PROCESS FOR THE PURI FI CATI ON OF PARAXYLENE CROSS REFERENCE TO RELATED

APPLI CATI ONS [ 0001] This application clains the benefit of Provisional

Appl i cat iwo 2bim/126616169, 070 filed April 14, 2009, the di gciraseoie/osddisvhi ch is
incorporated by reference in its entirety. FIELD OF THE | NVENTI ON [ 0002]
The invention relates to a process for the purification of paraxylene by
crystallization. BACKGROUND OF THE | NVENTION [0003] O the xylene isoners,
par a- xyl ene (often _gph i j i Weit is
useful in the nmanuf utéﬁ§bﬁ@f@£@fllﬁﬁﬁv E ernediate in
the manufacture of synthetic fibers. Equilibriummxtures of xylene isoners
ei ther al one or in furt her adm xt ur e vm t h et h I benzene generally contain
only aboutROSSREDA LI RELA K ANSp- xyl ene from such

m Xt ures typ I i I

refriger aIth st lerﬁl% abél aﬁSH C[agﬁelssg%g) %hé@t@o‘f}#ﬁé’\g?%a %ﬂgat%elﬁ%ﬁ 2%%&00& s and
resul tsed ﬁlad A@hylcl 12009 etle yﬁsellosl&e of 0BA]is Gropsloadttd Byatdfaendeaﬁhn@@h@@yy has been

used to purif ar axyl ene comercially. The paraxylene streans currently
purifi ed@%@mare not nade via al kyI ation of toluene with
met ha”O peht NUGHARRRHOrCRDEA! B aHhQUALS o AU pF HRGEM 68k B Fer@lbyOXYgenat es.

[ 0005] r| nd t he past doecapfle or a?tl;re anol rove pro ess ofn gl uene

al kyl at i amydtedbzdteen devel oped using as catal ysts certain porous crystalline

mat eri al ng and cl osely defined diffusion
char act efBAa.i%ﬁ{)M (ﬁ'aT, lﬁ‘aﬁm !

ed by unusual ly severe steam ng of
ZSM 5,,conpad)i NgorOIEdR el ) faka-x HBRe (o fRR ram@wa%@mgl Qf]%drﬁﬂﬁar Jalgs e
catal ysts exhibit inproved selectivity for the al kylation toluene with
met hanol ssageht is uagfuk lhéh&yllaemfectpmtfa@pplmtbahcaamwatchl1@&@;mtea:b@dtategﬂ%qﬁ t he

' - - bout . 15%
Sl el S s e S T S L
publ i cat i faRBer adkfktuASwith &hgl%@h%ﬂ% chorQB2edP8n oflh %uﬁﬁﬁm Aﬁa&axgﬂ@ﬁe and

5,675, 047: 5, 804, 690; 5, 939, 597 028,238; 6,046, 372; 816;
6. 156, 94Fcp@atiamofgrylens Som sovipmigusy faowpically su@ired ?upeafﬁi@tlen@m apde .

[ OOOGI T'}ﬁulﬂ%gé%%‘?&?aﬁdn%ep%t §EAPrBEQINGGTe AN ORI WA dpRPeh bRL HRNR s

met ha

in only limited yields.

[0004] Crystallization technology has been used to purify paraxylene commercially. The
paraxylene streams currently purified using crystallization are not made via alkylation of
toluene with methanol and thus do not contain significant concentrations of oxygenates.

20  [0005] During the past decade or more an improved process of toluene alkylation has
been developed using as catalysts certain porous crystalline materials, preferably having
specific and closely defined diffusion characteristics, such as can be obtained by unusually
severe steaming of ZSM-5 containing an oxide modifier. Under appropriate conditions, these
catalysts exhibit improved selectivity for the alkylation of toluene with methanol such that

25 the xylene product contains at least about 90% of the paraisomer isomer at per-pass toluene
conversions of at least about 15%. This important development has been described in
numerous patents and publications, such as U.S. Patents 4,002,698; 4,356,338; 4,423,266;
5,675,047, 5,804,690; 5,939,597, 6,028,238; 6,046,372; 6,048,816; 6,156,949; 6,423,879;
6,504,072; 6,506,954; 6,538,167; and 6,642,426.

30 [0006] The paraxylene-rich stream produced by alkylation of toluene with methanol
using the aforementioned steamed porous crystalline material has both high concentrations of
C8 aromatics (o-xylene, m-xylene, styrene, ethylbenzene, etc.) and low but significant

concentrations of oxygenated species (acetic acid, phenol, cresols, etc). Previous processes
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usi ng the aforenentioned steaned porous crystalline material has both high
concentrations of C8 aromatics (o-xylene, mxylene, styrene, ethyl benzene,
etc.) andwbamobaveisi gni fi cant concentrati ons of oxygenatreu/tspaoioasif acetic
acid, phenol, cresols, etc). Previous processesof making paraxyl enes by

al kyl ati on did not have significant quantities of oxygenates, accordingly
this problemand its magnitude was unexpected. [0007] There are a nunber of

possibilities.that come to pind in.purifying these feedstreans once the
oo ti &8 ik Bt h o Bioh Disbirt P EFR Rub iR o BRTRaEES &
conbi nat iBor@nghy G&aEEBISmtMdfiisiedgnitea®wes hidkpeassent r ati ons of oxygenates
(e.g. extraction, absorption, etc.) and then a second process to renobve

e.
hi gh cond8@Hat i dhercare crumby i PPesebifidesghatsiomg tamaind dppirtiEmedieseent

absor pt i g o+ HAREN e thd Hﬁullﬁlﬂti%s ?5&%&%‘&?&%&%&?‘3" nefficient. [0009] A more

ef ficient process is required to purify the paraxylene to neet requirenents
for use i[0068]bsefueinttandre ohe adulpuacessalsingtondhf ppscesies to st afmdvernepht hal i c
acid). [0010] The present inventors have surprisingly discovered a process
wher eby, SQEFGIYAHPRAQTAXY ESRIGS AR 8t SERAIDH GNSOrpama e themya SeOHLPTPEGSEE by

separ at | Ngy,pBaL @ig}{'cgﬂ&_ng%&s;orf@@ &9&8@&3& %F iR Qf Tdﬁh&%uﬁ@n@a‘b@ﬁ?@? and

al so small concentrations of oxygenate pecies. [0011] Crysta tion

t echnol odyowperer.shisiisensedy addtonernedinclerither e are nuner ous pernut ati ons of
this tec gy. ,See, for. instance, U.S. Patepnt No. 7,439,412. There are
5ot ; achSies Bhrdres ISEPPARte PYRE heRHADY B BINC HraTERcR e
ANDCO;oPr qBegR: in VRbeg&dht BRAG8RDrodeSRA (£ A8 fotion W ZeEpHagtagly Process, and
the like. &0012] Fractional crystallization in a crystallizer takes

advant agd0810]t he The preserd mevsstasehaveesnnrivingly disiverpdpairneass adrebpl usbig i ti es

of the Ccars ) 1%2{‘[(: SR got Salraaxt lclili frrfl(:"rb(:"nt rltle%ersg‘t hifTy al%hxe letno‘bi Ehsﬁrhringh(:"r

freezing 6%|n ) GRS uggﬁﬂ?y ggbgrépéflgé (Rl R RES T R Sr cess while

the ot hercoaesmpaieil & o (eaometi@hndnlw s¥ildepteitotd dftoxghenatdd PBeibX

purity, ﬁp&gﬁ_propert needed for satisfactory conmercial conversion of PX
[

to terep c Shrrdligden teipglogy aeiore igabtmownt BYISBere 1957 BHBCTOBMT) i n nost

lants. bt ai . ‘ L . h '
bacent ngogoE g S Seclobll S shRE BludoD0's, Pk ROXESTALZ SRure A5, e,
t hat may myperaisdidenscdtbmniacinkdrystsllidaseshinbrgidsnsudh 8s thieadmoto Nocess, 662, 013.

