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PETHFRBWEEMAEH03880 1 DESCRI PTI ON PROCESS FOR PRODUCI NG
PROPYLENE OXI DE 5 TECHNI CAL FI ELD The present
invention relates to a process for producing

propyl ene oxi de. BACKGROUND ART 10 Though a process in
whi ch propyl ene can be converted into propyl ene oxide
usi ng cunmene hydroper oxi de obtained fromcunene as an
oxygen carrier, and cunmene can be used repeatedly, is
di scl osed i n Czechosl| ovalfjgsdiaiEnto-S140743 and
JP2001-270880 A, it is insufficient in an industria
operation fromthe 15 viewpoint of productivity.

DI SCLOSURE OF THE | NVENTI ON An obj ect of the invention
is to provi @B0EESSoFORs FRODUGING RRORYENE yOERRE| n
whi ch propylene is converted into 20 propylene oxide
usi ng cunmene hydroper oxi de obtained from cunene as an

oxygen carrier, the cunen repeat edly, and
fu)r/tgher oxi dati on can g&m%%#@gar r !Oed out d
t her Wﬁ%ﬁ%nfmn%etr&l%g LGhedsy ) g.dPEScQEprbfnﬁroducing

oxi de resent rnvention rerates

§$%Agnbxfﬁgprodu0|ng propyl ene oxi de, which
conprises the followi ng steps: oxidation step: a step

of obtai ning cunmene hydroperoxi de by oxidizing
cunene; epoxidation step: a step of obtaining
propyl ene oxi de and cuBpFKGROYNSI AR reacting cumene

hydrogerOX|de obtai ned in the PCT/JP2004/ 013880 2
ough a process in which propylene can be converted into

propylene oxide using cumene hydroperoxide ocbtained fromcumene
as an oxygen carrier, and cumene can be used repeatedly, is
disclosed in Czechoslovakia patent CS140743 and JP2001-270880
A, it is insufficient in an industrial operation from the

viewpoint of productivity.

DISCLOSURE OF THE INVENTION

An object of the invention is to provide a process for
producing propylene in which propylene is converted into
propyvlene oxide using cumene hydroperoxide cbtained from cumene
as an oxygen carrier, the cumene can be used repeatedly, and
further oxidation can be efficiently carried out thereby being
able to efficiently produce propylene oxide.

Namely, the present invention relates to a process for
producing propylene oxide, which comprises 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 obtained in the
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SETHIRPRACISBED with propyl ene; and converting step: a

step of converting cunyl alcohol obtained in the

epoxi dation step into cunmene and recycling said cunene

to the oxidation step, 5 wherefn a concentration of

met hyl benzyl alcohol in a Iiquid containing cunene

recycled to the oxidation step, is 1% by weight or

| ess. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON 10 The

Q1R 1Uh S$6dp I Fifh ?ﬁep{z@énel,at ahai ng cunene

hydr oper oxi de 'by oxi di zi ng cunene. The oxi dation of
cunesénvertilifiyatep candep efl donvaurtidrakcoday il @lagiagigobtained
an oxygen-containing gas such as air or )

dry gbe- epnsédativedsiep. imht scwenitdnsh regycliang said cumene
conducted w thout use of an additive, and an additive
dircithes axidatidka$teRay be used. The reaction

tenperature i s usuall from50 t.o 2000C.. a :
| eanehareLR A Sohpenr rhnian G Btk UREP Ottt Sl 4n a 1iquia
pressur.e. I ight
R R0 CullelE o P LOE B HALL PRAREbA ML Q) 1818y weig
s KOH, an al kaline earth nmetal conpound, or
al kal1 netal 20 carbonate such as Na2CO3 or NaHCG3,
amoni a, (NH4)2C03, an alkali netal anmoni um
carbonate or the like, is used as an al kal i reagent .
The epoxi dBESENMODEpFOR £ARRYI NG OWH T TVENDENene
oxi de and cunyl alcoholﬁg% reacti ng cumene

hydr Sper 8%i4ation s5ER det & PR BT LRI SR CHMER®
57 Ie%gbﬁ{%'g?e r%p %)I;((Iéi. etzli%n%?:h?n%rfes. h f £f8£¥ion f cumene is

nce an epoxidation catalyst,

P'?Efr%én:? Abn¥ud 1o/ BY Vit o~ YR 4t kh usin? an oxygen-containing

contai ning silicon oxide fromthe viewoint

as GRicH AbNgHPloaPyk9gencroiedntdertdd ghryi Philsaxiidation may
hi gh sel ectivity. PCT/JP2004/ 013880

be conducted without use of an additive, and an additive such
as an alkali may be used. The reaction temperature is usually
from 50 to 200C, and the reaction pressure is usually between
atmospheric pressure and 5 MPa. In the oxidation method in
which the additive is used, an alkali metal compound such as
NaOH or KOH, an alkaline earth metal compound, or alkali metal
carbonate such as Na,CO; or NaHCQ;, ammonia, (NH,}.CO3, analkali
metal ammonium carbonate or the like, is used as an alkali
reagent,

