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25 processes for producing para-xylene in low conversion and high selectivity by
- reaction of toluene with methanol over a zeolite having a Constraint Index of 1-12,
‘'such as ZSM-5. In Butter et al the zeolite is steamed at a temperature of 250 -
1000°C for 0.5-100 hours to reduce the acid activity of the zeolite, as measured by
its alpha activity, to less than 500 and preferably from in excess of zero to less than
30 20.

U.S. Patent No. 4,001,346 to Chu relates to a process for the selective
production of para-xylene by methylation of toluene in the presence of a catalyst
comprising a crystalline aluminosilicate zeolite which has undergone prior treatment
to deposit a coating of between about 15 and about 75 wt.% of coke thereon.

35 U.S. Patent No. 4,097,543 to Haag et al. relates to a process for the
' selective production of para-xylene (up to about 77%) by disproportionation of
toluene in the presence of a crystalline aluminosilicate catalyst which has
undergone precoking to deposit a coating of at least about 2 wt.% coke thereon.
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methanol such that the xylene product contains at least about 90% of the para-
isomer at per-pass toluene conversions of at least about 15%.
In one aspect, the invention resides in a process for the selective production
of para-xylene which comprises reacting toluene with methanol under alkylation
25 conditions in the presence of a catalyst comprising a porous crystalline material
ha\(ing a Diffusion Parameter for 2,2-dimethylbutane of about 0.1-15 sec-! when
measured at a temperature of 120°C and a 2,2-dimethylbutane pressure of 60 torr
(8 kPa). |
_ ) Preferably, the porous cry_stanine material has a Diffusion Parameter of - |
30 about 0.5-10 sec™1, |
Preferably, the catalyst contains at least one oxide modifier and more
preferably at least one oxide modifier selected from oxides of elements of Groups
HA, HIA, 1B, IVA, VA, VB and VIA of thé Periodic Table. Most preferably the oxide
modifier is selected from oxides of boron, magnesium, calcium, lanthanum and most
35 preferably phosphorus. ' '
Preferably, the catalyst contains about 0.05 to about 20, more preferably
about 0.1 to about 10 and most preferably about 0.1 to about 5, wt% of the oxide
modifier based on elemental modifier.
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As used herein, the Diffusion Parameter of a particular porous Crystalline
material is defined as D/r2x108, wherein D is the diffusion coefficient (cm2/sec) and
r is the crystal radius (cm). The required diffusion parameters can be derived from

25 sorption measurements provided the assumption is made that the plane sheet
model describes the diffusion process. Thus for a given sorbate loading Q, the
value Q/Q.. , where Q.. is the equilibrium sorbate loading, is mathematically related
to.(Dr2)1/2 where t is the time (sec) required to reach the sorbate loading Q.
Graphical solutions for the plane sheet model are given by J. Crank in “The

30 Mathematics of Diffusion”, Oxford University Press, Ely House, London, 1967.

The porous crystalline material employed in the process of the invention is
preferably a medium-pore size aluminosilicate zeolite. Medium pore zeolites are
generally defined as those having a pore size of about 5 to about 7 Angstroms,
such that the zeolite freely sorbs molecules such as n-hexane, 3-methyipentane,

35 benzene and p-xylene. Another common definition for medium pore zeolites
‘involves the Constraint Index test which is described in U.S. Patent No. 4,016,218,
which is incorporated herein by reference. In this case, medium pore zeolites have
a Constraint Index of about 1-12, as measured on the zeolite alone without the
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25 treament of the zeolite to adjust its diffusivity.
The medium pore zeolites deScribed _above' are preferred for the process of
the invention since the size and shape of their pores favor the production of p-
xy!_ene over the other xylene isomers. However, converitional forms of these
zeolites have Diffusion Parameter values in excess of the 0.1-15 sec"1 range
-~ 30 required for the process of the invention. The required diffusivity for the present
catalyst can be achieved by severely Steamihg the catalyst so as to effect a
‘controlled reduction in the micropore volume of the catalyst to not less than 50%,
and preferably 50-80%, of that of the unsteamed catalyst. Reduction in micropore
volume is derived by measuring the n-hexane adsorption capacity of the catalyst,
35 before and after steaming, at 90°C-and 75 torr n-hexane pressure.
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
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calcining to convert the phosphorus to its oxide form. Contact with the phosphorus-
containing compound is generally conducted at a temperature of about 25°C and
25 about 125°C for a time between about 15 minutes and about 20 hours. The
concentration of the phosphorus in the contact mixture may be between about 0.01
and about 30 wt.%.. '
After contacting with the phosphorus—contain'ihg compound, the porous
cr;stalline material may be dried and calcined to convert the phosphorus to an oxide
30 form. Calcination can be carried out in an inert atmosphere or in the presence of
oxygen, for example, in air at a temperature of about 150 to 750°C, preferably
about 300 to 500°C, for at least 1 hour, preferably 3-5 hours. |
Similar techniques known in the art can be used to incorporate other
modifying oxides into the catalyst of the invention. |
35 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 PX3, RPXp, RoPX, R3P, X3PO, (XO)3PO,
(X0)3P, RgP=0, R3gP=§, RPOz, RPS,, RP(O)(OX)2, RP(S)(SX), RoP{R)GX,
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Pnerf at m)sph%?réesc?P”g'ﬁgtsHE“'rﬂeé'¥§W(?é gy %ggﬁ{np{qypd &%%{R%)Epﬁ%v at a
]E errths alt ur et O(RSa@D(L‘H)R;Lm)Pcs)REOR§PSXQRS)P€S>%aﬁs)gpfm,qﬁsw@. (Rsl)fng[md ] tC,h

or at |eas , r - rs. Sim.lar, technigues known in the
art can be us@ﬁ&y)ﬁ‘l r%é&%%ﬁgo? M% W@P%%ge(ﬁwrﬁﬁﬁ tW?thBg?ﬁﬂh ®t he cat al yst of
t he i nventi ortrietpyphosphite, diisopropipposphitet butylpbosihite parut pisoptmsphites sugh as
conpounds whi b 0T ' ; : ' L into
th(rarp cat al yst %?aﬁglp?ﬁegﬁéﬁﬁgﬁ. fhg%ﬂﬁgﬁﬁgf’ﬁ;@? ?\B@Bgﬁéﬁéﬁ&ﬁ ratsa reglfglr?ﬁad_by
PX[err], RPX[€W3inope s foupsarbppatame, X[ err] PO, (XO)[err] PO, (XO[err]P,
E[[ erzc} E(=85 o>F§[ err] \F/%ﬁeé /Ei?% pHosphéitks&ohlainifi tSphpddRks inditiertmdhilAY 1] .

err : . ) ]
PCT/ US97/ 1807'@"’%19’1519(58‘)‘%90, theshesghasys halidessusty pe.PhgsPherys taskieride, |
RSP( SX) ] [ er r | broinitie) ped iddrfePaRK) prexsphorodietioridites, (RO)PCly, dialkylphosphoro-
| chioridites, (RO)2PCl, dialkylphosphinochlo'roidites, RoPCl, alkyl
alkylphosphonochloridates, (RO)}(R)P(O)CI, dialky! phosphinochlioridates, R2P'(O)Ct,
25 and RP(Q)Clo. Applicab'le corresponding sulfur derivatives inclucje (RS)PC_Ig,
' (RS)2PCl, (RS)(R)P(S)CI, and RoP(S)CI. '

Particular phosphorus-containing compounds include ammonium phosphaie,
ammonium dihydrogen phosphate, diammonium hydrogen phosphate, dipheny!

30 phosphine chloride, trimethylphosphité, phoSphorﬂs trichloride, phosphoric acid,
phenyl phosphine oxychloride, trimet_hylph‘osphaté, diphehyl phosphinous acid,
diphenyl phosphinic acid, diethylchlorothiophosphate, methyl acid phosphate, and
other alcohol-P205 reaction products.

Representative boron-containing compounds which may be used to

35 incorporate a boron oxide modifier intd'tﬂhé:cf:at';lyst of the inVerBh include boric

acid, trimethylborate, boron oxide, bdron suifide, boron hydride, _butylboroh



(RO)'ZPCP(CR 2, where Ris an alkyl or aryl, such as phenyl radical, and X

i s hydrogenYOR¥1##15hal i de. These conpounds include prinary, RPHPSI18079 |
secondary, R2PH, and tertiary, R3P, phosop_h;_ne;s1 such a; :)u]tyl hphoiphl ne," 'élge
tertiary 5 . hosphj ne .oxi des. PO . su a ri bu phosphi pe oxi de,
t he ter%/i ary B'm?é’b‘ﬁﬁ' e%EtYﬂﬁ"&é@',d' MY“B% %&‘Nﬂ%‘fﬁr e@(‘@f}‘("%@,"{%—aﬂﬂenﬁ _
secondary, R bord &jdtidthylbbanpdiborand ahd drighéal tisoenzene phosphoni ¢ aci d,

t he corresponding sul fur derivatives such as RP(S)(SX),2 and R2P(S) SX, the

esters of the phospPREESEMALYGTAGURSIUMEORTANING FCORPRLNGS dRfHde Magrgsium | P(O) H,

di al kyl al kyl ; ;
d: :I kyl pﬁosgh?%;?gg&@i%jti%?gtgé'[@%%ds{s%ﬂ]%gﬁgg'i@%‘é&em@g@ﬁm&s
105

di et h§1 phosphmaguesivmiethyhexaats, magrResMOgrbonate goagrasiym faRDREROX, and .
' i ldghesi e 8 ropy

oot or - 4 kyl RGPS RRIRE HachBsiu o AR raohIfuRHyande dihesluy FRREE
(RO 2PR, est emagnqsimmmaneden_mmMemrnéa%te;m%a;%?g g[mgbeisiangl[ Oye?PSX
' i 1 H . RS err], err y
I(Egl) g?ls?(? [érR 3"’?‘%’% ["e"ﬁjgﬁfi*%’ks‘?ﬁ&é')e[%\[‘f’f@”% ?’lﬁé?e'and (RS)2PR  Exanpl es of
phosphite esters iRebnedentatlwm&tmw_n%aﬁqnﬂgg eombéu'hrﬂkh%c_th{ﬂww&luﬁ%cetate,

i h hi te, r osphites such as .
et rE81 ny! pyr CUUE AR CelrBIeS CRln s RaE g PBRE HBrrale e e,
preferably cogieim rephtheRale) Balcioar MEateatAEEM pHOsphate, calcium stedrhfdingSui t abl e
phosphor us- cont ai nlsglg conpounds i ncl ude ammoni um hydr ogen phosphate, the .

