- 1 - DESCRI PTI ON METHOD FOR PRODUCI NG ALKYLATED ARQVATI C COVPOUND, METHCD
FOR PRODUCI NG CUMENE, AND METHOD FOR PRODUCI NG PHENOL 5 Technical Field

[ 0001] The present invention relates to a nmethod for producing an
al kyl ated aronmatic conpound, a nethodlfor producing cumene, 10 and a
met hod for produci ng phenol. Background Art [0002] A et hod for

producing cumene by the reaction between benzene and propyl ene, a method
for producing cunene 15 hydroperigxscierbyrome oxi dation of cunene, and a
met hod for producing phenol and acetone by the acidolysis of cunene
hydr oper oxi de are known. A conbined method of these reactions is a nethod
for produci ng phenol generally referred to as the cunene process and is a

mai nstr RARLER hod behpdR RECANRLPATRRERehvaTTC coMpounD, METHOD FOR

PRODUCING CUMENE, AND METHOD FOR PRODUCING PHENCL

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 éumene by the reaction between
behzene and propylene, a method for producing cumene
15 hydroperoxide by the oxidation of cumene, and a method for
producing phenol and acetone by the acidolysis of cumene
hydroperoxide are known. A combined method of these
reactions is a method for producing phenol generally referred
to as the cumene process and is a mainstream methed 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



[ 0003] One .of the characteristics of the cunene process is the
production of acetone as a by-product. This is advant ageous when acetone
is desired. However, when acetone is surplus to - 2 - requirenents, an
unfavorabl e price difference betweeh @acetone and the raw materi al

propyl ene causes a serious drawback. [0004] In order to inprove the price
rel ati onship between the 5 raw material olefin and a by-product ketone,

f or exagpive,remarstshodrhas: theerapriepasedd nliiifieateride bexivdah arctbte

aci dol ysis of secondary butyl benzene produced from n-butene and benzene

yi el ds sphenole and: metdri aat Brlopkatenre 388 s H0keXamR! arafaLent

Literatures 1 and 2). However, the 10 selectivity for the target secondary
butylbq@@%gq hydr operexi de in the oxidation of secondary butyl benzene in
this method’is only approximtely 80% and 15% or nore acetophenone is
produced as_a by-product. Thus, this pethod_for producing phenol has a
smal I er vyiefd ?%9 Tthe CHREREe15nEr BEASS. TRbBDLPRship baghwedkrthet hod has
been proposed in which the oxidation and acidolysis of cycl ohexyl benzene
pr oduc&@vi pareaycllolkdreéne and bebrepeogiueitdsepbernol fandegyopdhexanone.
Thi s met hod

method has been proposed in which the oxidation and

acidolysis of secondary butylbenzene préduced from n-butene
and benzene yields phenol énd 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 butylbenzene in
this method is only approximately 80%, and 15% or more
acetophenone is produced as a by-product. Thus, this method
for producing phenol has arsmaller yield than the cumene

15 process.
[C0GE]

Another method has been proposed in which the oxidation
and acidolysis of cyclchexylbenzene produced from cyclbhexene
and benzene yields phenol and cyclohexanone. This method

20 involves 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 reacticn of cyclchexylbenzene into the target

cyclohexylbenzene hydroperoxide. Thus, the method is of low



20 invol ves the dehydrogenati on of cycl ohexanone into phenol, thereby
formally avoi ding the production of a by-product ketone. However, the

nmet hod has a still lower yield in the oxidation reaction of

cycl ohexyl benzene into the target cycl ohexyl benzene hydroperoxi de. Thus,
the nethod is of low - 3 - industrial value (see, for exanple, Patent
Literature 3). [0006] Regar di ng the cunene process having the highest
cyield iimdusé roildatilue dedeacifdal psizsplien @adentt aiavehdutbe3probl em 5 of
the raw material propylene and the by-product acetone while securing the
advant gge®eqf the cunene process, a nmethod has been proposed in which the
by- product acetone is used as a raw material for the cunene process by

vari ous net L 0Q0 1 ne_can_be easily dr ogenat ed. t o produce
isopropanolgggﬁgd%gﬁyé$%t?Qﬁgéga%¥?%%8%fh?g %?OEQ o?lg?%?ﬁsybﬁg%y+%ne,

whi ch ig_then reacted with benzene to yield cunene. Thus, the Erocess

pr opos&dCu8BddadPanends 251 PalWFhber ial OFEETL ke euRbAetproBESElEBee, for
exanple, Patent Literature 4). 15[0008] Still another nethod has been
proposed ihewhpwhrpsepiepapvbppiedaceddbyheheyhypdodgenatizencné acetone is
directly reacted with benzene to produce cunene (see, for exanple, Patent

Li teratbi@e5sandrPaenthel btiohat Hges6hs 2AE0BABENne prolfeREOCESSPFRLAOd has
been proposed in which acetone is converted into isopropanol, isopropanol

I's reaghedyuihh PSE%E@ £ QBQQHCﬁhg“BgﬂgroéggtcggggsnéSigsEQeéOaQrOduce
phenol (see, fo? exanple, Patent Literature . B
a raw material for the cumene process by.various methods.

[G0O07]

10 Acetone can be easily hydrogenated to produce
isopropanol. The dehydration réaction of isopropanol yields
propylene, which is then reacted with benzene to yield cumene.
Thus, the process proposed-uses acetone as & raw ﬁaterial for
the cumene process (see, for example, Patent Literature 4).

15 (0008]

Still another method has been proposed in which
isopropanol produced by the hydrogenation of acetone is
directly reacted with benzene to produce cumene (see, for
example, Patent Literature 5 and Patent Literature 6).

éO [0009]

A process method has been proposed in which acetone is
converted into isopropancl, isopropanol is reacted with
benzene to produce cumene, and cumene is used to produce

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



- 4 - [0010] Still another nethod has been proposed in which acetone
is directly reacted with benzene in the presence of hydrogen (see, for
exanple, Patent Literature 8). 5[ 0011 The al kyl ati on of benzene with
i sopropanol or via isopropanol in & reaction system produces water. Since
wat er reduces the acid strength of an acid catalyst, which is an _

al kyl ati on catal yst (see, for exanple, Patent Literature 9), 10 the acid

cat al ydt0Ul$ilrequired in large quantities. This is a great problemin
comrercialization. Ctation List Patent Literature [0012] 15PTL 1:

Japanese Unexant noPaLenkefABLI faL! BBcRUBLLEALLAN oY RPRE- 919020 PTL
2: U S. Patent Application Publication 2004/ 0162448 PTL 3: France
Patentlgodl%ggggé reacted with benzene in the presence of hydrogen
(see, for example, Patent Literature 8).
5 [0011]

The alkylation of benzene with isopropanol or via
isopropancl in a reaction system produces water. 8Since water
reduceé 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 guantities. This is a
great problem in commercialization.
Citation List
Patent Literature
[0012]

15 PTL. 1: Japanese Unexamined Patent Application
Publication No. 857-91972

PTH, 2: U.S. Patent Application Publication No.
2004/0162448

PTL 3: France Patent No. 1030020

20 PTL 4: Japanese Unexamined Patent Application
Publication No. H2-174737

PTL 5: Japanese Unexamined Patent Application

Publication No. H2-231442

PTL 6: Japanese Unexamined Patent Application



20PTL 4: Japanese Unexam ned Patent Application Publication No. H2-174737
PTL 5: Japanese Unexam ned Patent Application Publication No. 1-12-231442
PTL 6: Japanese Unexam ned Patent Application - 5 - Publication No.
H11- 35497 PTL 7: Japanese Unexdnimed Patent Application Publication
(Translation of PCT Application) No. 2003-523985 PTL 8: Japanese
Unexam ned Patent Application 5 Publication (Translation of PCT . .
Appl i catibdri)xaNd.on2@@5- 5131864BTL 9: Japanese Unexam ned Patent Application
Publ i cati on No. 2001-55351 Summary of Invention Techni cal Problem 10[ 0013]
PTL 7: Japanese Unexamined Patent Applicaticn
Publication (Translation of PCT Application) No. 2003-523985
PTL 8: Japanese Unexamined Patent Application
5 Publicatibn (Translation of PCT Application) No. 2005-513116
PTL 9: Japanese Unexamined Patent Application
Publication No. 2001-55351
Summary of In#ention
Technical Prcblem
10 [0013]
Thé'following is an exemplary known method for producing
cumene by the reaction of raw materials including benzene,
acetone, and hydrogen. In this knewn method, cumeﬁe is
produced by an exothermic reaction of raw materials including
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 selected from the
group consisting of copper, nickel, cobalt, and rhenium.
After reaction liquid and reaction gas containing cumene are
20 collected from the adiabatic reactor, the reaction 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 a2 portion of water has been removed. In



The followng is an exenplary known nethod for produci ng cunene by the
reaction of raw rmaterials including benzene, acetone, and hydrogen. In
this known nethod, cunene is produced by an exotherm c reaction of raw
mat eri al s including 15 benzene, acetdne; and hydrogen in an adiabatic
reactor, which contains a solid acid substance and a netal conponent
containing at |east one netallic elenent selected fromthe group

consi stihrg kefoweopRahod)i ckelleszabal thorandy henidia sﬁf#ia&fatfé@la%bisoﬁnﬁi qui d
and reaction gas containing cunene are 20 collected fromthe adi abatic

[eact oy Johe AU A0y 1l Lagokedd o separte At L Lhe f et i on

gas, yielding a separated gas a separ ' g e ol l'-water

separ atign.of .the reaction |i.qui i,elds an oi] co nent from which at

| east §d§€FPF6ﬁ gt Oéfaﬁa§”%€@ﬂa¥éﬁﬁvgﬁﬁ Phd £ qﬁ&@ﬁé“ﬁnéﬁﬁuﬁﬁthod, at

| east a portion of the separated gas and a portion of the oil conponent
are gerér gleMpveetGefte® it FeRlsd igdi-ablife teatlovstastefreutafiog gas and
circulating liquid to renove heat of reaction. Fig. 1 illustrates the flow

5 char ch@prodess cesawidrg)iofy )t e khewknasihed.:hiod .t hen kplesnkm@thod, a
m xture of the solid acid substance and the netal conponent is generally

fed tonthecadi abalive uh@agkornOkohhe TRLA spepERaneat ,and hhe,spkid acid
substance are fed to the upstream side and the downstream side,

respectively. 10[.0014 h roduction _of an al kyl ated ar tic
conpourt ngugﬁ%a§sc ﬁ%ﬁé?l% }ﬁg'EBag Pofi &P%F&WCW§F§¥F8FS Phcltdi ng an
aromati c conpound, such as benzene, a ketone, such as acetone, and

hydr og@&tails CRERORFARI é8bfhehsopiddactdosubr taacer arghéedstaatbe cont ent

i ncreases as the reaction proceeds or the raw materials fl ow downstreamin
t he adigb&treenr eadeorndThecacdbivustyeafn thdesolredpacidvselbst ance general |y
decreases in the presence of water. Wien low activity of the solid acid
subst apgeingsul ts in the production of an al kylated aromatic

The production of an alkylated aromatic compound, such
" as cumene, by the reaction of raw materials including an
aromatic compound, such as benzeﬁe, a ketone, sﬁch és acetone,
and hydrogen, is accompanied by the production of water. The
15 water content increases as the reaction proceeds 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 produétion'of an alkylated arcmatic
20 compound, sﬁch as cumene, at an insufficient reaction rate in
the reactor, the reaction gas may cpntain a reaction
intermediate olefin, such 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



20 conpound, such as cunene, at an insufficient reaction rate in the
reactor, the reaction gas may contain a reaction internediate ol efin, such
as propyl ene. The ol efin, such as propylene, returned as a circulating
reaction gas into the adiabatic reactor-reacts with hydrogen in the
presence of the - 7 - netal conponent to yield paraffin, such as propane.
The paraffin, such as propane, is not involved in the production of an

al ky| atrest =r eratdon eampeund e 1SUGh aF Gwrensicrard herefere has
consi der abl e econom ¢ di sadvantages. In order 5 to prevent the production

of the olefdmy suchas Propdene. id s qgﬁziorl £ ithat, L he @l kyl;ated

aromati c conpound, such as cunene, 1s produced In the reactor at a

sufficient regction rate. wever, when the solid acid substance has | ow
activifﬁpﬁghéhggiﬁggﬁgﬁ OFE&HélﬁFHHﬁ%¥¥BnS RS SRS ed™0 aromatic
conpound, such as cunene, at a sufficient reaction rate requires the solid
aci d shSEETeE s Rasacge sdearaliescqoous] disadvantagesan bhj exdenf the
present invention to provide a nethod for producing an al kyl ated aromatic
conpourtd pyevieatlFhdi pecducdeti af aheacketfane, shytr agepropydean, aromatic
conpound. This nethod for producing an al kyl ated aromati c conpound can

great | yi tf educR ot RaraD ¥ toft 120l1GAGid S URSHANG S asnpeiRar ed wht hsknown
met hods for producing an al kyl ated aromati c conpound. It IS anot her object

of the 20 present Egﬁrntion t%h%LOVid a net hod fgn produci ng, cunene by
i g, A2&f

the di Fect réacti &f or sceton ydrogen, “and Bé ST Fhi§ et RBd f or

producin% cunmene can greatlg reduce the anount of solid acid substance as
conpar &G tRi-t hIRABRAL neY hotstRer SptddueF iy supehencethas ke¥1 | anot her

object of the present - 8 -
activity because of water, the production of the alkylated

10 aromatic compound, such as cumene, at a sufficient reaction
rate requires the solid acid substance in large quantities.
[C015]

It.is an object of the present invention to provide a
méthod for producing an alkylated aromatic compound by the

15 direct reaction of a ketone, hydrogen, and an arohatic
compound. This method for producing an alkylated aromatic
compound can greatly reduce the amqunt of solid acid
substance as compared with known methods for producing an
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 acid substance as compared with known methods for

producing cumene. It is still another object of the present



invention to provide a nethod for producing phenol including the step of
produci ng cunene by the nmethod descri bed above. Solution to Problem[0016]
5As a result of diligent research to solve the probl ens descri bed above,
the present inventors conpleted the present invention by finding that the
probl ens can be sol ved by producing a reaction product by the direct
reaction of a ketone, hydrogen, and an aromatic conpound using a nmetal 10

conponemtveand ca sol pdcadidd substarce,foremvidngwat ghehbomihbeureagt i on
product, and bringing the reaction product into contact with the solid

acid s t ai r [ Lon el e

ol lowne (i o o b Cr PG eh e & iy Ao P e 5 BatBr kS an
alkylag%gu%n%%a%ch%% %und, including a step (i) of producing a reaction
product “(al’) "contai nirng f'he al kyl ated aromati c conpound and 20 water by
the reaction of an aromatic conpound, a ketone, and hydrogen using a netal
conponéﬁplédntaining at least one netallic elenent selected fromthe group
consi sting of copper, nickel, cobalt, and rheniumand a solid acid

subst ance; asstepeful) of fodibyagtardebydeiated psbaeicthé a2yobram at | east

described above, the present inventors completed the present
invention by finding that the problems can be solved by
producing a 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 pfoduct, and bringing the reaction product into
qontact'with the solid acid substance again.
[0017] |
The presént invention relates to the folleowing (1) to
15 (17).
[G018]

(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,
Qickel, cobalt, and.rhenium and a solid acid substance; a

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



- 9 - aportion of the reaction product (al) by renoving at |east a
portion of the water in the reaction product (al); and a step (iii) of
produci ng a reaction product (a3) containing the al kylated aronmatic
conpound by bringing at least a portibn of 5 the dehydrated product (a2)
into contact wwth a solid acid substance. [0019] (2) The nethod for
produci ng an al kyl ated aromatic conpound according to (1), wherein

t he watempotaniento ofhche ek trieac threautodual rehdRgas BEomQs8%to 10%
by wei ght. [0020] (3) The nethod for pro u0|ng an alkylated aromatic

COMOURS,RACHN UDGHE0 JelbrOlinl Dne WHSEL B DS SLER (Bh) -1 BELUICS o5t eP

(ii-1) of formng a reaction gas an ction |
gas-1liqui.d,separation.of the reaction product (11 2) of
U0 deHh SaarabaD

a
forning'd'de §F€§u§&§gaﬁdr§a§ paFak dPFﬁU|GgEyC885FFH@ hEh?eactlon gas
to separate Igggld in the reaction gas, and a step (ii-3) of formng an
oi | coRp&HARL R eFoMAteR spmbeasd Rypbringangf alalershas beehio0d pénoved
by oil -water separation of the reaction |iquid, wherein the separated gas
ands t héhei Hetgnpanedt pabdudsedads antbeashtacpowtianaokotha dehydr at ed
product (a2). [0021] (4) The nethod for producing an al kyl ated
aromat kgébstance. '
[0018]
{2) The methed for producing an alkylated aromatic
compound according to (1), wherein the water content of the
10 reaction product (al) ranges from 0.5% to 10% by weight.
[0020]
(3) The method for producing an alkylated aromatic
coempound according to'(l) or (2), wherein the step {ii)
includes a step (ii-1) of forming a reaction gas and a
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 liguid by cooling the reaction gas to separate
liquid 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 (aZ2).

[0021]

(4) The methced for producing an alkyiated aromatic



- 10 - compound according to (3), wherein the step (ii-3) is a step of
formng an oil conponent fromwhich at |east a portion of water has been
renoved by oil-water separation of the reaction liquid and the separated
liquid formed in the step 5(ii-2).-[0022] (5) The nethod for
produci ng an al kyl ated aromatic conmpound according to any one of (1) to
(4), wherein the step (i) is perfornmed in an adiabatic reactor. 10[0023]
(6) Theomebhed hekopreddcicag (30 ,akkgrated tasorRElLC (GeuRouUAd acgekrding to
any one of (1) to (5), mhereln the netal conponent further contalns at

| east gpe gl oMy taﬁe: ?Zt edp o%@htth%r%o%@ll%?l”?tsﬁ gtOf g&%‘éﬁon o1 |

el enments, 15 gr I el ement's,” group enen group

elenents ex egt nlckel and c baIt%l{p %0024 (7) The nethod for
pr oduci’f aPkYFEPed eRPEREL P¥ €dipY ﬁ&ra§§8PHPﬁ@OPo°§n§h8ne of (1) to
(6), mhereln the 20 solid acid substance is zeolite. [0025] (8) A

nethodrﬁéﬁtE@@d&éﬂﬁgdcaﬁénéhEWﬁ@pérﬁtﬁﬁelagamdtformedp@undhandtepe ket one
in the nethod for producing an al kyl ated aronmati c according to any one of
(1)5to(fZ)y2are SF-2178

[C022] B

(5) The method for producing an alkylafed aromatic
compound according to any one of (1) to (4), wherein the step
(i) is performed in an adiabatic reactor.

