; RSe3ew<wOL(t86nT*0 1 G July 2004 SPECI FI CATI ON PROCESS FOR PRODUCI NG
PROPYLENE OXIDE 5 TECHNI CAL FI ELD The present invention relates to a
process for produci ng propyl ene oxide. Mdrre particularly) the invention
relates to a process for producing propyl ene oxide, wherein said process
for produci ng propyl ene oxi de has excel llent characteristics that 10
propyl ene is converted to propyl ene oxi de using isopropyl benzene
hydr oper oxi de obt ai ned from i sopropyl benzene, as an oxygen carrithuly 264
sai d i sopropyl benzene can be repeargtr1cgerhon hat t he epoxi dation for
obt ai ni ng propyl ene oxi de from propyl ene, can be conducted under a high
yield) and that the load in a 15 purification step of propylene oxide as a
product can be reduced. BACKGROUND ART A process in which propylene is
oxi di zed usi ng et hyl b@ROEHS ShFdRo PRADU TN G P ROPOENRE OEBPEi er to give
propyl ene oxi de and 20 styrene is known as Hal con process. Since, in this
process, styrene is inevitably produced together with propyl ene oxide, it

is unsatisfactory fromthe viewpoint that only propylene oxide is to be

selectﬁ%el&gﬁﬂﬁaﬁéédfgéﬂiﬁhe ot her hand, a concept of a process in which

propyl ene 25 is nverted to propyl ene qgxi.de i ng..i sopropyl benzene.
FAP R TP B T LGP By BEdsis, PRs 4 Srygen “Cab L are -8R

hydr oper oxi de ob Zene, n oxygen Ccarrrer, a

sai d isopr }Sgg%%%“ i§ere %a)fr:ﬁ#ﬁcqgl # th 'Me%té%%r@%% sbed in
Czechosl ov E at ent ﬁE. es ?ﬁ%%% 3. e 6?6%%%5 escribed 1 n. sai%_patent
does not cansAbde PE OChS HrAREE1 fY HIBDORMLGRITRY Y whbeRIneX¥8eAl poXtEasi on
step, epoxidation step and rydrogenolysis step. Various problens arise in
practi cal bHorexycaudigiabrosppenpykidedeneeandltbhat efhemedteer jpatisrd tlsatnot
be said as sufficient for industrial realization. D SCLOSURE OF THE

- | NVENHIOON propylene isconverted topropylene oxideusing isopropylbenzene
hydroperoxide obtained from isopreopylbenzene, as an oxygen
carrier, that said isopropylbenzene can be repeatedly used, that
the epoxidation for obtaining propylene oxide from propylene,

can be conducted under a high yield, and that the lcad in a

15 purification step of propylene oxide as a product can be reduced.

BACKGROUND ART

Aprocessinwhichpropyleneisoxidizedusingethylbenzene
hydropercoxide as an oxygen carrier to give propylene oxide and
20 styrene is known as Halcon process. 8Since, in this process,
styrene is inevitably produced together with propylene oxide,
it isunsatisfactory fromthe viewpoint that only propylene oxide
is to be selectively produced.
On the other hand, a concept of a process in which propylene
25 is converted to propylene oxide using isopropylbenzene
hydroperoxide obtained from isopropylbenzene, as an oxygen

carrier, and said isopropylbenzene is repeatedly used, is




Under such circunstances) an object of the present 10 invention is to
provi de a process for produci ng propyl ene oxi de wherein said process for
produci ng propyl ene oxi de has excellent characteristics that propylene is
converted to-propyl ene oxide using isopropyl benzene hydroperoxi de obtai ned
from i sopropyl benzene, as as oxygen. carrier, that said 15 i sopropyl benzene
can be repeatedly used) that the epoxidation for obtaining propylene oxide
from propyl ene can be conducted under a high yield, and that thesudadodh a
purification step of propyl ene oxide as a product can be reduced. Nanely,
the inventi glegatdead irp CacpihRGESS, £101 dduging~z0, propyl.ene_oxi de, whi ch
conprisesstgﬁgidéiégibed bel ow) mheﬁgfﬁﬂ%ﬁgyggﬁcgﬁt%gprgﬁaof WREEPIP@ESS
sol ution co e d dopsepyl bereeneidndnepes 9xi t .supplied to the
epoxidationﬁ%égg is 1 %by weight or Iess:@oigﬁggﬁgnggggﬁgeég%ﬁiﬁﬁPﬁ%%%$ch
i sopropyl be CP§Sasyoxielp g etcdap vhtaidr 4isopsepy b roper oxi de)
epoxi dation_step; a step in which isopropylbenzgﬁé'hggégggsgéi8eg£BPéFH%d
in the oxi dG¥FER SENOFYiss & sdted Wit quroomtesTed® £bt gk N: 4 BrbbisLOy 2004
propyle&ﬁ oxi.de ?nd cunyl al cohol, and hydrogenol ysi sst ep; sEmhitd

