1 DESCRIPTION PROCESS FOR PRODUCING ALKYLATED AROMATIC COMPOUNDS AND

~ PROCESS 5 FOR PRODUCING PHENOL FIELD OF INVENTION [0001] The present invention
relates to processes for producing 10 alkylated aromatic compounds and processes for producing
phenol. BACKGROUND ART [0002] A reaction between benzene and propylene gives cumene.
Oxidation of cumene results in cumene hydroperoxide. The cumene hydroperoxide is acid
decomposed into phenol and acetone. A combirration ofthese known reactions is the cumene process
which is currently a mainstream process for the production of 20 phenol. [0003] The cumene
process gives acetone as a by-product, anb is therefore valuable when both phenol and acetone are
rechhred. However, if the acetone produced is in excess of demand, the 2 economic efficiency is
deterioratedduetothepricedifference between acetone and starting materialpropylene. Methods have
beenthenproposedwhichareaimedatbenefittingfromthep re

tt differericeClistweerostaring vweterialalefinsrandhby=praduct ketones: ok examplex segondary butyl
benzene obtained from n-bu ene and benzene is oxidized and acid decomposed to give phenol and

methyl ethykketane (Patent bitenatures 1 and 2). According to this method, the oxidation of the
secondary butyl benzene achieves only about 80% selectivity for the target
FIELD OF INVENTION
[0001]
The present invention relates to processes for producing
10 alkylated aromatic compounds and processes for producing

phencl.

BACKGROUND ART
(0002]

15 A reaction between benzene and pcropylene gives cumene.
Ozxidation of cumene results in cumene hydroperoxide. The
cumenehydroperoxidejf;aciddecomposedjjmx)phenolandacetone.
A combination of these known reactions is the cumene process
which is currently a mainstream process for the production of

20  phenol.

[CO03}
The cumene process gives acetone as a by-~product, and is
therefore valuable when both phenol and acetone are reguired.

However, 1f the acetone produced is in excess of demand, the



10 secondary butyl benzene hydroperoxide, with 15% or more by-product acetophenone. This method
consequently provides a lower yield of phenol than by the cumene process. [0004] It is also proposed
that cyclohexyl benzene obtained from 15 cyclohéxene and benzene is oxidized and acid decomposed
into phenol and cyclohexanone. Since the cyclohexanone obtained is dehydrogenated into phenol, this
method does not technically involve the by-production of ketones. However, the method has a low
industriaP#slaebécatiSé the exidation ofthe tyclohexyd 20kenzena provides a igw yield ekthe target
cyclohexyl benzene hydropercxide. [0005] 3 problem related to starting material propylene and
by-produet aeetenesstutd: besavbidéed wihile maintaining the aslvantageous wields; Methogls have been
then proposed in which the by-product acetone is treated by various methods and is reused as a

material irethe thmere-pocessi [0006] Acetoneris teadily dydrogenated to-iseprepanel; and the
isopropanol is dehydrated to propylene. Patent Literature 3 discloses a process in which acetone is
reused as:afMateriat 40 theseumene: process ria detail cumene 4 ﬁ@délﬁgd by reaciinghenzene and
propylene obtained from acetone as described above.

5 ketones. For example, secondary butyl benzene obtained from
n-putene and benzene is cxidized and.acid decomposed'to give
phencl and methyl ethyl ketone {Patent Literatures 1 and 2).
According to_this method, the oxidation of the secondary butyl
benzene achieves only about 80% selectivity for the target

10  secondary butyl benzene hydroperoxide, with 15% or more
by-product acetophenone. This method conseguently provides a
lower yieid of phenol than by the cumene process.

(0004
It is also proposed that cyclohexyl benzene obtained from

15 cyclohexene and benzene is Qxidized and acid decomposed into
phenol and cyclcochexancne. Since the cyclohexanone cobtained is
dehydrogenated into phenol, this method does not technically
involive the by-production of ketones. However, the method has
a low industrial value because fhe oxidation of the cyclohexyl

20  benzene provides a low yield of the target cyclohexyl benzene
hydroperoxide.

100051
The highest yields in oxidation and acid deconmnpcsition

are achieved by the cumene process as described above. The



However, the hydrogenation and the dehydration add two steps. [0007] Paten_t Lit_eratures 4t06 _
disclose methods in which 15 isopropanol from the hydrogenation of ace-one Is dlreqtly reacted with
benzene to give ‘cumene. In particular, Patent Litetature 6 discloses a process in whichby-product
acetone is hydrogenated to isopropanol, the isopropanol is reacted benzene, qnd the resultant
cumene is reacted to give phenol. 20In this process, however, the hydrogenation adds a step to the

cumene proceds:f06@8]: t «d Ratent biterailenfadassribes g,mathod;in which by-product acetone is

reused without adding a step to the conventional cumene process. In detail, ketone, e.g., acetone is

reacted direetly withsiromatic sompesnd=e.9.-henzene and hydrogen. the qg%%%cgaoégg%astalyst
composition including a solid acid substance and copper to give an Tkylated aromatic compound.

[000.9] i toweverRatentikiteratie 7 does et disclose that the reagtion js performed in a
trickle-bed zone. 10 Citation List 20
by-product acetone is treated by various methods and is reused
5 as a material in the cumene process.
[00086].

Acetone is readily hydrogenated to isopropancl, and the
isopropanol is dehvydrated to propylene. Patent Literature 3
discloses a process in which acetone is .reused as a material

10 in the cumene process, in detall cumene is preoduced by reacting
benzene and propylene obtained fromacetone as described above.
However, the hydrogenation and the dehydration add two steps.
[0C07;

FPatent Literatures 4 to 6 disclose methods in which

15 isopropanol from the hydrogenation of acetone is directly
reacted with benzene to give cumens. In particular, Patent
Literature 6 discloses a process in which by-product acetone
ishydrogenatedtIJisopropanol,th@iﬁopropanoljﬁ;zeactedwith
benzene, and the resultant cumene is reacted +o give phenol.

20 In this process, however, the hydrogenation adds a step to the
cumene process.

(00087
Patent Literature 7 describes a method in which

by-product acetone is reused without adding a step to the



Patent Literature [0010]

Patent Literature Patent Literature 2004/0162448 Patent Literature Patent
Literature Patent Literature Patent Literature Patent Literature 1: JP-A-S57-91972 2:
U.S.PatentPublication 3: JP-A-H02-174737 4: JP-A-H02-231442 5: JP-A-H11-35497 6:
JP-A-2003-523985 7: JP-A-2005-513116 SUMMARY OF INVENTION Technical Problem [0011]
When acetone is used as the alkylatincragent in the cumene production, water that is by-produced
during the veactiorn tovers theracia sites of ageolitercatalyst to weaken, the acid strength |t is therefore
expected that the catalytic activity and the catalyst life are lowered compared to conventional

processes aisingepropyleneas-thesalkylating ageat-Accergingiys Jarget amounts ot catalysts,are
required and the reactor size should be excessively largeincreasing equipment costs. 10[0012]

hydrogen in the presence of = catalyst composition including

a soiid acid substance and copper to give an alkylated aromatic

5" compound.

(0009]

However, Patent Literature 7 does not disclose that The

reaction is performed in a trickle-bed zone.
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Such disadvantages should be solved in the industrial cumene production by alkylating benzene with
acetone. [0013] It is an object of the present invention to provide an 15 efficient process for producing
alkylated aromatic compounds such as cumene b§ directly reacting an aromatic compound such as
benzene with a ketone such as acetone and hydrogen in a compact reactor. It is another object of the
invention to provide a process for producing phenol which includes a step 20 of producing cumene by
the above a Yion'provesseSolutionioRroblem {0044] 16 afosrementioned problems. Thgy have then
found that alkylated aromatic compounds may be obtained with very high ketone conversion and very

high seleetivityfot alkglatedrarematiceampeunds-by-feeding saw materals iacluding an aromatic
compound, a ke o e and hydrogen in a gas-liquid downward concurrent flow mode to a fixed-bed

reactor packedrwithreecatalyst sand:reacting theorawsmaterials:while regulating.the.cempongnts
constituting the catalyst and the reaction gas flow rate. 10[0015] The present invention is

concerneshwitmpracesses fors producing alkyated arermatic .compeuads ang:processes,for producing
phenol as described in (1) to (9) below [00161 15(1) A process for producing alkyla ed aromatic

compoundsccomyprising teeding ray materials inghuding;an. gromatic compound, a ketone and hydrogen
in a gas-liquid do nward concurrent flow mode to afixed-bed reactor packed with a catalyst thereby to
produce an sikytated arematic gompaund, 20whekein. alkylating agent.
Accdrdingly, larger amounts of catalysts are required and the
reactor size should be excessively large, increasing equipment
costs,
10 [0012)
Such disadvantages should be solved in the industrial
cumene production by alkylating benzene with acéténe.

[0013)

It is an object of the present invention to provide an

)
(@3]

efficlent process for producing alkylated arcmatic compounds
such as cumene by directly reacting an aromatic compound such
as benzene with a ketone such as acetone and hydrogen in a
compact reactor. It 1s another object of the invention to
provide a process for producing phenol which includes a2 step

20 of producing cumene by the above alkylation process.

