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Technical Field
The present invention relates to a unique
reforming or aromatization process for producing G

15 aromatics which are enriched to above equilibrium levels
in para-xylene from feeds containing C;
non-aromatics, the catalyst used in such a process and
the methods of forming the catalyst.

20  Background Of The Invention _

| Para-xylene is useful for the production of
terephthalic acid. Terephthalic acid is used for the
production of polyester resins and £fibers such as
Dacron. Para-xylene is a byproduct of reforming

25 processes for the manufacture of fuels, particularly for
the manufacture of gasoline. Para-xylene occurs in
approximately equilibrium amounts, about 22%, in the C;
aromatics fraction of a typical reformate stream. (All
%s mentioned herein are weight %s.)

30 Para-xylene and other aromatics can be
recovered from reformates using a combination of
extraction and distillation steps. Para-xylene can be
gseparated from other C; aromatics and purified by
processes which include crystallization or adsorption

35 processes. The other C; aromatics, which now contain
para-xylene in 1less than equilibrium amounts, are
typically recycled through an isomerization unit in
order to bring the para-xylene percentage back up to

‘near equilibrium levels. The resulting stream is then

~



separated * fromother (err] aromatics and puri.-fied by processes which
I nclude crystallization or adsorption 35  processes. The other (err]
aromatics, which now contain para-xylene in |less than equilibrium anounts,
are typlcally recycl ed through an isonerization unit in order to bring the
par a- xyl ene percentage back up to near equilibriumtevels. The resulting
streamis then -2- recycled to the sepamation and purification unit to
recover additional para-xylene. The efficiency of para-xylene recovery and
5 purification would be increased and-the cost would be decreased if the

err] aromatic e enLl.g L h ase,
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step coul d be elnenmzecaddmumwl mirgcsywl®ensenti onal 10 reformni ng and
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| evel s a conventi onal ormn zat i process
the desiredSi npriad gatiqn fwouli Bﬁr angyeapedr aadydiie @pst would be

ref or m ng/ ar onatdedrtded AtAlnhe CQrdineRsS tludEt reIM @zas enriched in
para-xylene. In the best case, with a very rich para-

' xylene stream, the recycle through the isomerization
step could be eliminated entirely. Since conventional

10 reforming and aromatization produces para-xylene at only
approximately equilibrium 1levels a conventional
reforming or aromatization process does not give the
desired improved efficiency of para-xylene recovery. A
reforming/aromatization catalyst and process which would

15 give C; aromatics which are enriched in para-xylene above
equilibrium levels would thus be highly desirable.

¥t is known to produce xylenes with para-
xylene levels above equilibrium by disproportionation of
toluene. This process produces xylenes and benzene by

20 a transalkylation mechanism. Patents which illustrate
the production of para-xylene rich xylene streams from
the disproportionation of toluene include U.S. Patents
4,011,276; 4,016,219; 4,052,476; 4,029,716; 4,067,919;
4,097,543; 4,098,837; 4,127,616; 4,160,788; 4,182,923;

25 4,361,713; 4,365,104; 4,367,359; 4,370,508; 4,308,685
and 4,384,155, all of which are incorporated by
reference.

U.S. Patent 4,007,231 discloses the use of an
antimony oxide modified zeolite, for example,

30 HZSM-S5, to produce para-xylene rich C; aromatics from
toluene and from C; - C, paraffins, olefins, or
naphthenes. Also, U.S. Patent 4,117,026 utilizes an
intermediate pore =zeolite, for example, HZSM-5, which
has been modified by metal oxides, precoking or using a

35 large crystal form to produce para-xylene rich C,



15 give Cerr] aromatics which are enriched in para-xyl ene above
equilibriumlevels would thus be highly desirable. it is known to produce
xyl enes with para- xylene | evels above equilibrium by disproportionation of
tol uene. This process produces xylenes and benzene by 20 a :
transal kyl ati-on nmechani sm  Patents which illustrate the production of
par a- xyl ene rich xylene streanms from the -digsproportionation of toluene
include U.S. Patents 4,011, 276; 4,016, 219; 4,052, 476; 4,029, 716; 4,067, 919;
4,097, 543; 4,098, 837; 4,127,616; 4,160, 788; 4,182,923; 25 4,361, 713;
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paraffins, _olefins, or. naphthenes. U S Patent 4,117,026 utilizes
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by metal oxides,arnt etPkidty utiilusd® fdr3procedsdtgChy 8 at, beebidnanedyce
para-xylene rich a(}.[affinlc/oleflnlc hydrocarbon feedstock.
Some catalysts are known to be shape selective
for the isomerization of ethylbenzene into para-xylene
10 rich xylenes. Isomerization catalysts and process of
this nature are set forth in U.S. Patent 4,101,595;
5,028,573; 5,082,984; 4,783,571 and 5,043,512.
| None of the prior art is concerned with an
_ aromatization process or a reforming process which will
15 produce acceptably high yields of para-xylene rich
xylenes starting with a C; non-aromatics containing feed
such as a typical reformer feedstock.

Disclosure Of Invention

20 The present invention is directed to
overcoming one or more of the problems as set forth
above.

In accordance with an embodiment of the

present invention a method is set forth of reforming or

25 aromatizing a Cs-Cy predominantly paraffinic or olefinic
hydrocarbon feedstock containing C; non-aromatics to
produce a product stream which is enriched in para-
xylene. The feedstock is contacted under reforming or
aromatization conditions with a catalyst which comprises

30 an intermediate pore size molecular sieve support, a
platinum group component and a component selected from
the group consisting of gallium, zinc, indium, iron, tin
and boron. The catalyst is capable of converting a
paraffinic feed in

35 a reforming or aromatization operation under reforming
or aromatization conditions to a product which includes



-3- aromati'cs fromtoluene or hi gh nol ecul ar wei ght olefinic or paraffinic.
feeds. . In this patent a dodecane.feed shows 63% para-xyl ene enri chnment .of

the Cs-aromatic

conponent and is not utilized for processing a Cl[err]-Clerr], predom nant'l.'y '

s. 5 The catal yst does not contain a platinum group

paraffinic/olefinic hydrocarbon feedstock. Sone catalysts are known to be
shape sel ective for the isonerization of etlylLbenzene into para-xylene 10

rich xylenes.
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m naintl paraffinic or olefinic
xylenes with the xylenes being at least about 30% para-

Xylene. :

In accordance with another embodiment of the
present invention a catalyst is set forth which is
useful for reforming and aromatization and which
comprises an intermediate pore size molecular sieve
support, a platinum group component and a component
selected from the group consisting of gallium, =zinc,
indium, iron, tin and boron. The catalyst is capable of
converting a predominantly paraffinic or olefinic feed
in a refeorming or aromatization operation under
reforming or aromatization conditions to a product which
includes xylenes which are enriched in para-xylene. The
catalyst has an activity sufficient to produce a yield

- of benzene-toluene-xylenes-ethyl benzene (BTX) from a
hydrocarbon feedstock containing C¢-C; non-aromatics of
at least about 30%, based on the C4-C; non-aromatics
content of the feedstock on a hydrogen free basis. At
least about 15% of the BTX consists of xylenes with the
xylenes being at least abdut 30% para-xylene.

In accordance with still another embodiment of
the present invention a method is set forth of producing
a catalyst having an activity under reforming or
aromatization conditions as set forth above. The method
comprises contacting a catalyst comprising an
intermediate pore size molecular sieve

e
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hydr ocar bon feedst ock containi.ng Cs non-aronmatics to produce a product
stream-which is enriched in para- xylene. The. feedstock is contacted under
reformng or aromatization conditions with a catal yst which conprises 30
an internedi ate pore size nolecul ar sieve support, a platinumgroup .
conponent and a conponent selected fromthe group .consisting of gallium
zinc, indium iron, tin and boron. - The casalyst -is capable of converting
a paraffinic feed in 35 a reformng or aronatization operation under
reform ng or- aronatization conditions to a product whi ch incl udes

| whi ch h T t
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10  present invedti ®dhat caltdl yid icageld ordfh Wbbertsing toluene by
disproportionation to xylenes which are rich in para-
xylene. The catalyst, prior to the contacting, ig
capable of converting an n-octane feed to products other

10 than n-octane at a temperature of 500°C, a liquid hourly
space velocity of 0.5 to 10, a pressure of 0 to 800 psig
and a hydrogen to hydrocarbon molar ratio within the
range from 1:1 to 20:1. The.coked catalyst is exposed
to a hydrogen atmosphere for a time sufficient so that,

15 following such exposure, it is capable of converting at
least 30% of an n-octane feed to products other than n-
octane at a temperature of 500°C, a liquid hourly space
velocity of 0.5, a pressure of 75 psig and a hydrogen to
hydrocarbon molar ratio of 10:1.

20 A large number of molecular sieves are known
to have wuse as catalysts in wvarious hydrocarbon
conversion reactions - such as disproportionation,
arcmatization including reforming, catalytic cracking,
hydrocracking, dehydrocyclization, isomerization and

25 dewaxing. Typical intermediate pore size molecular
sieves of this nature include 2ZSM-5, silicalite,
generally considered to be a high silica to alumina
ratio form of 2ZSM-5, ZSM-11, ZSM-22, 2ZSM-23, ZSM-35,
SSz-32, SAPO-11, SAPO-31, SAPO-41, and the like.

30 Zeolites such as ZSM-5, 2SM-11, 2SM-12, ZSM-23, ZSM-35
and ZSM-38 are described in U.S. Patents Nos. 3,700,585;
3,894,938; 3,849,290; 3,950,241; 4,032,431; 4,141,859
4,176,050; 4,181,598; - 4,222,855; 4,229,282; and
4,247,388 and in British Patent 1,469,345. The use of

35 such catalysts, particularly para-selective



useful for reform ng and.aromati zati on and whi ch conpri ses an internediate

pore si-ze nol ecul ar sieve support, a platinumgroup conponent and a

conponent sel ected fromthe group consisting of gallium zinc, 15 i ndi um
iron, tin and boron. The catalyst is capable of converting a predom nantly
paraffinic or olefinic feed in a reforiming or aromati zati on operati on under
reformng or aromatization conditions to & eroduct which includes xyl enes

which are enriched in para-xylene. The 20 catalyst has an activity
sufficient to produce a yield of benzene-tol uene-xyl enes-et hyl "benzene

of at | east about 30%
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invention one can begin with a typical primarily
non-aromatic reformer feed, for example a C;-C, feed with
about a 300°F end point, -and reform the feed to form a
product which contains para-xylene in above equilibrium
amounts. The Cs-C; feed can also contain minor amounts
of C,+ components. Generally at least about 30% of the
Cs aromatics will be in the form of para-xylene. The BTX
fraction of the feed can be separated, for example by
distillation, and utilized to produce benzene, toluene
and xylenes¢ particularly para-xylene, which can then be
utilized in chemical synthesis. The remainder of the
reformate will generally be useful as a gasoline
blending stock. This result is particularly surprising
since, as

will be demonstrated below, if one starts with a pure n-
heptane (C;) feed under the same conditions, the
resulting product, while it contains substantial amounts
of toluene and a C; aromatics fraction which is enriched
in para-xylene, contains so little xylenes whereby the
process would be highly inefficient in the manufacture
of para-xylene. This indicates that what is occurring
is not reforming to form toluene followed by
disproportionation of the toluene to form benzene and a
para-xylene rich xylene fraction, but rather direct
conversion of the paraffins in the feed, and apparently

of lower molecular weight paraffins as well, to Xylenes

which are enriched in para-xylene. It is also
surprising and unexpected that a catalyst which has been
selectivated for producing para-xylene
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support, a platinumgroup conmponent and a conponent selected fromthe group
consi sting of gallium zinc, indium iron, tin and boron with a hydrocarbon
feedstock 5 until the catal yst becomes coated with coke sufficiently so-
that it is capable of converting toluene by disproportionation to xylenes
which are rich in para- xylene. The catalyst,  prior to the contacting,

i s capabl e of converting an n-octane feed-tp products other -10 t han
n-octane at a tenperature of 500[err]C, a liquid hourly space velocity of
0.5 to 10, a pressure of 0 to 800 psig and a hydrogen to hydrocarbon nol ar
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hourly space velocity of Eressure g and a hydroger to
hydrocarbonE%DIaPrPﬁFFB BFcﬁBtEb ¢oyields of aro }ﬁ?ge number of
mol ecul ar sieves are known to have use as catal ysts in various hydrocarbon

conver si on tIOES such gs dis rogortionation, aronmati zati on
i ncl udi ng reforﬁﬁﬁﬁ——tgF§F§%PE—3Pa8t+§5?—%§%§ocracking, dehydr ocycl i zati on,

i sonerization and The invention will be better understood by
reference to the figures of the Drawings, wherein:
10 Figure 1 illustrates experimental results as

described in Example 7: and
Figure 2 illustrates experimental results as
descrlbed in Example 8.

