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(57) Abstract: The invention relates to a selective dismutation process of toluene and to a dismutation and transalkylation
process of toluene and aromatic hydrocarbons of C9 and 9C+, which solve the problems in the prior art, such as large circulation
in aromatics disposal, high energy consumption and critical requirement of raw materials, etc. In this invention, toluenc is
selectively dismutated to produce the mixed xylene with high concentration of p-xylene, toluene and aromatic hydrocarbons of
C9 and C9+ are dismutated and transalkylated to obtain benzene and mixed xylene in thermodynamic equilibrium, by which the
problems mentioned above can be overcame. These processes can be carried out in commercial scale.
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THE SELECTIVE DISMUTATION PROCESS OF TOLUENE AND THE
DISMUTATION AND TRANSALKYLATION PROCESS OF TOLUENE AND
AROMATIC HYDROCARBONS OF C9 AND C9+

3 FIELD OF THE INVENTION
The present invention relates to a process for the selective disproportionation of
toluene, and the disproportionation and transalkylation of toluene and C, aromatics
C," (C,"A), in particular it relates to a process for the selective disproportionation of
toluene, and the disproportionation and transalkylation of toluene and C," aromatics
10 followed by a process for producing p-xylene (PX) by a technique of the
isomerization of C, aromatics (C;A) and a technique of p-xylene separation.

BACKGROUND OF THE INVENTION

p-xylene is one of the major basic organic feedstocks in petrochemical industry

15  and has widespread applications in many fields such as chemical fiber, synthetic resin,
pesticide, medicine, plastic, etc. The traditional pracess for producing p-xylene is
shawn in Figure 1. The stream of xylenes containing ethylbenzene, i.e. C; aromatics
(C:A) in thermodynamic equilibrium produced from the catalytic reforming process
of naphtha passes: through a multi-stage- subzero ‘crystallization separation or

20 wmolecular sieve simulation moving bed separation (abbreviated as adsorptive
separation) to separate p-xylene from its isomer mixture with near boiling points. A
C.A isomerization (abbreviated as isomerization) process is generally used to
isomerize o-xylene and m-xylene to p-xylene. The use of dispraoportionation of
toluene, or the disproportionation and transalkylation of toluene and C," aromatics

23 (C,'A) to produce benzene and C,A, which increases the output of C,A, is an effective
route for increasing the output of p-xylene.

So far, the typical and mature processes relating to-toluene disproportionation in
the world are the Tatoray traditional toluene dispropartionation process of UOP Inc.
industrialized in the end of 1960s, the MTDP process of Mobil Chemical Company

30 developed in the end of 1980s, the S-TDT process of Shanghai Institute of
Petrochemical Industry developed recently, and the TransPlus transalkylation process
of heavy aromatics of Mobil Chemical Company. The selective dispropartionation of
toluene is a new route for producing p-xylene. Since the selective disproportionation
of toluene on modified ZSM-5 catalysts can produce benzene and C;A with a high
concentration of p-xylene, the difficulty in the separation of p-xylene is greatly
alleviated. In recent years, along with the improvement of the catalyst perforroance,
this process has made a great progress. The typical processes are the Mobil toluene
selective disproportionation process MSTDP industrialized late 1980s and the UOP
toluene selective disproportionation process PX-Plus developed late 1990s.

40 In the industrialized toluene selective disproportionation process-MSTDP, a
converted ZSM-5 mesoporous molecular sieve is used as the catalyst to treat a toluene
feedstock yielding CyA with a high concentration of p-xylene (85-90% by weight, the
same bellow except otherwise noted) and. nitration grade benzene. In the PX-Plus
process, no report on the industrialization of which has seen, the major reaction
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performance are a PX selectivity of 90%, a mole ratio of benzene to PX of 1.37 in
case of the toluene conversion of 30%. '

Nevertheless, in these toluene selective disproportionation processes, a high p-
xylene selectivity is accompanied by a harsh requirement to the feedstock selection, -

5 and only toluene can be used as the feedstock, C,"A has no use for these processes,
and at least it can not be directly used. This is 2 v1ta1 shortcoming of the selective
disproportionation process.

The feed for the reactor of a typical Tatoray process is toluene and C, aromatics
(C,'A). The xylenes produced in the Tatoray process are a mixture of the isomers in

(0 thermodynamic equilibrium, and generaily, the content of p-xylene having the most
industrial application value is only about 24%. Compared to the selective
disproportionation of toluene wherein mixed xylenes having a p-xylene concentration
of about 90% can be obtained, the Tatoray process is obviously inferior in this aspect,
but a great advantage of the Tatoray process over the process for selective

15  disproportionation of toluene is that the Tatoray process can convert C;A to benzene
and xylenes.