[ 0013] The present inventors havr S apris'ngly di scovered a process using
7ot § hovates Toskes. R g

cryst al | iMaPehPeesinbISegyotcss pi patesk yresses, iks: smal | but

signifi Cqﬁﬁlf]uanﬁatcﬁoﬁil c%%ﬁ%ﬁB@ tha crystallizer takes advantage of the differences

between the freezing points and solubilities of the Cg aromatic components at different
20  temperatures. Due to its higher freezing point, PX is usually separated as a solid in such a
process while the other components are recovered in a PX-depleted filtrate. High PX purity, a
key property needed for satisfactory commercial conversion of PX to terephthalic anhydrode
(PTA) and/or dimethyl terephthalate (DMT) in most plants, can be obtained by this type of
fractional crystallization. U.S. Patent No. 4,120,911 provides a description of this method. A
25 crystallizer that may operate in this manner is described in U.S. Patent No. 3,662,013.
[0013] The present inventors have surprisingly discovered a process using crystallization
technology to purify paraxylene having a small but significant quantity of oxygenated
species.

SUMMARY OF THE INVENTION

30  [0014] The invention is directed to a process using crystallization technology to purify
paraxylene from a mixture of large concentrations of C8 aromatics and also small
concentrations of oxygenated species. The present invention is also directed to a process of

making said mixture of a large concentration of C8 aromatics and also small concentrations

.



speci es. SUMVARY OF THE | NVENTI ON [ 0014] The invention is directed to a
process using crystallization technology to purify paraxylene froma

m xt ur e oWol2arogeo@encentrati ons of C8 aromatics and al s®@CIrshke10/030318
concentrations of oxygenated species. The present invention is al so
directed to a process of making said mxture of a |large concentration of C8
aromati cs and also small concentrati onsof oxygenated species and then

processing said pmxture t roduce a purified paraxyl ene..J Q015 n
P rbodr monteX ket A BePFBES BB il RO DAk elRs ¢ ne
Xyl ene st[o@ps by iCénibddmehtz add @iy trédithehtis @B&IRE ipABAioSths Yahfi@itioh foif et xyddhecan
provi de paraxyl ene having a Bl |ess than 30, preferably |less than 25, nore
pr ef er ablsfrepady crysalizations gy embadisnaédivge Rraficasion can Prayide Reraxyirac

follown i the
crystalI??S#%EﬁBg@%ﬂggfg§I%%%%@@ﬂf%ggm?%§¥%%ﬁngaégﬁgggﬁggké% xyl ene
splittser;[0ang (d)n @abstimentsconel@tore pOht Thlldhiagstcpm thagiobarr bebyeattise
features, and. advant s wil| becone gpparent. as reference is nmade to the
fol | ow nq"”@’gi‘téﬂnl ¥ G0dhe PratS'iahﬁ-?tum dFR R LA RSP ES TERRMH 69 XYieRg
appendedsﬁhg&ngnd TAILERLQERGRI PTI ON [ 0018] A paraxyl ene-rich stream
produced by afkyl ation of toluene wth nethanol produces high
concent r dfPbBHs ofheched o@8r abjeatat fcatsraspandyddeamaganwilllbepame spparanes

et hyl benzepe, etc. nd, | concent.ratjons of oxygenated species cetic
cei, pnarbrenct iobdElo s BfloRRERTH e O S A REBA B PRt h Gher
purityy pamaxpp&nied slaig@m having |ower anounts of non-paraxyl ene C8
inmpurities and | ower anounts of oxygenates, which in enbodi nents, provides

an i npr oRETASLEDDESGRIBAION chenical processes, e.g. production of
terepht haph fyaci g (LB el Q819 TERLEPENLIL DYSRLPL S, HRYS ! dentidi ed
crystal lizatlon a & Process that ST mitt ahdousty Peifoves "oxygenates and

ot her C8 ot high coldtnGrasomiotist €8 PorasRSJoixg1oNe/B-x50sik, &fichgi ent than a
separate two-step process. [0020] Crystallization technol ogy has been used
to purif\etiydpaesnce gl )ty eprgeniationsof payeprgicd speciesagatis agids plawol.y
purifj.ed i ng Y- I ! ar e I: I W th
ot hatiol S9N RELY FAPHOAS BE il Bl by ot el pI Fk B AL s S
Any lower amounts of non-paraxylene C8 impurities and lower amounts of oxygenates, which in

embodiments, provides an improved feed to subsequent chemical processes, e.g. production
of terephthalic acid (TPA).
[0019] The present inventors have identified crystallization as a process that
20  simultancously removes oxygenates and other C8 aromatics. This single-step process is more
cost efficient than a separate two-step process.
[0020] Crystallization technology has been used to purify paraxylene commercially. The
paraxylene streams currently purified using crystallization are not made via alkylation of
toluene with methanol and thus do not contain significant concentrations of oxygenates. Any
25 known crystallization technology, particularly any commercially-available technology, may
be used downstream of the alkylation step with methanol.
[0021] The alkylation process of the invention also is known per se, and is a process
comprising contacting a feed comprising methanol with porous crystalline materials,
particularly certain porous crystalline materials having specific and closely defined diffusion
30 characteristics, such as can be obtained by unusually severe steaming of ZSM-5 containing an
oxide modifier, such materials having improved selectivity for the alkylation of toluene with
methanol, and in particularly preferred embodiments a selectivity such that the xylene

product contains at least about 90% of the para-isomer at per-pass toluene conversions of at
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known crystallization technol ogy, particularly any comrercial |l y-avail abl e
technol ogy, may be used downstream of the al kylation step with nethanol.

[ 0021] Thwoablyl2zedibon process of the invention also is Padws2@en3ses and i s
a process conprising contacting a feed conprising nmethanol w th porous
crystalline materials, particularly certain porous crystalline materials
havi ng specific and cl osely defined diffusion characteristics, such as can
be obtaiqggtg%nﬁgséually severe steam ng of ZSM5 containing an oxide

nmodi fier, "suc erials having inproved selectivity for the alkylation of
tol uene vpoie]met hes aspédictht vieatiéd £uildas Inya Roedse forabe sthidt Frstustiéh of
selectivity such that the xylene product contains at |east about 90% of the
par a- i sorffFa-ayleweyvhishsempgpisapectias hluens Witk msthagel udsk alkyatien aaultiqnep2] | n
one aspe i i i j : . 4 roducti on
o par o iy Risafich BY FRALRR: SBTARFR: d B PhoRERRe blferk i 2B L

al kyl at i dturardteli for sdimetiyliritpreasabes 00f- 14 seat @hytsincaorgdrdt aitergpaatpor efus

crystalline material having a Diffusio arajyet er for. 2, 2-di met hyl but ane of
about 0. e il ool e 9@%@@%@3&1’@5-0?%@53% o
2, 2-di ”E_téi’;)’étQHﬁ@HﬁtelPiﬁﬁﬁa%‘é@ifﬁ%ifoﬁ@a%?ﬁerter(cﬁ bER0.5-foger ably, the porous

crystalline material has a Ditfusion Paraneter of about 0.5-10 sec [0023]
Pr ef er abl[§023lhe Eetfahllst the oatabisneongting ddsitst ameeoxadd wedifiedarfd mpregweferabtyeat

r ef er abl t least o oxi.d difie | ect ed f.rom oxi of gl nts of
B et pAtaf bpoSas o0 RCGad Bt dxiles OF ARGt BRI b E: B e: °
pr ef efpablyat g @Yivd@ sAE Péddié Talsie! M6StGRleEFaBI X bLRIS nRIdi QT OLblciROMGAT UM

cal cium | ant hanum and nost preferabl phosphorus.1l0024] Preferably, the
cat al yst axotes&if heroabwagn®iuds celsivabdyrthamm pst mogimedierably ghoaphsues. 0. 1 to
about 10 nos ref.erahl ut . 0.1.to t .S, %.0f & he oxid

modi {1 er BEEHG ohr B8, M3 ckaBartungog EOS R atuBomeik Bl bBh G-

modi fi er tbab&2@D)and I2Pdefdratdf ab@hloyl, totddeucib altys bf hasxalk niddifié basédién | ess
than 50 and preferably less than 10. The al pha value test is a neasure of

t he craclkalgperdgmeditigr (62 dhespharypsrhoadhe pyidgawdHi®geyPiGy)-u. S. Patent No.

