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

f 8pchPdgadi Agegifenol by hydrol yzi ng nonochl or obenzene

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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chloride, in order to separate phenol fromthe
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water fromthe hydrolysis reaction m xture.
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in which water, hydroqsn chloride and uhenol in a
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liquefied so as to be separated into a water phase
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oi | phase mai_n|ly conprising phenol_ and
B}g‘ﬁflof%eﬂ%@ﬁém&ﬁa‘& H&SNY Prses 1% Fea¢heen mixture
stllled to separate . and col l ect phenol. However,
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are slightly dissolved._ in the se arated oi hase,
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p urther distilled becones co |cated an
e Sl Bt Fon PRRGE CoPmnatdr s i aa?i%af}eat%&]e%c*fjo?n range of
use in. | ation tower. or the like js |]
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Jon Under such circunstances, the
prese it*$ hvention is intended to provi de a dehydration

met hod for renoving water froma hydrolysis reaction
m xture contai ning unreacted water generated when

chlor ne is hydrolyzed to produce phenol, the
IE%ﬁuﬁf?oré)dﬁﬁgdrating the hydrolysis reaction m xture

separ atitig Hahet Fobnpharer BRG PRyRedod eHITha Wi
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



t hrough only one distillation operation and having a
w de selection range of materials of apparatuses for
use in a distillation tower or the |iKke. In
ot her words, the present invention relates to a
dehydration met hod for renoving water froma
Si s on m xture contai ni ng unreacted
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whol e amount of the water in the hydrolysis reaction
Aa e Hoige it W Oh Trohbehe of BB efioRABLEPENRPHe LigHEL 1ed so
top portion by distillation. Brief Descriptions of the
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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



In the present invention, a hydrolysis reaction

m xture is supplied to a distillation tower, a liquid
cont ai ni ng nonochl orobenzene is supplied to the tower

top portion of the distillation tower, and the
substantially whol e anobunt of the water in the

hydrol ysis reaction m xture is renoved together with
hydroggh ohligr icte anid tidniedhlcor cheswzetneod remit hevioges wide
top portion by distillation. The tower top portion of

t heldtstiohnl atangr todweratead@ldi ngf tappleapuesenfor use in a
invention is defined specifically as a space between

t Aesuppeanosh tHomeramd tihe Vapoy. outl et at the tower

top portion in the case of a tray tower or as a space

bet weenthhe thppevosdsf, ac@eopridsemackedent potit rehatad to a
the vapor outlet of the tower top portion in the case
ofleBypaakednt asthod tfoirS remeivamab|watdmat£idie sohpirolysis
anmount of the nonochl or obenzene supplied to the tower

t DpaPoOibhomicdtutree cdnsbiilniald amtcvetre@ndatde generated when
nmonochl or obenzene contained in the hydrolysis reaction
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the hydrolysis reaction m xture supplied to the
dhsthbdaFb@n debweiratand tthat Hylte-anpuind ofacheon mixture
nmonochl or obenzene in the vapor obtained fromthe tower
teampoitian ithe0s38paDES sappIprievper hpdeobfsthereaction
water in the hydrolysis reaction mxture. If the

anbxntref tbhe diethlanabenz éneram tdeppbpong obt digedd
fromthe tower top portion is extrenely smaller than

t dren Babnnh gofnohbehwatrebenz enlee oy ditod yisiweer ebep i portion of
m xture, the distillation amunt of the water in the

hyidks ofl st $1ieadbnomowext, uaedc armnatvibeg evaposabetantially
conpletely to the tower top portion, whereby a water'
iwhavhe cimbyditogéntbkl eaitée ia dirssdiwbdolwsisrnedction
inside the distillation tower and the separation of
piieniohré r bogwéher wdthsmonalchyl diedemeenasifémctleat tower top
Furt hernore, when the water phase is fornmed inside the
trowetrion heymdtieridllasfionhe tower is linmted to a

mat eri al havi ng resi stance agai nst corrosion by
hydrochloric acid, whereby it is difficult to use

i nexpensi ve ferrous netal materials. The
Simsfarkeacrypihone afotihe Brapiddvater in the

hydrol ysis reaction m xture neans 99.95% or nore of

the waHEF. cbniai aeBliv cherfyacsloypsiing dertfwmple 1. The
m xture. Since the substantially whole anbunt of the
viaesra s t fenpyer §1Lysfis npaherisod tmbBdanrle st r enoved
fromthe tower top portion, the steps of separating

