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FLU D- BED AROVATI CS ALKYSTI ON Thi s invention rel at to an inproved
‘process for @QW)Z@MO”Q aromatics using a fluidized bed react CT/ESJB?
. process according to the invention can be used for any suitable BT oAl
al kyl ation reaction, but is particularly well suited for producing xyl ene
(pref erabf ne) from _ toluene and nethanol. Wen the in i i S
used in tNMMHmmﬁmmmmMe, a significant inprovenment in tol uene conv!?@&%ﬁ@m}
met hanol sel eghgugd ty, and selectivity to para-xylene can be realized. The
invention also can be used@LUID-BEBARCMATICSALKYDATION of ot her

al kyl aromatics including, for exanple, ethyl benzene, cunene,

di et hyl benzene, diisopropyl benzene, para-ethyltoluene, para-cymene, and
dgudocuene, o b e R el SRASA T R bt B g
products. tedregetefipl €, para-xyl ene, which can be produced by al kyl ating

t'ol uene with met hanol, constjtutes an inportant starting material for
imanuf act uri ng t €heprackssiaceordingdo thehinvention car beyused fpioany shitable aromatia ialkylatipm

et er i o FRGuST A pedicheY e fhiced 1BE auloa S5tent (arbiEb para i) ot ©1 ©'
carpets, apfluciBRAd Blethabb YWHEHE Mentibhi isFusédin thie prscedutessl si.?iﬁﬁéddﬂ Yhprobéifent

benzene with ethylene, is used mainly as a precursor for styrene

product i onin tSlugneeenversinh, psthapolselentivtyaprd seldctivitnto pard-sylensean begealizaddThe
products, 1ncluding: ckagj and di sposabl e servi ceware,associ ated.with
Phe 20 T oolFHIRRy s R ARg: Mt pmeleait be prubeiet of AR ARG R s pclfaine

ol di ngy pr R&?%irﬁ?leﬁ&ﬂylﬁé&ﬂbﬁ@bﬁﬁeﬂ, Arethytfenzéne PAIROProp§IBEhAeRé. Fara- SR Ff SO
the inportance of alkylated aromatic products as starting nmaterials and

i nt er medi apas-cymeng;rand pesudgeureeng, anshion theeduntion of henzeneniumetof fiielspr oduct s,
efficient . production .use of al ated, argmatics.is of qregat, .

ipor t ance.  AdATOBHR PEISRSE =8 prihiaht Poseu e A Hiod hinelpfy =R T Ehmice

tol uene angrdagaseFer extintld PaAltichedwhich @aPbé pryddcedny ditydstipitbRBne WK ef or e,
effecient alkylation of these aromatic materials is vital to elimnate
wast es andmethasely censtituses amimporantstartingmaterislfor manefactyting tesenhthalip peidawhich or

t ol uene_ al kyl ati on_i.ncl ud m xi ng tol uene and nethanal upstream of

" eact of anth AHBRORT A 1y Brodyeaiop ST atmufshc ntfisSeh et Hmb ot fisine, Thetey,
The 30 reapbéstérthatef@Shaie nidnypraticBNweRkadbwh lisdsNsueh s 11 fabidsC cdrpets,thneds,
and this catal yst pronotes the al kylation reaction between the toluene and

met hanol t eppareld Ethylbepreneewhighicarbe pioduegshyallsyiating benyepe withogghylene, is used
PCTNS99/ 22414.a 17 MAR 1003 has en usedqsucce ul, | i tsS Vi and
Feactant _lTNCsRY RNCURGI 0L pafene Brabo G (S TREER RO sretsrBrd n RndiPor
effort to inaRy 28 aid prodiacisNinvladin@Usackiifd hRdiBpcaakie sereitewaieagfIiase with the
injection of reagents has been used in various fixed bed processes. For

exanpl @ Ufocd industrynaudiand visusl gassettes;mediesl @nd deal molding pseductse andhsynthetic
al kyl ation_processes wherein the alkylating reagent is fed at different
st ages betR§§#&HP§§ s’t)ig\’gsffe"’“f'kevvise, U. S. Patent No. 3,751,504 discloses a

simlar proceduBgcaudé bfhe ipdrtddce of Alkfiated AforRatid Srodicdd agst&iag infaerials and
et hyl benzene using a fixed bed catalyst reactor. U S Patent No. 5,120, 890

di scl oses int¢rmegiates ferproduging mpryceanynon eensumenand industraal psoducts, effigisat beds i n
f duci,ng b d t.ol tent_in lLight | i :

