfing, Gamakyst

bei ng preferred. .The | ecuyl ar_sieve is an_inte jate.pore iz
zeolite, pr e?I(gfngB Sy r?\%%%%ﬁﬁgmg? ay freat nr%%tﬁ%s (;:%ﬁ age ngg ?If]eg%%u%
¥m tg ?nykd ﬁyycso&daﬁ@g ﬁ:afgstzrst tm&/@fimgnd‘lgtfiﬁmlcﬁmbor&e 06084 aking Nt dlyst

eedst ocks having, hig ar ics (g enzene,  para- Xxylene,
ot o xyl ene. ST HSEIGEHG Fienih i ALAPFE AR JRaHLY Ropirs olin o
feedstocks f giyiraued. Mhe RAdIGeuky | sRVE coRfektd Ghecyleiteio AkylHoNmids. aReS,
may be obtained by distillation of reformate streans. Brom ne

reactive conploaeraeravslepap dlefy: dapistedagodicbiviiohcan Pedarsed ihorigh Ry f or
th¢ 8 ar Om&bﬁierf {%egkﬁﬁ@ﬁﬂfazy IORetYine emBindlY oRERS 85 SRS AP 0dHE S
(e.g., para-xylene) have certain Bl requirénments or specifications.
Convent i onal hydroixsptieg eaislyghthas ee aetad cdomponent el aigkel tchbalh eeprgium,
treated clay nov. =bol]in i ni olnp oY ) u STy
condi tions h‘é%/nl(a%%ﬁa t%‘o ggg}%ﬁ’e %%ggﬁ’f r%}fchkglb%gﬁl?b’ d%gg% t og%g%ﬂck%oc
and a pressumelybdnngen, frickei-aingsten, 1<bbalttolydentm 28 SAckéPtngstetdtitiesim, ed

side reactions, e.q., transalkylation or di.sproportiQnati.on, nay form
benzene as avgp it AR i fRe e R RARRE (B dhabR s ete
processes, S{iGh a@ms@Ras pblcGiveeige SSefoibRARBXINY. Tiesey stdgent can
reactions are a conmon_probl em at  the begi npning of the process

(start - of - r ub§ carredPut With @By igY syiigbledts patipe RYdERFAEICEY cat al yst's. After
several days on stream acid treated clay catalysts are highly

sel ective forpoBhy WO 208:4:06 &EQRREI hAISL0R6K 03 4364tidk (e@EIHehicAl pdRL SUS

transal |l cyl ati on and di sproportignation. The_ products tfrom comerci al
xyl enes cl ayXYlpreat @ea-xyiepe.c a0 yorleveiehz BhEh| EPiely ngrengylient st 30

wppm hi gher Ee@@g%ocﬁcp%lbgmeﬁ !Ilsmé-gﬁeﬁeeqﬂmo_h&y&x,eag lifl&yRAbd hipated
clay catal ysts have poor :stagl Ity and catalyst lifetine. As a

resul t, - | ar gebtgioethby tistéBatish efoermate sireainse | Bipmiperaaeiiig ¢ombonpds ¢onst
be{ repl aced ( i.cal . ; I

oot 't oods: bOMS A URLRS ol i NBEYEIYol Sield, FBBMES o B8
t o have hi ghxdetd pidny frocesBls redusbduwts (ovBi, chera-agiehd)s have | mrigin Bl

catalyst lifetine cle-l.ength nd hi.gh..capacity. However

mol ecul ar si BUBERGE o) S?SGIE?‘F%’\?PIQT g%"ﬁ%‘%ﬁ}lﬁﬁg@a@f’ ip}(\ﬁnf §ee$§t?§ca]}s5'f?ﬁ‘ie?cs
di sproporti onahi QN acld drdatednsial ky | Rido08 cb@oilingOsisfinit 0L onod(s) hhder
reason, a need exists for an inproved process for reducing Bl ch))r
xyl ene pl ant SPdEWt Heng RAPIPHEUE RpgaroB:abar HirC derbett 40y be By
reduction aspyelay &ﬁ%@ﬁ&ﬁtab_@ﬁk‘ 148850 OB Q886! kBRL Al Rbsitel flel BRotiofd1€
present invention solves this problem by advantageously contacting
t he aromat i ce.Bedussebokatinntdr dEspsenostionetiors angur fosinnpnzentosses yarodiicey e

havi ' f UMVARY OF THE |.
10011711 one Bl e S b MRl A e Mot Eh e Ao b o

for PAREX™, These side reactions are a common problem at the beginning of the

process (start-of-run) with the commercial acid treated clay catalysts. After

several days on stream, acid treated clay catalysts are highly selective for BI



L ]

reduci ng the Brom ne |Index of a hydrocarbon feedstock having at | east
50 wt. % of wEBoar/esswisi cs, conprising the step of cont actrawusbes/o37264
~hydrocar bon feedstock with a catal yst 4at conversi on conditions,
wherein the catal yst includes a nol ecul ar sieve having a zeolite
structure type of MWV [0012] I n anot her enbodi nent, the present

i nvention provides a process for reducing the Brom ne Index of a

hydr ocar bon rédmeddat veksud avansuliydttioh eadt dsfropértidadisnar Thatprakictsl Bas t han

0.5 wt.%toluene, .and, |l ess than 0.1 .wt. % benpzene, . c rising t
Stops of - VBRDSOSiSRS PP ORI SE Y S BO AT kG B erchg DER Y
hydr ocar bon vhafstBek mht fle depRhdlil $he GRAPT HOWBEErAHIVIRSL Hedbd Slgve
havi ng a zeolite structure t MMV at conversion conditions to

f
form a prodeeltysighave pyorvtapi & pgﬁoqqgﬂxsp. Efoimsd /st 2 repplb AaRn qraagties of
t ti . i . t ] i ah
concentrati Qi;9f.,R .'Efaﬁ‘@g? fegxg%eggﬁ@% rgblﬁ%égﬁgé‘%%ﬁﬁ(%fpé%%% SWBR'8 i gher

than the concentratio e1n I'n-yet

anot her enbdd@imeribs fur hylepe phenfeedstocesit | Gmikeallat edalysts, angbecolze sisvdsor

reduci ng the om ne | ndex.of .a_ hydrocarban fe t ock havin t | east

05wt | 06 B SFORTLE B e fesfioh 1 Kl 6D e, Sl Rt AR Sl

t ol uene, andifainky¥ QytRdelgifernddfigintagacitnt HRRyvers aiich RBvéshaesiwp of

contacting the hydrocarbon feedstock with a catalyst at conversion

condi ti ons, XRAER &Y A2YeEsk aztiyty ot Eompics ERTopommatan 4K sl IHR ng a

zeolite strugdise type of MW and the conversion conditions conprise
(érrper ature range from about 150C to about 270C, a pressure range

a
fromabout 136 kPa-a to apout 6996 kpa-a, and a WHSV range from about
0.2 to aboutl%8b nhr - 175 et 2dieed masts é%&dﬁnﬁ@ﬁec}pqoa%ssgqré%ﬁmg

i nvention PrEyvd8Fen pin® &8&Sock that has similar excellent selectivity for BI reduction
- as clay catalyst but has improved catalyst lifetime. The present invention solves
this problem by advantageously contacting the aromatic feedstock with a catalyst

comprising a molecular sieve having a zeolite structure type of MWW,

SUMMARY OF THE INVENTION

[0011] In one embodiment, the present invention relates to a process for

| reducing the Bromine Index of a hydrocarbon feedstock having at least 50 wt.% of
( Cs aromatics, comprising the step of contacting the hydrocarbon feedstock with a
catalyst at conversion conditions, wherein the catalyst includes a molecular sieve

having a zeolite structure type of MWW,

[0012] In another embodiment, the present invention provides a process
for reducing the Bromine Index of a hydrocarbon feedstock having at least 50
wt.% Cg aromatics, less than 0.5 wi.% toluene, and less than 0.1 wt.% benzene,

comprising the steps of:



A

for reducing the Brom ne I ndex of a hydrocarbon feedstock having at
| east 50 wWW®AOTOSEBSar omatics, | ess than 0.1 wt. % benzet&/Uath/BEsS
“than 1 w.%toluene, conprising the stfeps of: (a) retrofitting an
existing clay treater with a catal yst including a nol ecul ar sieve
having a zeolite structure type of MMN and (b) contacting the

hydr ocarbon feedstock with the catal yst at conversion conditions,
wherei n the conv@dsi crontotie thie duydrocaber fesdstaktveitipe catlysteomanisiog fir om

about 150C to about 270C, .a pressur.e range.from abo 13 sa.to
about 6996 KPaa, and HOWVEEY EIF‘éem Ho&t? 62 ¢ rs(gr-uimfeo%éago fl\ﬁg\fﬁa}t '
and the hydrocarbon fggdetios kodiiasons td foWagt@ainef, aed | east 100 kg per
day. 6 [0015] These and ot her facets of the present invention shall

beconme apparent fromthe, fo]l owi ng, detail ed description, figure, and
appended cl ai ns. BRI EyoedraPRg B RRIEE THE FI GLRES [0016] Fig. 1A and
Fig. 1B plot the feedstock Bl, product (treated feedstock) BI,

distilled pradiat tHBl cont@iRasRblnenehe b & d pothdds l@8dhiheolienppne
co-product in the distilled product vs tine-on-streamfor MCM 22/cl ay
cat al yst ( EXighpn tBamthe copatrtion o1 benzgiegn dhertfedstosedst ock BI, product
(treated feedstock) DI,

[0013] In yet another embodiment, the present invenﬁon relates to a
process for reducing the Bromine Index of a hydrocarbon feedstock having at least

( 95 wt.% Cjg aromatics, less than 0.1 wt.% benzene, less than 1 wt.% toluene, and a
Bromine Index of at least 100, comprising the step of contacting the hydrocarbon
feedstock with a catalyst at conversion conditions, wherein the catalyst comprises
a molecular sieve having a zeolite structure type of MWW, and the conversion
conditions comprise a temperature range from about 150°C to about 270°C, a
pressure range from about 136 kPa-a to about 6396 kPa~a, and a WHSV range
from about 0.2 hr! to about 100 hrl,

[0014] In another embodiment, the present invention provides a process
for reducing the Bromine Index of a hydrocarbon feedstock having at least 50
wt.% of Cg aromatics, less than 0.1 wi.% benzene, and less than 1 wt.% toluene,

comprising the steps of:

(a)  retrofitting an existing clay treater with a catalyst including a

molecular sieve having a zeolite struchure type of MWW, and

(b)  contacting the hydrocarbon feedstock with the catalyst at

conversion conditions,

wherein the conversion conditions comprise a temperature range from about
150°C to about 270°C, a pressure range from about 136 kPa-a to about 6996 kPa-

" a, and a WHSV from about 02 hr' fo about 100 hr”, and the hydrocarbon
feedstock has a flowrate of at least 100 kg per day.,



distilled product Bl, tenperature of the testing, and the benzene

co- pr oduct QYW“PH%’BHPSH | 1 ed product vs. tine-on-stream FeFUPPpP37264
“catal yst (Exanpl e 2). DETAI LED DESCRI BTI ON OF THE | NVENTI ON [ 0018] Al |
patents, patent applications, test procedures, priority docunents,
articles, publications, manuals, and ot her docunents cited herein are
fully incorporated by reference to the extent such disclosure is not
i nconsi st erf00MM] t h t h&h@eeagnbthementsi of thenprefant iavdntipnushaltibetonens i n

whi ch such i ncor porati i'S rmtted.. [[0019] When nunerical | ower
linits and aﬁﬁﬂﬁ‘?&?ﬁ &EE‘QWW&%@“}'&E&F@P gt e iaﬁ?é{@% &8 r om any
lower Iimt to any upper limt are contenplated. [0020] Wile the
illustrative enmbodi mrents of the i nvention have been descri bed with

particularity, it will be understood that various other nodifications
will be ap ngd..c <) i de by those skilled in the
art w thout ‘u...'ﬁﬁ:rra 55 scope of the invention.

