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THE PropucT! &Y BPE&ILENES FI ELD OF THE | NVENTI ON 5
The present invention relates to a processifor the production of

Xyl enes by reactive distillation of toluene and a methylating agent.

BACKGROUND OF THE | NVENTI ON 10 Xyl enes are inportant chem cals
and find wi de and varied REMI@DMIMATI@N@R@WSSOHHS i.e.,
ortho-, neta- and paraxyl epge L axyl ene %f : |l ar value as a
chemcal internediate in t ° BTN ; N2 ¢ acid, which is

an internediate used in the 15 rranuf acturer of synthetic fibers. Various
processes are used to nake par axyl ene. One such process, as disclosed
in United States Patent 4, (FIEEBOF ITHEI INVENTION| ecti ve production of
par axyl ene by the di sproportionation of toluene in the presence of a
coke- sel ect Pvat ed ZSM 5 catalyst to produce one nole of xylenes and one

nol e of 20 benzene. rent future
envi ronmental o eb S e e EBHORS RN, ook Befoel SO RF Kfduction,of
par axyl ene BASAKCHY Qé‘a&ﬁl%sdlﬂﬁﬁla'tﬁ;%%ﬁtolﬁbﬂ%& 2Byt iRE agbf)i f i cant
quantities of by- product benzene. Anot her process for
maki ng paraxyl ene, as disclosed in Unlted States Pat ent 4, 002, 697,
i nvol ves the nethylation of f.w an

educe the anount of

undesi r abl ggnmet hyl ati ng agent/ et hyI atl ng

Xylenes are important chemicals and find wide and varied
application. Of the xylene isomers, 1.e., ortho-, meta- and paraxylene,
paraxylene is of particular value as a chemical intermediate in the
manufacture of terephthalic acid, which is an intermediate used in the

15 manufacturer of synthetic fibers, Various processes are used to make
paraxylene. One such process, as disclosed in United States Patent
4,097,643, involves the selective production of paraxylene by the
disproportionation of toluene in the presence of a coke-selectivated
ZSM-5 catalyst to produce one mole of xylenes and one mole of

20 benzene. Because of current and future anticipated environmental
regulations involving benzene, it is desirable that parakylene
production does not result in the formation of significant quantities of

by-product benzene.

25 Another process for making paraxylene, as disclosed in United
States Patent 4,002,697, involves the methylation of toluene in the
presence of an aluminosilicate zeolite such as ZSM-5. In order to
reduce the amount of undesirable methylating agent/methylating
agent and methylating agent/xylene reactions, the process can be

30 carried out within a fixed bed reactor and with an excess of toluene at



agent and net hyl ati ng agent/xyl ene reactions, the process can be 30
carried out within a fixed bed reactor and with an excess of b L HR5018¢1

2 t enper¥PaVed$23xceedi ng 400[err] C. However, when the process 1s
carried out at these tenperatures, a cgnsiderable anount of undesirable
by- products can al so be formed. For instance, at reaction tenperatures

greater than 400[err]C, nethanol can form considerable anmounts of 5

undesi rabl e by- wﬁﬁé&%&ﬁrésu@fbe@&rfﬁ HBHH0. Fedwsder, Wik ]:hé‘b%@%é G§ cafiied
derr] by- products. Also, carrying out tol uene nethyl ation at these

t enper at ur es caout atthese rtemlperams‘ps opaonsmeasblenambunt lof onelesitable by-
resul tant production of benze | f the erature used.to carr out
the process in PF@WF%@B“[@B" %@a@?ﬂ’fedrsﬁlf’éggé@dmﬁoaﬁ%f 91 teggpe %%est he
10 -amunt of ! gldieae Gy AIPe, LRt SR e il 3 MalhieAdlokfdueed.

The present invéntion is directéd to a process ucl ng Xyl ene by

t ol uene net hyl atthdesivdble bhyrpudhicss svichhagdiethydrethen leaa:naﬁatacs andrGser si on
wi th reduced by-product formation. 15 SUMVARY OF THE
| NVENTI ON by-productsn adtlse.dAeeEyingt Puthdoprense methxlationomt tthese | s

provi ded a_ oy TSRSkaNELEL Skl LbaUE SR BLOSERRJBORIROR RUTLLAN A pid ones

whi ch 20 con | ng uené w I Ng agen

presence of r@uﬁﬁﬂt%dﬁ@ﬁbﬂb@‘beﬁﬂeﬁ@t af YBé temperature used tb rba@fsobher
enbodi nent of the present invention, there is provi ded a process for

sel ectively protheprecesariaxihefized rbesk s¢antende reduced to 400°C or less, the
10  amount of toluene converted to xylenes can be substantially reduced.

The present invention is directed to a process for producing
xylene by toluene methylation which results in high toluene to xylenes
conversion with reduced by-product formation.

15
SUMMARY OF THE INVENTION

In accordance with the present invention, there is provided a
reactive distillation process for the production of xylenes which
20 comprises contacting toluene with a methylating agent in the presence

of a toluene methylation catalyst.

In another embodiment of the present invention, there is

provided a process for selectively producing paraxylene in preference to

25 metaxylene and orthoxylene by reactive distillation which process
comprises contacting toluene with a methylating agent in a

reaction/distillation column containing a zeolite catalyst.



25 metaxyl ene and orthoxyl ene by reactive distillation which process
conpri ses coljgizksd toluene with a methylating agent in a  PCT/US99/01961
reaction/distillation colum containing a zeolite catalyst.

3 In carrying out the process 8f the present invention,

substanti al anounts of xylenes, including paraxylene, are produced
whil e at the same tinme the formati on of undesirable by-products is
reduced. 5 In carrying pRt ithe DESERS RF [t poEseriE nbRAYDNGsubstantial

The Figure is schemat. c,di agr.am i,. | ust rati,ng appropr i at na at us
for use in car ﬁoﬁﬁ&% BEnesy doguding ptaﬁﬁwggeg?e ip%}é‘h‘i While gg;ﬁm
CETA! LED DESCRy#H, @ine¥thd ek MEATE @ldesirable by-prodliies Iefeibuckgact i ve
distillation", as used herein, neans the production of xylenes while
concurrently renoving xyl enes product froma reaction zone. The term
"reaction/distillation cqlim" '
tol uene is tontacted in HHell : N OF THE RBAWENG| ati on catal yst
to produce xylenes and from which t he xyl enes are w t hdrawn.
In a preferred enbodi nent, the process of the present invention 20 is
carried out in a re@aei Bivhdiesid |d alchehatit) @ifgrand {1histrA800 dapEdpriate
toluene and the nethylating agent are usually fed continuously to the
apparatus for use in carrying out the process of the present invention.