Solution to Problem
10014

The present inventors studied diligently to solve the



the catalyst comprises a solid acid component and a metal component comprising at least one metal
selected from he group consisting of copper, nickel, cobalt and rhenium, the catalyst is loaded in the
fixed-bed reactor such that the catalyst forms a catalyst layer having a single layer or a plurality of
layers, and the reaction gas flow rate defined by Equation (1) below is not less than 0.05 at an
entrance of a layer containing the 5 solid acid which layer is included in the catalyst layer: [0017]
pg.ug. [paipwatetkipg phltgm 2o b L swhereinipg/isttbe depsitrokthereaction gasy phis theydensity of
the reaction liquid, pair is the gas density of air, 10 pwater is the gas density of water, and ug is the
superficial vetocity of therreactioisgas:y  be (Jbtheipreeess fenproducing alikylated gromatic
compounds as described in (1), wherein the catalyst layer is a single catalyst layer (A) comprising the

catalyst ardsascatdlyst layet .(B) mhieh 'tml@@Wyg@m@grlmﬁrg%thgﬂgﬁtgl&qnponem
and a downstream layer 2 comprising the solid acid component or comprising the solid acid
componentand:ihel metgl component, and wharein: -1 thg enlrance ok a layer contajning the solid

acid is an 20 entrance of the catalyst layer (A) or an entrance of the layer 2. [0018] in the reactor is in
askle-bedzapeund, a ketone and hydrogen in a gas-liquid downward
concurrent.flow mode to a fixed-bed reactor packed with a
catalyst, and reacting the raw materials while regulating the
components constitutiﬁgthe catalyst and the reaction gas flow
rate.

10 r0015]

The present invention is concerned with processes.for
proﬁucing alkylated aromatic compounds and processes for
producing phenol as described in {1) to (9) below.

[0016]

15 (1) Aprocess for producing alkylated arcmatic compounds
comprising feeding raw materials including an aromatic
cempound, a ketone and hydrogen in a gas-liguid downward
concurrent flow mecde to a fixed-bed reactor packed with a
catalyst thereby to produce an alkylated aromatic compound,

20 wherein

the catalyst comprises a solid acid component and a metal
component comprising at least one metzal selected from the group
consisting of copper, nickel, cobalt and rhenium,

the catalyst is loaded in the fixed-bed reacdtor such tha+



[0019] (4) The process for producing alkylated aromatic compounds as described in any one of (1)
to (3), wherein the 5 metal component further comprises at least one element,selected from the group
consisting of Group IIB elements, Group IlIA elemants, Group VIB elements and Group VIII elements
(except nickel and cobalt).-[0020] 10(5) The process for producing alkylated aromatic compounds as

described in any one of (1) to (4), herein the solid acid component is zeolite. [0021] (6) The
process foh prodm“cmgmﬁtyl&tedmomaﬂsﬂé}:gmpog@q&gas Hescrined4n £5), r@rglgﬁ@er zgolite has a
ten to twelve-membered ring structure. [0022] (7) The process or pro cmg alkylated aromatic

compoundsasuwescribed inany=oneref,(1xtoi(6), wherein the 20catalyst Iayer is a catalyst layer (B)
which includes an
the reaction gas flow rate defined by Equation (1) below
is not less than 0.05 at an entrance of a layer containing the
5 solid acid which layer is included in the catalyst layer:
[0017]
pg-ug- [pair-pwater/(pg-pl) 1Y% (kgm sy .- (1)
wherelin pg is the density of the reaction gas, pl is the

iy £ o . a : C . , -
density of the reaction ligquid, pair is the gas density of air,

A)

10 pwater is the gas density of water, and ug is the superficial
velocity of the reaction gas.
{Z2) The processs for producing alkylated aromatic
compounds as described in {1}, wherein the catalyst layer is
a single catalyst layer (A) comprising the catalyst or is a

catalyst layer (R) whichincludesaﬂlupstrean&layer]_comprising

o
o

the metal component and a downstream layer 2 comprising the
solid acid component or comprising the solid acid éomponent
and the metal component, and wherein

the entrance of a lavyer containing the solid acid is an

20 entrance of the catalyst layer (A) or an entrance of the layer

2.
[0018]

{3) The process for producing alkylated aromatic

compounds as described in (1) or (2), wherein the flow state



upstream layer 1 comprising the metal component and a downstream layer 2 comprising the solid acid
component or comprising the solid acid component and the metal component. [0023] 9+ - (B) The

process for producing alkylated aromatic compoungls as described in any one of (1) to (7), wherein the
aromatic compound is benzene and the ketone is acetone. [0024] 5(9) A process for producing phenol,
comprising the step (@) to the step (d) described below wherein the step (c) is performed according to

the process fariproducing alkylated aramatie compounds; described in (8); step (a): a step of oxidizing
cumene into cumene 10 hydroperoxide; step (b): a step of acid decomposing the cumene
hydroperdxidea tojobtain phenol and acetone; step (c): a step of reacting the acetone from the step
(b) with benzene and hydrogen to synthesize cumene; and 15step (d)5 a step of circulating the

cumene from (c) ta therstepf@hces=s for producing alkylated aromatic

compounds as described in any one ¢f (1} to {32}, wherein the

5 metal component further comprises at least one element selected
ffom the group consisting of Group IIB elemeﬁts,.Group ITIA
elements, Group VIB elements and Group VIII elements {except
nickel and cobalf).
(0020]

10 _ (5) The process for producing alkylated aromatic

compounds as described in any one of (1) to (4), wherein

s
-
®

solid acid component is zeolite.

[0021]

, - .
{6) The process for producing alkylated aromatic

15 compounds as described in (5), wherein the zeolite has a t

{b
o}

to twelve-membered ring structure.
[00z2]

{(7) The process for producing alkylated aromatic
compounds as described in ény bne of (1) tc (&), wherein the
20 catalyst layer is a catalyst layer (3) which includes an

upstreamlayerlcxm@risingthenﬁtalcompénentanda«kwmstream
léyer 2 comprising the solid acid component or comprising the
solid acid component and the metal component .

[0023]



Advantageous Effects of Invention [0025] 20According to the processes for producing alkvlated
aromatic compounds of the present invention, starting materials (raw materials) including a ketone
such as acetone, an aromatic compound such as kenzene and hydrogen are reacted together in a
single reaction step to give an alkylaromatic 10 compound such as cumene with higher yield than
achieved heretofore_ The processes of the inve t on thus provide industrial and practical advantages.

The cumene produgedacsording-todhe pgqceﬁisgggfctpg 'nvg,'fg% %%g Qﬁ» gﬁgeiqcuality as cumene
obtained from propylene or isppropanol and benzene. [0026] The processes for producing phenol
according:terthe iméenlden have adepted theabove process of, rog%uci Iky.,.ated 10 aromatic
compounds, and thereby acetone that is by-produced in the gh@no %r(?(?jctiomse Feec%IeEI}\ﬁithout
increasing thennumber of steps of the ggwggggnaég&mggg p[(oec,reg%.eThe processes for producing
phenol of the present invention can produce phenol with gréat process advahtaged shd economic
advantagesoBrief Description of Drawing [0027] Fig. 1 is a plot diagram in which flow states in _
Examples 20 and Comparative Examples are plotted in a diagram showing flow zones in gas-liquid
dowpward concurrent Qagggc&@ggrsf@gt is described in 'Shokubai Kouza (Catalyst Courses) Vol.
(Engineering Part 2), Shokubai Hannou S%U%ﬁslut%lél&om BEkieT (CERIRE teactiBn dppafates and its

design)”, Catalysts. ;. step {d) described below wherein the step (c) is

- - A L ) o
periormed according to the process for producing alkylated

aromatic compounds described in (8);

step {a): a step of oxidizing cumene into cumene

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

step {c}: a step of reacting the acetone from the step

{b}) with benzene and hydrogen to synthesize cumene; and

15 step (d}: a step of circulating the cumene from the step
{c) to the step (a).
Advantageocus Effects of Invention
[0025]

20

Acceording to the processes for producing alkylated
aromatic compounds of the present invention, starting
materlals (raw materials) including a ketone such as acetone

=tone,

an aromatic compound such as benzene and hydrogen are reacted

. ‘ . . :
cogether in a single reaction step to give an alkylaromatic



11 Society of Japan, Kodansha Ltd., December 1985, first impression, p. 182. DESCRIPTION OF
EMBODIMENTS [0028] In a proceis for producing alkylated aromatic compounds according to the
present invention, raw materials including an aromatic compound, a ketone and hydrogen are fed in a
gas-liquid downward concurrent flowmodetoa fixed-bed reactor packed with a catalyst to produce an al
kylated aromatic compound. The catalyst comprises a solid acid component and a metal component

comprisingoatdeast one wetakselected fromtheRgroup consisting, of %Pgﬁr’a”#%kle‘b&oga” and
rhenium. The catalyst is loaded in the fixed-bed reactor such that the catalyst forms I5'a catalyst layer

having a singledayer:or a phorality, oblayets. The reaction gas flow;rate defined by Equation (1) below

is not less than 0.05 at an entrance of a layer containing the solid acid w ich I:%/“er s included in the

catalyst layes:u[00291:20pgmugmipairmpwater/(pgmpl) ' (kgm-25:1) m m (1 wherein pg is the
density of the reaction gas, pl is the density of the reacéjgn iiqu@%ai??smt %gga%rc?e%‘éﬁﬁgf air,

according to the processes of the invention is of the same

i

guality as cumene obtained from propylene or isopropanol and
benzene. |
[COZ6]

The processes for producing phencl according to the
invention have adopted the above pbrocess of producing alkylated
10 aromatic compounds, and thereby acetone that is by-produced
in the phenol production is recycled without increasing the
number of steps of the conventional cumene process. The
processes for producing‘phenol of the present invention can
produce phenol with great process advantages and economic

15 advantages.

