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RCIT/JP2004/0933971 1 DESCRI PTI ON PROCESS FOR PRODUCI NG
a- METHYL STYRENE 5 TECHNI CAL FI ELD The present
invention relates to a process_for producing a-nethyl
styrene. BACKGROUND ART 10 Thele is publicly known a
process for producing a -nethyl styrene by
dehydrating cunyl alcohol in the presence of an
activated alum na(e.g. JP52(1977)-39017 B). However,

the conventi onal techni%#%é§§¥ggppnecessariIy
e

satisfied from the viewpoint o ci ent attai nnent
of high conversion 15 of cunyl al cohol at |ow cost
because it required considerably high tenperature for

att ai ni ng plRGOERSSN YOS iEHOD UL SREOHRHEDR YIHIS T IMvERE ON
The present invention is to provide a process for 20
produci ng a-nethyl styrene, which can efficiently
attain high conversion of cunyl alcohol at |ow cost.
HECHRECALh@®@IBITSent i nvention relates to a process
for producing a-nethyl styrene, which conprises
dehydrhki pgeseutyinwénbhion relaftesptesepreceissafior producing
activated alum na, wherein 25 a concentration of an
offgare thydi dtyeems®i.ned in a raw material containing
cunyl al cohol is 10 to 1,000 ppm by wei ght.

PCT/ JP2004/ 003971 MODE FOR CARRYI NG QUT THE | NVENTI ON

The deh%gration is usually carried out by contacting
BMGRCBPUBLIARE t h a catal yst. The reaction can be

carri .gl'%ere is publicly known a process for producing @ -methyl
styrene by_dehydrating cumyl alcohol in the presence of an
activated alumina(e.g. JP52(1977)-39017 B). However, the
conventional technique was not necessarily satisfied from
the viewpoint of efficient attainment of high conversion
of cumyl alcohol at low cost because it required considerably

high temperature for attaining high conversion.

DISCLOSURE OF THE INVENTION

The present invention is to provide a process for
producing @ -methyl styrene, which can efficiently attain
high conversion of cumyl alcohol at low cost.

That is, the present invention relates to a process for
producing @ -methyl styrene, which comprises dehydrating
cumyl alcohol in the presence of anactivatedalumina, wherein
aconcentrationofanorganicacidcontainedinazﬂwnmierial

containing cumyl alcohol is 10 to 1,000 ppm by weight.
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AATYHR280493973se or a |iquid phase using a sol vent.
The 5 reaction is preferably carried out in a liquid

phase from the viewpoint of productivity and energy

savi ng. The solvent should beZSubstantiaIIy inert to
reactants and products. The solvent may be a

subst ance present in a cunyl alcohol solution to be

used. For exanple, when cunyl alcohol is 10 a m xture

Mdﬁh%ﬁnga PG 086t v TvERssbRl e to use

cumene as substitute w thout adding a solvent in

parti glealienyifr £ED6h YgehidhhalOly epbdsrikbdeoRtCdY ontacting
|isted al kanés (e.g. octane, decane, dodecane),

WPY&ibshéﬁoﬁEWaC@ﬁﬁum. (The) . L LOR, can be carried
et hyl benzene, toluene) and the Iike. The 15

daiy 0L At 4 Ogakephesal W 4 Litpubd| phBGet asdsl 3 smtivent. The
preferably 150 to 300t. In usual, the pressure is

atvasat agaoisl preFdmtiDy 008rkPad Wedn ithe dguididrplygse from
of the reaction is considered, it is advantageous

ttiee villearp ket odirpro dusbivig vand @nergnsavimde. WThe solvent
dehydration can 20 be advantageously carried out by

wheald bet supstantiadlyf dnexdt &P sFepffagts and products.
fi xed-bed. The feature of the gresent invention is

TheysoLventh ek Ra B Ibs L RRCE, BEARAD bl cumyl ‘alconol
RIS TR AAT, o H AT e My 2% Sonon. 1
R AT ORI S BByl SO BT o use
RS54 F A PR g bt ah porcsomac.