phosphor us haf3dW8 s¢figl®- as phosphorus trichl oride, bronide, and iodide,

| kyl ph h di kéh I i bl oridites,
T ez o chpsehs ATk oS

al kyl phosphorisetite, ratiaaym acrtyjacrionats, @nthanum kgrbomitesiphthaduml adridet es,

RP({d Cl, 25 ; (o] ' I | fur
der i(:\%‘t i ves i’ﬁ?:tlhagtém( sSdéPée qeaﬂria,%bﬂ'@sr?%f i?fﬁﬁ“’(‘&%{’ﬁ?‘%%@)ggﬂ h%’blh({; _
Rlerr] P(S)d .sufate-i cul ar phosphorus-cont ai ni ng conpounds i ncl ude ammoni um

phosphat e, ammoni um'di hydrogen phosphate, di ammoni um hydrogen phogphat e,
di phenyl 30 Thenperpus Aarstaling material iempiayedyn teoprpeéssaf theh imyehtiorumay

trichloride, SETRBIREH With &l Vari ' |
tri et hyl pﬁoiﬁm D i cep BBl et e o 8 i ¢ aci o

h | h . e
di et hyl ohi or ERPSHAIERRAE @inerEong lons SPipKesbigithe BlocaRs Sustumaternials indlude
al cawl - P[ er rdofiveand inaetvd materialsaalidh a8 .cldye psiRaeiiddr nvétaeidey iRAtadl ni ng

COmR OIS LR T8 AR TAPoe B el BRHARE B e ook e |
boron oxi de, Rsecipitatesipf geleinchudingmixiudes ofesilidaleng rhetaboxides. Use of a material -
which is active, tends to change the conversion and/or se’lei:tiVity of the catalyst and
- hence is generally not preferred. Inactive materials suitably serve as diluents to
25 control the amount of conversion in a given process so that products can be
obtained economically and orderly without employing other means for controliing the
rate of reaction. These materials may be incorporated into naturally occurring clays,
e.g., bentonite and kaolin, to improve the crush strength of the catalyst under |
commercial operating conditions. Said mate_ria‘_%__glays, ‘oxides, etc., function as
30 - binders for the catalyst. It is desirable to provide a catalyst having good crush
strength because.in commercial use it is desirable to prevent the catalyst from
breaking down into powder-like materials. These clay and/or oxide binders have
been employed normally only for the purpose of improving the crush strength of the
catalyst, _ -
35 - Naturally occurring clays which can be compbsited with the porous
crystalline material include the montmorillonite and kaolin family, which families
include the subbentonites, and the kaolins commonly known as Dixie, MéNamee,



WO 98/ 1441 . PCT/ US97/ 18079
-7- di net hg‘}‘?a%}““b%tw boric acid, dinethylboric anhydride, PCI/US97/18079
hexanet hyl bor azi ne, phenyl boric acid, trbethylborane di borane and

tri phenyl boron. Representative nagnesi umcontaining conpounds include
magnesi um aceBeergia anstfrieddaclays enatbers imwhich dieimaipeminec eonstigembisi um

propionate, alloysite, k%ﬂ@%t%%ﬁn@'&?%ﬁ%t@ S"EHE%?% o2 ] B&hg&?mtﬁe raw,

magnesi um fornate, magnesi um oxyl a ghesi um gnesi um hydri de
magnesi um | act taleds W@?@x mingd %ruwa@lb/ submgte@stp ¢aicination, @mdmi@gnmn
pal mtate, negeasicdlMduRicaton.ate, nagnesi um stearate and magnesi um sul fi de.

Representative calc cont oun ncl ude cal ci um acetate, 10

cal ci?¥im acet yl acet'B ﬁgg@mé%ﬁﬁwﬂfﬁ%e gg S, thapemﬁ]%%'mecmateemwm .

met hoxi de, cadcmpmtmwhh Iaqmmm mamk matena] sudsraﬁesm@aétamum pihesfaghesia.cal ci um
cont ai ni ng conpounds

t t d f at t
?ngﬁlrjgeel th hi&ﬁ%@%?aﬁ"éé ‘ﬁaﬁﬁ R 'ﬁﬂ e i'@t §'V%Jét?&ﬁﬁ%3#m%mm car bonat e,
| ant hani um cHioordosidiong Such as s:llctaaalumma:mnhg/d;momadmmé-amdmsmnaqaltmktae

| ant hanum ph 5}%;5 %qﬁ’ ale. The porous crystalline materi al
?ﬁe prgac%{sysjs'ic') H@ |EnEvI en

enpl oyed in on may be conbined with a variety of
bi ndet or matrix neeieladive praportions of porous leeystaliineamatetal @nd amatganit oxide

condi tions erphiy @er'»ﬂdélpewcm PeSdptentHEthe oMY rﬁ adﬁ'&Ja Sutzp a?bout 90%

active and mha{ctlve matefials such as c ays
such as al unidyaveightandmergusygly. particiadsw ﬁ@fﬁﬁ@m%psﬁédﬁﬁfﬁpﬁfgddﬂ theforme

f ormI of ggl atdfm:euss mmrﬂhg@bﬁébanzqebﬁoutrwwﬂ%ftmﬁé eéd d%&eﬁf sili ﬁa and
fret al  oxi des. is active, tends to change the
conver si on and/ or %8 eé%kﬂa\;ﬁ?bmggr W?éeﬁﬁamygﬁesaﬁqﬁar?éﬁiﬁ°ﬁ%°§&ner ally not .
prefléred. |nacti \Ryoceduses for preparing siliya-beundzertited] $uttrdssZSM-528re

control the n [ N rQce roduct s can be
obt ai ned eco%{*’éﬁﬁﬁ S PaRL "3@ AR e SRBIEC A SRRt A
control ling tRiecadyrefaspindingc£$hd witha siicartinder invalvassgn exdrisionmrpeasst ed i nt o
natural l'y occurri ”lg\ec;icﬁ%?s cr?stQHme H%r%ng\{a § bRt With 4 BIHHEP'EQHéf&TEleOfcr ush

strength of thf?q? Lgit under_ comrer cli operating cond
materials, i %" 'é?@ catalyst Thifuidigedbed 5:p|tag(§t fBBY comprise clay indbe Bindef t he

cat @oyst. | t theredeana aidyebd formed by despraycdriing YrdceBaYd foemaanyst Fﬂﬁlflle?t rength
ys rom

gsg:llilsﬁgl 30\(/:m | n 0 ‘g%mﬁég'zﬁ%gar?éﬁﬁ F’g’lf?‘lge El'gegtraegfg; ;23/ g?t gm de bi nders
have been enpl oyedheatalystyf thel ipveéntion ey qptiopallyebecgretokedo iheprédukings ush
strength of tgfg s preferably carried out by initially utilizing the uncoked catalyst in the toluene
' methylation reaction, during which coke is deposited on the catalyst surface and
25 thereafter controlled within a desired range, typically from about 1 to about 20 wt.%
and preferably from about 1 to about 5 wt.%, by periodic regeneration by exposure
to an oxygen-containing atmosphere at an elevated temperature.
One of the advantages . of the catalyst described herein is its ease of .
regenerabmty Thus, after the catalyst accumulates coke as it catalyzes the toluene
30 methylation reaction, it can easily be regenerated by burning off a controlled amount
of coke in a partial combustion atmosphere in a regenerator at temperatures in the
range of from about 400 to about 700°C. The coke loading on the catalyst may
thereby be reduced or substantially eliminated in the regenerator. If it is desired to
maintain a given degree of coke loadmg, the regeneration step may be controlled
35 such that the regenerated catalyst retuming to the toluene methylation reaction
zone is coke-loaded at the desired level.
Fhepresent process may suitably be carfi€d out in fixed, moving, or fluid
-_catalyst beds. If itis desired to continuously control the extent of coke Ioadihg,' |



cat aI yst. Natural |y occurring clays which can be

conposi tedv\'/ﬁ’?tﬂ“ﬁﬁe porous crystalline material include the REIRSHBASATD NIt e
and kaolin famly, which famlies include t he subbentonites, and the

kaol i ns commonly khown as Dixi e, I\/bl\larree,'s" WD 98/ 14415

PCT/ US97/ 180 8ovirgy orGhuid bed camfihuFdtions diee plefgreado rwish imeoving or fluid béd t he main -

m neral const |

anauxite. Sucdrﬁ)h,‘iﬁl‘n‘Etlcjj am.'lbé)&é(r§t o EOK&E%hfngac\%vﬁgte gatogbgie%obr){%mgé e %Vﬁgg or
initially sutquééqfé*@a frequsnicy ioh aentinous oxidativeoagensaratian Indhenatalylst

modi fi cati on.ce@anerator. In addition to the foregoing materials, the

porous crystalTine material can be conposited with a porous matrix materlal
‘such Bas silica- al UierRiocass|af ¢he pregeridnvention is geperaliyoontiustedat aca-t hori a,

si | i ca- beryl ltt@peftdré totwddnadboat 880 \Udl abasit ?@cfo@abbéf&‘aamﬂnhééiﬂéb&%ho as
silica-al um na- thor*:%?ﬂ ilica- aIu na-zirconia silica-alum na- nagnesia and

si | i ca- magned@ng-apop » 3 pgessure o of between abou{d atgogphere aﬂPdGQPIPFGrﬂO%f