The epoxidation step is a step for obtaining propylene
oxide and cumyl alcoheol by reacting cumene hydroperoxide
obtained in the oxidation step with propylene. The epoxidation
step is preferably conducted in the presence of an epoxidation
catalyst, particularly a catalyst containing

titanium-containing silicon oxide from the viewpoint of

obtaining propylene oxide underhighyieldandhighselectivity.
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BORJPEH 838 yst, so-called Ti-silica catal ysts

containing Ti chemcally bonded to silicon oxide, are
preferable. Forexanple, a catalyst prepared by

supporting a Ti conmpound on akilica carrier, a

catal yst prepared by conbining a Ti conpound with 5

silicon oxide by a co-precipitation nmethod or sol ge

nmet hod, zeolite conmpounds containing Ti, and the

hkkeneC@at ReyLi St 84-catuganei hydi oper oxt deyygedc@ftaining Ti
raw material in the epoxidation step, may be a dilute
ehef@RaQ 1R dedit ostidricain oot daeparpynidieathnes er iFdr example,
10 The epoxidation is conducted by contacting .
Br opyhdiys tapdepamesh &yh ywdvrper i glea i+ (eamzownd gy s silica
The reaction is_ carried out in a |liquid phase using a .
sarvder., #heasailysht Prepaged b¥ FeRRLRingger T4 compound with

t t d - dur i th tian,

SSCRm PAIAS Peh 0P asit b e At cs 203 B fmethoa,
%%l&?g% g?%pgﬁnﬁssggﬁkgﬁﬁﬁngr@??névﬁgfﬁhIxﬁﬁkﬁp%%QXb@elisted.
SOl utl on 0 e useada. or exanpl e, en cunene

hydr op@i@einde hydrobdBoside Weéd £6MBnpavhinalersad Hawthe
material thereof, the cunene can be used as a

spbsdiidatiioris tapsomagnbenat Aalittepart densarpyriadiledgmaterial
sol vent. 20 The epoxi dation tenperature is usually

foro mod P x2iie@l mafeirbakf erably from 25 to 2000C. The
pressure nay be a pressure _suffjcient to

k t h
r eactThh eRoxidaE 1an 49 COHIPLSHPYi BRD aFﬁ?-S‘%nEFgP?lene and
P W LAY SHEER e | SORE901 0 He Wlactson 1o
%%@Qg%@g:&?iﬂg £ 15 Ph YShasd GHEn§OLM:8Lvanel UrtieOkolvent
I Xe eda.

n the case of° a large-Scale industria
eRRRAld 88, 18ghidathdwe d seppefrataltleyandseprdssure during the

addi tion, the epoxidation can be conducted by a

reaction, and substantially inert to reactants and products.
The solvent may be a substance present in a hydroperoxide
solution to be used. For example, when cumene hydroperoxide
is a mixture with cumene which is a raw material thereof, the
cumene can be used as a substitute of a solvent without
particularly adding a solvent.

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

The epoxidation can be advantageously conducted using a
catalyst 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, a semi-continuous method or a continuous



10

15

20

25

B&TEIR2004H 33 hod, a seni-continuous nethod or a

conti nuous PCT/JP2004/013880 4 nethod. Wen a liquid
containing a raw material for reaction is passed

t hrough a fixed bed, the cataV%st IS not contained at

all or substantially in a liquid m xture drawn out

fromthe 5 reaction zone. The conversion step is a

step of converting cunyl alcohol into cunene and

HeGhRed Ng the cunene to the oxidation step as a raw
material. As a nmethod for converting cunyl al cohol

i Nt 0 wHaHENa i quidtdnttainingsa dahynabérihglcfioyl reaction is
al cohol to obtain 10 a -methyl styrene and then ]
Ippcsegk tatrioupte a fawed bedyr she tetadysieis patocontained at
cunene, and a nethod of subjecting cunyl alcohol %o

mldr ogeroIbasian HAakhy ekt |5 Liguid (niKEGre (FERED e4h FEOM the
illustrated. From vi ewpoints of catalyst life and

FeAt1op ZWPHbi nation of the dehydration step and

hydrqﬂmeé‘\aatqo:ng%xf%f&x 1% et 2 sPL &4 EL SR c%%rvréz%cir@l?:utnﬁel alcohol

case 1 n e conversion step Is COfT'pOSGd 0

q.‘?{?:)(:ﬂ Rdede ah@PrabBychYdgosRRaEhAENE € tHS oRdatinad step as
below. It is preferable to separate propyl ene oxide

ehtranpatbyibhe apoximsthed fommonvert ialg cuwlylbefleodhol into
the dehydration step 20 fromthe viewpoint of

achtreng ng hedghog; efdfbtsbrdﬁiwmtwgd@%mY%@JﬁFOhOl to obtain
separation nmethod, distillation can be usgd. A rene to
carmeEhylussarene AddeheR Y IEAIP PR FHRE s adtth B &Y

as _sulfuric acid hosphor i ¢ L d -1 Qs &

: : ) myl alcohol
Emrin e Tty Sipneo b3 Bl g M YR Egmy
%&@g@roééﬁﬁg&isZtscaakact_lgﬁ conkieGd AltE ik, can be
zeol'i'tes,” and activated alumna is preferable from
Vi EMPOE Pd Se @ BEARr *ibRpolinem bife daadiyisin 1ife and yield, a
combination of the dehydration step and hydrogenation step is
preferably carried out.

