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Description

Technical Field

[0001] The present invention relates to the technical
field of chemical process. Specifically, it relates to a meth-
od for producing isopropyl benzene.

Technical Background

[0002] Isopropyl benzene, also known as cumene, is
a bulky chemical intermediate for manufacturing phenol,
acetone, and α-methyl styrene. In the industry, isopropyl
benzene is produced by the alkylation of benzene with
propylene. The main byproduct of the alkylation is poly-
isopropyl benzene. Early in 1945, the UOP Company has
published a method (SPA method) for producing isopro-
pyl benzene from propylene and benzene under the pres-
ence of acid catalyst (US2382318). SPA process uses
solid phosphoric acid as the alkylation catalyst. Because
solid phosphoric acid cannot catalyze transalkylation, the
SPA process does not comprise transalkylation unit.
Therefore, the SPA process can only run under relative
high molar ratio of benzene to propylene (in a range of
5~7), also the yield of isopropyl benzene is less than
95%. In the 1980s, the Monsanto Company developed
the technique for manufacturing isopropyl benzene un-
der the presence of the alkylation catalyst AlCl3 and re-
alized the industrial application thereof. Because AlCl3
cannot catalyze transalkylation either, the yield of isopro-
pyl benzene from AlCl3 method is still low. Moreover,
AlCl3 itself can cause severe pollution and corrosion.
[0003] GB 1 592 592 discloses a process for producing
cumene.
[0004] In the 1990s, companies including Dow, CD
Tech, Mobil-Badger, Enichem and UOP successively
disclosed the fixed bed process using microporous zeo-
lite as catalysts, which is capable of transalkylation. In
the prior art, benzene and propylene first react in an
alkylation reactor, producing isopropyl benzene and po-
ly-isopropyl benzene; and after being separated in a rec-
tification system, the poly-isopropyl benzene mixes with
benzene and the mixture is fed into a transalkylation re-
actor with a single catalyst bed for transalkylation.
[0005] In the existing technology for producing isopro-
pyl benzene, the alkylation of benzene with propylene
usually occurs in a single fixed bed reactor comprising a
plurality of stages, applying technologies including
staged feeding of propylene and external circulation of
reaction liquid. The benzene to propylene ratio is usually
larger than 2.0. In fact, the benzene to propylene ratio in
most cumene factory is larger than 3.0. When benzene
to propylene ratio is to be further reduced to 2.0 or lower,
it encounters rapid deactivation of the catalyst (caused
by high concentration of propylene), or insufficient pro-
pylene conversion (caused by excessive external circu-
lation), or much impurity n-propyl benzene in the product
(caused by over high reaction temperature). The above

technical obstacles restrict the further reduction of ben-
zene to propylene ratio. Patent US6835862B1 discloses
an optimization process using relatively high external cir-
culation volume of reaction liquid to reduce the deactiva-
tion rate of the catalyst. However, with the process of a
single reactor, high external recycle ratio cannot solve
the above three contradictory problems simultaneously.

Summary of the Invention

[0006] The present invention provides a new method
for producing isopropyl benzene from benzene and pro-
pylene so as to solve the problems of high benzene to
propylene ratio and low propylene conversion rate in the
prior art. The method according to the present invention
can also reduce the deactivation rate of the catalyst.
Moreover, with the present invention, it is not necessary
to shut down the entire reaction system in order to replace
the deactived catalyst, thereby realizing continuous op-
eration of the process.
[0007] According to the present invention, a method
for producing isopropyl benzene is provided, comprising:

step A: feeding a first stream containing benzene
and a first stream containing propylene into a first
reaction zone to contact a first catalyst for alkylation,
and obtaining a first stream containing isopropyl ben-
zene from the first reaction zone,
dividing the first stream containing isopropyl ben-
zene into a stream Ia and a stream IIa, the stream
Ia circulating back into the first reaction zone and the
stream IIa entering into a second reaction zone,
having the stream entering the second reaction zone
to contact a second catalyst for alkylation, and ob-
taining a second stream containing isopropyl ben-
zene from the second reaction zone, and
purifying at least a partial stream IIIa of the second
stream containing isopropyl benzene, and obtaining
a product isopropyl benzene.

[0008] In an embodiment of the method according to
the present invention, the method comprises step A: cir-
culating a partial stream IVa of the second stream con-
taining isopropyl benzene to the second reaction zone,
a recycle ratio of the first reaction zone being larger than
that of the second reaction zone. When there is no stream
from the second stream containing isopropyl benzene
circulating to the second reaction zone, i.e., the recycle
ratio of the second reaction zone is 0, the recycle ratio
of the first reaction zone is still larger than that of the
second reaction zone. In step A, the first reaction zone
is the primary reaction zone and the second reaction zone
is the secondary reaction zone. Therefore, the recycle
ratio of the primary reaction zone is larger than that of
the secondary reaction zone. In an embodiment of said
method, in step A, the ratio of the recycle ratio of the
second reaction zone to that of the first reaction zone is
0~0.5, preferably 0.01~0.5.
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[0009] The method according to the present invention
arranges at least two reaction zones, so that the stream
flowing out of the primary reaction zone can enter into at
least one secondary reaction zone for further reaction.
The primary reaction zone operates under a relatively
high recycle ratio, and the secondary reaction zone op-
erates under a relatively low recycle ratio or with barely
any externally circulating material. This essentially ex-
tends the total residence time and improves the propyl-
ene conversion rate. The temperatures in the primary
and secondary reaction zones can be adjusted separate-
ly such that the propylene can be completely converted
and the content of impurities can be low. By means of
the method according to the present invention, the ben-
zene to propylene ratio (the molar ratio of benzene to
propylene) can be lower than 2.0, the propylene conver-
sion rate can be over 99.99%, and the content of n-propyl
benzene in the product can be less than 200mg in 1kg
isopropyl benzene. Better technical effect is thus
achieved.
[0010] In the present invention, the stream containing
isopropyl benzene flowing out of the first reaction zone
is called the first stream containing isopropyl benzene
and the stream containing isopropyl benzene flowing out
of the second reaction zone is called the second stream
containing isopropyl benzene. The stream circulating
back to the reaction zone can continue to react and fur-
ther generate isopropyl benzene.
[0011] According to an embodiment of the present in-
vention, in step A, the operating conditions in the first
reaction zone comprise: a molar ratio of the benzene in
the first stream containing benzene to the propylene in
the first stream containing propylene being 0.5:1~3.0:1,
a weight hourly space velocity of the first stream contain-
ing propylene calculated by propylene being 0.1∼10 hr-1,
a reaction temperature being 90~180 °C, a reaction pres-
sure being 1.0~4.0 MPa, and a recycle ratio being 1~50.
Preferably, the operating conditions in the first reaction
zone comprise: the molar ratio of the benzene in the first
stream containing benzene to the propylene in the first
stream containing propylene being 1.0:1~3.0:1, the
weight hourly space velocity of the first stream containing
propylene calculated by propylene being 0.2~5.0 hr-1,
the reaction temperature being 95~150 °C, the reaction
pressure being 2.0~3.0 MPa, and the recycle ratio being
2~25.
[0012] According to another embodiment of the
present invention, in step A, the operating conditions in
the second reaction zone comprises: a reaction temper-
ature being 80~160 °C, a reaction pressure being 1.0~4.0
MPa, and a liquid phase weight hourly space velocity
being 1~100 hr-1. Preferably, the operating conditions in
the second reaction zone comprises: the reaction tem-
perature being 90~150 °C, the reaction pressure being
2.0~3.0 MPa, and the liquid phase weight hourly space
velocity being 1~60 hr-1.
[0013] According to another embodiment of the meth-
od of the present invention, in step A, the recycle ratio of

the second reaction zone is 0.1∼15, preferably 0.1∼10.
[0014] According to an embodiment of the method of
the present invention, the method further comprises, in
step A, feeding the second stream containing benzene
and/or a second stream containing propylene into the
second reaction zone so as to achieve better reaction
effect. In an embodiment, the weight hourly space veloc-
ity of the second stream containing benzene calculated
by benzene is 0.5~30 hr-1, and/or the weight hourly space
velocity of the second stream containing propylene cal-
culated by propylene is 0.1∼5 hr-1.
[0015] According to a preferred embodiment of the
present invention, the stream containing benzene (in-
cluding the first and/or the second stream containing ben-
zene) is benzene and the stream containing propylene
(including the first and/or the second stream containing
propylene) is propylene.
[0016] According to another embodiment of the meth-
od of the present invention, the first catalyst and/or the
second catalyst is/are selected from a group consisting
of Beta zeolite, mordenite, and zeolite having MWW strat-
ified structure. The first catalyst and the second catalyst
can be the same or different. The catalyst used in the
present invention is selected from a group consisting of
Beta zeolite, mordenite, and zeolite having MWW strat-
ified structure. The zeolite having MWW stratified struc-
ture can be selected from a group consisting of MCM-
22, MCM-56, MCM-49 and zeolite having MWW structure
as disclosed in literatures CN200410066636.2 and
CN200610029980.3.
[0017] In the method according to the present inven-
tion, preferably, the first reaction zone and the second
reaction zone each comprises a reactor having at least
one stage, or a reaction zone having at least two single
stage reactors in series connection, or a reaction zone
having at least one single stage reactor and at least one
reactor comprising at least two stages in series connec-
tion.
[0018] In an embodiment of said method, the first
stream containing propylene enters into the primary re-
action zone by stages. The first stream containing pro-
pylene can also be fed to the first reaction zone in batch-
es, so that excessive local concentration of propylene
can be avoided. In another embodiment of the method,
the second stream containing propylene enters into the
secondary reaction zone by stages. The propylene can
also be fed to the secondary reaction zone in batches.
[0019] According another embodiment of the method,
in step A, the first stream containing benzene enters into
the first reaction zone from the top thereof and the stream
Ia circulates back to the first reaction zone from the top
thereof.
[0020] According to another embodiment, in step A,
the stream entering the second reaction zone enters into
the second reaction zone from the top thereof.
[0021] In the method according to the present inven-
tion, the pressure refers to a gage pressure. The recycle
ratio refers to the weight ratio of the stream in the stream

3 4 



EP 2 865 660 B1

4

5

10

15

20

25

30

35

40

45

50

55

flowing out of the reaction zone which circulates back to
the reaction zone to the stream therein which does not
circulate back to the reaction zone.
[0022] In order to solve the three contradictory prob-
lems of rapid deactivation of the catalyst, insufficient pro-
pylene conversion rate, and high content of impurity n-
propyl benzene in the product, the method according to
the present invention arranges at least two reaction
zones, so that the stream flowing out of the primary re-
action zone can enter into at least one secondary reaction
zone for further reaction. The primary reaction zone op-
erates under a relatively high recycle ratio, and the sec-
ondary reaction zone operates under a relatively low re-
cycle ratio or with barely any externally circulating mate-
rial. This essentially extends the total residence time. The
propylene almost completely reacts in the first reaction
zone. A small amount of unreacted propylene continues
to react in the second reaction zone, thereby guarantee-
ing a high propylene conversion rate. In the prior art, the
reaction temperature for alkylation is usually about 150
°C, the adjustment range for the reaction temperature is
within 10 °C, or even smaller than 5 °C. Temperature
change can severely influence the propylene conversion
rate and the content of n-propyl benzene. In the present
invention, by arranging a primary reaction zone and a
secondary reaction zone and allowing the temperatures
therein to be changed separately, full conversion of pro-
pylene and low content of impurity can be guaranteed.
By means of the method according to the present inven-
tion, the benzene to propylene ratio can be lower than
2.0, the propylene conversion rate can be over 99.99%,
and the n-propyl benzene in the product can be less than
200mg in 1kg isopropyl benzene. Better technical effect
is thus obtained.
[0023] According to a preferred embodiment of the
present invention, the first reaction zone comprises a plu-
rality of reactors in parallel connection. When the activity
of the catalyst in one of the reactors decreases or lost, it
can be recovered in the reactor separately without having
to shut down the operation of the entire reaction system.
According to another preferred embodiment of the
present invention, the second reaction zone comprises
a plurality of reactors in parallel connection. When the
activity of the catalyst in one of the reactors decreases
or lost, it can be recovered in the reactor separately with-
out having to shut down the operation of the entire reac-
tion system. By means of such arrangements, switching
operation of the reaction zones and process combination
can be realized, thereby improving the operational sta-
bility of the reaction zones.
[0024] According to another embodiment of the
present invention, the method further comprises:

switching from step A to a step B when the activity
of the first catalyst in the first reaction zone drops
below a preset value, wherein step B comprises:

turning off the first stream containing benzene

and the first stream containing propylene,
feeding only the second stream containing ben-
zene and the second stream containing propyl-
ene into the second reaction zone to contact the
second catalyst for alkylation, and obtaining the
second stream containing isopropyl benzene,
and
dividing the second isopropyl stream containing
benzene into a stream IIIa and a stream IVa, the
stream IVa circulating back to the second reac-
tion zone and the stream IIIa being purified, ob-
taining the product isopropyl benzene,
the first catalyst at this moment being in an ac-
tivity recovery phase;

