DESCRI PTI ON DEHYDRATI ON METHOD Techni cal Field
The present invention relates to a nethod for
dehydrating a hydrolysis reaction mxture. Mre
particularly, the present invention relates to a
dehydration nmethod for renoving water froma
hydrol ysis reaction m xture contai ni ng unreacted wat er
gener at ed when nonochl or ob¥R3eREFTEONydr ol yzed to
produce phenol the nmethod for dehydrating the
hydrol ysis reaction m xture being characterized in
beln capabl e of highly separating phenol from water
PEAGJEN ERTBIG e t hrough only one distillation
operatlon and having a w de sel ection range of
materi al s of apparatuses for use in a distillation
tower or the like. Background Art The net hod
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is known (for exanple, refer to US Patent No. 3221063
and US Eﬁﬁeﬁ?eﬁ@ntSGQMﬁﬂﬂlon relatgg hbtigh meehod for
hydrol ysis reaction m xture contains unreacted water,
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Background Art

The method for producing phenol by hydrolyzing
monochlorobenzene is known (for example, refer to US Patent
No. 3221063 and US Patent No. 3984484).

Although the hydrolysis reaction mixture contains
unreacted water, unreacted monochlorobenzene, phenol and

hydrogen chloride, in order to separate phenol from the



Under such circunstances, the present invention is
intended to provide a dehydration nethod for renoving
water froma hydrolysis reaction m xture contai ni ng
unreact ed water generated when nonochl or obenzene is
hydrol yzed to produce phenol, t he nmet hod for
dehydrating the hydrol reaction m xture being
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distillation tower or the like is limited in view of

corrosion prevention.

Disclosure of the Invention

Under such circumstances, the present invention is
intended to provide a dehydration method for removing water
from a hydrolysis reaction mixture Fontaining unreacted
water generated when monochlorobenzene is hydrolyzed to
produce phenol, the method for dehydrating the hydrolysis
reaction mixture being characterized in being capable of

highly separating phenol from water and hydrogen chloride



known net hod can be. used as a nethod for reacting
nmonoch/ or obenzene with water as described bel ow. The
reaction is conducted either under |iquid phase or gas
phase. The nole ratio of water and chl ori nated

hydr ocar bon (water/ chlorinated hydrocarbon) is

usually 0.5 or nore, the reaction tenperature is 600
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the vapor outlet of the tower top portion in the case
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anount of the nonochl or obenzene supplied to the tower
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the hydrolysis reaction m xture supplied to the
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top portion is 0.39 noles or nore per nole of the

water in the hydrolysis reaction mxture. |If the
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Furt hernore, when the water phase is forned inside the
tower, the material of the tower is limted to a
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water in the hydrolysis reaction mxture is renoved
fromthe tower top portion, the steps of separating

phenol fromthe m xture obtained fromthe bottom of

the tower and purifying the phenol by distilaation are
sinmplified; furthernore, even Bf an inexpensive netal
material, such as stainless steel, is used for the
apparatuses in these steps, it is possible to have an
effect of preventing problens In quality, such as

contam nation of netal conponents into the product,



a high-tenperature heat source is necessary as a heat
source for heating the bottom of the tower, thereby
maki ng the system not econom cal. Although the
distillation tenperature is determ ned by the
conposition ratios of the conmponents of the hydrolysis
r I.0 pxture and the operatin ressure, the.
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tower according to the present invention is defined
specifically as a space between the uppermost tray and the
vapor outlet at the tower top portion in the case of a tray

tower or as a space between the upper surface of the packed



Into 40 m of ion-exchanged water, 10.0 g of

comerci ally avail abl e copper chloride di hydrate (nmade

by Wake Pure Chem cal Industries, Ltd., 99.9 wt % PUA)

was added, and the m xture was stirred so that the

copper chloride di hydrate was di ssolved to prepare an

agu gus sol ution of copper chloride. Into the aqueous
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distillation tower is operated at a tower top pressure
of 0.12 MPa, and the tenperature at the tower top
portion is 105 C at this tine. By virtue of the
operation descri bed above, a liquid (fluid nunber 2)

cont ai ni ng 98% of phenol .



and not containing water or hydrogen chloride in the
gas (fluid nunber 1) obtained fromthe fixed bed
reactor is collected fromthe bottom Table 1 Fluid
nunber of the distillation 2°3 4 5 tower, 61+45

Tenperature (C) 175

water contained in the hydrolysis reaction mixture. Since
the substantially whole amount of the water in the
hydrolysis reaction mixture is removed from the tower top
portion, the steps of separating phenol from the mixture
obtained from the bottom of the tower and purifying the
phenol by distillation are simplified; furthermore, even if
an inexpensive metal material, such as stainless steel, is
used for the apparatuses in these steps, it is possible to
have an effect of preventing problems in quality, such as
contamination of metal components into the product, i.e.,
phenol, and coloration of the product.

Preferable specific examples for distillation are as
described below.

