; Uve3e>; L. zD6zT+2!'1 6 :fL~ly 2004 SPECI FI CATI ON PROCESS FOR PRODUCI NG
PROPYLENE OXIDE 5 TECHNI CAL FI ELD The present invention relates to a
process for producing 10 15 propyl ene oxide. Mre particularly, the
invention relates to a process for produci ng propyl ene oxide, wherein said
process for produci ng propyl ene oxi de has excellent characteristics that
propyl ene is converted to propyl ene oxi de using isopropyl benzene
hydr oper oxi de obtai ned fromisopropyl benzene, as an oxygen carri®rnly @t
sai d i sopropyl benzene can be repeateggédfﬁ?éA that formation of

by- products after an epoxi dation step can be ced to a small anount
thereby to suppress a | oss of isopropyl benzene to snmall. BACKGROUND ART A
processi ng whi ch propyl ene is oxidized using ethyl benzene 20 hydr oper oxi de
as an oxygen carrier to gROEEBKSORVREPRODUCIRNGADROPIVL/ENEE dxfrggoWn as Hal con
process. Since, in this process, styrene is inevitably produced together
with propylene oxide, it is unsatisfactory fromthe viewpoint that only
propyl ene oxide is to be selectively produced. On the other hand, a concept
of a procéss TECHREEALpFEBLPene 25 is converted to propyl ene oxi de using

i sopropyl benzene hydroperoxi de obtai ned fromisopropyl benzene, as an oxygen
carrier) and said iStpEIRALEhiarenits onepehe basytusedroress Bod WnoRlihg
described in Czechosl ovak Patent No. CS 140, 743. The process described in
sai d patent JUEPHOIIRMtH T pMoLesBagederlprilgnstoentey el hijonacsbatey to

steps except i i e oxidation step and_hydrogenol ysis step.

Vari ous probleg I%Z%E%S%gf?)% grggggtlflgaﬁwggyiﬂl%gmﬁd?sc?ﬁ?‘%b%’be‘i@z’é%@rocess
andt her ef or et {-88L 6§ j figient, for. industrial.
realization. %gigiCSU%%QQE&%ﬁQ%%§%$$$§iﬁ%%&§B€§}ﬁ¥E#?%ﬁﬁ%ﬁ%ﬁﬁ% }cﬁﬁhat
obj ect oiot herumesante 16 domveRttiednt d SrbPyRERYIHE @ @£%§§§0595 g&%@ﬂ%'e’ﬁ%
propyl ene oxi de, whereinsaid prooesstor produci ng propylene oxrde

hasexcel | ent huldrcaetmriisle osbtabtedropyh efeopSopPINEht&fet 0aBr ARYbgYGeaXi de

using i sopropyl benzene hydroperoxi de obtained fromisopropyl benzene; "as an
oxygen carri &Talegt. §ha§ sald isopropylbenzene can be repeatedly used, and

that formation of by-products after an epoxidation step can be
reduced to a small amount thereby to suppress a loss of

15 isopropylbenzene to small.

BACKGROUND ART

Aprocessinwhichpropyleneisoxidizedusingethylbenzene
hydroperoxide as an oxygen carrier to give propylene oxide and
20 styrene is known as Halcon process. Since. in this process,
styrene is inevitably produced together with Propylene oxide,
itisunsatisfactoryfromtheviewpointthatonlypropyleneoxide
is to be selectively produced.
Ontheotherhand,aconceptofa;mocessinwhichpropylene
25 is converted to propylene oxide using isopropylbenzene
hydroperoxide obtained from isopropylbenzene, as an oxygen

carrier, and said isopropylbenzene is repeatedly used, is



15 i sopropyl benzene can be repeatedly used, and that formation of
by-products after an epoxi dation steps can be reduced to a snmall anount
thereby to suppress a | oss of isopropyl benzene to snmall. Nanely, the
invention relates to a process for produci ng propyl ene oxi de, whi ch
conpri sessteps described bel ow, whereinz20 the concentration of

i sopropyl benzene hydroperoxide in a solution contai-ning cunyl al cohol at
conpl etion of the epoxidation step is 5 $ by weight or |ess: oxitatly 2f4
step; a step in which isopropyl benzene is oxidized to ebtain

i sopr opyl befzere ibedr apeC pxttos135akppatdati 06, SEEP1 48, 548D i@nm&f& s
i sopropyl benzene hydroper oxi de obtained in the oxidation step 1s CACT &d

