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- type zeolites wherein the cation is rare earth and/or

15 hydrogen. U.S. Patent No. 3,751,504 to Keown et al. and
U.S. Patent No. 3,751,506 to Burress describe vapor phase
alkylation of aromatic hydrocarbons with olefins, e.g.
benzene with ethylene, in the presence of a ZSM-5 type
zeolite catalyst. :

20 The alkylation of toluene with methanol in the
presence of a cation exchanged zeolite Y has been
described by Yashima et al. in the Journal of Catalysis
16, 273-280 (1970). These workers reported selective
production of para-xylene over the approximate

25 temperature range of 200° to 275°C, with the maximum

' yield of para-xylene in the mixture of xylenes, i.e.
about 50 percent of the xXylene product mixture, being
observed at 225°C. Higher temperatures were reported to
result in an increase in the yield of meta-xylene and a

30 decrease in production of para and ortho-xylenes. _

Of the xylene isomers, e.g. ortho-, meta- and para-
xylene, the latter is of particular value being useful in
the manufacture of terephthalic acid which is an
_intermediate in the manufacture of synthetic fibers such

35 as Dacron brand fiber available from the DuPont de
Nemours Company of Wilmington, Delaware. Mixtures of
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(U.S. Pat enx¥lene prno@ated20 and 4, 158,024 to Kaeding) discloses the use (‘
a fluidized Cata&ﬂétuéénﬁfQﬁtedﬁtébi¥héé*¥ﬁU§EJ#Htents 4,935,574 and
15 4,843,057 to D’Amore et al.) or interstage methanol
addition (U.S. Patent 4,761,513 to Steacy) have been
dlsclosed as means to quench the reaction exotherm and to
improve operability of a fixed-bed process.

Under typical reaction conditions the process is

20 also prone to rapid catalyst deactivation. The use of
hydrogen co-feed (U.S. Patent 4,444,989'to Herkes) has
been disclosed to reduce coking. Kaeding (U.S. Patents
4,067,920 and 4,158,024 to Kaeding)'discloses the use of
a fluidized catalyst zone but with no teaching of

25 preferred fluidization conditions.

U.S. Patent 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

30 has undergone prior treatment to deposit a coating of

' between about 15 and about 75 weight percent of coke
thereon. : '
U.S. Patent 4,097,543 to Haag et al. relates to a
-~ process for the selective production of para-xylene (up
35 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 weight percent coke thereon.
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from about 1 to about 12, which catalyst has been
selectivated by the steps of:

15 (a) presteaming the catalyst at a temperature of
. from about 800°C to about 1050°C for at least about 10
minutes; _ : '

(b) depositing from about 1 to about 20 weight

percent of coke on said catalyst; and

20 (c) continuously controlling the weight percent of

coke on said catalyst at from about 1 to about 20 weight

percent.
The present invention improves selectivity and yield
in a process for producing para-xylene from toluene by

25 steaming and precoking the catalyst under controlled
conditions, and then continuously controlling the degree
of coke loading during process operatibn. The order of
the steaming and precoking steps is critical in the
present invention, as is the severity of both steps.

30 These two steps in sequence enable the process of the
present invention to provide unusually high selectivity
for para-xylene at commercially useful toluene
conversions of 5 weight percent or more per pass,
typically 7 weight percent or more per pass. Para-xylene

35 selectivities typically exceed 90 weight percent in the
present process, and,breferably exceed 94 weight percent.
Conversion conditions typically include temperature

A
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15 decrease below a commercially useful level.

Additionally, the catalyst may be selectivated by

treatment with one or more elements such as Si, P, Mg, or

Phosphorus-treated zeolites are taught in U.S. Patent

4,554,394 to Forbus and Kaeding, cited above, which is
20 incorporated by reference as if set forth at length

herein for the method of depositing such elements on the

catalyst.’ '

The term "coke loading" is used herein in terms of

weight percent to refer to the amount of coke deposited
25 on the catalyst as a percentage'of the total weight of
 the composite'catalyst. For example, a 100 gram catalyst
sample having coke loading of 5 weight percent would -
contain 5 grams of coke and 95 grams of composite
catalyst.: ' '

. The process of the present invention is preferably

carried out in a fluid bed or moving bed reactor so that
the extent of coke loading can be controlled by varying.
the severity and/or the frequency of continuous oxidative
regeneration in the catalyst regenerator.