Fﬁr ous tcr yft dfnkil?fmeomy; I wésgmuﬂvebee@vaoaiyl di®etddn abcmggt/s %Hdifdoo ﬁlt/wt hd
e content g ou 0 by we an

nore usual |y, 'Bé'laf raigo ‘i"\}e” @3@8% g3 ‘?rscg'ﬁ\@gﬁ Ue?*?f %’HE J?gr m of

bead®, in the.g.afiop abbutmduo alomtcEOab’beipr(ﬂiésmAs prefeirabiiy eorsductatinttiee

Pref erably, 1 ' a 15

br ocedur e’ £ SreneD8PRodBy idauerf G SiaNale Rilind 118Gl B,

described in rwd@gep@ném Wﬁéﬁé’to folgm® 8 MBthanchB3he fard larbehlfgelmwm 01Aand

particul ar ppgegdig.e for binding ZSM5 with a silica binder involves an -
extrusi on process. The porous cré‘stal line material may be conbined with a

bi nder in the for M9 thfH"BﬁeéF?é ejaventignatoluene canbe gliviated with mathanalt al yst
may 160Npr i se selad)to produae plaraﬁﬂﬁéne?@t a selectivity BP&1904st aBBGt Wtk pdseaBrd by a

d I h I f
26 200" or orQar Gy adaats picl 3 2 pk" pabEinliebn Shayerann cb aueast 0ub 18 uiteed.
The precoki ngndtagpmethyfireazenapioguction lees lesstthry 1wttt i al |y utilizing the
dooar e on Yhe TheifVarlioh UANEYBS (ohe bhtRubAr 6ticdiiea f HBIalibg s, 26" ' °

‘deposited on _the catalyst s
within a desE*emplesid the asearapanying drawingoinwhich:o about 20 wt . % and

preberably from aliifre 3 i$ 8 gpdpLds fﬁffM&mW‘Pa}%Yné"l@f é P@g@i%ﬁ%ngy
exposure to an _oxygen-cont ai ni ng at nosphere at erature. .
para-xylene selectivity for the catalyst of Examples 10—14 and
Figures 2 and 3 are graphs of steaming temperature against n-.hexa_ne
sorption capacity and Diffusion Parameter respectively for the catalysts of Example

15. , '

25 In the Examples, micropore vblume_(n—hexane) measurements were made

on a computer controlled (Vista/Fortran) duPont 951 Thermalgravimetric analyzer.

-?L‘;_f_;;_,»gpl.sothmwremsured at 90°C and adsorption values taken at 75 torr n-hexane.
The diffusion measurements were made on a TA Instruments 2950
Thermalg‘ravimetric Analyzer equipped with a Thermal Analysis 2000 controller, a -

30 gas switching accessory and an automatic sainple changer. Diffusion .

“ measurements were made at 120°C and 60 torr 2,2-dimethylbutane. Data were
plotted as uptake versus square root of time. Fixed bed catalytic testing was _
conducted using a 3/8" (1 cm) outside diameter, down-flow reactor using a two gram
catalyst sample. The product distributibn was analyzed with an on-fine Varian 3700

35 GC (Supelcowax 10 capillary column, 30 m in length, 0.32 mm internal d;ameter

-and 0.5 pm film thickness).



One of the_advantages of the catal yst described hereinis its ease of
regener abi W$B144us, after the catal yst accumul ates coke aBCTAUSBHLISATY zes

t he tol uene 30 met hyl ati on reacti (iﬁ it can easily be regenerated by
burning off a controlled amount of coke in a partial conbustion atnosphere
in a regenerator at tenperatures in the range of from about 400 to about
700C. The coke | oadi ng on the catal y%‘a@gestpgreby be reduced or
substantially elimnated in the rege it is desired to maintain a
gi ven degree of coke | oading, the regeneration step may be controlled-35

such that the regeqgr s’é‘rrf‘ﬂ%&&taaédfﬁéosﬁétcﬂfawsﬂgoﬁtélnnha‘? d \9{ %%sﬁﬁér‘&)ﬁ lgAG! On

reaction zone _is coke-|oaded at the desired |evel rese rocess may
&

sui t 8ly be d9MtPef H#R0:1 BIG2//P3 £33¥i5p a mfﬂdmcemeﬂ%as 9%'?'”5&!‘3%3"4 flayt s
desired to CWéi'é auam&hyorqpm helirs| brfe suricapherefstapkst émgl(aﬁample WO 0VReE 4415

e N e e e e e W

control | ed bfheaffgctaf stdamisg tepperaturanci the r-hexdneaqttion xapicitlyd@) i nuous

rocess. of + AGMBPRLR ”haf%f &%ﬁﬂ%ﬁé AT Al reep e UvstRer at ur e
bet Woen abouPatitetan@/did0Y) isTO0franded in Tablect bdldy. bet ween about 500 and
about 600[ o111 C, SaRipRsSyife o RENHEERahaN ydro HIPERAGH RiaRiL AQROGRFAS |

(100 and 7000 kPa), space vel oci t bet ween a
1000, and a MRStHeN ?é??%cwpﬁsmgiéh‘é"?d“ﬁ@?ﬂ@rﬂﬂld V’(qf?f sueb thatdeiuene/Me@tye) of

at |east abowold}ratio 20 and H O/HE iolar fdtiora 2 RMEre PIC%= tdludHOM inelthnoll MPhdr OCess

is preferabl onducte resence n. and/ or "added
wat er such t IBXS VR G5F H?tefjépg%oo &é‘ﬁ%’ﬁgﬁaﬁ* x‘%a‘&g%\{bgt'ﬁlﬂfene +
met b&nol in phaseheedf hysirdigenveten tiedt tlg/HO . mdlaratio al20The téultsaf Bgarhples RFBCeSs

of the inven e aI kyl ated wi th net hanol 15 . S0 as to

produce par ag&eg%he'?ﬁé\gg %gﬁg% ‘thl vity of at |east about 90 wt % (based on _

total Clerr] aromatic product) at a per-pass toluene conversion of at |east

about 15 wt % and a tri net hyl benzene plﬁ@g_@t{ on level less than 1 w% The
e

invention will now be nore partlcul arly scribed in the foIIovm ng Exanpl es

and t he accorpaTyL r +—s—4
g f B2 -
graph of Di ffus”yﬁ @ar ?‘g?galq@t @ 3( /Ei? g 8 and sec-1(x106)
capacity :
Ex. 1 975 10.3 o 96 21.2
Ex.2 1000 9.7 91 16.4
Ex. 3 1025 9.1 _ 85 10.2
Ex. 4 1050 | 8.4 79 3.2
Ex. 5 ' _1075 ' 6.5 61 _ 0.3

20



par a- xyl ene selectivity for the catal yst of Exanples 10-14; and Figures 2

and 3 are
and Di ffusion Paraneter
In the Exanpl es,

conputer controlled (Vistal/Fortran) du
| sotherma were neasured at 90[err] C an

steam ng tenperature agai nst n-hexane s®GWVYH18HPacity

respectlvel y for_qt;he catal ysts of Exanple 15. 25

TR

m cropor e vol unme (n hexane) measurenents were made on a
1 Thernmal gravinetric anal yzer.
ption values taken at 75 torr