wi th propyl 8RECESLEB! ai rBpidpAteETs: doedenand eyl eahiobe @k Ft fody! Y
2004 hydr ogenol ysi sst ep; astep i nwhi ch cunyl al cohol obtai ned in the

epoxi dat i on©STEFTFINFubPERSEEIY0S hyHS oZrerrr iy sisl dat bbhas tep S RPYADENZLNE,
and said isogropglgenzene is recycled to the oxidation step as a raw

materi al fof "ERe?BKi AHCGFOFRPY Sis B MOYR HOR CARRYD NEnEUaLIHE KNVENTI ON
The oxig$tion s%eg an t he present invention is a step in which

i sopropyl beRZ8h&*F&-dHE 9 8T JFCRTPRIERA IR D aRdebiee ngHio Dp &hexp aeen The

oxi dation of | ropyl benzene is. usual | 0 effected by autoxidation with
oxygen-conté?h?ﬁg ggssgﬁgﬁiisﬁﬂﬂfiﬁ%%n%ﬁé%&yb%ﬁgéﬁFﬂé Fedliz@tidre. | i ke.
The oxidation reaction may be carried out without any additive or with an
additive such as an alkali. The reaction tenperature is usually SO to 200C,

and the reagtseNoBUBESHFE Ty YSHAINDPr et Wween the at nobspheric 15 pressure
I s . ggg

and 5 MPa. Th itive, the alkali includes al kal

nmetal conpounds suUgfees seBHc i kS mdthraeOUsh SOb YL EeNg £t Rereal., an
al kaline earth netal conpounds, alkali netal carbgnategfsggﬁ %%Eseﬂ%

NaZCO-~ 1RaHGORy anfibanad, { KbH)AGCRialakat o c o2 FlorapFeALEINGAH BOPFE 88 e AW dd€
| i ke and aqueous _sol utions 20 thereof. The epoxidation step in the present
i nvention | €RETeLBS5 I RRPERSESAF BEYRBEARSTIr Iyt eperadidichableaidwd iy t he

oxi dation s I ted wth, _propylene to obtain propyl ene oxide and
cunyl al coh%ﬁ&é?%%?gg%%&f/pm%ﬁlﬁ El’?f&%/ﬂt?fée desFPBYSES o5t ga&xomﬁb@ma dyide
obt ai ned i ny&; RLEIhsyi r i i i t he .epoxi dati on step
i's preferablylc%ngﬁ%?gggggggﬁg%%%éggéﬁégﬁfﬁy%é%a¥§%§£88ﬁt5’ﬁﬂng a

titani um cohtapnopglbenzene, as an oxygen carrier, that said

15 isopropylbenzene can be repeatedly used, and that formation of
by-products after an epoxidation stéps can be reduced to a small
amount thereby to suppress a loss of isopropyl benzene to small.

Namely, the invention relates to a process for producing
propyleneoxide,whichcomprisesstepsdescfibedbelow,wherein

20 the concentration of isopropylbenzene hydroperoxide in a
solution containing cumyl alcohol at completion of the
epoxidation step is 5 % by weight or less:

oxidation step; a step in which isopropylbenzene is
oxidized to obtain isopropylbenzene hydroperoxide,

25 epoxidation step; a step in which isopropylbenzene hydroperoxide

obtainedintheoxidationstepisreactedwithpropylenetoobtain

propylene oxide and cumyl alcohol, and




4 6 July 2004 silicon oxide. The catal ystispreferably a catal ystcontaining
titaniumchemcally bound to silicon oxide, so-called titaniumsilica

catal yst. Exanples may include products carrying a titanium conpound on a
silica carrier, products in 5 which a titanium conpound i.s conpounded w th
a silicon oxide by a co-precipitation or sol-gel nethod,
titani um containing zeolite conpounds and the like.. In the present

i nvention) isopropyl benzene hydroperoxi de used as the raw nat eritlulf 80604 he
epoxi dation step nagdpe a dilute 10 or thick purjfication or

non-purification pr&¥GEOISTIE YEFSKT bRl i 817 VBRSPS Wt # eeed offFained
The react Lon AR/ER CEORGIATIRT ALaD HeE R B BHESE o R RoEBP YA S tnabatn
| t t b i qui.d d h t.i d
solvert” et he/a LU e LS FEReUnASIEALS LIS B R )
be conposed 0f,.3 5542 spe)ﬁétel r}gav} Qnétéﬁiéa'i | 8- of n L hg, iy dE 9RAT gxkde.
i enzene hydr

