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A start-up procedure for use in the disproportionation ot
co-fed hydrogen and toluene feedstock over a nickel mordenite
catalyst containing between 1.0 - 1.5 weight per cent nickel and
having a silica to alumina molar ratio of between 16.1 and 22.1.
At reaction start-up, the hydrogen to toluene molar ratio 1is

maintained at an unconventionally low level of between 0.5 and
1.7. With an initial temperature of 250°C and under pressure of
550 psig or greater, toluene disproportionation is effected

resulting in desirably high selectivity to benzene product and

simultaneously low selectivity to undesirable non-aromatic

compound by-product.
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A START~UP PRCCESS FOR IMPROVED SELECTIVITY

IN TOLUENE DISPROPORTTONATION

BACKGROUND OF THR INVENTION
Field of the Invention

This invention relates to a atart-up procedure for usa in

the disproportionation of alkylaromatic feedstreams and, more

particularly, in the disproportionation of toluene containing

leedstocks employing wmordenite catalysts of relatively high

5 aluminum content.

LG

Reaction (1) is mildly exothermic.

Mordenite is one of a number of molecular sieve catalysts
15 useful in the transalkylation of alkylaromatic compounds.
As a crystalline aluminosilicate zeolite, mordenite exhibits a
network of silicon and aluminum atoms interlinked by oxygen atonms
within the crystalline structure. For a general description of
mordenite catalysts, referenca is made to Kirk-Othmer,

20 Encyclopedia of Chemical Technology, 3rd Edition, 1981, under the

heading "Molecular Sieves", Vol. 15, pages 638-643. Moxrdenite as
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found iLn nature or as synthesized to replicate the naturally
ococurring zeolite, typically exhibits & raiatively l1ow smsilica to
alumina aole ratio of about 19 or lass. Alsc known, however, are

mordanite catalysts exhibiting a substantially lower alumina

Ji

content. These aluminum deficient mordenite catalysts exhibit
silica to alumina ratios greater than 10, ranging up to about
100, and may be prepared by direct synthesis as disclosed, for
example, 1in U.S. Patent No. 3,436,174 to Sand or by acld
extraction of a more conventionally prepared mordenite as
1.0 disclosed in U.s. Patent No. 3,480,539 to Voorhies, et. al. Both
the typical and the aluminum deficient mordenites are known to be
useful in the disproportionation of toluene.
Disproportionation of toluene feedstock may be perforuad at
temperatures ranging from about 200°C to about 600°C or above andg
15 at pressures ranging from atmospheric to perhaps 100 atmogpheres
or above. The specific catalyst, however, may impose constrainte
on reaction temperatures thus affecting catalyst activity and
aging character., In general, the prior art suggests the use of
relatively high temperatures when employing the high aluminum
20 mordenites (low silica to alumina ratios) and somewhat lower
temperatures when employing the low alumina merdenites.
Accordingly, where mordenite catalysts exhibiting high
sillica/alumina ratios have been employed in the transalkylation

of alkylaromatics, it has been the practice to operate toward the

25 lower end of the temperature range. U.5. Patent No. 4,665,258 to
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Butler, et. al., however, discloses disproportionation of a
toluene containing feedstock employing an aluminum deficient
mordenite catalyst under relatively severe disproportionation
conditions; involving a temperature range of 370°-500°C. The
mordenite catalysts exhibit silica/alumina wmole ratios of at
least 30 and, more desivrably, within the range of 40-%0. ‘The
feedstock may be supplied to the reactior zone containing the
mordenite catalyst at ratesg providing relatively high spacse
valocities. The toluene weight hourly apace valocity (WHSV) may
be greater than 1. Hydrogen is supplied to the reaction zone at
a nydrogen/toluene mole ratic within the range o0f 3-6. Thea
hydrogen pressure may be 500 psl or more. The toiuene feadstock
need not be dried before supplying it to the reaction zone and
the patent discloses toluene reedstocke exhibiting a water content
in excess of 100 ppn.