10 DETAILED DESCRIPTION OF THE INVENTION

The term “reactive distillation”, as used herein, means the
production of xylenes while concurrently removing xylenes product
from a reaction zone. The term “reaction/distillation column”, as used

15 herein, means a column in which toluene is contacted in the presence
of a toluene methylation catalyst to produce xylenes and from which

the xylenes are withdrawn.

In a preferred embodiment, the process of the present invention

20 1is carried out in a reaction/distillation column. In this embodiment,
toluene and the methylating agent are usually fed continuously to the
reaction/distillation column and the xylenes are continuously
withdrawn from the bottom of the reaction/distillation column. In this
embodiment, the continuous removal of xylenes from the

25 reaction/distillation column increases the extent of reaction achieved
within the column, thus providing very high toluene to xylenes

conversion along with low by-product formation.

To explain more fully the invention, reference is now made to

30 the Figure. Reaction/distillation column 1 is provided with reaction



reaction/distillation colum and the xyl enes are continuously wi t hdr awn

fromthe bottomof the reaction/distillation colum. In this
. : $99/01961

enbodi nent, MRPBEHPi nuous renoval of xylenes fromthe 25 PCT/U

reaction/distillation colum increases the extent of reaction achieved

Wi thin the colum, thus providing very high toluene to xyl enes

conversion along with | ow by-product formation. To explain nore

fully the i nve@f;&%h 3" aliet ARABIicheR¥Y %ﬂﬁgegﬁog%e W hlitHCagent feed,

Reaction/distillation colum 1 is provite reaction

4 secti ofl, 8, andl ¥, cohimun bottene ofiletiline 1i3nkhad eohonn oerheeidhouitddati ng
agent feed, . 7,9, and 11, clﬁunn bottomoutlet |line 13, d colum
over head out | efine 16.; ﬁgn@g}sercg d¥hSapngcted stac O ol eB\?EP?Ie # out | et

i ne 15. [ | r m 21.
Separator 5 druiBaseLofies Bho 1916 ofiintcie PRRERL S0 SRl e idt
hydrocar bons adeum 21 is rovided with egitclih®28cdhsdudt whicnhgdboearbohs £Hepar at or

drum over head product take-off line 25 is connected to scrubber, 27.
Separ at or dr umreturnedto xeastignfsistallasion ophiran 1.ai8eparator idyunpoverheadbber 29

i s provided ' i toe b 1 through, which.tol ygneqand benzene can be
returned to 10F r?%égﬁag(ﬁ/ogf ?ﬁgﬁifs‘ 8W%e§?%ﬁ@f?@ﬁjaﬁ?%ga§%%ar % é’ﬁfﬁlough
scrubber 27 21 {shé@uigBed vitM SRR NS Wrle 29.NScddbber 29 is provided
Reboiler 35 is provided with Iine 37 through which xylenes rich

product can be with exitdina 31 theosghomhivhstolwdnet srshbenzenewan bexptemed t05
product not seal HeckpkSifgact Ll LI gl on, colum b 1 Sen oo
i it suepge et Cerr] woretico arc
Reboiler 35 is provided with line 37 through which xylenes rich
product can be returned to reaction/distillation column 1. Xylenes
15 product not sent back to reaction/distillation column 1 is sent to
fractionator 39 via line 41 and line 43. Fractionator 39 is provided
with overhead line 45 where xylenes are removed. Co* aromatics are
removed via bottoms line 47 part of which is sent to scrubber 27 via
line 49 to scrub Cg hydrocarbons from the product gas.
20
In the operation of the process, the catalyst bed is preferably
located in the enriching section of reaction/distillation column 1.
Toluene is usually added through inlet 5 at the top of the catalyst bed.
However, if a large amount of refluxed liquid is present in the
25 reaction/distillation column, toluene can also be added through inlets
located at the bottom of the catalyst bed. The toluene serves as both a
reactant and a heat sink. As toluene trickles down the bed, the liquid
toluene will vaporize due to the heat of reaction allowing close to
isothermal operation within the reaction zome. Excess toluene is

30 separated from the xylenes within the stripping section of the



line 49 to scrub (err] hydrocarbons fromthe product gas. 20 In
the operation of the process, the catalyst bed is preferably Heat ed
in the enri cHHNY?8¥3tion of reaction/distillation colum 1. PCTAS%$ﬁ%ene is
usual |y added through inlet 5 at the top gf the catal yst bed. However,
if a large anmount of refluxed liquid is present in the 25
reaction/distillation colum, toluene can al so be added through inlets

| ocated at the fattiondastildos sbikystl bad is Eamtn@hum@hes séa&ﬁnaaoxb@tah a
reactant and a heat sink. As toluene trickles down the bed, the |iquid

tol uene will vayanorzeCondenser lffccondansast moetaof tlun Cat lammaglcs,l which will

t her mal thin th t t
soparat eq 11 om Gl fb auBabiy o REBh. AT PhThe Go8ERRGP LR, a%e Hhen
react i on/ disst aiyen ‘88l1u28 18 ab ol SHIMb B1LAR 19BCLHI R0 R0

vapor. Condenser 17 condenses nobst of rr] aromatics, which w
usual |y be pri mahichyist dtavemeff fiom sépdrhtorcdndarZkeds|a qetpaiatarsdér&dmma
refl uxed V|aI|ne§$tore ctlon/d tillation colum 1 except for vvater 5

which is drawn 1519 29y dhsmaflameunt of Yanos phase folueps mak exit ity mepagator

line 29. A smal X
drum 21 via li neu%g%n‘%lﬁq§ egﬁ%g}ggg% g&%?égd%eg migﬁggﬁg%@ B
recovered by saeutired biheschubliinggtlieedight gagesbiyersciubburt B7awﬂ1ﬁrar ICe*

aromatic stream which can be recycled back through line 31 to the 10
strippi ng sect iayaoufti¢ é@r@ﬁnbrﬂfbmbt ¢an hei weyded raskithrough line 31 to the