used. Wen, for exanple, opropyl operoxide Is a mxture with
i sopropyl bgnzene as the raw material) it is'also possible to 20 use said
material, wthout adding a solvent in particular) as the solvent. O her
usef ul sol venggsineionte FRO ONARY INAOGHEF rHE) DOVENTDOS (for exanpl e)
benzene, tol uene, chlorobenzene and o-di chl orobenzene), al kane (for
exanpl e, octane, deGaercocandatddecahe) bndhchpresket Theespaorndasiastzlyp in
tenperature is generally O to 200C and preferably 25 to 200C. The pressure
may be any pr#bsgheisaprpeyéRencenRedd ¥l zrdtex ebspinhdsppHEPYéRCnZETIE

m xture. Generally, the pressure is. 5. , ,
hydroperoxide. The oxidation of isopropylbenzene is usually

10 effected by autoxidation with oxygen-containing gas such as the
air, an oxygen-enriched air or the 1ike. The oxidation reaction
may be carried cut without any additive or with an additive such
as an alkali. The reaction temperature is usually S0 to 200°C,
and the reaction pressure is usually between the atmospheric

15 pressureand5MPa. Intheoxidationwithanadditive, thealkali
includes alkali metal compounds such as NaOH, KOH and agueous
solutions thereof; and alkaline earth metal compounds, alkali
metal carbonates such as Na,C0Q;, NaHCO., ammonia, (NH;),C0;, alkali
metal ammonium carbonates and the like and aqueous solutions

20 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 alcchel. From a viewpoint that the desired

25 product should be obtained in a high yield and under a high

selectivity, the epoxidation step is preferably conducted in

the presence of a catalyst containing a titanjum-containing




6 J nmy 2004 advant ageously 100 to 10,000 kPa. The epoxidation can

advant ageously be carried out with a catalyst in the formof a slurry or a
fi xed-bed. The fixed-bed is preferred in the case of a |arge-scale

i ndustrial operation. 5 In addition) the reaction can be carried out by a
bat ch process, a sem -continuous process, g continuous process or the |ike.
Wien a liquid containing the raw materials for reaction is passed through a
fi xed-bed, the catalyst is not contained at all or substanti al | yo Juty 2004

liquid mxture_ discharged froma reaction 10 zone.. The hydr.ogenol ysis step
in the presenfithGBRE%HS ghﬁﬁtfﬁn‘[%?éﬁrﬁfrﬁﬁa@%ﬁ tadptsh ?l‘é%t?ﬁnf-ﬂg

i dati I bi ect.ed d | yvsi.s. t btain | Lb ,
e sard | sopFSpahieRs hEmES aE, MR Y R St PR S S R e T aw
t ial f 1 i L t I th t i .
" opr opyl benz Shea sl b eR, Brayd st CEibIB) haS SR AL Bidaudes
hydr ogenol ysi éajsfysaﬁlf;% !{Vi%fﬁrﬁ%&hﬁo&ﬁ AN2el1RG aCHAYE 12ICORRhaRRds in

hydrogen with a cata . As a catalyst, any catal yst having a
hydr ogenatsi onyRREhi &Yt £88n PEm20oHs6dnaExanpbesoehdtiewcahahysi 11 86hUdRide
metal catalysts of metals of the group 8th to 10th such as those of cobalt
ni ckel, pal badi um ek ¢ i t & kKboansr et B gehtnad hsdd, of i et ahs- obnthengngup
11th or 12th netals such as those of copper, zinc and the |ike. Copper
catal ysts arezgpbiter edmppondshand déwgoildket.hat by-products are 25
suppressed. The copper catal ysts include copper, Raney copper, _
copper - chr om um cog‘bérhezi)ﬁ%,seﬁ*é&ﬁéfre-%%’m URPPFARY logppenehydreperoxide

