DESCRIPTION PROCESS FOR PRODUCING ALKYLATED AROMATIC COMPOUNDS AND
PROCESS FOR PRODUCING PHENOL 5 TECHNICAL FIELD [0001] The present invention
relates to processes for producing alkylated aromatic compounds and processes for produc 10phenol.
BACKGROUND ART [0002] The cumene proces&in which phenol is produced from cumene 15as a
starting material is known. The cumene process gives by-product acetone in an equimolar amount to
the phenol produced. The by-product acetgne has a wide range of applications as solvent or organic
synthesis material. However, depending oﬁ%ﬁ%ﬁﬁ?&%@ which differ at different times, the acetone
20 by-produced is in excess or the market conditions thereof are adverse, thereby lowering economic
efficiency of phenol. The cumene is usually produced by al kylating benzene with propylene. The

propylene is manufactured by thermal crackingf of naghtha. Depending on the demand balance
between%?@&ﬁeﬁfé%% 3&9@1 ING ALKYLATED AROMATIC COMPCUNDS AND PROCESS

FOR PRODUCING PHENOL

TECHNICAL FIELD
(o001

The present invention relates te processes for producing
alkylated aromatic compounds and processes for produciﬁg

10 phenol.

BACKGROUND ART
[ccoz)
The cumene preocess in which phenol is produced from cumene

ib as a starting material 1s known. The cumene process glves

by—produotacetonejjlanequimolaramountTxatbephenolproduced.

The by—prodpct 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 by-produced 1s in excess or the market conditions thereof are

adverse, thereby lowering economic efficiency of phenol. The

cumene is usually produced by alkvlating benzene with propylene.

The propylene 1s manufactured by thermal cracking of naphtha.

Depending on the demand balance between propylene and ethylene



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-produced in the phenol production . is hydrogenated to
isopropanol, the isopropanol is dehydrated to proﬁylene, and the propylene is recycled as a material in
the cumene production or the like. However, the hydrogenation 10and the dehydration add two steps.
[0004] To reduce steps, Patent Literatures 2 to 4 disclose methods in which isoprobanol from the
hydrogert&tivhiof aéetdhe S difedtiyiisedastan Sik§lafifdagert Withbtt deRydrafici Y &R is reacted
with benzene to give cumene. Patent Literature 4 discloses that the process involves a trickle-bed

reactor, BUt$< Sifeit ohthe fIbGirafe 6fgdst CitafliBrt List 20 PaténtLiksrafute [0op5] in the

production for cumene.

[0003]

n

To aveid the bottleneck, Patent Literature 1 discloses
a process in which acetone by-produced in the phenol production
ia hydrogeﬁated.to iscpropanol, the isopropancl is dehydrated
to prepylene, and the propylene is recycled as a material in
the cumene production‘or the like. However, the hydrogenation
10 and the dehydration add two steps.
(00047
To reduce steps, Patent Literatures 2 to 4 disclose
methods in which isopropancl from the hydrogenation of acetone
is directly used as an alkylating agent without dehydration
15 and is reacted with benzene to give cumene. Patent Literature
4 discloses that the process involves a trickle-bed reactor,

put is silent on the flow rate of gas.

Citation List
20 Patent Literaturs
[CO05]
Patent Literature 1: JP-A-HOZ2-174737
Patent Literature 2: JP~A-H0Z-231442

Patent Literature 3: JP-A-H11-35497



Patent Literature |: JP-A-H02-174737 Patent Literature 2: JP-A-H02-231442 Patent Literature 3:
JP-A-H11-35497 3

Patent Literature 4: JP-~-A-2003-523G85

SUMMARY OF INVENTICN

Technical Problem -

4]

(06063
When an alcohol is used as an alkylating agent in the
production of alkylated aromatic compounds, the reaction forms
an équivalent amount of water to the alkylating agent that has
reacted. As 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
lowered compared to conventional processes using clefins as
the alkylating agents. Accordingly, larger amounts of
catalysts are required, and the throughput of the aromatic
13  compound (benzene).and alcohol (isopropanol) per catalyst
weight,indetailﬁheliquidweighthourlyspacevelocity(QHSQL
is lowered. To cope with these problems, the reactor size
should be excessively large, increasing eqguipment costs.
[G007]
20 Such disadvantages should be solved in the industrial
production of alkylated aromatic compounds using alcohols as
alkylating agents.
[ooog]

It is an object of the present invention to provide an



Patent Literature 4: JP-A-2003.L523985 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 alkylating agent that has reacted. As 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 lodvered compared to conventional processes using
olefins as the alkylating agents. Accordingly, larger amounts of catalysts are required, and the
throughput of the aromatic 15 compound (benzene) and alcohol (isopropanol) per catalyst weight, in
detail the li§difl \WWeigREnBURY 8paicé VelSEIY VTSV 2is foiveredd Tocopetwith theseoprablems, the
reactor size should be excessively large, increasing equipment costs. [0007] 20Such disadvantages
should be SBhved i tRETTdLSHE pRéduction sPLIKRTST dronfatic EompolAdaTUSIng dcoHols as
alkylating agents. [0008] 4

compound and an alcohol in the presence of a solid acid catalyst

in a compact reactor. It 1s another object of the invention

o

to provide a process for producing phenol which includes a step

cf producing cumene by the above alkylation process.