eacti on/ aigr ) PP e oS PR bR o y St Tbed and

preferably through a plurality of lines, e.g., lines 7, 9, and/or 11,
within 15 reaction/distillation colum 1 at or near the reaction section
cont ai ni ng The methylating agent (e.g. methanol) is preferably injected into

reaction/distillation column 1 via line 9 below the catalyst bed and
preferably through a plurality of lines, e.g., lines 7, 9, and/or 11, within
15 reaction/distillation column 1 at or near the reaction section containing
the catalyst bed. Multiple injections can keep the methylating agent
concentration low at points within the catalyst bed so as to reduce all
reactions other than toluene methylation and to achieve nearly
complete conversion of methanol. Methanol can be injected as either a
20 vapor or liquid depending upon if methanol vaporization is desirable as
a means of adsorbing heat released in the toluene methylation
reaction. It is desirable to have substantially all of the methanol, e.g.,
99 percent or greater, converted within the catalyst bed. If methanol is
only partially converted, it can be separated out of the
25 reaction/distillation column overhead stream along with dimethyl-
ether (DME) which may also be produced in small quantities. The
overhead DME and methanol can then be recycled to extinction back to
reaction/distillation column 1. The concentration of DME within the -
catalyst bed will eventually build to the point that it is catalytically

30 consumed at the same rate as it is catalytically produced.



the catalyst bed. Miltiple injections can keep the nethylating agent
concentration low at points within the catalyst bed so as to s S/’O?SJG;
reactions ot P 9¥HEE t ol uene nethylation and to achi eve nearl

conversion of nethanol. Methanol can be injected as either a 20 vapor or

i qui d dependi ng upon if nethanol vaporization is desirable as a nmeans
of adsorbing heat released in the toluene nethylation reaction. It is
desirable to have substantially all of the nethanol, e.g., 99 percent

or greater, converted within the catalyst bed. If nethanol is only

partially convert ed, Retctiom'distilldmar edlathroltis phefebabl® Mesigned so that the
reaction/distillation colym overhead strea al ong wi,th_di nethyl - |
rT-r;hﬁeJ:ea.ctmn

ether (DVE) whi PFeSsHbe And, tewpgrajyge <f the ¢ mnqﬁaﬁ‘t“'?}h that t

over head DVE an %ﬁaduh I . @CYC t t

reaction/distil g | onwggl %&nﬁQY{ %ﬂleq@o eér%fdr%g C}ﬁmes? %&1 W%ﬁugge

catal yst bedsw ITheevasénirhtiyn b8 iy nes vhtisinPeeattian seétmxﬁwfint@hﬁnyw ly 30
consunmed at the sane_rate as it 1s catalytical Ig/oépro uced

6 nruchc fowew dhani theacoreenstatiom of foluenectinretbiey shssiogacef so
that th t f the ' h t hat
roaction  SEGRRRaiPRiabER AR dn Brenie S ARtPY REOBRES & epReiAREiang
toluene. 5 Thsexﬁeo@@nfffo%sl qea&iormisﬁmm\ﬂ t fdndd1e 1" e@ﬁﬂbo%ﬁf‘éﬂe' oy wi |

usual ly be | ower than the concentration of toluene in other
sections of conmamus}yi/f@ﬂmrdalcabncsncmmh amd reflozediuEaquidl phrese yylemkect i s

o A o nuBhAI (PHReRe (BIhUE Ah ofPRstioR: BAFUAN f e BRI RSB ap RS
xyl enes 10 a.”dfé IRHE MM etnlaFﬂa ke [ pich tﬁb Eﬁieﬁ” oftf thd'Ssur rface of the
ation e Co

reaction/distil um ca e precursors formed on the

surface of the catalpsttal lystwhshdik awags hhdreawmteh&lﬁfge&atammmmgehal yst
cycle Tength. Operating conditions and methylating agent injection points are
preferably chosen so as to obtain high methylating agent conversion to
15  xylenes. Since there should be low xylenes concentration within the
reaction section, formation of undesirable by-products via xylenes
transalkylation or xylenes methylation should be much lower than

achievable in a fixed bed reactor at comparable process conditions.

20 The reaction/distillation column is preferably designed to
condense most of the xylenes entering the top zone by contact/heat
exchange with refluxed toluene. Preferably, the column is designed so
that the catalyst bed operates nearly isothermally. Isothermal
operations are beneficial as they serve to extend catalyst life and allow

25 operations at an optimum reaction temperature. Since toluene
methylation is exothermic, it usually will be necessary to remove
reaction heat. This can be accomplished by vaporizing feed and

refluxed toluene.



Operating conditions and net hyl ati ng agent injection points are
preferably ch@gpqyzgias to obtain high nethylating agent convessingeehdeild
xyl enes. Since there should be | ow xyl enes concentration within the
reaction section, formation of undesirable py-products via xyl enes
transal kyl ati on or xylenes nethyl ation should be much | ower than
achievable in a fixed bed reactor at conparabl e process conditions. 20
The reaction/distil| datedysisl awitable for ekeriabthe pesean fivention incledadawse

nost of the xylen epteri t he,t zpne by cont act/ heat exchange |
with refl uxed tdﬁ"g@(é&" &%?%F%tﬂ%&,cggﬁefgedp o med X{aﬁm‘}d Jaeferably, Hie t he
catal yst bed opehaigst al¥ | | deVi - . . Qp [@ns are
beneficial as they ggr\gg,@ t omeil?ée)%g&{:egtgé#ytshte * [ %ﬁg%%anftfoélwlsz% glﬁ’gg%%eons
at an optinmum malecular sievpeEaampdes ofSéxeeeplagy detidysts are @aédioded!indy 8. S
exothermc, it ually w necessary to re reaction heat. This

i1l b
can be acconpl i SHEADEY 3/RR2D7i APORLRY, sand 4,130%125,I U®dapplication Serial

7 |y Ll abke .f useq N res i aventign i el ude
any catalgg%g Jﬁggsggghéfﬁggtﬁggyf ’t8P§annﬁe?ﬂ%ra?W§ﬁpaﬁP%fi&hbly,
the _catal ysv096A€004. (TRedd! @6c@Sferits draChdteBy $AorpBiRBA ) rdfSrdhced
crystalline . ol ecul ar sieve. Exanples of exenplary catalysts are

di scl osed in U. $ntheir endivetys 3, 965, 207, 4, 002, 697, and 4, 100, 215, U.S.
application Serial No. 08/865,634, filed May 29, 1997 and PCT
Publ i cati on No. W96/ 16004. These docunents are hereby incorporated by

