DESCRI PTI ON DEHYDRATI ON METHOD Techni cal Field The
present invention relates to a' nethod for dehydrating
a hydrolysis reaction mxture. More particularly, the
present invention relates to a dehydration nethod for
renovi ng water froma hydrolysis reaction m xture
cont ai ni ng unr eact ed matePEEéRQPQFQ@'When
nonochl or obenzene i s hydrol yzed to produce phenol, the
nmet hod for dehydrating the hydrolysis reaction mxture

bei ng characterized in being capable of highly
§§Hﬁ$%ﬁ4%ﬁp“ﬂm%ﬁ%@Dfron1mater and hydrogen chiori de

through only one distillation operation and having a
wi de selection range of materials of apparatuses for
use in a distillation tower or the |ike. Background
ArachricaktisRil€or produci ng phenol by hydrol yzi ng
nmonochl orobenzene is known (for_ exanple, refer to US
Pat ent The. PrEseaplinventiorsrehatas. tgogsmeshod for
Al 't hough the hydrolysis reaction mxture contains

hertadyingt 2 rhydre el sdrasabianomésénzene, Mphenol
and hydrogen chloride, in order to separate pheno
Mgt kel anl hy el yBFeserhcinvanfilepurelatesi §o a
necessary to renove
dehydration method for removing water from a hydrolysis
reaction mixture containing unreacted water generated when
monochlorobenzene is hydrolyzed tc 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.

Background Art

The method for producing phenol by hydrolyzing
monochlorobenzene is known (for exqmple, 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



water fromthe hydrolysis reaction m xture. The
above- nenti oned known docunents disclose a method in
whi ch wat er, hydrogen chloride and phenol in a

hydrol ysis reaction m xture are condensed and
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%nyffgé are slightly dissolved in the separated oil phase,
whereby the operation that is carried out when the oil
phase is further distilled becomes complicated, and the
selection range of materials of apparatuses for use in a

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



t hrough only one distillation operation and having a

wi de selection range of materials of apparatuses for

use in a distillation tower or the like. In other

words, the present invention relates to a dehydration

met hod for renoving water froma hydrolysis reaction
rihaangh comtai rnedistbhtabionappergsionannd Weyding a wide
nonochl or obenzene i s hydrol yzed to produce phenol, the
alnstt fon rigelraf i metenbahydedl gpperatusesofon xse én a
conprising the steps of supplying a hydrolysis

it loka t ikt towex oon thetditkeati on tower, supplying a
liquid containing nonochl orobenzene to the tower top
porti odmfother wids | | the apresent , inventiopvirrdatkes to a
substantially whole anmount of the water in the

Idedvysinati ion geethadh for xtemevingevAterwErbm a hydrolysis
nonochl or obenzene fromthe tower top portion by
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is a flow chart according to Exanple 1. The nunerals
deomstcdh fdno bk meeroerss iy E&xehpted 1to Aprdidscel paknod, the
tower, B and E: heat exchangers, C. |iquid separation
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I nvention The follow ng nethod can be exenplified as a
wontpad. sifng Wik Htrepyy pheswpplbyihgdaohydragysis reaction
nonochl or obenzene. A 3

mixture to a distillation tower, supplying a liquid

containing monochlorcbenzene to the tower top portion of
the distillation tower, and removing the substantially
whole amount of the water in the hydrolysis reaction
mixture together with monochlorobenzene from the tower top

portion by distillation.

Brief Descriptions of the Drawing

FIG. 1 is a flow chart according to Example 1. The
numerals denote fluid numbers in Example 1.

A: distillation tower, B and E: heat exchangers, C:

liquid separation tank, D: pump

Best Modes for carrying out the Invention
The following method can be exemplified as a method

for obtaining phenol by hydrolyzing monochlorobenzene. A



known net hod can be used as a nethod for reacting
nmonochl or obenzene with water as described bel ow. The
reaction is conducted either under liquid phase or gas
phase. The nole ratio of water and chl ori nated
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present inven i's defined specifically as a space

?ﬁtemfg\%e?lgtag%&%% @F?neééﬁ%/%and ttgu?%q Vac?of,%ﬁns unreacted
monochlorobenzene, unreacted water, phenol and hydrogen
chloride, usually containing 10 to 90 mole% of water.

In the present invention, a hydrolysis reaction
mixture is supplied to a distillation tower, a liquid
containing monochlorobenzene is supplied to the tower top
portion of the distillation tower, and the substantially
whole amount of the water in the hydrolysis reaction
mixture is removed together with hydrogen chloride and
monochlorobenzene from the tower top portion by
distillation. The tower top portioq of the distillation
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



tower or as a space between the upper surface of the
packed 4 portion and the vapor outlet of the tower top
portion in the case of a packed tower. It is
preferable that the total anpbunt of the
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vapor_ obtai ned fromthe tower top portion_is_ 0.39
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vapor obtained from the tower top portion is extremely
smaller than the amount of the water in the hydrolysis
reaction mixture, the distillation amount of the water in
the hydrolysis reaction mixture cannot be evaporated
completely to the tower top portion, whereby a water phase
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 matexrial of
the tower is limited to a material having 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



difficult to use inexpensive ferrous netal materials.