Accordingly, it is not intended that the scope of the clains appended
hereto be Ifooigied t oFighet xaapiigs 18nglodehe riegdsiooh sBE afrodwat t(rediat ei n

but rather that fhe c¢lains be construed as _.enconpassi all the
f eat ures offte?jjg"t"@ %Tbﬁ’én ?‘f‘vt%itwq%ed’éﬁ?eﬁeﬁgﬁg’ Bﬂfig'gf‘e]?‘?’flzen? co-
invention, [A:BGlctich Mok alstiliddeBlodh @ SvsMiingelonfrtagh 2R Mcg/ame}aﬁﬁcamyst

equi val ents thereof by those skilled in the art to which the
i nventi on pEreEPiAd)- [ 0021] The term "on-o0il" or "on-streant as used
hefei n means contacting

[0017] Fig. 2 plots the feedstock BI, product (treated feedstock) BI,
distilled product BI, temperature of the testing, and the benzene co-product in the
distilled product vs. time-on-stream for clay catalyst (Example 2).

DETAILED DESCRIPTION OF THE INVENTION

[0018]} All patents, patent applications, test procedures, priority
documents, articles, publications, manuals, and other documents cited herein are
fully incorporated by reference to the extent such disclosure is not inconsistent
with the present invention and for all jurisdictions in which such incorporation is

permitted.

(7_ [0019] When pumerical lower Hruits and numerical upper limits are listed

herein, ranges from any lower limit to any upper limit are contemplated.

[0020] While the illustrative embodiments of the invention have been
described with particulazity, it will be understood that various other modifications
will be apparent to and can be readily made by those skilled in the art without
departing from the spirit and scope of the invention. Accordingly, it is not
intended that the scope of the claims appended hereto be limited to the examples
and descriptions set forth herein but rather that the claims be consttued as

encompassing all the features of patentable novelty which reside in the present



the feedstock(s) with a catalyst in a reactor e.g., nolecular

si eve(s), WO2{W¥)E8WF any conbi nation thereof, under corREG/ERYG/037264
“conditions. The term"on-oil tinme" uséd herein neans the tinme when
the catalyst in a reactor is in contact with the feedstock(s) under
conversion conditions. [0022] The term "cycle-length" as used herein
means the total on-oil tinme of the clay treater or nol ecul ar sieve
cat al yst bafiasmsion) iasthding elt iaaressiiivie woalddieysated ha aguvabs thereof by

rejuvenatlo r e cyele-| th is a function of the
hydr ocar bort ?%é[ﬂ@{eg%}{‘ Gﬁﬁ%‘é’g‘@ﬁﬁlﬁﬁ%?%%g Vation rate of the

clay/ ol ecul ar sieve catalyst. In general, high nono-olefinic and/or
nul ti - ol ef njpg2goMpourTds ted dnmﬂ”cdra‘yﬂmaaﬁ’wsameckhamenmenﬁ eapratng y

wi |l have a short cycl e-Iengt 0023] The term, Bl. i

used her ei nth?r@@ﬁgto‘iklﬁ@ Vi %F%?%Iﬁf “lé%ifeé‘ﬁ%’i’ Gt Vojﬁcu]taﬁgevcegsb’aﬁ%fygﬁ %Xénv\%r ds
to the desi éo%&jmﬁa%ﬁtﬂl&ébf ind@r corlvRRidl cohBmess. | The ted¥ ebn-ollainoyersad |
reactions, of the desired reaction .and undesdlrtgB

reactions (hénanstatfmylth@ ﬁmw when dhes prialydr o ®AgACIY S N BFBtep) Wi
sel ecti vi tyfeg(ﬁ%oczﬁ%u%(ﬁg rﬁ%rsg% Aikding the overall Bl reduction

activity by ctron activity and all other catalytic
activities, such as, activities of transal kyl ati on and

di spr oporti 022]i on. Fedefi0Gdleereth asmsed kaein mrqapgie 19tgonaihiimf e,
pencent, oL eney ol DG G NLAGIES08 AL DRl .

e.§., from? orrmate 1s separate distillation into
li ght ref ormnge-bﬁpsﬁtgﬁx;enktmz en&:gamlaﬁoal Met;ycleelmﬂMESaa/ﬁmﬂﬁqib?We

(i ncluding u net a-. and. pa enes.af Vi er
aromatics s ‘e?g’oégf??ésu?&}(tcé’?n@%?%@w eaﬁvﬁ% LlI l?% r efcgd&nﬁ&e&%
typically copébafydDIR dehasl, %’ghvmoﬁﬁ blefizie nad/fot um11:§~o]eﬁmne:on1ﬂemdﬁ
reforrnate feedstocks typicall %e tain ) EE:ag}an 0. % t ol uene

and | ess t hawt lIpBUlaipelepEwAte! Clﬁ’r Ot l%t}.% as heavy
reformate derived fromsem -regen and WO 2007/ 058705PCMIS2006/ 037264

8 conti nuou &@* al ystrregenersl isaBct{VagRTEY) useéflptdih ngegps obe ssidytic

contain mjl eri NS as Lhey ener getljerd%grédhr%a tlrogcj.e es Stth%I reduction,

selectivity of the catalyst towards
over the overall reactions, ie., the total of the desired reaction and undesired
reactions (transalkylation and disproportionation). The BI selectivity may be
measured by dividing the overall BI reduction activity by the sum of Bl reduction

activity and all other catalytic activities, such as, activities of transalkylation and

( disproportionation.
Feed
[0024] The aromatics include, for example, benzene, toluene, xylene,

ethylbenzene, and other aromatics derived, e.g., from reformate. Reformate is
separated by distillation into light reformate (mostly benzene and toluene), and
heavy reformate (including toluene, ortho-, meta- and para-xylenes and other
heavier aromatics such as Cyt). After extraction, the light reformate typically
contains more than 98 wt.% benzene plus toluene. Heavy reformate feedstocks
typically contain less than 0.5 wt.% toluene and less than 250 wppm benzene.

Some aromatic streams such as heavy reformate derived from sermi-regen and



[ 0025] Hydr ocar bon feedstocks for xylene plants conprise at |east 40
W . % C8 arOeepiissg. g., para-xyl ene, ortho-xyl ene, netRMHEA2GE3726h0d
et hyl benzene. Preferably, the hydrocafbon feedstocks conprise at

| east 50 wt.% Cg aromatics, nore preferably at |east 60 w. % Cg
aromatics, optionally, at least 70 wt.% Cs aromatics. Such

hydr ocar bon feedstocks may include | ess than 50 wt. % tol uene and.
benzene, prehtinmol yatabgs rédeasaich WWCRPY ofctirmtnhoa Bebc BB Sdiain andiinor e
preferably l.ess than 2.5 . % t ol uene and benzene, nost preferably

| ess than 1PMHISE5 Hf@%’?@e\%ﬂfhﬁﬁ%’?ﬁngt he hydrocarbon feedstocks
conprise less than 0.5 wt. % benzene and/or |less than 2 w. % tol uene,
preferably foems than Hyavdcatboh GhétRiElks fof Bidfeehiekts ednmpRRodi magt 40 t he
hydr ocar bon f eedst ocks conprise less than 0 1 wt. % benzene,

pref erabl y Vigés Gshatromatiosyp S, baidPeridengndortassylerran ntasxyieneys ewl uene.
[ 0026] Hy dt aqRiRARedoe SATLAAY Sins Welolitndty LEfodts B0hph ROASLALSE w90 DE
obt ai ned fromreformng and steam cracking procesges. e hydrocar bon
f eedst ocks Caasbmeless, moty prefrsablif &t loast 6Qmo.faCs esymadios) dptiomilpeatrlemtt i ve

conpounds s~ol efins, For .exanpl e, .ar tic_ hydrqcarbaon

f eedst oc kss%bﬁ%?%dga ﬁalgoﬁ%&rtllﬁ%lilﬁg‘ hﬁ%’%{’?ﬂcf%ﬁégﬁ’c gé}lﬁ/oﬁugfugﬁgesaﬁ%a&ﬁ abl e
ol ef i ns i ncwitditstgereoand-behehe, psefemblly tess eaaflions, % adlderstayd BErEenapand h
have an initial Bl frqom about_ 100 to abo 3000. [002 cause the
exact nat urIBOIS?regﬂébléfﬁ?égl@F‘;tseW' ﬂPWaﬁnggﬁgzeﬁﬁﬂn‘%féPVQéaﬁ’ Ben be
unknown, i Nidive. 84 ben¥Bitd) WiSioNdlyERSHIfiT 038 bbh Cedd D AitsUdonlRide MxdfRG arPONS
are typically used. One well-known nethod of neasuring trace anounts

of unsatur Q‘Y% W@péﬁ%n@sﬁ ghap e WP tofR@nenpERfEreklivelsts Ben g) vitde
descri bed ipuget afd a'ﬁeﬁ%@%ﬂ%ﬁéﬁ?ﬁh&?}; grogé}%bﬁ gee‘ag’cgéllé %ﬁlgﬁge wai ch

are incorporated heréin by reference. indirectly asures the
ol ef i n conttbst 0.5fwide diwnzene, wohtahlynlesighiny 04 oetdhbenzenanpd dsss thei e
potentionetyide Hiblation. Specifically, the Bl is defined as the
nunber of mIlTigrans of brom ne consunmed by 100 grans of hydrocarbon
sanpl e under given conditions. WD 2007/ 058705PCT/ US2006/ 037264 9
[0028] The dAAGht of Alydtdcadbefipadsioths sich yad noybee it flesdmtisctanney vary

fromless than 10 .9 ef erab e an . % re.preferably

| eas than Sonmelo b SRERL 58" e SRl Grotelbec D MAR-EHT

pre-tr eat nefbddstoBlrd rmbhidede.pepaalfas, avthatiea\wd redaineatetvd y@hgainty

contain | ess .than 00 mmultj-olefins. [0029] Th dr ocar,bon

f eedst ocks P 158 8#%@%3\4@(% a@@ﬁ'ﬁ’lﬁ s ot fPé’[imcar%l’n Redbock? BER0E
mononuclear aromatic hydrocarbons and undesirable olefins including mono-

' olefins, mmlti-olefins, and styrene, which have an initial BI from about 100 to
C about 3000,

[0027] Because the exact nature of the unsaturated hydrocarbons may vary
and may even be unknown, indirect methods of measuring the unsaturated
hydrocarbons are typically used. One well-known method of measuring trace
amounts of unsaturated hydrocarbons is the BI. The measurement of BI is
described in detail in ASTM D2710-92, the entire contents of which are
incorporated herein by reference. The BI indirectly measures the olefin content of
aromatic containing hydrocarbon samples using potentiometric titration.
Specifically, the Bl is defined as the number of milligrams of bromine consumed

by 100 grams of hydrocarbon sample under given conditions.