L\ 1o fuPhesevERRE! | ALY cad Bkl VikREaJatkEAss (e.g.
phase reactlon? is contained in the raw
octane, decane, dodecane), mono-cyclic aromatic compounds
(e.g. benzene, ethylbenzene, toluene) and the like. The
dehydration temperature is usually 50 to 450C, and
preferably 150 to 300C. 1In usual, the pressure is
advantageously 10 to 10,000 kPa. When the equilibrium of
the reaction is considered, it is advantageous that the
pressure is set up as low as possible. The dehydration can
be advantageously carried out by using a catalyst in the
form of a slurry or fixed-bed.

The feature of the present invention 1s to carry out

the reaction in the presence of an activated alumina with
allowing to exist the organic acid of 10 to 1000 ppm by weight

in the raw material containing cumyl alcohol. The

concentration of the organic acids in the raw material is

preferably 50 to 1000 ppm by weight. In addition, herein,
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it BWIPRI004{089%ddncent rat i on neans the organic acid
concentration in the raw material including the
medium The 5 activity of the activated alunina is

i mproved by allowing to exist3the organic acids

wi thin the above range, and high conversion of cunyl
al cohol can be attained. The organic acid is
preferably an organi c carboxylic acid, and nore

RiEE & b&lé‘d%m %%%Ih Y é%cﬁ&&&%ii@&h@&e o2 reaction) ox

con3|s i ng formc aci aceticacid and

%%&P@tfnacggs(‘g}'&% P ook Neisrgantaiaeiad innthe raw
| 'ar ge anbunt exceeglng 1000 ppm by wei ght is not

FH&%SEQE&Q'WHEFEGHESHErﬁ&ﬂﬁﬁfmﬁéﬂQ tole tdXganic acid
apparatus, and the like. The process of the present

i GyEBbheratdobanpebkerabimatdbiafpinedutddng dahe medium. The
exanpl e, a dehydration step in production of

pAepyireny ofi dhec arttaiva bgdt abufdnlaovisng mppeed by aklowing
not limted thereto: oxidation step: a step of

obt aéxi ey thesnegapiicopeldsi ybthip bhedaboNg €amgse; and high
20 epoxidation step: a step of obtaining propyl ene
oxbugersidc | canEshal ciopalefn nee cakdadned. The organic
hydr operoxi de contained in a cunene sol utjon

pﬁt@faw dfec DneERTARLF S &ny RAAN R CPHQOﬁYé%C%%% 4fRd more

gggél ggtl Qn cata yst_ | n a | Il%é-"lt%d‘i/‘lr‘)t@fs%? ﬁghygg%&%éo@onsistlng

Eygrat'neap? en?s%?rl e FAf, BRopifie;aelh, N e
g%#ﬁ%%%@@%ﬁ%ﬁ%é%ﬁg shep Qﬁlﬁpﬁﬁgﬁﬁh%&ﬁ%rgﬁ$W$t exceeding

yrene Into cunene 1IN

P{ 68655 B We PYAL AUSHBL PPeferable for problems of corrosion
of the apparatus, and the like.

The process of the present invention can be preferably
applied to, for éxample, a dehydration step in production
of propylene oxide containing the following steps, but is
not limited thereto:

oxidation step: a step of obtaining cumene hydroperoxide
by oxidiiing cumene;

epoxidation step: a step of obtaining propylene oxide
andcumylalcoholbyreactingcumenehydroperoxidecontained
in a cumene solution with propylene in an excess amount in
the presence of an epoxidation catalyst in a liquid phase;

dehydration step: a step of obtaining @ -methyl styrene
by dehydrating cumyl alcohol obtained in the epoxidation
step in the presence of a dehydration catalyst: and

hydrogenation step: a step of converting @ -methyl
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RE BIAPZO04P39ddycl i ng the cunene to the oxidation
step as a raw material in the oxidation step. The
oxi dation of cumene in the oxidation step is usually
5 conducted by aut o-oxidation 65|ng an

oxygen-contai ning gas such as air or
oxygen-concentrated air. This oxidation nmay be
conducted w thout use of an additive, or an additive