15 Detail D iption Of The Invention
A novel catalyst useful for reforming and/or
aromatizatien forms one aspect of the present invention.
The catalyst comprises an intermediate pore size
molecular sieve support, a platinum group component and
20 a component selected from the group consisting of
gallium, zinc, indium, iron, tin, boron, and mixtures
thereof.
Zeolites <can be characterized by their
absorption characteristics at relatively low
25 temperatures, for example from 77°K to 420°K, as
described in , for example, Zeolite Molecular Sieves,
Donald W. Breck, First Edition, John Wiley & Sons, 1974.
These absorption characteristics are a function of the
kinetic diameters of the particular molecule being
30 absorbed and of the channel dimensions of the molecular
sieve. Intermediate pore size molecular sieves useful
in the practice of the. invention in the H-form will
typically admit molecules having kinetic diameters of
5.0 to 6.0A with little hindrance. Examples of such
35 compounds (and their kinetic diameters in A) are: n-
hexane (4.3), 3-methylpentan



25 .dewaxi ng. Typi cal internediate pore .size nolecular sieves of this
nature.include ZSM5, .silicalite, generally considered to be a high silica
to alumna ratio formof ZSM5, ZSM 11, ZSM 22, ZSM 23, ZSM 35, SSz-32,
SAPO 11, "SAPO- 31, SAPO 41, and the like. 30 Zeollte_s such as ZSM 5,

ZSM 11, ZSM 12, ZSM 23, ZSM 35 and ZSM 38 are described in U S. Patents
Nos. 3,700,585; 3,894,938; 3,849, 290; 3,950g241; 4,032,431; 4,141,859 -
4,176, 050; 4,181, 598; 4,222, 855; 4,229,282; .and 4,247,388 and in
British Patent 1,469, 345. The use of 35 such catalysts, par'ticul arly
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about a 300[err] R deftebtiveny r&terdadde feesmbouh@ Miaving kinetic
diameters in the range of 6.0 to 6.8A
include: cyclohexane (6.0), 2,3-dimethylbutane (6.1),
2,2-dimethylbutane (6.2), m-xylene (6.1) '

10 1,2,3,4-tetramethylbenzene (6.4) and o-xylene (6.8).
Generally, compounds having kinetic diameters of greater
than about 6.8A do not penetrate the pore apertures and
thus are not absorbed into the interior of the molecular
sieve lattice. Examples of such larger compounds

15 include: hexamethylbenzene (7.1}, 1,3,5-trimethylbenzene
(7.5), and tributylamine (8.1).

Specific molecular sieves which are useful in
the process of the present invention include the
zeolites ZSM-5, ZSM-11, ZSM-12, ZSM-21, ZSM-22,

20 ZSM-23,’ ZSM-35, ZSM-38, ZSM-48, ZSM-57, SSZ-23,

SS8Z-25, 8SZ-32, and other molecular sieve materials
based upon aluminum and/or magnesium phosphates such as
SAPO-11, SAPO-31, SAPO-41, MAPO-11 and MAPO-31. Such
molecular sieves are described in the following

25 publications, each of which is incorporated herein by
reference: U.S. Patents Nos. 3,702,886; 3,709,979;
3,832,449; 3,950,496; 3,972,983; 4,076,842; 4,016,245;
4,046,859; 4,234,231; 4,440,871 and U.S. Patent
Applications Serial Nos. 172,730 filed March 23, 1988

30 and 433,382, filed October 24, 1989. 1In most cases,
these molecular sieves must be further treated to impart
para-selectivity as discussed below.

The sieves are preferably bound with any of a
variety of well-known inorganic oxide binders.

35 Appropriate binders include inorganic compositions with
which the molecular sieve can be combined,



product which .contains para-xylene in above equilibriumanmounts. The
Cerr]-Cerr] feed can also contain mnor anounts of Cferr]+ conponents.
General ly at | east about 30% of the C[err] aromatics will be in the form of
par a- xyl ene. The BTX 15 fraction of the feed.can be separated, for
exanple by distillation, and utilized to produce benzene, toluene and

xyl enes; particularly para-xylene, which cag then be utilized in chem cal
synthesis. The remainder of the reformate will generally be useful as a
gasol i ne 20 bl ending steck. This result is particularly surprising
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't is also preferably iridium, palladium, and most preferably
10 platinum. They are quite selective with regard to
aromatization via dehydrocyclization and are also very
stable under the dehydrocyclization reaction conditions.
. The preferred percentage of the platinum group metals,
such as platinum, in the catalyst is between 0.1 wt.%
15 and 5 wt.¥, more preferably from 0.3 wt.% to 2.5 wt.¥%.

Platinum  group metals are preferably
introduced . into the crystalline silicate by
impregnation, occlusion, or exchange in an aqueous
solution of an appropriate salt. When it is desired to

20 introduce two platinum group metals, or a platinum group -
metal along with another metal such as gallium, zinc or
indium, into the crystalline silicate, the operation may
be carried out simultaneously or sequentially.
Preferably, the platinum group metal is finely dispersed

25 within, and on, the crystalline silicate.

By way of example, platinum can be introduced
by impregnation with an aqueous solution of
tetraammineplatinum (II) nitrate, tetraammineplatinum
(I1) hydroxide, dinitrodiamino-platinum or

30 tetraammineplatinum (II) chloride. In an ion exchange
process, platinum can be introduced by using cationic
platinum complexes such as tetraammineplatinum (II)
nitrate. When platinum is introduced into the. silicate
by occlusion a platinum complex is preferably



35 surprising and unexpected that a catal yst which has been selectivated
for produci ng para-xyl ene -7- enriched xyl enes by disproportionation of
toluene and in which is included a platinum group conponent woul d have
sufficient reformng/aromatization activity to 5 produce accept abl e
yields of aromatics. Brief Description of Drawi ngs The invention will be -
better understood by reference to the figurgs of the Draw ngs, wherein: 10
Figure 1 illustrates experinmental results as described in Exanple 7: and
Figure 2 illustrates experinental results as described in Exanple 8. 15°
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5 component selected from the group consisting of gallium,
zinc, indium, iron, tin and boron. This component serves
the purpose of increasing the yield of aromatics in the
aromatization or reforming process. As described by P.
Meriaudeeau, G. Sapaly, and C. Naccache in the Journal

10 of Molecular Catalysts, 81 (1993) 293-300, Ga may play
several roles. Replacing Al by Ga in the framework of
ZSM-5 can modify catalytic activity by reducing the
catalyst acidity (C.T.W. Chu and C.D. Chang, J. Phys.
Chem. 89 (1995) 1569) and non-framework Ga may impart

15 dehydrogenation activity to the catalyst (D.K. Simmons,
R. Szostak, P.K. Agraval, and T.L. Thomas, J. Catalysis
106 (1987)« 287). As described by E. Iglesia, J.E.
Baumgartner, and G.L. Price in the J. Catalysis 134
(1992) 549-571, Ga may promote dehydrogenation by

20 facilitating H atom recombination to give H,. The
gallium, indium, =zinc, iron, tin and boron may be
functioning by any or all of the above mentioned roles
or by other yet to be discovered roles which serve to
increase aromatics yields.

25 The Ga may be introduced into the catalyst by
any suitable method such as impregnation, ion exchange,
or by using a Ga source in place of Al in the
preparation of the =zeolite structure. The preferred
method is by substitution of Ga for Al in the

30 preparation of the zeolite. For example, a Ga ZSM-5
with Ga in the framework can be prepared by the
procedure of D.K. Simmons, R. Szostak, P.K. Agraval and
T.L. Thomas as described in the Journal of catalysis,
106 (1987), 287. A framework Ga ZSM-5 may also be

35 prepared by using a Ga salt in place of the Al



thereof. Zeolites can be characterized by their absorption - .
characteristics at relatively | ow 25 tenperatures, . for exanple
from 770K to 4200K, - as described in , for exanple, Zeolite Ml ecul ar

Si eves, Donald W . Breck, First Edition, John Wley & Sons, 1974. These
absorptlon characterlstlcs are a functlon of the kinetic dlaneters of the
particul ar nol ecul e being 30 absor bed andy pf- t he channel dinmensions of-
the mol ecul ar sieve. Internediate pore size nolecul ar sieves useful in the
practice of the. inventionin the Hformw | typically admt. nol ecul es

et € B Bl 4 pEoabad LB e Beors AR e
(4.3), 3-nethyl pdhishn Patedt @579p, alsﬁnzdrEst(eEﬂ SApriahdmol uSey (1508}2 J.
?g{rgogﬂgspgf\e!sngﬁpiﬁicﬁxﬁg%% F\gr;arg%‘l cu ?ao é&\%@%ﬁ?ﬁﬁgﬁ ? penetrate
as qui ckly afd i Eh®n&SMaSeszapbibef &y | \l'éiey pxoradute ofopSundPakgrtng
kinetic 4,174,057, issued November 20, 1979 to E.E. Davies and
A.J. Kolombos which is incorporated herein by reference.
Ga may also be exchanged or impregnated into the zeolite
by the procedure of U.S. Patent 4,891,463, issued
10 January 2, 1990 to C.T-W Chu which
is incorporated herein by reference. In all.of these
methods there is potential for the Ga to occupy both
framework and non-framework sites in the working
catalyst. The preferred method gives a predominance of
15 the Ga in the framework of the freshly prepared Ga ZSM-
5. However, in the working form of the Ga ZSM-5, the Ga
may occupy oth framework and non-framework sites.
Zinc can be introduced into the catalyst in
the manner set forth in U.S. Patent 4,720,602 issued
20 January 19, 1988 to C. T-W. Chu, which patent is hereby
incorporated herein by reference. '
Indium can be introduced into the catalyst in
the manner set forth in U.S. Patent 4,822,942, issued
April 18, 1989 to Ralph M. Dessau and Ernest W.
25 Valyocsik} which patent is hereby incorporated herein by
reference. The Indium may also be introduced by
standard impregnation or ion exchange methods.
Iron can be introduced into the catalyst in
the manner set forth in U.S. Patent 4,665,255, issued
30 May 12, 1987 to Clarence D. Cheng and Joseph N. Miale,
which is incorporated herein by reference. The iron may
also be introduced by conventional impregnation or ion
exchange methods.
A borosilicate zeolite of intermediate pore
35 structure can be synthesized by the procedure set



diameters in the range of 6.0.to 6.8A include: cyclohexane (6.0),
2,-3-dimet hyl butane (6.1), 2,2-dinmethyl butane (6.2), mxylene (6.1) 10 _

1,2, 3,4-tetranet hyl benzene (6.4) and o-xylene (6.8). Cenerally, conmpounds:
havi ng kinetic dianeters of greater than about 6.8A do not- penetrate the

pare apertures and thus are not absorbed into the interior of the nolecular -
sieve lattice. Exanpl es . of such |argamn -conpounds 15 I ncl ude:
hexamet hyl benzene (7.1), 1,3,5-trinmethyl benzene (7.5), and tributylam ne
(8.1). Specific nDIecuIar si eves which are useful in the'proéess of the

present inventio n u.de he zeqglite 1
ZSM 22, 20 I\/%?§ fsmoéfef ’%ﬁfl\%&?z%?isgégw ?Eb@%
SSz- 32, and ot heno9sl mISJIacse}evE ngonesal stbasledwmmhai%nimmwa‘éed

magnesi um phosph u rpBRchl, SAPO 31, SAPO- 41, I\/APO 11 and
MAPO- 31. Such %1 SE' % g’@gs c£are described in _the | 1 owi n
publ i cati ons% each of whi cfims mayc bepdnsredusede iRty ther ‘é"F‘Eﬁ ¥t s ng

Patents Nos. 3, 7@2, 888 sa1(09%d¢R; a% 8§€a1‘h48us3 &ﬂ%ﬂ% 8r9Ehéh%3:e in
4,076, 842; 4,016, 245; 4,046, 859; 231; . 440,871 an

Patent Applicati mvs@ﬁlan%smpfﬁgnm-% P§d’19§’r@ﬁ‘°§’§‘ngf9§§ 82 and
433,382, filed Cctober 24, TH89prefehredstcompensent is gallium.

gallium, zinc, indium, iron, tin or boron is generally
10 present in an amount from about 0.1 wt.% to about
10 wt.%, preferably from about 1 wt.% to about 5 wt.%,
of the total catalyst. )
The catalyst of the present invention is used
in the acidic or partially neutralized acidic form. The
15 zeolite or molecular sieve component of the catalyst is
typically prepared in the neutral or non-acidic form.
In order toscobtain the acidic form of the catalyst, the
zeolite or molecular sieve component is ion exchanged to
produce the ammonium salt <form. As a result of
20 calcination, the acid form of the catalyst is produced.
The catalyst in accordance with the present
invention can be coked to modify its properties. Coking
can be accomplished by contacting the feed with toluene
or any other hydrocarbon feed under conditions which
25 include a temperature of about 500°C to about 700°C
(preferably 500°C to 600°C), a pressure of 0 to 1,000
psig, (preferably 50 to 600 psig) a hydrogen to
hydrocarbon mole ratio of 0 to 5 (preferably 0 to 1) and
a liquid hourly space velocity of 0.1 to 20 (preferably
30 0.5 to 5). As a result of the coking the catalyst will
convert a Cs-C, hydrocarbon feed in a reforming or
aromatization operation under reforming or aromatization
conditions to a product which includes xylenes which are
enriched in para-xylene.
35



these nol ecul ar sieves nust be further treated to inpart para-selectivity

as di scussed bel ow. The sieves are preferably bound with any of a variety

.of ~well-known inorganic oxide binders. 35 Appropri ate binders include

i norgani c conpositions with which the nol ecul ar sieve can be conbi ned,

di spersed or otherwi se intimtely adm xed. Preferred oxide binders include -
alumna, silica, naturally occurring and _cgrventionally processed cl ays,

for 5 exanpl e, bentonite, kaolin, sepiolitfe, attapulgite and halloysite.

