-1 - DESCRIPTION METHOD FOR PRODUCING ALKYLATED AROMATIC COMPOUND, METHOD
FOR PRODUCING CUMENE, AND METHOD FOR PRODUCING PHENOL 5 Technical Field [0001]
The present invention relates to a method for producing an alkylated aromatic compound, a method for
producing cumene, 10 and a method for producing phenol. Background Art [0002] A method for
producing cumene by the reaction between benzene and propylene, a method for producing c ene 15
hydroperoxide by the oxidation of cumene, and a method for producing phenol and acetone by the
acidolysis of cumene hydroperoxide are knowacAImIMmbxed method of these reactions is a method for
producing phenol generally referred to as the cumene process and is a mainstream method for 20
producing phenol. [0003] One of the characteristics of the cumene process is the production of
acetone as a by-product. This is advantageous when acetone is desired. However, when acetone is
~surplus to METHCD FOR PRODUCING ALKYLATED ARCMATIC COMPOUND, METHOD FOR

PRODUCING CUMENE, AND METHOD FOR PRODUCTING PHENOL

Technical Field
{00013
The present invention relates to a method.for producing
an alkylated aromatic compound, a method for producing cumene,
10 and a method for producing phenol.
Background Art
[00021
A method for producing éumene by the reactlon betwesn
benzene and propylene, a method for producing cumene
15 hydroperoxide by the oxidation of cumene, and z method for
producing phendl and acetone by the acidolysis of cumene
hydropefoxide are known, A ccombined method of these
reactions 1s a method for producing pﬁenol generally referred
to as the cumene process and is a mainstream method for
20 producing phenol.
(00C3]
One of the characteristics of the cumene process is the
production of acetone as a by-product. This is advantageous

when acetone is desired. However, when acetone is surplus to



-2 requirements, an unfavorable price difference between acetone and the raw material propylene
causes a serious drawback. [0004] In order to improve the price relationship between the 5 raw
material olefin and a by-product ketone, for example, a method has heen proposed in which the
oxidation and acidolysis of secondary butylbenzeng produced from n-butene and benzene yields
phenol and methyl ethyl ketone (see, for example, Patent Literatures 1 and 2). However, the 10
selectivity for the target secondary butylbenzene hydroperoxide in the oxidation of secondary
butylbenzemwrein thisnaretizod és:onlyfapproximatelyr80%, and kb%oranpee-aeetinphenena s produced
as a by-product. Thus, this method for producing phenol has a smaller yield than the cumene 15
process. EOQD53he Amotherrmeikdd haspbeearpsopasec i which-the exidatiamand acidolysis of
cyclohexylbenzene produced from cyclohexene and benzene yields phenol and cyclonexanone. This
method 20 iM@hjes the dehydrogenation of cyclohexanone into phenol, thereby formally avoiding the
production of a by-product ketone. However, the method has a still lower yield in the oxidation reaction
of cyclohexylbenzenendterthestargetreyciohexy lhenzeaetwdroperoxide: Thuisydhe metbod is of low - 3
5 raw material oclefin and a by-product ketone, for example, a
method has been proposed in which the oxidation and
acidclysis of secondary butylbenzens produced from n-butene
and benzene yields phencl énd methyl ethyl ketone {see, for
example, Patent Literatures 1 and 2Z). However, the
10  selectivity for the target secondary butylbenzene
hYdroperoxiderin the oxidation of secondary butylbenzene in
this method is only approximately 80%, and 15% or more
acetophencone is produced as a by-product. Thus, this method
for producing phenol has a smaller yield than the cumene
15 process.
[0CO5]
Another method has been proposed in which the oxidation
and acidolysis of cyclchexylbenzene produced from oycléhexene
and benzene yields phencl and cyclohexanocne. This method
20 involves the dehydrogenation of cyclohexanone inte phenol,
thereby formally avoiding the production of a by-preduct
ketone. However, the method has a still lower vield in the

oxidation reaction of cyclchexylbenzene into the target

cyclohexylbenzene hydroperoxide. Thus, the method is of low



industrial value (see, for example, Patent Literature 3). [0006]  Regarding the cumene process
having the highest yield in the oxidation and acidolysis, in order to avoid the problem of the raw
material propylene and the by-product acetone while securing the advantages of the cumene process,
a method has been proposed in which the by-product acetone is used as a raw material for the
cumene process by various methods. [0007] 10Acetone can be easily hydrogenated to produce
isopropanol. The dehydration reaction of isopropanol yields propylene, which is then reacted with
benzene toryielgketimeneaThis, thegrocess propnsed Usestancetond asakavy snaetrial for the cumene

process (see, for example, Patent Literature 4). 15[0008]  Still another method has been proposed
in which ig@@ropanol produced by the hydrogenation of acetone is directly reacted with benzene to
produce cumene (see, for example, Patent Literature 5 and Patent Literature 6). 20[0009] A
process methodrkas: beenprapesethinswhichraceiene issednuertaekintd igopsapanel] isopropanol is
reacted with benzene to produce cumene, and cumene is used to produce phenol (see, for example,
Patent Litetaturex7}iat4 001 acBdill bpnother mathockkas been-psaposetinpwhicheacetone is
directly reacted with benzene in the presence of hydrogen (see, for example, Patent Literature 8).
5 o©of the raw material propylene and the by-product acetone
while securing the advantages of the cumene process, a method
has been proposed in which the by-product aceteone is used as
a raw material for the cumene process by various methods.
Iooo7}
10 Acetone can be easily hydrogenated tc produce
isopropanol. The dehydration reaction of isopropancl yields
propylene, which is then reacted with benzene to vield cumene.
Thus, the process proposed uses acetone as a raw material for
the cumene process {see, for example, Patent Literature 4).
15 [0008]
$till another method has been proposed in which
iscpropanol produced by the hydrogenation of acestone is
directly reacted with benzene to produce cumene {(see, for
example, Patent Literature 5 and Patent Literature 6).
20  [0009]
2 process method has been proposed in which acetone is
converted into isopropanol, isopropanol is reacted with

benzene to produce cumene, and cumene is used to produce

phenol (see, for example, Patent Literature 7).



5[0011] The alkylation of benzene with isopropanol or via isopropanol in a reaction system
produces water. Since water reduces the acid strength of an acid catalyst, which is an alkylation
catalyst (see, for example, Patent Literature 9). 10 the acid catalyst is required in large quantities. This
is a great problem in commercialization. Citation Ljst Patent Literature [0012] 15PTL 1: Japanese
Unexamined Patent Application Publication No. 557-91972  PTL 2: U.S. Patent Application
Publication No. 2004/0162448 PTL 3: France Patent No. 1030020 20PTL 4: Japanese Unexamined
Patent Applicatimon Publication No. H2-174737  PTL 5: Japanese Unexamined Patent Application
Publication No. H2-231442 PTL 6: Japanese Unexamined Patent Application

5till another method has besen proposed in which acetone
is directly reacted with benzene in the presence of hydrogen
{see, for example, Patent Literature 8). |

5 [0D011]

The alkylation of benzene with isopropanol or via
isopropancl in a reaction system.produceé water. Since watexr
r@duceé the acid strength of an acid'catalyst, which is.an
alkylation catalyst (see, for example, Patent Literature 9),

10 the acid catalyst is required in large quantities. This is a
great problem in commercialization.
Citation List
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Publication Ng. S857-%19872

PTL 2: U.S. Patent Application Publication No.
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PTL 3: France Patent No. 1030020

20 PTL 4: Japanese Unexamined Patent Application
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- 5 - Publication No. H11-35497 PTL 7: Japanese Unexamined Patent Application Publication
(Translation of PCT Application) No. 2003-523985 PTL 8: Japanese Unexamined Patent Application 3
Publication (Translation of PCT Application) No. 2005-513116 PTL 9: Japanese Unexamined Patent
Application Publication No. 2001-55351 Summary=of Invention Technical Problem 10[0013] The
following is an exemplary known method for producing cumene by the reaction of raw materials
including benzene, acetone, and hydrogen. In this known method, cumene is produced by an
exothermigkeactionobraw matgrialsinglygding 15 benzene, acetone, and hydrogen in an adiabatic
reactor, which contains a solid acid substance and a metal component containing at least one metallic

element selecteg-fron thergreu:sensisting At sepper niskel, cabaltcaad ghenium. After reaction liquid
~and reaction gas containing cumene are 20 collected from the adiabatic reactor, the reaction gas is

cooled to separate tiguid intheieaetiangasyieldinga,separated:gasend asepacateddiguid. The
oil-water separation of the reaction liquid yields an oil component from which at least a portlon of water
has been removedLIB: Japanese Unexamined Patent Application

5 Publication {Translation of PCT Applicatiocn) No. 2005-513116

PTL 9: ﬁapanese Unexamined Patent Application
Publication No. 2001-55351
Summary of Inﬁention
Technical Problem

10 [6013]

Thé'fqllowing is an exemplary known method for producing
cunene by the‘reaction of raw materials including benzene,
acetone, and hydrogen; In this known method, éumeﬁe is
produced by an excthermic reaction of raw materials includiﬁg

15 benzene, acetone, and hydrogen in an adiabétic reactor, which
contains a solid acid substance and a metal ccmponent
containing at least one metallic element selected from.thé
group consisting of copper, nickel, cobalt, and rhenium.
After reaction liquid aﬁd reaction gas containing cumene are

20 collected from the adiabatic r@acéor, the reactlon gas is
cooled to separate liquid in the reaction gas, yielding a
separated gas and a separated liquid. The oil-water
separation of the reaction liquid yields an oil component

from which at least a portion of water has been removed. In



-6 the known method, at least a portion of the separated gas and a portion of the oil component are
generally returned to the adiabatic reactor as circulating gas and circulating liquid to remove heat of
reaction. Fig. 1 illustrates the flow 5 chart (process drawing) of the known method. In the known
method, a mixture of the solid acid substance andthe metal component is generally fed to the
adiabatic reactor, or the metal component and the solid acid substance are fed to the upstream side
and the downstream side, respectively. 10[0014]  The production of an alkylated aromatic

compound,CR-25,5URERRBY the reaction of g?&‘&‘ﬁ?&?!@% i&%dig @@aa@%gogwund, such
as benzene, a ketone, such as acetone, and hydrogen, is accompanied by the production of water.

Th_e 15 W%%S‘%@@@ﬁ"@f?%ﬁ%s 8% ih%&%ﬁi%h@%%d%@ﬁ%ﬁ% q@g@g&@pw@%tream in the
adiabatic reactor. The activity of the solid acid substance generally decreases in the presence of

water. Wheg:lgw-activityHf the solid, agid-syhstance resultsdndhe preduction ef an glikylpted aromatic
20 compound, such as cumene, at an insufficient reaction rate in the reactor, the reaction gas may

contain a reactigndptermediatgoletin, suchr-as propylene; The olefin: such:as propylene, returned as a
circulating reaction gas into the adiabatic reactor reacts with hydrogen in the presence of the -7 -

metalscomponent @ yield paraffinsuch as prepane.nhig.pakefin such:as prapane.is not involved in
the production of an alkylated aromatic compound, such as cumene, and therefore has considerable

economicgisath@ntages. tnordecy te Rrevant the praductignsefthe olefiny sueh aspropylene, itis
desirable that the alkylated aromatic compound, such as cumene, is produced in the reactor at a

sufficient reagtiondate. Howeverr whep thesoalid agid substapge hasdew-activityhecause of water, the
production of the alkylated 10 aromatic compound, such as cumenc, at a sufficient reaction rate
requires the selid asigboksiance i large guantities18055bstance are fed to the
upstream sidé and the downstream éide, respectively.
10 [0014]
The production of an alkylated aromatic compound, such
;as cumene, by the reaction of raw materials including an
aromatic compound, such as b@nzeﬁe, a keton@,.sﬁch és acetone,
and hydrogen, is accompahnied by the production of water. The
15 water content increases as the reaction éroceeds or the raw
‘materials flow downstream in the adiabatic reactor. The
activity of the solid acid substance generally deéreases in
the presence of water. When.low activity of the solid acid
substance results in the production of an alkylated aromatic
20 ceompound, sﬁch as cumens, at an insufficient reaction rate in
the reactor, tﬁe reaction gas may cpntain a reaction
intermediate olefin, such as propylene. The clefin, such as
propylene, returned as a circulating reaction gas into the

adiabatic reactor reacts with hydrogen in the presence of the



It is an object of the present invention to provide a method for producing an alkylated aromatic
compound by the 15 direct reaction of a ketone, hydrogen, and an aromatic compound. This method
for producing an alkylated aromatic compound can greatly reduce the amount of solid acid substance
as compared with known methods for producing as alkylated aromatic compound. It is another object
of the 20 present invention to provide a method for producing cumene by the direct reaction of
acetone, hydrogen, and benzene. This method for producing cumene can greatly reduce the amount

of solid a%%ﬁﬁs@ﬂﬁﬁmﬁéreﬁl\ﬁﬁﬁ kﬁQWQf‘E?H"O%M pé%dlﬁﬁ%%%@e”%h@ is still another
object of the present - 8 - invention to provide a method for producing phenol including the step of

producinggairaens Ry tB@@&ethd@%gaQ@d abgvgcSolutiomtproblem A0L6laAs asresult of diligent
eSscCri

research to solve the problems d ed above, the present inventors completed the present

- invention by findingithat the-Broplers €an he,splved by progycing afeastion praguct by the direct

reaction of a ketone, hydrogen, and an a omatic compound using a metal 10 component and a solid
acid substgneecrampavingsvaien from thasreactienipduct andringing; the reaetion-graduct into

contact with the solid acid substance again. [0017] The present invention relates to the following (1) to
5 to prevent the preduction of the olefin, such as propylene,
it is desirable that the alkylated aromatic compound, such as
cumene, is produced in the reactor at a suﬁficient reaction
rate. However, when the solid acid substance has low
activity because of water, the production of the alkylated
10  aromatic dom@ound, such as cumene, at a sufficient reaction
rate requires the solid acid substance in large quantities.
[0015]
It-is an obiect of the present inventicon to provide a
method for prbducing an-alkylated aromatic compound by the
15 direct reaction of a ketons, hydrogen, and an aroﬁatic
compound. This method for producing an alkylated aromatic
compound can greatly reduce the ampunt Of solid acid
substance as compared with known methods for producing an
alkylated aromatic compound. It is another obiject of the
20 present invention to provide a method for producing cumene by
the direct reaction of acetone, hydrogen, and benzene. This
method for preoducing cumene can greatly reduce the amount of
solid acid substance as compared with known methods for

producing cumene. It is still another object of the present



15(17). [0018] (1) A method for producing an alkylated aromatic compound, including a step (i) of
producing a reaction product (al) containing the alkylated aromatic compound and 20 water by the
reaction of an aromatic compound, a ketone, and hydrogen using a metal component containing at
least one metallic element selected from the group;consisting of copper, nickel, cobalt, and rhenium
and a solid acid substance; a step (ii) of forming a dehydrated product (a2) from at least - 9 - a portion
of the reaction product (al) by removing at least a portion of the water in the reaction product (al); and

a step (iii; ofRredusing:a reactioniprodugt (a3) coptaining the alkylated aromatic.egmpouind by

bringing at least a portion of 5 the dehydrated product (a2) into contact with a solid acid substance.

[0019] Q) meegeatao faprodusing an alkviated aromatic, s carmppund aceprding to (1), wherein
the water content of the 10 reaction product (al) ranges from 0.5% to 10% by weight. [0020] 3)

The methed, forfradueingan.glkylated aromatic compound according to (1) or (2), wherein the step (ii)
includes a step (ii-1) of forming a reaction gas and a -

0016}

5 As a resul% of .diligent research to solve the problems
describgd‘above, the present inventors compléted the present
invention By finding that the‘problems can be solved by
producing & reaction prodﬁct by the direct reaction of a
ketone, hydrogen, and an aromatic compound using a metal

10 component and a.Solid acid substance, removing water from the
reéction pfodwct, and bringing the reaction product into
contact with the solid acid subétance again.

[0017] |

The presént invention relates to the following (1) to

15 (17} .

[GC18]

(1) A method for producing an alkylated arcmatic
compound, including a step (i} of preducing a reaction
préduct (al} containing the alkylated aromatic compound and

20 water by the reaction of an aromatic compound, a ketone, and
hydrogen using a metal component containing at least one
metallic element selected from the group consisting of copper,
nickel, cobalt, and rhenium and a solid acid substance; a

step (ii) of forming a dehydrated product (a2) from at least



15 reaction liquid by the gas-liquid separation of the reaction product (al), a step (ii-2) of forming a
separated gas and a separated liquid by cooling the reaction gas to separate liquid in the reaction gas,
and a step (ii-3) of forming an oil component from which at least a portion of water has been 20
removed by oil-water separation of the reaction_ligglid, wherein the separated gas and the oil
component are used as at least a portion of the dehydrated product (a2). [0021] (4) The method
for producing an alkylated aromatic - 10 - compound according to (3), wherein the step (ii-3) is a step

of formipgaa 84@9&PQ@?U&H@”}M@HQ&?B&P&“Q'&9§ V‘@;ﬁﬁ:@%@?ﬁ& f%@oyggéﬁ’ gil-water
separation of the reaction liquid and the separated liquid formed in the step (ii-2). [0022] (5) The

method fop preduging analkylgtadaromati;eompound according 4e anysgne ahd) 4o $4kwherein the
step (i) is performed in an adiabatic reactor. 10[0023] 6) The method for producing an alkylated

aromatic compaung-aceoiding to-any oneaf {1hto(2)qwherein the metal camponent further contains

at least one element selected from the group consisting of group IIB elements, 15 group IlIA elements,

group VIBglements andr-group: ¥l Lelemenia (except niekel angdcoballc [0924L r+ i 071 Fhe method
for producing an alkylated aromatic compound according to any one of (1) to (6), wherein the 20 solid
acid substansede2oald€ted product (a2) into contact with a sqlid acid
substance.
[0019]
{2) The method for producing an alkylated aromatic
compound. according to (1), wherein the water content of the
10 reaction product (al} ranges from 0.5% to lO%rby welight.
[{0G20] |
(3} The method for producing an alkylated arcmatic
compound according to.{l) or (2), wherein the step (ii)
includes a8 étep (ii~15 of forming a reaction gas and a
15 reaction liguid by the gas-liquid separation of the reaction
product (a2l), a step {ii~2) of forming a_separated gas and a
separated liguid by cooling the reaction gas to separate
liguid in the reaction gas, and a step (ii-3) of forming an
0il component from which at least a portion of water has been
20 removed by oil-water separation of the reaction liquid,
wherein the separated gas and the oil component are used as
at least a portion of the dehydrated product {(a2).

