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further that deterioration of an activity caused by poisoning

of a solid catalyst used in a hydrogenolysis step, can be
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Background Art
Aprocess foroxidizing propylene byusingahydroperoxide
20 of ethylbenzene as an oxygen carrier to obtain propylene oxide
and styrene, isknown as aHalcon process. This process, however,
is unsatisfactory from the standpoint of obtaining selectively
only propylene oxide because styrene as a by-product is
necessarily produced together with propylene oxide.
25
Disclosure of the Invention

Objects of the present inventors are to provide a process



*of a solicPQE@gﬂa%%wﬁn a liquid phase; and hydrogenol ysis step: a step of
“obt ai ni ng cunmene by subjecting cunyl al cohol obtained in the epoxidation

. Step to hydrogenol ysis, and recycling the cunene to the oxidation step 20
"as the raw material in the oxidation stép, wherein the concentration of
organic acids in cunyl alcohol supplied to the hydrogenolysis step is
adj usted to 200 ppm by weight or less. 25 Best Mde for Carrying out the
-Invention The oxidation step is a step for obtaining cunene hydroper oxi de
by oxi di zi fgr cpreaecingep@spgaknen offideymsring d¥d MR 13566 3 is
usual | y conducted by auto-oxidation using an oxygen-contai ning gas such as

" air; oxygechavacteriatidsathabrprépyleke.cdinitse admientmd nmtddesdreddct ed
wi t hout use of an additive, and an additive such as an al kali my be used.
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step is a s ep for obtaining propyl ene oxide and cunyl al cohol by reacting
cunene hyds@perpxt des@dt b Nethydrddunony slod i e s] &fanMbe pRledien e and t he
presence 15 of a,solid catalyst in a liquid phase. Asthe catalyst, catalysts
cont ai ni ngtheé teatahysbnilafei cgnsbei adiscomadataimedridrerixine ftimen t he

vi ewpoi nt of obtaining the objective product under high yield and high

sel ectivity. As Namaly cathe wieserbp-nveniglon -zelakes da & phosess for
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Ti, and theylbkeaigdhg28ukénki;sted. In the present invention, cumene

hydr oper oxi de used as the raw material for the epoxidation process , may be
a dilute epoxidation step: a step of obtaining propylene oxide

and cumyl alcohol by reacting propylene with cumene
15 hydroperoxide obtained in the oxidation step in the presence
of a solid catalyst in a liquid phase; and
hydrogenolysis step: a step of obtaining cumene by
subjecting cumyl alcohol obtained in the epoxidation step to
hydrogenolysis, and recycling the cumene to the oxidation step
20 as the raw material in the oxidation step,
wherein the concentration of organic acids in cumyl
alcohol supplied to the hydrogenolysis step is adjusted to 200
ppm by weight or less.

25 Best Mode for Carrying out the Invention
The oxidation step is a step for obtaining cumene

hydroperoxide by oxidizing cumene. The oxidation of cumene



- PCT/ JP02/ 18586P92/53568ense purified material or non-purified material. The
‘epoxi dation is conducted by contacting propyl ene and cunene hydroper oxi de

. wWith a catalyst. The reaction is carried out in a |iquid phase using a

"sol vent. The solvent nust be 5 liquid urder tenperature and pressure in the
reaction, and substantially inert to reactants and products. The sol vent
may be that which is conposed of a material present in a hydroperoxide

-sol ution used. For exanple, when cunene hydroperoxide is a mxture with
cumene whi g8 uwsudlnvorRiaRidtdla Y tdiiedxiddel snBsen§adnbe used instead
of a solvent without particularly adding a solvent. Additionally,