The literature based on the Tatoray Process includes U.S. Patent 4341914,
CN98110859.8, U.S. Patent 2795629, U.S: Patent 3551510, CN97106719.8, etc. The
process flow disclosed by the representative "U.S. Patent 4343914 comprises

20 conducting the aromatics fractionation of the reformed product, feeding the derived
toluene and C,A to the Tatoray unit to conduct disproportionation and transalkylation
reactions, recycling toluene, C,A, and a part of C,, aromatics (C,,A) after separating
the products, withdrawing benzene as a product, feeding xylene togéther with the
xylene from the isomerization unit to the PX separation unit to separate the high

25 purity p-xylene product. The other isomers of xylene is fed to the isomerization unit
to conduct the isomerization reaction of xylene yielding the mixed xylenes in
thermodynamic equilibrium again.

One representative aromatics complex based on the selective disproportionation
process is the PX-Plus Process. The greatest difference between the PX-Plus Process

30 and traditional aromatics complex Tatoray process is that C,’A is withdrawn as a
byproduct instead of as a feed in the PX-Plus Process.

It is readily seen from summarizing the above processes that the tradmonal
aromatics production process uses the disproportionation and transalkylation process
to attain the object of increasing the output of xylenes, but the amount of the recycled

35 xylenes is large since the produced mixed xylenes are the isomers of xylene in the
thermodynamic equilibrium and therefore the concentration of p-xylene is low. The
other isomers of xylene have to pass through the isomerization unit to be converted to
p-xylene, thus resulting in heavy xylene recycles and high energy consumption in the
isomerization unit, PX separation unit and xylene separation tower of aromatics

40 fractionation unit, Although mixed xylenes with-high concentration of p-xylene can
be obtained by the aromatics production process using the selective disproportionation
process, and thereby the feeds of theisomerization unit and the like are greatly
reduced, the process can not treat C,'A; resulting in a waste of C;’A resource, and a
reduced output of the target product, p-xylene.
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SUMMARY OF THE INVENTION

The problems to be solved by the present invention is to overcome the
shortcomings present in the prior art of low p-xylene concentration in the mixed
xylenes, high energy consumption, or harsh requirement for the reaction feedstock in
the production of p-xylene, and provide a novel process for the selective
disproportionation of toluene and the disproportionation and transalkylation of
toluene and C,” aromatics. The process possesses the advantages of integrated
utilization of the advantages of the sélective dlspropomonatxon process and the
traditional disproportionation and transalkylation process, no restriction on the
feedstock, and enhancement of the concentration of p-xylene in the mixed xylenes at
the same time, thereby greatly reduces the scale of the p-xylene separation unit,
isomerization unit, and the aromatics fractionation unit and the energy consumption of
the whole device. In addition, the capacity of the whole device and the output of the
target products, p-xylene and benzene can be increased.

To solve the above problems, the present invention adopts the following
technique solution: a process of the selective disproportionation of toluene and the

_disproportionation and transalkylation of toluene and C," aromatjcs, which process

comprises:

a) introducing the benzene and toluene stream and C," aromatics stream, which
are separated from the aromatics-rich depentanized oil originated from the reforming
unit after separation in the deheptamzer and the aromatlcs extraction unit, into the
aromatics tractionation unit; R

b) introducing a part of the toluene 'strc;am separated in the aromatics
fractionation unit into the toluene selective disproportionation unit to conduct the
toluene selective disproportionation reaction producing a p-xylene-rich C; aromatics
and benzene stream, which enters into the aromatics fractionation unit to conduct
aromatics separation or into the present umit to conduct aromatics separation, the
separated mixed xylenes being fed to the p-xylene separation unit;

¢) introducing another part of the toluene stream and C," aromatics stream
separated in the aromatics fractionation unit into the toluene disproportionation and
transalkylation unit to conduct the toluene disproportionation and transalkylation
reaction in the presence of hydrogen producing a mixed xylene and benzene stream,
which either enters into the aromatics fractionation unit to conduct the aromatics
separation or into the present unit to conduct the  aromatics separation, the separated
mixed xylene being fed to the p-xylene separation unit: -

In the above technique solution, the operation conditions of the reaction zone of
the toluene selective disproportionation unit are a pressure of 1-4 MPa, a reaction
temperature of 300-480°C, a hydrogen to hydrocarbon mole ratio of 0.5-10, and a
liquid weight space velocity of 0.8-8 h'; the catalyst used in the toluene selective
disproportionation unit is a ZSM-type molecular sieve catalyst, and preferably a
ZSM-5-type molecular sieve catalyst; the SiO,/Al, Oy mole ratio of the ZSM-5-type
molecular sieve is 15-100; the ZSM-5-type molecular sieve preferably contains at
least one metal or oxide of the element selected from the group consisting of platinum,

