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1 DESCRIPTION PROCESS FOR PRODUCING ALKYLATED
AROMATIC COMPOUNDS AND PROCESS FOR PRODUCING PHENOL
5 TECHNICAL FIELD The present invention relates to processes for
producing al kylated aromatic compdunds and processes for producing
10phenol. BACKGROUND ART [00021 The cumene process in which
phenol is produced from cumene 15 as a starting material is known. The
cumene process gives by-produet 8¢étdaeth an eguimolaramount to the
phenol produced. The by-product acetone has a wide range of
applications as solvent or organic synthesis material. However, depending
on market trends which differ at different times, the acetone 20
PROOYfEoduRedHS I excessharkthe adarket ROMdiIIaNS thirreof/are advErseROCES S
thereby lowering economic efficiency of phenol. The cumene is usually

roR praduced hyal kykat ng benzene with propylene. The propylene is
manufactured by thermal cracking of naphtha. Depending on the demand
balance between propylene and ethylene 2

TECHNICAL FIELD
[C001]

The present invention relates to processes for producing
alkylated aromatic compounds and processes for producing

phencl.

BACKGROUND ART
[0002]

The cumene process in which phenol is produced from cumene
as a starting material is known. The cumene process gives
by-product acetone in an equimolar amount to the phenol produced.
The by-product acetone has a wide range of applications as
sclvent or organic synthesis material. However, depending on
market trends which differ at different times, the acetone
by-produced 1s in excess or the market conditions thereof are
adverse, thereby lowering economic efficiency of phenol. The
cumeneisquallyproducmiby3lkyiatingbenzenewithpropylene.

The propylene is manufactured by thermal cracking of naphtha.

Depending on the demand balance between propylene and ethylene
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which is another product by the naphtha cracking, propylene shortage is
often brought about which is a bottleneck in the production for cumene.
[0003] To avoid the bottleneck, Patent Literature 1 discloses a
process in which acetone by-producéd in the phenol production is
hydrogenated to isopropanol, the isopropanol is dehydrated to propylene,
and the propylene is recycled as a material in the cumene production or
whi tiie like. #Howsver, the hydrogehatiom 0 ang thehdehydeationnadd twoepy lene
steps. [0004] To reduce steps, Patent Literatures 2 to 4 disclose
sho nmistheds in wiich isdproparct fropethie hydrogenation dfacelonedsk in the
directly used as an alkylating agent without dehydration 15 and is reacted
prowithtbemzene to giveieumene. Patent Literature 4 discloses that the
process involves a trickle-bed reactor, but is silent on the flow rate of gas.
[ 00 Citation List 20Patent Literature [0005] Patent

To avoeid the bottleneck, Patent Literature 1 discloses
a process in which acetone by-produced in the phenol producticon
is hydrogehated to isopropanocl, the isopropanol is dehydrated
to propylene, and the propylene i1s recycled as a material in
the cumene production or the 1ike. However, the hydrcgenation
and the dehydration add two steps.

[0004]

To reduce steps, Patent Literatures 2 to 4 disclose
methods in which isopropanol from the hydrogenation of acetone
is directly used as an alkyvlating agent without dehydration
and is reacted with benzene to glve cumene. Patent Literature

4 discloses that the process involves a trickle-bed reactor,

but is silent on the flow rate of gas.

Citation List

Patent Literature

[G005]
Patent Literature 1: JP~-A-HO02-174737
Patent Literature Z2: JP-A-HO2-231442

Patent Literature 3: JP-A-H11-35497
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Literature 1: JP-A-H02-174737 Patent Literature 2: JP-A-H02-231442
Patent Literature 3: JP-A-H11-35497 3 Patent Literature 4:
1P-A-2003523985

Patent Literature 4: JP-A-2003-523985

SUMMARY OF INVENTION
Technical Prcblem
[C0D6]

When an alcohol is used as an alkylating agent in the
production of alkylated aromatic compounds, the reaction forms
an eguivalent amount of water to the alkylating agent that has
reacted. As known in the art, the water poisons solid acid
catalysts which are the alkylation catalysts. It is therefore
expected that the catalytic activity and the catalyst life are
lowered compared to conventional processes using olefins as
the alkylating agents. Accordingly, larger amcunts of
catalysts are required, and the throughput of the aromatic
compound (benzene) and alcchol {isopropancl) per catalyst
weight, indetail the 1iquidweight hourly space velocity (WHSV),
is lowered. To cope with these problems, the reactor size
should be excessively large, increasing eguipment costs.
rooa7]

Such disadvantages should be solved in the industrial
production of alkylated arcomatic compcounds using alcohols as
alkylating agents.

[(G008]

It is an oblect cof the present invention to provide an
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SUMMARY OF INVENTION Technical Problem [0006] When an
alcohol is used as an alkylating agent in the production of alkylated
aromatic compounds, the reaction forms an equivalent amount of water to
the alkylati-g agent that has reacted.4As known in the art, the water
poisons solid acid 10 catalysts which are the alkylation catalysts. It is
therefore expected that the catalytic activity and the catalyst life are
e f f lowlered compased td conyentidnal processeg Usingcolefinsnas the compounds
alkylating agents. Accordingly, larger amounts of catalysts are required,
sucandthetheoughputef the: aramatie: 1heampdunts(benzene) and afcehobmatic
(isopropanol) per catalyst weight, in detail the liquid weight hourly space
comyelogity AWHSV); is-lowered nTorcope-with thesesgreblems, theseactostalyst
size should be excessively large, increasing equipment costs. [0007]
in 205ugh disadvaatages should be: selved inthe industrial productionofent ion
alkylated aromatic compounds using alcohols as alkylating agents. [0008]
to rovide a process for producing phenol which includes a step

of producing cumene by the above alkylation process.