i nvention contain brom ne-reactive hydrocarbon conpounds from about

0.001 to aBOWANOTESWE. % preferably from about 0.001 to BEGUT2006/087264
"W .% nore preferably from about 0.005 to about 1.5 wt.%or a Bl from

about 2 to about 20000, preferably fromabout 2 to about 3000, nore

preferably from about 10 to about 3000 or nost preferably at |east 50

to about 3000. [0030] The hydrocarbon feedstock after processing

accordi ng t o[00R&] i nvenkheamonii ¢f heltie¢fomen aBlydiobabort feedﬁd)cmﬁegt#@y

S

hydr ocar bon feedstock...l.n one i ment the hydrocarbon feedstock
processed ac%Sli’n i @&Otvﬁeg’ipﬁveﬁﬁnﬁﬁgﬁ% LVisfe, Here grespRly I‘Fsﬁ%ﬂﬁgg/q
preferably napghedt@hdinpan {2O%urtPsRicBdeSR! Al Ay Pe-FERALR! HaRed 0%
of the Bl of_ the hydrocarbon feedstock. [0031]In"a preferred )
enbodi nent, 3ZeResnd NeREF 5ToEaEE Weally eentdn lesp dhat APWowrbwensltiock
recycles to ghg,catalyst bed at the conversion conditions or to

anot her catal yst bed such as a catal yst conprising at |east one
nol ecul ar sieve having a channel size ranging fromabout 2A to 19 A

a clay, and ¥89kconbi ndei bredsdeaofeedstacks dp disl yroaesséd astorSagitto %he nor e
f bl t : 9 . | Iz
1T el S L B T 15,

even nore preferably at [east
40 Wt . % of t#wut i@at.dd phgfembly frdmo abdue @K de kbowt dycive %o, thiore brfgadlal yst

bed at the c ensi ditiagn ycl i he product hack-m xes
t he product %%hébt%h{e)e‘foggggt%@% f‘gy‘%‘e%’c%f‘ir%gtﬁgmp%oﬁ n‘of @F@gé dl
hydr ocar bon frefeesip frkmt dbotth® toc sticat $800, bede pidiaatilBion kRS 16 € Bbout
diem in the OrC?ﬁnbi ned ffﬁegfto%%i% | ower ed because of the | ow :
impurities colpenfmorPreiebl g leedd0hgarwEaion stream The greater the
recycle ratio, the closer the reactor approaches operating like a

continuous sgdB0]t ank ridachyaiodafBohRiesddtikl ener0proceisRRdacofdnd o hasind
by the theory, we believe tha t&gg}rdi enes, in the feedstock are WO
2007/ 058705PEYFULBFEE 1G5y et £ thagy the Bl tiphydregssbomoieedsiaskc fn Be t han

the ol ef i ns. exkiRtiait 0@ HyBR cAB&E teRllstddichRocds P bR oFBIIHES e fldEntion h
concentration of dienes in the feedst gjgcl)(. SReduged di en% congléln??%ti on
reduces the Bt BOBsakar ttharof0%e prefraiy noegrarien thdn €986  mewi whfembly no

bel i eved to Qaug . i@heF ' \4#' e a result, using
recycl e can z%th end cgtwé’l yght%%g?gpiée ené%ﬁ&n%gésg%crktaiat al yst
cycle-length Hrr%)i | ower the cost of the catalyst. [032]1n one

enbodi ment, [BREpresedt 4 nradnradopmbedmanthyatirlowshrab portiveedf thec kreated

fl t f I th t..) t 100
o' per day, ‘Horsano Fiifk B eRGBHR| AR ol d 3] o BlpecRe

Condi ti ons to another catalyst bed such as a catalyst comprising at least one molecular sieve

(' having a channel size ranging from about 24 to 19 A, a clay, and any combination
b thereof. Preferably at least 5 wt.%, more preferably at least 10 wt.%, yet more
preferably at least 20 wt.%, even more preferably at least 30 wt.%, and most
preferably at least 40 wt.% of the treated hydrocarbon feedstock recycles to the
catalyst bed at the conversion conditions. Recycling the product back-mixes the
product with the feedstock. By recyeling a portion of treated hydrocarbon
feedstock to the catalyst bed, the impurities (e.g., diene) in the combined
feedstock is lowered because of the low impurities comtent in the treated
hydrocarbon stream. The greater the recycle ratio, the closer the reactor

approaches operating like a continuous stir tank reactor (CSTR). While not
intended to be bound by the theory, we believe that the dienes in the feedstock are



[ 0033] The reaction for catalytically renoving brom ne-reactive
conpounds WEFVGESENS reaction effectively reduci ng Bl . BETHR1069373¢4
“these reactions are: polynerization of olefinic conpounds, al kyl ation
of paraffins and/or aromatics with ol efinic conpounds, and saturation
and/ or hydroxyl ation of the carbon-carbon doubl e bonds of the
ol efinic conmpounds in the hydrocarbon feedstocks. [0034]1n accordance
Wi th the presemtthimiimesmord teactalodhan tliesa&ﬂﬁnae@nmiﬂg)&@rn@@ﬂﬁor like a
f eedst ocks nt act g e r
i eve havi ngraTS e tre 16 Faieribof yiat B Mhiitraay BEE it
conver si on canckritiatns réclncdssemv[ﬁolﬁﬁbﬂity -c@'l refdti@ns ditveaid ridenet, ef/hinls .are
Exanpl es of these convers d|t|o s incl a tenperature of from
about 38C t OPHEV oﬁea%s%f BW oBe 0B st repylt et pegycle can
preferably 15864t QtafRONCIIERNG. Longer RABESUSRIOENSth HByabostthd 8t kPa- a
to about 6996 kPa- a%p%f er abl y fr%m about 3%05 I Pgﬁg to about 5617
kPa-a, nore fbeestalygbly from about 205 kPa-a to about 3549 kPa-a, a
wei ght hourly space velocity (WHSV) from about 0.1 hfl and about 200
hr 4, preferppsy fromlﬁl%'ét erchﬁluHéﬂt %dgﬁp%’ﬂtmmoﬂrhaé a WliBcarbon

hi

preferably from-about abou he WHSV i s based on

t he total wefegmocbfﬂoa\mtapwtleaﬂ 1@ kg perrdeyt pregerablie gkt theyt atdeast V0 kg
catal yst pl [0035] I n one enbodi nent of
this inventi 5%/@ &bzstgaﬂéa%t%@q%&a d in a single reactor
veéel In anot her enbodl ment, the catalyst may be located in a
reactor systEmeessfprdionsg at | east two reactor vessels connected in

parallel, in serl es, or any conbination thereof. [0036]1n one
enbodi rrent, bH | NVeRkl0 Lat t LPGE ofd LhiRGe£5ist 1 ng
clay catalys r act or Fr?j‘l?cqueglo(ﬁtl?egtﬁrer ggt%\ﬁtaﬁgas%g{ogﬁgstﬂrconprF%lﬁng at

| east one notcamokads sincbe agytredciiot eﬂbﬁivalypreéﬁéng@i eBboupleent ﬂleshi S

i nvention relates 10 a.process r C|n

ext ot 1 ng ol ARrs SR REEERG (AL A hads AR PR TeBhe Jor

cat al yst conmmamaagwﬁi ole@amst contpemnds| emﬂbfﬁﬁraﬁm‘aﬁd/sxahﬁjny;@uahoﬁhﬁ the
preferred enbaqdi ne ntj on may _f urther nprise _a . ste

Dd ng. & cat Ao Bout Plodie SlfiatnbrEeaidy 161 e dEZEEPYRL 1o
t he exi stingredstykireater. In a preferred enbodi nent, this inventi on
relates to a process replacing at |least 10 wt. % preferably 25 wt.
nore preferahly 50 wt.% referably at |least 50 wt.% exi

clay catal ysi® g‘ﬂ an e saf?%éanﬁgé’gﬂﬁbgiealjﬂ?ﬁm BN et 3hoxe dst %Q‘i

conpri si ng  ayRd Bfjeh FedstbQ¥ SnHA Al dBikted AMILNDcRal8 Rbinb §siSd & WoldétRr Of
MM | n yet another preferred embodi ment, this invention relates to a

pr chss r epl S@VEn§2ERE jar gecliten Firaeiigl Boe o We%@f i siakde a&?n’fﬁfi’@aﬁ er
with a cat 2! abirBRMD | 230 hulliCAtos OB FRIRGHEAL, s'ﬁ\ﬁp

Anot her enbodi nent o I's invention conprises a ste
cat al yst haviongersitn lcezitions necluds| setcuipanatuss ef/ﬁfoma@bauwiﬁi"ctt@ abchré Sé&’Csti ng

clay, treat ey, LORRTIR BRAIAOTSIL, HhGA63" AiEh, Qholiud et on

may further RS Siev cataly
cat al yst maypr%m of fval abaet 138tkiPa-0bh abie 6096 RBash pprefsiablyefran hisduy 905 over

]E Ihgmcllg?lgga: vl lﬁbogtgﬁeéiéﬁcggn aar%gx%tpr%ferg % rg% glgt 2%% zlc{’a-aatg %bgut%fsg ably
kPa-a, a weight hourly space velocity (WHSV) from about 0.1 hr'! and about
200 hr™!, preferably from about 0.2 hr! and about 100 hr’', more preferably from
about 1 hr™! and about 50 h?. The WHSV is based on the total weight of catalyst,

i.e., the total weight of active catalyst plus any binder that is used.



