1 PROCESS FOR REDUCI NG BROM NE | NDEX OF HYDROCARBON FEEDSTOCKS

.11. 111D [0001] The present invention relates to a process for

reduci ng t hew@eams®sl ndex (hereafter Bl) of hydrocar beotiosedsizonks
such as aromati c hydrocarbon feedstocks having at |least 50 w. % of Cs
aromati cs. BACKGROUND OF | NVENTI ON [ 00G2] Hydr ocar bon feedst ocks such
as aromati c hydrocarbon feedstocks are derived from processes such as
napht ha reform ng and thernal crackl ng (pyrol yS| S). Such feedstocks
can be used i nZROLHISHFYR REHECTN G BROMEYE BYRIES OFYDROCIARE

par a- xyl ene pr oductl on from an arg gﬁgd%(ocar bon feedstock
cont ai ning benzene, toluene arid ' ), toluene

di sproportionation, xylene isonerization, allcylation and
transal kyl atlm_g-lovvever aromatic hydrocar bon feedstocks often
contain contam nants corrpri sing brom ne-reactive conpounds incl uding

unsat ur at ed hmﬂ(ﬁ?c ar bo!?ﬁe pr@éé&thn\%’ﬁhéﬂ%@ﬁtd@ ke § $1idess f&'%eﬁhaﬁé ®E Bagniasd
styrenes. These can cause undesirabl e side reactions in downstream

processes. THafet Gesatterngl of dydroerharatredstosko such 45 rpreatis\lsdrqopsem t he
aromatic hydr@g@gogl&rha{,ﬁggtslgﬁpg@mbgfo@(;emgﬁe%scan be used in other
processes. [0003]Inproved processes for aromatics production, such as
that described in the Handbook of Petroleum Processing, MG awHi |,
New York 199628%&KG i ncreased aromatics yield but

al so increase the amount of contaninants. For exanple, the shift from
hi gh~pr essur efoe@ - r egﬁgﬁbmhouefeafdeﬁodtsrmﬂs ad noﬂmtwhyﬂmeahmefeeﬂmcng bed

i1 oans, i i SPE B oA PORaP DO B CrBRk o bl et

processes. Tl*(pyol}as).llstoh tfeedﬁouys eal leruseeimct ﬁaoetymﬁpmoemémxmlefdceﬁfsd | ess
expensi ve net hqgds for re ?ocar bon nt a ts Ir
aromatic hydr B%éraﬁoﬁﬂ?é% E%Ewm’é]y om. 2 8?0 {‘]’]P . tfeeci)s{gck

containing benzene, toluene and xylene (BTX), toluene disproportionation, xylene

isomerization, alkylation and transalkylation. However, aromatic hydrocarbon
feedstocks often contain contaminants comprising bromine-reactive compounds
including unsaturated hydrocarbons, such as mono-olefins, multi-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 Petrolewm 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 results in a greater need for more efficient and less
expensive methods for removal of hydrocarbon contaminants from aromatic

hydrocarbon feedstocks, e.g., reformate strearns.



2 [0004]A efins (nmono-olefins and nulti-olefns) in aromatic

hydr ocar bon feedstocks are commercially renoved by hydrotreating
processes. CvaR¥EI8&S hydrotreati ng catal ysts have prowed/uaewsssz6and
stable to substantially convert nulti-®dlefins contained therein to
oligoners and to partially convert the olefins to al kyl aromatics.
[0005] The clay treatnent of hydrocarbons is wi dely practiced in the
petrol eum and petrochem cal industries. catal ysts are used to
remove i npur {80k frorﬁ’lhﬁnw(wa@ -blofing @@dsmlb {eﬁnﬁ)nnaromaa@hwdma&oy of

processes al
hydr ocar bonOf%BEdgsci] @gs W é%&%mﬂmgcat aﬁ@dxg&rﬂnﬁ% @?ﬁééls%gt tg&rﬁ%%é%e
undesi rabl e dwdrbirmng icatelysielihave bmwtd asfive | and | sdolente sxhglantiglin ceverti ns,

i d | i h
Lorm *ol ef | nPE BBy Ceitelp B 6 b 3P Sl GEe ORER, 1C,

to both ernO-alkiyEfdnihﬁcﬁnd multi-ol efins. Aefinic conpounds nmay be
obj ectionable in aromatic hydrocarbons at even very |ow
concentrati o r?oogL | esspLhan, ﬁeia%t oc&%ﬁss sPRide hﬂ:&&n@éﬂ fverm for
sone process ch as nitration of nzene. 0061 term
"nmono- ol ef i nyétrelermsed ﬁe&o@nm:mabmdsstmsef Wilay mmwasuse%m afmeigg one
car bon-car bon_doub| RO~ ! are
et hyl ene, prérn lfn it: Eo%%?%ﬁgagﬁo r%%(dgtﬁgﬂg%agmene&? ﬂ%o%%t anes. The term
"mul ti-ol ef i msost usemoheeasins foe dreating ’@ﬁaenh}cdr@mp@dwd@%nmﬁa piglRy at
| eagt W0 CarpensGaLaR . AAURLR BORAZD SlerliP bR bof HAMRL RN

| tN-- ol efi nS™ & U I enes, cyclopent adi éne i soprenes
( 0007] More r emmntolleﬁps i bmieutoanest veires qu%mdSPpaﬁ@a‘nWL axs yped asein s |
have been proposg £ Vi S NE &N nftho] €ak
conpounds frg'?n aro %ﬁmt%cmgﬁ&%ﬁo%gr E?%EIC t%l ?;gﬁ{té?ld htgr fPa t ent ?
6, 368, 496 (Brodnﬂns etd mhln)olcﬁrscm@hs: @mpeumbdnaﬁf(he objseiivnitie itbaremitite
reactive hyd n 0 I
D ovi i ng. an AP SHRETE o BEAdE Aok stk BL T s Bl 57 it 3
feedstreami mﬁm(amﬁnﬁomommeﬁwsdcla@mmonaf@bwt conpositi on
under conditions sufficient to renove nono-olefins. An aronmatic

st ream may b treat £ thepahaeam
with clay, 5800 oo R D SB35 i ORERE bloBllc b

contammg one carbon-carbon double bond per molecule. Examples of mono-

The

olefins are ethylene, propylene, butenes, hexenes, styrene, and ocienes. 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 zeoliles, have
been proposed as replacements for clays in the removal of olefinic compounds
from aromatic hydrocarbon feedstocks. 11.S. Patent No. 6,368,496 (Brown et al.)
discloses a method for removing bromine reactive hydrocarbon contaminants
from aromatic streams by first providing an aromatic feedsiream 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 rerqove dienes by contacting the stream with clay,



hydr egenati on or hydrotreating catal yst under conditions sufficient
to substantially renove di enes but not nono-ol efins. [0008]U.S.

Patent No. GyoI7/BR@s(Brown et al.) discloses a nethod skarustdogosrzss
renoval of hydrocarbon contam nants, such as dinmes and olefins, from
an aromatics reformate by contacting an aromatics reformate stream
with a hydrotreating catal yst and/or a nol ecul ar sieve. The
hydrotreating catal yst substantially converts all dienes to oligoners
and partiallyy f&@éﬁiﬁbﬁ oph}eidﬂeﬁnmaﬁj)kwnaéﬁemﬁ@s suffibienti®histhially Si eve
converts the olefins to al kylaromatics. The process provides an

ol ef i n depl et E&ose SEREPUAMN BANCHATSe passed through a clay treater to
substantially convert the remaining olefins to allcylarornatics. The

hydr ot r eat i ngjppagjal yst U@&aﬁnﬂmﬁ alsoomet@f) dideldsed a memdiatof the
chrom um vanadi um bdenum tungsten, ni cgfee - nol ybdﬁ%%

cobal t - ni ckel F?B?WB‘d%hY%"W R fomtapinsaise fich g dieres nindy g OB an

ni ckel -t ungst eremfaﬁésafyfaﬁmeww heoRtaBiisEk @h &B&Meﬁm%umda& Gathahyst

being preferred. The nol ecular sieve is an internmediate pore size

zeolite, pref Bydapregtingoretalyst qmiorce apolequias: siwise Tha rhweotieaie ertalptit

with any cl aysﬁg'ﬂaﬁtﬁh&%oﬁeﬁs tal1 8 Bdrc o lau R B 1aziyO&Q9e1rf§r<9émIslts
f eedst ocks having hig ng aromati cs hyl benzene para- X
; et dbe

net a- xyl ene, dkﬂa@m@%~ @ﬁ@?ﬂlﬂvﬁﬁ?"éwoﬁ‘iﬂﬁﬁ dhe 9lsingrte a}@d

feedstocks f Oﬁrol?ésﬁ?gfé%d@ﬁaxpél%ﬁu U QEEpro@lct Matck Whie B pasiia Mok Rpes,
may be obtained by distillation of reforpate streans. Brom ne

readtive conpBeristocsbBEtally gonyarth thegrempiing: sleidns, s alkylaiomatssg Tha1 f or
the Cs aromat hfdr@t%@ﬂ%t eskigst Jhes dtAnnifoadth 3 ACIRSS8shaRNehbmagtiCt S

(e.g., para-xylene) have certain Bl requirenments or speC|f| cations.
Convent i onal | yanasipme neneiibierume e duiesier, | sickplanalifenint. gpbaliaickel-

treated clay L@)/beBME nfRellBidsieRdcstaRindNtAem@ITBO URHEISHn J4RHSikanium
conditions having a tenperature range from about 160C to_ about 200C

and a pr essur ¥ith amiskelmeidspenplupingratelysthsingprofomsl. Thpgoleculintygi r ed

si de reactiong, an%tgrmedfafe%?ﬁ@hgé’ie%hﬂeoﬂeﬁfab@' 1&@&@@9%& Gl RMhent@y form
benzene as a by-product, d‘%ﬁ )robl em f or downstream
v/ Yﬁ]ﬂlé%’

processes, sub%caﬁ%ed@éb‘ﬁlﬂaﬂ pbohese si de
reactions are a conmon probl em at the begl nni ng of the process