Solution to Problem
[0009]

10 The present inventors studied diligently ©o solve the
afcrementioned problems. They have then found that arcomatic
compounds may be alkylated with an alkylating agent alcohol
such as isopreopanol in a fixed-bed reactor packed with a solid

acld catalyst as an alkylation catalyst with very high

i
O3

conversion c¢f the alkylating agent and very high cumene
selectivity by passing gas through the reactor,
{0010)

In detail, the present invention is concerned with
processes for producing alkylated aromatic compounds and
20 processes for producing phenol as described in (1} to (7) below.
(6011}

{1} Aprocess for producing alkylated aromatic compounds
comprising feeding raw materials including an arcmatic

compeund and an alcchel in a gas-ligquld downward concurrent



efficient process for producing alkylated aromatic compounds such as cumene by reacting raw
materials including an aromatic compound and an alcohol in he presence of a solid acid catalyst in a
compact reactor. is another object of the invention 5 to 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 diligently to solve®the aforementioned problems. They have then
found that aromatic 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 alkylation catalyst with very high 15
conversionfofitie Bdftatiiy AgérirHtnRGs MGh Ehmens Jeltvit/ by passing gasithrdugh the
reactor. [0010) In detail, the present invention is concerned with processes for producing alkylated
aromatic cGMpBUAES ahtPRrocE8sEE T Prédacing phéndi e uéscrBRb i (BRI & BRtow. [0011)
(1) A process for producing alkylated aromatic compounds comprising feeding raw materials including
an aromati¢ ‘¢ohipdund and an alcohol in a gas-liquid downward. concurrent 5

the raw materials are fed to the reactor in a stream of
5 a gas, and
the reaction gas flow rate defined by Eguation (1) below
is not less than 0.05% at an entrance cf a sclid acid catalyst
layer:
(00123
10 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
veloclty of the reaction gas.
is (2} The process for producing alkylated aromatic
compounds as described in {1}, wherein the flow staté in the
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
least one gas selected from the group consisting of nitrogen,
hydrogen and rare gases.
r0014}

{4} The process for producing alkylated aromatic



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 Equation (1) below is not less than 0.05 at an entrance of a solid
acid catalyst layer: [0012] 10pg.ug.[pair.pwater/(pg.pl1)]"2-(1) wherein pg is the density of the
reaction gas, pl is the density of the reaction liqui&, pair is the gas density of air, pwater is the gas
density of water, and ug is the superficial velocity of the reaction gas. 15(2) The process for producing
alkylated aromatic compounds as described in (1), wherein. the flow state in the reactor is in a
trickle-bed Z6RE[O043] £3) T Proce’s foF pFotuchig afkylatéd aksmafic 20"dorpdundshas described
in (1) or (2), wherein the gas is at least one gas selected from the group consisting of nitrogen,
hydrogen atfetrafe §ases. Jo0E4P @Y The pFrdeéss for producing alkylated aromatic

[0G15:3
{5) The process for producing alkylated aromatic
5 compounds as described in (4), wherein the zeolite has a ten
to twelve-membered ring structure.
[G016)]
(6) The process Ifor producing alkylated aromatic
compounds as described in any one of (1) to (&), wherein the
18  aromatic compound i1s benzene and the alcochol is isopropancl.
[00617]
{7} A process for producing phencl, comprising the step
(&) to the step {2) described below wherein the step (d) is
performed according to the process for producing alkylated
15 arcmatic compounds described in (6);
step {(a): a step of oxidizing cumene into cumens
hydroperoxide;
step (b): a step of acid decomposing the cumene
hvdroperoxide tc obtain phencl and acetone;
20 step (c): a step of hydrogenating the acetone from the
step {b) to iscopropanocl;
step (d}: a step of reacting the iscpropancl from the step
{c) with benzene to syntheslze cumene; and

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



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 compounds as described in (4), wherein‘the zeolite
has a ten to twelve-membered ring structure. [0019] (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 is isopropanol. [0017] (7) A process for producing phenol, comprising
the step (221 o the step (e +descr'gbgd below wherein the step (d) is  performed according to the
process for éro%lﬁci?n Al yrEt%d %'aromatic compounds described in (6); step (a): a step of
oxidizing cumane into cumene hydropero ide; step (b): a step of acid decomposing the cumene
hydroperoxide to obtain phenol and acetone; 20step (c): a step of hydrogenating the acetone from the

step (b) to isopropanol; ’
Advantagecus Effects of Invention

[0018]

5 According to the processes for producing alkylated
aromatic compcunds of the present invention, an alcohol such
as isoprecpanol and an arcmatic compound su¢h as benzene (raw
materials)arefedﬁxaareactorix:astremﬁofaagas,andthereby
alkyléted aromatic compounds such as cumene can be produced

10 in a higher yield than achieved‘heretofore with industrial and
practical advantages.
[G019]
Thé procegses for producing phenol according to the
invention have adopted the above process of producing alkylated
15 aromatic compounds, and thereby acetone that is by-produced

in the phenol production can be reused.