Switching from step B to a step C after the activity
of the first catalyst recovers, wherein step C com-
prises:

feeding the second stream containing benzene
and the second stream containing propylene in-
to the second reaction zone to contact the sec-
ond catalyst for alkylation, and obtaining the sec-
ond stream containing isopropyl benzene,
dividing the second stream containing isopropyl
benzene into a stream IIIb and a stream IVb, the
stream IVb circulating back to the second reac-
tion zone and the stream IIIb entering the first
reaction zone,
having the stream entering the first reaction
zone to contact the first catalyst for alkylation,
and obtaining the first stream containing isopro-
pyl benzene, and
purifying at least a partial stream IIb of the first
stream containing isopropyl benzene and ob-
taining the product isopropyl benzene;

Switching from step C to a step D when the activity
of the second catalyst in the second reaction zone
drops below a preset value, wherein step D compris-
es:

turning off the second stream containing ben-
zene and the second stream containing propyl-
ene,
feeding only the first stream containing benzene
and the first stream containing propylene into
the first reaction zone to contact the first catalyst
for alkylation, obtaining the first stream contain-
ing isopropyl benzene, and
dividing the first stream containing isopropyl
benzene into a stream IIb and a stream Ib, the
stream Ib circulating back to the first reaction
zone and the stream IIb being purified, obtaining
the product isopropyl benzene,
the second catalyst at this moment being at an
activity recovery phase; and
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Switching from step D to step A after the activity of
the second catalyst recovers. That is, the present
invention provides a method for continuously pre-
paring isopropyl benzene, comprising:

step A: feeding a first stream containing ben-
zene and a first stream containing propylene into
a first reaction zone to contact a first catalyst for
alkylation, and obtaining a first stream contain-
ing isopropyl benzene from the first reaction
zone,
dividing the first stream containing isopropyl
benzene into a stream Ia and a stream IIa, the
stream Ia circulating back into the first reaction
zone and the stream IIa entering a second re-
action zone,
having the stream entering the second reaction
zone to contact a second catalyst for alkylation,
and obtaining a second stream containing iso-
propyl benzene from the second reaction zone,
and
purifying at least a partial stream IIIa of the sec-
ond stream containing isopropyl benzene, and
obtaining a product isopropyl benzene.

Switching from step A to a step B when the activity
of the first catalyst in the first reaction zone drops
below a preset value, wherein step B comprises:

turning off the first stream containing benzene
and the first stream containing propylene,
feeding only the second stream containing ben-
zene and the second stream containing propyl-
ene into the second reaction zone to contact the
second catalyst for alkylation, and obtaining the
second stream containing isopropyl benzene,
and
dividing the second stream containing isopropyl
benzene into a stream IIIa and a stream IVa, the
stream IVa circulating back to the second reac-
tion zone and the stream IIIa being purified, ob-
taining the product isopropyl benzene,
the first catalyst at this moment is in an activity
recovery phase;

Switching from step B to a step C after the activity
of the first catalyst recovers, wherein step C com-
prises:

feeding the second stream containing benzene
and the second stream containing propylene in-
to the second reaction zone to contact the sec-
ond catalyst for alkylation, and obtaining the sec-
ond stream containing isopropyl benzene,
dividing the second stream containing isopropyl
benzene into a stream IIIb and a stream IVb, the
stream IVb circulating back to the second reac-
tion zone and the stream IIIb entering the first

reaction zone,
having the stream entering the first reaction
zone to contact the first catalyst for alkylation,
and obtaining the first stream containing isopro-
pyl benzene, and
purifying at least a partial stream IIb of the first
stream containing isopropyl benzene and ob-
taining the product isopropyl benzene;

Switching from step C to a step D when the activity
of the second catalyst in the second reaction zone
drops below a preset value, wherein step D compris-
es:

turning off the second stream containing ben-
zene and the second stream containing propyl-
ene,
feeding only the first stream containing benzene
and the first stream containing propylene into
the first reaction zone to contact the first catalyst
for alkylation, obtaining the first stream contain-
ing isopropyl benzene, and
dividing the first stream containing isopropyl
benzene into a stream IIb and a stream Ib, the
stream Ib circulating back to the first reaction
zone and the stream IIb being purified, obtaining
the product isopropyl benzene,
the second catalyst at this moment being at an
activity recovery phase; and

Switching from step D to step A after the activity of
the second catalyst recovers.

[0025] The definition of step A in the method for con-
tinuously producing isopropyl benzene is as mentioned
above.
[0026] According to the present invention, the activity
of the catalyst would decrease as the reaction proceeds
for a long time. Because in step A, the first reaction zone
is the primary reaction zone, the first catalyst therein
would lose activity first. In an embodiment, the catalyst
activity being lower than a preset value means that the
activity of the catalyst decreases or lost. The activity of
the catalyst can be characterized by the conversion rate
of the raw material. In an embodiment, when the conver-
sion rate of the raw material is lower than 99.95%, such
as 99.91%, it can be concluded that the activity of the
catalyst has dropped below the preset value.
[0027] In step B, after the first stream containing ben-
zene and the first stream containing propylene are turned
off, there is no stream flowing through the first reaction
zone, or no reaction is occurring in the first reaction zone.
Reaction only occurs in the second reaction zone, and
the entire reaction system is in a single reaction zone
operating mode. At this time, the first catalyst in the first
reaction zone is in an activity recovery phase. The cata-
lyst activity can be recovered through off-line recovery,
or by directly replacing the catalyst with fresh new first
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catalyst.
[0028] After the activity of the first catalyst in the first
reaction zone is recovered, i.e., the regeneration or re-
placement of deactived catalyst is completed, the reac-
tion switches from step B to step C. The single-reaction
zone operating mode is switched to two-reaction zone
operating mode. In step C, the second reaction zone is
the primary reaction zone and the first reaction zone is
the secondary reaction zone.
[0029] In an embodiment of the method according to
the present invention, in step C, a partial stream Ib of the
first stream containing isopropyl benzene circulates to
the first reaction zone, the recycle ratio of the second
reaction zone being larger than that of the first reaction
zone. In step C, when there is no stream from the first
stream containing isopropyl benzene circulating to the
first reaction zone, i.e., the recycle ratio of the first reac-
tion zone is 0, the recycle ratio of the second reaction
zone is still larger than that of the first reaction zone. The
recycle ratio of the primary reaction zone is larger than
that of the secondary reaction zone. In a preferred em-
bodiment, in step C, the ratio of the recycle ratio of the
first reaction zone to that of the second reaction zone is
in a range of 0~0.5, preferably 0.01~0.5.
[0030] In another embodiment of the method accord-
ing to the present invention, in step C, the operating con-
ditions of the second reaction zone comprises a molar
ratio of the benzene in the second stream containing ben-
zene to the propylene in the second stream containing
propylene of 0.5:1∼3.0:1, a weight hourly space velocity
of the second stream containing propylene calculated by
propylene of 0.1∼10 hr-1, a reaction temperature of
90~180 °C, a reaction pressure of 1.0~4.0 MPa, and a
recycle ratio of 1~50. Preferably, the molar ratio of the
benzene in the second stream containing benzene to the
propylene in the second stream containing propylene is
1.0:1∼3.0:1, the weight hourly space velocity of the sec-
ond stream containing propylene calculated by propyl-
ene is 0.2~5.0 hr-1, the reaction temperature is 95~150
°C, the reaction pressure is 2.0~3.0 MPa, and the recycle
ratio is 2~25.
[0031] In another embodiment of the method of the
present invention, in step C, the operating conditions in
the first reaction zone comprises a reaction temperature
of 80-160 °C, a reaction pressure of 1.0~4.0 MPa, and
a liquid phase weight hourly space velocity of 1~100 hr-1.
Preferably, the reaction temperature is 90~150 °C, the
reaction pressure is 2.0~3.0 MPa, and the liquid phase
weight hourly space velocity is 1~60 hr-1.
[0032] In another embodiment of the method accord-
ing to the present invention, in step C, the recycle ratio
of the first reaction zone is 0.1∼15, preferably 0.1∼10.
[0033] Through steps A to C of said method, two reac-
tion zones are arranged such that a wide range of tem-
perature adjustment can be realized, thereby lowering
the content of n-propyl benzene in the product and im-
proving the propylene conversion rate. In the meantime,
switching operations between two reaction zones and

process combination can be realized and the operational
stability can be improved. The temperature in each re-
action zone can be adjusted in a range of 90-180 °C such
that full conversion of propylene and low content of im-
purity can be guaranteed. Based on the condition of the
catalysts in the reaction zones, the reaction operation
can switch between the reaction zones, the catalyst can
be regenerated on-line in the reaction zones, and even
only one reaction zone can be put into operation. The
method of the present invention does not require the en-
tire reaction apparatus to shut down when replacing the
catalyst. The content of n-propyl benzene can be less
than 300mg in 1kg isopropyl benzene and the propylene
conversion rate can be over 99.99%. Better technical ef-
fect is thus obtained.
[0034] In another embodiment of the method, in step
C, the first stream containing benzene and the first stream
containing propylene are let into the first reaction zone
so as to achieve better technical effect. The weight hourly
space velocity of the first stream containing benzene cal-
culated by benzene is 0.5~30 hr-1, and the weight hourly
space velocity of the first stream containing propylene
calculated by propylene is 0.1∼5 hr-1.
[0035] According to the present invention, in step C,
the second reaction zone is the primary reaction and the
first reaction zone is the secondary reaction zone. As the
reaction proceeds for a long time period, the activity of
the second catalyst in the second reaction zone decreas-
es. When the activity of the second catalyst which is char-
acterized by a propylene conversion rate decreases, the
reaction switches from step C to step D.
[0036] In step D, the second stream containing ben-
zene and the second stream containing propylene are
turned off. Thus, there is no stream passing through the
second reaction zone, or there is no reaction occurring
in the second reaction zone. Reaction occurs only in the
first reaction zone, i.e., only a single reaction zone is in
operation in the entire system. At this moment, the sec-
ond catalyst in the second reaction zone is in an activity
recovery phase. The activity of the catalyst can be re-
covered through off-line regeneration, or by directly re-
placing the catalyst with new second catalyst.
[0037] According to the present invention, in steps B
and D, only a single reaction zone is in operation. The
technological parameters of steps B and D can be ob-
tained with reference to the existing technology which is
well known to one skilled in the art, thus will not be ex-
plained in details herein.
[0038] When the second catalyst in the second reac-
tion zone recovers activity, the reaction switches from
step D to step A. As the reaction proceeds from step D
to step A, switch operations between reaction zones are
realized. When the activity of the second catalyst recov-
ers, the single-reaction zone operating mode is switched
to two-reaction zone operating mode.
[0039] According to another embodiment of the
present invention, the method of the present invention
comprises steps A to D in switching operations, forming
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a set of steps for continuously producing isopropyl ben-
zene. According to the method of the present invention,
even when the catalyst needs to be replaced or regen-
erated after a long time of operation, it is not necessary
to shut down the entire reaction apparatus. Further, the
content of n-propyl benzene can be less than 200mg in
1kg isopropyl benzene and the propylene conversion rate
can be over 99.99%. Better technical effect is thus ob-
tained.
[0040] According to the present invention, in the prior
art, in order to reduce the content of n-propyl benzene in
the product, the technical means of lowering reaction
temperature in the reaction zone and high external recy-
cle ratio are adopted. However, low temperature and high
recycle ratio certainly would cause the propylene con-
version rate to decrease. To solve this problem, the
present invention arranges a primary reaction zone and
a secondary reaction zone (the reaction zone with higher
recycle ratio is the primary reaction zone and the reaction
zone with lower recycle ratio (including 0) is the second-
ary reaction zone). The primary reaction zone operates
under a relatively high external recycle ratio, and the sec-
ondary reaction zone operates under relatively low recy-
cle ratio or with barely any externally circulating material
presented. In step A, the propylene almost completely
reacts in the first reaction zone (primary reaction zone),
and the stream flowing out of the first reaction zone barely
enters into the second reaction zone (secondary reaction
zone) in which there is barely any circulating stream for
further reaction. The above process actually extends the
residence time, so that the small amount of unreacted
propylene in the first reaction zone continues to react,
thereby guaranteeing a high propylene conversion rate.
When the reaction first begins, the first reaction zone is
the primary reaction zone and the second reaction zone
is the secondary reaction zone. When the activity of the
catalyst in the first reaction zone decreases or lost, the
reaction zones switch places, and the reaction proceeds
to step C, i.e., the first reaction zone becomes the sec-
ondary reaction zone and the second reaction zone be-
comes the primary reaction zone, thereby realizing stable
production process. By using a combination of at least
two reaction zones, the method of the present invention
allows for a relatively wide range of temperature adjust-
ment, thereby lowering the content of n-propyl benzene
and improving the propylene conversion rate. In the
meantime, switching operations between the reaction
zones and process combination can be achieved and the
operational stability of the apparatus can be improved.
[0041] According to the present invention, the temper-
ature of alkylation in the prior art is usually around 150
°C, the adjustment range of the temperature is within 10
°C, or even smaller than 5 °C. Temperature change
would severely influence the propylene conversion rate
and the content of the impurity n-propyl benzene. The
present invention arranges a primary reaction zone and
a secondary reaction zone and allows the temperatures
in the primary reaction zone and the secondary reaction