LTS 0, " TS Sl s in, WE BERASATSE B9 b2
zeol i te. |nter miniverittopds ansirtermediate pore size zeolite. Intermediate pore size
zeolites have a pore size from about 5 to about 7 A and include, for
example, MFI, MEL, MFS, MEI, MTW, EUO, MTT, HEU, FER, and
TON structure type zeolites. These zeolites and their isotopic
15 framework structures are described in “Atlas of Zeolite Structure
Types”, eds. W. H. Meier, D.H. Olson, and Ch. Baerlocher, Elsevier,
Fourth Edition, 1996, which is hereby incorporated by reference.
Examples of specific intermediate pore size zeolites include; AMS-1B,
ZSM-5, ZSM-11, ZSM-12, ZSM-18, ZSM-22, ZSM-23, ZSM-34, ZSM-35,
20 ZSM-38, ZSM-48, ZSM-50, and ZSM-57. Preferred zeolites are

gallosilicate and aluminosilicate zeolites having an MFI structure.

The intermediate pore size zeolites will generally be a

composition having the following molar relationship:
X203::(n) Y0q,
wherein X is a trivalent element such as aluminum, iron, boron, and/or

gallium and Y is a tetravalent element such as silicon, tin, and/or

30 germanium; and n has a value greater than 12, said value being



zeolites have a pore size fromabout 5 to about 7 A and include, for
exanmple, M, MEL, MES, MEI, MIW EUO, MIT, HEU, FER, and

structure t'ypé”(}%gl@ls??es. These zeolites and their isotopic 15P rgglr%agvt\sxl)rk
structures are described in "Atlas of Zeolige Structure Types", eds.
W H Mier, DH dson, and Ch. Baerlocher, Elsevier, Fourth Edition,
1996, which is hereby incorporated by reference. Exanpl es of specific
i nter medi ate porgpehden® 6pbh tBE PGB typ¥BfLBolite. WEsMViRe idtthimchiate
ZSMr 12, ZSM 18, ZSM 22, ZSM 23, ZSM 34, M 35, 20 ZSM 38, ZSM 48, ZSM 50,
and ZSM 57.  Pr gfoze stag zeobite iee MFE structurmtypeszdolites 8 iapeferabliyrgreatdrcat e

zeol ites having ﬁn m structure. The i nternedi ate pore size
zeolites wll get ap 'y be a conposition having the follow ng nol ar
rel ati onship: 25 Xerr]err]:(n) YO[err]

wherein X is a trivalent elenment such as alum num iron, boron, and/or-
galliumand ¥ is a t sy Auewanto pbrsoantskilled 1asthei ditc dhe deidity afd aeolie
germanium and n has a value greater than 12, said val ue being .

8 dependerF@nuEE nt'g egav%msu%nﬁ VBEhRAUSE Fuche as\ B psteprming.  In

intermediate  ,449Q58 &k‘ﬁgﬁ@@} ot% iggofi'te'\@ d@ééﬂﬁ%r%gmﬁpw RGueZ fi2d 1o 'S

preferably greater 0 persons SkiTl ed
in the art, the zelith witlothe mabbiée form haedngbdshe BEEHRE d¢sdibe s yther

techni ques such as by steaming. In addition, the acidity of a zeolite
i s dependent updprmpefithe meghgq guach as the sodium form having less acidity than
10 the acid form. Accordingly, the mole ratios of silica to alumina and
silica to gallia disclosed herein shall include not only zeolites having
the disclosed mole ratios, but shall also include zeolites not having the

disclosed mole ratios but having equivalent catalytic activity.

15 When the zeolite is an aluminosilicate zeolite, the zeolite will
generally have a silica to alumina mole ratio from 10:1 to 700:1 and
preferably from 20:1 to 200:1.

When the zeolite is a gallium silicate zeolite, the zeolite usually

20  will be a composition having the following molar relationship:
Gaz203:yS102

wherein y is between about 20 and about 500. The zeolite framework
25 may contain only gallium and silicon atoms or may also contain a

combination of gallium, aluminum, and silicon.

The zeolite catalyst can be incorporated with binder material
resistant to the temperature and other conditions employed in

30  hydrocarbon conversion processes such as refractory oxides and



zeolite with the hydrogen form having the highest acidity and ot her
forms of the zeolit’e such as the sodiumform having | ess aci g?hi"’%%gﬂgéo
the acid for WO RE¥ ai ngly, the nole ratios of silica to alu

silica to gallia disclosed herein shall inglude not only zeolites having
t he di sclosed nole ratios, but shall also include zeolites not having the
di scl osed nole ratios but having equivalent catalytic activity. 15

When the zeol i tagnérphits ahatdrixls] |E§é§h?l@§@f stiRabldBirRe! ;hfaeeﬁ%is' inclue
general ly have a silica to alumna nolfe ratio from10:1 to 700:1 an
preferably frosyrthetic exr papirally occurring substatives suble asedhys, esilica, aurglidd i um

silicate zeolite he .zeol it.e usTaII 200wl |, be.a.c osi tion having the
fol | owi ng nol aime}téaﬁ a(fxllé?ﬁshi%’j‘amp es of such materials include silica, alumina,

Gaferr]err]: %ﬁiﬁ-&{(ﬂrﬂ?ga, mag¥Rel £l '%ﬂl’cfd;ﬁba%ﬁtel uenzﬁ'ngsﬁlal,.zgilﬁc%g%ig«%gl rSOO'

The zeolite franmewor may contaln on M a I CO may
al so contai 8 asilica-thoridyi nasiliea-tefrylad,| | unitaiaym neilcastithdih) | CQBrnary

The zeolite catalyst can be {ncorpgrated with binder_ materi al ) ]
resistant to tKeUPORRS: fichads Silirerabummarthoria, e slicayaluminasgreonia,

hydr ocar bon co SJ .0 S .refractory .oxides and.