Streans. | Rradietan and g of yisted dramanes iy lderta ipdtpnos. Aoty ot wamatic <

load ip§o mﬁg%m&!ﬁaﬁ% @ﬁégfﬁs t8REndlARI Rl éheZ BeQbtaifddl dufitig \6Hand RaPpréahctionom
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one zone is mxed with additional alkylating reagent, and thi's mxture is
fed to t heTherefore efiicient atkylatiom of these arbmptio wiattirials 18 vital ¢o elimimntetwastas@nd
discrete zones includes Iacin each zone in a separate reactor vessel
“wherein 15°%ﬁﬁ9??8ﬁﬁwmfﬁgﬁ (EXPrE: (are) injected between adjacent zones.
This procedure %%Jneérﬁiohal%ﬁdaeh firaghiefdalkiatior MoRUEahRH g oREAS BfkPméthanol
iinvol ved in providing separate reactor vessels and the associ ated hardware
-f or runni ngpstteam dfiareacdér andshemfieedingl thiei roixtire yogether dndo lecbase af thereactore The

di sadvant ageous, for, exot herm c reactions because of .the pqtential negative
| mpact b1 dSASIORNcIRdeB AN BRUANRA casaly e Pl oF mOrNed deds Aab i E37aI3 PERTIOIES Hhe
with fixed : ' j : e
i ted. - TARGHIQF R BIGESE E Biubddtr RGN 1 Frofibiolie, WA R spBEfls
heat of reaction. Simlarly, endothermc reactions would rggult in reduced

reaction rates and excessive catal yst requirenents. It is an gbject of this

invention to provide a process for al kylating aronati 5 wth
hi gh conversion and selectivity, e.g., for producing wmm;# W 3 Ir om an
al kyl ating reaction between toluene and nethanol. According i nvention

o o,y v o o o r o o o, o



" 1o One preferred enbodi t of the process accordin o the invention

i ncl udes introducing al k ting reagent directly int®the fluidi zed bed
Teaction zow fi2e8ge or nore further |ocations downstream of gdyeudobh$dia
I'ocation and the second | ocation. These further |ocations are preferably.
provi ded at a gradually increasing distances fromthe first |ocation. Al so,
the al kyl ati ng reagent can be introduced at a plurality of different
l.ocations in a plane 15 perpendi cul ar or 8ubstantially perpendicul &7 NAR Hlie
axial direction of the reactor vessel (i.e., at plural |ocations at each
st age of ihas beert nsedisotiessfylly, s yiehdjamt eactantatdizdionathamnteristivstiéavesoomfioh as
met hyl ati an of tol uene, an aromatic reactant reacts with an al kyl ating
reagent t d™PEPYRRRE desired al kyl ated aromatic product. In tol uene

Croon 0o BRERERSARS ol [ioARGl e R o RS, sl Riskith of

conpet i ng =agents kasdicennsed ih oapme fixed|bed poavesses: CEor. examplec kiaSrRagent Mashanol
can react W itself 0., to, formolefins. Because the cos f. met hanol
is a sisgn%@léﬂiﬁﬁ%e“i7éi5?%ée%95§% toluene, Allafion PFOFessps @fbsrem@we@@@yfa&ﬁs reagents

i mportant ; 1 H: 0 Wan e j | e i A

undesi 1 abi 5 T MR Rheck bRt el BERT LAY, £ SMhetf NG 375003 oy

i nvol ve ovsimilat prykedurgrusing rultiple isjedtionipoits) fob prepaiipéth@benzene Suigda BxetEtsedr ed
side reactions during _toluene nethylation can be_reduced by using a large

excess of ¢asplyereactern iW§. Patent Nacs, 1 9089 disdlases multiplereagtankinjection logations into
i ncreases ' . han I Ll reac i th one
tol uene motcg e relf b HE Brucki b RUGaHE bIROR R, Sotbinin LR ooy o
nor e med hagtedanizpl ecul es will react with the sane toluene nolecule or with

t hensel ves. Therefore, using excess toluene results in efficient use WO
001 20360 PCT/ Ulipthesofined bed pracessss,-onsrcapeasily senarag tharatalyis loadntoj ssveral

i ncreasi ng 4 . Bl . on rd r .0f 1. { on.
Vet hanol gitéfens 25 BR0R dthkd, BRAH e, BHILAT DhOLIR Fufke WlEpd G0l OV
produci ng AkyRtifg rdagesteiid it misture Refed torihe suliskquent 25nedTOne/ WP 6F providiipatess
100 = % nethanol utilization the nunber of noles of nethanol consuned A

xyl ene pr otRPaE4te Andrdisereterones ingludes plaging-eachizgpe incl separategenarer vassal, whateini gh

met han uf i d-d: [ <X ' . .ent e |

pref or Sl y RGHEH HARCR T RS Ll Beief BufcepEEArR. ThEBRALA SRl e
hi gh par a- dtawbaek st ecisideribie exprhsane thvab/ed Iprviidingeparate)resoier vesddiard the
Par a- xyl ene Sel ectivity NMass ortho-xylene + Mass para-xyl ene + Mass