zone to be adjusted separately. The temperature in each
of the reaction zones, in particular the primary reaction
zone, can be adjusted in a range of 90∼180 °C. Thus full
conversion of propylene and low impurity content can be
guaranteed.
[0042] According to the present invention, based on
the condition of the catalysts, the reaction can switch
between reaction zones and the catalysts can be regen-
erated in the reaction zones. And it can even be realized
that only one reaction zone is in operation while the cat-
alyst in the other reaction zone is regenerated on-line.
Thus, interruption to the technological process can be
avoided and continuous production of isopropyl benzene
can be realized. Therefore, the present invention has
high economic and social value.
[0043] By combining two reaction zones according to
the present invention, isopropyl benzene can be pro-
duced with high efficiency, even under low benzene to
propylene ratio. The propylene conversion rate can be
above 99.99%. The deactivation rate of the catalyst can
be reduced without having to shut down the reaction proc-
ess, thereby realizing continuous operation. The eco-
nomic and social benefit of the present invention is pro-
found.

Brief Description of the Drawings

[0044]

Fig. 1 schematically shows a technological process
of an Example of the present invention,

Fig. 2 schematically shows a technological process
in the prior art, and

Fig. 3 shows a process flow diagram of an Example
of the present invention.

Detailed Description of the Embodiments

[0045] The present invention will be explained in de-
tails with reference to the embodiments and the accom-
panying drawings.
[0046] Fig. 1 schematically shows a technological
process according to an example of the present inven-
tion. The present invention comprises a first reaction
zone and a second reaction zone, each comprising two
catalyst beds having catalysts thereon. In Figs. 1 and 2,
the reference sign 1 indicates the first reaction zone, 2
indicates the second reaction zone, 4 indicates a first
stream containing benzene, and 5 indicates a first stream
containing propylene.
[0047] A method for producing isopropyl benzene ac-
cording to the present invention comprises the following
steps.
[0048] Step A: the first stream containing benzene 4
and the first stream containing propylene 5 are let into
the first reaction zone 1 to contact a first catalyst for
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alkylation, obtaining a first stream containing isopropyl
benzene 12.
[0049] The first stream containing isopropyl benzene
12 is divided into two streams (stream 17 and stream
15). One stream (stream 17 which corresponds to stream
Ia) circulates back to the first reaction zone 1 and the
other stream (stream 15 which corresponds to stream
IIa) enters into the second reaction zone 2.
[0050] The stream entering into the second reaction
zone 2 contacts a second catalyst for alkylation, obtaining
a second stream containing isopropyl benzene 13.
[0051] At least partial stream (stream 14 which corre-
sponds to stream IIIa) of the second stream containing
isopropyl benzene 13 is purified, obtaining the product
isopropyl benzene.
[0052] The process as shown in Fig. 1 further compris-
es the step that a partial stream 18 (corresponding to
stream IVa) of the second stream containing isopropyl
benzene 13 circulates back to the second reaction zone
2. The process as shown in Fig. 1 can further comprises
the step (not shown) of feeding a second stream contain-
ing benzene and/or a second stream containing propyl-
ene into the second reaction zone 2.
[0053] Fig. 2 shows a technological process in the prior
art. Only one reactor 1 comprising four catalyst beds is
arranged. The first stream containing propylene 5 is di-
vided into four parts and enters into the four catalyst beds
respectively. The first stream containing benzene 4 en-
ters into the reactor from the top. The product stream is
indicated by a reference sign 14.
[0054] Fig. 3 shows a technological flow according to
an example of the present invention. When reaction be-
gins, the first reaction zone (such as a reactor) is the
primary reaction zone and the second reaction zone
(such as a reactor) is the secondary reaction zone. Step
A comprises the following sub steps. The first stream
containing benzene 4 enters into the first reaction zone
1 from the top. The first stream containing propylene 5
enters into two catalyst beds respectively through a valve
6 and a valve 7 and reacts under the presence of the first
catalyst, obtaining a stream 12 containing benzene, iso-
propyl benzene, poly-isopropyl benzene and traces of
propylene. The stream 12 flowing out of the first reaction
zone 1 is divided into two streams comprising a stream
17 (corresponding to stream Ia) which circulates back to
the first reaction zone 1 through a circulating pump 3 and
a stream 15 (corresponding to stream IIa) which directly
enters into the second reaction zone 2. The stream en-
tering the second reaction zone 2 contacts the second
catalyst and continues to react, obtaining a second
stream containing isopropyl benzene 13. Partial stream
(stream 14 which corresponds to stream IIIa) of the sec-
ond stream containing isopropyl benzene 13 is purified,
obtaining the product isopropyl benzene. The above op-
erations are carried out under the condition that valves
6, 7, 28, 29, 30, 31, and 32 are opened and valves 10,
11, 23, 24, 25, 26, and 27 are closed. The method further
comprises circulating a partial stream 18 (corresponding

to stream IVa) of the second stream containing isopropyl
benzene 13 back to the second reaction zone 2 (for ex-
ample, the stream 18 circulates back to the second re-
action zone as a stream 22 passing through the valve 26
in step A. At this time, valve 24 and valve 26 are opened,
but only allow very thin streams to pass through. The
process as shown in Fig. 1 can further comprises feeding
a second stream containing benzene 8 and/or a second
stream containing propylene 9 into the second reaction
zone 2. At this time, the valves 10, 11, and 23 are opened,
but only allow very thin streams to pass through.
[0055] As the reaction proceeds to a certain phase, the
activity of the first catalyst drops below a preset value
(decreases or lost), the reaction switches from step A to
step B. The two-reaction zone operating mode in step A
is switched to a single-reaction zone operating mode in
step B. The first stream containing benzene 4 and the
first stream containing propylene 5 are turned off, such
as by closing the valves 6, 7, and 28. Only the second
stream containing benzene 8 and the second stream con-
taining propylene 9 are let into the second reaction zone
2 to contact the second catalyst for alkylation, obtaining
the second stream containing isopropyl benzene 13. The
second stream containing isopropyl benzene 13 is divid-
ed into two streams. One stream (stream 18 correspond-
ing to stream IVa) circulates back to the second reaction
zone through valves 24 and 26 and the other stream
(stream 14 corresponding to stream IIIa) is purified, ob-
taining the product isopropyl benzene. At this time, the
valves 6, 7, 28, 25, 27, 29, 30, and 31 are closed, and
the valves 10, 11, 23, 24, 26, and 32 are opened. At the
same time, the deactived catalyst in the first reaction zone
is in an activity recovery phase, for example by regener-
ation or replacement.
[0056] When the activity of the first catalyst recovers,
i.e., the regeneration or replacement of the deactived cat-
alyst is completed, the reaction proceeds from step B to
step C. The single-reaction zone operating mode is
switched to two-reaction zone operating mode. At this
time point, the second reaction zone is the primary reac-
tion zone and the first reaction zone is the secondary
reaction zone. The second stream containing benzene
8 enters into the second reaction zone from the top. The
second stream containing propylene 9 enters into the two
catalyst beds respectively through valve 10 and valve 11
and contacts the second catalyst for reaction, obtaining
stream 13 containing benzene, isopropyl benzene, and
poly-isopropyl benzene. The stream 13 flowing out of the
second reaction zone is divided into two streams com-
prising a stream 18 which circulates back to the second
reaction zone through the circulating pump 3 as a stream
22 (corresponding to stream IVb) and a stream 16 (cor-
responding to stream IIIb) which directly enters into the
first reaction zone for further reaction. The first stream
containing isopropyl benzene 12 is obtained from the bot-
tom of the first reaction zone. Partial stream of the first
stream containing isopropyl benzene 12 flows through
the valve 27 and enters into a phase of purification as a
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stream 32 (corresponding to stream IIb), obtaining iso-
propyl benzene. The above operations are carried out
under the condition that valves 10, 11, 23, 24, 25 26, and
27 are opened and valves 6, 7, 28, 29, 30, 31, and 32
are closed. In an example of step C, a partial stream 17
of the first stream containing isopropyl benzene 12 cir-
culates back to the first reaction zone 1 through a circu-
lating pump as a stream 21 (corresponding to stream Ib).
At this time, the valves 30 and 29 are opened, but only
allow very thin streams to pass through. In another ex-
ample of step C, the first stream containing benzene 4
and/or the first stream containing propylene 5 are let into
the first reaction zone 1. At this time, the valves 6, 7, and
28 are opened, but only allow thin streams to pass
through.
[0057] As the reaction proceeds to a certain phase, the
activity of the second catalyst in the main reaction zone
in step C drops below the preset value (activity decreases
or lost). The reaction switches from two operating reac-
tion zones in step C to single operating reaction zone in
step D. The second stream containing benzene 8 and
the second stream containing propylene 9 are turned off.
Only the first stream containing benzene 4 and the first
stream containing propylene 5 are let into the first reac-
tion zone 1 and contact the first catalyst for alkylation,
obtaining the first isopropyl containing stream 12. The
first isopropyl containing stream 12 is divided into two
streams. One stream (stream 17) circulates back to the
first reaction zone through the circulating pump 3 as a
stream 21 (corresponding to stream Ib). The other stream
flows through the valve and enters into a phase of puri-
fication as a stream 32 (corresponding to stream IIb),
obtaining the product isopropyl benzene. At the moment,
the valves 6, 7, 28, 27, 29, and 30 are opened and the
rest valves are closed. The catalyst in the second reaction
zone is in a phase of activity recovery or replacement.
[0058] After the activity of the second catalyst in the
second reaction zone recovers, i.e., the regeneration or
replacement of the deactived catalyst is completed, the
reaction proceeds from step D to step A. The first reaction
zone is the primary reaction zone and the second reaction
zone is the secondary reaction zone. The single-reaction
zone operating mode in step D is switched to a two-re-
action zone operating mode in step A.