Brief Descripticon of Drawing
[0020)]

20 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), Shokubai Hannou Souchi to Sono Sekkei



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] According to the processes for producing alkylated aromatic compounds of the
present invention, an alcohol such as isopropanolfand an aromatic compound such as benzene (raw
materials) are fed toa reactor in a stream of a gas, antithereby alkylated aromatic compounds such as
cumene can be produced 10 in a higher yield than achieved heretofore with industrial and practical
advantageSa 160103t r THetpioteSsuR IS PHroauding phefolEctofing to thatalysts
inventionhaveadoptedthe above process ofproducingalkylated 15 aromatic compounds, and thereby

acetone thatisHyyprodudéd i thelpHendIpradiction cansseeriused “Bifef Desefifion of Drawing
[0020]

impression, p. 18Z.

5 DESCRIPTICN OF EMBODIMENTS
[o021;
In a process for producing alkylated aromatic coempounds
according"x:otheirwent3Lon_r raw materials including an arcmatic
- compound and an alcohol are fed in a gas-liguid downward
10 concurrent flow mode to a fixed-bed reactor packed with a solid
acid catalyst thereby to produce an alkylated aromatic compound.
The raw materials are fed to the reactor under a stfeam of a
gas. The reaction gas flow rate defined by Equation (1) below

is not less than 0.05 at an entrance of a solid acld catalyst

]
n

layer:
(00221
pg-ug- [pair-pwater/(pg-pl) ™% (kgm™Ps™') -+ (1)
wherein pg is the density of the reacticn gas, pl is the
density of the reaction liquid, pair is the gas density of air,
20 pwater is the gas density of water, and ug is thé superficial
velocity of the reacticn gas.
The solid acid catalyst layer is a catalyst layer formed

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

[0023]



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 (Catalyst Courses) Vol. 6, (Engineering Part 2), ShokUbai Hannou Souchi to Sono
Sekkei 8 (Catalyst reaction apparatus and its de@ign)", Catalysts Society of Japan, Kodansha Ltd.,
December 1985, first impression, p. 182. DESCRIPTION OF EMBODIMENTS [0021] In a process
for producing alkylated aromatic compounds according to the invention, raw materials including an
aromatic compo A &R alOhol-Bre B8 i & Yagfguit Howr2id $6enearféntiioi"Mode to a
fixed-bed reactor packed with a solid acid catalyst thereby to produce an alkylated aromatic
compourit THa Faw FRASTAIE Afe F6¢F fo-theréactoi-thiderd Sfreamof § Ja& Pre iettion yas flow
rate defined by Equation (1) below is not less than 0.05 at an entrance of a solid acid catalyst 15layer:
[0022] pgriig 3paif pREsT APy A2 T gt 23-15(1) 21 ¢ Wketein g8 $he BEASHSST tHe réaction gas,
pl is the density of the reaction liquid, pair is the gas density of air,

solid acid catalyst, and is a liguid solid two phase reaction.

5 According to the finding by the present 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-liiguld downward concurrent flow mode

10 are shown in Fig. 1. The flowlzone 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. &, {(Engineering Part 2), Shokubalil

15  Hannou Souchi to Sono Sekkel (Catalyst reacticn 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
y-axis in the dlagram are defined as follows.

20 [0025]

173

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

y-axls: pg-ug- [pair-pwater/{pg-pl)]** (kogm s
Here, pl, pg, pair and pwater are the density of the

reaction liguid, the density of the reaction gas, the gas



20pwaer 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] 9 The reaction in the process for producing alkylated aromatic compounds according to
the invention is the alkylation of an aromatic comb@und with an alcohol in the presence of a solid acid.
catalyst, and is aliquid solid two phase reaction. 5 According to the finding by the present inventors,
the reaction results of the alkylation are drastically improved by feed the raw materials to the reactor
under a stfgami b a @asa 0024 Flow 2osesindgassiguid dowhnard cohBgrert Tovembde 0 are
shown in Fig. 1. The flow zone diagram is based on data obtained with an air-water system. Flow
zones witinether systams $ra\eise piephved nccorsideration of evbfrectort rmsbased ohldiffering
physical properties ("Shokubai Kouza (Catalyst Courses) Vol. 6, (Engineering Part 2), Shokubai 15
Hannou $6acH: 1@ Sohé BekkeF(Catalyst rRAEH6T Spparatis @ndits dedigr)”, Gafalysts Soeiety of
Japan, Fodansha Ltd., December 1985, first impression, p. 182). The shaded parts in Fig. 1 indicate
ranges where bountariesrsdst iTHe x-ads and yvaxis ih e dipamcdrel defined as follows: 20[0025]
x-axis: pl.ul.[(awater/a)(pwater/p1)2]1/3 (kgml2sy-axis: pg.ug.[pair-pwater/(pg.p1)11/2 (kgml2s-1)
Heré, pl, pg, paie ane pwaterrarg #e demsityoftiere Ly .

