; e3ef cALNfF 6TGS731 Decenber 2003 1 SPECI FI CATI ON PROCESS FOR PRODUCI NG
PROPYLENE OXIDE 5 Technical Field The present invention relates to a
process for producing propyl ene oxide. Mre particularly, the present
invention relates to a process for produci ng-propyl ene3ppeesnbdr 2003Ch
propyl ene is converted into propylene oxide in high yield using 10 a

hydr oper oxi de of i sopropyl benzene as an, oxygen carrier and said

i sopropyl benzene can be recycl ed. Backg}ound Art A process for oxidizing
propyl ene by using a hydroperoxide 15 of ethyl benzene as an oxygen carrier
to obtain propyl ene oxide and st SREGIFECARHMh as a Hal con process. This
process, however, is unsatisfactory fromthe standpoint of selective
producti on of onIy propyl ene oxide in high yield, since styrene is

by- pr oduced together W th | ene oxide. ZOQ Disclosure of the Invention
The present i nvé JVQP ﬂf '%ﬂﬁ)ﬁ%ﬂ%%ﬁ aa%x%ﬁess for producing
propyl ene oxi de not haV|ng t he above-nentioned problem resultantly found
t hat propylene can be converted into ~5 propyl ene oxi de w thout production

of by-p 2§%ﬁ§u9ylo$£gléihydroperOX|de of isopropyl benzene as an oxygen

carrler a can be obtained at high yield by adding a

process 31 Deggrbgfe 2008 i Jedit {13 e@3Nt OTHBRbEBE! for PFGdulYg

conpl eted the present invention. Nanely, the present invention relates to a

process f @ropyl@me REki@eQpyMene @arde cudapilysi e hbedfs@dddtowingrtiens:
relates to a process for producing propylene oxide in which
propylene is converted into propylene oxide in high yield using

10 a hydroperoxide of isopropylbenzene as an oxygen carrier and

said isopropylbenzene can be recycled.

Background Art

Aprocess foroxidizingpropylene by usingahydroperoxide
15 of ethylbenzene as an oxygen carrier to obtain propylene oxide
and styrene is known as a Halcon process. This process, however,
is unsatisfactory from the standpoint of selective production
of only propylene oxide in high yield, since styrene is
by-produced together with propylene oxide.
20

Disclosure of the Invention

The present inventors have intensively studied a process
for producing propylene oxide not having the above-mentioned
problem,resultantlyfoundthatpropylénecanbecmnvertedinto

25 propylene oxide without production of by-products by using a
hydroperoxide of isopropylbenzene as an oxygen carrier and

propylene oxide can be obtained at highyield by adding a process




5 the oxidation step: a step of obtaining isopropyl benzene hydroper oxi de by

oxi di zi ng i sopropyl benzene; the epoxidation step: a step of obtaining

propyl ene oxi de and cunyl al cohol by reacting propylene with

i sopropyl benzene hydroperoxi de obtained in the oxidati @npat&hberddoshe

hydr ogenol ysis step: a step of obtaining isopropyl benzene by

hydr ogenol yzi ng cunyl al cohol obtainedqs n the epoxidation step, and

recycling this isopropyl benzene.to the “oxidation step as a raw material of

t he oxidation step; and 15 the organic acid renoval step : a step of

removi ng farorgaavingcpd @Egabict%%lgysﬁ%ﬁn?bP%uCQQQ%ﬁt%hm¢ﬁﬁn9ﬁeﬁeﬁtsaid

steps or between said steps. Best Mdde for Carrying out the Invention 20

The oxi daiPBARNEEEP-in the present invention is a step for obtaining

i sopropyl benzeng hydr operoxi de by, oxidizing i I T i dation

of isopropylbenyéﬂégys géﬁanﬁs%%Hdﬁ%Y%%£%gna%$g§g§¥d§$?% J??ﬁ%?£§§

oxygen-cont ai;ni_ng ga s al.r Qﬁ%qﬁﬁ- | r like. 25

Parti cul aPF?fiugﬁggnﬁ) SO% ?235% (?ggtlidgn met odﬁ?ﬁggﬁ%ﬁﬁlrﬁgigguségﬁ% enul si on

is preferable f lept: Qfsd R ih g/ i 8b@rébylbenzene

isoprg%ylbenzengﬂﬁkﬁggﬁiﬁgﬁgggé%TﬁgSJ?%E?PVi31 EECé%bergzogg 3 reaction

tenper at Upgqkrspbi-amia@ fb? 230G i zang tiwpmwastitynhqgmessure is usually from

at nospheri C pressure to MPa. In the enul sion oxidation nethod, an al kal

met al conmpound sHele e iNEH ot sKEP) akkepiofeobirthimgtptopphepoeindider

al kali nmetal 5 carbonate such as Na2C03 or NaHCO3 , NH3 , ( NH9 ) ZCO3 ,

al kal i nmeaal ewmphialmadarbdyarescbing mrepykenes widddiasPEAPHLREPFARer eagent
The epoxidation step in the present ingﬁg{fqn i's .a step of reacting an

organi ¢ hhafspeesrrdeoPsicdddd A e 3Rt i th propyl ene to
obt ai n, propyl ene._ oxj de and_c . al caohol _. T i ion step is
pref erhbl y carr FB8 hﬁgrPﬁePﬁgggﬁésS%EB'oF 3%%£t§&y§@3§8%%$*§ing a

titani um LB N |48 Jdriny A6 & CaNRAI &t cOho DRIAIAIRG the

obj ect m%?gk’gﬁﬁggrge%izgeh%ﬁ% ancﬁ hi gﬁ; selée/ctimgi ty. As these catal ysts,

so- cal | ed¢fib- 8hbkeaatabal ¥6é5, e aievyrg ifig ahami cabbyobgnibed zeoestdi con 15
oxi de are preferable. For exanple,a conpound prepared by supporting a Ti
conpound eheaosibhtdocnastiepr as a tawpoahdrprépafethgyoxbdbthPRgsbemi
conpound with silicon oxide by a coprecipitation nmethod or sol gel nethod,
zeolite cenpounds containing Ti, and the like are listed. 20 It is

preferable that such a titanjum containing si]icon_oxi tisfies:. all of

t he folomﬁng CBHGPﬁQi%}QQSl#ﬁeT%Y§ffﬁ8pg5h%#??8nIFE§Q§§E§H%§I%%§H€erage
pore dianeter, is,10 e_congdLLi Int St Ratk gp igy90 ~ or
more of vofd ogg %?Ata}%( ortgesn: Iﬁa\a}g gg%%)*r:g@%lei( aprar)e%neﬂr S!Lcr)lf gf%rlg'mggg?g 200 A
The condi @@ekn3shils stthpls.a specific pore volune is 0 . 2

Best Mode for Carrying out the Invention

20 The oxidation step in the present invention is a step
for obtaining isopropylbenzene hydroperoxide by oxidizing
isopropylbenzene. The oxidation of isopropylbenzene is
usuallyconductédbyauto—oxidationusinganqugen-containing
Qas such as air, oxygen—concentrated'air or the like.