3 5073408 ARk o o P T HERL i >

r ef er enceltesljin wahattedese mepturoof thd keackingeciivigndfad catdpdiahd ondesaibedhe LSt
used herein incl onsfant te erziure,of 380C_an vari abl e f| ow
rate as de&df Megggﬁ%agf‘%‘f}n tP?IJ al Sigy IV oebh 81 Y5/ @98&&01-%@: 218 395,

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

description. The experimental conditions of the test used herein include a constant

20  temperature of 538°C and a variable flow rate as described in detail in the Journal of
Catalysis, Vol. 61, p. 395.
[0026] In a further aspect, the invention resides in a method for producing a catalyst for
use in the selective production of para-xylene by reacting toluene with methanol, said method
comprising the steps of: (a) starting with a porous crystalline material having a Diffusion

25 Parameter for 2,2-dimethylbutane in excess of 15 sec 'when measured at a temperature of
120° C and a 2,2-dimethylbutane pressure of 60 torr (8 kPa); and (b) contacting the material
of step (a) with steam at a temperature of at least about 950° C to reduce the Diffusion
Parameter thereof for 2,2-dimethylbutane to about 0.1-15 sec "'when measured at a
temperature of 120° C and a 2,2-dimethylbutane pressure of 60 torr (8 kPa), the micropore

30 volume of the steamed material being at least 50% of the unsteamed material.
[0027] Preferably, said porous crystalline material used in step (a) comprises an
aluminosilicate zeolite having a silica to alumina molar ratio of at least 250. The present

invention provides a process for alkylating toluene with methanol to selectively produce p-
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[0026] In a further aspect, the invention resides in a nethod for producing
a catalyst for use in the selective production of para-xylene by reacting

t ol uene wvohormeRb@nol , sai d nmet hod conprising the stepsPofr/US¢@)/03G3asti ng
with a porous crystalline material having a Diffusion Paraneter for

2, 2-di net hyl but ane in excess of 15 sec when neasured at a tenperature of
120 C and a 2, 2-di net hyl but ane pressure of 60 torr (8 kPa); and (b)

contacting,the er.i,al_of .st a) With steam t enperature of at |east
chout 050 Herian PRAGLLRenE i rifih Bl st ShbERT FupBeh S PR eriofta

2, 2- di metdaydiyat vl dognpaideyd pétods &stakiae wWheiialBaghs € iffisién PaaReteater%2-of
120 C and a 2, 2-di nmet hyl but ane pressure of 60 torr (8 kPa), the m cropore
vol ume ofdimpdybreaged abaut Orli-bt sdser. agd atcferably0- 5005 Hiendmseatate

materi al . ohB02tke OF BIBldy 2 2 dcROMANRe SraslBLE bOf MR @8l used Tn step
(a) conprises an alumnosilicate zeolite having a silica to alum na nol ar
rati osof [08028]easiAs25€1 heFbie, the &k ffation Ryr@anictod bf ppaticdes pérops ogealint afiaterial

al kyl ating toluene wth ret hapol .to sel ectively produg xyl ene in high
yi el d and® aftfrw gs%m@&wégggl Qéﬁ&ﬂé@fwweﬁé@éﬁ@ @?Fgapiia&e@sca oys a
catal yst e fbySOTRE [QEReAAPRERN R LA ACIIRLATIRA sdigfbMBeAuRdis T on

Parameter for 2,2- dinethylbutane of about 0.1-15 sec a preferably 0.5-10
sec when predded thd astungtivenperdd tatthofplab2 Ghet awdehdedcidbeditiedifybibnparvess.

f 60 t 8. kPa) ... [ 002 d herein, .the Diffusion.P t
bt *a par (11 Gry eowE St g wlf PGR. PR inte s kbR o
wher ejgn @o&cﬁngfhﬁnﬁihkﬁfaﬁm@ eREdd b ¢DENY) e i§ @ tirAd (’se? re§uitd¥eio GEcR iR

radius (cm. The ‘re&i red di ffusion paraneters can be derived from sorption
measur emesatiatgloading &Y Grghigslswhptons foritke plaseshchtmodd arpgisecby hdaenkrodel

descri bes.th i ffusi 0GEeSS h for . ive rbate | padi Q the
Coroe o oTnlRusthirdtRl OF pRQGERT oM Rk By ey By B3] Eoli NG, Ot e

rel ated t[@ozdpt / r TBg pbrovk etﬁfgtatlinieiinatté‘[ﬁaﬁem?lby(e& @Chelpestdky efthe vee@shist he
sorbate loading Q G aphical solutions for the plane sheet nodel are given
by J . Criasfierably a megiutpere sircisbuniapsitpate graligh Medimopade eplieass ggnoplbss,
Ely Fﬁusedeﬁh&?&'sotﬁose]i?a@inr%i@c%?ilzeEP%&%%‘%&IM%@%&%& JIBh Blat Bl £oMLOYed In
the process of the invemion is preferably a nmedium pore size

al um nosifrdetyateebezm@olectles sudadis urhageaiice 3zecthylpestamt, begenenad pxybtat | Asdhas

t hose having a pore.size of. about 5 to about stroons, such that the
zeolite fEOBENN Edgionr eediwgepag croliss WY?J@?%%@@ S%FWFi%Wta‘?i]é‘,Cﬁtﬁenzene

and p- Xyl £0&ibecARQ T NE P eARTNBN4 B8 b N8 Lo fs%cd?ﬁ‘&hﬂéﬁ‘h%hﬁb%ﬁ‘e@éfbﬁc%ﬂﬂ ol ves
the Constraint I ndex test which i1s described in U'S. Patent No. 4,016, 218,

whi ch i s dasg orqomapent Zeelites havpys Cexfseri belex lofi abdnit d-12, as measured on the zeolite

20  alone without the introduction of oxide modifiers and prior to any steaming to adjust the

diffusivity of the catalyst. In addition to the medium-pore size aluminosilicate zeolites, other
medium pore acidic metallosilicates, such as silicoaluminophosphates (SAPOs), can be used
in the process of the invention.
[0030] Particular examples of suitable medium pore zeolites include ZSM-5, ZSM-11,
25 ZSM-12, ZSM-22, ZSM-23, ZSM-35, ZSM48, and MCM-22, with ZSM-5 and ZSM-11
being particularly preferred.
[0031] Zeolite ZSM-5 and the conventional preparation thereof are described in U.S.
Patent No. 3,702,886, the disclosure of which is incorporated herein by reference. Zeolite
ZSM-11 and the conventional preparation thereof are described in U.S. Patent No. 3,709,979,
30 the disclosure of which is incorporated herein by reference. Zeolite ZSM-12 and the
conventional preparation thereof are described in U.S. Patent No. 3,832,449, the disclosure of
which is incorporated herein by reference. Zeolite ZSM-23 and the conventional preparation

thereof are described in U.S. Patent No. 4, 076,842, the disclosure of which is incorporated
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case, nedium pore zeolites have a Constraint |Index of about 1-12, as
measured on the zeolite alone without the introduction of oxide nodifiers
and priorwoaosvpoabeani ng to adjust the diffusivity of Phe/usatalogsus | n
addition to the nmedium pore size alumnosilicate zeolites, other nedium
pore acidic nmetallosilicates, such as silicoal um nophosphates (SAPGs), can
be used in the process of the inventi on. [0030] Particul ar exanpl es of

sui t abl e ;nedi re.zeq ZSM 5 Z ZSM 22,
Som o9, < AT BT BT At PN A5 Ry SRt hren i SRS Ar pf e
parti cul ghitys préeNed, 015003 khe Zrolokire oZ S @ﬁféofﬁa@t@@mtamtﬂyqeﬁkence.
preparation thereof are described in U S Patent

. 3,702,886, th
di scl osureSM8iddhe ?@mebﬁea%réaorh@@@OﬁISHyugrhéb@ﬂéﬁc@tenzém #1385 paRathe 1
and the ¢ cﬁ&‘fcgsﬂl'-é 1019{qu@61‘?511 V\%IB é{}eﬁ‘?ﬁﬁ fefBbBcdRRE :{1’22‘3 dﬁs’%logecﬁ Iﬁ%t BN\