A case in which the conversion step is composed of the
dehydration step and hydrogenation step, is explained below.

It is preferable to separate propylene oxide obtained by
the epoxidation from cumyl alcohol before the dehydration step
from the viewpoint of obtaining high yield of propylene oxide.

As a separation method, distillation can be used.

A catalyst used in the dehydration includes acids such as
sulfuric acid, phosphoric acid and p-toluene sulfonic acid and
metal oxides such as activated alumina, titania, zirconia,
silica-alumina and zeolites, and activated alumina is
preferable from viewpoints of separation from the reaction
mixture, catalyst life, selectivity, etc.

The dehydration is usually conducted by contacting cumyl

alcohol with the dehydration catalyst, but, in the present
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%CT{JPF%M”OB sq yst life, selectivity, etc. The

dehydration is usually conducted by contacting cunyl

al cohol with the dehydration talyst, but, in the

present PCT/JP2004/013880 5 invention, hydrogen may be

fed together with cunyl alcohol to the dehydration

catal yst to conduct hydrogenation subsequent to the
dehydration. The reaction can be conducted in a liquid

dnyen hisimg hydsolgeenmayThe Sed viarge ey wi tde cumyl alcohol to
substantially 5 inert to reactants and_products. The
mevéntlyﬁayat@@nacg@@éwﬁcéo s%éeﬁf- mﬁdaosﬁﬁﬂclarlc%waﬁequent
solution to_be used. exar?

| al
o Ehf JERYEEGF LD c e RAG ﬁ%m £y B2, gomtuofpi i tauia

g t t :
_H%a%}retqcsér}r_}eggf b Vecf.‘u’gfld:rr‘[ta |on Jeérr}ggra]?é{ge&?géuégg thtlally
QL4 18 rAEEQc'E( P S BPB&UE@Q tPhe QD el mAGUSE a Eﬁﬁstance
pressure IS vant ageously 10 to 10,000 kPa. The

jra MR aC@Ethﬂ. addvailageudiync addbet adedy Esingxample,
a catalyst in a slurry form or fixed-bed form The

o gamatli @lcstheyd iis a stieqghufmer widiy eumiemg iast 9 Product it
cunene 15 by supplying a -nethyl styrene obtain g
tisepeeaibtattioorse éumanﬁ)ﬁtﬁ @g@#ﬁmi&\lt@a%wg?t ﬂs’ldlng solvent

gﬁ’r%%%qu}‘ﬁ%'égm hyfiﬁi‘ @&e a”% for,:;é:?ﬂg-?ﬁ?'&:sn%sr\latlhlg 50 to
T R Y U YA g 1

‘Hdv]énﬂigé&?s dfri@dté 18bbeo xead &‘h%md@h(iﬁiﬂd/tlon can be

ni ckel , I um plat|nun1and copper, palladi um or
wm{tﬁ@omﬁwcahitﬂ:ﬁéd)mwmm at sabalystppnes silowrry form
of hydrogenation of the aromatic ring and high vyield.

As: £ coppdredaferyst, copper, Raney copper,

The hydrogenation step is a step for converting into cumene
by supplying ¢ -methyl styrene obtained by the dehydration to
a hydrogenation catalyst to hydrogenate & -methyl styrene and
for recycling cumene to the oxidation step as a raw material
in the oxidation step.

Though the hydrogenation catalyst includes catalysts
containing a metal of Group 10 or 11 of the Periodic Table,
and specifically, nickel, palladium, platinum and copper,
palladium or copper are preferable from viewpoints of
suppression of hydrogenation of the aromatic ring and high
yield. As a copper catalyst, copper, Raney copper,
copper/chromium, copper/zinc, copper/chromium/zinc,
copper/silica, copper/alumina and the like are listed. As a
palladium catalyst, palladium/alumina, palladium/silica,

palladium/carbon and the like are listed. These catalysts can

be used alone or in combination of two or more.
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EETEE%%%ﬁFé %%niun] copper/zinc, copper/chrom unizinc,
copper/silica, copper/alumna and the |like are |isted.