(start-of-runjoonsit h t herGAmEEEabiadks Aetitk hifeat ﬁdmﬁﬁo@YatEﬁB@kéﬁSt;&Ia- After
several days on stream .acid treated clay cag 12%lgu}are h;g nEY

sel ective for®Bme \i5&HYmee 3o SeTEsh 0B 1§37 Rk sus
transal kyl at i pBastdiss dirSpodRMe paBatIeR). orthb&yRhQAsCins:-y161e:, cagyeECi al
xyl enes clay treaters té%@gcal}% have benzene | evel s no nore lghan 30
wppm hi gher ~ t PREFPRY & fie of fefgrmatersgegs- reactige compqynds ¢05¢ o
cl ay cat al yst soilh@ @it 0P brofiatidd fesmmnaq@ BRboathet; ddthfici B¥istods. ahe
resul t, I'ar ge uantl ties of amg gat ec} cl ggf egpgal red andériust
be repl aced r&itACaPIH) EFSFHHERI G, Progusts (82 aﬁxﬁr‘éﬂﬁ VP ofe e

pl ant feedst oflsitemetidlor %@cﬁicatvong amﬁ%ﬁﬁ&al W?dﬁ@ﬁélblaﬁt BhdRI0eB lsaféﬂ.tek nown
to have high activity for Rl _reduction,

| |
catal yst |ifeVithemn( &yt Eetr@ fiehl %?ﬁ%fl’vﬁﬁgﬁo@ggafé?ﬁ%y tcﬁg'g\&pg Under

nol ecul ar  si eyBRitRALhAIH0 {%H@%hﬁ@rahgé/&oﬂ' BbutABHICY td MrokiOLO0E GBI CS
di sproportionati on and transal llr‘b%l atron reactions. [0010]For this

reason, a neekrewiiegangerfaym apuf MF0G0 SBOH 285 R4 oPndesiaeh sifkyrepgtionsy
xylene plant {g e%ﬂsgﬁ&?laﬁ&?& 3%? %drﬁ&ﬂa%n ABChkR %Pz%ﬁe%ta' Wﬁertchr El

reduction as Glay ca as I nproved cata l'ifettme.
present i nvenwhighmsp bwsmbbﬂsfopﬂms@mwoemspa@dgmm gtwé@mca%ﬂw n g

havi ng & zeol TERERCrudt o SRRttty S SRR e Hre ERRR &

process (start-of-run) wn‘.h the commmercial acid treated clay catalysts. After

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



. [0014] I n one enbodi ment, the present invention relates to a process
for reducing the Brom ne Index of a hydrocarbon feedstock having at

| east 50 wt w6 mb7/ésg70ar omati cs, conprising the step of eeRuaRbddes he
hydr ocarbon feedstock with a catal yst 4at conversi on conditions,
wherein the catal yst includes a nol ecul ar sieve having a zeo]lte
structure type of MWW [0012] I n another enbodi nent, the present

i nvention provides a process for reducing the Bromi ne I ndex of a

hydr ocar bon frabd@ﬁm&krsmmgkﬂaﬁdnem dBfropdrti8hation. artheaprodsis lffems t han
0.5 Wt % tol uene, an 0. %.,benzene, .co st eps
of: WD 2007/¢ 6’%@‘?&@%&% féf’@f tgrf%@fc Iy haye R deye OtW%TeﬁW%g)car bon
feeflst ock Wi twppm Bigheéd e tleobedrdnsi il Gha feed] eHbwaler, a&he‘dﬂdhﬁeﬁteﬂlgﬂ@
zeolite struct onver.sion conditjons to. forma
product; and © %ﬁ%‘%ﬁ&&ﬂm %SW%WGZ‘% re}’isé rﬁsuhthiéfg’?cﬂﬁw i on
of benzene i racfaimeam eldy@:te rbairbEd rinews rb @&d\wgmaﬂylouyﬁbﬁry, &hapm fohe

concentratio ene in.th st 013 yet_anot her
enbodi nent , %‘2‘5 hEy Fl?‘?\/%ﬁ‘ﬁ ﬂs“?%?)at EYété’s@"lF‘B’llarrS?H%?m ng

t he Brom ne Iafsimm@ftoanahe/ﬂl@@a@ﬁhgmorfm@aﬁc%ﬂg vblﬁ&ﬂﬂgﬂl@tm h&g%ﬁw@& w %

Cs aromatics,.less than O é& % benzene,_ less than_ 1 wt.%tol uene,

and a Brom ndifitimeelcyes-lopety) anhish Gepacip mblorsysgmelyerlar dyyep pre also
contacting t haody &y R6ambaNchiagdet %ﬁ]aﬁﬂstcﬁbp%pﬁﬁioﬁitﬁéﬁfan&&aﬁgmyi@ﬁ@l on

condltlons wherei n the catal yst conprises a nol ecular sieve having a
zeol it e strué?aﬁ?%'-‘stype of MMV and the conversion conditions conprise
at erature range from about 150C to about 270C, a pressure range
from about 13®1BPa a tRordiiothson Okl edsta foran tnproWd-pidbess faing@eucidgom

about 0.2 hf EJ»I for xy?ene pltantjfoedstock that bas 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 stucture type of MWW,

SUMMARY OF THE INVENTION

[oo11] 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
wi.% Cg aromatics, less than 0.5 wt.% toluene, and less than 0.1 wt.% benzene,

comprising the steps of:



[Q014] I n anot her enbodi ment, the present invention provides a process
for reducing the Brom ne Index of a hydrocarbon feedstock having at

| east 50 wt Wo mh7@8oar omatics, |ess than 0.1 wt. % benzegoeusaumsoimss
than 1 w.%toluene, conprising the stseps of: (a) retrofitting an
existing clay treater with a catal yst including a nolecul ar sieve
having a zeolite structure type of MAMN and (b) contacting the

hydr ocarbon feedstock with the catal yst at conversion conditions,

wher ei n the convefssi orootaridistthamsiracatpy fesdstark tvéipresatel Y5t eommaisgs af r om

about 150C to about 270 pk ure r fr o az.a to
about 6996 kPaa, and a fsrlegrr%ns%agfgﬁtg%.g@“t%fﬁ%%%lga%%t]ﬁmi‘at, and
t he hydrocarbon f eedstoonterdiascoaditibrews &t agiodatt; &last 100 kg per day.
6 [0015] These and other facets of the present invention shall becone
apparent fromthe,f ol |_ow : | description, figure, and
appended cl ai ns. @é?l Elﬁglg%ﬁ%g X THE FI GURES [0016] Fig. | A and
Fig. 1B plot the feedstock 31, product (treated feedstock) D,
distilled prodesin B conesmyetiont ofr kengshe titydher podyahgs legh ghap HEUP &vpBine

co- product in: 5t L1 : ' =Steam for MCM 22/ cl a
catalyst (Ex }%F&gh%gﬁé bl PP E zeNSin dld 19RIRBk.S y

[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.% Cg 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 6996 kPa-a, and 2 WHSV range
from about Q.Z hr! to abgut 100 A,

[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 wt.% benzene, and less than 1 wt.% toluene,

comprising the steps of:

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

(b)  contacting the hydrocarbon feedstock with the catalyst at

conversion conditions,

wherein the comversion 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 b, and the hydrogarbon
feedstock has a flowrate of at Jeast 100 kg per day.



[0017]Fig. 2 plots the feedstock DI, product (treated feedstock) BI,
distilled product Bl, tenperature of the testing, and the benzene

co- product WP WRHOSETOSt | | | ed product vs. tine-on-streamPCOHOSEOEHIBT264
catal yst (Exanple 2). DETAI LED DESCRI FTI ON OF THE | NVENTI ON [ 0018] Al |
patents, patent applications, test procedures, priority docunents,
articles, publications, manual s, and other docunents cited herein are
fully incorporated by reference to the extent such disclosure is not

i nconsi st ent{0 h t heThnseaaahtotﬁenvfmtsi oﬁﬂangreﬁant iladehﬁqnumaﬁcﬁemm@ns in

i s and AHRPRRE o puP YRR APAd Bt SR L R e O

lower imt to any upper limt are contenplated. [0020] Wile the
illustrative enbodi nents of the invention have been described with
particularity, it will be understood that various other nodifications
wi Il be appaggfiir hRseRfb1EdN 8f Triefidyrfgde by those sidlled in the
art w t hout C]epal'[l ng rromtne Spirrt and scope of the i nvention.

Accordi ngly, is not intended that the scope of the clains FI‘gpended
hereto be Ilﬂquc%d to Fige l&xanhiFiss %@lﬂe@ﬁrﬁiﬁsﬁo%@sémf‘ﬁr@ﬁa rein

but rather tﬂa@ésmhlt)esxcaﬁum p%u&@?stéxﬁﬁh‘%&m%%fﬁﬁQ&BH@%ﬁd msbéﬂzlmetcee

features of patent abl e novelty wh reside in_t resent

i nventi on, iB¥edughit §1°a¢1ﬁhqeéa¥‘lﬁuéfsvwné%°1’dﬂ% e MQﬁaz’tzé"é“Ya%atdySt
equi val ents hghseh). by those skilled in the art to which the
|nv?ﬁt|0n pertalins.

[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-siream for clay catalyst (Example 2).

DETAILED DESCRIPTION OF THE INVENTION

[0018] All patents, patent applications, test procedures, priority
documents, articles, publications, manuals, and other docurents 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.

