; ae3eDGDDI 4] 6T19%1 G July ?004 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. Mire particularly, the invention
relates to a process for producing propyl ene oxide, wherein said process
for produci ng propyl ene oxi de has excellent characteristics that 10
propyl ene is converted to propyl ene oxidé'using i sopropyl benzene

hydr oper oxi de obtai ned fromisopropyl benzene, as an oxygen carri®nly bb@t
sai d i sopropyl benzene can be repeatedly used, that the reaction volune in
each step can be effectively utili Z8ECIFIENTHEN epoxi dation reacti on can be
effectively carried out 15 thereby being able to produce propyl ene oxide
ef fectively BACKGROUND ART A process in which propyl ene isoxidized using

et hyl benzene hydroperoxi de_as, an_oxyden carrier to dive propyl ene oxide and
20 styrene i s known as PRRCESS SP&: .D%%V&,Pgorﬂf p‘?’g%gs styrene is

i nevitably produced together with propylene oxide, it is unsatisfactory
fromthe viewpoint that only propylene oxide is to be selectively produced.

On the %thefE@§ﬁgC%LaF§gE5ept of a process in which propylene 25 is
converted t e using isopropyl benzene hydroperoxi de obtai ned
fromisopropyl ben’?ﬁaepxé@éeﬂf] IRV AL B e s2PE S b dTWECRYHPEBZEDRG! S

repeatedly used) is
propylene oxide. More particularly, the invention relates to

a process for producing propylene oxide, wherein saild process
forproducingpropylene oxide has excellent characteristics that
10 propyleneisconvertedtopropyleneoxideusingisopropylbenzene
hydroperoxide obtained from isopropylbenzene, as an oxygen
carrier, that said isopropylbenzene can be repeatedly used, that
the reaction volume in each step can be effectively utilized,
and that epoxidation reaction can be effectively carried out

15 thereby being able to produce propylene oxide effectively.

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,
itisunsatisfactoryfromthe viewpoint that onlypropylene oxide
is to be selectively produced.
On the other hand, a concept of a process inwhich propylene
25 is converted to propylene oxide using isopropylbenzene
hydroperoxide obtained from isopropylbenzene, as an oxygen

carrier, and said isopropylbenzene is repeatedly used, is



6 . Tiny 2004 described in Czechosl ovak Patent No. CS 140, 743. The process
described in said patent does not contain precise descriptions concerning
necessary steps except an oxidation step, epoxidation step and

hydr ogenol ysis step. Various problens arise in 5 practical recycling of

i sopropyl benzene and therefore the descskiptions cannot be said as
sufficient for industrial realization. DI SCLOSURE OF THE | NVENTI ON | O Under
such circunmstances, an object of the present invention is to praviuie2@4
process for produci ng propyl ene oxi de) having excellent characteristics

that propyl efestsiBeAVES lefk 1 P1OPRkEPLL Ot U6 USHAY 4 pyljenzene
hydr oper oxi de obt ai ned from i sopropyl benzene, as §§q3¥§82%9bar BETIGRAS

sai d 15 i soptepytheedent seam patreareabed| yo xRttt Jher ol Q) 0l e i n
each step can be effectively utilized, and that epoxf%atf%ﬁggggg%%ﬁﬁ%%ﬁﬁbe

ef fectivel y comcéeninghneidearsainy beepg exded tf #n BROAUAS JH RYHER g@?ﬁ*.djaet
effectively. Nanely, the invention relates to a process for™ prdducing yie)
propyl ene oxstep ahidchydonpenséysdtsepsteatescnareduzelmysbdes ehpikBein
concentration of ethylbenzene in a solution containing isopropylbenzene to
be recycPed REAEhécoxi dackohisgepfi dstprdnyy e miener ahdssheosirdatd aheSt €p;
a step in which isopropyl benzene is 25 oxidized to obtain isogropyl benzene
hydroperoxicﬁﬁs%ﬁbRgaaﬂﬁoﬁaéﬂéﬁ;hﬁfﬂﬁﬁﬂiaﬁ\Mﬂﬁﬁi¢$©mtoﬁytbénﬂe&&rial

hydr oper oxi de optaiped in the oxidation step is reacted with propylene to
obtain 3 69 &zﬁgbﬁnpropylene oxi de and cunyl al cohol, and