[0021]

{4) The method for producing an alkylated aromatic



[0025] - (8) A method for producing cumene, wherein the aromatic compound and the ketone in the
method for producing an alkylated aromatic according to any one of (1) to (7) are SF-2178 benzene
and acetone, respectively. [0026] (9) A method for producing cumene, including a step (1) of
supplying benzene, acetone, and hydrogen to an;adiabatic 5 reactor that includes, from the upstream
side, a catalyst layer OV containing a solid acid substahce (1), a catalyst layer (B) containing a metal
component containing at least one metallic element selected from the group consisting of copper,

nickel, cobialt, and fhenium, an @ alalyst layerC) 10 qantaiping.a polid acid substapgs (2), or an

adiabatic reactor that includes, from the upstream side, the catalyst layer (A) containing the solid acid

substance,€l)and a.catalystdayer(Rconiaining a:metel campenesy containing.af leastone metallic
element selected from the group consisting 15 of copper, nickel, cobalt, and rhenium and the solid acid

substance,(2).and,callecting reactionjauid and reactiop ganfaining gemene from an outlet of the
adiabatic reactor located downstream of the catalyst layer (C) or the catalyst layer (D); a step (Il) of

forming a separated gasandiaZiseparated liguidby acolingthedeaction gasye sgparate liquid in the

reaction gas; a step (lIl) of forming an oil component from which at least a portion of water has been
remoyed by pil-wyater separation.of the reaction liquid; and a step (IV) of supplying at least a portion of
the separated

[Cc022]

(5) The method for producing an alkylated aromatic
compound according to any one of (1) to (4), wherein the step
(i) is performed in an adiabatic reactor.
10 [00623]
(6) The method for producing an alkylated arcmatic
compound according to any one of (1) to (5), wherein the
" metal compenent further contains at_least one elemenﬁ
-Sel@cted from the gréup consisting of group 1iB elements,
15 g;ou@ ITIA elements, group VIB elements, and group VIII
elements {except nickel and cchalif).
[0024]
{7} The method for producing an alkylated aromatic
compound according to any one of (1) to {6), wherein the
20  solid acid substance is zeclite.
[0025]
{B) A method foﬁ producing cumene, wherein the aromatic
compeound and the ketone in the method for producing an

alkylated aromatic according to any one of (1} to (7) are



- 12 - gas and at least a portion of the oil component to the adiabatic reactor as circulating gas and
circulating liquid. [0027] (10) The method for producing cumene according to (9), 5 further
including a.step yé of collecting reaction liquid and reaction gas containing cumene from an outlet of
the adiabatic reactor located downstream of themc§tflly/_st layer (A) and upstream of the catalyst layer
(B) or the catalyst layer (D). 10[0028] (11) A method for producing cumene, including a step (1') of
supplying benzene, acetone, and hydrogen to an adiabatic reactor that includes, from the upstream

side, a catglystlayer (B cqniaining a metgl compangnt containing at 15 least one metallic element

selected from the group consisting of copper, nickel, tobalt, and rhenium and a catalyst layer (C)
containing gogalighacid substance (2), or an adiabatic reactor that includes a catalyst layer (D)
containing a metal component containing at least one metallic element selected 20 from the group

consising of coppss, nickel. sobalkand enium AN SAI a5 Sybsiance () and qoliecting
i

reaction liquid and reaction gas containing cumené from an outlet of the adiabatic reactor located

cownsirea: oL 5,63fahst IRves (G T he calalytiaverdD): 3 199 ) o, 43 foring a separated

gas and a separated liquid by cooling the reaction gas to separate liquid in the reaction gas; a step

(111") ofsforming-an oil companent from which, at lagst Qgi};orf‘&i%%ﬁf water has Qggg 1;%@50\’” by oil-water

separation of 5 the reaction liquid; and a step (IV') of supplying at least a portion of the separated gas

~ and at leasts3,pertion olbe:ql componenttosan adiabatigeactor thatincludes g catalyst layer (A)
containing a solid acid substance (1) and producing reaction liquid and reaction gas containing
cumene. iayer (B) containing_a metal component containing at least
one metallic element selected from the group consisting of
copper,.nickei, cobalt, and rhenium, and a catalyst layer {(C)
iO containing a solid acid substance (2), or an adiabatic
reactor that includes, from the upétream side, the catalyst
layer (A) containing the solid acid substance (1) and a |
catalyst laye; (D) containing a metal component containing at
least one metallic element selected from the group consisting
15 of copper, nickel, cobalt; and rhenium and the‘solid acid
substance (2) and collecting_reaction liguid and reaction gaﬁ
containing cumene from an outlet of the adiabatic reactor
located downstream of the catalyst layer (C) Sr the catalyst
tayer (D); a step (II) of forming a separated gas and a
20 separated ligquid by cooling the reaction gas to separate
liguid in the reaction gas; a step (IIT) of forming an oil
component from which at least a portion of water has been

removed by cil-water separation of the reaction liqﬁid; and a

step (IV) of supplying at least a portion of the separated



10[0029] (12) The method for producing cumene according to (11), further including a step (V') of
forming a separated gas and a separated liquid by cooling the reaction gas produced in the step (IV')
to separate liquid in the reaction gas; a step 15(VI') of forming an oil component from which at least a
portion of water has been removed by oil-water separation of the reaction liquid produced in the step
(IV"); and a step (VII') of supplying at least a portion of the separated gas and a portion of the oil
component to the adiabatic reactor 20 used in the step (I') as circulating gas and circulating liquid.
[0030] gé&k3)The metheddor pragucingeumeénelacooidingdmany=are ob(He (12), wherein the
metal component further contains at least one element selected from the group consisting of group 11B
elements,agidapdiAx|ermeots; greap MBelementsy appbgrup VHleleiments gexcept nickel and
cobalt). 5[0031] (14) The method for producing cumene according to any one of (9) to (13), wherein at
least one 6PtHE/3olid acid substance (1) and the solid acid substance (2) is zeolite. [0032] 10(15) The
method for producing cumene according to (14), wherein the zeolite is zeolite having a 10, 11, or 12-
membered ring $rdotufde methed for producing cumene according te (9),
5 further including a step (V} of collecting reaction liquid
and reaction gas containing cumene from an cutlet of the
adiabatic reactor located downstream cof the catalyét layer
() and upstream of the catalyst layer (B) cor the catalyst
layer (D).
10 [0028]
(11} A method for producing cumene, including a step
{I") of supplying benzene, acetone, and hydrogen to an
. adiabatic reactor that includes, from the upstream side, a
catalyst layer (B) containing a metal component containing at
15 least one metallic element selected from the group consisting
of copper, nickel, cocbalt, and rhenium and a catalyst layer
() containing a solid acid substance (2), or an adiabatic
reactor that includes a cataiyst layer (D) containing a metal
component containing at least one metallic element selected
20 from the group consisting of copper, nickel, cobalt, and
rhenium and the solid acid substance (2) and collecting
reaction ligquid and reacticn gas containing cumene from an

outlet of the adiabatic reactor located downstream of the

catalyst layexr (C} or the catalyst layer (D}; a step (II") of



[0033] (16) The method for producing cumene according to (14), 15 wherein the zeolite is at
least one zeolite selected from the group consisting of beta zeolite and MCM-22. [0034] a7 A
method for producing phenol, including the following step .(a) to (e), wherein the step (c) is
performed 20 in accordance with a method for{propglucing cumene according to any one of (8) to (16):
[0035] the step (a) of converting cumene into cumene hydroperoxide by oxidation; - 15 - the
step (b) of converting cumene hydroperoxide into phenol and acetone by acidolysis; the step (c)
of synthedizingictimene dy:theteactian of henzene;aceiore;, andihydrogendssing the acetone
produced in 5 the step (b); the step (d) of purifying the cumene produced in the step (c); and
the step (expatsupplyingstheccunene pusfied dquihe steptic} tathe stepn(agat Advantageous Effects of
Invention _
(ITI') of forming an oll component from which at least a
portion of water has been removed by oil-water separation of
5 the reaction liquid; 'and a step (IV') of supplyving at least a
portion of the séparated gas and at least a portion of the
01l component to an adiababtic reactor that includes a
catalyst layer (A} containing a solid acid substance (1} and
producing reaction liguid and reaction gas containing cumene.
10 [0029]
(12) The method for producing cumene according te (11},
further including a step (V') of forming a separated gas and
a separated liquid by cooling the reacﬁion gas produced in
the step KIV*),to separate liguid in the reaction gas:; a step
15 (VI') of forming an oil component from which at least a
portion of water has been removed by cil-water separation of
the reaction liguid produced in the step (IV'}; and a step
{(VII') of supplying at least a portion of the separated gas
and a poertion of the oil component to the adiabatic reactor
20 used in the step (I') as circulating gas and circulating
liguid.
[0630]

(13) The method for producing cumene according fo any

one of (8) to (12}, wherein the metal component further



[0036] A method for producing an alkylated aromatic compound according to the present invention
is a method for producing an alkylated aromatic compound by the direct reaction of a 15 ketone,
hydrogen, and an aromatic compound and can produce the alkylated aromatic compound with a less
amount of solid acid substance than known methggs._.A method for producing cumene according to the
present invention is a method for producing cumene by the direct reaction of acetone, hydrogen, 20
and benzene and can produce cumene with a less amount of solid acid substance than known

methods. [Q0373 Amethod &erprogusingnphenct ageording o thepraseat wertion includes the

method for producing cumene as one - 16 - step and can use acetone produced as a by-product in

the produdiintsefsphenoloFhysoamethad doeprogusingphenol aceardingtethe pregentinvention can
produce phenol with process and economic advantages. 5 Brief Description of Drawings [0038]

[Fig. 1] Figrisisea #aunehart gha knevapmethiod forpredueingsumagne fropracetorne, hydrogen, and
benzene. [Fig. 2] Fig. 2 is a flow chart of a method for
cobalt) . :
5 [0031]

(14) The method. for producing cumene according to any
cne of [9) to {13), wherein at least one of the solid acid
substance (1) and the sélidAacid substance (2) is zeolite.
[0032]

10 (15) The method for producing Cum@neraccordiﬁg to-(léj,
wherein-the zeolite is zeoli£e having a 10, 11, or 1z-
membered ring structurs.

[0033]

(16} The method for piroducing cumene aécording to {14},

15 wherein the zeolite is at least one zeolite selected from the
group consisting of beta zeolite and MCM-22.

[0034]

{17} A method for producing phencl, including the
following steps.(a) to (e}, wherein the step (¢) iz performed

<0 in accordance with a method for producing cumene according to
any one of (8) to {(16):

[0035]

the step (a) of converting cumene into cumene

hydroperoxide by oxidation;



10 producing cumene according to the present invention including the steps (I) to (IV) (a first
embodiment). [Fig. 3] Fig. 3 is a flow chart of a method for producing cumene according to the present
invention including the steps (I) to (V) (the first embodiment). 15[Fig. 4] Fig. 4 is a flow chart of a
method for producing cumene according to the-pngsent invention including the steps (I') to (VII') (a
second embodiment). Description of Embodiments [0039] 20The present invention will now be more
specifically described. [0040] Method for Producing Alkylated Aromatic Compound A method for
producing an alkylatestaromatic eadmpeune rtliégacearsinrg tn/thespresent dwehntiona includes a step (i)
of producing a reaction product (al) containing the alkylated aromatic compound and water by the
reaction oplaararbmatit acetone by acidolysis;
the step (¢) of synthesizing cumene by the reaction of
benzene, acetone, and hydrogen using the acetone produced in
5 the step (b):
the step (d} of purifying the cumenerproduced in the
step (¢); and
the step (e} of suppiying the cumene-purified in the
step (d) to the step (a).
10 Advantageous Effects of Invention
[0036]
A methed for producing an alkylated arcomatic compound
according to the present invention is a method for pxoducing
an atkylated aromatic compound by the direct reaction of a
15  ketone, hydrogen, and an aromatic compound and can produce
the alkviated aromatic compound with a less amount of sclid
acid substance than known methods. A method for producing
cumene according to the present invention is a method for
producing cumene by the direct reaction of acetone, hydrogen,
20 and benzene and can produce cumene with a less amount of
sclid acid substance than known methods.
{00377
& method for producing phenol according to the present

invention includes the method for producing cumene as cne



compound, a ketone, and hydrogen using a metal component 5 containing at least one metallic
element selected from the group consisting of copper, nickel, cobalt, and rhenium and a solid acid
substance; a step (ii) of forming a dehydrated product (a2) from at least a portion of the reaction
product (al) by removing at least a portion of the water in the 10 reaction product (al); and a step (iii) of
producing a reaction product (a3) containing the alkylated aromatic compound by bringing at least a
portion of the dehydrated product (a2) into contact with a solid acid substance.[00411 15A method for

producing sealkylated-arpmatic sempovndaceording tadhe presentdnventiaminghides a step of
bringing a dehydrated product (a2) into contact with a solid acid substance. The dehydrated product

(a2) is formedbyJemeving abigast B pottiansof thenwatesdn tha-reaction2Q:gragust £al). This

production method includes a step of removing at least a portion of water. Water is produced as a

by-product dutirg they preduationof-anakylated aramatie sampasmne-usipg «salid,acid substance and
reduces the activity of the solid acid substance. After this step, the - 18 - reaction is performed again

using a sofid@eit substanee ofbrs dhepikylategkaromatic compound can be produced with sufficient
reaction efficiency even with an amount of solid acid substance smaller than the amounts of solid acid

5 substanege used i kpewstnethads for praduging an alkylated aromatic compound in which no
dehydration is performed during the reaction. [0042]
[6038]

{Fig; 1! Fig. 1 is a flow chart of a known method for
producing cumene from acetons, hydrogen, and benzeﬁe-

[Fig. 2] Fig. 2 is a_flow éhart‘of a method for

1.0 producing cumens according to the present invention including
Athe steps (I} to (IV) {a first embodiment).

[Fig. 3] Fig. 3 is a flow chart of a method for
preducing cumene according to the present invention including
the steps (I) to (V) (the first embodim@nt}. |

15 [Fig. 4] Fig. 4 is a f£low chart of a method for
producing cumene according ﬁo the present invention including
the steps (I'} to (VII") {(a second'embodiment}.

Descripﬁicn of Embodiments
[C039]

20 The present invention will now be more specifically

described.
[0040]
Method for Producing Alkylated Aromatic Compound

A method for producing an alkylated aromatic compound



Preferably, the water content of the reaction product 10(al) ranges from 0.5% to 10% by weight. The
water content depends on the molar ratio of the aromatic compound to ketone, the percentage of the
reaction product returned to the step (i), and other factors. When the aromatic compound in the step (i)
is excessive, an 15 excessive amount of the reactign product returned to the step (i) tends to result in
a low water content. An excessive amount of the aromatic compound results in an increase in he cost
of recovering the aromatic compound in purification and is an economic disadvantage. An excessive

amount of fhe 2PJeagtiorn produereirned ta-Hae stem(i)iresulis 4 law preguctivity aind is also an
economic disadvantage. An excessively high water content unfavorably results in a marked decrease

in the catahyiscactivity, of the selid agidsuhstance.a 19 -J8043]iHhe stepr@i) 49 astep @aremoving at
least a portion of the water in the reaction product (al) by dehydration treatment of at least a portion of

the reaction-praguct(atbbysentainngavatar prodyceachin thezstep &b to foram the-dabydrated product
(a2). The dehydration treatment method may be, but is not limited to, the separation of water with an

oil-water separaiahdhe semovahef water Wil apasisonkenigoremeval withaonatet separatlon
membrane. 10[0044]

5  containing at least one metallic element selected from the
group consisting of copper, nickel, ﬁobalt, and rhenivm and a
seolid acid substance; a step (ii) of forming a dehydrated

.product (aZ) from at least a portion of the reaction product
(al) by removing at least a poftion of the water in the
10 reaction product {(al); and a step (iii) of producing a
reaction product ({(a3) Contaiﬁing the alkylated aromatic
compound by bringing at least a portion of the dehydréted
product (a2) into contact with_a solid acid substance.
(00417
15 7 A method for producing an alkylated arcmatic compound
according to the present invention includes a step of
bringing a dehydrated product (a2) into contact with a solid
acid substance. The dehydrated product (az2) i; formed by
removing at least a portion of the water in the reactién
20 product (al). This production method includes a step of
removing at least a portignlpf water. Water is prodgced as a
by-product during the production of an alkylated aromatic
compound using a solid acid substance and reduces the

activity of the solid acid substance. After this step, the



Preferably, the step (ii) includes a step (ii-1) of forming a reaction gas and a reaction liquid by the
gas-liquid separation of the reaction product (al), a step (ii-2) of forming a separated gas and a
separated liquid by cooling 15 the reaction gas to separate liquid in the reaction gas, and a step (ii-3)
of forming an oil component from which at least a;gortion of water has been removed by oil-water
separation of the reaction liquid. [0045] 20The separated gas and the oil component formed in the
steps (ii-1) to (ii-3) are used as at least a portion of the dehydrated product (a2). [0046] Preferably, the

step (ii-3) is-a step.af fosmirg-an.Qikd 20s-60mpanert frormwwhigh atlepstapReHieRof water has been
removed by oil-water separation of the reaction liquid and the separated liquid formed in the step (ii-2).

The oil-watigr,sepanation of $he reaction:liguid togetherwith thed sepayated:liquidys preferred because

it allows an oil component contained in the separated liquid to be recovered. [0047]
sufficient reaction efficiency even with an amount of solid

acid substance smaller than the amounts of solid acid
5 substance used in known methods for producing an alkylated
aromatic compound in which no dehydration is performed during
the reaction.
[00421
Preferably, the water content of the reaction product
10 (al) ranges from 0.5% to 10% by weight.

The water content depends on the molar ratio of the
aromatic compound to ketone, the percentage of the reaction
product returned to the step (i), and other factors. When
the arcmatic compound in the step (i) is excessive, an

15  excessive amount of the reaction product retgrned toc the step
(i) tends to result in a low water content. An excessive
amount of the aromatic compound results in an increase in the
cost of recovering the aromatic compound in purification and
is an economic disadvantage. An excessive amount of the

20 reaction product returned to the step (i) results in low
productivity and is alse an economic disadvantage. Zn
excessively high water content unfavorably results in a
marked decrease in the catalytic activity of the sclid acid

substance.



The step (i) and the step (iii) are generally performed in a fixed-bed reactor. Examples of the fixed-bed
reactor 10 include adiabatic reactors and external heat exchanger type reactors. In particular, the step
(i) is preferably performed in an adiabatic reactor. The step (iii) is also preferably performed in an
adiabatic reactor. [00481 15Embodiments of the stgp (i) and the step (i) are described below in which
the step (i) and the step (iii) are performed in a single reactor or in different reactors. [0049] When the
step (i) and the step (iii) are performed in a 20 single reactor, the reactor is preferably an adiabatic
reactor. Examples of the adiabatic reactor include an adiabatic reactor that includes, from the
upstream side, a catalyst layer (A) containing a solid acid substance (1), a catalyst layer (B) containing

a metal componegtcontaining af -3l - Ie@_s&gigngmg@u@ﬁg ent selecied Egrofggquggpup consisting

of copper, nickel, cobalt, and rhenium, and a catalyst layer (C) containing a solid acid substance (2),

and an adigbaticaeastos thatinchideseffom the ypsirgam side; the gatalystdayer () containing the
solid acid substance (1) and a catalyst layer (D) containing a metal component containing at least one -

metallic elemeantselected from the group gensisting efrcopRer-pickek Gobalt,andrheriym and the
solid acid substance (2). The step (i) can be performed by supplying an 10 aromatic compound, a

ketong, a%ﬁ%@fﬁg@@gtoﬁﬁ%&aﬂ@hﬁﬁ'@égaﬁ&)f%h@%ﬁ@ﬁ (i) can-be performed by returning at Ieast
a portion of the dehydrated product (a2) formed in the step (ii) to the adiabatic reactor.
dehydrated product {a2). The dehydration treatment method
may be, but is not limited to, the separation of water with
an oill-water separator, tThe removal of water wifh an
adsorbent, or removal with a water separation membrane.
10 [0044]

Preferably, the Sﬁep (ii) includes a step (ii-1) of
forming a reaction gas and a reéction,liquid by the gas-
ligquid separatién of the reaction product {al), a step‘(ii—Z)
of forming a separatéd gas and a separated liquid by cooling

15 the reaction gas to separate ligquid in the'reaction gas, and
a sfep {ii-3) of forming an oil component from which at least
a portion of water has been removed by cil-water separation
of the reaction liguid.
[0045]

29 The separated gas and the oil compenent formed in the
steps (ii-1l) to (1i-3) are used as at least a portion of the
dehydrated product (aZ).