Coke deposited on the catalyst during nqrmai'

processing is partially removed by regeneration. The
amount of coke left on the catalyst after regeneration
may be controlled to balance the desired para-xylene

ese two steps. in

|
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to about 20 weight percent (preferably from about 1 to
about 15 welght percent, more preferably from about 1 to
about 10 weight percent, and most preferably'from about 1
to about 5 weight percent) by periodic regeneration by

20 exposure to an oxygen-containing atmosphere at an
elevated temperature.

One of the advantages of the preselectivated
catalyst described herein is its ease of regenerability.
Thus, after the preeelectivated cataiyst accumulates

25 additional coke as it catalyzes the toluene methylation
reaction, it can easily be regenerated by bﬁrning_off a
controlled amount of coke in the partial combustion
atnosphefe of the regenerator at temperatures in the
range of from about 400° to about 700°C. The coke

30 loading on the catalyst is thereby reduced in the
regenerator, but not el;minated, so that the regenerated
catalyst returning to the toluene methylation reaction
zone is coke-loaded at a level of from about 1 to about
20 weight percent, more typically in the range of from

- 35 about 1 to about 5 weight percent.
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regener abi | i "géh cons%tﬁléésh eeg‘g'(r;g%el ecti vaf‘%‘ §1’a?f %hgcgﬂ?fﬁl at es
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Although 12-membered rings in theory would not offer
sufficient constraint to produce advantageous ' '

20 conversions, it is noted that the puckered,lz-ring
structure of TMA offretite does show some constrained
access. other'iz-ring structures may exist'which may be
.operative for other reasons, and therefore, it is not the
present intention to entirely judge the usefulness of the

25 particular microporous crystalline material solely from
theoretical structural considerations..

A convenient measure of the extent to which a
microporous crystalline solid provides control to
molecules of varying sizes to its internal structure is

30 the Constraint Index of the solid. The method by which

| the Constraint Index is determined is described in U.s.
Patent Number 4 016.218, 1ncorporated herein by reference
for details of the method. U.S. Patent Number 4,696,732

_ discloses Constraint Index values for typical materials

35 and is incorporated by reference as if set forth at
length herein.

In a preferred embodiment, the catalyst contains a
zeolite having a Constraint Index, measured prior to
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material s useful as catalysts in the present invention have an
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ot her re#Sons, ore’ presen on to
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U.S. Patent Nigbent Numbers3,832, 449, the disclosure of which is
incorporated herein by reference. Zeolite 2SM-23 and the
conventional preparation thereof are described in U.S.
Patent Number 4,076,842, the disclosure of which is
20 incorporated herein by reference. Zeolite 2ZSM-35 and the
conventional preparation thereof are described in U.S.
Patent Number 4,016,245, the disclosure of which is
incorporated herein by reference. Another preparation of
ZSM-35 is described in U.S. Patent Number 4,107,195, the
25 disclosure of which is incq:porated herein by reference.
'2SM-48 and the conventional preparation thereof is taught
by U.S. Patent 4,375,573, the disclosure of which is
incorporated herein by reference.
_ MCM~22 is disclosed in U.S. Patents 5,304,698 to
30 Husain, 5,250,277 to Kresge et al., 5,095,167 to
Christensen, and 5,043,503 to Del Rossi et al., which
patents are incorporated by reference as if set forth at
length herein. . :
Additional molecular sieves which find utility in
35 conjunction with the present invention include pillared
silicates and/or clays; aluminophosphates, e.g. ALPO-S,
VPI-5; sillcoalumlnophosphates, e.g. SAPO-5, SAPO-37,
SAPO~31, SAPO~40, SAPO-41l; and other metal
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In a preferred enbodi nent, the catal yst contains a zeolite having a
Constraint Index, neasured prior to. ._g..AD 96/15083
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Forbus et al. teaches a method for treating modified ZsM-

5 zeolite-containing catalysts with a Vap’or phase

organophosphorus reagent such as trimethylphosphite or

dimethylmethylphosphonate in order to improve the para-~

20 selective properties of such catalysts for the conversion
of aromatic materials. .