[0038] I n yet another enbodi nent, the nol ecul ar sieve catal yst and

cl ay cat al Vox200@ps®bso be packed in separate reactors. REFEUS2004837264

nol ecul ar sieve catalyst and clay catal yst are in separate reactors,
each reactor may have different operating conditions. The nol ecul ar

sieve catalytic and clay catalytic treating zones may be of any type
and configuration that is effective in achieving the desired degree

of Bl reducftiossi. |t riapnetmbodimentdftids invpvanothe catalysimeearhs 1odatediin WO

20071058705PCT1U82006/ 0372641 12 W t 0 rd_flow hei Lerred.
The pressur SWﬁletrﬁ%‘?%Weéséﬁ | By aro 8mg?fgm\é\$}\£@’ecc 5@3’%@? ﬂs)g %fcggr%&f%% % es
shoul d be subhfbebRpbm tompRing & RadttwbadstorMssels. dndctddnia fryaliehdar bon
feedstock in |iquid phase conditions. This will nornmally be a
pressure of s Pr angeRpRatigniherefout 13891 kPa-a. Preferably the
pressure is set about 345 1cPa hi gher than the vapor pressure of the

hydrocar bonfooékj the iRlgk hPABRAL UK iBfentidireli)s a6 UlRbcesd RMOfiftay
zone. This tenperature is preferably within the range of frorr]&gbout

130C t 0 aboexistipodey Rdysiopacéw Gelay reger hvdhcl ARl COMPETBe ebisedr si on
may be perf . I r LB ities
(WHSV) . Thi SR IoON R i OB %‘g‘?ﬁﬁféﬁﬁg’hdem %ghgﬁniaggggrrﬁ!aﬁ%ﬁ of

t he nol ecul aprekesveplacidg et kyst arpbriveyof euigios fhyerlalysisint 49aa%i0NS bt t o

about 100 1 preferably f about . 0. f 0 hf.l.; re
preferably %%%‘H‘?tf%ﬁ?ﬁ Wﬁfé Cﬁ{ag's Flea-gbn&%il%él 8’%6 ?ﬁfégﬁ{’fdﬁ%&‘g alyehl®
f e@lst ock behagrefaredtpbodiGripdbstmEd®oRa] ity fistheaotnpripd asteslof dddingany

porous particul ate material s, havin re.size opriate to

cat al yti cal By? GO e Al lr‘?és-trcg‘ﬁgﬁ%‘gﬁaéogﬁe%lfﬁﬁgggg’ng‘ﬁewg 854 in
t he process peftet Ths préeat ébdink8e, RNt reRdso & pERedeplpaiLatsi ze
distribution in | arge pores (nmeso- and matcroPore‘z%O are of t@%” ?f maj or
si gni fi cancéeastehwt Yoa PreferallE RO FESE: RREEHERPYA0 Wt Tos M9plaicrbly at
perfor nanceieagilhﬁ} Weed, %ﬁﬁﬁﬁ’% Qﬂgrcra Bt o at RERQY Qb cRAb ©hUE! Rith a
material can al so be’very Tnportant for the performance of the
material i ncaalyshwempappl pouidcohr sitvrecatedys holingp zeghiteshacpera déWW.
particul ate.material (e.q. -S| ' I

Ppor tant f Aevdhor B vt PR AR E P LEKER, 1Rl & Sl AgRloR

i nvention. kaireelsgmatatyst &t repistihp glyy afatsmwith aparlystcdoensising ablcagt -

nmor phol ogy of thin ] ayering/plate terjal can.have a . large .

accessi bl e i°At EP#‘?&\'}J@I Xlaﬁ?agﬁlrgqlt‘l V}Pogﬁ%e%q%é‘g?ﬂ%zﬂ Hjéﬁ BYERHP %?gﬁsﬁsna this
i nvention hagpaofMdpipoh Qailyef hevibg lat Pedst bed encidcriar Sited camiyan taver age
particle size |ess than | pm preferably less than 0.1 pm nore
preferably 8§88 HEATEW5 pmor a thin ayering/ pl ate norphol ogy
having a ratio of the thickness over the average of the other two

di rensi ons ig@s)than f Bae REBHEHAR, hé @emlybhan s Invernse npyefuethab| v

| ess than 0.:05, nore preferably |ess than 0 01, re preferab | ess
than 0.005, inpbds %?YefﬁkeafﬁP}ﬁc‘ﬂ@s%e‘{eW&Wlﬁ? gishiclay &%aq?%@wmve Pd’ﬁb‘%’b‘hs

particul at e .qRf & h8hRidcAGt LeGk Ghysh dbéd B€ D asNbGEnge from about 1:99
to about 99:1, and preferably from 10:90 to about 90:10.

[6038] In yet another embodiment, the molecular sieve catalyst and clay
catalyst may also be packed in separate reactors. When the molecular sieve
catalyst and clay catalyst are in separate reactors, each reactor may have different
operating conditions. The molecular sieve catalytic and clay catalytic treating
zones may be of any type and configuration that is effective in achieviﬁg the

desired degree of BI reduction. It may utilize either upward or downward flow,



sieves. Ml ecul ar sieves are characterized by the fact that they are
m cr opor ou¥ $APYISEWate materials with pores of a wel | -REFVIRLF0872546
“ranging discretely fromabout 2 A to ¥bout 20 A Mst organic

nol ecul es, whether in the gas, liquid, or solid phase, have
dimensions that fall within this range at roomtenperature. Selecting
a nol ecul ar sjeve conposition with a suitable and discrete pore size
t her ef ore al Vitwdosepaid flovohcing prsfetsdf | Ehenprksstrsl insthé mogcalamisievaiasd wi t h

oh | . . o .
other ol ecugulyd il R BICS, SKAUAR, SELBSLIMEPATRLEAR: |
and sel ect i Vigrdemepapatieatook nniouvad gphssenminéitiohar Hiiewall patihbity ®s,a t he

wel | -defined and di.scr re syste nol ecul i eve enabl es
sel ective i oH-EYERLA @%ggﬁggﬁﬁ?é‘ééb%%gél@é"aan?feé@%g/c‘?‘ﬁ?ﬁ@s%? 11565 s.
In the |attesbobCRSEEighS Gk flcCapbr BfaRes bi &% BldRRbbhan: thBanlet

m cropore structure include, for instance, ion exchange capacity,
speci fic surtPEp@aresl Hsdmalernm sieve/don1qos. s Eheesperntuesissprefagbly

t echnol ogy, +#; i 0 if i &N Lzation
of ol coal ar" e ditan oBE A UEH B CTREME 100 B i RIS L
Princi pl es oflaySyatalyitssionversidn hdgriei fei forddorver a bRad rSrgesifakeighivhotle
Academ c & Prof ional d 1998, .Second. Edi.ti,on)., I n, addition
to nol ecul argpg?eg%gogﬁeg%?ﬁguﬁnmﬁa‘f%ﬁ i gllss&e&"ﬁe {é‘l?%f es(ileTL])egé’fl'ngﬁﬂil ‘um

Si Ié’ocat e ancfdhamblacinrcidve epd Hay endeenraisgefiondess daaloyshr ' Soppat 160 A
nufrber of | ang-kn technj S,, Sych, a ray drying, prilljng,.

pell eti zi ngqgﬁ@rg%'z\iﬁ}’ﬁ%,akﬂg@es’ Iﬁegﬂg@ﬁ 15?‘& BT éreg%@%ﬁﬁﬁmpiragﬁ%e
Macr ost r uct up e Hrh dégrading o hydfdRerbex aamdisok teRliardaeedl particles,
extrudates, pellets and tablets of both m cropores and other types of
por ous mat er;’ @I stfor use in catalysis, adsorption and ion exchange. A
summary of t techni ques is described in "Catal yst Manufacture,"
A. B. Stiles and T. A Koch, Marcel Dekker, New York, 1995.

[ 0042] | nt er go@ss nol etk abnSm@lednhasAs @freusthSRdultes athtdiaRNAKing a

intergrowm hs of .nol ecul ar sieve frameworks. These are generally
described i PFh¥Ze ERAAUBY Breaidriermpvmedrrrgeserdive Grageundsony
Edi tion, pultdei sdipslelVin tReprobdsy oF Wi€ n@nfinS S &Bsifyb?oﬂerb%ra{ﬁ@tﬂo%‘al
Zeolite Association and to the "Collection of Sinmul"ated XRD Powder
Patterns forsiZzediptibaion ilarge pyresTmesgey and\@acropores) are often of major

2007/ 058705R 0 Pslel Edi tion
publ i shed ons%ﬁef#éﬁf& ’ gé&%@?é{hﬁﬁd&ge r?%ljét‘%lg{g %?eg%)ﬁgeﬁcr%[a}é&reha?lﬁeonal
Zeol i t e Assocwifaneiporpeftos ofl thegpeiuk pektienple ameddriab canoaisd et engmeganiant for

nol ecul ar si gy hases. 43 ul ar. cryst.all.ine_solid re
Dor ot cal |y T PARPRRRE. ol 0 LAHREH ShnEh B Ratiol T TR ool o e
stéuct ures shmms pentibﬂdﬁeanﬂtém (¢. 8.0 miokecalians &aas)ﬁm dleslse ddodier iﬂljllﬂc&?nt
i.e., int on zer.o di nensions.. This pheponmepon [ s ca
Gt meki ng ai SSopr She BRI bT g Ratar st DG VER e, B BRI t <.
Crystal str ysdrptidspyuistialifpaeitidRigsd @G oBHbib e BOmiNal&ind/Rats alatesid
end- menber structures if periodic_ordering_rs achievedin all three
di mensi ons. Bt B¥iedelass asepssibleuintssiags: cOpinnaly. the molechler sievriRiused in
sequence of Yol 1.4 di i i I i adi.GC:
ordering up oy pRdOk & SRRt AR 5P fich GO BREMR Haficl
size less than 1 pm, preferably less than 0.1 um, more preferably less than 0.05

um or a thin layering/plate morphology having a ratio of the thickness over the
average of the other two dimensions less than 0.5, preferably less than 0.1, more
preferably less than 0.05, more preferably less than 0.01, more preferably less than
0.003, more preferably less than 0.001.



[ 0044] The cata yst used in this invention may be an intergrown

mol ecul ar $YRPE"Bii#Ses having at |east a portion of sai %C?QH@’@PW@%
‘nol ecul ar si eve phases conprising a z&blite structure type of MWWV

Preferably at least 1 w.% nore preferably at |least 50 w.% even
nore preferably at least 95 wt.% and nost preferably at |east 99

wt. % of the intergrown nol ecul ar sieve phases conprises I e ul ar

si eve havi nff0d0izeol i tMlemomtlﬁ uragtioulptre mpterAANMC 4‘5}’%@13( SO esh
mol ecul ar si.eve" EeYR hhalhohRg not
been exposed for }gﬁ 'ﬂ’% i %%%%%ﬁ%eafb%%e%% 2%%% gs 34 hours) to
hydr ocar bonpf:gefst @@akﬁ-ialmdzﬁh oo vkl 5 well-definefl tizo naginExdsmpitely fmf r esh

nol ecul ar si eve y t hesi zed 2 b f ft

cal ci nati on2 OFFI%?Br E’r%o'“fs%%g’( %Qﬁgﬁnﬁr g %@ RS %f]ﬁerega ﬁ‘%e%nog a
non-fresh maliCHlA8 v \Bmedsics thad AR vEGHHh akis Thgeeat hasmbempemiposed
for a substantial anount of tinme (such as 24 houré%1 t.o h drocarbon

f eedst ocks ﬁﬁé@mgo&)ﬁwéﬁcghﬂbﬁle‘é%ﬁqusﬁﬁ§ wigh g sytiade gnd disEste RSP S99 ar
il el %ﬁ@ é%[gm%ﬁ‘%]“\é?@ oSt P@é%}%saé&@ra beine RMRQsRG to a
fransal kyl a Ion stoc er ansal kyl ation conditions_or an

al kyl ati on fmmdehemcdf mrdﬂﬁm:m kgﬁl drpagh @@in@imu %ﬁﬁ@lpthlyph@é‘l’ |the Iﬁn@pent
nol ecul ar sj.ev

c Y
fresh nol eculln&l% ‘g?resveeve ar?% ﬁﬁe}%{éﬁ dS& flé{;'/e zeo ‘l}\eﬁ’% éuse ul
t he.pr esent uhdhdgiRl n@lecdule blﬂdfpaﬁiﬂglespﬁhetml—mﬁ ahd yiswete pore gygteny of