Solution to Problem
(00097

The present inventors studied diligently to solve the
aforementioned problems. They have then found that arcmatic
compounds may be alkylated with an alkylating agent alcohol
such as isopropanol in a fixed-bed reactor packed with a solid
acid catalyst as an alkylaticon catalyst with very high
conversion of the alkylating agent and very high cumene
selectivity by passing gas through the reactor.
(00107

In detail, the present invention is concerned with
processes for precducing alkvlated aromatic compounds and
processes for producing phenol as described in (1) to (7) below.
(60111

(1) A process for producing alkylated arcomatic compounds
comprising feeding raw materials including an arcmatic

compound and an alcohel in a gas-liguid downward concurrent
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efficient process for producing alkylated aromatic compounds such as
cumene by reacting raw materials including an aromatic compound and
an alcohol in the presence of a solid acid catalyst in a compact reactor. It
is anothef object of the invention 5 t& provide a process for producing
phenol which includes a step of producing cumene by the above alkylation
process. Solution to Problem [0009] 10The present inventors studied

flodiligedty tosalve thesaforemientined prollems etheyibiaveiher fouhdacid
that aromatic compounds may be alkylated with an alkylating agent

cat alcpbol stichradigopropanokin @efixed-bedreactos packeehwith a soliduacidnd ,
catalyst as an alkylation catalyst with very high 15 conversion of the

whe alkylating agent and very high cumene selectivity by passing gas through
the reactor. [0010].In detail, the present invention is concerned with
processes:for praducinglatk Watedraromaticraompounds @ndi 20progcessesn of
forproducingphenol as described in (1) to (7) below. [0011] (1) A process

a gfar pragucing alkylated aromatic compounds comprising feeding raw
materials including an aromatic compound and an alcohol in a gas-liquid

downwarekeONEUHBNEas flow rate defined by Equation (1) below
is not less than 0.05 at an entrance of a sclid acld catalyst
layer:
0012}

pg-ug-{pair-pwater/(pg-pl)}”2 (kgﬂfzsﬂ) e {1

wherein pg is the density of the reaction gas, pl is the
density of the reaction liguid, pair is the gas density of air,
pwater is the gas density of water, and ug is the superficial
velccity of the reaction gas.

(2) The process for producing alkylated arcmatic
compounds as described in (1), wherein the flow state in the
reactor is in a trickle-bed zone.

100131

(3) The process for producing alkylated aromatic
compounds as described in (1) or (2), wherein the gas is at
least one gas selected from the group consisting of nitrogen,
hydrogen and rare gases.

(0014]

(4) The process for producing alkylated aromatic
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5 flow mode to a fixed-bed reactor packed with a solid acid catalyst
thereby to produce an alkylated aromatic compound, wherein the
raw materials are fed to the reactor in a stream of 5a gas, and the
reaction gas flow rate defined by Eqgéation (1) below is not less than 0.05
at an entrance of a solid acid catalyst layer: [0012]
10pgiug-[pair-pwater/(pg-p1l)1 U2 (kgm-2s.--(1) wherein pg is the
compglensitysotthedeactiorogas, ph issthe density Of the)reactidiB liquidpaieisn the
the gas’'density of air, pwater is the gas density of water, and ug is the
sol sdperficidl veloaityefithe seactiohigas. 15(2) The process for producing
alkylated aromatic compounds as described in (1), wherein the flow state
[001rvthe reactor is in a trickle-bed zone. [0013] (3) The process for producing
alkylated aromatic 20 compounds as described in (1) or (2), wherein the
gas(is at teast pne gas selectedfrara the group consistirgiobnitragen,c
hydrogen and rare gases. [0014] (4) The process for producing alkylated
com@ERNAC as described in (4), wherein the zeoclite has a ten
Lo twelve-membered ring structure.
[0016]

(6) The process for producing alkylated aromatic
compounds as described in any one of (1) to (b}, wherein the
aromatic compound 1s benzene and the alcchol is isopropanol.
[0017]

{7) A process for producing phencl, comprising the step
(a) to the step (e} described below wherein the step (d} is
performed according to the process for producing alkylated
aromatic compounds described in (6);

step (a): a step of oxidizing cumene into cumene
hydropercoxide;

step (b): a step of acid decomposing the cumene
hydroperoxide to obtain phenol and acetone;

step {(c¢): a step of hydrogenating the acetone from the
step {(b) to isopropanol;

step (d): a step of reacting the isopreopanol from the step

(¢} with benzene to synthesize cumene; and

step (e} : a step of circulating the cumene from the step
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6 compounds as described in any one of (1) to (3), wherein the solid acid
catalyst is zeolite. [0015] (5) The process for producing alkylated
aromatic 5 compounds as described in (4), wherein the zeolite has a ten
to twelve-membered ring structure. [0016] (6) The process for
producing alkylated aromatic =~ compounds as described in any one of
(1) to (5), wherein the 10 aromatic compound is benzene and the alcohol
(d) istisopraparale@01} . (7) A process for producing phenol,
comprising the step (a) to the step (e) described below wherein the step
(d)is  performed according to the process for producing alkylated 15
aromatic compounds described in (6); step (a): a step of oxidizing
Adveumene inte comene thydraperexide;: 1 orstep (b): a step of acid

decomposing the cumene hydroperoxide to obtain phenol and acetone;
(0o18)

Acceording to the processes for producing alkylated
aromatic compounds of the present invention, an alcohol such
as isopropancl and an aromatic compound such as benzene (raw
materials) are fed teo a reactor in a streamof a gas, and thereby
alkylated aromatic compounds such as cumeﬁe can be produced
in & higher yield than achieved heretofore with industrial and
practical advantages.

[00189]

The processes for producing phenol according to the

invention have adopted the above process of producing alkylated

arcmatic compounds, and thereby acetone that is by-produced

in the phencl precduction can be reused.