25 Particularly, an emulsion oxidation method in an alkaline

aqueous emulsion is preferable from the standpoint of improving

the yield of isopropylbenzene hydroperoxide. The usual




cnB/ g or nore. 31 Decenber 2003 4 Here, the above-nentioned specific pore
vol ume nmeans a pore volune per g of a catalyst. The neasurenents in the
above-nentioned conditions (1) to (3) can be conducted by ordinary nethods
using a physical 5 adsorption nmethod for a gas such aszNpkt&Hsdr20as90Nn or
the like. It is preferable that the titaniumcontaining silicon oxide
satisfies the following condition ( 4 3 in addition to the above-nentioned
conditions (1) to (3). The condition ( 4 ) is that a titaniunmcontaining

silicon 10 oxide is obtained by usin guat er y ' ' t he
fol | owi ngFepEmeten FPREFAtEre ¥sa§raﬁt gﬂpl%gtgogﬁ%’t%ggo ?é%.)m&?%%f? %8

tenplate. [ NRIR2ZR3R4 7 4 I wher ej r S lei r of
branchedth%ﬁ%E%ﬁtﬁﬁl%ﬁ%%$£¥5f%3®iﬁgmggﬁgeg%ccggggﬁ%g%bég,SaQS%RZ o R4

represent,_an al kyl. grou Vi . a52LRRA 13t RREA). cBhpbana sheiear or
branched r ot %ﬁﬁ%gﬁ%&ﬁ?ﬁﬁéﬁaﬁ?g té? 36 carbon atons, preferably having

10 to 18 cap Oy . R 0 e e tamat kY| cafipeipndadmalkald métahr bon
atons éﬁé“@?ﬁ&gEis p?E%éfgﬁﬁe tﬁét all of R to R" are a nethyl group. As

the speci £, EX2P 82 10h st 18, Ciab e rNEHGO0; , aNHDNI (NH,i) gB0of afllre 1genetal
formul a (I%, cations such as hexadecyl trinethyl anmoni um_

dodecy! t raimmks hyhaBambonat deozytie ilikehy$ ameshpgmn alkaline reagent.

di et hyl di dodecyl ammoni um hexadecy. ~pyri di nium and the |i ke 25 can be
listed. As the Tied lepodxfidia tricamwtep ant BrpIREeSeR b8 BYP™h *aPct hall i on,
renoval by an extraction,' and the |ike argtgggted .S%hggggfggfngOS

of reacting an organic hydroperoxid ainéd in
step with propylene toobtain propylene oxide and cumyl alcohol.
10 The epoxidation step is preferably carried out in the presence
of a catalyst comprising a titanium-containing silicon oxide
from the viewpoint of obtaining tﬁe 6bject matter under high
yield and high selectivity. As these catalysts, so-called
Ti-silica catalysts containing Ti chemically bonded to silicon
15 oxide are preferable. For example, a compound prepared by
supportinga Ti compoundona silica car_rier , a compound prepared
by combining a Ti compound with silicon oxide by a
coprecipitation method or sol gel method, zeolite compounds
containing Ti, and the like are listed.
20 It is preferable that such a titanium-containing silicon
oxide satisfies all of the following conditions (1) to (3).
The condition (1) is that an average pore diameter is
10 A or more.
The condition (2) is that pores in 90 % or more of volume
95 of all pores, have a pore diameter of from 5 to 200 A.

The condition (3) is that a specific pore volume is 0.2

cm®/g or more.




5 and the extraction is preferable for maintaining activity and selectivity
of a catalyst at high level. It is preferable that the catal yst has an
absorption peak in the region of 9605 cm1 in the infrared absorption
spectrum This peak is supposed 5 to correspond to titenpedEndropgdgced in a
silica skeleton. A catalyst can be used in any physical fornms such as a
powder, f lake, spherical particle andypellet. As the specific and
pref erabl e methods for obtaining a catalyst, the follow ng. nethods can be
listed. 10 First, a silica source, a titaniumgsource and.a uatgégqu
ammoni um i on asiere eriglatdd s NANEP SREGHEEE PRTS JIrTEofiartt oh to
obtain a solid containing thg catakéit %onponents and tenpl ate. Wen a
reagent URREE i o1 WmenReF ofnPbf 2GR Y "i s advant ageous to dissol ve or
di sperse the reagent in a 15 sol.ve t i,ue [BTe} ; ed.) As the
%Wegn hed'ih Etngl Ebg'vg. Pgniolbﬂgd BohBikeoHsE: )

silica source, I'Tica an oxysi l anes, for exanple, tetranethyl

ort hosi | cat @) telt 36! Rl LIRS 62 nalg! iBPRORK! ugthboal phgaicamnd the

|i ke are I?s the titani dm source, titanium al koxi des, for

exanplse, 5§§5fﬂgigﬁf|metﬂﬂcﬁiq9591a Letragithyk iteipde, argbnapr apyl 1ikd anat e,

tetraisopropyl titanate) tetrabutyl titanate, tetraisobutyl titanate,
tetra-2-ethyl hexylid ig@é@éable that the titanium-containing silicon
tetraoctadecyl titanate, andtitani un(lV)oxyacetyl acetonate, 25 titanium (I1V)
di i sopr opexyddissacietfiiex ehentio blewing rond kel ot ( 4h ol b geibitdtn tariftfhs, f or
exanpl e, titaniuntetrachloride, titaniumtetrabrom de,.titani umtetraiodide
and the |akeveamentignedecenBétions3(d)| tstéd)-As the tenplate, those

d i bed ab be used. th h ; t d

ol conol o, Tor - CREPBGHHN G oL R A by BRAha SohFabaner FPheahol . s
- but |, .t-but I | , I alhe b I

ol Rt dne T RRcamndn ¥y SERT e R e arE 11 ot od.

The.”plarféfi$$iﬁé JdiEe MSE YPNta @ff Jaabid aRinplateuand theh heemseirgrount of
a silica source 15 preferably from10 510 to 1, nore preferably from

0. 00008 tpnhf. demghetsvl ar ratio of the use amount of a quaternary ammonium
ion to the total
[NR'R’R*R*]* (1)
(wherein, R’ represents a linear or branched hydrocarbon group
15 having 2 to 36 carbon atoms, and R®> to R! represent an alkyl
group having 1 to 6 carbon atoms.).
R! is a linear or branched hydrocarbon group having 2
to 36 carbon atoms, preferably having 10 to 18 carbon atoms.
R? to R! are an alkyl ng)up having 1 to 6 carbon atoms, and it
20 is preferable that all of R? to R! are a methyl group. As the
spécific examples of the quaternary ammonium ion of the general
formula (I), cations such as hexadecyltrimethylammonium,
dodecyltrimethylammonium, benzyltrimethylammonium,
dimethyldidodecylammonium, hexadecylpyridinium and the like
25 can be listed.