n- hexane Th_‘ r~|| 'F 'F |1o| hR—-FrastreneRt-s—were mdn ol—a—FA ncf e nts—2950
~Thermal gravi fretric Anal yzer equi ppe cBxample 3 EXPRlE ﬁfﬁ%?é  dexpmple 5
control ler, &30 gas switdhingacceéssory anl an automhtic sanpl e
changer. Dif{Oempn°Geasur enents wgré®0fhde at600Z0[ er [ PGO.And 60| 660.0
2, 2-di et hyl g Were protftagsas taRkE—ver SquUar e et ot ne.
Fi xed bed cataly |(t]|:€§q| ing . sﬁé%aBrgba(l cm loutside
di ameter, dopMVH$Vw react or using|#.@wo gr 4mQat al y5#. Qsarrpl e. | e produgt
di stribution fife BN tyéaqgmnth an qilaiine "@oi USR] € w3 .
( Supel cowax capilTary 'colum _ 30"min |eAgih, 0 ‘5 mm i nteg néﬂ di aneter,
and 0.5 pm f I m t h| ckness) V\D 98/ 14415 :
PCT/ US97/ 180} —5—fre—sarpites—ef—a—torpestte—tatalyst
cont ai ning 2 3’9&?"%‘?5%@5‘?!8?&!‘ and 5 10 wt % pf a 450:1
Sigerr]/A[g ?I(Tc\rr'l ZSM5 in alhinder conprisingisilica-alinina and ¢l ay
were st eamed| €8r 0 75 hours, one 4t m)sfbH@r ¢ ste@ABal 97989 (Exhfdl el1);
1000[err] C ( e 2), 10Z5[err]q pler rdé’l (ERampr£gg) and
1075[err] C ( . ala ne
sorption caph EN§ ' conpared to Lmed &2 al st (‘l@??
ng/ g) and on| fheyeNg ust on 10 €T T B 2F¥0[ €T 1] B1163
sumari zed i p_labl-e—i-bel-ow—Sanpie aned.-cata
then used in| EBl uene nethyl ation f 4 bl uerfe04
met hanol and| pagtyar such that tol uenel g3 ol aaraf =3g.52nd| H englZg HC
mol ar ratio n-—Miﬁme-r—e—HG—;(-e-l—ule : t-esi-s—wele—conduci-¢d
at 600[err]q MX¥¥bsig (380 kPa) ajd HC3WASY = 4208 {he 168 R-d3enge
of hydrogen >w:m¢_hat H[err]/HC lar natyt ¢ = 29.94hf reggidds pf ExgRPpl €%
2-5 are sumMmpgtsed—p—Fable—2—FABLE-L
EToL 0.30 0.33 0.31 0.14
TMBENZENE 1.05 0.92 0.37 0.08
c10+ 0.15 0.10 0.04 0.04
100.00 | 100.00 100.00 100.00
Performance Data
Toluene Conv.% 33.21 32.56 28.39 - 11.80
MeOH Conv. % 89.71 97.76 97.76 75.12
MeOH Utilization, moi% 62.08 63.72 57.63 34.26
p-Xylene Selectivity,% 86.99 91.64 96.80 98.35
Xylene Yield on Toluene, 37.73 37.98 34.07 15.67
wit%
p-Xylene Yield on Tol, wt% 32.8 34.8 33.0 15.4
Xylenes/Aromatic Product, 95.1 95.8 97.0 - 96.2
wt% .

From Table 2 it will be seen, with the catalyst of Examples 1-5, steaming at a

temperature in excess of 1000°C was necessary to reduce the D/r2 value below 15
and with the Example 2 catalyst (steamed at1000°C to a D/r2 value of 16.4), the p-
selectivity of the catalyst was below 87%. As the steaming temperature increased



Cat al yst
([err] Q)
Ex. 1
1000
9.1

79

0.3 20

' o h5aT "

975
9.7

Qn-Cs, ny/g)
initial
10. 3

sorption

91 -12-

% retention of

16.4 Ex. 3

Drlerr] Tenp

sec-[err] (x10[ ePETYSYABMII ty
96 21.2

Ex. 2
1025

above 100085 to 1075°C, the geba-RyiEme selectivity incieds8d but with theScatalyst

V\Osrég%f%i g@75°c this vJa%?a%cdmpanied b9 'aSSignificant decrease in the6 &ara—

PCT/ US971180xdenenpeid andithe methanoRitiizplian (moiesqfixylene producetimdesof

Tenp, [err] Gnethanol converted). 600.0 600. 0 600. 0 600. 0 Pressure,
psi g e40. 5 42. 8 "40. 3 43. 2 \\HSV

4.0 2 4.0 . 4.0 Time on Stream hr 4.8 .
5.1 5.0 Product Distribution Exﬁm@s 6-9 1.42
0.73 0.99 1.44 MeOH _ 0.02 0.17

0.21 ' 1. 85 BENZENE 0. 25 0.13 0.20
0.27 TOL UENE A second composite caﬁlysﬁé’ontammtjﬂ 8hWt% pho§shodus and 10 wggé gﬁ; EB
g 2021 Q ggo 1 3102&1§§%SM %ﬂ_a deer compnsmg silica-alumina gngflay was 5 o

0. 680 _ o)vnggd Otxfaur samples which were steamed fot 035 hours, obe ¥mospherd). 33

0.11 ETCL o 3 1
TVBENZENE steam at 950°C (Exampie @ 995%)(&8'“8?07) %OO%Cé?Qar?\E}Ie B)Oar6181(%f é

0. 15 0. (Fxample 9). Fheyaffect of stegming tepweraiure onithe ndexane segdicn@apacity 100. 00

Per f or mance @taademP%t&ﬁ

11. 80 MeOH Cé)r"v %

15

20

D/*x105) of these catalysts is sumikarZed in Takig 339
( 99. ?1 _ S 97. 76 3 ' 97.76 ' 75. 12

Samples of the four steamed catalysts were then used in toluene

methylat:on tests conducted as in Examples 2—5 with the HC WHSV = 4. The results
of Examples 6-9 are summarised in Table 4.

TABLE 3
Catalyst ID Steaming Q(n-Cs, _ % retention of initial |D/r2 .
' Temp (°C) | mg/q) sorption capacity sec-1(x106) |
Unsteamed : 12.7 21.7
Sample : _ _
- 1Ex. 6 950 9.4 74 6.3
Ex. 7 975 7.2 57 153
Ex. 8 1000 7.9 - 62 1.92
|Ex. 9 1025 7.0 . 85 0.84




NEO—l Uti I i ZS |99H441gnl % 62.08 63.72 57.53 34. 26 '2188 Xyl ene-

Sel ectivity, % 86. 99 91. 64 96. 80 98. 35 Xyl BEEUSY

Tol uene, 37.73 37.98 34. 07 -13-15.67 wt % p- Xyl ene Yield on

Tol, WM% 32.8 34.8 33.0 44 Xyl enes/ Aronatic Product,
O)ﬁ?omTable 2 it wll be seen, with

95.1 95.8 97. 0 96 2 wt

t he catal yst , @D =R iR B C
EZ;'UB'% | EXAmMple o Example { nExampigPe Iiz
selectivi

was necessary to reduce the D/r[err]
catal yst (stdamed at1000C to a Dirfé¢rr] &alub of 716.4). the p y

of the cat al stemps °Gel ow 87% As t n&08teani h§00.8nperped e i ncBAsed
98/ 14415 Pr(gssur Rﬂﬂprr] c the 44.3 43.1- 4558“ -

above 1000[erfr] para-xylene select IVIty i 1cr'gased bu

Wi th the cat 3 WHSVstearred at 1075[ el M@ t hi s|{ ks accop®dni ed py.0a
si gni ficant CWWW 1
(nol es of xyljene nrnﬁm‘p YO0l es af f | Lo'nve[ted . 5 Exa

an l'es 6-9 A

second conpogite cat al yst cont ai ni nd; 4.5 w9 phosphorus and 1p wt. % of a

450: 1 Si g er A2 "S.“v‘r"d..abindr €pHpHHSHrg—SsH-ea—hl-thRa—and

clay was 10 producdfl\7 'qqﬂ%“fou sanpl es whi ch wefre steanpd for 0.75

. rr] CLgexanpl e1.68 .| 98Bl err C16Examole
7), 1000[err Fefr+ % Fhe—effeo6t

hours, one :.zjrﬂﬁ;phere st eam at 950[(
]

E’ﬂ%‘?ﬂ?é”bﬁ %e Ellﬁe;;;e sor] F@on Eém%‘%ty“-@ég}'°and éﬁf‘\‘ usi on
ase cmzal gst S 0'210 Sju e | zed lorp2labl e

steaming te
Par anmeter ( rﬁh‘eNZEl}lElO[err]) of th<

bel ow. 15 Samptes—of—the tis—ptea ad-p-y-S+5 "" thC"‘
used in tolu r;reOLughvl ation tests condu FQZ AS |ﬁ7égam§ 2-5 A the HC

WHSV = 4. The¢ BRsults of Exarrpl es 649 ar@a%um*rar;wml |r0651bl e 4oo'EABL 3} 20

)

0L + £ - DLl .ox
(Terr O myy P e Canabi Ly 22 Be ] PO (Ao 1) 86 & '
M-XYL : 1.16 . 0.72 0.34 0.13
O-XYL 0.52 0.35 0.21 0.11
ETOL _ 0.31 . 0.28 0.21 0.11
TMBENZENE _ 0.63 - 0.46 0.27 0.07
C10+ 0.06 - 0.05 0.00 0.00

100.00 100.00 | 100.00 98.43

 Performance Data :
1| Toluene Conv.% 29.73 27.44 | 20.47 9.62

MeOH Conv. % : 97.81 95.17 | 84.14 66.42
MeOH Utilization, mol% 5§9.02 59.02 | 49.02 32.20
p-Xylene Selectivity, % 9470 |  96.38 | 97.58 g7.95
Xylene Yield on Tol, wt% ' - 34.14 31.93 | 24.40 12.66
p-Xylene Yield on Tol, wt% 32.3 30.8 | 23.8 12.4
Xylenes/Aromatic Product, - 86.1 | 96.6 96.7' 96.5

wt%




Unst earred 12. P i 21.7 Sanple Ex.