3,709, 979 I sclosure o ncor por ate rern er ence.
Zeol i tse 2&6151304698 tb msaianV e PatenalNo [F, EﬂazmmdﬁesgmabjUsr Batdﬂtst bed in

U.S. Pat 32,449, t i scl f h ted h
by  of o cnb- 1 Zaaicvelorin: o3 i Poal Sor 6t 20nI YRGSl e NSRS ohr
descri beqvﬁlghiglat&tsg@ﬁgg J)\}gteddbgrgﬁegmgéz the di sclosure of which is

i ncor por at edherel n erenc Zeolite ZSM 35 and t he conventi onal
pr epar at i[0032]her Bm‘ferable tliesccvhtbenhplqyediluﬁ;he Patcest ofMbe indeitics), 1245M-HHeving a

di | ch i b f SI\/I- 4 d
Comoent 1 onice o Al i R Aok RSO M e AR o ERan o tiolss

t he djoscligafust ifdiméiclty.i s incorporated herein by reference. MCM 22 is
disclosed in U S. Patent No. 5,304,698 to Husain; U S. Patent No. 5,250,277
to Kresgd0833lal . ;Tthn@dlunap@ntzeNﬁes @5919@(113@?’% @remfpfp@t:féﬁséhﬁ prapess of he Pat ent
No. 5,043, 5 , clo tents

i ncor por a{we(a%g%%m he s?ze and[sh%%eﬂf t rgs a]V)o/{ t?l% lli)?ocﬁlctl 0 tgp eﬁl;{le oVt i €

y rererence era e Z€eo oyed I n t he

process Qi‘thérh@ldn@\f@ﬂtdr@mldwsev@wbl’évehaymawo@ssdflth&az&cqlt@d W maffogibar rati o of
at least 250, as neasured prior to any treatnent of the zeolite to adjust

its diffJErametg Vqlmsls]ﬂxcpﬁ@%l DUn pwsice rangsirpquitsd desibe ﬂ)ﬂ@és&aqfd%maﬁ@lon
f
pretefr edrﬂef}g%&&% d?{]fﬂéi%%f@gc téﬁ}sse'npafaﬁ%ét%n Bk 3Gfe IS ﬁerl’}fkgeyaﬁh |soner .

t heir pores vor I"on yl'ene over th
However , catiywsesd amadffettoer comtiofled melaetlmnlthet micrbpgore vﬁluhfeuﬁ“ itloncaPdy s nee hetr

e e B TP B e b pERSSER T
achi eved IH%I‘O%)%Y@{;(Q{HYR N &R By tntb‘ﬁsurlng the n-hexane adsorption capacity of the catalyst,
before and after steaming, at 90° C and 75 torr n-hexane pressure.

20  [0034] Steaming of the porous crystalline material is effected at a temperature of at least
about 950° C, preferably about 950 to about 1075° C, and most preferably about 1000 to
about 1050° C for about 10 minutes to about 10 hours, preferably from 30 minutes to 5 hours.
[0035] To effect the desired controlled reduction in diffusivity and micropore volume, it
may be desirable to combine the porous crystalline material, prior to steaming, with at least

25 one oxide modifier, preferably selected from oxides of the elements of Groups 11A, 1IIA,
1B, IVA, VA, VB and VIA of the Periodic Table (IUPAC version). Most preferably, said at
least one oxide modifier is selected from oxides of boron, magnesium, calcium, lanthanum
and most preferably phosphorus. In some cases, it may be desirable to combine the porous
crystalline material with more than one oxide modifier, for example a combination of

30  phosphorus with calcium and/or magnesium, since in this way it may be possible to reduce
the steaming severity needed to achieve a target diffusivity value. The total amount of oxide
modifier present in the catalyst, as measured on an elemental basis, may be between about

0.05 and about 20 wt %, and preferably is between about 0.1 and about 10 wt %, based on the
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catalyst so as to effect a controlled reduction in the m cropore vol une of
the catalyst to not |ess than 50% and preferably 50-90% of that of the
unst eanmredwoabwlnedls Reduction in mcropore volune i s dePCras2ig/08esasuri ng

t he n-hexane adsorption capacity of the catalyst, before and after
steaming, at 90 C and 75 torr n-hexane pressure. [0034] Steam ng of the
porous crystalline material is effected at a tenperature of at |east about
950 C, prefel&agﬂ%/ g taES to about 1075 C, and nost preferably about 1000
to about 108 orasddr’>10 ninutes to about 10 hours, preferably from 30

m nut es t[o0%6]houmsherd MR IR]difle 1@&1&@@tphb§yﬂlodg§ixfc@@oﬁa@i@hwlrﬂoel@ﬁdreﬂu&tdasamysk n
di f fusi viqt*y and m cr.opore vol une, may be desirable to conbi ne the porous
cryst al | iHdhqvaentionis c?ﬂvementlba@m@%bag ¢ cthedadescahed indhs. BatptNepodi i er,

PUa, VA, L Ao e s ML RO R Ry "t e el .
sai d at lieasporatrd hoxiley mfeheﬁcteeiTrea&n&elvﬁdtlﬁd)sﬁhm oxitgdemgabnipoumds,can

magnesi um | ci um | ant hanum and preferahly phospharus. In sone
cases, it f}hﬁeac Gurep e B Contedisi e peRes ﬁaﬁfaﬁ@em}@ﬂ Wlihﬁ’éalﬁﬁ?%frllnal with

mor e -t han, (e 25h 48P & mdnQk nﬁ){é‘ﬁp hGittPa %%Ma!n%%g%n@i& s W th

cal cium and/or magnesium since in this way it nmay be I ble to reduce
t he st eamong)osed/ éohltt\yedﬂaedtedlgt apdaelvirengtoaconaent dte pdmoﬁ}ihwsmwtow oxaleerm.The
total anp e nodifier present in the cat st mea sured on an
o1 enment oot iihs SRt cenR bR ol RpasDuEosrchE G ettt of
pr ef efoabl o2 P&t WReHoab P2 Ofcl aafe BRREEN ADuM 5 HinS&SH BBut TENKRIENtheOf

the final catalyst. [0036] Were the nodifier includes phosphorus,

i ncor por sonemtigtiompfiiht iphespharustie theapoatagsmixgiretnrry horkeswiednorpols0. Bbandahasht | y
achi evedglby @e met hods described in U S. Patent Nos. 4,356,338, 5,1
10,776 ‘%11 064 and 5, 348,643, the entire disclosures of which are

i ncor por go@s7]her aifer Bohtdceing vatic@e pRéPabiERbniiify wimlﬂams 6L ahyRiallghe
conpounds can readledi; be accorrpl i shed by contactin e porous crystalline
mat eri al ,M#EptiHapaydreotiEedsmndicalcsis faviesih wliq&pl@prsﬁgﬂmm@qie foanr Calcivation i al

wWth a s OJaH bk QR Oﬁplnaa[[]qulﬁ{) Eﬂgﬂogghﬁg 8SANAL erg%f&g)@)? gg%enf Rl %é(()iﬁﬂabi}ﬁ a‘ﬂfa)f l,NY

and caI cining to convert t orus to ofm ct with the
phosphor usmpemtuat of abgut Ditpoliidd° Cs pgénellalabyut 300 du 0@ dC obr & [tasnpavat, ur e of
about 25 C%?ﬁ‘?? aﬁg%l% Cfor a tinme between about 15 m nutes and about 20
hours. THECIEERSe fSon of the phosphorus in the contact mixture may be

bet ween 39gs8] 0. Q&R ARRKEs BHWE indhc art can be used to incorporate other modifying

oxides into the catalyst of the invention.