hydr ogenol ysi sst ep; ast epi nwhi chcunyl al cohol obtai ned - in the epoxi dati on
step is subjected to hydrogenolysis to obtain isopropyl benzene, and said

i sopropyl beng 681, H8ukBCYSH €0 the ox{.dation step as a raw material for
t he oxidatiroL;’r -Q§U%~- 5 S “ﬁJﬁEu OUT THE | NVENTI ON The oxi dati on
step iniphe presempid¥ehEANk t i j i ogyl zene . i s

oxi dized to obtain isoprg%g?bg%igﬁggﬁ?ﬁ%ﬁh¥x§§iggiﬁ?wT%g gﬁ?déf?&ﬁ“&f

i sopr opyl benkevent sonsisat b preffield adiycess @oirdst 6 @ic M o OYPEN & YatidNi Ng
gas such as the air, an oxygen-enriched air or the |ike. The ‘oxidation
reacti on muy¥éledrexesilbentwhavactemisiddist thetopropyilear dddiconwe ryedh

as an al kali, _ The refction tgnperature is usually 50 to 200C, 15 and the
reaction presSuPelPElgREaPEy el fddd ARORRIREHARFenpr b¥duPBeangi8eMPa. | n

the oxidati ghydiih i Kl |.kald Lncludes al kali netal conpounds
such as NaCH, KCH;egPLa|I%%bé§PPkH%§?% q%%h%%ﬁﬂﬂ%?y§FWhF??ﬁéF£r'E%?Bﬁﬁ&@es
such aslezCD@QpﬁbbﬁDBén@EHE@dﬁbéE%%bé@@%ﬂfﬂé@ﬁjtHEE%hé%%@@tfghvolume
carbonates and the like. 20 The epoxidation step 1 n the present Invention
is a step i ntvsiath isgepr opyl he refefres: hiyde bpertoii e dptaridathdthephe i@aird @i on
step is reacted wth gropylene to obtain propyl ene oxide and cunyl al cohol.
From a vi ewpotAfF+Rat CFHP Y &bt Hrotntastinrd Pie Wmrehedbding dtlghto
yield and u i 25,sel ecti.vity,_the e idation step is preferably
conduct ed iﬂgf%%gﬁge gﬂgngPeaoééﬁglfggéﬁﬁﬁiﬁ ng a titani um containing

silicon oxide. Thengafalystnd § R/ ablne 12 cal @lgyétp]_%)@égé r}‘.jonxgproducing

20 propyleneoxide,whichcomprisesstepsdescribedbelow,wherein

the concentration of ethylbenzene in a solution containing
isopropylbenzene to be recycled to the oxidation step is 10%
by weight or less:
oxidation step: a step in which isopropylbenzene is
25 oxidized to obtain isopropylbenzene hydroperoxide,
epoxidation step; a step in which isopropylbenzene hydroperoxide

obtainedintheoxidationstepisreactedwithpropylenetoobtain



4 6 July 2004 titaniumchemcally bound to silicon oxide, so-called
titaniumsilica catal yst. Exanples nmay include products in which a titanium
conmpound is supported on a silica carrier) products in which a titanium
conmpound i s conmpounded with a silicon 5 oxide by a co-precipitation or

sol -gel nethod, titaniumcontaining zeolite conpounds or the like. In the
present invention, isopropyl benzene hydr@8peroxi de used as the raw materi al
for the epoxidation step may be a dilute or thick purification drluly 2004
non-purification product. 10 The epoxidation reaction is carried out by

cont acti ng syl addé Sepd OPYhPENZenenBYdr apar oxi de with a catal yst.
The reaction can be conducted in a |iquid phase using a solvent. The

sol vent nust be agdrpgehehgers shepr @actéPin wdiieer @ihy Eaardhplesstdimednd
substantially inert to the reactants and the 15 product. The sol vent nay be
conposed ofimthealsnayicta tikinsitrg is sabgelctieidore by drive emedryopier bwiatec aised.
Wien, for exanple, isopropylbenzene hydroperoxide is a mxture with