As the method for removing a template, removal by a

calcination, removal by an extraction, and the like are listed,




amount of a silica source and a titaniumsource is preferably from1l0 2 to
2. For pronoting the reaction of a silica source and a titanium|5 source,
it is preferable to inpart alkaline or acidic property to a m xed sol ution.
As the al kali source, quaternary anmmoni um hydroxi des ag€ppe&hssraidpoe, and
exanpl es thereof include tetranmethyl amoni um hydroxi de, tetraethyl
anmoni um hydr oxi de) tetrapropyl ammoni um hydroxi de and the |ike. As
exanpl es of 20 the acid, inorganic acids such as hydrochloric acid,
sulfuric acid, nitric acid and the |like ) and organic acids such as formc
aci d, aceij§ @i Gxt0piivH asaprdfandbibef ot keniareaintnedctiielti 2PAg and
stirring tenperature is usually from-30 to 100C . A solid is for by
M Xi Ng angesbbkiivhgy @hd ¢atslPst myhabbolaehged tf bF RIATHADPH 6&5 of the
solid. The aging tinme is usually 180 hours or |ess, and the qghﬂ%.+5

t enper at utkei sataligklty hRsomn0abs ozl ionpeR hddt ithG i PedtiYed T dgi ng,
31 Decenber 2003 7 it is preferable to trapsfer H@?-”&é&%

retd

) re i
pressur e- cBS| &0 ae rEsared PSP o0F SPREHI Rt u E8hdue gggg???tightly

for avoiding vaporization of the soqlyent ot sol g pf@inedai n the
aboveihentPo%@ﬁr%$%%pﬁst95?ﬁﬁﬁné&Wb&n¥505u§%$€gﬁtaé%?%éé%i%¥1 oper ation using

a solvent to renpve_a tenplate, t %,t}x,ﬁtgﬁ HJh A UdH endedpeataryst. A
technolog?aFBFYEEtFQBt#ﬁgu%%é %Pfgﬁélate by a solvent is reported, for

exanpl e, i tehurst ef alr-ti$8e JdaSpRatient. 5A438H8) spkeifie sokdvent
used for g%?&%ét? #e%gf%%dégﬁfageougly ggﬂihat whi ch can di ssolve a

conpound g§g§e§§b§etﬁgﬁh%6%,f@&domemnﬂdgha(D&Lakyﬂﬂxnthﬁ«ﬁQiﬁﬁﬂﬁQQned
hydr ocarbons having 1 to about 12 carbon atons which are liquid at nornal
t enper at upeteadsbeans®ed. 1Astelde suitabl e sol vent of this kind, alcohols) 15

ket ones, ethers (acyclic and cyclic) and esters can be used n npl es
theredi i ncl udeFhydtoxeysslibseSanrs® hy FldeREECSTh 28 %%Pﬁgﬁgf‘,%gt hanol ,

e o Srbeasond SR o SR LT T ARl Rl
condition to obtain a solid containing the catalyst components
and template. When a reagent used is in the form of solid,
it is advantageous to dissolve or disperse the reagent in a
15 solvent to give a solution to be used.
Asthesilicasource,amorphoussilicaandalkoxysilanes,
for example, tetramethyl orthosilicate, tetraethyl

orthosilicate, tetrapropyl orthosilicate and the like are

listed.

20 As the titanium source, titanium alkoxides, for example,
tetramethyl titanate, tetraethyl titanate, tetrapropyl
titanate, tetraisopropyl titanate, tetrabutyl titanate,
tetraisobutyl titanate, tetra-2-ethylhexyl titanate,
tetraoctadecyltitanate,andtitanium(IV)oxyacetylacetonate,

25 titanium (IV) diisopropoxy bisacetylacetonate and the like,
orhalogenatedtitaniums,forexample,titaniumtetrachloride,

titanium tetrabromide, titanium tetraiodide and the like, are




20 ketone and net hyl isobutyl ketone; hydrocarbon ethers such as diisobutyl
et her and tetrahydrofuran; hydrocarbon esters such as nethyl acetate, ethyl
acetate, butyl acetate and butyl propionate; and the like. The weight ratio
of these solvents to a catalyst is usually from1 to 19PBecdhsdreioadl y from
10 25 to 300 . For inproving extraction effect, acids or salts thereof may
be added to these solvents. Exanples of acids used include inorganic acids
such as hydrochloric acid, sulfuric acPd, nitric 31 Decenber 2003 acid,
hydrobrom ¢ acid and the |ike, and organic acids such as formc acid,
acetic agijdstgopionic acid and the |ike. Exanples of salts thereof include
al kali metal salts, alkaline earth netal salts, ammonium salts and the
like. The 5 commentiattempbatan tbpdeoflesaribeler®o eadded Ben W ol vent is
preferably 10 nol/1 or less, further preferabgy 1 ng%%ﬂ gr heg; .fg$en t he
concentration dfs dlreaeramplesapf thersfveRited'dteh FefifPs 5 00T ar ge,
titanium present in a catalyst is_eluted, |eadi 0 decyease. | talytic
activity e¥amRphe. @8§€§n9110315&?§%‘?1sﬂfPF8P8‘ﬁf"aLm£'?pn%°%? ‘?s& \E/‘élﬁ?mgﬁa a

catal yst, a liquid phase part is~ rat fiditicAat i Obordgcant ation or
t he | Pke.SemHi RUHHR? tiBhbﬁgapggeafég’giorgl(régal%iﬁr'e tll}?r'es CEXtraction can

al so be conduct ed_ by, fl,0m VasHH NG nBOL N8 M 1 k& QUG A, eat@lystréayer.
Conpl et i o‘?*?’%#oc'@\%}é rlp%lg cbgérllﬂﬁgl %nlomm, forn exanple, by 15 analysis of a liquid

phase par ex cihanyt gkatgneteg.preferably fromO to , 200g ,

further pgrhe“?%-ér]cgﬁl yg"?goﬂlgolggml)ooc . Instead of use of the above-nentioned

organi ¢ extractjd 59l entai@df atid asecamoango ofeacbhtiapivr H9UTB¢ ng

supercritical fluid. As the supercritical fluid, carbon dioxide is-s

pref er abligo .t 128 Jde supertcraf i @i ltismpsosraee isi DEELSERdYo%Fa8 18 about