As a palladiumcatal yst, palladiunfalum na,

pal |l adium silica, palladium carbon and the |ike are
listed. These catal ysts can be used alone or in

conbi nation of two or nore. PCT/JP2004/013880 6 Though

the hydrogenation is usually carried out by

cont attduyh stheetiydr sgsmaneonndshyduodéy warkiede out by
catalyst, a part or the whole of water generated in

cho tasthyidaat¥ omefhyl BEY5epsr ahddhpyreged yikp the catalyst,

SEEE NS L bbb ) ! B cson e
t, t al i ]

BUCHRABIAIGR 52 RLISInLer SOERIARMREES! Bhe 2py o v ve

Lsg%ggﬁ%l&‘}tocgem& Q,Qﬁnh r@UHiet8Y 1 Bt L asiiBu®eparating

urnolar"to a -nethyl styréne, an excess anount of
MR AT b ehna tioautd Bl PeE avseaiheingoupabettsdrogenation
whi ch consune hydrogen, are usually contained in the
@i serfuarrital to Ashe dethpdration. of hydrogen to a
-nmet hyl styrene, the range of 1 to 10 is usuall
appl iwmmamﬁentéa%gwmwseagirﬁépm|?#€ﬁ°ti°n may
increase of a parti al B%j[essure of rl1_lydro en._The

B BEULBORaE, o [PEF VA G ARG £ HHECER AR BE hydrogen
r%.fgc r%%é%%:%% P%%%'s%egtﬂfe%‘e{:?lr:rlgrsnn%ﬁ@%t B9 ch2BoR8umkSRydrogen,

y er separate e reaction m xture.
The MdliLoepatéPra £78d ben CORdUEhRUmalteraalli.qui d phase
usi ng a sol'vent or gas phase. The solvent nust be
substmatinmd 1 yr iratrhb ¢ hiviiarageactant s maertiiydr stiyrese , Tthe range
20 sol vent may be a substance existing in an a-nethyl
stiyrler® 1dblig iusualdhenpkied Rpcagaeptike Hpagtion proceeds

S A e 5 Bt LRSS TS nyarosen. e

range 1s further preferably 1 to 5. The excess amount of hydrogen
remained after the reaction canbe also recycled after separated
from the reaction mixture. The hydrogenation can be conducted
in a liquid phase using a solvent or gas phase. The solvent
must be substantially inert to the reactants and products. The
solvent may be a substance existing in an ¢ -methyl styrene
solution to be used. For example, when & -methyl styrene is
a mixture with cumene as a product, it is possible to use cumene
as a substitute of the solvent without adding a solvent in
particular. ThehydrogenationtemperatureisusuallyotoSOOTL
preferabLy30to400T3.Inusual,thepressureisadvantageously
100 to 10,000 kPa.
As modes of the dehydration and hydrogenation, these

reactions can be usually conducted by a continuous method using

a catalyst in the form of a fix-bed. The dehydration and
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BETHPZOHEIABM e of the sol vent without addi ng a

solvent in , particular. The hydrogenati on

tenperature is usually 0 to 50PC 25 preferably 30 to

4000C. In usual, the pressure is advantageously 100

to 10,000 kPa. As nodes of the dehydration and

hydr ogenation, these reactions can be usually

conducted by a continuous nmethod using a catalyst in
hiariejenatficn fiay hed. coffualehy distngrseparate reactors or a
PCT/ JP2004/ 013880 7 hydrogenation nmay be conducted

s inig. es epesacAtaer ¢ e torreatter ugefy|n e tepntiugus method,

reactor used in the continuous nethod, &gere re an d
sdeaoie FBALADARICFEICHRR MR daerernalyreffgor, an
adi abatic reactor i referable b u [ har.

£ hee A AP f%%cg%’?ab%a?%tf gr?gigr g%ﬁ:%g eo%%:]eeg'té.péhermal
{r%r?%ét%%sgrregqirséJIQJne. aquﬁztd§ fo%a%%fovélh%f heat. In a case

OWer s~ wi progress of the reaction

Recaushy i G @A &1 PBabt oYY heakempeiratiuTeall owers with

endothérm c reaction, and on the other hand, since the

f @hedfedcttdhpbcatigedie deshpdrakbohefigwnyl alcohol
reaction, 10 the tenperature rises with progress of
tile ane acifiodineMhie aedadtion cmydt sruthepetbeds hAnghesince the
than the in|et teererature because . t he %eng at ed heat tion
qudnaggnaEion Qferd rretBy L StHReNe ebt AL XPERFEM AUt 82C ‘

S, AR ek JE3 T EORLELSRY B cncae
dceég%éja[f%é@f]e detdiis EQB?l%EsﬁﬂanTﬂ?e rigAcdd @@mperature because
tenpera

rature is preferably 150 to 300c C, and the
NeArtd&e P4 €68 UnBat Sqraat etgbliy 120@etro iADGD teRa. When

the tenperature is too low or the pressure is too
hi gh, Thatreracmyob ¢ copedersed andifressurears sehected so that
dehydration, leading to deterioration of the .,
pex et neekapned in an @ -methyl styrene solution after the
dehydration, is- not condensed. The reaction temperature is
preferably 150 to 300C ,and the reaction pressure is preferably
100 to 2000 kPa. When the temperature is too low or the pressure
is too high, water may be condensed at the outlet of the
dehydration, leading to deterioration of the performance of
the dehydration catalyst. Further, when the pressure is too
high, it is also disadvantageous in the reaction equilibrium
of dehydration. Whenthe temperatureis too highor the pressure
is too low, it may become disadvantageous because the catalyst
life is shortened by howling or the like caused by much
generation of the gas phase part.