[0046]

Preferably, the step (ii-3} is a step cf forming an oil



[0050] 15When the step (i) and the step (iii) are performed in different reactors, both of the reactors
used for the step (i) and the step (iii) are preferably adiabatic reactors. The reactor used for the step (i)
may be an adiabatic reactor that includes, from the upstream side, a catalyst layer (B) 20 containing a
metal component containing at least one metallic,glement selected from the group consisting of
copper, nickel, cobalt, and rhenium and a catalyst layer (C) containing a solid acid substance (2), or an
adiabatic reactor that includes a catalyst layer (0) containing a metal component - 22 - containing at

least one mgtalisslementselgrtiedifram the,group consisting of cappet,nigkel, sobalt, and rhenium
and the solid acid substance (2). The step (i) can be performed by supplying an aromatic compound, a

ketone, andhydegantosd theseradiabati f@@qt@fﬁ-czrﬂﬂet@cwal@@po@rm%éﬁﬁp Al may be an

adiabatic reactor that includes a catalyst layer (A) containing a Solid acid substance (1). The step (i)

can be perigsmecday-supplyMo-Rtilgagtapefiamotthe dehydrated productia)hformed in the step (i)

to the 10 adiabatic reactor, [0051] In a method for producing an alkylated aromatic compound

according.tgthe prepentinventian: theseaction temperatures in dbe predugtionofthe alkylated
aromatic compound, that is, 15 the temperatures at which the step (i) and the step (iii) are performed

generally sange frosnl100640800C. Mere specifigallys sincejthegeastian dntheipresent invention is an
exothermic reaction, the reactor temperatures at which the steps are performed have a gradient.
component contained in the separated liquid to be recovered.
[0047]
The step (i) and the step (1ii) are generally performed

in a fixed-bed reactor. Examples of the fizxed-bed reacﬁor

10  include adiabatic reactors and external heat exchanger type
reactors. In particular, the step (1) is preferably-
performed in an adiabatic reactor. The step (iii) is also

- preferably performed in an adiabatic'reéctor.,

[0048}-

i5 Embodiments of the step (i) and the step {iii) are
described below in which the step (i) and the step (iii) are
performed in a single reactor or in different reactors.
[004%]

When the step {i) and the step (iii) are performed in a

20  single reactor, the reactor is preferably an adiabatic
reactor. Examples of thé adiabatic reactor include an
adiabatic reactor that includeé, from the upstream side, a
catalysf layer (A} containing a solid acid substance (1), a

catalyst layer (B) containing a metal compcorent containing at



20[00527  For example, when the step (i) and the step (iii) are performed in a single adiabatic
reactor as described above, preferably, the temperature of the adiabatic reactor in the vicinity of a
reactor inlet located upstream of the catalyst - 23 - layer (A) ranges from 100C to 160C, and the
temperature in the vicinity of a reactor outlet located downstream of the catalyst layer (C) or the
catalyst layer (D) ranges from 120C to 300C (the temperature in the vicinity of the 5 reactor outlet is
higher than the temperature in the vicinity of the reactor inlet). Alternatively, when the step (i) and the

step (iii) ane-perfosned:ie different adiabatie reacters.as deseribad,abgve.preterablys the temperature
of an adiabatic reactor used for the step (i) in the vicinity of a 10 reactor inlet located upstream of the

catalyst layer (B)-pithe eatalyst layesitR) rangasfremsHi0a 10 460C; apdthe fempesgiare in the
vicinity of a reactor outlet downstream of the catalyst layer (C) or the catalyst layer (D) ranges from

120C to 300¢ (thetemperajute indheyiciaityiokihesieacter 1 outletds higherdhandbe demperature in
the vicinity of the reactor inlet). Furthermore, preferably, the temperature of an adiabatic reactor used

for the stepd#i}in the Micinifneflamractorrintet lecaiedpstream of the, calnlystiayer¢a) ranges from
100C to 250C, and the temperature in the 20 vicinity of a reactor outlet downstream of the catalyst

layer $A) ranges from 120601300 (thedemperdtuse im thewvistnityf the reaeter sutlet is higher than
the temperature in the vicinity of the reactor inlet). (0053] - 24 -
catalyst layer (D) containing a metal component containing at
least one metallic element selected from the group consisting
of copper, nickel, cobalt, and rhenium and the sclid acid
substance (2). The step (i} can.be performed by supplying an
10  aromatic compound, a ketone, and hydrogen to these adiabétic
reéactors. The step (iii) can be performed by returning at
least‘a pcrtion‘of the dehydrated product (aZ) formed in the
step {(ii) to the adiabatic reactor.
[0050]
15 . When the step (i) and the step {(iii} are pexformed in
different reactors, both of the reactors used for the step
{1) and the gtep (iii) are preférébly adiabatic reactors.
The reactor used for tThe step (i) may be an adiabatic reactor
that includes, from the upstream side, a catalyst laver (B)
20  containing a2 metal component containing at least one metallic
element selscted from.tﬁe group consisting of copper, nickel,
cobalt, and rhenium and a2 catalyst layer (C) containing a

solid acid substance (2), or an adiabatic reactor that

includes a catalyst layer (D) containing a metal component



The solid acid substance and the metal component containing at least one metallic element selected
from the group consisting of copper, nickel, cobalt, and rhenium for use in a method for producing an
alkylated aromatic compound according to the present invention are not particularly limited and may -
be those described below in "Method for Producing, Cunene". [0054] In the step (i) in a method for
producing an alkylated 10 aromatic compound according to the present invention, it is assumed that a
ketone is reduced by hydrogen into a corresponding alcohol (for example, isopropanol in the case that

the ketone.is-acetanelby the agtien gh.thenmetal companent;containing-aldeast-ane metallic element
selected 15 from the group consisting of copper, nickel, cobalt, and rhenium, and this is followed by an

alkylation ggastiondesiweenithe correspepding alcehahand.aparematiscoppoungh by the action of the
solid acid substance. It is also assumed that an alkylation reaction occurs between the aromatic 20

compound-aad asnalefia o1 etherproguesad byjthe miramalegular or rdermelegular dahydration of a
portion of the corresponding alcohol. [0055] A method for producing an alkylated aromatic compound

- 25 - according:iatheipresent Kventien enpiays hydrogenasataw materialasdescribed above.
The amount of hydrogen used may theoretically be at least eguimolar to the amount of ketone.

Consglering,separationmand recaventdhe amouat ek3 bydrogesis ganerathe14ed0 times, preferably
1 to 5 times, the moles of ketone. The amount of hydrogen used may be smaller than the moles of
ketone to reduce the,coweisioadfdhe ketonetockQ0%:t01dess.0086ks a catalyst
layér (A) containing a solid acid substance (1). The step
(111} can be pezxformed by supplying at least a portion of the
dehydrated product (&2) formed in the step (ii)-to the
10 adiabatic reactor.
[0051)
-En a method for producing an alkylated aromatic compound
according to the present inventlion, the reaction temperatures
in the production of the alkyiated aromatic com?ound, that is,
15 | the temperatures at which thé step (1) and the-step (1ii) are
performed generally range from 100°C to 300°C. More
spacifically, since the reaction in the present invention is
an exothermic reaction, the reactor temperatures at which the
steps are performed have a gradient.
20 [C052}
For example, when the step (i) and the step {(iii) are
performaed in a single adiabatic reactor as described above,

preferably, the temperature of the adiabatic reactor in the

vicinity of a reactor inlet located upstream of the catalyst



10Hydrogen supplied in the reaction according to the present invention reacts with an oxygen atom of
a ketone to form a corresponding alcohol. This alcohol reacts with an aromatic compound to yield an
alkylated aromatic compound and water. The reaction described above consumes hydrogen in an 15
amount equimolar to the amount of the ketone. In he absence of undesirable.side reactions, basically,
the reaction does not consume extra hydrogen. [0057] The amount of aromatic compound may
theoretically be at 20 least equimolar to the amount of ketone. Considering separation and recovery,

the amount f aromatic eompaungdsmgenesally 1 o 10dimes preferably-Lip e times.themoles of
ketone. [0058] - 26 - In the present invention, the aromatic compound may be a compound having

6 to 20 carbes atoms: ferexamale; akenzens hormelog, sHeBaspanzens, tplusre taxylene, a
substituent derivative thereof, a naphthalene homology such as 5 naphthalene or methylnaphthalene,

or a substigdant desivajive dhereof. The ketoneanay pe-a campoung)having sto2Q.garbon atoms, an

objective or a non-objective. Examples of a group bonded to the carbonyl group include alkyl groups
and aryl gmoppsc Specifisgeamples incluge asetons, methykethyk10 ketones andbacetophenone.

[0059] Preferably, the aromatic compound is benzene, and the
5 reactor outlet is higher than the temperature in the vL01nlty

of the reactor inlet). Alternatively, when the step (i) and
the step (iii} are performed in different adiabatic réactors
as described above, preferably, the tEmperature of an
adiabatic reactor used for the step (i) in the vicinity cf a

10  reactoer inletrlocated upstream of thé catélyst layer (B) or
the catalyst layer {Df ranges from 100°C toA16O°C, and the
temperature in the vicinity of a reactor outlet downstream of
the catalyst.layer (C}) or the catalyst layer (D). ranges from
J120°C to 300°C (the temperature in the vicinity of the reactor

15 outlet is higher than the temperature in the vicinity of the
reactor inlet). Furthermore, preferably, the temperature of
an adiabatic reactor used for the step {(iii) in the vicinity
of a reactor inlet located upstream of the catalyst layer (A)
ranges from 100°C to 250°C, and the femperature in the

20  wvicinity of a reactor cutlet downstream of the catalyst laver
(A} ranges from 120°C to 300°C {the temperature in the
vicinity of the reactor outlet is higher than the temperature

in the wvicinity of the reactor inlet).

[Q0s53]



ketone is acetone. In this case, the alkylated aromatic compound produced is cumene. Thus, a
method for producing an 15 alkylated aromatic compound according to the present invention is
preferably a method for producing cumene. [0060]  Specific embodiments of a method for producing
an alkylated aromatic compound according to thegyesent 20 invention are embodiments in which
benzene, acetone, and cumene in "Method for Producing Cumene" described below are replaced with
an aromatic compound, a ketone, and an alkylated aromatic compound, respectively. The

manufacturing cenditigns; such-ag theprasswe, MRS rancihe.amauntoherd” - catalyst, may be the
same as conditions described below in "Method for Producing Cumene". When a ketone other than

acetone iscuseth 1eaglipn tntewnediates: sueh asiprepylese-and isopsepanpl rdescries below in
"Method for Producing 5 Cumene" are reaction intermediates corresponding to the ketone. [0061]

Method fog Psogucing Swpene of Aopmethod for gredycingreamiene agaceneing tanthespresent 10
invention roughly includes a first embodiment and a second embodiment. [0062]
use in a method for producing an alkylated aromatic compound
5 according to the present invention are not particularly
Limited and may be those described below i# "Method for
Producing Cumene®.
[0054]
In the sﬁep (L) in a method for producing an alkylated

10 aromatic compound according to the éresent invention, it is
assumed that a ketone is reduced by hydrogen info a
corresponding alcohol (for example, isopropancl in the case
that the ketone is acétone)‘by the actiqn cf the metal
component containing at least one metzallic element selected

15 from the group poﬁsistinglof'copper, nickel, cobalt, and
rhenium, and this is followed by an alkylation reaction
between the corresponding alcohol and an aromatic compound by
the action of the solid acid substance. It is also assumed
that an alkylation reaction occurs between the aromatic

20 compound and an olefin or ether produced by the
intramolecular or intermclecular dehydration of a portion of
the corresponding alcchol.
[0055]

A method for producing an alkylated aromatic compound



A method for producing cumene according to the present invention (the first embodiment) includes a
step (1) of 15 supplying benzene, acetone, and hydrogen to an adiabatic reactor that includes, from the
upstream side, a catalyst layer (A) containing a solid acid substance (1), a catalyst layer (B) containing
a metal component containing at least one metallig;element selected from the group consisting of 20
copper, nickel, cobalt, and rhenium, and a catalyst layer (C) containing a solid acid substance (2), or
an adiabatic reactor that includes, from the upstream side, the catalyst layer (A) containing the solid

acid substanee{d) agdacatalyst laven(B) centairinga metalcompodenigeantaining akw 28 - least
one metallic element selected from the group consisting of copper, nickel, cobalt, and rhenium and the

solid acid gebstangce, (23 andsollecting reaction. liquidangweactiopfas,conigining samene from an
outlet of the adiabatic reactor 5 located downstream of the catalyst layer (C) or the catalyst layer (D); a

step (I1) offoymimng a:sepacatetyyas-and alseparategiguid by coslingdhereacitorogas to separate
liquid in the reaction gas; a step (lll) of fotuting an oil component from which at least a portion of water
has been t8yemoved by ilawater separation-atheaeactien-tigeidy antdreestepaiivobsupplying at
least a portion of the separated gas and at least a portion of the oil component to the adiabatic reactor
as cirsulating gagandicirethating iquidl [0063] A 5Thravethotdse pabdycing cuntensiaesording to the
present invention (the first embodiment) may further include a step (V) of collecting reaction liquid and
reaction gas<antaisingeumenefcom aheutieicafithe afliahaticcrgactardedatedy ke
smaller than the moles of ketone to reduce the conversion of
the ketone to 100% or less.
[60586]
10 Hydrogen supplied in the reaction according to the
present invention reacts with an oxygen atom of a ketone to
form a corresponding alcohol. This alcohol reacts with an '
arcmatic compound to vield an alkylated aromatic compound and
water. The reaction described above consumes hydrogen in an
15 amount eguimolar to the amount of the ketone. In the absence
of undesirable side reactions, basically, the reaction does
not consume extra hydrogen.
{0657]
The amount of aromatic compound may theocretically be at
20 least equimclar te the amcunt of ketone. Considering
separation and recovery, the amount of aromatic compound 1is
generally 1 to 10 times, preferably 1 to 5 times, the moles

of ketone.

[0058]



downstream of the catalyst layer (A) and upstream of the 20 catalyst layer (B) or the catalyst layer (D).
[0064] The method for producing cumene according to the present invention (the second embodiment)
includes a step (I') of supplying benzene, acetone, and hydrogen to an adiabatic - 29 - reactor that
includes, from the upstream side, a catalyst layer{B) containing a metal component containing at least
one metallic element selected from the group consisting of copper, nickel, cobalt, and rhenium and a
catalyst layer (C) 5 containing a solid acid substance (2)i or an adiabatic reactor that includes a

catalyst layer (D} soptainipg Ssaetal Gomapenent coptainiigatdeast enamalalic.elemsat selected from
the group consisting of copper, nickel, cobalt, and rhenium and the solid acid substance (2) and

collecting 1@gastien liguid-andsreastion gassontaining,cumene fromgmauytiat afdhe adiabatic reactor
located downstream of the catalyst layer (C) or the catalyst layer (D); a step (1I') of forming a separated

gas and arpepataled ligwid, by £oolng the readiinnegas taseparats, iquid in-ihe feaction:gas; a step 15
(111" of forming an oil component from which at east a portion of water has been removed by oil-water

separatioyef-thesreactioniguich andA stepd¥a o supplying atleast:apastion of the separated gas
and at least a portion of the oil component to an adiabatic reactor that includes a 20 catalyst layer (A) .

containinga sptig acichsubstanee K1)1angprogucing reaction liguit and feaetiongag£ontaining
cumene. [0065] The method for producing cumene according to the present invention (the second
embodimeri}y mayfurtherdneydegstedy be a compound having 3 to 20 carbon
atéms, an obijective or a non-oblective. Examples of a group
bonded to ﬁhe carbonyl gfoup include alkyl groups and arvl
groups,. Specific examples include acetone, methyl ethyl
10 ketone, and acetophenoﬁe.
[0059]
Pr@f@rably, the aromatic compound is benzene, and the
.kxetone is acetone. In this case, the alkylated arcmatic
compound produéed is.cumene. Thus, a method for producing an
15 alkylated aromatic compound according to the present
invention 1s preferably a method for producding cumene.
[0060]
Specific emboediments of a methed for producing an
alkylated aromatic compournd according to the present
20 invention ars embodiments in which benzene, acetone, and
cumene in "Method for Producing Cumens” described below are
replaced with an aromatic compound, a ketone, and an
alkylated arcmatic compound, respectively. The manufacturing

ceonditions, such as the pressure, WHSV, and the amount of



- 30 - (V') of forming a separated gas and a separated liquid by cooling the reaction gas produced in
the step (IV') to separate liquid in the reaction gas; a step (VI') of forming an oil component from which
at least a portion of water has been removed by oil-water separation of the reaction liquid produced in
the step (IV');.- and a step (VII') of supplying at least a portion of the separated gas and a portion of the
oil component to the adiabatic reactor used in the step (I') as circulating gas and circulating liquid.
10[0066]  The method for producing cumene according to the present invention (the first '

embodimeny) isicharacterizeddndhat theatalystlayer (Akcantaining asolidacid substance (1) is

disposed on the upstream side of the adiabatic reactor. The 15 upstream side of the adiabatic reactor -

has a lowepwaigiconcentratian dhar the:dewastream side, Thusogren with-a smaller amount of solid
acid substance used in the production of cumene than in an embodiment in which a solid acid

substancesisdispesad: only<er the-dewnstieam:side of A0 reacior-or an iment in which a
mixture of a solid acid substance and a metal component is disposed in an-adiabatic reactor as in

known methads ferpregdusing, cumene ieagtion intermadiates ahthestaw majglialsysuch as isopropyl
alcohol and propylene, can be allowed to appropriately react with - 31 - benzene, thus yielding

cumene atansufficientreactionate, [00@ dnaumethed forpredyeingisiymene ageording to the present
invention (the second embodiment), an oil component 5is formed in the steps (the steps (II) and (1II'))

between ketone.
[00611
Method for Producing Cumené
A method for producing cumene according to the present
10 invention roughly includes a first embodiment and a second
embodiment.
[0062]
A method for producing cumene according to the present
invention (the first embodiment) inciudes a step (I) of
15 supplying benzene, acetone, and hydrogen to an adiabatic
reactor that includés, from the upstream side, a catalyst
layer (A) containing a solid acid substance (1}, a catalyst
layer (B) containing a metai‘csmpenent containing at least
one metallic element seleéted from the group consisting of
20 copper, nickel, ccbalt, and rhenium, and a catalyst layer (C)
containing a solid acid substance (2}, or an adiabatic
reactor that includes, from the upstream side, the catalyst
layer {A)} containing the solid acid substance {1} and a

catalyst layer (I} containing a metal compohent céntaining at



the step (I') and the step (IV') by the removal of at least a portion of water from the reaction liquid
produced in the step (I'), and the oil component is used in the step (IV'). Thus, the method for
producing cumene according to the 10 present invention (the second embodiment) includes the step of
removing water between the steps using a solid agid substance (the steps (I') and (IV')). Even with a
smaller amount of solid acid substance used in the production of cumene by the method for producing
cumene according to the 15 present invention (the second embodiment) than methods not including

the step of kermevinganater athe:sten nfremoving water dhat-ean euce hepctivity of the solid acid

substance allows reaction intermediates of the raw materials, such as isopropy! alcohol and propylehe

to approprgtely,g seactwith benzeag.yielding,aumeng Al suificient reaction rate.J0068]  Ina
method for producing cumene according to the present invention, the reaction temperature in the

productions i34 » 8keumene; thatdsthe temperatuire of an adiahatic reagtargenerally sanges from
100C to 300C. More specifically, since the reaction in the present invention is an exothermic reaction,

the adiabafisreactor-has-atemperatuie gradigat & theemethod forpredueingeciipene (the first
embodiment), preferably, the temperature of the adiabatic reactor in the vicinity of a reactor inlet

located upsteeare of the.satalysidaysr (M sanges irpar108Gde 160C, andihe teaperatiye in the
vicinity of a reactor cutlet located downstream of the 10 catalyst layer (C) or the catalyst layer (D)

ranges frona 420Ct9) 3J0QC {thetemperatiresdn the yiginityseftheseaatasoutighis higher than the
temperature in the vicinity of-the reactor inlet). In the method for producing cuthene (the second
embodiment)referably; dhe EemperatuneiabaRhe reaction gas to separate
liguid in the reaction gas; a step.{EII}_of forming an cil
component from which at least a pox tion of water has been
10 removed by oil-water separation of the reaction liquid; and a
step (IV) of supplying at least a portien of the separated
gas and at ieast a portion of the oil component to the
adiabati¢ reactor as circulatimg‘gés and circulating liquid.
[0063]
15 The method for producing cumene according to the present
invention (the first embodiment) may further include a step
{V: of colliecting reaction liguid @nd reaction gas containing
cumene from an outlet of the adiabatic reactor located
downstream of the catalyst laver (A} and upstream of the
20 catalyst laver (B} or the catalyst layer (D).
[0064]
The method for producing cumene according to ithe present
invention (the second embodiment} includes a sfep (I'y of

supplying benzene, acetone, and hydrogen to an adiabatic



15 adiabatic reactor used for the step (I') in the vicinity of a reactor inlet located upstream of the
catalyst layer (B) or the catalyst layer (D) ranges from 100C to 160C, and the temperature in the
vicinity of a reactor outlet downstream of the catalyst layer (C) or the catalyst layer (D) ranges from 20
120C to 300C (the temperature in the vicinity of thg reactor outlet is higher than the temperature in the
vicinity of the reactor inlet). Furthermore, preferably, the temperature of an adiabatic reactor used for
the step (IV') in the vicinity of a reactor inlet located upstream of the - 33 - catalyst layer (A) ranges

from 100G &2 260¢€, anddhedempesature inbine-visiniy Hf mergactorutlel dewnsiream of the catalyst
layer (A) ranges from 120C to 300C (the temperature in the vicinity of the reactor outlet is higher 5

than the temperatypg in-the:vichitypfiha seaator inlghnl0969kon 43 the REpsent iRvantion, the solid
acid substance (1), the solid acid substance (2), and the metal component containing at least one