N4
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molybdenum, or magnesium, and the amount of which is 0.005-5% by weight, and
preferably 0.01-1% by weight. The operation conditions of the reaction zone of the
disproportionation and transalkylation unit are a reaction pressure of 1-5 MPa, a
reaction temperature of 250-480°C, a hydrogen to hydrocarbon mole ratio of 0.5-10,
and a liquid weight space velocity of 0.8-8 h''. the content of C, aromatics in the feed
is 5-60% by weight; the catalyst used in the disproportionation and transalkylation
unit is at least one molecular sieve selected from the group consisting of B-zeolite,
mordenite, or MCM-22, with B-zeolite or/and mordenite being preferred; the
SiO./Al,O, mole ratio of the molecular sieve is' 10-100, preferably 10-50; the
preferred catalyst is a catalyst containing metal bismuth or its oxide, the amount of
which is 0.005-5% by weight, preferably 0.05-2% by weight. p-xylene may be
separated by the adsorptive separation or subzero crystallization separation in the p-
xylene separation unit. The toluene from the aromatics fractionation unit is preferably
the toluene separated in the aromatics fractionation unit or the toluene separated in the
aromatics fractionation unit and a foreign toluene. The amount of the toluene entering
into the toluene selective disproportionation unit is preferably 5-95% of the total
amount of toluene, and more preferably 20-80%. The reaction resultants in the toluene
selective disproportionation unit are subjected to aromatics separation in the present
unit and the derived p-xylene-rich C; aromatics are separated by the subzero
crystallization separation process to recover a part-of the p-xylene product. The
separated residual liquid is mixed with the mixed xylene stream separated from the
aromatics fractionation unit and enters into the adsorptive separation unit together
with the latter to produce the p-xylene product. The weight ratio of the benzene feed
to C," aromatics in the disproportionation and transalkylation unit is 80/20-40/60.

In the toluene disproportionation and transalkylation unit of the present invention,
the adopted bismuth-containing zeolite catalyst has the function to convert toluene
and C,"A to xylenes and benzene in the presence of hydrogen through the
disproportionation and transalkylation reactions. Because the decrease in the
proportion of toluene and increase in the proportion of C,A in the feedstock benefit
the occurrence of the transalkylation reaction of toluene and C,A*, more C,A is
produced. In the toluene selective disproportionation unit, toluene selective
disproportionation reaction takes place; as a result, toluene converts to p-xylene with
high selectivity. This kind of process route not only can convert C,"A to xylenes,
eliminating the harsh requirement for the feedstock; but also can convert toluene to
mixed Xylenes with a high content of p-xylene through the selective
disproportionation, further raising the concentration of the p-xylene in the mixed
xXylene feed entering into the PX separation unit, lowering degree of the difficulty of
the PX separation, and lowering the scale of the isomerization unit and the like, and
thereby lowering the energy consumption of the whole aromatics device and attaining
a better technical effect. Besides, the present invention is especially applicable to the
reconstruction of the existing aromatic complex for extension. The reconstruction is
very simple: reserving the isomerization, p-xylene separation, and aromatics
fractionation units as they are, setting up a new -selective disproportionation unit. In
this way, it is possible to increase the output of p-xylene and benzene by raising the
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capacity of the reforming unit or purchasing an adequate amount of toluene, and
meanwhile, the energy consumptxon 1s obv1ous1y lowered and better effects are
obtained. : :

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is the flow diagram of the traditional complex for aromatics production.
Fig. 2 is the flow diagram of the process-for selective disproportionation and
disproportionation and transalkylation of xylene-i-Cg A for producing p-xylene.

DETATLED DESCRIPTION OF THE INVENTION

Now referring to Fig. 1 and Fig. 2, I represents the aromatics fractionation unit,
comprising a benzene separation tower, a toluene separation tower and a xylene
separation tower, and optionally a heavy aromatics separation tower to be dependent
on the concrete situation, II represents the disproporti()nﬁtion and transalkylation unit,
UL represents the PX separation unit, IV represents the isomerization unit, and V
represents the toluene selective dlspropomonatlon unit. Whether units II and V are
equipped with the independent aromatics separatlon device of their own depends on
the concrete situation. Line 1 is the mixed stream of benzene and toluene, line 2 is the
Cy A stream withdrawn from the bottom of the deheptamzer line 3 is the high purity
benzene product withdrawn from the top of the benzene tower, line 4 is the toluene
withdrawn from the top of the toluene tower, line 5-is the C;A withdrawn from the top
of the xylene tower, line 6 is the C;A and a part of C OA withdrawn from the top of the

- heavy aromatics tower of the aromatics fractmnatlon unit I, line 7 is C,,"A withdrawn

from the bottom of the heavy aromatics tower, line 8is the effluent withdrawn from
the bottom of the stabilization tower of the dxspropomonatlon and transalkylation unit,
line 9 is the benzene product, line 10 is the eﬁluem-'Withdrawn from the bottom of the
stabilization tower of the selective disproportionation unit, line 11 is the benzene
product, line 12 is the high purity p-xylene product; line 13 is the small amount of
toluene separated from the PX separation unit, lme 14 is the mixed xylenes after
separating PX, line 15 is the C;"A stream wghdrawn from the bottom of the
deheptanizer of the isomerization unit, and line -16 is the benzene- and toluene-
containing stream withdrawn from the top of the deheptamzer of isomerization unit
1V and line 17 is a foreign toluene.