20  [0039] Representative phosphorus-containing compounds which may be used to
incorporate a phosphorus oxide modifier into the catalyst of the invention include derivatives
of groups represented by PX 3, RPX ,, R ,PX, R 3P, X ;sPO, (XO) 3P0, (XO) 3P, R ;P=0, R
3P=S, RPO ;, RPS ,, RP(0)(0OX) ,, RP(S)(SX) 2, R 2P(0)OX, R ,P(S)SX, RP(OX) »,
RP(SX) ,, ROP(OX) ,, RSP(SX) 5, (RS) ,PSP(SR) ,, and (RO) ,POP(OR) ,, where R is an

25 alkyl or aryl, such as phenyl radical, and X is hydrogen, R, or halide. These compounds
include primary, RPH ,, secondary, R ,PH, and tertiary, R 3P, phosphines such as butyl
phosphine, the tertiary phosphine oxides, R sPO, such as tributyl phosphine oxide, the tertiary
phosphine sulfides, R 3PS, the primary, RP(O)(OX) ,, and secondary, R ,P(0)O0X,
phosphonic acids such as benzene phosphonic acid, the corresponding sulfur derivatives such

30 as RP(S)(SX) ;and R ,P(S)SX, the esters of the phosphonic acids such as dialkyl
phosphonate, (RO) ,P(O)H, dialkyl alkyl phosphonates, (RO) ,P(O)R, and alkyl
dialkylphosphinates, (RO)P(O)R ,; phosphinous acids, R ,POX, such as diethylphosphinous
acid, primary, (RO)P(OX) ,, secondary, (RO) ,POX, and tertiary, (RO) 3P, phosphites, and
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[ 0037] After contacting with the phosphorus-containing conpound, the porous
crystalline material may be dried and cal cined to convert the phosphorus to
an oxi de worzmo/12ed16i nati on can be carried out in an i nePCTASSPBBIE Or in
t he presence of oxygen, for exanple, in air at a tenperature of about 150
to 750 C, preferably about 300 to 500 C, for at least 1 hour, preferably
3-5 hours. [0038] Siml ar techni ques known in the art can be used to

(00307 repraokiizat B8 i IRREbES T sirh i S et R KPPy TR Gt 1 o

i ncor por aﬂleypaomwmw;zmIe@kersrradtrésp@ﬁdmgts@lﬁﬁﬂrten@atﬁv:ﬁsyﬁ Mo Bh@nploy&ant i on
i ncl ude derivatives of rougs rf resented b

PX 3, RPX 2, R 2PX, R 3P, X
3P0, ( XO)ndpdne (o) :PeH) (BRUESpd S REBS P SKPLAREOHSS, (RS) 1P,
RP( S) ( SX P @q@(: 2 RSP(SX)
2, ((??(S) )Z(Béﬁprgﬁ)%%&?ﬁg?&%) g@fgé{ &%Ds(pg& \/\ﬁeerrS e smélr?t gggltr aryl, such
as phenyItgf__:)ﬁgllpchad;phlte,rdjlsk(pnopyllpydfpthge rb(;ltﬂph&phihalangp%rlgﬁhmnmbl:mds lhnCI ude
ot il %h&stﬁ%ﬁt%pysrgﬁ@)@ta@h i éwﬁ@f R w&ﬁéﬁegé%nedﬁowng@ﬁg S?qsngfiflyfs
phosphi ”%n@’%b?&nc&r‘%n%ﬁﬁﬁs‘ ary phosphl ne sulfides, R 3PS, the primary,
RP(O (OX) 2, and secondary, R 2P(O) OX, phosphonic acids such as benzene

phosphoni[804di d, Otlee seitabl @ptpoplirnsycenthihing cdermioveds ivesds ammoasinRP{EPEBX)
2dR2PS X t fthe 0 oni c_aci. ch as  dialk
ohosphondia %ﬁo&hﬁﬁe@%s R R PR rophD s erales BrodR S st e ana

al kyl jodi aaluksm ROGSBRN SRl RREE) RABi pesphioendtisdno RPeROx such as

di et hyl phosphi nous acid, primar (ROP %I% secondary, %ﬁ%POX and
Cert i ar by Qg ROphOPRinHbosH o it clybs by phetrbonoSUTHA &R@( Opopy|

t I R d al k t
(RO opr dky B SRRARERAIS K Py P TR efouGs oBbMiall o PPRREEM Al o
| ncl udi ngletRENvaR RIS, (R 2A(S)RCL(RS)ROEISRCE ,an&eRZZP@sm( RS)P(SX) 2, (RS)

2PSX, (RS) 3P, (RS PR 2, and (RS) 2PR- anpl es, of phos hite esters i ncl ude
tri met hyl[B0dYphi Pacticuler Bhasphesherspmpingg C@mwabﬁi&alﬁyhu #1a@pien{un phosphate,

DU PRSI O RULORIESRL 8o THG A0SR ARRGRE gl
car bon atchimide] ﬁﬁm@l}ylﬁhdsphltes tphd)@ﬂ)bmsphdﬂmmrr phe@hﬁnﬁaacnd rlglenydrmlosp‘ldme i ncl ude
? mm gmqg%(gr gg gent I?pgos%red glpg ipuosp ?norlllglaélgeglpﬁelilglﬁ]phosp IJPI(IDCS ci rus
dlethylchlorothlophosphate, methyl acid phosphate, and other alcohol-P ;0 sreaction
products.

20  [0042] Representative boron-containing compounds which may be used to incorporate a
boron oxide modifier into the catalyst of the invention include boric acid, trimethylborate,
boron oxide, boron sulfide, boron hydride, butylboron dimethoxide, butylboric acid,
dimethylboric anhydride, hexamethylborazine, phenyl boric acid, triecthylborane, diborane
and triphenyl boron.

25 [0043] Representative magnesium-containing compounds include magnesium acetate,
magnesium nitrate, magnesium benzoate, magnesium propionate, magnesium 2-cthylhexoate,
magnesium carbonate, magnesium formate, magnesium oxylae, magnesium bromide,
magnesium hydride, magnesium lactate, magnesium laurate, magnesium oleate, magnesium
palmitate, magnesium salicylate, magnesium stearate and magnesium sulfide.

30 [0044] Representative calcium-containing compounds include calcium acetate, calcium
acetylacetonate, calcium carbonate, calcium chloride, calcium methoxide, calcium
naphthenate, calcium nitrate, calcium phosphate, calcium stearate and calcium sulfate.

[0045] Representative lanthanum-containing compounds include lanthanum acetate,
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al kyl phosphorodichloridites, (RO PO 2, dialkylphosphorochloridites, (RO
2PC1, di al kyl phosphi nochl oroidites, R 2PCl, al kyl

al kyl phoswbanoehb@si dates. (RO (R)P(O C, dial kyl phospircmaskéionscas es, R
2P(O C1, and RP(O A 2. Applicable corresponding sul fur derivatives include
(RS PA 2, (RS) 2PCL. (RS)(RP(S)A, and R 2P(S)Cl. [0041] Particul ar
phosphor us- cont ai ni ng conpounds i ncl ude ammoni um phosphate, anmmoni um

di hyd h h i i hyd h h iph I hi
A L e e T e

phenyl pheshiiuneniepays tinfianGe, phbkpHaes dndl IphthsRhatgfatedi phenyl phosphi nous

aci d, diphq&ﬁl phosphi ni ¢ aci d, diethyichlorothi ophosphate, nethyl acid
phosphat d0048d ot ke porape efystallme ywtesiad sppiayisd b Bgweessss 9fgba pverdigs @avhe at i ve
boron-co 1l - ' - ' r i de
modi 17 or PR EPRIE Br YA G b TR ot R e R LRt B Erafly BOA A

t ri metshyldoadizives chploged mixthe procbwr Suchsuhtbtiale indhalcatitny ard idectivieuwhatédids arch

di met hoxi de, butyl boric acid, . di net hyl borjc anhydride, hexanethyl borazi ne,
phenyl bdickyaciliea andios il psidsh sichaispdmane His a&t?ri%%bﬁﬁl%bwﬂtahy0043]
Repr esent @bk Yo RaNES i 608 A LS m%&ﬂﬁ%HBP%dkHﬁhﬂﬁ@gﬁ@&&%§b#ﬂhé§£&@te’
magnesi um nitrate, nmagnesi um benzoate, nagnesi um propi onate, nmagnesi um