Example 1

[0059] The technology process as shown in Fig. 1 com-
prises two reactors, namely a first reactor and a second
reactor. Each of the reactors comprises two catalyst
beds. Each catalyst bed is loaded with 20g MCM-56 ze-
olite catalyst.
[0060] The first reactor operates under the operating
conditions including a reaction temperature in each of
the catalyst beds of 125 °C, a reaction pressure of 2.5
MPa, a flow of benzene of 135 g/h, a flow of propylene
entering each of the catalyst beds of 20g/h, a benzene
to propylene ratio of 1.8, a weight hourly space velocity

of propylene of 1.0 hr-1, a circulating flow of 1050g/h, and
a recycle ratio of 6.
[0061] The second reactor operates under the operat-
ing conditions including a reaction temperature in each
of the catalyst beds of 115 °C, a reaction pressure of 2.5
MPa, a liquid phase space velocity of 4.4 hr-1, and a re-
cycle ratio of 0.
[0062] After continuously operating for 15 days, the re-
action results including a 99.99% propylene conversion
rate and 92mg n-propyl benzene in 1kg product isopropyl
benzene are achieved.

Example 2

[0063] The technology process as shown in Fig. 1 com-
prises two reactors, namely the first reactor and the sec-
ond reactor. Each of the first reactor and the second re-
actor comprises two catalyst beds. The first catalyst and
the second catalyst are the same. Each of the catalyst
beds is loaded with 10g catalyst. The catalyst is prepared
according to a method as disclosed in example 3 of lit-
erature CN 200410066636.2.
[0064] The operating conditions in the first reactor
comprise a reaction temperature in each of the catalyst
beds of 120 °C, a reaction pressure of 2.5 MPa, a flow
of benzene of 84 g/h, a flow of propylene entering each
of the catalyst beds of 15g/h, a benzene to propylene
ratio of 1.5, a weight hourly space velocity of propylene
of 1.5 hr-1, a circulating flow of 798g/h, and a recycle ratio
of 7.0.
[0065] The operating conditions in the second reactor
comprise a reaction temperature in each of the catalyst
beds of 110 °C, a reaction pressure of 2.5 MPa, a flow
of propylene entering each of the catalyst beds of 0g/h
a flow of benzene of 0 g/h, a liquid phase space velocity
of 11 hr-1, a circulating flow of 110g/h, and a recycle ratio
of 0.
[0066] After continuously operating for 15 days, the re-
action results including a 99.99% propylene conversion
rate and 87mg n-propyl benzene in 1kg product isopropyl
benzene are achieved.

Example 3

[0067] The technology process as shown in Fig. 1 com-
prises two reactors, namely the first reactor and the sec-
ond reactor. Each of the first reactor and the second re-
actor comprises three catalyst beds. The first catalyst
and the second catalyst are the same. Each of the cat-
alyst beds is loaded with 20g catalyst. The catalyst is
prepared according to a method as disclosed in example
3 of literature CN 200410066636.2.
[0068] The operating conditions in the first reactor
comprise a reaction temperature in each of the catalyst
beds of 135 °C, the reaction pressure of 2.5 MPa, a flow
of benzene of 220 g/h, a flow of propylene entering each
of the catalyst beds of 20g/h, a benzene to propylene
ratio of 2.0, a weight hourly space velocity of propylene
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of 1.0 hr-1, a circulating flow of 1692g/h, and a recycle
ratio of 6.
[0069] The second reactor operates under the follow-
ing operating conditions: a reaction temperature in each
of the catalyst beds of 105 °C, a reaction pressure of 2.5
MPa, a flow of propylene in the first catalyst bed of 5g/h
and no propylene entering neither of the other two cata-
lyst beds, a liquid phase space velocity of 4.8 hr-1, a cir-
culating flow of 340g/h, and a recycle ratio of 1.2.
[0070] After continuously operating for 7 days, the re-
action results including a 99.99% propylene conversion
rate and 50mg n-propyl benzene in 1kg product isopropyl
benzene are achieved.

Example 4

[0071] The technology process as shown in Fig. 1 com-
prises two reactors, namely the first reactor and the sec-
ond reactor. Each of the first reactor and the second re-
actor comprises one catalyst bed. The first catalyst and
the second catalyst are the same. Each catalyst bed is
loaded with 20g catalyst. The catalyst is prepared ac-
cording to a method as disclosed in example 3 of litera-
ture CN 200410066636.2.
[0072] The first reactor operates under the operating
conditions including a reaction temperature in the cata-
lyst bed of 135 °C, a reaction pressure of 3.0 MPa, a flow
of benzene of 167 g/h, a flow of propylene entering the
catalyst bed of 30g/h, a benzene to propylene ratio of
3.0, a weight hourly space velocity of propylene of 1.5
hr-1, a circulating flow of 2360g/h, and a recycle ratio of
12.
[0073] The second reactor operates under the operat-
ing conditions including a reaction temperature in the cat-
alyst bed of 110 °C, a reaction pressure of 3.0 MPa, a
liquid phase space velocity of 10 hr-1, a circulating flow
of 0g/h and a recycle ratio of 0.
[0074] After continuously operating for 15 days, the re-
action results including a 99.99% propylene conversion
rate and 110mg n-propyl benzene in 1kg product isopro-
pyl benzene are achieved.

Example 5

[0075] The technology process as shown in Fig. 1 com-
prises two reactors, namely the first reactor and the sec-
ond reactor. Each of the first reactor and the second re-
actor comprises two catalyst beds. Both the first catalyst
and the second catalyst are MCM-56 zeolite. Each of the
catalyst beds is loaded with 10g catalyst.
[0076] The first reactor operates under the operating
conditions including a reaction temperature in each of
the catalyst beds of 110 °C, a reaction pressure of 2.5
MPa, a flow of benzene of 279 g/h, a flow of propylene
entering each of the catalyst beds of 30g/h, a benzene
to propylene ratio of 2.5, a weight hourly space velocity
of propylene of 3.0 hr-1, a circulating flow of 2700g/h, and
a recycle ratio of 8.0.

[0077] The second reactor operates under the operat-
ing conditions including a reaction temperature in each
of the catalyst beds of 100 °C, a reaction pressure of 2.5
MPa, a liquid phase space velocity of 17 hr-1, a flow of
benzene of 0g/h a flow of propylene entering each of the
catalyst beds of 0g/h and a recycle ratio of 0.
[0078] After continuously operating for 7 days, the re-
action results including a 99.99% propylene conversion
rate and 75mg n-propyl benzene in 1kg product isopropyl
benzene are achieved.

Example 6

[0079] The technology process as shown in Fig. 1 com-
prises two reactors, namely the first reactor and the sec-
ond reactor. Each of the first reactor and the second re-
actor comprises two catalyst beds. The first catalyst and
the second catalyst are the same. Each of the catalyst
beds is loaded with 10g catalyst. The catalyst is prepared
according to a method as disclosed in example 2 of lit-
erature CN 200610029980.3.
[0080] The first reactor operates under the operating
conditions including a reaction temperature in each of
the catalyst beds of 115 °C, a reaction pressure of 2.7
MPa, a flow of benzene of 75g/h, a flow of propylene
entering each of the catalyst beds of 8g/h, a benzene to
propylene ratio of 2.5, a weight hourly space velocity of
propylene of 0.8 hr-1, a circulating flow of 275g/h, and a
recycle ratio of 3.0.
[0081] The second reactor operates under the operat-
ing conditions including a reaction temperature in each
of the catalyst beds of 120 °C, a reaction pressure of 2.7
MPa, a flow of benzene of 75g/h, a flow of propylene
entering each of the catalyst beds of 0g/h, a circulating
flow of 91 g/h, a recycle ratio of 0.5, and a liquid phase
space velocity of 9.1 hr-1.
[0082] After continuously operating for 7 days, the re-
action results including a 99.98% propylene conversion
rate and 97mg n-propyl benzene in 1kg product isopropyl
benzene are achieved.

Comparison Example 1

[0083] A technology process as shown in Fig. 2 com-
prises only one reaction zone (a reactor). The reactor
comprises four catalyst beds. Propylene is divided into
four parts and enters into the four catalyst beds respec-
tively. Benzene enters into the reactor from the top. Each
of the catalyst beds is loaded with 10g preformed catalyst
containing MCM-22 zeolite.
[0084] The reactor operates under the operating con-
ditions including a reaction temperature in each of the
catalyst beds of 140 °C, a reaction pressure of 2.7 MPa,
a flow of propylene entering each of the catalyst beds of
15g/h, a flow of benzene of 178g/h, a circulating flow of
1428g/h, a benzene to propylene ratio of 1.6, s weight
hourly space velocity of propylene of 1.5 hr-1, and a re-
cycle ratio of 6.0.

17 18 



EP 2 865 660 B1

11

5

10

15

20

25

30

35

40

45

50

55

[0085] After continuously operating for 15 days, the re-
action results including a 99.0% propylene conversion
rate and 170mg n-propyl benzene in 1kg product isopro-
pyl benzene are achieved.
[0086] The results show that under the condition of low
benzene to propylene ratio, the propylene conversion
rate is relatively low and the content of n-propyl benzene
is relatively high.
[0087] It can be learnt from the above results that under
low benzene to propylene ratio in the prior art, the pro-
pylene conversion rate is relatively low and the content
of n-propyl benzene is relatively high. However, accord-
ing to the method of the present invention, high propylene
conversion rate, long operating life of catalyst, and low
n-propyl benzene content can be realized under even
lower benzene to propylene ratio. The method of the
present invention achieved better comprehensive re-
sults, thus having better economic and social benefits,
as well as broader application prospect.

Example 7

[0088] A technology process as shown in Fig. 3 com-
prises a first reaction zone and a second reaction zone.
Each of the first reaction zone and the second reaction
zone comprises a reactor. Each reactor comprises two
catalyst beds. Each of the catalyst beds is loaded with
10g MCM-22 zeolite catalyst.
[0089] When reaction begins, the first reaction zone
(reactor) is the primary reaction zone and the second
reaction zone (reactor) is the secondary reaction zone.
The valves 6, 7, 28, 29, 30, 31, and 32 are opened and
the valves 10, 11, 23, 25, and 27 are closed. The valves
24 and 26 only allow small amount of the circulating
stream to pass through. The first reactor operates under
the operating conditions including a reaction temperature
in each of the catalyst beds of 105 °C, a reaction pressure
of 2.5 MPa, a flow of propylene entering each of the cat-
alyst beds of 10g/h, a flow of benzene of 75g/h, a weight
hourly space velocity of propylene of 1.0 hr-1, a circulating
flow of 475g/h, and a recycle ratio of 5.0. The second
reactor operates under the operating conditions including
a reaction temperature in each of the catalyst beds of
125 °C, a reaction pressure of 2.5 MPa, a flow of propyl-
ene entering each of the catalyst beds of 0g/h a flow of
benzene of 0g/h, a circulating flow of 95g/h, a recycle
ratio of 1.0, and a liquid phase space velocity of 9.5 hr-1.
After continuously operating for 30 days, the reaction re-
sults including a 99.95% propylene conversion rate at
the outlet of the first reactor, a 99.99% propylene con-
version rate at the outlet of the second reactor and 60mg
n-propyl benzene in 1kg product isopropyl benzene at
the outlet of the second reactor are achieved.
[0090] After continuously operating under the above
conditions for 150 days, a 99.91% propylene conversion
rate at the outlet of the first reactor and a 99.99% propyl-
ene conversion rate at the outlet of the second reactor
are obtained. The two-reactor operating mode is

switched to a single-reactor operating mode. The second
reactor is in operation while the first reactor is in a phase
of off-line catalyst activity recovery. The valves 6, 7, 25,
27, 28, 29, 30, and 31 are completely closed and allow
no stream to pass through. In the meantime, the valves
10, 11, 23, 24, 26, and 32 are opened. The operating
conditions in the second reactor at this moment include
a reaction temperature in each of the catalyst beds of
135 °C, a reaction pressure of 2.5 MPa, a flow of propyl-
ene entering each of the catalyst beds of 10g/h, a flow
of benzene of 75g/h, a weight hourly space velocity of
propylene of 1.0 hr-1, a circulating flow of 475g/h, and a
recycle ratio of 5.0. The reaction results include a 99.99%
propylene conversion rate and 76mg n-propyl benzene
in 1kg product isopropyl benzene.
[0091] After the catalyst regeneration in the first reactor
is completed, the operation of a single reactor is switched
back to the operation of both reactors. The first reactor
after catalyst regeneration returns to the reaction system
and becomes the secondary reactor; in the meantime,
the second reactor remains to operate as the primary
reactor. The valves 10, 11, 23, 24, 25, 26, and 27 are
opened and the valves 6, 7, 28, 31, and 32 are closed.
The valves 30 and 29 only allow small circulating stream
to pass through. At this time, the operating conditions in
the second reactor (the primary reactor) include a reac-
tion temperature in each of the catalyst beds of 135 °C,
a reaction pressure of 2.5 MPa, a flow of propylene en-
tering each of the catalyst beds of 10g/h, a flow of ben-
zene of 75g/h, a weight hourly space velocity of propylene
of 1.0 hr-1, a circulating flow of 475g/h, and a recycle ratio
of 5.0. The operating conditions in the first reactor (the
secondary reactor) include a reaction temperature in
each of the catalyst beds of 125 °C, a reaction pressure
of 2.5 MPa, a flow of propylene entering each of the cat-
alyst beds of 0g/h a flow of benzene of 0g/h, a circulating
flow of 95g/h, a recycle ratio of 1.0, and a liquid phase
space velocity of propylene of 9.5 hr-1.
[0092] After continuously operating for 30 days, the re-
action results including a 99.96% propylene conversion
rate at the outlet of the second reactor, a 99.99% propyl-
ene conversion rate at the outlet of the first reactor and
66mg n-propyl benzene in 1kg isopropyl benzene at the
outlet of the first reactor are achieved.