10 [0023]

(é) The method for producing an alleated aromatic
compound according to any one of (1) to (5), wherein the
metal component further contains at least one element
selected from the group consisting of group IIB elements,

15 grou? ITTIA elements, group VIB elements, and group VIII
elements {(except nickel and cchalt).
[0024]
(7) The method for producing an alkylated aromatic
compound according to any one of (1) to (6), wherein £he
20 sclid acid substance is zeolite.
[0025]
(8) A method foi 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



benzene and acetone, respectively. [0026] (9) A nethod for producing
cunene, including a step (I) of supplying benzene, acetone, and hydrogen
to an atiabatdc 5 reactor that includes, fromthe upstream side, a

catal yst layer (A) containing a solidlacid substance (1), a catalyst |ayer
(B) containing a netal conponent containing at | east one netallic el enent
sel ected fromthe group consisting of copper, nickel, cobalt, and rhenium

and a dadradetsd drayefcdt@nal0 wom@idiiwng A solid acid substance (2), or an
adi abatic reactor that includes, fromthe upstream side, the catalyst
layer (Aogontaining the solid acid substance (1) and a catalyst layer (D)
containing a netal conponent containing at |east one netallic el enent

selected fr the_qgrou onsi sti.ng.15 of copper, nickel, cobalt, and
rheniun1andq?hegsggfgogcﬁarsBE?Q&%&@g(§Fm§H8'c6PFEBPFH§ fedEEPont! i quid
and reaction gas containing cunene froman outlet of the adiabatic reactor
| ocat e@fdm%wéém SenAeE Spatadafsmd aperd (QPrmgerhéoccanakydebbayer (D); a
step (I1) of formng a separated gas and a 20 separated |iquid by cooling

t hesr eastdcdw g ahato isefacdaise |frgui dhien uphe re@actsiiolr , gascaaasiyep (111) of
formng an oil conponent fromwhich at | east a portion of water has been

[ emoved e x0f ) RIRI SGRAA 00610l LS o aRihandd quhd: Ardcaigtep (1Y) of
supplying at least a portiion of the separated - 12 - gas an t least a
gnent. tao. .t di ctor,_as culgting gas

gggtgﬁgéﬁ%%{R%ﬁoHoaﬁggglfgbf7fﬁtaqeC%Ff%%%%%gcb§?ﬁ68lpgra%igﬁﬁélng cunene
according to (9),.
one metallic element selected from the group consisting of
copper, nickel, cobalt, and rhenium, and a catalyst layer (C)
10 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 laye; (D} containing a metal component containing at
least oﬁe metallic element selected from the group consisting
15 of copper, nickel, cobalt; and rhenium and the.solid acid
substance (2) and collecting_reaction liquid and reaction gas
containing cumene from an ocutlet of the adiabatic reactor
located downstream of the catalyst layer (C) Sr the catalyst
layer (D); a step (II) of forming a separated gas and a
20 separated liquid by cocling the reaction gas to separate
liguid in the reaction gas; a step (ITI) of forming an Qil
component from which at least a portion of water has been

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

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



5 further including a step (V) of collecting reaction liquid and reaction
gas containing cunene froman outlet of the adiabatic reactor |ocated
downstream of the catal yst layer. (A) and upstream of the catal yst |ayer
(B) or the catal yst |ayer (D). 10[6028] - (11) A nethod for producing
cumene, including a step (I') of supplying benzene, acetone, and hydrogen
to an adi abatic reactor that includes, fromthe upstream side, a catalyst

| ayer (B)s cont aitnilrgsa reralridenperfenthe aillaiRinp@raintlsd east one nmetallic
elenent selected fromthe group consisting of copper, nickel, cobalt, and
rheni umBRG A iCALRNShH A% 101G BRI -3 %HE%U?%fqnéugi %? (2) or
an adi abatic reactor that includes a catalyst ayer ntaining a netal
conponen Ry ggntalnlng at |east one netallic el enent selected 20 fromthe
group consisting of copper, nickel, cobalt, and rheniumand the solid acid
subst ance (Zi and coIIectlng reaction I|qU|d and reaction gas containing
cunene from(af) olbfeRebhrodhecadpapdiréngeasrone| acacedidewhst f8am of the
catal yst layer (C or the catalyst layer (D); a step (Il") of - 13 -

f orm nguatdepariatrédddgayg andtapsdpar atfedollilguicdnby reaeking tthguigacti on gas
to separate liquid in the reaction gas; a step (I11") of formng an oi

conponenti fream-WainChaat cbﬁ%tmaneprchkn%ﬁeolﬁfr%t 8L hasibeepsr %HQVGO' by
oi | -water separation of 5 the reaction liquid; and a step (V) of

zupp'yaagﬁagt£%a§eaat89fibenggh Lheoseparated oas and.at le Svafalost "

he oi onent to an adrabati ¢ reactofl
| ayer QA% taining a saolid acid substance (1% and roducing reaction
li qui d ‘&hd3P aBPFBﬁe@ESOEoﬁP§|ﬁ?ﬁalaaﬁe%éyeioﬁ 029F the cata2ys¥he net hod
for producing cunmene according to (11), further including a step (V') of
f or m ngasesepld at ed gas and a separated liquid by cooling the reaction gas
produced in the step (I1V) to separate liquid in the reaction gas; a step
15Vl ' YooPsfiormi ng an oil conponent fromwhich at |east a portion of water
has been renoved by oil-water separation of

{11) A method for producing cumene, including a step
(I") of supplying benzene, acetone, and hydrogen to aﬁ
adiabatic reactor that includes, from the upstream side, a
catalyst layer (B) containing a metal éomponent containing at
15 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), or an adiabatic
reactor that includes a cataiyst layer (D) containing a metal
compeonent 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 liquid and reaction gas- containing cumene from an
outlet of the adiabatic reactor located downstream of the

catalyst layer (C) or the catalyst layer (D); a step {(II'} of



the reaction liquid produced in the step (IV); and a step (VI1') of _
supplying at least a portion of the separated gas and a portion of the oi
conponent to the adiabatic reactor 20 used in the step (1') as circulating
gas and circulating liquid. [0030] - 13 - (13) The nethod for producing
cunene according to any one of (9) to (12), wherein the netal conponent

further - 14 - contains at | east one elenent selected fromthe grEup
consi stfionghiofy @r eupai-bBedl gaRNLSA G GépallattAdelea@ats Ly orern i MyBrakement s,
and group VII1 elenents (except nickel and cobal??. 5[8031] (14) The

met hod$.hek sRmodUc RY SHIR2E CT 0 g 44,0 (t%gyéﬁ%%%g;ggn( %%Ft'oa( ggggu\mer ein

at | east one of "the sol aci subst ance e’'s d aci bst ance

2) is liite.. [[0032] 10(15)..The nethod for produci ng cunene according to
21)4), Gherdi Bt %8% Bi ¢ Pélzgearﬂfppee ifﬁamaW%éFhm% OF2%5- anenber ed
ring structure. [0033] (16) The nethod for producing cumene
accor dPAg e P4) waisrwhapebrenh&cieakit &vi oiatwheast senerasopit efsel ect ed
fromthe group consisting of beta zeolite and MCM 22.

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

porﬁion of the separated gas and at least a portion of the
0oil component to an adiabatic reactor that includes a
catalyst layef (A) containing a solid acid substance (1) and
producing reactien liquid and reaction gas containing cumene.
10 [0029]
(12) The method for producing cumene accor@ing to (11y,
furthexr including a step (V') of forming a separated gas and
a separated liquid by cooling the reacfion gas produced in
the step (IV').to separafe 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 0il component to the adiabatic reacfor
20 used in the step (I') as circulating gas and circulating
liquid.
[0030]
(13) The method for producing cumene according to any

one of (9) to (12), wherein the metal component further



[ 0034] (17) A nethod for producing phenol, including the
followng steps (a) to (e), wherein the step (c) is performed 20 in
accordance with a nmethod for produci ng cunene according to any one of (8)
to (16): [0035] the step (a) of ldonverting cunene into cunene

hydr oper oxi de by oxidation; - 15 - the step (b) of converting
cunene hydroperoxi de i nto phenol and acetone by aci dol ysis; t he

step (@orafaisnthesiczisng cgenenernt ke readtd anrRf dpenNzeRep acetone, and
hydr ogen using the acetone produced in 5 the step (b); the step (d)

f (VA t; ' ; th t
of SupgITa ThE Sameng Buri T 6 TRING SRH BF Y5 REBESs CpPI0

Advant%%%P%ieﬁgk,%ﬁsa%ﬁ b@%%gt%%%l[% %?ents (except nickel and

cobalt).
5 [0031]

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

10 (15) The method for producing cumene accordihg to-(lé),
wherein the zeclite is Zeolife having a 10, 11, or 12-
membered ring structure.

[0033]

(1e) The method for producing 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 (¢) is performed

20 1n accordance with a method for producing cumene according to
any cne cof (8) to (16):

[0035]
the step (a) of converting cumene into cumene

hydroperoxide by oxidation;



A net hod for producing an al kyl ated aromati ¢ conpound according to the
present invention is a nethod for producing an al kyl ated aromati ¢ conpound
by the direct reaction of a 15 ketone, hydrogen, and an aromati c conpound
and can produce the al kylated aromatilé conpound with a | ess anount of
solid acid substance than known nethods. A nethod for producing cunene
according to the present invention is a nethod for producing cunene by the

direct reacthensetpace} o€, chideegeng 2Qmand henzeperandicanppoduce
cunene with a |l ess anbunt of solid acid substance than known net hods.

[0037]pﬁeg%qhggdfg&eg%ggu%%ngcgggqggi@gcording to the present invention

i ncludes the nethod for producing cunene as one - 16 - step and can use

t d, as -product in the productjon of phenol. Thus, a
ﬁgfhggefE:OEH%SEE?Hg?ﬁﬁgﬂgIS%EEB?E?ﬁbngogF%%n%r%¥eﬁ?eiE@%ﬁ??%% ¢an produce

phenol with process and econom c advantages. 5 Brief Description of
Dr awi n§§NEE08g] acetonel Fpgd hydepgenlusdng thewachaptcopradknedninet hod
for producing cunmene from acetone, hydrogen, and benzene. [Fig. 2] Fig. 2
is @ fbw shapt (b :a nmethod for
the step (d) of purifying the cumene-produced in the
step (c); and
the step (e} of supplying the cumenerpurified in the
step (d} to the step (a)}.
10 Advantagedus Effects of Invention
[0036]
A method for producing an alkylated aromatic compound
according tq the present invention is a method for producing
an alkyiated 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 aﬁount of soiid
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 amoﬁnt of
solid acid substance than known methods.
[00371

A method for producing phenol according to the present

invention includes the method for producing cumene as one



10 produci ng cunene according to the present invention including the steps
() to (1V) (a first enbodinent). [Fig. 3] Fig. 3 is a flowchart of a

nmet hod for produci ng cunene according to the present invention including
the steps (1) to (V) (the first enbodienent). 15[Fig. 4] Fig. 4 is a flow
chart of a method for producing cunene according to the present invention
including the steps (I1') to (VII') (a second enbodi nent). Description of

Enbodi natirs 4:Q039n 20the presentoidieitd o W Iy Rowdhe tmare tsreci fical |y
descri bed. [0040] Method for Producing Al kyl ated Aromati ¢ Conpound A
met hod .04 RIOCi 19 A kY! 8hgd aLopatl g compound =i AL thenol
éccording to the present invention can produce phenol with
process and economic advantages..
5 Brief Description of Drawings
[0038]

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

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

10 producing cumene according to the present invention including
%he 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 embodiment).

15 [Fig. 4] Fig. 4 is a flow chart of a method for
producing cumene according fo the present invention including
the steps (I') to (VII') (a secondrembodiment}.

Description of Embodiments
[0039]

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



according to the present invention includes a step (i) of producing a
reaction product (al) containing the al kylated aromati ¢ conpound and wat er
by the reaction of an aromatic conpound, a ketone, and hydrogen using a
metal component 5 containing at |easfl7ore netallic el ement selected from
the group consisting of copper, nickel, cobalt, and rheniumand a solid
acid substance; a step (ii) of formng a dehydrated product (a2) from at

| east adqpaiddiany afo the rHacdden pregiciod alnc ndLMPWmg, ati)l east a
portion of the water in the 10 reaction product (al); and a step (iii) of

pr oduci t C Lcont ining t.he al natlc
corrpourﬁ%%b&crbq?%ig% ﬁ% at %‘ﬁ gjtr(oag%:ort 13 of e enf%/ﬁra e ((:jt (a2)
into contact with a soljd aC|d subst ance. [0041] 15A nethod fon produci ng
an al kARt & SRRSO RBBLAGE e ST teatie Pr et BAeBREI6N i ncl udes
a step of bringing a dehydrated product (a2) into contact with a solid '
aci d suesttenvee!, Fheécedemedr atredd hydoduetn (@2nd s frertsed doypoeenti ng at | east
a portion of the water in the reaction 20 product (al). This production

met hod dostlaidesica =81 dRaGft eRDWHaRE 18l d edsined Pt of ~WatekheWater is
produced as a by-product during the production of an alkylated aronatic

compoutd s 06,A 301G agi dosubst anae,and reduges the aRLVLLY A0k

solid acid substance After i's step, reactiron 1 s per orned

again us a solid . acid substance. Thys, al kyl ated_ aromati c conpound
can be P gh@&&qmﬁﬁ? S¢i énf HF8adtiton é%&PéF@H&yae@@HYﬂF@ﬁe&n anount of

solid aC|d substance smaller than the amounts of solid acid
~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) containing the alkylated aromatic
compound by bringing at least a portion of the dehydrated
product (a2} inte contact withAa solid acid substance.

[0041]

15 | A method for producing an alkylated aromatic 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 (a2) ia formed by
removing at least a portion of the water in the reactian

20 product (al). This productioﬁ method includes a step of
removing at least a portion of water. Water is produced as a
by~-product during the production of an alkylated arocmatic
compound using a solid acid substance and reduces the

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



5 substance used in known nethods for producing an al kyl ated aromatic
conpound in which no dehydration is perfornmed during the reaction. [0042]
Preferably, the water content of the reaction product 10(al) ranges from
0.5%to 10% by wei ght. The wat @8 eontent depends on the nolar ratio
of the aromatic conmpound to ketone, the percentage of the reaction product
returned to the step (i), and other factors. Wen the aromati c conpound in

the steRadtidrS i@XgRSHotehe PRI rLXEASY e dMUNL QY Lhestaaeki on product
returned to the step (i) tends to result in a |low water content. An

excessiye Ayt 9% e A QTRLLG comaund. LeSULt 5.l B.an Lacr ease in the
cost of redovering tthe aromatic conpou qoin puri Fc&CCon “and “i'sMan
econonm ¢ di sadvant age. /An excessi ve anount of the 20 reaction product

ret ur néd &Ctlﬁéltstr@%C(ﬁianr eddicd syl GNP ddidt Avi e cHRE P &Pdédan
econom ¢ di sadvant age. An excessively high water content unfavorably
resul t 2aig aumitkededeorddse itharhéheakalopnite adt isviltty ef-itlhe solid acid
substance. - [0043] The step (ii) is a step of renoving at |east a portion

of $he swdisefnice thed eacknoanpreduets( &)y Ryodebydrabhonikieategnt of at
| east a portion of the reaction product (al) 5 containing water produced

inth 1 - drat ad;, hgn
ot moat SR HEy e, Bl RS Tnae FIrad e tRePsiparaEroausthay or
with an oil-ma%aé separator, the renoval of water with an adsorbent, or

renmoval* i £R2&“W&Per separation menbrane. 10[ 0044]
004217

Preferably, the water content of the reaction product
10 (al) ranges from 9.5% to 10% by weight.

The water content depends on the molar ratic of the
arcmatic 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 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 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 also an economic disadvantage. An
excessively high water content unfavorably results in a
marked decrease in the catalytic activity of the seolid acid

substance.



Preferably, the step (ii) includes a step (ii-1) of form ng a reaction gas
and a reaction liquid by the gas-liquid separation of the reaction product
(al), a step (ii-2) of formng a separated gas and a separated liquid by
cooling 15 the reaction gas to separa®e-liquid in the reaction gas, and a
step (ii-3) of formng an oil conponent fromwhich at |east a portion of
wat er has.been renoved by oil-water separation of the reaction |iquid.

[ 0045] [2@Ehg separated gas and the oil conponent formed in the steps
“(i1-1) to (ii-3) are used as at |east a portion of the dehydrated product

(a2). [0046 r r.abl. . he_s (Li-3). is.a step.of formng, an oil - 20
- conponen%hgrgﬁgah?%%’a#sl%a%?gg Bgrflgﬁv%Fgmﬁge%eﬁgé %e%%gF%ﬂ%ved by

oi |l -water separation of the reaction liquid and the separated liquid

f or med 9tn tve &6 @ f2p. reREtdr- Wil cdedarat Pon dshyEReiesct i on | i quid
together with the 5 separated liquid is preferred because it allows an oi
conponémeacorndi vdd aitn lehetsepapatedn ioduitéhet aechetrienopenddct| 0847]

The step (i) and the step (iii) are generally perforned in a fixed-bed

reaet okonExanphes wattetrherbixedabed reactkekplQiinebuderadiiabati c reactors
and external heat exchanger type reactors. In particular, the step (i) is

pret er abhyqPEELAr BEOLELAN 2901 ADALL CalROGLOL s ol NEr 8L EReAL HhdchSa @l SO
~preferably pertor in an adi abatic reactor.
may be, but is not limited to, the separation of water with
an oil-water separator, the removal of Water with an
adsorbent, or removal with a water separation membrane.
10 [0044]

Preferably, the sfep (ii) includes a step (ii-1) of
forming a reaction gas and a reaction liquid by the gas-
liguid separation 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 liquid in the.reaction gas, and
a step (ii-3) of forming an o©il compenent from which at least
a portion of water has been removed by ocil-water separation
of the reaction liguid.
[0045]

20 The separated gas and the oil component formed in the
steps (ii-1l) to (ii-3) are used as at least a portion of the
dehydrated product (aZ2}.

[0046]

Preferably, the step (ii-3) 1s a step of forming an oil



[ 0048] 15Enbodi nents of the step (i) and the step (iii) are described
below in which the step (i) and the step (iii) are perfornmed in a single
reactor or in different reactors. [0049] Wien the step (i) and the step
(tii) are perforned in a 20 single-reactor, the reactor is preferably an
adi abatic reactor. Exanples of the adiabatic reactor include an adiabatic
reactor that includes, fromthe upstreamside, a catalyst | ayer (A

cont ai Righgoh Q! 'f(io%mv\r@'m%%b%tta'l%%sﬁzl)a p%&%al B3 Wy rh(i@) peen aining a
nmetal conmponent containing at - 21 - “least one netallic elenent sel ected

fromt r.oup, consi;sting of copper., kel , cobalt d rheniu and a
cataIyQ%H%V%%'b Oﬁco%ﬁ%%ﬁiﬁgpgrggﬁP %’§%§u5§€§ﬁ&8n g}qué dagﬁladiabatic
reactor that includes, fromthe upstream side, the catalyst | ayer (A)

cont ai hifig SERETEGRAd Lldeiidds GBEPgAcAD( Feander datalyst Taye?iiD)

contai ning a netal conponent containing at |east one netallic el enent

sel ect @dtkroserheagionp cfondiestrengtobncdpperd nockehercebaht thand rheni um
and the solid acid substance (2). The step (i) can be performed by

suppl ysagaantdQ aneimti ¢ sCprBOURdeqapkehone, jand1hygroganst o these
adi abatic reactors. The step (iii) can be perfornmed by returning at |east

dl abatt RPPRSC or  BOBB] 1BWAGn [RE-SCEB I MAd FReltt beeprHidare

perforggg ET different reactors, both of the reactors used for the step

(i) an A step (iii) are preferably adiabatic reactors. The reactor used:
~for the step (i) may be an adi abatic reactor that includes, fromthe
upstream sides atemt flysandiayles {B)p (11i) 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.
[0048].