The catal ysts according to the present invention contain one or nore '

Po™ Bat . They arb qBPEcCabRLERFy e theT GERIG RYoRBEABE: PR &
?ggg?rgﬁyg%éﬁ : gﬁh@&ghmm@c]gsomewn strabtheundsy ade sexhyfontlyclinzathen
such as plati numva'%ﬁr"flﬁg garatie%&rrte gpgve'giég\?\ﬁ?%%%ﬁ%ff 1\%?%(’%%3& %g%ﬁ%a@%lrz
preferably f3om abdvet, %afleo2heswah. aptavihynsufficient wetprevidera BTX
preferably yield, based on the C4-C; non-aromatics fraction of the
feed, of at least about 30% (generally 40% to 75%) on a
hydrogen-free basis and at least about 35% (generally
'35% to 70%) on a hydrogen inclusive basis. At least
10 about 15% of the BTX is generally xylenes.
The para-xylene content of the xylenes will generally be
at least about 30% (generally 25% to 80%).
Typical feedstocks which may be utilized with
the cétalyst preferably include a C; paraffin component.
15 Substantially any conventional reformer feedstock can be
utilized. The. feedstock utilized is predominantly
paraffinic or olefinic, by which is meant it generally
has no more than about 30% aromatics, usually no more
than about 20% aromatics. It will generally comprise C;s-
20 Cs hydrocarbons and will have an endpoint of about 300°F.
A preferred feed can comprise at least about 20% G
hydrocarbons and the process then being carried out is
primarily a dehydrocyclization process for forming
aromatics. When a full boiling range Cs-C; feedstock is
25 utilized the BTX fraction can be readily separated by
conventional extractive distillation. A raffinate is
also produced which is useful as a gasoline blending
stock. The raffinate will generally have a relatively
low octane, which is, however, sufficient so that it can
30 be utilized with an appropriate oxygenated compound such
as methyl tertiary butyl ether (MTBE), ethyl tertiary
butyl ether (ETBE) or .tertiary amyl methyl ether (TAME)
to provide a low aromatics content gasoline having an
octane value high enough for use in motor vehicles.
35



i ntroduced into t he crystalline. silicate by inpregnation, :
occl usion, or exchange in an aqueous solution of an appropriate salt. Wen
it is desired to 20 i ntroduce two platinum.group nmetals, or a platinum
group netal along with another netal such as gallium zinc or indium into - -
the crystalline silicate, the operation may be carried out: o

si nul t aneousl y or sequentially. Pref er_at}ll.d}/,_'t he platinumgroup netal is
finely dispersed 25 within, and on,-the crystalline silicate. By way of .

exanpl e, platinumcan be i@t rQiuceda SY&%YQEP%SQ'?&E OBort ¥ BBovelan a?%eous

solution of tetraamm neplatinum (I trate, tetraanm neplatinum (
hydr oxi de, di Prodygedhi nbY pl Keahing op 3catalyshameoresigdngum an|)

chloride. In anjinperaediates PoPeesSsizhl ahbiuputap bgibykr Oéuﬁ?éréy ugi ng
cationic plati num.conpl exes such as tet raamgonepl at i numél I% nitrate. \Wen
platinumis intr SIRESEYHEF MR mmanant #ARG & | CTRARSAY| Se1acHPeoRBPBx i s

preferably 5 - Ihe groupodonsiistihg éfegallyiim/ |Zime,sinddakg deonngtihs

formation. and boron with a hydrocarbon until the catalyst becomes
coated with coke sufficiently so that it is selectivated
so as to be capable of disproportionating toluene to
xylenes which are rich in para-xylene.

10 The catalyst, prior to being coked, must have an
activity sufficient so that it is capable of converting
at least about 30% of a n-octane feed to products other
than n-octane at a temperature of 500°C, a liquid hourly
space velocity of 0.5 to 2, a pressure of 75 psig and a

15 hydrogen to hydrocarbon mole ratio of 8:1.

In order to improve para-xylene selectivity by
coking, theshydrocarbon coking agent is passed over the
catalyst at a temperature in the range from about 500°C
to about 600°C and a pressure in the range from about 50

20 psig to about 600 psig. Hydrogen may also be added
preferably keeping the hydrogen to hydrocarbon molar
ratio in the range from 0 to 1, more preferably near 0.
The lower hydrogen to hydrocarbon ratios, especially
near 0, favor achieving para-xylene selectivity more

25 rapidly. The progress in improving para-xylene -
selectivity can be measured by passing toluene or a
reforming feed over the catalyst at
the' high temperature coking conditions and measuring the
para-xylene content of the C; aromatics. As

30 the catalyst becomes more para-xylene selective,
the para-xylene content of the C; aromatics will
typically increase from its equilibrium value of
about 22% to about 60% or higher. In one version
of the process, toluene is used as the coking agent



The ot her - conponent of the catalyst is a 5 conponent sel ected fromthe
group .consisting of gallium zinc, indium iron, tin and boron. This
conmponent serves the purpose of ‘increasing the yield -of aromatics in the
aromati zation or reform ng process. As described by P. Meriaudeeau, G
Sapaly, and C. Naccache in the Journal 10 ° of Ml ecular Catalysts, 81
(1993) 293-300, Ga may-play several roles. {Beplacing Al by Ga in the
framework of ZSM5 can nodify catalytic activity by reduci ng the catal yst
acidity (C.T.W Chu and C.D. Chang, J. Phys. “Chen1 89 (1995) 1569) and

PO ol LR R R A ed SRS
(198%) 287) . IAdiépropohedohatEonlgb25|ﬁhe‘]dﬁlxﬁaungdstner memduteL offrice
in the J. Catalysi 1 at b
20 facilitatin c§1é§§n§ 3%§%b§§§tlon %fﬁgg%vgfgrr] Q¥YQQHQ | déﬁé Y
i ndium zindg irewentivhowghbdhen esagabystencef ortihey pyeaﬁptornawmbxom he
above nenti oned Eggsﬁeﬁslgyéghn§rV559 @g&x&g?@&Qvgaggdgo@gamMuéihéﬁgve to

increase aronatics be intrqQduced into
the catalyst by éﬁ?aééyba&hgrﬁﬁhﬁﬂﬂs&ﬁhC%§r+ﬂ§r€BﬁaPP&H B RS FEFRRE  or
by using a Ga soghge i the acatdflydlt | pidieides sufficient para-xylene

selectivity without a major loss in activity as measured
10 by the conversion of n-octane or a reformer

feed to xylenes. However, in practice, the coking is

frequently accompanied by very significant losses in

activity, perhaps down to where the catalyst will

convert less than 10% of n-octane under reforming
15 conditions such as 500°C, 50-100 psig, LHSV = 2, and a

hydrogen to hydrocarbon ratio of 4.

It has been found that exposing the coked
catalyst to a hydrogen atmosphere, either alone or in
the presence of the coking agent or other hydrocarbons

20 such as a reformer feédstock, for a sufficient time will
result in the catalyst being reactivated to the degree
of being capable of converting an n-octane feed to
produce at least 30%, preferably 40%, BTX yield on a
hydrogen free basis and at least 25%, preferably 35%,

25 BTX yield on a hydrogen inclusive basis from an n-octane
feed at a temperature of 500°C, a liquid hourly space
velocity of 0.5 to 10, a pressure of 0 to 800 psig and
a hydrogen to hydrocarbon molar ratio of 1:1 to 20:1.

Exposing of the coked catalyst to a reducing

30 atmosphere can take place in any of the following
manners under the conditions as specified in following:

1) The deactivated catalyst can be
reactivated by exposing it to a hydrogen atmosphere at
temperatures from about 500°C to about 600°C. 1In a



preparation of the zeolite .structure. The preferred-method is by
substitution of Ga for Al in the 30 preparation of the zeollte For
exanple, a Ga ZSM5 with Ga in the franework can be prepared by the
procedure of D. K. Sinmons, R Szostak, P.K. Agraval and T.L. Thomas as
described in the Journal of catalysis, 106 . (1987), 287. A framework Ga
ZSM5 may al so be 35 prepared by using_al salt in place of the Al - I n
t he: procedure for producing ZSM5 as described in U S. Patent 3,703, 886,

i ssued April 14, 1967 to R J. Argauer and G R Landolt. Ga may be

| mpr egnat ed onto 5 _ the ZSM5 zeolite by the procedure of U S. Patent -
4,174,057, issucRTREGERBEr C2Be, 1Dy ocan e mxpeged st Rl hydrogen i afhi ch

i's incorporated betgpnskymr Qtseaaaaed @&bEEYC@n%@JdéQ: et ite)
i mpregnated into t e zeollte roc dure of U S_ Patent 4,891, 63

i ssued 10  Januf ?§§bmF %ﬁ?cﬁt §°Pn€89p§r%¥@d herei n by
reference. gn akb- tht peig rﬂeimmﬂdmrmouﬁspot Thei donditibhe Ghd Q:mé:CUIOV

both framework a f Kk t he rking_cat The
preferred met hodggnggﬂ aé%?g néﬁ%@égf S "acHileVe reacé:.&aé:.on will

depend on the degree of deactivation of the catalyst.
For a given state of deactivation, shorter times will be
required@ with the higher temperatures, pressures, and

10 flow rates. It should be recognized that higher
hydrogen flow rates will not be harmful as long as the
back pressure does not become excessive and the catalyst
bed is not physically disrupted. Pressures higher than
200 psig, for example 500-1000 psig, may also be used if

15 it is practical in the equipment being used. The degree
of success in reactivation is measured by turning in a
feed such as n-octane and measuring the activity and
yields. If more activation is needed, the feed can be
stopped and the hydrdgen treatment continued until the

20 BTX yields from n-octane or a reforming feed reach about
30%, preferably 40%, or higher.

2) The reductive activation can also be
accomplished by increasing the hydrogen to hydrocarbon
ratio in the reforming process. A preferred version of

25 this is to increase the hydrogen rate, while holding the
feed rate constant, until the catalyst begins to
reactivate, and then holding under these conditions or
continuing to increase the hydrogen rate until activity
is recovered. To accomplish the activation, the

30 hydrogen to hydrocarbon ratio may be increased up to
levels of 10-100:1. Even higher hydrogen to hydrocarbon
ratios do no harm as long as the back pressure does not
become excessive and the catalyst bed is not physically
disturbed. This method of activation is especially

35 useful when the activation



15 the Ga.in the framework of the freshly prepared Ga ZSM 5. However, in
the warking formof the Ga*ZSM5, the Ga may occupy both framework and
non-framework sites. Zinc can be introduced into the catalyst in the manner
set forth in U S. Patent 4,720,602 issued 20 January 19, 1988 to C. T-W
Chu, which patent is hereby incorporated herein by reference. Indiumcan be:
introduced into the catalyst in the manner set_ forth in U'S. Patent
4,822,942, issued April 18, 1989 to Ral ph Dessau and Ernest W 25

Val yocsi k, whi ch patent i's hereby incorporated hereln by reference The
Indiummay also_b ﬁtroduc d by_standard i nation or $ exchange
met hods. 1ron caﬁeﬁgrﬁ efodURERT ntd t RBO¥S! at st 2R tﬂ%sﬁihﬂ k9T f

in US Patent 4p&@erital | 3ength30of Mimel2, 1ﬁ&?retverC| athecer&iuﬁ:m and

Joseph N. M al e, [ her ei.n ren y

al so be |ntroducg§Q3§g§&§veﬁﬁ?oﬁ§ %§§8F&§n§?F% M%?g ﬁgeiﬁh %Sgr?é¥ﬁ%§§
bor03|||catéizeorateOOﬁurnngrneﬂoamengomay351sosbeuusedelnaplaeesqﬁthb5|zed
by the procedure set The reductive activation can also be

accomplished by hydrogen treatments during the coking
'step for increasing para-xylene selectivity. In a
preferred version of this, the coking by hydrocarbon
10 is periodically interrupted for hydrogen treatments
at the coking temperature. For example, toluene coking
at about 600°C can be carried out until the para-xylene
selectivity reaches 30%, preferably 40%, or higher
(expressed as % of total xylenes). The toluene is
15 turned off and the catalyst is treated
with hydrogen at 600°C, typically for 10 to 100 hours.
As a result,of this high temperature hydrogen treatment
of the partially selectivated catalyst, the para-xylene
selectivity may temporarily decrease but will be rapidly
20 regained when the toluene feed is restarted at 600°C.
The alternating of toluene coking with hydrogen
treatment may be repeated more than once, but one time
is typically satisfactory.
Substantially any catalyst which is
25 para-selective for toluene disproportionation can
be used in the practice of the invention. For example,
any catalyst which can be coked to provide para-
selectivity during a toluene disproportionation process
can be used in the process of the present invention.
30 Examples of such catalysts are found in U.S. Patents
4,117,026 and 4,097,543 of Haag and Olson, both of which
are incorporated herein in their entireties by
reference. The coked catalysts of the present invention
are not "para-selective" as that term is known in the
35 art (although they do exhibit



- 12 - forth in U .S. Patent 5,187,132, issued February 16; 1993 to Stacey
|. Zones, et al, which is incorporated herein by reference. 5

Tin may be introduced into the catalyst using a tin salt such as stannous
chloride or acetate i-n conventional inpregnation or ion exchange nethods. -
The-preferred conponent - is gallium The gallium zinc, indium iron,
tin or boron is generally 10 present in ag anount fromabout 0.1 Wm%to
about 10 wt.% preferably fromabout 1 w. to about 5 w., of the total
catal yst. The catal yst of the present invention is used in the acidic or
partially neutralized?ég nol ecul, sieve

cormponent of theP¥5ta %g+§V{§%rLB;€§a%ge5§$g§gh;%FﬁéeﬁéﬁP idgred as
non- aci di ¢ for mbéingr garat-mogtitfdied the Ldimsitc beingofcdked cabvalprddudene
amoni um sal t fErce SeEAECEORPIRR b DoRIBHN AL PRBLAEE £h"Be | oy
the catal yst5 i s peefuteforTRelestivesrefarming/anawatizasione ter Soam a
i nvention can bepggkegylend0dridiedl PEEBSHALE /aFBihbzE8 0RE RSRIBY | shed
by contacting the feed with to]luene or any other, hydrocarbon féed under
conditions whi chi® general, the term "para-modified" as used herein
means that the catalyst, when used in accordance with'
the present invention, will produce a BTX fraction
10 in which at least 30% of the xylenes constitutes
para-xylene. Indeed, as is shown in the examples
well over 60% of the C; aromatics produced can be
para-xylene. Attaining such a higher percentage of
para-xylene is generally desirable. Other para-
15 selective catalysts can also be utilized, for example,
catalysts as set forth in previously mentioned U.S.
Patents 4,011,276; 4,016,219; 4,052,476; 4,029,716;
4,067,919; 4,097,543; 4,098,837; 4,127,616; 4,160,788;
4,182,923; 4,361,713; 4,365,104; 4,367,359; 4,370,508;
20 4,308,685 and 4,384,155, all of which have previously
been incorporated by reference.