Example 8

[0093] Example 8 is roughly the same as example 7;
it is different from example 7 in the following aspects. In
example 8, the catalyst is prepared according to a method
disclosed in literature CN 200410066636.2. After the
completion of catalyst regeneration in the first rector, the
first reactor returns to the reaction system. The second
reactor is the primary reactor and the first reactor is the
secondary reactor. The valves 6 and 7 only allow small
amount of stream to pass through. The second reactor
operates under the operating conditions including a tem-
perature in each of the catalyst beds of 125 °C, a reaction
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pressure of 2.5MPa, a flow of propylene entering each
of the catalyst beds of 15g/h, a flow of benzene of 105g/h,
a weight hourly space velocity of propylene of 1.5 hr-1, a
circulating flow of 800g/h, and a recycle ratio of 5.9. The
first reactor operates under the operating conditions in-
cluding a temperature in each of the catalyst beds of 110
°C, a reaction pressure of 2.5MPa, a flow of propylene
entering each of the catalyst beds of 2g/h, a flow of ben-
zene of 0g/h a circulating flow of 120g/h, a recycle ratio
of 0.9, and a liquid phase space velocity of 13 hr-1. After
continuously operating for 30 days, the reaction results
including a 99.99% propylene conversion rate and 95mg
n-propyl benzene in 1kg product isopropyl benzene are
obtained.

Example 9

[0094] A technology process as shown in Fig. 3 com-
prises two reactors, each comprising three catalyst beds.
Each of the catalyst beds is loaded with 10g catalyst
which is prepared according to the method disclosed in
example 3 of literature CN200410066636.2.
[0095] When reaction begins, the valves 6, 7, 28, 29,
30, 31, and 32 are opened and the valves 10, 11, 25, and
27 are closed. The valves 23, 24, and 26 only allow small
amount of circulating stream to pass through. The first
reactor is the primary reactor and the second reactor is
the secondary reactor. The first reactor operates under
the operating condition including a reaction temperature
in each of the catalyst beds of 95 °C, a reaction pressure
of 2.5 MPa, a flow of propylene entering each of the cat-
alyst beds of 15g/h, a flow of benzene of 210g/h, a weight
hourly space velocity of propylene of 1.5 hr-1, a circulating
flow of 1500g/h, and a recycle ratio of 5.9. The second
reactor operates under the operating condition including
a reaction temperature in each of the catalyst beds of
110 °C, a reaction pressure of 2.5 MPa, a flow of propyl-
ene entering the first catalyst bed of 5g/h and no propyl-
ene stream entering the other two catalyst beds, a flow
of benzene of 20g/h, a circulating flow of 320g/h, a recycle
ratio of 1.1, and a liquid phase space velocity of 20 hr1-

. After continuously operating for 7 days, the reaction
results including a 99.99% propylene conversion rate and
50mg n-propyl benzene in 1kg product isopropyl ben-
zene are achieved.
[0096] After continuously operating under the above
conditions for 150 days, a 99.91% propylene conversion
rate at the outlet of the first reactor and a 99.99% propyl-
ene conversion rate at the outlet of the second reactor
are obtained. The two-reactor operating mode is
switched to a single-reactor operating mode. The second
reactor is in operation while the first reactor is in a phase
of off-line catalyst activity recovery. The valves 6, 7, 25,
27, 28, 29, 30, and 31 are completely closed and allow
no stream to pass through. In the meantime, the valves
10, 11, 23, 24, 26, and 32 are opened. The operating
conditions in the second reactor at this moment include
a reaction temperature in each of the catalyst beds of

135 °C, a reaction pressure of 2.5 MPa, a flow of propyl-
ene entering each of the catalyst beds of 10g/h, a flow
of benzene of 75g/h, a weight hourly space velocity of
propylene of 1.0 hr-1, a circulating flow of 475g/h, and a
recycle ratio of 5.0. The reaction results include a 99.99%
propylene conversion rate and 76mg n-propyl benzene
in 1kg product isopropyl benzene.
[0097] After the catalyst regeneration in the first reactor
is completed, the operation of a single reactor is switched
back to the operation of both reactors. The first reactor
after catalyst regeneration returns to the reaction system
and becomes the secondary reactor; in the meantime,
the second reactor remains to operate as the primary
reactor. The valves 10, 11, 23, 24, 25, 26, and 27 are
opened and the valves 6, 7. 28, 31, and 32 are closed.
The valves 30 and 29 only allow small circulating stream
to pass through. At this time, the operating conditions in
the second reactor (the primary reactor) include a reac-
tion temperature in each of the catalyst beds of 135 °C,
a reaction pressure of 2.5 MPa, a flow of propylene en-
tering each of the catalyst beds of 10g/h, a flow of ben-
zene of 75g/h, a weight hourly space velocity of propylene
of 1.0 hr-1, a circulating flow of 475g/h, and a recycle ratio
of 5.0. The operating conditions in the first reactor (the
secondary reactor) include a reaction temperature in
each of the catalyst beds of 125 °C, a reaction pressure
of 2.5 MPa, a flow of propylene entering each of the cat-
alyst beds of 0g/h, a flow of benzene of 0g/h, a circulating
flow of 95g/h, a recycle ratio of 1.0, and a liquid phase
space velocity of propylene of 9.5 hr-1.
[0098] After continuously operating for 30 days, the re-
action results including a 99.96% propylene conversion
rate at the outlet of the second reactor, a 99.99% propyl-
ene conversion rate at the outlet of the first reactor and
66mg n-propyl benzene in 1kg product isopropyl ben-
zene at the outlet of the first reactor are achieved.

Example 10

[0099] The technology process as shown in Fig. 3 com-
prises two reactors, each comprising only one catalyst
bed. The catalyst bed of each reactor is loaded with 20g
catalyst. The catalyst is prepared according to the meth-
od disclosed in example 3 of literature CN
200410066636.2.
[0100] When reaction begins, the valves 6, 7, 28, 29,
30, 31, and 32 are opened and the valves 10, 11, 23, 24,
25, 26 and 27 are closed. The first reaction reactor is the
primary reactor and the second reaction reactor is the
secondary reactor. The first reactor operates under the
operating conditions including a reaction temperature in
each catalyst bed of 135 °C, a reaction pressure of
3.0MPa, a flow of propylene entering each catalyst bed
of 60g/h, a flow of benzene of 167g/h, a weight hourly
space velocity of propylene of 1.5 hr-1, a circulating flow
of 2360g/h, and a recycle ratio of 10. The second reactor
operates under the operating conditions including a re-
action temperature in each catalyst bed of 110 °C, a re-
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action pressure of 3.0 MPa, a flow of propylene entering
the catalyst bed of 0g/h a flow of benzene of 0g/h a cir-
culating flow of 0g/h a recycle ratio of 0, and a liquid
phase space velocity of 5.6 hr-1. After continuously op-
erating for 15 days, the reaction results including a
99.99% propylene conversion rate and 105mg n-propyl
benzene in 1kg product isopropyl benzene are achieved.
[0101] After continuously operating under the above
conditions for 150 days, a 99.91% propylene conversion
rate at the outlet of the first reactor and a 99.99% propyl-
ene conversion rate at the outlet of the second reactor
are obtained. The two-reactor operating mode is
switched to a single-reactor operating mode. The second
reactor is in operation while the first reactor is in a phase
of off-line catalyst activity recovery. The valves 6, 7, 25,
27, 28, 29, 30, and 31 are completely closed and allow
no stream to pass through. In the meantime, the valves
10, 11, 23, 24, 26, and 32 are opened. The operating
conditions in the second reactor at this moment include
a reaction temperature in the catalyst bed of 135 °C, a
reaction pressure of 2.5 MPa, a flow of propylene entering
the catalyst bed of 10g/h, a flow of benzene of 75g/h, a
weight hourly space velocity of propylene of 1.0 hr-1, a
circulating flow of 475g/h, and a recycle ratio of 5.0. The
reaction results include a 99.99% propylene conversion
rate and 76mg n-propyl benzene in 1kg product isopropyl
benzene.
[0102] After the catalyst regeneration in the first reactor
is completed, the operation of a single reactor is switched
back to the operation of both reactors. The first reactor
after catalyst regeneration returns to the reaction system
and becomes the secondary reactor; in the meantime,
the second reactor remains to operate as the primary
reactor. The valves 10, 11, 23, 24, 25, 26, and 27 are
opened and the valves 6, 7. 28, 31, and 32 are closed.
The valves 30 and 29 only allow small circulating stream
to pass through. At this time, the operating conditions in
the second reactor (the primary reactor) include a reac-
tion temperature in the catalyst bed of 135 °C, a reaction
pressure of 2.5 MPa, a flow of propylene entering the
catalyst bed of 0g/h, a flow of benzene of 75g/h, a weight
hourly space velocity of propylene of 1.0 hr-1, a circulating
flow of 475g/h, and a recycle ratio of 5.0. The operating
conditions in the first reactor (the secondary reactor) in-
clude a reaction temperature in the catalyst bed of 125
°C, a reaction pressure of 2.5 MPa, a flow of propylene
entering the catalyst bed of 0g/h, a flow of benzene of
0g/h, a circulating flow of 95g/h, a recycle ratio of 1.0,
and a liquid phase space velocity of 9.5 hr-1.
[0103] After continuously operating for 30 days, the re-
action results including a 99.96% propylene conversion
rate at the outlet of the second reactor, a 99.99% propyl-
ene conversion rate at the outlet of the first reactor and
66mg n-propyl benzene in 1kg product isopropyl ben-
zene at the outlet of the first reactor are achieved.