15 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.
[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 thé 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 component containing at



20 containing a netal conmponent containing at |east one netallic el ement
sel ected fromthe group consisting of copper, nickel, cobalt, and rhenium
and a catalyst layer (C) containing a solid acid substance (2), or an

adi abatic reactor that includes a eatdl yst |ayer (D) containing a netal
conponent - 22 - containing at |east one netallic el enent selected from
the group consisting of copper, nickel, cobalt, and rheniumand the solid

acid substsanemid At alhe StBRndnt GRN 28 RErfHATRe, DY, SHRPIHHRG <3N rar omati ¢
conpound, a ketone, and hydrogen to 5 these adi abatic reactors. The

react Orof'ltsc%%é);eg, ?12)% Khep é&ﬂ&fﬁt,%&f?ﬁé}ae%l%%{,g‘%%@[ G &3 tf_;.}){éttrﬁg‘agzeirnc' udes

a catalys coritaining ‘a aci ance step (iil)

can be perforned hy supplying at, | east a portion of the dehydrated product
(a2) 1 Oimed i ARG, 6 AT (5 ithe P A Gbatiie PesLEdr SE08TIC | In

a method for producing an al kyl ated aromatic conpound according to the
pr esentréapient itbat thelugacti dnr dre ey alnatesam stilkle, prtdduckited ysfc t he
al kyl ated aromati c conpound, that is, 15 the tenperatures at which the

step (iDayand (Ehe cshep ifiiiny tare fparnfoEmEd gemerahlce r@angantr em 100C to
300C. More specifically, since the reaction in the present invention is an

exot herni rLeacti t [ [ e e i.ch e
Cort o G ERC Ry L AT R SRR RO oI LR TRERT 85 )
in.a | e adi abatic reactor as

oscr | BEREhGVE hFarr Bl STRE CEIGaLstore st o HaUEDALPe I Feaesor i n
the vicinity of a reactor inlet |ocated upstream of the catalyst
of copper, nickel, cobalt, apd rhenium and the solid acid
substance (2). The step (i) can be performed by supplying an
160 aromatic compound, a ketone, and hydrogen to these adiabétic
reactors. The step (iii) can be performed by returning at
least.a portion-of the dehydrated product (az) formed in the
step (ii) to the adiabatic reactor.
[0050]
15 7 When the step (i) and the step (1ii) are performed in
different reactors, both of the reactors used for the step
(1) and the étep (1iii) 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
element selected from,the group consisting of copper, nickel,
cobalt, and rhenium and a catalyst layer (C) containing a

gsolid acid substance {2), or an adiabatic reactor that

includes a catalyst layer (D) containing a metal component



- 23 - layer (A) ranges from 100C to 160C, and the tenperature in the
vicinity of a reactor outlet |ocated downstream of the catal yst |ayer (O
or the catalyst layer (D) ranges from 120C to 300C (the tenperature in the
vicinity of the 5 reactor outlet is Bigher than the tenperature in the
vicinity of the reactor inlet). Alternatively, when the step (i) and the
step (iii) are perforned in different adiabatic reactors as descri bed

above, qurafemably ad hea:@Meeratiy: 10fi AR 1agdicahaldcn dgaet ¢rronsedef or the
step (i) inthe vicinity of a 10 reactor inlet |ocated upstreamof the

Chelt Lty SorBdad! B SALBNSL RN (oo OMHI0h et oDe 2N

the te ure in th y 6f a readtor outletf downstream of the
cataly | ayer, (C) .or the catalyst layer (D) ranges from 120C to 300C (the
tenpergﬁﬁﬁé%ﬁﬂ‘%ﬁ%nﬁiéﬁ Pl IGE ﬂ@é'reiEFoétﬁB o4l | 887 BehPFREFTERAN t he
tenperature in the vicinity of the reactor inlet). Furthernore,

pr ef er & pUPPHy itgnmper argretelc avnadivaldat iac kedackor 2osettvlorgehetst ep
(i) inthe vicinity of a reactor inlet |ocated upstream of the catal yst

| ayer (Aeseargesbhrom 18aGtoas2506heandatbert esper abyrenénsthe 20 vicinity
of a reactor outlet downstreamof the catalyst |ayer (A) ranges from 120C

to 300C;Gt:he ratuLe.i i-cl-nityef .t I or Ls hi gher
han LRe TamBerater i Aot ReAvTie: By oF FRG"r aaSearernPoly ToL63E3] | © 24 -
The sohid aci -subs%ance and t he .netal, congonent congainin at | east one
mot al | 1€ Y& et COBFAGTER0f FoRCUE ot SUBRSPEERn] Tof cBpertemi ckel |
cobalt, and rheniumfor use in a nmethod for producing an al kyl ated

ar onat i(é Téonpetn@e5PaEEpirticAg oo stlkelyiagent LaweHt Popoatéonopl the
particularly limted and may be those described bel ow.in "Method for

Pr oducdeyyGuaerd’ prpA064] (a2) formed in the step (ii) to the

10 adiabatic reactor.
[0051]

-Zn a method for producing an alkylated aromatic compound
according to the present invention, the reaction temperatures
in the production of the élkylated aromatic compound, that is,

15 | the temperatures at which thé step (i) and the step (iii) are
performed generally range from 100°C to 300°C. More
specifically, since the reaction in the present invention is
an exothermic reaction, the reactor temperatures at which the
steps are performed have a gradient.

20 [0052]

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



In the step (i) in a nmethod for producing an al kylated 10 aromatic
conpound according to the present invention, it is assuned that a ketone
is reduced by hydrogen into a correspondi ng al cohol (for exanple,

i sopropanol in the case that the ket@@e~is acetone) by the action of the
metal conponent containing at | east one netallic elenment selected 15 from
the group consisting of copper, nickel, cobalt, and rhenium and this is

fol I owed:ayr amaldeHatd ardreaatd an thetveent ke aLsRapdiAg @lcahol and
an aromati c conpound by the action of the solid acid substance. It is also

el At AL GRS AA O AEIRIEIRRR NS RO s

conpoun an ol'efin or e produce e i ntfamol ecular o

i nt ernol ecul ar. dehydration of a portion of the correspondi ng al cohol .

[ 0055] %%Yﬁ&dq@égefp?‘&du&fn&% AtalYsite d SEdndtl ¢ TESHFSURFO™ 25 -
according to the present invention enploys hydrogen as a raw material, as
descriﬂé%)ébéveﬁoﬁh§ drpentt egfoempdrogerirusée vayithéor etfi chkl y be at | east
equi nol ar to the anmount of ketone. Considering separation and recovery, '

t hes annunictefr Dutjdtoden highgenemaln wnk tendl rbicies, ipr eher abkynltto 5
tinmes, the noles of ketone. The anmount of hydrogen used may be small er

than the mples ol ket angctg reduce -hhe; gonyersion eﬁetgse_ééewﬂe 4@ 100% or
| ess. [0056] 10Hydrogen supplied in the reaction according to the
the step (iii) are performed in different adiabatic reactors
as described above, preferably, the temperature of an
adiabatic reactor used for the step (i) in the vicinity of a
19  reactor inlet.located upstream of the catalyst layer (B) or
the catalysf layer (D).ranges from 100°C t07160°C, and the
temperature in the vicinity of a reactor outlet downstream of
the catélyst layer (C) or the catalyst layer (D) ranges from
120°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 & reactor inlet located upstream of the catalyst layer (A)
ranges from 100°C to 250°C, and the temperature in the
20 wvicinity of a reactor outlet downstream of the catalyst layer
(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).

[0053]



present invention reacts with an oxygen atom of a ketone to forma
correspondi ng al cohol. This alcohol reacts with an aromati c conpound to
yield an al kyl ated aromati c conpound and water. The reaction descri bed
above consunes hydrogen in an 15 anpéddt —equi nolar to the anount of the
ketone. In the absence of undesirable side reactions, basically, the
reacti on does not consune extra hydrogen. [0057] The anount of aromatic

conpound maynhtheen eti aak Hy sbBs@kn2@ heastneambpRl akohgohbgramount of
ket one. Considering separation and recovery, the anount of aromatic

conpou IS, ; || o] ' 1 spreferahbly 1.t ti-nes, .t he nol es of
ke?gne?% 6%@%?%%f%§6ﬁ?%SE O%%I%ki 3]5$£§g%?%$ﬁvgﬁ%ﬁ%ﬁ%dtﬁgogrghgtic
conmpound may be a cqnpound having 6 to 20 carbon atons, for exanple, a
benzen@Iﬁﬁﬁ%Fﬁﬁ?l§%&ﬁga§%béﬁf@ﬁéf diiSte, OPaH eBd FhsuBsH £aént
derivative thereof, a naphthal ene honol og, such as 5 naphthal ene or

met hyl H&ghtiRakefether dosubgridugdmy der ialdtile¢etherevstiTheoketond may be
a conmpound having 3 to 20 carbon atons, an objective or a non-objective.
Exafpl escotrdangr avp thenged skatt hevearheny largr evp paeludelal-kyl groups and
aryl groups. Specific exanples include acetone, nethyl ethyl 10 ketone,

and acetgpheaonfy hA9SBL those HeebehdllypchBe dhomRLLfoforgound is
Int & al yla

benzene, and the ketone is acetone. I's case, t a ted aromatic
conpou@gogﬁgq%%eguh%nguqene. Thus, a nethod for producing an
[0054]

In the step (1) in a method for producing an alkylated

10 aromatic compound according to the éresent invention, 1t is
assumed that a ketone is reduced by hydrogen into a
corresponding alcohol (for example, isopropancl in the case
that the ketcne is acétone) by the actiqn of the metal
component containing at least one metallic element selected

15 from the group ¢onsisting'ofrcopper, 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 arcmatic

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

A method for producing an alkylated aromatic compound



15 al kyl ated aromati c conpound according to the present invention is
preferably a nethod for producing cunene. [0060] Speci fi ¢ enbodi nents
of a nmethod for producing an al kyl ated aromati c conpound according to the
present 20 invention are enbodi nentsZbn-whi ch benzene, acetone, and cunene
in "Method for Producing Cunene" described bel ow are replaced with . an
aromati ¢ conpound, a ketone, and an al kyl ated aromati c conpound,

r especticeRininghe oramdf aetewentg i6aRIti@NSnSUER a5 dRe el @S Ul €awWHSVY,

and the amount of - 27 - catalyst, nay be the sanme as conditions

descri hed balkaw i dehaddotraduckia GHIRRe” - WIgH. 8, kRt gog;other than.

acetone is used, reaction Internediates, Such as propylene an

i sopropanol , descr.ib bel ow,in "Method for Producing 5 Cunene" are
react i Y IEORE: Ye 6Fr 8&p @ity S 1d etOné el 686 ¥ ENVBENOd f or
Pr oduci ng Cunene A nmet hod for produci ng cunene according to the

pr esentkel@nienyefenohdebughl yepacktdes anfli rstoevabpdi neatanedna second
enbodi ment. [0062] A nethod for producing cunmene according to the present
S5 hydrogen is generally 1 to 10 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 convérsion of
the ketone to 100% or less.

[0056]

10 Hydrogen supplied in the reaction according ﬁo 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 alkvlated aromatic compound and
water. The reaction described above consumes hydrogen in an

15 amount equimolar To the amount of the ketone. In the abseﬁce
of undesirable side reactions, basicélly, the regction 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 of aromatic compound is
generally 1 to 10 times, preferably 1 to 5 times, the moles
of ketone.

[0058]



invention (the first enbodinment) includes a step (I) of 15 supplying
benzene, acetone, and hydrogen to an adiabatic reactor that includes, from
the upstream side, a catalyst |ayer (A) containing a solid acid substance
(1), a catalyst layer (B) containirg2& mretal conponent containing at |east
one netallic element selected fromthe group consisting of 20 copper,

ni ckel, cobalt, and rhenium and a catalyst layer (C) containing a solid

acid subst ange 1£2) orekeal adivabatibe, reaet an-dhat o pehudesd ka9mbthe
upstream side, the catal yst |layer (A) containing the solid acid substance

(1) an cat al yst .l a D), contai ni ng a netal conponent containing at -
28 - I(%é)s Oélr{leé %rleatvéqqygg éﬁ(o erfr‘)edr:]tcas%oénctagcc? Hfsr’on%aqﬁﬁeexgrg 53 'cﬁ‘ngqe&%eﬁﬁ of
copper, nickel, cobalt, and rhenium and the solid acid substance (2) and
col | ectiFP 4actTEH 155N ZE 1 daIEIT gy ContAishi iy S¥Terd U dm an

outl et of the adiabatic reactor 5 | ocated downstream of the catal yst |ayer
(O or dave wedtiatey sthdraydr, (D)nard Stedpn(d IHomafldoor mutg: &ssepar at ed gas and
a separated liquid by cooling the reaction gas to separate liquid in the

reagti elpgagialenst e @eldy 1fadramdirgiaan i la cempaenenferftr GEMRIEH vat | east
a portion of water has been 10 renoved by oil-water separation of the

ti |.i.qui d; d ' - t ' f th
Capar ot B 8 “and ot TE3eE BoboPEl onoePheor A abianed: PP tAoRy: abati o

reactor ,as circul ating.gas and circulating liquid. [0063] 15The met hod for
br oduc PG MEumERe CRIESTAN g To & RETHESSERT Ve | Exambles o 3 group

bonded to the carbonyl group include alkyl groups and aryl
groups.‘ Specific examples include acetone, methyl ethyl
10  ketone, and abetophenoﬂe.
[0059]
Preferably, the aromatic compound is benzene, and the
‘ketone is -acetcne. TIn 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 the present
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

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



invention (the first enbodinent) may further include a step (V) of
collecting reaction liquid and reacti on gas contai ning cunene from an
outl et of the adiabatic reactor |ocated downstream of the catal yst |ayer
(A) and upstream of the 20 catal yst Rayer (B) or the catalyst |ayer (D).

[ 0064] The nethod for producing cunene according to the present invention
(the second enbodi nment) includes a step (1') of supplying benzene,

acet onesatand dtydnegend enan satieabal icondi ¥dms RACHAL Nk 1iAclydes, from
the upstream side, a catalyst |ayer (B) containing a nmetal conponent

cont ai ni at. | t tallic el.enme elLected fromthe, group
consistﬁﬁgj%¥ig%%;&Fggﬁfb g?FUC%%% t7, Qhagr e%?ﬁﬁ?%n Shat ?9St | ayer (C)
5 containing a.solid acid substance (2), or an adi abatic reactor that

i ncl udESSEO0%t a1y 35 Say &FACH)L OCo iSRG 1@ tifst als UeBnBEN8RPPYSRPEI ni ng at

| east one netallic element selected fromthe group consisting of copper,
ni ckel angoBsicrropadolhenicgmrabec belsel iid dtiedhodbsbanceod)riand
collecting 10 reaction liquid and reaction gas contai ning cunene from an

out} et Cofnetlaer adbahéhbﬁibﬁaﬁhabrh@@ﬁbQ@sde&&%%?%ﬁHQEgtE@ eatal yst layer
(© or the catalyst layer (D); a step (Il1') of formng a separated gas and
a sepafated.l iquid by cooling the reaction gas to separate liquid in the
reaction gas; a step 15(I11") of formng an oil conponent from which at

| east %0061}

Method for Producing Cumene
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_éumene according to thé present
" invention (the first embodiment) includes 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 metal component containing at least
one metallic element selected from the group consisting of
20 cepper, 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 substance (1) and a

catalyst layer (D) containing a metal compohent céntaining at



portion of water has been renoved by oil-water separation of the reaction
liquid; and a step (1V') of supplying at |east a portion of the separated
gas and at |least a portion of the oil conponent to an adi abatic reactor
that includes a 20 catal yst |ayer EAg8centaining a solid acid substance
(1) and producing reaction liquid and reaction gas containing cunene.

[ 0065] The met hod for producing cunmene according to the present

I nvent i@ st heieserend 1ambedimRat) s ftdd K8l %@Jél%%o%p%%ﬁsrst%%géct (V')

of form ng a separated gas and a separated |liquid by cooling the r ion

gas pr int tep (l to_separate Jiquid.in the.reacti.on gas; a
step (%Ictu)%%g?e%dr n@ﬁr{%{egr‘i (():loga%lgr?pgr%]léjgtr Fom-\ |néjﬂ e Isé)§§fj A8 tion of
wat er ha§}5 been renmoved by oil -water separation of the reaction |iquid

pr oduc YT ANE dep APAVERLLERdE 1R 9s s Cvon )L iR igh 3Idy iR CAE OPe 838 a
portion of the separated gas and a portion of the oil conponent to the

adi abatricateéacther cugede Arvhe ast eptlet) ods thier ediatbiand cgasaandrci rcul ati ng
| i quid. 10[0066] The net hod for producing cunene according to the

pr esentoicavedt idewnGthea bst tasbeditmBRik 1syehar@st ekl zad tAtkhgktt he
catal yst layer (A) containing a solid acid substance (1) is disposed on

the upstreamside o e (agi ahat i tar. upstr i de of the
adiabatigéreécgorahgggg ﬁ%%érB%aFgf&gg c%hﬁﬁggggééghgﬁgt%ggh%mmstream
wth a, small nngggght of sqolid acid substance used in the

si de. Thusr gvgn i _
pr oductFBATEF CCumeABLehRY FROAM & FERCLATWAREN T §6PPE258i d subst ance
i's disiqsed only on the downstream side of a 20 reactor or an enbodi nent
in whi éATEIA ARukdeoteactdbPndgasi dasabsrardé@landfafoenahgcanponént is
di sposed in an adi abatic reactor as in known nethods for producing cunene,
react i onmpphennedirareshoftht he fLansmabepoaksonsy€hwaseirsppEsopyknal cohol and
propyl ene, can be allowed to appropriately react with
10 removed by oil-water separation of the reaction liquid; and a
step (IV) of supplying at least a portion of the separated
gas and at least a portion of the oil component to the
adiabatic reactor as circulating gas and circulating liguid.
[0063]
15 The method for producing cumene according to the present
invention (the first embodiment) may further include a step
(V) of collecting reaction liquid and reaction gas containing
cumene from an outlet of the adiabatic reactor located
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



- 31 - benzene, thus yielding cunene at a sufficient reaction rate. [0067]
In a method for producing cunene according to the present invention (the
second enbodi nent), an oil conponent 5 is forned in the steps (the steps
(r1") and (I'11")) between the step—(£9)-and the step (1V') by the renoval
of at |least a portion of water fromthe reaction |iquid produced in the
step (1'), and the oil conponent is used in the step (1V ). Thus, the

net hod rkak-tproduei-ng neuneRe , aceondicng Lpstheak0spuesent ckpyeption (the
second enbodi nent) includes the step of renoving water between the steps

usi ng qagg&iqgacggggg?g&ggfg ggﬁglsgsﬁgoggékigggtghxa% . JEven W th a

smal | er anount "o substance use he producti on cunene by
t he net hod f%r ﬁtodu&in% cuneEe according to the 15 present invention (the
second “BifbB&-AENES ERSACRET AGASCHEE fREFPUHPRgIERBPSFRPSSF LRI NG wat er

the step of renoving water that can reduce the activity of the solid acid
substaﬁ@épaﬁbo%éckégetF@haﬁhteﬂnédrhﬁeéumfanﬁearaaﬁa&yetiahsersmeh as
i sopropyl al cohol and propylene, to appropriately 20 react with benzene,
yi €l di pgnecutmnegat aosufif hei @ntubeaghien (pat eor[ 8868Hiabaticl n a nmethod
for producing cunene according to the present invention, the reaction
t enper atHReokNthhe PRedUgLLop catalyst layer (D) containing a metal
component containing at least one metallic element selected
from the group consistiﬁg of copper, nickel, cobalt, and
rhenium and the solid acid substance (2} and collecting
10 reaction iiquid and reaction gas confaining cumene from an
outlet of_the adiabatic reactor located downstream of the
catalyst layer (C) or the catalyst layer (D); a step (II') of
forming a separated gas and.a separated liquid-by cooling the
reaction gas to separate liquid in the reaction gas; a step
15 (ITI1') 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
0il component to an adiabatic reactor that includes a
20 catalyst layer (A) containing a sclid acid substance (1) and
producing reaction liquid and reaction gas containing cumene.
[0065]

The method for producing cumene according to the present

invention (the second embodiment) may further include a step



- 32 - of cunene, that is, the tenperature of an adi abatic reactor
generally ranges from 100C to 300C. More specifically, since the reaction
in the present invention is an exotherm c reaction, the adiabatic reactor
has a tenperature gradient. In the-n@bhed for producing cunene (the first
enbodi nent), preferably, the tenperature of the adiabatic reactor in the
vicinity of a reactor inlet |ocated upstreamof the catal yst |ayer (A
ranges (i gMo0@6 k@ nB60Cs cpnd st bg LaEDanAl ur echn Lhegvieiynikyngf a reactor
outl et | ocated downstreamof the 10 catalyst |ayer (C) or the Catalyst

| ayer ranges from 120C to _300C (the te rature in the vicinity of the
reacto%g%&ﬁﬁgt%ﬁg |8ﬁé%g§hg%8t 5gpéﬁ8§r§ Eggeiﬁ%F e( Vb?nFPy of the
reactor inlet). In the nethod for producing cunmene (the second

enbodi REREY2LEr ¢f-8HAHI y1 THE FBAFEFRPUPESH 2afitel ddilababfciPEBEREr used
for the step (1') in the vicinity of a reactor inlet |ocated upstream of
the catal psi kayeprneBf Gromhwhéahakysflebayer pDytianges fraomrlBAE to 160C,
~and the tenperature in the vicinity of a reactor outlet downstream of the
catml ypkehayefmotei By bhe-gatakyskphaner oaDbfr aRgesehrem;R0118064t o 300C
(the tenperature in the vicinity OF the reactor outlet is higher than the

t enper iR the.yi.cinj t he_raact j.nl v Furt
or of o1 BBy Lot Re fobhbr STGPS (Of 'bh A0faBary e dietel HEed PREVERY 3Fep
(rv) in the vicinity o reactor inlet |ocated upstreamof the - 33 -

f

cat al ys€2Phyér PPAY 1P nagsgp?oﬁ?ﬁéééﬁ?g 956c2ndnd PRECE8ApeF atlifeih the
vicinity of a reactor outlet downstream of the catalyst |ayer (A ranges
from 120WrepeBO0C o (the sdipbaaiar schatvheuvedi At yhef sthe (BAttas outl et
is higher 5 than the tenperature in the vicinity of the reactor inlet).