The flow scheme of the traditional complex for producmg aromatics is shown in
Fig. 1. Benzene and toluene stream | from the aromatics extraction unit and the
bottom effluent C;"A stream 2 of the deheptanizer of the catalytic reforming unit enter
into the aromatics fractionation unit I separately and the separated benzene stream 3
and C;,"A stream 7 are withdrawn as the products. Toluene stream 4 and C;*A stream
6 serve as the feed of toluene disproportionation and transalkylation unit IT and mixed
xylene stream 5 i1s fed to xylene separation unit III. Whether toluene
disproportionation and transalkylation - unit* II-is- equipped with the aromatics
separation device depends on the concrete situation. When the aromatics separation
device is equipped, nitration grade benzene product 9 is withdrawn from the selective
disproportionation unit and C;A stream 8 enters into the PX separation unit to
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separate PX; when the toluene disproportionation unit is not equipped with the
aromatics fractionation unit, bottom effluent 8 withdrawn from the stripping tower
directly enters into the aromatics fractionation unit for separation. Target product p-
xylene 12 is separated from p-xylene separation unit III, the small amount of toluene
13 returns to the toluene disproportionation unit, and other mixed xylenes 14 enter
into xylene isomerization unit TV to conduct the isomerization reaction. C;*A stream
15 withdrawn from the bottom of deheptamzer of the isomerization unit is fed to the
aromatics fractionation unit and benzene- and toluene- containing stream 16
withdrawn from the top of the deheptamze: is fed to the aromatics extraction unit.

The process flow scheme of the complex of the present invention for producing
aromatics is shown in Fig. 2. Compared to the traditional process, the improvement of
the present invention is the addition of a toluene selective disproportionation unit
based on the traditional process and the corresponding modification of the process
route. The similarity between Fig. 1 and Fig. 2 will not be described and the
difference will be described bellow in detail. The present process divides the toluene 4
which entirely serves as the feed of the toluene disproportionation and transalkylation
unit originally into two streams. One still serves as the feed of the toluene
disproportionation transalkylation unit and the remaining toluene serves as the feed of
toluene selective disproportionation unit V. Whether the selective disproportionation
unit is equipped with the aromatics separation- device depends on the concrete
situation. When the aromatics separation device is equipped, nitration grade benzene
product 11 is withdrawn from the selective disproportionation unit. The unreacted
toluene is recycled, and p-xylene-rich C;A stream 10..enters into the subzero
crystallization separation unit to separate PX; when the selective disproportionation
unit is not equipped with the aromatics fractionation unit, bottom effluent 8
withdrawn from the stripping tower directly enters into the aromatics fractionation for
separation, and no benzene stream 11 is withdrawn. Foreign toluene 17 enters the
aromatics fractionation unit 1 as another stream of the feedstock.

The present invention will be further described by the examples below.

Examples

Example 1

The capacity for producing PX and: energy consumptlon of the present invention
was examined based on the composition of various substances of C,A-C,,” aromatics
in the aromatics stream withdrawn from the reforming unit of a typical aromatics
complex as the fundamental data. :

Table 1 is the composition of the aromatics withdrawn from a typical reforming
unit and the flow rates of various components used in the present example.

Table 1 Composition and flow rates of the reformed aromatics

Component Ben Tol - CeA - CA Cio p>
Content, % 11.65 43.09 31.45 11.51 2.30 100
Flow rate, kg/h 10000 37000 27000 0882 1976 85858

OO
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The feedstock shown in Table 1 and the aforesaid technique of the present
invention (aromatics fractionation device is included in the selective
disproportionation unit) are used to produce p-xylene. 75% of toluene siream 4 enters
into the selective disproportionation unit, and ‘the reémaining 25% enters into the
toluene disproportionation and transalkylation unit. The weight ratio of toluene to C,A
was 60/40. The catalyst used in the toluene selective disproportionation unit was a
ZSM-5 molecular sieve with a SiO,/Al,O, mole ratio of 50, on which 0.1% by weight
of platinum was supported; the reaction conditions were a reaction pressure of 1.5
MPa, a reaction temperature of 420°C, a hydrogen to hydrocarbon mole ratio of 3,
and a liquid weight space velocity of 4 h'. The catalyst used in the toluene
disproportionation unit was a mordenite molecular sieve with a Si0,/Al,O, mole ratio
of 30, on which 0.8% by weight of bismuth was supported; the reaction conditions are
a reaction pressure of 3.0 MPa, a reaction temperature of 360°C, a hydrogen to
hydrocarbon mole ratio of 6, and a liquid weight space velocity of 1.5 k. Under the
above situations, the feed and effluent of the- selective dispropartionation unit,
dxspropomonatxon and transalkylation unit, and isomerization unit are shown in Table
2, the treating scales of various units of the aromatics complex are shown in Table 3,
the outputs of the products p-xylene and' benzene are bhown in Table 4.