Though hydrogen can be supplied from any one of an inlet
of adehydrationreactorandaninletofa hydrogenationreactor,

it is preferable to supply from the inlet of the dehydration

reactor in view of the activity of the dehydration catalyst.
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fﬁn%ﬁgogg%vﬁﬁ%tion catal yst. Further, when the

pressure is too high, it is also disadvantageous in

the reaction equilibrium of dghydration. Wen the
tenperature is too high or the pressure is too |ow,

it may becone di sadvant ageous because the catal yst

life is shortened by howing or the |ike caused by

much 25 generation of the gas phase part. Though

IMdrtogien, ceap doet malpidn edlf fwatenrprodeced thronght debydration
a dehydration reactor and an inlet of a hydrogenation
dea@momoted 9% hriieing| inte copprgntrerickenrh ef Bydrogen

e AR HORE LR PGP 2PETEBRoAGNAdIERO, damFiTasion
izaf i .of t d t i : )
\éi?d}%{rﬁlrz%gﬂg? r%bfﬁ %?\S?r}ig{ﬁlﬁﬁr OO%%EEPAH %é%@sa?gjr%og{ g:%z'no Be LEtained

%?g% ' deat i € o@n i | ipRbLEE r

393%/ rathﬁlwbnip %%ﬁ?/%?gfaoﬁar ?gggﬁetahg?e?lgge}%ﬁh THOWYE wate

RN St QD1 A Bty 8RA 086N 3 s d £6é d ¥Ry ugBgles Rgdi-6genation

absence of hydrogen. Though water generated in the

aadtedirpd t oniit sipagesdibheotighopkeattedadgdat iarst without

catalyst, it is possible to operate at | ow cost

waticirulaaky i et hing Yet aPNgPRAratUSp FaTa At gpremoval as

wat er renpval as _  descri bed abovg,lﬁg gPer%tin at 1 he N

IGRITIRRYA BBRYEN I HGPREPE I ERPHREYS BR singwater.
r,qgen jin_the. h ' f

PCREY, (RLAS DHIEABIALA 28 SANPESERIGLEh B recvoiea

tdffe0fgd el Das141 SEpdragRahabberataRpr.ation, it is

possi bl'e to separate water generated in the

dehydrattRerhopa), t B¢ thactime WifXttlee gak{biduid ddmaration

obt ai ned 15 reaction m xture (mainly cunene) can be

regeyrc eicbn o kthels Hostsitgfe tie sepagade Watarsgengrated in the

amount of the dehydration catalyst used nay be an
ration from the reaction mixture. A part of the obtained

reaction mixture (mainly cumene) can be recycled to the inlet
of the reactor for use.

An amount of the dehydration catalyst used may be an amount
enough to convert cumyl alcohol, and the conversion of cumyl
alcohol is preferably 90% or more. An amount of the
hydrogenation catalyst used may be an amount enough to convert
@ -methyl styrene into cumene, and the conversion of ¢ -methyl
styrene is preferably 98% or more.

Considering from a viewpoint of cost, the dehydration and
hydrogenation catalysts are preferably packed in one fixed bed
reactor without using multi stage reactors. Inside of the
reactor may be partitioned into several beds or not. When the
reactor is not partitioned, the dehydration catalyst and
hydrogenation catalyst may be directly contacted each other

or those may be partitioned with an inert packing.
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gﬁ%‘{JJPﬁO(%i/Ol?;SSO .

g o convert cunyl alcohol, and the conversion of
cunyl alcohol is preferably 90% or nore. An anount of
the 20 hydrogenation catal yst ydised nay be an anount
enough to convert a -nmethyl styrene into cunene, and
the conversion of a -nmethyl styrene is preferably 98%
or nore. Considering froma viewpoint of cost, the
dehydration and hydrogenation catalysts are

pr ef & at@se wec kibd dn porwalyd tdeeh el cREeredtren eRmRhbudlcohol
using nulti stage reactors, Inside of the reactor nma
Be sanGuGtese Py Mtizegarel Yhbes & avPlaled Prdovw:

reactQr is not partitioned, the dehydration, catalys

o TRRIhSGERaEPGT IS ARTER fy? iF OF Fo0t Py EORLRS, gymene by
r h i LQn | kaert

SRR TP B P T a0 P A s Ao ey ppfc1ati8h! step to

Bﬁr@l‘i‘b?én‘?ﬁﬁ;fisc WERNE oL PELGHIY hgdt kOMImeds #20RI¥EHGRaterial

by hydrogenol ysis, is explained below The

kydtagenaliiaits ont 8epS ansbepetrowoplibai cumgneuwhhehbhas been

subj ecting cunyl al cohol obtained in the epoxidation

sised i the byidegéncl s isndepoedueeddiy hethwdregenelysis.