" nonocycl i coaygeat-icontaimdwylgabesuch deaieneoxygénesencehktentbdnzenar

ort hodi chl or obenzene), and al kanes (e. g. octane, decane, dodecane) and the
li ke are |itbeedike.ufbfigl oxdidaddiion may Dee copduict®d ol tthenperugeiraf ian
usually fromO to 200C , and preferably from25 to 200C . The pressure nmay
be at a | e?8Ri&dvei coafk afo ivife surt3n AN kel imay peqused.
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Wien a liquid containing raw 25 materials for the reaction is passed

t hrough a anxebkdEd metdl gomgoluinkesuthtdy NadHsSeh AR dahrahkaliracdmih zone
does not contain the catalyst at all or substantially. _ PCT/ JP02/ 13566 5
I n the premefaligarpaungh, ortalikaljenetsd cpnhenatjeusuch ias NatEban MaHePs of
organif acids in cugéi al cohol supplied to the hydrogenol ysis step . to 200
ppm bylthei §RMOBL 2, dd¥ls) 2600 ¢ 8LKBIE | M ATBen L W8 Saripde tafox shg like,
concentratagn 02 t he % abogi?ggscribed organi c aci ds exceeds the

above- descibed Faﬁaeihfhg Sffect of the present invention described before
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can be determ ned by an ion chromatography, gas chromatography or the like
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carboxylic acids such as formc acid, acetic acid; propionic acid and
benzoi ¢ acbltadnedr boxthe ©oxidation step with propylene in the presence
15 of a solid catalyst in a liquid phase.

As thecatalyst, catalystscontainingtitanium-containing
silicon oxide, are preferable from the viewpoint of obtaining
the objective product under high yield and high selectivity.

As these catalysts, so-called Ti-silica catalysts

20 containingTichemicallybondedtosiliconoxide, are 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 coprecipitation method or sol
gel method, zeolite compounds containing Ti, and the like, can

256 be listed. |

In the present invention, cumene hydroperoxide used as

the raw material for the epoxidation process, may be a dilute



- aci ds suchPHTIB19566 aci d and mal oni ¢ acid, hydroxy acids such as lactic
“acid, and the like. As nethods of controlling the concentration of the
_.organic 15 acids contained in cumyl alcghol supplied to the hydrogenol ysis
"step to the above-described range, dlstﬁllatlon) extraction using water or
an al kal i ne aqueous solution, or the |like can be conducted. The al kaline
aqueous solution simlar to those descri bed above , can be used, but
-aqueous sol utions of hydroxides 20 of alkali netals or hydroxi des al kal i ne
earth met abg, deheepbRr@fied mHtRIALQAMIE s Gfurd €1 gEnratéedaby
deconposition of the organic peroxi de between the oxidation step and the

" epoxi dation st epThasepoxEdat tewdes. cdhdubydddgenohyacs ingepropy 1 ére @rebent
invention is a 25 step in which cunyl al cohol obtained in the epoxidation
step i s suBpEenedY@roperowtae Witinaieatdlesh. c Fhemseasdionnbaearyriakycl ed
to the OX|dat|on st as the raw material of the PCT/ JP02/ 13566 6
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products . maRebeokwnert wiayrhba s mpdiad) df 2 meterial present in a cunyl
al cohol soI ution used. For exanple, when cunyl alcohol is a mxture with

cunene whi bizdreperpxddectsolutiieoncumsk. 16 ocaexampised whest eaunegie a sol vent

W t hout particularly adding a solvent. Additionall al kanes (e.
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hydr ogenation ability can be used as the catal yst . Exarrpl es of the

cat al yst 20rithodidaloeicdblenzased) ,cairal \sllsamds npd ag s oftahe, gdeopn8ih to
10th such as cobalt, nickel and palladium and netal -based catal ysts of
netal s of dhdegroep. andh the ldke Arsh bstspprs wseif 2l ngoluadteepper - based

catalysts are preferred fromthe V|e oi nt that by-products are essed.
The copber - basedT®8 %%?§+9§F§°Pn'6?‘ﬂﬂ EBB’E)%riS R‘aﬁ# 5 206¢,

copper - chr qbro 1
copper - al U%H]n;g% dggg(;grr%%urfg)s con‘?al ni-ng th%ergéenpye%%&ﬁ%gggﬂgf&gieﬁe
met hod of LHRerREeSRR! £b MY kR Eé&c@ﬁoﬁqmy@&:?&' iRY ad1 D@k £8-¥reL RS 0d,
sem - conti nuousmet hod or continuous method. VWWen [iquid or gas containing
raw mat eri dhsgénerale trRacpressufephs sadvaltaggbualyi Redmbral) to [iapoal-|i ke
m xture discharged 5 froma reaction regi on does not contain the catal yst
at all kPa.
20 The solid catalyst can be advantageously used in the form
of aslurryor fixedbed. Inthecaseofalarge-scale industrial
operation, a fixed bed is preferably used. The epoxidation can
be conducted by a batch-wise method, semi-continuous method,
continuous method or the like. When a liquid containing raw
25 materials for the reaction is passed through a fixed bed, a
liquid-like mixture discharged from a reaction zone does not

contain the catalyst at all or substantially.