ast epi nwhi chEtijt-al@oRol bheRT Aedlbanzheeepndi et T Ofo 5k eph b oAU €184, 1.0
hydrogenolyﬁ%ssggdobtainFisopropbeenzene, and sai d isopropyl benzene i's
recycled to th& 5% dSPEot e &0m industminl atebbt ztheoaxi dati on step.
BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON The oxidation step in the present
invention is a step in which isopropyl benzene is oxidized to obtain

i sopr opyl b@z@@mé@RﬁyQFOQQEO)ﬁ&%NT & oxi dati on of isopropyl benzene is
usual |y effecte t ; Xxygen-contai ni ng gas such as the
air, an oxygen-erta&dedsath €% rktlRshkikeesThg 0xidation reacti on nay be
carri e@o)lﬂout_ wi t htg_ut any additive or wi TR %4n SRAAEARAT K B BRESFKEI . The
reacti off t efpeamtiee lisstapwailiyl 58 pre G o5 Al .on pressure is
usual l'y _betw\Qpen t he _atnospheric pressure and % Wa_éﬁgﬁﬁgﬁ%e ftp?’éhg%i th
an addi ti vé' e hFRAPPTIRS LHES T ted ucineg propgmmiéamsaéxwg%%f@

and aueous i . t.hereof; and al kaline earth nmetal conpounds
metal car bo&ril.Jzétr'l(-‘%xIsd suchéglscﬁ\&%@ﬁ?rﬂl&iﬁq@&e BEO Ve T {NHOez 008y 28nal dddl de

met al  amMmomisiMgC ardaiad el i ke, and aqueous sol ution thereof. The
epoxi dat i on stéﬁ in thelﬁrglresen%&?nlll éf?Bﬁr?§lgesP§E@Pﬁ5ﬂﬂﬁﬂﬂm
isopropylbéﬁp@m@Pm@mamxanndCkscﬁﬁaéﬂ§geﬁncggg-g§id@ﬁggn stgf is reacted
wth QﬁpyLene to Qbtai n propyl ene 25 oxi de ané clny al &S . From a

vi ewpoitht ~ tASPTOPRI 1o&dizeae peodhet repeatdibe whiai netht e Righ ¥4 §l;d _and
under a higg sghgg&hxhty t he. epoxi dation step is preferably conducted in
4 G July 2004 TRe presdntEoBYls EaPAF§8t fmind ap e Be t¢ dramicl Boe@tictiedi NY
silicon oxuflgerThen¢aha LkSp e (R catal ystcontaining titanium
chemcal |y gound to g%l#%%%Héxﬁgé,EggycgﬁFegoﬁptéﬁi9nP§Fﬁfé§a¢apaly$bp
Exanpl es n@§ prebudenpr estietes dgn 25 I | ' und i s supported
on a silica carrier, products in wﬁ%ﬁgﬁkfﬁééﬁjﬁﬁé%%ﬁgggﬁd i s conpoundedw
th a silicon oxi¥ensyva o pirociaifat iren avesseb: SUdB 0oz proauc
titanpymc Ptairin zeolite compounds or the like. In the pre en? <ing

i nvenion,PT%0h %Iﬁ)gIoﬂﬁﬁfen@hhﬁar%mmmswpasﬁds@ﬁibéa HeAWWTB,RELG)L L f OT

the epoxi datd o .be a dilute or thick purification or
non-purificati%%éégg%g%¥+°%h8feﬁ@%?&éﬁﬂoﬁ sedattiiom isorkeiiggout by
contact i ngi g4 Ry _nd. | r | benzene Bydroperpxide with a catal yst.
The reaction nay be econ%ﬁéc?lg'glr%%égq}ﬁffﬁ t° BRESEREI 2 ta el emort i dd6i dhe
sol vent msstebeis 1iguby wogdehtt B rgagtion tenperature and pressure) and
substantially inert to the reactants and the product. The solvent may be
conposed of a substdtceoexdSépN0ai §+apSOhULL of, .t he hydroper oxi de used.
Wen,_for exanple, isopropyl benzene h§dropergg?désP§I§P§$§¥¥ﬁ%?Qﬁ ¥ 20