as a raw material to the oxidation step. In other
Fnedby deagene Luniehl Aagapeiad Ay RORRECHNGaFPERL alcohol

S BB 05 A T S gl o o
I j it <
S N U 8 SAERSShats Higuon rompies of

GRe BatH3I9d+ ThevGhe NEPRL £6a8E4d daEalRé Bl Yt nidtd e f Group
net al - based catal ysts of nmetals of Goup 9 and 10

suandd cahallt ,agickshl apdnpekedand pelldhddmp metal and
net al - based catal ysts of netals of Goup 11 and 12

gedieladasspheptajpatsiofmetappat Gagun Jg]a@afiy]s"\ gugha@s copper
Drgf erapl e fromgfgagghvégﬁggiQ%Sogrguggg %%ggléﬁfrom the
B raddifot Soppe Y

viewpoint of suppression of by-products.

As the copper-based catalyst, copper, Raney copper,
copper-chromium, copper-zinc, copper-chromium-zinc,
copper-silica, copper-alumina and the like are listed.

The reaction can be conducted 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 a cumyl alcohol solution to be used. For
example, when cumyl alcohol is amixturewithcumene as aproduct,
it is possible to use cumene as a substitute of the solvent
without adding a solvent in particular.

Though the amount of hydrogen required in the hydrolysis
may be equimolar to cumyl alcohol, an excess amount of hydrogen

is required because other components which consume hydrogen,

are usually contained in the raw material. Further, the molar
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RQTQWQO%%%ﬁéwlbased cat al yst, copper, Raney copper
copper-chrom um copper-zinc, copper-chrom um zinc,
copper-silica, copper-aluninaland the like are |isted.
The reaction can be conducted'n a |iquid phase using
a 20 solvent or a gas phase. The sol vent shoul d be
substantially inert to the reactants and products.
The solvent nay be a substance existing in a cunyl

alatalobf aglatidgen t6 cheylselcolrol isaxsangl By fwoeni tortd because
al cohol is a mxture with cunene as a product , it is
kbest i et 1 on preceedsmpisd by wibbtiinaneass of aepaydiiahpressure

25 without adding a solvent in _particular. Though the
@rfot}ﬁfir@t?eﬁvdrEbénril%h%i#%éqrﬁ%Pﬁ?SPa%strgﬁ'ylb"é’ 5. The
equi nol ar to cu | cohol . an .excess,anouynt of .
PR ATt G P O SRR 25 A0 B, SeqRLdRn may be
Y, n u t al 1 .
R OE e @ Eeed B 08 SAYLIERTF PR IR RY . e
A fn SWAFE 09 &l bnl e 4Vt e & £ AAla 1 By WP 4R s ofCONpReferably
t0 10 because the reaction proceeds rapidly with
izcreaaeodf .arpatsinal , ptRespressatehydr ageantibeonatliyo 100 to
is further preferably from1l to 5. The excess anount
dfo 1o0dr & Theahydaodfvisdrs clag beasdivantaggoysly carried out
recycled after separated fromthe reaction m xture,
PR NG\ A reRerbr % &0 ¢ BApeEarlr 8% §148EY oF & dfd*shRed-
pr ef er.abl 30 o 4000C. In usual h Lessure
D v an B UERTS™ 1 OB 95054 oo BBk pon HHE T RIGPE| SePatelmethod.
dy, Y, hed,-0 ' Anfed@a/st in the
ofﬁiégﬂg urr@é%rm§e¢§§egrbg Ft%%h$%g g%ggent process

can bgheprdueiedayr gakatshtaEhiAg.a ra®MmateniabiBiSreaction
nmet hod or continuous nethod. Wen a liquid or gas

dentpaissietd) throawhret Eixald bed,r ¢het catalystpasssdt contained
through a fixed bed, the catal yst is not contained

at all or substantially in a liquid mixture drawn out from the
reaction zone.

Inthepresentinvention, it isrequiredthat aconcentration
of methylbenzyl alcohol contained in a ligquid containing cumene
after the oxidation step is 1% by weight or less, and 0.3% by
weight or less is preferred. Herein, the liquid containing
cumene means liquid cumene or a solution containing cumene when
a solvent is contained.