Butler, et al. also discloses passing a hot preflush gas,
nitrogen or hydrogen, to the reaction zone prior to initiating
the disproportionation reaction. The preflush gas is heated to a
temperature sufficient to substantially dehydrate the catalyst by
the time the toluene feed is started. This measure enables the
disproportionation process to initially bhe performed at a
scmewhat Jlower temperature and without reductinn in t.oluene
conversion. As the disproportisnation proceeds, temperatuxe
progressively increases to maintaln toluene conversion at the

desiraed level, typically about 80 percent of theoretical.
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U. 8. Patenl No. 4,723,049 to Menard et al. disclosasg
toluene disproportionation carried out over sluminum deficiaent
mordenite of the type discliosed in the aforenantioned patent to
Butler. 1TIn this process, preferably carried out at a reaction

5 Zone temperature of 370°-500°'C, and more preferably at a
temperature of 400°-500'C with an unmodified aluminum deficient
mordenite catalyst, the supply of toluene to the raaction zone is
interrupted while the supply of bhydrogen is continued.
Praferably the pericd of interruption during which nydrogen

10 S2pply 1s continued is for at least one day prior to relnstating
the supply of toluene feedstock to the reaction zone. Thig mode
of cperation is disclcsad to enhance the aging quality of the
catalyst and show a reduction in reactor zone temperature without
a corresponding decrease in toluene conversion.

15 It is also a common practice to promote an aluminum
deficient mordenite catalyst with a catalytically active metallic
content., For example, U.S. Patent No. 3,476,821 to Brandenburg
et al. discloses disproportionation reactions employing mordenite
catalysts having silica/alumina ratios within the range of 10-100

20 and preferably within the range of about 20-60. The mordenites

are modified by the inclusion of a sulfided metal selacted from
the Group VIII metals. The metal may be included in the
mordenite by well known ion exchange or impregnation techniquasg,

The especially preferred sulfided Group VIII metals are cobalt

o
1
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and nickel present in a concentration of (.5+10 weight percent.
When compared with nickel oxide, nickel sulfide is zaid to
provide less overactivity as indicated Py gaz and saturated

hydrocarbon yield. Here the desired temperature ranges are =said

(9]

to be from akout 400°-750°F and Preferably 450°-640°F. The metal
promoters are said to substantially increase activity and

catalyst life, as indicated by runs extending over several hours

Cr days.

A8 noted previously, hydrogen is supplied dalong with toluene
10 e the reaction zone. While the disproportionation reaction {1}
does not involve chenmical consumption of hydrogen, the use of a
hiydrogen cofeed is generally considered to prolong the useful
life of the catalyst, as disclosed, for example, in the above
mentioned patent to Brandenburg. The anount of hydrogen
15 supplied, which is normally measured in terms of the
hydrogen/toluene mole ratio, is generally shown in the prior art
to increase as temperature increases.
Bhavikatti et al., "Toluena Disproportionation Over

Aluminum-Deficient and Metal-Loaded Mordenites. 1. cCatalytic

20 Activity and Aging"”, Ind. Eng. Chem. Prod. Res. Dev. 1981, 20,

102=-105, discloses toluene disproportionation at 400°cC over
mordenite catalysts having silica/alumina mole ratios ranging

from 12 to 61 at atmospheric pressure and a space velocity (WHSV)

Of 1. As the silica/alumina mole ratio is lncreased, catalyst

B
£

activity is substantially decreased while aging gquality is

increased, That is, the aging rates were lower. Based upon
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short term aging studies, the best sllica/alumina mole ratio
appeared to ke 2J). Catalyst decay wag also suppressed by loading
thie mordenites with nickel. Mordenites havirg a silica/alunina
ratio of 12, 16 and 23 were modifiad by the inclusion of nickel
by a procedure involving ion exchanging ammonium mordenite with
an aquaous solution of nickel nitrate. After ion exchangs, the
catalyet was cctivated under a hydrogen environment for two hours.
The best activation temperature for nlckel modiflied mordenire
having a silica/alumina ratioc of 23 was indicated tc be about
250°C.  The nickel modifiled mordenite having a silica/Zalumina
ratio of 12 showed significantly lowsr activity when compared to
the nickel lcaded nordenite of a silica/alumina ratio of 23.

U.S. Patent No. 3,562,345 to HMitsche discloses the use of
molecular siaves such as mordenite catalysts in the
disproportionation of toluene. The catalysts are characterized
by a silica/alumina mole ratio from about & to about 12, pore
openings of from about 3 to about 18 angstroms and the
incorporation of catalytically active metallic materials in the
oxidlized or reduced state, particularly Group VIR and Group VIII
retals including molybdenum, tungsten, chromium, iron, nickel,
cobalt, platinum, palladium, rutheniun, rhodium, osmium, and
iridium. MNitsche discloses Cransalkylation at temveratures from
about 200°C to about 480°'C and gives gpecific examples of

transalkylation of toluene at temperatures of 420°C and 450°C.
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U.3. Patent No. 3,677,973 to Mitsche et . al., discloses the
use ©Of mordenite catalysts composited with an alumina salt
providing a sitica/alvaana mole ratio 0f about 10 to about 30 in
the disproportionation of toluensa. The reaction conditiona
proposed in this patent appear similar teo those set forth in the
afcrementioned Mitsche patent and, like the former patent,