Table 2 Process materials in Example 1

ive Dis H i tive
CompONEE | i | i | | vt | e
unit unit unit

Feed Ben 11 3 ] 0
into Tol 86823 27698 - 1125 125 125
unit, | C,A 84 238 161555 214447 | 214661
Kgh [ CA / 18909 . | . 4] 41 18979
CwA / 657 A 3632
T 86918 47505 | 161722 214613 | 237398

Flow- | Ben 12006 3866 | 2061 0 0
outof | Tol 59799 16818 . 1043 125 125
unit, | C,A 12195 15704 155915 214447 | 214661
kgh | CA 703 7540 | - 825 41 18979
C A 20 1458 o 3632
T 84723 45386 159844 214613 | 237398

Where Ben is benzene, Tol is toluene, C,A is ’é;aromatics, C,A is C, aromatics,
and C,*A is C,;and higher aromatics.

Table 3 Treating scales of various units in Example 1

Unit Disproportionation { Isomerization | Adsorptive |Benzene/toluene Xylene
and transalkylation unit - | separation:| fractionation | fractionation
unit ' . anit unit unit
Scale, kg/h 47505 161722 210658 96240 233214

P2
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Table 4 Outputs and puritiéé' of the products in Example 1
Product p-xylene Benzene
Output, ke/h 48936 27933
Purity, % 99.8 99.94

The results show that the energy consumption was 575 Mkcal/t (p-xylene +
benzene), which was reduced by 18% in the technique of the present invention
relative to the 702 Mkcal/t (p-xylene + benzene) in the following Comparative
Example 1. In the present invention, the weight concentration of the p-xylene in the
mixed xylenes entering into the adsorptive separation unit was 23.0%, which was
20% higher than that in the Comparative Examaple'1 (19.2%).

Example 2 _

By still using the process flow, process conditions, and catalyst in Example 1, the
capacity of the technique of the present invention for producing PX was re-examined
based on the composition of the feedstock and 22% more flow rate of the feed shown
in Table 1. The composition and flow rate of the feed are shown in Table 5. The
specific situations of the feed and effluent of the selective disproportionation unit,
disproportionation and transalkylation unit, and isomerization unit are shown in Table
6, the treating scales of various units of the aromatics complex are shown in Table 7,
and the outputs of the products p-xylene and benzene are shown in Table 8.

Table S Contents and flow ‘rafes of fhe reformed aromatics

Component Ben Tol CA - C,A Co'A 3
|__Content, % 11.65 43.09 | 31.45. 11.51 2.30 100
Flow rate, kg/h 12200 45140 32940 12056 2410 104746
Table 6 Process materials in Example 2
Component _ Seleclive Dis.pmpo;tioxl_atiéxl _]sozxf\g'igation Adsorp{ivc Xylene tower
disproportionation | and wansalkylation [~ " unit separation
unit vhit T unit
Feed Ben 13 4 . .0 0
into Tol 105875 33847 . 153 125 125
unit, C:A 102 295 201195 214447 214661
Kg/h C,A / 23106 .- 50 : 41 18979
Cio A / 3819 3632
z 105991 61071 201397 214613 237398
Flow- Ben 14641 5323 2566 0 Q
out of Tol 72921 20535 - 1296 125 125
unit, C.A 14871 20126 194172 214447 214661
kg/h C,A 857 9217 1026 41 18979
] C'A 24 2017 3632
) 103314 57218 193060 214613 237398
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Table 7 Treating scales of various units in Example 2

Unit Disproportionation | Isomerization | Adsorptive | Benzene/toluene Xylene
and transalkylation unit scparation | fractionation unit | fractionation
unit - umit- unit
Scale, kg/h 61071 201397 261926 113380 2859732

Table 8 Outputs and purities of the products in Example 2

Product _p-xylene - Benzene
Output, kg/h 60528 - 34731
i Purity, % _99.8 | 99.94
5 Compared to Comparative Example 1, the treating capacity of the device in

Example 2 increased by 22%, the output of p-xylene increased by 18.4%, and the
output of benzene increased by 30.8%, while the treating scales of the other units did
not increase except the selective disproportionation unit, which was not equipped in
Comparative Example 1. The nearest treating capacities were in the adsorptive

10 separation unit, but the treating capacity was only 99.8% of that in Comparative
Example 1. Therefore, by using the technique of the present invention, the treating
capacity of the device and the output of the products p-xylene and benzene can be
increased. ‘

(5 Example 3 :

By still using the process flow, process conditions, and catalyst in Example 1, the
- capacity of the technique of the present invention for producing PX was re-examined
based on the flow rate of the feedstock shown in Table 1, but purchased 53000 kg/h
pure toluene entered into the selective disproportionation unit. The specific situations
20 of the feed and effluent of the selective dispropertionation unit, disproportionation
and transalkylation unit, and isomerization unit are shown in Table 9, the treating
scales of various units of the aromatics complex are shown in Table 10, and the

outputs of the products p-xylene and benzene are shown in Table 11.