Brief Description of Drawing
(00273
Fig. 1 is a plot diagram.in_which flow states in Examples
20 and Comparative Examples 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), Shokubai Hannou Souchi +o sono Sekkeil

(Catalyst reaction apparatus and its design)”, Catalysts



pwteD is the gas density of water, and ug is the superficial velocity of the reaction gas. 12 In the
processes-for-producing alkylated aromatic compounds, the raw materials including an aromatic
compound, a ketone and hydrogen are fed to a fixed-bed reactor packed with a catalyst, and the
ketone is hydrogenated in the reactor 5 to an alcohol and the alcohol alkylatep the aromatic
compound. [0030] The reaction mode in the processes for producing alkylated aromatic
compourisds ét getait as fgllows. TheJnetak componenforming.the-catalystcatalyzes the 10
hydrogenation of the ketone into an alcohol. The hydrogenation is preferably carried out by a gas liquid
solid thregnphasedeactionin aitrigkle-bed zone (perfusate flow) as described in the hydrogenation
reaction injapanese Patent No. 2724001. In the trickle.-bed zone, the liquid trickles over the outer 15
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 di spersed phase . Meanwhile, the gas surrounds the

catalyst mmjiﬂymﬁprmn%qmw§ phase. Flow zones in gas-liquid downward concurrent
packed 20 layers are shown'in Fig. 1. Fig. 1 is based on data obtained with an air-water system. Flow

zones withy gthgf systems in Fig. 1 may be prepared in consideration of correction terms based on
differing physical properties. The shaded parts indicate ranges where boundaries exist ("Shokubai

~Kouza (Catalyst 43 g%%gggl.;%gﬁﬂgiqﬁe ing Part % hokubai Hannou Souchi to Sono Sekkei
(Catalyst reaction apparatus and its design)”, éé’%ﬁ/s%sf é g%t‘“ye(;éf Japan: Kodanshd i Secember

1985, firgté@gr,@ﬁ%l, R, 183,) Thg rickle-bed zone has the same 5 definition as the’per,fusate flow
zone. [0031]  When the régct%ntéssi%ntﬁe Teactor have'a fiow stite it thetrickie bed Z0ie, the
concentrafion distribution in.the system is yniform and mil operatioQ is possible, the facility 10 does
not have to be hiéﬁw-ﬁre%ssﬁroemfécs)i}sl?éﬁt, t&heﬁpﬁ%@fé%l I%g%} oqﬁ e gty st islowsfed- And catalyst
damageésagrgygr&tggczflsdgescribed in JP-A-H11-116523.

whwara concurrent flowmode to a fixed-bed reactor

10 packedwithaacatalysttoproduceaneﬂkqdatedaromaticcompound.
The catalyst comprises a solid acid component and a metél
component comprising at least one metal selected from the group
consisting of copper, nickel, cobalt and rhenium. The catalyst
is loéded,in the fixed-bed reactor such that the catalyst forms

15 acatalyst layer having a2 single layer or a plurality of lavers.
The reaction gas flow rate defined by Equation (1) below is
not less than 0.05 at an entrance of a layer containing the
solid acid which layer is included in the catalyst layer:
[G028]

20 pg-ug- [pair-pwater/{pg-pl) 1% (kagm 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.



[0032] After he alcohol formation by the hydrogenation of 15 ketone, the solid acid component forming
the catalyst catalyzes the alkyl t'on of the aromatic compound with the alcohol to afford an alkylated
aromatic compound. This reaction is a liquid solid two phase reaction. In the system, however,
hydrogen which has been fed in excess for the hydrogenation 20 reaction is present although such
hydrogen is not involved in the alkylation reaction. Accordingly, the system has three, namely gas,
liquid and solid, phases: Accorehingstosthe inventioni hydregen which isdot invglved:in the alkylation
reaction is supplied in an increased amount and thereby-the 14 results of alkylation reaction by the

alcohol arerdrastically improveds Imview:of stable aperation §f the reactorand regyced, catalyst
damages, the alkylation of the aromatic compound with thealcohol'is preferably performed’in a 5

trickle-bed zenes(pertusate-flow)o (20331 r=  fEhat is; the ffow, state, inthe reactgr.in the pracesses for

producing alkylated aromatic compounds of the invention is preferably in a trickle-bed zone. 10[0034]

As describechabove:the precessfornredusing:alkylated aromatic compounds, of LPS%'%VE él_!ion Involves
y

two reactions: hydrogenation and alkylation, and the metal component catalyzes thef rogenation

andsthe selick acichcompanentils gentributes.to the,alkylat.an. The catalyst used in.the inyention is

formed of the solid acid component and the metal component including at least one metal selected
from the grou gonsisting of copper, nickel, cobalt and rhenium. The catalyst may be loaded in a
fixed-bed reactor in any manner without 20 limitation as long as the catalyst forms a catalyst layer

hawngfigngb|@M@”¥é&@@fﬁﬁy85@¥a§n the processes for producing

alkylated arcomatic compounds is in detail as folloews. The
metal component forming the catalyst catalyzes the

10 hydrogenation of the ketone into an alcohol. The hydrogenation
is preferably carried out by a gas liguid solid three phase
reaction in a trickie-pbed zone (perfusate flow) as described
in the hydrogenation reaction in Japanese Patent No. 2724007 .
In the trickle~bed zone, the liquid trickles over the outer

i5 surface of the catalyst and part thereof is attached to narrow
pores in the catalyst. In either case, the liguid is scattered
asindividualmassesfbrmingacﬁspersedphase. Meanwhile, the
gas surrounds the catalyst and the l1iquid, forming a continuous
phase. Flow zones in gas-liguid downward concurrent packed

20 layers are shown in Fig. 1. ¥Fig. 1 is based on data obtained
wiﬂhanaulwwatersystem. Flow zones with other systems in Fig.
1l may be prepared in consideration of correction terms based
on differing physical propertieé. The shaded parts indicate

ranges where boundaries exist (“Shokubai Kouza (Catalyst



[0035] 15 has an upstream layer 1 formed of the metal component and a downstream. layer 2 formed
of the solid acid component or formed of the solid acid component and the metal component,-and a
catalyst layer (3) in which a layer formed of the metal component 5 and a layer formed of the solid acid
component are alternately stacked. In particular, from the viewpoints of economic efficiency and
catalyst loading rationality in the setting up of the reactor which are attributed to the simple constitution

of the catalyst layer, theicatalyst layer is preferably a.single 10gatalyst layer.(4) formed of the catalyst

or a catalyst layer (B) which has an upstream layer 1 formed of the metal component and a

downstream kayes 2tormed ofdhe solidsacid.compopent gr.formed of the, splid ?&%ds‘io panent and the

metal componen [0036] 15In a particularly preferred embodiment, the catalyst is loaded 'in a fixed-bed

reactor te-genstijute she,catalyst kayer (BL. Aceording do this prefepred embodiment, the, raw. materials

are at passed through the layer 1 which is formed of the metal component catalyZzirig the

hydrogenatinand arg 29 therealter passed thiquolhyhe layer 2xhich cantains the solid acid

component catalyzing the alkylation, and thereby alkylated aromatic compounds méﬂf be obtained

efficiently; {0037 - 16, Equation, (1) below is nof less than, 0,05 at an entrance of a layer containing the

solid acid which layer is included in the catalyst layer. In‘the case where the catalyst layer is the
catalyst I%egﬁ(f?), the catalyst layer (A) itself is the layer containing the solid acid. When the catalyst
layer is the catalyst layer (B), the layer 2 is the layer containing the solid acid. In the invention, the
reaction gas refegs to a. phase component in.the reactor. That is, the reaction as includes all
components exizdgi%(jqfn %%?foﬁr%ao? a8, in detair 10 hydrogen fed a< a rﬁv\ﬁrjn%?er%%,aév%pb%ted
aromatictpl%n ygg@g_%eégne éang ev%%ora(t:%d alkxlated aromatic compound, water and alcohol. In
the invention, the réaction iquid refers to aTliquid phase compohent M the FBACHP THat id!the reaction

liquid inc all components existing in.the form of liquid,
q @gg%em,ls ingorm andQHng operati%n 1s pessible, the facility

10 does nqtkummato be high-pressure resistant, the physical load
on the catalyst is lowered, and catalyst damage is prevented
as described in JP-A-H11-116523.