Brief Description of Drawing
[0020]

fig. 1 is a plot diagram in which flow states in Examples
and Comparative Example are plotted in a diagram showing flow
zones in gas-liguid downward concurrent packed layers that is
described in “Shokubai Kouza (Catalyst Courses) Vol. &,

{(Engineering Part 2), Shokubail Hannou Scouchl to Sono Sekkei
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20step (c): a step of hydrogenating the acetone from the step (b) to
isopropanol; step (d): a step of reacting the isopropanol from the step
(c) with benzene to synthesize cumene; and step (e): a step of circulating
the cumene from the step 7 (d) to the step (a). Advantageous Effects of
Invention [0018] 5According to the processes for producing alkylated
aromatic compounds of the present invention, an alcohol such as

(Caisopropanotarnd anarematic edmpoardisuch=asiperizene (rav aiatericis)s
are fed to a reactor in a stream of a gas, and thereby alkylated aromatic

Soctempouridssgcinas Eamiene can beprodubeddmiacnigher8feld thars t
achieved heretofore with industrial and practical advantages. [0019]

imp The pitecesses farqiroducing phenol according to the invention have
adopted the above process of producing al kylated 15 aromatic
compounds, and thereby acetone that is by-produced in the phenol
production can be reused.

DESCRIPTION OF EMBODIMENTS

[0021]

In a process for producing alkylated aromatic compounds
accordingtx)theinvention,rawnmterialsincludingenlazomatic
compound and an alcohol are fed in a gas-liguid dewnward
concurrent flow mode to a fixed-bed reactor packed with a sclid
acid catalyst thereby to produce analkylated arocmatic compound.
The raw materials are fed to the reactor under a stream of a
gas. The reaction gas flow rate defined by Equation (1) below
is.not less than 0.05 at an entrance of a sclid acid catalyst
layer:

[0022]
. . ; 1/2 -2, -1

pg-ug- [pair-pwater/{(pg-pl)] (kgm™“s 7} «+{1)

wherein pg is the density of the reaction gas, pl is the
density of the reaction liquid, pair is the gas density of air,
pwater is the gas density of water, and ug is the superficial
velocity of the reaction gas.

The solid acid catalyst layer is a catalyst layer formed

by loading the solid acid catalyst in the fixed-bed reactor.

[0023]
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Brief Description of Drawing [0020] 20Fig. 1 is a plot diagram in which flow
states in Examples and Comparative Example are plotted in a diagram
showing flow zones in gas-liquid downward concurrent packed layers that
is described in "Shokubai Kouza (Cdtalyst Courses) Vol. 6, (Engineering
Part 2), Shokubai Hannou Souchi to Sono Sekkei 8 (Catalyst reaction
apparatus and its design)”, Catalysts Society of Japan, Kodansha Ltd.,
DeGBraberck885; first impressionp.c82s SDESCRIPTIQONIQF alkylated
EMBODIMENTS [0021] In a process for producing alkylated aromatic
a r crcempoungs-accoringdo thel inventior; nawi materialssincludingean L kylation
aromatic compound and an alcohol are fed in a gas-liquid downward 10
of moneursentfiow madedoadixedthedreactor packed withleesglideanichce of a
catalyst thereby to produce an alkylated aromatic compound. The raw
solmatedals ate-fed e the seattosunder axsireanv ofial gaso Theaeactieragas on .
flow rate defined by Equation (1) below is not less than 0.05 at an
Accentance of a pelid asigicajalystiblayerz[022] inventors, the reaction

results of the alkylation are drastically improved by feeding
the raw materials to the reactor under a stream of a gas.
[0024]

Flow zones in gas-liguid downward concurrent flow mode
are shown in Fig. 1. The flow'zone diagram is based on data
obtained with an air-water system. Flow zones with other
systems may be prepared in consideration of correction terms
based on differing physical properties (“Shokubai Kouza
(Catalyst Courses) Vol. 6, (Engineering Part 2}, Shckubail
Eannou Souchi to Sono Sekkei (Catalyst reaction apparatus and
its design)”, Catalysts Society of Japan, Kodansha Ltd.,
December 1985, first impression, p. 182}. The shaded parts in
Fig. 1 indicate ranges where boundaries exist. The x-axis and
v-axis in the diagram are defined as follows.

[0025]

1/3

4

x-axis: pl-ul-{(owater/c) (pwater/pl)?] ")

(kgnfzs*
y-axis: pg-ug- [pair-pwater/ (pg-pl)]*? (kgm ™“s™)

Here, pl, pg, pair and pwater are the density of the

reaction liguid, the density of the reaction gas, the gas
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pg-ug.[pair.pwaterRPg'Pl)]in (kgril2s-1) ...(1) wherein pg is the density of
the reaction gas, pl is the density of the reaction liquid, pair is the gas
density of a 20pwater is the gas density of water, and ug is the superficial
velocity of the reaction gas. Thé &olid acid catalyst layer is a catalyst
layer formed by loading the solid acid catalyst in the fixed-bed reactor.