25 Table 9 Process materials m 'Example 3

Component _ Selwtive | Disproportionation | Isomstization | Adsorptive Xylene tower
disproportionation jand uznsalkylation unil sepuration
unit uni unit
Feed Ben 22 3 .0 0
into Tol 256328 31722 245 125 125
unit, | C,A 201 288 . 183099 214447 214661
Kg/h | CA / 21647 41 41 18979
Cio A / 688 3632
P 256551 54349 183386 214613 237398
Flow- | Ben 34969 4392 2277 0 0
outof | Tol 177790 19261 1270 125 125
unit, C:A 35437 17858 176776 214447 214661
kg/h CA 2046 88339 922 41 18979
ChA 57 1578 - - 3632
z 250299 51928 181245 214613 237398

9
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Table 10 Treating scales of various units in Example 3

Unit Disproportionation | Isomerization | Adsorptive | Benzeneftoluene Xylene
and transalkylation unit separation | fractionation [fractionation
unit ' unit unit unit
Scale, kg/h 54349 183386 256880 103347 282395

Table 11 Outputs and purities of the products in Example 3

Product p-xylene Benzene
Quiput, ka/h 73494 51638
Purity, % 99 8 99.94

The results show that in case of the present example, the output of p-xylene
increased by 45%, and the output of benzene increased by 197%, while the treating
scales of the other units did not increase except the selective disproportionation unit,
which was not equipped in Comparative Example 1. The nearest treating capacities
were in the adsorptive separation unit, but the treating capacity was only 99% of that
in Comparative Example 1. Therefore, by using the techmque of the present invention,
the treating capacity of the device and the outputs of the products p-xylene and
benzene can be greatly increased by only setting up a new selective disproportionation
unit containing an aromatics fractionation device and purchasing an adequate amount
of toluene, but keeping the scale of the original device unvaried. In addition, the
weight concentration of the p-xylene in the mixed xylenes entering into the adsorptive
separation unit increases by 29.6%.

Example 4

By still using the process flow, process conditions, and catalyst in Example 1, and
the same feedstock as Example 3, the capacity of the technique of the present
invention for producing PX was re-examined, but he difference was that the process
for separating the mixed xylenes produced by the toluene selective disproportionation
changed from the adsorptive separation to the subzero crystallization separation. The
treating scales of various units of the aromatics complex are shown in Table 12, and
the outputs of the products p-xylene and benzene are shown in Table 13.

Table 12 Treating scales-of various units in Example 4

Unit Dispropor- Isomeri- | Adsorptive-| Benzene/ Xylene Subzero
tionation and zation | separation | . toluene fractiona- | crystal-
transalkylation unit unit fractwnatlon tion unit lizat_ion
unit unit unit
Scale, kg/h 54323 182414 232553 103315 258054 37573
Table 13 Qutputs and purities of the products in Example 4
Product p-Xylene Benzene
Adsorptive | Crystallization |  Total
separation separation |
product product -
Output, kg/h 50147 - 23344 73491 51638
Purity, % 99.8 99.94
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In this example, the recovery rate of p-xylene in the subzero crystallization
separation unit was 75%, and the residual liquid (including unrecovered 25% of p-
xylene and other isomers of C;A) was fed to the adsorptive separation unit for further
separation yielding p-xylene.

The results show that the output of p-xylene and the output of benzene were
comparable to Example 3, but the scales of the adsorptive separation unit and the
xylene fractionation unit were reduced by 9.5% and 8.6% respectively compared to
Example 3. Therefore, the capacity of the complex can be raised by using the
technique of the present invention and the subzero crystallization separation to
0 separate the p-xylene-tich mixed xylemes produced by the toluene selective

disproportionation, and therefore more p-xylene and benzene can be produced. The
concentration of the p-xylene in the mixed xylene feed entering into the adsorptive
separation unit was 22.0%.

wn

15 Comparative Example 1 B
p-xylene was produced still based on the flow rate of the feed in Example 1 but
according to the traditional aromatics integrated process (Fig. 1) to examine the
capacity for producing PX and the energy consumption with the process conditions
and catalyst being the same as Example 1. The situations of the feed and effluent of
20 the disproportionation and transalkylation unit and isomerization unit are shown in
Table 14, the treating scales of various units are shown in Table 15, and the outputs of
the products p-xylene and benzene are shown in Table 16.