- or subst an?PE@P%’l?é@ﬁnm e The present invention wll be illustrated by

‘usi ng Exanpl es 10 bel ow. Exanple 1 A cunene solution containing 25% by

. wei ght of cunyl al cohol was passed together wi th hydrogen through a reactor
“in which a copper-chrom um cat al yst vvast5packed to react them In this 15
case, the total concentration of formc acid and acetic acid in the cunene
solution was 10 ppm by weight . A nolar ratio of hydrogen to cunyl al cohol
-of 8, LHSV of cunene of 1.5 hour-1, and reaction pressure of 1 MPa- G gauge

pressure) were agdaptkd. prdden€ WrRihtiasn priadugelet8Bskheyr €a&d P ©ftainy|
al cohol ) The 20 result is shown in Table 1. Exanple 2 It was carried out

"in the saneoneent¢raidonn ofx amgamit exdest imhatunylle allatodlo Ic mupgitireat iton of
formc acid and acetic acid in the cunene solution was 40 ppm by wei ght .
The resul t the hydrggrnrolysmisitepito 2Ognpime by veight agnlesed pagfanahlie sane
manner as in Exanple_ 1 PCT/ JP02/ 13566 8 except that the total

concent r at P8nPBM P&y S Saci BR&Rd theetrt ade comcetratdnte R ddtiti on was 100

ppm by ight_ . The result is shown in Table 1 arative.Exanple.l 5 It
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concentr at i f ' id ~@n cet.i i d ol C td as 300
ppm by wei SE? gg'TfﬁgE?gglfI%% Iti g%sﬁg\%ns%hg‘?g%l gnﬁ“}%%?ab%%%i?ngnﬁ%}’l anpl e
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wei ght ) CMA conver si on*99. 999. 899. 598. 0
organic acids can be determined by an ion chromatography, gas
chromatography or the 1like. The organic acids are those having
10 a carboxyl group and include carboxylic acids such as formic
acid, aceticacid, propionicacidandbenzoicacid, dicarboxylic
acids such as oxalic acid and malonic acid, hydroxy acids such
as lactic acld, and the like.
As methods of controlling the concentration of the organic
15 acids contained in cumyl alcohol supplied to the hydrogenolysis
step to the above-described range, distillation. extraction
using water or an alkaline agueous solution, or the like can
be conducted. The alkaline aqueous solution similar to those
described above, canbeused, but agueous solutions of hydroxides
20 of alkali metals or hydroxides alkaline earth metals, are
preferred. The organic acids are generated by decomposition
of the organic peroxide between the oxidation step and the
epoxidation step, as a main cause.
The hydrogenolysis step in the present invention is a
20 step in which cumyl alcohol obtained in the epoxidation step
is subjected to hydrogenolysis to obtain cumene and cumene is

recycled to the oxidation step as the raw material of the



“* CMA coanPZ@BﬂW{¥$6- [ (cunyl al cohol concentration in raw material -
~cunyl al cohol, concentration in reacted solution) /cunyl alcohol

. concentration in raw material] x 100 15 Industrial Applicability As

“descri bed above, according to the preseﬁt i nvention, there can be provided
a process for producing propyl ene oxide, having excellent characteristics

t hat propyl ene can be converted into propyl ene oxi de by epoxidation w thout
20 production of styrene as a by-product , that cunmene constituting
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used, and further that deterioration of an activity caused by poisoning of