( [0019] ‘When numerical lower limits 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 particularity, 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 comstrued as

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



[0021] The term"on-o0il" or "on-streant as used herein neans
contacting the feedstock(s) with a catalyst in a reactor e.g.,

nol ecul ar swewme{mks7osl ay(s) or any conbi nati on t her eof pCOB®06/037264
conversion conditions. The term"On 0i7 time" used herein neans the
time when the catalyst in a reactor is in contact with the

feedstoci c(s) under conversion conditions. [0022] The term
"cycle-length" as used herein neans the total on-oil tinme of the clay
treater or nlesichanchelieyal featms whichetlits tertad Anerielsnt fhesoge

cat al yst ch uven ation. The cycle-length
is a functio 9*1%%"%1%5% ﬁc&%ﬂ%mve Pl?gg composi tion and

deactivation rate of the clay/nol ecular sieve catalyst. In general,
hi gh nono- ol @h21)i c andhetermifbt- Dﬂ’MEbﬂﬁh@ﬂcm@Q@ﬁ&?HaWGWtacm

cl ay/ nol ecul si.eve bed, capacit. Shakde ey elaf] &gy h

[ 0023] The te WSE%’% Cg(gsl?gléqll a@*%é%is"é’a ﬁwlﬁﬁ rreang@%/he?(ggt al Srt| C
sel ectivity efmbihfios &ieadoy,sindﬁrmmvedson congltionsd e Bher o Fanneit fioe vsede

the Bl reductian, over, the over (o] I f the
desired reachfBR B ﬁ]?f’dg ?S% L ?%ador qT(yrf bhiflack %ﬁl e

ransal ation and
di sproporti Oﬂsadsmmos)mﬁaﬁcomeraaiemmmmy may be nmeasured by di viding
the overall reduction activity by the sumof Bl reduction activity

and all ot he[ %tal yti (E)e%la géﬁﬁ :Swge@ﬁermﬁl%hﬁéltﬁéﬁﬁﬂgﬁoﬂme

transal |l cyl a and spr opo |on ion. Feed [0024) The aromatics
i nclude, f or oftkanipy erpatben zasieplat abw@lyw'f;ﬂf@h elay/aolepyFeisye faalysing

oLher aromat yes, 6! Xiflenfof o LIRS OIRALBEIREHAL WS o8 Bal at ed

by distillation®in benzene and tol uene),
and heavy r eﬁjairmmﬂmn(ﬁaq:ﬂsiodd pw@mmpg@né deag:twaﬁ@n ratgef dhe gjpyfmolecular

par a- xyl| enesflgnd?agg%s?r ] egg%l,aqe rh@{ 9{533 bﬁﬁm{% %@o@ﬁu@oﬁﬁmﬁ&nﬁfounds

extraction onnate-typi ca contai ns nore than W . %
benzene pl us aﬁdjbw&l’eslmdm}aysm\@ﬂnd magm@@@g?mabgﬂpw-bastby cont ain
| ess than 0.5 wt.%toluene and | ess than 250 wppm benzene. Sone

aromatic str @@TSUCh lg Va1 rs%fegﬂiﬂ@t Eas Ol REL RieBnsS Bigl catdgRn and
WO 2007/ 0587 / US2006/ 264 8

. selectivity of the catalyst towards to the desired reaction, ie., the BI reduction,
over the overall Teactions, i.e., 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 BI 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 toluens, ortho-, meta- and para-xylenes and other
heavier aromatics such as Cgt). 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 semi-regen and



cont'i nuous  cat al yst regeneration (CCP_Tn) reform ng processes contain
multi-olefins as they energe fromthe processing. [0025] Hydrocarbon

f eedst ocks forzosybeme pl ants conprise at | east 40 wt . YPCBUS0GVATALS,
e.g., para-xylene, ortho-xylene, netasxylene, and ethyl benzene.
Preferably, the hydrocarbon feedstocks conprise at |east 50 wt. % C8
aromatics, nore preferably at | east 60 wt.% Cs aromatics, optionally,
at least 70 wt.% Cs aromati cs. Such hydrocarbon feedstocks nmay

i ncl ude | essconthaud GatatysVacpaletitioe (GOR™)befeitg, ppéeiercatthy helgs t han
10 wt. % t ol U@%an benzeneg, alge? nore preferably less than 2.5 wt. %
t ol uene and &h ?Yﬁ%‘%&gag%f‘ B %ess than 1 wt. % benzene. -
Optional ly, the hydrocarbon feedstocks conprise less than 0.5 w. %
benzene and/®823]ess t Hydro2arbdn Sedstlcke fe, xyevef gamd kymprizs at tdzain4d W . %
toluene. In g preferred enbodi ment t]he h &%Qgc rbon_f eedst ocks
conprise | es&Phar FEIUHS0s Hen BHE Y et "F‘?BDIEES?S?T’% %, 7% %
benﬁene anfl é@&?ﬁdﬁﬁﬂ?ﬁfﬁ?&b‘?ﬁ, b Hydtooahen febdiodkl gtﬁdﬁrﬁeaf b]iﬂd‘ﬂ sbeadst ogks
such as xyl ene nt feedst S can ined fromreformng, an

st eam cr acki ﬁagarg‘?’%bcé’s@gﬁpmf%gbﬁﬁﬁﬁ%égﬁb‘g% Eéé’f??"ta &gkgpti"ﬁgﬁ’uate]?gsé. g.,
par af f i nsl, aroowatl CaSaroﬁiﬁgcsbSﬁﬂiib}E}ﬂrdcﬁagﬁ Eeeest@dkmmﬁddaum ta@T spefins.
For exanple, ar tic rocar bon edst ocks i ncl ude nonucl ear
aromati c hyd@gﬁ%’ﬁ@gﬁﬁzﬁfﬁd@ﬁ%@%ﬁﬁsgTaEfll ﬁ‘g"ﬁf’]ﬁi‘}eﬂﬂ PEISAG-2Bt ef i ns,
mul ti - ol eg i0 (F)Iﬁore @gegezrﬁy 1218 an DB WER Bave @d beivehd, ]?iost%reﬁrﬁﬂme@b&ﬁ g 100
to about : 7] Because. t exact _nature t he _.unsat ur at
hydroecar bonsP ﬁﬁlﬂ’ RFRf eaﬁaﬂ?}]alg}%g‘g% aTh AR AsdtRroC 'Sr'fa’fﬂP%st‘?gesﬁﬁlﬁaF?(a)[ﬁg of
maialsurk i ng thet.",ﬁﬂjc?ﬁie:cnéadn@dar hassl @Az Keys télhenef )Sftl;cf&@dli' Yeskl SR . {j e

wel | - known net ho nmeasuring trace_anoynts_ of _unsat urat e

hydr ocar bonsm‘tugne‘t h]g‘ ppreted ﬁéﬁ’ﬁgn@ﬁtr{g'g@"ﬁ’m} g"e@s&?&% PHRRTSE FS8et ai |

i n ASTM 1) 27kér QL wilh Gebid, hRfeabht RE BarDD.1 W% Dedkte inaqespemag.£d
herein by ref qrﬁq ce. The Bl indirectly nmeasures the ol efin content of
aromat.i ¢ cont’ M3 hydr ocar bon sanpl es using potentionetric

titration. Specifically, the D is defined as the nunber of
m | ligranms dPoAs om neHydmeulmadfetistiodiG0sugh ansylzhe pjadt Gedstdrkin canbpl e

under even c i tiens. MD.2007.1058705PCT1US20061037264, 0028] The
amount of - mitriel) SRR R S e BRSCOt s DARGPPbM | ess
than 10 wt . Y%eedpiociseinaldtly, d.gSsardffia) alomatics)andrbeenipe-ehaivalbypdds t han
500 wppm dependi_ng QP the_source.of feedstock and re-1reatnent.
Extract ed besﬁé;ier?gs°1§ 'heg?fy e?gaéff’p(ljer’ nEPRERq ﬁrgﬁ?rﬂip ifg%ftg?lﬁsi 1%&€€° t han
1000 wppm rudmbhucidae farsiBatic hydrocarbons and uvndesirable olefins including mono-

_ olefins, mmiti-olefins, and styrene, which have an initial BI from about 100 to

( about 3000,

{00271 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 detaill m 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 potentiomehic titration.
Specifically, the Bl is defined as the number of milligrams of bromine consumed

by 100 grams of hydrocarbon sample under given conditions.



[ 0029] The hydrocarbon feedstocks to be processed according to the

i nvention contain brom ne-reactive hydrocarbon conpounds from about

0. 001 to ab&if2000038105% preferably from about 0.001 t o ratramicodiosses
wt.% nore preferably from about 0.005°to about 1.5 wt.%or a Bl from
about 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
according to {0938} nvent’Iﬂlgnmvxi:dtlof mubolbﬁmén a Bilydro beatront faeisBbk méytzhg!

hydr ocar bon f K 9 t th hydr oc n f eeds
processed acc%?%‘?%\%%[anlbﬁheﬁp ﬁsnﬁg T ‘Efeﬁ?egeﬁ?% legsilan %
pref erabl y nowgpeatierendihgon %%pumabﬁfqaﬂﬁukr@blaﬁy PR-teHatddher BieRrd 10%
of the BI of %ge hydr arvbon fe { k1g [éOOSl LIn a @ferred

enbodi nent, at“fERE™ %B%Wt’iegﬁn PS BRGY By Tesh ARt T Rlist ock
recycl es to t beficat al yst bed at the conversion conditions or to

anot her catal yst bed such as a cat al yst corrpri sing at | east one

nol ecul ar sie avi ng era in romahout 2A to 19 A a
clay, and anyy@oﬂbl nat @n%’ﬁ%r eor- ?cgg g‘V Etrf’cqsﬁegs?"c%r te. ®, Bhor e
preferably atidvessn cmﬁamvﬂo%nn;leteacrﬂ% ayqlrbafrlamadm o@dds fieasibod.ou . 180

even nore pre referably at | east
30 w06 of "t nebthE S8R RS PR Ao B e R AT D BoreFReEY Al yst
bed at the coftumrabiooino. Oanth thomnd.5 Retyel Rl fbe abbadm& abmkzouwes

t he product e ck clin tion of tre
hydriecar bon :‘,\%}e%mt%(i}? E&?ggfuhg tgéP%‘%{ﬂé?&%’éO&e p%FFéabrﬁ)’fT%B?l agP'gsm(T% a@f’“t

di ene) in the3@dmbmoggrdfeetdy tidedst §0sto kbawep@ld. because of the low
inpurities content in the treated hydrocarbon stream The gr eater the

recycl e’ ratlo eclo ’ﬁ@lor c eratln. i K
conti nuous st |0r0§dt]ank rggithgﬁl% 1 )tfé%ﬁ Sﬂ%o r%%es%’ ended™ gbtg t§‘8und
by the theor yinveusionsiill yvs 1D‘Na-‘tB1tth@1 te e thahydneater detigok. doene WO