Mitsche et al., discloses incorporating Group VIB and Group VIII

metals into the catalyst,

U.S. Patent No, 4,151,120 to Maralilly discloses a process

for the manufacture of a hydrocarbon conversion catalyst
inveolving incorporating cobalt, nickel, silver or palladium in a
mordenite catalyst having a ellica/alumina mole ratio within the
range of 10-100. Following incorporation of the metal into the
mordenite, the catalyst is dried and subjected to a dry
calcination procedure at a temparature within the range of
300-700°C in the presence of an inert or oxidizing gas having a
moisture content of less than 1 percant. Marcilly discloses
various examples of +he dismutation of toluene under reaction

conditions 420°C, 30 bars, a space velocity (WHSV) of 5 and a
hydrogen/hydrocarbon mole ratio of 5.

U.S. Patent No. 4,723,048 to Dufresne et al. discloses a
process Iror the dismutation of toluene enploying a 2zeolite
Catalyst mwodified by the inciusion of metals. The catalyst is
described as a sodium containing mordenite in the nature of

so-called "wide pore” mordenite, l1.8., mordenite with main pores
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exhibiting & diameter of 7-10 Angstroms or Ysmall pore"
mordenite, mordenites with main pores exhibiting a diameter of
4-6 Angstrome. The mordenites are treated to extract sodium
therefrom to provide not more than 1 rercant by weight sodium
ions and preferably not more than 0.5 percent by welght sodium
ilons, Dufresne discloses mordenites heving silicas/alumina
ratlos of 10.6 (catalyst A), 14.6 (catalyat B), 25.2 (catalyst
C), and 58.6 (catalyst D) modified by the inclusion of nickel
ranging from 0.43 weight vercent to 2.11 weight percent and by
the inclusion of nickel with certain other metals. Dufresne
discloser activities of the nickel modified catalysts before and
after an accelerated aging procedure at converaion rates of 10
percent and 45 percent. Catalyst C contalning 1.1 percent nickel
showed the best activity with catalyst B containing 2.11 parcent

nickael and catalyst b having 0.43 percent nickel showing slightly

lower activities. Tha poorest activity wae with respect to

catalyst A having a nickel content of 1.81 percent.

The representative priocr art discussed above reveals that
much of the experimental and investigative work conducted in
regard to alkylaromatic disproportionation cmploying metal
promoted mordenite catalysts has been directead toward either
achlieving a higher lavel of alkylaromatic conversion or extending
catalyst life (ie: controlling catalytic deactivation).

As distinguished from the extant art, the present invention

is directed to a start-up procedure for use in the disproportion-
ation of alkylaromatics which results in greater selectivity to

desirable benzene product from the very inception of the reaction
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with a simultaneous and appraclable decrease in by-preduction of
undesirable compounds (hereinafter non-aromatic coempounds) due to
hydrogenation of the aromatic feed material.

Practical berefits of the instant invention are essentially
twofold., Specifically, as an aromatic solvent of comparatively
high commercial value and virtually continuous demand, there
exists sound economic raticnale for increasing the afficiency of
the means by which benzene is produced. 1In addition, and with
respect to refining operation, the distillation separation of
benzene from undesirable non-arcmatic compounds o©of comparabkle
boiling point range is markedly enhanced due to the significant
decreage in non-aromatic by-production, which is the object of
the instant invention.

As indicated, common, albeit undesirable, by-products of
aromatic hydrogenation (which results when hydrogen is co-fed
with an alkylaromatic under dieproportionation conditiona),
including toluene disproportionation, are principally non-
aromatlc compounds such as rethylcyclohexane and, to a lesger
aextent, other paraffinic and cyclic compoundsz. Forwmation of
Lhese compounds is particularly observed in association with the
presence of a wetal promoted mordenite catalyst and,
additionally, 1low reaction temperature. The lavel of
non—-aromatic hy-production, however, is known to decrease in
direct relation to catalyst age. Accordingly, the selectivity to
benzene and xylene(s) in toluene disproportionation is dependent
upon the by-production level of non-aromatic compounds which,
until stabilized, prevent optimum selectivity to the aforesaid

desirable products. Applicants have discoversd that by
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controlling the amount of hydrogen cofeed during reaction
start-up, the lavel of non-aromatic production can be limited

thereby resulting in greater reaction selectivity to benzene

product.