[ 0069] circulathniyhgapr es@ntirouweating, 1ifeigol id acid substance (1), the
solid acid substance (2), and the netal conponent containing at |east one
metal | rgogkement sel ected fromthe 10 group consisting of copper, nickel,
cobalt, and rhenium are used as catal ysts. Another conmponent may al so be

used as a Gﬁﬁéﬂﬂg%hod for'producing cumene according to the present

invention (thé first embodiment) is characterized in that the
catalyst layer-(A) containing a solid acid substance (1) is
disposed on the upstream side of the adiabatic reactor. 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 cumene 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, reaction
intermediates of the raw materials, such as isopropyl alcohol

and propylene, can be allowed to appropriately react with



[0070] The solid acid substance (1) and the solid acid 15 substance (2)
for use in the present invention may be the sane solid acid substance or
different solid acid substances, preferably the sanme solid acid substance.
[0071] The solid acid substance (1) &itd-the solid acid 20 substance (2)
for use in the present invention are catalysts having a function of an
acid and may be generally referred to as solid acids. For exanple,

zeol i t @erSidrieGa M N1 BlHgidigherdd G0N asu%mraeretn%d sldalg iorg,. and
zirconia supported 3 may be used. - 34 - [0 I'n particul ar,

ZeO|Itﬁ Qﬁlch is an inorganic crystalline porous conpound cont ai ni ng
silico alunlnun1 is a solid acid substance suitable for the present
invention 5_in terns of heat resistance and the target selectivity for

cunene. Thesd §olPERaEi §°8uBEPEHEERINEYIBECUSEHCERORE BP EReconbi nati on.
[0073] Zeolite preferably has pores having approximately the 10 sanme size
as t he prsisecdl amvsingg cof (Cheesecand kabcalit@ntl], aor 0i2- mempenedtri ng
structure, nore preferably a 12-nenbered ring structure.

5 is formed in the steps (the steps (II') and (III')) between
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 preeent 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 solid acid substancerused in the production of
cumene by the method for producing cumene according to the

15 present 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 reacticn intermediates of the raw materials,
such as isopropyl alcohol and propylene, to appropriately

20 react with benzene, yielding cumene at a sufficient reaction
rate.

[0068]

In a method for producing cumene according to the

present invention, the reaction temperature in the production



[0074] Exanpl es of zeolite having a 12-nmenbered ring structure 15 include
a Y type, a USY type, a nordenite type, a dealum nated nordenite type, a p
type, an MCM 22 type, and an MCM 56 type. Anpong these, beta zeolite, the
MCM 22 type, and the MCM 56 type are38urtable structures. In particular,
beta zeolite and MCM 22 are preferred. 20[0075] The ratio of silicon
to alumnumin these zeolites may range from2/1 to 200/1 and, in terns of

acti vi tof @m@eh@er%&thQ@bl&hbyme&@%E%&%Qbycﬁi%nt@diggé%lcl%@ga%agously
replaced zeolite may also be used in which alumnumatons in the - 35 -

zeol 1 & cplelhon r%ge%ug%;a {RACMLD 5B vt al BERCL,LOAR: aLyim, um  such as

he "'shapé of the S0 acTd sfance is not
5 partlcularl limted an be spherical, cylindrical, an extruded
shape, S01°°% 5¥ESH§GC§HQBel“TﬁéepEF?P@Pé dNYENSEOPhé Ss BRI B*QENETBEHBSt ance
may range from0.01 to 100 mm dependi ng on the reactor size. [0077] 10The
pr esent-cigienti othenpldépdaz ivetrghctompbaene tempeairaicngeatredasntone
nmetallic element selected fromthe group consisting of copper, nickel,
cobal t Inander henihom fohepretakicgnponent mayebeisksapkensyubstange of the

netallic element, netal oxide, such as Re02, Re207, NIQ or CuO netal

preferably, the temperature qf the adiabatic reactor in the
vicinity of a reactor inlet located upstream of the catalyst
layer (A) ranges from 100°C to 160°C, and the temperature in
the vicinity of a reactor outlet located downstream of the

10 catalyst layer (C) or the catalyst layer (D) ranges from
i20°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
(the second embodiﬁent), preferably, the temperature of an

15 adiabatic reactor used for the step (I') in the ficinity of a
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 of an adiabatic reactor used for the step (IV')

in the vicinity of a reactor inlet located upstream of the



15 chloride, such as ReCl3, N Cl2, or CuCl2, or cluster netal, such as
Ni -Cu or Ni-Cu-Cr. These netal conponents nmay be used alone or in

conbi nati on. [0078] The netal conponent containing at |east one netallic
20 el enment selected fromthe group—c@iststing of copper, nickel, cobalt,
and rhenium may be any netal conponent that can hydrogenate a carbonyl
group into al cohol. Metal conponents commercially available as

hydr ogenatdigisCatalyst@)canhp difeat hyorsed, Mozl copporent s support ed
by various - 36 - carriers are comrercially avail able and may be used,

for ex %. Re .car._ban f.al.ysts,- 5% Re al um na-.cat al yst silica
aluningﬂgkggggf%g %%C%e% 3§?§?§§ s?fé%drﬁ%égg%béwgﬁfgtgo%ﬁfﬁrgﬁpf8%ent

| oadi ngs, such _as 1%or 0.5% 5 Preferably, the carrier is at |east one
sel ect ﬁIQi%%;H@tg#8Q§ICdﬁ§i§Ppﬁﬁsoﬁr§Wlﬁ@§,CaF&hﬁH&,csﬂFpéa al umi na,
titania, magnesia, silica magnesia, zirconia, and carbon. [0079] The shape
of t he teppalracomgonentheomiaiiming atf [toastreawd ok cmetlaltl e blighent

sel ected fromthe group consisting of copper, nickel, cobalt, and rhenium

i s Mot thamnt ictl achpekbiired iandneay ibensphevircakhe evhicrdri ealetan extruded
shape, or a crushed shape. The particle size of the netal conponent may
range fi@meq. 01 to 100 nm depending on the reactor size.

In the present invention, the soiid acid substance (1),
the so0lid acid substance {2), and the metal-component
containing at least one metallic element selected from the

10 group consisting of copper, nickel, cobait, and rhenium are
used as catalysts. Another component may aléo bé used as a
Catalyst.

[0070]

The solid acid substance (1) and the solid acid

i5 -Substance (2) for use in the present invention may be the
same solid acid substance or different solid acid substances,
preferably the same scolid acid substance.

[0071] |

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 referred to
as sclid acids. TFor example, zeolite, silica alumina,
alumina, zirconia supported sulfate ions, and zirconia

supported WO3 may be used.



15[ 0080] The netal conponent containing at |east one netallic el enent
sel ected fromthe group consisting of copper, nickel, cobalt, and rhenium
may further contain at |east one elenment selected fromthe group

consisting of group I1B elenents, 203¢groeup |11 A elements, group VIE

el ements, and group VIII elenents (except nickel and cobalt). [0081]

More specifically, the elenent is Zn, Cd; Hg, B, A, G, In, Ti, C, M,
W Fe, Be72¢s, Rh, Ir, Pd, or Pt. - 37 - [0082] Anong t hese, a netal

conponent containing copper and Zn or Al is suitable to inprove catal yst

life. [0083}._5 lyst. for use in the present.invention may be anot her
conponent . #ﬂeégggggF%%rbfggoﬁéﬁgr gé ?? %%c naén?%%ﬁﬁ}cFeC12, or SnCl2,

an al kali netal, such as K or Na, an alkali netal salt, or_BaSO4 as .
anot heFr¥GpdneRt RRY OFFp o oS vory-adrnisgl s&dii¢riy anthad UnaRbRher

conponent may be
is a solid acid substance suitable for the present invention

5 in terms of heat resistance and the target selectivity for
cumene. These solid acid substances may be used alone or in
combination. |
[0073]

Zeolite preferably has pores having approximately the
10 same size as the moiecular size of cumene and has a 10, 11,
or lZ-membered ring structure, more preferably a 12-membered
ring structure. -
[0074]
Examples of zeolite having a lZ2-membered ring structure
15 include a‘Y type, a USY type, a mordenite type, a
dealuminated mordenite type, a B type, an MCM-22 type, and an
MCM-56 type. Among these, beta zeclite, the MCM-22 type, and
the MCM-56 type are suitable structures. In particular, beta
zeolite and MCM-22 are preferred.
20 [0075]
The ratio of silicon to aluminum in these zeclites may
range from 2/1 to 200/1 and, in terms of activity and thermal
stability, preferably 5/1 to 100/1. Isomorphously replaced

zeolite may alsc be used in which aluminum atoms in the



10 added if necessary. [0084] As described above, the catal yst |ayer (D)
contains a netal conponent containing at |east one netallic el enent
selected fromthe group consisting of copper, nickel, cobalt, 15 and
rheni um and the solid acid substanee362). [0085] A net hod
(preparation nmethod) for producing a catalyst containing the netal
conponent containing at |east one netallic el enent selected fromthe group

consi sti-kd i GARARLon2Q i Gielst iGRald widhd o heniumand .t ke gol id acid
substance (2) formng the catalyst layer (D) is not particularly limted

and ma I a al_yst._praduc by, a physjcal m xture of the solid acid
substa%%g' %Mﬁng%% ea§EF§V ggﬁp§%3n¥h%oﬁ?%§%ing at |east one netallic

el enent._sel ected fromthe - 38 - group consisting of copper, nickel,
cobal t,[081&r heni um at a catal yst particle level in the order of
centinmeters, or a catalyst produced by pul verizing the solid acid

subst ance (2he ahdpthefnkthal scomponent! sohthbencagiatnbeast one netallic

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 si:ze.

[00777

10 The preseht inveﬁtion employs a metal component
containing at least onermetallic element selected from the
group consistingrof copper, nickel, cobalt, and rhenium. The
metal component may be simple substance of the metallic
elément, metal oxide, such as Re0,;, Re;0;, NiQ, or Cu0, metal

15 chloride, such as ReCls;, NiCl;, or CuCl,, or cluster metal,
such as Ni-Cu or Ni—Cu~Cr. These metal components may be
used alone or in combination.
[0078]

The metal component containing at least one metallic

20 element selected from the group consisting of copper, nickel,
cobalt, and rheﬁium may be any metal component that can
hydrogenate a carbonyl group into alcohol. Metal components
commercially available as hydrogenation catalysts can be

directly used. Metal compcnents supported by various



5 el enment selected fromthe group consisting of copper, nickel, cobalt,
and rhenium m xing them and nolding catalyst particles in the order of
centineters. The catal yst may be the netal conponent containing at | east
one netallic element selected fromtBé& group consisting of copper, nickel,
cobalt, 10 and rheni.um supported by the solid acid substance (2) as a
carrier, or the solid acid substance (2) supported by the netal conponent

cont ai NG idlrd e8! QRgTRLAIITIE LlAMRM SelReted, Homdhe ghLoup
consi sting of copper, nickel, cobalt, and rheniumas a carrier. 15[0086]

As descr abave,, t he catal yst .constituti t.he .catal yst |ayer (D)
cont ai %ga%%%t’a% °c§r$p(§r?é:(r%2toncocynsc§il is'%g'3 ’até% égegtalélﬂlemﬁetcg?élal&é{sgl%énent

sel ected _fromthe group consisting of copper, nickel, cobalt, and rheni um
and t héddiSed 2 20 SSRRYARCe ke ITmad adatsiisy sendak iséepr oduced by

| oadi ng the solid acid substance (2) serving as a carrier with the netal
conponenttagosttai Mg atl fifeasntonearenald, i cuellerentisselect.&d .from t he group
consi sting of copper, nickel, cobalt, and rhenium as described above.

Mre speeifbirealily, thle selidr 41539t 126t wMst:aneered) sy Pgel 0aded with
the netal conponent by a nmethod of inpregnating the solid acid substance

(2) w ni - equs lsuti o .t he tal Li ¢ el epent _and then
firingb?ﬁgpsg%%%aggﬁggé%%éfgﬁég%(Z%}%gu#%fhgglg af%%ﬁpﬁggé glggﬁﬁﬁéx of
the netallic.element. and an organi¢ nolecule |igand to nmake the netallic
el enenfr®88FGbRe Pr-ar2oFGINTE 180l VRt diPssGPG RGTPRB-conpl ex in the
organi ¢ solvent, inpregnating the solid acid substance (2) with the
organi d08dPJent, and firing the solid acid substance (2), or a vapor

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
crushed shape. The particle size of thé metal component may
range from 0.01 to 100 mm depending on the reactor size.
15 [0080]

The metal component containing at least one metaliic
element 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 IIIA 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, or Pt.



10 deposition nethod in the case that the conplex can be vaporized under
vacuum A coprecipitation nethod of sinmultaneously performng the
synthesis of the solid acid substance (2) and netal |oading nay al so be
enpl oyed in which the solid acid sub3Vance (2) is produced froma
correspondi ng 15 netal salt in the presence of a netal salt which will
serve as a hydrogenation catal yst. [0087] In a production nethod
accordifpggtq the present invention, it is assuned that acetone is reduced
by hydrogen 20 into isopropanol by the action of the netal conponent

cont ai ni ng | ea ne netallic el enment,selected.fromthe group
consisting o O%gp%%??ehi%ng%a%oﬁgw ?n%HE Fﬁ%ﬁ?ﬁﬂ%?ﬁ ?ﬁ%p%ﬁt%Tgs%nlayer
(B) or the catalyst |ayer (D), and then _the al kylation reaction between

i sopr of&nét afdShéhzedE to 4GProgéc Ged a8y stheé 1d€ti on of the solid acid
substance (1) and the solid acid substance (2). It is also assuned that an
al kyl atliodB3deacti on occurs between benzene and propyl ene or diisopropyl

et her produced by the intranol ecular or 5 internolecul ar dehydration of a
porgion of isepreapasel rof0Q88]lin the -%Be&@ﬁt”@h@@ﬂti@ﬁ REGAYEI Ng cunmene
according to the present invention (the first enbodi nent), cunene is
produced ,al,g0 bgggjgﬁe%t.a' YBL LBYPLi 6 oF OLBREL, DSl pAM 0L, Lhe 10

catal yst 1layer or the cafalys fayer (D) Th which isopropanol is
produced. This is because the circulating gas or the circulating liquid
contaiﬁgSBFOp@¢%ﬂ%,cpﬁéﬁﬁaﬁanép,ag%aiﬁigﬁﬁﬁ&pyﬁugphéﬁ £n°& Pfodaeti on

nmet hod according to the present invention, and an al kyl ati on reacti on

bet weeglkheésemetal salt, or BaS0O, as another component may improve

' activity or selectivity: Thus, another component may be
10 added if necessary.
[0084]

As described above, the catalyst layer (D)} contains a
métal component.éontaining at least one metallic element
seleéted from the group consisting of copper, nickel, cchalt,

15 and rhenium and the solid acid substance (2).
[0085]

A method (preparation method} for producing a catalyst
containing the metal component containing at least one
metallic element selected from the group consisting of copper,

20 nickel, cobalt, and rhenium and the solid 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



15 conpounds and benzene yiel ds cunene. [0089] In the nethod for
produci ng cunene according to the present invention (the first

enbodi nent), enbodi nents of catal yst |ayers disposed in the adiabatic
reactor include an 20 enbodinent inr Whieh the followng three |ayers are
di sposed fromthe upstreamside: a catalyst layer (A containing a solid
acid substance (1), a catalyst layer (B) containing a netal conponent

cont ai pjGAledrRAth 198 TPl elamaal Seleehied LoMARe i9hO0uR o
consi sting of copper, nickel, cobalt, 41 -and rhenium "and a catal yst

| ayer fainin sql i [ bsta n_enbodi nent in
mhych %%?téﬁy%(mﬁartgf%g ﬁg?g%g%are éasposed ronpgﬁ e%ﬁ%?fegﬁlglde t he
cat al yst Iayer (A) containing the solid acid substance (1) and a 5
cat al y$StUlayist EBPdvsrtalm mild Stz L Siso e o 988 ﬁPﬁ@tépcﬁed§ﬂ one
metal lic el enent selected fromthe group consisting of copper, nickel,
cobaltaﬂ&hdﬁﬁheﬁ¢@d1&nmppn@ngokmdﬁacHUJEMBSIaﬂ@et(bﬁe h@@@&pltOSequentlal
chargi ng of catalyst species suitable for

5 element selected from the group consisting of copper, nickel,

éobalt, and rhenium, mixing them, and molding catalyst
particies 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, nigkel, cobalt,

10 and rhenium supported by the solid acid substance (2) as a
carrier, or the solid acid substance (2) supported by the
metal component containing at least one metallic slement
selected from the 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
component centaining at least one metallic element selected
from the group consisting of copper, nickel, cobalt, and

rhenium, as described above. More specifically, the solid



each step of the reaction is a preferred charging nethod in terns of
efficient use of the catalysts and the prevention of undesirabl e side
reactions. [0091] 15In the nethod for produci ng cunene according to the
present invention (the first enbodrmBfit)y, therefore, a preferred one of
the two enbodi nents descri bed above is the enbodi nment in which the
followng three | ayers are disposed fromthe upstream side: a catal yst

layer @A) CoMARitRnRG a230nsQ! ibd aCidiesulRStanee( Hetad &8 ?'o)ﬁ%htl ayer (B)
cont ai ni ng a net al conponent COI’lt ai ni ng at Ieast one netallic el ement

Soi SOphand e 9ROHRAAANTLE! KL Ah13aPRR HEKFRucBRg) 5 RRdaT honT um

and a catalyst lay cont’ i ning a so 42 -
[0092] In the nmethod for _prqducing cunene according to the present

i nvent Port TFfe SWEOHG ERBOT RENOF, tofbaditRedts §ﬁe@§P§I9§F Fhg8rs di sposed
in the adiabatic reactor used for 5 the step (1') include an enbodinent in
whi ch theifgl [thwi sy ltwoakagessbatendiesdédedaf memhbheodpsbraangsiade: a
catal yst layer (B) containing a netal conponent containing at |east one

metal | corpllesent sekegtedlfinonctbacgtoupdcansbsybngcohoteppgk, nickel,
cobalt, and rhenium and a catal yst layer (C) 10 containing a solid acid

subst angeabd) «oAnd AN cabade IRt of R1WheaR LBEuLOL! OW 08 BRgahaver 1

di spose a catal yst layer

solveni, dissolving the complex in the organicrsolvent,
impregnating the solid acid substance (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
vaporized under vacuum. 2A copreéipitation method of
simultaneously performing the synthesis of the so0lid acid
substance (2) and metal loading may alsc be employed in which
the solid acid substance (2) is produced from é corresponding
15 metal salt in the presence of a metal salt which will serve
as a hydrogenation catalyst.
[0087]
In a production method acéording to the present
invention, it is assumed that acetone is reduced by hydrogen
20 into isopropanol by the acticn of the metal component
containing 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



(D) containing a nmetal conponent containing at |east one netallic el ement
sel ected fromthe group consisting of copper, nickel, cobalt, and rhenium
and the solid acid substance (2). 15 A preferred one of these enbodi nents
is the enbodi ment in which the fol owong two | ayers are di sposed fromthe
upstream side: a catalyst layer (B) containing a netal conponent
containing at |east one netallic elenent selected fromthe group

cmwim&ﬂ&ﬁiﬁp%mLmﬁﬁ$ﬁof%&ﬂ&nf@%éﬂﬁ@ﬂ@ﬁﬁ%@w%a%ﬁﬁgﬁi'avm
(C containing a solid acid substance (2). [0093] A et hod for

pr oduci ng .cunene, accor.di ng to,.t he_present .inventio oys hydrogen as a
ram/naf%é#%ﬁ{a%ig(ﬁgéﬁﬁﬁﬂg% é%HVe.IE-lﬁ3a-SF06§ﬁfmea ggv“?‘l*f'hénam)unt of

hydr ogen used may theoretically be at |east equinolar to the anount of
acet oné1 Kgdidi it i5q CSdipar SGBH Sai HEEsy &1971 2 515e agvb e Rafl elyd Odgen i s
generally 51 to 10 times, preferably 1 to 5 tines, the noles of acetone.
The anwlirits cafr dpwdr egére ruseddmedéysrmld ém tirraw lidhe Innl ex of acetone to
reduce the conversion of the acetone to 100% or |ess. [0095] 10Hydrogen

suppl i gehtigtrichediaact iRmyaeeerdinng it @ the-preset idyerb-eaireacts with an
oxygen atom of acetone to formisopropyl alcohol. The isopropyl alcohol
reacts w benzene to yield cunene and water. The reaction described
above consumes hydrogen in an anmount equinolar to the amount 15 of

acetone. In_the absence of undesirable side reactions, basically, the

reacti on doe8 hBE BBhEGHelekt PROHYErBgeRUEBBOBFCording to the

preéent invention (the first embodiment), cumene is produced
alsQ in the catalyst . layer (A) located upstream of the
10 catélyst layer (B) or the catalyst layer (D) in which
isopropancl is produced. This is because the circulating gas
cr the circulating liquid contains propylene, isopropanol, or
diisopropyl ether in a production method according to the
"present invention, and an alkylation reaction between tﬁese
15 compounds and benzene yields cumene.
[0089]