met a- xy| enassogiated hagdware for ruanipg Es type RbSMIENpr ocess for i nproving the
conver si on, al kyl at.l i i I | Vi . i

al kyl ati on of a%%%@gy’%gggﬂ tkfagt:o;séﬁg gggdvrag%gf%%fglg;’gow,lé%érj%%%tngg bf G hene
al kyl at i onof theodétitiabneggtiesignpadhef ¢xotlenas oppducteseleciivite Rempropeailiesul ts

by introducing the al kylating reagent (e.g., methanol) into a fl|ujdjzed bed
r eact o0 sy §PRERITE With Bixest beds also requse; tbmh@g&mgtwamse per gatalyst hed be limyed. Ihys
fromthe | i i I Qi

e otoge o REAAE i DEnBRBTASA! £0E o4 e Lot Sy
"stages" canddthemse eeabionsi widuld eesalt iyrédbcedadekotion rateandogesiive catalyst two to
four 20 downstream stages. More specifically, the alkylating reagent is

i nj ected dFe@eremenisnt o the flui di zed catal yst bed at a | ocation downstream

fromthe | ocatigp;, when r. . t LS LRL et

al kylating r eaggﬂfs\gérogfe_gi gﬁﬁ]@s y @}’ﬁﬁ}%gﬁg’}e‘%q&&%ﬁ F ralﬁ&#' gﬁg%org&atfcarf:?/cst?‘m%ed
Wi t houtas pr evithi bigR Bonversiér dhdt seRctiviby, @3 Tor priotiding ?srhl*sileng froftfarpdliRylRtingC
reactant. G ven the potential for 25 nethanol self reactions during toluene
met hyl at i oficaction betyvaen telueneppdanethanol.s surprising that this direct

i ntroduction of t hangl [functi.ons . properly ing.h rocess of the invention
wi thout adver sel4 AT efivebinh iRle s poses? Sor ey s peSpply Taestifie' | o
parti cul ar lpfoditeRniafityliffled droiafic BfEIREER. 22 GRGhiltiHE tofiché1fd prodfey xyléhe),because
the fluidized beds used are relatively dense, such as turbul ent
sub-transpeempiismgd beds with an operating bed density of 100 to 600 kg/nB,
30 preferably 3Q0 to 500,kg/ nB,. and the use . of these.dense. beds j.ncreases
the catll yst - InEedelg the dramitic TRaciant (s & folbae) 1R DG bef reaetioh zonk 42
of met hanolg knb&&iohq i .20360 . PCT/ US99/ 22414 17 NMAR
?003 5 dermrﬁstrat{gg ﬁéﬂ%’%@m‘%@?ﬁ?mng%i rect methanol introduction
procedure effectively produces xylene with inproved toluene conversion and
met hanol utilization. To further reduce the chances of adverse nethanol
self reactions, optionally, the
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reactor vapors 5 and/o resh aromatic feed, outsi t he presence of the

‘catal yst. Thy (mh % re then is introduced into the U|d|zed

. 'ocation in e I'ntermedi ate portion of the fluidized bed, con arns
the al kyl ation catal yst. The upstreamreactor vapors may contarn Qriﬁ@ﬁ

aromati ¢ and al kyl ati ng reagents and sone al kyl ated aromatic prodﬂ A ile

this option reduces the chances of adversa& nethanol / net hanol side

reactions, it increases expenses and 1o reactor conplexity. Al though the

process of the lirftveRtticing rani atkylatingvedgent (ept, aneiiholrintd wles fhgjdized beterebotionmzone

tol uene and nethanol, (it can be used to_effect other aromatics al kyl ation

reactions @t #secopd igqation dawastresmfsein the fiystjoertioeand: hy| benzene, pr opyl ati on
if b t
i bencene o or GG ISR ) b s AURSERSS) SRR,

et hyl at i onreéictdn® bidbthe alkyiqingdeapent) o the Muidizel bedfeactionGoybat i on of tol uene
t'o produce par a- cynene, and mnethyl ation of xglene t o produce pseudocunene

[1,Z 4-frinet hyln Bédrﬂe%é]mgﬁduwwdlsylam 1epgant thedividized hed Fraction zenect saide| s .
The i nvent | gc%&p‘éééaﬁxﬁﬂ\",éﬁﬁw r%%g% é}r %ﬂ;k @8&8 :Si%%é“h%&méﬂwﬁ %Q&Fog&ontehe

acconpanyrﬁ rzed

system f or aPehelfREt 16EdtIoRY ThisddditR9S1 a6 ldding irdpehtcan Be iftfddackd il AtcofimdnRed
invention. Referring to the drawi ng, there is shown fluidized bed reactor