2- et hyl herdalt &idavalypesi umcarbehiab & actmigiesisuonchagrileqonvaywasindfor oxy| ae,

magnesi um pr om de, , magnesi um. hydr.i de nesi | act at.e nesi um | aur at e,
iy A NS AR A e i e S S e B e

st ear pt e RR NARANGRE WBchHbLI ihd @mobRFtbnReRbe $eR AL Yot ©l tHifredical dahng
conpounds include cal cium acetate, calcium acetyl acetonate, cal cium

car bonat é¢ absdieddaronemisellyend emledy wathawt dmapyriag othwr sicams foapontiediieg ke rate

cal cium njtrat. al ci nha t | cium stearate and cglcium sul fate.
Co0as] " Rasr LRl RN DR R AR Bro BRI Mo R Se AT £aLN ¥R hanum
acet at e, IratodaBYAd RERHnY lodigdirewvathe crus A BirdateT haciaRst edet esthiafeun chl ori de,
| ant hanum hydr oxi de,. | ant hanum ni trate, | anthanum phosphate and | ant hanum
sul fate. qPOUMIBE CoPELliony S reggrsalaliici Gl precidep o (C- e IPRERF BipdarnBorfiocess of
the invenLi i TRy d%ré%%‘?%'dﬁ%d%ggta@ VIV odlcr@hgeh tﬂﬁbe%%gé o materials
resi stant t t'he terrper atures an (6] ﬁer C 1t1ons errp% oye In the process.
Such mat emah@ciahadelits dacitabletogmel cnnehe tcataby strird@rbiredksngsdoim mso pdwagessliksi | i ca

and/or metal .oxides such as alumna. The |latter may be ejther najural
materials. These clay and/or ox1hlen%)1ngers Iave been ernploye% norrnaliy only for the purpose

of improving the crush strength of the catalyst.
[0047] Naturally occurring clays which can be composited with the porous crystalline

20  material include the montmoillonite and kaolin family, which families include the
subbentonites, and the kaolins commonly known as Dixie, McNamee, Georgia and Florida
clays or others in which the main mineral constituent is halloysite, kaolinite, dickite, nacrite,
or anauxite. Such clays can be used in the raw state as originally mined or initially subjected
to calcination, acid treatment or chemical modification.

25 [0048] In addition to the foregoing materials, the porous crystalline material can be
mixed with a porous matrix material such as silica-alumina, 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-magnesia-zirconia.
[0049] The relative proportions of porous crystalline material and inorganic oxide matrix

30  vary widely, with the content of the former ranging from about 1 to about 90% by weight and
more usually, particularly when the composite is prepared in the form of beads, in the range
of about 2 to about 80 wt % of the composite.

[0050] Preferably, the binder material comprises silica or a kaolin clay.
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occurring or in the formof gelatinous precipitates or gels including

m xtures of silica and netal oxides. Use of a material which is active,

t ends to wbangei2odie conversi on and/ or selectivity of thecratsaéipssosasid hence
is generally not preferred. Inactive materials suitably serve as diluents
to control the amount of conversion in a given process so that products can
be obtai ned economcally and orderl y W t hout errpl oyi ng ot her neans for

control i he ate of te Nncor,por. dinto

o ot 1y OBsn® PR B RENARs yEREBR AR e SRy SF s R HERHBLER Lron
strengt h K. Pditent@adsah,yssn 8&15}d3§‘(053931mfe1ﬁd;5 a2, opErAabifiguleOp@deédudd for baaith

materi al s cl ays, .oxides, etc function as binders for the catal yst.

It is desZSMbﬁ ‘éﬂﬂtléSﬁﬁcébiﬁﬂi@r@V@h’ﬁﬁﬁly%%tf%mmgce@%od crush strength because in
COMTer Ci égﬁe | b SofdGS| \é@tgl.f_ﬁetrﬁat Yﬁa?bg}c'&ﬁlb?@etd?lf Ylf)% R@d@%%@?o'ﬂgﬂb? gdown

into po i ke ma erla ese or oxli ers have been

enpl oyed ﬂmdhlzmd bad cardlyst f Tiris ﬂhfehz;&drbpdsaakyfst map caupig ddyeinchabsindatthangt, h of
the catal yst. [0047] turally occurrin | ays ich can be conposited with
the por ou?éldé?%ystteafﬂ’mﬁgﬁﬁfrﬁf‘@ﬁ}’ éiFYlP&ETOl‘iBSéqP %qh%.pﬁﬂ Sthaviagd Nesls size
fam 1y, wehooaficldngs include the subbentonites, and the kaolins comonly
known as Dixie, MNanee, CGeorgia and Florida clays or others in which the
mai n ni ndPBF3]condhe Ca,telryst qfshdmallvblumm@ okmokilnb¢ precaliedk Theprepelong step isor
anauxi te. be. u e ra sta S ri inaII ed or
el b lcranct B R HEY ol Bkt Gl T iRt

nodi f jocaticgition] ARAB]wHibh asldiit ldé}ﬂ)sité’d @)Iﬁ‘ﬁlefc@fa@}g%&ﬂmgﬁﬁ@fﬂe%aﬁer ¢dh@roRed ous
crystalline material can be mixed with a porous matrix material such as

si | i ca- alwithina, de@rddu r@@gmﬁgm@élryefrons rbaut 4 -to pbe A0 avt %8 iand peeferhlly ifepm about 1
silica- be[r %lbout Y A)i {éy 8 carré!g e‘ﬂr"ShoV\%y exf)lgsur onaarllr xy%grqe ns[hltn{n%nﬁmgyrp%ere eist

sili caal um na- | cas um na- coni a eésia and

silica- n%rbe@awdztbmggamae [0049] The rel ative proport| ons of porous
crystalline material and inorganic oxide matrix vary widely, with the

cont Ient dP034e f Ongsf theadyrmiesos ob Heaastnlyst ﬂe&cab%blw@mg@% Wewére@%@eraw&%gr e
TR AT R Coton SRR EORRER) Sl BRFOE] Belt Ry Botin. BEACS,

Pr ef er abloan chdily ol mglercrated & birhing@ifia i:oms)llsd bmoantarf cak&mad pantidlcaynbuCinl |
Procedures for preparing silica-bound ze lites, uch as

descri bedtasnhe muﬂarf« raf@yat tamppgaiuies 5 the renps 0§ m ahoyt g&iﬂ@zabzwe 003 C.
par ti cul aFyRIRE RAMIME Jndthe PARS5MNHayZiMeBy W beiRe S bl éu%@taf%aﬂﬁﬁéhnhﬁé(t@& HeHean

extrusi on process.
regenerator. If it is desired to maintain a given degree of coke loading, the regeneration step

20  may be controlled such that the regenerated catalyst returning to the toluene methylation
reaction zone is coke-loaded at the desired level.
[0055] The present process may suitably be carried out in fixed, moving, or fluid catalyst
beds. If it is desired to continuously control the extent of coke loading, moving or fluid bed
configurations are preferred. With moving or fluid bed configurations, the extent of coke

25 loading can be controlled by varying the severity and/or the frequency of continuous
oxidative regeneration in the catalyst regenerator.
[0056] The process of the present invention is generally conducted at a temperature
between about 500 and about 700° C, preferably between about 500 and about 600° C, a
pressure of between about 1 atmosphere and 1000 psig (100 and 7000 kPa), a weight hourly