Sgﬁgreﬁ% @%ﬁﬂl%ﬁﬁeﬁﬁyiﬁﬁ rd86nkRAGH A hydrogenation
from ¥he

erature IS usua to 2001 , and

r@@ﬁangatp&ﬁaS%%y 1&%_?‘3&1&& Aehaeent:4OrRe "BEPAARIIGN step as
pressure and 5 he oxi dation nmethod in which

té?'eréﬁdmfdt\éﬁ:iél U:Eﬁdth%n oti@dtisrt alkepampound such
as NaOH or KOH, an al kaline earth netal compound, an

al kal i Theedeidazilanat ecwnehe ds th2EE8i dat NehGBep is usually
ammoni a, (NH4)2CO3, an al kali metal anmoni um

caobdnate dobyt Aetbi-beidast Leedisibng En oxygekatpntaining gas
reagent. As the catalyst used in the epoxidation step,

as8ohi as aThr Y NXYGANACANFPIEL T L] eoﬂh&ﬁn@ﬁgdation may
silicon oxide is preferable fromthe viewoint of
dbea:cm@\gctﬁé %pb@tlrtvesem%cﬂ}uad@ﬁ&érvw iid ﬂneﬁed&ﬁ-&ve such

gh selectivity the 20 cat al so- cal

wls &y 4%5%&%@9@ S a ni-R§ ngadih %H’ltceé?i??/rﬁBHﬁgo“E gsvally
bl
o EpE By 2 €0 S PRA RS FRACELBDRRE  Thre 1 PEDgY Y betveen
nbi
cShpaaREG 1 S EaReCRHE S MeE L0 s B cdiadation methoa
NeL RAch 3R ﬁﬂe%@d%@%nﬁ%?& ed A %ik&@ﬂpﬁgﬁ‘:‘iﬁ compound such

contal ni ng an can i sted. Cunene
hy dneRp6H o f%ﬂ‘seeﬂ'x %Slléi‘fiﬁé%ﬁ@{:ﬁrrhé‘fa!l.ncbﬁlﬁound an alkali

PCT/ JP2004/ 003971

metal carbonate such as Na,CO3 or NaHCO;, ammonia, (NH.).COa,
an alkali metal ammonium carbonate or the like, i1s used as
the alkali reagent.

As the catalyst used in the epoxidation step, a soligd
catalyst containing a titanium-containing silicon oxide is
preferable from the viewpoint of obtaining the objective
product under high yield and high selectivity. As the
catalyst, a so-called Ti-silica catalyst containing Ti
chemically bonded to silicon oxide, is preferable. For
example, a catalyst prepared by supporting a Ti compound
on a silica carrier, a catalyst prepared by combining a Ti
compound with silicon oxide by a co-precipitation method
or sol gel method, zeolite compounds containing Ti, and the

like, can be listed.

Cumene hydroperoxide used as the raw material in the
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dHokIEIOPHP03PER, may be a dilute or dense purified
material or non-purified material. The epoxidation is
carried out by contacting propylene and cunene

hydr operoxi de with the catal ys?. The reaction 5 is
carried out in a liquid phase using a solvent. The

sol vent should be liquid under a tenperature and
pressure in the reaction, and substantially inert to

0% £35+303Ss @Q? ‘ lﬁégdé‘nﬁtasdiltl% S8LVES s BBYuPEF Red material

stance presen ydr oper oxi de sol ution to be

U 0n o FOpueNFTU € m¥PEeR1@uMENE 10 hydroperoxide is a
m xture Wth cunene which is a raw materi al thereof,

t he cypengpeai dit 1sed A% aa 151G tdd ity @forﬂ:a&ﬂtmegtpropylene
wi t hout partlcularly addi ng a solvent. Additionally,