system 10 istredm aNithghe aramaticseactant,qaslit cap besppasately ded intorthe uidiagd bed eenction
reaction zone 14. This reaction zone 14 includes a top portion 16, a bottom
portion 18, Z08%d an internedi at e portion 20 that extends between the top
portiongl6 and tdhg frefelreer®bdinfeft dfGhe al%céssfahwrdinF@dtmﬁbehﬁaﬁmcmeszOne 14,
as is known in the art, contains a volunme of sized particles that are
general |y Repdugingsdieylating|reagentditectly ingo thedWidizedched reastion zm@ge oepwarel

t hrough th tor e 2 tor ra

dovi cos, SRR IbTaHERPsybin {185 CS apf B o locaih SBbseiifoer, ang
recovery Oﬂo@ﬂbﬂﬂr@%f&%b?' pt&%déd a&rﬁl gridualif fncréaing @istahestfiin €l ﬂrﬁiﬁloé@nohhe
bed, to recover sone or gas necessary to nmix and contact 30 the

vari ous reddsa rthealkyiaurmeaggx% can %mtrpdwpdrah@ pluralityef differens loeatiops in aplapgider

and or "Shr SeRnRef SESestafiy pHYGRSEHS e R dteiion GIRE BT yBRSG.LTEE
particles Fplh_mﬂ l€ativnk af €eh Sty F&aﬁﬁs ﬁntredudtim) al | ows generous contact between

the reactants under the alkylation conditions. Preferably, the fluidized
bed 14 will contl4ringAarematis ykylammapmwdsa&mthwam @ﬁtphlﬁnma@mr@mc and

i ndeed, if

consti tuterg%cﬂqt?%a ‘g‘?lrl %gﬁl'k%lﬁn 'legg&? %em% é%gér a%??’é%s Odu%e used
wi t hout deﬂalu&nmeﬁ‘hsrnﬂbﬁ lthe folloevitig dered:twctﬁ)ﬂaﬁhdsq;lathe ZSM5 zeolite

al kyl ati on cat al yst descrrbed in WO 98/ 14415 is suitable for use in the

met hyl 20i on of teHsldd by € Hroc’e‘ss? ofskin(GH)nvENE@n. For the reaction
to proceed, the Telenus rddethamels nust beXylene oduceWatent o t he fl ui di axd bed
reaction zone 14. Although the specific location is not critical to the
process anMsanisdonipeting side peattions, howeves, dlso/entocout, Honetanspi¢, nhéthinohéancreact

enbodi nent the aronatrc reactant (e.g toluene in this systenm is
i nt r oduced véth itsel, 88t @ farpoelefingn Bpsalep theeost o methangl lsmm@a@t pyhobibgsost)

TOE S, TSR0t GRS A UMSEH 51l AR IRBRBBE bEUihl HRSH el o°

24) i ncl udi evrces
nozzl es, peaeidions.cOthEr ufidesirihle 6ide Fédadionsahat-chn o&'thﬂ dafingmethglation of fokiengan be
introduced_at one or nore |locations in the fluidized bed reaction 1 5 zone
14) but pr diealemovertaialationof telenedo form Griogrometicsat or near its bottom

t 18. Th t f |y is introduced f
Bnd provi des at Tabepoereh 5B keioN fefpIBuie e bR SR e oot BT Bl e
the reacti qarg é%ﬁ@es&éftdlhd‘nk'dhﬁh%ﬁﬁ rE&fiBh I&t@ssalwg{ﬁgaéﬂcm tolaagsintrehses the
introduced directly into the fluidized ed reaction zone 14 at one or nore

1'ocati ois athencgsithat oas methagol meleculewilkiesactswitheona tolune mnlcculg éeprqduce\méme, t he
20 aromatic react.ant Jjs.intr via in ctro ice 2

1l ustrat ecfnr*ésrer*g?esgérs%*@msﬁﬂ#ﬁweso Fiste migbiaRaL olafles it e Stshe i,
devices 26 \3fholeRBesd tdfiertrbdtits P ARISRAL U

di fferent q?%‘égg's‘m% eeoggﬂt ev?rggeésw ghé:gﬁge d§6g e‘ilgend Z'DE{Sédﬂ bé);ﬂkge ggr antges to
introduce the al kylating reagent in any appropri ate manner. For exanple,
each device 26a, 26b, 26c, and 26d may include one, and preferably nore,

i njector nozzles |ocated 2s around the periphery of the reactor vessel 12

for introducing the al kylating reagent around the vessel periphery. As
anorher alternatrve each devrce 26a) 26b 260) and 26d may |nclude a