2007/ 058705P re reactive t han
t he ol efins. %er atef(l)lﬁé}gtﬁ %%9(? ebégtf%gragtﬁ I{ﬁ?%s%g‘?%or u%t 2 Qe 1pygghion flas
concent r at j onBbfio dregive $hanrS 00 epréfembly troc freatBetior €0%d nne prbarabinhs at i on
reduces the ngehalidliol, of u! BRGANBRERIERTALENES, Wi ch are

believed to h ve a se ect|V|ty or €o As a result, using
recycl e can extend catalyst cycl e-1ength. Longer catalyst

cyci e-1 engt h #8341 ower I ReprefsBed smbedimentatahllsast a p@OGR o rtho riwsated
enbodi nent, ﬂ}@x&&%&?fb&détd&lé%%lmo %%ae%ﬁvwd%ﬁl@*eeﬁwi CL%ﬁcﬁ s or

flowate of at” | east 10 kg pef day, er abl m)ret an east 100
kg per day, rFBraEOtB?ré’P@ryﬁttheQ S'éﬁh qsgacg’(a YBU@l‘qulﬂpﬁﬁt lgzsy one molecular sieve

( having a chanme] size ranging from about 24 to 19 A, a clay, and any combination
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 wi.% 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 recycling a portion of treated hydrocarbom
feedstock to the catalyst bed, the impurities (e.g., diene) in the combined
feedstock is lowered becanse of the low impurities content in the treated
hydrocarbon stream. The greater the recycle ratio, the closer the reactor
approaches operating like a continuous stir tank reactor (CSTR). Wh.{le not
intended to be bound by the theory, we believe that the dienes in the feedstock are



Process Conditions [0033] The reaction for catalytically renoving

brom ne-reactive conmpounds can be any reaction effectively reducing
331. Exanpl & 20§7/058785e reactions are: polynerizati on oPCHUPISHETE
conpounds, al kyl ation of paraffuas an¥/ or aromatics with ol efinic
conpounds, and saturation and/or hydroxylation of the carbon-carbon
doubl e bonds of the ol efinic conpounds in the hydrocarbon feedstocks.
[0034] I n accordance with the present invention, the above descri bed
hydr ocar bon fmershacistinesymere recotiteabee thewidfins.a Qpateting/be reseiplkst ng a
mol ecul ar si exernaui g, fheZBRLdk iRt @J&i&{ré% %nttﬁ@?eeg iRy gci agifi tabl e
conversion conditions to renovée nul ti-olefi'ns and nono-ol efins.

Exanpl es of t toesantretiony sadedes rhe prodatilitynsf deantionsl beiavetre disresatibick @6 from

about 38C to out. 538C. preferabl.y-. 93C to about 3 .

preferably 15 GY%i tﬁ%@‘ﬁ a%& S?%:lhgl%?oéscsouer'e of ?er‘o’%l#%glgg}%%&ilﬁga?cPa-a
t o about 6996eiténRaalysipryeltéergihl YLdngamaabstudycRdSndiPaeanlower tbcogt 05617

| cPa-a, nore pref rz%bly from about 205 kPa-a to about 3549 kPa-a, a“
wei ght hourly 5&5?@5 vel ocity (WHS' V) from about 0.1 and about 200 .
hr4. preferably fromabout 0.2 hfl and about 100 hfl, nore preferably
from about 1 W032]land abowehe SObbdimentTHe YWSNt iigvdptisedann bkeockdbm|

wei ght of cat ta £l i i us
any bi nder _ Harrak fouee of el 0 3o pFU, broRien B bR Rk 3bo B

i nventi on, t heerday,aloysirefaylylatlebsd 200 laxper dava si ngl e reactor vessel. ba
anot/her enbodi nent, the catalyst may be located in a reactor system
con;g'i si ng atplgastotdngeactor vessels connected in parallel, in
series, or any conbination thereof. [0036]1n one enbodinment, this

i nvention rel be to a_process refrofitting existing EI ay cat aJ yst
reactor ("cl a@ $¥Heat er'Tge WRHIOR cBF arcgtalticalling eRPYBE aProrinsEae

ol ecul ar  si eygipoahddl 348 thel dhydreRitidh eiifebitheBNRAMAR L., Khaindlek B @Rdst ON
relates to a process re{)I aci ny | east a portion of existing clay

t
catal yst in aWFeERPSEFD mea?ﬁgagaqﬂ@@tw soEpetngs, frlftion of paraffipsgnd/or

conpri sing atabRasds WAkoIBEiE esthFounsd, QHE sSahidry aﬁd/orTﬂyaroﬂ?mﬁ@r éfetle
enbodi nent abovenentioned may further caonprise a step of adding a

catal yst conptrrgae dosbls bopdie ofdhe Olffiaic eqrerpundsy i fReshydegatbpe
exi sting cl aygtdserker. In a preferred enbodi ment, this invention
relates to a process replacing at least 10 wt.% preferably 25 w. %

nore preferab O wm.% nost preferably at .|east 5 . % . existing
clay catal ystﬁgﬁ% an ex#sf"fcﬁﬁla‘&q%a ﬂ&é&ap’%’ﬁ“& R (R tgﬁ\t‘gﬁo"g ‘E:eé‘f’%eélst
conpri sing a lydteedbarfeeditRkemanbatatfdcted axithnpcabal yse SdrirRing tarislédulze  Of
MAW I n yet another.preferyed enpodi nment .S 1 nvent, relates to a
pr oiess r epl a%‘?vﬁgﬁzg?f% Fezee{‘tﬁys g vge We’ﬂ%ﬁ is‘h‘tj‘g@l B8Rt er
W tR a catal ya@hditionge Semereainultessfinsome] Aidneaidfine. SEeMeplenibon st .

Anot her enbodi nent, of

cat al yst “havi HEVEHoR Eareitop BoNGT b BPaPOEy B SR APy R PEMPHOBEr ot | ng
clay treat er.pE@R8H] $3CadabarBrdiCranire pdferanift 1303 to edout B7EC] avent i on
may further pressure of from about 136 kPa-a to about 6996 kPa-a, preferably from about 205

XkPa-a to about 5617 kPa-a, more preferably from about 205 kPa-a to about 3549

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 hrl, more preferably from

about 1 hr' and about 50 hr!. The WHSV is based on the total weight of catalyst,

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




include clay. The npl ecul ar sieve catalyst and clay catalyst may have
a volunme ratio of the nolecular sieve catalyst over the clay catal yst
range from stoowt7/ks@9 to about 99:1, and preferably fr eagri608003tm4
about 90: 10. [0038]In yet another enbddi ment, the nol ecul ar sieve
catal yst and clay catal yst nay al so be packed in separate reactors.
When the nol ecul ar sieve catal yst and clay catal yst are in separate
reactors, each reactor may have different operating conditions. The
mol ecul ar si @d8sicat al Vit bie entddimteayofthis avytion, the edalyshpay bhlogaterbip be of
any type and_configuration that is effective i | W esired
degree of BI af’é‘glt‘?é%cg?ﬁ M eﬁsgl' Ry ?ﬁ‘?rlel%%’g elmflthglé3 c%%@gp%%\cﬁe g%a\%\%a\;\q/ggd
flow, WO 2002405 88RHPENBRARG 6L 0RE264A Tatan stebseld comweated if paalldheinng
preferred. The, gressure in,.the nolecul ar sieve and clay catal yst

syst em zones SERoGF FOLETREYEPER  t 0 nmintain at |east 90 wt. % of the

hydrocarbon feedstock in |iquid phase conditions. This will nornally
be a pressur ¢@086] aboutin b86ekRalimernttothisioeentid38Bies kiFa procePreifabittzigl y t he

pressure is set.about 5. 1r. i r. han, th f the
hydr ocar bons SHt8HZE] ?ﬁg st fee"’“rzrtggﬁ laakag:%’ at(gﬂlt‘)s]t@‘me1 arr%faé%ﬁ%?pqgslﬁ%\sﬁg E%thy
zone. This t enprshtiaeidvs cptlgdte fmb biefoniet hinbodithent,tain gurentionfrelains whout
130C to about 270C. The l.ecul ar_..si eve .and tal yti.G. rsion
may be perfo?ﬁﬁﬁeﬁ\%&“&ng&&%ﬁy?g e o e}ﬁse%inéﬁ@&%[ﬂ%%ﬁ g%tg%lgm§ei1§ci ties
(VWHSV) . Thi s catslystabdoorivethod taalys ebmimpsitdhat lebssoneatblomiz tsicgamtilydte of

th I I i d, cl. d . t 4t
abode 100. 1 230 BRtRel pgii A Ssarconei Ry o AF R g il 0, L
preferably feaamalysOcduiprising o4 1€shode delpenadi shye oatalyfico Hie exastingbday

f eedst ock being treated. t al y.st 39) L1 ] te ] any
porous part i gﬁarqﬁct & AR ?qeg%?%ﬂéﬁeﬁ%’%% %6 eonsﬁ%lzageggop%%!ﬁer%% %glea&pggt