Table 14 Process materials in Comparative Example 1

Component Disproportionation | Tsomerization | Adsorptive Xylene
and transalkylation | = unit - separation tower
unit , unit
Feed Ben 13 0 0
into Tol 82668 89 - 125 125
unit, C.A 336 | 208790, 214447 214661
kg/h CA 21233 | 48 41 18979
CirA 2177 . ‘ 3632
z 106426 208927 214613 237398
Flow- Ben 13504 2670 - 0 0
outof | Tol 44496 1279 125 125
unit, C.A 31277 - 201481 214447 214661
ke/h | CA 10336 1063 - 41 18979
C,'A 2429 3632
% 102041 1 206494 214613 237398
Table 15 Treating scales of various units in Comparative Example 1
Unit Disproportionation | lsomerization | Adsorptive_ [ Benzenefiolucne Xylene
and transalkylation unit | separation | fractionation |fractionation
unit unit unit unit
Soale, kg/h 106426 208927 259544 153993 285441

i
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Table 16 Output and purity of the products i in Comparative Example 1

Product p-xylene Benzene
Output, ke/h 50617 26174
Purity, % 99.8 99.94

The results show that to react the aromatics stock shown in Table 1, the traditional
aromatics production process consumed 702 Mkcal/t (p-xylene+benzene) of energy,
produced 51107 kg/h of PX and 26556 kg/h of benzene in total. The weight
concentration of the p-Xylene in the mixed xylenes entering into the adsorptive
separation unit was 19.2%. |

Comparative Example 2

p-xylene was produced still based on the flow rate of the feed in Example 1 to
examine the capacity for producing PX, but the process flow was that toluene was
treated in the selective disproportionation unit while C,"A were directly discharged as
byproduct without any treatment. The process conditions and catalyst in the selective
disproportionation unit were the same asin Example 1.

Under the above situations, the treating scales.of various units of the aromatics
complex are shown in Table 17, and the outputs and purmes of the products p-xylene
and benzene are shown in Table 18, ' SR

Table 17 Treating scales of various units in Comparative Example 2

Unit Toluene selsctive | Isomerization | Adsorptive | Benzene/tolucne Xylene
disproportionation unit separation fractionation | fractionation
unit unit unit unit
Scale, ke/h 120934 108925 148853 167528 162234
Table 18 Outputs and purities of the products in Comparative Example 2
Product p-xylene Benzene

Qutput, kg/h 39922 28088
Purity, % 99.8 99.94

The results show that the output of p-xylene was reduced by 18.4% when only the
toluene selective disproportionation unit was equipped.

12
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What we claim is: _ .

1. A process for the selective disproportionation of toluene and the
disproportionation and transalkylation of toluene and C,” aromatics, which
process comprises the following steps of: |

a) introducing the benzene and toluene stream and C;” aromatics stream,
which are separated from the aromatics-rich depentanized oil originated from the
reforming unit after separation in the deheptanizer and the aromatics extraction
unit, into the aromatics fractionation unit;

b) introducing a part of the toluene stream separated in the aromatics
fractionation unit into the toluene selective disproportionation unit to conduct the
toluene selective disproportionation reaction for producing a p-xylene-rich C,
aromatics and benzene stream, which enters into the aromatics fractionation unit
to conduct aromatics separation or into the present unit to conduct aromatics
separation, the separated mixed xylenes being fed to the p-xylene separation unit;

c) introducing another part of the toluene stream and C," aromatics stream
separated in the aromatics fractionation unit into the toluene disproportionation
and transalkylation unit to conduct the toluene disproportionation and
transalkylation reaction in the presence of hydrogen for producing a mixed
xylene and benzene stream, which either enters into the aromatics fractionation
unit to conduct the aromatics separation or into the present unit to conduct the
aromatics separation, the separated mxxed xylene being fed to the p-xylene
separation uuit.

2. The process for the selectivé disproportionation of toluene aud. the .
disproportionation and transalkylation of toluene and C," aromatics according to
claim 1, characterized in that the adsorptive separation or subzero crystallization
separation are used in the p-xylene separation unit to separate p-xylene.