Benzyl alcohol is a compound produced by which acetophenone
formed by thermal decomposition of cumene hydroperoxide in the
oxidation and epoxidation steps, 1s hydrogenated. Since
methylbenzyl alcohol is a component accumulated in the reaction
system, and the concentration increases with time when the
recycle is continued, it can becomes an oxidation-inhibiting

substance in addition to reduction of the reaction effective

volume.
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SCTEEROYO S anti al 1 y inaliquid mxture drawn out

fromthe 15 reaction zone. In the present invention,

it isrequired that a concentﬁ_tion of net hyl benzyl

al cohol contained in a |Iiquid“containing cunene after

the oxidation step is 1% by weight or less, and 0.3%

by weight or less is preferred. Herein, the liquid
cont ai ning 20 cunene neans |iquid cunene or a solution

cont almitig: cunelzt idrestep dohidnttdd, dintisi redniBedzyo raise
al cohol is a conpound produced by which acetophenone

feomegd thon Hegmig C2eeeposi tPoRTeflopdmengeaction time for

Q%FropGYOXIde in the oxidatjion and eQOX|dat|on st eps,
R IgHE Pt de s 128 ¢ Imen R FYT BRAZ 9K 1dPc oHBWEVE T in botn

| d
R By Ao A o P End TS | Ao PHRL S BEF SPferatea
Gnt hﬂ“%‘icohtolcgﬂ.—t i%gﬁégt?(;o%} gccpﬁ%gﬂﬁgnh%apb hi B the

substance i n ad ction action

e ddattat Mo WiRp ,PEE/ JEROPAL 4 38Rk dldg ldbdditht of effective

OX|dat|on step inhibited, it is required to raise a
mmmﬂﬂzntidnnnfzﬁhﬂereﬁctibmwwbrm@ea sepptessibhneff veaction
obtai ning a desired cunene hydroperoxi de. However, in

HadH bidhisus obytiwe cetdationi Bhdi ﬁgoméaécg@n d@tndoreffectlve
are enerated 5 or an al cohol or a ketone consu

PSRN 3 b e frw%%m%hlg?egf pethelBenggy dlcohol in
%kl ?Eg@i&%‘é’}}ta"i Fﬂagﬁﬁlé\ﬂg m t tﬂ@oﬁeiQEtPln the range

reac ression o rea

¥ R Pldadden Apenepgxi dation, and effective

hydrogenatlon the concentration of nethyl benzyl
al colmd métHeds heoki qohdredniagnithe CoiRehtrsiidie of

controlled within the range of the present invention.
methylbenzyl within the range of the present invention, amethod
of removing a part or the whole of methylbenzyl alcohol outside
the reaction system by distillation, extraction or the like,
a method of converting into another compound, a method of
decreasing the concentration using an adsorbent or the like,
and the like, can be illustrated. A step for removing
methylbenzyl alcohol outside the reaction system (herein-after,
sometimes referred to as "methylbenzyl alcohol removal step”)
canbe installed at least one place in the oxidation, epoxidation,
dehydration and hydrogenation steps or between which the steps
are connected, and can be usually carried out by distillation.
As another method, the concentration of methylbenzyl alcohol
can be effectively reduced by hydrogenating most of
acetophenone and methylbenzyl alcohol fed to the hydrogenation
step to convert into ethylbenzene. Further, there can be also

used amethod of controlling production of methylbenzyl alcohol

itself through selection of a hydrogenation catalyst not
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RETHERRY Y 33 controlling the concentration of

nmet hyl benzyl within the range of the present

i nvention, a nethod of rennvggg a part or the whole

of net hyl benzyl al cohol outsi 15 the reaction system

by distillation, extraction or the like, a nmethod of
converting into another conpound, a nethod of

decreasi ng the concentration using an adsorbent or the
Hyldogearct ire ddddeopluamobe. | Abuat catedysA shdehf drardly
renovi ng net hyl benzyl al cohol outside the reaction

dyshrerg e ncaﬁp@henme&oﬁéttﬁﬁce§aﬁ@ﬂe¢ﬂ'é§11’§t§s°f metals of
"met hyl benzyl al cohol rempval ste can_be

ST Bl 1 ot 24 hAL trath btel 8 gae Higa2un dean be

deh dr t|on and hydrogenati on steps or between which
are connected, and can be usually carried

out by dlstillation. As anot her nethod, the

concentration of nethyl benzyl al cohol 25 can be

effectively reduced by hydrogexsuipng nost of

acet ophenone and net hyl benzyl al cohol fed to the
IBhmagenat i on  step to convert into ethyl benzene.

Further, there can be also used a nethod of .
cont rohhemg peeyicted ofrem admdnagansiien cﬁi’rﬂil' wag gdpged with
t hrough sel ection of a hydrogenatio cat st ngt n a volume
raerr/aaﬂmm Gr3wdd-or oky dr Bhehatt if Pte AR £

Catal ngégfgﬁég% ehMg ggfﬁe%ﬁﬁ g§e§9p§§n8 ﬁene and the
2&’:@%@1&9@' tea Et&&e{maag a%}nbagmmlc,cméﬁuﬂé Sé;ﬁlj o

e 1 Cunene recyc froma
@noﬁt epsths o xefl Wihidur asupplgdog sdiruti on
1 wt . % of sodi um carbonate in a vol une _
A concentration of methylbenzyl alcohol in the recycled
cumene was 0.02% by weight. A production rate of cumene
hydroperoxide was 6.5% by weight per hour.