30  space velocity of between about 0.5 and 1000, and a molar ratio of toluene to methanol (in
the reactor charge) of at least about 0.2, ¢.g., from about 0.2 to about 20. The process is
preferably 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 is between about 0.01
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[ 0052] The porous crystalline material may be conmbined with a binder in the
formof a fluidized bed catalyst. This fluidized bed catal yst nay conprise
clay in twe 2biodesi6t her eof, and may be formed by a sprapcCurszog/opisegess to
formcatal yst particles having a particle size of 20-200 m crons. [0053]
The catal yst of the invention nmay optionally be precoked. The precoking
step is preferably carried out by initially utilizing the uncoked catal yst
in the tqkﬁ%getq%thylation reaction, during which coke is deposited on the
cat al yst ‘sur e ”and thereafter controlled within a desired range,

typi cal | yjod3gm abeing the prdceRofitheIQvatiolo RAnPEAS & akYINtct Maih ab@iol 3o bo
about 5 wt % by penodic regeneration by exposure to an_oxygen-contai ni ng
at nospherte PErduspPEREYINE At & SHpRIVAY Of at lepthebayt 90re ‘of(basad ondialdt agegdagf t he
cat al yst i erein LS, | rahidd;t t he
catalystI%@@%%%ﬁggggﬁég@@uggu#%§g§?§ﬁ§§£§5§%g&ﬁgﬁag%éE%%?E?ﬁ%@?g%hgggction,
it can egsoductibe leveDenethad édvtlly. burning of f a control |l ed amount of coke in
a partial_conbustion_atnosphere in a regenerator at tepperatures in the
range of lf’ﬁ%ﬁﬁ? abOuIE 04 i HsPreseITH thee%ﬂ%&ﬁﬁ%, BrEmbodimetin st
may t her HeEs &ﬂ@@t I g i 3 | f
it is degg%gggP%%%aintéﬁﬁra gi&%ﬁhg%g%ég%%?pggﬁzﬁggggrﬁgﬁn%ﬁgﬁgggg%gég%ﬁon
st ep may deenwortadeirtegt. Slypicat paductispeqiBoptoes Airgdraxgteabyoduetbynitingg t o t he

tol uene nethylation r tion | S _coke-l.0aded at.the.desired |evel.

[005s]  THE s s acedRhadl O b aRicn et SR el Buenide: Fkeds Bovi ng, or
f 1 ui djoc agﬁbﬁéﬁéd BRg8dincht dftnd Ga @&t PrioP t-@Pith MU, ¥ peRARYIERE ploligcteft ent  of
coke | oading, noving or fluid bed configurations are preferred. Wth noving

or fluid aedelieiiongan arccbnprodudispesifieationof Béok® | oadi ng can be control | ed
by varyi el SEHEU% AN lNe SEGRUSIEY Lk SORLLANONS BELPA] LY

regeneration’in regener at or. e process o e present

i nvent i onist shegRARIcBhELLiAREGHS LERL gixya:nbamﬂroatsu@c)pb@w@%e@ib@u@le@,oo and
about 700 C,IPreferany bet ween about 500 and about 600 C, a pressure of
1

bet ween BRI IacdANGHSPHEFE abthHery 00U BRPEFa(TOT ARKIMBO0CHPEYY; thendl) Bt
hour | y SWs?al%/ﬁlle%%l{ezﬂ.anﬁg@%ﬁﬁgedaﬁ(a%hgﬂaég a{;?w%{}{?{’rg%@p&g Rk g{afhﬂlté@g{ﬂf

t ol uene to’ nethanol (i reactor rge at out
f r om abowyléhedutioy.about 20. The process is preferably conducted in the

presence [85606]@de9rqurgerdocgr§sr%al?igeqr/por5ceggeg ?Igcll\f?ettﬁé foﬁfjo%VQné.hat the
[0061] Direct Contact Cooling: feed is cooled in a crystallizer vessel by injecting
refrigerant, such as C, or CO, directly into the slurry.

20 [0062] Indirect Contact Cooling: feed is cooled in a jacketed crystallizer vessel. The
refrigerant, such as C, or Cs, is fed into the jacket. Alternatively, feed can be cooled in a
scraped chiller where crystals form inside the chiller. The crystals formed collect in a holdup
drum. Indirect contact cooling is slightly less energy efficient than direct cooling, but no
refrigerant/feed separation equipment is needed.

25 [0063] Centrifuge or Filtration for Sold/Liquid Separation: either centrifuge or filters are
used. Centrifuges are more expensive than filters, however, produce a dryer crystal cake than
can be achieve in a filter.

[0064] Centrifuge Wash: the warmer crystallization maximizes p-xylene purity. Several
of the process schemes use a wash step with the centrifuges of the warmest crystallization

30 stage to replace trapped mother liquor in the crystal cake. This wash can be p-xylene or
another component, such as toluene, pentane, or other light hydrocarbon. P-xylene wash has
the advantage that no downstream separation system for removing the wash component is

required.
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nmol ar ratio of hydrogen and/or water to toluene +nethanol in the feed is
bet ween about 0. 0land about 10. [0057] Using the process of the invention,
t ol uene cwn 2bw/AbdY| ated with nmet hanol so as to producePpars20aploasses at a
selectivity of at |east about 90 Wt % (based on total C 8aromatic product)
at a per-pass toluene conversion of at |east about 15 wt % and a

tri met hyl benzene production | evel less than 1wt % [0058] One of the

advant ag th rocess of the jnvention is fhat, in enbodi nents, the

oyl ones’ IP0Iceq I a6 Pefilred Bl RE MRk tolR b B FERGLRATY Sust

t r eat mentxylomaiseBarh Svhaclgik @aich@e€iee M §-xduabéage thahythe €l warsoduct
specifications for paraxyl enes produced by other processes require a Bl
under 20d0064] t hOnpEpEWESOIFheserishgRessat b wsed g etk of thecryitaliiggr stsa(sppether r ed
enbodi ne(rﬁres%{lti%ge 10533/ treating prior to crystallization, a paraxyl ene

pr oduct crystallization can neet a product specification of BlI=20.

[ 0059]s MHO96T i f f afenalkeglayish ahd befere sehdtiegionatmerchegnalsopd ememtradke sAlpROSt

all schenes use the sapge concepts in recovering p-xylene as follows; (a)

p- xyl ene *E@é@dif@%%fe@%@gy Qe atsaee dhipo ébaqr%%ﬁ (g e epljiero it (0

t enper at YL eqfQlcr bR mum recovery; then (b) the crystals are nelted and
recrystallized and separated at a warner tenperature for nmaxi mum pxyl ene
purity. [[006R]] PAétcecnystdllzryst, did purdredpascekse frattnyl indepardted ml thowi ng.
[0061] Direct.Contact Copoling: feed.is ol in a crystallizer vessel by
i ect i ngerariTEafmaCGittle SRR B s M he sl ur ry. | [0062

| ndi rget [Gpsg)act TEORIVeREn WAEEbW Be 6RRd Sbtibilady HACKBEEH tRE Joiodlihd ERImpMessel .
The refrigerant, such as C2 or C3, is fed into the jacket. Alternatively,
feed can ‘Weclk awlieigndad ta bsaerapisdtagitit Pf die pigsentaneenfion ahd npidfmitingshareoft he
chiller. crystal s fonned collect | ol dup .dr | ndi_r.ec nt, act
cool | ng’ II80ENTGh BN e S AT i efinggdhicP PRARYRPL 8P louddf B he Ry 368
refriger gkifke et SOPAIRITah @UAIHPRIdN. iAhaReedFdhe {c006:] ploanétistrbagefrom
Filtration for Sold/Liquid Separation: either centrifuge or filters are
used. Cerfhisipregasshemed glwél%sebléfﬁ@wae pHawlenq qontant ohbgetesm ingresged dubthgr yer
crystal Ctﬂzggerf RADEAR oPhe RFBAA UE eBsied h}”h%rUOi’ ggﬁéleth%% a{s'a:lé'é%ﬁ nfShiyt he
war mer cry al'li zati on maxim zes p-xy?e e purity. Several of t e process
schenes uséucad wdhbd USiRe@Anntthod iseavadalile, fhumeanod, by kebseapti@sfromriyStRaddd izat i on

method of carbonyl number by chemical analysis. What is important is not the exact value
obtained but the relative value. Carbonyl analysis may be obtained from many methods

publicly available, as would be know by one of skill in the art.

20 Crystallizer 2nd Stage
Feed Melt

Xylenes, wt% 95.0 99.4
PX selectivity, % 89.1 98.7

25 Bromine Index 218 20
Styrene, ppm 708 78
UOP 624, C=0 mg/L 6.2
Acetic acid, ppm 0.44

30
[0071] Trade names used herein are indicated by a "™ symbol or ® symbol, indicating

that the names may be protected by certain trademark rights, ¢.g., they may be registered

trademarks in various jurisdictions.