Metallic elenaent=selacted frararbe d0-grodpicansisting efitoppes.pickeln egkalt,and thenium are used
as catalysts. Another component may also be used as a catalyst. [0070] The solid acid substance (1)

and the selidhpeid, 15 sulrsiancedBhior Usedn the presantinventionmay e thessame gofid acid
substance or different solid acid substances, preferably the same solid acid substance. [0071] The

solid mcid sestancend ) anskihesaidiacid 20=athstancen(2) ferruse, insthespresent invention are
catalysts having a function of an acid and may be generally referred to as solid acids. For example,
zeolite, siliea: akturinahakiming; ziweenia S@@p@m@gfﬁmf@fﬁa@nsman&dﬁﬁammlw@prmw% may be
used.
component containing at least one metallic slement selected
from the group consistiﬁg of copper, nickel, cobalt, and
rhenium and the splid acid substance (2) and collecting
10  reaction liguid and reaction gas containing cumene from an
outlet oflthe adiabatic reactor located dbwnstream of the
catalyst layer (C) or the catalyst layer (D); a step (II'} of
forming a saparaéed gas and‘a separated iiquid'by cooling the
réaction gas to separate liquid in the reaction gas; a step..
15 (IIT") of forming an oil component from which at least a
portion of water has been removed by oil-water separation of
the reaction liquid; and a step (IV') of supplying at leést a
portion of the separated gas and at least a portion of the
oil component to an adiabatic resactor that includes a
20 catalyst laver (A} containing a seolid acid substance (1) and
producing reaction liquid and reaction gas containing cumene.
{00651

The method for preducing cumene according to the present

invention (the second embodiment)} may further include a step



- 34 - [0072] In particular, zeolite, which is an inorganic crystalline porous compound containing silicon
and aluminum, is a solid acid substance suitable for the present invention in terms of heat resistance
and the target selectivity for cumene. These selid acid substances may be used alone or in
combination. [0073] Zeolite preferably has potes hgving approximately the 10 same size as the
molecular size of cumene and has a 10, 11, or 12-membered ring structure, more preferably a
12-membered ring structure. [9074] Examples of zeolite having a 12-membered ring structure

15 include; g type, 8 URY,type. adpardenits type, a dgalumingiedmosdenits,iype, @ p type, an
MCM-22 type, and an MCM-56 type. Among these, beta zeolite, the MCM-22 type, and the MCM-56

type are S&H@@&%V%ﬁ&f%é&@%@ﬁ%@ beta zeelite and MCM-22.are mreferred. 20[0075]  The

ratio of silicon to aluminum in these zeolites may range from 2/1 to 200/1 and, in teims of activity and

thermal stability oreferably; 5/1it0 10041 lsomorpRously yeplaged zeolite may:alge beiysed in which
aluminum atoms in the - 35 -
an oil component from which at least a portion of water has
5 been removed by cil-water segarétion of the reaction liguid
produced in the step (IV'}; and a step (VII'] of supplying at
least a pertion of the separated gas and a portion of the oil
éoﬁp@nent to the adiabatic reactor used in the step (i') as
circulating gas and circulating liguid.
10 [0066] |
The method for‘producing cumene according to the present
invention (thé first embodiment} is characterized in that the
cataiYst layer‘(A} containing a sélid‘acid sﬁbstance (1) is
disposed on the ppstream.side of the adiébatic feaétor. The
15 upstream side of the adiabatic reactor has a lower water
concentration than the downstream side. Thus, even with a
smaller amount of solid acid substanée used in the production
of cumené than in an embodiment in which a solid acid
substance is disposed only on the downstream side of a
20 reactor or an embodiment in which a mixture of a solid acid
substance and a metal component is disposed in an adiabatic
reactor as in known methods for producing cumene, resaction
intermediates of the raw materials, such as isbpropyl alcohol

and propylene, can be allowed to appropriately react with



zeolite skeleton are substituted with a metal other than aluminum, such as Ga, Ti, Fe, Mn, or B. [0076]
The shape of the solid acid substance is not 5 particularly limited and may be spherical, cylindrical, an
extruded shape, or a crushed shape. The particle size of the solid acid substance may range from 0.01
to 100 mm depending on the reactor s ze. [0077] 40The present invention employs a metal component
containing at least one metallic element selected from the group consisting of copper, nickel, cobalt,
and rhenium. The metal component may be simple substance of the metallic element, metal oxide,

such as Rg02 Re207, Mk of (uQ; metahtnahloddessucty as Refni3 Mkl of Guel2, or cluster

metal, such as Ni-Cu or Ni-Cu-Cr. These metal components may be used alone or in combination.
[0078] The geefal component containing at least one metallic 20 element selected from the group
consisting of copper, nickel, cobalt, and rhenium may be any metal component that can hydrogenate a

carbonyl group into alcaheh dMets components.eprameraially avalableps-Bydregenation catalysts can
be directly used. Metal components supported by various - 36 -
present invention {(the second embediment), an oil ;omponent
5 is formed in the steps (the steps (II') and {IIT')} between

the step {(I'} and the step (IV') by the removal of at least a
portion of water from the reaction liguid produced in the
" step (I;}, and the oil component is used in the step (IV').
Thus, the method for producing-.cumene according to the

10 pr@seﬁt invention ({(the second embodiment) includes the step
of removing water between the steps using a solid acid
substance (the steps (I') and (IV')). Even with a smaller
amount of sélid acid substance used in the production of
cumene by the method-for producing cumene adcordiné to the

- 15 9present invention (the second embodiment) than methods not

includihg the. step of removing water, the step of removing
water that can reduce the activity of the solid acid
substance allows reaction intermediates of the raw materials,
such as isopropyl alcohoel and propylene, to appropriately

20 react with benzene, yielding cumens at a sufficient reaction
rate.
{0068]

In a method for producing cumene according to the

present invention, the reaction temperature in the production



carriers are commercially available and may be used, for example, 5% Re carbon catalysts, 5% Re
alumina catalysts, silica alumina supported nickel catalysts, and these catalysts with different loadings,
such as 1% or 0.5%. Preferably, the carrier is at least one selected from the group consisting of silica,
alumina, silica alumina, titania, magnesia, silica mggnesia, zirconia, and carbon. [0079] The shape of
the metal component containing at least one 10 metallic element selected from the group consisting of
copper, nickel, cobalt, and rhenium is not particularly limited and may be spherical, cylindrical, an

extruded shapeuses@crushad shapet fhe particle size-ef the metal companent raay-tange from 0.01 to
100 mm depending on the reactor size_ 15[0080] The metal component containing at least one

metallic elegentselactea-fupps the-groumeonsising obconpendiekalpeehialt andipenium may further
contain at least one element selected from the group consisting of group IIB elements, 20 group 1A

elements, graup \ABelements,and grotp:VHk-glementsriexsepbnickel ard sebalf)e[0081]  More
specifically, the element is Zn, Cd, Hg, B, Al, Ga, In, Tl, Cr, Mo, W, Fe, Ru, Os, Rh, Ir, Pd, or Pt. - 37 -
reacticn, the adiabatic reactor has a temperature gradient.

5 In the method for producing cumene (the first embodiment),
preferably, the temperature of the adiabatic reactor in the
vicinity of a reactor inlet located upstream of the catalyst
layer (A) ranges from 100°C to 1€0°C, and the tem@eratur@ in
the vicinity of a reactor outlet located downstream of the

10 catalyst layer (C) or the catalyst layer (D) ranges from
iZG°C to 300°C (the temperature in the vicinity of the
reactor outlet is higher than the temperature in the vicinity
of the reactor inlet). In the method for producing cumene

. (tﬁe second embodiﬁent), preferably, the temperature of an

15 adiabatic reactor used for the step (I') in the %icinity of &
reactor inlet located upstream of the catalyst layer (B) or
the catalyst layer (D) ranges from 100°C to 160°C, and the
temperature in the vicinity of a reactor outlet downstream of
the catalyst layer (C} or the catalyst layer (D) ranges from

20 120°C to 300°C.{the temperature in the vicinity of the
reactor outlet is higher than the temperature in the vicinity
of the reactor inlet). Furthermore, preferably, the
temperature cf an adiabatic¢ reactor used for the step (IV')

in the wvicinity of a reactor inlet located upstream of the



[0082] Among these, a metal component containing copper and Zn or Al is suitable to improve
catalyst life. [0083] A catalyst for use in the present invention may be another component. The addition
of a metal salt, such as PbSO4, FeC12, or SnC12, an alkali metal, such as K or Na, an alkali metal
salt, or BaSO4 as another component may improyg activity or selectivity. Thus, another component
may be 10 added if necessary. [0084]  As described above, the catalyst layer (D) contains a metal
component containing at least one metallic element selected from the group consisting of copper,

nickel, cobalt; 15,and thgrivmand ihe selid acidsubstarce:2)2985] 2 mefod (preparation

method) for producing a catalyst containing the metal component containing at least one metallic

element selggtad-fremythe; group-consisting-of capper 28 vickel, sobalt andwhenivaaangdithe solid acid
substance (2) forming the catalyst layer (D) Is not particularly limited and may employ a catalyst

produced by & physigalspixture=af tha solidapid sebstance (2rard the ntetal gemponent containing-at
least one metallic element selected from the |
temperature in the vicinity of the reactor outlet is higher
5  than the temperature in the vicinity of the reactor inlet).
[0069] | |
In the present invention, the solid acid substance (1),
the solid acid substance {2}, and'the.metal'compdnent
containing at least one metallic element selected from the
10 group consisting of copper, nickei, cobait, and rhenium are
used as catalysts. Ancother cémponent may aléo be used as a
éatalyst.
[00T70]
The solid acid substance (1} and the solid acid
15 -substance {2} for use in the present invention may be the
same solid acid substance or different solid écid substances,
preferably the same solid acid substance.
{00711
The solid acid substance (1) and the solid acid
20 substance (2) for use in the present invention are catalysts
having a function of an acid and may be generally referxed to
as solid acids. For example, zeclite, silica alumina,
alumina, zirconia supported sulfate ions, and zirconia

supported W03 may be used.



- 38 - group consisting of copper, nickel, cobalt, and rhenium at a catalyst particle level in the order of
centimeters, or a catalyst produced by pulverizing the solid acid substance (2) and the metal
component containing at least one metallic element selected from the group consisting of copper,
nickel, cobalt, and rhenium, mixing them, and moiding catalyst particles in the order of centimeters.
The catalyst may be the metal component containing at least one metallic element selected from the
group consisting of copper, nickel, cobalt, 10 and rhenium supported by the solid acid substance (2) as
a carrier, psghe solid acid substance (2) supported by the metal component containing at least one
metallic element selected from the group consisting of copper, nickel, cobalt, and rhenium as a carrier.

15[0086]  As dgse¢ribad ahavs; the catalyst, copstitutingsther-catalystlayer (D) contains a metal
component containing at least one metallic element selected from the group consisting .of copper,

hickel, cobal;and theniumand:the-salisbacid 20-substaner; ()i Thisseatalyst sannbmpreduced by

loading the solid acid substance (2) serving as a carrier with the metal component containing at least
one metallig elergent selested fsom-the-greup.eonsistingafcopper grekelneobatand Hienium, as

described above. More specfically, the solid - 39 - acid substance (2) may be loaded with the metal
componentby-armethed ofdmpregratingthecsalidncid subsianse (@ véttavity for
cumene. These solid acid substances may be used alone or in
combinaticn.
100731
Zteite preferably has pores having approximately the
10 same size as the molecular size of cumene and has a 10, 11,
or l2-membered ring structure, more preferably a lZ—membezed
. ring structure. | |
(00743
Examples of zeolite having a l2—membered ring structure
15 include alY type, a UBY type, & mordenite type, a
dealuminated mordenite type, a B type, an MCM-22 type, and an
MCM-~56 type. Among these, beta zeolite, the MCM-22 type, and
the MCM-56 type are suitable structures. In particular, beta
zeolite and MCM-2Z are preferred.
20 [0075]
The ratic of silicon to aluminum in these zeolites may
range from 2/1 to 200/1 and, in terms of activity and thermal
stability, preferably 5/1 to 100/1. Iscomorphously replaced

zeolite may also be used in which aluminum atoms in the



nitrate aqueous solution of the metallic element and then firing the solid acid substance (2), a method
of forming a 5 complex of the metallic element and an organic molecule ligand to make the metallic
element soluble in an organic solvent, dissolving the complex in the organic solvent, impregnating the
solid acid substance (2) with the organic solveat, agd._firing the solid acid substance (2), or a vapor 10
deposition method in the case that the complex can be vaporized under vacuum. A coprecipitation
method of simultaneously performing the synthesis of the solid acid substance (2) and metal loading

may also bgemplayed in which the-salid-acid sebstange:?) is praducedifram a gagesponding 15

metal salt in the presence of a metal salt which will serve as a hydrogenation catalyst. [0087] Ina

production, methadaccarding @ the present iventian, it is assumed that acetone is reduced by
hydrogen 20 into isopropanol by the action of the metal component containing at least one metallic

element selgeterd from the group consisting of copper, nickel, cobalt, and rhenium in the catalyst layer
(B) or the catalyst layer (D), and then the alkylation reaction between isopropanol and benzene - 40 -

occurs by the action efithgsolid acid substagce £1)iard the salid agie sihastance (2). It is also assumed

that an alkylation reaction occurs between benzene and propylene or diisopropyl ether produced by

the iframeleatian.ang infermaleesiar dehysratianeofsp periomof, isepropanel.J9088kn  In the method

for producing cumene according to the present invention (the first embodiment), cumene is produced
also in the-gatalyst dnyer (A Jocated upstieamiofdhe ) catalystdayeri@®)ordhesatalystiayer (D) in

which isopropanol is produced. This is because the circulating gas or the circulating liquid contains
propylenegisopgopai@l, 8ubstance may range from 0.01 to 100 mm depending

on the reactor size.

[0077]

10 The preseét invaﬁtion employs a metal component
containing at least onermetallic element selected from the
group consisting of copper, nickel, cobalt, and rhenium. The
metal component may be simple substance of the metallic
elément, metal oxide, such as Rel;, -Rex0y, NLO, or Cul, metal

15 chloride, such as ReCls, NiCl,, or Cull,;, or ciuster metal,
such as Ni-Cu or Ni—Cu~Cr. These meital components may Dbe
used alone or in ;ombination.

[0078]
The metal component containing at least one metallic

20 eleﬁent selected from the group consisting of copper, nickel,
cobalt, and xheﬁium,may be any metal component that can
hydrogenate a carbonyl group into alcohol. Metal components

commercially available as hydrogenation catalysts can be

directly used. Melal components supported by wvarious



diisopropyl ether in a production method according to the present invention, and an alkylation reaction
between these 15 compounds and benzene yields cumene. [0089]  In the method for producing
cumene according to the present invention (the first embodiment), embodiments of catalyst layers
disposed in the adiabatic reactor include an 20_empodiment in which the following three layers are
disposed from the upstream side: a catalyst layer (A) containing a solid acid substance (1), a catalyst
layer (B) containing a metal component containing at least one metallic element selected from the

group congistingaf Copper Jikel-e9hall, - 43 and-meniym, aRd acatalystlayer £C) containing a
solid acid substance (2), and an embodiment in which the following two layers are disposed from the

upstream gides the catalystdayer{4).coniainingthe solid acid sybstance 1) anda catalyst layer (D)

containing a metal component containing at least one metallic element selected from the group
consistingqficoppes; nickels cefal.and enivmand:the,3qlid-acid sibstances(2). [0090] 10Sequential

charging of catalyst species suitable for each step of the reaction is a preferred charging method in
terms of effigiantugesofihercalalysts-and the, praventionaf undesirablessidg reactions.

5 Preferakly, the carrier is at least one selected from the
group consisting of silica, alumina, silica alumina, titania,
magnesia, silica magnes;a, zirconia, and carbon. |
[0079]

The shape of the metal'component containing at least one

10 metallic element selected from the group consisting of copper,
nickel( cobalt, and rhenium ié not particularly limited and
may be spherical, cylindrical, an extruded shape, or a
crushedlshape. The particle size of the metzl component may
range from 0.01 tc 100 mm depending on the reactoer size.

15 [0080C]

The metal component containing at least one metallic
elemént selected from thé group consisting of copper, nickel,
cobalt, and rhenium may further contain at least one element
selected from the group consisting of group IIB elements,

20  group IITIA elements, group VIB elements, and group VIII
_elemeﬁts {except nickel and cobalt).
[0081]
More specifically, the element is Zn, Cd, Hg, B, Al, Ga,

In, T1, Cr, Mo, W, Fe, Ru, Os, Rh, Ir, Pd, cor Pt.



[0091] 15In the method for producing cumene according to the present invention (the first
embodiment), therefore, a preferred one of the two embodiments described above is the embodiment
in which the following three layers are disposed from the upstream side: a catalyst layer (A) containing
a 20 solid acid substance (1), a catalyst layer (B)sgontaining a metal component containing at least
one metallic element selected from the group consisting of copper, nickel, cobalt, and rhenium, and a
catalyst layer (C) containing a solid acid substance (2). - 42 - [0092] In the method for producing
cumene agggkding to the present invention (the second embodiment), embodiments of catalyst layers
disposed in the adiabatic reactor used for the step (I') include an embodiment in which the following

two layers are digpased-framdhedipstream sises arcatalystiayer (Bhepriaiiirg asneatal component
containing at least one metallic element selected from the group consisting of copper, nickel, cobalt,

and rhenigm and a-catalystiayer {6) 1@containingta sokd atidssubstance (2), and an embodiment in
which the following one layer is disposed: a catalyst layer (D) containing a metal component containing
at least orng metallic element selected from the group consisting of copper, nickel, cobalt, and rhenium
and the solid acid substance (2). 15 A preferred one of these embodiments is the embodiment in

whicls the following fwe layars ese disposes frama the apstreamsidetasatalyst layer (B) containing a
metal component containing at least one metallic element selected from the group consisting of
COpper,nﬁﬁghﬁ@@aﬁoﬁﬁaﬂaﬁ@UnVﬂ&QEaddition of a metal salt, such as
PbS0O,, FeCla, or SnCi,, an alkali metal, such as K oxr Na, an
alkali metal salt, or BaS0; as another component may improve
activity or selectivity. Thus, another component may be |
10 added if necessary.
[OQS&]
As described above, the catalysit layer (D) contains a
métai compoﬂenﬁ.éontaining at least one metallic element
Seleéted from the group consisting of copper, nickel, cobalt,
15 and rhenium and the solid acid substance (2}.
[0085]
A method (preparation method} for producing a ¢atalyst
containing the metal component containing at least one
metallic element selected from the group consisting of copper,
20 nickel, cobalt, and rhenium and the sclid acid substance (2)
forming the catalyst layer (D} is not particularly limifed
and may employ a catalyst produced by a physical mixture of
the solid acid substance (2} and the metal component

containing at least one metallic element selected from the



20 catalyst layer (C) containing a solid acid substance (2). [0093] A method for producing cumene

according to the present invention employs hydrogen as a raw material, as described above. - 43 -

[0094] The amount of hydrogen used may theoretically be at least equimolar to the amount of acetone.