The use of large crystal size zeolites having
a minimum crystal dimension of greater than about 0.5
micron, generally in the approximate range of 1-20

25 microns and’ particularly 1-6 microns is generally
preferred as adding to the para-selectivity.

In assessment of =zeolite crystal size,
conventional scanning electron | microscopy (SEM)
techniques can be used, the minimum crystal dimension of

30 a given crystal being taken as the dimension of
reference. The crystalline aluminosilicate =zeolites
used in the present invention in substantial proportion
are essentially characterized by a minimum crystal
dimension of greater than about 0.5 micron. It is

35 contemplated that the amount of zeolite of such crystal
size will be such as to exert a directive



25 include a tenperature of about 500[err]C to about 7000C (preferably
5000C.to 600[err]C), a pressure of 0 to 1,000 psig, (preferably 50 to 600
psig) a hydroegen to hydrocarbon nole ratio of O to 5 (preferably-0 to 1)

and a liquid hourly space velocity of 0.1 to 20 (preferably 30

As a result of the coking the catalyst will convert a C5-[err] hydrocar
feed in a reformng or aromati zation opeLaE on under reformng or

aromatj zation conditions to a product whic

i ncl udes xyl enes which are

enriched in para-xylene. 35 - 13 - The catal yst, whether produced by
coking or by other nethods known_ in the art as set forth |n he var|o
patents showi ng pREAVEBFEct A t FhencSe8dreled aple

activity sufflfCl pai:aaﬁzam?yylh ﬁﬁ?@t?ﬁﬁ?’d&iéﬁzé&f@d Ganéhaln:irertﬂxequmit
non-aromatics fragtion.of the_feed. of_at ast about 0 y A
75% on a hydr og8h- fAEE- 1R SFaftih F&gFagbcﬂﬁ 2854 %g rﬁ% aﬁrfl%s%gk% t:‘or9
on a hydrogeh i npradoménatei propartionstild., fboam ddcant exeedlidog S0
genera[ly Xyl enegaignt percent, and preferably may constitute up to 100

10

15

20

25

30

35

weight percent of the total zeolite employed.

“The coked crystalline aluminosilicate zeolites
employed, particularly those having a minimum
crystal dimension of greater than about 0.5 micron, have
undergone modification prior to use by selective
precoking thereof to deposit at least about 1 weight

0.5 to 5).

bon

%to
70%

percent and generally between about 2 and about 40

weight percent of coke thereon, based on the weight of
total catalyst. If the =zeolite 1is employed in
substantially pure form or in combination with.a low
coking binder, such as silica, then the weight percent
of coke deposited is generally in the range of 2 to 20
weight percent. When the zeolite is combined with a
binder of high coking tendencies, such as alumina, coke
deposition content of the total catalyst, prior to its
being exposed to a reducing enviromment, is in the
approximate range of 10 to 40 weight percent. Precoking
can be accomplished by contacting the catalyst with a
hydrocarbon charge, e.g., toluene, under high severity
conditions at a reduced hydrogen to hydrocarbon
concentration, i.e., 0 to 1 mole ratio of hydrogen to
hydrocarbon for a sufficient time to deposit the desired
amount of ccke thereon.

Following coking, if necessary to recover
activity, the catalyst is exposed to a reducing
atmosphere as described elsewhere herein thereby
reducing the coke content to provide the para-modified
catalyst. The exposure to the reducing atmosphere is
continued until the coked catalyst activity for



The para-xyl ene content of the xylenes will generally be at |east about 30%
(generally 25%to 80% . Typical feedstocks which nay be utilized with the
.catal yst preferably include a CJerr] paraffin conponent. 15 - Substantially
any conventional reformer feedstock can be utilized. =  The. feedstock
utilized is predominantly paraffinic or olefinic, by which is nmeant it
generally has no nore than about 30% aronatiscs, usually no nore than about
20% aromatics. It will generally conprise - 20 C9 -hydr.ocarbons and wi ||
have an endpoi nt of about 300[err]F. A preferred feed can conprise at | east

about 20% C[ err] hydrocarbons and thg@)rocess t hen beiﬂa- carried out is
primarily a dehy&EBWEELARG: PR dL 13FheHr RFAGUGFBNARBc 18/ T 3t |
boi ling range ( ekaktC3®r Wt fieasist ot hot2%ontlihukdz ¢d tahe &dPérit amhicin can

D2 e e ARl L GAMEY S S o g8 ot
raffinate wisl geasadlyisy.have a relatively |ow octane, which is, however,
corpound sush as et fyl T enbiale bt S e P eV FET o By o e ary. butyl
ether (ETBE) or paefieangdamaeaisitie| @merthAmfgm@gzamti%zion/
aromati cs cont entyGRRldcR1NPEGA Feackadn . value Riem sepedgarhonyuse in
rotor venicl es. has a silica to alumina mole ratio of between 10 and

10 20,000, generally between 10 and 1000. Where the
ZSM-5 is a Ga ZSM-5 with Ga in or out of the zeolite
 framework, the preferred $i0,/Ga,0; mole ratio is in the
range from about 10 to about 1,000.
| The process described herein is generally
15 carried out as a semi-continuous or continuous operation
utilizing a fixed or moving bed catalyst system.

In accordance with the method of reforming or
aromatizing of the invention a hydrocarbon feedstock is
contacted under reforming or aromatization conditions

20 with a catalyst as defined above with the catalyst
having been exposed to a hydrogen atmosphere following
coking as described above.

The process of the present invention can
suitably be carried out under conditions which include

25 a pressure froni about 0 to about 800 psig, preferably
from about 50 to about 400 psig, a liquid hourly space
velocity of 0.5 to 10, preferably 0.5 to 5 and more
preferably 1 to 4, a hydrogen to hydrocarbon mole ratio
of 1 to 20, preferably 2 to 10. The conditions are

30 generally adjusted so as to produce a BTX yield of about
40% on a hydrogen-free basis.

In accordance with one embodiment of the
present invention the catalyst is used in the reforming
operation followed by the use of a second



35 -14- A coked catal yst as set .forth above can be produced by
reacting a catalyst conprising an internediate pore size nol ecul ar

si eve support, a platinum group conponent and a conponent selected fromb5
the group consisting of gallium zinc, indium iron, tin and boron with a.
hydrocarbon until the catalyst becones coated with coke sufficiently so
that it is selectivated so as to be capah) gzof. di sproportionating tol uene
to xylenes which are rich in para-Xylene. 10 The —catalyst, prior to
being coked, nust have an activity sufficient so that it is capable of
converting at |east about .30%.qf a n-octane feed to ducts ot her than
n-octane at a teﬁ%@ggtuP@noﬁcégéferPfemaﬁlFP&&PH hSﬁEP£Y§Eath%€POCV%}lof

a0 0 B 1r In o e O Ohe R Syl D SoLert YLty e cok g
hydr ocar bon coki raf%rogtgentcg ?gglss\é‘g&%% g?‘yyhg §3§§F‘y§? at }aln$%$r%§}3t%$:'éé

the range from alS8PPOITO0E -6 ,aBFdumisROT @ dnelerwkar raieve tsuch aaageLf-rom
about 50 zeolite or silicalite, with an inorganic oxide binder.

Preferred catalysts for increasing aromatization yield
include catalysts comprising platinum on non-acidic
forms of beta-zeolite, ZSM-5, silicalite and L-zeolite..:
10 Other well-known
aromatization catalysts typically contain a catalytic
metal, e.g., a platinum group metal such as platinum,
disposed on any of a plethora of natural and man-made
crystalline aluminosilicates. Other promoter metals,
15 e.g., rhenium or tin, can also be included. The
preferred catalyst for increasing aromatics yield is Pt
on L-zeolite. L-zeolite suitable for this purpose can
be made as set forth in U. S. Patent 4,634,518 issued
January 6, 1987 to W. C. Buss and T. R. Hughes which is
20 hereby incorporated herein by reference. A more
preferred form of L-zeolite catalyst for the second
stage is set forth in commonly assigned U.S. patent
application Serial No. 08/151,814 of B. Mulaskey, et al,
filed November 15, 1993, the disclosure of which is
25 incorporated herein by reference.
The invention will be better understood by
reference to the following experimental examples.

EXAMPLE 1: Pr ration of Pt/Ga HZSM-
30
Ga ZSM-5 was prepared with a $1i0,/Ga,0, ratio of
approximately 50. The sodium salt of the Ga
ZSM-5 was ion exchanged with Pt (NH;),(NO;); in aqueous
‘ammonia at pH 9. The catalyst was dried at 121° C and
35 calcined at 288°C to give, Pt/Ga HZSM-5. The amounts



20 psig to about 600 psig. Hydrogen may al so be added preferably -
keepi ng the hydrogen to hydrocarbon nolar ratio in the range fromO to 1,
nore preferably near 0. The | ower hydrogen to hydrocarbon rati os,

especi ally near 0, favor achieving para-xylene selectivity nore 25

rapidly. The progress in .inproving para-xylene selectivity can be
nmeasured by passing toluene or a reform ng fxed over the catalyst at the

hi gh tenperature coking conditions and measuring the para-xyl ene content of
the CJerr] aromatics. As 30 t he catalyst becomes nore para xylene

sel ective, the para-xy ent he..Cs afopat t cally

i ncrease fromi té"%?% +§£€$€% aPfe p(ﬁo SRS é/E? IP&bcRx ﬁg# i HER

I n one version ofZSMe5process, toluene is used as'the coklng agent and
the para-xylene content of the xylenes produced by disproportionation of
the toluene is a measure of achleV|no par a- xylene select|V|ty Thi s can
be done 5 Zven BAAMELE 14 AR ELENE R B M AINE

gi ve very | ow xyl ene ylelds fronttoluene IdeaIIy, the coklng is carried
out only to the extent

This example illustrates coking and hydrogen
activation procedures which provide a stabilized higﬁ
conversion and high yield catalyst which is also

10 selective for producing para-xylene at above
equilibrium concentrations. It is especially surprising
that the Pt containing catalyst can be coked to give a
high para-xylene selectivity and then hydrogen activated
to give high conversions and high aromatic yields
15 without loss of para-xylene selectivity. .

About 0.5 cc of the Pt/Ga HZSM-5 from Example
1 was placed in a down-flow micro-reactor and reduced
with hydrogen at about 510°C. Hydrogen and
n-octane were passed over the catalyst at 427°C and the

20 products were analyzed by gas chromatography using an
in-line sample valve. The results of this analysis and
other analyses taken during the run are given in Table
1. As shown in Table 1 for the sample at 427° C, the C;
aromatics (xylenes + ethylbenzene) yield was very low

25 and the para-xylene content was approximately at
equilibrium.

The catalyst was subjected to high temperature
coking conditions using toluene and decreasing amounts
of hydrogen. After 25 hours

30 at about 593°C with toluene and no hydrogen, the

para-xylene content of the xylenes had increased to 61%
but the toluene conversion had dropped to 11%.