copper-alum na and the like. The.reacti can_ . July 2004 bhe conducted
TRl auid phadd anfhg A Conlane 0 fon Megdusidaphabe hBaydte et b
be substantially,y t LB t ant n . X | vent may
contain g%subé%aﬁ%ggéx {sl %Iﬁ—ggfl%igﬁsggu?liogn%o %hl?ag%lr%rﬁ paf%%h%?‘ used. Wen,
for exanple, 5 cumyinh@l 69BRkahsi8nMrEhEke ol 1 I3QRHQRY IRENARP& st ddein
product it is unnecessary to add a solvent in particularly and said product
may act as a pebyphéne Ahen segafddy s et @ hividdlopda- ot kb e ithon exeapyet .
oct ane, decane and dodecane), aromatic single-ring conpounds (for exanple,
benzene, et hyl Tirza zere tanct haueaeondand elDintdhéiguithphaeaperiatgnesdbvetnte
hydr ogenol ysis reaction is generally 0 to 500C and preferably 30 to 400C
General |y, thEh@rsedsiane: metsadvarm ddasds yndeo by reagdd-owphemppgature and
hydr ogengl ysi s can advant ageously be carried out with a catal in_the

y_ D€ st
form of &9 RFSSIFLE- f AREJSHRBI LR g 88T Wond s SSAfRt AT (ARt Fiof
can be carried. o bat ¢ races a m.-.cont.i-nuo S _Oor_a.
cont i nuous pr%%%%é@%\hglhea Ssog‘%tn?toﬁla r bae Séglpgg%t% algﬁg'i %gy‘?lﬁg{;%%‘gvé rr%}f]ésf%axli%

for reaction is pass {gﬁogghtﬁefw?(?éggxiaé Gakal YSinés, nebr copiabNed

at all or substantially 1n a I1qui ure discharged fromthe reaction
zone. 20 In theopreseibehR¥ABt hoArobkroxi@ssant i=amidtaird Rei@oncentration
of isopropyl benzene hydroperoxide in a solution containing cunyl alcohol is
5% by wei ght soprssylpeetenabhy Bhebyawengherbdall et ihealsbepepoiblation
step is conpleted. Herein, the solution containing cunyl alcohol indicates
a 25 sol 80 onugDripvist dadieTiohboditiouthiagt iaye 4 Fév@néndarrahkiendanargs
tenperature and the ordinangﬁ&ressur and_is solu&hgn mai nl igpnposed of

i sopropyl benzEh® 34V eLhy! %oﬁl?eg'?\ﬁ solvents lnclude aroma

single-ring compounds (for example, benzene, toluene,
chlorobenzene and o-dichlorobenzene}, alkane (for example,
octane, decane and dodecane} and the like. The epoxidation
25 temperature is generally 0 to 200°C and preferably 25 to 200°C.
The pressure may be any pressure sufficient to keep liquid state

of the reaction mixture. Generally., the pressure is



6 July 2004 unreacted propylene is not contained. |sopropyl benzene

hydr oper oxi de remai ned after the epoxidation is deconposed in the

hydr ogenol ysis step and converted to acet ophenone causing a | oss of

i sopropyl benzene. 5 Further, a cumene dinmer fornms al so causing a | oss of

i sopropyl benzene and this conponent causes o a bl ockage trouble in the
system When a recovery step of unreacted propyl ene and propyl ene oxide is
set up after the epoxidation step, a |oss of i sopropyl benzene i s &llgd004
caused in this _step. 10 From these vi ew ts, it is necessary to control

t he concentraﬁﬁﬁﬂngF9P§8ﬁ#§p9PBeﬁ?eﬁ@ ﬁ? éroxide in the sol ution
t ai ni | al wh dat t d h
of the present ?nigﬂﬁﬁoﬁpgﬁigagﬁﬁﬁhsﬁn'° R PR BPPRREYCRE pebbion, PhEnsLRE
15 hydvoper oxl, deoncall LALLAN <80 JPLNedol %ﬁlmqgéebace"évcert'rﬂg Eexlilbla
0 ano

al cohol ; a ne conver I ng onpoun y a reaction ter
epoxi dat i on SRE&zré@é@;Vé@Qnaﬂﬂe%ast@BE e?f:Lér%prs@%WebﬁﬁaﬁQ%rﬂxﬂr&;P@f&’ﬂQﬁ to

outside of the systemof the steps in the present invention

di stillatison, 18d@ction, 20e0r=48€1ibh kfin BEREAOE: ©d oﬁﬁdblfjldwaﬂ:bﬁ process,
concentration by absorption or the like; and the |ike, may be used. Taking
account of coaveameheenointibaspppooesss,it ¢snpirtienabpeotessonrethenbske.
part of isopropyl benzene hydroperoxide. 25 Further, in the present