(hetlc crystalline nol ecul ar sieves Exa f th S
| ncI ude | ar @emﬁlg gar, sisve ruab Lieq APEFVE IR B g%?% gffgarg %%L; cllanﬁd
smal | pore zaghivh @talytRESR e Rkl B Bidek, tsigaiﬂcamspwm am bﬂas di’ra bed
in "Atlas of Zeolite Structure Types" Eds. Elgﬁ son
and Ch. BaeFl@epE? strggtargnciyde, o ISERCB PR %Waﬂ%?g‘@@am%%’e tSB’ff?‘é? of
whi ch is he orated by reference. A large pore zeolite
general ly hg%mndp%l%gﬁgl ze of at | east about 7 A and includes LTL,
VEI L MAZ, MEl, EAU, EMI, OFF, *BEA, MIW and MOR sgruc ure type
zeol i tes (I UMAH Commi AsPepmay gESwIsias I\T@?Pé‘ﬁ%ﬂgé{t d?etfml NCtigRs
| arge pore { PRIgL Libes, %e&'séﬂb%dhm MPbook
rool 1y SRR M HESAAR St mOleLi (s ZSNE18, Z5M 20
SAPO 37, an@MuEwRe slmSu ancné@l of Sypbess and ddensifiration”;g@heasial. has

a pore size fr but u
VEL MEL MRERO o e BReL ool B8 bt B5onl, B0 oRETRLE.
type zeoli t@;ﬁﬂ:{c&aPA{év@@ rm&m@hams nhtedde| chieflNcitizac hbm:limm) SﬂEx‘@nmdes of
i nternedi ate_pqre S|ze eolites |ncI e ZSMb, . ZS
2SN 23, ZSVEBIIR G, fivepeappused SRSt SRR Ayhp ?%"%agzu EAN t

and sili Q&hhﬁ]ﬁeszsudﬁ\ a§ B@h} dﬂ?ﬁfgﬁpﬁﬂhﬂg péﬂaimﬁg&nﬁasmlmhev&em afid om
ab6ut 3 Ato about 5.0 A'and include

CEV " S, et TS Wi g pIEce RO ReR s r%qefqpa@fc@wag@alﬁrﬁ%?ﬂcd

Zeolite NO@%%'C&E UG@date %Eﬁ&@%n@ftabﬁéf@'ok' VRE Sridefirtd &R bthed tyges EK- 4
ZSM 2, SAP SA1"0- 35, 'ZK- 14, SAPO-42, ZK-21, ZK-22, ZK-5, ZK720
zeolite A rpymmammmme inppatayis, @dsosmtionaar fen cxphgiept & symmary of
gnelinite, ALPO: 17 tel ke Ph I i gve
useful for t |est|°}r]113/1% Sl%nesf}lél e@sﬂﬁa %ah@t ar ge %I]C?r egs%eﬁfz}%go%l:ati ﬁaw ng
a silica-t oXalchiviaeciidkier, Nawm)rhfl‘;'aﬁ | east about 2, specifically
fromabout 2 to 100. The silica to alumna ratio is determ ned by

conventi onal lysis, , This rati,0 IS s § chasely
as possible, [O(f}ﬁg ol al™fEOFY i ROPHLAE eq{%wc# h%ses 81% dg%ul ;D' Sl eve
and to excl ugterpsdvtheOMmalBehlad sisve ﬁuﬂaewarldshé"hbaemdegermraﬂyKiembed)mthc or
other formw thin the channels. W) 2007/,,052%6855 /USZQJ? %372%1
“Catalog of Disordered Zeolite Structures”, tion, publishe e
Structure Commission of the International Zeolite Association and to the

“Collection of Simulated XRD Powder Patterns for Zeolites”, M. M. J. Treacy



16 particularly a nolecular sieve having a zeolite structure type of
MAW e.g. ,wWEM722B70US. Pat. No. 4, 954, 325), MCM 49 (U. SCTREL006/NG264

- 5,236,575), MCMb6 (U.S. Pat. No. 5,362,697), and ITQ1 (U S Pat. No.
6,077,498). Preferred catal ysts include at one of MCM 22, MM 49,
MCM 56, or ITQ 1. Most preferred are the MCM 22 fam |y of nol ecul ar
si eves, which includes MCM 22, MCM 49 and MCM 56. The MCM 22 type

mat eri al s nBy 7Be Hiefsd, 30 EHItion, GABLM oR beiall dfdlie SOFFBOChRNEIsRE
structure unit. The structure unit is described in Pat. Nos.

: ) L, . L. S.
5,371, 310, o6 thesitegruional Zeghteghssodpipnson s fefgded erpanadn ohEBEOFRt s i n
this paragrap, Sietd Bl.pg nol ecul ar sieve materials is herein
i ncor por at ed %}l/l refer'ence. [0049]In another enbodi ment, other natural
or synthetic crystalline nolecular sieves, with ring structures of

ten to twellW3henberBeawargepateliine mlidsapiso ppeodiedy ©oleadhér Wreh t he
ol ecul ar - s eugi BV 09 AuaR9! 6abh UGhiRELL YRS, OfberY oQekat ol | ne
mol ecul ar sieves Useful as Catalysts 1 nclude as non-T1mting

exanpl es, |dangwiopoless thewitir¢epie. A8Mvd, qromegad dinhenSionPathis pienomenon

3,923, 639) .. eni t.e SM18 ((U.S.. Pat..No. 3,950.4 VAL 0 (U S
P hos L i PGE e SRR e Rl iskRientpeeoat Bl YiRS [
RN SRS B AR S T e
al . . , , , U9, L O. a S.. 9, , a , 449, ,

and ot her FBF%T@%ff) B Grdenngqis Ackighwy Blu%l% #ﬁﬁ%%ﬂgm%ﬁ:c isqudefpd] g
(U(S. Pat. shGotuBs &%_@&%@a%\@wﬂ% delheSice BRthe PRiodR. B1RRIBSits MNoT e

preferred nol ecul ar sieves include I2 nenbered oxygen-ring structures
ZSM 12, nodgastes Bompegpdie erdeanmup UStatisticsiecking seeneaessal s, and
naesoporous materials. [0050] Aci dic catal ysts nay catal yze both Bl

reduction [eRE} i ONS, TR ShitalyRhadlif it Oy HoR My TRIdn iRkl cRiviPhoRhakd ni C
conpounds, and” side reactions, e.g., disproportionation of toluene

and/ or tr afrigEs Ridser homngott Irast 8 perionTH saidyinisraserie mpleshlay pigvephasttesi r ed
side reacti o . eVt Ry ynstream
processes, cgﬁgﬁsn?%,g ZE’%&%%% i@yecat al yst 0%%:3%%9&{13851;' 1%2%‘%83’ [ élre

sur pri si nghpyefaetigct ilvast 60 witte, Blenredugireforablyedclieasd®5amicdles el tmeit | al | y
free of undesired by-prQduGts, .e.. benzene., The term "substantially
free of undearrds =Dl sBach o b liemerh rsruie Sovs b REREIIA on of
the by- progugécalar BietdligavindQ 2200i¢/sQbERe BN L WBRD6/ 037264 17 product
effluent is less than 1000 wopm preferably |ess than 500 wppm

hi gher tha concentrati.on.of .the by-produc i.n the feed. ,In one
ohbod ment OGAE Concin el Bt otk 8! bRt ekl aimats LRSRU | o

l ess than 120€ ﬂ}wgm npf Béegrai@gsed:cﬁsg @Fgg%t??(anmn“ fﬁ?@ﬁﬁfchtdganl t he
concentratiron o enzene Ln_the e . ecause o0 t he t yst
of(this i nie¥®l TBﬁYH%EIHPIQFPeQ%‘PCé‘EP?@%'PW‘%“% Ry i%ﬁmpgaef Pt and
| ow sel ect ingidolat SiebdSreHelBy &RRRLEQITICIE 0 heftRe BF S GChibBataK eTRNd

benzene, the catalyst of this invention may operate at nore severe
conver si on tEENEPY srvsecular gieve hisethharainiaeans amen-diseh Molprulspagss, 1.6,

vel ocity, i ) Y,

ypi cal 1y SametlE SRS HE b bRt £ Eha M e BB AN B2

pr ef er ent i aburs)pinthydwesbapfecddtéctn mader conyepiaaeditibhm rExad@ies bhbspast hi gh
as 270C. The.catalyst of this,inventiont e. has, | onger

yc e I engPIFIeeReR v sEs swerngeed ooy i NP B! St Big Rpieta o«
potenti al . 1ABsaBRIGN | Recldieiexan® @sunsaikllation pasgitehe &0 af egkyiatickO- f ol d
or greater cycle-length inprovenents through use of the present

i nvent i on. ferREcdy vk adevlation; eadidigetd be?’é?lgh |2etRsihmeleclan sigum has

condi tions : i I @t simlar cycle
| engt hs. T%dtj)gé?tcﬁftedbg?S‘g@étg&%ﬁqﬁ%&feﬁﬁ\?gﬁ?%%ﬁg?%\% g%gél?%f debott | eneck
potentials for existing plants using clay as catalyst in clay
treaters. Alternatively, the process of the invention can be used to




[0052] I n one enbodi ment, the catalyst of this invention has a

cycl e-| engto mi7/@s705east one nonth, preferably at | eastP@/vranolg72s4
“nore preferably at |least 3 nonths, yets nore preferably at |least 5
nont hs, even nore preferably at |east 10 nonths, and nost preferably
at | east 14 nonths. [0053] One neasure of the acid activity of a
zeolite is the Al pha Value. The Al pha Value is an approxi mate

i ndi cation 9&2_?7 he Cam}eeaiar el e/ A6y h&éﬁﬂaﬁﬂdthb tores¥# invention include
2007/ 05870 1182006/ 037264 18 gives the relative rate constant

(rate of nompaf thhamwélymmng posynhetic uyteliine ooleeHpigiss. BEAmRIeH t
time). It ased gL Vi t h

silica-al urﬂ%ﬁg e ?%&?Sﬁlgm Bgﬁa Ef‘%/es?c’rf\! Jehr%ésagltga}%ﬁlg%ﬁ%r@% 1¥§ze(o|]_%§;[s,eand
Const ant = sthali@ofeabites. T e z-:a:bhtek/ahd.l élelrsscdﬁﬁs ra:rdx&dcrﬂmd i SAtIRa0L No.
3,354,078, .in_.the Journal Ca ( Vol .
6, p. 278, LEAHERucIEhypes, %§§5 165 ﬂef c ‘PIS ?I%ﬁ&? é 'rS‘%]i“?’i

i ncor por at Qﬂsé%ér I &8 NG 80129 958 th@ @{Bntéi% 6f WilchQ® her&'lﬁemed@efatdaﬂﬂt al
conditions of the test used include a constant te erature o 538C,

and a vari apleeenes. ofvlaras porggeelie generdly hena pere SIS W ARPAb RO Y o} #1 s,
Vol . 61, P.. 8 |
0 indids §§r Q)g;éﬁxggé"ysgt {\lea%ﬂ/ﬁ@%ﬁ?”@ml haTop MWaFmd

si eve(s) has  an st 1 referably at |east 10,
more pref erM@Rystatcuireagw 1@0itesn@URAST Ebmmigsiop of ZB%%tNC@mclaP@@%] The

crystallin d,

cor(ﬁ)om ted Wla1 %’gafgelmr%etoerl af C?udlé%galg ﬂﬁ%ﬂﬂj Oiel%arﬂé’ \?}? ﬁ%@ﬁ? ally
occurring S‘ﬂ,bﬁoﬁﬁ:CE,Somng; IBetes ZSM—)B, Z§M—4 cﬁSMal&,l lﬁSMZO,zsAE@m’hﬁnd
titania, silica-alum.na and, ot her. O her por.ous rix
material s |M9ﬁﬁ"@i§ g‘P“i[‘]t@ﬁn %rFém??q %%e’i’a@?fﬁ?ﬁsaap§e {%ngf%%%g

si | i ca- ber V4 Kit@about ¥ iACaniNBethdbs, 0 cxi@iple, MFI} MERAMTVE BP0 MITOREFSs uch
as silica-alumna-thoria, silica-alunna-zi rcon

si i ca- al urdBa- AV oFERradSi QN suciyrs Hpﬁaze‘ilﬂt%m%c Goremissien Pl s t
can be usedzdofeiNindnRfafird) FBmBk bEfiRediai0 PR si-07EBI1& ifletudd Z4Mbe) ,

or powder.