After the high temperature toluene treatment,
the xylenes from reforming n-octane at 510°C had a para-

35 xylene content of 73%, well above



that the- catalyst provides sufficient para-xylene selectivity without a
major loss in activity as measured 10 by the conversion of n-octane or a
reformer feed to xylenes. However, in practice, the caking is frequently
~acconpani ed by very signi.ficant IOsses in activity, perhaps down to where
~the catalyst will convert |less than 10% of n-octane under reformng 15
condi tions such as 500[err]C, 50-100 psig, ,LHSV = 2, and a hydrogen to
hydrocarbon ratio of 4. It has been found ? at exposing the coked cat al yst
to a hydrogen atnosphere, either alone or in the presence of the coking :
agent or ot her hydr ocar bons 20 such as_a refaorner feedstock, for a
sufficient tine @auilibsipm, | Buthehe feeqd stomeermionad JHRPYD thdtegree

85 [bel ]ng cap?bl eg}aé Z&é%}é(@ﬁi\g(ﬂﬂe@nm i dfwagd ?d?bggﬁC%@tﬁa@e?d by

err prefera 9 n a r asis and a

' 25% preferably §'5¥;’6"1§§ t BTQX?Se? ﬁ&mﬁ&ﬂ%&%’h&“ﬁ%sﬁ% %fr(goraﬁ

n]c octane feead at fart @mﬁfdﬂmr@f 0b. SOQbersd\féraiL Idalylsd has | g s:pmétved»f)m ty
of-0.5 to 10, a essu t Y/

mol ar ratio of 1E S i) og%Q gggggagi gth%g%mgﬁ %&ﬁ(ﬁékl qéﬁd%%%g 30
at mosphere can taherpasedluoeng©ffeaé t@mwansmgnmaﬁﬂérEOﬂﬁdGMMﬂﬂathe
conditions as spggiflgdibflel OldedWchdvity was maintained well above

equilibrium. However, under the conditions used, the
10 activity fell rapidly over a period of a few hours -
after each hydrogen activation. As shown in Table 1 for
the HYDROGEN ACTIVATED case, the conversion dropped from
71% to 24% in 30 hours. The catalyst activity was
stabilized by hydrogen activation in combination with
15 raising the hydrogen to feed ratio. As Table 1 shows,
the conversion was stabilized for more than 100 hours at
70+% with a C; aromatics yield of 15-18% and a para-
xylene content of 90% of the xylenes. A comparison with
the fresh catalyst results in Table 1 shows that the
20 coking and hydrogen activation process of the present
invention has increased both the'Csaromatics yield and
the
para-xylene content.



1) The deactivated catalyst can be reactivated by exposing it to a
hydr ogen at nbsphere at tenperatures from about 500[err]C to about

600[err]C. In a preferred case, it can be exposed to a hydrogen flow of
5-100 sccm (standard cubic centineters per mnute) per cubic centineter of
catal yst at 500-6000C and 5. 50-200 psig for 10-100 hours. The conditions
and the length of time needed to achieve reactivation will depend on the
degree of deactivation of the catalyst. For a given state of deactivation,
shorter tinmes will be required with the. higher tenperatures, pressures, and
10 flowrates. |t should be recognized that hi gher hydrogen flow rates
w Il not be harnful as |long as the back pressure does not becone excessive
and the catalyst bed is not physically disrupted. Pressures higher than 200
psi g, for exanple 500-1000 psig, may al so be used if 15 it 1Ts practical

in the equipnment being used. The degree of success |nrngﬁ&£ lon | s -
nmeasured by turning in a feed such as n-octane and neas W?ty
and yields. If nore activation is needed, the feed can m, {Wh the
hydrogen treatment continued until the :
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20 BTX yields fromn-octane or a reform.ng feed.reach-about 30%
preferably 40% or higher. 2) The reductive activation can also be
acconpl i shed by increasing the hydrogen to hydrocarbon ratio in the
reform ng process. A preferred version of- 25 this is to increase the
hydrogen rate, while holding the feed rate constant, until the catal yst
begins to reactivate, and then hol ding undgg these condltlons or contan|ng
to increase the hydrogen rate until activity is recovered. To _
acconplish the activation, the 30 hydrogen to hydrocarbon rati o may be

I ncreased up to levels o _hydr ocar bon
rati os do no harm as | ong [TE excessive

and the catalyst bed is not phy5|cally dlsturbed ThIS met hod of

activation is especially Qﬁg&ﬂi | [
descri bed under 1) abo?gms tle""g_EﬂPEEQ ?Igs Lie cessl cﬁr I engt h
of time. 5 Hovelgh, temperadudes vecokingat iicn b@cﬁl'm}?:bh%h% t e Hhewtogen

to hydrocarbon S3ga&eivQcfghi NY reforming may al so be used in place of 1).

About 0.5 cc of the Pt/Ga HZSM-5 from Example
1 was placed in a down-flow micro-reactor and reduced
with hydrogen at about 510°C as in Example 2. The

10 catalyst was subjected to high temperature toluene .
treatment at 593°C with no hydrogen in order to increase
para-xylene selectivity. After about 24 hours, the
toluene feed was turned off and the catalyst was held at

593°C for 64 hours with only nitrogen flowing. The high

15 temperature toluene treatment was then continued until

the para-xylene content of the C; aromatics had increased

to 60%. The feed was changed to n-octane/hydrogen and

the run was continued for a time at 593°C and then at

510°C. The analytical results for samples taken during

- 20 this run are summarized in Table 2. As the results in

Table 2 show, the coked catalyst. gave 99% feed

conversion and para-xylene concentrations substantially

above equilibrium. This illustrates that controlled

high temperature treatment of the catalyst with and

25 without hydrocarbon feed can be used to achieve para-

xylene selective reforming performance without loss of
catalyst activity.



The reductive activation can also be acconplished by hydrogen -
treatments during the coking step for increasing para-xylene selectivity.
In a preferred version of this, the coking by hydrocarbon 10. is
periodically interrupted for hydrogen treatnments at the coking tenperature
For exanpl e, toluene coking at about 6000C can be carried out until the -
para- xyl ene selectivity reaches 30% preferably 40% or higher (expressed
as % of total xylenes). The toluene is 15 turned of f. and the catal yst
is treated with hydrogen at 600[err]C, typically for 10 to 100 hours. As a
result,of this high tenperature hydrogen treatment of the partially
selectlvated catal yst, the para-xylene selectivity may tenporarily decr ease
but will be rapidly 20 regai ned when the toluene feed is restarted at
600[err]C. The alternating of toluene coking with hydrogen treatnent may be
repeated nore than once, but one tine is typically satisfactory.
Substantially any catal yst which is 25 par a-sel ective for toluene

di sproportionation can be used in the practice of theinventi-on—For—
exanpl e, any catal yst which can be coked to prOV|de para- select|V|ty

during a toluene disproportionation process can TT“I

the present invention. | lI"II"I"“II
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30 Exanples of such catalysts are found in U S. Patents 4,117,026 and
4,097,543 of Haag and O son, both of which are ‘incorporated herein. in
their entireties by reference. The coked catal ysts of the present
invention are not "para-selective" as that termis known in the 35 art
(al though they do exhibit . - 18 - para-selectivity) but are instead
better considered as being para-nodified_bggfi.rst being coked to produce
par a-sel ectivity -and then being reduced so as to be 5 useful for '
sel ective reform ng/aromati zation to forma para-xyl ene enriched
reformat e/ aromati zation product. In general, the term "para-nodified" as
used herei n nmeangXAMRLEt 8¢ H¥DROGEN, TRERTMENTJITONIMBROVEBance with the

present invention, wll proAROMARIE@SXYIEBDIion 10 in which at |east
30[err] of tse xylenes constitutes para-xylene. Indeed, as is shown in the
exanpl es wel | over 60% of ThasC exampleonsdilestpacedceehearigR RE a-582 ene.

At tai ning such aﬁga%génp‘éﬁses%aﬁe eb RataviyLepRe batalPserabky
desi rabl e. O her  para- 15 selective catalysts _can also be utjlized,
for exanple, the production of aromatics. This example 18 a
continuation of the catalyst test described in
10 Example 3. At about 390 hours of the run described
in Example 3, the feed was turned off and the catalyst
was treated with hydrogen for more than 60 hours.
The n-octane feed was then turned on and the test
‘continued. As the analytical results in Table 3 show,
15 the hydrogen treatment resulted in increased yield of

the aromatics.



catal ysts as set forth in previously nentioned U S. Patents 4,011, 276;
4,016, 219; 4,052,476; 4,029,716; 4,067,919; 4,097,543; 4,098, 837;

. 4,127,616; 4,160, 788; 4,182,923; 4,361, 713; 4, 365, 104; 4, 367, 359;

4,370,508; 20 4,308,685 and 4, 384, 155, all of which have previously been

i ncorporated by reference. The use of large crystal size zeolites having a
m ni rum crystal di nension of greater than about 0.5 nicron, generally in

t he approxi mate range of 1-20 25 mcrons and particularly  1-6 mcrons’
is generally preferred as adding to the para-selectivity. In assessnent of

zeolite crystal size, conventional . scanning el ectron m cr oscopy
(SEM techniques can be used, the m nimumcrystal dinension of 30 a
given crystal being taken as the dinension of reference. . The

crystalline aluninosilicate zeolites used in the present invention in
substantial proportion are essentially characterized by a m nimum crystal

di mensi on of greater than about 0.5 m cron. It is 35 contenplated that
t he amount of zeolite of such crystal size will be such as to exert a
directive This Sheet Has BeeIn IIleﬁiced
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--19 - influence in .the desired selective production- of paradialkyl
substituted benzenes. Generally, the anpbunt of zeolite of such crystal size
will be present in 5 predom nate proportion, i.e., in‘an anmount exceeding
50 wei ght percent, and preferably may constitute up to 100 wei ght, percent
of the total zeolite enployed. The coked crystalline alumnosilicate-
zeolites enployed, particularly those having a mnimm10 ~ crystal

di rensi on of greater than about 0.5 micron, have undergone nodification
prior to use by selective precoklng thereof to deposit at |east about 1

wei ght percent a-ql‘ e gb g ggg b 40 wei ght percent of
C L-LJ gﬂb Eﬁg&%t | the =

coke thereon, ba$§ '
zeolite is- enployed in substantlally pure formor in conbination with a

| ow coki ng bi nder, such as iC t er t co

deposited is generally in t e%ragéghgigz Fglgghmg%eﬁt %§§0e§% éﬁent?ﬂe .
zeolite is cBnbi segaliysht andoprogessicrf cﬁhmmesma Agvestdenctesackieveas
al um na, coke deea&*atmeﬁ%ngemaceiv&hfef&%ﬂn%%ﬂry%z er&hOfah§? {i%e&e' ng

exposed to a redu0|n% environment, is In roxi mat e range to 40
Phec &R

wei ght percent eAgWREM 3% SR peiaE §FeéoW9~’éBt the %mr%m‘g@t

wWth a composition by carbon number shown in Table 4. The
aromatics content was less than 10%.

10
Table 4
‘ Carbon Number Weight Percent

15
. Te.2e ||
G - 46.93
Cs 32.04
Co+ 4.35

20

The catalyst is the same one used in Examples 3 and 4.
The catalyst test described in Example 4 was continued
with a change from n-octane feed to the feed described

25 in Table 4 at about 530 run hours. The test was
continued for more than 100 hours with BTX yields of
42+%, Cg aromatics yields of 18+%¥ and para-xylene
contents of 43+% of the C; aromatics. The results are
sﬁmmarized in Table 5. '

30



25 - hydrocarbon charge, e.g., toluener,undér hi gh severity conditions -at a

"reduced hydrogen to hydrocarbon concentration, i.e., O0to 1 nole ratio of
hydrogen to hydrocarbon for a sufficient time to deposit the desired anount
of coke thereon. 30 Fol I owi ng coking, if necessary to recover

activity, the catalyst is exposed to a reduci ng atnosphere as descri bed

el sewhere herein thereby reducing the coke content to provide the

para-nodi fied catal yst. The exposure to the reducing atnosphere is 35
continued until the coked catalyst activity for -"20 - converting
n-octane to other products has risen to at least 30 w% but is not
continued to an extent which would significantly reduce the
para-selectivity of the 5 catalyst. The ZSM5 silicalite structure is the
preferred zeolite for the reform ng/aromatization/ dehydrocyclization
reaction. The ZSM5 preferably has a silica to alumna nole ratio of
between 10 and 10 - 20,000, generally between 10 and 1000. \Where the
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ZSM5 is a Ga ZSM5 with Ga in or out of the zeolite franework, the
preferred [err] nole ratio is in the range fromabout 10 to about 1, 000.
The process described herein is generally 15 carried out as a .

sem - conti nuous or continuous operation utilizing a fixed or noving bed
catal yst system. I n accordance with the nethod of reformng or aromatizing .
of the invention a hydrocarbon feedstock-i31centacted under reform ng or
aromati zation conditions 20 -with a catalyst as defined above with the

cat al yst havi ng been exposed to a hydr ogen at rmsphere foI | owi ng coki ng as
descri bed above. The praggg i 4 ‘ l#g.lably be
carried out under condi t] ' aT om about 0 to
about 800 psig, preferably from about 50 to about 400 psig, a liquid hourly

space velocity of 0.5 to 1'ﬂu@féi&hﬁi?éy1Qlﬁsk9a€e%“d:kf@r§r@é6é§r ak! Bthl: to
4, a hydrogen to é/droca(;%ﬁn nol e rati o referabt% 2 to

The conditigns & WEnL 4GP o0 eHs§9 a‘glFE pFERu AR IYBES)| é-lnd of
about 40% on a kgekm@weftrcedrhﬁ:éa:se amomaembdayﬁ:elmtm“mcaﬂmquhmmﬁstof

e present | nVeRLLORbOR €81 BLXRh1 551588 LBakDGubR" QiTH L Ut Ybn
of a non-acidic Pt on L zeolite as an add-on catalyst.

The non-acidic Pt on L zéolite was prepared as was the

10 catalyst described in U.S. Patent 4,634,518 issued
'January 6, 1987 to W.C. Buss and T.R. Hughes. The Pt

on L catalyst was downstream from the coked and hydrogen
activated Pt/Ga HZSM-5 of Examples 3, 4, and 5. The
feed was the same as that used in Example 5. The Pt/L

15 catalyst was held at 455°C with the Pt/Ga HZSM-5 at
510°C. As shown in Table 6, the addition of the Pt/L
catalyst regulted in an increase in the BTX yield from

the 42-45.5% shown in Table 5 to 51+% shown in Table 6.