I nvention, théhenrckhgnidicon tefirdmptiyaniey meterbils fosotact bandepasaedg
|sopropylbenzene hydr oper oxi de to be sup €|Ied to the epoxidation ste

8 G July 2004threnrahadl §iged- %aéy e gRetaryFEsds %Fecwﬁ%%?a@ 9toail%?5y

ht I h h ti,vit ft
catalyst usecePRSFARELAbAYLAN) Bt LEBH A hEP Aot he AR AER 4l FFP B 57T E6EHOAng

t he I|fe f the gatalyst can be kept for | onger tinme. Still further, in the
present i vent?d i's preferable t hat isopropylbenzene hydr oper oxi de
supplied to an epoxi dald qf}, m NeTiGoRe Aphedknhi $hOEN tiBAl ¥di A9
heating at a tenperature not ower n t he tenpera?ure @) represented

10 by the fol kewbngnephathotidyl &1&0Kd1oBHbAined. BnxtV¥ (é{)oﬂdﬁ’@ﬂbﬁnétép
by wei ght) of isopropyl benzene hydroperoxide in a solution containing
i sopropyl benzesesulyjoipst dol dedrByespeesiyi g obiteiinnisbpsopghpehzehe . and
activity of tgéelld isopropylbenzene is recycled to the oxidation step as the
15 raw material for the oxidation 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 alcohol and hydrogen with a catalyst. As a
catalyst, any catalyst having a hydrogenation ability can be
20 used. Examplesof thecatalystincludemetal catalystsofmetals
of the group8thto l0thsuchas those of cobalt, nickel, palladium
and the like and metal catalysts of metals of the group llth
or 12thmetals such as those of copper, zinc and the 1Like. Copper
catalysts are preferred from the viewpoint that by-products are

25 suppressed. The copper catalysts include copper, Raney copper,

copper-chromium, copper-zinc, copper-chromium-zincg,

copper-silica, copper-alumina and the like. The reaction can




15 catal yst used in the epoxidation step can be nmaintained at a high |evel
and the life of the catalyst can be kept for longer tinme. Mreover, in the
present invention, the concentration of sodium of the solution containing

I sopropyl benzene 20 hydroperoxi de to be supplied to the epoxidation step is
preferably 0.1 % by weight or |less. By spegifying wwthin this range) the
activity of the catalyst used in the epoxidation step can be nai ntai ned at
high level and the life of the catalyst can be kept for |onger t6hay2e%
Moreover, in the present_invention, the concentration of water of the

sol uti on contRf MIRAIS RS Iy PoehdBhe PYAFBIETIRT de S R s OFpiied 953 9eS

i dat i [ 9 6 | 2004 f bly 1 b i,.gh | . B
oPoc dal on SLEDLS, ol BIULY 2004 BESLALATY. &0 DY MEIOH! gt lcos, By

i dati i.nt al.ped [ I I h ' .
oPox| 421101 60 AN BNt kgt gt bl Lavehoh 8, LLEE,0L P ing

can be naintajped highefon l%ég:rm&@ é};]r@;dfoéi{&éﬁ& COEL @1 Niyiga £ UMY - fé{é%gﬂbey .

having a 10 15 20 1 sopropy nzene roper oxi de concentration o

wei ght i sscontiniouslpnRassed e eusd «a thi XespBegyibanzedcr£aeharnidudde,
presence of a copper-chrom umcatalyst at a rate of 2 tines by nol of
hydr ogen per it pehunofeceisndryot calidla condenned par thike: sof i and salldroduct
conversion of cunyl alcohol is kept alnobst 100 $ by controlling the inlet
t enper at ur e. WRY ebitsag aseo lvémt r edtthieonusefpdratlvent s B WWe ahdanhe for
conposition of the hydrogenolysis reaction liquid is as follows:

Hydr ogenol ysi®<amRie d @@hposi t H8AAN80RREPFIPEEAZERE - h PHATRISKiSdA I & TN Y

vl Shi Uyl Lol 0 oYLl o0y BEIEE0S S0 LY IRLANY  ana

Exanpl e }0 others. The temperature for the hydrogenolysis reaction is
generally 0 to 500°C and preferably 30 to 400°C. Generally, the
pressure is advantageously 100 to 10,000 kPa. The
hydrogenclysis can advantageously be carried outwithacatalyst
inthe formof aslurryorafixed-bed. The process of the present

15 inventioncanbecarriedoutbyabatchprocess, asemi-continuous
process or a continuous 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
in a liquid mixture discharged from the reaction zone.