6 WeggLad1s g 4 - 74 6. 3 BBCT/USI7/18079
975 7.2 57 —14S .3 Ex. .8 1000

7.9 62 1.92 EX ‘b 1025 7.0

55 0.84 WD 98/ 14415  Comparative Example A

PCT/ US97/ 18079 -13- TABLE 4 Exanple Exanple Exanple Exanple 9 6

7 8 Tenp, C 600. 0 600. 0 600 600
Pressur e, p sig ZSM-5 crystala were preparggl according tp3hg methodiset fortiHB\Example

4.0 4. 033 of the BfittEr et al U.S- Ffbté-ﬂltﬂ% %e@ﬁ@%é’ism-s had a Silica to alumm% 9
5.9 5. 9 Pr oduct gl stri_bution, w?©

1.68 51. 69 molar retig of gheyt 70 to 1 and was combmed with an aluming binder inca ragjo of 15
2. 43 BENZENE g5 weight % zeohte and 35 welglﬁl %4%inder. 0.20 0.24 0 22 TO—UENE
65. 17 67.30 3. ﬁ I?

0.05 0.05 o nﬁ;&hosp orus-free catalyst had an n—h@gnggorptlonfgpggty, Q 09

11.50 M XYL of 74.4 mg/g and a Diffusion Parametér for 2 2-diméthylbutanabf 740 secLIhe XYL

0.52 0. ! N%éﬁlt:eaméb 9563 %or 65 hour; aba_atgmgsphenc Rjessure (‘@JO% 0. 28

0.21 0.11 | _ Ain o 07
C10+10 100% steam which reduced isn-hexan®s@ption capaoity, Q, 10 3R@niglg). WB4%

100. 00 100. f 29.73
599,99 5 47Qche inftial éa"ba%fff dﬁﬂrﬁ%rﬁiﬁu% ?a%%?@r?@%g@ylbumnggo 72 o,°7,

66. 42 MeOH thep, Z'gtq 3ﬁamﬁq,pa,;plyst was ggn@gsbjectedgg catalytig destipng in thezanmzp
p- Xyl ene Sel andriner &Y Exdmples 1-8 4infghrticular) BxpEfimedts Were conddcted at 600°C, 40

. psig (380 kPa), H2/HC=2',' HZOIHC=_2, WHSV=4 with a foluene/MeOH=2 feed. The
15 results are summarized in Table 5, which provides data for an average analysis of
three samples taken at 28.53, 33.32-énd 37.22 hours on stream.



Xyl ene Yield on Tol, w% 34.14 31.93 24.40 12. 66 p- Xyl ene

Yi el d on wWol9snwarx 32.3 30.8 23.8 12. 4 Xyl enespcrrosotisero
Product, - 96. 1 96.6 96.7 96.5 W % WD 98/ 14415

PCT/ US97/ 18079 - 14- Conparative Exanpl &3R=ZSM 5 crystals were prepared
according to the method set forth in FABMYE® 33 of the Butter et al U S
Pat ent No. 3,965,209. The ZSM5 had a silica to alumna 5 ~ nol ar
ratio of about 70 to 1 and was conbined with an alum na binder in a ratio
of 65 wei ghTeg,ed ite and 35 wei gh;ﬂtf) bigdder. The bdund, phosphorus-free
cat al yst hag—an—n=h ITé—sot }Jt;UIrT, ettt O—of—7414 ng/g and a D ffusion
Par anet er- f r’eﬁs."!-edﬁﬁ@t hyl but ane of 740 ssgc ‘ar{rr]. Thel catal yst was steaned
at 950[ err]|&VWH8Y 65 hours at atnosphefic #00ssure (100 kPa) in 10

100% st eam pwiargt IDret ST exanesorgggomcapacity, Q to 32.4ng/g, or
44% of the | lfibé‘g@g% tp y.and its 'ffgl?s'?on_Para ter for ,
2,2-dimet hyl butane to 1.72 sec[err]. {The steanmed catg yst was then -

subj ect ed tig—egt-aH-te—testAgH—the-sare—rarrer—as—Exanpl es 1-9. In

parti cul ar,&éﬁuﬁﬁ% ahutign, WE ¥ duct o at 600[err]C, 140 psig (380 kPa),
Herr]/HC3Es err] O HC=2, WHSV=4 w th a 0@Buene/ MeOH=2 feed. The 15

results areﬁﬁmﬁ—zeﬂ—fn—ﬁbi-f—&r—whreh—agﬁ-ﬂes—dﬁa for an average:
anal ysi s of ee sanples taken at 28} 53, .32 and 37.22 hours on stream

WO 98/ 14415 '_MeTOH ) L 1.35 ) PCT/ US97/ 18079
39,63 WSy |BENZENE T 508 Tive on Bream ne oY
33. 0 ProducitTARUENEDbuUti on, wt % C5- 71.91 0. 36
' EB _ 0.05

P-XYL 21.40

M-XYL 1.91

O-XYL - 1.18

ETOL 0.17

TMBENZENE - 1.29

C10+ 0.09

100.00

Performance Data

Toluene Conv.% , 22.30
MeOH Conv.% . 80.74
MeOH Utilization, mol% _ 5§3.79
p-Xylene Selectivity, % 87.37
Xylene Yield on Toluene, wt% 26.47
p-Xylene Yield on Toluene, wt% 23.1

Xylenes/Aromatic Product, wt% 932

5 The data in Table 5 show that in Comparative Example A, although the

toluene conversion was 22.30%, the para-selectivity was only 87.37%, the
methanol conversion was only 80.74% and the wt% xylenes based on the total
aromatic product was only 93.2. Furthermore, the yield of the unwanted by-
product, trimethylbenzene, was 1.29 wt.%.



DVE 0.09 MeCH

1. 35 BENZE@S8/14415 0.19 TOLUENE PCT/US97/18079
71.91 EB ..1Q..05 P- XYL

21.40 M XYL : .91 O XYL

1.18 ETOL 0 17 TVBENZENE

1.29 C10+ xaniplé1044. 00 Performance Dat a Tol uene
Conv % 22.30 MeCH Conv % 80.74 MeCH
Utilization, nol% 53.79 p-Xylene Selectivity, % 87. 37

XyI ene Yield on K@Ieneslef fluid bed catalydts wererpragucadecoritaihing abodtct withe, W %
Xyl ene ygp? how t hat
%onpar at ?‘é/‘gpgx t‘ﬁ #?t F?eoﬁﬁhg)&ggggsﬁbgar glﬁo%%ngpréﬁ%% t he
par a- sel ectmlﬂyﬂ% eﬁatﬂvgvs mst%amemwowsméammﬁemgmmreg 80. 74%
and the wt %éweeﬁqazbaﬁeeloemc&edmreahseﬂ@@feb@u@réwmon\mm@éﬂé/wﬁﬁ 2.

ot "os Cmelraol e Serhscale t'BEA Rtk in e sbsence of dofed hyarogen. © "°
PCT/ US97/ 18Detils mﬁtheliestrqmlddhe tesultd obtatresd are samnidrizied nbubleaaﬂmgsre\mr e

B Ber vy Pt s o bfBion arametl 3t i Gatiy S ecibetiy . 1

cat al ysts V\Bwawcéﬁeﬁmm severitG th@ﬂﬂta-mlemgwwgny mad gereraliglineady 1025
and 1060[ erwi»&eag %é’\ﬁ‘é@-ﬁfeﬂ@ Ve Hckefskdtd 8 rﬁéiw.hﬁt g[)bﬁ vaIuS& oFI% igab*'

nmet hanol |n a 4 cale flud bed reactor 1nt sence o



Details of

Figure 1.

At SR

It will be seent

hat ,

“catal yst decreased with increasing steamlag severity, the para-xyl ene

selectivity increased generally linearl

VEABLE &

wher eas- t he para-xyl ene yield

and the results obtained are summari zed in Table 6 and
as the Diffusi on P&TART/RA307Hf t he