~ S o o -

" al kyl ating reagent can pre-m xed wth at |east i!sortion of the upstream




“alkylating reagent. If degired, this additional alkylsting reagent and the
aromati c reactant can be xed together prior to i nt\@ducing the nmaterials
‘into the bo%&ﬁ'ﬂ;}ﬁ 0of the fluidized bed reaction zone 14, Su%f[ﬁﬁg/ﬁkﬁse
.materials are Introduced in a common feed stream Alternatively, e
materials can be introduced separately into the fluidized bed r e4chk MEW2003
torte t0 14 and contacted together after their introduction, or the
materials can be first mxed together in 4 nozzle or other device that
i ntroduces both concurrently into the fluidized bed reaction zone 14. Any
sui t abl e nofanethandbdung the deactdibylincegasihg thesakthanol ofilization’t dedhgeparfonmanderofut
departing fromthe jnvention, |f necessary, the devices 24, 26, 28, and 30
for introdbgireastiome M&&’F’-@Q]é’“h@é’@@nt‘g}“‘éhﬂmwe? éé’@ﬁaémﬁé’?@?ﬁﬂh@@ﬂ%‘?cﬁf"éy Hed
under condjti S:t re the integrity of these materials through
R

t he nechan ce’un € reactants or reagents enter the catal yst

bed (i.e., to pmevanbetdrinsed stkyviind®rodieed i PNDO GOV eicthandbutilEatdowr

degradad i on of tRRe hERBEAHTNTOIQ of NRABKNO! S&dnsurhBd S can be acconpl i shed in any
sui tabl e manner, such as by limting residence tinme of the materials in the -

i ntroducti@n i.ce qQf | i -4 | tCe .

{erper at ur & PR PRGNETT etRRs (i bideg MeRatbe bl BNl e hih Albanel o
The r eact oqtilvRfiGeprotidcadndliehd i dncefidion] désirhble ehanher rPrefetabiy, aheprdduitalenes
under suitable conditions to sug&ort a chem cal reaction between the

aromatic rawggichin themara-isemer angd exhibit highepasexylene selecsivity.cdefined assi r ed

al kyl ated aromatic prgduct. This reaction product preg )| Vil Sa BRI ced in
a gas eg‘ﬁs f mm%m ed}o ]ﬁfag%k%{lﬁ%e §eg%c3ﬁ/§y

outl et 25 stvigshfi8-¥ylenéMaddiphfbhyfend®REs métdGlylene by condensation and
subsequent fractionation of the hydrocarbon |iquid using conventional

distillation and recovery equi pnent. Further purification of the product

o1 sol 1 adsor pilaamRiPbias O PR PR o ooy HEARE pfovartiof S ltonabiben™”
reaction Z@fifzalid, ahil sbieciB@) Wurhs MIRAOPLS SHomaaSsThs MAdiSaIblderitsr, L | dufinghe

recycl ed nmet hanol and toluene, although this can be done, if desired.
00/ 20389 PGneEAkykriosdo produserylowoThe processiprovides these smproyedresulisiy

icularly for. h i f I A ol
2 U1 el e S P e RS g
and pr ef er aidry IdeefioReIownSPednPinGhO feactol bystink FoHT the lochtioh WP whe ardriatic000

psig (100 to 7000 kPa), and preferably 10 5 psig to 200 psig; (c) noles
t ol uene/ nolreastagt(egnigluene)is inteoduesds i- o inch Sfageyvise mannep 3 snyynumbes 9f

preferably f 2 4.0 20, ' OUL L1V el gcj o V')
for total ﬁ)?g'?'g%:ear d"&agre ée%f"?’ gq’ts é}cgi)og znzi}(,:é@grgig#to H@létl@l%ggﬂ%’, égf Jg%%?g (1“?50 5
to 500 200r domstedatii®bges. reactant, and 0.01 to 100 for 1lo the conbined

al kyl ating reagent stage flows, based on total catalyst in the reactor(s).

The process is &ergspecifically theralkylating reageny isiniscied girgatly imteithefidizedisaalysh

h dded d d . e] i
of hydr ogened s BFaien SonisG e OB R IR Sndfd i o ilicraBino WnBulled! 51 ' ©
i's between Thiddkyitihglagehhpreferably islimebdubed diectlylintoithd cdralysttedwichont pre-

adj usting the various reaction paranmeters and conditions to optimze 15
conver si on,mixinglitwitlythe upstream yapors/including ghe- asomatie reagiaat.i Gisien ke patentiakivpL E

o R o 28" B RHRL G acsiofh B oRERe e lariBh fHactAled Hhol if BRbrolisint Shei Aic
vessel 12 \gacilifirddiiiioh bf memARSfuRdTiods BispbRY inARd pRocdssdf B¢ ivemion Witbut