[0026]

In the invention, the reacticn gas refers to a gas phase
component in the reactor. That is, the reaction gas includes
all compocnents existing in the form of gas, in detail the gas

10 used to feed the raw materials in a gas-liquid downward
concurrent flow mode, evaporated aromatic compound and alcohel,
and svaporated alkylated aromatic compound and water. In the
inventicn, the reaction liguid referé to a liguid phase

compenent in the reactor. That is, the reaction liguid

15  dincludes all components existing in the form of liguid, in
detail aromatic compound and alcohol fed as raw materials, gas
dissolved in the liguid phase, and alkylated aromatic compound
and water.

[0027]

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

in the catalyst. In either case, the liguid is scattered as



reaction liquid, the density of the reaction gas, the gas density of air and the gas density of 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 reaction liquid and that of the
reaction gas, respectively. [0026] In the invention, the reaction gas refers c¢,0 a gas phase
component in the reactor. That is, the reaction gas includes all components existing in the form of gas,
in detail tihedg}as_lo used to feed the raw materials in a gas-liquid downward concurrent flow mode,

evaporated arShatié coMpaafRd ahd dicdHbl Cafid swaporated afig fited dr6maHE éompoling and water.
In the invention, the reaction liquid ref$rs to a liquid phase component in the reactor, That is, the
reaction AGREHEGASS AP ConfpGacHtS Existitifinthe bt fiquid TR dBRiParshatid ctBound and
alcohol fed as raw materials, gas dissolved in the liquid phase, and alkylated aromatic compound and
water. [0BB7201in 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 theredfis 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 B&rtinubOs phase. [PD28E 1nWhef the AiGwatatedn Hie fedctords irfa iftkle-bed
zone, the concentration distribution in the system is uniform and mild operation is possible, the facility
does not3rave to echighipressuré Fesistant, 1iié physica Toad oh e TSt is fowerkd 04Rd catalyst
damage is prevented as described in
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
10 JP-A-H11l-116523.
[0029]
In the invention, the reaction gas flow rate defined by
Eguation (1) below is not less than 0.05 at an entrance of the
'solid acid catalyst layer.
15 [0C30]
: 1/2 ~2 -1 .
pg-ug- [pair-pwater/ {pg-pl)] (kgm™“s™") (1)
wherein pg is the density of the reaction gas, pl is the
densgity of the reaction liguid, pair is the gas density of air,
pwater is the gas density of water, and ug is the superficial
20 wvelocity of the reaction gas.
Egquation (1) above corresponds to the y-axis in the flow
zone diagram in Fig. 1. When the reaction gas flow rate defined

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

achieved. The reaction gas flow rate is more preferakbly in the



10JP-7-H11-116523. [0029] in the invention, the reaction gas flow rate defined by Equation (l)
below is not less than 0.05 at an entrance of the -solid acid catalyst layer. 15[0030] -
pg-ug.[pair.pwater/(Pg*P1)] 1/2 (kgm-2s 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 cum&fé& 88letfivify-is bchieved ©Fhe reaction gas flow rate is more preferably in the 12 range of
0.08 to 0.6. #}031] In Fig 1, the x-axis indicates the flow rate of the reaction liquid (the liquid phase
componeht'ihthé reactor), 5 represented by Equation (2) below. The reaction liquid flow rate
represented by Equation (2) has been found less influential to the efficiency and results of the
production of alkylateti‘d&femhatic EbfpduAds: By iecproedsses Hegoriig'toths present irfvention,

compared to the reaction gas flow rate expressed
reaction liguid (the liguid phase component in the reactor),

> represented by Eguatiocon {(2) below. The reaction ligquid flow
rate represented by Egquation (2) has been found less influential
to the efficiency and results of the production of alkylated
aromatic compounds by the processes accordiﬁg to the present
invention, compared to the reaction gas flow rate expressed
10 by Eguation (1).

pl-ul-[{owater/c) (pwater/pl)?1*? (kgm™@s™) ---(2)

wherein pl is the density of the reaction ligquid, pwater
is the gas density of water, ¢ i1s the surface tension of the
reaction liguid, owater is the surface tension of water, and

15 ul is the superficial velocity of the reaction liguid.