i soprody| B&dEdre st heb raim nbé epFopylbbnkSnal APaRBRUA fo Use sald

mat erial, wthout aadLn% a solvent 1n particulaf, as thé S6l'vent . Ot her

useful sol vent s“PHEFGHE d?%ﬁh&ﬁﬁﬁsﬁh@héﬂrBngnqgﬂbenﬂﬂﬁzh}@ﬁgﬁ%&?@%e,
ne (for

benzene, E%Iuene chl orobenzene and o-di chl orobenzene), 4alk
exanpl e,

tainédinthe oxidation stepisreactedwith Propylene to obtain




25 octane) decane and dodecane) and the |ike. The epoxidation tenperature
is generally 0 to 200C and preferably 25 to 200C. The pressure may be any
pressure 5 6 July 2004 sufficient to keep liquid state of the reaction

m xture. Generally, the pressure is advantageously 100 to 10,000 kPa. The
epoxi dati on can advantageously be carriedl out with a catalyst in the form
of a slurry or a fixed-bed. The fixed-bed 5 is preferred in the case of a

| arge-scal e industrial operation. In addition, the reaction can héilganod ed
out by a batopylroeesscide sem -@ontl MOLShr OC&SE, a continuous process or
the like. Wien a liquid containing the raw materials for reaction is passed
t hrough a fi xed- badroglea cdatsdlsystep samdtepconvhiinbduaty lad 1caio10btained
substantially in a liquid mxture discharged froma reaction zone. The

hydr ogenol ¢&i %h%?éﬁmi%attri@npﬁs‘égeﬁts sphdectod ishrdseepniphyehsdie cbtplin

al cohol obtained in the epoxidation_step is subjected to hydrogenolysis to
obt ai n i sopPEPYPREtPERSEENd2RS TAtY LiSORFOHRAH NS LS LBsT e @vghe@ g Bhehe
oxi dation steﬁ as the . raw material faor the oxidation st&g._ln ot her words,
the same produetiof &LePs@s GhyBEA%ERE L T n-Ref %k PBNSEERp i s
recovered. The hydrogenolysis is usually carried out by contacting cunyl

al cohol and hydrogen with a catalyst. 20 As a catal yst) any catal yst having
a_hydr ogensgienvabiel by ke et BATPhRAeirdie catal yst include metal
catal ysts of nmetat s of the group 8Tﬁ_TU_1ﬁTh“SUC%“aS t hose of cobalt,

ni ckel, pall adi uthanekkibetibkesvas iretcale sabak)st sneéniebalSs of sthg group
11th or 12th netals such as those of copper, 25 zinc and the |ike. Copper
cat al ysts whachrifepredyibeneehe i ewpdiivted ltat obyapnaikicisopy Ebsupenessed.
The copper _catal ysts include copper, Raney copper, copper-chronmi um 6 6

“ July 32604 R¥ppePezpxddecopplt- ekt datunnzohciseppprylhenzene topperablyini na
and the Iikfﬁegge reaction can be conducted in a |liquid phase using a

sol vent or® §a508L tRrALE L iPRaY LB PAMTSRIGO R AT 9AFi SR asndie to
the reaCtagif,%ﬂpoﬁpgegtggyighedair(nrthelike. The oxidation reaction

may be carried out without any additive or with an additive such

as an alkali. The reaction temperature is usually 50 to 200°C,
and the reaction pressure is usually between the atmospheric
pressureand 5MPa. Intheoxidationwithanadditive, thealkali
includes alkali metal compounds such as NaOH, KOH and aueous
solutions thereof; and alkaline earth metal compounds, alkali
metal carbonates such as Na,C0;, NaHCO;, ammonia, (NH;).COs,
alkali metal ammonium carbonates and the like, and aqueous
solution thereof.