Examples

-A fluidizable catalyst containing ZSM-5 was calcined’

25 at 538°C (1000°F) for 3 hours to remove residual volatile
material and. then steamed at 1025°C (1877°F) for 4 hours
at 101 kPa (0 psig) steam. Toluene and methanol in a
molar ratio of 4/1 was passed over 40 grams of catalyst
in a fluidized bed of catalyst operated below the

30 transport velocity at reaction conditions of 597°C
(1107°F), 3.5 WHSV, and 232 kPa (19 psig). The reactor
was operated in a batch mode with respect to catalyst for
a period of 11 hours. 'A two-phase liquid product
consisting -of a hydrocarbon phase and an aqueoﬁs phase

35 was. sampled at different times during the run and
analyzed. The hydrocarbon phase contained the desired
Xylene product rich in para-xylenes. At the end of the
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'ZSM 48 and_the conventional preparation thereof is taught by U S
Pat ent 4, Y8883 Lo (i scl osure of which is . i ncor por SﬂéH@Wh by
T ef erence. MCM 22 is disclosed in U S Patents 5,304,698 to 30
Husai n, 5,250,277 to Kresge et al., 5,0859467 to Chri stensen, and
5,043,503 to Del Rossi et al., which patents are incorporated by
reference as ransthefcatalyst was DQ#E&Q]Wiﬁh&HitrOgeﬂ and t%&d
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SAPO- 31, SAPO(T&bl&APD slowsinal mirerselsatiivity (pa\ﬁﬁ/&iﬂr}ﬂ&&ta+ortho)

PCT/ US95/ 1466 .

al um noph%sphé o23.9%, for a catal ous‘fcmt(?els?clrnlgoed | %wﬁ § coke apd, nmot.
4,440, 871; 4,e%posed ta %qltegdeW% Pracess/regeneratdon The | ayered

naterlal N(MA&ﬁclag,descrlbed in U S Patent 5,304,698 to Husain, is
al so useful ip . the .5, present invention. .~ Many conposite
catalysts.caﬁaﬁ%m%%%+¥ied or selectivated to inprove para-xyl ene

yi el ds fromtol uenk sampleldf|the mteamed SlagdizableScaralyst 3, 965, 209 to
Butter 4 eférisé&CmSE RadPld O el 1R D GAIRd pbfl contal ning a
nedlun}pore zeolite to | npyfove |ts par.a- ene selectivity. US.

Pat ent 4, 158, P2ACERX Kachyi PrxEire o 1“%6%’5“3 A § nproving the

para-xyl ene toluenénétivanol aiqrazt Qatriee ofl Kylawiasn paseeassvey eHei ng at
oo o, Gk R T, SEROEA BBy 43P GRS
met hod for tré&SYn@nddl9l kP IQ psig).5 The reactem bliaﬁl nge&'at-&ﬂyst s with
a vapor phaseynder cyclic hydrocarbon process/regeneration conditions
with respect to catalyst. A cycle consisted of
processing toluene/methanol feed for 6 or 12 hours,
followed by a nitrogen purge for 30 minutes during which
time the catalyst bed was cooled to 552°C (1025°F),
20 followed by an air regeneration for 2 hours at 552°C
(1025°F), followed by a nitrogen purge for 30 minutes
during which time the'catalyst bed was reheated to 599°C
(1110°F) for the next hydrocarbon cycle. A two-phase
liquid product consisting of a hydrocarbon phase and an
25 aqueous phase was sampled at the end of the hydrocarbon
cycle and analyzed. The hydrocarbon phase contained the
desired xylene product rich in para~xylenes. After 8
cycles-a sample of catalyst was removed from the reactor,
dried: at 79°C (175°F) in air for 1.5 hours to remove
30 residual adsorbed hydrocarbon, and analyzed for coke
» content. The composition of the hydrocarbon phase (Table
2) shows that the para-xylene selectivity increased to
98% during the cyclic treatment. After 8 cycles, the
catalyst contained less coke than Example 1 but was
35 producing para-xylene in higher selectivity.
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properties of such catal ysts for the conversion
Exanpl es Exampl e 1

A fl++Id=2abl e catal yst containing ZSM 5

was cal cined 25 at 538[err]C (1000[err]F) for 3 hours to renove residual

vol atile “material and then steane@ableld’5[err]C (1877[err]F for 4
hour s at IO kPa (U psig) steam loluene and fethgnol AR ) - ar
ratio of 4/ 1} passed over 40 grang.g Sxample J diized bed of
catal yst ope} qﬁaﬁnﬂﬁhpwmbhataenbransport veIOC|ty at reaction conditilpns of
597[err] C | (@Tehpérature; WBS FAnd 232 kPa (19|psi g)s97 Traexact orjf.