Because it is believed to enhance reaction stability and

catalyst aging character, it is generally known that it is

'desirable to employ a hydrogen cofeed in the disproportionation

of alKylaromatics. As disclosed by Marcilly (U.S. 4,151,120),
Butler, et. al. (U.S. 4,665,258) and Bhavikatti (Ind. Eng. Chen.
Prod. Res. Dev, 1981, 20, 102-105), for example, the prior art
generally teaches a hydrogen tc toluene molar ratio greater than
3. Applicants’ invention, to the contrary, teaches a hydrogen to
toluene molar ratio below 3.0 and, preferably, about 1.0 to 2.0.

In view of the above, there aexists, accordingly, a nesd in
the art for a start-up process of disproportionating alkyl-

aromatic feedstreams which yields an appreciably desirable and

stable concentration of benzene and sinmultaneous reduction in the

by—production of undesirable non-aromatic compounds.

In accordance with the present invention, there is provided
a process for the disproportionation of a substantially pure
toluene feedstock over a metal promoted mordenite catalyst in
which the yield of desirable benzene product is enhanced during
start-up of the process concurrently with suppression of
undesirable non-aromatic product(s), by employing a comparatively

low concentration of hydrogen, cofeed. In practicing the

10
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BRIEF DESCRTIPTION OF THE DRAWINGS

Figure 1 ie a graph 1llustrating product Belectivity to non-
aromatic compounds as a function of catalyst age in conjunction
with a toluene disproportionation process carried out over a
nickel~modified mordenite catalyst wherein hydrogen is co-fed
with toluene ir molar relationships of 0.5, 1.7 and 3.3.

Figure 2 is a graph Lllustrating product selectivity to
benzene as a function of catalyst age in conjunctien with a
toluene disproportionation process carried out over a nickele

modlfied mordenite catalvst wherein hydrogen is co-fed with

toluene in molar relationships of 0.5, 1.7 and 3.3,

As evidenced in the foregoing discussion, the use of
Lydrogen 1in the disproportionation of toluene over a metal
modified zeolite catalyst is well known in the art. The present
invention, however, provides an improved mode of starting toluene
disproportionation over a nickel-modified mordenite catalyst
under relatively low temperature conditions providing for

cesirably low yields, such as less than 0.5%, of non-aromatic

procduct and resulting in desirably high yields of desirabla
penzene, batween 39-40% by weight.

A distinct advantage of the prasaent invention is graphically
11lustrated in Figure 1 shown herein which indicates that, in
utilizing a nickel promoted mordenite catalyst, a toluene

conversion level of about 48% can be achieved with minimal

12
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formation of non-aromatic compounds in the product stream by
reducing the concentration of hydrogen cofeed during reaction
start-up. This measure results in a higher vyield of desirable
benzene product. Although the precise point of optimun hydrogen
to toluene ratio was not determined, it was determined that the
most significant improvements are achieved between about 0.5 -
2.5 and, more preferably, between adbout 1.0 -~ 2.0.

In accordance with the present invention there is provided a
toluene disproportionation process employing a catalyst of the
nordanite type modified by the inclusion of a metallic
hydrogenatlon component, more apec:.fzcally nickel, in which a

dramatic decrease of non-aromatic by-product is achieved in

conjunction with: toluene conversion of about 48%; relatively low

temperature: and a desirably low rate of catalyst doactlvation.

The mordenlte catalyst employed in the present invention
preferably exhibits a silica to alumina molar ration of between
about 16:1 and 22:1, preferably between about 18:1 to 22:1, and
more preferably about 18:1. The mordenite catalyst is,
additionally, modified by the inclusion of nickel. Applicants’
experimentation suggests that the best results are obtained by
utilizing a catalyst made up of no less than 1.0 weight per cent
nickel. While it is generally known in the art that low nickel
content mordenite catalysts are useful in converting toluene and
assist in selectivity to benzene and xylenes, they have generally
demonstrated poor aging quality (character). Experimentation has
demonstrated that, while greater amounts of nickel can be
employed without corresponding significant benefit, one preferred
nickel content in the catalyst is within the range of about 1.0

to 1.5 weight percent, preferably between about 1.2 to 1.4 weight

13




10

15

CA 02079164 2001-10-01

aY.at
, . ..

&

percent, and more preferably about 1.25 weight percent.

The present invention resulted from a study &ondicted using
three different hydrogen to tcluene molar ratios utilizing a
laboratory reactor. 1In each case, the catalyst was pre-dried by
heating at a suitable temperature, preferably 250°C, under the
flow of hydrogen gas.