31~ or nore , and the extraction ten‘gerature i s _pref e,éﬁblli{ iron}é’%i(go 100C
f urlOhertgref onabe yprebaraBlyofsom 0- 88088 Orfri ciPe PPRe3hr e 1 5° about

7.4 MPa, and preferably from 10 to 30 MPa. is.hre abl e ct
extracti onf ©REnESe @BYERrFPEaP ‘i%ag%ﬁ%%ﬁyd%}‘or)‘}!fﬁégﬁlnigﬁ g%mﬁltrxftg 1?5?&% to 500

g per mnute r liter..qf, a y [ | QRud@ ia fofdawiy4 to 20
haurs. A YPA ﬁg ‘?‘#ﬂf Eé‘l%é’r 8?%3%?&% %gﬁﬁg%g{ma%%ed af t erlpféhe 31y '
Decenber Qxﬁ 9oe%ktg@csion. Namely, the solid is heated, under an

at nospher'e of a non-reducing gas, for exanplé, nitrogen, argon or carbon

di oxi de, or an p¥ygeBmotAha iieegasiof of asdahptasonree aad apt empEiht ure
preferably from 10 to 800C, further preferably 5 from5Q to 300 . f‘

si | ylldt i osouscps, eferdabpyeferablase sAPEREs2 HhRhiRe P ECAAYEPT IR 1Y

silylation is conducted by contacting.the resulted cat |

si |yl ati ngo @&gehredE T - aAﬁyﬁtﬂ%QgF{a ot mf)cr:%sgnut%%c?%]n%éh% %{s“ﬁx&%%ém of the

catalyst into a.silyl agroup.. 1 a S i IfNq n@defile 1 NCl ude

organi c s’i‘Yﬁﬁ@%‘}gSFgﬁi‘ﬁgcpglglfﬁr%r?i@réérsr,ghgr Sg{fr?lm%agislsﬁwaénri@ges and derivatives

t her eof %Egr%%ﬂ%ﬁ ﬁH(ﬁ‘?iQﬂ@ﬁy&f‘Qx!@&@,ete&khﬁkﬁ&ﬂ@n&ﬁﬁnﬁﬁhyﬁ@nﬁ@s of the
ude

organi c sifane 1nc chl orotri met hyl sil ane, dichl orodi nethyl silane) 15
chl or obr ogedi-aB-byk3i haneninmt hpdrorkdaydnd |t ik or osr puanples | ahe,

i ododi net hyl butyl sil ane, chl orodi et hél phenyl si | ane, . Ld Lfuric

di chl 26y odkhret agidi | m gan e @aidsnsBEB AT YR ostiote acid. sulru

di et hyl i sopropyl chl orosi | ane, .t-butyl di rasd 5
tripr o%yl éﬁgérlg‘gﬂ%%chidrﬁ?‘ﬁflh&f%%h%érggé?g%ﬁ% %tc(rl?ibsu?gﬁ ﬁi?sgﬁ%rér?llzne,

tri hexyl chl grosi | ane, dimeth WrGh! Q3% lade the 1like are listed.
di met hyl o@f’é&lecﬁcc?%llgr g‘s“i ané{r%:?[lbélt yl di met hyl chl or osi | ane,

br omonet hyl di methyl ﬁﬂk?ﬂ?%ﬂ@@&dx&in@ht@ﬂhpéﬁhbykdi e twpadfiiyof oein| €@,

3-chl oropropyl di met hyl chl'or osi | ane, di net hoxynet hyl chl orosilane,

di net hyl phenyboft or @sidoaniel is formed by mixing and stirring, and this
25 may also be aged for further growth of the solid. The aging

time is usually 180 hours or less, and the aging temperature

is usually from 0 to 200°C. When heating is required in aging,




31 Decenber 2003 10 triethoxychl orosil ane) dinmethyl phenyl chl orosil ane,
nmet hyl phenyl vi nyl chl or osi | ane, benzyl di net hyl chl orosi | ane,

di phenyl di chl orosi | ane, di phenyl net hyl chl or osi | ane,

di phenyl vi nyl chl orosi | ane, tribenzyl ehl orosil ane and 581 December 2003
3-cyanopropyl di et hyl chl orosi | ane. Exanpl es of the organic silylam ne
I nclude N-trinmethylsilylimdazole, NNt-butyl di nethyl'silylimdazol e,

N-di et hyl et hyl silylim dazol e, N-dinethyl n-propylsilylimdazole,

N-di net hyl a, sopropyl silylim dazole, 10 N-trinethylsilyldinethylam ne,
N-trimet i sid Wit feiryb e te, thansfert bhesmniytpyer 4pgo a
N-trinmethylsilylpyrrolidine, Ntrinmethylsilylpiperidine, .

1- cyanoetgnyd (st et yekaind trax) tivestied &t ¢ a8d ngrRf the mixture is conducted
pent af | uor ophenyl di net hyl si | yl am ne. 15, Exanﬁl esqf fﬁhe orgﬁani csilylam de
and der i \eitr \tel ddre for Y QHEING OVBPRT i 7 AELRYI 8F | TPGcEPATERE -

N, O-bistrinmethylsilyltrifluoroacetamde, N-trimeth Lyl t anlde,
N—nethyI-N-triﬁ@?ﬂ?l§b?y?8&éga H%%ne in the aH%veYhétho%%%.éﬁkﬂ%s
N-nmet byl -N-trinmethylsilyltrifl.uaor e | de : ; ent
N ot Ryl SEIATRIAS I AL R frappration using a solv

N- (t-buty] di | Si ' I intended cata .
(t utéoeltr%ﬁtog% glééfr{%}}%\%%”qﬂm&%@&m de2Bfl intended catalyst

N, O- bi s( di hydr osi uor odcet am de: Exanpl es of the organic

si | azane j ngl uyde, O@f@wm*géﬁﬂl@za@e)ahe@mpmtbybyi ai sadaret is
|

l.
1,1, 3,3-tetranet hyldi si |l azane, 1, 3-bis(chloronethyl)tetranethyl disilazane,
31 Decenbesp 2053 1¥ok 3xdimpiley, by, Whitdhuestaebt iy disg ¢ adbrfe Bafent
1, 3-di phenyl tetramet hyl di sil azane. Di scl osed as exanpl es of other
silylatimp4eggem)s. are N-nmet hoxy-N, O-bistrimethylsilyltrifluoroacetam de, 5
N- net hoxy- N, O-bi strinethyl silyl carbamate, N O0-bistrjnethylsilyl | f amat e,
tri mdOhyl sil yl tTef |sedrv@Tdt ERE dA% SIS NI 5 "tar‘}‘%fie/‘%%‘il‘f%’%ﬁ ?ﬂ%ur ea.