- €ykhe avAEsperoripeundl etlge bdabadgst.t Ghemeeaction
chl or obenzene, ort hodi chl or obenzene), al kanes (e.g.

aicd aar ildd decade, a dodpradghane udien g iakeplyvemtheThe solvent
listed as useful solvents. The epoxidation

teinpel dt bee liistwislahgefr emt@mpegvgoe, angngressure in the
preferably from25 to 200t . The pressure may be a
presetienen@ngh 3ebataptilpd keathesh Foxiire #ﬁaﬁtants and
liquid 20 condition. In general, the pressure is

RFRfeg§8oudhe 30hY R0 e Re 0B0SKPEL2AGS c%&‘ aFet in a

faﬁ%%’geggga%aeg Ljﬂ’aéeu‘gftd"alqnangdfsggergog?‘ﬂ%B i yhel cumene
?%’B%Qbf‘ﬁ'e‘{ %%)d&%br §ok ek R Al ﬁé\ﬁgld:lgg.sgéraw material

con§| nﬁ%igtﬁgﬁﬁ&ggneﬁ ?%gé‘g%&% g? hg?%&y ute of a solvent

GH'ERSuRY Paaner oxi 881 PCHaHIA944 0889 ¢bnt . Additionally,

mono-cyclic aromatic compounds (e.g. benzene, toluene,

chlorobenzene, orthodichlorobenzene), alkanes (e.g. octane,
decane, dodecane) and the like, can be listed as useful
solvents.

The epoxidation temperature is usually from 0 to 200C,
and preferably from 25 to 200C. The pressure may be a
pressure enough to keep the reaction mixture in a liquid
condition. Ingeneral, the pressure is advantageously from
100 to 10,000 kPa.

The catalyst can be advantageously used in the form of
a slurry or fixed bed. In the case of a large-scale
industrial operation, a fixed bed is preferably used. In
addition, the epoxidation can be conducted by a batch-wise
method, semi-continuous method or continuous method.

The molar ratio of propylene to cumene hydroperoxide
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F GTIR2084/Q03%Re epoxi dation step, is preferably 2/1
to 50/1. Wwen the ratio is smaller than 2/1, the
efficiency may be deteriorated by | owering of the
reaction rate, on the other hénd, when the ratio is
| arger than 50/ 1, large energy in 5 the recycling is
requi red because the anount of propylene to be
recycl ed becones bi gger. The dehydration is as

d&iﬁgwaﬁ B0 o SaPPEShL fepl 0L 41D dWEH 6892 A5 to 50/1.
an

ert gas, to De used 1 n the hext “hydrogenalion

HEEn HRePpakth® RApenBéotnaat 2l/ust ek d £ é0€ncy may be
hydrogenation step, a solid catalyst containing a

N & r2bratdd pil1ewerlihPlof kbePebnediion akite, @aNth@ other
listed. Specifically, nickel, palladium platinum and

aoPpe! whenl thleedattis BeONgrgblrethanpdd A0) ubargd energy in
copper are preferable fromthe viewpoint 15 of
stiperessirolialy Mydnmegpnhtédnbetaulse dheramaunt ngf apdopylene
hi gh yield. A copper-based catal yst includes copper,

Ramebe ceppyerled oppeomelsr diigeer copper - zi nc,
copper-chrom um zi nc, copper-silica, copper-alum na

and The debhydraphpnalipuashieserddied ahovec| Ldessopossible
pal | adi um al um na, palladiumsilica, aIIadiun}garbon

diel uspehydrogemhe A§dRBgdRRT HrI28 . cEPr P&Y Wifd pyn the next

contactin -met hyl  styrene and hydrogen with the
r@ﬂ?ﬁ@@ﬁﬁ%ﬁi?%afﬁgyst. The reaction can be carried

o AR S RRRR A B A E Moo e HPepgoenseion
| §Febeag 303 £ PEOUMS! SouEAENYCH KR8 ozoup 10 or
yl “styrene sol ution
tP1 bgrUsed Féfiodic Table, can be listed. Specifically,
nickel, palladium, platinum and copper are listed, and among
these, palladiumand copper are preferable from the viewpoint
of suppression of hydrogenation of the aromatic ring and
high vield. A copper-based catalyst includes copper, Raney
copper, copper-chromium, copper-zinc,
copper-chromium-zinc, copper-silica, copper-alumina and
the like. A palladium-based catalyst includes
palladium-alumina, palladium-silica, palladium-carbon and
the like.