[0023] 9 The reaction in the process for producing alkylated aromatic
den €oOmpodinds accanting tosthedrvenitoniis the-dkylatien of an spematiczely, o
compound with an alcohol in the presence of a solid acid catalyst, and is a
and liguighselid twe pbase reaction b AcaardingHe thesfifding bydhe presedt the
inventors, the reaction results of the alkylation are drastically improved by
reafeeding thegiaivamatetiats:to therreacter vaderiasiregmaf @egas. 4002411 and
Flow zones in gas-liquid downward concurrent flow mode 10 are shown in
ug ahig. 4 $hedflovr-zanei diagramds based on tatareltainedrwith @niair-aedet hat
system. Flow zones with other systems may be prepared in consideration

of oheorrectionterms;based-en differing physical properties ("Shokubai
Kouza (Catalyst Courses) Vol. 6, (Engineering Part 2), Shokubai 15

[ 0o Fannou Souchi to Sono Sekkei (Catalyst reaction apparatus and its
design)”, Catalysts Society of Japan, Kodansha Ltd., December 1985, first

imptession, p.r182).-kheshaded pars i big. ddrdicatesranges Whekes phase

boundaries exist. The x-axis and y-axis in the diagram are defined as
Comgap$§t in the reactor. That is, the reaction gas includes
all components existing in the form of gas, in detail the gas
used to feed the raw materials in a gas-liguid downward
concurrent flow mode, evaporated aromatic compound and alcohol,
and evaporated alkylated aromatic compound and water. In the
invention, the reaction liguid refers to a liguid phase
component in the reactor. That is, the reaction liguid
includes all components existing in the form of liguid, in
detail aromatic compound and alcohel fed as raw materials, gas
dissolved in the liguid phase, and alkylated aromatic compound
and water.
(00277

In the invention, the flow state in the reactor is

preferably in a trickle-bed zone (perfusate flow). In the
trickle~bed zone, the ligquid trickles over the outer surface

of the catalyst and part thereof 1s attached to narrow pores

in the catalyst. In either case, the liguid is scattered as
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20[0025] x-axis: pl-ul.[(awater/c)(pwater/p1)2]173 (kgm-25-1) y-axis:
pg.ug.[pair-pwater/(Pg*P1)]in (kgm-2s -1) Here, pl, pg, pair and pwater are
the density of the reaction liquid, the density of the reaction gas, the gas
10 density of air and the gas density: 6f water, respectively, a and awater
respectively indicate the surface tension of the reaction liquid and the
surface tension of water, and ul and ug are the superficial velocity of the
ind tedction liquiccand tHat Bot the reatiionr gas sespectively. (0026} whilg, the
the invention, the reaction gas refers to a gas phase component in the
gas reactop.iFiiat ishthe raactipn gasinciutes alicomponentsiexisting dm thguous
form of gas, in detail the gas 10 used to feed the raw materials in a
phagas-liquid downward concurrent flow mode, evaporated aromatic
compound and alcohol, and evaporated alkylated aromatic compound and
(00 @ter. In the invention, the reaction liquid refers to a liquid phase
component in the reactor. That is, the reaction liquid 15 includes all
components:existingvinsthe tferm of liguid ria @etailaromatic conpoundlanebed
alcohol fed as raw materials, gas dissolved in the liquid phase, and
zonalkylatedasamatic campound and:watar {0027 n the system is uniform

and mild operation is possible, the facility does not have to
be high-pressure resistant, the physical load on the catalyst
is lowered, and catalyst damage is prevented as described in
JP-A~H11-116523.
[0029]

In the invention, the reaction gas flow rate defined by

Equation (1) below is not less than 0.05 at an entrance of the

solid acid catalyst layer.

[0030]

pg-ug- [pair-pwater/(pg-pl) ™% (kgm™@s™) -+ (1)

wherein pg is the density ¢of the reaction gas, pl is the
density of the reaction liguid, pair is the gas density of air,
pwater is the gas density of water, and ug is the superficial
velocity of the reaction gas.

Equation (1) above corresponds to the y-axis in the flow
zone diagram in Fig. 1. When the reaction gas flcow rate defined

by Equation (1)} is 0.05 or above, high cumene selectivity is

achieved. The reaction gas flow rate is more preferably in the
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20In the invention, the flow state in the reactor is preferably in a
trickle-bed zone (perfusate flow). In the trickle-bed zone, the liquid trickles
over the outer surface of the catalyst and part thereof is attached to
narrow pores in the catalyst. In either.case, the liquid is scattered as
individual masses forming a dispersed phase. Meanwhile, the gas
surrounds the catalyst and the liquid, forming a continuous phase. [0028]

rangWhen the flowtstate.ig the reactor is in a trickle-bed zone, the

~concentration distribution in the system is uniform and mild operation is

[ 0opassible, the facility does not have to be high-pressure resistant, the
physical load on the catalyst is lowered, and catalyst damage is prevented

as described im103P;A-H11:116523, {0028} = 5 4 thednvention; the, ¢ the

reaction gas flow rate defined by Equation (1) below is not less than 0.05

readtanentrance of thersolid agid catalystlayer, 19[00301 i the reactor),

represented by Eguation (Z) below. The reaction liguid flow
rate represented by Equation (£) has been found less influential
to the efficiency and results of the production of alkylated
aromatic compounds by the processes accerding to the present
invention, compared to the reaction gas flow rate expressed
by Equaticn (1).

pl-ul-[(owater/c) (pwater/pl}®]*t/3 (kgm?s™t) -0 (2)

wherein pl 1s the density of the reaction liguid, pwater
is the gas density of water, ¢ is the surface tension of the

reaction liguid, owater is the surface tension of water, and

ul 1is the superficilal velocity of the reaction liguid.

As described hereinabove, it 1s preferable in the
processes for producing alkylated arcomatic compounds that the
flow state in the reactcor is in a trickle-bed zone. The flow
rate of the reaction liguid does not adversely affect the
prcecesses of the invention as long as the flow state is in a
trickle-bed zone.