The preferable silylating agent is bsxpoghayholsl bazantemplate, and
generally, oxa- and/or oxo-substituted hydrocarbons having 1
to about 12 carbon atoms which are liquid at normal temperature
can be used. As the suitable solvent of this kind, alcohols,

15 ketones, ethers (acyclic and cyclic) and esters can be used,
andexamplesthereofincludehydroxy—substitutedhydrocarbons
such as methanol, ethanol, ethylene glycol, propylene glycol,
isopropanol, n-butanol and octanol; oxo-substituted
hydrocarbons such as acetoné, diethyl ketone, methyl ethyl

20 ketone and methyl isobutyl ketone; hydrocarbon ethers such as
diisobutyl ether and tetrahydrofuran; hydrocarbon esters such
as methyl acetate, ethyl acetate, butyl acetate and buty;
propionate; and the liké. The weighf ratio 6f these solvents
to a catalyst is usually from 1 to 1000, preferably from 10

25 to300. Forimprovingextractioneffedt,acidsorsaltsthereof

may be added to these solvents. Examples of acids used include

inorganicacidssuchashydrochloricacid,sulfuricacid,nitric




10 Thus prepared catal yst has high surface area and hi ghly di spersed
titanium active sites, and can be suitably used in an ol efin epoxidation
reaction. Inthe presentinvention,iscpropyl benzene hydroperoxi de used as a
raw material for the epoxidation process may be a 15 djf4 H%@en%er%ﬁ e
purified substance' or' non-purified substance. The epoxidation reaction is
conducted by contacting propyl ene and %sopropylbenzene hydr operoxide with a
catal yst. The reaction can be carried out in |iquid phase using a sol vent
The sol vent nust be liquid under tenEerature and pressure in,20 the
reacti on,aand, supdraintomityachérandotheatikfe sABAJOPPBREEL €C1AFHBUCR) vent
may be that which is conposed of a _substance present.in dr.aper oxi de
sol uti on asefiorFbe @Qéﬁplé?eﬁhénaFéépr859PB€H§§hé“H§hFH§€H§&? &fg a

m xture with isopropyl benzene which is r ter reo is can be
25 used |Breanale biotab st saeTs Thafc iR ?iﬁ?gﬁllﬁe%gdistﬁgecés oarhakine

Addi tional ly, nmonocyclic aromatic. S (& t9e B8RZENEPHEOI UENE,

chl or ober&@heh %?Fﬂ%d?éﬁFBroB@W?gﬁéﬁﬁggﬁggaF ghé%e ti31 Decenber 2003 12. (
a . g, octane . decane,  dogecapes),andaiperhbkeoar sabbat e assoupednt
solveﬁts.c%%%e%ﬁﬁ§§g%§i%g ggn%%?at%re ¥s usually fromO to 200k and
preferably,f pg@&%tsg{ 2QPmo1Theopr E664] ef wByhde pAte fedanik) 15meldflietent to
keep the Tedction mxture in liquid condition. In general, the pressure is
advant agepysky ¥R 10@ £6nd0A0PakPan dhercpoidderisei tr shereod addede
carried out advantageously using a catalyst in the formof slurry or fixed
10 bed. |intheschsenbvfisa tar jargeal &itaadsny paesepdr a0 8ncakatyxbd bed is
preferably used. The epoxidation reaction_can be cphqégte%g%/e%gg%ch-mjse
met hod, sehiitedntlionddns HeoR6dSaE6MT AAGALIFELRAS ot he HPRE™ AR 11 qui d
contai ning reaction raw materials ds t hixed hethq@ia
quuiHﬂligﬁtQS %@&?{ﬁk@%?é%ﬁﬁ?&%&f;Po%$§§§g56?%gﬁg?ngéﬁégdes ot contain a
cat al yst all or ¢onta t%{f il &t d ¥ 819, adkahnyalti oho# hdepr Bisent
invention?ﬂ?ﬁslggﬁbggg%gFgg% 0 ﬁgn organi% acid in oxidation liquid fed to
an epoxi d@fl%grbpgle&ioﬁq REef Sp St &d o rdyuieeghtinass | eZxtrigittibgrcan
preferably 0.1s by weight or 20 less . Wien the concentration of an organic
acid i s tgeshingcos@iatyd by fHatviivig § vdstriogstslvenhthropgharcatataiyst life
may be shortened in sone cases . The oxidation Ii@%id fed to th

epoxi dat | baysrep Corpleltsoml eb WasRit IR RE HPBRuCEN | 4R LS 0xli%at i on

step, or liquid concentrated by distillati or.th i T ani c
aci d 15 t paalnadEnet 2 Hrebyd PhFSsuP 2 dnd ?ﬁ%r%x%Fgcég%ﬁp#§W?% égi oxylic

acids such as farm g.acid i ¢ ~d, EeNnheepeirdpibepzonco@cigl and
the .likets pﬁﬁgﬁﬁégﬁ§ekraﬂgge%%qzlcafbg§§??%9a%igs suchgas oxalic acid,

el oni ¢ aghi)  hydieon sehds sHitheatdastien erined angablte éx kot
hydr ogenol'ysis step of the present invention is a step in which cunyl

al cohol ohbaiRad  idkihe tepaxtadanilen ket epn dud te dptnsgeros yperct it gk ki n

i sopropyl benzene and i sopropyl benzene is recycled to an oxidation step as a
raw mat er iFaidf. ahs dhiedatpesrrtidy.caldiatid pGaRPAR §4OF OGS SPEITRT MTh i s
the same as isopropyl benzene used in the oxigdation st I C . The
hydr c@noMpei supeaEFibicrs LRIRGTILWER SonbREPRR ‘gﬁy"%%‘%?a’ﬁs iaﬁ%%)éu!’n;i@ al cohol

and hydr O%%nmmfgb gnd the extraction temperature is preferably from 31
to 100C, further preferably from 35 to 60C. The supercritical
pressure is about 7.4 MPa, and preferably from 10 to 30 MPa.
It is preferable to conduct extraction, using supercritical

95 carbon dioxide in an amount of 50 to 500 g per minute per liter

of a catalyst in extraction, for a period of 4 to 20 hours.