Example 11

[0104] The technology process as shown in Fig. 3 com-
prises two reactors, each comprising two catalyst beds.
Each of the catalyst beds of each reactor is loaded with
30g catalyst. The catalyst is prepared according to the
method disclosed in example 3 of literature CN
200410066636.2.
[0105] When reaction begins, the valves 6, 7, 28, 29,
30, 31, and 32 are opened and the valves 10, 11, 23, 24,
25, 26 and 27 are closed. The first reaction reactor is the
primary reactor and the second reaction reactor is the
secondary reactor. The first reactor operates under the
operating conditions including a reaction temperature in
each of the catalyst beds of 125 °C, a reaction pressure
of 2.7MPa, a flow of propylene entering each of the cat-
alyst beds of 30g/h, a flow of benzene of 178g/h, a weight
hourly space velocity of propylene of 1.0 hr-1, a circulating
flow of 1200g/h, and a recycle ratio of 5.0. The second
reactor operates under the operating conditions including
a reaction temperature in each of the catalyst beds of
110 °C, a reaction pressure of 2.7 MPa, a flow of propyl-
ene entering each of the catalyst beds of 0g/h a flow of
benzene of 0g/h a circulating flow of 0g/h, a recycle ratio
of 0, and a liquid phase space velocity of 7.9 hr-1. After
continuously operating for 10 days, the reaction results
including a 99.99% propylene conversion rate and 88mg
n-propyl benzene in 1kg product isopropyl benzene are
achieved.
[0106] After continuously operating under the above
conditions for 150 days, a 99.91% propylene conversion
rate at the outlet of the first reactor and a 99.99% propyl-
ene conversion rate at the outlet of the second reactor
are obtained. The two-reactor operating mode is
switched to a single-reactor operating mode. The second
reactor is in operation while the first reactor is in a phase
of off-line catalyst activity recovery. The valves 6, 7, 25,
27, 28, 29, 30, and 31 are completely closed and allow
no stream to pass through. In the meantime, the valves
10, 11, 23, 24, 26, and 32 are opened. The operating
conditions in the second reactor at this moment include
a reaction temperature in each of the catalyst beds of
135 °C, a reaction pressure of 2.5 MPa, a flow of propyl-
ene entering each of the catalyst beds of 10g/h, a flow
of benzene of 75g/h, a weight hourly space velocity of
propylene of 1.0 hr-1, a circulating flow of 475g/h, and a
recycle ratio of 5.0. The reaction results include a 99.99%
propylene conversion rate and 76mg n-propyl benzene
in 1kg product isopropyl benzene.
[0107] After the catalyst regeneration in the first reactor
is completed, the operation of a single reactor is switched
back to the operation of both reactors. The first reactor
after catalyst regeneration returns to the reaction system
and becomes the secondary reactor; in the meantime,
the second reactor remains to operate as the primary
reactor. The valves 10, 11, 23, 24, 25, 26, and 27 are
opened and the valves 6, 7. 28, 31, and 32 are closed.
The valves 30 and 29 only allow small circulating stream
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to pass through. At this time, the operating conditions in
the second reactor (the primary reactor) include a reac-
tion temperature in each of the catalyst beds of 135 °C,
a reaction pressure of 2.5 MPa, a flow of propylene en-
tering each of the catalyst beds of 10g/h, a flow of ben-
zene of 75g/h, a weight hourly space velocity of propylene
of 1.0 hr-1, a circulating flow of 475g/h, and a recycle ratio
of 5.0. The operating conditions in the first reactor (the
secondary reactor) include a reaction temperature in
each of the catalyst beds of 125 °C, a reaction pressure
of 2.5 MPa, a flow of propylene entering each of the cat-
alyst beds of 0g/h, a flow of benzene of 0g/h, a circulating
flow of 95g/h, a recycle ratio of 1.0, and a liquid phase
space velocity of 9.5 hr-1.
[0108] After continuously operating for 30 days, the re-
action results including a 99.96% propylene conversion
rate at the outlet of the second reactor, a 99.99% propyl-
ene conversion rate at the outlet of the first reactor and
66mg n-propyl benzene in 1kg product isopropyl ben-
zene at the outlet of the first reactor are achieved.

Example 12

[0109] Example 12 is roughly the same as example 7;
it is different from example 7 in the following aspects. In
example 12, each catalyst bed of each reactor is loaded
with 10g MCM-56 zeolite catalyst. After the catalyst re-
generation in the first reactor is completed, the first re-
actor returns to the reaction system. The second reactor
remains to operate as the primary reactor and the first
reactor is the secondary reactor. The valve 6 only allows
small stream to pass through and the valves 29 and 30
are closed. The second reactor operates under the op-
erating conditions including a reaction temperature in
each catalyst bed of 100 °C, a reaction pressure of
2.5MPa, a flow of propylene entering each catalyst bed
of 30g/h, a flow of benzene of 450g/h, a weight hourly
space velocity of propylene of 3.0 hr-1, a circulating flow
of 2550g/h, and a recycle ratio of 5.0. The first reactor
operates under the operating conditions including a re-
action temperature in each catalyst bed of 110 °C, a re-
action pressure of 2.5MPa, a flow of propylene entering
the first catalyst bed of 2g/h, a flow of propylene entering
the second catalyst bed of 0g/h, a circulating flow of 0g/h,
a recycle ratio of 0, and a liquid phase space velocity of
25 hr-1. After continuously operating for 7 days, the re-
action results including a 99.98% propylene conversion
rate and 55mg n-propyl benzene in 1kg product isopropyl
benzene are obtained.

Comparison Example 2

[0110] A technology process as shown in Fig. 2 com-
prises only one reactor. The reactor comprises four cat-
alyst beds. Propylene is divided into four parts and re-
spectively enters into the four catalyst beds. Benzene
enters into the reactor from the top. Each catalyst bed is
loaded with 10g MCM-22 zeolite catalyst.

[0111] The operating conditions include a reaction
temperature in each of the catalyst beds of 145 °C, a
reaction pressure of 2.7 MPa, a flow of propylene entering
each of the catalyst beds of 20g/h, a flow of benzene of
370g/h, and a circulating flow of 700g/h.
[0112] After continuously operating for 90 days, the re-
action results including a 99.91% propylene conversion
rate and 220mg n-propyl benzene in 1kg product isopro-
pyl benzene are obtained. The above results show that
in the prior art, the propylene conversion rate can be high
under relatively high reaction temperature. But at the
same time, the content of impurity n-propyl benzene is
also high.

Comparison Example 3

[0113] A technology process as shown in Fig. 2 com-
prises only one reactor. The reactor comprises four cat-
alyst beds. Propylene is divided into four parts and re-
spectively enters into the four catalyst beds. Benzene
enters into the reactor from the top. Each catalyst bed is
loaded with 10g MCM-22 zeolite catalyst.
[0114] The operating conditions include a reaction
temperature in each of the catalyst beds of 115 °C, a
reaction pressure of 2.5 MPa, a flow of propylene entering
each of the catalyst beds of 0g/h, a flow of benzene of
75g/h, and a circulating flow of 570g/h.
[0115] After continuously operating for 120 days, the
reaction results including a 99.30% propylene conver-
sion rate and 97mg n-propyl benzene in 1 kg product
isopropyl benzene are obtained. The above results show
that in the prior art, the content of impurity n-propyl ben-
zene can be low under relatively low reaction tempera-
ture. But at the same time, the propylene conversion rate
can also be reduced.
[0116] It can be learnt from the above data comparison
that the present invention can realize the objectives of
high propylene conversion rate, long operating life of cat-
alyst as well as low content of n-propyl benzene in the
product under low benzene to propylene ratio and wider
range of temperature adjustment. In the meantime, it is
unnecessary to shut down the total reactor system for
catalyst regeneration or replacement, thereby realizing
continuous production of isopropyl benzene. The present
invention achieved excellent comprehensive results and
has favorable economic and social benefits. The appli-
cation prospect of the present invention is broad.

Claims

1. A method for producing isopropyl benzene, compris-
ing:

step A: feeding a first stream containing ben-
zene and a first stream containing propylene into
a first reaction zone to contact a first catalyst for
alkylation, and obtaining a first stream contain-
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ing isopropyl benzene from the first reaction
zone,
dividing the first stream containing isopropyl
benzene into a stream Ia and a stream IIa, the
stream Ia circulating back into the first reaction
zone and the stream IIa entering a second re-
action zone,
having the stream entering the second reaction
zone to contact a second catalyst for alkylation,
and obtaining a second stream containing iso-
propyl benzene from the second reaction zone,
and
purifying at least a partial stream IIIa of the sec-
ond stream containing isopropyl benzene, and
obtaining a product isopropyl benzene.

2. The method according to claim 1, wherein the oper-
ating conditions in the first reaction zone comprise:
a molar ratio of the benzene in the first stream con-
taining benzene to the propylene in the first stream
containing propylene being 0.5:1-3.0:1, a weight
hourly space velocity of the first stream containing
propylene calculated by propylene being 0.1-10 hr-1,
a reaction temperature being 90-180 °C, a reaction
pressure being 1.0-4.0 MPa, and a recycle ratio be-
ing 1∼50,
preferably, the molar ratio of the benzene in the first
stream containing benzene to the propylene in the
first stream containing propylene is 1.0:1-3.0:1, the
weight hourly space velocity of the first stream con-
taining propylene calculated by propylene is 0.2~5.0
hr-1, the reaction temperature is 95~150 °C, the re-
action pressure is 2.0~3.0 MPa, and the recycle ratio
is 2-25; and/or
the operating conditions in the second reaction zone
comprises: a reaction temperature being 80~160 °C,
a reaction pressure being 1.0-4.0 MPa, and a liquid
phase weight hourly space velocity being 1∼100 hr-1,
preferably, the reaction temperature is 90~150 °C,
the reaction pressure is 2.0~3.0 MPa, and the liquid
phase weight hourly space velocity is 1~60 hr-1.

3. The method according to claim 1 or claim 2, wherein
the method comprises circulating a partial stream
IVa of the second stream containing isopropyl ben-
zene to the second reaction zone, a recycle ratio of
the first reaction zone being larger than that of the
second reaction zone.

4. The method according to any one of claims 1 to 3,
wherein the recycle ratio of the second reaction zone
is 0.1∼15, preferably 0.1∼10.

5. The method according to any one of claims 1 to 4,
wherein the ratio of the recycle ratio of the second
reaction zone to that of the first reaction zone is
0~0.5, preferably 0.01~0.5.

6. The method according to any one of claims 1 to 5,
wherein the method comprises feeding a second
stream containing benzene and/or a second stream
containing propylene into the second reaction zone,
preferably,
wherein the weight hourly space velocity of the sec-
ond stream containing benzene calculated by ben-
zene is 0.5~30 hr-1, and/or the weight hourly space
velocity of the second stream containing propylene
calculated by propylene is 0.1∼5 hr-1.

7. The method according to any one of claims 1 to 6,
wherein the first catalyst and/or the second catalyst
is/are selected from a group consisting of Beta zeo-
lite, mordenite, and zeolite having MWW stratified
structure.

8. The method according to any one of claims 1 to 7,
wherein the first stream containing propylene enters
the first reaction zone by stages, and/or
wherein the second stream containing propylene en-
ters into the second reaction zone by stages.

9. The method according to any one of claims 1 to 8,
wherein the first reaction zone comprises a plurality
of reactors in parallel connection, and/or the second
reaction zone comprises a plurality of reactors in par-
allel connection.

10. The method according to any one of claims 1 to 8,
further comprising:

switching from step A to a step B when the ac-
tivity of the first catalyst in the first reaction zone
drops below a preset value, wherein step B com-
prises:

turning off the first stream containing ben-
zene and the first stream containing propyl-
ene,
feeding only the second stream containing
benzene and the second stream containing
propylene into the second reaction zone to
contact the second catalyst for alkylation,
and obtaining the second stream containing
isopropyl benzene, and
dividing the second stream containing iso-
propyl benzene into a stream IIIa and a
stream IVa, the stream IVa circulating back
to the second reaction zone and the stream
IIIa being purified, obtaining the product iso-
propyl benzene,
the first catalyst at this moment is in an ac-
tivity recovery phase;

switching from step B to a step C after the activity
of the first catalyst recovers, wherein step C
comprises:
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feeding the second stream containing ben-
zene and the second stream containing pro-
pylene into the second reaction zone to con-
tact the second catalyst for alkylation, and
obtaining the second stream containing iso-
propyl benzene,
dividing the second stream containing iso-
propyl benzene into a stream IIIb and a
stream IVb, the stream IVb circulating back
to the second reaction zone and the stream
IIIb entering into the first reaction zone,
having the stream entering the first reaction
zone to contact the first catalyst for alkyla-
tion, and obtaining the first stream contain-
ing isopropyl benzene, and
purifying at least a partial stream IIb of the
first stream containing isopropyl benzene
and obtaining the product isopropyl ben-
zene;

switching from step C to a step D when the ac-
tivity of the second catalyst in the second reac-
tion zone drops below a preset value, wherein
step D comprises:

turning off the second stream containing
benzene and the second stream containing
propylene,
feeding only the first stream containing ben-
zene and the first stream containing propyl-
ene into the first reaction zone to contact
the first catalyst for alkylation, obtaining the
first stream containing isopropyl benzene,
and
dividing the first stream containing isopropyl
benzene into a stream IIb and a stream Ib,
the stream Ib circulating back to the first re-
action zone and the stream IIb being puri-
fied, obtaining the product isopropyl ben-
zene,
the second catalyst at this moment being at
an activity recovery phase; and

switching from step D to step A after the activity
of the second catalyst recovers.