3. The process for the selective disproportionation of toluene and the
disproportionation and transalkylation of toluene and C,* aromatics according to
claim 1, characterized in that the operation. conditions in the reaction zone of the
toluene selective disproportionation unit are a reaction pressure of 1-4 MPa, a
reaction temperature of 300-480°C, a hydrogen to hydrocarbon mole ratio of 0.5-
10, and a liquid weight space velocity of 0.8-8 b

4. The process for the selective disproportionation of toluene and the
dispropartionation and transalkylation of toluene and C," aromatics according to
claim 1, characterized in that that the operation conditions in the reaction zone of
the disproportionation and transalkylation unit are a reaction pressure of 1-5 MPa,
a reaction temperature of 250-480°C, a hydrogen to hydrocarbon mole ratio of
0.5-10, a liquid weight space velocity of 0,8-8 h’ and a content of C, aromatics
in the feedstock of 5-60% by weight. :

5. The pracess for the selective disproportionation of toluene and the
disproportionation and transalkylation of toluene and Cy" aromatics according to claim
I, characterized in that the toluene from the aromatics fractionation unit is the toluene
separated in the aromatics fractionation unit, or-a toluene separated in the aromatics
fractionation unit and a foreign toluene. L

13
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6. The process for the selective disproportionation of toluene and the
disproportionation and transalkylation of toluene and C," aromatics according to claim
I, characterized in that the catalyst used in the selective disproportionation unit of
toluene is a ZSM-type molecular sieve catalyst. -

7. The process for the selective disproportionation of toluene and the
disproportionation and transalkylation of toluene and C,” aromatics according to claim
6, characterized in that the catalyst used in the selective disproportionation unit of
toluene is a ZSM-5-type molecular sieve catalyst..

8  The process for the selective disproportionation of toluene and the

disproportionation and transalkylation of toluene and C," aromatics according to claim
7, characterized in that the SiO,/ALO, mole ratio of the ZSM-5-type molecular sieve
is 15-100. :
9. The process for the selective disproportionation of toluene and the
disproportionation and transalkylation of toluene and C," aromatics according to claim
7, characterized in that the ZSM-5-type molecular sieve contains at least one metal or
oxide of the element selected from the group consisting of platinum, molybdenum, or
magnesium, and the amount is 0.005-5% by weight. "

10. The process for the selective disproportionation of toluene and the
disproportionation and transalkylation of toluene-and 'C," aromatics according to claim
9, characterized in that the ZSM-5-type moleculsr sieve contains at least one metal or
oxide of the element selected from the group consisting of platinum, molybdenum, or
magnesium, and the amount is 0.01-1% by weight. -~

11. The process for. the selective disproportionation of toluene and- the -
disproportionation and transalkylation of toluene and C," aromatics according to claim
1, characterized in that the catalyst used in the dxspropomonatmn and transalkylation
unit is at least one molecular sieve selected from the group consisting of B-zeolite,
mordenite, or MCM-22. - o

12. The process for the selective 'disProportionation of toluene and the
disproportionation and transalkylation of toluene and C," aromatics according to claim
{1, characterized in that the catalyst is B-zeohte and/or mordenite, and the SiO,/Al0,
mole ratio is 10-100.

13. The process for the selective disproportionation of toluene and the
disproportionation and transalkylation of toluene and C," aromatics according to claim
12, characterized in that the caralyst is B-zeohte and/or ‘mordenite, and the Si0,/AL,0,
mole ratio is 15-50. SEEER

14. The process for the selective dlsproportlonatlon of toluenec and the
disproportionation and transalkylation of toluene and C," aromatics according to claim
12, characterized in that the catalyst contains metal blsmuth or its oxide, the amount
of which is 0.005-5% by weight. S

I5S. The process for the selective disproportionation of toluene and the
disproportionation and transalkylation of toluene and C," aromatics according to claim
14, characterized in that the catalyst contains metal b1smuth or its oxide, the amount
of which is 0.05-2% by weight. o

16. The process for the selective disproportionation of toluene and the
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disproportionation and transalkylation of toluene and C,;* aromatics according to claim
1, characterized in that the reaction resultants in the selective disproportionation unit
of toluene are subjected to aromatics separation in the present unit, and the derived p-
xylene-rich C, aromatics are separated by the subzero crystallization separation
process to recover a part of the p-xylene product.

17.  The process for the selective disproportionation of toluene and the
disproportionation and transalkylation of toluene and C," aromatics according to claim
16, characterized in that the reaction resultants in the selective disproportionation unit
of toluene are subjected to aromatics separation in the present unit, and the derived p-
xylene-rich C, aromatics are separated by the subzero crystallization process, and then
the residual liquid is mixed with the mixed xylene stream separated from the
aromatics fractionation unit, and fed to the adsorptive separation unit together with
the latter to produce the p-xylene product. '

18. The process for the selective disproportionation of toluene and the
disproportjonation and transalkylation of toluene and 'C," aromatics according to claim
I, characterized in that the amount of the toluene entering into the selective
disproportionation unit of toluene accounts for 5-95% of the total amount of toluene.

19. The process for the sclective disproportionation of toluene and the
disproportionation and transalkylation of toluene and C;* aromatics according to claim
I8, characterized in that the amount of the toluene entering into the selective
disproportionation unit of toluene accounts for 20-80% of the total amount of toluene.

15
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