The epoxidation step in the present invention is a step
in which isopropylbenzene hydroperoxide obtained in the
oxidation step is reacted with propylene to obtain propylene
oxide and cumyl alcohol. From a viewpoint that the desired
product should be obtained in a high yield and under a high

selectivity, the epoxidation step is preferably conducted in




5 The sol vent may contain a substance existing in a solution of the cunyl

al cohol used. \Wen, for exanple, cunyl alcohol is a mxture with

i sopropyl benzene as the product, it is possible to use this, wthout adding
a solvent in particular, as the solvent. 10 O her useful solvents include
al kane (for exanple, octane) decane and dodecane), aromatic single-ring
conpounds (for exanple, benzene, ethylbenzene and tol uene)) and others. The
tenperature for the hydrogenolysis reaction is generally 0 to 500QulxRd04
preferably 30 tord08fce Gonesabhyd1y5e prASSYUREnED o ¢ 12AMANAGRANS] h 1P to
10, 000 kPa. The hydrogenol ysis can advant ageously be carried out mﬁfh a
catal yst imsihicdopmide.a Bhecayadysa i yedfbedblTecat atess fnddig Brgesent
invention can be carried out by a batch process, a sen -continuous process
or a conti riuidian ot prhwebeal lyWenurd sbbusidncon axgds,ceot-aalilegl t he raw
materials for reaction is passed through a fixed-bed, the catalyst is not
cont ai ned 1t WR-stbktareabalystn £¥anpies may virctidehprgddctsonmt he

reacti og zog}e{z In the c_1pr_esent invention) it is necessary that the 25
concentPat i"Bh- Tt FatkrarHim cHrRRRRt tontAPRPRGeAsBPr BpFiBésRes@rrier,

hydr oper oxi o be.supplied to the epoxidatjon step is controlled to 1~ by
wei ght or nggjsdfucpﬁse%réwg%lc;‘ %Fggam]u%o&;&ound ¥ FORpOsHEEIoF tee S ldgosr s
reacted W tdy jHLRW ene. pxi j N, . &poxj daf i op_ st formglycols, and
t her ef ore, decregﬁés g“iﬁ%f%?%éaééﬁﬁféféﬁﬁ %é%d ?iBﬁgFggg: propyl ene oxi de

i's separat ad M o IRAGII MY ddSite BhposhiseowatgE hhxbhe reaction
liquid is separated to propyl ene oxide side, an extra energy is required

further to separ dretie prylsema Dxvelet aog, Maicgimo dy Bl AEsC hy 1@ WpReoRt ge 1t
is necessary to control the concentration of water in the solution

cont ai ¥ ng Us@qd asprvpyRverters dly froperorpde itde ienssppbirey be 4 Aelute
epoxi dation step within the range of the present invention. As a nethod of
control | i ng%t &Ikt Srddricaitiont ivgn, nampPwet hbee bion peedadtef renoving al
or part of water . to outsL%F af the systemof the steps in the present

i nvention by distiTl &P 338 B TFRGTGT oS (FRETTHE; OUE Y hogn breting

converting e ti.00; f, .,reduci ng.the
concent r at Poaoy “mbaorary ot orrvEefps FEE ik ofe IS i Be¥BkEdy then
renovi ng t eheutsheeiéh b8V Rl c e $ti8Pa ofi JBPYRh B udBAEa solvent.
(herein-after) may be referred to as "water renoving 20 step” f can Ee
conducltfed Theasoleast norset pkasd iiquildhenaxirdetié arSitehn epapedaitier shep and
hydr ogenol ysis step or in at | east one place between which the steps are
connect ed. PRRESUESkI agdi subsdemdiigddat iigrenthato vidtee rré ac pamtsicanld i th4 he

oxi dation step, there are cases of adding water in the oxidation step and
of 25 operBFPgHCGf' WAEBr SUEEH hdnay s CORPSEX 8 Bnsubepancpeewhsbing

removal belgre Lhe.epoxi 0atLRD R}&PobE-BLEAE  BBLG. M MATLA Moyl S BOLTE Of
isopropylbenzene hydroperoxide is a mixture with
20 isopropylbenzene as the raw material, it is also rossible to
use said material, without adding a solvent in particular, as
the solvent. Other useful solvents include aromatic
single-ring compounds (for example, benzene, tolﬁene,
chlorobenzene and o-dichlorobenzene), alkane (for exXample,

25 octane, decane and dodecane) and the like.