cat al yti cal | Yeastel@owi. ¥ gprefecsblynZs wede tiovepreforably hide. %.anodh prefergilpgled i n
the process of this jnvention. T Qrasity. pore. si si ze
di stributi on?fiaﬁ %a\”bé‘" For C?%%ﬂgéﬁysg% a?n%%%nﬁo‘%gsﬁa a?sg I%Pﬁéﬁg%fea maj or
si gni fi cance catslgfecinplidiyg adhelcul@sieve cagigp bavings fealite strypihoe eSEWW., ,
per formance. _The surfac roperties, of. the porous .particul .
material can hh?’%&“% e PEF S it %3? mtvﬁgt%%g’gr?#%srtgné%éecg%fx l%cén B

mat eri al in anigk Ry carpki iadld isting kizy meaiphweitiog yatdfst chappangpatdeast -
particulate materjal. (e.qg. | ecul.ar sieves n.als e er

i mpor t ant fa8f1‘?)?‘°1“38'flart Sﬁ%gﬁﬁt?&gtr e 8?‘{"?‘?{8&%{%}% %Yenlgﬂé)%%n?@%&

i nvention. Fefep &faddfing, 2 datiipstiaoingoyt ledst snmndolepalatt sieteccailye tortha

nmor phol ogy of thin.l| aye ing/plate material can have a | arge

accessi bl e i fESHefAY e@%’f‘i onal ly, the nolecular sieve(s) used in this

invention has a norphol ogy of small particle size such as an average
par& cle siz4g0U3gss t han dnepembodinadngrtab|optalysisef thiramventipngngy fukher
preferably |es : ' ' QY

havi ng a rat iH(’tg:?ucg]fL3 Q?&eoqh%?%cg%‘é%é Sl%&e&%é%ﬁ%%%@é%ﬁ%ﬁt er two

di mensi ons | esi® dflibemOlesylarpiayt entatybtyovhrths clay aatalgst tangerdiom ahoutt BPAb| y

than 0,005, REFEUEER BpERFLARL e RER fifgttoRdg,Tor @ Preterably Tess

[0038] 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,



[ 0040] M croporous particulate materials include crystalline nolecul ar
sieves. Ml ecul ar sieves are characterized by the fact that they are
m cr opor ous WikatevaSeMeat e nmaterials with pores of a wel | pdefisedissicze
rangi ng di scretely fromabout 2 A to &out 20 A Mst organic

nol ecul es, whether in the gas, liquid, or solid phase, have
dinmensions that fall -within this range at room tenperature.

Sel ecting a nol ecul ar sieve conposition with a suitable and discrete

pore size thevidf éovenverd Sl beggarefeireh Blie mpwsuiefin dhampbleotdredeve modn a
m xture with I i el LZe. t Q jve
adsorption, hg#(}g{apﬁgésﬁ%hr#eﬁﬁesn%fl%%%?%%ufg‘{lﬁgq'ﬁh]%\p%éjr#E%E%pnvﬁh/!ég%é

sel ecti ve adsidpicirben dgedstodd aclimnié rhegsacatlitions. ofThisnelibngedipdieecul ar

sieve particl 1 i | et r stem of. a

nol ecul ar si eﬁ/igss%r%gg?%@l gge ect*@%b%ﬂggd%gﬁéﬁge f%?”@@?%%ﬁ“%ﬁ%ﬁ % es
and sel ect i veabowt HSyidashighien thanethd atpioe pressure cfithe hydocaiinkiat airt inlet
properties other than e _m.,cropore ,structure, .includ f.or _i.nstance,
i on exchange %%1 %{%Wey?fttgf)é%?lwg 516?{?@% Z%Pr%a‘f%fﬁgerﬁ%eir%}‘? v PRGHPI A
summary of exwitin fhg rimpe ol doagsbout 1B0EE@ tarboat 270 d Tkt molsulifndbve iagdt | on

and characterjzatjon of nol.ecul sigves, is described.in the hook
"ol ecul ar - & SRkl n R e BpRRELvET 4 RS ot P YLD (R
Szost ak, MackipeceAekditins CVRSPY), oflés eirblelis oftearseitsy, thd 8284 Seaaad life
Edition). In dition . to nolecul ar.sieves, .anmrphou ferjal

chi oty si 11 <SR iRE e U Rty R e e i B e 0 B ABHABN used
as catal yst supoeftrsblyAomiistoer 0.9t 10 about 10T, iRed refitabR, fdEmI L0 has
spray drying,, pri.lding, ..pel |l etizjng.,an trysion, have been and are
bei ng used tdfog'ro(?au ?g%&%tﬁ?l%dﬁfg@ n?eﬁg%?%%fﬂcggmeﬁ?ﬁ‘ for exanple,
spherical particles, extrudates, pellets and tablets of both

m cropor es arfeitalysher types of porous materials for use in catalysis,
adsorPtion and ion exchange. A summary of these techniques is
described in [zt al ysty NoRUAGhMELhat A t.| ) ‘Jﬁ%c ,
Mar cel Dekker[, N’ew York, 199%.%[00455 I Xt%%%&iﬁ%&%%ggﬁg%a}ﬁg?e eQ
phases are diP9BY ter@Fropriaiade catyiecely svrdvingdfronymeeenaliver cogipeysls can

frameworks. TREMRIALES i BRdtelsor AR G | el @{?
Di sor der ed Zeplee;ﬁ?e%%t ruct ??es"s,o 20%%‘@%@% or%e I%‘Sﬁ ’ g%j&gey%[ ?re
Structure Corfifesstabrtion inhiergenpasesn fmisonabd Zeoiopeiss)Aws ofieat ¢fomajand t o

the "Col | ecti.Qn; i R0, Rewder,Ra r itestm. M M
| . Treacy V@%OO!%G(%B%%%%%USZO%%_/ osf?&% i ré!’?{’(?%péi.%%‘_ %%?ens?’f‘e 2001
Edi tion, publsheifearpertisesfihs paseusmavicalateutarieboaCalsnibs ¢ frmprfrtaptior

I nt er nati onal eZﬁéH‘ i.abLon:f or.: Lk ed ﬁgﬁ
intﬁrgrown mt?eculogﬁﬁlgéggg&p??gglgzﬁ gd%%?%%ﬁf%r t@fré%t 1{)%%%“ ds
ar e\peri odi c@rrops prrtaiade maieriglege mpleralassieves) cagtalsa bt gnethdrymgptant der ed

Structures shguPef iﬂﬁdf)eﬁ'fo%%é |2 Gnd &a@#ﬁ?@sﬂzﬁ“ﬁv&%ﬁﬁu tﬂ&?%xérqlflg,ga

i.e:, in two, one or zero_ di nmensions. phenomenon i s ca
st acki ng di scéraeholagy of st parficlé sige prpmeipheiogsPefithindassrimyiplatd inmageriahi t s.

Crystal strughiifgs a%iigla %céeﬁ% g&é(;rfagéji 6;)1%.?1'&!1 ,itﬁkgm Lhs Cf?e[ag(s)gﬁeh%ﬂr ce

end- menber structures i f periodic ordefing 1’s achieved In

di mensi ons. [Husdivemsion dase mowhologs ofsreliithtnle siteeneh 4sha aytragdpanisle

sequence of i.odi¢c Buildi Uni t eviates fro eripdi

ordering up :S%gé‘{?gﬁagg i%m’sqrgflg %’fs{g"'sé reﬁl]aﬂzohfcj gL, more preserably leis thim 005
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
0.005, more preferably less than 0.001,



[0044] The catal yst used in this invention nmay be an interg, rown

mol ecul ar si eve phases havi ng at |east a portion of said intergrown
nol ecul ar sSIWYHIHEHESSEs conprising a zeolite structure PEHASZHVC/HANA
Preferably at least 1 wt.% nore prefédfably at |least 50 w.% even
nore preferably at | east 95 w.% and nost preferably at Ieast 99
wt. % of the intergrown nol ecul ar sieve phases conprises a nol ecul ar
sieve having a zeolite structure type of MAWV. [0045] The term "fresh
nol ecul ar si Hkﬂéﬂ] as uddidronerpes pattiedaie meterislseinglude copBB® tHAECYES not
peen exposed ol JSuhnl 3dldsale AHAURL:Rhy thdBicf @ikCHeraSe BbRHGS) 1O
hydr ocar bon as S under conversion conditions. anpl es of fresh
nol ecul ar si gmcmxtemmﬂays wﬂnph@%ﬂ&emm P tﬁﬂ@ﬂg)ﬂlsgﬁfteé’r from

cal ci nation. e n a
mon- 1 resh mofEii & apaleth. TRUHAnIbRIR HaRE i BB 2
for a subst aadlidaﬂ:haaemmm dmientmzrseth(l‘rsfaﬁhw:dsn 2Ulis hange 5§ reom FERCEEEE-bon

f eedst ocks under conve si.on.condi t | ecul ar

sieves are r %W@?é‘t@ eglar Ve eRR ését%mgg’gi%%?egdbogﬁ%é i%o%%d to a

t ransal kyl at ﬂ@fbfdreeaﬂisﬁ@@kpmdﬁ roftspmaﬁ@hﬂcydcates diont e ridixture mathoethem

al kyl ation fee stocku n |t T spent
! S il LR O TR SRS ek =

mol ecul ar si &P&° £7%1 "he correspondl ng
fresh nol eCUF‘ﬁble&ﬂ&\é%ve” \A@aﬁ%ﬂtﬁéﬂﬁﬁmbﬁﬁﬁoﬁﬁeﬁé’mﬂsep&ahm of