Met hanol was introduced in a stagew se fashion, s_?l.i'g 20 between the
vari ous st aguerseiyaffiecting metkanobilizationsandfxyleane yield. AThis iscppstiqulgriyonisprisingin thee

bot t f th tor,),. the.neth | - xed Wi th the,tol f
i or to i rTPERIEOHING 19 e HHEMGr, ey ectoB B8 ORAH B ohf PRt hse 8, -
of the subsgqidient Qﬂmﬁﬁﬁbia%@%ﬁtﬁ bl oB&htiﬁg‘Il;édld’énB Bf £00M0600kghnt h

tol uene. Rather, 1 n these ter stages, methanol was directly inject ed into
the fl udodi Zwefetnbly. 30060108 kig/ml end-the usedf theseaiense bedsdncreasas thercatalyst wt . %

phosphorus and 10 wt. % of a 450/1 Si 02/ A1203 ZSM 5. zeplite .in, a hjinder
conpri si ng neeRtLatign ﬂﬂa ﬁ‘ﬁ '%FﬁlEF"B( caneentralion gt ti\eﬁ:?a 9%!9“8?%02{#&8“5’!‘- %?."Y‘ﬁp%i
partial pressure and 1000C for 45 mnutes prior to use. It had a particle
density of 1.4 g/cc and a particle size range of 20 to 300 m crons. Wen
running the pilot plant under the conditions described below, the follow ng
30 performance test results were obtained: WO 00/ 203Q0




- PCT/ US99/ 22414 1 ~'~ MARaP0OD3 9 TABLE 1 Nunber of
St ages1234Condi ti onsRea r To Pressure si 21212222?ct0r Tenperaturel
'I 0510951104 gcarbon WHSV hr''1.91.61.61. 6Met hanol Over

" 0. 30. 201‘%%5%%9t hanol to Stage 1 bottonl00503335Met hanolﬂﬁ’ugj?g‘é”
20503326I\/Et hanol to Stage 3003326Met hanol to Stage 400013Stage 2 Elpymkma
feet---10.83.83.8Stage 3 Elevation feet------ 10. 810. 8Stage 4 El evation
feet--------- 18. 0Cverall Ml ar Ratio of Tal uene to
Met hanol 2. 02. 02. 02. OWat er to Hydrocarbon Rati 00.50. 50. 50. 5Reactor Inl et
Vel oci t yt / gemBastehtedbelGiRclmmtever, €his Hipéct Mretinaolihtrbdittids picteBire@fectivf)e
Reactor Bed Density | b/ft323252525Perf or manceMet hanol  Conver si on
v88. 791. 99 Prasusespiilencayith improvaddplysnegopversion and meplsnobytilizaiony el d Based on

o e e on o B TR A SO0 PR ER I Xt seactions qprionally the |

runs denonsitkyihiag Tré}igehtrmh be pek-inbiel arittbdt dast ﬁﬁbﬂtnbﬁ@fﬂté IJT;:beeam eeRf0¥ vapsier di ng
to the invention. Sanple Run 1 was outside the scope of the present

i*nventi én @né/e& Fesearomati¢ feed, Autside the deeserrera dheeatalyst o T histeixtre theats ng

(o wene) "REGYRd iskp ST EAT el 3% \NGaE I Rl Jtip OB Ml deRTRC
i ntroduced vﬂ{lcﬁ dontdind the mk9ratnbxh Eathlysti (ihe@fstecach redbtbPvipes tney gemtainfuneshcted
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15 reactants can be maintained under conditions so as to ensure the integrity of these materials
through the mechanical device until the reactants or reagents enter the catalyst bed (i.e., to
prevent undesired side reactions, conversions, and/or degradation of the reactants or
reagents). This can be accomplished in any suitable manner, such as by limiting residence time
of the materials in the introduction device or by cooling the introduction device to a

20  temperature that maintains the reagent or reactant under stable conditions.

The reactor vessel 12 and the reactant introduction rates are maintained under suitable
conditions to support a chemical reaction between the aromatic reactant and the alkylating
reagent to produce the desired alkylated aromatic product. This reaction product preferably is
produced in a gaseous form, and it may be collected and recovered from the reactor outlet

25  stream 40 in any suitable manner, such as by condensation and subsequent fractionation of the
hydrocarbon liquid using conventional distillation and recovery equipment. Further
purification of the product can be accomplished in any suitable manner, for example, by
crystallization or solid adsorption.

Unreacted feeds can be recycled to the fluidized bed reaction zone 14. It is generally

30  not necessary to completely purify the recycled methanol and toluene, although this can be

done, if desired.
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U8 () -2 a, , %4 0Buitehlereaction conditamss,srticularkifior methylatibh of toluene with methanol to
produce para-xylene, include the following ranges:

(a)  Temperature - 500° to 700°C, and preferably between 500° to 600°C;

(b)  Pressure - 1 atmosphere to 1000 psig (100 to 7000 kPa), and preferably 10

5  psig to 200 psig;

(c)  moles toluene/moles methanol (in the reactor charge) - at least 0.2, and
preferably from 0.2 to 20; and

(d)  aweight hourly space velocity ("WHSV") for total hydrocarbon feed to the
reactor(s) of 0.2 to 1000, preferably 0.5 to 500 for the aromatic reactant, and 0.01 to 100 for

10  the combined alkylating reagent stage flows, based on total catalyst in the reactor(s).