A drying may be performed on a solid obtained after the




catalyst . The reaction can be carried out in liquid phase using a sol vent
or gas phase. The solvent nust be substantially inert to reactants and
products. The solvent may be that which is conposed of a substance present
in a cunyl alcohol solution 15 used. For exanple, whenycydpdmpalogh®! is a
m xture with isopropyl benzene which is a product, this can be used instead
of a solvent without particularly adding a solvent. Additionally, alkanes
(e. g.) octane, decane, dodecane), nnn%cycILc aromati c compounds (e. g.,
benzene, ethyl benzene, 20 toluene) and the like are |listed as useful

sol vent s.edthea by dopgenmdysis, tienpepatidr &sitse geedr ainder eonadmpepBOOE , and
preferably from30 to 400C. In general, the pressure is advantageously from
100 to 109G kBa-rEdmdiydr ggenof y5iexampte | ohl P, ARERT KFebeEPYR
conducted using a catalyst in 25 the formof slurry or fixed bed.,K The

met hod ofdidwel e esentan EttaIoTE WHR el RD ritfiot €@ 1h P *2MPateh Afifsed et hod,
sem - conti nuous nethod or continuous t hod Xanh%ig id or 3%ag?fenber
2003 14 gempeFatvRenBreEatePol A naletPaPllis: phaSECT PHEERTE 1Y xed
bed, l'iquid-1ike nixégae di scharged froma reaction regi on does not

cont a naf?%ﬂa??s?°a§o ‘or contains substantially no catalyst. 5 The

organic acid rﬁ?Q%fi¥$§ETbﬁrh§ éfé?gﬂiYiﬁg FREa | &n 2t Rt §PoRtal@d@Vi Ng an

organic acid o e system east 1n each of the oxidation step,

epoxi dat i opy 510y andplly k- POENO! ¥sh SiStEPndREtad bpasénaacensgpehat bet ween
t hese steps. e organic acid renoval step may be effected in any LO point

of each stepi1feaRialydt wstRrekelghheing apmdutd ¢drever yanhydeexyil renoval
step between the oxidation step and the epoxidation step fromthe

st andpoi nrefip partsesitl ongheheurbacemf shes Gl vat dpgard 61481 dITH B« dat i on
liquid fed to the epoxidation step, within the above-nentioned range. The
15 orl@aniExamptes eabvihessipyiahing 8grPfedP649Gs0APPY 6y Sdi-éPerrat i on,
extraction or the [ike. Fo

A l e, wh tr i i . ti
Can bo coMERRLE BHRGTATES: oPTAPRAF| RELRILSTE s ANG: PR i8Rt AREE T actant
Yhen anggLSbE NS R8USEYEn 20| L Sahss URE S MY RELAN agdift ey gani C

aci d can P°be°tendVed contacting wth an~al kal i né aqueous sol ution

containing an atkaliibh SFOLNE ©B§ahesSsibanethecniar nunber of an organic
acid fed, Leaving the solution, then, renoving aqueous phase out of the
system FanibestritetBypseienabl éitbleabdimpbbilanlane.| ayer after al kal
washi ng, for removing 25 a remaining alkali and a_salt of an organic acid
Wi thlan atkabrobpemofsmatkuleilankal NikEPAF1ReEPBUALS2EGeh as NaOH and KOH,

aLkal ine sarihootol compeunds.  ohgbielly TEpgla gaabgustes such 3L

descr | beco o Tha- BarOmoar PRE Abfsr arrane o aare et pl e 1

CXidationd§$§Phyl n-propylchlorosilane, :
dimethylisopropylchlorosilane,t—butyldimethylchlorosilane,

20 tripropylchlorosilane, dimethyloctylchlorosilane,
tributylchlorosilane, trihexylchlorosilane,
dimethylethylchlorosilane, dimethyloctadecylchlorosilane,
n-butyldimethylchlorosilane,
bromomethyldimethylchlorosilane,

25 chloromethyldimethylchlorosilane,

3-chloropropyldimethylchlorosilane, -

dimethoxymethylchlorosilane, dimethylphenylchlorosilane,




Cunmene was mxed with air, and they were reacted under conditions of a
pressure of 500 kPa and a tenperature of 105 10 for 5 hours. The produced
oxidation liquid had the follow ng conposition. Oxidation |iquid

conposi tion Cunene -hydroperoxi de 24 wt % Cunyl al cohol 31We%dBer 2003

| sopropyl benzene 72 wt % Gthers 3 wt% Organic acid renoval step T%e
oxidation liquid obtained in the oxidation step was m xed with a sodi um
carbonat e agqueous solution at a ratio 20 oxidation liquid to sodium

car bonat e aqueous solution of 5 : 1, the m xture was allowed to stand
still, thexidtiexwhidsdsblaneaydinebbytbkedywichid omptsdrlage.a rati o of oil
| ayer to water of 5 : 1, and the mxture was allowed to stand still . The

resul t ed oidthydypdrenyEa gl ¢l oo0fhiarenpbsnevéAimes hylieddenegdriapéroxi de
24 wt % Cuny! al cohol . , | W%Iso&gﬁﬁél benzene 72 W % . 31 Decenber 2003

16 O gani &iaier - HEh WP £hbdPeat REHMEHBYREEHEFOSAI@REi-on | qui d

bt ai ned | h i i d ' | st y ed . ti |
Chr ough- a THERATYE A IIbi T REEIFRR: EELRPHRR1 PReBEPELaRRE gRaom ! MY
i a-l g . A ch I . t
of S d on B A g B UG SR L L P Y ol de 1 tho

washed oxi dati ng'a' Yied: g\é’]%é herddl &8 4 £IPesRiHEeiMasugentrol led to 100C

, the cunene hydropéroxi de conversion LO was 60.5k the PO yield based on
the react §d +& iheA AR WASi P0ta z @nél, Nhe -BQtyalaaedd tHytls faseth ata dd1e
converted cunene hydroperoxi de was 98% . Conparative Exanple | An

epoxi dat i oh driemcihiydre tihsy lcoicictreitl aneles , tHeddmathybd conditions as in
Exanpl e 1 except~that organic acid renoval was not carried out . The anount
of an or ganipeoawils iLy Ll daail ¢ orNepine Hay 1 broneerplsilybimydagpte. At
this int , the cumene hydroperoxi de conversion s .83~,..the POyield
basedlOn Mt HaR PG 0 1y LA G o, N LrRe Resd i e R AI08d on 20
t he conve d.cumen i de W 4 i anple 1, the
catal yti ckté% il\'ﬂetyy‘(;iesl(:l?ig’;lggg%&ggr(lifd’pr opy %%ﬁ%ﬂ@?@%ﬂ% s{l) %zér eased.

| NDUSTRI Ay _ARRGABN Ll 1Y 1 d¥ 8@, i nvention coul d provide a propylene
oxi de production nethod in which propyl ene oxi de can be obtained in high

yi el d by aeryehicettylr (@i tanel dmiroo yliopyteries okanke awd hout 31 Decenber
2008 17 pentafluorophenyldimethylsilylamine.