11. The method according to claim 10, wherein in step
C, the operating conditions of the second reaction
zone comprise: a molar ratio of the benzene in the
second stream containing benzene to the propylene
in the second stream containing propylene being
0.5:1∼3.0:1, a weight hourly space velocity of the
second stream containing propylene calculated by
propylene being 0.1-10 hr-1, a reaction temperature
being 90~180 °C, a reaction pressure being 1.0~4.0
MPa, and a recycle ratio being 1∼50,
preferably, the molar ratio of the benzene in the sec-
ond stream containing benzene to the propylene in

the second stream containing propylene is
1.0:1~3.0:1, the weight hourly space velocity of the
second stream containing propylene calculated by
propylene is 0.2~5.0 hr-1, the reaction temperature
is 95~150 °C, the reaction pressure is 2.0-3.0 MPa,
and the recycle ratio is 2∼25; and/or
the operating conditions in the first reaction zone
comprises: a reaction temperature being 80~160 °C,
a reaction pressure being 1.0~4.0 MPa, and a liquid
phase weight hourly space velocity being 1∼100 hr-1,
preferably, the reaction temperature is 90~150 °C,
the reaction pressure is 2.0~3.0 MPa, and the liquid
phase weight hourly space velocity is 1~60 hr-1.

12. The method according to claim 10 or claim 11,
wherein in step C, a partial stream Ib of the first
stream containing isopropyl benzene circulates to
the first reaction zone, the recycle ratio of the second
reaction zone being larger than that of the first reac-
tion zone.

13. The method according to claim 11 or claim 12,
wherein in step C, the recycle ratio of the first reaction
zone is 0.1∼15, preferably 0.1∼10.

14. The method according to any one of claims 10 to 13,
wherein in step C, the ratio of the recycle ratio of the
first reaction zone to that of the second reaction zone
is 0~0.5, preferably 0.01~0.5.

15. The method according to any one of claims 10 to 14,
wherein step C comprises feeding the first stream
containing benzene and/or the first stream contain-
ing propylene into the first reaction zone; preferably,
the weight hourly space velocity of the first stream
containing benzene calculated by benzene is 0.5~30
hr-1 and that of the first stream containing propylene
calculated by propylene is 0.1∼5 hr-1.

Patentansprüche

1. Verfahren zur Erzeugung von Isopropylbenzol, um-
fassend:

Schritt A: Zuführen eines ersten Stromes, um-
fassend Benzol, und einen zweiten Strom, um-
fassend Propylen, in eine erste Reaktionszone,
zum Kontaktieren eines ersten Katalysators für
die Alkylierung, und Erhalt eines ersten Stro-
mes, enthaltend Isopropylbenzol, von der ersten
Reaktionszone,
Unterteilen des ersten Stromes, umfassend Iso-
propylbenzol, in einen Strom Ia und einen Strom
IIa, wobei der Strom Ia in die erste Reaktions-
zone zurückgeführt wird und der Strom IIa eine
zweite Reaktionszone betritt,
Kontaktieren des Stromes, der die zweite Reak-
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tionszone betritt, mit einem zweiten Katalysator
für die Alkylierung und Erhalt eines zweiten Stro-
mes, umfassend Isopropylbenzol, aus der zwei-
ten Reaktionszone, und
Reinigen von zumindest einem Teilstrom IIIa
des zweiten Stromes, der Isopropylbenzol ent-
hält, und Erhalt eines Produktes Isopropylben-
zol.

2. Verfahren nach Anspruch 1, worin die Betriebsbe-
dingungen in der ersten Reaktionszone umfassen:
ein molares Verhältnis von Benzol in dem ersten
Strom, enthaltend Benzol, zu Propylen in dem zwei-
ten Strom, enthaltend Propylen, ist 0,5:1-3,0:1, eine
gewichtsbasierte stündliche Raumgeschwindigkeit
des ersten Stromes, der Propylen enthält, berechnet
durch Propylen, ist 0,1-10 h-1, eine Reaktionstem-
peratur ist 90-180°C, ein Reaktionsdruck ist 1,0-4,0
MPa und ein Zurückführverhältnis ist 1-50,
bevorzugt ist das molare Verhältnis von Benzol im
ersten Strom, der Benzol enthält, zu Propylen in dem
zweiten Strom, der Propylen enthält, 1,0:1-3,0-1, die
gewichtsmäßige stündliche Raumgeschwindigkeit
des ersten Stromes, der Propylen enthält, berechnet
durch Propylen, ist 0,2-5,0 h-1, die Reaktionstempe-
ratur ist 95-150°C, der Reaktionsdruck 2,0-3,0 MPa
und das Zurückführverhältnis 2-25, und/oder
die Arbeitsbedingungen in der zweiten Reaktionszo-
ne enthalten: eine Reaktionstemperatur von
80-160°C, einen Reaktionsdruck von 1,0-4,0 MPa
und eine gewichtsmäßige stündliche Flüssigpha-
sen-Raumgeschwindigkeit von 1-100 h-1,
bevorzugt ist die Reaktionstemperatur 90-150°C,
der Reaktionsdruck von 2,0-3,0 MPa und die ge-
wichtsmäßige stündliche Flüssigphasen-Raumge-
schwindigkeit 1-60 h-1.

3. Verfahren nach Anspruch 1 oder 2, worin das Ver-
fahren das Zirkulieren eines Teilstroms IVa des zwei-
ten Stroms, der Isopropylbenzol enthält, zu der zwei-
ten Reaktionszone, wobei ein Zurückführverhältnis
der ersten Reaktionszone größer ist als das der
zweiten Reaktionszone.

4. Verfahren nach einem der Ansprüche 1 bis 3, worin
das Zurückführverhältnis der zweiten Reaktionszo-
ne 0,1-15, bevorzugt 0,1-10 ist.

5. Verfahren nach einem der Ansprüche 1 bis 4, worin
das Verhältnis des Rückführverhältnisses der zwei-
ten Reaktionszone zu dem der ersten Reaktionszo-
ne 0-0,5 bevorzugt 0,01-0,5 ist.

6. Verfahren nach einem der Ansprüche 1 bis 5, worin
das Verfahren das Zuführen eines zweiten Stromes,
enthaltend Benzol, und/oder eines zweiten Stromes,
enthaltend Propylen, in die zweite Reaktionszone
enthält,

bevorzugt worin die gewichtsmäßige stündliche
Raumgeschwindigkeit des zweiten Stromes, der
Benzol enthält, berechnet durch Benzol, 0,5-30 h-1

ist und/oder die gewichtsmäßige stündliche Raum-
geschwindigkeit des zweiten Stromes, der Propylen
enthält, berechnet durch Propylen, 0,1-5 h-1 ist.

7. Verfahren nach einem der Ansprüche 1 bis 6, worin
der erste Katalysator und/oder der zweite Katalysa-
tor ausgewählt sind aus der Gruppe bestehend aus
Beta-Zeolith, Mordenit und Zeolith mit einer MWW-
geschichteten Struktur.

8. Verfahren nach einem der Ansprüche 1 bis 7, worin
der erste Strom, der Propylen enthält, die erste Re-
aktionszone durch Stufen betritt und/oder worin der
zweite Strom, der Propylen enthält, die zweite Re-
aktionszone durch Stufen betritt.

9. Verfahren nach einem der Ansprüche 1 bis 8, worin
die erste Reaktionszone eine Vielzahl von Reakto-
ren in paralleler Anordnung und/oder die zweite Re-
aktionszone eine Vielzahl von Reaktoren in paralle-
ler Anordnung enthält.

10. Verfahren nach einem der Ansprüche 1 bis 8, wei-
terhin umfassend:

Umschalten von Schritt A zu Schritt B, wenn die
Aktivität des ersten Katalysators in der ersten
Reaktionszone unter einen bestimmten Wert
fällt, worin der Schritt B enthält:

Abdrehen des ersten Stromes, enthaltend
Benzol, und des ersten Stromes, enthaltend
Propylen,
Zufuhr von nur dem zweiten Strom, der Ben-
zol enthält, und dem zweiten Strom, der
Propylen enthält, in die zweite Reaktions-
zone, zum Kontaktieren des zweiten Kata-
lysators für die Alkylierung, und Erhalt des
zweiten Stromes, der Isopropylbenzol ent-
hält, und
Unterteilen des zweiten Stromes, der Isop-
ropylbenzol enthält, in einen Strom IIIa und
einen Strom IVa, wobei der Strom IVa zu
der zweiten Reaktionszone zurück zirkuliert
und der Strom IIIa gereinigt wird, unter Er-
halt des Produktes Isopropylbenzol,
wobei der erste Katalysator zu diesem Zeit-
punkt in einer Aktivitätswiedergewinnungs-
phase ist,

Umschalten von Schritt B zu einem Schritt C
nach Wiedergewinnung der Aktivität des ersten
Katalysators, worin der Schritt C enthält:

Zuführen des zweiten Stromes, der Benzol
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enthält, und des ersten Stromes, der Pro-
pylen enthält, in die zweite Reaktionszone,
zum Kontaktieren des zweiten Katalysators
für die Alkylierung, und Erhalt des zweiten
Isopropylbenzol-haltigen Stromes,
Unterteilen des zweiten Stromes, der Isop-
ropylbenzol enthält, in einen Strom IIIb und
einen Strom IVb, wobei der Strom IVb zu
der zweiten Reaktionszone zurück zirkuliert
und der Strom IIIb in die erste Reaktionszo-
ne gelangt,
Kontaktieren des Stromes, der die erste Re-
aktionszone betritt, mit dem ersten Kataly-
sator für die Alkylierung und Erhalt des ers-
ten Stromes, der Isopropylbenzol enthält,
und
Reinigen von zumindest einem Teilstrom IIb
des ersten Stromes, der Isopropylbenzol
enthält, und Erhalt des Produktes Isopropy-
lbenzol,

Umschalten von Schritt C zu einem Schritt D,
wenn die Aktivität des zweiten Katalysators in
der zweiten Reaktionszone unter einen be-
stimmten Wert fällt, worin der Schritt D enthält:

Abschalten des zweiten Stromes, der Ben-
zol enthält, und des zweiten Stromes, der
Propylen enthält,
Zuführen nur des ersten Stromes, der Ben-
zol enthält, und des ersten Stromes, der
Propylen enthält, in die erste Reaktionszo-
ne, zum Kontaktieren des ersten Katalysa-
tors für die Alkylierung, Erhalt des ersten
Stromes, enthaltend Isopropylbenzol, und
Unterteilen des ersten Stromes, der Isopro-
pylbenzol enthält, in einen Strom IIb und ei-
nen Strom Ib, wobei der Strom Ib zu der
ersten Reaktionszone zurück zirkuliert und
der Strom IIb gereinigt wird, unter Erhalt des
Produktes Isopropylbenzol,
wobei der zweite Katalysator zu diesem
Zeitpunkt bei einer Aktivitätswiedergewin-
nungsphase ist, und
Schalten von Schritt D zu Schritt A nach
Wiedergewinnung der Aktivität des zweiten
Katalysators.

11. Verfahren nach Anspruch 10, worin im Schritt C die
Betriebsbedingungen der zweiten Reaktionszone
umfassen:

ein molares Verhältnis von Benzol in dem zwei-
ten benzolhaltigen Strom zu Propylen in dem
propylenhaltigen zweiten Strom ist von
0,5:1-3,0-1, eine gewichtsmäßige stündliche
Raumgeschwindigkeit des zweiten propylenhal-
tigen Stromes, berechnet durch Propylen, ist

0,1-10 h-1, eine Reaktionstemperatur ist
90-180°C, ein Reaktionsdruck 1,0-4,0 MPa und
ein Zurückführverhältnis ist 1-50,

bevorzugt ist das molare Verhältnis von
Benzol in dem zweiten benzolhaltigen
Strom zu Propylen in dem zweiten propy-
lenhaltigen Strom 1,0:1-3,0-1, die gewichts-
mäßige stündliche Raumgeschwindigkeit
des zweiten Stromes, der Propylen enthält,
berechnet durch Propylen, ist 0,2-5,0 h-1,
die Reaktionstemperatur ist 95-150°C, der
Reaktionsdruck ist 2,0-3,0 MPa und das Zu-
rückführverhältnis ist 2-25, und/oder
die Betriebsbedingungen in der ersten Re-
aktionszone umfassen: eine Reaktionstem-
peratur ist 80-160°C, ein Reaktionsdruck ist
1,0-4,0 MPa und eine gewichtsmäßige
stündliche Flüssigphasen-Raumgeschwin-
digkeit ist 1 bis 100 h-1,
bevorzugt ist die Reaktionstemperatur
90-150°C, der Reaktionsdruck 2,0-3,0 MPa
und die gewichtsmäßige stündliche Flüs-
sigphasen-Raumgeschwindigkeit 1-60 h-1.