i sopropy| b AEROREL Rz eRAy MacefrAf 1959PTeprl kenpore il secycded taithe
material, w thout adding a solvent in particular, as 20 the solvent. O her
usef ul Sol PEHEGIRN (RALRrdFed i £2%i RYT T 1R AgE RBNEBENAXIASA ook sfsiRe,
benzene, toluene) chlorobenzene and o-di chl orobenzene), al kane (for

exanpl e, octane, decane and dodecane) and the like. The epoxidation

tenper at Ur §ec YRIMY POX ki A0 oRPdrRE CIGTRRN o> Lo 290G 25 The
pressure uid state of the

reaction m xture.ri@agsdtiont BeeB’ £ HHE preAMAINIRRUY 1300 4€d 4n000

- which isopropylbenzene is oxidized to obtain isopropylbenzene

10 hydroperoxide. The oxidation of isopropylbenzene is usually

effected by autoxidation with oxygen-containing gas such as the

air, an oxygen-enriched air or the like. 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,

15 and the reaction pressure is usually between the atmospheric

pressureand5MPa. Intheoxidationwithanadditive, thealkali

includes alkalimetal compounds such as NaOH, KOH; alkaline earth

metal compounds; alkali metal carbonates such as Na,C0,;, NaHCO;;

ammeonia; {NHy),CO:; alkalimetal ammoniumcarbonates andthe like.

20 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

25 selectivity, the epoxidation step is preferably conducted in

the presence of a catalyst containing a titanium-containing

siliconoxide. Thecatalystispreferablyacatalystcontaining



6 July 2004 The epoxidation can advantageously be carried out with a
catalyst in the formof a slurry or a fixed-bed. The fixed-bed is preferred
in the case of a large-scale industrial operation. In addition, the
reaction can be carried out by a batch process, 5 a sem -conti nuous
process, a continuous process or the like. When a liquid containing the raw
materials for reaction is passed through4a fi xed-bed, the catalyst is not
contained at all or substantially in a liquid m xture di scharged TulxopG#
reaction zone. 10 The hydrogenolysis step in the present inventionis a
step i n whithtedipn ghevhorldtt donad ite shd iepoxicdditdon stemlisedubjected
to hydrogenol ysis to obtain isopropyl benzene, and said i sopropyl benzene is
recycl ed tot# %anWdﬁﬁiéﬁasPéﬁaggsﬁhe EXmphesr Pay faclude erodardten st ep.
In other words, the_s roduct, i.e. isop rodglbenzene used in the

15
oxi dat i on §P%béps rEtgea}Eﬂ 8?ﬂ8°HF&r&§eﬁHPP§F§% QRHENQ%A%%#rQQ%F%ﬁE by
t act | h d.h d th t t b
conduct eq i PEO e BE AR WA Le s ARt e indifet PR tuedn ™
SOl Vent sy D SulShap} kL %gg@yngq Lg Ls Ceachaths, and the pr oduct.

The solvent may cohpri se ance eX|st|ng| IOt of t hecunyl

al cohol usegs t Yheom-ESht EXAIRLCzeSUAE ébﬁ%%d‘sso@: PR Uli§eaM th
i sopropyl benzene as the product, it is posSible to use thls W t hout addi ng

a solvent in partigtharpréseihensehwarn, Xdsro Eﬁéhz@ﬁb%@@f%ﬁﬁ%éi@d&de
al kane (for exanple, octane) decane and dodeca y? aromatic single-ring

conpounds (¥sed exsabipé eaweatentaletdy khergmnel dathi énlsterehay dwlaaiimise The
tenperature for the 6 6 July 2004 hydrogenol ysis reaction is generally O
to 5D0C andPPprigrteabpyribi¢at1000orG@aeraRryfichs igne pnedadts

advant 8eous|y 100 to 10,000 kPa. The hy drogenoly5|s can advantageously be
carriedout with PTARPEEIATHOR WECRSFAPDf 18 SRGFAPdoPUE PWX&&W&%F-MMW 5

| h il b
B ot ot By R0 0Rb 80 AN Aeh LR 2B 0%, Wl B s 6en
to 10th suckhdseaRRaldh cih Heekonfakhkad Hnaapg &E& r;lﬂ%see w219 ts%z]\?eg{ta' ysts

of nmetals of the group 11th or 12th such as c ppe Zl nc an and
copper cat aftss®14@naf fupt Ll tdghi @naddier thewsehst ibhdtemperature and

by- pr oduct sar esuppr essed.