Thereafter, a substantially pure toluene feedstock was

passed over the reaction zone at a starting temperature of 250-C

which was subsequently raised incrementally to within the range
Oof about 320°C-330°C, and at a pressure of 600 psig and
feedstock liquid hourly space velocity (LHSV) = 2.0. The
hydrogen to toluene molar ratio varied at 0.5, 1.7 and 3.3.
Reactor temperature was incrementally increased in an effort to

maintain the desired 48% conversion.

-

In a further aspect of the invention, it is possible to
increase the concentration of hydrogen cofeed and hence the molar
ratio of hydrogen to tolune to a value between 3 and 4 at such a
time in the reaction, i.e. within 10 days of reaction start-up,
that a desirably low and stable concentration of non-aromatic
compounds 1s observed in the product stream. This post start-up
increase in hydrogen concentration following stabilized
production of non-aromatics is generally believed to enhance the
aging character of the catalyst.

While the invention has been described with reference to
particular embodiments thereof, it will be apparent to those
skilled in the art that various changes and modifications can be
made without departing from the spirit of the invention or from

the scope of the appended claims.

e




10

15

20

CA 02079164 2001-10-01

| A
¢ 2 ¢
v ® ‘&"\»' <

WHAT IS CLAIMED I8:

1. A transalkylation start-up procedure for the process of

disproportionating a toluene-containing feedstock over a metal
promoted mordenite catalyst to produce benzene and xXylene, the

steps of said procedure comprising:

(a) passing a cofeed of substantially pure toluene and
hydrogen gas into a reaction zone and contacting it
with a mordenite catalyst modified by the inclusion

¢f nickel within the reaction zone,

(b) conducting the disproportionation reaction within said
reaction zone at a starting reaction temperature of
about 250°C and a pressure of at least 550 psiq;

(c) adjusting said ¢ofeed to obtain a hydrogen to tocluene
nolar ratio within a range of about 0.5 and ;. 7 at
reaction start-up; and

(d) withdrawing disproportionation product containing
benzene and xylene from said reaction zone.

2. The process according to claim 1 wherein said reaction
temperature is raised incrementally toc around 320 - 330°C.
3. The process according to claim 1 wherein said toluene

disproportionation is around 48% and is maintained by adjusting

the reaction temperature.

L5
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4 The process according to claim 1 wherein said feedstock is

being supplied to said reaction zone at a rate sufficient to

provide a toluene LHSV of about 2.

5. The process according to claim 1 wherein said mordenite

catalyst has a silica to alumina molar ratio in the range of

- 1

about 16:1 to 22:1. ‘
6. The process according to claim 1, wherein said hydrogsn

cofeed concentration is adjusted within 10 daye of reaction

start-up to result in a hydrogen to toluene molar ratio of

between 3 and 4.

7. The process according to claim 1 wherein the level of
non-aromatic compounds in said disproportionation ' product
comprises a stable value of less than 0.5 wt. % of the
disproportionation product(s).

8. The-proceas according to claim 1 wherein the level of gaid
produced benzene comprises a stable value of between 39 - 40% by

weight of the dispropcrtionation product(s).

9. The process according to claim 5 wherein said mordenite
catalyst exhibits a silica to alumina molar ratio of about 13:31
to 22:1.

'10. The process according to claim 1 wherein said mordenite

catalyst exhibits a silica to alumina molar ratio of about 18:1,
11. The process according to claim 1 wherein the metal promoted

mordenite catalyst exhibits a nickel concentration within the

range 1.0 - 1.5 welght percent.
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12. The process according to claim 1 wherein the metal promoted
mordenite cataljrst exhibits a nickel concentration within the

range 1.2 - 1.4 weight percent.

13. The process according to claim 1 wherein the metal promoted
mordenite catalyst exhibits a nickel concentration of about 1.25

weight percent.

14. A transalkylaﬁion start-up procedure for the procesé of

disproportionating of a toluene-containing feedstock over a metal
promoted mordenite catalyst to produce benzene and xylene, said
procedure comprising a cofeed of substantially pure toluene and
nydrogen gas into a reaction zone and .gontacting it with a
mnordenite catalyst modified by the inclusion of nickel vithin the
xredction zone, Baid catalyst having a silica to alumina molar
ratio in the range of about 16:1 to 22:1, aaid feedstock_being
supplied to said reaction zone at a rate sufficient to provide a
t.oluene LHSV of about 2; and withdrawing disproportionation'
product containing benzene and Xylens from sald reaction zone,

wherein the improvement comprises

(a) conducting the disproportionation reaction within said
reaction zone at a starting reaction temperature of
about 250°C and a pressure of at least 550 psig:; and

(b} adjusting said cofeed to obtain a hydrogen tc toluene

molar ratio within the range of about 0.5 and 1.7 at

reaction start-up.

17
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