was oper at edfli n FeddaWHSVhode with respect to cataljyst f3ars a perid of
11 hours8s A moiphﬁsmﬁa,qkwa fpedgdt consi stilng of @32 dA®ar borf phase
and an aqueofis FiednensgMethanodp(meldt different §ines duding the rurf and
anal yzed. Thg 4le0 .rbon phase contained t he deS|red xyl ene pro-‘ct
rich in parajpesene g B 68
PCT/U895/146.T1me on Stmaamuhhrsatalyst was purged mnthlmQrcgen and t he

coke. cogpent | SEzSeabion FBARS, PoftpesRt dny ‘Faﬁ”"l

a para- ecjfi vi gé ,ﬁ\/ par a+net a+ortho) 5

ed and anal yzed f orf
(Tabl e 1) shows

hase
93. 9‘%1‘0@ a catal yg

E
|

cont ai ni ng 4 97 e and not exposed to cycl igS 1lgydr ocar bon
process/rege er glgldene . - cycles. _ - 84.58
| Ethyl Benzene 0.04
pi] ; o-Xylene 0.31
| m-Xylene 0.56
i  p-Xylene 13.42
3 Methyl Ethyl Benzenes 0.15
| Trimethyl Benzenes 0.38
20 | C,+ Aromatics 0.20
Total Hydrocarbon Stream Time,.hrs._ 11.25
Coke on Catalzsty wt.% 4,97
Toluene”converSiOn; wt. $ 12.5
93.9

Para-xylene selectlvity, wt. %
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catal yst bed B 0 oGPG L7 Eﬂr¥ err]F), 20 |followdd by arf air
regeneration or’EmWGEP§"EP'55 %Szﬂ[err]F) fol l ojed by 4
ni t rogen urg owﬁhQUt dur| hltime the catal yjst bed }
reheat ed 9[ Q &10[err]F) the nex{ hyfrocarbgn cycl_ A
t wo- phase rgg ﬁgnzhéig ) of4a hydr ocar bpn phasgq¢ and ary 25
aqueous phase mas sa é at t f the hydﬁocarbon C)cle an-
analyzed The!HyUIULarUUH pnaoc ~comtarneetie tesT cu*Ayl e pPTroqg UCt
rich in para-k@yedes# After 8 cyclps a2sampl e of cpatal $st jvas & efoved
fromthe reac) %&me on debadl a2k gg[err]r-(iZS[enL]fa i nf ai g 5fon
to renove 30 ; Ertre oS ooet—mYy-tri—0t |Jﬁuﬁ, aluﬁﬁa%yre&#
content. 19The Hydrocarbon Phas@e hydrochrbon phgse (Tabl e
that the paraj fprupesisdpbet Wei®y increaped to 98% Puri ng
treat ment. Af;er 8 cycles, the cat pl yst cont ai ned | ess co%
Exanpl e 1 butfwa&35  producing para- xl in|Rgher kePedfi yi
Y\Plg?{ 15083 | c./c, PON Tabl ef 19+04 PRV o555 148641
| Benzene 0.16 0.11 | o.08
15 {| Toluene 82.34 85.39 | 88.32
t Ethyl Benzene 0.03 0.03 0.03
| o-Xylene 0.32 0.14 | o0.07
1 m-Xylene 0.71 0.28 | 0.14
t p-Xylene 15.61 13.40 | 10.86
20 i Methyl Ethyl Benzenes 0.12 0.10 0.08
| Trimethyl Benzenes 0.37 0.18 0.10
|
I ot 0.20 0.15 { 0.11
eunmlative Hydrocarbon 21 39 57
| Stream Time, hrs.
25 ICOke on Catalyst, wt.% — — -
! Toluene conversion, wt.% | 15.5 12.4 9.4
t ara—xylene select;vity,
| wt.%
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12 '10
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15

Pim® on Stream hrs. 13 12

Fydrocarbon Phase <33gUsition, w.% Jerr]-

Cerr]/Cerr] PON

W’?Lz?s claimea BB ene 0.16 0.11 0.08

Tol uebe A process for théidlectilfe FroRi:tisn oF Para-

0.04

Benzene o- Xyl ene
0 14 xybe?ﬁ wh:bclb 6c91§pns£s %3?1%:% tolhidhe with a 7 0. 28

methylatingagert in the presencel@ﬁali catalyst 10.86 9.20
Me hy|céﬁﬁfisfﬁ@zfﬂﬁﬁcropékddb maﬂhﬁﬂ%l H&i%%g dOd@ﬁstraint

0.12

75
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to aﬁbueamxlwleicmr&taa@st hask been Geleictivated Yy th - -

sé@ﬁg of: Tol uene conversion, w.% 15.5 12. 4 9.4

(a) presteaming the catalyst at a temperature of at
least about 800°C for at least about 10 minutes;
(b) depositing from about 1 to about 20 weight
percent of coke on said catalyst; and
' (c) continuously controlling the weight percent of

- coke on said catalyst at from about 1 to about 20 weight

pércent.