Considering separation and recovery, the amountgf hydrogen is generally 5 1 to 10 times, preferably

- 1to 5 times, the moles of acetone. The amount of hydrogen used may be smaller than the moles of
acetone to reduce the conversion of the acetone to 100% or less. [0095] 10Hydrogen supplied in the

reaction agefginG-Inhe-preasens NVepion reacts with an oxygen atamof.acetane tg form isopropyl
alcohol. The isopropyl alcohol reacts with benzene to yield cumene and water. The reaction described

above consgnesAydrogeniinan amednt equimlantathe amoupt15.0f agetone, n the absence of
undesirable side reactions, basically, the reaction does not consume extra hydrogen. [0096] The

amount ofchenzepedmay dneeatically pe aédsast squirplar 4a the amaunt ahasetpne, Gensidering

“separation A -

 and the metal component containing at least one metallic

5 element selected from the group consisting of copper, nickel,
cobalt, and rhenium, mixing them, and molding catalyst
particles in the orxder of centimeters. .The catalyst may be
the metal component conﬁaining at least one metallic-éiement
selected from the group consisting of copper, nickel, cobalt,

10 and rhenium supported by the so0lid acid substance (2) as a
carrier, or the sc¢lid acid substance {2) supporte@ by the
metal component containing at least one metallic elemeht
selected from tﬁe group consisting of copper, nickel, cobalt,
and rhenium as a carrier. |

15 [0086]

As described above, the catalyst constituting the

catalyst layer (D) contains a metal component containing at .
least one metallic element selected from the group consisting
of copper, nickel, cobalt, and rhenium and the sclid acid

20 substaﬁce (2). This catalyst can be produced by loading the
solid acid substance (2) serving as a carrier with the metal
compenent centaining at least one metallic element selected
from the group consisting of copper, nickel, cobalt, and

rhenium, as described above. More specifically, the solid



20 and recovery, the amount of benzene is generally 1 to 10 times, preferably 1 to 5 times, the moles
of acetone. [0097] In a method for producing cumene according to the present invention, the raw
materials including benzene, - 44 - acetone, and hydrogen are allowed to react, as described above.
[0098] In the method for producing cumene accorgling.to the 5 present invention (the first
embodiment), the position at which benzene is introduced into the adiabatic reactor is generally
located upstream of the catalyst layer (A). In the method for producing cumene according to the

present inyentions(the fissi-ambodiment) sheipasition at whichn10 acetonedshinedugedipto the
adiabatic reactor may be located upst e m of the catalyst layer (A), between the catalyst layer (A) and

the catalyst layemn(B), er between the: catalyist dayes 1Ay andthe satalystlaxer (D). Jn the method for

producing cumene according to the present invention (the 15 first embodiment), the position at which
hydrogen isi intr9eldcaehirio tbeadiabatic.resctarmpay dedlocatedaupsiteam i dhe gatalyst layer (A),

between the catalyst layer (A) and the catalyst layer (B), or between the catalyst layer (A) and the
catalyst layer )y 20(Q0Q]1id acid substance (2), a method of forming a
5 complex of the metallic element and an organic molecule

ligand to make the metallic element scluble in an crganic
gsolvent, dissolving the compleﬁ in the organic solvent,
Vimpregnating the solid acid substaﬁce (2) with the organic
solvent, and firing the solid acid substance (2}, or a vapor

10 deposition method in the case that the complex can be
vaperized under wvacuum. A copre&ipitation method of
simyltaneously performing the synthesis of the solid acid
substance {Z) and metal locading may alsc be empiqyed in which
the solid acid substance (2) is produced from # corresbonding

15 metal salt in the presence of a metal salt which will serve
as a hydrogenation cataliyst.
[0687]

In a production method according to the present

invention, it is assumed that acetcone is reduced by hydrogen

20 into isopropancol by the acticn of the metal component
conﬁaining at least one metallic element selected from the
group consisting of copper, nickel, cobalt, and rhenium in
the catalyst layer (B) or the catalyst.layer (D), and then

the alkylation reaction between isopropanol and benzene



In the method for producing cumene according to the present invention (the second embodiment), the
position at which benzene is introduced into the adiabatic reactor for the step (') is generally located
upstream of the catalyst - 45 - layer (B) or the catalyst layer (D). In the method for producing cumene
according to the present invention (the second embodiment), the position at which acetone is
introduced into the adiabatic reactor for the step (I') is 5 also generally located upstream of the catalyst
layer (B) or the catalyst layer (D). In the method for producing cumene according to the present

invention (the.second,eppodiment) the-pesition gt whigh: hydiages:isintroduged into £he adiabatic

reactor for the step (I') is also generally located 10 upstream of the catalyst layer (B) or the catalyst

layer (D). [9400} »Benzans.and:acetone are introguged intodbe-adiabatia reactorthe upstream side
to the downstream side. Hydrogen may be introduced into the adiabatic reactor from 15 the upstream

side to the-dawnsiream side et rom the-downstrearsids da the ypsiaag-sige1 KHO1Y in a method for

producing cumene according to the present invention, therefore, a mixture containing acetone 20 and
benzene comes-into.contact wath hydregendn g,gasliquid cosntersuyentflow or a gas-liquid cocurrent

flow. The flow direction of liquid and gas may be liquid downward-gas upward, liquid upward-gas
downward; Heuidrand-gas spwasdyen-bquidangdgas dowaward.of isopropanol. |
00887
In the method for producing cuﬁen@ according to the
preéent invention {(the first embodiment), cumene is produced
alsq in the catalyst layer {A) located upstream cf the
10 catélyst layer {B} or the catalyst layer (D) in which
isopropanol is produced. This is because the circulating gas
or the circnlaéimg liguid contains propylene, isopropanocl, or
diisopropyl ether in a production method according. to the
"present invention, and an alkylation rgaction between these
15 compounds and benzene yields cumene.
[G089]
lIn the method for producing cumene accerding to the
preéent invention (the first embodiment), embodiments of
catalyst layers disposed in the adiabatic reactor include an
20  embodiment in which the following three layers are disposea
from the upstream side: a catalyst layer (A) centaining a
s0lid acid substance (1), a catalyst layer (B) contalning a
metal component containing at ieast one metallic element

selected from the group consisting of copper, nickel, cobalt,



- 46 - [0102] Hydrogen gas is generally continuously supplied to the adiabatic reactor but may be
supplied otherwise. For example, hydrogen gas may be supplied intermittently, that is, hydrogen gas is
supplied at the beginning of the reaction, then stopped, and supplied again after a predetermined
period of time. For a liquid phase reaction, hydroggn gas dissolved in a solvent may be supplied. In a
recycling process, hydrogen gas recovered from the top of the reactor together 10 with a low-boiling
fraction may be supplied. The pressure of hydrogen supplied is generally the same as the reactor

pressure angimay-he appropriately-aliered in acegrdance with-the-methed of supplyingdaydrogen.

[0103] 15The pressure in'a method for producing c' ene according to the present invention preferably

ranges frogy 9=k 19,200 g, mare pisfeRbBlOrdaH0:atmMete specifieallysin agnethed for
producing cumene according to the present invention, the step (I) is preferably performed in this 20

pressure range-in the dirstespbadimentoand ke stepsdErand (REl) aepreferablsperfoLmed in the
pressure range in the second embodiment. [0104] In the implementation of the present invention, the -

47 - amount of catalyst Misedds not particulary limitad i Gosexamplez4n the reaadion with a fixed-bed
flow apparatus, the amount (weight) of all the raw materials (benzene, acetone, hydrogen, circulating

liquidsand-gitcuigiing gagksuppied-3pes heundividekby the-weightof catalists; hiatds AWHSV
desirably ranges from 0.1 to 200 /h, more preferably 0.2 to 100 /h. The weight of catalysts is the total
amount ofjcatalystshased inea metheddee producing-cumeneaccording todbe psesanitiavention, that is,

the total amount of the solid _
of copper, nickel, cobalt, and rhenium and the solid acid
Substénce (2}.
[0090]

10 Sequential charging of catalyst species suitable for
gach step of the reaction is a preferred charging method in
terms of effiﬁient use of the catalysts and the prevention of
undesirable side reactions.

[0091]

15 In the method for.producing cumene according to the
present invention (the first embodiment), therefore, a
preferred one of the two embodiments described above is the
embodiment in which the following three layers are disposed
from the upstream side: a catalyst layer {A) containing a

20 sclid acid substénce {1), a catalyst layer {B) containing a
metal éomponent containing at least one metallic element
selected from the group consisting of copper, nickel, cobalt,

and rhenium, and a catalyst layver (C) containing a sclid acid

substance (2).



10 acid substance (1), the solid acid substance (2), and the metal component containing at least one
metallic element selected from the group consisting of copper, nickel, cobalt, and rhenium. The
amount (weight) of all the raw materials (benzene, acetone, hydrogen, circulating liquid, and 15
circulating gas) supplied per hour divided by the weight of the solid acid catalysts, that is, WHSV (solid
acid substances) desirably ranges from 0.2 to 400 /h, more preferably 0.4 to 200 /h. [0105] 20In the
method for producing cumene according to the present invention (the first embodiment), in the case
that the catglystlayers in the adiabatic reactor according to an embodiment include the following three
layers from the upstream side: a catalyst layer (A) containing a solid acid - 48 - substance (1), a

catalyst layer (B} gortaining @.metal.compenent gontaining-at Isastera metallicielement selected from
the group consisting of copper, nickel, cobalt, and rhenium, and a catalyst layer (C) containing a solid

acid 5 substance,2); whentheweightolthesatalyshlayentikis, 10hpads by weighk the weight of the
catalyst layer (B) preferably ranges from 10 to 1000 parts by weight, more preferably 50 to 500 parts

by weight.-and thesweighyof hercatadystdayer (Gpreterablydangesdrom 20.10s2000parts by 10
weight, more preferably 100 to 1000 parts by weight. [0106]  In the method for producing cumene

accorgling¢adhe peesent invantion (ke firstembedimant), in the.case that the catalysifayers in the
adiabatic reactor according to an _
two layers are disposed from the upstream side: a catalyst
layer (B) containing a metal component containing at least
one metéllic element selécted from the group consilsting of
- copper, nickel, cobalt, and rhenium and a éatalyst layer (C)
16 containing a solid acid substance (2), and an émbodiment in
which the following one layer is disposed: a catalyst layer
{D) éontaining a metal component containing at least one
metallic element selected from the group consisting of copper,
nicksl, cobalt, and rhenium and the solld acid substance (2} .
15 A preféxred one of these embodiments is the @ﬁbodiment in
which the following ﬁwo layers are disposed from the upstream
side: a catalyst layer (B} éontaining a metal component
containing at least one metallic element selected from the
group consisting of copper, nickel, cobalt, and rhenium and a
20 catalyst layer (C} containing a solid acid substance (2).
[00S83}
A method for producing cumene accerding to the present

invention employs hydrogen as a raw material, as described

above.



15 embodiment include the following two layers from the upstream side: the catalyst layer (A)
containing a solid acid substance (1) and a catalyst layer (D) containing a metal component containing
at least one metallic element selected from the group consisting of copper, nickel, cobalt, and 20
rhenium and a solid acid substance (2), when the,weight of the catalyst layer (A) is 100 parts by
weight, the weight of the catalyst layer (D) preferably ranges from 10 to 2000 parts by weight, more
preferably 50 to 1000 parts by weight. When the total of the metal component containing at least one -
49 - metallig gdament selected from the group consisting of copper, nickel, cobalt, and rhenium and the
solid acid substance (2) is 100% by weight, the catalyst layer (D) preferably contains 5% to 45% by

weight of the metak.campenentand so26 4 85% by Sneight ebtherselid agidisaibstance (2) and more
preferably contains 10% to 40% by weight of the metal component and 60% to 90% by weight of the

solid acid sybstancg(Zh04071 i the=meihaed forgrodueingasimene ascaedingdo the 10 present

invention (the second embodiment), in thecase that the catalysts in an adiabatic reactor for the step (I')

accordingde:an-embedimgnt inchiesthe follawing-iwva.kayers fonr-the=upsteeararside: ia eatalyst layer
(B) containing a metal component containing at least one metallic element 15 selected from the group

consistingiofeopper: nieksl, cebaltsand theniumand aicatalystlayentC)sontaining ecsalid acid
substance (2), when the weight of the catalyst layer (B) is 100 parts by weight, the weight of the
catalyst layee (Gupreferalily rarges;kam:1e 4 A000partsdy weighthaorehe moles of
acetone fo reduce the conversion of the acetone to 100% or
less.
[C0O5]
10 | Hydrogen supplied in the reaction according to the
present invention reacts with an oxygen atom of acetone to
form isopropyl alcchcl. The isopropyl alcohol rea&ts with
benzene to yield cuméne and water. The reaction described
above consumes ﬁydrogen_in an amount eguimolar to the amcunt
.15 of acetoné. Iin the absence of undesirable siae reactions,
basically, the reaction does not consume extra hydrogen.
100961 |
The amount of benzene may thecoretically be at least
equimolar to the amount of acetone. <Considering separation
20 and recovery, the amount of benzene is generally 1 to 10
times, preferably 1 to 5 times, the moles of acétone.
[0097]
In a method for producing cumene according to the

present invention, the raw materials including benzene,



20 preferably 20 to 500 parts by weight, and the weight of a catalyst layer (A) in an adiabatic reactor
for the step (IV') preferably ranges from 20 to 2000 parts by weight, more preferably 100 to 1000 parts
by weight. [0108] - 50 - In the method for producing cumene according to the present invention
(the second embodiment), in the case that the catalyst in an adiabatic reactor for the step (I') according
to an embodiment includes the following one layer: a catalyst layer (D) containing a metal component
containing at least one metallic element selected from the group consisting of copper, nickel, cobalt,

and rheniup.and-a solig acidsubsiance (2), when,ibe wejobtatthe catalystlaygpdB) is 100 parts by

weight, the weight of a catalyst layer (A) in .10 an adiabatic reactor for the step (IV') preferably ranges
from 10 tozkQ0Q-parts by weight, more preferably 20 to 500 parts by weight. When the total of the
metal component containing at least one metallic element selected from the group consisting of
copper, nigkglggqbalt, and rhenium and 15 the solid acid substance (2) is 100% by weight, the catalyst
layer (D) preferably contains 5% to 45% by weight of the metal component and 55% to 95% by weight

of the solid acid substanced2hand faerepielerabhcentainscl Wb te AP4 byrweight of the metal
component and 60% to 90% by weight of the 20 solid acid substance (2). [0109] The present invention

is implemented byra cantinkausmflowirethpds Theyesentdnventiamean besimplgmented in any of a
liquid phase, a gas phase, and a gas-liquid mixed phase. A method for charging catalysts may be a

ﬁxedbedQh@&ﬁﬂﬁéﬁﬁﬁﬁﬁdﬁﬁﬂﬁiﬁ%MﬁE@Hm@%ﬂﬁHﬁ%dadiabatic reactor is

generally located upstream of the catalyst laver (A). In the
method for producing cumene according to the present
invention (the first embodiment), the_position at which
10 ‘acetone is introduced into the adiabatic reactor may be
located upétream of the catalyst laver (A}, between the
catalyst layer (A) and the‘catalyst laver (B}, or between the
catalyst layer (A} and the catalyst layer (D). In the method
for producing-Cumene accerding to the present invention (the
15 Iirst embodiment), the position at which hydxogen.is
introduced into the adiabatic reactor may be located upstream
of the catalyst layer (A}, between the catalyst laver {(A) and
the catalyst layer (B), or between the caﬁalyst layer (A} and
the catalyst lafer (",
20 [0099]
In the method for producing cumene according to the
ptesent invention (the second embodiment), the position at
.which benzene is introduced into the adiabatic reactor for

the step (I') is generally located upstream of the catalyst



[0110]

When the catalytic activity decreases after a certain elapsed time, the catalyst can be
reactivated by a known regeneration method. [0111]
amount of cumene, a merry-go-round system may be employed in which two 10 or three reactors are
arranged in juxtaposition, and during the regenergtion of one reactor the reaction is performed in the
other one or two reactors. In the case of three reactors, the other two reactors may be connected in
series to educe fluctuations in the amount of production. With a fluidized- 15 bed flow reaction system

or a moving:bed reastioysysteny.Ratt githerentirety(f the catabysts maynbericestinuously or

intermittently removed from the reactor while replenishing the reactor with the corresponding amount

of catalysistomaitaindbgadivily ataceriain leveh2Q{052h+ Thednethed for psoducing cumene

according to the present invention (the first embodiment) produces cumene by the reaction of the raw
materials ieluging Kepaengeaestonenaneg dyediogan inctheradiabaticieagtors Reaction liquid and - 52

- reaction gas containing cumene are removed from an outlet of the adiabatic reactor located

downstrearn of dbe catalysidayenC)pr s satalystdayen () Jhergactier-gas s roglked to separate
liquid in the reaction gas, forming a 5 separated gas and a separated liquid. The oil-water separation
of thesreagtionliguidaselds @n eiksempongatireamvbich-aideastia podionefpmater frasdzeen removed.
At least a portion of the separated gas and at least a portion of the oil component are supplied to the

adiabatic rgacteas1yst layer (D). In the method for preducing cumene

10

15

20

according to the present invention (the second embodiment),
the posit;on at which hydrogen is introeduced inio the
adiabatic reéctor for the step (I') is also generally located
upstfeam of the catalyst layer (B} or the catalyst iayer (D).
{OZGO]V

- Benzene and acetone are introduced in£0 the adiabatic
reactor from the upstream side to the downstream side.r
Hydrogen may be introduced into the adiabatic reactor f;om
the upstream side to the downstréam side or from the
downstream‘side tc the upstream side.
[0101]

In a method for pfoducing cumene according to the
present invention, therefeore, a mixture containing acetone
and benzene comes into contact with hydrogen in a gas-liquid
countercurrent flow cr a gas-liquid cocurrent.flow. The flow
direction of liquid and gas may be liguid downward-gas upward,
liguid upward-gas downward, liquid and gas upWard, or liguid

and gas downward.

In order to ensure the production of a certain



10 circulating gas and circulating liquid. [0113]  In the method for producing cumene according to
the present invention (the first embodiment), the circulating gas and the circulating liquid, together with
the raw materials, 15 benzene, abetone, and hydrogen, are supplied to the adiabatic reactor. [0114] In
the present invention, the reaction liquid and reactjgn gas containing cumene collected from the outlet
of 20 the adiabatic reactor located downstream of the catalyst layer (C) or the catalyst layer (D) is
separated into a reaction liquid and a reaction gas with a gas-liquid separator located downstream of
the outlet aftheadiabatic reactor. The gas-liquid separator is not particularly - 53 - limited and may be
a vertical drum. The cooling of the reaction gas for the separation into a separated gas and a

separated liquid js,gengfally pesformegawith a10as-liiid sepRaialey the.gas-liguid,separator is not

particularly 5 limited and may be a vertical drum. The oil-water separation of the reaction liquid yields

an oil companeptfirem whishialleast:a parionof water has beendemoved. Arsgparatariorthe
oil-water separation is not particularly limited and may be a horizontal drum. having a lower boot or a

horizontal guask:-Raving amintemal papitioaq I additinn te dhe reactianliquid, the separated liquid
may also be supplied to the oil-water separator to perform oil-water separation. [0115]

5 hydrogen gas is suppiied at the beginning of the reacticn,
then stopped, and suppiied.agaiﬁ after a predetermined periocd
of time. For a liquid phase reaction, hydrogen gas dissoclved
in & solvent may be supplied. In a recycling process,
hydrogen gas reco#ered from ﬁhe top of the reactor together

10 with a low-boiling fracfion maf be supplied. The pressure of
hydrogen supplied is generally the same as the reactorl
pressure and may be appropriately altgred in accordance with
the method of supplying hydrogen. | |
[0105}

15 The pressure in a method for producing cumene according
to the present invention preferably ranges from 0.1 to 100
atm, more preferably 0.5 to 50 atm. More specifically, in a
method for producing cumene according to the piesent
invention, the step (I) is preferably performed in this

20 pressure range in the first embodiment, and the steps {(I')
and (IV') are preferably performed in the presgsure range in
the second embodiment.
i0104]

In the implementation of the present invention, the



In the present invention, before the separation of the 15 reaction gas into a separated gas and a
separated liquid and before the oil-water separation of the reaction liquid, the reaction gas and the
reaction liquid are preferably cooled by heat exchange with a heat exchanger. The heat exchanger for
use in heat exchange is not particularly limited ang-may be 20 of any type that can perform heat
exchange, for example, a spiral heat exchanger, a plate heat exchanger, a double-pipe heat
exchanger, a shell and tube heat exchanger, a multi-tube heat exchanger, a spiral tube heat

exchangena-spikal plate heat exchanger, ?staﬁlﬁﬁoﬁah?@i@%%%ﬁlge& entankdacket, » 54 - heat
exchanger, or a direct contact liquid-liquid heat exchanger. [0116] Since the reaction is an exothermic

reaction, effegtive 5 utiization of gereraied.eal iseffective from an energy-aavWpgdand:.geonomic point
of view. Heat of reaction is generally recovered as steam by passing the reaction gas and the reaction

liquid througlba-heatexehanger {011 7] 1018 themethod fornprodusing ewrnengaceording to the
present invention (the first embodiment), at least a portion of the oil component is supplied to the adiab

'c reactor aggireylating dguic Generally 5% 101100%1by- weighta prefgrably 80%niq,108% by weight, of
the oil component is 15 supplied to the adiabatic reactor as circulating liquid. [0118]

5 per hour divided by the weight of catalysts, that is, WHSV
desirably ranges from 0.1 to 200 /h, more preferably 0.2 to
100 /h. The weight of catalysté is the total amount of
catalysts used in a method for producing cumene according.to
the pfesent invention, that is, the total amount of the solid
10 acid substance (1),‘the sclid acid substance (2}, and the
metal compeonent containing at least one metallic element
selected from the group consisting of copper, nickel, cobalt,
and xheniﬁmd The amount (weighti of all the‘raw materials
(bénzene, acetone, hydrogen, circulating liguid, and

15 circulating gas) supplied per hour divided by the weight of
the solid acid catalysts, that is, WHSV (solid zcid
;ubstances) desirably ranges from 0.2 to 400 /h, more
preferably 0.4 to 200 /h.
[0105]

20 In the method for producing cﬁmene according te the

present invention (the first embodiment), in the case that

the catalyst layers in the adiabatic reactor according fo an
embodiment include the following three layers from the

upstream side: a catalyst layer (A) containing a solid acid



The method for producing cumene according to the present invention (the second embodiment)
preferably includes the steps (V') to (VII') as well as the steps (I') to (IV'). In 20 the method for
producing cumene according to the present invention (the second embodiment) including the steps
(V) to (VII), a portion of the oil component formegkin.the step (VI') is supplied to the adiabatic reactor
for the step (I') as circulating liquid. In this case, generally 5% to 99% by - 55 - weight, preferably 30%
to 99% by weight, of the oil component foiled in the step (VI') is supplied to the adiabatic reactor for the

step (I') as;girewatieg liquigd, [Q119]-5Theseirqulating ligyid {eih eamponent) eertains various

components for example, benzene, acetone, isopropanol, diisopropyl ether, propylene, and cumene.