9 anor ph%ﬁgd’an%@g?{%gloégaégararpgég gﬁmﬁﬁntagﬂﬁlabﬁlﬁ%?é?anﬁ'éﬂlﬁ? sSPrcl ude
hydrated alumina, and clays such as bentonite or kaolin. The zeolite
may also be composited with zeolitic material such as the zeolitic

10  materials, which are disclosed in PCT Publication 96/16004.

When the catalyst used in the process of the present invention is
a zeolite, the catalyst can be selectivated to enhance the amount of
paraxylene produced by the process of the invention. The selectivation
15 can be carried out either before the zeolite is loaded into the reactor or
after loading the catalyst into the reactor. Examples of processes for
selectivating catalysts include treating the surface of the catalyst with
compounds of phosphorus and/or various metal oxides such as
magnesium, antimony, and manganese. '
20
Selectivation may also be accomplished by exposing the catalyst
in a reactor bed to a thermally decomposable organic compound, e.g.,
toluene at a temperature in excess of the decomposition temperature of
said compound, e.g., from about 400°C to about 650°C, more preferably
25  425°C to about 550°C, at a WHSYV in the range of from about 0.1 to
about 20 lbs of feed per pound of catalyst per hour, at a pressure in the
range of from about 1 to about 100 atmospheres, and in the presence of
0 to about 2 moles of hydrogen, more preferably from about 0.1 to about
1 moles of hydrogen per mole of organic compound, and optionally in

30 the presence of 0 to about 10 moles of nitrogen or another inert gas per



synthetic or naturally occurring substances such as clays, silica, and/or
met al oxi des. Exanpl es of such materials include silica, alum

silica-al uni WP %%88Kesi a, silica-magnesia, zirconia, silica- "#?%58?(?"3?‘ 5
silica-thoria, silica-beryllia, titania, silica-titania, ternary
conpositions, such as silica-alum na-thoria, silica-alum na-zirconia,
silica-alum na-magnesi a and silica-nmagnesi a-zirconia, alumna sols,

hydrat ed al um ng.i1ABf of&AYiS ben; onl r | T, dhe

may al so be corrpgsi teg %\nﬁ%ﬁh c?e |ut%|%é ?n%%%g%sgdgh%géh%g fz&go ?’tg#lghl

mat eri al s, whi cimar entil schuffeteritnqiRGRifubf coled has d¥podibed4Hn the catalyst
When the catal yst ,used in the process_of tfge present invention is
zeolite, the catufdce, geasrally At least whoutl 2% nwgight and mar preferably

par axyl ene pro t e i ion. The selectivation 15
can be carri edd%lglﬁdae%eér]ﬁb%%eﬁ?ﬁ%@z%%%ﬁgy:%sﬁel’oaded into the reactor or
after loading the catalyst into the reactor. Exanples of processes for

sel ectivating catalysts include treating the surface of the catalyst with
conpounds of phosphdyalectavatian Qfatrheostagﬁsfamayxia&@sbeMOmlished wHygesi um
anti nony, and nmanganese. 20 Sel.ectivation may al so be .

acconpl i shed bfrggﬁg%lflﬁﬁnt??énl’:%%ﬁystq‘he Slﬁﬁoré OTRAUHAS L ERY; SORPTEr Aal | y
decomposabl e orgANiEGREPEde Colficones, a! QHEAS Ahnd hOHRERE! Hcfudiflg®x eSS
of the deconposition tenperature o sai d conpound, e.g., froma %ut
400[ err] C to ahlisflavéObed nliyxysilaneqr ef erably 25 425[err] C to about
550[err]C, at a WHSV in the range of fromabout 0.1 to about 20 | bs of
feed per pddnd of catalyst per hour, at a pressure in the range of
fromabout 1 to abou;y: ' e f . 0to
about 2 noles of hy r%légl%’: %rrlgp QR{F})@E earta%%sb % {rl%éré] %b@% E%Q%%i 13“’38518{1 1
nol es of hydrogen per nole of organic conpound, and optionally in 30 the

presence of 0 to aheut 10 noles of _nitrogen or another inert gas per
10
R,
Si O
R>
—_ 1,

15  wherein R; is hydrogen, fluoride, hydroxy, alkyl, aralkyl, alkaryl or
fluoro-alkyl. The hydrocarbon substituents generally contain from 1 to
about 10 carbon atoms and preferably are methyl or ethyl groups. Rz is
selected from the same group as Rj, and n is an integer of at least 2
and generally in the range of 2 to about 1000. The molecular weight of

20  the silicone compound employed is generally between about 80 to about
20,000 and preferably about 150 to about 10,000. Representative
silicone compounds include dimethylsilicone, diethylsilicone,
phenylmethylsilicone, methyl hydrogensilicone, ethylhydrogensilicone,

phenylhydrogensilicone, fluoropropylsilicone,



nol e of organic conpound. This process is conducted for a period of

time until av?b'%sfﬁsgisem quantity of coke has deposited on thepepugdopidsi
surface, generally at |east about 2% by wei ght and nore preferably

fromabout 8 to about 40% by wei ght of coke. 5 Sel ectivation of
the catal yst may al so be acconplished using or ganosi |l i con conpounds.
The silicon conpounds nmay conprise a pol ysi | oxane include silicones, a

si | oxane, and athyltaiftucroptophiysflicone, di si | asackivdoptdeysi | anemeth$l
Silicone conpounds that gﬁn be used in the present invention

[err] methylgrursilisong, e phpnylethylsilicpme, diphenylealicaner mephylrky! |

| kyl, al kar yl.q. | . | . Fhe .hyd b 44 uent
Gener al |y cont TG,  tetyasHE B R vl R T A BV IRHAEE  and o o
nethyl or et hyletyBuasisiiode! | Thé s}]icone%hﬂfétﬁfﬂ hé& b HetanEarb @ hoRS

Rlerr], and nis an integer of at |east 2 and generally in the range
of 2 to about 1W00. aedicnol @sul afomei gbxample20 héxametlidgrodotrisiosand,

ot T80 o Sl SR RE e Bt | et OleSahp S uie
di methyl silico | o bl . | Sdrhi
hydr oggnsi | co@a%ﬁlﬁl%%éﬂgggﬁgpf?%%neh@ ﬂﬂ?@gﬂ%ﬁé@dﬁ gg‘gﬁgﬁ [nff@c‘%%g%o

f1 uoropropyl si Ibeasel as well as silicones with other functional groups.