In the method for producing cumene according 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 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 consisting of copper, nickel, cobalt,



The anmount of benzene may theoretically be at |east equinolar to the
anount of acetone. Considering separation 20 and recovery, the anount of
benzene is generally 1 to 10 tines, preferably 1 to 5 tinmes, the noles of
acetone. [0097] In a nmethod fo#lproduci ng cunene according to the
present invention, the raw materials including benzene, - 44 - acetone,
and hydrogen are allowed to react, as described above. [0098] In the

met hod Ay ﬂwé%$&ﬂ,n&n@U%E&%t%Q%%%dh%%ﬁ&O(thec%nQ%ﬁﬁﬁ%b laN@At oA G khe

first enbodinment), the position at ich benzene is i'ntroduced into the

adi abatj ¢ r.eactor, s eral |y, | t pst rea t atal yst | ayer (A).
I n the%%gﬁﬁﬁiqﬁoﬁzﬁfogﬁgiﬁé gﬁﬁﬁﬁéggﬁgbgﬁihafg]%%g %§%§8H n%n%gﬁtion (the
first enmbodi nent), the position at which 10 acetone_ is introduced into the
adi abatify ¥ a6 Fayosed dcaredhGpIPreanrst StRe cabal yetataysr (A),

bet ween the catal yst layer (A) and the catal yst |layer (B), or between the
cat al ysavleayd®) ( Apnaadntihg taealsydtid ayed EDpstbncehd lorethddaf or produci ng
cunmene according to the present invention (the 15 first enbodi nent), the

positi eatall yahi ghyeydrogercns ali it heduc e@ tiant eckhbenadi-abahieineagt g My be
| ocat ed upstream of the catalyst |ayer (A), between the catal yst |ayer (A

dth lyst .| - (.B).; t . h
Cat al Yoty P B 0 Gosar R e eethoa Tor b SadC Hg CunEia aBor di ng

to the . ‘
of copper, nickel, cobalt, and rhenium and the solid acid

substance (2).
[06s0]

10 Sequential charging of catalyst species suitable for
each step of the reaction is a preferred charging method in
terms of effiéient use of the catalysts and the prevention of
undesiradble 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 solid acid substénce (1), a catalyst layer (B) containing a
metal component containing at least one metallic element
selected from the group consisting of copper, nickel, cébalt,
and rhenium, and a catalyst layer (C) containing a solid acid

substance (2).



present invention (the second enbodi nent), the position at which benzene
is introduced into the adi abatic reactor for the step (I') is generally

| ocat ed upstream of the catalyst - 45 - layer (B) or the catal yst |ayer
(D). In the method for produci ng cumdge-according to the present invention
(the second enbodi nent), the position at which acetone is introduced into
the adi abatic reactor for the step (1') is 5 also generally |ocated
upstregmmfy it he catalyst layer (B) or the catalyst layer (D). In the

met hod for producing cunene according to the present invention (the second

nmbodi t th iti t which hyd i S_intraod [ th
o e g PEePRR b ey SRR A AT E et Eh1t " st o
of the catal yst layer (B) or the catalyst |layer (D). [0100] Benzene

and ac&GRETHr TR ddic dd Nentseaiel gdiasbEca ty eacibrodimemtehe fupst ream

side to the downstream si de. Hydrogen may be introduced into the adiabatic
r eact orcafradmists ltdyenspstiseamesi de tihet Reliddartdtor eancsiode uwaked fom t he
downstream side to the upstream side. [0101] In a nmethod for producing

cungne tdeCrANG 119 kR IRKRSeR ddPRAMLR Hhemefer ened fP W8 gcoNt ai ni ng
acet one
two layers are disposed ftom the upstream side: a catalyst
layer (B) containing a metal component containing at least
one metéllic element selected from the group consisting of
- copper, nickel, cobalt, and rhenium and a Catalyst layer (C)
10 containing a solid acid substance (2), and an émbodiment in
which the following one layer is disposed: a catalyst layer
{D) containing a metal componént containing at least one
metallic element selected from the group consisting of copper,
nickel, cobalt, and rhenium and the sclid acid substance (25.
15 A preferred one of these embodiments is the eﬁbodiment in
which the following fwo 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 rheéium and a
20 catalyst layer (C) containing a solid acid substance (2).
[G0S93]
A method for producing cumene according to the present

invention employs hydrogen as a raw material, as described

above.



20 and benzene cones into contact with hydrogen in a gas-1liquid
countercurrent flow or a gas-liquid cocurrent flow. The flow direction of

liquid and gas nmay be |iquid downward-gas upward, |iquid upward-gas
downward, l|iquid and gas upward, or Kidqwid and gas downward. - 46 -
[0102] Hydrogen gas is generally continuously supplied to the

adi abatic reactor but nmay be supplied otherw se. For exanple, hydrogen gas
may be gu@ppljied intermttently, that is, hydrogen gas is supplied at the
.begi nni ng of the reaction t hen stopped, and supplied again after a

predeternln@gepg ogto g@g For a 88qH%% gﬁgégyéﬁgﬁ%i %%e%grogen gas

di ssolved in Pvent uppPF hydr ogen
gas recovered fron1the to of the reactor together 10 with a | ow boiling

fracti dFafdy SHE EQHE &8. tﬁﬁeaﬁpé§§u GCaParogeROREPPPF &R s general |y

the sane as the reactor pressure and nmay be appropriately altered in
accor daepe naittient kadnetlodeoty, stpyel rimogrnty arfogenropg@b03k yeTkeapigssure in
a method for producing cunene according to the present invention

preferably nangesekrom@rdrt01300 atms makRspr eher abl¥s00F tecbB8natm Mre
specifically, in a method for producing cunene accordlng to the present

i nvent t i ref.erabhl 0 sure range
n't he T O ER R oS na o Reh FRecErals BE) =lig= Pl Srg pBAFEHET,
performed in the pressure range in the second enbodlnent B0104] In the

|nplen@ﬁ?&PPSntSfr?ﬁgcﬁrEQEnF PHFERtPEn 0Lt fr@e acetone to 100% or

less,
[0095]

10 Hydrogen supplied in the reaction according to the
present invention reacts with an oxygen atom of acetone to
form isopropyl alcohcl. The isopropyl alcohol reaéts with
benzege to vield cuméne and water. The reaction described
above consumes ﬁydrogen in an amcount egquimolar to the amount

15 of acetone. In the absence of undesirable side reactions,
basically, the reaction does not consume extra hydrogen.
[00%6]

The amount cf benzene mav theoretically 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 acetone.
[0097]

In a method for producing cumene according to the

present invention, the raw materials including benzene,



- 47 - anount of catalyst used is not particularly limted. For exanple,
in the reaction with a fixed-bed fl ow apparatus, the anmount (weight) of

all the raw materials (benzene, acetone, hydrogen, circulating liquid, and
circulating gas) supplied 5 per hour 4di vi ded by the wei ght of catal ysts,
that is, WHSV desirably ranges from0.1 to 200 /h, nore preferably 0.2 to
100 /h. The weight of catalysts is the total anount of catalysts used in a
net hod fQft HOAUGI NG LHIRNRE; accordl e [ han, that is,
the total amount é? the sol i d 10Eg%?ﬁ“%ﬁ6%?gﬁ%§9?1g%sfﬁ%ﬁg%F% aci d
substagﬁﬁﬂ&g), and the netal conponent containing at |east one netallic

el ement "selected fromthe group consisting of copper, nickel, cobalt, and
rhenium_The amount (weight) of all the raw nmaterials (benzene, acetone,
hydr oge“dlrcul ating 1iquid, and 15 circulating gas) supplied per hour

di vided by the weight of the solid acid catalysts, that is, WHSV (solid
aci d subst anceshedmsihalll yorapgesutiom @ueche 4@@ofHinnote preferably 0.4
to 200 /h. [0105] 20In the method for producing cunene according to the

presents dodeent i10R itherf | (ke eNhedi BMIairddhthhe 1gRse dhat ohhacat al yst

| ayers in the adiabatic reactor according to an enbodi nent include the

fol | ow, hr | ayer.s, f.r t pstr.eam.si de;. atal yst | ayer (A
conta?h?%é%abgozfgaé%dln%quggegbgéfghg%m?fy?ﬁgmgéfaﬁégFtpgyéF (B)
containing a_netal component containing at |east one netallic_ el enent
select@ﬁn%ﬁ@&ﬂﬁhiogﬁ5ﬁﬁ-@@ﬁ§F§PFh@foﬁh@oﬁﬁgﬁﬁﬁﬁqﬂ&ﬂwﬁ%dﬁéht,L%nﬁh?henium
and a catalyst layer (C) containing a solid acid

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 upstream of the catalyst layer (A}, between the
catalyst layer (A) and the-catalyst layer (B), or between the
catalyst layer (A) and the catalyst layer (D). In the method
for producing'cumene according to the present invention (the
15 first embodiment), the position at which hydrogen is
introduced into the adiabatic reactor may be located upstream
of the catalyst layer (A), between the catalyst layer (A) and
the catalyst layer (B), or between the catalyst layer (A) and
the catalyst layer (D).
20 [0099]
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 (I') is generally located upstream of the catalyst



5 substance (2), when the weight of the catalyst layer (A is 100 parts by
wei ght, the weight of the catalyst |ayer (B) preferably ranges from10 to
1000 parts by weight, nore preferably 50 to 500 parts by weight, and the
wei ght of the catalyst |ayer (C) prefierably ranges from 20 to 2000 parts
by 10 wei ght, nore preferably 100 to 1000 parts by wei ght. [0106] In
the nmethod for producing cunmene according to the present invention (the

first @%@%@'W@Otbm iRet beteasedt halyrthqpgat abystnbayergoinsbhe adi abatic
reactor according to an 15 efbodi mént i nclude the f ol 'owing two |ayers

fromthe st.ream si de: _the catal yst |ayer t ai ni.n olid acid
substaﬁbe%%ff gn&ugeggtgngfdﬁn§e¥ (BF cgﬁiglnln veﬁ%ﬁ % 3gﬁﬁonent
containing at |east one metallic el enent selected fromthe group

consi sEERGTEF CEBSFErCIA) ckéne @OsdtEcraRd Y01 e RICEHFCRRd 1§ solid acid
substance (2), when the weight of the catalyst |ayer (A) is 100 parts by
meightinth@dweEQhﬂnmb the eatiabpstid apectebd) fprefréralbltyor digésikrom 10 to
2000 parts by weight, nore preferably 50 to 1000 parts by wei ght. Wen the

totzal afisbhgeht-ah 1§0NpeRER €RRERRING FAkhe@sta0R8t 1a48r (BBtaklicC
el ement selected fromthe group consisting of copper, nickel, cobalt, and

hent Upand 08,381 HBE: U S AnER Rk 0B BloHEL BN A eatal v

and 55%to 95@6b 5 weight of the solid acid substance (2) . and nnre

pref eréﬁﬁ?ré&ﬁea Rs L26PF6 S56% BY "RETGRT S NEhESHEPAI SB Hﬁ‘éﬁ‘%ﬁF and 60% t o
90% by wei ght of the solid acid substance (2). [0107] In the nethod for
producithg eemefiecacesr dhaght bydregen is introduced into the

adiabatic reactor for the step (I') is also generally located
10 upstream of the catalyst layer (B) or the catalyst iayer (D).
[01001-

- Benzene and acetone are introduced into the adiabatic
reactor from the upstream side to the downstream side.
Hydrogen may be introduced into the adiakatic reactor from

15 the upstream side to the downstream side or from the
downstream eide to the upstream side.
[0101]

In a method for pfoducing cumene according to the

present invention, therefore, a mixture containing acetone

20 and benzene comes into contact with hydrogen in a gas-liquid
countercurrent flow or a gas-liquid cocurrent.flow. The flow
direction of liquid and gas may be liquid downward-gas upward,
liguid upward-gas downward, liquid and gas upward, or ligquid

and gas downward.



10 present invention (the second enbodinent), in the case that the
catalysts in an adiabatic reactor for the step (1') according to an
enbodi ment include the following two |ayers fromthe upstream side: a
catal yst layer (B) containing a netalidéenponent containing at |east one
metallic element 15 selected fromthe group consisting of copper, nickel,
cobalt, and rheniumand a catalyst |layer (C containing a solid acid
substange d2) . when the weight of the catalyst layer (B) is 100 parts by
wei ght, the weight of the catalyst layer (C) preferably ranges from 10 to
1000 parts nore 20 pref rabI y, we and

t he wei ght %¥' g%FaﬁﬁgtlFagene f yhcgﬁtég-ggg?yc 588@685 F8r ﬁe step
(I'V') preferably ranges from 20 to 2000 parts b wei ght, nore preferably
100 t o APEPFaT STIRFWRT ghtt Todose Supsgled oth CIVASEhe X HOYETREE
produci ng cunene according to the present invention (the second

enbodi ferinogam gare neas da Fatprlhesd dtral opsti titeran vaditdledt iie,r eactor for the
step (I'") according to an enbodi nent includes the followi ng one layer: 5 a
cat al ystyd:aein (JJs Gonta éﬂﬂjlﬁgecﬁ detidle GUPOREMy GINRNIRG Rt dneast one
netallic el ement selected fromthe group consisting of copper, nickel,

catal ySPEARTR g S0l LR %sf‘tae%% ée?edﬁ%% s YLl of Lhe

(A |nfé8 an adlgbatlc [ eagt or for the step preferably ranges from
10 to By aeF@ﬂPldnBPeSﬁréPeFaﬁpy zbyeaogee paFt T BFOWEEGht .

When t he total of the nmetal conponent containing at |east one netallic

el enentinsél ectlewntr omvt e guews icohsi §0i agretycopperpracekel, cobalt, and
rhenium and 15 the solid acid substance (2) is 100% by melght the - '
cat al ysiydrayen s prelerablly feont ailrs to%h oF 45% brawebehtcgkthbe net al
conmponent and 55%to 95% by weight of the solid acid substance (2) and

ToLg DB R el AT SR et ol pmpenet and
hydrogen supplied is generally the same as the reactor‘ '
pressure and may be appropriately altered in accordance with
the method of supplyiﬁg hyvdrcgen. |
[0103]

15 The pressure in a method for producing cumene according
to the present invention preferably ranges from ¢.1 to 100
atm, more preferably 0.5 to 50 atm. More specifically, in a
method for producing cumene according to the present
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 pressure range in
the second embodiment.

[0104]

In the implementation of the present invention, the



The present invention is inplenented by a continuous flow nmethod. The
present invention can be inplenented in any of a |iquid phase, a gas

phase, and a gas-liquid m xed phase. - 51 - A nethod for charging
catal ysts may be a fixed bed or a pl dt’/e—fi xed bed, either of which nay be
used. [0110] When the catalytic activity decreases after a certain

5 elapsed tine, the catalyst can be reactivated by a known regeneration

met hod.ardkkllof catallybtordRiy HQ eRsULR the preductign @y a pgrtai n anount
of cunene, a nerry-go-round system may be enployéd in which two 10 or

three rgactors are . arranged.in juxtaposi.tion, a g%durin t he regeneration
of one e?%agatﬂ&, the t?leeacrte%ocn Y Eiqé})r%fhorarrzIJ Xiercfpﬁﬁaép l}? raggjgr ?utsmn%$8actors.
In the case of three reactors, the other two reactors nay be connected in

seri es AW EJURE 1Mt @4t ifdds Bhe ER¢ FRdeitiade Preadericon 2CtCRea
fluidized- 15 bed flow reaction system or a novi ng-bed reaction system
part ohvdyegem,i rdtnrudfatiimg datmliyst snghy ibreuwdentinguorsl)y sapplied
intermttently renoved fromthe reactor while replenishing the reactor

wWith thercaciespardideg agounl ok icatalysicstha yMRisNt ahRit he agikyity at a
certain level. 20[0112] The net hod for producing cunene according to

B e R A AT
the adﬁ%%a959 r%ﬁgtgéigggag%iggtéiggég ?thhe total amount of
catalysts used in a method for producing cumene according.to
the present invention, that is, the total amount of the solid
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 (weighti of all the‘raw materials
(bénzene, acetone, hydrogen, circulating iiquid, and
15 circulating gas) supplied per hour divided by the weight of
the solid acid catalysts, that is, WHSV (solid acid
;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 to the
present invention {the first embodimenf), in the case that
the catalyst layers 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



- 52 - reaction gas containing cunene are renoved froman outlet of the
adi abatic reactor |ocated downstream of the catalyst layer (C) or the
catal yst layer (D). The reaction gas is cooled to separate liquid in the
reaction gas, formng a 5 separated g&s-and a separated liquid. The

oil -water separation of the reaction liquid yields an oil conponent from
which at | east a portion of water has been renpbved. At |east a portion of

the sepanaiteshgas @nd Alcdieasista RAFdd ofb)0fed & ldnL YpRAGAL are supplied
to the adiabatic reactor as 10 circulating gas and circulating |iquid.

[0113] In the nmethod for .producing c e according tq the present
i nvent i On Tt e icrogltael lglcﬂ r?gtnt SAFhETS rmceﬂirg;lt iMg eéaeé“eé]nr%d Stel(jrgcécieldcul ating
liquid, together with the raw materials, 15 benzene, acetone, and

hydr ogéfoTartd Ss gFpiife F AG itdte néd i b 9P 9eadtisike .0 PR Utn &€l present
invention, the reaction liquid and reaction gas containing cunene

col | ectmerfivom el cutdadtalofst20 aylee ddi)abatitairdact er doddat ed idownst r eam
of the catalyst layer (C) or the catalyst layer (D) is separated into a

reast i eusitquicd g ,a wheactien w@agnM UF areasdd-Oyisd seRaratay liacated

-downstream of the outlet of the adiabatic reactor. The gas-liquid

separ atQf b%r%%tbgaakhg%kérkﬁe weight of the catalyst layer (B)
preferably ranges from 10 to 1000 parts by weight, more
preferably 50 to 500 parts by weight, and the weight of the
catalyst layer (C) preferably ranges ffom 20 to 2000 pérts by

10 weight, more preferably 100 to 1000 parts by weight.