phenol %7 odd-$helhakioretoBedi n8d aﬂdgrﬁ% Redoteephprgers, C:
the tower and purifying the phenol by distilaation are
ﬁﬁﬁﬂﬂqi%ﬁPa¥@€¥ﬁEr¥ﬁPg; BveRYMP an i nexpensi ve mnet al
material, such as stainless steel, is used for the
apparatuses in these steps, it is possible to have an
effect of preventing problenms In quality, such as
Esmtatiate s ohobf CABFELngoRPENEREs T ¥R product ,

phenol, and coloration of the product. o

Pref er 1% SPEEPFied cRakPPEsChBr PG sEiaMRA P dras ;& method
descri bed bel ow. A hydrol ysis reaction

ot Ydsipl p @ dPene hel¥i BufEod¥@zdsh msnqqelorobenzene. A
distillation Ww and water, nonochl orobenxene and

hydrogen chl oride are obtained fromthe tower top

portion, and phenol and nonocl aor obenzene are obt ai ned
fromthe bottomof the tower. The distillation

pressure is between 0.1 to 0.5 PMa during operation.

If the pressure is less than 031 M's, the system

becones a reduced-pressure systemand the facilities

for the system becone conplicated. If the pressure is

nore than 0.5 MPa, a high-tenperature heat source is
necessary as a heat source for heating the bottom of



nonoch/ or obenzene 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 hydronS|s reaction
mex e | IIatlon t ower tray_tower or
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After- 1.5 hours, the produced gas was absorbed in
tol uene- as solvent, and the product obtained was
anal yzed usi ng gas chromat ography, and the anal ysis
showed t hat the nonochl orobenzene conversion rati o was
21.71, that the phenol selectivity was 96.31 and t hat
t he genzene. selectivity was 2.81. The dehydration of
aPRYAr-6Py&Ne FBScedrtmottded dfavihfy tqiesaeP portion in
conposi tion_as that described above can be carried out
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the material. balance of Table 1, for exanple. The gas
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cool ed and condensed using the heat exchanger B. The
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acid.) using the liquid separation tank C_ the water
phWer i sl Flart e ef RPUPH N FURBethg) mopechlsralipnzsne in the
phase is returned to the tower top portion of the
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?%, and the remainder in the oil phase is collected
MU PHudbele 69t the watepeippfher hvdgodiysdly Aepction
monochl or ohenzene/ water supplied to the distillation
HRET % O.Iég,thén&“t%@"rm‘?’g thg ipeRgchherobenzene in the
nonochl Qrobenzene/ water in the vapor at the tower top
PSRRI 1 L HB (B B AuRBEPT3FOPTRETAASN Hisatg¥diFemely
tower. is erated at a tower top pressure of 0.12 Ma,.
ﬁmfi%ﬁgt rRUrE WLt N8t bker VEBETpoPt ithE Ny OHsEEHS s

i,s time. By virtue_of eration described
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in which hydrogen chloride is dissolved is formed inside
the distillation tower and the separation of phenol from
water occasionally becomes insufficient. Furthermore, when
the water phase is formed inside the tower, the material of
the tower is limited to a material paving resistance
against corrosion by hydrochloric acid, whereby it is
difficult to use inexpensive ferrous metal materials.

The substantially whole amount of the water in the

hydrolysis reaction mixture means 99.95% or more of the

o



of the distillation 2°3 4 5 tower, 61+5 Tenperature
(© 175 180 105 102102 102-
Pressure(MPa) 0. 150. 150. 12 0. 1210. 12

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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The present

for removing water

invention provides

from a hydrolysis

mol e of

a dehydration method

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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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. Figure 1

Claims

1. A dehydration method for removing water from a
hydrolysis reaction mixture containing unreacted water
generated when monochlorobenzene is hydrolyzed to produce
phenol, said method for dehydrating the hydrolysis reaction
mixture comprising the steps of supplying a hydrolysis
reaction mixture to a distillation tower, supplying a liquid
containing monochlorobenzene to the tower top portion of
said distillation tower, and removing the substantially
whole amount of the water in the hydrolysis reaction mixture
together with monochlorobenzene from said tower top portion
by distillation, wherein the total amount of the
monochlorobenzene supplied to said tower top portion of said
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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