10 Useful siloxanes and polysiloxanes include as non-limiting

example hexamethylcyclotrisiloxane, octamethylcyclotetrasiloxane,

decamethyl cyclopentasiloxane, hexamethyldisiloxane,
octamethytrisiloxane, decamethyltetrasiloxane,
hexaethylcyclotrisiloxane, octaethylcyclo tetrasiloxane,

15 hexaphenylcyclotrisiloxane and octaphenylcyclo-tetrasiloxane.

Useful silanes, disilanes, or alkoxysilanes include organic

substituted silanes having the general formula:

20
R,
R Si R,
25
R,

wherein R is a reactive group such as hydrogen, alkoxy, halogen,
carboxy, amino, acetamide, trialkylsilyoxy, R1, Rz and Rs can be the

30 same as R or can be an organic radical which may include alkyl of from



11 ethyltrifluoroprophysilicone, tetrachl or ophenyl met hyl
nmet hyl et hyl sili cone, phenyl ethylsilicone, diphenylsilicone, nethyltri
silicone, tetw@HB8%28phenyl et hyl silicone, nethylvinylsiiconé“Q. 93/01561
ethylvinylsilicone. The silicone conpoundlgeed not be |inear but may 5 be
cyclic as for exanpl e hexanet hyl cyCl ot ri si | oxane,

oct anet hyl cycl otetrasi | oxane, hexaphenyl cycclotrisiloxane and

oct apheny! oyl oet asbiO NG MAE ARl bhSSH SARBORIACITN KRR the, O

used as well as 'silicones w functirona

si | oxanes and peokryshicocrtids ofNalkylleoaimd N-tol 4BoutBD carbo@X&tphe and the
hexanmet hyl cycl ot ri si |l oxane, oct anet (rkll cycl ot etrasil oxane decanet hyl

cycl opent asi | oxaEl group corgaineabouth s Rbxwin24 carbons srhishtmgy besfurtheme,

decanet hyltetrasilo e hexaet,hyl .ot risiloxane oct-aet hyl qycl o
t et rasi | oxane, fghsﬁg‘i}gSh@WFWE Ianirq\{'gﬁi QYRR §on Iammg abou? ,7a'% AW
oct aphenyl cygl o-3pet4doh! ftorne. Preferaglyt, ‘the &&§1 !g'lko@'lf&nﬁﬁg alkiy$ i ilam@sis Or

al koxysi | anes i ncl ude organic substituted si'lanes havi ng t he general
f ormul a: 20 between about 1 and about 4 carbon atoms in {lerin]length. Mixtures

may also be used.

The silanes or disilanes include, as non-limiting examples,
10 dimethylphenylsilane, phenytrimethylsilane, triethylsilane and
hexamethyldislane. Useful alkoxysilanes are those with at least one

silicon-hydrogen bond.

The process of the present invention is typically operated at a

15 temperature no greater than about 320°C and, preferably, from about
225°C to about 300°C. However, the particular temperature is
dependent upon a number of factors including, for example, the
reactant flow rates, the operating pressure and the desired production
rate. The molar ratio of toluene to methylating agent is preferably

20 greater than 1 and, more preferably, greater than about 10. Hydrogen

gas can be supplied to the reaction as an anticoking agent and diluent.

Typical methylating agents include methanol, dimethylether,
methylchloride, methylbromide, methylcarbonate, acetaldehyde,

25 dimethoxyethane, acetone, and dimethylsulfide. One skilled in the art
will know that other methylating agents may be employed in the
process of this invention based on the description provided therein.

Preferred methylating agents are methanol and dimethylether.



wherein Ris a reactive group such as hydrogen, al koxy, hal ogen,
car boxy, am nQ m de, trialkylsilyoxy, Rerr], Rerr] an an
be the 30 sam¥ %%’:%L r can be an organic radical which may ingfﬁg]ggdgilzyl of

from 13 12 1 to about 40
carbon atons, al kyl or aryl carboxylic acid wherein the organic
portion of alkyl contains 1 to about 30 carbon atons and the aryl

group contains about 6 to about 24 carbons which nmay be further
substituted, al kylaryl and arylal kyl groups containing about 7 to about 5
30 carbon atons. Preferably, the al kyl dixampleor an alkyl silane is

bet ween about 1 and about 4 carbon atons in chain |length. M xtures may
al so be used. The silanes or disilanes include, as
non-1imting exanpl eq‘helfauo%ﬂgbiaxﬂngt@fyé ééﬁaggﬁer s1ﬂh?am(5r[ bﬂﬁwy}&bé@&s
triethylsilane and hexanet hyl di sl ane eful al koxysi | anes are those

with at | eas§ onthe presest lmmnt;d‘:dengulathnrmhsults were obtained TmingRR@Es of
t he present |nv I Qn i i,cal |y, ope d at ature no greater
than about 320[e P}‘@%ﬁélég‘)’mr&bﬁ?’gé rvwestlzes[ ROTCPRESS W0 ut

300 C. I ity
num[:)g;r!)f factors m#é}gemr %#egg gén‘}e%r@t&r&mrr%%cta BF”%? hgﬁeag, at he

oper ating pressucampositiohe udﬁg ﬁﬁdcﬁmﬁwﬁéﬁﬁ@{bnt model aite?, thEWoftRa@idomy i 0 of
tol uene to nethyl atlltr) ?ent |s preferably 20 greater than 1 and, nore

preferably, greal®pe- ENBHL) moethagder ogen

10
Reaction stoichiometry used for the simulation was the
following:
7 Methanol + 5 Toluene < 1 Ethylene + 5 Xylene + 7 H20
15 -

In the process simulation, the reaction proceeds in a
reaction/distillation column similar to reaction/distillation column Q)
shown in the Figure. A fifty theoretical distillation stage
reaction/distillation column was used in the simulation. The

20 distillation stages in the example are identified by their order from top
to bottom of the reaction/distillation column. Thus, the top stage is
Stage 1 while the bottom stage is Stage 50. Stages between Stage 1
and stage 50 are identified using this numbering sequence. The
toluene methylation catalyst used for the simulation is located in

25 Stages 21 through 24 (below the toluene feed [Stage 20] and above the
methanol feed [Stage 25]. In the simulation, it is assumed the catalyst

will convert 100% of the methanol.