12. Verfahren nach Anspruch 10 oder 11, worin im
Schritt C ein Partialstrom Ib des ersten Stromes, der
Isopropylbenzol enthält, zu der ersten Reaktionszo-
ne zirkuliert, das Rückführverhältnis der zweiten Re-
aktionszone größer ist als das der ersten Reaktions-
zone.

13. Verfahren nach Anspruch 11 oder 12, worin im
Schritt C das Rückführverhältnis der ersten Reakti-
onszone 0,1-15, bevorzugt 0,1-10 ist.

14. Verfahren nach einem der Ansprüche 10 bis 13, wo-
rin im Schritt C das Verhältnis des Rückführverhält-
nisses der ersten Reaktionszone zu dem der zweiten
Reaktionszone 0-0,5, bevorzugt 0,01-0,5 ist.

15. Verfahren nach einem der Ansprüche 10 bis 14, wo-
rin Schritt C die Zufuhr des ersten benzolhaltigen
Stromes und/oder des ersten propylenhaltigen Stro-
mes in die erste Reaktionszone enthält, bevorzugt
die gewichtsmäßige stündliche Raumgeschwindig-
keit des ersten benzolhaltigen Stromes, berechnet
durch Benzol, 0,5-30 h-1 und die des ersten propy-
lenhaltigen Stromes, berechnet durch Propylen,
0,1-5 h-1 ist.

Revendications

1. Procédé de production d’isopropylbenzène,
comprenant :

étape A : l’acheminement d’un premier courant
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contenant du benzène et d’un premier courant
contenant du propylène dans une première zo-
ne réactionnelle pour venir en contact avec un
premier catalyseur pour alkylation et l’obtention
d’un premier courant contenant de l’isopropyl-
benzène de la première zone réactionnelle,
la séparation du premier courant contenant de
l’isopropylbenzène en un courant la et un cou-
rant IIa, le courant Ia retournant à la première
zone réactionnelle et le courant IIa pénétrant
dans une seconde zone réactionnelle,
l’introduction du courant dans la seconde zone
réactionnelle pour venir en contact avec un se-
cond catalyseur pour alkylation et l’obtention
d’un second courant contenant de l’isopropyl-
benzène de la seconde zone réactionnelle, et
la purification d’au moins un courant partiel IIIa
du second courant contenant de l’isopropylben-
zène et l’obtention d’un produit d’isopropylben-
zène.

2. Procédé selon la revendication 1, dans lequel les
conditions de fonctionnement de la première zone
réactionnelle comprennent un rapport molaire du
benzène dans le premier courant contenant du ben-
zène au propylène dans le premier courant conte-
nant du propylène égal à 0,5:1∼3,0:1, une vitesse
spatiale horaire en poids du premier courant conte-
nant du propylène calculée en propylène égale à
0,1∼10 h-1, une température réactionnelle égale à
90∼180 °C, une pression réactionnelle égale à
1,0∼4,0 MPa et un taux de recyclage égal à 1∼50,
de préférence, le rapport molaire du benzène dans
le premier courant contenant du benzène au propy-
lène dans le premier courant contenant du propylène
est de 1,0:1∼3,0:1, la vitesse spatiale horaire en
poids du premier courant contenant du propylène
calculée en propylène est de 0,2∼5,0 h-1, la tempé-
rature réactionnelle est de 95∼150 °C, la pression
réactionnelle est de 2,0~3,0 MPa et le taux de recy-
clage est de 2∼25 ; et/ou
les conditions de fonctionnement de la seconde zone
réactionnelle comprennent une température réac-
tionnelle égale à 80∼160°C, une pression réaction-
nelle égale à 1,0∼4,0 MPa, et une vitesse spatiale
horaire en poids en phase liquide égale à 1∼100 h-1,
de préférence, la température réactionnelle est de
90∼150°C, la pression réactionnelle est de 2,0~3,0
MPa, et la vitesse spatiale horaire en poids en phase
liquide est de 1∼60 h-1.

3. Procédé selon la revendication 1 ou la revendication
2, dans lequel le procédé comprenant la circulation
d’un courant partiel IVa du second courant contenant
de l’isopropylbenzène vers la seconde zone réac-
tionnelle, le taux de recyclage de la première zone
réactionnelle étant supérieur à celui de la seconde
zone réactionnelle.

4. Procédé selon l’une quelconque des revendications
1 à 3, dans lequel le taux de recyclage de la seconde
zone réactionnelle est de 0,1-15, de préférence de
0,1∼10.

5. Procédé selon l’une quelconque des revendications
1 à 4, dans lequel le rapport du taux de recyclage
de la seconde zone réactionnelle à celui de la pre-
mière zone réactionnelle est de 0∼0,5, de préférence
de 0,01∼0,5.

6. Procédé selon l’une quelconque des revendications
1 à 5, dans lequel le procédé comprend l’achemine-
ment d’un second courant contenant du benzène
et/ou d’un second courant contenant du propylène
dans la seconde zone réactionnelle, de préférence,
dans lequel la vitesse spatiale horaire en poids du
second courant contenant du benzène calculée en
benzène est de 0,5∼30 h-1 et/ou la vitesse spatiale
horaire en poids du second courant contenant du
propylène calculée en propylène est de 0,1∼5 h-1.

7. Procédé selon l’une quelconque des revendications
1 à 6, dans lequel le premier catalyseur et/ou le se-
cond catalyseur est ou sont choisis dans un groupe
constitué d’une zéolite bêta, d’une mordénite et
d’une zéolite ayant une structure MWW stratifiée.

8. Procédé selon l’une quelconque des revendications
1 à 7, dans lequel le premier courant contenant du
propylène pénètre dans la première zone réaction-
nelle par étapes et/ou
dans lequel le second courant contenant du propy-
lène pénètre dans la seconde zone réactionnelle par
étapes.

9. Procédé selon l’une quelconque des revendications
1 à 8, dans lequel la première zone réactionnelle
comprend une pluralité de réacteurs raccordés en
parallèle et/ou la seconde zone réactionnelle com-
prend une pluralité de réacteurs raccordés en paral-
lèle.

10. Procédé selon l’une quelconque des revendications
1 à 8, comprenant en outre :

le passage de l’étape A à une étape B lorsque
l’activité du premier catalyseur de la première
zone réactionnelle chute en dessous d’une va-
leur prédéfinie, l’étape B comprenant :

l’arrêt du premier courant contenant du ben-
zène et du premier courant contenant du
propylène,
l’acheminement uniquement du second
courant contenant du benzène et du second
courant contenant du propylène dans la se-
conde zone réactionnelle pour venir en con-
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tact avec le second catalyseur pour alkyla-
tion et l’obtention du second courant conte-
nant de l’isopropylbenzène, et
la séparation du second courant contenant
de l’isopropylbenzène en un courant IIIa et
un courant IVa, le courant IVa retournant
dans la seconde zone réactionnelle et le
courant IIIa étant purifié, l’obtention du pro-
duit d’isopropylbenzène,
le premier catalyseur étant à ce stade en
phase de récupération d’activité ;

le passage de l’étape B à une étape C après
récupération de l’activité du premier catalyseur,
l’étape C comprenant :

l’introduction du second courant contenant
du benzène et du second courant contenant
du propylène dans la seconde zone réac-
tionnelle pour venir en contact avec le se-
cond catalyseur pour alkylation et l’obten-
tion du second courant contenant de l’iso-
propylbenzène,
la séparation du second courant contenant
de l’isopropylbenzène en un courant IIIb et
un courant IVb, le courant IVb retournant
dans la seconde zone réactionnelle et le
courant IIIb pénétrant dans la première zo-
ne réactionnelle,
l’introduction du courant dans la première
zone réactionnelle pour venir en contact
avec le premier catalyseur pour alkylation
et l’obtention du premier courant contenant
de l’isopropylbenzène, et
la purification d’au moins un courant partiel
IIb du premier courant contenant de l’iso-
propylbenzène et l’obtention du produit
d’isopropylbenzène ;

le passage de l’étape C à une étape D lorsque
l’activité du second catalyseur de la seconde zo-
ne réactionnelle chute en dessous d’une valeur
prédéfinie, l’étape D comprenant :

l’arrêt du second courant contenant du ben-
zène et du second courant contenant du
propylène,
l’acheminement uniquement du premier
courant contenant du benzène et du pre-
mier courant contenant du propylène dans
la première zone réactionnelle pour venir
en contact avec le premier catalyseur pour
alkylation, l’obtention du premier courant
contenant de l’isopropylbenzène, et
la séparation du premier courant contenant
de l’isopropylbenzène en un courant IIb et
un courant Ib, le courant Ib retournant dans
la première zone réactionnelle et le courant

IIb étant purifié, l’obtention du produit d’iso-
propylbenzène,
le second catalyseur étant à ce stade en
phase de récupération d’activité ; et
le passage de l’étape D à l’étape A après
récupération de l’activité du second cataly-
seur.

11. Procédé selon la revendication 10, dans lequel, à
l’étape C, les conditions de fonctionnement de la se-
conde zone réactionnelle comprennent un rapport
molaire du benzène dans le second courant conte-
nant du benzène au propylène dans le second cou-
rant contenant du propylène égal à 0,5:1∼3,0:1, une
vitesse spatiale horaire en poids du second courant
contenant du propylène calculée en propylène égale
à 0,1∼10 h-1, une température réactionnelle égale à
90∼180 °C, une pression réactionnelle égale à
1,0∼4,0 MPa et un taux de recyclage égal à 1∼50,
de préférence, le rapport molaire du benzène dans
le second courant contenant du benzène au propy-
lène dans le second courant contenant du propylène
est de 1,0:1∼3,0:1, la vitesse spatiale horaire en
poids du second courant contenant du propylène cal-
culée en propylène est de 0,2∼5,0 h-1, la température
réactionnelle est de 95∼150 °C, la pression réaction-
nelle est de 2,0~3,0 MPa et le taux de recyclage est
de 2∼25 ; et/ou
les conditions de fonctionnement de la première zo-
ne réactionnelle comprennent une température
réactionnelle égale à 80∼160 °C, une pression réac-
tionnelle égale à 1,0∼4,0 MPa et une vitesse spatiale
horaire en poids en phase liquide égale à 1∼100 h-1,
de préférence, la température réactionnelle est de
90∼150 °C, la pression réactionnelle est de 2,0-3,0
MPa et la vitesse spatiale horaire en poids en phase
liquide est de 1∼60 h-1.

12. Procédé selon la revendication 10 ou la revendica-
tion 11, dans lequel, à l’étape C, un courant partiel
Ib du premier courant contenant de l’isopropylben-
zène circule vers la première zone réactionnelle, le
taux de recyclage de la seconde zone réactionnelle
étant supérieur à celui de la première zone réaction-
nelle.

13. Procédé selon la revendication 11 ou la revendica-
tion 12, dans lequel, à l’étape C, le taux de recyclage
de la première zone réactionnelle est de 0,1-15, de
préférence de 0,1∼10.

14. Procédé selon l’une quelconque des revendications
10 à 13, dans lequel, à l’étape C, le rapport du taux
de recyclage de la première zone réactionnelle à ce-
lui de la seconde zone réactionnelle est de 0~0,5,
de préférence de 0,01∼0,5.

15. Procédé selon l’une quelconque des revendications
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10 à 14, dans lequel l’étape C comprend l’achemi-
nement du premier courant contenant du benzène
et/ou du premier courant contenant du propylène
dans la première zone réactionnelle ; de préférence,
la vitesse spatiale horaire en poids du premier cou-
rant contenant du benzène calculée en benzène est
de 0,5∼30 h-1 et celle du premier courant contenant
du propylène calculée en propylène est de 0,1∼5 h-1.
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