pressure, and substantially inert to the reactants and the

15 product. The solvent may be composed of a substance existing
in a solution of the hydroperoxide used. Whén, for example,-
isopropylbenzene hydroperoxide is a mixtuie with
isopropylbenzene as the raw material, it is also possible to
use said material, without adding a solvent in particular, as

20 the solvent. Other useful solvents include aromatic
single-ring compounds (for example, benzene, toluene,
chlorobenzene and o-dichlorobenzene}, alkane (for example,
octane, decane and dodecane) and the like. The epoxidation
temperature is generally O to 200°C and preferably 25 to 200°C.

25 The pressure may be any pressure sufficient to keep liquid state

of the reaction mixture. Generally, the pressure is

advantageocusly 100 to 10,000 kPa.



The copper catal ysts include copper) Raney copper, copper-chrom um
copper-zinc, copper-chrom um zinc) copper-silica) copper-alumna and the

| i ke. The process of the present invention can be carried out by a batch
process, a 15 sem -continuous process or a continuous process. \Wen a
solution or gas containing the raw materi@als for reaction is passed through
a fixed-bed, the catalyst is not contained at all or substantially in a
l'iquid m xture discharged fromthe reaction zone. 20 In the presemty 2004

invention ) it is_necessary that the concentration of ethyl benzene in a
sol uti on cont ai ni 'ﬁﬁeiﬁBﬁ?‘b%ﬁ‘FB@Hz@ﬁ% LOVBRLRBEPEFLY P6 ERETSRAdABLOHLERep

i Il ed 10% b i ah | f | b i gh | .
Et byl benger St B o ZORE 6y ST $5 & T hed o Trihi ¥oat bo
hyd ti jcheisf hy d i, i f ..

Y opr oy bebs B FERAPIRIRE MU ERe & I i L AR B e e bhoRt ep.
Et hyl benzeng, i1 {GQIPORER! r@&@ﬁﬁ%}#%ﬁgbg%argi@d %l&tyb%%ﬁattgﬁ ﬁ%&é@& and

its concentration I ncreases wt y continuous retycling. i § calise a
decreasg i naeddRLttyRtiRa6hsoPpr¥ebyse hNc8REMn@buthBrsEERS o ANFhE N PLti ON
of the reaction in the epoxidation step due to by-products derived from5
et hyl benzenighes ankldubd cam taladmerhe ree hieér 5al ¢ oy Pe AL s iIF gid sde
inmpurities in propylene oxide. In consideration of effective utilization of
t he reacti obhyolghea afitksdpbedsstba odtbdyyptollschst cotntainedesbas)l tar
control the concentration of ethylbenzene in the solution containing

i sopropyl beFgenkakbladlyeinetytbi@aid gnixeuns| bstlonr gedpfmdmhd nreacsbinge
specified in the present invention. Methods for controlling the
concentrat i dA"®f et hyl benzene may be anyone of nethods in which all or part

of et hylbenzene is to outside qf the stem of _steps.ip.the preset
invent?gn by distiﬁﬁhilén,qgé%é%i%é%]éﬁ?%ﬁ”ﬁﬁéelPES?E tﬁgﬁgngﬁoah+gﬁithe
conpound i ss€QRVEX tyath 410 SRR L1 CHPP {Bidogds 4 L &b 4 Dey
concentratison@%f t he corrpoundfi s lowere ?/ an g%goﬁlﬂbe%%gi%%?? kset,epand
so on. In the seasedtfed eBONPArd9e Nl s 08 tf obReiRYBESPropPELEALBNEOIand
renovi ng et hyl benzene (hereinafter, nay be referred to as 20