[0106]

In the me{hod for producing cumene according to the
present invention (the first embodiment), 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 layer (D) containing a metal
component containing at least cne metallic element selected
from fhe 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



- 53 - limted and may be a vertical drum The cooling of the reaction gas
for the separation into a separated gas and a separated liquid is
generally perforned with a gas-liquid separator. The gas-liquid separator
is not particularly 5 limted and may¢Sbhe a vertical drum The oil-water
separation of the reaction liquid yields an oil conponent from which at

| east a portion of water has been renoved. A separator for the oil-water
separ atrcQmh 115 N1 it G akdded |18 dre ot 10 by FRYp b&o8s hor § zond 8l cessum havi ng
a | ower boot or a horizontal drum 10 having an internal partition. In

addi ti t he, r ti iquid, arated |iqui .al s supplied
to thquf%%ﬁétg¥ﬂ§§%3r§€%% éﬁéﬁiﬁ' %§%$0|Gaﬁ%ﬁéfi§%ﬁ§$§¥ﬁ%ﬁéﬂf%i?%i In the
present, invention, before the separation of the 15 reaction gas into a
separ at'sd ‘gu¥ &d 8188 ar &hed 3G a5t oY e TGinakidat &P asat i on
of the reaction liquid, the reaction gas and the reaction liquid are

pref er &3 yxddlfedvbydhiaat exchdmgaatialh corpeatenex enahgérs. tPhé Sheaty
exchanger for use in heat exchange is not particularly limted and nay be
20 of amyi dhpeft hale can iReHGamsheai exeharge afdmexam-Eerabifi r al heat
exchanger, a plate heat exchanger, a doubl e-pi pe heat exchanger, a shel

and tUt&%nhc%%qse?i%hoa%e@O%artlzg?;'tmléi;?[chﬁb%ﬂ“%e FiCle %”%%Er[po%e%@ ra%'dh%'é'%e heat

exchanger, a spiral plate e anger, a tank coil heat exchanger, a

éigﬁa% gﬁiﬁﬁb%wg%eig %aknfﬁﬁﬂﬁg Eﬂ.%%fﬁ‘@dﬁ% %n%%pa%%{ i quid-liquid heat
[G107]

In the method for producing cumene accordihg 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 layers
from the upstream side: a catalyst layer (B).containing a
metal component containing at least one metallic slement

15 selected from the group consisting of copper, nickel, cobalt,
and rhenium and a catalyst layer (C) containing a solid acid
substance (2), when the weight of the cataiyst layer (B) is
100 parts by weight, the weight of the catalyst layer (C)
preferably ranges from 10 to 1000 parts by weight, more

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]



Since the reaction is an exotherm c reaction, effective 5 utilization of
generated heat is effective froman energy-saving and econom c point of
view. Heat of reaction is generally recovered as steam by passing the
reaction gas and the reaction |iqui-dsthrough a heat exchanger. [0117] 10In
the nethod for producing cunene according to the present invention (the
first enbodi nent), at least a portion of the oil conponent is supplied to

the adiabatirg £8aCHEENBS ¢LLCUL-BLLRINLI BUdneCaREELEHE YO %t £1100% by
wei ght, preferably 30%to 100% by wei ght, of the oil cgnponent is 15

supplied _to the adi abatic reactor circulating liquid. [O011 he net hod
For " br SHIEIRY i Ak dEiing “C5 The T EbaRe T v e LG (PRE Lheond

enbodi ment) preferably includes the steps (V') to (M1') as well as the
steps (e EFalmyt) In prpadifgardihsgacso psdudingg sé@erld 'according to
the present invention (the second enbodi nent) including the steps (V) to
(VI'l") agcaopaiimigoncofant keboidireonpdneitidoer e ifo e istge pneVilayeirs
supplied to the adiabatic reactor for the step (I') as circulating |iquid.
In $his easelvaenakiglly (3% on28%nbhg a BRtalWRighondpretenahlyidg% to 99%

- by weight, of the oil conponent fornmed in the step (VI') is supplied to
the ad%%bﬁ%ggtr%%%t%Etggﬁi%h%l%E%%t(géhe%%e%i%%%%a%%%ggEB%%id'
consisting of copper, nickel, cobalt, and rhenium and a solid
acid substance (2), when the weight of the catalyst layer (D)
is 100 parts by weight, the weight of a catalyst layer (A} in
10 én adiabatic reactor for the stép (IV') preferably ranges
from 10 to iOOO parts by weight, more preferably 20 to 500
parts bf weight. When the tetal of the metal component
containing at least one ﬁetallic element selected from the
group consisting of copper, nickel, cobalt, 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 éomponent and 55% to 95% 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 selid acid substance (2). |
[0109]
The present invention is implemented by a continuous

flow method. The present invention can be implemented in any

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



[0119] 5The circulating liquid (oil conponent) contains various
conponents, for exanple, benzene, acetone, isopropanol, diisopropyl ether,
propyl ene, and cunene. [0120] In the method for producing cunene according
to the 10 present invention (the fi+$tL enbodi nent), at |east a portion of
the separated gas is supplied to the adiabatic reactor as circul ating gas.
Cenerally 9% to 100% by weight, preferably 30%to 100% by wei ght, of' the
separ atethdasd SsSURRdLfA 49 dhe pdiabatd e deactor.as d i at ihggas.
15[ 0121] The nethod for produci ng cunene "according to the present
i nvention e secand enbodi ment referably. includes the steps (V') to
(V) j‘glsxei(/\/eﬁetgs etlhn%es eopjg ‘,(’?}313}} trga% Iki? )uSEIX:%T the nmethod for producing
cunene according to the present 20 invention (the second enbodi nent)
i ncl udi HyttHe steps (V) to (VI1'), a portion of the separated gas formed
in the step (V) is supplied to the adiabatic reactor for the step (1)
When the catalytic activity decreases adfter a certain

5 elapsed time, the catalyst can be reactivated by é known
regeneration method. |
[0111]
In order to ensure the production of a certain 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 regeneration 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 serieé-to reduce
fluctuations in the amount of production. With a fluidized-
15 bed flow reaction systém.or a moving~bed reaction system,
part or the entirety of the catalysts may be continucusly or
intermittentiy removed from the reactor while replenishing
the reactor with the corresponding amount of catalysts to
maintain the activity at a certain level.
20 [0112]
The method for producing cumene accerding to the presént
inventicn (the first embodiment) produces cumene by the
reaction of the raw materials including benzene, acetone, and

hydrogen in the adiabatic reactor. Reaction liquid and



as circulating gas. In this case, generally 9%to 100% by wei ght,
preferably 30%to 100% by wei ght, of the separated - 56 - gas fornmed in
the step (V') is supplied to the adiabatic reactor for the step (1') as
circulating gas. [0122] In the nmethod2fer producing cunene according to
the 5 present invention (the first enbodiment), a portion of the oi
conponent not returned to the adiabatic reactor is generally purified to

produce.LiuEns, U ic];?inct%tiin(l@lgj %lﬂ@r{]eora@%d A known, methad, jsuch as

distillation. Wien the portion of the oil conmponent not returned to the
adi abat i c 10,.react.or is purified by djstillation, the purification may be
per f or ed WCHR G i SEA-C4t HPSTESES WNSELRAn ofpItEe GetAlYESt rated in
the flow chart of Fig. 2. In this case, |ight conponents having | ower

boi | i ng-3¥&int &)t 19dn t%@né’ﬁé,alé@@h lgyegernZene, Theerrenbied gasthe first
distillation colum, and 15 heavy conponents havi ng hi gher boiling points
t han cumeried suckepsrditiesdpgopy Henzére reart ilcamoved ifprinieagsacond
distillation colum. Thus, purified cunene can be produced. The I|ight

CONPONeYlS @Y @@sl Ankhg oSt adest illilqgltiicﬂn epbupD cRRt LN raw material s
and reaction internedi ates, such as 20 benzene, acetone, and propyl ene.

Thus, i t. c n are pref.erably.returned to the adiabatic
oot oF Kpairatlon OTDAARNTE LS BT SHELAR Xt BRehe EBSeBRERR Lo i on.

[0123] In the nmethod_for producing cunene according to the
from which at least a portion of water has been removed. At

least a portion of the separated gas and at ieast a portion
of the o0il component are supplied to the adiabatic reactor as
10  circulating gas and circulating 1iquid.
[01131
In the method for producing cumene according to the
present invention (the first embodiment), the circulating gas
and the circulating liquid, tcgether with the raw matérialé,
15 benzene, aéetone, and hydrogen, are supplied to ihe adiabatic
reactor.
f0114]
In the present invehtion, the reaction liquid and
reaction 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 of the adiabatic

reactor. The gas-liquid separator is not particularly



- 57 - present invention (the second enbodinent), the reaction |liquid and
reacti on gas containing cunene produced in the step (IV') is generally
purified to produce cunene. Purification is performed by a known nethod,
such as 5 distillation. When the perti3or of the oil conponent not returned
to the adiabatic reactor is purified by distillation, the purification my
be performed, for exanple, with two distillation colums. In this case,

light companentsdayd fod vere koiddingspei nt %%h%eoq%ﬁn%f gHeh as benzene,
are 10 renoved in the first distillation colum, and heavy conponents

havi ng higher bojli i.nts than cunene, such as diisppropylbenzene, are
rermvgdr?% e’ acso%%iqcs S 15T TSH S8t ur© ‘IE"‘nLfse,}-gaprd’ﬁefqot,gd'l c&r?éjﬁg can be
produced. The |ight conponents renoved in the first distillation colum.
cont ai PR TG dretieriid sloarmPeeae!tiYo P TfaTiRsH i vHi s 2 Sidch ldsitéhzene,
acetone, and propylene. Thus, the |ight conponents are preferably returned
t o t he sxdhaalzetdc r Faet gasf-aiguhd skepréko)y as aopoptiromcolathe raw
materials used in the present invention. 20[0124] The reaction liquid

andsr eagcitd iofdJas.«C ALY RY wene pRdecedrhe bhe-gheRr(L¥phrBRYoRe
directly purified by distillation or, before being supplied to the

di SUIAt LG GRS, TG GARiRL 2:9CLed IR RS il dsagpatat i on,
least a portion of water has been removed. A separator for
the oil-water separation is not particularly limited and may
be a horizontal drum having a lower boot er a horizontal drum

10  having an internal partition. In addition to tﬁe reaction
liquid, the separated liquid may alsoc be suppiied to theroil~
water separateor to perform oil-water separation.

[0115]
.In the present invention, before the separation of the

15 reaction gas inte a separeted gas end a separated liquid and
before the oil-water separation of the reaction liquid, the
reaction gas and the reaction liquid are pfeferably coocled by
heat exchange with a heat exchanger. The heat exchanger for
use in heat exchange is not particularly limited and 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 exchanger, a spiral plate

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



or subjected to oil-water separation. In the nmethod for producing cunene
according to the present invention (the second enbodi nent), the oi
conponent is forned in the steps (V') to (VI1'), and a portion of the oi
conmponent not 5 returned to the adiabat+c reactor for the step (I') is
preferably supplied to the distillation colums for purification. [0125]
Preferably, the nmethod for produci ng cunene according to 10 the present

i nvent in@n +( thenbhtet ephodi pRRLLLf ubhigk+i Aghudes 18,8t 8PHEY}E of collecting
reaction liquid and reaction gas containing cunene froman outlet of the -

adiaba%&%hr%actor | ocat ed downstream of the catal yst |ayer (A and
upstrean1o€ gﬁg'catalyst.layer (B) or the catalyst layer (D) (see, for 15
exanple, Fig. 3). In an adiabatic reactor used in the present invention,
the i ndPalati on of an outlet downstream of the catalyst |ayer (A) and
upstream of the catalyst layer (B) or the catalyst layer (D) is preferred
because it alhossthdereatttoti b af erachéonid i geadt o, reftddionvagas
havi ng a 20 hi gher cunene concentration than reaction liquid and reaction

gass coptainizadieHMBRegeakk-aetadnbremianceythet vef rihg adi aﬁa&i;?—r eact or
| ocat ed downstream of the catalyst |layer (C) or the catalyst Tayer (D)

[0126] .=, - r i.on  iqujd e eacti o as _contai ni ng
cunenesggﬁﬁchgg ?SOP%§§§t§§S%b)B§a§ﬂgg'd?%%% V%Ep%ﬁéaééﬁglﬁfgdistill ation
or, before bﬁgng supplied to distillation ¢olums, may be cool ed,

subj ecPEAEG 1G4S PPYUPHCEepdr AFFOR, PY Passing the' reaction gas and

the reaction liquid through a heat exchanger.
[0117] |

10 In_the'method for producing cumene according to the
present invention (the first embodiment)}, at least a portion
of the o0il component 1s supplied to the adiabatic reactor as
circulating liquid. Generally 5% to 100% by weight,
preferably 30% to 100% by weight, of the o0il component is

15 supplied'to the adiabatic reactor as circulating liquid.
[0118]

The method for producing cumeneraCCOrding 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 embédiment) including the steps (V') to
(VII'), a portion of the oil compcnent formed in the step
(VI') is supplied to the adiabatic reactor for the step (I')

as circulating liquid. 1In this case, generally 5% to 93%% by



5 or subjected to oil-water separation. [0127] In the step (V), acetone is
preferably supplied downstream of the outlet of the adiabatic reactor

| ocat ed downstream of the catal yst layer (A and upstream of the 10

catal yst layer (B) or the catal yst -l &ger (D) in terns of the purification
efficiency of cunmene. [0128] Figs. 2 and 3 are flow charts of a

nmet hod for produci ng cunene according to an enbodi nent of the present

i nvent iy kel t he-didrsdp 1gmoad] nentdos Bv.wed gt ,a Jd eWeLhant dduddskhati ng a
met hod foﬁﬁgfo uci ng cunene including}?ﬁ% é%eps (1) to (1V) i% whi ch

reacti I qui. d reacti gas col | ect.ed, f.rom an outl et .of an adi abatic
r eact o%%dceg#el%‘ 3:21\/\9[135& regjan&gf 95t he csé%pﬁclylsetd Ité)yerprh e( é) l&b A& Egtagl%)%t | ayer
(D) are_subjected to 20 gas-liquid separation, cooling, and oil-water
separ atitn ¢ it @n oias Gripoiaiting H6iti%n of which is supplied to
distillation colums to produce purified cunene. Fig. 3 illustrates a
met hod [f09rl 9dr oduci ng cunene including the steps (1) to (V) in which
reaction |liquid and reaction gas

5 ~ The circulating liquid (oil component) contains wvarious

components, for example, benzene, acetone, isopropanol,
diisopropyl ether, propylene, and cumene.
[0120]
In the method for producing cumene according to the

10 present invention.(the first embodiment), at léasf 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  [0l21]

The method for producing cumene according to the present
invention {(the second embodiment) prefefably includes the
steps (V') to (VII') as well és the steps (I') fo (IV'). In
the method for producing cumene according to the presentr

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 (I')
as circulating gas. In this case, generally 9% to 100% by

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



- 60 - collected froman outlet of an adiabatic reactor |ocated downstream
of the catalyst layer (A and upstream of the catalyst |ayer (B) or the
catalyst layer (D) is purified to produce cunene. Reaction liquid and
reaction gas collected 5 froman outlsef -of the adi abatic reactor |ocated
downstream of the catalyst layer (C) or the catalyst layer (D) are
supplied to the adi abatic reactor as circulating gas and circul ating

liquid o&g&i I§t%§4 \g.lll Q1291 4|saflow
chart of a met or proc#cgng curr%ne'ggg%ﬁolreﬁ nthIto andél o} msnt of the

resent_inventi n t he secon nmbodi nent Fig. 4 illustrates a nmethod for
Broducﬁ%ega Citfe Eijcﬁtneg}’t&‘:})stae?)scj(lf‘I lalto”{q ¥3%-and the steps (V') to
(VI1") in which reactl on liquid and reaction 15 gas collected from an

outl et Wt1%H adi abatic reactor |ocated downstream of the catal yst |ayer
(C or the catalyst layer (D) are subjected to gas-liquid separation,
cool i ng, andnoithewatehosefarapiroriuicd riyj eluthedr aclkoedipanent thehi ch i's
supplied to a catalyst |ayer (A of a downstream adi abatic reactor. A 20

por i o, fsdrhie 1QideRAMONE N formd Jnam the,deact éo?%’élo%u'ock anfd reaction

gas collected fromthe outlet of the adi abatlc rea t hrough gas-1iquid

separatl coolin 0| -vvataﬁtosecqjaratd%{]kﬁlls surpplled t.o distillation

col umms It o) pr(g)(?uce pﬁlrol Tt SactordSy yst | ayers

(X) in Figs. 2to denote two catal yst |layers of the catal yst |ayer (B)
and t hdSTREast Qudidyl QIO)t o IRt ® TS TEat aPyst Tl 69BiopDys

performed by'a kncown method, such as distillation. When the
portion of the o0il component not returned to the adiabatic

107 reactor is purified by distillation, the purification may-be
performed with two distillation columns, for example, as
illustrated in the flow chart of Fig. 2. Inrthis case, -light
components having lower boiiing points than cumene, such aé
benzene, are removed in the first distillation column, and

15 heavy components having higher beoiling points than cumene,
such as diisopropylbenzene, are removed in the second
distillation column. Thus, purified cumene can be produced.
The light components removed in the first distillation column
contain raw materials and reaction intermediates, such as

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 methed for producing cumene according to the



5[ 0131] A nmet hod for produci ng phenol according to the present
invention is characterized in that it includes the followi ng steps (a) to
(e), and the step (c) is perforned in accordance with the nethod for
produci ng cunene: 10[ 0132] t hesgtep (a) of converting cunmene into
cunene hydroperoxi de by oxi dati on; the step (b) of converting cunene
hydr oper oxi de i nto phenol and acetone by acidolysis; 15the step (c) of

synt hesi & ihCUTRAG (Y%t N& HLAId A LrnRRNZRNG) ,act%te%%,ac%?gmhydr ogen
usi ng the acetone produced in the step (b); the step (d) of purifying

t he cunene .pyoduced in.the step ;..and 20t he step (e) of supplying the
currenen%@rui 45&1 r{etaﬁé:léztnepga(sd)cc{’gatlﬁlémsq g ER° prI%Cﬁj':)eldn 1§cgglrefdance with
a nmethod for produci ng phenol accqrqlgg to the present invention, acetone
producédr<as @by prdd@gereassdei aved Miach theydddee Gusenef. phenol in the

step - 62 - (b) can be used in the step (c) to produce cunene. [0133]
Purification is performed by a known method, such as

5 distillation. When the portion of the o0il component not
returned to the adiabatic reactor is purified by distillation,
the purification may be perférmed, for example, with two
distillation columns. In this case, light components having
lower boiling points than cumene, such. as benzene, are
10 removed in the first distillation column, and heavy
components having higher boiling points'than cuméne, such as
diisopropylbenzene, are removedrin the second distillation
column. Thus, purified cumene can be produced. The light
componeﬁts removed in the first distillatioﬁ column contain
15 raw materials and reaction intermediates, such as ben;ene,
acetone, and propylene. Thus, the light components are
preferably returned to the adiabatic reactor for the step
(I') as a portion of the raw materials used in the present
invention.
20 f0124]
The reaction liquid and reaction gas containing cumene
produced in the step ({(IV') may be directly purified by
distillation or, before being supplied to the distillation

columns, may be cooled, subjected to gas-liquid separation,



I n ‘accordance with a nmethod for produci ng phenol according to the present

i nvention, phenol is produced fromb5 cunene in the steps (a) and (b),
cunmene is produced in the step (c) using acetone produced as a by-product,
and in the step (e) cunene produced 8 the step (c) is supplied to the
step (a). Theoretically, it is not necessary to supply acetone from
outside the reaction system Thus, this nmethod 10 is cost-effective. In an

actual ol affys e'ctte'ds & Ifil1Culde .0 Jeeavar 0% af thhe acabgngoand acet one
in an anount at | east correspondlng to the acetone Iost I's supplied to the

reactian st.em 15A f roduci phen acc rdlng to the
present’ 5 ﬁ%lgﬁﬂg r%%y b?c\?aﬁ 3: ng:&%)lperc?%ﬁqntgc}&ve& n‘g: “EXAMPLES

[ 0133] Al t hough the present invention will be further described 20
i N t he SEEOMEWERG e ERpIes, e PrliesemPansidntlisord Greasotin ibkict 64 PE t hese

exanpl es. [0136] COVPARATI VE EXAMPLE 1 A downfl ow pressurized |iquid phase
flow rdact)i cie W& I') ,683nd a portion of the oil component not

5 returned to the adiabatic-reactor for the step (i‘) is
- preferably supplied to the distillation columns for
purification.
[0125]
Preferably, the method for producing cumene according to
10 the present invenﬁion (the first embodiment) further includes
a step (V) of collecting reaction liquid and reaction gas
contéining 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 (D} (see, for |
15 example, Fig. 3). In an 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 catalyst layer (D) is preferred becazuse it allows
the collection of réaction liguid and reaction gas having a
20 higher cumene concentration than reaction ligquid and reaction
gas containing cumene collected from an outlet of the
adiabatic reactor located downstream of the cafalyst layer
(C) or the catalyst laver (D).