The methanol is fed to Stage 25 of the reaction/distillation
30 column at a rate of 400 kg/hr and at a temperature of 140°C. The



gas can be supplied to the reaction as an anticoking agent and dil uent.

Typi cal nethyl ati agent s’ i ncl ude net hanol, dinethyl ether, PCTAB9W@NM1
nethylchlorié%);ﬁﬁgﬁylbronide, met hyl carbonate, acetal dehyde,

di met hoxyet hane, acetone, and dinethyl sul{jde. One skilled in the art

wi |l know that other nmethylating agents may be enployed in the process
of this invention based on the description provided therein. Preferred

met hyl ati ng agephser i o8 tHSioge OGS ﬂid@d&hbﬁl&ilﬁﬁﬂatmn column at a rate of
13 The fol | ow ng

exanpl e is a colffi% &ig/kn maidast on @mneﬁiétlmeo@faswocﬁ g'he presspre s¥nthe

I nvention. Sinulat e obt Version 4.18
Software from §eﬁﬁ¢13?j db%ﬁgae V@é'mrlhbs i\‘%&ﬁ?“‘%r@@é é’F’ea) The Fﬁ,}ﬁg%ﬁagﬂﬁ%t S
were converted jipntie AL ZbHEN i¥ 2t a0l qa& Jeboiler &ﬂ&%ﬁﬂéh&ﬁs aktsi ng an
activity coefficient nodel, i.e., the Non-Random Two- Li qui d (NRTL)

met hod. 10 § connectedmdbelmacﬁoﬂdwﬁlllatm golusadsifilart tocthei connactions was

t he follo Met hano Tol [err | ene +
5 Xylene + 7 H| rx%})@lggand condenser showh i %gé%‘éresfﬁrg?i’@ ‘tﬁh%ﬁ ction

proceeds in a ﬁeboﬂéxea&'é%o%]td (aBt I 4dodt 1QRVEP! HAE BAdD éoqlrdeﬁger duty was

reaction/distillTation co
determined to be -4045 kcal/hr.

10 Table 1 below provides summarizes the stream component flow

rates:

‘ Ethylene 50.0

Methano? 400 0 0 0
Toluene 1000 51.0 127.4
Xylene 0 0 946.7

Water 0 224.9 0
Total 400 1000 325.9 1074.1

15 * Similar to stream take-off at line 25 shown in Figure. No water

is taken off at line 29.

fal Similar to stream take-off at line 41 shown in Figure.



shown in the Figure. A fifty theoretical distillation stage
reaction/ di sfyblgoBsg.9n col um was used in the sinulation. The120599/01961
distillation stages in the exanple are identified by their order fromtop
to bottomof the reaction/distillation coltéamm. Thus, the top stage is
Stage 1 while the bottomstage is Stage 50. St ages—~be{—weeﬁ—5%age~1———
stage 50 are identified using this numbering sequen ene
net hyl ati on cathgtis ¢letrdedds: t he sinulation is |oc Mlmnﬁ“’m lﬁ s 21
t hrough 24 (bel ow the toluene feed [ Stage 20] and a hanol
feed [Stage 25]. In the sinulation, it is assuned the catal yst wi ||
convert 100% ofy t he I t ge 25
of the reacti on/ di sﬁ?gﬁggrf‘o%(?a%o u)%’"}elalﬁs %gﬁbgﬁﬁgﬁ J%a}ﬁﬂg il

t enperature of 140[ evith@ nidthylating agent under reactive dlstﬂlatwn condltlons

14 toluene is fed to Stage 20 of the reaction/digtillation colum at a
rate of 51000 kg afd e aPresapes anré satalyst e?&?@?ve’rh@rprtQBWﬁe of

t he react|on/d| ?# Wﬁ%{l colum is 7.4 kg/cnerr] (105 psia). The
tenperature eaction zone is about 190[err]C. A reboiler and

condenser are 5 connect ed to the reaction/distillation colum simlar to
t he connecti ons to reboiler and condenser shown in the Figure. The heat
i nput of the 2. refddid prooges redtediin {lgdmktawhareinrshid myocessdiencasriedut y

was determ ned to_ _be -40 Tabl e | bel ow provi des
sunmari zes the st reg&t&%ﬁp@ﬁgﬁpn@%ﬁﬁahm cfl’g’flﬁg

Tabl e | 10

3. The process recited in Claims 1 or 2, wherein substantially all of

the methylating agent is consumed.

4. The process recited in any preceding claim, wherein said process
15 is carried out at a temperature no greater than 320°C.
5. The process recited in any preceding claim, wherein said molar

ratio of toluene to methylating agent is greater than about 10:1,

20 6. The process recited in Claims 2 to 5, wherein said
reaction/distillation column contains a reactor section and the
concentration of said methylating agent 1n said reactor section is

less than the other sections of the reaction/distillation column.

25 7. The process recited in any preceding claim, wherein said
methylating agent is methanol, dimethylether, or mixtures
thereof.

8. A process for producing xylenes from toluene as recited in

30 Claims 2 to 7, wherein the process comprises:



Et hyl ene 0 0 50.0 0
Met hanol 400 0 /%99/01961
Tol uene - WO993§823 1000 . 7. 4

0 7

! B 1L

*0
L}
Tot al 400 1000 325*9 ¢ 1074.1 15
* Simlar to streamtake-off at line 25 shown in Figure. No water
is taken off at |ine 29. *x Simlar to streamtake-off at line 41
shown in Figure. (a) contacting toluene with a methylating agent i a reactihat i s

clainmed is: 1. A procgss, for nmaki ng,.xyl.e whi ch, conpri,ses .
reacting tol uene z%n\%i foﬁag?drréli‘ @I@??ﬂ@ygﬁﬁf&%e@m@cﬂh}gﬁ 18
di stillation conditions ﬁnaintameggtr&ﬁyrﬂthyia@ﬁxgofc%ﬁﬁgtﬁﬁls %?@ doRtainySh

effective for toluene | ati10on. e process recited
in Claima1l, swherein sai d tphenesaethylstion cethlyst; and, out in a

reaction/distillation colum. 10 3. The process recited in Clains 1
or 2, wherein substantially all of the nethylating agent is
consumed. ()  recovering said xylenes.

9. The process recited in Claims 2 to 8, wherein said methylating
10 agent is injected continuously into said reaction/distillation

column.