15 Examples of the organic silylamide and derivative thereof
include N,O0-bistrimethylsilylacetamide,
N,O0-bistrimethylsilyltrifluoroacetamide,
N-trimethylsilylacetamide,
N-methyl-N-trimethylsilylacetamide,

20 N-methyl—N-trimethylsilyltrifluoroacetamide,
N-methyl-N-trimethylsilylheptafluorobutylamide,
N-(t-butyldimethylsilyl)-N-trifluoroacetamide and
N, 0-bis(diethylhydrosilyl)trifluoroacetamide.

Examples of the organic silazane include

25 hexamethyldisilazane, heptamethyldisilazane,

1,1,3,3-tetramethyldisilazane,

1,3—bis(chloromethyl)tétramethyldisilazane;




produci ng a by-product using a hydroperoxi de- of isopropyl benzene as an
oxygen carrier and by adding a step of renoving an organi c acid. 31
Decenber 2003 18 CLAIMS 1. A process for producing propyl ene oxide

conprising the follow ng steps: oxidation step: a step3pPheQPhctr?oh9
| sopropyl benzene hydroper oxi de by oxidi zi ng i sopropyl benzene; epoxi dati on

step: a step of obtaining propylene oxide and cunyl al cohol by reacting
propyl ene with isopropyl benzene hydropEroxi de obtained in the oxidation
step, in the presence of a titaniumcontaining silicon oxide catalyst

satisfying, $hgi§{oh{,owing, sondickieamelthylldd s(id)azrle i average pore
dianeter 1s 10 ~ or nore, (2) pores in 90 ~ or nore of volune of all pores,
have a porezdiaappésylebtirmethyldi2@Qazane.(3) a specific pore volume is
0.2 cnB/g or nore, and (4) the catalyst is a catalyst obtained by a process
conprising m xihpsahdssdi asi egampilesanfurtienr ¢d1ydidtiideh agantce &3ifd a

quat ernary ammoni umion of the followﬁn% general formula ( I ) as a

t enpl at e Mrwle theny r¥ndvbhgtrhmetbiyplsity Iy Lfdaer srcals » extraction. ~
NRi R2ZRsRa ~ a (wherein, Rl represents _a_linear or branched hydrocarbon

gr oup Shavii ige Phesy 38, Babhshr aNeHEY1Sddd 1RSSR Yepr esent an al kyl group

having 1 to 6 carbon ons. ) .hydrogenqlysis step: a step of obtaining
isopropyI%e%i@ﬁ%t5§mﬁ§%¥ggé%39y§P%§%g3%fr al cohol obtained inthe

epoxi dat i gnst oy b$ hasRP5RR¥LReRZERGE O the oxidation step
as a raM/ﬁﬁ %??%Yfggl§§g¥g§?gg%%gh%gfég;Sa%dborganic acid renoval step: a
step of renREVipgsAPiREERPLEilylurea. The preferable silylating agent

is hexamethyldisilazane.

10 Thus prepared'catalyst has high surface area and highly
dispersed titanium active sites, and can be suitably used in
an olefin epoxidation reaction.

Inthepresentinvéntion,isoproﬁylbenéenehydroperoxide

used as a raw material for the epoxidation process may be a

15 dilute or dense purified substance or non-purified substance.
The epoxidation reaction is conducted by contacting

propylene and isopropylbenzene hydroperoxide with a catalyst.

The reaction can be carried out in liquid phase using a solvent.

The solvent must be liquid under temperature and pressure in

20 thereaction,andsubstantiallyinertforeactantsandproducts.
The solvent may be that which is composed of a substance present
in a hydroperoxide solution used. For example, when
isopropylbenzene hydroperoxide is a mixture with
isopropylbenzene which is a raw material thereof, this can be

95 used instead of a solvent without particularly addingasolvent.
Additionally, monocyclic aromatic compounds (e.g. benzene,

toluene, chlorobenzene, orthodichlorobenzene), and alkanes




31 Decenber 2003 19 acid out' of the system between the oxidation step and
t he epoxidation step to reduce a concentration of the organic

aci d=contained in the reaction m xture obtained in the oxidation step to
0.5 % by weight or less. 2 . The process according to & peBerberdtosei n t he
catal yst has an absorption peak:'in a region of 9605 cm1 in the infrared
absorption spectrum 3. The process according to Claiml or 2, wherein the
concentration of an- organic acid in oxl#ation liquid fed to an epoxi dation
step is 0.1% by weight or less. /NdI/N NP/ Nw N /N N

I/ Nd/ Nw/ N Nt LN S/ AWEBWA/ Mo dei3mdY )Na B tBle Yk bire 1isted as useful

']
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a] ca] ca] cahaajoa] edlohy Eajampba]cd0C C . The pressure may be at a leve

5 gufficient to keep the reaction mixture in liquid condition.
In general, the pressure is advantagéously from 100 to 10000
kPa.

The epoxidation reactidn can be carried out
advantageously using a catalyst in the form of slurry or fixed

10 bed. 1Inthe case of alarge scale industrial operation, afixed
bed is preferably used. The epoxidation reaction can be
conducted by a batch-wise method, semi-continuous method,
continuous method or the 1like. When liguidcontainingreaction
raw materials is passed through a fixed bed, a liquid-like

15 mixture discharged from a reaction region does not contain a
catalyst at all or contains substantially no catalyst.

In the present invention, the concentration of an organic
acidinoxidationliquidfedtoanepoxidationstepispreferably
0.5% by weight or less, further preferably 0.1% by weight or

20 less. When the conéentration of an organic acid is too high,
catalytic activity decreases, and further, catalyst life may
be shortened in some cases. The oxidation liquid fed to the
epoxidationstepincludesalsoreactionliquidproducedinthis
oxidation step, or liquid concentrated by distillation or the

25 like. The organic acid is that having a carboxyl g;oup, and
there are exemplified carboxylic acids such as formic acid,

acetic acid, propionic acid, benzoic acid and the like,
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| K-" g#10%s%ep) is %% da. The hydrogenolysis reaction is usually

10968 ()-3 " 109%& ()-z#10%6& () - 3&! 10%&' () - 3&! 1096 (3 ;

<u2i K0 4#1-0%a&Iq(tled DYLAMBEJtimy 1OQMERL (§1cohol and hydrogen with a

/1098 ()-9-" 10938 () - +10%G8& ()- °$ 109 ().- L2nf H.4#1Q% 1 100
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composed of a substance present in a cumyl alcohol solution
15 used. For example, when cumyl alcohol is a mixture with
isopropylbenzene which is a product, this can be used instead
of a solvent without particularly adding a solvent.
Additionally, alkanes (e.g., octahe, decane, dodecane),
monocyclic aromatic compounds (e.g., benzene, ethylbenzene,
20 toluene) and the like are listed as useful soivents. The
hydrogenolysis temperature is generally from 0 to 500C, and
preferably from 30 to 400C. 1In general, the pressure is
| advantageously from 100 to 10000 kPa. The hydrogenolysis
reaction can be advantageously conducted using a catalyst in
25 the form of slurry or fixed bed. The method of the present

invention can be conducted by’a batch-wise method,

semi-continuous method or continuous method. When liquid or
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25

gas containing reaction raw materials is passed through a fixed
bed, a liquid-like mixture discharged from a reaction region
does not contain a catalyst at all or contains substantially
no catalyst.