(00323
Examples of the arcmatic compounds used in the processes

for producing alkylated aromatic compounds include benzene and



10

15

20

pg-ug.[pair.pwater/ pg.p1)11/2 (kgm-2s-1) ...(1) wherein pg is the

density of the reaction gas, pl is the density of the reaction liquid, pair is

the gas density of air, pwater is the gas density of water, and ug is the
superficial 20 velocity of the reaction gas. Equation (1) above corresponds

to the y-axis in the flow zone diagram in Fig. 1. When the reaction gas

flow rate defined by Equation (1) is 0.05 or above, high cumene selectivity

napistachieved, The reaction gasdloneratejisgneredqyreterablydin the, 12Japge « he

of 0.08 to 0.6. [0031] In Fig. 1, the x-axis indicates the flow rate of the

alcreastien liguiddthe liguig phase eompenent.in the Feactor); SHepresentgtkno 1
by Equation (2) below. The reaction liquid flow rate represented by

beiEguatiens@) hag been found less influential to the efficiency and results of
the production of alkylated aromatic compounds by the processes

r o pacgording to the present invention, compared to the reaction gas flow rate
expressed 10by Equation (1).

That is, in & preferred embodiment of the processes for
producing alkylated aromatic compounds of the invention, the
aromatic compound is benzene and the alcohol is isopropanol,
and the alkylated aromatic compound obtained in this case is
cumene.

[0034]

In the invention, at least one gas selected from the group
consisting of nitrogen, hydrcocgen and rare gases is used.
[0035]

" The solid acid catalysts used in the invention are
catalysts that function as acids. Examples of the solid acid
catalysts include usual solid acids such as zeolite, silica
alumina, aluminz, sulfate-promoted zirconia and WOz-promoted
zirconia.

[(0036]

In particular, the zeolites that are inorganic
crystalline porous compounds composed of siliceon and aluminum
are suitable solid acid catalysts from the viewpoints of heat
resistance and selectivity for the target alkylated arcmatic

compounds {(such as cumens).
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pl-ul.[(crwater/a) (pwater/pl)211/3 (kgm 2..(2) wherein pl is the
density of the reaction liquid, pwater is the gas density of water, a is the
surface tension of the reaction liquid, awater is the surface tension of
water, and 15 ul is the superficial velacity of the reaction liquid. As
described hereinabove, it is preferable in the processes for producing
alkylated aromatic compounds that the flow state in the reactor is in a

[ 00 fritkle-bed zone. The flow rate of the reaction liquid does not adversely
affect the 20processes of the invention as long as the flow state is in a
trickle-bedizene r [O321 Examplescafrthe aromatic:eorapeynids-usedhin dhe: t i ¢
processes 13 naphthalene, with benzene being preferred. Examples of

comthesaleghals inehudetisoprepanelfand=2=bytanel: withlisopropanol beingn to
preferred. [0033] 5That is, in a preferred embodiment of the processes for

t we progueingaiindated aramatic . compeounds of the iaveation, shenanomaticy size
compound is benzene and the alcohol is isopropanol, and the alkylated

to aramaticicampoundobiained in this easeds gumene.

[0038]

Examples of the zeclites having a twelve-membered ring
structure include Y-type zeolite, USY-type zeolite, mordenite
type zeolite, dealuminated mordenite type zeolite, B-zeolite,
MCM-2Z-type zeolite and MCM-56-type zeolite. In particular,
p-zeolite, MCM~22~type zeoclite and MCM-56-type zeolite have
sulitable structures.

[0039]

In the zeolites, the composition ratio between silicon
and aluminum may be sultably in the range of 2/1 to 200/1, and
inview of activity and heat stability, preferably in the range
of 5/1 to 100/1. Further, isomorphously substituted zeolites
may be used in which aluminum atoms in the zeolite skeleton
are substituted with other metal such as Ga, Ti, Fe, Mn or B.
[0G40]

The shape of the sollid acid catalysts is not particularly
limited, and the solid acid catalysts may be in the form of

sphere, cylindrical column, extrudate or crushed pieces. The

size of theparticles of the sclidacidcatalystsmay be selected
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10L0034] In the invention, at least one gas selected from the group
consisting of nitrogen, hydrogen and rare gases is used. [0035] The solid
acid catalysts used in the invention are 15 catalysts that function as acids.
Examples of the solid acid catalystsinclude usual solid acids such as
zeolite, silica alumina, alumina, sulfate-promoted zirconia and
WO03-promoted zirconia. [0036] 20In particular, the zeolites that are

in inosganie geystdline paraws compauhdsrcomposed Dhgilicanand size of a
aluminum are suitable solid acid catalysts from the viewpoints of heat

reztasistance and selectivity for the target alkylated aromatic compounds
(such as cumene). 14 [0037] For the production of cumene as the

[ 0 0alkylated aromatic compound, a zeolite is preferably used which has a ten
to twelve-membered ring structure having a pore similar in size to the

moleeular diagmetar of eumena: {A038] + v, Bxamplesof fhezeslites: the raw
having a twelve-membered ring structure include Y-type zeolite, USY-type

mat 2ealite mardenite type zeolitendealursipatedmardenite typeizgalitec hourly
P-zeolite, 10 MCM-22-type zeolite and MCM-56-type zeolite. In particular,

spaRezeplite, MGN-22:type zeolite and MCMs56-type zeplite have, suitahle | s

structures.
preferably not more than 50, more preferably not more than 20,

and still more preferably not more than 10. The liquid weight

hourly space velocity (WHSV) is usually not less than 1.
[0042]

The above supply rate ensures that cumene is produced in
a nhigh yield.
(00433

Theoretically, the aromatic compound may be used at least
in an equimolar amount relative to the alcohol. From the
viewpoints of separation and recovery, the aromatic compound
may be preferably used in an eguimolar to ten~fold molar amount,
and more preferably in an eguimoliar to five-fold molar amount
relative to the alcchol.
[0044]