5, ZSM-11, ZSM-12, ZSM-22, ZSM-23, ZSM-34, ZSM-35, ZSM-385, ZSM-48,

ZSM-50, ZSM-57, silicalite 1; and silicalite 2. A small pore size zeolite has a

pore size from zbout 3 A to about 5.0 A and includes, for example, CHA, ERI,

| KFL LEV, SOD, and LTA structure type zeolites ([UPAC Commission of Zeolite
Nomenclatare). Bxamples of small pore zeolites include ZK-4, ZSM-2, SAPO-

34, SAPO-35, ZK-14, SAPO-42, ZK-21, ZK-22, ZK-5, ZK-20, zeolite A,

( hydroxysodalite, erionite, chabazite, zeolite T, gmelinite, ALPO-17, and

clinoptilolite,

[0047] The molecular sieve useful for this invention is usually a large pore
size zeolite having a silica-to-alumina molar ratio of at least about 2, specifically
from about 2 to 100. The silica to alumina ratio is determined by conventional
analysis. This ratio is meant to represent, as closely as possible, the molar ratio in
the framework of the molecular sieve and to exclude silicon and aluminum in the

binder or in cationic or other form within the channels.

[0048] In one embodiment, the molecular sieves for selectively removing

mono-olefinic and multi-olefinic compounds include, e.g., large pore zeolites,



[ 0056] The clay catal yst useful for this application is usually an

aci di ¢ nat HBIPYEWEUrring clay or a synthetic clay natRFT/E$2006/037264
‘Nat ural | y-occurring clays include thoé% of the nontnorillonite and
kaolin famlies. Clay catalyst systemis used herein to refer to the
passage of a hydrocarbon streamthrough a fixed bed of contact
material, which possesses the capability of reacting olefinic
conpounds ppasahily B hélecohy dovedihdy 5eaamstithet aypbby MWav cept act
material is sglcgj c _al lf\g}l Q%S' licate. It mg% be _elther a naturally
occurring nlﬁig@‘ I(U-% Fah Nos “5atre e MirMrfSr @ehiPek No- 223667 5l MGHt het i ¢
material ansk pEax. PN, %,@ﬁ@,%m RAq T8Ol @5, PRINGSH 87Pkod! IERfU8y O

sone ot her conpound, which exhibits simlar properties. "A preferred
clay is F-2eptalysty, inghusiduaeenebyt MHeEHARardCbi%h VEM-66. oHETRMer Most\O
2007/ 05870 . veral . other t f e
avai l abl e E%%?%%%ﬁﬁé%%%r%%%%? gbql%u]faf)?m eg’ewﬁlﬁﬁ?%cgudﬁng’

i nvention, MAM-d8liand MIOM-66 The, MENH220lyp@ matamidisFinky el cobidpeddeced
by the Filtrol .Cor.poration Qtta{gutlgg, s cl.ay_and Tonsil .clay. In a
preferred efBEH! Fftar fqmoon Byded stEichre b At he §irstess Wy ie deterbedé HeL
or H2SO4 acig. PAOSNIsAS5RTEYINUHSS, 591 SEUSSES, anl BYs TRl ¥sdh Syetem i s
now conducted over a w de tenperature range of from apout 93C to
about 371C. P dBnbvt insrreraph ApseEbing, molrsuler Bjeveamatsyists 4 sheesin ar e
dependent qﬂcdrpﬁa{gugsl,%@r@mn feedst ocks and the kind of the clay
cat@l yst used. [00581Dependi ng on the hydrocarbon feedstock and the
operating conditions, two or nore separate clay treater vessels can
be used on WA t er ndt i ggther sabodizygn g?thﬁagﬁ@rai/ PrppBiielie ewreilineous

d or . . f
operation. by ERELAn gﬁgtsfﬁle&%éﬁef ééﬁ%’ tRvd }ﬁ%mﬁwg 9 & Ay ' OF

t he nol ecul ar si eve ecular sieve 1Is g replaced or

r egener at edso] osBi Gugeher wiithghy moleshlec sibwr having\eezeolife irusturaigpacé type

MAW have pr t ugh stabi it d out st andi ng
el et vi by AR Ao ind Bl B QU o8 LR bR s BT
stability ofxampies, Vitli¢e gload wsbdltes TASMidnisraagall (BLS.r BaiuCKb.03,928 88BS S
wth MW catal,ysts e v eouys er t hi gher _end of
cycle t enpé?%ff%?%’ t%’lghgigoﬂs\%ﬁﬁf)o#agi%ﬁg@ee&@%ou&ﬁg td- Neat ed
clay. O ay 397%388), 3126 Bl @R PhaNc. RevdkoekSRE ¥R1GD), Finjhae an
end of cycl nég)ng?\raogture %@I ow, 210C. Hi gher tenjfer ature operation

i ncr eases ﬁgr fie Noo 25 BatD: Fairsite deld-Rdtat Syt G YS BV énBate| ay
cycle | engtNws. B3 Br SYE S AOIGES SRETY aRE ARL Crobifs %Qeﬁia%ﬁ%a’{’ and

tenperatures up to 270C wi thout Tncreasing the anount” o enzene in
the unit pre¥oRToRymaeHds SkrpsPI6D Svhrn Pl gfier 511 62pé3)aandrdChp4T at i on

| s known tquext gl Meb! 230585y Shadib "B BRSSP ks Wifue 1o
unéxpect ed ‘sel ectivation W t i me on‘stream I's expected to be
abl'e to comsmheeedopyget-imgstontures.MAC, mbidemtes Fédlte Bewf USY, lapeed

benzene o Qe bnPRERbloGLRRLLO" dovnstream processes, e. g,

[0050} Acidic catalysts may catalyze both BI reduction reactions, e.g.,
alkylation or polymerization of olefinic compounds, and side reactions, e.g,
disproportionation of toluene and/or transalkylation of xylenes. The by-products
of these undesired side reactions, e.g., benzene may be a problem for many
downstream processes, such as, PAREX™. The catalyst of this invention is
surprisingly selective to the BI reduction reaction and substantially free of
undesired by-products, e.g., benzene. The term “substantially free of undesired

by-products” used herein means the conceniration of the hy-products in the



[ 0060] The nol ecul ar sieve and/or clay may be regenerated under
regener at i 9 206Wds0H ons. | n one enbodi ment of the ' pred¥ATUS2ps88IZ60nN,
“the WD 2007/ 058705PCT/ | TS200610372641720 nol ecul ar si eve and/or cl ay

i s regenerated under regenerating conditions conprising a tenperature
range of about 30 to 900C, a pressure range of about 10 to 20000

| sTa-a, and a WHSV from about 0.1 hfl to about 1000 hfl, wherein the

regener at i Ngo&RAEHhEANTS 1659 Mt 1960 Sppe %réﬂ@ﬂblﬁl Gesdl Eh2R500 azﬁpp‘z‘:ﬁ highagent
such as air, oxygen, and nltroqnp oxi des. [ 0061] The nol ecul ar si eve

and/ or cl aythﬁthywbv@nﬁ%atrav@haf thg rmeqiucﬁeandbé Aeedi gR wErraRbeR R the,
anot her enbog} qenk Ol éhreegl gfb\ﬁﬁ&t éﬂ'ﬂenttﬁele 66Ul &0 ng)?l Sing a

and/or clay 1s rej uvena Juvenati1 ng con tlons co

t enper at ur epre&Erahty s ’@bmﬁﬂo 0@, bl@tbloﬂman ﬁm;lcampu@s siipazenmigghof
about 10 to.2p000 1cPa-a, and a WHSV from about 0.1 1111 to about
1000 bfl, \Aﬁ% ‘ein the rejuvenating conditions conprise a feed having
a reductive reagent, such as hydrogen, He/H2, or N2/H2. [0062] The
foll owi ng epasail es i lEeuaIseaf theeceiyat of fhispnednéion bab laigﬂnedéathitysbo BI

28063] Two V\%g ocar b% ocki ]é;gg di f% rregni I e\{lel?e of ogll efgi c
npounds weFE!GE e Pr“ﬁ 2t PRES SUPL AY BTYEREE wer e
anal yzed us¢drg Sitiangladnd, GascL4)R HERRI @péhton &dy) o d{@dﬂﬁb)&ﬁizﬁorarb@vérhe .
ASTM Bl test (B1). The Sompositions of these feedstocks are |igted in
conventional clay catalyst. Clay catalysts typically operate at or below 210°C.
The catalyst of the invention preferential continues operation out to greater than
240°C 1o as high as 270°C. The catalyst of this invention therefore has longer
cycle-length, wider operating window, and higher throughput potential. As shown
m the examples, it is possible to secure 10-fold or greater cycle-length
improvements through use of the present invention. The advantage of increased
cycle length at constant conditions can often be traded for higher throughput at
similar cycle lengths. Thus the process of the invention provides for debottleneck
potentials for existing plants using clay as catalyst in clay treaters. Alternatively,
the process of the invention can be used to save on capital costs for new clay
treaters. The process of the invention can achieve a typical clay cycle length
( (about 3 to about 12 months) using as little as 1/10% the weight of the
‘ conventional acid treated clay. The process of the invention also relieves the

environmental burden of current clay systems. Furthermore, the zeolite catalyst of

the invention is regenerable and can be used many times.

[0052] In one embodiment, the catalyst of this invention has a cycle-length
of at least one month, preferably at least 2 months, more preferably at least 3
months, yet more preferably at least 5 months, even more preferably at least 10

months, and most preferably at least 14 months.

[0053] One measure of the acid activity of a zeolite is the Alpha Value.
The Alpha Value is an approximate indication of the catalyst acid activity and it



Tabl e 1 Hydrocarbon Feedstock Feed A Feed B HI 570-1200 O Tot al
ol efi ni ¢ cHPPEWAIE0§ wppn) 5200- 8400 OlsBenzene (wppm 5@CT/US2006/037264

gives the relative rate constant (rate of normal hexane conversion per volume of
catalyst per unit time). It is based on the activity of the highly active silica-
alumina cracking catalyst taken as an Alpha of 1 (Rate Constant = 0.16 sec).
The Alpha Value is described in U.S. Pat. No. 3,354,078, in the Journal of
Catalysis, Vol. 4, p. 527 (1965); Vol. 6,p. 278, and Vol,; 61, p. 395 (1980),
each of which is herein incorporated by reference as to that description. The
experimental conditions of the test used include a constant temperature of 538°C,

and a variable flow rate as described in the Journal of Catalysis, Vol. 61, p. 395

(1980).