"et hyl benzeswid emwpmupsitepijenan oeecgelieddt outhe pxdlddtdasi seee ff ate of
the oxidation step, epoxidation step and hydrogenolysis step or in at |east
one pl ace DEAWERTaHicch fiode theepsidabiennsier ed Inuothieirywpyddi sthé |sa@neon,
extrac&hon or ihe like, and it is preferred to carr¥ out distillation after

the 25 RydroRHeTysils: St dF BT WP L NG £ 156tk dPpER RV BBFLPAG FAR iSs of
t he usef ul angd et.h enze beconme the rgest,.fromyi ewpoints
of decr easi“% o%gg%f the uhs‘écilg?g%%orf Snlesntl%n‘dsuagfglcﬁlﬁlﬁgoﬁu}éf by

m ni m zi ng Sef HYE g ISt ! gibBﬂolNQﬁﬁo}ﬂgﬁ}bﬁehh%iQheﬁe'&%.t'a'lér%’?:t.' Oghet he
concentration of organic acids In the soldtion confaining isopropyl benzene
hydr oper oXisiead Oi e cHiPRld edntiactled eR0Xiitahif phiadR LsiBgeh dablenPord~ by
wei ght or less and nore 5 preferably 0.1% or |ess. By specifying within
this range,in e gectdotig yplofisd he Thet alolsternits ethsith beheudpdanddi[d 1ay Shep-tcan
be maintained at a high level and the |life of the catal yst can be kept for

| onger 2P neto Adt gnts jgpd fleppesdncti-nvBhe | selvente athcempzitscor 10
of phenol in the solution_containi Jr]gti sopr opﬁll benzene to he

substanceexistinginaso ionof thecumyl alcoholused. When,
for example, cumyl alcohol is a mixture with isopropylbenzene
as the product, it is possible to use this, without adding a
solvent in particular, as the solvent. Other useful solvents
25 include alkane (for example, octane, decane and dodecane),

aromatic single-ring compounds (for example, benzene,

ethylbenzene and toluene), and others. The temperature for the



recycled to the oxidation step is preferably 5% by wei ght or |ess. These
allow effective utilization of the volune for the reaction in each step and
ef fective acconplishment of oxidation reaction and epoxidation reaction. 15
Moreover, in the present invention, the hydrogen ion concentration (pH) in
the solution containing isopropyl benzene to be recycled to the oxidation
step is preferably 5 to 10. This all ows Rai nt enance of the yield in the
oxidation step at a high level. Herein, pHrefers to a val ue obt@luteddly
the follow ng 20 neasurenent: That is, the solution of isopropyl benzene is
m xed wit h higdeegenoby ss gitaqtbton isf generadfiyef whiBNG ané nederably
sufficientl pH of _an aqueous_ phase separated out of an oil |ayer is
neasur ed tc&i)i%“@ﬁe‘:valwem herffst @reiSFunce 15r ad6AR LREGEHEILIN 108 Heo
concentratio f_cu e diger in the solution containin .

" opr opy| b0 kpde They BrdOsERoNdSaR B ShvER EROPRURTEr e AT ERd by

L ANE TN A ] R

n
July 2004 the- r'eac ach s and preventio opp

the sysiemcdoiipl e ﬁa\%i.zgﬁ%irlg?r%ﬂtbﬁgngtJ:gnlgblzﬁg%ko%lnb%%zFub%%d Sy digd from

t he hydrogenolysls step e concentratio ethyl'benzene 1'nh a

sol ution ccaH@éio}b%ﬂ. | SORIMAPE HBRZERE dP: DBy LaVI1Rhd RettBe OXEHRLLER ¢t ep
o by

is less than 10 weight) is mxed with the air and reacted under

condi t i ons nigitd L8l iclOt e BreapWs €h &lo BOOh lsbahads cat=ampen atke e, Ja B3 dnor 5
hours. The produced oxi di zed solution has the foll ow ng conposition:
Conposi ti orargl the ddtkeon agdl netaed: casepyspygl bénmehalbyof oper oxralep 3WbHhy
wei ght cunyl al cohol 2% by wei ght isopropyl benzene 60% by wei ght

acet ophenor®® @24 Bychet G iROTPRy| BaRSeRR CIBBLLAF R BRICERRAT ¢ty isep

Th | di d | i ich i bt ai d i idati 20 25 ,

T oo o B e B e o ey L RS B b SR P T oF aFh sRP AR aRadhce of
tit i inj ili id t al t it ti b | f
L oonl ome” Al LS| LA LA KL By CRUAR Y BbObRYC RER Y Ll ! oS DY ! ©

oxi di zed SQIdPPOR. ciorfiPith! ObopPazL BEnE S REEBEUC ENBbn U -LAIRL,, 1 he

conversi on of 1 sopropyl benzene "hydr operoxi de i s mai ntai ned at 99% and
stabili zed cdpsd it s DNPEy, Topper -Aluntlirs shatthe LhRel eathé @ JRIHLHAMEL | S

60C and the selectivity is 95% Lower
present invention can be carried out by a batch process, a

15 semi-continuous precess or a continuous process. When a
solution or gas containing the raw materials‘for reaction is-
passed through a fixed-bed, the catalyst ié not contained at
all or substantially in a ligquid mixture discharged from the
reaction zone.