The para-xylene content in the C; aromatics was also

20 maintained above equilibrium levels.



stage non-acidic aromatization catalyst: which will increase aromatics
yield. The catalyst for increasing aromatics generation nay be based on an-
i norgani c. oxi de 5 support, e.g., alumna or a nol ecul ar si eve such as L-
zeolite or silicalite, with an inorganic oxide bi nder. Preferred catal ysts
for increasing aromatization yield include catal ysts conprisi-ng platinumon -
non-aci dic forns of beta-zeolite, ZSM5, silicalite and L-zeolite.. 10

O her wel |l -known aronmatization catalysts typically contain a catalytlc
metal, e.g., a platinumgroup metal such as platinum disposed on any of a
plethora of natural and man-nmade crystalline alumnnosilicates.- =~ O her
pronoter- netals, 15 e.g., rheniumor tin, can also be included. The
preferred catal yst for increasing aromatics.yield is Pt on L-zeolite.
L-zeolite suitable for this purpose can be made as set forth in U S.

Pat ent 4, 634,518 issued January 6, 1987 to MI C. T?Tﬁr?nnrﬂL~f%—+mghes

which is 20 hereby incorporated herein ref erence.

preferred formof L-zeolite catalyst for the secony" rth in
commonl y assigned U.S. patent | I
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Table 6

- 32 -

(1) Pt/Ga HZSM-5 @ 510°C and Pt/L @ 455°C.
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application Serial No. 08/151,814 of B. Mil askey, et al, filed Novenber 15,
1993, the disclosure of which is 25 I ncor por at ed hereln by reference. The
invention will be -better understood by reference to the follow ng '
experinmental exanples. EXAMPLE 1: Preparation of Pt/ G HZSM5 30 Ga ZSM 5
was prepared with a [err] ratio of approximtely 50. The sodiumsalt of the-
Ga ZSM5 was ion exchanged with Pt[err] in 33queous anmoni a at pH 9. The
catal yst was dried at 121[err] C and 35 . caIC|ned at 2880C to give, Pt/ Ga
HZSM5. The anounts - 22 - used calcul ate-as providing 0.5%-Pt by

wei ght on Ga HZSM5. 5 EXANPLE 2 PARA—XYLENE SELECTIVE REFORM NG OF

N- OCTANE Thi s exanpl e il | ustatie > A sE£29at | on procedures
whi ch provide a stablllzed hlgh conversi on, and hlgh y|eId catal yst which is

al so 10 selectlve for @gUC|n 1§ﬁlegga ge £9 éﬂétyhventlon
concentrations. IS espe %#%ﬁﬁ%ﬁl 1o} p

5 when implemented with two catalysts in the same reactor

bed. A two-staged catalyst bed was prepared with the

catalyst from Example 1 as the first stage above a Pt/L-

zeolite second stage catalyst. This is similar to

Example 6 except that both catalysts were in the same

10 reactor and both catalysts were exposed to the same on-

stream history. The second stage catalyst was also

prepared as was the catalyst described in U.S. Patent

4,634,518 issued on January 6, 1987 to W.C. Buss and

T.R. Hughes. The catalysts were pretreated with

15 hydrogen at 510°C. The test was started with

hydrogen/n-octane feed. The analytical results for

samples taken during the run are summarized in Figure 1.

With the fresh catalysts, the feed was 100%

20 converted at 510°C but no xylenes were produced. The

high temperature coking of the catalysts at 593°C was

interspersed with periods of hydrogen-only treatments

for a period of time spanning more than 300 hours. The

coke buildup was accompanied by an increase in back

25 pressure. The hydrogen-only treatments helped to keep

the back pressure from becoming excessive but also may

have helped avoid excessive catalyst deactivation during

coking. After coking and hydrogen treatments, as shown

in Figure 1, the catalysts gave high feed conversions,

30 high aromatics yields, and substantially higher than
equilibrium contents of para-xylene in the C; aromatics.



that'the Pt containing catalyst can be coked to give a -high para-xylene
sel ectivity and then hydrogen activated to give high conversions and high
aromatic-yields 15 wthout |oss of para-xylene selectivity. About’ 0.5 cc
of the Pt/Ga HZSM5 from Exanple 1 was placed in a down-flow m cro-reactor
and reduced with hydrogen at about 510[err]C Hydrogen and n-octane were-
passed over the catalyst at 4270C and the products were anal yzed by-
gas chromatography using an in-line sanple valve. The results of .this
anal ysis and other analyses taken during the run are given in Table 1. As
shown in Table 1 for the sanple at 4270 C the Cs aronatlcs X Ienes +
et hyl benzene) vyi el d EXAMPEE, 8): o RUAL : ROZ NGE EEEE
approximately at equilibrium The catalyst was subjected to high
t enperature coking conditigns using.tolyene an easin nnunts af
hydrogen. After 25 hours 3'81[} "a&&ﬁﬁ g‘ %@W\ﬁ‘ﬁ 1?5? LHER-on
thr ogfan, t e pawnenyh.ﬁpleementedtwbihtﬁ:m mdtmﬂqasttmoh.n rriree sk treadtdbrbut
t he tol uene conv L3 ﬂ% p % 9% t he h t
t ol uene treatnen ‘{A] 8 ?’rﬂta%e%% E%‘%gct an{e)hgt é?ggggg 3-‘ra par a-
35 xylene contdeSCUﬂbéé%antkhmpbevg and Flgure 1 was continued with
the broad boiling range feed described in Table 4 and
Example 5. Figure 2 shows the yield results after the
10 test run had lined out at about 700 hours. As Figure 2
shows, the catalysts and process of the present
invention gave high aromatics yields (50+% BTX and 20+%

C; aromatics) and higher than equilibrium levels of para-

xylene (40+%) in the C; aromatics. Figure 2 also shows

15 that the high yield and selectivity was maintained for
at least about 300 hours with no significant change in
performance’.

20 EXAMPLE 9: DUAL TALYST WITH N-HEPTANE FEED

This example illustrates that the catalysts
and process of the present invention does not produce
gignificant levels of para-xylene or other xylenes by

25 the reforming and toluene disproportionation pathway.
The low xylene yields obtained from toluene
digproportionation in Example 2 and Table 1 as well as
Example 3 and Table 2 have already shown that the
catalysts of the present invention are not suitable as

30 toluene disproportionation catalysts. The present
example reinforces this point by showing that the
catalysts and process of the present invention do not
produce xylenes to a significant extent from the
aromatization of feed components to toluene followed by

35 toluene disproportionation to xylenes and benzene.



- -23- equilibrium but the feed conversion had dropped to 4% The
deacti vated catal yst was hydrogen activated by turning the feed off and '
runni ng hydrogen-only at 5100C 5 for periods of 0.5 to several days. As
a result of these hydrogen activation treatments, the activity was
increased to give feed conversions of 70+% whil e the para-xylene
selectivity was nai ntai ned well above equi hkbrium However, under the
conditions used, the 10 activity fell rapl dl y -over a'per-i od of a few
hours after each hydrogen activation. As shown in Table 1 for the HYDROGEN
ACTI VATED case, the conversion dropped from71%to 24%in 30 hours, The
catal yst activity was st abﬁ?zﬁﬁtﬁgyﬁEdFSEEnlgcﬁi’@ﬁ‘R 16n & ¥as AFTHATUSE wi t h
15 raios: ng éhfewﬂuﬂragehﬁhgezeedﬁéaal €o n%;e(y prane htslabeut t:IhED(I:QImﬂfslBIdonf
was stabilized far e tha Qurs, at +o aromati.cs vield o
15-18% and a par FBFe ¢ %{ 0/916? ?he é’%@% A% an'?% Shi t h
the fresh ca al y§Eedemlsuited Tablae auédlewssetzaret Ide:‘dgi) in cGkianpmatiics
hydr ogen actival | gg f 0Ch35eOhet 18" §38"prb0iABY 0 Aab1Y CaSRBRPLY the
Cs aromatlcs yi e and : -
gives selected characteristic results that were obtained

with the three different feeds which were used in
Examples 7, 8, and 9. As Table 7 shows,

10 n-heptane gave the highest yields of toluene and the
lowest yields of xylenes. '



t he para xyl ene content 24 : REPLACENENT SHEET 0 1 MAR
1996 [err] - 25 - EXAMPLE 3: CXI NG W THOUT DEACTI VATI ON Thi s exanpl e
illustrates the process where the 5 high tenperature coking . is

acconpl i shed without deactivation. About 0.5 cc of the Pt/Ga HZSM 5 from
Exanple 1 was placed in a down-flow m cro-reactor and reduced with hydrogen -
at about 510[err]C-as in Exanple 2. The 10 catal yst was subjected to

hi gh tenperature toluene treatnment at. 593[err]C with no hydrogen in order

to increase para-xylene selectivity. After about 24 hours, the toluene
feed was turned off and the catal yst was held at 593[err]C for 64 hours .

with only mtrogenflovmng The hlgh N
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15 tenperature toluene treatnent was then continued until the para-xylene
content of the Cs aromatics had increased to 60% The feed was changed to
n- oct ane/ hydrogen and the run was continued for a tinme at 593[err]C and
then at 510[err]C. The analytical results for sanples taken during 20

this run are summarized in Table 2. As the results i-n Table 2 show, the
coked catal yst. gave 99% feed conversion.aRg para-xyl ene concentrations
substantially above equilibrium This illustrates that controlled high

tenperature treag ﬁaﬁgtgialhgpgaiggy§1lgkth and 25 wi t hout hydrocarbon

feed can be used to achieyv ara- oX | ene, sel ective reforn1 performance
wi thout |oss of catalyst @Pg sent,ginvention - 1is ¥ PEor el

REPLACEMVENT SHEEprpduckion ef2&roﬁaﬂm€hEimostwﬁﬁfﬁihhlﬁfbyhﬁﬁﬁ TO | MPROVE
AROMATI CS VI ELD para-xylene. It can also produce a gasoline blending
5 stock along with the para-xylene enriched BTX fraction.
While the invention has been described in

connection with specific embodiments thereof, it will be
understood that it is capable of further modificationm,

and this application is intended to cover any

10 variations, uses, or adaptations of the invention
following, in general, the principles of the invention

and including such departures from the present
disclosure as come within known or customary practice in

the art to which the invention pertains and as may be

15 applied to the essential features hereinbefore set
forth, and as fall within the scope of the invention and

the limits of the appended claims.



5 This exanple illustrates the use of the hydrogen treatnment to activate
the catalyst for the production of aronmatics. This exanple is a
continuation of the catalyst test described in 100 Exanple 3. At about
390 hours of the run described in Exanple 3, the feed was turned off and

the catalyst was treated w'th hydrogen for nore than 6Q_hQQL§__ID§_D_9F%§pe -
feed was then turned on and the test contd myged. As the anal ytical resu
in Table 3 show, 15 t he hydrogen treatnment resulted. Imﬁﬂwm
the aromatics. - REPLACEMENT SHEET 28 [err] - 29 -
A BROAD RANGE FEED This exanple illustratas the use ~of° the"
That which is claimed is:

1. A catalyst useful for converting a
paraffinic or olefinic feed in a reforming or
aromatization operation under refoﬁning or aromatization
conditions to a product.which includes xylenes which are

5 enriched in para-xylene, .the catalyst comprising an
intermediate pore size molecular sieve support, a
platinum group component and an additional component
selected from the group consisting of gallium, =zinc,
indium, iron, tin and boron, the catalyst having an

10 activity sufficient to produce a yield of at least about
30%, on a hydrogen free basis, based on a C4-C; non-
aromatics portion of the feedstock, of benzene-toluene-
xylenes-ethyl benzene (BTX) from a C;-Cy predominantly
paraffinic or olefinic hydrocarbon feedstock, the C4-C;

15 non-aromatics portion comprising at least about 30% of
the feedstock, at least about 15% of the BTX consisting
of xylenes, with the xylenes being at least about 30%
para-xylene.

2. A catalyst as set forth in claim 1,
wherein the catalyst has been coked sufficiently to be
capable of converting toluene to xylenes which are
enriched in para-xylene.

3. A catalyst as set forth in claim 2,
wherein following coking the catalyst has been exposed
to a hydrogen containing atmosphere for a time
sufficient so that it is capable of converting at least

5 30% of an n-octane feed to products other than n-octane
at a temperaturé of 500°C, a 1liquid hourly space
velocity of 0.5, a pressure of 75 psig and a hydrogen to
hydrocarbon molar ratio of 10:1.



5 catal yst ‘and process of the present +invention to achieve para-xyl ene
selective reformng with a broad range feed. The feed was a 149[err] C end
point feed with the approximate conposition by carbon n bl e
4., The aromatics content- was | ess than 10% 10 Table 4Hmmnmmj"ﬂ '
Vi ght Percent C4- 0.45 15 et & s

1.99 C6 14.26 C7 _ 39 : 46. 93 Cs

32.04 4,35 20 The cat al yst is the sanme one used in Exanples 3 and 4. The

catal'yst test described i n4Exanpl ec4t dPpsE Ol nggg V\féftl@. ghangeafimons,
n-octane feed to the feed _described 25 in Tabl e t 530

The test was conMheFed™ FheF PR EEOZﬁMqu \ﬁsl-%lé?x ?éﬂﬂ
Clerr] aromatics zgml2ds @EML23% &BM-PE[ azZSM+B8p ZSME£81 szsm a'z;w/ssz zme Cs

aromatics. The regyl bs argssugmersgsd {n TaRbe 51, 3%apo-41, MAPO-11 or

5 MAPO-31.

5. A catalyst as set forth in claim 4,
wherein the platinum group component is platinum in an
amount within a range from 0.1 to 5 weight percent based
on the support. '

6. A catalyst as set forth in claim 5,
wherein the additional component is gallium in an amount
within a range from 0.1 to 10 weight percent based on
the support.