As described hereinabove, it i1s preferable in the
processes for producing alkylated aromatic compounds that the
flow state in the reactor is in a trickle-bed zone. The flow
rate of the reaction ligquid deoes not adversely affect the

20 processes of the invention as long as the flow state 1s 1in a
trickle-bed zone.
[0032]
Examples of the aromatic compounds used in the processes

for producing alkylated aromatic compounds include benzene and



10by Equation (1). pl-ul-[(awater/a) (pwater/p1)211" (kgm81) ---(2) wherein pi 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 ui is the superficial velocity of the reaction liquid. As
described hereinabove, it is preferable in the pro&e%ses for producing alkylated aromatic compounds
that the flow state in the reactor is in a trickle-bed zone. The flow rate of the reaction liquid does not
adversely affect the 20 processes of the invention as long as the flow state is in a trickle-bed zone.
[0032] EXERPIEE Bt B ardindtic CORotmas teed th eDreddsies 15Haphthatkeret withenzene
being preferred. Examples of the alcohols include isopropanol and 2-butanol, with isopropanol being
preferred 60357 RThdtTd, 4A & préfPedPembodiidit of thel protessed for prodaEng akdkied aroma c
compounds of the invention, the aromatic compound is benzene and the alcohol is isopropanol, and
the alkylated &forafid 86mpBund obtained in this case is cumene.

[0033]

1

That is, in a preferred embodiment of the processes for
preducing alkylated aromatic coﬁpounds of the invenition, the
arcmatic compound is benzene and the alcohollis iscpropanocl,
and the alkylated aromatic compound obtained in this case is
cumene.

10 [0034]

In the invention, at least one gas selected from the group
consisting of nitrogen, hydrogen and rare -gases 1s used.
[00325]

The solid acid catalysts used in the inventicn are

15 catalysts that function as acids. Examples of the solid acid
catalysts include usual solid acids such as zeolite, silicsa
alumina, alumina, sulfate-promoted zirconia and WOs;—-promoted
zirconia.

[003¢6]
20 In particular, the zeclites that are inorganic

crystalline porous compounds composed of silicon and aluminum
are sultable solid acid catalysts from the viewpoints of heat
resistance and selectivity for the target alkylated aromatic

compounds {(such as cumenej.



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 ysts that
function as acids. Examples of the solid acid catalysts include usual solid acids such as zeolite, silica
alumina, alumina, sulfate-promoted zirconia and"WO03-promoted zirconia. [0036] 20In pa icular, the
zeolites that are inorganic crystalline porous compounds composed of silicon and aluminum are su e
solid acidﬁ;@?lysts from the viewpoints of heat re s stance and selectivity for the target alkylated
aromatic pdunds (such as cumene). 19 [0037] 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 simftar in'Siz&% 6 tHerholeclifar HiaHEtEr BFcumEné (653829 BX4&Hi5IES Of the zeol
tes having a twelve-membered ring structure include_Y-type zeolite, USY-type zeolite, mordenite type

zeolite, de@fthfin&fed mordenite type'Zediite P-2&diite] WS¢ which has & ten to

twelve-membered ring structure having a pore similar in size
5 to the molecular diameter of cumene.
[0038]

Examples of the zeolites having a twelve-membered ring
structure include Y-type zeolite, USY-type zeolite, mordenite
type zeolite, dealuminated mordenite type zeclite, P-zeclite,

10 MCM-2Z-type zeolite and MCM-5&6-type zeolite. In particular,

f~zeclite, MCM-22-type zeolite and MCM-56-type zeolite have

suitable structures.
[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, lsomorphously 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.
20 [0040]
The shape of the solid acid catalysts is not particularly
limited, and the sclid acid catalysts may be in the form of
sphére, cylindrical column, extrudate or crushed pieces. The

-size of theparticles of the solidacidcatalystsmay be selected



10 MCM-22-type zeolite and MOM-56-type zeolite. In particular, P-zeolite, MCM-22-type zeolite and
MCM-66-type zeolite have suitable structures. [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. Fju?ther, 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. 20[0040] The shape of the solid acid catalysts is not particularly limited, and the
solid acid Bafalyatsmag hedih the formBf Spherd Coyfifidical RBIAHE extruliafe orcriistted Pieces. The
- size of the particles of the solid acid catalysts may be selected 15 in the range of 0.01 mm to 100
mm depériding 617 the size of a reactor. [0041] To achieve high productivity, the supply rate for the
raw materials in the invention, in detail the liquid weight hourly space velocity (WHSV) relative to the
catalyst Weightis 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 I.
[0042]  The abovesubphErdteEnsures tiat climene is Producsthin & high yield foe431

Theoretically, the aromatic compound may be used at least
5 materials in the invention, in detail the liguid weight hourly

space veloclty (WHSV) relative to the catalyst welght is
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.

10 [0042]
The above supply rate ensures that cumene is produced in
a high vield.
[G043]
Theoretically, the aromatic compound may be used at least
15 in an equimclar amount relative to the alcohel. From the
viewpoints of separation and recovery, the aromatic compound
may be preferably used in an equimolar to ten~fold meolar amount,
and more preferably in an equimolar to five-fold molar amount
relative to the alcchol.
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 more preferably in an eguimolar

to ten-fold molar amount relative to the alcohol.