The hydrogenation is carried out by contacting @ -methyl
styrene and hydrogen with the hydrogenation catalyst. The
reaction can be carried out in a liquid phase using a solvent
or a gas phase. The solvent should be substantially inert

to the reactants and products. The solvent may be a substance

existing in an @ -methyl styrene solution to be used. For
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AT IP2004/@33911 7 exanpl e, when a-nethyl styrene is
a mxture with cunene as a product, it is possible to
use cunmene as a substitute of the solvent w thout
adding a solvent in particular? As other useful
solvents, there can be listed al kanes (e.g. 5 octane,
decane, dodecane), nono-cyclic aronmatic conpounds
(e.g. benzene, ethylbenzene, toluene) and the Iike.

SRV BATREI R S comne
aNLAGERYEL Y 1@0 OpJ,Qs%%QL&% Qé”f%lﬁné’ﬁ’éaé?eg Dbstitute
10 hy rogenatlon of " al et styrene, 1s recyc

(he PO RSIFES ey DeHoRY Qahlﬁm_; o 8B13%rit riQWﬂBlt@:[d:ﬁh.ar As
EXAMPLE Next, the present invention is explained by

FYeRBLease il Bonpietd , AtteRNecH0 véi 0a stetaikands (e.g.
200 ppmof formic acid) containing 25% by wei ght of

codyanal, cabehnand dbidcaged) yahenopaysdd d Rirmsigdt Aic compounds
fixed bed flow reactor in which an activated alum na

wes. pacbedzeate 4 etlhplbenkeigd N toleeaed EiGd 20he like. The
Ncc/ minute, respectively. At this time, LHSV(Liquid
Haydtrggespdden/denpeyptumare dhousualdy B &3Use0has and
1.0 MPaG, and the tenperature was 200t. The
dergfieaapdy hvier s¢0R of Inumgual cobbe presfure is

obt ai ned reaction mxture was 97% Exanple 2 2

BV eREREERHRNY | HOQ nEOs e GAd R FiimERsfBtatned by
P EPh ot AR T i e thed sy 5F tamoLed to the

z%ﬁé@@'descrfied oxidation step as a raw material.

EXAMPLE

Next, the present inventlon 1is explained by Examples.
Example 1

A cumene solution (containing 200 ppm of formic acid)
containing 25% by weight of cumyl alcohol and hydrogen were
passed through a fixed bed £low reaptor in which an activated
alumina was packed, at a rate of 1.6g/minute and 105
Ncce/minute, respectively. At this time, LHSV(Ligquid Hourly
Space Velocity) was 9/hour, the pressure was 1.0 MPaG, and
the temperature was 200T. The dehydration conversion of
cumyl alcohol in the obtained reaction mixture was 97%.
Example 2

It was carried out in the same manner as in Example

1 except that a cumene solution (containing 130 ppm of formic

acid) containing 25% by weight of cumyl alcohol was used.
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AT IP2004/0WP99211 8 The dehydration conversion of
cunyl al cohol in the obtained reaction m xture was
93% Exanple 3 It was carried out in the sane manner
as in Exanple 1 5 except that8a cumene sol ution
(containing 60 ppmof formc acid) containing 25% by
wei ght of cunyl al cohol was used. The dehydration
conversion of cunyl alcohol in the obtained reaction

! %é%%ﬁﬁé% géﬁ%k:%iﬂqprﬂgfllaum §3tbh?dd 24U thB obtained

as In Exa except that a cunene

SO 4L 2Bn( GARLAINE Ngad0oBRM Of formic acid)
contai ni ng 25% by wei ght of cunyl al cohol was used.