[0120] In thepsthodfor preducing gumenea-aceording tadhe110: preseatinvensendthesfirst
embodiment), at least a portion of the separated gas is supplied to the adiabatic reactor as circulating

gas. Generaliy, 99 t0 400%by:-weeight: preferably Spie 1o 16Q% 1k yeighta ot thesseparated gas is
supplied to the adiabatic reactor as circulating gas. 15[0121] The method for producing cumene

accordingtadhe @fgseMd a catalyst layer (C) containing a solid acid
5 substance {2), when the wéight of the catalyst layerl{Aﬁ is
100 parts by weight, the weight of the catalyst layer EB}
preferably ranges from 10 to iOOO parts by weight, more
preferably 50 to 500 parts‘by weight, and the weigbf of the
catalyst layer (C) ézeferably ranges ffom 20 to 2000 pérts by
10 weight, more preferably 100  to 1000 parts by weight.

[0106]

In the mefhod for producing cumene according to the
pregent invention (the firsﬁ embodimén%), in the case that
-the catalyst layers in the adiabatic reactor according to an-

15  embodiment include the following two layers from the upstream
side: the catalyst layer (A) containing a solid acid
subétance (1) and a catalyst layver (D) containing a metal
compoﬁent containing at least one metallic element.Selected
from ﬁhe group consisting of cépper, nickel, cobalt, and

20 rhepium and a solid acid substance (2}, when the weight of
the catalyst layer (A} is 100 parts by weight, the weight of
the catalyst layer (D} preferably ranges from 10 to 2000
parts by weight, more preferably 50 teo 1000 parts by weight.

When the total of the metal component containing at least one



invention (the second embodiment) preferably includes the steps (V') to (VII') as well as the steps (I') to
(IV"). In the method for producing cumene according to the present 20 invention (the second
embodiment) including the steps (V') to (VII'), a portion of the separated gas formed in the step (V') is
supplied to the adiabatic reactor for the step (12 agxitculating gas. In this case, generally 9% to 100%
by weight, preferably 30% to 100% by weight, of the separated - 56 - gas foimed in the step (V') is
supplied to the adiabatic reactor for the step (I') as circulating gas. [0122] In the method for producing

cumene aggeting to thesh4resentinvertionritbe fiestembediment), aiparting of the:ephsemponent not
returned to the adiabatic reactor is generally purified to produce cumene. Purification is performed by a

known methed-such-as gistijlatien. \Whenithe partior v the-oil componestnst etuenedto the adiabatic
10 reactor is purified by distillation, the purification may be performed with two distillation columns, for

example, as ilustrated inthesHew chingt ofkigl Zskn this/ease( tight eemposients bavinglewer boiling
points than cumene, such as benzene, are removed in the first distillation column, and 15 heavy
components haying Bigher keiliigpants:thaneiaene, suchrasdiisopiopyibenzené tateyremoved in
the second distillation column. Thus, purified cumene can be produced. The light components.
remoyged indheHirstdistiffationqaldmacdentairams materi@$s andd eactenintefmedialgs, such as
contains 10% to 40% by weight of the metal compoment and 60%
to 90% by weight of the solid acid substance (Z}.
[01C7] |
In the method for producing cumene aqcordiﬁg to the
10 present invention {the second'embodiment), in the case that
the catalysts in an adiabatic reactor for the step (I')
according to an embodiment include the following two 1ayérs
-from the upstream side: a catalyst layer (B).containing a
metal cémpenent containiﬁg at least one metallic element
15 selected from the group consisting of copper, nickel, cobalt,
and rhenium aﬁd a catalyst laver (C) containing a solid acid
substance {(2), when the weiéht of the cataiygt layer {B) is
100 parts by weight, the weight of fﬁe catalyst layer (C)
preferably ranges from 10 tp 1000 parts;by weight, more
20 vpreferably 20 to 500 parts by weight, and the weight of a
catalyst layer (A) in an adiabatic reactor for the step {IV‘?
praferably ranges from 20 to 2000 parts by weight, more

preferably 100 to 1000 parts by weight.

[0108]



20 benzene, acetone, and propylene. Thus, the light components are preferably returned to the
adiabatic reactor as a portion of the raw materials used in the present invention. [0123] In the method
for producing cumene according to the - 57 - present invention (the second embodiment), the reaction
liquid and reaction gas containing cumene produggd.in the step (1V') is generally purified to produce
cumene. Purification is performed by a known method, such as 5 distillation. When the portion of the
oil component not returned to the adiabatic reactor is purified by distillation, the purification may be

performed, for example, withiwe distillatiencatumas cliibis:case; dight egmpenents having lower boili
g points than cumene, such as benzene, are 10 removed in the first distillation column, and heavy

componeptschawing higharholing(peists:thaseumenedsughas diisepropylbenzenenate removed in
the second distillation column. Thus, purified cumene can be produced. The light components

removed inhedirshdistitation eelumi eeatain 12 sawypaterigls and reaetion(intermediates, such as
benzene, acetone, and propylene. Thus, the light components are preferably returned to the adiabatic
reactor fop thexstepn(d) 85 apodianf therawimatertals used ictelpresegt tiventiane20[0124]  The

reaction liquid and reaction gas containing cumene produced in the step (IV') may be directly purified
by 5 a catalyst layer (D} containing a metal component containing '
at least one metallic element selected from the group
consisting of copper, nickel, cobalt, and rhenium and a solid
acid substénae {2), when the weight of the caﬁalyst layer (D)
is 100 parts by weight, the weight of a catalyst layer {A} in
10 én adiabatic reactor for the step (IV') preferably ranges
from 10 t§ iOGO parts by weight, more preferably 20 to 500
parts b? weight. When the totzl of the metal component
containing atlleast one ﬁetallic element selectedlfrom the
group consisting of copper, nickel,.cobalt, and rhenium and
15 the sclid acid substance (2} is 100% by weight, the catalyst
layexr {D) préferably contains 5% to 45% by weight of the
metal éomﬁonent and 55% to B5% by weight of the solid_acid
substance (2) and more preferably contains 10% to 40% by
weight of the metal component and 60% to 90% by weight of the
20 solid acid substance (Z).
[0109]
The present invention i1s implemented by a continuous

flow method. The present invention can be implemented in any

of a liguid phase, a gas phase, and a gas-liguid mixed phase.



distillation or, before being supplied to the distillation Columns, may be cooled, subjected to gas-liquid
separation, - 58 - or subjected to oil-water separation. In the method for producing cumene according
to the present invention (the second embodiment), the oil component is formed in the steps (V') to
(VII'), and a portion of the oil component not 5 retyred to the adiabatic reactor for the step (F) is .
preferably supplied to the distillation columns for purification. [0125] Preferably, the method for
producing cumene according to 10 the present invention (the first embodiment) further includes a step

(V) of collectingreagtien Hadichand FRACtgRHaseantaing sumene.from:ansoutletofthe adiabatic
reactor located downstream of the catalyst layer (A) and upstream of the catalyst layer (B) or the

catalyst layar«B) {see, for dBLexamplonkig, 3h=l0 a2 adiabatic reactor used in the present invention,
the installation of an Outlet downstream of the catalyst layer (A) and upstream of the catalyst layer (B)

or the catatystiayer (D) is preferred because it allows the collection of reaction liquid and reaction gas
having a 20 higher cumene concentration than reaction liquid and reaction gas containing cumene

collected from am@@ﬂemw@a&@@9@&@%@%@@@%@%@§@%a@ﬁébe&a@&‘%l%er (C) or the
catalyst Iayer (D). [0126]

5 elapsed time, the catalyst can be reactivated by a known
regeneration method. |
01117
In order to ensure the preoduction of a certain amount of
cumene, a merry—gofround system may be employed in which two
10  or three reactors are arranged in.jpxtapdsition, and during
the regeneration of one reactor the reaction is performed in
the other one.or two reactors. In the case of thxée reactors,
the other two reactors may be connected in serieé‘ta reduce
luctuations in the amount of production. With é fluidized-
15 bed flow reaction systém or a moving-bed reaction system,
part or the entirety of the catalysts may be continucusly or
intermittently removed from the reactor while replenishing
the reactqr with the corresponding amount of catalysts to
maintain the activity at a certain level.
290 [0112]
The method for éroducing cumene according to the presént
invention (the first embodiment) produces cumene by the
reaction of the raw materials inéluding benzens, acetone, and

hydrogen in the adiabatic reactor. Reaction liguid and



-59 -  The reaction liquid and reaction gas containing cumene collected in the step (V) may be
directly purified by distillation or, before being supplied to distillation columns, may be cooled,
subjected to gas-liquid separation, 5 or subjected to oil-water separation. [0127] In the step (V),
acetone is preferably supplied downstream of the-putlet of the adiabatic reactor located downstream of
the catalyst layer (A) and upstream of the 10 catalyst layer (B) or the catalyst layer (D) in terms of the
purification efficiency of cumene. [0128]  Figs. 2 and 3 are flow charts of a method for producing

cumene ageording,to ga ermbediment of the present invenlinn 1oy(the first:embadiment), +ig. 2 is a

flow chart illustrating a method for producing cumene including the steps (1) to (IV) in which reaction

liquid and geaction: gas collected from aneutlet of ap.adiabalicreacterlocated.downstream of the
catalyst layer (C) or the catalyst layer (D) are subjected to 20 gas-liquid separation, cooling, and

oil-water sepagation:to yield-an ail:gompaenentgportien of which is-supplied tgdistjllation columns to
produce purified cumene. Fig. 3 illustrates a method for producing cumene including the steps (l) to
(V) in-which-eepediondiogieh apdeagtion:9a8sin the reaction gas, forming a
5 separated gas and a separated liguid. The oil-water
separaiion of the reacticn liquid yields an oil component
from which at least a portiocn of water has been.removed. At
ieast a porticn of the sgeparated gas and at ieast a portion
of the oill compcnent are supplised to the adiabatic reactor as
10 circulating gas and circulating iiquid.
[0113}l
In the method for producing cumene according to the
present invention (the first embodiment), the circulating gas
and the circulating liguid, together with the raw matérialé[
15 benzene, abetone; and hydrogen, are supplied to ﬁhe adiabatic
reactor.
[0114]
In the present inveﬁtion, the reaction ligquid and
reaction ges containing cumene collected from the outllet of
20 the adiabatic reactor located downstream of the catalyst
layer (C) or the catalyst layer (D) is separated into a
reaction 1iquid and a reaction gas with a gas-licuid
separatcr located downstream of the outlet of the adiabatic

reactor. The gas-liquid separator is not particularly



- 60 - collected from an outlet of an adiabatic reactor located downstream of the catalyst layer (A) and
upstream of the catalyst layer (B) or the catalyst layer (D) is purified to produce cumene. Reaction
liquid and reaction gas collected from an outlet of the adiabatic reactor located downstream of the
catalyst layer (C) or the catalyst layer (D) are supghed to the adiabatic reactor as circulating gas and
circulating liquid through the steps (), (1ll), and (IV). [0129] 10Fig. 4 is a flow chartof a method for
producing cumene according to an embodiment of the present invention (the second embodiment).

Fig. 4 illusirates-adnethed-far preduciRg cumeant inelwding the stepsi(htp d¥")w@nd the steps (V') to

(VII") in which reaction liquid and reaction 15 gas collected from an outlet of an adiabatic reactor

located doveastreasn of the eatalystdayer{e) or the catalystdayer(d)aresupiectaddo gas-liquid
separation, cooling, and oil-water separation to yield ah oil component, which is supplied to a catalyst

layer (A) of adownsiseamadiabatic mactar: A120 pertian-atiliegiteompgaent fogmed from the

reaction liquid and reaction gas collected from the outlet of the adiabatic reactor through gas-liquid
separations £e9lingcand oihwates sepasation issshpplied:to tistilatiop cotumus e pyoduce purified

cumene. - 61-[0130] Catalyst layers (X) in Figs. 2 to 4 denote two catalyst layers of the catalyst
layer §B) antithe-catalyst tayer ) ar denatedhe catalyst layes (0).15{0384) separation
of the reaction liguid yields an oil component from which at
least a portion of water has been removéd. B separator for
the oll-water separation is not particularly limited and may
be a horizontal drum having a lower boot ér a horizontal drum
16 having an internal partition. In addition to the reaction
liquid, the separated liquid may also be suppiied to the oil—
water separator to perform_oilmwatex separation.
[6115]
In the present_inventiOm, before the separation of the
15 reaction gas into a separéted gas and a separated liguid and
before the oil-water separation of the reaction ligquid, the
reaction gas and the reaction liguid are pfefexablyrcooled by
heat exchange with a heat exchanger, The heat exchangexr for
use in heat exchange is not particularly limited and may be
20 of any type that can perform heat exchange, for exampie, a
spiral heat éxchanger, a plate heat exchanger, a double-pipe
heat exchanger, a shell and tube heat exchanger, a multi-tube
heat exchanger, a spiral tube heat e#changer, a spiral plate

heat exchanger, a tank coil heat exchanger, a tank jacket



A method for producing phenol according to the present is characterized in that it includes the
following steps (a) to (e), and the step (c) is performed in accordance with the method for producing
cumene: 10[0132] the step (a) of converting cumene into cumene hydroperoxide by oxidation;

the step (b) of converting cumelie hydroperoxide ino phenol and acetone by acidolysis; 15the step (c)
of synthesizing cumene by the reaction of benzene, acetone, and hydrogen using the acetone
produced in the step (b);  the step (d) of purifying the cumene produced in the step (c); and 20the

step (e) ofsupplying:he &é‘@e'&%Dﬂr'fdﬁ‘%Ebﬁbec%ﬁﬁéé)ctqti@ﬁ'fépl(%uld'rh@%(iordance with a
method for producing phenof according to the present invention, acetone produced as a byproduct

assouate@m@lgaglggeqroductlon of phenol in the step - 62 - (b) can be used in the step (c) to produce
cumene. [0133]

[011e}
Since the reaction is an exothermic reaction, zffective
5 | utilization of generated heat is effective frem an energy-—
saving and ecconomic point of view. ‘Heat of reaction ;s
generally recovered as steam by passing tﬁe reaction gas and
the reaction liguid through a heat exchanger.
[0117]

-10 In}the:method for producing cumene according to the
p;esentrinvention {(the first embodiment), at least a porticn
of the oll component 1is Supplied to the adiabatic reactor as
cixc#lating‘liquid. Generally 5% to iOO% by waight;

- preferably 30% to 100% by weight, of the oil component is

13 supplied'to the adiabatic reactor as circulating ligquid.

(011873

The method for producing cumene_acdording to the preseﬁt
invention (the second embodiment) preferably includes the
steps (V') to {VII'} as well as the steps (I'} to (IV'). In

20 the method for preoducing cumene according toe the present
invention (the seCOﬁd.embédiment) including the steps (V') to
(VII'}), a portion of the oil compenent formed in the step
(VI') is supplied to the adiabatic reactor for the step (I')

as circulating liguid. In this case, generally 5% to 93%% by



In accordance with a method for producing phenol according to the present invention, phenol is
produced from 5 cumene in the steps (a) and (b), cumene is produced in the step (c) using acetone
produced as a by-product, and in the step (e) cumene produced in the step (c) is supplied to the step
(a). Theoretically, it i not necessary to supply acetone_from outside the reaction system. Thus, this
method 10 is cost-effective. In an actual plant, it is difficult to recover 100% of the acetone, and
acetone in an amount at least corresponding to the acetone lost is supplied to the reaction system.