[0072] All patents and patent applications, test procedures (such as ASTM methods, UL
35 methods, and the like), and other documents cited herein are fully incorporated by reference

to the extent such disclosure is not inconsistent with this invention and for all jurisdictions in

which such incorporation is permitted. When numerical lower limits and numerical upper
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stage to replace trapped nother liquor in the crystal cake. This wash can
be p-xyl ene or another conponent, such as toluene, pentane, or other |ight
hydr ocar bwo.20®/129d1ene wash has the advantage that no domraFtuse@wios@spar at i on
system for renoving the wash conmponent is required.[0065] Melt Stage:

bet ween crystallizer stages, p-xylene crystals are nelted into a new xyl ene
stream whi ch i s nmuch higher in p-xylene content than the feed was. [0066]
One or he schenes be ,used.a he crystalli

step(s) " drgie SRS BaRA FER: M AP auRST R 1 ERLLudr iR R S ol

crystal | i[p@t3]on, Th@ﬁrventﬁmyhaalb%@n B&cHP&] MoVt r‘éfe@@ﬁ:e &Chaaéreos éxﬁt@csmﬁlhﬁts

fol | ow ng: (a) dewat erin sol i ds_renoval ene splitter; and (d)
caustic swfiBeaic crondey %4?@%&‘%@?19%&%{}“%5%%‘??“1&6 8s fymtlhptq SLGINTT anébewéﬂé
fraction I caustic
scr ubber #ﬁn gﬁgsgéagi%ﬂﬁﬂéggf&ﬁ e ?ﬁ&%ﬁ%F%%ﬁﬁﬁswgﬁﬁﬂﬁﬁﬂﬁﬁgg par?lcularly
descr isbedippendelieldimk| owi ng Exanpl es, which are intended to be
representative of the present invention and not limting thereof. [0070]
Exanple 1. A xyl ene stream produced by al kyl ati on of toluene w th methanol
was purified via two-stage batch crystallization. Analysis of the feed and
product streans fromthis process showed that, not only was the paraxyl ene
content of the streamincreased, but the oxygenate content of the stream as
nmeasured by the UOP 624 nethod was al so significantly reduced. The UOP 624
met hod is available, for instance, by subscription fromIHS(r) and is a

nmet hod of carbonyl nunber by chem cal analysis. Wiat is inportant is not

t he exact val ue obtained but the relative value. Carbonyl analysis nay be
obtai ned from many net hods publicly avail able, as would be know by one of
skill in the art. Crystallizer 2nd Stage Feed Melt Xyl enes, wt% 95.0 99.4
PX selectivity, %89.1 98.7 Brom ne Index 218 20 Styrene, ppm 708 78 UOP
624, CCOng/L 6.2 1.1
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Acetic acid, ppmO0.44 0.1 [0071] Trade nanes used herein are indicated by
a(tm synbol or (r) synmbol, indicating that the nanes may be protected by
certai n twademanrBélsi ghts, e.g., they may be registered PCRASaE0/03031%
various jurisdictions. [0072] Al patents and patent applications, test
procedures (such as ASTM net hods, UL nethods, and the |ike), and other
docunents cited herein are fully incorporated by reference to the extent
such dis ﬁM%.is not inconsistent with this invention and for al
jurisdictd whi ch such incorporation is permtted. Wien nunerical

| ower |i myvhst igbdimedgri cal upperlimts are listed herein, ranges from any
lower limt to any upper limt are contenplated. [0073] The i nvention has
been deschi bed aEsew i the DredustiemeEparerxylshe cOUBTEM0di ment s and speci fi ¢
exanpl es. Many:y i 5 this
aren i gnt o RS0 R R Sor R B S

w t hi n t hatadpopdtabie fohthegppdieded ofh ptdd&ct@oﬁiﬁhﬁing\fhﬁet—xjrlénd:drﬁll oydenascs; 1. A
process for the production of para-xylene conprising acting .t ol uene
with net hanol (uhEF@PV%ﬂqgm@mre%u%awapltlwa&garﬁ V{9 2pd @éié%?@ét%? rom et @y st

suitable for thg JppREME ka@@pfgdu@t fP(Krﬁgfé t(uff% bt l%%gstéliﬁkﬁtﬂﬁl and

oxygenates; (il) recovering said produ t conpri sing xyl ene and
oxygenat es fr dm)ste@pyeling a pémxylynfsﬁlmtmtﬁqmg stspi(id),proldastion phﬂm@ewd(hyl & to

D g e b bS5 L P BB, B bR ST er vy o
Iomermanqgak@ghjgﬁﬁg@p@ﬁp |npur|t|es t han said product recovered from step

(ii). 2. The process of Claim1, wherein said catal yst conprises a porous
crystalline naterlal haV|ng a Diffusion Paraneter for 2,2 dinethyl butane of

about 0. ]2 15 ik proces Or gﬁ%ﬁ r egere n(sgli(ﬁgln%a ghabul %ses ]‘ozgus < staﬂh%e rnafer a

di met hyl but ane pressure YT 81 SH potr 6us Crys }lne

mat eri al HaahgW DR GRAPRIrhAEr fof gatdmeﬂlymtéﬁe%fe@dm atl- as §@npehdt Mesuld At
| east 950 C to adjust _the Diffusion Paraneter of said material to about

0.1-15 s eacte@perm@e pf BB Lsangt a gl 4limethylbptrae Srqyswaiod ODars (flfsn wharoameaidr of
sai d gor V\A?I cXisttaq 11!1é fﬁgteﬁgf I?ars uﬁheﬂgé? (Httregtréenjf Qv1 es‘fea%l a } géﬁﬁﬁ‘é ﬁf e?cf
erel a ergone

Claiml, sal d porous crys ne naterlal as un rior
least 950° C to adjust the Diffusion Parameter of said material to about 0.1-15 sec ~.

3. The process of Claim 2, wherein said Diffusion Parameter of said porous crystalline
material is about 0.5-10 sec ™.
20
4. The process of Claim 1, wherein said porous crystalline material has undergone prior
treatment with steam at a temperature of at least 1000° C for between about 10 minutes and

about 100 hours.

25 5. The process of Claim 4, wherein said treatment with steam reduces the pore volume
of the catalyst to not less than 50% of that of the pore volume of the catalyst before said

treatment with steam.

6. The process of Claim 1, wherein the catalyst contains at least one oxide modifier
30  selected from the group consisting of oxides of elements of Groups IIA, IITA, IIIB, IVA,
IVB, VA and VIA of the Periodic Table.
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treatment with steamat a tenperature of at |east 1000 C for between about
10 m nutes and about 100 hours. 5. The process of Caim4, wherein said

t r eat mrentweai2oto/gv@am r educes the pore vol unme of the cat &Cy4ats2410/08@318 | ess
than 50% of that of the pore volune of the catal yst before said treatnent
with steam 6. The process of Claim1l, wherein the catal yst contains at

| east one oxide nodifier selected fromthe group consi st ng of oxi des of

el ements of G i odi c
Table 7. e priaaeshael el dr thEsinErntiRieot i 1 oot Bem bk RRst one
oxi de modicfecrt feh getgesuy cRBistileo0s:QdR FOBEINS hia@@esﬁim,@aloﬁiﬁﬁ, lehthBQm®Bad
magnesi um_cal ci um | ant hanum and phosphorus. 8. The process of claim?7,
wherein tHli’@SR%?ﬁéﬁ-yst contains about 0.1 to about 10 Wt % of the oxide
nodi fi er based on the elenental nodifier. 9. The process of claiml1,
wherein the catal yst has an average particle size of about 20 to 200

m crons. 8§0. memomesﬁclaﬁn Thahareih thodeeslgdt montaris @abow Onbtocdbayt 10 eatd ofg St ep

bet
etween Shee Fo)>§1dg modafner based o)n the elemental modifier.

9. The process of claim 1, wherein the catalyst has an average particle size of about 20
to 200 microns.

10

10. The process of Claim 1, wherein there is no clay treating step between steps (i) and

(iii).
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