The substantially whole anount of the water in the

hydrol ysis reaction m xture nmeans 99. 95% or nore of

the 5 water contained in the hydrolysis reaction

m xture. Since _the substanti whol e amount of the
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phenol, and coloration of the product.

Preferable specific examples for distillation are as
described bglow.

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 phencl 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



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

the tower, there st em not econonlca
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e dgres:  AdadhoraistthaE thmamewrboehizehe is
additionally supplied to the distillation tower so
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0.39 nples or nore per_nole of the water_ in the

RAREIIRS St9 ot | ShF i kit Eon AFPHBEgROr hbat the amount of
nonochl or gbenzene is supplied to the tower top portion
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dehydr ati on eff|C|entI¥ it my be B033|ble t hat part
fther sFtex, and the heating amount or the like of the

reboiler is adjusted by operation so that the amount of the
monochlorobenzene in the wvapor cobtained from the tower top
portion is 0.39 moles or more per mole of the water in the
hydrolyslis 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 contalning 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



supplied to other positions, such as the supply

section for the hydrolysis reaction m xture. The
distillation tower nay be a tray tower or a packed
tower. The liquid containing nonochl orobenzene may be
fresh nonochl orobenzene or part of the oil phase
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descri bed bel ow by way of an exanpl e.

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 ion-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 agueous solution of

copper chloride, 20.0 g of commercially avalilable H-ZSM-5



Exanple 1 Into 40 m of ion-exchanged water, 10.0 g of
comerci ally avail abl e copper chloride di hydrate (nmade
by- Wako Pure Chem cal Industries, Ltd., 99.9 w % PUA)
was added, and the m xture was stirred so that the
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i on- exchanged wat er, dr.i ed for 4 hours at
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ent. of Cu in_the obtained catal yst s 3 wt %
vﬁ% ?re‘agﬂrédaﬁsﬁﬂa & Re amiaime ﬂ%ﬁa&% >xpg"content of
hod. A fixed, bed reactor made qof quartz _and havi ng .
a%u }hste apaﬁé{leﬁ GRtE1Yh WS f3i -0 &F BTy f@ﬁ?ﬁ“ ed using
t he catal and t pe t enper at ure thereof was
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250C, which is filled with Si.C and t hr ough
ook £leed bt Seagtor! maas ok ghar b r@]m\fw an
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catalyst, and the temperature thereof was maintained at
455°C. To a fixed bed evaporator at 250°C, which is filled
with S1C 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 quartz 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



further supplied at 3.21 g/hr, and then the m xture
gas produced was supplied to the above-nentioned
fixed bed reactor nade of quartz to start reaction.
After 1.5 hours, the produced gas was absorbed in
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monochlorobenzene and a water phase mainly comprising
hydrogen chloride and water (hydrochloric acid) using the
ligquid separation tank C, the water phase is collected
(£fluild number 4), part of the oll 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 oil rhase
is collected (fluid number 6).

The mole ratio of all the monochlorobenzene/water
supplied to the distillation tower is 0.69, and the mole
:atio of the monochlorobenzene/water in the vapor at the
tower top portion is 0.68 (£fluid nupber 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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t

fluid nunber 4), part of the oil phase is returned to
he tower top portion of the distillation tower A

using the punp D (fluid nunber 5), and the renmi nder

n the oil phase 1is collected (fluid nunber 6). The
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Cr

Jag" o W \iAE fIOM/réte (kg-mol / hr)  Hydrogen
KKSMe, m Q420 420 0 0 420 \Water 4304 0 4341 4267

;ﬁy@rqg@glchlorlde 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 materilials of

apparatuses for use in a distillation tower or the like.
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Benzene 12 0 23 1 11 11 23 Monochl orobenzene 1517 49
2933 3 1465 1465 2982 Phenol 403 396 12 1 6 6 409

Ohers 440000 4 Total 6660 449 7730 4692 1519

1519 8179 Industrial Applicability The present

i nvention provides a dehydration nethod for renoving
water froma hydrol ysis reactdl@&ims xture containing
unreact ed wat er generated when nonochl orobenzene is
hydrol yzed to produce phenol, the nethod for

dehydratin the hydrolysis reaction m xture being

char act &r-i Fedlehydnation qegtivv@ HOT higméyisgpwaserngrom a
phenol fromwater and hydrogen chloride through only

oh¥ SFodivisiisa these o arixturencombaining whdeacted water
sel ection range of materials of apparatuses for use

i geaegiaded (vixeromarmehlarohdrzéndeis IHydralyeedltoAproduce
dehydration nethod for renoving water from a

hpbedoysi sadgaats thodr fowrdehypdtat g gthear epdtellywakefreaction
gener at ed when nonochl orobenzene i s hydrol yzed to
phédtyse gloapalisigai dheetdtozpd oof delypitpthgoat hgdrolysis
hydrol ysis reaction nixture conprising the steps of
stppriiing aimtars yisi o diestchllmt vt towet p @upplying a
distillation tower, supplying a |iquid containing
mbAgBkbocobsriodaa montehlowmrbarggene 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.

2. The method according to claim 1, 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 menochlorobenzene 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.

12



portion of said distillation tower, and renoving the
substantially whol e anount of the water in the

hydrol ysis reaction mxture together with

nonochl or obenzene fromsaid tower top portion by

distilla iog 2. The nethod according to claim1,
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