2. The process of claim 1 wherein said methylating
agent is methanol, methylchloride, methylbromide,
dimethylether or dimethylsulfide.

3. The procéss of claim 1 wherein the step of
reacting toluene with a methylating agent is carried out

-at a temperature between about 300° and 750°C, a pressure

of between about 1 atmosphere and 1000 psig, a weight
hourly spade velocity between about 0.5 and about 1000
eﬁploying a molar ratio of methylating agent to toluene
of less than about 5. _ _ _

4. The process of claim 1 wherein said catalyst
contains a crystalline aluminosilicate zeolite
characterized by a silica/alumina ratio in excess of 30.

5. The process of claim 4 wherein said crystalline
aluminosilicate zeolite has the structure of ZsSM-5.

6. The process of claim 1 wherein said catalyst has
undergone prior treatment with a steam-containing
atmosphere at a temperature between about 800°C to about
1050°C for between about 10 minutes and about 100 hours.

7. The process of claim 6 wherein said catalyst
contains a crystaliine aluminosilicate having the
struéture of ZSM~5.
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Par a- xyl ene sel ecti 98.1 98.1 .mﬁhwé_ WO
96/ 15083 WO 96/15083 v”"m, "@1"" III! lﬁn PCT/ US95/ 14667  PCT/US9snas6?

--12-- Changes can |ca ions in the specifically - described
enbodi ment's can be carri ed out W t houta_ggfeparting fromthe scope of the
I nvention which is intended to be [imted only by the scope of the

appended claimg. The prééess/dS0EMaim 6 Wﬁﬁ%/sh@ﬁﬁ]}’nethy#atinlg
--13-- - 1. A process for -the selective
production o?¥%§; i§ ﬁk@ﬁ&@?%ne whi ch conprises reacting toluene with a
met hyl ati ng agent9in The prmwﬁfcbaim@%rem thﬁ)rﬂhﬁmm‘ﬁg a

mi croporous pRhetify E8vaéNe it rﬁéﬂ{ylatin o it 1O
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percent of coﬁe on sal
_ 1000, employing a molar ratio of methylating agent to

toluene of from about 0.05 to about 5.

10. The process of claim 9 wherein said temperature
is between about 500° and about 700°C.

11. The process of claim 9 wherein said methylating
agent is methanol present in an amount corresponding to a
methanol/toluene molar ratio between about 0.1 and about
2. | | | |

12. The process of claim 1 further comprising
‘reacting a mixture of toluene and a methyleting agent in
the presence of said catalyst to convert at least 5
weight percent of said toluene per pass to a product
mixture containing at least about 90 weight percent para-

- xylene. ' '

13. The process of claim 12 further comprising
converting at least 7 weight percent of said toluene per
pass to a product mixture containing at least about 20
weight percent para-xylene.

14. The process of claim 12 further comprising
converting at least 5 weight percent of said toluene per
pass to a product mixture containing at least about 94

weight percent para-xylene. '

15. The process of claim 12 further comprising -
continuously regenerating said catalyst under oxidation
conditions to provide a cetalyst coke loading level of
from about 1 to about 15 weight percent. ;

- 16. The process of claim 15 further comprising
continuously regenerating said catalyst under oxidation
conditions to provide a para-xylene selectivity of at
least about 94 weight percent. '

%
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169 Titley§H.ECHVE PARA-XYLENE PRODUCTION BY TOLUENE METHYLATION
(57) Abstract

A process is disclosed for the selective production of para-xylene which comprises reacting toluene with a methylating agent in the
presence of a catalyst comprising a microporous material having a Constraint Index, measured prior to selectivation, of from about 1 to
about 12, which catalyst has been selectivated by the steps of: (a) presteaming the catalyst at a temperature of at least about 800 °C for at
Ieast about 10 minutes; (b) depositing from about 1 to about 20 weight percent of coke on said catalyst; and (c) continuously controlling
the weight percent of coke on said catalyst at from about 1 to about 20 weight percent.
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