. A catalyst as set forth in claim 6,
wherein the support comprises ZSM-5 having a silica to
alumina mole ratio which falls within a range from 10:1
to 1,000:1.

ours..



-REPLACENENT SHEET 30. . . ' 01 MAR 1996 [err] U
EXAMPLE 6: PROCESS W TH ADD- ON CATALYST This exanple illustrates the

process of the 5 present invention when used wth t wo c&f—&FAyLs{é—l_n_sequ&n;e

to increase aromatics yield. The catal yst test descri be '
continued with the addition of a non-acidic Pt on L zeoj,uB!Hmi ’jmmm -
catal yst. The non-acidic Pt on L zeolite V\%? prepared a

catal yst described in U.S. = Patent 4,634 8 1ssued January 6, 1987 t'o

W C.. Buss and T.R Hughes. The Pt on L catal yst was downstream fromthe

coked and hydrogen activated Pt/ Ga HZSM5 of Exanples 3, 4, and 5. The
feed was the sane as that 8sed Pn MSG&hAd cOf. DFRIVEIRg 13 TeEPEM)SE @B

hel d at 455[err] grémhiikheiBh/ cathZydt Shatvind derdd¢ivicy Shorfiéledvbis 6,
the addition of tgng%éLat least 30%, based on the feed on a hydrogen
free basis, of a n-octane feed to products other than n-
5 octane at a temperature of 500°C, a liquid hourly space
velocity of 0.5 to 10, a pressure of 0 to 800 psig and
a hydrogen to hydrocarbon molar.ratio within the range
from 1:1 to 20:1, the products containing at least 15%
xylenes, at least about 30% of the xylenes consisting of

10 para-xylene, the method comprising:

" contacting a catalyst comprising an
intermediate pore size molecular sieve
support, a platinum group component and a

15 component selected from the group consisting
of gallium, zinc, indium, iron, tin and boron
with a hydrocarbon feedstock wuntil the
catalyst becomes coated with coke sufficiently
so that it is capable of converting toluene by

20 ' disproportionation to xylenes which are rich
in para-xylene; and

exposing the coked catalyst td a hydrogen

atmosphere for a time sufficient so that,
25 following such exposure, it is capable of

converting at least 30% of an n-octane feed to

chemicals other than n-octane at a temperature

of 500°C, a liquid hourly space velocity of

0.5, a pressure of 75 pslig and a hydrogen to
30 hydrocarbon molar ratio of 10:1.



catalyst resulted in an iné_rease in the BTX yield from the 42-45.5% shown
in Table 5 to 51+% shown in Table 6. The para-xylene content in the (err]
aromatics was al so 20 - mai nt ai ned above equilibrium |m

-SHEET-BEXAI\/ELE?f DUAL - CATALYST PI[?(GJE:IrE]SSV\'/I'hl s exanpl e |I”mmmmaul m,”m”]
present invention 5 when inplemented withgfwo catal ysts it tthe ssame «

reactor bed. A two-staged catalyst bed was prepared with the catalyst from
Exanple 1 as the first stage above a Pt/L- zeolite second stage cat al yst.

feactor and both cat alyet s Ser e SBsuoR a8 bhs BOReN o ¥l ), WigzBRH° *°
The second stage tthe atostacking| stepripacadrisdvwastt &t satemperatduzer pfed
'n US Patent gsggec to 700°C, a pressure of 0 to 1,000 psig, a
‘hydrogen to hydrocarbon mole ratio of 0 to 1 and a
5  1liquid hourly space velocity of 0.1 to 20.

10. A method as set forth in claim 9, wherein
the exposing step is carried out for a time sufficient
so that the catalyst, following the exposing, is capable
of converting at least 30% of an n-octane feed to

5 products other than n-octane at a temperature of 500°C,
a iiquid hourly space velocity of 0.5, a pressure of 75
- psig and a hydrogen to hydrocarbon molar ratio of 10:1.

11. A method as set forth in claim 10,
wherein the support is 2SM-5, ZSM-11, ZSM-12, ZSM-21,
ZSM-22, ZSM-23, ZSM-35, ZSM-38, 2ZSM-48, ZSM-57, SSZ-23,
SSZ-25, SSZ-32, SAPO-11, SAPO-31, SAPO-41, MAPO-11 or

5 MAPO-31.

12. A method as set forth in claim 11,
wherein the platinum group component is platinum in an
amount within a range from 0.1 to 5 weight percent based
on the support. '

13. A method as set forth in claim 12,
wherein the additional component is gallium in an amount
within a range from 0.1 to 10 weight percent based on
the support.

14. A method as set forth in claim 13,
wherein the support comprises ZSM-5 having a silica to
alumina mole ratio which falls within a range from 10:1
to 1,000:1. '



4,634,518 i.ssued on January 6, 1987 to WC. Buss and T.R  Hughes. The
catalysts were pretreated wth 15 hydr ogen at ]_Q[_E_LL]__\'Thel\
test was started w th hydrogen/n-octane feed. The .anal ytical results
for sanples taken during the run are summarized in Fi gdr il”ﬂ” Hﬂ ﬂ sh
catalysts, the feed was 100%-20 © converted at 510[err]:C ujﬂ t [m
were produced. The high tenperature cokingpof the catal ysts at 59’3[érr]"C

was interspersed.-with periods of hydrogen-only treatnents for a period of
ti me spanning nore than 300 hours The coke buil dup was acconpani ed by an

I ncrease in back. 25 pres drogen-only treatnents, hel ped_t
keep the back pressure fro c%rﬂ?%‘@&gsgﬁgg ¥%‘PE&WWS¥3

avoi d excessive c@t @lr;sdbmclnanttl.yat papaffinfig coki glefinix dqﬁdn‘tg:amhbn
hydr ogen treatrre inFiagure 1. _the c av. h f eed
conver si ons, P ?ﬁﬁgﬁgog& P&?%‘lc | &, r% %%t‘g#lﬁél f"g ﬁgéﬁ et%aﬁ’fl

equi librium contpaara mlgaea-agmpnasz.mgt he Clerr] aromatics. - 34 -
EXAMPLE 8: [RUAL CATALYST W TH BROAD RANGE FEED This exanple-illustrates the

present invention . .
contacting the feedstock under reforming or

aromatization conditions with a para-modified
catalyst comprising an intermediate pore size
molecular sieve support, a platinum group

10 component and a component selected from the
group consisting of gallium, =2zinc, indium,
iron, tin and boron to produce a hydrocafbon
product, the para-modified catalyst having an
activity sufficient to produce a yield of at

15 least about 30%, on a hydrogen free basis,
based on a C,-C; non-aromatics portion of the
feedstock, of benzene-toluene-xylenes-ethyl
benzene (BTX) from a Cs-Cy predominantly
paraffinic or olefinic hydrocarbon feedstock,

20 the C,-C; non-aromatics portion comprising at
least about 30% of the feedstock, at least
about 15% of the BTX consisting of xylenes,
with the xylenes being at least about 30%
para-xylene. :

~1s. .A method as set forth in claim 15,
wherein the para-modified catalyst has been coked
sufficiently to be capable of converting toluene to
xylenes which are enriched in para-xylene.



5 when inplemented with two catalysts in the sane reactor bed and wi-th a
broad range feed. The catal yst test described i n Exanpl e 7 and Figure 1
was continued with the broad boiling range feed describe
. Exanple 5. Figure 2 shows the yield results after the 10
lined out at about 700 hours. As Figure 2 shows, the baH " mgﬁ uwﬂ&ss
of the present i.nventi-on gave high aronat] yi eI ds (50+% BT

aromatics) and higher than equilibriumlevel’s of para- xylene (40+% in the:
Clerr]. aromatics. Fi gure 2 -also shows 15 that the high yield and - ‘
selectivity was maintained: for at | east about 300 hours with no signjficant-
change in performance' . 2017- A meshed m@a: Sgfy LoXER vER V\F%'F-N- HE®TANE

FEED Thi s exanpl @hielrelis! Faledwh ?t cbhﬁn?ai:ﬁllaY§&§aalﬁddﬂfﬂiédseaﬁilybe migsent
evel s of as a- Xyl ene .or_ ot

i nvention does n roduce
xyl enes by 25 g’r‘?@%r eﬁg%é’n FAEE R SR D FTFPRRE S ?,r %he
low xylene yitdmis sufifiiicdiemed so fuham it dlsierepabkprapoconverting an

Bxanpl ¢ 2 and Tablg d a5enell S ExAEBLE 30aR0: TABEEaEcPEYSL ALE R SROWN

that the cat Iysts he presen ar e
tol uene di sprope@ctiameagiton temperpture of $A0°Fi edechidukdnhrerly spacees

this point by shQuigitthabel 885, a pressure of 75 psig and a hydrogen to
hydrocarbon molar ratio of 10:1.

18. A method as set forth in claim 17,
wherein the intermediate pore size molecular sieve
support is 2ZSM-5, 2ZSM-11, 2ZSM-12, ZSM-21, ZSM-22, ZSM-
23, ZSM-35, ZSM-38, ZSM-48, ZSM-57, SSZ-23, SSZ-25, SSZ-
32, SAPO-11, SAPO-31, SAPO-41, MAPO-11 or MAPO-31l.

19. A method as set forth in claim 18,
wherein the, platinum group component is platinum in an

~amount within a range from 0.1 to 5 weight percent based
on the intermediate pore size molecular sieve support.

20. A method as set forth in claim 19,
wherein the additional component is gallium in an amount
within a range from 0.1 to 10 weight percent based on
the intermediate pore size molecular lsieve support.

21. A method as set forth in claim 20,
wherein the intermediate pore size molecular sieve
support comprises ZSM-5 having a silica to alumina mole
ratio which falls within a range from 10:1 to 1,000:1.



catal ysts and pLoceés of the'present'invention'do not produce xylenes to a

ents to tol uene
gﬁafBEﬁZEﬁer-\\_‘\

i -

significant extent fromthe aromatization of feed conpo
foll owed by 35 t ol uene di sproportionation to xylenes .
- The catalyst test in Exanple 8 was continued with a ¢
n- hept ane at about 1000 hours run tinme. As Figure 2 sho
n- heptane 5 feed resulted in a sudden sewsre drop in

yield. Mre details are provided in Table 7. Table 7 gives selected
characteristic results that -were obtained with the three different feeds

whi ch were used
gave the highest

G B e B B R e

i el ds of "t 6l uene an yie S.
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10

separating the reformate into a BTX containing
fraction and a BTX-free raffinate fraction.

23. A method ‘'as set forth in claim 15,
wherein the feedstock contains no more than about 30%
aromatics.

24. A method as set forth in claim 15,
further including:

contacting the hydrocarbon product in a
subsequent aromatization stage under reforming
or aromatization conditions with an
aromatization catalyst comprising a platinum
group component on a non-acidic inorganic
oxide support.

25. A method as set forth in claim 24,
wherein the para-modified catalyst has been coked
sufficiently to be capablé of converting toluene to
xylenes which are enriched in para-xylene.

26. A method as set forth in claim 25,
wherein following coking the para-modified catalyst has
been exposed to a hydrogen containing atmosphere for a
time sufficient so that it is capable of converting at
least 30% of an n-octane feed to products other than n-
octane at a temperature of 500°C, a liguid hourly space
velocity of 0.5, a pressure of 75 psig and a hydrogen to
hydrocarbon molar ratio of 10:1.



ferr] - 37 - Industrial Applicability The present invention is useful
for the production of aromatics, nost particularly of para-xylene. It can
al so produce a gasoline blending 5 stock along with tW

enri ched BTX fraction. Wiile the invention has been des;:rM ction -
‘With specific embodiments thereof, it will be understood "mmmlﬂﬂg e
of further nodification, and this applicatiagn-is intended to‘covern

variations, uses, or adaptat[ons of the invention following, in
general, t-he principles of the inventicon.-and including- such departures

from the present discl OS?J}E ag Jath Igggmfggtglusg_ﬂrméyaﬂﬁaqd ce in

the art to which the invention pertarns and as na Ted to the
essential featuvherainetthef dntesmedigten, pane a§1F§I IW%Wfﬁ?h@’sﬁ:‘fﬂ)e of

the invention ang,Lhgrti Mkt GsMis! hﬁsﬁpffndﬁémciﬁ' NBSM-21, ZSM-22,
%SM-23, ZSM-35, ZSM-38, ZSM-48, Z%SM-57, SSZ-23,
5  §SZ-25, SSZ-32, SAPO-11, SAPO-31, SAPO-41, MAPO-11’
or MAPO-31..

28. A method as set forth in claim 27,
‘wherein the platinum group component is platinum in an
amount within a range from 0.1 to 5 weight percent based
on the intermediate pore size molecular sieve support.

29. A method as set forth in claim 28,
wherein the additional éomponent is gallium in an amount
within a range from 0.1 to 10 weight percent based on
the intermediate pore size molecular sieve support.

30. A method as set forth in claim 29,
wherein the intermediate pore size molecular sieve
support comprises ZSM-5 having a silica to alumina mole
ratio which falls within a range from 10:1 to 1,000:1.

31. A method as set forth in claim 24,
further including: '

separating the reformate into a BTX containing

fraction and a BTX-free raffinate fraction.