The process is conducted in the vapor or gaseous phase and preferably in the presence
of added hydrogen and/or added water such that the molar ratio of hydrogen and/or water to
toluene + methanol in the feed to the reactor is between 0.01 and 10. Those skilled in the art
will be capable of adjusting the various reaction parameters and conditions to optimize

15  conversion, yield, and selectivity, using routine experimentation.

EXAMPLE 1

For this example, a fluidized bed pilot plant similar to that illustrated in Fig. 1 was used
to produce xylene from toluene and methanol. The reactor vessel 12 was 10.2 cm (4 inches)
in diameter and 8.2 m (27 feet) high. Methanol was introduced in a stagewise fashion, split

20  between the various stages shown in the table that follows. At stage 1 (located at the bottom
of the reactor), the methanol was pre-mixed with the toluene feed prior to introduction into
the fluidized bed. Methanol introduction in each of the subsequent, downstream stages did
not including pre-mixing with toluene. Rather, in these later stages, methanol was directly
injected into the fluidized bed.

25 The fluidized bed catalyst used contained 4 wt.% phosphorus and 10 wt.% of a 450/1
Si0,/Al,03 ZSM-5 zeolite in a binder comprising silica-alumina and clay. The catalyst was
steamed at 14.7 psi partial pressure and 1000°C for 45 minutes prior to use. It had a particle
density of 1.4 g/cc and a particle size range of 20 to 300 microns.

When running the pilot plant under the conditions described below, the following

30 performance test results were obtained:
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TABLE 1
F 1098 ()-' 109 ()-#10%&' ()- rmm/gg'_‘g_)_-@_o_z& % Q%R () -1 AR RIRIRIR RaRJEYNC
"1bvk @) -

10 10// ~[10% (NumbéréPages- " 10p& () [109&3() - MD310%. () -
(:_IRC RJRORpRgRr RsR (@énditions 109& ()- "10%& ()- " 10%&' ()- "109% ()-
"10% () - 177 Heamor To3®raskare g Y Z23C 10 " BV& () - U3 107 () 25
L10% () - iﬁe’a&ctS?Temp&R‘u%@ y T TR e 1104 1108
Hydrocarbon WHSV (hr™) 1.9 1.6 1.6 1.6
Methanol Overall WHSV (hr') 0.3 0.2 0.2 0.2
% Methanol to Stage 1 (bottom) 100 50 33 35
% Methanol to Stage 2 0 50 33 26
% Methanol to Stage 3 0 0 33 26
% Methanol to Stage 4 0 0 0 13
Stage 2 Elevation (feet) — 10.8 3.8 3.8
! Stage 3 Elevation (feet) — -—- 10.8 10.8
Stage 4 Elevation (feet) --- - o 18.0
Overall Molar Ratio of Toluene to 2.0 2.0 2.0 2.0
Methanol
Water to Hydrocarbon Ratio 0.5 0.5 0.5 0.5
Reactor Inlet Velocity (ft/s) 2.8 2.2 2.0 2.0
Reactor Outlet Velocity (ft/s) 3.2 3.1 3.0 3.0
Average Reactor Bed Density 23 25 25 25
(Ib/R%)
Performance
Methanol Conversion (%) 88.7 91.9 91.9 92.9
Toluene Conversion (%) 21.7 26.4 27.4 28.2
Xylene Yield Based on Toluene 24.7 30.2 30.9 31.9
(wit%)
] Para-Xylene Selectivity (%) 89.9 89.9 89.7 89.3
Methanol Utilization (%) 48.4 57.0 58.2 59.3

The above sample runs demonstrate the improved performance realized by the process

according to the invention. Sample Run 1 was outside the scope of the present invention

5 because it did not include introduction of the alkylating reagent (methanol) downstream from
the location where the aromatic reactant (toluene) was introduced. Rather, in Sample Run 1,
100% of the methanol was introduced at the bottom of the fluidized bed, with the toluene
feed. Sample Runs 2-4 were performed according to the process of this invention and
provided improved methanol and toluene conversion, improved xylene yield, and improved

10  methanol utilization over Sample Run No. 1. All of these improved results were achieved with

insignificant or no reduction in para-xylene selectivity.
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10 EXAMPLE 2
This Example demonstrates that generally increasing the number of alkylation reagent
introduction stages can improve the performance of the invention for toluene conversion and
methanol utilization. The sample runs described below, both run according to the process of
5 this invention, were performed on the pilot plant used in Example 1. The operating conditions

and performance results are set forth in Table 2.