T [0032]
After the alcohol formation by the hydrogenation of

15 ketone, thesolid acid component forming the catalyst catalyzes
the alkylation of the aromatic compound with the alcohol to
afford an alkylated aromatic compound. This reaction is a
liguid solid two phase reaction. In the system, however,
hydrogen which has been fed in excess for the hydrogenation

2G reaction 1s present although such hydrogen is not involved in
the alkylation reaction. BAccordingly, the system has three,
namely gas, liguid and solid, phases. According to the
invention, hydrogen which is not involved in the alkylation

reaction i1s supplied in an increased amount and thereby the



15 in detail aromatic compound and ketone fed as raw materials, hydrogen dissolved in the liquid
phase, and aLkylated aromatic compound, water and alcohol. [0038] pg.ug.[pa.pwater/(Pg-P1)] 1/2 (
kgm-2s- 20wherein pg is the density of the reactigqlgas, pi_ 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. 'Equation (1) above corresponds to the y-axis in the flow 17 zone diagram in Fig. 1.
When the-teagtion gas flow (atg defined by Equation (1) is 0.0p or.above, high cumene selectivity is
achieved. The reaction gas fgl%w rate is more preferal%%y inetghea rét:r?g]neodg1 86@ %Jifé.t[bﬁ ] n Fig.the
x-axis indicates thesflowrgte of the reaction liguid, represented by. Equation (2) below. The reaction
liquid flow rate represented by Equation (2? as b%%ﬁg ?oalf%lﬁqgssoﬁflgg{rﬁiaﬁo %Oelffiagr?cy and results
of the 10 preduction of alkylated aromatic compound the processes according to the present
invention, compared to the &raeéaction gaaéﬁgw rateeexapiggsle%%byogqﬁa%?o ?(.et).apfﬁ%i(ta%ter/a)

(pwate.,/pl).21.1/3 kgjra,:%s-;tl_.}{ 2) wherein, pl is the density of the rea tign liquid, pwater 15 is the gas
density of water, a?g th:ébsurfac‘é tear\:f{sToOﬁﬂgf‘théSfegc*ti%ﬁefméi%, {whier i$ e Surfade Tension of water,

and yilis the; superfiial yeloglty of the reaction iquyd -
[0033]
That is, the flow state in the reactor in the processes

or producing alkylated aromatic compounds of the invention

[

fr
153}

preferably in a trickle-bed zone.
10 (00347
As desgcribed above, the process for pr5ducing alkylated

aromatic compounds of the invention involves two Ieacfions:.
hydrogenaticn and alkylation, and the metal component
Catalyzes the hydrogenation and the solid acid component

15  contributes to the alkylation. The catalyst used in the
invention is formed of the solid acid compenent and the metal
component including at least cne metal selected from the group
consisting of copper, nickel, cobalt and rhenium. The catalyst
may be loaded in a fixed-bed reactor in any manner without

20 limitation as long as the catalyst forms a catalyst leyer having
& single layer or a plurality of lavers.
[0035]

Examples of the catalyst layers include a single catalyst

layer (A) formed of the catalyst, a catalyst layer (B) which



As described herflabove, it is preferable in the processes for producing alkylated aromatic compounds
that the 20 flow state in the reactor is in a trickle-bed zone. The flow rate of the reaction liquid does not
adversely affect the processes of the invention as lgng as the flow state is in a trickle-bed zone. [0040]
18 Examples of the aromatic compounds used in the processes for producing alkylated aromatic
compounds include benzene and naphthalene, with benzene being preferred. Examples of the
ketones inghide acaione.andmethyk ethyl kejope.ith-agetane, s being preferred [0041) . Thatis,
in a preferred embodiment of the processes for producing alkylated aromatic compounds of the
invention the-arematlis compaundsds hepzene andthe ketane is acetane, and the alkylated aroma c
compound obtained in this case is cumene. [0042) The catalyst used in the invention includes a

solid acid eorapenesyt and ametal component.containing at east ene. melal selected from the group

consisting of copper, nickel, cobalt 15 and rhenium. The catalyst may include other components. The

catalyst may be formed (Rrepared) by any methods.without . Jtation, In an.embodiment, the solid acid

O H
component and the metal component containing at least one metal se ected from cc?popyler,nmckel,

cobalt angthenirg yaay b fsicallmixed.an 20 acatalyst aatligle leyelwith 2 seplimeter size. In

another embodiment, the solid acid component and the meta compone%fecaoﬁ ain 6%?Fe%"”s¥ one metal

selected from-copper, Rickel, ﬁiiggq3§?ly tx%"i‘{ti%%% with a cenfimeter size. Irl(l) gostil.l another

embodiment, the solid acid component may be used as a (l:gprr%r, and the meta corﬁ‘ﬁé:nent containing
at least c&?ﬁ%@!&?@é%ﬂﬁqﬂf r%@t%oﬂp g £’ Tglée ’i%ogt;) arlta%nidorrtm] g T IJL:I 1[:@/ Tgytqlee setting up

¢

of the reactor which are attributed to the simple constitution
of the catalyst layer, the catalyst la.yer is preferably a single

10 catalyst layer {(A) formed of the catalyst or a catalyst lavyer
(B) which has an upstream layer 1 formed of the metal component
and a downstream layer 2 formed of the sclid acid component
or formed of the sclid acid component and the metal component .
[0038]

15 Irn a particularly preferred embodiment, the catalyst is
loaded in a fixed-bed reactor to constitute the catalyst laver
(B} . According teo this preferred embodiment, the rawmaterials
are first passed through the layer 1 which is formed of the
metal component catalyzing the hydrogenation and are

20 thereafter passed through the layer 2 which contains the solid
acid component catalyzing the alkylation, and thereby
alkylated aromatic compounds may be obtained efficiently.
(00377

In the invention, the reaction gas flow rate defined by



5 supported thereon. Alternatively, the metal coMponent containing at least one metal selected from
copper, cobalt and rhenium may be used as a carrier; and the solid acid component may be supported
. thereon. [0043] 10The solid acid components usgdin the invention are catalysts that function as acids.
Examples of the solid acid components include usual solid acids such as zeolite, silica alumina,
alumina, sulfate-promoted zirconia and WO03-promoted zirconia. 15[0044] In particular, the
zeolites that ateiinorgahic ce/stal’ € porows coaypounts composed of silicem and altsmingneare suitable
solid acid components from the viewpoints of heat resistance and selectivity for the target alkylated
aromaticl20,eompounds (siich asieumehe) [8045] wh i Borthe production-oficasene, astthe alkylated
aromatic compound, a zeolite is preferably used which has a ten to twelve-membered ring structure
having aqpore simitar ikgize . 20In the case where the catalyst layer is the
catalyst layer (A), the catalyst layer (A) itself is the layer
5 containing the solid acid. When the catalyst laver is the
catalyst layer (B), the layer 2 is the layer containing the
soild acid. 1In the invention, the reaction gas refers to a gas
phase component in the reactor. That is, the reaction gas
includes all compeonents existing in the form of gas, in detail
10 hydrogen fed as a raw material, evaporated aromatic compound
and ketone, and evaporated alkylated aromatic compound, water
and alcohol. In the invention, the reaction liguid refers to
a liquid phase component in the reactor. That is, the reaction
liguid includes all components existing in the form of liquid,
i5 in detail aromatic compound and ketone fed as raw materials,
hydrogen dissolved in the liquid phase, and alkylated aromatic
compound, water and zlcohol.
[0038]
pg-ug- [pair-pwater/ (pg-pl) 1Y% (kgm™s™%) --- (1)
20 wherein pg i1s the density of the reaction gas, pl is the
density of the reaction liguid, pair is the gas density of air,
pwater 1s the gas density of water, and ug is the superficial

velocity of the reaction gas.

Eguation (1) above corresponds to the y-axis in the flow



to the molecular diameter of cumene. [0046] Examples of the zeolites having a twelve-membered
ring structure include Y-type zeolit, USY-type zeolite, mordenite 5 type zeolit , dealuminated mordenite
type zeolite, P-zeolite, MCM-22-type zeolite and MOM-SE-type zeolite. In particular, ft-zeolite,
MCM-22-type zeolite and MOM-56-type zeolite have suitable structures. [0047] 10In the zeolites, the
composition ratio between silicon and aluminum may be suitably in the range of 2/1 to 200/1, and in

view of activity and qreak stabitityy preferaplyein thesangg of SHtg 10044 Further, iseragrphgusly

substituted zeolites may be used in which aluminum atoms in the zeolite skeleton 15are substituted

with othesynetahsuchoas Ge; Ti Fe; Mo B. [0048k, nThe shape of the.sqlid.acid eompanents is

not particularly limited, and the solid acid components may be in the form of sphere, cylindrical

column, extrudate @1 crushed-pieses.cFhe 29 size of the particles of the selid agid components may be

selected in the range of 0.01 mm to 100 mm depending on the size of a reactor. 10049] The metal
componenis gentaining akleast anegmetal 21 selected from copper, nickel, cobalt and rhenium may
be metal simple substances, metal oxides such as Re02, Re207, Ni0 and CuO, metal chlorides such
as ReC13; blic12 and CuC12, and cluster metals such as Ni-Cu and Ni-Cu-Cr. [0050]

In Fig. 1, the x~-axis indicates the flow rate of the
reaction liquid, represented by Equation (2) below. The
reaction liguid flow rate represented by Equation (2) has been
found less influential to the efficiency and results of the