[ 0046] Mol ecul ar SI eol.ites
i nclade any SFEYRS feﬁ'ﬁﬁﬁv Q%L@sr’l Bwe n‘% Emﬁﬁ%géer%/ | ne
mol ecul ar si QVﬁSIecwﬁfasz\l‘eeSnabfcstshhsthezml e:mhmgen@ﬂ cloizged a[:ragalqsomﬁl

zeolites, int rn:edl ore_si eolltes S . es.
These zeol i té‘ge%ﬁl ?}e‘ﬁ‘? i‘é )}%@E%’é ¢ ESFasiEH ?[E:g%} F{}@ekﬂ)?g@o %ﬁ%l ite
Structure Type&bporEsttuctitd inkluddybrdnstarde, ibh eXdhsuge caprdit@ispecBiverukfocsher

El sevier, Fourth Editjon, 1996, the contents of which is hereby

i ncor por at ed 259 4% ¥nce. A large pore zeolite generally has a pore
size of at |east about 7 A and includes LTL, W, MAZ, MEl, EAU, EM,
OFF, *BEA, MWA1IMAW aéndsmmsstorfu@mms tegpelogmolit tams (ofUpmdnction,
Comm ssi on of ILte mencl aj f:l r ites
i ncl ude mazzi't% éﬁﬁ aCtErézoﬁ&F))f Eﬁi&@gﬁé §§ve§e18 dg{cgﬁe\({ipﬁztg%%lgﬁée X,
omega, Beta, ‘MBMeﬂar zﬁmm PESHDIES of Rgvheds aghRipntifcationtt REaEEk, An

i nternedi at e pore Si y out 5
A'to about 7 Deomed riant Aoblefugte Pl 18 s o fiph fsgh I et 20

M S, AEL, AF@olddElEt sicPER mrpﬂoﬂ'scma@nala,cﬂmf&’ sifios ﬂ@r@mumeshc(amm

Conmi ssi on of Ze0|te re
size zeoli tefl d%%f%%n&f%b%gf?s Wb@’g Azgﬂﬁb%gl\/# 239-1(:%08\%#934
ZSMA35 ZSM mmqwas smwa@ng, FoNing pelletiziigent extmsion, avebosnprdal | t e
2. smal | por S|ze i : bout
5 0 A and | nar b e lrkdie PGl it S BRLERE, fuisfalt)
structure t y@mmlealaxtxedatc(sl pﬁh@ {BArtablets iof rpoth miceariores anderhen &ipg? Qf e)
Exanpl es of smal eolite

SAPO- 35, ZK- fﬁr"“%ﬂg%‘iex‘i% R ‘Ef%a]%ﬁg ﬁ&@éﬁfﬁdfé %ﬁ&’%eggﬁ te A

hydr oxysodal itliegs teelidiqres isadesaibabn iGaelystMaifedurs,” Agnl Stiies and ’J?\LIAO 17,
and clinoptil 47 e ar sieve useful for this
invention is I{)Pgﬁrﬁwilg)%%’ﬁevbgog e zeolite having a
silica-to-alumna nolar ratio of at |east about 2, d;’;qulcally from
about 2 to 1Q0)042]I'he sH]ntec@om aolemile sievei (phisss d@ree rdiordespdpyplaniar

conventi onal rati mBan ke ely
as possible, ¥ ﬁrgr%%f? a‘?’fnrm Etcfﬂ&r ?Iﬁve%]agle?vr arm\t‘/rvg%ﬁ% ééﬁﬁﬁ’lﬁ’ﬁercg%ﬁ? girﬂgi eve
and to excl ud‘eaﬁ]ogl O Disefidred| Tuvliteu Btriaturedie ZIBDWﬁ}th@r pithiishedt bynthe or

other form Wsﬁ;ru!: A tl&%numc hs%ﬂ)ge!)ts ‘the International Zeolite Association and to the

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



[0048]In one enbodi nent, the nolecular sieves for selectively
renovi ng nono-ol efinic and mil ti-ol efinic conmpounds include, e.g.,
| ar ge por e weahithosszgs WO 20071058705PCT/ US2006/ 037264 vdrnandsiogasar | y
a nol ecul ar sieve having a zeolite stiHucture type of MWN e.g.,
MCM 22 (U.S. Pat No. 4,954,325), MCM 49 (U. S. Pat. No. 5,236,575),
MCVMB6 (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, MCM 49, MCM 56, or
\IMIQ% l\/blst daﬁdi@fﬁ/gwfﬁ%ginsaﬂﬂ)ltmﬂm%@ﬂbﬁa:eﬁgﬁibbhﬂmﬂfﬂﬁhgfz‘:wieﬂon&ﬁl@dces |

i ch includes tpematerlas
may be consi% &%t%ﬂ%%%e éS?F’ﬁFM‘:’I\a&W édiﬁﬁifﬁ‘ﬁl FERVRBIIRG Wtﬁ‘@fq}‘f“e uni t.
The struct Ungsiéhiat sibve ghesgr i bed in U S Pat Nos. 5,371, 310,
5,453, 554, 5,493,065 and 5, 557,024. Each of the patents |n this
par agr aph d bi ng cul ar__si ev terials,.is her el or at ed
by refer encitg&%bmg] I]gogﬁﬁﬁt‘ﬁésftal ?ﬁ)&glf%gﬁ{e PS‘E‘?‘Fé‘raﬁﬁa?ﬁ?rﬁ ﬁ‘ﬂ){it heti c
crystal i ne dimbéRiobs. ar SEh@veBy dMotdiredi BrghichirssU Ghdt Qﬁ‘en&imttﬂﬂerhlg el ve
menbers or ggeater, maﬁ al so .be, used tg}geth I with e | ecul ar
si eve havi n%”ﬁenf’@&? Tegsdhay tisel e & TP pRe CREPRFs t ASIPPAE™ B ecul ar
si eves usef 4 caq&dc:@acath 1S HiSortdC b StQucASal O Arvhridit @bﬂ@dxemnmhgwmisar ge
pore zeolltcs ZSM 4 h%g%(us Pat %§12 63% rdelte
ZSM 18 (U. St Wﬂeé ﬁ@%?“@@\/ﬁ?’%‘?@ 5 B © 9’%33)
fleJol [ tg {Bet atrﬁciﬂn& i o&ies)rdeané@ﬁame@ﬂﬂameué’&m%ﬂs)mnsmer&@

. S~ Pat .

3 Jasite Y (U. S _Pa 007), USY
(U S Pat. ss ?fQQE‘fQZVhSW 3 stAgkReosrg encmfﬁhaﬁ’&n@&@rﬂ% Hettor
and Y, and m&ﬁ@lﬂ@ﬁ-&ﬂ i Sorl e dlatic Mkind séddesves.Pat . :
5,102, 643) and I\/CM4?B(U Sr %gltgugNo 5, 098, 682)4dﬁl\/§?e pref erred

mol ecul ar si i ncl er.ed. oxygen-r ructure SM 12,
nor deni t e, @‘ﬁ% te Be eca%éﬁ%\?ﬁ%ﬂw t%&nfaglbg 3# if*‘é

mat eri al s. [s&@éﬁl}aéeﬁ Ehvﬁxgcmuabwaslﬁcsuﬁmgf seﬂtlaﬂegg@nbmbhcﬂ: st@elphasemn
reactions cylation or. pol ' i on. of Ief g conpounds,
and side re%ﬁp%ﬁl&ga yoél% W%?%%P{W?%ﬁgﬁp&% fewg n;)
transal |l cyl @tefaablgafat Yeakteste st V‘I taeelbmenarprelfembb z@fleéEhQS@vt.emdﬂd; lmtoed si de
reactions, en Y robI em for, many downstream

o ocesees,  Firird o ERbEa s o el ryS el st e SR por e

sur pri si'ngl yncﬂ@hﬁﬁﬁxexxe&aatrmghb&)h&]smhadm@pmmti on and substantially
free of undesired by-products, e.g., benzene. The term "substantially

100, UrISBEPY, oY B SRS RR S, S0R SRR 00 O

sieve that has not been exposed for a substantial amount of time (such as 24

( hours) to hydrocarbon feedstocks under conversion conditions, Examples of fresh
molecnlar sieve are newly synthesized MCM-22 before or afier calcination. The
term “‘spent molecular sieve” used herein, means a non-fresh molecular sieve, 1.6,
a molecular sieve has been exposed for a snbstantial amount of time (such as 24
hours) to hydrocarbon feedstocks under conversion conditions. Examples of spent
molecnlar sieves are regenerated or rejuvenated MCM-22 after being exposed {o a
fransalkylation feedstock under fransalkylation conditions or an alkylation
feedstock under alkylation conditions. Typically, a spent molecular sieve has

lower cafalytic activity than the corresponding fresh molecular sieve.