[0126]



performed with a fixed-bed reaction apparatus equi pped with a

hi gh- pressure feed punp, a high-pressure hydrogen mass flow, an electric
furnace, a reactor having a catalyst-filled portion, and a back-pressure
val ve. 5[ 0137] A 5135316 reaet6p having an inner dianeter of 1 cm
was charged with 2.0 g of a copper-zinc catal yst (manufactured by

Sud- Chemi e AG product nane ShiftMax 210, elenment mass % Cu 32%to 35%

Zn 35%to 4086 EQQC€£099$£8uZ%©?H8WQ%5C%QQH:§§§ié%ﬁ@akﬂ£g?2§9méﬁe5oo 11)

as an upstream catal yst | ayer a catal yst yer forne net a
conponents). After in | u d with quartz ol, the reactor was charged
o h T g SRt SR e L Bt 66 by TG eSS IAR Bing. at 20 NPa of
a catalyst prepared in accordance with VERI FI ED SYNTHESES 15 OF ZEQLITIC
MATERI AESSddarid CRePirs eBCEGICE &% 1PA0BUPPA25dane eligsdilflagaeiron into 250 to
500 it) as a downstream catal yst |ayer (a catalyst layer formed of a solid

aci d subdtance) malyOba8cAfltel, tshéjreactHorowasspléssird zegatr-at3ohPa W th
hydrogen, 20 a liquid m xture of benzene/ acetone/ cunene (4.8/1/3.8 nole)

ands hydrogem18as okn tdncatoudt-«of Skpir-atiiwes the nunber- of noles of acetone
were fed at a raw material feed rate of 25.0 g/h at 190C from a reactor

inlet. bq%gi] - 64 - A product was sanpled at a reactor outlet, and
the ané f product was determ ned by GC analysis. Table 1 shows the

experinmental results. , .
: In the step (V), acetone is preferably supplied

downstream of the outlet of the adiabatic reactor located
downstream of the catalyst layér {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

Cumené according to an embodiment of the present invention

15 (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 adiabatic reactor located downstream of the
catalyst layer (C}) or the catalyst layer (D) are subjected to

20 gas-liquid separation, cooling, and oil-water separation to
yvield an cil 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



[0140] 5Table 1 shows the experinmental results at different raw materi al
feed rates. [0141] The WHSV (zeolite) had to be reduced to 0.9 to
reduce the percentage of residual propylene to 0.1%or |ess. 10 Because of
equi li brium between acetone and i sepra@panol, the acetone conversion was no
nore than approximately 98% [0142] The WHSV was det erm ned by
dividing the raw material feed wei ght per hour by the weight (3 g) of the

zeol i t &AM AGed her GORREIn A NG Gt aéﬂ%dimﬁdﬂ%éﬂﬂwl%af@&ul a). The
WHSV (zeolite) was determ ned by dividing the raw material feed weight per

hour by, the .zeol it eeth f ol | f ormul.a),. The raw
materi a “fnSt et gﬁ \Aﬁeg at(atld'@ﬁ we\fegtf'ut o)f aélcf L?gcdrerﬁnktdfth

benzene/ acetone/currene 20(4 8/1/ 3.8 nole) and hydrogen fed to the reactor.
[0143] catalySpHIPYETRAF Inétleriig Fadet i ghtysier (Mot Easpgeritive

catal yst weight + Zeolite weight)
produce cumene. Reaction liguid and reaction gas collected

5  from an outlet of the adiabatic reactor located downstream of
the catalyst layer (C) or the catalyst layer (D) are supplied
to the adiabatic reactor as circulating gas and circulating
liquid through the steps (IZ), (III), and (IV).

[0129]

10 Fig. 4 is a flow chart of a method for producing cumene
according to.an embodiment of the present invention (the
second embodiment). Fig. 4 illustrates a method for
producing cumene including the steps {(I') to (IV") and the
steps (V') to (VII') in which reaction liquid and reaction

15 gas collected from an outlet of an adiabatic reactor locaﬁed
downstréam of the catal?st layer (C) or the catalyst layer
(D) are subjected to gas-liquid separation, cooling, and oil-
waterrseparation to yield an oil component, which is supplied
to a catalyst layer (A) of a downstream adiabatic_reactor{ A

20 portion of the oil component fdrmed from the reaction liguid
and reaction gas ceollected from the outlet of the adiabatic
reactor through gas-ligquid separation, cooling, and oil-water
separation is supplied to distillation columns to produce

purified cumene.



VWHSV (zeolite) = Raw material feed weight per - 65 - hour/Zeolite weight
- 67 - [0145] An experinment (Exanple 1) was perfornmed in which a
solid acid substance was brought into contact with a nodel conposition

(I PA/ I-PE/ propyl ene/ cunene/ p- DI PB(p- %1 -

di i sopropyl benzene)/ 1, 3,5-TIPB(1, 3,5-triisopropyl benzene) (nolar ratio
based on acetone) = 1.5/0.5/39.5/28.7/28.2/0.4) corresponding to a
conmpositgesywhich is a product at a WHSV (zeolite) - 18.1 in Conparative
Exampl e 1 from which water has been renobved. This experinent showed the

Fequi red t o ESABETe [CKE Al KgY at ok PBact: O (pfSHUEE S oF SEaNERE) as
compar el%yvgrtsh oc’:foqz-r?)naer actaltvaef\Ly%anlgy%rl'(g)ojfne the catalyst layer (C)
or denote the catalyst layer (D).
5 [0131]

A method for preducing phehol according to the present
invention is characterized in that it includes the following
asteps {a) to (&), and the step {(c) is performed in accordance
‘with the method for producing cumene:

10 [0132]

the step {(a) .of converting cumene intolcumene
hydroperoxide by oxidation;

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

15 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 thé
step (¢); and

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

In accordance with a method for producing phenol

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

product associated with the production of phencl in the step



EXAMPLE 1 15A downfl ow pressurized |iquid phase flow reaction was
performed with a fixed-bed reaction apparatus equi pped with a

hi gh- pressure feed punp, a high-pressure hydrogen mass flow, an electric
furnace, a reactor having a catal ysté®fi FH ed portion, and a back-pressure
val ve. 20[0147] A SUS316 reactor having an inner dianeter of 1 cmwas
charged with 1.0 g of MCM 22 zeolite (prepared by conpression nolding at

20 VPa (@) 2satl Ystaptonatad Jioeyl dangs dthids VERGRGED SYNTHESES CF
ZECLI TI C MATERI ALS Second Revi se - 68 - "Edition 2001, P225 and

cl assi fioci%%i on into 250 to 500 12) as a catal yst layer fornmed of a solid
acid ststa ce. [0148] The reactor was pressurized to 3 MPa with hydrogen
and 5 was set at 165C. Propél ene and a conposition not_ including propyl ene

(conposi ti o RFPAPFPENERNERE,p2DRPERed3L8rTPPRIPABNEr PRERPS based on
acetone) = 1.5/0.5/28.7/28.2/0.4) were supplied with two punps. The ratio
of propylceneing tle Lbenposistndgn iswepltied , wapsenonit el pbeddwcel ttwompunps to
nmeet 10 the nodel conposition (conposition: _
| PAY | PELpicoRy lieneheuseap/sp-B) PBhY 303 TiBehroliar pratiecbasadcaa acet one)
- 1.5/0.5/39.5/28.7/28.2/0.4). [0149] Propylene and the conposition were
fed ats%%%'q%§ L%%ggAacetone 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 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 theé acetone lost is supplied to the
reaction systemn.
[0134]
15 A method for producing phenol according to the present
invention may be variously modified without problems.
EXAMPLES
[0135]
Although the present invention will be further described
20  in the following examples, the present invention is not
limited to these examples.
[6136]

COMPARATIVE EXAMPLE 1

A downflow pressurized liquid phase flow reaction was



15 rates (WHSVs). Hydrogen was fed at three quarters of the amount of

hydr ogen gas fed at the sanme WHSV (zeolite) as in Conparative Exanple 1.

[ 0150] A reaction product was sanpled at a reactor outlet, and 20 the
anount of reaction product was detergBned by GC anal ysis. Table 2 shows
the results. Renoval of water produced dramatically inproved the catalytic
activity, and propyl ene di sappeared at a WHSV of 8.2. The WHSV (zeolite-3)

was 5. §, a5 Aete] 1isned frfq@etdh%etcotraéacaﬁrwt éa%{ arz8d R ORlY St cr 269 -

t aki ng "account of the anpunt of zeolite use n the |n|t|al reaction
(Conpar.ati.ve Exanpl e This sho hat ro ne _coul d_di sappear at a
WS TG Ea e SRGVE(TR1 e S0t T et S g e o e  aduced
to 0.1%in Conparative 5 Exanple 1. [0151] Thus, it was found that
once watere Incddice d Wids See miv @2 CAveh haama e cedmdaardirid 1&ds reduced t o

165C, the al kylation reaction could be conpleted with a small anmount of 10
zeol i t poaatiadny,stand @lB2ck-presBwer WS wsas det erm ned by dividing the raw
material feed weight per hour by the zeolite weight (1 g) (see the

folbowmg Formul a). The raw material feed weight is the 15 total weight of
t he HDJ conposi tion and hydrogen fed to the reactor. The WHSV

(zeolite- 3)AM@%s§?%e£QE”§$ édéps|éh rg T@E&S §k %egg ght per

hour by the raw materra e ze te wei ght

used in Exanple 1 (see the follomnng fornula) The mHSV |nclud|n a
charged with 2.0 ¢ of a copper-zinc catalyst (manufactured

" Sud-Chemie 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 u) as an upstream catalyst layer
(a catalyst layer formed of metal components). After béiﬂg
plugged with quartz-wool, the reactor was charged with 1.0_g
of MCM-22 zeolite (prepared by compressidn molding at 26 MPa-
of a catalyst prepared in accordance with VERIFIED SYNTHESES
15 OF ZEOLITIC MATERIALS Second Revised Edition 2001, P225 and
classification into 250 to 500 pu) 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,
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
mcles of acétone were fed at é raw material feed rate of 25.0
g/h at 190°C from a reactor inlet.

[0139]



20 hydrogenation catalyst) is the reduced value of the total anmount of
catal ysts taking account of the anount of copper-zinc catalyst and zeolite
used in the initial reaction (Conparative Exanple 1) and was determ ned by
dividing by the raw material feed ratg di vided by 6.0 and the zeolite
weight - 70 - used in Exanple 1. ,[0153] WHSV = Raw materi al feed wei ght
per hour/Zeolite weight WHSV (zeolite-3) = Raw material feed weight per 5

hour/ (Raw g tg@o@bcfte%gsr%ﬁ@&%dlat Zeollieotel g L W (gt uding
hydr ogenati on cat al yst) mat eri al wei ght pér our Raw mat eri al

+
feed rate/6.0 - %%%!ua%\%g fggtermineéiby GC analysis. Table 1

shows the experimental results.
[G140]
5 Table 1 shows the experimental results at different raw
material fged rates.
[0141]
The WHSV {zeclite) had to be reduced to 0.8 to reduce
the percentage c¢f 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 ﬁas determined by dividing the raw material
feed weight per hcur 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
féed_weight per ﬁour by the zeolite weight (1 g) (see the
follewing formula). The raw material feed weight is the
total weight cf a liquid mixture of benzene/acetone/cumene

20 (£.8/1/3.8 mole) and hydrogen fed to the reactor.

[0143]
WHSV = Raw material feed weight per hour/ (Copper-zinc
catalys£ welight + Zeolite weight)

WHSV (zeolite) = Raw material feed weight per



Mol ar concentration (%9 Ohers %9'0 WO %' 0 % .0 %' 0 8dll %YO
WO %' 0 9UCYO

- 65 -

hour/Zeolite weight
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[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) = 1.5/0.5/39.5/28.7/28.2/0.4)
corresponding to a composition which is a product at a WHSV
{zeclite) = 18.1 in Compara£ive Example 1 from which water
has been removed. This experiment shoﬁgd the extent to which

10 the removal of water reduced the amount of catalyst regquired
to-completg the alkylation reaction (production of cumene) as
compared with Comparative Example 1.

[0146]
EXAMPLE 1

15 A 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 flow,
an electric furnace, a reactor having a catalyst-filled
portion, and a back-pressure vaive.

20 [01473

A 505316 reactor having an inner diameter of 1 cm was
charged with 1.0 g of MCM-22 zeolite (prepared by compression
moiding at 20 MP% of a catalyst prepared in accordance with

VERIFIED SYNTHESES QF ZEOLITIC MATERIALS Second Revised
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Edition 2001, P225 and classification into 250 to 500 u) as a
catalyst layer formed of a solid acid substance.
(01487
The reactor was pressurized to 3 MPa with hydrogen and
5 was selb at 165°C. Propylene and a composition not including
propylene (composition: IPA/IPE/cumene/p-DIPB/1,3,5-TIPB
(molar ratio based oﬁ acetone) = 1.5/0.5/28;7/28.2/0.4) were
supplied with two pumps.' The ratio of propylene to the
composition supplied was controlled with two pumps to meet
10 the model composition (composition:
IPA/IPE/propylene/cumene/p-DIPB/1,3,5~-TIPB (molar ratio based
on acetone) = 1.5/0.5/39.5/28.7/28.2/0.4).
101497
Propylene and the'composition were fed at various feed
15 rates (WHSVs). Hydrogen was fed at three quarters of the
amount of hydrogen gas fed at the same WHSV (zeclite) as in
Comparative Example 1.
[0150C]
A reaction product was sampled at a reactor outlet, and
20 the amount of reaction prcduct 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 8.2Z. The WHSV (zeolite-3) was 5.6

as determined from the total amount of zeclite catalyst



Hydrogen (mM/mn) 3.9 d 86 921. pZ WHSV(111) (i ncluding hydrogenation
catalyst) St OC 9 E

10

15

20

_69_

taking account cf 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
0.2 at which propylene was reduced to 0.1% in Comparative
Exampie 1.
[0151]

Thus, it was found that oﬁce water produced was remcved,
even when the temperature was resduced to 165°C, the

alkylation reaction could be completed with a small amount of

zeolite catalyst.

[0152]

The WHSV was determined by dividing the raw material
feed Weight per.hour by the zeolite weight (1 g) (seé the
following formula). The raw material feed weight is the
total weight of the model composiﬁion and hydrogen fed to the
reactor. The WHSV (zeolite~3)-waé determined by dividing the
raw material feed weight per hour by the raw material feed
rate divided by 18.1 and the zeolite weight 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 amcunt of copper-
zinc catalyst and zeolite used in the initial reaction

(Comparative Example 1) and was determined by dividing by the

raw material feed rate divided by 6.0 and the zeolite weight



17 9'17 WHSV(h-1) (zeolite-3) SC 91' 99 1."8 96
— 70 —

used in Example 1.
[0153]
WHSV = Raw material feed welght per hour/Zeolite weight
WHSV (zeolite~3) = Raw material feed weight per
5 hour/(Raw material feed rate/18;1 + Zeolite weight)
WHSV (including hydreogenation catalyst) = Raw material
feed weight per hour/(Raw material feed rate/6.0 + Zeclite

welght) -



72 -

[ 0155] COWPARATI VE EXAMPLE 2 A downfl ow pressurized |iquid phase

flow reaction was perfornmed with a fixed-bed reacti on apparatus equi pped
with a 5 high-pressure feed punp,
el ectric furnace, a reactor having- &ZTatalyst-filled portion, and a

back- pressure val ve.

a high-p

[ 0156] A SUS316 reactor

ressure hydrogen nass flow, an

having an i nner dianmeter of 1

cmwas 10 charged with 2.0 g of a copper-zinc catal yst (manufactured by

Sud- Cheni e AG,
Zn 35%to 40%

an upstream catal

.After being 15
g of 0-zeolite
Ltd., prepared

250 to 500 11)
a solid acid

[0154]
Table 2
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ding at 20 MPa and classification into
atal yst |l ayer (a catalyst |ayer fornmed of



20 substance). [0157] After the reactor was pressurized to 3 MPa with
hydrogen, a liquid m xture of benzene/acetone/cunene (4.8/1/3.8 nole) and
hydrogen gas in an anount of four times the nunber of - 73 - noles of
acetone were fed at a raw nmaterial -fged-rate of 25.0 g/h at 19000 from a
reactor inlet. [0158] A product was sanpled at a reactor outlet, and the 5
amount of product was determ ned by GC anal ysis. Table 3 shows the

experi tgg] results. [0159] Tabl e 3 shows the experinmental results
at different’ raw material feed rates. 10[0160] The WHSV (zeolite) had
to be reduced to 1.0 to reduce the percentage of residual propylene to

0.1@6oﬁxpﬁgggﬂﬁgghéggmgﬁié&hiIibriun1betmeen acetone and i sopropanol, the

acet one conversion was no nore than approxi mately 98% :
A downflow pressurized liguid phase flow reaction was

performed with a fixed—bedrreaction apparatus equipped with a
5 high-pressure feed pump, a high-pressure hydrogen mass flow,
an electric furnace, a reactor having a catalyst-filied
portion, and a back-pressure valve. |
[0156]
A SUS316 reactor having an inner diameter of 1 cm was
10 charged with 2.0 g of a coppér—zinc éataiyst (manufactured by
SudHChemie AG, product name ShiftMax 210, element mass $%: Cu
32% td 35%, Zn 35% to 40%, and Al 6% to 7%) powder
(classified into 250 toc 500 p) as an upstream catalyst iayer
(a catalilyst laver formed of metal components). After being
15  plugged with quartz wool, the reactor was charged with 1.0 g
of P-zeolite (manufactured by Catalysts & Chemicals
Industries Co., Ltd., prepared by compression melding at 20
MPa and classification into 250 to 500 p) as a downstream
caﬁalyst layer (a catalyst layer formed of a sclid acid
20 substance).
[0157]
After the reactor was pressurized to 3 MPa with hydrogen,
a liguid mixture of benzene/acetone/cumene (4.8/1/3.8 mole)

and hydrogen gas in an amount of four times the number of



15[ 0161] The WHSV was determ ned by dividing the raw material feed
wei ght per hour by the weight (3 g) of the zeolite and the copper-zinc
catal yst (see the following formula). The WHSV (zeolite) was determ ned by
dividing the raw material 20 feed weiight per hour by the zeolite weight (1
g) (see the following fornula). The raw material feed weight is the total
weight of a liquid m xture of benzene/acetone/cunene (4.8/1/3.8 nole) and

hydroQ%ﬂi&ﬁgiéﬂ)éég%OQ%a%%Q% fkgﬂéﬁi ré%A terlalmﬁggd‘rg%g g%t@@l@l feed

wei ght per hour/ ( Copper-zi nc cat st melg t + Zeolite weight) VHSV
Eéigzi%/% aQRTgOm%t%&B%!af%%gm%?ug L 1R8r hou /Zeolite weight - 76 -
[0158]

A product was sampled at a reactor outlet, and the
5 amount of product was determined by GC analysis. Table 3
shows the experimentzl results.
[0159]

Table 3 shows the experiﬁental results at different raw

material feed rates.
10 [0160]

The WHSV (zeolite) had to be reduced to 1.0 to reduce
the percentage of residual propylene to 0.1% or less.
Because of équilibfium between acetone and isopropanol, the
acetone conversion was no more than approximately 98%.

15 [0161] |

The WHSV was determined by dividing the zéw material
feed weight per hour by the weight (3 g) of the zeclite 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 zeolite weight (1 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 mole) and hydrogen fed to the reactor.

[0162]



An experiment (Exanmple 2) was perforned in which a solid acid substance
was brought into contact with a nodel conposition

(I PA/ | PE/ propyl ene/ cunene/ p-DI PB/ 1, 3,5-TIPB 5(nol ar rati o based on
acetone) = 1.5/1.2/38.5/20.0/37.5/06.24)5 eorresponding to a conposition
which is a product at a WHSV (zeolite) - 20.2 in Conparative Exanple 2
fromwhi ch water has been renoved. This experinent showed the extent to

whi ch the regeyal Qf,vaLer £ gdueedqt t}g gipun r0£oa§9%b§5§% cheguired 10 to

conpl ete the alkylatlon reaction (produ cunene s conpared with
Cbnparat|v§T h%a [%16 g EXANPL A downfl ow pressurized liquid
phase oW & ctF&ﬁ §Og Wﬁﬁﬁ' th a fi xed- bed reaction appar at us
equi pped with a high-pressure feed punp, hi gh-pressure hydrogen nass
flow, an el BEBEVi ézfathbee, aR?@a@ﬂﬁﬁrha&lﬁ@eé eatabyspetilled portion, and
a back-pressure valve. [0166] 20A SUS316 reactor having an inner dianeter
of 1 cmowas Zehdriged waiitythtl. 0 g of P-zeolite (manufactured by Catal ysts &
Chem cal s I ndustries Co., Ltd., prepared by conpression nolding at 20 MPa

and classification into 250 to 500as a catal yst |layer fornmed of a solid
aci d substance.



77 -

[0167]

was set at 155C. Propyl ene and a conposition not

(conposition
acet one)

The reactor was pressurized to 3 MPa with hydrogen and

i ncl udi ng propyl ene

| PA/'1 PE/ cunene/ p-DI PB/ 1,35 5=TI PB 5(nol ar rati o based on

1.5/1.2/20.0/37.5/0.4) were supplied with two punps.