TEeagghrdrsati on conversion of cunyl alcohol in the

obtained reaction mxture was 74% 15 Conparative

Exanpire ¥ald cssriedroet ontthe bamesaannemnnes Hs Erample 1
Exanple 1 except that a cunene solution (containing 5
pgrecep tf ohaitca @aamdheceotlaitiiorw (2596 byindnghb0oppoumfl formic
al cohol was used. The dehydration conversion of cunyl
acbAdl contaimiolg & Sedy 20e tghtt oén crimytlu sl gelio lowas used.
| NDUSTRI AL APPLI CABI LI TY As descri bed above, qccording

tBhe tehy@satdonnoenvession odr cuswd Bdcophed d@dthe obtained
process for producing a-nethyl 25 styrene, which can
Zearhieps miixire ¥A§h8SGnversion of cunyl al cohol

at |l ow_cost. PCT/JP2004/ 003971
Example 4

It was carried out in the same manner as in Example 1
except that a cumene solution (containing 30 ppm of formic
acid) containing 25% by weight of cumyl alcohol was used.
The dehydration conversion of cumyl alcohol in the obtained
reaction mixture was 74%.

Comparative Example 1

It was carried out in the same manner as in Example 1
except that a cumene solution (containing 5 ppm of formic
acid) containing 25% by weight of cumyl alcohol was used.
The dehydration conversion of cumyl alcohol in the obtained

reaction mixture was 46%.

INDUSTRIAL APPLICABILITY

As described above, according to the present invention,
there can be provided a process for producing & -methyl
styrene, which can attain efficiently high conversion of

cumyl alcohol at low cost.
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P ETABKRO£/008% locess for produci ng a-methyl styrene,

whi ch conprises dehydrating cunyl alcohol in the

presence of an 5 activated al ugi na, wherein a

concentration of an organic atid contained in a raw

materi al containing cunyl alcohol 1is 10 to 1,000 ppm

by weight. 2. The process according to claiml,

wherein the organic acid in the raw naterial is at

| east one selected fromthe 1. Q9t@gp consi sting of

formc acid, acetic acid and propionic acid. 3. The

process according to claim1l, wherein the process is

a part of a process for producing propyl ene oxide

conpr ilsi g precésk| dwimprsi@psingS mxmeahiydn stypena, which
step of obtaining cunene hydroperoxide by oxidizing

ceompe ;i semodedagtdoat $hgpcunydt el cathabtin ntlng presence of an
propyl ene oxide and cunyl al cohol by reacting cunene
hydtbpeted delwohnai nwheriedm &weneesdiratiion f han organic
progylene in an excess amount in 20 the presence of a
epexfidaentailngdista itaw nateF§aphgeataideiig remph alcohol
te a step of obtaining a-nethyl styrene by

Z%ﬁgaPaFPndde%?lPHWCBHbW%ﬂﬁQﬁned_in the epoxi dation

TP o e B3 Lo Bt E AL S Sha e omanto
gL En R mBRERINE Y o, DAHAOROL o g0t Erom e
O&l‘gébi 88n§'i%’:i:iéhsg &f ?‘Hrrﬂ% ectré:l.ad; acetic acid and propionic
acid.

3. The process according to claim 1, wherein the process
is a part of a process for producing propylene oxide
comprising the following steps:

oxidation step: a step of obtaining cumene hydroperoxide
by oxidizing cumene;

epoxidation step: a step of obtaining propylene oxide
and cumyl alcohol by reacting cumene hydroperoxide contained
in a cumene solution with propylene in an excess amount in
the presence of a epoxidation catalyst in a liquid phase;

dehydration step: a step of obtaining @ -methyl styrene
by dehydrating cumyl alcohol obtained in the epoxidation
step in the presence of a dehydration catalyst; and

hydrogenation step: a step of hydrogenating @ -methyl
styrene in the presence of ahydrogenationcatalyst toconvert
into cumene and recycling it to the oxidation step as a raw

material.