( 7 [0054] T one embodiment, the molecular sieve(s) has an Alpha Value of
at least 1, preferably at least 10, more preferably at least 100, more preferably at
least 300.
[0055] The crystalline molecular sieve may be used in bound form, that is,

composited with a matrix material, including synthetic and naturally occurring
substances, such as clay, silica, alumina, zirconia, titania, silica-alumina and other
metal oxides. Other porous matrix materials include silica-magnesia, silica-
zirconia, silica-thoria, silica-beryllia, silica-titania, as well as ternary compositions
such as silica-alumina-thoria, silica-alumina-zirconia, silica-alomina-magnesia,
and silica-alumina-zirconia. The catalyst can be used in the form of an extrudate,

lobed form {(e.g. trilobe), or powder.

[0056] The clay catalyst useful for this application is usually an acidic
naturally-occurring clay or a synthetic clay material. Naturally-occurring clays
include those of the montmoriltonite and kaolin families. Clay catalyst system is
used herein to refer to the passage of a hydrocarbon stream through a fixed bed of
contact material, which possesses the capability of reacting olefinic compounds
present in the hydrocarbon stream. Preferably the contact material is an acidic
aluminosilicate. If may be either a naturally occurring material, such as bauxite or
mordenite clay, or a synthetic material and may comprise alumina, silica,
magnesia or zirconia or some other compound, which exhibits similar properties.

A preferred clay is F-24 clay produced by Engelhard Corporation. However,



0 Tol uene (wppn) 5450 10 Et hyl benzene (Wm.% 9 About 10 Xyl enes

(WM .% 48 JHOQHOEHII %) 42 PCT/US2006/037264
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several other types of clay are available commercially and are suitable for use in
the present invention, including Filtrol 24, Filtrol 25 and Filtrol 62 produced by
the Filtrol Corporation, Attapulgus clay and Tonsil clay. In a preferred

embodiment, the clays are pretreated with concentrated HCI or H,SO;4 acid.

[0057] As previously discussed, clay catalyst system is now conducted
over a wide temperature range of from about 93°C to about 371°C. The conditions
utilized in the clay catalyst system are dependent on the hydrocarbon feedstocks

and the kind of the clay catalyst used.

- [0058] Depending on the hydrocarbon feedstock and the operating
conditions, two or more separaie clay ireater vessels can be used on an aliernating
(i.e., swing) basis to provide continuous operation. A clay reactor can also be
used as the swing reactor for the molecular sieve bed when the molecular sieve is

being replaced or regenerated.

[0059] Surprisingly, molecular sieves with structure type MWW have
prove to have both breakthrough stability and outstanding selectivity. Excellent
selectivity is a key to the breakthrough stability of the MWW catalysis. The
improved BI reduction process with MWW catalysts can be advantageously
operated to a higher end of cycle temperature than ﬁle conventional processes
using acid-treated clay. Clay treaters for xylene plants feedstocks typically have
an end of cycle temperature below 210°C. Higher temperature operation increases
benzene co-product and does not significantly extend clay cycle length.  The
improved process may be able to operate at temperatures up to 270°C without
increasing the amount of benzene in the unit product by more than 1000 wppm.
Higher temperature operation is known to extend MCM-22 catalyst lifetime.
Because of the unexpected selectivation with time on stream MCM-22 is expected
to be able to continue operation out to 270°C while still meeting the benzene co-

product specification for downstream processes, e.g., PAREX™,

[0060] The molecular sieve and/or clay may be regenerated under

regeneration conditions. In one embodiment of the present invention, the



0 O hers (wt.‘V% | ess than 0.5 less than 1 21 Exanple 1 [0064] Feed A
(Tabl e 1) W&SM7%EEP2d with a catal yst _having 50 vol % MEITAB2040a12¢s t
~and 50 vol.% F-24 clay in a reactor. *he test conditions were 190C,
VWHSV 1 hr', and 1480 kPa-a at start-up. The tenperature was raised to
mai ntain catalytic activity for the Bl reduction as the catal yst aged
over time. The after treated feedstock (product) was further
distilled tmokedayeievxyimes cla¥hes Bigeadrated enmien ercgenetdizg x pérdiimnst r eam

distilled product) were neasured, .The_res are shown in_Fi 1.
he Shown | rHEIsnE = ERESBRILBHE EhembalE SUT, Rarses Fiesat Mbuct

was 800 wppfy tgatzdoh@kﬂ-@,r&ld%fwﬁw E8sitabotkte] RENBeB8uCROR Rt Uglerdi t he
distilled product decreased to 500 wopm after 2 nonths on stream
After 2 nonthhgegsnerstingeeamditives campréseat Igﬁdah%é@ npEdgivegeagysuch as

i nprove the_ Bl reducti on timLty and the benzene co-product in the
distilled pafl{jé)ﬁgegi aﬁér@%‘égo%lge 00 wopm After 6 nonths on streamthe
DI reduction activity decreased and the benzene co-product in the
distilled pj0ddtict hadbdr mojredadrsiavat irclédr] ylay omapabe ¥§0vensh umleso

after 6 nonths on stre t he .te rature. was r.aised tq .200C a t he
benzene co- 1A BEHIPT5RM 1ﬁ]gnsdi 4 ﬂ’n‘ﬁg‘ﬁ Br 8@1&?11%]06%%8:%5%&61 %et?t%mﬁggewppm
After 14 nomblsulen skive eardrnelaBl i egundnhied aeder vicjureneye aseiticand t he
benzene co-product in the distilled pro%lct had%ﬁ%f?pped to bel ow 100
wopm Al so HFRRSIngA tHPRERETIARES ¢ hrHt BRE tocAbREY & RESURAPEEtt o

ZOgC and th&oh@gé%@gom-@a%%& 2l WrisRerghSihbhd @4 pf eslusdutitneg eased to
130- 150 wopm The Bl 1 n the product was mai ntai ned bel ow 10 for the

whol e t est i wherpiarthe tkjuveheting| conditiphrecainsise k| feefl bavitiue redneliverrgrgsiii ned
bel ow 10 fo ' ing the whole testing period. The
cycle Iengt%ucgggﬁyﬁ‘lg%ekg}g?%’ﬁﬁ%é nore than 14 nonths. Exanple 2
(conparative) [0065] Feed A (Table 1) was treated with 100 vol % F- 24
clay. The r#®6Rk s The following examples illustrate exemplary preferred

embodiments.

[0063] Two hydrocarbon feedstocks having different level of olefinic
compounds were used in the following examples. These feedstocks were
analyzed using standard gas chromatograph (“GC”) analysis and the ASTM Bl
test (BI). The compositions of these feedstocks are listed in Table 1.

( Table 1
Hydrocarbon Feedstock Feed A Feed B
BI 570-1200 0
Total olefinic 5200-8400 0
compounds (wppm)
Benzene (wppm) - 50 0
Toluene (wppm) 5450 10
Ethylbenzene (wt.%) 9 About 10
Kylenes (wt.%) 48 90
Cot (wt.%) 42 0
Others (wt.%) less than 0.5 less than 1




are shown in Fig. 2. The starting test conditions were 185C, WHSV 1
and 1480 k¥Q-2807/0%465 cl ay aged steadily and the react or PCEfSet0aDIRE
-reached the maxi mum val ue of 210C wi tHin several weeks. The test was
shut down due to lack of F-24 activity after 70 days on stream The
anount of benzene byproduct produced averaged | ess than 20 wppm The
clay catalyst is highly selective for Bl WO

2007/ 058705P&RAWSBRIO6/ 037264 22 reduction with nininmal benzene
production via feedstock transallcylation. The El in the product was
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able to redu r 22 cat al yst i S
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the¢ clay cat éiSSiEttd prbtiect adeereagd tBI 500f ijsm diestd hlogfls ROSHEE, (K@kLAbY
2catal is lower than the averae Bl

xyl'enes) t reﬁtog%1 t he

of the disti prodl ’\% ‘?WR?IWFeW%%fmieFle@t &eP° by ta paprereythe

cat al yst. Thesdecivhiatatityosmdahe Bétzeteddrbdcs ttihk |dis§1Mecf I%Edlﬁlt ufc?ély&lttbon

| ong cat al ysg%dpl fet| and inproved sel ectivity time on stream

make MOM 22 &¥HERRT eﬁé @?%@Sfoarsﬁ%@ﬂmBifgre@w@osactwﬁtywczemé apl that
f eedst ock d
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zeolite beta catalyst in a pil S were
of 4 and 12 WPlamarfelSOaaiieérép@@@thwe sigdarP 3 tanpbrﬂﬁ&@vagmecptoemcamas

2170 kPa-a. four |
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was maintained below 10 for the whole testing period. The BI in the distilled
product was maintained below 10 for most of the time during the whole testing

period. The cycle length for this catalyst was more than 14 months.

Example 2 (comparative)

[6065] Feed A (Table 1) was treated with 100 vol% F-24 clay. The results
are shown in Fig. 2. The starting test conditions were 185°C, WHSV 1 r', and
1480 kPa-a. The clay aged steadily and the reactor temperature reached the
maximum value of 210°C within several weeks. The test was shut down due fo
lack of F-24 activity after 70 days on siream. The amount of benzene byﬁroduct
produced averaged less than 20 wppm. The clay catalyst is highly selective for BI



suggests that the activity of zeolite beta for the benzene co-product
doubl es ea®R 200A0520P7/ 058705PCT/ US2006/ 037264 23 ti me tHEE/FSGeN6{081264
“tenperature is raised by 12C. The benZene co-product at the
conditions of Exanple 1 is projected to be between 1000 and 2000
wppm Therefore, for Bl reduction the zeolite beta catalyst is
significantly less selective than MCM 22 which produced | ower benzene
co- product . NWStROGTHIOEBI0E PETEUSEOI6EDR P26k edockliAhddkylafibncTae BT 1. A

process for yeguci Br omi ne.l.ndex pof hydr ocar,bon, f eedst oc
havi ng at | e{élsﬁl%ﬁg‘%}clﬁ &fa(%fm ”Eagjreg rpgij Wc%_,goué 3%?‘ LSPhgh hto%et‘aé?% pgfoc
cont acti ng sHbowery dle@idn ieniifteied §iddﬁ&|m§&ﬂhi1ﬂaiﬁ@cf @dlcwls 10 ahly&@xntﬁﬁ Figdt ON
I ti ' | alyst includes a nolecul ar sieve having a
;g 2?: :E |eo 2 ts r U &ﬁtyg.l E@%@ J%ﬁﬁ%l ed product was above 10 and below 40 for the last 50 g
days of the testing period. The cycle length for this catalyst was about 70 days.