17 product effluent is less than 1000 wom preferably |ess than 500
wppm hi gher than the concentration of the by-products in the feed.
| n one enbogigmitossdohe concentrati on of benzene in theppr@giednsizs:
effluent is |less than 1000 wpopm prefesably | ess than 500 wppm

hi gher than the concentration of benzene in the feed. [0051] Because
of the catalyst of this invention has high selectivity to BI
reduction reactions and | ow selectivity to the side reactions, such

as produci ngogme an%ﬁ%ﬁ“ﬁeve&/%h&@é@éfm% @b gPeQérﬁ Hh RN inSideTaY

oper ate at re-severe conversion conditions, hi gh terrper ature
and hi gh spaos ofisk oetimally omamgtonemt@mmtﬁlbmmowéa; steyesa Brampleyy ay

catal ysts typi gefgé,g eg%ac% .1%% g&a%éﬂﬁ ?n%&&edlltegm&%ﬁzalzx@ﬁmofan& he

i nvention preferen con 0 era on out to greater than 240C
to as high maﬂmﬁ zeTlies. c Rherb ysﬂltasfand el 1$qmﬂﬂediﬁsmh@}@f ‘Gxtlas hﬁs

| onger  SYOl el RS leni UBL-0RE! 35 B0 MAUE e Ok aleS! shliigyanpL!

potenti al . e exar possSible to Secure 10-fold
or greater (E/lsr}v&f,lmgh feditiopy tﬂ%nﬁmtcsntbrhs oﬁghlchu sehapfoytiherporaek by

t d f
condi t1 ons CHTH chiB Kepamelar ARt o B S 1A PO Al
| engt hs. Thuscthdee LTLo6E% SMAZ, MIEL, FAVR BMIQ rOKH, dﬂBineM’lf\Mr MiEWotaed eneck

[ eatoro. - AMBROSIEVE pr e SRECE EpRiidbnr Al ablefndly.

sav (ZGO n capiBatnpkesfiarg @brerzeumed iayindermemtity, sffeliteczeplito £ ¥BI-Hifzeolfie
ty I gbout
12 mont o) - ub RGBS TR PRE ST AR B s R e el

acid treat ecMCMag’/z A]nmtmneme@@omfsxzetzeohtmg@mtallghasalm sizd fraw ebout he

ool i Co cat a1 Jat TR 1 Aanf HOBRRY R PRI e YT SN NS, | oy

tinmes. [ 0052A¥n ABG }mmmnmmﬁrommaypysmoms ({IBWSC Cowengsioswfhas a

wor e pr of or dityeRoeBaRt] e o yRoenEhe R sPh iy bepaf 8 e,

nmont hs, evens,Bshve1l prashveaaokshvan, Fedas, ZSMF&&nZEM&SaﬁEI\mm ZBMed%r abl y

at |l east 14 t.hs 0Q53]. ur.e @f th ctiv f
Jeolite is t@aﬁp@%& B b 0 i o, o R QoR et Bl 2
i ndi cation qford fige Rababystd Adb dbMBIWAmyd anbhded, formmple CHA, ERJ,

(rate of oSO s fofich OB AT

time). It isNhageltues). Ehamples of shyll ptire énditds i igdihde mﬂ; M—Q SAPO-

silica-al urm n t a a

Const ant. = CPRGARES TR RATEERRY PR RBe A R o
3, 3%4, 078, mydfdagsoam nakioife, GAtzBAzjts zeolio| T, 4melinite52X1PQAB5)aqudVol .
6, p. 278, and \éﬁl.' 61, p. 395 (1980), each of which is herein

i ncor por at ea"q'ﬁ‘frp @*t%r ence as to that description. The experinental
conditions of the test used include a constant .tenperature of 538C,
and a vari abjoedf| ow r Fhemabcwdesiove bedil ifor thihvadien maisuadly aaneapesi s,

Vol . 61, p. s%z%,SzeSl%tg %Qx)mg 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 chanuels.

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

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



[0054] I n one enbodi ment, the nol ecul ar sieve(s) has an Al pha Val ue of
at least 1, preferably at |east 10, nore preferably at |east 100,
nmor e pref er & ypomisstoeast 300. [ 0055] The crystalline noleegulsams/siaye
may be used in bound form that is, cdfiposited with a matrix
material, including synthetic and naturally occurring substances,
such as clay, silica, alunmna, zirconia, titsnia, silica-alumna and
ot her netal oxides. Qther porous matrix materials include

Si : | ca- magnepirficulgiyl 4 c:‘:aazel chlao Bieds haﬁuhg 6 3eb O kindiurs &&pﬁC&bﬂﬁw leiga,

silica-titan ositions s

si li ca-al uni @M‘ﬁgr@,}g %Pc‘gégr;&%i nﬁﬁ"’ﬁc@rﬁ &et. No. 5,236,575), MCM-

si lica-al um saBgpPasie. 586K6s,| dnaaTal ums nﬁthNé C@mﬂgsih?xéi‘éﬁee' ySt

can be usedlntheformof an extudate, |obed form e]grtqtrl or
C

powder . [ 0058a¥RE Bekye @hoar MYt M€M~4% RYEMeshI 9 cHQ-bn Msst
usual Iy an aghefdix6q Ratike BichY.29 ?&MI}T dfffﬂolgduféy 519%5 aw}:ﬁé'lpﬁllaﬁﬁéscmfz

material. Naturally- occurrlngc ys 1 ncl hose of

nont ai or i | | oMfi@®EARsad PAEMS- £ ke IM@M"Q?CIYH? n@@pahsy@w b@/fx@@ﬁﬁﬂfﬁ tased
herein to refgad Psitlltr o%ﬁ:%&ﬁg@eféﬁ raveltels aﬁggﬂunﬁﬁré GRSl cﬁH%na

fixed bed of_ contact material,” which possesses the capabl 1ty of

reacting ol ePiSni Ratc d¥gsouhdis, 36{9=e§é$ﬁbﬁ4n5,ﬂ?ﬁeoﬁﬁy@ddcféﬂ%ﬁ Rarle afithe
Preferably theom agls %ragr%#ﬂ?ldebcﬁqbﬁ% é@é&h& afy @%ﬁ&% CR! flereth! ™Y

be either a ‘natural Igyoccurr ng nate such as ‘bauxi
nmor c(l;enl te ciggyporged Eﬁﬁﬁmﬁétl c material and may conprise aI um na,
sililca, magnesia or zirconia or sone other conpound, which exhibits

simlar proppoddies. AnPragdme’ eedbsdnddnt Sther 2kl Y RLOEHE eosBVine '
Engel hard Corglw%él on. However, WO 2007/ 058705PCT/ US2006/037264 19

several ot heP Sieges, Gl yring sirughives PABTdo SHTTRCRERRATS gr graen may

sui tabl e f oralssSi isBd tdaBthB WS e thdl¥RARk kiBhs havh |a%bﬁ‘tg shrhdthe Ypedt
62 produced by the Filtrol Corporation,

Filtrol 25 Wllréy ol
At t apul gus arfcFystelirs molepuler sigvgs liseﬁn‘léﬁ é%t?léﬂs elde phaerlimitag cl ays
are pretreat@emplt, hla&?gén?@z@t petied ti@»kzp otipRPAraC! Bht. NS dA%30),

previously di scussed ay catal yst st em 1S now conducted’ oveér

Wi de tenper ATREPLASMLS TrDrTabdln SUCHH, ABELOLE. THe No
condi ti ons W9miseed zidlitd B&a EU.BY P%ﬁtﬁ&sy%so%mé%l@é@a ﬁ:ﬂg%@ﬁ% n the
hydr ocar bon feedst'ocks and the Kkind o a3y catal y$t used.
. {U.S. Pat. No. 2,882,244), Fau;asﬂeY(US Pat No 130,007, SY (U.S. Pat.
Nos, 3,293,192 and 3,449,070), REY and other forms of X and Y, and
mesoporous materials such as M41 S (U.S. Pat. No. 5,102,643) and MCM-41
( (US. Pat. No. 5,098,684). More preferred molecular sieves incinde 12
membered oxygen-ring structures ZSM-12, morderite, Zeolite Beta, USY, layered

materials, and mesoporous materials.

[0030] Acidic catalysts may catalyze both BI reduction reactions, e.g.,
alkylation or polymerization of olefinic compounds, and side reactions, &g,
disproportionation of tolnene 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, 6.g., benzene. The term “substantially free of undesired

by-products™ used herein means the concentration of the by-products in the



[ 00581Dependi ng on the hydrocarbon feedstock and the operating
conditions, two or nore separate clay treater vessels can be used on
an al t er nat wego{#osens sw ng) basis to provide continuopsT/OgmicBIen. A
clay reactor can also be used as the $W ng reactor for the nol ecul ar
si eve bed when the nol ecul ar sieve is being replaced or regenerated.

[ 0059] Sur prisingly, nolecular sieves with structure type MANNT/ have
prove to have both breakthrough stability and out standi ng

sel ectivity. plbxeetiraet is Rkehbn V0 )ﬂyl%p‘in , Drdf@¥bly Qsd han Bo®adshh) pigh

stablllty of the M ArW cat al mproved Bl reduct process
with WNW cat @Pryg’tescoé%qﬁﬁ?nﬁ&%g&@@é%% ¥ bpdiedt & opp © g'?“d“ﬂ thEnd of

cycl e tenper ghbdnGafiddaBf hRpRONY QRS ipRiiRbt BIAGR SIS €l8ssUfhld 0 088 iwhphf, eat ed
clay. Cay treaters for xylene plants feedstocks typl cally have an

end of cycl ePeiErplrisEURe B B agher fieg i copesrpeiiarfentspe i on

i ncreases beggzene co-product and does not significantly extend clay
cycle Iength. The inproved process may be able to operate at

t enperatures_u to 270C wi t hout |ncrea5|n t he amunt henzene in
the unit proded py norersneiite eryByshepiK E@‘H%‘%hn&’ﬁg‘eﬁ‘e&% ¥ Br ati on

i's known to @XiBbfl rddelibrd Znd Qa abldivit) itd fel SR reRE6AY SRNOLs dri®icing

unexpected sel ectivation with tinme_on stream MCM 22 is expected to be

abl e to cont 7808 FERERF-oHe SARLYEODTFCORFTOR 18] Ineralfs & TR favere

benzene co- pERGstSibn SRRBtdnk,Cad | BBh tpethau ahd ﬁgmgaweaa&gs théh fhe,
PA m [ 0060] The nol ecul ar sieve and/or .clay ée%(;ner at ed

undér r egenefRVSIERNY GiRY @bt . Clay aislysis ﬁﬂﬁfﬁuﬁﬁﬁ?’a"ﬁfa‘t Phee
invention, the ca¥s?e00hs0RBAMRNGIbIRRA A ILEraR0n B 16 Gildalik tiftheve

and/or clay is regenerated under regenerating caonditi s corrprl sing a
t enper at ur e #4ngdo 8% high 561276 ¢ They Sta? Pisegegpen fhg &it. 10

to 20000 Ic. @%Ieﬂeng@ﬂ%z@er%ﬁﬁﬂgr \ﬂﬂ@l&p%& highek tﬁ%uﬁlﬁu %Hﬁal 1&@@10%

wherein The reg enerati ng conditigons conprise a havi n

oxi dati ve reBgllft “XAREIEsadt 4F mosghly densecnd ltrfald d’éeﬁei‘ﬁ’ F& e'le[“éfé}Gl] The

nol ecul ar  si gygo \%ﬂl@ﬁ’t@Eerﬁr%YUs%YthQ%r&@dt%%ﬂ@&ﬁ%ﬁ@d%tdg@bﬂ‘.i&fb%éddon
conditions. In another e di mrent of th resent. i nvention, the

mol ecul ar si 8 15l ot conpiayt qondifiens fpa wher be taded fox WRhsy dvargbrgt at

condi tions CcomMkd 318 fendink e TRRN A %&6@&s§ @ﬂﬁ@m@éntx@@ﬂééhd@@ﬁr higboRleastk 900C,
a pressure range of about 10 to 20000 1cPa-a, and VHSV frgm_about