The epoxidation temperature is generally 0 to 200°C and

preferably 25 to 200°C. The pressure may be any pressure




8 6 ,luly 2004 Further, in the present invention, the concentration of an
organic acid of the solution containing isopropyl benzene hydroperoxide to
be supplied to the epoxidation step is preferably 0.5 ~ by wei ght or |ess,
nore preferably 0.1 $ by 5 weight or less. By specifying within this range,
the activity of the catal yst used in thesepoxidation step can be naintai ned
at a high level and the life of the catalyst can be kept for |onger tine.
10 Still further, in the present invention) it is preferable thaéJuly2004

i sopr opy! befizene fwge Opgr}_@éé?eﬁaﬁ@hi edato ap %H%XE:@%tcitQ%nStnﬁB{t % not

undergone a heat history including heating at a tenperature no ower than
the tenper@diterdll¥) trprmsedd e bys tde drod 4w g eaued i an(i ,0dd dpd. O =
15d - 0.8 x W(1) W content (~ by weight) of isopropyl benzene

hydr oper oxi de i n Bhesadpitsi ioe o adani ngiv o QU HER 2600 & Ayl cp e oX ivdesh By
specifying wthin this range, the activity of the catalyst used in the
epoxi dati o seéplyan e thei fvwm wdda stlurirgho2@ £iweli-bapd.t hehé iffiecenf- Hdte
catal yst can be kept for |longer time. Mreover, in the present invention,

t he content4SaPFBhesiredol thicofrasheetal laton- soalaiinidis t sbpt opeltsdioene
hydroperox&pe &8'26 supplied to the epoxidatiogon step is preferably 0.1 % by
wei ght or [F&s89935180 . SR EAGTY AN ERANPE FRETLEAGRUT ttheadka § <A P ose Stthe

catal yst used _.int epoxi dation step _can_he maintained at high | evel and
the life of%l tgﬁ&enrlcgta’gﬁtyls “Cah e st facrcolngﬂleé]rouﬁ FEocesE @ e a6 -

Exanple 1 When a liquid containing the rawmaterials for reaction is passed
through a fixed-bed, the catalyst is not contained at all or

10 substantially in a liquid mixture discharged from a reaction
zZone.

The hydrogenclysis step in the present invention is a
step in which cumyl alcohol obtained in the epoxidation step
is subjected to hydrogenolysis to obtain isopropylbenzene, and

15 said isopropylbenzene is recycled to the oxidation step as the
raw material for the'dxidation step. In other words, the same
product, i.e. isopropylbenzene, used in the oxidation step is
recovered. The hydrogenolysis is usually carried out by
contacting cumyl alcochol and hydrogen with a catalyst.

20 As a catalyst, any catalyst having a hydrogenation
ability can be used. Examples of the catalyst include metal
catalysts of metals of the group 8th to 10th such as those of
cobalt, nickel, palladium and the like and metal catalysts of
metals of the group 11th or 12th metals such as those of copper,

25 zinc and the like. Copper catalysts are preferred from the

viewpoint that by-products are suppressed. The copper

catalysts include copper, Raney copper, copper-chromium,




- .

A sol ution containing isopropyl benzene hydroperoxi de having a water
concentration of 0.2 ~ by weight is continuously passed through a fixed bed
flowing reactor in the presence of 5 a titaniumcontaining silicon oxide
catalyst at a rate of 10 tines by nol of propylene per 1 nol of
i sopropyl benzene hydroperoxi de. The convegsi on of cunene hydroperoxide is
kept 99 ~ and the reaction is steadily stabilized by controlling the inlet
tenperature. At this case, the reaction tenperature 10 is 60C, a@qu%Q@o4

e

sel ectivity Qfpguapygne gggﬁgiiéhggmgugpgpgégt&gﬁﬁgégggae 1 Wen t

epoxidation is carried out I'n the sane manner’as npﬁgal except that

the water coregdd-alliMins ada the Wekght Thihee 56l 641 Vit ﬁ)e?fcoq{c%?ﬂ'yée%q%n“ on