increased to a maximumat a Dir[err] 1-2 x 10[err] sec[err] before
decr easi ng agai n. WO 98/ 14415
PCT/ US97/ 18(Eamgié Nol ABLE © Exanpl € | 10] 11 12 143 Y -
12,13 [Cotayt Prpdaggr PTOPeTT Y PrSpOTTS [ [ 3
1033 103'%&%ﬂ—%e+3ﬂ 29 orer?-f‘ 4.1 1y 1
0. 71 5 giSteamipg £emp, § 45" vy or /1 4025k, JO31]  1033]  1033| 141060
19 14.1 |[D/£e0-T(x18% 8 parent O lng/g14[ 071 281] o1 5] 1045
17.1 20. 1Q, (PE6pmElgact i on Condi ti ons K& Tol dBhe/ M4 hEnol 14.2b1 / ntA.§
2.08  2.03ParenfQofg/g 2. 06 2. 17| Feed1.82Q HZ1.6[ol / tibfl 20.7 210947
0. 46 0. 63 0. 63 0.51 Reactor|Tenp, F 1105f - 110}
1113 1108 |ReadtiokCcbaatioas P, psi g 20. 6 20. 7 20. g
51-71 . mf,o' Fggg?gngmrﬁethanol (mol/mol) lg{.oa lj%}.es lé‘;gs ZodP  2.37|/2
- ML 2 HE Y mal/mol) A7 46| G.B3 0.83] . 0.51
RN 39 (e oS _igz| gt iter? vy
76.51 Hpo  [Reactor P, psig 103981 10204l (ADBY aL7E; 207] 55
Pr oduct Comsﬁg WH.SN k04 C5 1.71 .75 17 1 agl-72[7 1 ETT _
1. 67 1. 5plime On SiregmoHrs 10 10| o 49 018k 02p9
0.01 0.29 Renzene - 1.0 40 0. 31 0.3B 0.B34
0. 32 Tol uengFeed Composition, wt% $4.60 155.89 | 50.81] 52.41 62.116
EB MeOH 0.05 12.80p 13.02D5 13.20{ 0512.500. 01R.26
p- Xyl ene Toluene 22.15{ -26.788 7@53[/2 73.19] 8573.93p. /76.51
H20 10.43| 10.35] 13.61 13.571 -~ 11.23
Product Composition, wt% :
C5- 1.46 1.65 1.67 1.52 2.41
MeOH 0.01 0.03 0.09 0.01 0.28
Benzene 0.40} 0.31 0.33 0.34 0.32
Toluene 54.60] 55.89] 50.81 52.41] 62.16
EB 0.05 0.05 0.05 0.05 0.04
p-Xylene 22.15| 21.68; 21.72| 19.85| 15.70
m-Xylene 1.87 1.16 2.33 2.94 0.42
o-Xylene 0.78 0.50 1.00 1.25 0.20
Styrene 0.02 0.02 0.02] -~ 0.02] - 0.02
E-Toluene 0.25 0.25 023 - 0.23 0.20
TMBenzene 0.52 0.48 0.70 0.72 0.24
C10+ 0.28 0.34 0.31 0.30 0.39
H20 17.61 17.64] 20.74| 20.36] 17.61
Performance Data :
Toluene Conv, % 28.9 27.0 30.6 29.1 18.8
MeOH Conv, % 99.9 99.8 99.3 99.9 g97.6
MeOH Utilization, mol% . 585 53.8 57.7 58.1 41.1
p-Xylene Selectivity, % 4 .- 89.3] 929 86.7 82.6 96.2
Xyiene Yield on Tol, wt% . 32.3 30.5 34.2 325 21.3
p-Xylene Yield on Tol, wt% 28.9 28.3 29.7 26.8 20.5
Xylenes/Aromatic Products, wit% 95.7 95.3 85.0 94.8 94.8




m Xyl ene  wao o8/14415 o 1.87 1.16 2.33 i gi!)lCT/US%/I%éw

o- Xyl ene _ 0.78 0. 50 1.00

Styrene 0.02 <1802 0.02 0.02 0.02

E- Tol uene 0. 25 Exanﬁbl355 0. 23 0. 23 0. 20
TMBenzene 0.52 0. 48 0.70 0.72 0.24 Cl10+

0.28 0.34 O0A%kries opu%n?& catal?st?’gmﬂgﬁo those of E amples 10 14 (25 wt% ZSML7. 61
17. 64 20. 74 20. 36 f ormance uene %

28.9 27. 0 5 of 450:48 silicallumina ratip, €5 wté’@qlagdmderomth addltlona! 4 wt% 99.9
. 99.8 99 3 I 3. 8
5775 5p. 1 Phosplion) was dledrafi toding €5BbqBly i iy (2000 ppiy Addeds .

82.6 96 ZnghwmanmijmledHed)y\aﬁd both calciud? atd magbesium (2000 ppmw32. 5
21. 3 p- Xyl en l.eld on Tol % . . 28.9 28. .29, 7 6. .5
Syi onbs) Ar onGareo0B Pl VG adgp), Syuriss Réisprapréd dy mpind ydaethér tofhpopetd O )
98/ 14415 in the following order: ZSM-5 sluny, phosphoric acid, calc:um/rrﬁ@ﬂ'é&t‘ﬁﬁlirdr&O?Q -18-
Exanpl e 15 A series of three cata ﬁj%wts simlar: to, those o cé;g“&ns 10- 14

(25 wt % ZSM niatsysalish apd gay; Catalysipiveee spiey driedand thep ar 49
add%b' onal 4soMa%%ours. Three sQJ?nBﬁzB*b%Héﬁ d@@sﬂ&&@%ﬁéﬂs@é{mg@%r% rhifEfR8 G qvel y

cal ci um (2000 ppnmw added), magnesi uim (5000 ppnw ed), and both

cal ci um and amwbemtgmmgwm1®0°soaod ﬁgﬁ@ﬂQ\/gesmm;y The nrhexage vver e

db '
O ey oo Ry 354 pErRAREn PRebbt T e e Bbr bRRbe st ¢
Cat al ysts vvesteammgaryen'qblerairteamﬁmlfasm and 3Cahe presdneg osmagmsuqm:(arm : for

3 hours. Three .sanpl es of each gcata re then ste or,45 m.nutes in
S N moephor cCaRATE A 1Sst XD cEieands e Faind TERRBRER faokifeq tpBuies o,
Th elsl- hex agea gatafyist @ith agvahi Disfusion Palsendbrd htmsF eﬂaﬁasmz methetr%onﬁbT.?]émnsaf al ysts
are plotted agai nst,. st eam rature in Figure an e presence
of - magnesi urﬁ’ggﬁﬂ‘%’ eﬁfﬁﬁgfgecgvggggé’ﬁe% @'HFVC%@&‘%%%@C?%@S& eam ng
tenperature required to produce 15 - a catalyst with a given Diffusion

Parameter. These data show that conbiggimgegeof oxide nodifiers can
effectively be used to produce the desired catal yst. Exanple 16

20 _ A comparison was made between a catalyst similar to those used in
Examples 10-14, in which the initial zeolite had a silica/alumina molar ratio of 450,
‘and a catalyst produced from ZSM-5 héving an initial silica/alumina mdlar ratio of
26. In each case the catalyst contained about 4 wt% phoSphorus and 25 wt.% of
ZSM-5 in a binder comprising kaolin clay and was steamed for 45 minutes at

25 >1000°C before being used to effect the alkylation of toluene with methanol in a
fixed bed microunit, The results are summarized in Table 7 from which it will be
seen that the 26:1 material had significantly lower activity (as indicated by the lower
WHSV necessary to achieve comparable toluene conversion), lower para-selectivity
and lower methanol utilization than the 450:1 material,



20

used in EXMP%%“IRJ 14,

conmpari son was made between a catalyst simlar to those

in which th

e initial

zeolite had a HAGWEHABUA na

nol ar ratio of 450, and a catal yst produ.(j_@d. from ZSM 5 having an initial

silicalalum

4 wt % phosphorus and 25 wt.
and was steaned for 45 m nutes at 25

na nolar ratio of 26. |

% of ZSM 5 |n a

ne

zse t he catal yst contai ned about
I nder conprising kaolin clay
>1000[ err] C before being used

to effect the—aet-ati-on- o# tottera—w-th—etharel—Hr—aHced—beg—mey ouni t .
The results ! Z fromwhiclh it willl be seeh that the
26:1 materi a]%el’ﬁ?ﬂtZSMﬁ’f icantly | napr activi T35(aq indilcated B9l the | ower
WHSV necessalSjAt Ratiehi eve conparablle t ol uene4s '
par a- sel ecti QtEa]ma@demm‘atmeBanol utilizatlDBh t han t he 450016hat er| al .
WO 98/ 14415 . o PCT/ USP7/ 18Pp79
-19- Tabl e 7Reat@by Conditier L1 es Pgrcent ZSM 5 25
'?'gnglerg'lt ungf mfﬁﬁactf"e.' < O o7 600 +0+6~Rea bﬁ@s o i ons
Tenper at ur e, PEsss S, PSig 666 40 585 T d Btt-e— pSi g
40 SV A0 \ALIG\/ 80 Q%rg
250 Tol / MecHio¥MEPH{mol/mol) 2 @0 3°%E_&LHC
(mol /ol ) H2/HC (mol/mol) 2 0 20| 2 00 dpo HERORNI / om))
2.0 H20HCdmotimo e on Strdam  hr 2.0 - 14290
6. 00 Product|Tuerpo Streaow hr wt % C5- 14.30 6.00f 0.Dp5
2.12 DVE' - 0.00 0.0D0 MeCH
0.40 Product d&nﬁi’omﬁ@ﬂ 0. 1B
0. 23 TOLUENHCS-" 64. 4305 ©5 188 EB
0. 06 DME 0. 05 P-XYLCENE 0.00 —3g.08P
27. 82 MeOH 0.40 0.32
BENZENE 0.13 0.23
TOLUENE 64.42 65.83
EB . 0.06 0.05
P-XYLENE - 32.66. 27.82
M-XYLENE 0.94 1.81
O-XYLENE 0.42 0.75
ETHYL TOLUENE 0.33 0.25
TMBENZENE .0.56 0.76
C10+ 0.04 0.06
Performance Data
Toluene Conv., % 30.68 29.16
MeOH Conv., % 94.30 95.43
{MeOH Utilization, mol% 67.37 59.46
. |p-Xylene Selectivity, % 96.02 91.58
‘IXylene ¥ieldon Tol, wit% 36.61 32.69
p-Xylene Yield on Tol, wt% 35.2 29.9
---Xybnestmﬁchducts Wi% 96.8 95.7
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98/ 14415 horus (Example 17) and the oth 79
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n ni ng 80 gr t he cat al ysts
;gditalhel "Ssurt o afforf rabi@lett Wil e SHAR (B3R Dl Bn HarkBesr TP e e 5 bt owe