" a cat al yst samedas rcumédryelnogahdiny the ekéfattan beepriyamdmroduced he Tiad al yst
life can be also maintained for long tinme. 5 PCT/ JP02/ 13566 10 CLAIMS A
process f ohygroegespayspsopplastd anxiide usiaiphy stondudgieed oby ogpngastipy:

oxi dation step: a_step.of obtaining cumene hydroperoxide 5 by oxidizing
cunene; epSRIMdat 2bFoReEANG htdnp gD whtth A REtRLBEYI en%h%ﬁ%%c%l‘ﬂf‘ GARY |

| cohol. b ti L uti t ai ni hyd oxide with
an excdbs BP FREFYFEGUtnil Pj ddAShRBaSE, WHEs Aadtide s, PR §25
tal yst; 0 i : on Lof i n h
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recycling hhapromiad.0 The v ¢t Ay Yetth#Swhihenlidva material peddift

oxi dation step, wherein the concentration of organic acids in cunyl 15

al cohol suppl aedutmglt hé cohdilogelutiirs wiea). | Foadjexsdmerlld 0 vBkh prumyly
wei ght or less. 2. The process according to claim1l, wherein the

concent r at péAOBP Lok amixivirgswith qumaneawbdgbl 1$ & pgpdycéd the soena by

wei ght_ or | ess,
9 U? can be used instead of a solvent without particularly adding

a solvent. Additionally, alkanes (e.g., octane, decane,
dodecane), monocyclic aromatic compounds (e.g., benzene,
ethylbenzene, toluene) and the like are listedasuseful solvents.
The hydrogenolysis temperature is generally from 0 to 500C,
15 and preferably from 30 to 400C. In general, the pressure is
advantageously from 100 to 10000 kPa. The hydrogenolysis can
be advantageously conducted using a cataiyst in the form of
a slurry or fixed bed. Any catalyst having a hydrogenation
abllity can be used as the catalyst. Examples of the catalyst
20 include metal-based catalysts of metals of the group 8th to
10th such as cobalt, nickel and palladium, and metal-based
catalysts of metals of the group 11th or 12th such as copper
and zinc, and copper-based catalysts are preferred from the
viewpoint that by-products are suppressed. The copper-based
25 catalysts include copper, Raney copper, copper-chromium,
copper-zinc, copper-chromium-zinc, copper-silica,

copper-alumina and compounds containing these.
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Example 1
A cumene solution containing 25% by weight of cumyl alcohol
was passed together with hydrogen through a reactor in which
a copper-chromium catalyst was packed to react them. In this
15 case, the total concentration of formic acid and acetic acid
in the cumene solution was 10 ppm by weight. A molar ratio of
hydrogen to cumyl alcohol of 8, LHSV of cumene of 1.5 hour?,
and reaction pressure of 1 MPa-G(gauge pressure) were adopted.
Only'cumene'was produced in the reaction of cumyl alcohol. The
20 result is shown in Table 1.
Example 2
It was carried out in the same manner as in Example 1
except that the total concentration of formic acid and acetic
acid in the cumene solution was 40 ppm by weight. The result
25 1s shown in Table 1.

Example 3

It was carried out in the same manner as in Example 1
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is shown in Table 1.

Comparative Example 1

5 It was carried out in the same manner as in Example 1
except that the total concentration of formic acid and acetic
acid in the cumene solution was 300 ppm by weight. The result

is shown in Table 1.

10 Table 1

15

20

Example | Example | Example | Comparative
1 2 3 Example 1
Organic acid
concentration 10 40 100 300
(ppm by weight)
CMA conversion* 99.9 99.8 99.5 98.0
(%)

* CMA conversion (%) =

[ (cumyl alcohol concentration in raw

material - cumyl alcohol concentration in reacted solution)

/cumyl alcohol concentration in raw material] x 100

Industrial Applicability

As described above, according to the present invention,

there can be provided a process for producing propylene oxide,

having excellent characteristics that propylene can be

converted into propylene oxide by epoxidation without

production of styrene as a by-product, that cumene constituting
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wherein the concentration of organic acids in cumyl
15 alcohol supplied to the hydrogenolysis step is adjusted to 200
ppm by weight or less. |
2, The process according to claim 1, wherein the
concentration of organic acids in cumyl alcohol is adjusted
to 50 ppm by weight or less.
20 3. The process according to claim 1, wherein the solid
catalyst of the hydrogenolysis step is a copper-based catalyst.
4., The process according to claim 2, wherein the solid

catalyst of the hydrogenolysis step is a copper-based catalyst.
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