- 10 preoduction of alkylated aromatic compounds by the processes
according to the present invention, compared to the reaction
gas flow rate e%pressed by Eguaticn (1).

pl-ul-[(owater/o) (pwater/pi)?1*3 (kgm s ™) ---(2)

wherein pl is the density of the reaction liguid, pwater

is the gas density of water, ¢ is the surface tension of the

JE
3

reaction liguid, owater 1s the surface tension of water, and
ul is the superficial velocity of the reaction liguid.
As described hereinabove, it is preferable in the
processes for producing alkylated aromatic compounds that the
290 flow state in the reactor is in a trickle-bed zone. The Flow
rate of the reaction liguld does not adversely affect the
processes of the invention as long as the flow state is in a

trickle~bed zone,

[0040]



The metal components containing at least one metal selected from topper, nickel, cobalt and rhenium
are not particularly limited as long as they have a capability of hydrogenating the carbonyl functional
groups into alcohols. 10 Commercially available fhiydrogenation catalysts may be used. For example,
such catalysts are marketed as supported catalysts on various carriers, with examples including 5%
Re carbon catalysts, 5% Re alumina catalysts, silica alumina-supported nickel catalysts and catalysts

supported on theseseastiess in d Svasied-ameunts, forrexamples19%6;a50:5%: I ajreferred. embodiment,
at least one carrier is selected from silica, alumina, silica alumina, titania, magnesia, silica magnesia,

zirconia @nd carben 40021 k20T eshape ehthe-metal components containing at, least one metal

selected from copper, nickel, cobalt and rhenium is not particularly limited, and they may be in the form

of sphere,zylindrical selumm, extrudate or crushed pieces rThe size of the partiCles of the metal

components may be selected in the 22 range of 0.01 mm to 100. mm depending on the size of a
reactor. [0952h=s Themetal Q%@@@ﬂ%%%“c@%éiﬂi{‘?iatej%%? one.metal selecied from copper, nickel,
€

coband rhenium may further 5 contain at least one element selected froth the group consisting of
Grogp 112 elements, Group dlIA elements, Group VIB elements and Group VIII elements (except
nickel and cobalt). [0053] Specific examples of such elements include Zn, Cd, Hg, 10B, Al, Ga,
In, Ti, Cr; Nos W, Fe, Ru, Os, Rh, Ir, Pd and Pt. [0054] From the viewpoint of extended catalyst
life, it is preferable that the metal component contain Zn or Al in addition to upper.

That is, in a preferred embodiment of the processes for
producing alkylated aromatic conmpounds of the invention, the
aromatic compound is benzene and the ketone is acetone, and

10 thealkylated aromatic compound obtained in this case is cumene.
10042]

The catalyst used in the invention includes a solid acid
component and a metal component containing at least one metal
selected from the group consisting of copper, nickel, cobalt

15 and rhenium. The catalyst may include other components. Thé
catalyst may be formed (prepared) by any methods without
limitation. 1In an embodiment, the solid acld component and the
metal component containing at least one metal selected from
copper, nickel, cobalt and rhenium may be physically mixed on

20 a catalyst particle level with a centimeter size. In ancther
embodiment, the solid acid component and the metal component
containing at least one metal selected from copper, nickel,
cobalt and rhenium may be separately pulverized to a finely

small size and mixed together, and the mixture may be shaped



15[0055] The catalysts of the invention may increase activity or selectivity by containing metal
salts such as Fflo504, FeC12 and SnC12, alkali metals and alkali metal salts such as K and Na, and

BaS04. Such components may be added to the catalysts as 20required. [0056] Inan
embodiment, the metal component containing at least one metal selected from copper, nickel, cobalt
and rhenium may be supported on the solid acid component as a carrier. In 23 detail, such supported

catalysts imay-he: preparac by impregnating.thersolid acid:compopentwith an aquepug solution of the
metal nitrate and-calcining the impregnated catalyst. Alternatively, the metal may be bonded with an

organic moleciile 5 ligand 4o heeame splible.in:eroanic éo%ﬁtéoﬁ%%@“%%%ﬁdb%d%%%@pors‘em may be
impregnated with a solution of the metal7ligand complex in an organic solvent and t ereafter calcined.

Taking advantage of the:characteristic thab spme of the complexes are.vaporized under yacuum, such
complexes may 10 be supported on the solid acid component by deposition or the Iﬁ<e.eliturfher, a

coprecipitatipndanethod may be adanted m which the.selid acid ¢ mpggeqtdﬁ obtain%d froth a

corresponding metal salt in the presence of a metal salt which will form the Lyélrf%éjenzﬁion catalyst and

thereby tbe synthesis of thersolid 15 acid.component and the supporting of the metal are carried out
simultaneously. [0057] To achieve high productivity, the gupp%/g Fite Tor the raw materials in the

inventione &h@%ﬁ@%&h@di%@ weight haurly 20space v “Lipegit% ‘%\!H"[S}y‘ﬁl) relative to the q;atalys_t weight IS
preferably in the range of 0.1 to 200 /h, and more preterably 0.2 10 o 7r?.q-ﬁ’§rein,?hecl’|hetﬁd weight
refers to thetotal %@JQ“EQEE@%EE%%%OE‘QQH“Q Sanad éger§%:[gg?' L?r?gsghe solid acid
componeant may be supported therson.
[0043]

10 The solid acid components used in the invention are
catalysts that functicn as acids. Examples of the solid acid
components include usual solid acids such as zeolite, silica
alumina, alumina, sulfate-promoted zirconia and WOz-promoted
zlrconia. |

15 (00441

In particular, the zeclites tﬁat are inorganic
crystalline porous compounds composed of silicon and aluminum
are suitable solid acid components from the viewpoints of heat
resistance and selectivity for the target alkylated aromatic

20 compounds {such as cumene).

[0045]

For the production of cumene as the alkylated aromatic

compound, a zeolite is preferably used which has a ten to

twelve-membered ring structure having a pore similar in size



24 In the invention, the process for producing alkylated aromatic compounds is carried out in the
presence of hydrogen. Theoretically, hydrogen may be used at least in an equimolar amount relative
to the ketone. From the viewpoints of 5 separatiop@and recovery, the hydrogen may be preferably used
in an equimolar to twenty-fold molar amount, and more preferably in an eguimolar to te fold molar
amoun elative to the ketone. When the ketone conversion is desired to be less than 100%, the

hydroger: amohist may decentrolledess shanthe eguimelar 10amount. In the reaction of the
invention, the hydrogen reacts with the oxygen atom in the ketone to form water, and the water

produced sadischarged from a reactor outlet together with the alkylated aromatic compound.
Accordingly, an excess of  hydrogen over the ketone is not substantially consumed as long 15as

undesirable sidereactionsdake place. [0059] Theorgtically, the aromatic cq 898&“%3&9%”56" at
[ [ nd

least in an equimoiar amount relative to the ketone. From the  viewpoints of separation
recoverysiheasematc.camaound 20 yiay be preferably used ip an sguimalar to fen-fold molar

amount, and more preferably in an equimolar to five-fold molar amount relative to fhe ketone. [0060] In
the processgs forproducing. alkylated aromatic 25 . .. type zeolite, B-zeolite,
MCM-22-type zeolite and MCM-56-type zeolite. 1In particular,
P-zeolite, MCM-22-type zsolite and MCM-5é~type zeolite have
suitable structures.
[0047;

10 In the zeolites, the composition ratio betwsen gsilicon
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 zeolites
may be used in which aluminum atoms in the zeolite skeleton

15 are substituted with other metal such as Ga, Ti, Fe, Mn or RB.
o048

TheShapeoffﬁuasoliciacbﬂcomponenisiszuﬁ:particularly
limited, and the solid acid components may be in_the form of
sphere, cylindrical column, extrudate or crushed pieces. The

20 size of the particles of the solid acid components may be
selected in the range of 0.0l mm to 100 mm depending on the
size of a reactor.

(00497

The metal components containing at leasi one metal



compounds, the ray materials are fed to a fixed bed reactor in a gas-liquid downward concurrent flow
mode. The reaction temperature in the reactor is in the range of 100 to 300C, and preferably 120 to
250C. The reaction pressure is in the 5 range of @.5 to 10 MPaG and preferably 2 to 5 MPaG. [0061]
A process for producing phenol according to the present invention includes the step (a) to the step (d)
described below wherein the step (c) is performed according to the process for 10 producing alkyla ed

aromatic sempotiads tleseribeg pere, abave dn thepregess far producing alkylaterjargmatic
compounds which is performed as the step (c) in the phenol production process’, the aromatic

compounsiisbeszengand the:ketong is-aceloneie s Siep (8)zastep, of axidizing cumeng jnto

cumene hydroperoxide; Step (lo: a step of acid decomposing the cumene Eydroperoxide to obtain

phenol and agefone; Stepi(c): Astep of reagting the acetene;from, thestep, ar@)a@ﬂ@%ee@ene and

hydrogen to dynthesize cumene; and 20Step (d): a step of circulating the cumene from the step

(c) to theysten.(a). <1 i the process forprogucing phenol, phenol is formed from cumene in the steps
(a) and (b), the by-product acetone is reacted in the step (c) to form cumene, and the cumene formed

26 i the staps(€) is recycled in the step (e) back to the step (a).-Accordingly, it is theoretically not
necessary that acetone should be fed from the outside of the reaction system, achieving cost

advantages. In pragUcalIants. b s dflculL o eraver 100% aeetgng and ferefore at least an
amount of acetone corresponding to the decrease is newly fedto thé Feaction systein. J0062]

selected from copper, nickel, cobalt and rhenium are not
particularly limited as long as they have = capability of
nydrogenating the carbonyl functional groups into alcohols.
10 Commercially available hydrogenation catalysts may be used.
Forexample,suchcatalystsarenmrketedass&@@wrtedcatalysts
on various carriers, with examples including'S% Re carkon
catalysts, 5% Re alumina catalysts, silica alﬁminahsupported
nickel catalysts and catalysts supported on these carriers in

15 varied amounts, for example 1% or 0.5

T o@

In a preferread
embodiment, at lesast one carrier is selected from silica,
alumina, silica alumina, titania, magneslia, silica magnesia,
zlrconia and carbon.