From the viewpoints of separation and recovery, the gas
in the invention may be preferably used in an equimoclar to
twenty-£fold molar amount, and more preferably in an equimolar

to ten-fold molar amount relative to the alcohol.
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[0039] In the zeolites, the composition ratio between silicon 15 and
aluminum may be suitably in the range of 2/1 to 200/1, and in view of
activity and heat stability, preferably in the range of 5/1 to 100/1. Further,
isomorphously substituted zeol tes ifay be used in which aluminum atoms
in the zeolite skeleton are substituted with other metal such as Ga, Ti, Fe,
Mn or B. 20[0040] The shape of the solid acid catalysts is not
[ 00 fratticularly limited, and the solid acid catalysts may be in the form of
sphere, cylindrical column, extrudate or crushed pieces. The size of the
parficles lof thersolidsanid: cdtalyststmalybé selestedy 15 rethexrange of. ©
0.01 mm to 100 ram depending on the size of a reactor. [0041] To
cempachieve high praoderetivity - theisupplyerate foe thetrawvamaterials imethe reactor
invention, in detail the liquid weight hourly space velocity (WHSV) relative
in dodhes eatatyst weightisvpreferablymnot moré tHarcb0 mdre. preéferabhenatt L on
more than 20, and still more preferably not more than 10. The liquid
t empeeight:howrlyspace veloaity: WHSY) isusuadly netless ¢ifani D.016{0042]0 °C,
The above supply rate ensures that cumene is produced in a high yield.
and [p@43]dheoretically, the arpotatic compoundsmay be usedsatileastis in the

range of 0.5 to 10 MPaG, and preferably 2 to 5 MPaG.
[0046]

A process for producing phencl according to the present
invention includes the step {a) to the step {e) described below
wherein the step (d) is performed according to the process for
pfoducing alkylated aromatic compounds described hereinabove.
hltheprocessforproducingalkylatedaromaticcompoundswhich
is performed as the step (d) in the phenoi.broduction process,

the aromatic compound 1s benzene and the alcohol is isopropanol.

Step {a): a step of oxidizing cumene into cumene
hydroperoxide;
Step (b): a step of acld decomposing the cumene

hydroperoxide to obtain phenol and acetone;

Step {(c): a step of hydrogenating the acetone from the
step (b) to isopropanol;

Step (d): a step of reacting the iscopropancl from the step
{c) with benzene to synthesize cumene; and

Step {e): a step of circulating the cumene from the step
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15 in an equimolar amount relative to the alcohol. From the viewpoints of
separation and recovery, the aromatic compound maybe preferably used
in an equimola to ten-fold molar amount, and more preferably in an
equimolar to five-fold molar amountirelative to the alcohol. 20[0044]
From the viewpoints of separation and recovery, the gas in the invention
may be preferably used in an equimolar to twenty-fold molar amount, and
(d) mareqrefesally in(an equimolar to ten-fold molar amount relative to the
alcohol. 16 [0045] In the processes for producing alkylated aromatic

compotnds, the-tavsmaterials-arecfed topmfixedihed reactor insargasehiquitt or
downward concurrent flow mode. The reaction 5 temperature in the

cum£eactomis+n thesrange of 100 40,.30Q-and preferably 12040 260€cEherne is
reaction pressure is in the range of 0.5 to 10 MPaG, and preferably 2 to 5

hyd MRaG =[0046] r +Adrecess for preduciag phenal agcordingtoithep ropanol

present invention includes the step (a) to the step (e) described below

s rubereinithe step.(d)is performed acearding ia,the prOgessfor PFRAUCIAG rmed
alkylated aromatic compounds described hereinabove. in the process for

in Preducing alkylated;aramaficicompounds.vhich is performed.as e slepstep

(d) in the phenol production process, 15 the aromatic compound is

() benzene and the alcohal is isopronanol ; - - Step ) a step.ofoxidizing - +

cumene into cuméne hydroperoxide; Step (b): a step of acid

ace J86MPOsIng the.cumene fiygroperoxide o obtain phengl and.aceione, « o,
20Step (c): a step of hydrogenating the acetone from the

achieviﬁg cost advantages. In practical plants, it is

difficult to recover 100% acetone and therefore at least an

amount of acetone corresponding To the decrease 1s newly fed

to the reaction system.

[00647]

Various modifications and improvements may be made to the

processes for producing phenol accoerding to the invention.

EXAMPLES
[0048]

The present invention will be described by presenting
examples but the invention is not limited to such examples as
long as within the scope of the invention.

00497
[Example 1]

A catalyst ftest was carried out in which cumene was
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step (b) to isopropanol; Step (d): a step of reacting the isopropanol
from the step (c) with benzene to synthesize cumene; and Step (e): a step
of circulating the cumene from the step 17 (d) to the step (a). In the
process for producing phenol, phenokis formed from cumene in the steps
(a) and (b), the by-product acetone is hydrogenated in-the step (c) to
isopropanol, the isopropanol 5 is reacted in the step (d) to form cumene,

proanddhe eumene formeskinthe stepddhisrreeyciedin the steps(ed baek to.
the step (a). Accordingly, it is theoretically not necessary that acetone

1 00should be fed from the outside of the reaction system, achieving cost
advantages. In practical plants, it is 10 difficult to recover 100% acetone

andithetefore-at least anamounof asetone corrggponding toribee -,
decrease is newly fed to the reaction system. [0047] Various

manWogifications ppdrinprevementsinay be made tarthe d S progesses fon oaded
producing phenol according to the invention. EXAMPLES [00438]

in a stainless steel vertical reaction tube 38.4 mm in inner
diameter and 4800 mm in length. After the loading, isopropanocl
was supplied from the top of the reactor at 24 L/h and the
catalyst was washed for 1 hour.
[0051]

While the reactor pressure was maintained at 3 MPaG and
the preheating temperature at 175°C, benzene: 8.1 L/h,
isopropanol: 0.65 L/h and hydrogen: 1900 NL/h were supplied
from the top of the reactor to perform reaction. The ligquid
weight hourly space velocity (WHSV) under these conditions was
3.0. A mixture of the reaction ligquid and gas that was
discharged from the reactor bottomwas separated inagas-liguid
separation tank, and the cil phase and the agueous phase were
separated in an oil—wéter separation tank. When the reactiocon
had been continucusly carried cut for 12 hours, the reaction
liguid and the waste gas were each analyzed by gas
chromatography. The gas chromatography showed that the
isopropanol conversion was 100% and the cumene selectivity was

high at 22.8%.