The ratio

of propyl ene t

0o the conpositio

upplied was controlled with two punps to

meet the nodel co?%osig%on conppsi tion:
IPA/IPE/properneLJuﬁEQeE%--I ‘1,3,5-TIPB (nolar ratio based 10on
acetone) - 1.5/ 1. Z038.5/]20.. O/ 3[7.5/0.4). [0168] Propyl ene and the
conposition werel f,ed at jvarijous feed rates (WHSVs). Hydrogen was fed at
three quarters oﬁgghéﬁ%%ﬁ%@@ hydrogen gas fed at the same WHSV
(zeolite) as i|n [L5 Conpar tlvecﬁxanple 2. [0169] A reaction product
was sanpl ed at r‘fact%ﬁgutletcj and the amount of reaction product was
determ ned by |&X @gaﬁ§§5§fﬁiabkg 4 shows the results. Renoval of water
produced 20 dr o g @ mMproyed the catal ytic activity, and propyl ene
di sappeared at VSV of| 785 The WHSV (zeolite-3) was 6.0 as determ ned
fromthe total§§HQ§nLT &e9ld | catal yst taking account of the anount of
zeolite used i|Bthe |iclid|rak—|i@ast i on (Conparative Exanple 2). This shows
that propylengsa| 3 [T Y™
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- 78 - coul d disappear at a WHSV hi gher than the WHSV of 1.0 at which
propyl ene was reduced to 0.0% i n Conparative Exanple 2. [0170] Thus,
it was found that once water produced was renoved, even when the
tenperature was reduced to 155C, the7gl kyl ati on reaction could be
completed with a small anmount of zeolite catalyst. [0171] The WHSV was
determ ned by dividing the raw material 10 feed wei ght per hour by the
zeolitegeight (1 g) (see the following formula). The raw naterial feed
wei ght is the total weight of the nodel conposition and hydrogen fed to
the reactor. The WHSV zeollte s determ_ned by dividing the_ raw
material feBf GEPGALDH F ﬁgﬁﬁmﬁietmg Faw REFQPFQFdféBdWTSCPaFeSB}%?ded by
20.2 and the zeolite weight used in Exanple 2 (see the follow ng formnula).
The VWHSYiA melogdiangea viaysd Cogagdtti dmteatcsingstot iwd thhe medieded val ue of the
total anmount of catal ysts taking account of the anount of copper-zinc

cat al ysformiac izaoin t(&Pagedr /b ridps lietid/cimareaet-pare2Q , GComparat | ve Exanpl e
2) and was determ ned by dividing by the raw material feed rate divided by

6. 75 andriche -2 60kite s rsed dop fXarBl e 3. Qb1 2015Y 57 Bay. gt er

feed wei ght per hour/Zeolite wei ght

corresponding to a Qompos1tlon which is a product at a WHSV
{zeolite) = 20.2 in Comparative Exampie 2 from which water
has been removed. This experiment showed the extent to which
the xémoval of water reduced the amount of catdiyst reguired

10 to complete the alkylation reaction (production of cumene) as
compared with Comparative Example 2.

[0165]
EXAMPLE 2
A downflow pressurized liquid phase flow reaction was

15 performed with a fixed-bed reaction apparatus equipped with a
higthressure feed pump, a highwbreSSure hydrogen mass flow,
an electric furnace, a reactor having a catalyst-filled
portion, and a back-pressure valve.

[0l66]

20 A SUS316 reactor having an inner diameter of 1 cm was
charged with 1.0 g of P~zeclite (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 formed of a soclid acid substance.



VWHSV (zeolite-3) - Raw material feed weight per hour! (Raw material feed
rate/ 20.2 + Zeolite weight) VWHSV (i ncl udi ng hydrogenation catal yst) =
Raw nmat eri al feed wei ght per hour/(Raw nmaterial feed rate/6.7 + Zeolite
wei ght) - 81 - CCAIMS[daiml]- 77 - A net hod for producing an

al kyl ated aromati c conmpound, 5 conpri sing: a step (i) of producing a
reaction product (al) containing the al kylated aromati ¢ conpound and wat er
by the ﬁﬁﬂ§fion of an aromatic conpound, a ketone, and hydrogen using a
nmet al component containing at | east one netallic 10 el enent sel ected from

t he group copsisting of copper, nicgkel, cobalt, and rheniumand a solid
aci d subst aneg; reactoy g?@pB(F??UEFZPSrﬁPng YPaeHybhab¥drpesauetd(a2) from

at least a portion of the reaction product (al) by removing at |east a
porti orvagf Sete avatled iCh t Recpgaenfoangr sdactpai}ionsnahdincluding

propylene (composition: IPA/IPE/cumene/p—DIPB/l;3,5~TIPB
5 (molar ratio baéed on acetone) = 1.5/1.2/20.0/37.5/0.4) were
supplied with two pumps. ‘The ratio of propylene to the
compesition supplied was controlled with two pumps to meet
the model composition (composition:
IPA/IPE/propylene/cumene/p-DIPB/1,3,5-TIPB {(molar ratio based
10  on acetone) = 1.5/1.2/38.5/20.0/37.5/0.4).
[0168]
Propylene and the composition were fed at various feed
~rates (WHSVs). Hydrogen was fed at three qua;ters of the
amount of hydrégen 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 dramatically improved the catalytic activity, and propylene
disappeared at a WHSV of 8.5. The WHSV (zeolite-3) was 6.0
as deﬁermined'from the total amount of zeélite catalyst
taking account of the amount of zeolite used in the initial

reaction (Comparative Example 2). This shows that propylene



a step (iii) of producing a reaction product (a3) containing the al kyl ated
aromati ¢ conpound by bringing at |east a portion of the dehydrated product
(a2) into contact with a solid acid substance. 20 [C ai m 2] The

met hod for producing an al kyl ated arppati c conpound according to Claim1l,
wherein the water content of the reaction product (al) ranges fromO0.5%to
10% by weight. - 82 - [Caim 3] The nethod for producing an

al k! ALed s MALLECOMBRUAT ARTORILAG.! 0Tk AlRLfIG 2o ekeLp {he step

(i) i HC) mng a reactlon gas an a reactlon

liquid by the gas-liquid separatlon of the reaction groduct %
a stepWPﬁFhZPr8PY#8P H§Sa T88N5FSt &8 JadSand &°UBpaPALEE FFG P&eb§ cool i ng
the reaction gas to separate liquid in the 10 reaction gas, and a

step (ili01l3Plof formi ng an oil conponent fromwhich at |east a portion of
wat er has been renoved by oil-water separation of the reaction |iquid,
Thus, it was found that once water produced was removed,

5 even when the temperature was reduced to 155°C, the
alkylation reaction coﬁld be completed with a small amount of
zeolite catalyst.

[0171]
The WHSV was aetermined by dividing.the raw material

10 feed weight per hour by the zeolite weicht (1 g) (see the
fbllowing formula); The raw mateiial feed weight is the
total weight of the'ﬁddel composition.and hydrogeﬁ-fed to the
reactor. The WHSV (zeolite-3) was determined by dividing the
raw material feed weight per hour by the raw material feed

15 rate divided by 20.2 and the zeolite weight used in Example 2
{see the-folloﬁing formulé). The WHSV (including a
hydrogenation catalyst) 1s the reduced wvalue of the total
amount of catalysts taking account of the amount of copper-
zinc catalyst and zeolite used in the initial reaction

20 (Comparative Exzample 2) and was determined by dividing by the
raw material feed rate divided by 6.7 and the zeolite weight
used in Examplé 2.
[0172].

WHSV = Raw material feed weight per hour/Zeclite weight



wherein the separated gas and the oil conponent are used 15 as at |east a
portion of the dehydrated product (a2). [Cd aim 4] The net hod for
produci ng an al kyl ated aromati ¢ conpound according to Caim3, wherein the
step (ii-3) is a step of 20 form ng ap eil conponent fromwhich at |east a
portion of water has been renoved by oil-water separation of the reaction

liquid and the separated liquid fornmed in the step (ii-2). - 83 - [Caim
5] Thewggﬁrhqgetaﬁz&tengsiuc' GwaRa L kybat @ge?rseg%he gogpound accor ding
to any one of Clains 1 to 4, erein the step IS perforned in an

adi abatic reacto Cl.aim The t hod for .pr.oduci.n n al kyl at ed
aromat i 6?%5W' a&@&%@ i hge r&ﬁ? gﬁeaog &ESe €1 "EGY %t?mherein t he metal
conponent further contains at |east one el enent selected from 10 the group
consi sting BHESYr dbpclrgieyeheArsoenpbipn| FRAadVehbntsRayrarpe A Bl el enent s,
and group VII1 elements (except nickel and cobalt). [C aim 7]

' feed weight per hour/(Raw material feed rate/6.7 + Zeolite

5 welight)



15The method for producing an al kyl ated aromati ¢ conpound according to any
one of Clains 1 to 6, wherein the solid acid substance is zeolite. [Claim
8] 20A method for producing cunene, wherein the aromatic conpound and the
ketone in the nmethod for producing "aﬁoal"kyl ated aromati c according to any

one of Clains 1 to 7 are benzene and acetone, respectively. - 84 - [Claim
9] A nethod for—producing—¢upene, conprising: a step (1) of supplying
benzene, acetone %ngyjae)g«%a 5an adi abatic reactor that includes, from
t he upstream side,Sa Tatatyst—|ayer (A) containing a solid acid substance
(1), a catalysty |a&9efC(®)°¢IrPaining a netal conponent containing at | east
one netal lic el eyt \gs' (" Sj\C’ romthe group consisting of copper, nickel,
cobal t, and rheni um AW A& cat al yst Tayer (C) containing a solid acid
substance (2), H |lojoic|ojo
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O an adi abatic reactor that includes, fromthe upstreamside, the
catal yst layer (A) containing the solid acid substance (1) and a catal yst
| ayer (D) containing a netal 15 conponent containing at |east one netallic
el enment selected fromthe group consBst+ng of copper, nickel, cobalt, and
rheni um and the solid acid substance (2) and collecting reaction liquid
and reaction gas containing cunene froman outlet of the adiabatic reactor
20 | ocated downstream of the catal yghrliayer (C) or the catalyst |layer (D)
a step (Il1) of formng a separated gas and a separated liquid by cooling
the reaction gas to separate liquid in the reaction gas; - 85 - a
step (I1l) of formng an oil conponent fromwhich at |east a portion of
wat er has been renoved by oil-water separation of the reaction |iquid;, and
a step [GM@imofl Isuppl ying at | east a portion of the 5 separated gas and at
| east a portion of the oil conmponent to the adiabatic reactor as
circul ati nghgasthod €orcptatiungngi gui dlkfyThaed 40pmd OThecorpbaddf or
produci ng cunmene according to Caim?9,
5 comprising:
a step (i) of producing a reaction product (al)
containing the alkylated aromatic compound and water by the
reaction of an aromatic compound, a ketone, and hydrogen
using a metal component containing at least one metallic
10 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 reaction product {al}:
15 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 sclid acid substance.
20
[Claim 2]
The method for producing an alkylated aromatic compound

according to Claim 1, wherein the water content of the

reaction product (al}) ranges from 0.5% to 10% by weight.



further conprising a step (V) of collecting reaction liquid and reaction
gas containing cunene froman outlet of the adiabatic reactor |ocated
downstream of the catalyst layer (A) and upstream of the catal yst |ayer
(B) or the catalyst 15layer (D). [€&2nr11] A nmethod for producing cunene,
conprising: a step (1') of supplying benzene, acetone, and hydrogen 20 to
an adi abatic reactor that includes, fromthe upstream si-de, a catal yst

| ayer ((Bragantai ning a netal conponent containing at |east one netallic

el enent selected fromthe group consisting of copper, nickel, cobalt, and

rheni um and - - a| r.(C Lpin 0l i cl ubst ance
oy or oirfe ieChoq EBLAYEAC RIS o AR BRE BB BRy O RIBE (D
containing a nmetal conponent containing at |east one netallic el enent
select€SCgFQﬁP9h§°gFééﬁmcén§Fs?in@hﬁFe&Bpper, ni ckel, 5 cobalt, and
rhenium and the solid acid substance (2) and col lecting reaction
liquid and teactiem ¢as) conthideésng cunene froman outlet of the adiabatic
reactor | ocated downstream of the catal yst layer (C) or the catal yst |ayer
(D)3 " 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 separéted
liquid by cecoling the reaction gas to separate liguid in the

10 reaction gas, and

a2 step {(ii~3} of forming an oil compoﬁent from which at
least a portion of water has beeh remo#ed by oll-water
separation of the-reaétion liguid,

wherein the separated gas and the o©¢il component are used’

15 as at least a portion of the dehydrated product (az).

[Claim 4]
| The method for producing an alkylated aromatic compound
according to Claim 3, wherein the step fii—B) is a step of
20 forming an oil component from which at least a portion of
water has been removed by oil-water separation of the
reaction liquid and the separated liquid formed in the step

(ii-2).



10a step (I1") of formng a separated gas and a separated liquid by
cooling the reaction gas to separate liquid in the reaction gas; a
step (Il1l") of formng an oil conponent fromwhich at |east a portion of
wat er has been renoved by oil-water &5 separation of the reaction |iquid,
and a step (V) of supplying at | east a portion of the separated gas
and at |east a portion of the oil conponent to an adi abatic reactor that
includq%l%igpgqust | ayer (A) containing a solid acid substance (1) and
produci ng reaction 20 liquid and reaction gas containing cunmene. [Claim
12] The, et h f.or._produci ng _cunene.accordi.ng to Claima111l, fyrther
compri si ng. TE - geghot’Eol! B Ein6 AR gy RETRE e b8t B Pl auend o
separated |iquid by cooling the reaction gas produced in the step (I1V') to
separ aPETEHRG B9 thy regcttiforlgads 1 to 4 stheredw theofsteer fildg an oi
conponent fromwhich at |east a portion of water has been renoved by

oi | - watier peefaratcicon rofart el iréadtiiconrdaicgwird produced in the step (I1V');
and a step (VI1') of supplying at |east a portion of the separated gas and
a pertion of the oil conponent to the

[Claim 6]
The method for producing an alkylated aromatic compound
according to any one of Claims 1 to 5,.wherein the metal
- component further contains at least one element.selected from
10 the group consisting of group IIB elements, group iIIA
elements, group VIB elements, and group VIII elements {(except

nickel and cobalt).

[Claim 7]
15 The method for producing an alkylated arcmatic compound
according to any one of Claims 1 to 6, wherein the solid acid

substance 1is zeolite.

[Claim 8]

20 A method for producing cumene, wherein the arpmatic
compound and the keténe in the method for producing an
alkylated aromatic according to any one of Claims 1 to 7 are

benzene and acetone, respectively.



10 adi abatic reactor used in the step (1') as circulating gas and
circulating liquid. [Caim13] The nethod for produci ng cunene according
to any one of 15 Clains 9 to 12, wherein the nmetal conponent further
contains at |east one elenent select@d fromthe group consisting of group
1B elenments, group Il A elenents, group VIE el enents, and group VIII

el ements (except nickel and cobalt). 20[C ai m 14] The net hod for
producijagaémmene according to any one of Claims 9 to 13, wherein at | east
one of the solid acid substance (1) and the solid acid substance (2) is

zeolite. 'A§@§Eh$§jg% méééduCi?%eggﬁ%ﬁ?{29?%5§£%?§§d”0i”g cunene

according to aiml erein e having a 10, 11, or
12- nmenbered rjn tructure. ?ﬁ%C12$n11%%_ The net hod ég&ﬁﬁéoducing
cunene acco?d?W@gt @Ib% 7 490 WhRT PR F RS 2 eBFFER T s | Rl zeolite
selectgg fromthe group consisting of beta ;eolite and MM 22. 10
5 an adiabatic reactor that includes, from thé upstream
side, a catalyst layer (A) containing a solid acid suﬁstance
(1), a catalyst layer (B) containing a metal componeht
containiﬁg at least cone metallic element selected from the
group consisting of copper, nickel, cobalt, and rhenium, and
10 a catalyst layer (C) containing a sclid acid substance (2),
or
an adiabatic reactoi that includes, from the upstream
side, the catalyst layér (A) containing the solid acid
substance {1} and a catalyst layer (D) containing a metal
15 component containing at least one metallic element selected
from the group consisting of copper, nickel, cobalt, and
rhenium and the solid acid substance (2)
and collecting reaction liquid and ;eaction gas
containing cumene from an outlet of the adiabatic reactor
20 1océted downstream of the catalyst layer (C) or the catalyst
tayer (D);
a step (II) of forming a separated gas and a separated

liquid by cooling the reaction gas to separate liquid in the

reaction gas;



[Aaim17] A met hod for produci ng phenol, conprising the follow ng
steps (a) to (e), wherein the step (c) is perfornmed in accordance with a
met hod for producing cunene according to 15 any one of Clains 8 to 16:

the step (a) of converting cunene inB6 eunene hydroperoxi de by oxidation;
the step (b) of converting cunene hydroperoxide into phenol and acetone by
acidolysis 20t he step (c) of synthesizing cunene by the reaction of

benzene, acgt g?@p Q‘@?IB‘YQEO BRmiRL"gnt B?éaESﬁBBﬁeHEOQHSﬁd %chhgtstep (b);

the step (d) purifying t e cu ne produced in the step ); and - 89 -

EQ$ Stﬁp g&?a por%q%nYE&gwg% %é@ﬂwggﬁ%%e f %h%l %pt%%) to the step

separation of the reaction liquid; and
a step (IV) of supplying at least a portion of the
5 separated gas and at least a portion of the cil component to
the adiabatic reactor as circulating gas and circulating

liquid.

tClaim 107

10 The method for producing cumene according to Claim 9,
further comprising a step (V) of cellecting reaction liguid
and reaction gas containing cumene from an outlet of the
adiabatic reactor located downstream of the catalyst layer
{A) and upstréam of the catalyst layer (B)_or the catalyst

15 layer (D).

[Claim 11]
A method for producing cumene, comprising:
a step (I') of supplying benzene, acetone, and hydrogen
.20 to
an adiabatic 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
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catalyst layer (C) containing a solid acid substance (2), or

an adiabatic reactor that includes a catalyét layer (D)
centaining a metal compenent containing at least one metallic
element selected from the group consisting of copper, nickel,
cobalt, and rhenium and the solid acid substance (2)

and collecting feaction liquid and reaction gas
containing cumene from an outlet of the adiabatic reactor
located downstream of the catalyst lajér (C)‘or the catalyst
layer (D);.

a step (II') of forming a separated gas and a separated
liquid by cooling the reactioh gas to separate liguid in the
reaction gas;

a step (III') 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 least a portion of the
separated gas and at least a portion of thé 0il component to
an adiabatic reactor that includes a catalyst layer (A)
containing a solid acid substance (1} and producing reaction

ligquid and reaction gas containing cumene.

[Claim 12]
The method for producing cumene according to Claim 11,

further comprising:
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a step (V') of forming a separated gas and a separated
Liguid 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 ocil-water
separation of the reaction liguid produced in the step (IV'):
and

a step (VII'} of supplying at least a portion bf the
separated-gas and a portion of the oil component to the
adiabatic reactor used in the sfep (I') as cifCuiating'gas

and circulating liguid.

[Claim 13]

- The method for producing cumene according to any one of
Claiﬁs 9 to 12, wherein the metal component further contains
at least one element selected from the group consisting of
group IIB elements, group IIIA elements, group VIB elements,

and group VIII elements (except nickel and cobalt).

[Claim 14]
The method for producing cumene according to any one of
Claims 9 to 13, wherein at least one of the solid acid

substance (1) and the solid acid substance (2) is zeolite.
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[Claim 15]
The method for preoducing cumene according to Claim 14,
wherein the zeolite is zeolite having a 10, 11, or 12-

membered ring structure.

[Claim 16]

The method for producing cumene according to Claim 14,

‘wherein the zeolite is at least one zeolite selected from the

group consisting of beta zeolite and MCM-22.

[Claim 17]

A method for producing phenol, comprising the following
steps (a) to (e), whereinrthe step (c) 1is performed in
accordance with a method for producing cumene according to
any one of Claims & to lé6:

the step (a) of converting cumene intc cumene

.hydroperoxide by oxidation;

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

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 (c); and
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the step (e} of supplying the cumene purified in the

step (d) to the step (a).