[0066] The acid treated clay has ountstanding selectivity for BI reduction
with minimal benzene co-product. The MCM-22 catalyst has high aciivity for BI
reduction and high benzene co-product at the start of cycle. Surprisingly, the
MCM-22 catalyst becomes much more selective for the BI reduction with time on
(‘ ) stream, and after 8 months on stream the benzene co-product is below 200 wppm.
Both acid treated clay and the MCM-22 catalyst is able to reduce BI in the
product. However, the MCM-22 catalyst is more selective to remove BI
compounds co-boiling with xylenes than the clay catalyst. The average BI of the
distilled product (mainly xylenes) treated by the MCM-22 catalyst is lower than
the average BI of the distilled product (mainly xylenes) treated by the clay
catalyst. The combination of outstanding stability for BI reduction, long catalyst
lifetime, and improved selectivity with time on stream make MCM-22 especially

useful for reducing the BI of xylenes plant feedstocks.
Example 3 (comparative)

[0067) Teed B was tested with zeolite beta catalyst in a pilot unit.
- Experiments were run at WHSV of 4 and 12 k™! and a temperature of 230 and
260°C. The pressure was 2170 kPa-a. The benzene co-product was measured for
all four experiments. At 260°C and WHSV 4 hr! the benzene co-product was
12500 wppm. At 260°C and WESV 12 hr! the benzene co-product was 800
wppm. At 230°C and WHSYV 4 hr”? the benzene co-product was 3500 wppm. At
1230°C and WHSYV 12 hr! the benzene co-product was 750 WppIm.

[0063] The data from example 3 indicates that the beta zeolite produces
large amounts of benzene co-product at conditions similar to example 1. The data

suggests that the activity of zeolits beia for the benzene co-product doubles each



2. A process for reducing the Brom ne Index of a hydrocarbon feedstock
havi ng at MEREP7/BR70Mt . % C8 aromatics, |ess than 0.5 w .BeWB20®M87264Nnd
-less than 0.1 w. % benzene, conprising the steps of (a) contacting
sai d hydrocarbon feedstock with a catal yst conprising a nol ecul ar
sieve having a zeolite structure type of MWW at conversion conditions
to forma product; and (b) w thdrawi ng said product, wherein the
concent r at i ofimefthdmngienmperasat ds miwd byt 12°6. |Beshenhan cd@dOIuck vipthen

hi gher than the.conc ration of ben e.n saidf St 3. A
process for [ C’e@&?ﬁﬁé&t lrleb% %PIPW&@ fobeab%Va%&gﬁgaﬁ‘?%é%&pB&

havi ng at | eTBérefoft, Wér. BD refiudtbn A0rRlitetstta dabSwt i@phifcahtiWMesdadestizene,
and less than 1_wt.%toluene, conprising the steps of (a)
retrofittingt W&%W@d&wr@uﬁt@ﬂéﬂt’ébeweermapreéw yst including a

nol ecul ar sieve having a zeolite structure type of MW and (b)
contacting said hydrocarbon feedstock with said catal yst at
conversion conditions, wherein said conversion conditions conprise a
tenperature range from about 150C to about 270C, a pressure range
from about 136 1cPa-a to



WD 2007/ 058705PCT/ US20061037264 25 about 6996 kPa-a, and a WHSV fro

about 0.2 WP 29§93¥PBut 100 hfl, and said hydrocarbon fe58§@5%9?6’|)133§64

"flowate of at |east 10 kg per day. 4°A process for reducing the
Brom ne I ndex of a hydrocarbon feedst ock havi ng at | east 90 wt. % of
C8 aromatics, less than 0.1 wt. % benzene, and less than 1 wt.%

tol uene, conprising the steps of: (a) replacing at | east a portion of
a clay cataEiﬁM&ﬁ an existing clay treater with a catal yst including
a ol ecul ar sieve having a zeolite structure type of MWV and (b)
contacting gaig,hydrocarbon feedstock with said catalyst at
conversion conditions, wherein said conversion conditions conprise a

tenperatureyrang (§m=ToTell r e
from about 136 k‘gift[ g&?g oﬂgglg?ﬁ%gg %Ba a, hdﬁ%q% a\/\l’-\é&&%?%#] igf)%sﬁdtwo 2
luti to about 10@wvingtat leasichOswet. ’d oﬁﬁdamﬁxb@momgédsgdmwtepﬁ centddtiogr at e

of at least 10 kg.per .da 5. rocess for . reducin he Broni.ne | ndex
of a hydrocarbon egwg%ko%é’%dﬁa&aw eﬁs‘fataégsqv& . 9}3%3%51&3 ?P(%%%P?’CS,
less than 0 1 wWhdenzedeatapintiess 4 RaRcdlamieioiiaoinganeolite oiitinsi ng

the steps of (a) ad a catal yst including a nol ecul ar sieve having
a zeo/ite struct®P l\flg‘éwof MAWto the existing clay treater; and

2. A process for reducing the Bromine Index of a hydrocarbon feedstock
( having at least 50 wt.% Cg aromatics, less than 0.5 wt.% tolnene, and less
) than 0.1 wt.% benzene, comprising the steps of:

(2) contacting said hydrocarbon feedstock with a catalyst comprising a
molecular sieve having a zeolite structure type of MWW at

conversion conditions to form a product; and
(b)  withdrawing said product,

wherein the concentration of benzene in said product is less than 1000

wppm higher than the concentration of benzene in said feedstock.

3. A process for reducing the Bromine Index of a hydrocarbon feedstock
( having at least 50 wt.% of Cg aromatics, less than 0.1 wt.% benzene, and

less than 1 wt.% toluene, comprising the steps of:

(a) retrofitting an existing clay treater with a catalyst including a
molecular sieve having a zeolite structure type of MWW, and

(b)  contacting said hydrocarbon feedstock wiih said catalyst at

conversion conditions,

wherein sajd conversion conditions comprise a temperature range from

about 150°C to about 270°C, a pressure range from about 136 kPa-a to



(b) contacti i.0. hydrocarbon feedstock with said ca
“conversioﬁ&ggﬁgﬁ$$7%s, wherein said gonversion conditi%%ixg%wg¢?@%‘a
tenperature range from about 150C to about 270C, a pressure range
fromabout 136 Ir.Pa-a to about 6996 kPa-a, and a WHSV from about 0.2
hr to about 100 hr4, and said hydrocarbon feedstock has a fl owate of
at | east 10 kg per day. WO 2007/ 058705PCT1US20061037264 26 6, The
process accor di ngeoeBt %ﬂggikﬁ?‘&’ 4 \{:gﬁ%‘r%bgil%?h’(ct?é‘aﬂ‘?tﬂ@oéréé’{l‘él yst

including a nol ecyl@fydrlcawen RRYIOG tBs 3§84 S0P TGl 10Ng Jey BF, Of MW Lo
the existing clay treater. 7. The process accordi ng to any preceding

claim wherein said nol ecul ar sieve includes an intergrowm phase
havi ng at | edst a®pEreesofrrgrdusiedthe ferepitcolnden v senesrnerion; fagflstock
zeolite structuretype: @I 3. S b 4ihg

precedi ng claim v%%ﬁggdl n sai d égtogﬁ]f?f&ﬁ%gcg’aé%%%g- ?gﬁg/f’%g%%ﬂ%omr%
than 4 nonth. 9. Bisdhqulogeldolaeoranmipitgthastypsmiecedi ng cl ai m
wherein said nol ecul ar sieve having a zeolite structure type of MW

ncl udes at | east,pne gl WA 2R VM AS: oMM SOl LTQ: bichte oTD°

process according to aim wherein said cata
further includes a cl dpater with a catalyst including a molecular sieve having a zeolite

structure type of MWW, and

( (b)  comtacting said hydrocarbon feedstock ‘with said catalyst at

conversion conditions,

wherein said conversion conditions comprise a temperature range from
about 150°C to about 270°C, a pressure range from about 136 kPa-a to
about 6996 kPa-a, and a WHSV from about 0.2 hr”' to about 100 hr™, and -
said hydrocarbon feedstock has a fiowrate of at least 10 kg per day.

5. A process for reducing the Bromine Index of a hydrocarbon feedstock
having at least 90 wt.% of Cg aromatics, less than 0.1 wt.% benzene, and

less than 1 wt.% toluene, comprising the steps of®

, (a) adding a catalyst including a molecular sieve having a zeolite
(- structure type of MWW 1o the existing clay freater; and

(b)  contacting said hydrocarbon feedstock with said catalyst at

conversion conditions,

wherein said conversion conditions comprise a temperature range from
about 150°C to about 270°C, a pressure range from about 136 kPa-a to
about 6996 kPa-a, and a WHSV from about 0.2 hr” to about 100 hr’, and
said hydrocarbon feedstock has a flowrate of at least 10 kg per day.



11. The process according to any preceding claim wherein said

mol ecul ar ¥PS)E/5HEY udes a spent nol ecul ar sieve. 12. TPEE/srEIcE3TI64
~according to any preceding claim whee®&in said hydrocarbon feedstock
has a Brom ne |Index of at |east 100. 13. The process according to any
preceding claim wherein said catalyst is sufficient to reduce at

| east 50% of the Brom ne |Index of said hydrocarbon feedstock. 14. The
process accobdi ngTHedmradtys rededgitaglaih difmhenben@isingsai d conver si on
conditions conprise a tenperature range from about 150C to about

270C, a-pressure nge .from about, 136 kPa-a to about 6996 kPa-a, and
a WHSV from about(rcg. 2 Hineed CABE DESERE .mo}%c.u?aﬁ'ﬁ’éevﬁr 8852 %@H?di ng

to any preceding cl ai mmétcttiies of0amw tsihp gxistingl 4y tefater.egener at i ng
said catalyst with an oxidative agent under regeneration 27
conditions hgving_a tenperature range of bous .30 to 900(:@ a_pressure

range of abodt 10"HPTOBERE ALEEE 0 K Prerciipsvlaipo Bugai@ molggular ¢ o

about 1000 hi'. 18svENRCRAGE 88 SniBRERHH H%et&vﬁigyatole%&egip%ﬂ_io@ &8 Ria
further conprising a step of rejuvenating said catalyst wth a
reductive agent UREGEFOWRPIARe RitiBEEGRUite FiBIREIRBYEA enper at ure
range of about 30 to 900C, a pressure range of about 10 to 20000

kPa-a, and ag\WHSVerpiReadidbrathglioh ptle@ROMbird QMrdid Sdid catalyst has a
cycle-length of more than 4 month.

9. The pr'ocess according to any preceding claim, wherein said molecular
sieve having a zeolite structure type of MWW includes at least one of
MCM-22, MCM-49, MCM-56, or ITQ-1.

10.  The process according to any preceding claim, wherein said catalyst

further includes a clay.

11, The process according to any preceding claim, wherein said molecular

sieve includes a spent molecular sieve.

12, The process according to any preceding claim, wherein said hydrocarbon

feedstock has a Bromine Index of at least 100.

13.  The process according to any preceding claim, wherein said catalyst is
sufficient to reduce at least 50% of the Bromine Index of said hydrocarbon
feedstock.

14.  The process according to any preceding claim, wherein said conversion
conditions comprise a temperature range from about 150°C to about
270°C, a pressure range from about 136 kPa-a to about 6996 kPa-a, and a
WHSYV from about 0.2 hr! to about 100 b,

15.  The process according to any preceding claim, further comprising a step of

regenerating said catalyst with an oxidative agent under regeneration
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16.

27

conditions having a temperature range of about 30 to 900°C, a pressure
range of about 10 to 20000 kPa-a, and a WHSV from about 0.1 ! to
about 1000 hr'.

The process according to any preceding claim, further comprising a step of
rejuvenating said catalyst with a reductive agent under rejuvenation
conditions having a temperature range of about 30 to 900°C, a pressure
range of about 10 to 20000 kPa-a, and a WHSV from about 0.1 ! to
about 1000 hr™.