[0051]

20 The shape of the metal components containing at least one
metal selected from copper, nickel, cobalt and rhenium is not
particularly limited, and they may be in the form of sphere,
cylindrical column, extrudate or crushed pieces. The size of

the particles of the metal components may be selected in ths



Various modifications and improvements may be made to the 10 processes for producing phenol
according to the invention. EXAMPLES [0063] The present invention will be described by
presenting examples but(the invention is not limiteg to such examples as long as within the scope of
the invention. [0064] [Example 1] A catalyst test was carried out in which cumene was 20 produced
from raw materials: acetone, benzene and hydrogen. Cu-Zn catalyst (cylindrical columns 3 mm in

diameter x:3:qun drE height, manufacturediby SQEGhemie SatalysisJapan, ing,, elemental mass %:
Cu 32 to 35%, Zn 35 to 40%, Al 6 to 7%, Zn to Cu atOmic ratio: 1.0 to 1.2) weighing 1496g was loaded
27 at an ypperpart of a stainless steel vertical reaction tube 38.4 mm in inner diameter (having an 8
mm inner tube) and 4800 mm in length. P-zeolite catalyst (pellets 1.5mm in diameter, manufactured by

TOSOH CORPORAJIQN) weighing 4806 gwvasloaded;5 ata lqwer3part of the reactor. A catalyst

layer was thereby formed which had a layer 1 of the Cu-Zn catalyst and a layer 2 of the P-zeolite

catalyst. [0065L-Alter thedeadingpiseprapanblwas supplied from the top 10 ﬁai\?%f at24 L/h and the
catalyst was washed for 1 hour.After the completion of the washing, the catalyst'was activated by
paSsing bydreden aj 630 NL.Al3 MRaEG and;a preheating tempsrature of 100€ far 3 hours.

of Group IIB elements, Group IIIA elements, Group VIB elements

and Group VIII elements (except nickel and cobalt).

[0053]

Specific examples of such elements include Zn, Cd, Hg,

i0 B, al, Ga, In, T1, Cr, Mo, W, Fe, Ru, 0s, Rh, Ir, Pd and Pt.

From the viewpoint of extended cataiyst life, it is
preferable that the metal component contain Zn or A1 in addition
o éupper.

15 [0055]

The catalysts of the invention may increase activity or
selectivﬁty'by confaining metal salts such as PbS0,, FeCl, and
SsnCly, alkall metals and alkali metal salts such as X and Na,
and BaSC,. Such components may be added to the catalysts as

20 reguired.
[C056]

In an embodiment, the metal cdmponent contéining'at.least

one metal selected from copper, nickel, cobalt and rhenium may

be supported cn the sclid acid component as a carrier. In



[0066] 15While the reactor pressure was maintained at 3 MPaG and the prehéating temperature at
170C, benzene: 7.0 L/h, acetone: 0.59 L/h and hydrogen: 830 NL/h were supplied from the top of the
reactor to perform reaction. A mixture of the reaction liquid and gas that was discharged from the
reactor bottom was 20separated in a gas-liquid separation tank, and the oil phase and the aqueous
phase were separated in an oil -water separation tank. When the reaction had been continuously

carried odtfor 12 hoursc thesteastion diguid-and the wastegaspuerg.each.analyzed by gas
chromatography. The gas chromatography showed 28 that the acetone conversion was 94.5% and

the cumeneselectivity wasdhighsal 96:9%; {006 4hp o ri2eparately, a floywzens under the above

conditions was studied. The reaction gas flow rate at the entrance of the layer 2 (the alkylation catalyst

layer) was&aiwtaﬁeéwkn%MSBKa%%J%@DdK%%& KeugakuBinran. (Chemical Engineering

Handbook), revised 6th edition, edited by The Society for Chemical Engineers, Japan.) as an

estimatiomeguation: which,10-had heen cofrested by regressing PI%E%%;S%@ g‘g%@?@&\?&”?”gy dlaLta
nd Sokolov V., J. App

of hydrogen in benzene and cumene (Ipatieff V., Oil Gas J. 32, 14-15, (1

Chem. USSR, 50(6) 344349, (4977)); solubility data of benzene and cumene.in water,(Thompson
W. H., J. Chem. Eng. Data, 9(4), 15 516-520, (1964) and Englin B. A., Khim. Tei nol. gllépld. Masel,

10(9), 42546, £1963)),.and henzene/water azeotropic dafa, (Burd 3. R, Proc. Am. Retol, Inst. Ref. Div.,
48, 464-476, (1968)). [0068] Properties W@%e etéﬁlr?lated by in"putt%ngst%gua ove Z%fes’f%n%tion equation

and reactign gonditions;jn Examples in a stationary process simulator (manufactured by Aspen Tech
Japan Co., Ltd.). Thé results are set forth in Table™.
calcined. Taking advantage of the characteristic that some of
the complexes are vaporized under vacuum, such complexes may
10 be supported on the solid acid component by deposition or the
like. Further, a coprecipitation method may be adopted in
which_the‘soiid.acbjcomponenﬁ is obtained froma corresponding
metal salt in the presence of a metal salt which will form the
hydrogenétion catailyst and thereby the synthesis of the solid
15 acid component and the supporting of the metal are carried out
simultaneously.
[C057]
To achieve high productivity, the supply rate for the raw
materials in the invention, in detail the liguid weight hourly
20 space velocity (WHSV) relative to the catalyst welght is
preferably in the range of 0.1 to 200 /h, and more preferably
0.2 to 100 /h. Herein, the liguid weight refers to the total
welght of the aromatic compound and the ketone.

(0058]



[0069] 29 and the reaction gas flow rate at the layer 2 was (_).095. [0(_)70](1)). x-axis (Equation (2)):

1-ul.[(awater/a) (pwater/p1)2]1/3 (kgm-2s-1) - 3.430 5y-axis (Equation s .
Sg-ug.{E)air-pwater/(pg.pl)] 1/2 (kgm-25-1- - )0.095 JExample 2] . A catlallyst test‘ was carried out
with the same experimental apparatus and under the same reaction condlt_lons as in Example 10 1,
except that the reactor pressure was changed to 4 MPaG a_nql the preh(c)eatlng tempclarature w?? %tiSiCn:.
The acetone conversiopavas,.9&0%:and thecumene selectivity at 92.9%. T ﬁqrgﬁ?&?ﬁ asges s
Table 1. [0071] 15In Example 2, the flow state was in a trickle-bed zone and the re/a o (r)nwzr5 D
at the layerr2mas 0:083r[0042k s 1 X-24s (Equation.(2)); @huelé}[)(g\évsa éer{éug(%\gagxeyrcgr%gen ( g
= 3.746 20y-axis .(Equation (1)): pg-ug-[pair.pwater/(pg.p1)1 1/

Theoretically, hydrogen may be used at least in an equimolar

amount relative to the ketone. From the viewpoints of

o

separation and recovery, the hydrogen may be preferably used
ineulequimolartxztwenty—foldznolaramount,eﬂuimorepreferably
in&n1equimolartx>ten*foidwﬁolar‘amount.relaﬁive'tothe ketone,
When the ketone conversion is desired to be less than 100%,
the hydrogen amount may be controlled iless than the egquimolar
16 amount. In the reaction of the invention, the hydrogen reacts
with the oxygen atom in the ketone‘to form water, and the water
produced is discharged from a reactor outlet together with the
alkylated aromatic compound. Accordingly, an excess of
hydrogen over The ketone is not substantially consumed as long
15 as undesirable side reactions take place.
[0059]

Theoretically, the aromatic compound may be used 2t least
in an equimclar amount relative to the ketone. From the
viewpoints of separation and recovery, the arvomatic compound

20 maybepmﬁferablyused:ulanequimolartotﬁn—foldnwlaramount,
anc more preferably in an equimolar to five-fold molar amount
relative to the ketone.