The organic acid removal step in the present invention
is a step of removing an organic acid out of the system at least
in each of the oxidation step, epoxidation step and
hydrogenolysis step, Or at least at one point between these
steps. The organic acid removal step may be effected in any
point of each step, however, it is preferable to conduct the
organic acid removal step between the oxidation step and the
epoxidation step from the standpoint of controlling the
concentration of an organic acid in oxidation liquid fed to
the epoxidation step, within the above-mentioned range. The
organic acid removal step can be carried out usually by
distillation, extraction or the like. For example, when
extraction is used, extraction can be conducted using water
oralkalineaqueoussolutionasanextractant; When analkaline
aqueous solution is used as an extractant, an organic acid can
be removed by contacting with an ‘alkaline agueous solution
containing an alkali in amount not less than the molar number
of an organic acid fed, leaving the solution, then, removing
agqueous phase out of the system. Further, it is preferable
to water-wash an oil layer after alkali washing, for removing
a remaining alkali and a salt of an org.anic acid with an alkali.
As the alkali, alkali metal compounds such as NaOH and KOH,

alkalineearthn@talcompounds,oralkalimetalcarbonatessuch

10Z




| ply #109%& ()- Ky #1094 ()- )!~y #10%6G& ()- 2Quj %] &
10G 10GF7z 109%G& ()- !1 4G 1ocy&')()¥| 4G 10%&'(%)-:%85] Toes! (2)19/4|& () 106
8] @ 39! 10%| & ()-210% & ()- |, Y#10] 0] & ()-
109%] & ()-M 109 & () - @ 10%) g () -
Zgz\{go% @& LI0%| & (): P+ @10 & ()- O & 103 & ()- Y& % 0555872008
Lsz10%Te (). "10%|& ()- Y’?zaVK@ 104)5 104| 104| 81 10%| & ()- 96
| & ()~ COr10%| & ()-10#10% (& ()-/ 10| & ()-3 BdEVK@ 10y&! 100G ()- GF

109%& () - (e 10 sl f
L' 1 109G ?% Na@%é@%@ %I?H%Q3 . Iéﬁ&&fl’l p&/%‘) tb' d_:ﬂmnge)t-all aminaBVK(;@
Qi #dBV’i% &&%ﬁlgxéﬁ%é)l&kéo%@%u&d%'@ﬁ&/@&igﬁgéﬁz&%ﬁq ;2/73& 0

109638 () 4$03dEVK@ ! Y&6 10%G&' ()- FATH10%G& ()-
10968 () dﬁ%%g% {a- tﬁeycéﬂﬁfﬁ&' 6X- 3Be k@%@&'d@t—:i%ﬁmégg%cp ! vz

9l 109&' () 3Ss10%&' ()-, |Z10%& ()- 10G 10G
5 Examples
Example 1

Oxidation step

Cumene was mixed with air, and they were reacted under
conditions of a pressure of 500 kPa and a temperature of 105C
10 for 5 hours. The produced oxidation liquid had the following

composition.

Oxidation liquid composition

Cumene hydroperoxide 24 wt$
Cumyl alcohol 1 wtd
15 Isopropylbenzene 72 wt%
Others 3 wtd

Organic acid removal step
The oxidation liquid obtained in the oxidation step was
mixed with a sodium carbonate agueous solution at a ratio of
20 oxidation liquid to sodium carbonate agueous solution of 5:1,
the mixture was allowed to stand still, then, the resulted oil
layer was mixed with water at a ratio of oil layer to water
of5:1,andthemixturewasallowedtostandstill. The resulted
oil layer had the following composition.
25 Cumene hydroperoxide 24 wt¥

Cumyl alcohol 1 wt3

Isopropylbenzene 72 wt%
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of 8-fold mol based on 1 mol of isopropylbenzene hydroperoxide

in the washed oxidation liquid. When the inlet temperature

was controlled to 100C, the cumene hydroperoxide conversion

l0 was 60.5%, the PO yield based on the reacted C'3 amount was
99%, and the PO selectivity based on the converted cumene

hydroperoxide was 98%.

Comparative Example 1

An epoxidation reactign is conducted under the same
15 conditions as in Example 1 except that organic acid removal
was not carried out. The amount of an organic acid in the feed
for epoxidation was 0.1% by weight. At this point, the cumene
hydroperoxide conversion was 53%, the PO yield based on the
reacted C'3 amount was 98%, and the PO selectivity based on
20 the converted cumene hydroperoxide wés 84%. As compared with

Examplel,thecmxalyticactivitydecreasedandpropyleneoxide

yield also decreased.

INDUSTRIAL APPLICABILITY

25 The present invention could provide a propylene oxide

production method in which propylene oxide can be obtained in

highyieldbycmnvertingpropyleneintopropyleneoxidewithout
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oxidation step: a step of obtaining isopropylbenzene
hydroperoxide by oxidizing isopropylbenzene;

epoxidation step: a step of obtaining propylene oxide and
cumyl alcohol by reacting propylene with isopropylbenzene
hydroperoxide obtained in the oxidation step, in the presence of
a titanium-containing silicon oxide catalyst satisfying the
following conditions (1) to (4):

(1) an average pore diameter is 10 A or more,

(2) pores in 90 % or more of volume of all pores, have a
pore diameter of from 5 to 200 A,

(3) a specific pore volume is 0.2 cm®/g or more, and

(4) the catalyst is a catalyst obtained by a process
comprising mixing and stirring a titanium source, silicon source
and a quaternary ammonium ion of the following general formula
(I) as a template and then removing the template by means of solvent
extraction.

[NR'R’R?R*]* (1)

(wherein, R! represents a linear or branched hydrocarbon group
having 2 to 36 carbon atoms, and R? to R4represent an alkyl group
having 1 to 6 carbon atoms.):

hydrogenolysis step: a step of obtaining isopropylbenzene
by hydrogenolyzing cumyl alcohol obtained in the epoxidation step,
and recycling this isopropylbenzene to the oxidation step as a

raw material of the oxidation step; and

organic acid removal step: a step of removing an organic
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2. The process according to Claim 1, wherein the catalyst

has an absorption peak in a region of 960%5 cm™ in the infrared
absorption spectrum.
3. The process according to Claim 1 or 2, wherein the

concentration of an organic acid in oxidation liquid fed to an

epoxidation step is 0.1% by weight or less.