20 In the present invention, it is essential that the
concentration of isopropylbenzene hydroperoxide in a solution
containing cumyl alcohol is 5% by weight or less, preferably
3% by weight or less when the epoxidation step is completed.
Herein, the solution containing cumyl alcohol indicates a

25 solution compesed of components which are ligquid under the

ordinary temperature and the ordinary pressure, andisasclution

malinly composed of isopropylbenzene and cumyl alcohol, and




When the hydrogenolysis is carried out in the sane manner 25 as in Exanple
1 except that the solution containing cunyl alcohol having a

i sopropyl benzene hydroperoxi de concentration of 11 g by weight, the
conposition of the hydrogenolysis reaction liquid is as follows: 10 5

| sopropyl benzene hydr operoxi de Cunyl al cohal |sopropyl benzene Acetophenone
Cunmene dinmer G July 2004 0 ~ by weight 0 ~ by weight 93.6 ~ by weight 5.5 ~
by weight 0.9 ~ by weight Conpared to Exanple 1, acetophenone andiuiyfeie

dimer 10 15 cl;gakky+bicC | ass YoniSPHLPY! benzene becones | arge
| NDUSTRI AL APPLT CABI LI'T %%A’?%&%g%r el Ao ng to the present

invention, there camsBerBp9IbdadedePheeesD k@ iRle0 e Ihdy Oyt &nerxi de,
wherein said process for producing propyl ene oxi de has excel |l ent

characteri sti epokhaatpoapilsedecompeerveiined Hed HfdHHY AL i £les tish Ngnd

| sopropyl benzene hydroper oxi de obtai ned from i sopropyl benzene, as an oxygen
carrier, thatceavdritedptopdderpenran s itepealedbyofiseshpamsiytbatizene .
formati on of by-products after an epoxidation step can be reduced to a
smal | anownt t her ebjursheuppressmaneoddmet: foaprsoplissercaarsing ankdss @D

11 6 July 2004 CLAIM5 1. A process for producing propylene oxide, which
conpri ses st ehSCHESEYiLBERZBBEARY WhéF SAPRITE HofRBREF AT dRlorkage trouble

i sopropyl benzene hydroperoxide in a solution containin cugyl al cohol is_ 5

by el ght | of 11 % SHRHFE ndERoRi TR BRE LR QT BRpFECERT PropYLene and
propylene oxide is set up after the epoxidation step., a loss
of isopropylbenzene is also caused in this step.

10 From these view points, it is necessary to control the
concentrationof isopropylbenzene hydroperoxide in the solution
containingcumylalcohol,whentheepoxidationstepisdompleted,
within the range of the present invention.

As a method of contrelling the isopropylbenzene

15 hydroperoxideconcentration, anymethodofamethodof converting
to cumyl alcohol; a method of converting to another compound
by a reaction after the epoxidation step: removing all or part
of isopropylbenzene hydroperoxide to outside of the system of
the steps in the present invention by distillation, extraction

20 or the like; amethod of reducing the concentration by absorption
or the like: and the like, may be used.

Taking account of convenience of the process, it is
preferable to convert most part of isopropylbenzene
hydroperoxide.

25 Further, in the present invention, the concentration of

an organic acid of the solution containing isopropylbenzene

hydroperoxide to be supplied to the epoxidation step is




oxi dation step; a step in which isopropyl benzene is oxidized to obtain

i sopropyl benzene hydroperoxide, |0 epoxidation step; a step in which

i sopropyl benzene hydr oper oxi de obtained in the oxidation step is reacted

wi th propylene to obtain propyl ene oxide and cunyl al cohol, and

hydr ogenol ysis step ; a step in which cunylgal cohol obtained in the

epoxi dation step is subjected to hydrogenolysis to obtain 15

i sopropyl benzene, and said isopropyl benzene is recycled to the axiWatoen
step as a raw ri.al r o he ' an st 2. rdi Rg.t.o
claim1, wher ?%k? g§g'ng%ﬁ%f%F§§ﬁ%g ?Sggrg%?ﬁbeﬁ%%%égﬁgggggg? xgdg fsb‘%
by wei ght or LRs$mt2@ NINOf' /N / N/ N/ N}/ N/N/NN"/N, f!DFV (;