. phosphprusrrersgatalys of Example Heregwined: High afaéretammgsinmddmananet er,
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steami ng. In addition, it arax ty and
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18. WO 98/ 14415 _
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Tabl e 8 Ex I 17 18 Catal yst
Propert i es%@gﬂﬁﬂ?us wt % 2.8 PCT/USYy/18079
Dr[err], sec[err] (x10[err]) -4 54 36.28 Q (n-C6) ny/g
8.1 8.8 Parent Q ny/g 8.4 10.6
Feed Conposition, wt % MeOH Table 8 12. 82
13..15 Tol uene 75. 61 75. 61 H20
11.'57 Exafhole ] AL 171 18”(2) o5 100
Reaction Co a0l UENe/ NEL angt (ot 7 TTot]) :
2.00 Feed H;\%ﬁ%ﬂmg 1 0753 - Go"l React or Tenp,
F- o 5 07 Tt r(t:ou,in54 PressyESs )pSI g
19 21k K ; 8.1 “a.bt 1.74
Time On Str et & 8.4 61or$)duct _
Conposi ti on, = : -+ 66 1.53
Me OH 034 0.33-Befizene
0.26 eed Gompgesition, wt% 5509 54. 33
EB MeOH Q.04 12.82] 0.033735kyl ene
20. 08 1T olengr Xyl ene 75.61 75.61}57 4.83
o- Xyl ene H20 0. 72 11.57 2. 31.24yrene
0.02 - (JTQIAE- Tol uene 100 10023 0.17
TMBenzene 0.061 1.49 TIp+
0. 29 L%@cﬁgmondiﬁons . j J.g. )9O 18. 48
TOTAL Feed Toluene/Methanol (mol/mol) 100 205 1007188} f or mance Data
Tol uene ConViFegy HIO/HC (molimol) c7-T70583] -5 1051 |
' ‘|Reactor Temp, F 1107 1108
Reactor Pressure, psig 19 21.6
HC WHSV ' 1.72 1.74
Time On Stream, Hrs - 6 6
Product Composition, wt%
C5- ' 1.661 - 1.53
MeOH 0.34 0.33
Benzene 0.26 0.31
Toluene 55.09 54.33
EB 0.04 0.03
p-Xylene 20.08 15.94
m-Xylene 1.57 483
o-Xylene 0.72 2.3
Styrene 0.02 0.01
1E-Toluene 0.23 0.17
TMBenzene 0.61 1.49
C10+ 0.29 0.25
H20 19.09 18.48
{TOTAL 100 100
Performance Data : .
Toluene Conv, % 271 28.1
MeOH Conv, % 97.3 97.5
IMeOH Utilization, moi% 54.1 54.3
p-Xylene Selectivity, % 89.8 69.1
1 Xytene Yield on Tol, wt% 296 30.5
p-Xylene Yield on Tol, wt% 26.6 21.1
Xylenes/Aromatic Products, wt% 94.9 92.2




MeCH Conv, % 97. 3 97.5 MeOH Utilization,

mol % WO 98/14415 54.1 54.3 p- Xyl ene Sel ecti vi t yPCPHISI7/18079
89. 8 69.1 Xyl ene Yield on Tol, w%,_ 29.6 30.5
p- Xyl ene Yield on Tol, wt% %6. 6 21.1 Xyl enes/Aromatic

Products, wt % 94. 9 ©92.2 WD 98/14415
PCT/ US97/ 18079 -22- Exanples 19-21 éx?ﬁiss%ﬂ yst particle was prepared by

spray-drying a mxture of ZSM5 5 a silica-alum na nol ar
ratio of 450:1, kaolin clay and silica. After rotary calcination at

- 650[err] C (1200[ epn ' irbé alnfikturd ofEEsM40 W %
ZSM 5, 30 vw%kaojli\id_r?,ggr?a f2 tﬁv&@?éﬂﬁ?g% {édégg;?ﬁayldﬁﬁng idlifd o

30 I ned, cat al yst s divi ded

i nt 05t hree sBAYNG@ SiiGRAMNINE MOIar FalioRf 906 9'"1?6‘%\’ ?%?'E‘Pae LYY s s
t2 g)chni gu.les Mlbélbinﬁﬁ&néétism%Qm')nihfg"ldﬂibmﬁpém_ Itiee E8talysTRGSHG Wtfmh( Exanpl e

an ant . , especti.v n av t he
fol |l ow ng coﬁs&gﬂq]oo ?k%ﬁlm@g'%ﬂ%ﬁf@#ﬂ‘rha c%@lqﬁfiicgkﬁys?wgs Iaﬂ’ egﬁwgori c acid
800 gm di st i tHreslsamples, ®highmvaide imregnated by thehindipent wetnieps techniques with
‘magnesi um co I O ! _ rmﬂé}peg | hﬁ@%” 15
240 gm di st %@6‘5}[ v?ar}tq’gr%%yé Pg'?l’{\ A%’r‘ﬂﬁ@gg@’m ng’dgg{éuetawgﬁé 90)_ tg%n"fijﬁrﬁ
| anthanum ni {Examplé@Xaesreclively 80d Having the lollewinggompositions: In each

case, inpregnpbBR-cRidR$BkdoRd DY inci pi 99gmddaRfs by adding 0. 79 gm of
the appropriate solutionto a catalyst sanple, after which the sanple was

dried at 150[err]C for 2 hours and then ai PORaMistligd Watefsojerr)C for 4
hours to convert the ammonium and nitrate 8am S0 WPsQthrAGHUM Hydroxidede :

-nmodi fied catalysts.were then heated in 1 nosphere.ste at 1 r]C
Table 9 Iistb F‘%@"%%W'&&W{?M%ﬁ #eath 25% gm 839%%?‘5?9@%‘%&‘?’92‘98‘{3@{mnt al
basits and the n-hexane adsorption capacity (Qin ng/g) and D ffusion -

Parameter (D/r[err]x10[err] sec[err]) of t S e Hf}d st eamed
catal ysts. Table 9 Unsteaned Catal yst xi gg"@@‘:‘%%ﬂgw’ n-Clerr], ngl/Q)

Dir[err] secFelanthapymeojoptaining solution - 20 gm lanthanum nitrate hexahydrate

80 gm distilled water.

20 : : In each case, impregnation was conducted by incipient wetness by adding
0.79 gm of the 'appropriate solution to a catalyst sample, after which the sample was
dried at 150°C for 2 hours and then air-calcined at 550°C for 4 hours to convert the
ammonium and nitrate salts to oxides. The oxide -modified catalysts were then
heated in 1 atmosphere steam at 1000°C. Table 9 lists the oxide loading on each

25 catalyst on an elemental basis and the n-hexane adsorption capacity (Q in mg/g)

| and Diffusion Parameter (D/x10° sec™) of the unsteamed and steamed catalysts.

Table 9
| Unsteamed Cataly'st Oxide Loading Q (n-Ce, mglg) DI sec’ (x10%
Example 19 0.2 wt% boron 52.6 17
1 Example 20 0.5 wt% magnesium | 42.7 24.2
Example 21 4.9 wt% lanthanum | 39.8 | 19.9
| Steamed Catalyst | Oxide Loading | Q (n-Cq, mglg) | D/ sec” (x10%)
Example 19 0.2 wt% boron 32.7 2.6
Example 20 0.5 wt% magnesium | 37.3 9.4
_ . .
| Example 21 4.9 wt% lanthanum | 31.1 1.4




Exanpl e 19 0.2 wt % boron 52.6 17 Ex
0.5 W % magnasraime 42, 7 24.2 Exanple 21 Z‘;@’@f@qs‘m

| ant hanum  39. 8 19.9 St eaned -Gat-al yst Oxi de Loadi ng

(n-Cso, rrg/g) D/r er se )aaEX | e wt/o
bor on : t&a ggaetgﬂg%g:ﬁ%xé {7]519”%% \6§r§%W%er§£&lgg %m 37.3
9.4 Exanpl e %lkylatuon of tolughewl athahalunder tHelcohditions and with thetresultsNiBtedin 4415
PCT/ US97/ 180%%5'-%&?- The steaned catal ysts of Exanples 19 and 21 were then

e

tested in th yl'ation of toluene with nethanol under the conditions and
with the results listed in Table 10. 5

-IC-Igﬁljl%t ilgnsx’?'gpn{):r ature, C 19g35le 10 21552?% Ieggur e,
psi a 16 16 VHSV 3
4 Time on siiEgampigl Nut es 402 |49 6 Prqduct Conposi tign,
wt % C5- : 233
2. 47 Met hand/Reaction Conditions = 5 3.18 Benzene
27024 Et hyl K Jﬁgwg?éatureofpdf 1o uenev 32 %2280 P-Xytene
28. 05 Pressure, psf&R. 02 M xyl ene| 16 18_31
é 317_ O Xyl ° QIVHSV G JU IT"IWIB[ IIS; 7§IILBTIB : - 42% Et hylt Ol ueﬁ ©
0.78 Cl10+ |Time on stream, minutes (311402 52 Perfornmance|Data
% of total XB,8B&St Composition, wt% '