20 In the present invention, it is necessary that the concentration
of ethylbenzene in a solution containing isopropylbenzene to
be recycled to the oxidation step is controlled to 10% by weight
or less, preferably 5% by weight or less. Ethylbenzene is
preocduced in the hydrogenoclysis step as the result of

25  hydrogenation of acetophenone which is formed by decomposition

of isopropylbenzene hydroperoxide in the oxidation step and

epoxidation step. Ethylbenzene is a component accumulated in




10 6 July 2004 5 10 boiling conmponents such as propyl ene) propyl ene oxide
and the |i ke are separated and recovered. The obtai ned reaction solution
has the follow ng conposition: Conposition of epoxidized solution:

I sopropyl benzene hydr oper oxi de0. 4% by wei ght cunyl al cohol 33. 5% by

wei ghti sopropyl benzene62. 3% by wei ght acet ophenone0. 6% by

wei ght et hyl benzene0. 5% by wei ght Hydrogerfol ysis step The reaction sol ution
which is obtained in the epoxidation 15 20 step is continuously (padgedod
through a fixed-bed flowing reactor in the presence of copper-chrom um

cat al yst togeéheywieh,2ahidnes sbyealcesft datdroagam dieidBd s of1 eyMyimal gphol in
the reaction liquid. By controlling the tenperature at the inlet , -al nost

100% of cunybnainobok recgedientedThAs thiiseshatierrehee dactdfdedteper at ure
is 180C. The obtai ned hydrogenol ysis solution has the foll ow ng

conposi ti onte@ohpoBi vidnmef ihydachendl \dies s¢@pst,i amd ijsdpiinpyl denagnehe
hydr oper oxi de 0% by wei ght cunyl al cohol 0% by wei ght isopropyl benzene

96. 1% by M%@ta@@t%hgﬁmnmw gEpgivetpharedeclts deriywedef yom 25
Ethylbenzene-rennvingpstep Et hyl benzene is renmoved fromthe hydrogenol ysis

sol uti on obt ERHERCPACERA hytfiidgRAGHY SIS AR IRnas $hat seidby predyctsil G
Sl 2004 | gk ML Sk 0L 210 Lo g LOLLRD0 FOTPES ST B e
DL P o e B L DL SV LB Do SR8 EMPLE T
Conpar ati Ve, EXdBhLoducts, it is necessary to control the concentration
of ethylbenzene in the solution containing isopropylbenzene to
10 Dbe recycled to the oxidation step within a range specified in
the present invention. Methods for controlling the
concentration of ethylbenzene may be anyone of methods in which
all or part of ethylbenzene is removed to outside of the system
of steps in the preset invention by distillation, extraction
15 or the like, methods in which the compound is converted to another
compodnd, methods in which the concentration of the compound
is 1owered by an adsorbent or the like, and so on. 1In the case
of removal to outside of the system, the step for removing
ethylbenzene (hereinafter, may be referred to as
20 "ethylbenzene-removing step") can be carried out in at least
one place of the oxidation step, epoxidation step and
hydrcogenolysis step or in at least one place between which the
steps are connected, usually by distillation, extraction or the
like, and it is preferred to carry out distillation after the
25 hydrogencolysis stepinwhichadifference betweenboilingpoints

of the useful component and ethylbenzene become the largest,

from viewpoints of decreasing loss of the useful component and




When oxi dation) epoxidation and hydrogenol ysis are 10 15 20 carried out
under simlar conditions to those in Exanple 1 except that renoval of