A hydrolysis reaction mixture is supplied to the
middle section of the distillation tower, and water,
monochlorobenzene and hydrogen chloride are obtained from
the tower top portion, and phenol and monochlorobenzene are
obtained from the bottom of the tower. The distillation
pressure is between 0.1 to 0.5 PMa during operation. If
the pressure is less than 0.1 MPa, the system becomes a
reduced-pressure system and the facilities for the system
become complicated. If the pressure is more than 0.5 MPa,
a high-temperature heat source is necessary as a heat
source for heating the bottom of the tower, thereby making

the system not economical. Although the distillation
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temperature is determined by the composition ratios of the
components of the hydrolysis reaction mixture and the
operating pressure, the temperature is usually 80 to 150°C
at the tower top portion, and 170 to 240°C at the bottom of
the tower. In the case that the amount of the
monochlorobenzene in the hydrolysis reaction mixture is
less than 0.4 moles per mole of the water in the hydrolysis
reaction mixture, monochlorobenzene is additionally
supplied to the distillation tower so that the amount of
the monochlorobenzene becomes 0.4 moles or more per mole of
the water, and the heating amount or the like of the
reboiler is adjusted by operation so that the amount of the
monochlorobenzene in the vapor obtained from the tower top
portion is 0.39 moles or more per mole of the water in the
hydrolysis reaction mixture. Although the
monochlorobenzene is supplied to the tower top portion of
the distillation tower in view of carrying out dehydration
efficiently, it may be possible that part thereof is
supplied to other positions, such as the supply section for
the hydrolysis reaction mixture. The distillation tower
may be a tray tower or a packed tower.

The liquid containing monochlorobenzene may be fresh
monochlorobenzene or part of the oil phase mainly
comprising monochlorobenzene obtained after the water,

monochlorobenzene and hydrogen chloride distilled from the
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tower top portion of the distillation tower, described
later, are separated into o0il and water phases. Usually,
the latter is preferably used.

In order to adjust the amount of the
monochlorobenzene in the vapor obtained from the tower top
portion to 0.39 moles or more per mole of the water in the
hydrolysis reaction mixture, it is preferable that the
water, monochlorobenzene and hydrogen chloride distilled
from the tower top portion of the distillation tower are
separated into a water phase mainly comprising hydrogen
chloride and water and an oil phase mainly comprising
monochlorobenzene, and that part of the oil phase is

supplied to the tower top portion of the distillation tower.

Example
Next, the present invention will be described below
by way of an example.

Example 1

Into 40 ml of jon-exchanged water, 10.0 g of
commercially available copper chloride dihydrate (made by
Wako Pure Chemical Industries, Ltd., 99.9 wt% PUA) was
added, and the mixture was stirred so that the copper
chloride dihydrate was dissolved to prepare an aqueous
solution of copper chloride. Into the aqueous solution of

copper chloride, 20.0 g of commercially available H-ZSM-5
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zeolite (made by N.E. Chemcat Corporation, the weight ratio
of Si/Al: 15, 1.6 mm in diameter, extrusion molded) was
added and dipped for 8 hours under stirring using a stirrer.
The resulting solid content was filtered and washed with
ion-exchanged water, dried for 4 hours at 120°C, and burnt
for 5 hours at 400°C to obtain a catalyst. The content of
Cu in the obtained catalyst was 3.0 wt?% when measured using
the alkaline fusion/ICP-AES method.

A fixed bed reactor made of quartz and having an
inside diameter of 17 mm was filled with 1 g of the
catalyst, and the temperature thereof was maintained at
455°C. To a fixed bed evaporator at 250°C, which is filled
with SiC and through which nitrogen gas flows at 11 ml/min,
water was supplied at 1.25 g/hr and monochlorobenzene (made
by Wako Pure Chemical Industries, Ltd., special grade) was
further supplied at 3.21 g/hr, and then the mixture gas
produced was supplied to the above-mentioned fixed bed
reactor made of gquartz to start reaction.

After 1.5 hours, the produced gas was absorbed in
toluene- as solvent, and the product obtained was analyzed
using gas chromatography, and the apalysis showed that the
monochlorobenzene conversion ratio was 21.7%, that the
phenol selectivity was 96.3% and that the benzene

selectivity was 2.8%.

The dehydration of a hydrolysis reaction mixture
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having the same composition as that described above can be

carried out optimally according to the flow chart of FIG. 1
and the material balance of Table 1, for example. The gas

obtained from the fixed bed reactor is cooled to 175°C and
supplied to the middle section of the distillation tower A
(fluid number 1).

The vapor at the tower top portion, mainly comprising
hydrogen chloride, water and monochlorobenzene, is cooled
and condensed using the heat exchanger B. The condensed
liquid is separated into an o0il phase mainly comprising
monochlorobenzene and a water phase mainly comprising
hydrogen chloride and water (hydrochloric acid) using the
liquid separation tank C, the water phase is collected
(fluid number 4), part of the oil phase is returned to the
tower top portion of the distillation tower A using the
pump D (fluid number 5), and the remainder in the o0il phase
is collected (fluid number 6).