oxi de decreases 91.4 15 When propyl ene oxide is separate romthe reac

liquid afterm 1hguedoriadatioing ans€Xxié@t SREIIOY Jae RAPPRALEON ’?ﬁ%@p@fvent

propyl ene oxide is required because water in the reaction liquid is

separ at ed pFosH bresokstensidély20nk NDUSTRING rARRITCAR lanBY the gesauicked
above, according to the present invention, there can be provided a process
for produci AGepFEpYyErBAemaYi dentahnr i sulssiahpe cotsst froy ipr @dsoilmt iphop¥l ene
oxi de has excellent characteristics that propylene is converted to
propyl ene o%%&eCE@Y&SFAGOWQ&pPéﬁﬁkbgWQQHe hydr eperbkidecobyai adgohpdmis
apoatedly BeaRrt RS HE SRk GR I zene 3 $ip\paobhc Car ba Sconasibee
onder 2 M IBoYiedenand Wdhdle dihd ' ARHIL oA 0P ER SL PEPIREN®
solvent.
10 Other useful solvents include alkane (for example,
octane, decane and dodecane), aromatic single-ring compounds
(for example, benzene, ethylbenzene and toluene), and others.
The temperature for the hydrogenolysis reaction is generally
0 to 500°C and preferably 30 to 400°C. Generally, the pressure
15 is advantageously 100 to 10,000 kPa. The hydrogenolysis can
advantageously be carried out with a catalyst in the form of
a slurry or a fixed-bed.
The process of the present invention can be carried
outbyfibatchprocess,asemi-continuousprocesscn:acontinuous
20 process. When a solution or a gas containing the raw materials
for reaction is passed through a fixed-bed, the catalyst is not
contained at all or substantially inaliquidmixture discharged
from the reaction zone.
In the present invention, it is necessary that the
25 concentrationofwaterinasolutioncontainingisopropylbenzene

hydroperoxide to be supplied to the epoxidation step is

controlled to 1% by weight or less, preferably 0.5% by weight




4 CLAIMS 1. A process for producing propyl ene oxide, which
Soﬁglysggosteps describeg bel ow, wherein the concentratin of water in ath
sol ution containing isopropyl benzene hydroperoxide 5 to be.supplled_tov\’h_eh
epoxi dation stag is 1 3' by weight or less: oxidation step; a step_hn iC
i sopropyl benzene is oxidized to obtain igopropyl benzene hydroperoxL e, 4
epoxi dation step; a step in which isopropyl benzene hydroperoxide o talne
in the oxidation s rep is re ac red with propylene to obtain 10 pr@pylene

ide and camyksal coleotgr andelydicaDei t RbY8bgILBRIoxide in the epaxidati
gé;gginmhichcunplalcoho?obtained in.the eng|dat|pn step Is éﬁ%jeé%ed?}o
hydrogenoly%ﬁ%DttpoﬁmEmrglﬁmmlmpyhbéntﬁaeéfaﬂg,sab@rbgg@@ogy @NZEeng i s s
recycled to the oxidation step as a raM/naperla[ for the oxidation step.

2. The prodd<P L aradet Beshdes 1 progrydrarsi ngidesi€pebatah@@OFEHE the

et hyl benzene to outsjde of the systemin at |east one place of the steps ir
bet ween whirGFTHE St e connected. 3. The process according to claim

i i i o~ ight or less. 20
TN NG TN+ Ng, BN RLGFPNERGE R R Ry NEBDRIGu1a 15 separated to
CDiXchRO : 1¥M¥C cgk aj ca cg%&g%pa%pg]cAa]ca]c%lca%p%]c%kca]%a]ca]c
a]ca]ca]chEa ca]céi?%??%]c a Ca@%b c&PELBY. 4s required further to
.Cﬁ?{vqlgbbébhg@k@ﬁkgﬁ%@@@ﬁg(gﬁfﬁg(ﬁﬂ&xu%?gfa]cAa]ca]ca]cg%calca]galga]ga]
ca] cal ca]ca]ca]l cal]ca]c”a]calcajcalcalca!"$i JWp¥%a c o ! "!$sWe&I&=" U N
(}xsni d_Z] 1] ca] c&ken] cabea} e&%ﬁa}:@%}a@@],c@LC@LC&&E@L%QLWLSaLSS‘LES‘lC@ﬂlga] c
ca] ca] ca] ca] ca] ca] ca! .
((:g]( S?]r ((:2]( ((:g]@;)%]en[c]mtlaom]/ pE~-watért -in -the .0 XA10/dd ¥R xS thd] ] ] ca] ca] ca] ca]

caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
- gg} gg}l g} gg}sﬁg %g]?iglf%;]zggwéﬁmmmwﬁe the epoxidation :

step within the range of the present invention.

As a method of controlling the water concentration, any
method of a method of removing all or part of water to outside
of the systemof the stepsin the present inventionbydistillation,

15 extractionor the like; amethodof convertingtoanother compound
by a reaction; a method of reducing the concentration by
absorption or the like; and the like, may be used.