0.1 lull to eetetels fyoeishipg plapipaseg play Ffecaraé!fswé‘%?értffeﬁf@mc oHEmRBHS

CO”RI;; i iza f @8 Srd28asi dTGNA ifveidhl dal Be "BADRNMave 84l ehbi@B cdikdopaeR cidye/ H2,
or

treaters. The process of the invention can achieve a typical clay cycle lengih

(' (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 zeclite is the Alpha Value.
The Alpha Value is an approximate indication of the catalyst acid activity and it



[(0062] The following exanples illustrate exenplary preferred
enbodi ments. 10063] Two hydrocar bon feedst ocks having different |evel
of ol ef m ¢ wopowwesiss were used in the foll ow ng exanpl estudesEa7264
f.eedst ocks were anal yzed usi ng standatd gas chromat ograph ("GC")
anal ysis and the ASTM BF test (BlI). The conpositions of these
feedstocks are listed in Table 1. Table 1 Hydrocarbon Feedstock Peed
A Feed B H 570-1200 O Total ol efinic conpounds (wppm

gives the relative rate constant (rate of nommal 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 Joumal of
Catalysis, Vol. 4, p. 527 (1965); Vol. 6,p. 278, and Vol.; 61, p. 395 (1980),
each of which 1s 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).

C [0054] In 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 molecnlar sieve may be used in bound form, that is,

composited with a mairix 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-alumina-magnesia,
and silica-alumina-zirconia. The catalyst can be used in the form of an extrudate,

lobed form (e.g. frilobe), or powder.

[0059] The clay catalyst useful for this application is usually an acidic
naturally-occurring clay or a syniheiic clay material. Nafurally-occurring clays
include those of the montmorilionite and kaolin families. Clay catalyst system is
used herein to refer fo 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 streams. Preferably the contact material is an acidic
aluminosilicate. It 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 exhibiis similar properties.

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



5200--8400 0 Benzene (wppm) 50 O Tol uene (wppm 5450 10 Et hyl benzene
(w.% 9 About 10 Xylenes (wW.%
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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, Aitapulgus clay and Tonsil clay., In a preferred
embodiment, the clays are pretreated with concentrated HCI or H>S0;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 operafing
(- . conditions, two or more separate clay freater 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 catalysts. 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 amonnt 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
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molecular sieve and/or clay is regenerated under regenerating condifions
comprising 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 hr” to abaut 1000 br”, wherein
the regenerating conditions comprise a feed having an oxidative reagent such as

air, oxygen, and nitrogen oxides.

[0061] The molecular sieve and/or clay may be rejuvenated under
rejuvenation conditions. In another embodiment of the present invention, the
molecular sieve and/or clay is rejuvenated under rejuvenating conditions
comprising a temperature range of about 30°C to about 900°C, a pressure range of

( about 10 to 20000 kPa-a, and a WHSV from abount 0.1 hr” to about 1000 hr,
wherein the rejuvenating conditions comprise a feed having a reductive reagent,
such as hydrogen, He/H,, or No/Hs.

[0062] The following examples illustrate exemplary preferred
embodiments,
[0063} Two hydrocatbon 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 BI
test (BI). The compositions of these feedstocks are listed in Table 1.

Q 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 (wit.%) 9 About 10
Xylenes (wt.%) 48 %0
Cot (wt.%) 42 0
Others (wt.%) less than 0.5 legs than 1




MCM-22 catal yst and 50 vol.% F-24 clay in a reactor. The test
conditions were 190C, WHSV 1 hfl, and 1480 kPa-a at start-up. The

t enper at ur ewoaso7ad7sed to mai nt ai n catal ytic activity porusheBies
reduction as the catal yst aged over ttine. The after treated feedstock
(product) was further distilled to recover xylenes. The 131 and
benzene in the xylene stream (distilled product) were neasured. The
results are shown in Fig. 1. As shown in Fig. 1, the benzene

co- product in B4awplilstill ed product was 800 wppm at the start of the
test. The benzene co-product in the distilled pr oduct decr eased to
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[0067] Feed B was tested with zeolite beta catalyst in a pilot unit.
Experinments were run at WHSV of 4 and 12 1.11 and a tenperature of
230 and 260®€0 280m@sgywessure was 21701cPa-a. The benzenepcpupiooiasks was
measured for all four experinments. At2260C and WHSV 4 hf1l the benzene
co- product was 12500 wppm At 260C and WHSV 12 hfl the benzene

co- product was 800 wppm At 230C and WHSV 4 hi' the benzene

co- product was 3500 Nvppm At 230C and WHSV 12 hi' the benzene

co- product waxsdEson withminfhedbskdiseradmtion iofredsicakprhesaBykibati. B @ t hat

the beta zeoljt | gk nts,of .bepzene - product .a
condi tions si % ﬁgﬁ{r?%ld{égg?rpi!eﬂ%ﬂ;ﬁ%}%aﬂ?%ﬁs@g‘g’égﬁ% Wﬁﬁlgt es?xﬂg pﬁg?‘%'vi ty
of zeolite beHawéwor themd hb’éaﬂisﬁﬂaedqmadmbﬂucmaj:ﬂﬂuéﬂm“emm;; Wbrthe first
2007/ 058705P 2006/.037264,, i e reactor erature i
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reduction the zeolite beta catalyst is significantly | ess selective

than MCM 22 V\ﬁb@rﬂ prodyged :h Quer, Qﬁ{) ﬁgsngutsﬁgﬁd&%osgfégéﬁwzfgr &R Sion
with minimal benzene co-product. The MCM-22 catalyst has high activity 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. Howevér, 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) ireated 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
usefil for reducing the BI of xylenes plant feedstocks.

Example 3 (comparative)

[0067) Feed B was tested with zeolite beta catalyst in a pilot unit.

(“ Experiments were mmn at WHSV of 4 and 12 hr 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 WHSV 12 hr the benzene co-product was 800
wppm. At 230°C and WHSV 4 hr! the benzene co-product was 3500 wppm. At
.230°C and WHSV 12 hr”! the benzene co-product was 750 wppm.

[0068] 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 zeolite beta for the benzene co-product doubles sach



1. A process for reducing the Brom ne I ndex of a hydrocaybon feedstock
having at least 50 wt.% C8 aromatics, less than 0.5 wt.%tol uene, and
| ess than O¥#0 w788 enzene, conprising the steps of: (a@rTwermbaestisng
sai d hydrocarbon feedstock with a cata@ yst conprising MCM22 and cl ay
at conversion conditions to forma product having a reduced Brom ne

| ndex when conpared with said hydrocarbon feedstock; and (b)

W t hdrawi ng said product, wherein the concentration of benzene in

sai d product e [feswagidraipmp@a0revip prisddi yh Ct W&}ﬁhﬂt@n@m?wdmtat fhen of
benzene in saj [ clodoS erlzed
by a Brom ne Fﬁg&@ﬁ%%&;ﬁﬁégﬁgﬁ \[{leroﬁg%@stgfb% ﬁerng%'rﬁomdrale h%f PP ai d
hydr ocar bon f &kgisbecior Bl rdduetiqur the eaﬂlteahﬂraomhlysgmtsugmﬂcamtm léss seladivei n

t he concentra " ai d.product ess t han 500 wppm
"hi gher than t g&(ﬁ%ﬁ%?@éﬁu&@%@e gn???'%rg‘? %"f eedst ock. 3. The
process according to claim1l1l, wherein said catal yst consists
essentially of a spent MCM 22 and clay. 4. The process according to
claim1l1, wherein said conversion conditions conprise a tenperature
range from about 150C to about 270C, a pressure range from about 136
kPa-a to about 6996 kPa-a, and a WHSV from about 0.2 hr4 to about 100

N



5. The process according to claim1, wherein said hydrocarbon
feedstock has a flowate of nore than at | east 100 kg per day.
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CLAIMS

1. A process for reducing the Bromine Index of a hydrocarbon feedstock having at
least 50 wt.% Cg aromatics, less than 0.5 wt.% toluene, and less than 0.1 wt.%

benzene, comprising the steps of:

(a) contacting said hydrocarbon feedstock with a catalyst comprising MCM-
22 and clay at conversion conditions to form a product having a reduced

Bromine Index when compared with said hydrocarbon feedstock; 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 and wherein said
product 1s characterized by a Bromine Index no greater than 50% of the Bromine

Index of said hydrocarbon feedstock.

2. The process according to claim 1, wherein the concentration of benzene in said
product is less than 500 wppm higher than the concentration of benzene in said

feedstock.

3. The process according to claim 1, wherein said catalyst consists essentially of a
spent MCM-22 and clay.

4. The process according to claim 1, 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',

5. The process according to claim 1, wherein said hydrocarbon feedstock has a

flowrate of more than at least 100 kg per day.