[0052]
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The present invention will be described by presenting 20 examples but the
invention is not limited to such examples as long as within the scope of
the invention. [0049] [Example 1] A catalyst test was carried out in which
cumene was 18 produced from isodrépanol and benzene as raw
materials. [0050] P-zeol te catalyst (pellets 1.5 mm in diameter,
manufactured by TOSOH CORPORATION) weighing 2435 g was loaded
5 inSestaindessisteebvertical reactonutube 38 dnmnmeindnpercdiameterand was
4800 mm in length. After the loading, isopropanol was supplied from the

st utbpeef theTeactor at 24 &fh andsthelcatalyst wasavastied fent heur:¢0@51]the
10While the reactor pressure was maintained at 3 MPaG and the

so 1 preheatingdempevature a2 75C:bhenzeney 84tli/bnisoptopapet: 0.6YEM was
and hydrogen: 1900 NL/h were supplied from the top of the reactor to

ca 1 perferm:reactionyT he: iquid meeight haurly-space:velocity {WHSW)uuder r an
these conditions was 15 3.0. A mixture of the reaction liquid and gas that

(Ccrhwas dischargedhremithe reactarbetiom wasseparatedin agas:lijd edited
separation tank, and the oil phase and the aqueous phase were separated

by ﬁj‘ﬁér‘s@h\ﬂ/@@ separation tanrk. YWhen the: E@Pt@ﬁﬂlﬁq,heﬁg continueusly: i on
carried out for 12 hours, the reaction
eguation which had been corrected by regressing literature data
including solubility data of hydrogen in benzene and cumene
(Ipatieff V., 01l Gas J. 32, 14-15, (1993} and Sokolov V., J.
Appl. Chem. USSR, 50(6), 1347-1349, (1977}), solubility data
of benzene and cumene in water (Thompson W. H., J. Chem. Eng.
Déta, 9(4)y, 516-520, (1964) and Englin B. A., Khim. Tekhnol.
Topl. Masel, 10{9), 42-46, {1965)) and benzene/water
azeotropic data {Burd 8. D., Proc. Am. Petrol. Inst..Ref. Div.,
48, 464-476, (1968)).
[C053]

Properties were estimated by inputting the above
estimation equation and reaction conditions in Examples in a
stationary process simulator (manufactured by Aspen Tech Japan
Co., Ltd.). The results are set forth in Table 1.

[0054]
In Example 1, the flow state was in a trickle-bed zone

and the reaction gas flow rate was {0.280.

[0055]
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20 liquid and the waste gas were each analyzed by gas chromatography.
The gas chromatography showed that the isopropanol conversion was
100% and the cumene selectivity was high at 92.8%. [0052] 19
Separately, a flow zone under the apove conditions was studied. The
reaction gas flow rate at the entrance of the solid acid catalyst layer (the
alkylation catalyst layer) was calculated using the PSRK equation (Kagaku

Kougaku Binrasm 5(Chemical Eagineering Handbpak): révisedcth€dition,=
edited by The Society for Chemical Engineers, Japan.) as an estimation

2 . 2 eguation which had been corrected by regressing literature data including
solubility data of hydrogen in benzene and cumene (ipatieff V., Oil Gas J.

32, }4:15; £1993) and Spkalev Muak 40APRL Chem. USSR:BO(E)) - 0.280
1347-1349, (1977)), solubility data of benzene and cumene in water

[ ExfFforapson W. H., J. Chem. Eng. Data, 9(4), 516-520, (1964) and Englin
B. A., Khim. Tekhnol. Topl. Masel, 10(9), 42-46, (1965)) and

benzenefwater azeotrppic data (Burd $oP+ Brac: AmePRetrol st Refuental
Div., 1548, 464-476, (1968)). [00531 Properties were estimated by

appPYHing theabgve estimation eguatign and reagtion eanditions:in n fxanple
Examples in a stationary process simulator (manufactured by Aspen Tech

1, Jd3Ra20CQ, Lid.) Jhesesulisaresetiofiin Jablenh ni/n.  The
iscpropancl conversion was 100% and the cumene selectivity was
high at 86.9%.
[00b6]

In Example 2, the flow state was in a trickle~-bed zone
and the reaction gas flow rate was 0.075.
[0057]
29173

x~axis: pl-ul-[(owater/oc) (pwater/pl)” kgm™Zs™ty =

4.269

y—axis:.pg°ug°[#air-pwater/(pg'pl)llu (kgm™?s™') = 0.075
[Comparative Example 1]

Acatalyst test was carried out with the same experimental
apparatus and under the same reaction conditions as in Example
1, except that the hydrogen was fed at 190 NL/h. The
isopropanocl conversicn was 50.5% and the cumene selectivity
was low at 42.6%. Further, large amounts of by-product propane
and propylene were produced.