When removing to outside of the system, a step of removal
of water (herein-after, may be referred to as "water removing

20 step”) can be conducted in at least one place in the 6xidation
step, epoxidation step and hydrogenolysis step or in at least
one place between which the steps are connected. And, taking
into consideration that water is produced in the oxidation step,
there are cases of adding water in the oxidation step and of

25 operation of water washing after the oxidation step, the water
removal before the epoxidation step is preferable from the view

point of effective batch removal.




7@r 7| vqgl gb] X]] ca] ca] ca] ca] ca] ca] cha] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]calca
] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca! r 7777C8F8R8Y888889J9~999998: b: : :;

*,0;Q

- <A<Qt <w<| wr mhc”l gb] X] ] ca] | ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] €a] ca] ca BTi K-v! 1098& () -

T1098& () - 109B& ()-K &L0YB& () -SI 1098& () - %d1098& ()-L,t1098& ()-1gH)

T ClLO9B& () -9%409B& () -!$109B& () -!109B& () - MB10YB& () -! 109B& () - CULRYABR4( ) -
ROndE) "' Cl09%8& () Further, in the present invention, the concentration

, 2" 1098& ()- 0109B& ()-.!'109B& ()-,]!109B& ()-*#1098& ()-,)!1098& ()-m -bC
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By specifying within this range, the activity of the
catalyst used in the epoxidation step can be maintained at a
high level and the life of the catalyst can be kept for longer
time.

10 Still further, in the present invention, it is preferable
that isopropylbenzene hydroperoxide supplied to an epoxidation
step has not undergone a heat history including heating at a
temperature not lower than the temperature (t C) represented
by the following equation(1l),

15 t (C) = 150 - 0.8 x W (1)

W: content (% by weight) of isopropylbenzene hydroperoxide

in a solution containing isopropylbenzene hydroperoxide.
By specifying within this range, the activity of the
catalyst used in the epoxidation step can be maintained at high

20 level and the life of the catalyst can be kept for longer time.

Moreover, in the present invention, the concentration
of sodium of the solution containing isopropylbenzene
hydroperoxide to be supplied to the epoxidation step 1is
preferably 0.1 % by weight or less.

25 By specifying within this range, the activity of the
catalyst used in the epoxidation step can be maintained at high

level and the life of the catalyst can be kept for longer time.
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Example 1
A solution containing isopropylbenzene hydroperoxide
having a water concentration of 0.2 % by weight is continuously
passed through a fixed bed flowing reactor in the presence of
5 a titanium-containing silicon oxide catalyst at a rate of 10
times by meol of propylene per 1 mol of isopropvlbenzene
hydroperoxide. The conversion of cumene hydroperoxide is kept
99 % and the reaction is steadily stabilized by controlling
the inlet temperature. At this case, the reaction temperature
i0 is 60°C, and the selectivity of propylene oxide is 95.0 %.
Comparative Example 1
When the epoxidation is carried out in the same manner
as in Example 1 except that the water concentration is 2 % by
weight, the selectivity of propylene oxide decreases 91.4 %.
15 When propylene oxide is separated from the reaction liquid after
the epoxidation, an extra energy for separation step of propylene

oxide is required because water in the reaction liquid is

separated propylene oxide side.

20 INDUSTRIAL APPLICABILITY

As described above, according to the present invention,
there can be provided a process for producing propylene oxide,
wherein said process for producing propylene oxide has excellent
characteristics that propylene is converted to propylene oxide

25 using isopropylbenzene hydroperoxide obtained from
isopropylbenzene, as an oxygen carrier, that said

isopropylbenzene can be repeatedly used, that the epoxidation
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obtainedintheoxidationstepisreactedwith propylene tocbtain

10 propylene oxide and cumvl alcohol, and

hydrogenolysisstep; astepinwhich cumyl alcchol obtained
in the epoxidation step is subjected to hydroganolysis to obtain‘
isopropylbenzene, and said isopropylbenzens is recycled to the
oxidation step as a raw material for the oxidation step.

15 2. The process according to claim 1, comprising a stap
for removing ethylbenzene to outside of the system in at least
one place of the steps or between which the steps are connected.

3. The process according to claim 1 or 2, wherein the
concentration of water is 0.5 % by weight or less.
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