15 in an equimolar amount relative to the alcohol. From the viewpoints of separation and recovery, the
aromatic compound maybe preferably used in an equimolar to ten-fold molar amount, and more
preferably in an equimolar to five-fold molar amoy t relative to the alcohol. 20[0044] From the
viewpoints of separation and recovery, the gas inthe invention may be preferably used in an
equimolar to twenty-fold molar amount, and more preferably in an equimolar to ten-fold molar amount
relative tPot-Iﬂ% chohoI. 16 [0045] In the processes for producing alky ated aromatic compounds,
the raw materials are fed to a fixed bed reactor in a gas-liquid downward concurrent flow mode. The
reaction 5temperature. in the reactor is in_the range of 100 to 300 C, and preferably 120 to 250C. The
reaction pressuré% mﬁef?ﬁﬁ’&ee of6.3 tg i) I\ﬁl)lgg%g,uacrquﬁre? A8 aztt%% MPAE dd:46] A process for
producing phenol according to the present 10, invention includes the ste %a) to the ste (e)(described
below whErERthE Step (djFs paHoMiedacidrding {0 theStocdss ol b?(o% ciig I@?ﬁtga Aromatic
compounds described hereinabove. In the process for producing alkylated aromatic compounds which -

is performediasihé sted i In 0 PHERdt prédUctdit process °15 e SromaticccdmBSUnd R benzene

and the alcohol is isopropanol. Step (a): a step of oxidizing cumene into cumenge halgroperoxide;
5 temperature in the reactor is in the range of 100 to 300°C,

and preferably 120 to 250°C. The reaction pressure is in the
range of 0.5 to 10 MPaG, and preferably 2 to 5 MPaG.
[0046]
A process for preducing phenol according to the present
10 invention includes the step (a) to the step (e} described below
wherein the step (d) is performed according to the process for
p&oducing alkyvlated aromatic compounds described hereinabove.
iﬁmtheprocessforproducingalkylatedaromaﬁiccompoundswhich
is performed as the step (d) in the phenol production process,
15 the aromatic compound is benzene and the alcchol is isopropanol.
Step (a): a step of oxidizing cumene intc cumenes
hydropercxzide;
Step (b): a step of acid decomposing the cumene
hydroperoxide to obtain phencl and acetone;
20 Step {c): a step of hydrogenating the acetone from the
step (b) to ilsocopropancl;
Step (d): a step of reacting the isopropanocl from the step
(c) with benzene to synthesize cumene; and

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



Step (b): a step of acid decomposing the cumene hydroperoxide to obtain phenol and acetone; 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 2,7 (d) to the/ step (a). In the process for producing phenol,
phenol is formed from cumene in the steps (a) and (b), the by-product acetone is hydrogenated in the

- step (c) to iISopropanol, the isopropanol 5 is reacted in the step (d) to form cumene, and the cumene
formed irt the S$tep {BfisTEEYtIedin-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 sistem, achieving cost

advantages. In practiéa Blanes ResIr dificult o reconerTonbe antdl fiferBroreldt 18ast an
amount of acetone corresponding to the decrease is newly fed to the reaction system. [0047]
Various miédiicatidns aadinitroveménts maybe fiaded theols protesséds fof predirking phenol
according to the invention.
hydrogenated in the step (c) to isopropanol, the isopropancl
5 is reacted in the step (d) to form cumene, and the cumene formad
in the step {(d) is recycled in the step (e) back tc the step
(a}. Accordingly, it is theoretically not necessary that
acetone sheould be fed from the ocutside of the reaction system,
achieving cost advantages. In practical plants, it is
10 difficult to recover 100% acetone and therefore at least an
amount of acetone corresponding to the decrease is newly fed
to the reactlion system.
[0047]

Various modifications and improvements may be made to the

15 processes for producing phenol accerding to the invention.

EXAMPLES
[0048]
The present invention wiil be described by presenting
20  examples but the invention is net 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



EXAMPLES [0048] 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 isopropanol and benzene as
raw materials. [0050] D-zeolite catalyst (Pellets 5 mm in diameter, manufactured by TOSOH
CORPORATION) weighing 2435 g was loaded 5 in a stainless steel vertical reaction tube 38.4 mm in
inner diameter and 4800 mm in length. After the loading, isopropanol was supplied from the top of the
reactor a 224K &Ad fHCBataysFWwas Washed 16 1P1F6LF <005 ES1OWHIlE fhie feadtoF pressure was

maintained at 3 MPaG and
100507

f-zeolite catalyst (pellets 1.5 mm in diameter,
manufactured by TOSOH CORPORATICN} weighing 2435 g was loaded
5 in a stainless steel vertical reaction tube 38.4 mm in inner
diameter and 4800 mm in length. After the loading, isopropanol
was supplied from the top of the reactor at 24 L/h and the
catalyst was washed for 1 hour:
[0051]

10 Wnile the reactor pressure was maintained at 3 MPaG and
the preheating temperature at 175°C, benzene: 8.1 L/h,
isopropancl: 0.65 L/h and hydrogen: 1900 NL/h were supplied
from the top of the reactor to perform reaction. The liguid
welght hourly space velocity (WHSV) under these conditions was

15 2.0. A mixture of the reaction liguid and gas that was
discharged from the reactor bottomwas separated ina gas-liquid
separation tank, and the oil phase and the agueous phase were
separated in an oil—wéter separation tank. When the reaction
had been continuously carried out for 12 hours, the reaction

20  liguid and the waste gas were each analyzed by gas
chromatography. The gas chromatography showed that the
isopropancl conversion was 100% and the cumene selectivity was
high at 92.8%.