10. The process recited in Claims 2 to 8, wherein said methylating
agent is injected into said reaction/distillation column at a

15 plurality of injection points.

11.  The process recited in Claims 2 to 10, wherein said xylenes are

recovered from a lower end of said reaction/distillation column.

20 12. The process recited in Claims 8 to 11, wherein said temperature

in said reaction zone is from 225°C to 300°C.

13. The process recited in Claims 8 to 12, wherein the concentration
of methylating agent in the reaction zome is less than other

25 sections of the reaction/distillation column.

14. The process recited in any preceding claim, wherein said

methylating agent is methanol.



4. The process recited in any preceding claim wherein said proeess 15
Is carried oul o3kék,5 €emperature no greater t han 32)(3[43'%]#/E ofhe

process recited’in any preceding claim wherein sai “&\“\\\\}%\\\\\ ra’EI_ihg

of toluene to nmethylating agent is greateryihan aboum
and t he

process recited in Cains 2 to 5, wherein sai\
reaction/distillation colum contains a reactor sect\

concentration ofl5sai Thegirbydsatretiged e Mainis 8dod 4] @€t 0/n &G $ARtibH zone
| ess than the other sections of the reaction/distillation colum. 25
The process recited Fontains havdeandgas phase xylenesanddalubne.

nmet hyl ati ng agent is nethanol, dinethylether, or m xtures

t her eof . 8. A process for producing xylenes from toluene as
recited in 30 16. T&e3rbEess rbéited iﬂ"ﬂ&iﬂé‘zttbqulfe?@?x £PIERES PESduct is

16 (a) contacting toluene wth a nethylating agent 1n a
reaction 5 continuaeiie rémowed from the resutionddistillation elamm. col um
which is mai nt ai ned at nethyl ating conditions and contai ns
abs t ol uene nethyl ati on catal yst; and,

17. The process recited in Claims 2 to 16, wherein toluene is
continuously fed to said the reaction/distillation column and
refluxed.

10
18.  The process recited in any preceding claim, wherein the toluene

methylation catalyst is a zeolite catalyst.

19. The process recited in Claim 18, wherein said zeolite is an

15 intermediate pore size zeolite.

20. The process recited in Claim 19, wherein said zeolite has a
structure type selected from the group consisting of M¥I, MEL,
MTW, MTT, FER, TON, and EUO. '
20
21. The process recited in Claim 19 or 20, wherein said zeolite has a

composition with the following molar relationship:

X203:(n) YOq,
25
wherein X is aluminum, boron, iron, and/or gallium, Y is silicon,

tin, and/or germanium, and n has a value greater than 10.

22.  The process recited in Claims 18 to 21, wherein said zeolite is an

30 aluminosilicate zeolite or a gallosilicate zeolite.



(b) recovering said xyl enes. 9. The process recited in Jaims 2 to
8, wherein said nethylating 10 agent is injectedTontinuously into

sai d react i ortW@i9%8883 at i on col um. il DEE]
recited in Cains 2 to 8, wherein said rretllgyl ating ]mll“m ﬁlﬁﬂgﬂfﬂﬂ“
1 c L pluwality

injected into said reaction/distillation colum at a of
I nj ection points. 11. The process recited in ains 2 to 10,
wherein said xylenes are recovered froma | ower end of said
reaction/distillation colum. 20 12. The process recited in Clains 8 to

11, wherein sai2B.t enPke pirodeds recited in Clainid 22aivhel &iRcidid zeditechas afsilien
225[err]Cto 300[err%9tC. . 13. The process recited in dains 8 to 12,
wher ei n the concent ri& #bsmina mole ratiopf feamyahautng0:3gnabewt 7AE:1 8 i on

colum. oo 4, ke £ gallia mole FEGA SRR Rt PR GMRMEROOE crei o

sai d 5 nmet hyl ati ng agent is nethanol.
17
24. The process recited in Claims 21 to 23, wherein said zeolite has

a MFI, MEL, MTT or TON structure type.

25. The process recited in Claims 18 to 24, wherein said catalyst is

10 preselectivated.

26. The process recited in Claim 25, wherein said catalyst is

preselectivated with coke.

15 27. The process created in Claim 25, wherein said catalyst is

selectivated with an organosilicon compound.

28. The process recited in Claims 18 to 27, wherein said catalyst

further comprises a zeolitic binder.



15. The process recited in Cains 8 to 14, wherein said reaction zone

contai ns |iquwe %engs2gas phase xyl enes and tol uene. 16. pcTAiSod1961ES S
recited in Clains 2 to 15, wherein xylenes product is 5

continuously renoved fromthe reaction/distillation colum. 17. The
process recited in Claims 2 to 16, whenreinjtoluene is

continuously fed to said the reacti on/(}i tillation colum and

refluxed. 10 18. The process recited in any preceding claim wherein
t he tol uene : nmet hyl ati on catalyst is a zeolite catal yst.

19. The process recited in Caim 18, wherein said zeolite is an 15

i nternmedi ate pore size zeolite. 20. The process recited in Caim
19, wherein said zeolite has a structure type selected fromthe
group consi sting of M-I, MEL, MIW MIT, FER, TON, and EUO. 20

21. The process recited in Caim219 or 20, wherein said zeolite has a
conposition with the follow ng nolar relationship:

Xerr]err]:(n) YJerr], 25 wherein X is alum num boron, iron,
and/or gallium Y is silicon, tin, and/or germanium and n has a
val ue greater than 10. 22. The process recited in Clains 18 to 21,
wherein said zeolite is an e
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30

alum nosilicate zeolite or a gal losilicate zeol it e /Z

18 23. l;'&fgprocess (Vemted in Jaim22 wherein said B ,""? e has a
silica al umi na "M éN%% ?M@%ﬂ’t %%0:1 to aNS8C_ 700; 1,0
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(57) Abstract

process,

(54) Title: REACTIVE DISTILLATION PROCESS FOR THE PRODUCTION OF XYLENES

A reactive distillation process for the production of xylenes by contacting toluene with a methylating agent and in the presence of
a toluene methylation catalyst. The reactive distillation process is preferably carried out in a reaction/distillation column under conditions
which include a temperature no greater than about 320 °C. Enhanced amounts of paraxylene can be produced by the reactive distillation