TABLE 2
Number of Stages | 2 | 4
Conditions
Reactor Top Pressure (psig) 20 20
Reactor Temperature (°F) 1104 1102
Hydrocarbon WHSV (hr) 1.5 1.5
Methanol Overall WHSV (hr') 0.2 0.2
% Methanol to Stage 1 (bottom) 49 27
% Methanol to Stage 2 51 24
% Methanol to Stage 3 0 24
% Methanol to Stage 4 0 25
Stage 2 Elevation (feet) 10.8 3.8
Stage 3 Elevation (feet) — 10.8
Stage 4 Elevation (feet) -—- 18.0
Overall Molar Ratio of Toluene to Methanol 1.8 1.8
Water to Hydrocarbon Ratio 0.5 0.5
Reactor Inlet Velocity (ft/s) 2.1 1.9
Reactor Outlet Velocity (ft/s) 3.1 3.2
) Average Reactor Bed Density (Ib/ft°) 27 27
Performance
Methanol Conversion (%) 99.3 97.9
Toluene Conversion (%) 33.2 35.4
Xylene Yield Based on Toluene (wt%) 37.3 38.7
Para-Xylene Selectivity (%) 88.7 89.7
Methanol Utilization (%) 58.8 61.8

As evident from this performance data, both processes according to the invention
10 produced excellent results. When increasing the number of methanol introduction stages from
two to four, however, increases in toluene conversion and methanol utilization were realized.
This data parallels that shown in Example 1. Additionally, the four stage introduction process

showed improvement in xylene yield and para-xylene selectivity,
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1. A process for alkylating an aromatic hydrocarbon reactant with an alkylating
reagent comprising methanol to produce an alkylated aromatic product, comprising:
introducing the aromatic hydrocarbon reactant into a reactor system at a first
location, wherein the reactor system includes a fluidized bed reaction zone comprising 2
temperature of 500° to 700"C and an operating bed density of about 300 to 600 kg/m®, for
producing the alkylated aromatic product;
introducing a plurality of streams of said alkylating reactant directly into said
fluidized bed reaction zone at positions spaced apart in the direction of flow of the
aromatic hydrocarbon reactant, at least one of said streams being introduced at a second
\ location downstream from the first location; and
recovering the alkylate aromatic product, produced by reaction of the aromatic

reactant and the alkylating reagent, from the reactor system.

2, A process according to claim 1', wherein said fluidized bed reaction zope includes
a top portion, a bottom portion, and an intermediate portion extending between the top
portion and the bottom portion, wherein the first location where the aromatic
hydrocarbon reactant is introduced is provided at or near the bottom portion of the
flurdized bed reaction zonc, and the second location where said at Jeast one stream of the

alkylating reagent is introduced is provided in the intermediate portion of said fluidized

bed reaction zone.

3. A process according to claim 2, wherein a plurality of streams of the alkylating
reagent are introduced directly into the intermediate portion of the fluidized bed reaction
zone at a plurality of different axial positions in the intermediate portion of the fluidized

bed reaction zone.

4. A process according to claim 2, wherein the fluidized bed reaction zone is a dense

fluid bed, and 2 plurality of streams of the alkylating reagent are introduced directly into
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7. A process according to claim 1, whetein the aromatic hydrocarben reactant
includes toluene, the alkylating reagent includes methanol, and the alkylated aromatic

product includes xylene.

8. A process according to claim 1, further including introducing a stream of
alkylating reagent at the first location where the aromatic hydrocarbon reactant is

introduced into the reactor system.

j 9. A process according to claim 8, wherein the additional alkylating reagent is

introduced in a common feed stream with the aromatic hydrocarbon reactant.

12, The process of claim 1 which comprises an operating bed density of 300 to 500
kg/m?, pressures of 1 atmosphere to 1000 psig, a weight hourly space velocity for total
hydrecarbon feed to the reactor(s) of 0.2 to 1000 for the aromatic reactant, and about 0.01
to 100 for the combined alkylating reagent stage flows, based on total catalyst in the

reactor(s).

13.  The process of claim 12 wherein said aromatic reactant comprises toluene and
said alkylating reagent comprises methanol, and which further comprises moles

) toluene/moles methanol (in the reactor charge) of at least about 0.2.

14.  The process of claim 13 which is conducted in the presence of added hydrogen
and/or added water such that the molar ratio of hydrogen and/or water to toluene +

methanol in the feed to the reactor is between 0.01 and 10.

15. The process of claim 12 which comprises temperatures of 500° to 600°C,
pressures of 10 psig to 200 psig, a weight hourly space velocity of 0.5 to 500 for the
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aromatic hyydrocarbon reactant, at least one of said streams being introduced at 2 second
location downstream from the first location; and
recovering the alkylate aromatic product, produced by reaction of the aromatic

reactant and the alkylating reagent, from the reactor system.