[0C32]



the preheating temperature at 175C, 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 liquid weight hourly space velocity
(WHSV) under these conditions was 3.0. A mixture of the reaction liquid and gas that was discharged
from the reactor bottom was separated in a gas-l?q%id 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 out for 12 hours, the reaction 20 liquid and the waste gas were each analyzed by

gas chromatograpRy.#Hie-§as' chfomatoyrashySshbiwes thatthe FSpTEparior Convetsion‘ifas 100%
and the cumene selectivity was high at 92.8%.([&9052] 19 Separately, a flow zone under the above
conditions WS stddied? The FeaGtion-gasifow faté 4t the ehtrahcé bEthe Sofidach Catalystiayer (the
alkylation catalyst layer) was calculqted using the PSRK equation (Kagaku Kougaku Binran 5
(Chemicdl Ehgineeting Rardbosk), téised 6th edifior ebitéd By THe Séciéty forCRémicaEngineers,
Japan.) as an estimation equation which had been corrected by regressing literature data including
solubility @atecofyefsyensintbenzefie Bbbcuftgne {fpatieff ¥2 BikGakJ1 32 14- 15, 11¥998) and
Sokolov V., J. 10Appl. Chem. USSR, 50(6), 1347-1349, (1977)), solubility data of benzene and
cumene intWeger (Thonipsohnwe HLAE CherdPERg: Datas9(43,:816>520 (@964 pand Ehglie 8. A., Khim.
Tekhnol. Topl. Masel, 10(9), 42-46, (1965)) and benzene/water azeotropic data (Surd S. D., Proc. Am.
Petrol. Insty RéfeDiw.s 1648, 464-476:(1968))-{0D58kers, Japan.) as an estimation
equatiorlwhichkunjbeen.correctemiby regressing literature data
including scolubility data of hydrogen in benzene and cumene
{(Ipatieff V., 01l Gaé J. 32, 14-15, (1%%3) and Sokoclov V., J.
10 Appl. Chem. USSR, 50(8), 1347-1349, (1977)), solubility data
of benzene and cumene in water (Thompson 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 benzene/water
azeotropic data (Burd 8. D., Proc. Am. Petrol. Inst. Ref. Div.,
15 48, 464-476, (1568)).
[0053]
Properties were estimated by inputting the above
eétimation eguation and reaction conditions in Examples in a
stationary process simulator (manufactured by Aspen Tech Japan
20 Co., Ltd.). The results are set forth in Table 1.
(0054 ]
In Examplie 1, the flow state was in a trickle-bed zone

and the reaction gas flow rate was (0.280.

(0055]



Properties were estimated by inputting the above estimation equation and reaction conditions in
Examples in a stationary process simulator (manufactured by Aspen Tech Japan 20Co., 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 as 0.280. [0055] 20 x-axis: pl.ul.[(awater/u) (pwater/pl) 271/3kgm-2s-1)
2.263 y-axis: pg.ug. [pair- pwater/ (pg.prnin (kgml2s= 0.280 [Example 2] 5A catalyst test was carried
out with the same experimental

x-axis: pl-ul- [ {owater/c) (pwater/pl)?1*? (kgm™?s™!) =
2.263
y-axis: pg-ug- [pair-pwater/(pg-pl)1*/* (kgm*s™") = 0.280
[Example 2]
5 Acatalyst test was carried out with the same experimental

apparatus and under the same reaction conditions as in Example
i, except that the hydrogen was fed at 500 NL/h. The
isopropancl conversion was 100% and the cumene selectivity was
high at B86.9%.

S 10 [0056]

In Example 2, the flow state was in a trickle-bed zone

and the reaction gas flow rate was 0.075.
(00571

SR

¥x~axis: pl-ul- [ (owater/o) (pwatexr/pl (kgm™s™h =

15 4.26¢9
y-axis: pgrug- [pair-pwater/ (pg-pl)]1*? (kgm™@s™*) = 0.075
[Comparative Example 1]
,Acatalysttesﬁ;wascarriedoutxmujatheSameexperimental
apparatus and under the same reaction conditions as in Example
20 1, except that the hydrogen was fed at 1%0 NL/h. The
iscpropancl conversion was 50.5% and the cumene selectivity
was low at 42.6%. Further, large amounts of by-prcduct propane
and propylene were produced.