Example 2

A reaction operation was carried out in the same manner as
in Example 1 except that the concentration of methylbenzyl
alcohol in cumene recycled, was 0.2% by weight. The production

rate of cumene hydroperoxide was 5.9% by weight per hour.

INDUSTRIAL APPLICABILITY
According to the present invention, there could be
provided a process for producing propylene oxide, which can
convert propylene into propylene oxide using cumene
hydroperoxide obtained from cumene as an oxygen carrier, use
repeatedly the cumene and further efficiently carry out
oxidation thereby being able to efficiently produce propylene

oxide.
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PETHEZPUYPER of ¢ he aqueous solution to 20 of cunene,
and the m xture was reacted under atnospheric
pressure and a tenperature of %OSOC for of 1 hour
supplying air. A concentratio& of net hyl benzyl al coho
in the recycled cunmene was 0.02% by wei ght. A
production rate of cunene 15 hydroperoxi de was 6. 5% by
wei ght per hour. Exanple 2 A reaction operation was
carried out in the sane manGBAIMS in Exanple 1 except
that the concentration of nethyl benzyl alcohol in
cunene recycled, was 0.2% by wei ght. The production 20

rate of cunene h¥droperoxige was 5.9% b meigh&fpﬁ{ ,
hour .1 1 NDIFSFR58 EAPRINIFANS PTRPYFRnGK 1S t frich comprises

esent. Jinvention, there could be provided a process
%bﬁ EﬁﬁﬁﬂﬂﬁﬂfrﬁﬁﬁB§Ene oxi de, which can 25 convert

pro pé(:L £8& igé o% g%gpyé gﬁf?lg)%fj eoﬁ‘?éﬁgiﬁg "Eiffene hydroperoxide

hydr oper oxi I ne m cunene as an oxygen

Qﬁrﬁﬁﬂaiﬂgﬁb Jahead edly the cunene and further
efficiently carry out oxidation thereby being able to

ef f i epepidyt pondsicep proptepnef opitddnidy propylene oxide and
PCT/ JP2004/ 013880 13 CLAIM5S 1. A process for producing_
eyl sheobrildey rgldcdtnd epmeseshydneresprédpreptatped in the
5 oxidation step: a step of obtaining cunene

i HeeP WL i RFQPHYCREmeBY epoxi dation step

[

o, bR RSB LR A A P i Bbeanoa
in the epoxidation step into cumene in the presence of a solid
catalyst and recycling said cumene to the oxidation step,

wherein a concentration of methylbenzyl alcohol in a liquid
containing cumene recycled to the oxidation step, is 1% by weight
or less.

2. The process according to claim 1, wherein the conversion
step comprises the following steps:

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

hydrogenation step: a step of obtaining cumene by
hydrogenation @ -methyl styrene to obtain cumene, and recycling
the cumene to the oxidation step.

3. The process according to claim 1, wherein the conversion
step comprises the following step:

hydrogenolysis step; a step of obtaining cumene by
subjecting cumyl alcohol obtained in the epoxidation step to
hydrogenolysis in the presence of a hydrogenolysis catalyst,

and recycling the cumene to the oxidation step as the raw



89?&3@9%%”@?%b wi th propyl ene; and 10 converting step:

a step of converting cunyl alcohol obtained in the

epoxi dation step into cunene Eg the presence of a

solid catalyst and recycling®said cunene to the

oxi dation step, wherein a concentration of

nmet hyl benzyl al cohol in a liquid containing cunene

recycled to the oxidation step, is 1% byweight 15 or
Ieteridl .The process according to claiml1l, wherein the
conversion step conprises the follow ng steps:

de itk atriooe sst @pcordingtmélabmal nwhgraimeting Procgssngurther
by dehydrating cunyl al cohol obtained in the ,
spoprd@csop step oDFamewing peddyidensyh adepidlapnsfide the

catal yst; and hydroggenati on step:.,a . step,of obtainin .

EEASTTA OBy S Ry PG ABPoTPRC PR 0 Gl BREPE O BeLHTen which
nmen and. recycl i he cunene to the oxidation

&%@bgifpsﬁﬁfﬁn%éééégéﬁébrding to claim1, wherein the

conversion 25 step conprises the follow ng step

hydr ogenol ysis step; a step of obtaining cunene by

subj ecting cunyl al cohol obtained in the epoxidation

step to hydrogenolysis in the presence of a

hydr ogenol ysis catal yst, and recycling the cunene to

the oxi dation step as the raw PCT/JP2004/ 013880 14

material. 4. The process according to claim1,

wherein the process further conprises a step of

renmovi ng net hyl benzyl al cohol outside the reaction

system at | east one place in the steps or between

which 5 the steps are connected.