[0134] 154, methed f?fz@@é’f‘&ﬁ%rp@%‘%mﬁ?@%ngﬁ&%‘i&ﬁ%ﬁe@fﬂ%i%ﬂa&f&@p\ﬁ@i@'y modified
without problems. EXAMPLES [0135] Although the present invention will be further described

20 in the fellowing examplessthe-pregent invention s nablimited e these.examples. {0136]
COMPARATIVE EXAMPLE 1 A downflow pressurized liquid phase flow reaction was
for the step (I') as circulating liquid. |
[0119] |
5 ~ The circulating liguid (oil component) contains various
components, for example, benzenes, acetone, isopropancl,
diisopropyl ether, propylene, and cumene.
[clz0C].
In the method for producing cumene according to the
10  present invention‘(the first embodim@nt); at léasﬁ a portion
of the separated gas is supplied to the‘adiabatic reactor aé
circulating gas. Generally 9% to 100% by weight, preferably
30% to 100% by'wéight, of the separéted gas-is supplied to
the adiabatic reactor as circulating gas.
15  [01z1]

The method for producing cumene according to the present
invention (the second embodiment) prefeiably includes the
steps (V') to (VII') as well és the steps (1"} fo (Tv')y. In
the method for producing cumene according to the present-

20 invention {the second embodiment) includihg the steps (V') to
(VII'), a portion of the separated gas formed in the step
(V') is supplied to the adiabatic reactor for the step (I7)
as clrculating gas. In this case, generally 9% to 100% by

weight, preferably 30% fto 100% by weight, of the separated



- 63 - performed with a fixed-bed reaction apparatus equipped with a high-pressure feed pump, a
high-pressure hydrogen mass flow, an electric furnace, a reactor having a catalyst-filled portion, and a
back-pressure valve. 5[0137] A 505316 reactor having an inner diameter of 1 cm was charged with
2.0 g of a copper-zinc catalyst (manufactured by /Sb%d-g:hemie AG, product name ShiftMax 210,
element mass %: Cu 32% to 35%, Zn 35% to 40%, and Al 6% to 7%) powder 10(classified into 250 to
500 IL) as an upstream catalyst layer (a catalyst layer formed of metal components). After being

plugged with quadz.yaol jhe feaclarwas eharged with 9 4:0tMONL22a0lle (prepared by
- compression molding at 20 MPa of a Catalyst preparedin accordance with VERIFIED SYNTHESES 15

OF ZEOLITIC MATERIALS, Secand Reyised Edition. 2001, 2225 and classification into 250 to 500 4)

as a downstream catalyst layer (a catalyst layer formed of a solid acid substance). [0138] After the
reactor waggressurized to 3 MPa with hydrogen, 20 a liquid mixture of benzene/acetone/cumene
(4.8/1/3.8 mole) and hydrogen gas in an amount of four times the number of moles of acetone were

fed at a raw materjalfeedyraie, at:2%0,0/p a1 190G from A Leactorinlety [0139] - 645 A product was
sampled at a reactor outlet, and the amount of product was determined by GC analysis. Table 1 shows
the experimeptal fesylis;ention (the first embediment), a portion of the
0il component not returned to the adiabatic reactor is
generally purified to produce cumene. Purification is
performed by'a known mefhod, such as distillation. VWhen the
portion of the oil camponenf not returned to the adiabatic
10- reactor is purified by distillation, the purification may'be
performed with %wo distillation columns, for example, as
illustrated in the flow chart of.Figu 2. In this case, light
components having lower beiling points than cumene, such as
benzene, are removead in the first distlillation bolumn, and
15  heavy components having higher beiling points than cﬁmene,
such as diisapropylbenzene, are removed in the second
distillation column. Thus, purified cumene can be produced.
The light components removed in the first distillation coclumn
contain raw materials and reaction intermediates, such zs
20 benzene, acetone, and propylene. Thus, the lighf components
are preférably returned to the adiabatic reactor as a portion
of the raw materials used in the present invention.
[0123]

In the method for producing cumene according to the



[0140] 5Table 1 shows the experimental results at different raw material feed rates. [0141] The
WHSYV (zeolite) had to be reduced to 0.9 to reduce the percentage of residual propylene to 0.1% or
less. 10 Because of equilibrium between acetone and isopropanol, the acetone conversion was no
more than approximately 98%. [0142] = The WHSV was determined by dividing the raw material feed
weight per hour by the weight (3 g) of the zeolite and 15 the copper-zinc catalyst (see the following
formula) . The WHSV (zeolite) was determined by dividing the raw material feed weight per hour by

the zeolite weialit{1 9)fsge the, folloning fermdalihesraye materiakfeedweight js the total weight of a
liquid mixture of benzene/acetone/cumene 20(4.8/1/3.8 mole) and-hydrogen fed to the reactor. [0143]

WHSV = Raw material feed weight pat howshCoppenzing satalyshwesighteZeglitenueight) WHSV
(zeolite) = Raw material feed weight per - 65 -

step (IV'] is generally purified to yroduce cumene .,
Purification is performed by a known method, such as
5 distillation. When the porticn of the oil component not
' returned to the adiabatic reactor is purified by distillation,

the‘purification may be perférmed, for example, with two
distillation colunmns. In.this case, light components having
lower boiling points than cuﬁene, such. as benzene, are

10 removed in the first distillation column, and heavy
compenents having higher boiling points than cumene, such as
diisopropyibeﬁZene, are removed-in the second distillation
¢ol¢mﬁﬂ Thug, purifisd cumene can be produced. The light
cémponeﬁts rémovéd in the first distillatioﬁ column contain

15 raw materials and reaction intermediates, such as ben;ene,
acetone, and propylene. Thus, the ligﬁt components are
preferably retﬁrned to the adiabatlc reactor for the step
(I') as é portion of the raw materials used in the present
invention.

20 [gi24j

The reaction liguid and reaction gas containing cumsne

produced in the step (IV'} may be directly purified by
distillatioﬁ or, before being supplied to the distillation

columns, may be cooled, subjected to gas-liquid separation,
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0r subiected to oil-water separation. In the method for
producing cumene according‘te the present invention {the
second embodiment), tThe il component is formed in the steps
(V') to (VII'), and a pertion of the oil component not

returned to the adiabatic reactor for therstep {I') is

- preferably supplied to the distillation columns Zfor

purificatioh.
[06125]

Preferably, the method for producing cumene according to
the present inven£ion {the first embodimeht) further includes
a step (V) of collecting reaction liguid and xéaction gas
contéining cumene from an outlet of the adiabatic reactor
located downstream of the catalyst layer (A) énd ﬁpstream of
the catalyst layer {B) or the catalet layer (D) (see, for
example, Fig. 3}. In an adiabatic reactor used in the
presenﬁ inVention, the installatiqn of an OUtlet downstream
of the catalyst layer {(A) and upstream of the catalyst layer-
{B} or the catalyst laver (D) is preferred because it alléws
the collection of réaction liguid and reaction gas having a
higher cumene concentration than reaction liguid and reaction
gas containing cumene collected from an outlet of the
adiabatic reactor located downstream of the caﬁalyst layer
{(C} or the catalyst layer (D).

10126]
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The reaction liguid and reaction gas containing cumene
collected in the step (V) may be directly purified by
distillation or, before being supplied to distillation
columns, may be cooled, subjected to gas-liguid separation,
or subjected to cil-water separation.

[0127]

In the step (V), acetone is preferably supplied
downstream of the outlet of the adiabatic.xeactor located
downstream of the catalyst 1ayér {A) and upstream of the
catalyst layer (B) or the cataiysf layer (D) in terms of the

purification efficiency of cumene.

[0128]

" Figs. 2 and 3 are flow charts of a method for producing
cumené according to an embodiment of the present invention
(the first embodiment). Fig. 2 is a flow chart illustrating
a method for producing cumene including the steps (I) to (IV)
in which reaction liquid and reaction gas collected from an
outlet of an adiakatic reactor located downstream of the
catalys£ layer (C) or the catalyst layer (D) are subjected to
gas—-liquid separation, cooling, and oil-water separation to
yield an oil component, a portion of which is supplied to
distillation columns to produce purified cumene. Fig. 3
illustrates a method for producing cumene including the steps

(I) to (V) in which reaction liquid and reaction gas
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collected from an ocutlet of an adiabatic reactor located
downstream c¢f the catalyét layer (A) and upstream of the
cataiyst layer (B) or the catalyst layer (D) is purified to
produce cumene. Reaction liquid and reaction gas collectéd
from an outlet of the adisbatic reactor located downstream of
the catazyst layer (C}) or the catalyst iayer_(D’ are supplied
to the adiabatic reactor as circulating gas and circulating
iiquid through the steps (II), (III), and (IV).
[0129] |

Fig. é is a flow chart of a method for producing cumene
according to.an embodiment of fhe present.invention {the
second embod@ment}. Fig. 4 illustrates a method for
prodﬁcihé cumene including thé steps {I‘)rtd {(IV") éﬂd the
steps (V') to (VII') in which reaction liquid and reaction
gas collected from an outlet of an adiabatic reactor iocaﬁed
downstréam of the catal?st layer (C) or the catalyst layer
(D) are subjected to gas~ligquid separation, cocling, and cil-
watex'separation to yleld an oil component, which 1s supplied
to a catalyst layer (A) of a downstream adiabatic_reactor; A
portion of the oil component foimed from the reacticen liguid
and reaction gas collected from the outlet of the adiabatic
reactor through gas-liquid separation, coeoling, and oil-water
separation i1s supplied to distillation columns to produce

purified cumene.
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[0130]

Catalyst layers (X) in Figs. 2 to 4 denote two catalyst
layers of the catalyst layer (B) and the catalyst layer (C}
or dencte the catalyst layer (D).

[0131] |
A method for producing phenol according to the present

invention is characterized in that it includes the following

steps (a) to (&), and the step (¢) is performed in accordance

‘with the method for pfoducing CUmerie :

[0132]

the step (a) .of converting cumene into cumene
hydroperoxide by oxidatiocn;

‘the step (b) of converting cumene hydxoperéxid@ into
phenol and acetone by acidolysis;

the step {¢) of synthesizing cumene by the reaction of
kenzene, écetone; ana hydrogen using the acetone produced in
the step (b):

tﬁe step (d) of purifying the cumene produced in.thé
step (¢):; and

the step {(e) of supplying the cumene purified in the
step (d) to the step ka).

In accordance with a method for preducing phenol

according to the present invention, acetone produced as a by-

product associated with the preoduction of phenol in the step



0 'E AC conversion | Z.86 4'86 4'26 Z'96 I026 986 W ..E!4--)U-5.---.0'Z 0'Z

10

15

20

- H7 -

(b) can be used in the step {(c) to produce cumene.

[0133]

In accordance with a method for preducing phenbl

according to the present invention, phenol is produced from

cumene in the steps (a) and (b), cumene is produced in the

step (c) using . acetone produced as a by-product, and in the
step (e) cumene produced in the step (c} is supplied to the
step (a). Theoretically, it is not neceésarf to supply
acetone from outside the reaction system. Thus, this method
is cost~effective. In an actual.plant, it is difficult tqr
recover 100% of the acetone, and aéetone in an amount at
least corresponding to éhe acetone lost is subplied to the
regction sysﬁem. |

[0134]

A,mathod for producing phencl according te the present
invention may be variously modified without problems.
EXAMPLES
[0135]

Although the present invention will be further described
in the followihg examples, the present invention is no£
limited to these examples.

[0136]
COMPARATIVE EXAMPLE 1

A downflow pressurized liguid phase flow reaction was
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performed with a fixed-bed reaction apparatus equipped.with a
high-pressure fsed pump, a high-pressure hydrogen mass flow,
an electric furnace, a2 reactor having a catalyst—filled
portion, and a back-pressure valve.
[0137]

A SUS316 reactor having an inner diameter of 1 cm was

charged'with 2.0 g of a copper-zinc catalyst (manufactured by

" gud-Chemie AG, product name ShiftMax 210, element mass %: Cu

32% to 35%, Zn 35% to 40%, and Al 6% to 7%) powder

{classified into 250 to 500 u) as an upstream catalyst layer

(a catalyst layer formed of metal components). After being

plugged with quartz-waol, the reactor was charged with 1.0_g
of MCM-22 zeolite {prepared by compressién m@kding at 2d MPa
of a catalyst prepared in accérdance with VERIFIED SYNTHESES
OF ZEQLITIC MATERIALS Secénd Revised kdition 2001, P225 and
classification inte 250 to 500 p) as a downstream catalyst
layer (a catalyst layer formed of a solid acid substance).
[0138]

After the reactor was pressurized to 3 MPa with hydrogen,
a liquid mixture of benzene/acetone/cumene (4.8/1/3.8 mole)
and hydrogen gas in an amcuﬁt of four times the number of
moles of acétone were fed at é raw material feed rate of 25.0
g/h at 190°C from a reactor inlet.

[0139]
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A product was sampled at a reactor outlet, and the
amount ofrproduct was determined by GC analysis. Table 1
shows the experimental results.

[0140] |

Table 1 shows the experimental results at difféerent raw
material feed rates.
[0141]

The WHSV (zeolite) héd to be reduced teo 0.2 to reduce
the percenﬁage of residual propylene to 0.1% or less.
Because of equilibrium between acetone and isopropanol, the
acezons conversion was no more than approximately 98%.
(0142}

The WHSV was determined by dividing the raw material
feed weight per hour by the weight (3 g} of the zeolite.and
the copper-zinc catalyst {see the'following formuiay. " The
WHSV (zeolite) was determined by dividing the raw material
féed_weight per hour by the zeolite wéight (i g) (see the
following formula). The raw material feed weight is the
total weight of a liguid mixture of benzene/acetone/cumene
(4.8/1/3.8 mele) and hydrogen fed to the reactor.

101433

WHSV = Raw material feed weight per hour/ (Copper—zinc

catalys£ weight + Zeoclite weight)

WHSV (rzeolite) = Raw material feed welght per



WHSV(1) 0 60 94 St i0.9 .P.8 -67-[0145] An experiment (Example 1) was performed in
which a solid acid substance was brought into contact with a model composition
(IPA/IPE/propylene/cumene/p-DIPB(p- 5 diisopropylbenzene)/1,3,5-TIPB(1,3,5-triisopropylbenzene)
(molar ratio based on acetone) = 1.5/0.5/39.5/28 4428.2/0.4) corresponding to a composition which is a
product at a WHSV (zeolite) = 18.1 in Comparative Example 1 from which water has been removed.
This experiment showed the extent to which 10 the removal of water reduced the amount of catalyst

required tgoqgr)elg&q_gh@ealibgl iga reaction (production of ¢ ne) as compared with Comparative
Example 1..[0146] EXAMPLE :



15A downflow pressurized liquid phase flow reaction was performed with a fixed-bed reaction
apparatus equipped with a high-pressure feed pump, a high-pressure hydrogen mass flog, an electric
furnace, a reactor having a catalyst-filled portiof¢ and a back-pressure valve. 20[0147] A.SUS316
reactor having an inner diameter of 1 cm was charged with 1.0 g of MCM-22 zeolite (prepared by
compression molding at 20 MPa of a catalyst prepared in accordance with VERIFIED SYNTHESES

OF ZEOLITIC MATERJALZ SecandrRevise § 68 - Edition 2001, P225 and classification into 250 to
500 p.) as a catalyst Iayer'ﬁ)rrr er coj‘ta_ 30| j@z|d substance. [0148] The reactor was pressurized to 3
MPa with hydrogen angd 53/as §'et“f “165C. Propylene and a composition not including propylene
(composition: IPA/IRE/eumenefptBtPB:3;5-HIPB (molar ratio based on acetone) =
1.5/0.5/28.7/28.2/0.4) Wwerg supplier with {twepumps. The ratio of propylene to the composition
supplied was contro Ied with two' Pfdp$tdhidet 10 the model composition (composition:
IPA/IPE/propylene/géneng/p-DIF B3 31RS (molar ratio based on acetone) =
1.5/0.5/39.5/28.7128:2/0.4). [014R);Propyilenesand the composition were fed at various feed 15 rates
(WHSVSs). Hydrogen3sas féd atthres qUaileTs|of the amount of hydrogen gas fed at the same WSV
(zeolite) as in Comp%atwe:Exawple 1{ [d150] '
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A reaction product was sampled at a reactor outlet, and 20 the amount of reaction product was
determined by GC analysis. Table 2 shows the results. Removal of water produced dramatically
improved the catalytic activity, and propylene disappeared at a WHSV of 8.2. The WHSV (zeolite-3)
was 5.6 as determined from the total amount of zgolite catalyst - 69 - taking account of the amount of
zeolite used in the initial reaction (Comparative Example 1). This shows that propylene could
disappear at a WHSV higher than the WHSV (zeolite) of 0.9 at which propylene was reduced to 0.1%
in Compar[qﬂygﬁ Example 1. [0151]  Thus, it was found that once water produced was removed,
even when the temperature was reduced to 165C, the alkylation reaction could be completed with a

small amount of,]0 é;glggﬁgéglgst(ﬁqga 1e 'EI?e ‘yggsyewggggégnyﬂeggycq{vigin_.gﬁhﬁiraw material

feed weight per hour by the zeolite weight (1 g) (see the following formula). The raw material feed

weight is the:15 ojaLweight of the madel composijion,and bydipgen fed g dag reactor. The WHSV

(zeolite-3) was determined by dividing the raw material feed weight per hour by the raw material feed

rate d.”“%fﬂé&@ﬂc%ﬂ ti@g@pﬂ%\yg%y%gg}Qg@g@@gﬁ._@ggg%jollowing formula). The WHSV

(including a 20 hydrogenation catalys he reduced value of the total amount of catalysts taking

account ofyihe;amaunt 0f EAPRSI7in catalystand zealite usedsiadhe inijalieaction (Comparative
Example 1) and was determined by d|V|d|ng by the raw material feed rate divided by 6.0 and the
zeolite wejghy 5 /0zatic based on acetone) = 1.5/0.5/39.5/28.7/28.2/0.4)
coxtesponding.to a composition which is a product at a WHSY
(zeolite) = 18.1 iﬁ Compaxaéive Examples 1 ffom which water
has been removed. This experiment shoﬁgd the extent to which
10 the removal of water reduced the amount of catalyst required
to-complete the alkylation reaction (productioh of cumene) as
Com?ared with Comparative Example 1.
[0146]
EXAMPLE 1
15 | .A downflow pressurized ligquid phase flow r@éction was
performed with a fixed*bed reaction apparatus eguipped with a
high-pressure feed pump, a high-pressure hydrogen mass flow,
an electric furnace, a reactor having a catal?st~filied
portion, and a back-pressure wvalve,
20 [0147]
4 8U5316 reactor having an inner diameter of 1 cm was
charged with 1.0 g of MCM-22 zeolite (prepared by compression
molding at 20 MP% of a catalyst prepared in accordance with

VERIFIED SYNTHESES OF ZEOLITIC MATERIALS Second Revised



used in Example 1. [0153] WHSV = Raw material feed weight per hour/Zeolite weight - WHSV
(zeolite-3) = Raw material feed weight per hour/(Raw material feed rate/18.1 + Zeolite weight)
WHSV (including hydrogenation catalyst) = Raw material feed weight per hour/(Raw material feed
rate/6.0 + Zeolite weight) - 71 - Others %0'0 _%EYO V00.0 %0*0

10

15

20

Edition 2001, P225 and classification into 250 t0.500 u) as a
catalyst layer formed of a sclid acid substance.
[6148]

The reactor was pressurized to 3 MPa with hydrogen and
was set at 165°C. Propylene and a composition not including
propylene (composition: IPA/IPE/cumene/p-DIPB/1,3,5-TIPB
(molar ratio baéed oﬁ acetone) £‘1.5/0.5/28;7/28.2/O‘4) were
supplied with two pumps.- The ratio of propylene to the
composition supplied was contxolled withltwo pumps to meet
the model compesition (composition:
IPA/IPE/propylene/cumene/p-DIPB/1, 3, >~TIPB (mclér ratio based.
on acetone) = 1.5/0.5/39.5/28.7/28.2/0.4}. |
{0149}

Propylene and the'composition were fed at various feed
rates (WHSVs). Hydrogen was fed at three quartefs of the
amount of hydrogen.gas fed at thelsame WHSV {zeclite) as in
Comparative Example 17
[C150]

A reaction product was sampied at a reactor outlet, and
the amount of reaction product was determined by &C =znalysis.
Table 2 shows the results. Removal of water produced
dramatically improved the catalytic activity, and propylene
disappeared at a WHSV of 8.2. The WHSV (zeolite-3) was 5.6

as determined from the total amount of zeolite catalyst
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taking account of the amount of zeolite'used in the initial
reaction (Comparative Example 1). This shows that propylene
could disappear at a WHSV higher than the WHSV (zeoclite) of
0.2 at which ?ropylen@ was reduced to 0.1% in Comparative
Example 1.
{0151]

Thus, it was found that once water produced was removed,
even when the temperature was reduced to 165°C, the

alkylation reaction could be completed with a small amount of

zeplite catalyst.

[01521

fhe WHSV was determined by dividing the raw material
fead Qeight per‘hour by the zeolite‘weight {1 g} (seé the
followingrformuia)« The raw matérial feed weight is the
total weight of the model coﬁposition and hydrogen fed to the
reactor. The WHSV {zeoliteHB)'was determined by dividing the
raw material feed weight per hour by the raw matexial_feeé
rate divided by 18.1 and the zeolite weilght used in Example 1
{see the following formula). The WHSV (including a
hydrogenation catalyst) is the reduced value of the total
amount of catalysts taking account of the amount of copper-—
zine catalyst and zeolite uﬁed in the initial reaction
{Comparative Exampie 1) and was determined by dividing by the

raw material feed rate divided by 6.0 and the zeclite weight
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used in Example 1.