[0058]



[0054] In Example 1, the flow state was in a trickle-bed zone and the
reaction gas flow rate was 0.280. [0055] 20 x-axis: pl-ul.[(awater/a)
(pwater/p1)2i1/3 (kgm-2s-1) = 2.263 y-axis: pg- ug- [pair- pwater/ (pg pl)
] 1/2 ( kgm-2s-1)0.280 [Example 2]z1 A catalyst test was carried out
with the same experimental apparatus and under the same reaction
conditions as in Example 1; except that the hydrogen was fed at 500 NL/h.
Theisapropanct camersSivanyas=100% ahd tHel cumene: selesthdty was:
high at 86.9%. 10[0056] In Example 2, the flow state was in a
tricdrckleibed zonesandthe redctionegastfiownrate was 00075 005 A x=saxis: 026 .
pl.ul.[ (awater/a) (pwalLer/p1)2]1/3 (kgm-2s-1) =
[0059]
) 2] 173 (

x-—axis: pl-ul-[lowater/o) (pwater/pl kgm™?s™h) =

5 4.771

v-axis: pg-rug- [pair-pwater/{pg-pl)]*? (kgm™@s™) = 0.026



[0060]

154.269 y-axis: pg.ug. [pair-pwater/(pg.pl)] 1/2 ( kgm-2s-1)0.075
[Comparative Example 1] A catalyst test was carried out with the
same experimental apparatus and ungler the same reaction conditions as

in Example 201, except that the hydrogen was fed at 190 NL/h. The
isopropanoliconversion wag 50{5% and the cumene selectivity was low at
42.6%. Furthek, %argo moupts of Qy-product propane and propylene were
produced. [0058]! 2 =|51lr Comparative Example 1, the flow state was in
a ickle-bed zdme butdhe reaction gas flow rate was 0.026. [0059] x-axis:
pl-ul.[(awaten/u) pwaﬂe /ply 2 1j1/3] ( kgm-2s-1) = 54.771 y-axis:
pgug[pairpwéter/(pgph]12 (kgra2$-=0.026
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22 Reference Signs List [00611 perfusate flow 2mist flow 3pulsating flow
4 .-- bubble flow 24 CLAIMS 1. A process for producing alkylated
aromatic 5 compounds comprising feeding raw materials including an
aromatic compound and an alcohol4rda gas-liquid downward concurrent
flow mode to a fixed-bed reactor packed with a solid acid catalyst thereby
to produce an alkylated aromatic compound, wherein

Reference Signs List

[CO

0l]
1 ¢+ perfusate flow
2 v+ mist flow
3 -++ pulsating flow

4 - bubble flow
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10the raw materials are fed to the reactor in a stream of a gas, and

the reaction gas flow rate defined by Equation (1) below is not less than
0.05 at an entrance of a solid acid catalyst layer: 15pg-ug.ipair.pwater/
(pg-p1)11/2 (kgm-2s-)(1) wher€ir pg is the density of the reaction
gas, pl is the density of the reaction liquid, pair is the gas density of air,
pwater is the gas density of water, and ug is the superficial velocity of the
reaction gas. 20 2. The process for producing alkylated aromatic
compounds according to claim 1, wherein the flow state in the reactor is in
a trickle-bed zone. 25 3. Thepracess for producing alkylated
aromatic compounds according to claim 1 or 2, wherein the gas is at least
one gas selected from the group consisting of nitrogen, hydrogen and rare
gases. 5 4. The process for producing alkylated aromatic compounds
according ta any ®neof claims 3 to B, whetein the,solidagic eatalyst is
zeolite. 105.The process for producing alkylated aromatic compounds

' compecordingderetaimsA4, whereigdhe zeolie has aden {0 bvelve-membeyed n

ring structure.
aromatic compound and an alcohol in a gas-liguid downward

concurrent flow mode to a fixed—bed,reactor packed with a solid
acid catalyst thereby to produce analkylated aromatic compound,
wherein

the raw materials are fed tc the reactor in a stream of
a gas, and

the reaction gas flow rate defined by Equation {1) below
is not less than 0.05 at an entrance of a solid acid catalyst
lavyer:

pg-ug'Epair-pwater/(pg-pl)j”z (kgm™@s™) -+ (1)

wherein pg is the density of the reaction gas, pl is the
density of the reaction liquid, pair is the gas density of air,
pwater is the gas density of water, and ug is the superficial

velocity of the reaction gas.

2. The process for producing alkylated aromatic
compounds accerding to claim 1, wherein the flow stafte in the

reactor 1s in a trickle-bed zone.
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6.The process for producing alkylated aromatic 15 compounds according
to any one of claims 1 to 5, wherein the aromatic compound is benzene
and the alcohol is isopropanol. 7A process forproducingphenol,
comprising the step (a) to the step(&) described below wherein the step
(d) is 20 performed according to the process for producing alkylated
aromatic compounds described in claim 6; step (a): a step of oxidizing

cuniene intd lcamene dyydroperoxige; step-(h)ca stepof aciddecomposing
the cumene 26 hydroperoxide to obtain phenol and acetone; step (c):
comastepief Aydrogenating the acetone drom therstere ) torisopeopanolat least
step (d): a step of reacting the isopropanol from the step 5(c) with
one henzend to-sythesize cursene) apd-on sstep {(@)y a steg efeitcuigting thesgen
cumene from the step (d) to the step (a).
and rare gases.

4, The process for producing alkylated arcmatic
compounds according to any cone of claims 1 to 3, wherein the

solid acid catalyst is zeolite.

5. The process for producing alkylated aromatic
compounds according to claim 4, wherein the zeolite has a ten

to twelve-membered ring structure.

6. The process for producing alkylated aromatic
compounds according to any one of claims 1 to 5, wherein the

aromatic compound 1s benzene and the alcohol is isopropanol.

7. A process for producing phencl, comprising the step
(a) to the step (e) described below wherein the step (d) is
performed according to the process for producing aikyiated
aromatic compounds described in claim §;

step (a): a step of oxidizing cumene into cumene
hydroperoxide;

step (b): a step of acid decomposing the cumene



26

hydroperoxide to obtain phencl and acetone;

step (c): a step of hydrogenating the acetone from the
step {(b) to isopropancl;
step (d): a step of reacting the iscpropanol from the step

{cy with benzene to synthesize cumene; and

step (e): a step of circulating the cumene from the step

{(d}y to the step (a}.