32. A method as set £forth in claim 24,
wherein the feedstock contains no more than about 30%
aromatics.



[err] Cainms That which is clained is: 1. A catalyst -useful for
converting -a paraffinic or olefinic feed in a reformng or-
aromati zati on operation under reformng or aromatization conditions to a
product which includes xyl enes which are 5 enriched in par a- xyl ene, -the
catal yst conprising an internedi ate pore size nol ecul ar sieve support, a
pl ati num group conponent and an additi onal g®nponent selected_fronlthe
group consisting of gallium zinc, indium iron, tin and boron; the _
catal yst having an 10 act|V|ty suff|C|ent to produce a yield of at |east
about 30% on a hydroggma ARG shre %@ b NATeTaES AR kC S
portion of the feedstd
froma C5- (Jerr] predon1nant|y parafflnlc or oIeflnlc hydr ocar bon

feedstock, the CJerr]-Cerr] 1%5&@%%51312@%%&@%%0@“ sing at | east

about 30% of the f eedstock, at Teast abou 0 O e BTX consisting of

xyl enes, with the xylenes being at l'east about 30% para-xylene. 2. A

catal yst as set forth in clm mihtededihte! hpotat Bysd IRAdREArcOkEdve

sufficiently to bupported catalyst includes a platlnum group component
and a gallium, zinc, lndlum, iron, tin or Dboron
component. It is used for reforming and aromatization
during'which it produces a para-xylene enriched product.

10 It comprises an intermediate pore size molecular sieve
support, a platinum group component and a component
selected'from the group consisting of gallium, zinc,

“indium, irom, tin or boron. One form of the catalyst is
first coked and is then contacted with hydrogen. The

15 catalyst is wuseful in reforming and aromatizing
operations.,

is Sheet Has Been Replaced
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capabl e of converting toluene to xylenes which are enriched in para-xyl ene.
3. Acatalyst as set forth in claim2, wherein follow ng coking the

catal yst has been exposed to a hydrogen containing atnosphere for a tine
sufficient so that it is capable of converting at |east 5 30% of. an
n-octane feed to products other than n-octane at - a tenperature of

500[err]C, a liquid hourl space velocity -of 0.5, a pressuge of 75 psig
and a hydrogen to hydrocarbon nolar ratio agf 10:1. (-39 - b A catal yst-
as set forth in claim3, phereiin theisuppart isiZSM5, ZSM11, ZSM 12,
ZSM 21, ZSM 22, ZSM 23, ZSM 35, ZSM38 ZSN} 48, _ZSMS? SS4- 23, SSz- 25,
SSZ-'32, SAPO- 11, SAPO 31, $APO 41, MAPO-11ior 5 i MAPO® 31. 5. A catal yst
as set forth in claim4, mhereln t he platlnun1group conponent is ‘platinum
in an anobunt within a rang¢ frOWIO 1 to 5 vieight! percent based on the
support. 6. A catal yst as set gprth: H%g'.c*a‘nS —-8
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wherein the ‘additional conponent i's galliumin an amount within a range

from0.1 to 10 wei ght percent based on the support.

7.

A catal yst as set

forth in claim®6, wherein the support conprises ZSM5 having a silica to

alumna nole ratio which falls within a range from10:1 to 1, 000: 1.
A met hod of producing a reform ng or aromati zation catakyst-having an-
based on the feé&l on a '

8.

activity sufficient to convert at

| east 30%

- 40-

AT

hydrogen-free basis, of ajn-octane feed to: products other thgﬁ n- 5
octane at a tenperature of 500[err]C; a liguid Hourly:spacg velocity of 0.5
to 10, a prgpsure of 0-to|800 psig and a hydrogen to hydrocarbon ol ar
ratio withidsthe range from1l:1 to 20:1, the praductsicontadining at*|east
15% xyl enes¢ at | east about 30% of tHhe xyl enes consisting 10
par a- Xyl eng.. t he nethod conprising: contacting { a ¢atalyst conpri si ng
an internedpate pore sizteg ﬂf]ecular si gve support; a plfigpnum group _
conponent bl a 3B B 6‘{] e e 0 C .
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15 - conponent sel ected fromthe group consistl Qf gal I um
zi nc |nd|un1 iron, tin and boron with a hydrocarbon feeds the
catdiyst beconmes coated with coke sufficiently so that it is ;if
converting toluene by 20 di sproportionation to f@ﬁgﬁ' Wﬁ»ch
are rich in para-xylene; and exposing the coked catal yst to a hydrogen

at nosphere for a tine sufficient so that, 25 foll ow ng such
exposure, it is capable of converting at | east 30%of an n-octane feed to
chem cals other than n-octane at a tenperature of 500[err]C, a |liquid
hourly space velocity of 0.5, a pressu of 75 psig an '
hydr ocarbon nolar ratio of 10: 1. Aéi- A net hpd éxgﬂwgﬁﬂ§ﬁﬂﬂ?n
claim8, wherein the contacting step is carrled out at|altenperature
500[err]C to 700[err]C, a pressure of 0 to 1,000 psig a0hy MARg36t o
hydrocarbon nole ratio of O to 1 and a 5 i quid hourlylspace vel ocitly jpf
0.1 to 20.
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10. A method as set forth in claim9, wherein the exposing step is carried
out for a time sufficient so that the catalyst, follow ng the exposing, is
capabl e of converting at |east 30% of an n-octane feed to 5 products
ot her than n-octane at a tenperature of 500[err]C, a liquid hourly space
velocity of 0.5, a pressure of 75 psig and a hydrogen to hydrocarbon nol ar
ratio of 10:1. 11. A nethod as set forth in claim 10, wherein the support
is ZSM5, ZSM 11, ZSM 12, ZSM 21, ZSM 22, ZSM 23, ZSM 35, ZSM 38, ZSM 48,
ZSM 57, SSZ-23, SSZ-25, SSZ-32, SAPO 11, SAPO 31, SAPO- 41, MAPO- 11 or 5
MAPO-31. . 12. A nethod as set forth in claim1l, whereip=the_p|atinum
group conponent is platinumin an amount_wi thin a range f{oRERA
wei ght percent based on the support. 13T26 met hod as set Jojrth QEMENEIS#FEE
wherein the additional conmponent is galliumin an anmount i hhn a range
t

fromO0.1 to 10 wei ght percent based on the support. 14. olMAR 1996
alumna nole ratio which falls within a range from 10:1 tfo 1, 000: 1.

forth in claim 13, wherein the support conprises ZSM5 hgvi silicat
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42 - 15., A nethod of reform ng or aromatizing a C5- (C[err] predom nantly
paraffinic or olef inic hydrocarbon feedstock to produce a reformate which
is enriched in para-xylene, conprising: 5 contacting the feedstock under
reform ng or aromatization conditions with a para-nodified catalyst
conprising an internmedi ate pore size nol ecul ar sieve support, a platinum
group 10 conponent and a conponent selected fromthe group
consisting of gallium zinc, indium iron, tin and boron to produce a

hydr ocarbon product, the para-nodified catal yst having an activity
sufficient to produce a yield of at 15 | east

hydr ogen free basis, based on a (Jerr]-Cerr] non-arona iﬁﬂqﬁﬁﬁﬁawisﬁff
feedst ock, of benzene-t ol uene-xyl enes-eghyl benzene (BfX) froma C5-
Cerr] predomnantly paraffinic or ol effarc hydrocarbon|fbe@1MAR 1926
the C6-Clerr] non-aromatics portion conprising at

h

Q o
E oS o] - 0 o)
E ©Clh|al v <
(o] ¥ m ] o
E (.)H-r-«
& = o | n
o
& o | 9 o | o« o e
1 \OQ.O\Q‘ >~ <
= o
A
[54]
8 A o
o
8l Qlalm © o)
o 1| o el R la|m © o
Z S} m | o
31 E Ll 7 e | @
.QE “ o~
s | o mlBlaolw © o
B = \\J iy (o) o~ 0 o™
=]
o
()” [
1
= O ML A 02 o —
il ~ Sl 218 m w0 <
|
=] o o
O U =
@] N} H w U [ ]
o milu |l U U W Q
o) bl Dl ™ H ] O H | A
(9)] & ~{ A Q 3] QA H B ~
E alel8lag|&|FlE|E S|* &8
g a8 8] - |B|S|EE|wel™
o hﬂm[—*&m&dﬁﬁ Q«ﬁo\"




| east about 30% of the feedstock, at |east about 15% of the BTX consisting

of xylenes, with the xylenes being at |east about 30% para-xyl ene. 16. A

met hod as set forth in claim15, wherein the para-nodified catal yst has

been coked sufficiently to be capable of converting toluene to xyl enes

whi ch are enriched in para-xyl ene. -43- 17. . A nethod as set forth in ~
claim 16, wherein follow ng coking the para-nodified catal yst has been
exposed to a hydrogen contai ning at nosphere for a tine sufficient so t hat
it is capable of converting at |east 30% of an n-octaneff %
other than n- octane at a tenperature of 500[err]C, a | tﬁR&Ahaﬂﬁwt ﬁsﬁie
velocity of 0.5 a pressure of 75 psig and a hydrogen tp hydrocarbon
ratio of 10:1. 18. A nethod as set fortBoin claim 17, wheleigy 1996
i nternmedi ate pore size nol ecul ar sieve support is ZSM5 7SN¥1 SM 12

ZSM 21, ZSM 22, ZSM 23, ZSM 35, ZSM 38, ZSM 48, ZSIVI-57
SSZ-
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32, SAPO-11, SAPO 31, SAPO-41, MAPO-11 or MAPO-31. 19. A nethod as set
forth in claim 18, wherein theplatinumgroup conponent is platinumin an
anount within a range fromO0.1 to 5 weight percent based on the

i nternmedi ate pore size nol ecul ar sieve support. 20. A nethod as set forth

in claim19, wherein the additional conponent is galliumin an anount B
within a range from0.1 to 10 wei ght percent based on the internedi ate pore
si ze nol ecul ar sieve support. 21. A nethod as set forth in claim 20,

wherein the internedi ate pore size nol ecul ar sieve sup j 15
having a silica to alumna nole ratio which falls wth{ REPLAGEMENT SHEETLY: 1
to 1,000: 1. 44 I 22. A nethod as set forthjifi C ; r tiher

i ncluding: separating the reformate into a BTX containjn gnpﬁhkoéggnc 3
BTX-free raffinate fraction. 23. A nmethgd as set forthlin Cla 157¥ wherjei n
t he feedstock contains no nore than abott 30% aromati cfs. :
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Table 6

(1) Pt/Ga HZSM-5 @ 510°C and Pt/L @ 455°C.
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5 24. A nmethod as set forth in claim115, further including:

contacting the hydrocarbon product in a subsequent aromatization stage

under reformng or aronmati zation condi tions with an 10

aromati zation catal yst conprising a platinum group conmponent on a

non-aci di ¢ i norgani c oxi de support. 25. A nethod as set forth in claim?24, -

wherein the para-nodified catal yst has been coked sufficiently to be

capabl e of converting tol.uene to xylenes which are enriched in para-xyl ene.

26. A nethod as set forth in claim25, wherein foll ow ng coking the

para-nodi fied catal yst has been exposed to a hydrogen containing_atuonsphere

for a tine sufficient so that it is capable of convert nREPHACﬂWENTQWﬁET3b96

of an n-octane feed to products other than n- octane a terpeFatt—e

500[err]C, a liquid hourly space velocity of 0.5, a presgure of 75 psip lnd

a hydrogen to hydrocarbon nolar ratio of 10:1. - 45{-1 0 1MAR 199
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27. A nethod as set forth in claim26, wherein the internediate pore size
mol ecul ar sieve support is ZSM5, ZSM:11, ZSM 12, ZSM 21, ZSM 22, ZSM 23,
ZSM 35, ZSM 38, ZSM 48, ZSM 57, SSZ-23, 5 SSz- 25, SSZ-32, SAPO 11,
SAPO- 31, SAPO- 41, MAPO- 11 or MAPO-31. 28. A nethod as set forth in claim
27, wherein the platinum group conponent i% platinumin an anount within a ~
range from0.1 to 5 wei ght percent based th the internediate pore size

nol ecul ar sieve support. 29. A nethod as set forth in claim28, wherein the
addi ti onal conponent is galllumln an armunt Wlthl n a range fromO 1to 10
wei ght percent base@®ARA-DIVEENE SE IVE BEFORMING /AR b 25/ e support.
30. A nethod as set forth in claim?29, V\/nereln t he |nterrred| ate pore size

nol ecul ar sieve support conprises ZSM5 having a silica to alum na nole
ratio which falls thhinaraA@éﬁi@'hQ.ﬁWBl A nmet hod as set
forth in claim24, further including: separating the ref ormate into a BTX

containing fraction and a BTX-free raffinate fractio ?ﬁe nmet hodvas set
forth in cBaim24, whereidt AOtEIBRGER cBRFS n§1ﬁ% rﬁﬁ ‘i"ﬁaﬁf abd it ©30%

supported catalyst includes a platinum group component
and a gallium, zinc, indium, iron, tin or boron
component. It is used for reforming and aromatization
during which it produces a para-xylene enriched product.
10 It comprises an intermediate pore size molecular gieve

support, a platinum group component and a component
gselected from the group consisting of gallium, =zinc,
indium, iron, tin or boron. One form of the catalyst is
first coked and is then contacted with hydrogen. The

15 catalyst is useful in reforming and aromatizing
operations.,
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