[0153]

WHSV = Raw material feed weight per hour/Zeolite weight

WHSV {zeoclite-3) = Raw material feed weight per

hour/(Raw material feed rate/18.1 + Zeolite weight)
WHSYV (including hydrogenation catalyst) = Raw material

feed weight per hour/(Raw mateiial feed rate/6.0 + Zeolite

welight) -
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[0155]
COMPARATIVE EXAMPLE 2
A downflow pressurized liquid phase flow réaction waé
performed with a fixed~bed'reaction apparatus equipﬁed with a
5 high-pressure feed pump, a high-pressure hydrogen mass flow,
an electric furnace, a reactor having a catalyst-filled
portion, and a back-pressure valve.
[0156]
A 3US316 reactor having aﬁ inner diameter of 1 cm was
10 cha;ged with 2.6 g of a coppér—zinc catalyst (manufaétuxed by
SudHCﬁemie AG, product name ShiftMax 210, element mass %: Cu
32% to 353, Zn 35% to 40%, and AL 6% to 7%) powder
{classified into 250 to 500 p) as an upstream,gatalYSt iayer
(a catalyst layer fprméd of metal components). - After being
15 - plugged with quartz wool, the reactor was charged with I.Q g
of B-zeolite (manufactured by Catalysts & Chemicals
Tndustries Co., Ltd., prepared by compression molding at 20
MPa and classification into 250 to 500 g} as a downstream
caﬁalyst layer (a catalyst layer formed of a solid acid
20  substance). |
[0157]
After the reactor was pressurized toc 3 MPa with hydrogen,
a liguid mixture of benzene/acetona/cumeﬁe (4.8/1/3.8 mcle)

and hydrogen gas in an amount cof four times the number of
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moles of acetone were fed at a raw material feed rate cf 25.0
g/h at 19C°C from a reactor inlet.
[0158]

A,product,was sampled at a reactor outlet, and the
amount of product was determined by.GC analysis; 'Table 3
shows the experimental results. |
(01591

Table 3 shows the experiﬁental rasults at different raw

material feed rates.

“{01eC]

The WHSV {zeolite) had to be reduced tec 1.0 to reduce
the‘percentageréf residual propylene to 0.1% 6: less.
Because of'équilibtiﬁm betweén acetone and isopropancl, the
acetonge conversion was né'more than approximately.98%.
(0161} |

The WHSV was determined by dividing the réw material
feed weight per hour by the weight (3 g} of the zeolite and
the copper-zinc catalyst (see the following formula). The
WHSV (zeclite) was determined by dividing the raw material
feed weight per hour by the zeolite weight (1 g) (see the
following formula). The raw material feed weight is the
total weight of a liquid mixture of benzene/acetone/cumene
(4.8/1/3.8 mole) and hydrogen fed to the reactor.

[0182]
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_'}‘4_

WHEV = Raw material feed wéight per hour/ (Copper-zinc
catalyst weight + Zeolite weight)
WHSV {zeolite} = Raw material feed weight per

hour/Zeolite welght



A downflow pressurized liquid phase flow reaction was performed with a fixed-bed reaction apparatus
equipped with a 5 high-pressure feed pump, a high-pressure hydrogen mass flow, an electric furnace,
a reactor having a catalyst-filled portion, and a back-pressure valve. [0156] A SUS316 reactor having
an inner diameter of 1 cm was 10 charged with 270 é%f a copper-zinc catalyst (thanufactured by
Sud-Chemie AG, product name ShiftMax 210, element mass %: Cu 32% to 35%, Zn 35% to 40%, and

Al 6% to 7%) powde
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g of P-zeolite (manufac

molding at 20 MPa 4§
formed of a solid aci
hydrogen, a liquid m
amount of four timeg

r(
pQ

Class
néht
tubed

fie

ST

1 b

d i
A

id
1539

\’{""‘"‘
y at

21
b

Ay

StS

{0

&

00 p) as an upstream catalyst layer (a catalyst layer

L5 plugged with quartz wool, the reactor as charged with 1.0

b0
Jilepe

Chemicals Industries Co., Ltd., prepared by compression

AN
d 2

Gl§iS
03l
rgo

1[e]

[

e/

il

y G
sifica
%*igé s

1to

23

0 to 500 ) as a downstream catalyst layer (a catalyst layer
After the reactor was pressurized to 3 MPa with
e/cumene (4.8/1/3.8 mole) and hydrogen gas in an

&

/

)
PB
c

O

iy

N

es
©
©

re
of
<
«©

=3
o
<t

200 B

304
. 30.6

27.2

21.0

20.0

15.5

Selectivity for products (%)

0.0

0.5
8.6

32.0

38.5

50.5

IPE | Propylene | Cumene | DI

0.0

0.0

0.0

0.8

1.2
1.0

IPA
0.0
0.0
0.2

1.1

1.5
2.8

AC
conversion
- 97.8

898.1

98.0

98.0

88.0

88.0

Watar
(Wi%)

2.0

2.0

2.0

2.0

19
1.9

Hydrogen
{mi/min)

1.6
4.3

7.2
218

32.3

40.3

[0163]
Table 3

Raw
material feed
rate {a/h)

1.0
2.7 -

4.5

13.6

20.2

25.2

{zeolite)

1.0
27

4.5

13.6

20.2

25.2

Diisopropylbenzenes
Triisopropylbenzenes

()

0.3

WHSV | WHSV(h™

0.8

1.5
4.5

6.7
8.4
AC = Acetone

Isopropanol
Diisopropy! ether

IPA
IPE
DIPB
TIPB




moles of acetone were fed at a raw material feed rate of 25.0 g/h at 190C from a reactor inlet. [015B] A
product was sampled at a reactor outlet, and the 5 amount of product was determined by GC analysis.
Table 3 shows the experimental results. [0159]  Table 3 shows the experimental results at different
raw material feed rates. 10[0160] The WHSV (zeoJBi%e) had to be reduced to 1.0 to reduce the
percentage of residual propylene to 0.1% or less. Because of equilibrium between acetone and
isopropanol, the acetone conversion was no more than approximately 98%. 15[0161] The WHSV
was deterTgle()dd y dividing the raw material feed weight per hour by the weight (3 g) of the zeolite and
the copper-zinc catalyst (see the following formula). The WHSV (zeolite) was determined by dividing

the raw material 20 feed weight per hour by the zeoli'e weight (1 g) (see the following formula). The
o materil foed WSRO THG ol WL aacl g of Dot el b Ol HoRR (4,811 8

'nom)andg@@%?%%%g%gg%gm¥§§pg¥ég§§@]into contact with a model
. composition (fPA/IPE/propylene/cumene/waIPB/l,3,5~TIPB
5 (molar ratio based on acstone) = 1.5/1.2/38.5/20.06/37.5/0.4)
corresponding to a ;omposition which is a product at a WHSV
{zeclite) = 20.2 in Comparative Example 2 from which water
has been removed. This experiment showed the extent to which
the rémoval of water reduced the amount of catalyst reguired

10 to complete the alkylation reaction {(production of cumene) as

compared with Comparative Example 2.
{01657
EXAMPLE 2
A downflow pressurized liguid phase flow'reaction‘was

15 performed with a fixed-bed reacﬁion apparatus equipped with a
higthxessure feed pump, a highwéressure hydrogen mass flow;
an electric furnace, a reactor having a catalyst-filled
porticn, and a.back—pressure valve.

[0166]

20 A SUS316 reactor having an inner diameter of 1 cm was
charged with 1.0 g of P-zeolite (manufactured by Catalysts &
Chemicals Industries Co., Ltd., prepared by compression
molding at 20 MPa and classification into 250 to 500 u) as a

catalyst layer fermed of a3 scolid acid substance.



-74- WHSV = Raw material feed weight per hour/(Copper-zinc catalyst weight + Zeolite weight)
WHSYV (zeolite) = Raw material feed weight per hour/Zeolite weight - 76 - [0164] An exp iment
(Example 2) was performed in which a solid acid substance was brought into contact with a model ,
composition (IPA/IPE/propylene/cumene/p-DIPB/1,3,5-TIPB 5(molar ratio based on acetone) =
1.5/1.2738.5/20.0/37.5/0.4) corresponding to a_co?ﬁ]po"sition which is a product at a WHSV (zeolite) -
20.2 in Comparative Example 2 from which water has been removed. This experiutent-showed the
extent to vﬁﬁl%z e removal of water reduced the amount of catalyst required 10 to complete the

- alkylation reaction (production of cumene) as compared with Comparative Example 2. [0165]

The reactor was pressurized to 3 MPa with hydrogen and
was set at 155°C. Propylene and a composiﬁion notAincluding
propylene (composition: IPA/IPE/cumene/p—DIPB/1;3,SMTIPB

5 {molar ratio baéed on acetone} = 1.5/1.2/20.0/37.5/0.4) wers
supplied with two pumps. ‘The ratio of propylene to the
composiiion supplied was pontxolled with two pumps teo meet
the model composition (composition:
1PA/IPE/propylene/cumene/p-DIPB/1, 3, 5-TIPR {molar ratio based

10 én acetone) = 1.5/1.2/38.5/20.0/37.5/0.4}.
[0168]
g Propylenerand the composition were fed at various feed
~ rates (WHSVs) . Hydrogen was fed at three quarters of the
amount of hydr@gen gas fed at the same WHSV (zeolite) as in
15 Comparative Example 2.
(01697

A reaction product was sampled at a reactor outlet, and
the amount of reaction prodﬁct was determined by GC analysis.
Table 4 shows the results. Removal of water produced

20 drématically improved the catalytic activity, and propylens
disappeared at a WHSV of 8.5. The WHSV (zeolite-3) was 6.0
as d@ﬁermined’from the total amount of zeélite catalyst
taking account of the amount of zeonlite used in the initial

reaction (Comparative Example 2). This shows that propylene



EXAMPLE 2 A downflow pressurized liquid phase flow reaction was 15 performed with a fixed-bed -
reaction apparatus equipped with a high-pressure feed pump, a high-pressure hydrogen mass flow, an
electric furnace, a reactor having a catalyst-filled portion, and a back-pressure valve. [0166] 20A
SUS316 reactor having an inner diameter of 1 cm was charged with 1.0 g of -zeolite (manufactured by
Catalysts & Chemicals Industries Co., Ltd., pre“pa?gd by compression molding at 20 MPa and
classification into 250 to 500 Il) as a catalyst layer formed of a solid acid substance. - 77 - [0167]

The reactor as pressurized to 3 MPa with hydrogen and was set at 155C. Propylene and a
compositiGR AL inchidRY $opfiend (@g%%o%ﬁ%%\‘?ﬁ& E/c@rﬁer@/ﬁ%fﬁg/ﬁ ,5-T1PB 5(molar ratio

based on acetgne) = 1.5/1.2/20.0/37.5/§‘€\C’)?\rgere s%opdigd .Witl'étwo pumps, The ratio.of propylene to
| S to'M it np%

the comp&SHisi sEpFRed GRS drdlis WS pUmps thmESE e Motel compoLition{composition:

IPA/IPE/propylene/cumene/p-DIPB/1,3,5-TIPB (molar ratio based 10on acetone) ="
1.5/1.2/38.{ /%6%/37.5/0.4). [0168] Propylene and the composition were fed at various feed

Thus, it was found that once water produced was removed,

5 even when the £emperature_was reduced to 155°C, the
ailkvlation reactlion coﬁld be completed with a small amount of
zeolite catalyst.
[0171%

The WHSV was determined by dividing_the raw material

10 feed weight per hour by the zeolite weight (1 gf (see the
fbllowing formula); The raw mateiial feed weight iz the
total weight of the‘ﬁédel compositidn-and hydrogeﬁ-fed‘torthe
reactor. The WHSV (zteiteMB)'was determined by dividing the
raw material feed weight gen‘hour by the raw material feed

15 rate divided by 20.2 and the zeolite welght used in Example 2
{see the-follo@ing_formulé).r The WHSV {includiﬁg a
hydrogenation catalyst) is the reduced value of the total
amount of catalysts taking account of the amount of copper-
zinc catalyst and zeolite used in the initial reaction

20 (Comparative Example 2} and was determined by dividing by the
raw maﬁerial foed rate divided by 6.7 and the zeoclite Qeight
uszed in Examplé_2.
(017271

WHSV = Raw material feed weight per hour/Zeolite weight



rates (WHSVs). Hydrogen was fed at three quarters of the amount of hydrogen gas fed at the same
WHSV (zeolite) as in 15 Comparative Example 2. [0169] A reaction product was sampled at a
reactor outlet, and the amount of reaction product was determined by GC analysis. Table 4 shows the
results. Removal of water produced 20 dramat_i_caillé( improved the catalytic activity, and propylene
disappeared at a WHSV of 8.5. The WHSV (zeolité-3) was 6.0 as determined from the total amount of
zeolite catalyst taking account of the amount of zeolite used in the initial reaction (Comparative
Example 2). Thi IELQW that propylene -,78 - could diseipge rata 2V, %igher than the WHSV of
1.0 at which pro%§ene i%gg;gélj{eé(?to 0.%%)6' iﬁ%%?ﬁ:&grativg%xamévéﬁz. [8170] Thus, it was found
that once water produced was remoyed, even whenthe tempetature was, reduced to 155C, the
alkylation ek (ohﬁgguﬂ“b%eg&r%ﬁple%g%vit aa%\?;all' amount of? zeo%ite ca alysﬁ. [0171] The WHSV was
determined by di gr g the raw material 0 fee v%gi%nt pethqur.by the zealite weight ¢1 g) (see the
following formu?f‘j{?.l qﬁue(trzaz\}\?%uac%rgﬁgl tfé%glv?g% ‘?ist e tota%wégllrgshtxof the model composition and
hydrogen fed tp the. reactor. The WH{%\I{ d:%e%lg%- was determined by dividing the raw material feed
weight perEe 8§ B’}?Jfﬁ%arta efﬁcar;%fr)i% eed 15 ratee i\l/ided by 20.2 and the zeolite Welight used in
Exanhole %gsee the following formula). The WHSV (including a hydrogenation catalyst) is the reduced
value of the total amount of catalysts taking account of the amount of copper-zinc catalyst and zeolite
used in the initial reaction



20 (Comparative Example 2) and was deteLmined by dividing by the raw material feed rate divided by

6.7 and the zeolite weight used in Example 2. [0172] WHSV

Raw material feed weight per

hour/Zeolite weight - 79 - WHSV (zeolite-3)Raw material feed weight per hour! (Raw material feed

rate/20.2Zeolite weight)
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hour! (Raw material feed rate/6.7 + Zeolite weight) - 80 - - 81 - CLAIMS (Claim 11



A method for producing cumene, comprising: a step (I) of supplying benzene, acetone, and hydrogen
to  an adiabatic reactor that includes, from the upstream side, a catalyst layer (A) containing a solid
acid substance (1), a catalyst layer (B) containing & metal component containing at least one metallic
element selected from the group consisting of co ger nickel, cobalt, and rhenium, and a 10catalyst
layer (C) containing a solid acid substance (2)C 153 M%n adiabatic reactor that includes, from the

upstrea{r‘?j fiadfmﬂleﬁ catalyst layer (A) containing the solid acid substance (1) and a catalyst layer (D)
containing a metal component containing at least one metallic element selected 15from the group
consisting of gopperrhigkel,eobalt, and Thenivonand the:selit-acid:sybstance (2), the position at which
benzene and hydrogen are introduced into the adiabatic reactor being located upstream of the catalyst
layer (A), the positier at Whichfacetomne islintfolgeeditto the-adiabstic 20 Feddtor BEMY 16€ated

between the catalyst layer (A) and the catalyst layer (B), or between the catalyst layer (A) and the
catalyst layer f@),%l%ﬁaéﬂlgéf%nd: FsctiGh Iia)é%taﬁque%%%gﬁ ’g;\g"%%mntéﬁ%ienguglsrﬁ:é:r%a]ﬁom an outlet of

the adiahatic reactor 25-located downstream-of the catalystiayer:(C) ok the catalyst laves (D);
(1Y, a catalyst layer (B} containing a metal component
containing at least one metallic element selected from the
group consisting of copper, nickel, cobalt, and rhenium, and a

10 catalyst layer (C) containing a =o0lid acid substance (2}, or
an adiabatic reactor that includes, from the upstream
side, the catalyst layer (A) containing the solid acild
substance (1) and a catalyst layer (D} containing a metal
component containing at least one metallic element selected
15 from the group consisting of copper, nickel, cobalt, and
rhenium and the solid acid substance (2), the position at
which benzene and hydrogen are introduced into the adiabatic
reactor being located upstream of the catalyst layer (A), the
position at which acetone is introduced into the adiabatic
20 reactor being located between the catalyst layer (A} and the
catalyst laver (B}, or between the catalyst layer {A) and the
catalyst layer (D)},
and collecting reaction liguid and reaction gas
containing cumene from an outlet of the adiabatic reactor
25 located downstream of the catalyst layer (C)} or the catalyst
layver (D};
a step (II) of forming a separated gas and a separated
liguid by cooling the reaction gas to separate liquid in the

reaction gas;



a step (Il) of forming a separated gas and a separated liquid by cooling the reaction gas to separate
liquid in the reaction gas; - 82 - a step (lI1) of forming an oil component from which at least a
portion of water has been removed by oil-water separation of the reaction liquid; and a step (V) of
supplying at least a portion of the 5 separated gas and at least a p rtigrg&%thenoicl:ﬁomgonent to the

upstream of the Batilyst fayet (RY inthe adidbatic reactor 38R ehfating Gas ahd circulating liquid.
[Claim 2] 10The method for preducing cumene,according, ko, Claim, 1. further.camprising a step (V) of

. 4 ! . .
collecting reactlongilqw and reaction gas containing cumene from an outlet of the adiabatic reactor

located-dgynsireasn obthereatalystlayer(A)lang upstreami of the catalyst layer (B) or the catalyst layer
15(D). - 83 -[Claim 31  The method for producing cumene according to Claim 1 or 2, wherein the
metal comportent flrthef Cohtais atleastone 5alemeht SeldctedforR thé grdup consisting of group

o NEDE, JL2P JALSEmEe qoUR V' Saments, 20 AR YU elEgia roepg ickel and

cobalt
the upstream of the catalyst layer (A) in the adiabatic

reactor as circulating gas and circulating liquid.

[Claim 2]

10 The method for producing cumene according to Claim 1,
further comprising a step (V) of collecting reaction liguid
and reaction gas containing cumene from an outlet of the
adiabatic reactor located downstream of the catalyst layer (A)
and upstream of the catalyst layer (B) or the catalyst layer

15 (D).



[Claim 4]  The method for producing cumene according to any one of Claims 1 to 3, wherein at least
one of the solid acid substance (1) and the solid acid substance (2) is zeo te. - 84 - [Claim 5] The
method for producing cumene according to Claird 2, wherein the zeolite is zeolite having a 10, 11, or
12-membered ring structure. 5 [Claim 6]  The method for producing cumene according to Claim 4,
wherein the zeolite is at least one zeolite selected from the group consisting of beta zeolite and
MCM-2 10 CI A method for producing phenol, comprising the following steps (a) to (e),
wherein the's ep ) |s performed in accordance with a method for producing cumene according to any

150ne of Clais L10:8i04 the:step {a)eficonveding cumnens intd cumene lydidperdxide By, oxidation;
wherein the metal compenent further contains at least one
5  element selected from the group consisting of group IIB
elements, group IIIA elements, group VIB elements, and group

VIIT elements (except nickel and cobalt).

[Claim 4]
10 The method for producing cumene according to any one of
Claims 1 to 3, wherein at least one of the solid acid

substance (1) and the solid acid substance (2) 1ls zaclite.



the step (b_) _of converting cumend hydroperoxide into phenol and acetone by acidolysis; 20the step (c)
of synthesizing cumene by the reaction of benzene, acetone, and hydrogen using the acetone

produced in the step (b);  the step (d) of purifyihg the cumene produced in the step (c); and - 85 -

the step (e) of supplying th ified i
p{él)aim gﬁ) ying the cumene purified in the step (d) to the step a).

The method for producing cumene according te Claim 4,
wherein the zeolite is zeolite having a 10, 11, or lZ-membered

ring structurs.

5
[Claim 6]

The method for producing cumene according te Claim 4,
wherein the zeolite is at least one zeolite selected from the
group consisting of beta zeolite and MCM-22.

10

[Claim 7]

& method for producing phenol, comprising the following
steps (a) to (e), wherein the step (c) 1is performed in
accordance with a method for producing cumene according to any

15 one of Claims 1 to 6&:

the step (a) of converting cumene into cumene
hydroperoxide by oxidation;

the step (b) of converting cumene hydroperoxide into
phenol and acetone by acidolysis;

20 the step (c) of synthesizing cumene by the reaction of
benzene, acetone, and hydrogen using the acetone produced in
the step (b);
the step (d) of purifying the cumene produced in the step

{cYy; and



_85_
the step {e) of supplying the cumene purified in the step

(d) to the step {(a).