[0080]

In the processes for producing alkylated aromatic



(kgm=0.083 [Example 3] ©  Cu-Zn catalyst (cylindrical columns 3 mm in diameter x 3 mm in height,
manufactured by.Stid-Chemie Catalysts Japan, 30 Inc., elemental mass %: Cu 32 to 35%, Zn 35 to
40%, Al 6 to 7%, Zn to Cu atomic ratio: 1.0 to 1.2) weighing 885 g was loaded in the reactor described
in Example 1. -zeolite catalyst (pellets 1.5 mm in diameter, manufactured by TOSOH
CORPORATION) 5 weighing 1806 g was loaded at a lower part of the reactor. A catalyst layer was

thereby fermed which hacha layey; Lt the Cunn catalvsiand.a layer 2.0f the zeolie catslyst. The

catalyst was washed and pretreated in the same manner as in Example 3] Witiile“the

reactre,sswreswas maintained af 3 MPaG;and the preheating temperature af 173C, benzene: 7.65 L/h,
acetone: 0.59 L?h and htgdrogen: 2090 NL/h were §upp%ed ro?nwthnelot%g of (tﬁg ?egc?grctbjp%?form

reaction. A mbdure.of the 15 regction | ggibq:g@sitgati\?gascgligchar%ed frg? @8 Orer?%tog\}%@tg%m was
as

separated in a gas-liquid separation tank, and the oil phasée and tHe agueous phase wereSeparated in

an oil-water separation tank. \When.the-regetion had been continuously carried out for 12 hours, the
reaction liquid and the Was¥e 20 gas were each a§%§Zé§ %ﬁ/: 553 %hPorr)ll%}gt%éFa%hjy.s The dd&tone

converSion s 5% e pymeRg seleingyas LIgh At 98,9% The (psulls are set forthin

[0061]

A process for producing phenol according to the present
invention includes the step (a) to the step (d) described below
wherein the Step {c) is performed according to the process fof

10 producing alkylated aromatic compounds described hereinabove.
Intheprocessfor;moducingalkylatedaromaticcompoundswhich
is performed as the step {(c¢) in the phencl production process,
the aromatic compound is benzene and the ketone is acetone.

Step (a): a step of oxidizing cumene into cumene

15 hydroperoxide;

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

Step (c): a step of reacting the acetone from the step
(k) with benzene and hydregen to synthesize cumene: and

20 Step (d): a step of circulating the cumene from the step
{(c) toc the step (a).

ﬁztheprocessforgmoducingphenol,phenolistrmedfrom
cumene in the steps (a) and {b), the by-product acetone is

reacted in the step (c) to form cumene, and the cumene formed



and the reaction gas flow rate at the layer 2 was 0.285. [0075] x-axis (Equation (2) ) : pl ul [
(awater/a) (pwater/pl) 2] 1/3-(kgm-2s.949 5 y-axis (Equation (1) ) : pg- ug-pwater/ .(pg- pl)]1/2
_(kgM-2S-1' =)0.285 [Comparative Example ZPgcatalyst test was carried out with the same
experimental apparatus and under the same reaction conditions as in Example 10 2, except_that the
hydrogen was fed at 530 NL/h. The acetone conversion was 96:1% and the cumene selectivity was

low at 87199t Be sesuits @re set farbiripciable 1-[0076] bxGomparative Bxample], the flow.state was
in a boundary 15 zone between a trickle-bed zone (perfusate flow) and a bubble flow zoné, and the

reaction gas flowvate-atthadayer 2:was Q.083¢ [004¥k 211 v %s@4is (Equation.(2) } j,pkul [ (awater/c)
(pwater/p1)2] in 20(kgm-26-1) -
acetone should be fed from the outside of the reaction systemn,
achieving cost advantages. In practical plants, it is
5 difficult to recover 100% acetone and therefore at least an
amount of acetone corresponding to the decrease is newly fed
to the reaction system.
[0062]

Various modifications and improvements may be made to the

10  processes for producing phencl according to the invention.

EXAMPLES
[0063]
The present invention will be described by presenting
15 examples but the invention is not limited to such examples as
long as within the scope of the invention.
(00647

[Example

!._1
3
[}

A catalyst test was carried out in which cumene was
20  produced from raw materials: acetone, benzene and hydrogen.
Cu-Zn catalyst (cylindrical columns 3 mm in diameter x
3:mm in height, manufactured by SUd-Chemie Catalysts Japan,
Inc., elemental mass %: Cu 32 to 35%, Zn 35 to 40%, Al & to
7%, Zn to Cu atomic ratio: 1.0to 1.2) weighing 1496

g was loaded

=



)7.063  y-axis (Equation (1) ) : pg ug - [pairpwater/ (pg pl )]1_/2 (kgm-2s-1) = 0.033 [Comparative
Example 2] A catalyst test was carried out with the same experimental 32 apparatus and under the
same reaction conditions as in Example 3, exceptthat the hydrogen was fed at 348 NL/h. The'acetone
conversion was 97.7% and the cumene selectivity was low at 35.7%. The results are set forth in Table
1. 5[0078] In Comparative Example 2, the flowstatewas in a boundary zone between a trickle-bed

zone (perfusate floy) and:abubble flowszane, and the reaction gas flaw;rate.at the é@’e{uzm‘éva? 0.022.
10[00891 x-axis (Equation (2)): pl.ul.L(awater/08 (pwater/p1)21183 (kgm=4.5 y-axis :

(Equatiorsl))s: pgr ugh . {paje) pwatert gy PH-B (kam82s81):0022. . + Lre) and 4500
mm in length. B-zeolite catalyst (pellets 1.5 mm in diameter,
manufactured by TOSOH CORPORATION) weighing 1806 g was loaded

5 at a lower part of the reactor. Z& catalyst layer was thereby
formed which had & layer 1 of the Cu-7n catalyst and a lavyer
2 of the P-zeolite catalyst.
[0065]
After the loading, isopropanol was suppited from the top
10 of the reacter at 24 L,/h and the catalyst was washed for 1 hour.
After the completion of the wash;ng, the catalyst was activated
by passing hydrogen at 630 NL/h, at 3 MPaG and a preheating
temperaturé of 100°C for 3 hours.
({0068
15 While the reactor pressure was maintained at 2 MPaG and
thepmebeatingtemperatureat170°C,benzene:7.0L/h,acetone:
0.59 L/h and hydrogen: 830 NL/h were supplied from the top of
the reactor to perform reaction. A mixture of the reaction
liguid and gas that was discharged from the reactor bottom was
20 separated in a gas-liguid separation tank, and the oil phase
and the agueous phase were separated in an oil-water separation
tank. When the reaction had,bgen continuously carried ocut for
12 hours, the reaction ligquid and the waste gas were each

analyzed by gas chromatography. The gas chromatography showed
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that the acetone conversion was 94.5% and the cumene selectivity

was high at 96.9%.

[6067]

Separately, a flow zone under the above conditions was

5 studied. The reaction'gas flow rate at the entrance of the

layer 2 {the alkylation catalyst layer) was calculated using

the PSRK eguation (Kagaku Kougaku Binran (Chemical Engineering
Handbook), revised éth edition, edited by The Society for

Chemical Engineers, Japan.) as an estimation egquation which

10 had been corrected by regressing literature data including

solubility data of hydrogen in benzene and cumene (Ipatieff

V., OiL.Gas J. 32, i4—15, {1293} and Sokolov V., J. Appl. Chen.

USSR, 50G(%), 1347-1349, (1977)), sclubkility data of benzene

and cumene in water (Thompson W. H., J. Chem. Eng. Data, $(4),

15  516-520, (1964) and Bnglin B. A., Khim. Tekhnol. Topl. Masel,

10(9), 42-46, (1965)) and benzene/water azeotropic data (Burd

5. D., Proc. Am. Petrecl. Inst. Ref. Div., 48, 464-476, (1%68) .

Properties were estimated by inputting the above
20 estimation eguation 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.
(0069]

In Example 1, the flow state was in a trickle-bed zone
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and the reaction gas flow rate at the layer 2 was 0.095.

[0070)

x-axis (Equation (2)): pl-ul-[{owater/c) (pwater/pl)2]/?
(kgm™s™) = 3.430

v-axis (Equation (1)): pPg-ug- [pair-pwater/ (pg-pl) 1?2
(kgm™*s™) = 0.095

[Example 2)

A catalyst test was carriedout with the same experimental
apparatus and under the same reaction conditions as in Example
1, except that the reactor pressure was ;hanged to 4 MPaG and
the preheating temperature was 185°C. The acetone conversion
was 97.0% and the cumene selectivity was high at 92.%%. The
results are set forth in Table 1.

[C071]
In Example 2, the flow state was in a trickle~bed zone

and the reaction gas flow rate at the layer 2 was (0.083.