Cs-. ..12.33 . 2.47

Methanol _ 0.58 : 3.18

Benzene 0.07 0.04

Toluene : 1646 | 67.54

Ethylbenzene 0.06 0.06

P-xylene 28.05 23.02

M-xylene 1.81 1.47

O-xylene 0.75 1 0.61

- Ethyitoluene 0.31 0.30

Trimethylbenzene 1.08 _ 0.78

C10+ 0.34 0.52

Performance Data ' |

% of total xylenes . _

Para 916 | 91.71

Méta | |s80 5.85

Ortho- 2.45 2.44

Total xylenes, wt% 30.61 25.10

Xylenesftotal aromatic product | 94.46 - | 93.81

Toluene conversion 30.2 ' 25.9

| Methanol conversion 96.3 799
Methanol utilization 60 I 60




Par a ot o | NI RN I [ 72 vet
. WO 98/14415 2 46 PCT/USY7/18079

5.90 13 5,85 Otho

2.44 Total xylenes, Mt% 30 61 25.10 Xyl enes/t ot al
aromatic product 9_4. 46 - 93.81 21“"'ol uene conversion 30.2
25. 9 Met handNhatds gleinagdia: 96. 3 799 Met hanol
utilizationq - ss for the selective du@@on of eré dhieh comprises

PCT/ US97/ 18079 24%V\% | ai madpro dé% gﬁocess for tphe sel ective

product i on deaqiﬁgaolm%w@w Wﬁﬂ@ﬂ%%‘?ﬁﬂaﬂ@@“%&%‘i' stia thepresenaePfdet hanol

under al kyl aatnt eomphidihg®a %orwstdmtan@ma@ﬁamavm@ba#ux@h Fté?aeaétes fdrg a
porous crys

tall) ne sion Paraneter for 2,
d| net hyl but %«%dme‘%ﬁ@d@%"f%‘ Qecf%? ER MRasyiRdA aéﬁmgefaéﬁ‘fﬁé’fat ure of

120[err]C amtOeCE_naacﬂ,ﬁﬂhﬂiathﬁbmtanepmss&mbfﬁmbrrmna)rr (8kPa). 2. The
process of claimi1, wherein said D ffusion Parameter of said porous
crystalline material is about 0.5-10 sec[err]. 10 3. The process of

claim 1, whé ei n Theiptogessofislain i swheteimsaidrBiftusion| Parameten d&sajd perqusi or
treatment w taqﬁr%avﬂ]a aﬁs%ﬁ%ﬁf@ﬁﬁrs% .qf at |least 950[err]C to adjust the

Di ffusion Par material” to about 0.1-15 sec[err]. 15
4. 10 The process of clal m 3, wherein said porous crystalline material has

undergone prg or tiRaHRRS dﬁkiahn%tﬂﬂgieﬂ%sa?d b@r’ﬁﬂ@'&:ﬁfsﬂﬂlﬁxe%atéﬁaﬂrﬁ@ﬁ
1000[ err] C for, between abou es and abou

The
process of ndprgone p\/éﬁ%'l'%ﬁtﬂ‘ef‘h‘ﬁ‘t'% ﬁsam e @E@ﬁ@é‘é’et%é‘ ‘56?'69% ptfﬁ@db’ﬁt 20

t he catal ystthé Diffisionl Rrametiriof balGnwdtedidl 2 adutOe15i86¢-2aned catal yst. 6.
The process of claim1, wherein the catalyst contains at |east one oxide
nodi fier selected from oxi des of elenments of Goups IIA [I1A [11B, [|VA
| VB5 VA and 4Vl A dihetprece3sraf cldine 3Twherin £4id porous ciiyistalljmeonatedaldfascl ai m 1,

wherei n the &%E@o‘ﬁé?nﬁ%é{h%ﬁt h Efa%ﬁf at‘%&%mﬁém@re?‘gi fo€{ 10RkEGbed from

oxi des of boron nesi um .cal cium
between about 10 minutes and about 100 hours.

5. The process of claim 4, wherein the steaming reduces the pore volume of
20 the catalyst to not less than 50% of _that of the unsteamed catalyst.

6. . The process of claim 1, whereln the catalyst contains at least one oxide
' modmer selected from oxides of elements of Groups lIA, llIA, IIIB, IVA, IVB, VA and
VIA of the Periodic Table. '
25 .
7. The process of ciaim 1, wheréin the catalyst cdnta_ins at least one ox-'ide'_
modifier selected from oxides of boron, magnesium, calcium, lanthanum and
phosphorus, . _ N

30 8. The process of claim 1, wherein the catalyst contains about 0.05 to about 20 -
wt% of the oxide modiﬁe_r based on the elemental modifier.

9, The process of claim 1, wherein the catalyst contains about 0.1 to about 10
Wt% of the oxide modifier based on the elemental modifier.

35 ' '
10. The process of claim 1, wherein the catalyst has an average particle size of
about 20 to 200 microns | '



hosphor us. 30, 8. -The process of claim1l1, wherein the catal yst
(F:)ont gi ns abdUt 08 to about 20 wlto% of the oxide modifier baPEHUSHI/IE

el emental nodifier. 9. The process of_gaim 1, \C/imferei nbt hedcat al KSt
cont ai ns abou to about 10 wt % of the oxide nodifier based on the

el emrent al h"l elrh%?;miﬁs.‘s of c%‘fé ToivbeERia ther Prpus ey stallion araterial isdn cat al yst
has an avera@ummbtsilldtezebme, of about 20 to 200 m crons WO 98/ 14415
PCT/ US97/ 18079 -25- 11. The process of claim 1, wherein the porous
crystalline material is an alum nosilicate zeolite. 12.. The process of
claim 11, whet2i n Hu prozess oftokaims] 17&Nefeirosaid 2bblite is. Z9NM-5 or ZBM-1pr ocess of
claimg 1, wherein said al kylation conditions include a tenperature between
about™ 500 and 700[err]C, a pressure of between about 1 atnobsphere and 1000
psig (100 andi37000Therprpcess afsiaimtl, wbeardiry said abiylatioh condijortsdncledmaabout 0.5

and about 10qgn@@l%t|§’re erf &duP 560 ah@'786% atﬁ}e Q@P%twggn ab
P PRVl ation is

| east about rocess o er el sald a

conducted in étWé’sfﬂ?%géﬁééog paigddep ﬁwm@@hpehamgmap@mym \Hﬂitht he

mol ar ratio GfethesH SIBEUL 0BBMPEbARUB00 bAd Ch&IBNAitid oFRIUEMAAL mdihadii of 660 1S
about '0.01 tci ?/58 %18 15 15. A nethod for producing a catalyst for use
t'¢ EP‘(S ¢t

in t4® sel ec I on of para- xylene by reacting FOl uene with
met hanol , said nmethod conprising the steps of: (a) starting with a porous

crystallLne, et il SRS S o iRkath COHaIEkEt, L foghipd B RS 1"

120[ er r] C andfadded hyidnogemahdyot water pmhsthat meoﬁolﬁﬂatso of hyddoddraand/andaieb) '

contacting thf&cﬂ@ér?é-l- etl‘?gnoﬁthg'e?fe) l‘é"iawg% 1benperature of at |east
r u ara

about 950[ er to reduce st on her eof for
2, 238 met hyl but ane to about 0.1-15 sec[err] when rreasured at a tenperature

of 120[err] Cmnd & %eﬁwod@bﬁ%wél bRt ?cﬁ'i}éé% f?ice Selbckind brcfd%c{ffr%ﬁp drae

I erial being | east 50% o
The. uhet caneddlFReEYirERSng4SIoane wE methanel sARLTEInGR SomPAE B14,<18RE Ofor ous.

crystalline materi(a) staﬂmgmi@amﬂous crystalline. material having a Diffusion Parameter

for 2,2-dimethylbutane in excess of 15 sec-1 when measured at a temperature of

20 120°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-1 when measured at a temperature of 120°C and a 2,2-
dimethylbutane pressure of 60 torr (8 kPa), the micropore volume of the steamed -

25 -~ material being at least 50% of the unsteamed material.

16.  The methad of claim 15 , wherein the porous crystalline material is combined
w:th a source of at least one oxide modifier selected from oxides of elements of
Groups A, A, 1B, IVA, VA, VB and VIA of the Periodic Table prior to step ().

30 .
17.  The method of claim 15 , wherein the porous crystalline material is combined
with a source of at least one oxide modifier selected from oxides of boron,
magnesium, calcium, lanthanum and phosphorus prior to step (b).

35 18.  The method of claim 15, wherein the porous crystalline material used in step

(a) is an aluminosilicate zeolite havmg a Constramt Index of about 1 to 12.

| TRR AR O



with a sou%‘; of at |east one oxide nodifier selected from oxides of

el enments o QE?% B11A I1IA 111B VA VA VB and VIA of POE/USRT/180TH C
Table prior to step (b). 30 17. The ma&/?od of claim 15, wherein the
porous crystalline material is conbi ned th a source of at |east one oxide
nmodi fi er sel 88t edThe method ofsslainf 18 whersin thegreetitelnas acsiioai ta mluntina tistarum and

phosphor us prdtlofafieasefsd P) - 35 18. The nethod of claim 15,
wherein the porous crysta ‘line material used in step (a) is an
alum nosilicate zeolite having a Constraint Index of about 1 to 12. WO

98/ 14415 20.  The method of claim 15, wherein step (b) is conducted at %ﬁ%(né&ﬁ &P - 26-
Si a to alum na

19. The ne |_ai rein the zeolite has a

mol aP rati o E?F gldﬁ §?ra%’(5'§l‘95"”“tesl'$?ea'??é‘f AeRAPRUrSc| ai m 15, wherein step (b)
is conducted at a tenperature of at 5 | east -1000[ err] C for about 10
m nutes to about 100 hours. ' :