The mole ratio of all the monochlorobenzene/water
supplied to the distillation tower is 0.69, and the mole
ratio of the monochlorobenzene/water in the vapor at the
tower top portion is 0.68 (fluid nuwber 3). The
distillation tower is operated at a tower top pressure of
0.12 MPa, and the temperature at the tower top portion is
105°C at this time. By virtue of the operation described

above, a liquid (fluid number 2) containing 98% of phenol

10
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and not containing water or hydrogen chloride in the gas
(fluid number 1) obtained from the fixed bed reactor is

collected from the bottom of the distillation tower.

Table 1
Fluid number 1 2 3 4 5 6 1+5
Temperature (°C) 175 180 105 102 102 102 -
Pressure (MPa) 0.15] 0.15| 0.12| 0.12| 0.12| 0.12 -

Molar flow rate
(kg-mol/hr)

Hydrogen chloride 420 0 420 420 0 0 420
Water 4304 0| 4341 | 4267 37 37| 4341
Benzene 12 0 23 1 11 11 23
Monochlorobenzene | 1517 49| 2933 3| 1465 | 1465 | 2982
Phenol 403 396 12 1 6 6 409
Others 4 4 0 0 0 0 4

Total 6660 449 | 7730 | 4692 | 1519 | 1519 | 8179

Industrial Applicability

The present invention provides a dehydration method
for removing water from a hydrolysis reaction mixture
containing unreacted water generated when monochlorobenzene
is hydrolyzed to produce phenol, the method for dehydrating
the hydrolysis reaction mixture being characterized in
being capable of highly separating phenol from water and
hydrogen chloride through only one distillation operation

and having a wide selection range of materials of

apparatuses for use in a distillation tower or the like.
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7730 4692 1519 1519 8179 Industrial Applicability

The present invention provides a dehydration nethod

for renoving water froma hydrolysis reaction m xture
cont ai ni ng unreacted water generated when
nonochl or obenzene i s hydrol yzed to produce phenol, the
nmet hod for dehydrating the hydrolysis reaction m xture
bei ng characterized in being capable of highly
separating phenol fromwater and hydrogen chloride

t hrough only one distillatign,pperation and having a

w de sel ection range of materials of apparatuses for
use in a distillation tower or the lie, Cains

A dehydratj on et had for r vi.ng water .fro
hydro¥ysiSAréé&%é?é#%ﬁ%dﬂﬁﬁgaém%é% ﬁfﬁévﬁﬁ egéﬁgﬁ 5%?%ra
86886 8 8ds WAeK- ¢ N Qe Qnebenzene nisghydi-ahyeed §&ter
pr oduce phenol, said method for dehygratlng t he

byde oh ysd switeaatdrosr i odtdlies zeorpiiss hygrohgzstieos pfoduce
supplying a hydrolysis reaction m xture to a

Bhenpl| afrbh noviked fpplyivegadindqling BBATalnehg reaction
nonochl or obenzene tq the tower. to ortion of .said

B SEVF P af POW 10T , e Sdifoviing CERe TSUBsant Par Ty Lo
%Qégimﬂct\g}e the yaiel in dherhydielyskappegehon 1iquid
m xture together wth nonochl or obenzene fromsaid
tomes 1 h ORg padhd @l dyorkrsidrld atd ame wheeei nophpototah of
amount of the nonochl orobenzene supplied to said tower

s@pd pdt £t bhlof iemi owli st igndatieseviioge thgngubfeantially
nonochl or obenzene contai ned in the QéﬂroL Si s r?action

Wit ar @7Pene, AF notes Premore Per HoT e 8P thESRat & B ure
£BGe DXL OLYSH S 8RGH ANJUHHIE 5RPlabed 18,881 dop portion
ISt nd t

i
ation tower, a at the anobunt of the
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distillation tower and the monochlorobenzene contained in
the hydrolysis reaction mixture is 0.4 moles or more per
mole of the water in the hydrolysis reaction mixture
supplied to said distillation tower, and that the amount of
the monochlorobenzene in the vapor obtained from said tower
top portion is 0.39 moles or more per mole of the water in

the hydrolysis reaction mixture.

2. The method according to claim 1, wherein the water
and monochlorobenzene distilled from said tower top portion
of said distillation tower is separated into a water phase
mainly comprising water and an oil phase mainly comprising
monochlorobenzene, and part of the oil phase is supplied to

said tower top portion of said distillation tower.
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2. The nethod accordina to claim1, wherein the water
and nonochl or obenzene distilled fromsaid tower top
portion of said distillation tower is separated into a
wat er phase mai nly conprising water and an oil phase
mai nly conprising’ nonochl orobenzene, and part of the
oil phase is supplied to said tower top portion of
said distillation tower. Fifgure 1

Figure 1
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