[0072]

x-axis {(Equation (2)): pl-ul-[{owater/o) (pwater/pl)?]'/?
(kgm™s™) = 3.746

y-axis (Eguation (1)): pg-ug- [pair-pwater/ (pg-pl) ]2
(kgnfzs"l) = 0.083 |

[Example 3]
Cu-Zn catalyst (cylindrical columns 3 mm in diameter x

3 mm in height, manufactured by Stud~Chemie Catalysts Japan,
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Inc., elemental mass %: Cu 32 to 35%, Zn 35 to 40%, Al 6 to
7%, Zn to Cuatomic ratio: 1.0to 1.2) weighing 885 g was loaded
in the reactor described in Example 1. PB-zeolite catalyst
(pellets 1.5mm in diameter, manufactured by TOSOH CORPORATION)
o welghing 1806 g was loaded at & lower part of the reactor. A
catalyst layer was thereby formed which had a layer 1 of the
Cu-in catalyst and a layer Z of the PB-zeoclite catalyst. The
catalyst was washed and pretreated in the same manner as in
Exampie 1.
16 L0073
While the reactor pressure was maintained at 3 MPaG and
the preheating temperature at 173°C, benzene: 7.65 L/h,
acetone: 0.59 L/h and hydrogen: 2090 NL/h were supplied from
the top of the reactor to perform reaction. A mixture of the
15 reaction liguid and gas that was discharged from the reactor
bottom was separated in a gas-liguid separation tank, and the
il phase and the agueous phase were separated in an cil-water
separation tank. When the reaction had been continucusly
carried out for 12 hours, the reaction liguid and the waste
20 gas were each analyzed by gas chromatography. The acetone
conversidn was 98.5% and the cumene selectivity was high at
98.9%. The results are set forth in Table 1.
(00743

In Example 3, the flow state was in a trickle-bed zone
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and the reaction gas flow rate at the layer 2 was 0.285.

(00751
x-axis {Equation [(2)}: pl-ul-[(owater/c) (pwater/pl)?1!/3
(kam™@s %) = 1.949
5 y-axis (Equation (1}): pg-ug- [pair-pwater/ (pg-pl) -7

(kgm™@s™Y) = 0.285
[Comparative Example 1]
Acatalyst test was carried out with the same experimental
apparatus and under the same reaction conditions as in Example
10 2, except that the hydrogen was fed at 530 NL/h. The acetone
conversion was 96.1% and the cumens selectivity was lowat 87.9%.
The results are set forth in Table 1.
[GO76]
In Comparative Example 1, the flow state was in a boundary
15 zone between a trickle-bed zone {peifusate flow}) and a bubble

flow zone, and the reaction gas flow rate at the laver 2 was

0.033.
[(0077]
¥—~axis (Eguation (2)): pl-ul-[(owater/c) (pwater/pl)*1t/?
20 (kgm™s™') = 7.063
y-axis (Equation (1)): pgrug- [pair-pwater/ (pg-pl)1*/?
(kgm™s™') = 0.033

Comparative Example 21}

E&catalysttﬁst.wascarriedcnﬁ:withéﬂuaSameexperimental
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apparatus and under the same reaction conditions as in Example
3, except that the hydrogen was fed at 348 NL/h. The acetone
conversionwas97.7%amuithecumeneseiectivitywasZuwaat35.7%.
The results are set forth in Table 1.
[0078]

In Comparative Example 2, the flow state was in a boundary
zone between a trickle-bed zone (perfusate flow) and a bubble

flow zone, and the reaction gas flow rate at the layer 2 was

0.022
(G079

x-axis (Equation (2)): pl-u,’;'[’(s':rwm;er/G)(pv\fater/p}_')2]”3
(kgm™s™) = 4.583

y-axis (Equation (1)): pg-ug-l[pair-p\a\ra’r;er/'(pg‘-pl)}”2

(kgm™s ') = 0.022
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Reference Signs List

(00813
I -+ perfusate flow
2 -+ mist flow
5 3 -+ pulsating flow

4 ++ - bubble flow



Properties at en of zeolite la ..E  Surface ' tension r-A9:19960eT4 1 1 Density Flow rate [
Superficial 35

CLAIMS

1. A process for producing alkylated aromatic
compounds compriging feeding raw materials including an
aromatic compound, a ketone and hydrogen in a gas-liguid
downward concurrent flow mode to a fixed-bed reactor
packed with a catalyst thereby to produce an alkylated

aromatic compound, wherein

the catalyst comprises a solid acid component and a
metal component comprising at least one metal selected
from the group consisting of copper, nickel, cobalt and

rhenium,

the catalyst is loaded in the fixed-bed reactor such
that the catalyst forms a catalyst layer having a single

layer or a plurality of lavers,

the flow state in the reactor is in a trickle-bed

zone and

the reaction gas flow rate defined by Equation (1)
below is not less than ¢.05 at an entrance of a layer
containing the solid acid which layer is included in the

catalyst layer:

pg-ug- [pair-pwater/ (pg-pl)i*? (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 i1s the gas density of water, and

ug is the superficial velocity of the reaction gas.



velocity x-axis (Eq. 2) y-axis (Eq. IL Reference Signs List [0081] 1perfusate flow 2 ... mist flow 53 ...
pulsating flow bubble flow 35 CLAIMS 1. A process for producing alkylated aromatic compounds
comprising feeding raw materials including an arogpatic compound, a ketone and hydrogen in a
gas-liquid downward concurrent flow mode to a fixed-bed reactor packed with a catalyst thereby to
produce an alkylated aromatic compound, wherein the catalyst comprises a solid acid component
and a metal compaonent comprising at least one metal selected from the group consisting of copper,

nickel, cobalt and rheniunt*¢ RRE TGS 1d0RAUA RS fikddBea rE4cdF SHaT it the catalyst
forms a catalysidayerchaving a:siigle layer or aiplunalityablayers, thethesflovw state in the reactor is in

a trickle-bed zone and , .
ayer is a single catalyst layer {A) comprising the

catalyst or is & catalyst laver (B) which includes an
upstream layer 1 comprising the metal component and a
downstream layer 2 comprising the solid acid component or
comprising the solid acid component and the metal
component, and wherein
the entrance of a layer containing the solid acid is an

entrance of the catalyst layer (A) or an entrance of the

layver 2.

. 3. The process for producing alkylated aromatic
compounds according to claim 1 or 2, wherein the metal
component further comprises at least one element selected
from the group consisting of Group IIB elements, Group
IIIA elements, Group VIB elements and Group VIII elements

(except nickel and cobalt).

4. The process for producing alkylated aromatic
compounds according to any one of c¢laims 1 to 3, wherein

the



the reaction gas flow rate defined by Equation (1) below is not less than 0.05 at an entrance of a layer
containing the solid acid which layer is included in the catalyst layer: pg-ug.[pair:pwater/(pg.p1)]1/2
(kgm-2s-1) ...(1) wherein pg is the density of the rge)\ction 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. 36 2. The process for producing alkylated aromatic compounds according to claim
1, wherein the catalyst layer is a single catalyst layer (A) comprising the catalyst or is a catalyst layer
(B) which includes an upstream layer 1 comprising the metal component and a downstream layer 2
comprising the selid:acid compangater gampesinghe solid acid component and the metal
component, and wherein the entrance of a layer containing the solid acid is an entrance of the catalyst
layer (A) or an entrance of the layer 2. 3. The process for producing alkylated aromatic
compounds according to claim 1 or 2, wherein the metal component further comprises at least one
element selected from the group consisting of Group IIB elements GI‘OLg) [lIA elements, Group VIB

elements and Grodp VIl Sl &S (&t pt AlckeF 2 Eéﬁglt)?lkya‘??ﬁ FtOERELHF producing

alkylated aresigtic oempeunesatcatling te-agy wne of glaims Inforhavhesrginithe 8% sold acid
component js zeolite. 5. The roces%,\tor,producin alkylated aromatic compounds according to

claim 4, whéf@ih Hie Z&6ite Ral SRR TS twENBmBMbEFEY g structure. 6. The process for

producing alkylated aromatic compounds according to any one of claims 1 to 5, wherein the catalyst

layer is a catalyst Igyer (Bf)hwhich includes_an légstrgoam ,Iaéergé]%o rising the metal component and a
- B8

downstream layer 2 comprising #He°Solid 4G4 BRPOREhtar h§th&58E B component and

the metal campppentds adcdhédprgcess fonpraducing akylatedammaticscompewadsiaccording to
any one of %'%iénsc% to f gv@eiein the aromatic %gﬂ?ggn is benzene and thﬁ: keto eés acetone.
i the st

8. A process for proﬁﬁc g phean%ﬁrco%nsprfasir?ga ep (& tothe p w}lacesc?‘lf)“e: 'befow wherein the

step (c) is parfonped seswrdisy torthe prowvess. for pgoducngatkyatedapamatic: camqornds described
"]dam17;downstream layer 2 comprising the solid acid component or
comprising the solid acid component and the metal

compoenent .

7. The process for producing alkylated aromatic
compounds according to any one of claimg 1 to 6, wherein
the aromatic compound is benzene and the ketone is

acetone,

8. A process for producing phenol, comprising the
step (a)} to the step (d) described below wherein the step
(c}) is performed according to the process for producing

alkylated aromatic compounds described in claim 7;

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

hydroperoxide;

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



step (a): a step of oxidiZing cumene into cumene hydroperoxide; 38 hydroperoxide to obtain phenol
and acetone; step (c): a step of reacting the acetone from the step (b) with benzene and hydrogen
to synthesize cumene; and step (d): a step of circulating the cumene from the step (c) to the step

(a).

hyvdroperoxide to obtain phenol and acetone;

step {c): a step of reacting the acetone from the
step (b} with benzene and hydrogen to synthesize cumene;
and

step (d}): a step of circulating the cumene from the
step {c¢)} to the step (a).