[0058]



apparatus and under the same reaction conditions as in Example 1; except That the hydrogen was fed
- at SOO NL/h. The isopropanol conversion was 100% and the cumene selectivity was high at 86.9%.
10[0056] In Example 2, the flow state was in a trickle-bed zone and the reaction gas flow rate was
0.075. [0057] x-axis: pl.ul.[(a ater/a)(pwater/pl)%%l/B (kgm-2s-1) = 154.269
pg.ug.[pair.pwater/(pg.pl)]in (kgm= 0.075 [Comparative Example 1] A catalyst test was carried out
with the same experimental apparatus and under the same_reaction conditions as in Example 201,
except that the Hydrb6G8R #/a3 fed &t T9FNEAT The idopropanof cdiversiol Was80.5% and the
cumene selectivity was low at 42.6%. Further, large amounts of by-product propane and é)ropylene
Weﬁapﬂiﬁkgﬁ;moggﬁzgone, but the reaction gas flow rate was 0.026.

[0059]

x-axis: pl-ul-[{owater/c) (pwater/pl)?1Y? (kgm*s”

5 4.771

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



0.026 22 Reference Signsilist [0061] 1perfusate flow 2 .-. mist flow 3pulsating

In Comparative Example 1, the flow state was in a trickle-bed zone, but the reaction gas flow rate was
bubble flow

0.026. [0059] x-axis: pl-ul-[(awaterfa) pwater/p1)2]172 (kgm-2s 54.771 y-axis: pg-ug. [pair- pwater/

(pg pN]1/2 (kgrn-2s
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24 CLAIMS 1. A process for producing alkylated aromatic 5 compounds comprising feeding raw
materials including an aromatic compound and an alcohol in a gas-liquid downward concurrent flow
mode to a fixed-bed reactor packed with a solid acid catalyst thereby to produce an alkylated aromatic
compound, 10 wherein the raw materials are“féd to the reactor in a stream of a gas, 15the 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 0.05 at an entrance of a solid 20acid catalyst layer:
pg.ug.[paFpRARTESY.pEFIRgMZEL) ...(1)  wherein pg is the density of the reaction gas, pi is the
density of the reaction liquid, pair is the gas 25 density of air, pwater is the gas density of water, and
ug is the %%Béﬁﬁ&ial velocity of the reaction gas.

I «++ perfusate flow
2 +++ mist flow
5 3 -+ pulsating flow

4 -+ bubble flow



30 25 2. The process for producing alkylated aromatic compounds according to claim 1, wherein
the gas is at least one gas selected from the groag consisting of nitrogen, hydrogen and rare gases.
3. The process for producing alkylated aromatic compounds according to claim 1 or 2, wherein the
solid acid catalyst is zeolite. 10 4The process for producing alkylated aromatic compounds according
to claim3, wherein the zeolite has a ten to twelvetmdmbered ring structure. 15 5. The process for
producing alkylated aromatic compounds according to any one of claims 1 to4, wherein the aromatic
compound is benzene and the alcohol is 20 isopropanol. 6. A process for producing phenol,
comprising the step (a) to the step (e) described below wherein the step 25(d) is performed according

to the process for produgingrccess for producing alkylated aromatic
5  compounds comprising feeding raw materials incliuding an
aromatic compound and an alcohcel in a gas-liquid downward
concurrent flow mode to a fixed-bed reactor packed with a
solid acid catalyst thereby to produce an alkylated
aromatic compound,

10 wherein

the raw materials are fed to the reactor in a

stream of a gas,

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

zone and

the reaction gas flow rate defined by Egquation (1)
below is not less than 0.05 at an entrance of a3 solid

20 acid catalyst layer:

pgrug. [pair-pwater/ (pg-ply1*% {(kgm™s™) --- (1)
wherein pg is the density of the reaction gas, pl is
the density of the reaction liguid, pair is the gas
25  density of ailr, pwater is the gas density of water, and

ug 1s the superficial velocity of the reaction gas.

30



alkylated aromatic compounds described in claim5; step (a): a step of oxidizing cumene into

cumene hydroperoxide; 30 26 hydroperoxide to ®btain phenol and acetone;

step (c): a step of

hydrogenating the acetone from the step (b) to isopropanol; step (d): a step of reacting the

isopropanol from the step 5(c) with benzene to synthesize cumene; and step geg: a step of

circulating the curhene froff tie"Step1d) tthesstep gyt no &t kylated aromat

10

20

25

30

compounds according to claim 1, wherein the gas is at
least cne gas selected from the group consisting of

nitrogen, hydrogen and rare gases.

3. The process for producing alkylated aromatic
compounds according to claim 1 or 2, wherein the solid

acid catalyst 1s zeolite.

4 The process for producing alkylated aromatic
compounds according to claim3, wherein the zeolite has a

ten to twelve-membered ring structure.

5. The process for preducing alkylated aromatic
compounds according to any one of claims 1 tod, wherein
the arcomatic compound is benzene and the alcohol is

lsopropanol.

6. 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 aromatic compounds described in claimb;

step {a): a step of oxidizing cumene intoc 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 isocopropanol;

step (d): a step of reacting the iscpropanol from the step
(c) with benzene o synthesize cumene; and

step {(e): a step of circulatiné the cumene from the step

{dy to the step (a).