<] “ghj k?@upkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] Bg] §ﬁ@l:§ﬁi,ﬂ1ﬁ Ureaheal eBibP-3hn#dX' tle activity of the

| wmhc”Y] ] ca] ca] ca] ca] ca] ca] ca ca?ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c“a]ca]c
a] ca] ca] ca] cakaahdgktalsafical calcap3zxida ¥ xR 4 veprivethybkard Ored €8] €alaaaheghca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c”
a] ca! ) KFMhl Aexel and the life of the catalyst can be kept for longer time.
s/ gU% () *Or+, , [ -?-t--}xsnid_Z]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca] ca] ca] ca] %E}éé]%@bﬂ%a}@d}%?égf@a}:éé]‘ftﬁi]@a{lftra}ééi.s ppeberapkea/
/1 ONOTO0001T11 ) ] . . .
2B2} 222222333§§?§s’rﬁ&9§ﬁ?%ﬁ°%f%ﬁ? dvreReEntie SPeRtderc by &ay eaprAfaLien] ¢
aJ ca] ca] ca] ca C ajcal ¢ al.calcal calcal 335666677788"888888) 9;
;?!;%;Z?;<}<U%g§b6§§§{bé?ggﬁﬁ%fgéfgafcg?%g?%ﬁf%8f¥af88?8§f8§Uﬁ83 &Eﬁcé%ci]c
glg)cgl_ c"a] ca] cabpabeakazkeabeal 6akeathah cAlS A LU LA CHEY ST/ 257232818888
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high 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

20 hydroperoxide to be supplied to the epoxidation step is
preferably 0.1 % by weight or less.

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.

25 Moreover, in the present invention, the concentration
of water of the solution containing isopropylbanzene

hydroperoxide to be supplied to the epoxidation step is
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solution containing cumyl alcohol having a
isopropylbenzene hydroperoxide concentration of 1 % by weight
is continuously passed through a fixed bed flowing reactor in
10 the presence of a copper-chromium catalyst at a rate of 2 times
by mol of hydrogen per 1 mol of cumyl alcohol contained in the
solution. The conversion of cumyl alcohol is kept almost 100 %
by controlling the inlet temperature. At this case, the reaction
temperature is 180C, and the composition of the hydrogenolysis

15 reaction liquid is as follows:

Hydiogenolysis ligquid composition

Isopropylbenzene hydroperoxide 0 % by weight
Cumyl alcohol 0 % by weight
Isopropylbenzene 97.5 % by weight
20 Acetophenone 1.1 % by weight
Cumene dimer 0.3 % by welght

Comparative Example 1
When the hydrogenolysis is carried out in the same manner
as in Example 1 except that the solutioncontaining cumyl alcohol
25 having a isopropylbenzene hydroperoxide concentration of 11 %

by weight, the composition of the hydrogenolysisreactionliquid

is as follows:
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Acetophenone 5.5 % by weight

5 Cumene dimer 0.9 % by weight

Compared to Example 1, acetophenone and cumene dimer

clearly increase and a loss of isopropylbenzene becomes large.

INDUSTRIAL APPLICABILITY

10 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
using isopropylbeﬁzene hydroperoxide obtained from

15 isopropylbenzene, as an oxygen carrier, that said
isopropylbenzene can be repeatedly used, and that formation of
by-products after an epoxidation step can be reduced to a small

amount thereby to suppress a loss of isopropylbenzene to small.
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5 isopropylbenzene hydroperoxide in a solution containing cumyl
alcohol is 5 % by weight or less when the epoxidation step is
completed:

oxidation step; a step in which isopropylbenzene is
oxidized to obtain isopropylbenzene hydroperoxide,

10 - . epoxidation step; a step in which isepropylbenzene hydroperoxide
obtainedintheoxidationstepisreactedwithpropylenétoobtain
prqpylene oxide and cumyl alcohol, and

| hydroganolysisstep;astepidwhichcumylalcohdlobtained
in the epoxidation step is subjected to hydrogenolysis to obtain

15 isopropylbenzene, and said isopropylbenzene is recycled to the
oxidation step as a raw material for the oxidation step.

2. The process according to claim 1, wherein the

concentrationofisopropylbenzenehydroperoxidejd;3%byweight

or less.