et hyl benzene is not carried out. The concentration of ethyl benzene in the
oil layer to be recycled continuously increases. As the result, the
concentration of ethyl benzene in the solution containing isopropyl benzene
to be recycled to oxidation step exceeds 80% by wei ght and effective
utilization of the reaction volume in each step becones inpossi bd guly 2004
addition, the catalyst in the epoxidation step is poisoned and its activity
gradual |y deppinikiRUSER M r SRR 14 T6 isonles ¢id hesh @bpy e, t Rceoedeng to
the present invention, 25 there can be provided a process for producing
propyl ene okndenthawi nphexzeident rehboacifepirgarnds wEtdtdspiapyhenscistion
converted to propyl ene oxide using isopropyl benzene hydroperoxi de obtai ned
from i sopr op9T bk &g 1seprapwideereranydseperioaideatd be supplied to the

| sopropyl benzenecanr epeat edl ybeused, that the react ion volune in each step
can be ef f 2PPILAFLLOTI §52R IR efiediatdfoRi- adt PBrweigbt @n Jieps2604 meket i on

oxi do- oPt et ToEFSALER Sy BF s g 50, "BY A ST bl F 5 Porger nfie
D oEyere, OBk PEr 0L Gh COITLLRERy S R on e C RN IR B B b
to be recychefntg;bg é)ﬁiéjﬁti;?(?{‘%%%ﬁ ha 1006 by; MBIt K cLessyXLEARIEON
step; a step in which i1sopropyl benzene 1s oxidized to obtain
i sopropyl bepggner by di1 oRgeLXtlMe .€poYi dation step; a step in which
i sopropyl benzene hydr oper oxi de

Additionally, in the present invention, the concentration

10 of phenol in the solution containing isopropylbenzene to be
recycled to the oxidation step is preferably 5% by weight or
less. These allow effective utilization of the volume for the
reaction in each step and effective accomplishment of oxidation
reaction and epoxidation reaction.

15 Moreover, in the present invention, the hydrogen ion
concentration(pH):hlthesolutioncontainingisopropylbenzene-
to be recycled to the oxidation step is prefefably 5tc 10. This
allows maintenance of the yield in the oxidation step at a high
level. Herein, pH refers to a value obtained by the following

20 measurement: That is, the solution of isopropylbenzene is mixed
with water at a weight ratio of 1:1; after shaking the mixture
sufficiently, pH of an aqueous phase separated out of an oil
layer is measured to give the value.

Furthermore, in the present invention, the concentration

25 of cumene dimer in the solution containing isopropylbenzene to

be recycled to the oxidation step is preferably 5% by weight

or less. This allows effective utilization of the volume for




10 obtained in the oxidation step is reacted with propylene to obtain
propyl ene oxi de and cunyl al cohol, and hydrogenolysis step; a step in which
cunyl al cohol obtained in the epOX|dat|on step is subjected to

hydr ogenol ysis to obtain isopropyl benzene) and said isopropyl benzene is
recycled to the 15 oxidation step as a raw material for the oxidation step.
2. The process according to claim1l) comprising a step for renoving

et hyl benzene to outside of the systemin at |east one place of thalgteps or
bet ween which the steps are connected. 3. The process according to claiml
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enzen 35% by weight

cumyl alcchol 2% by weight

15 isopropylbenzene 60% by weight
'acetophenone 0.1% by weight
- ethylbenzene 0.5% by weight

Epoxidation step

The oxidized sclution which is obtained in the oxidation
20 step., is continuously passed througha fixed-bed flowing reactor
in the presence of titanium-containing silicon oxide catalyst
together with 10 times by mol of propylene per mol of
isopropylbenzene hydroperoxide contained in the oxidized
solution. By controlling the temperature at the inlet, the
25 conversion of isopropylbenzene hydroperoxide is maintained at
99% and stabilized at stationary state. At this state, the

reaction temperature is 60°C and the selectivity is 95%. Lower
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boiling components such as propylene, propylene oxide and the
like are separated and recovered. The obtained reaction
solution has the following composition:

Composition of epoxidized solution:

isopropylbenzene hydroperoxide 0.4% by weight
cumyl alcochol 33.5% by weight
isopropylbenzene 62.3% by weight
acetophenone 0.6% by weight
ethylbenzene 0.5% by weight

Hydrogenolyéis step

The reaction solution which is obtained in the epoxidation
step is continuously passed through a fixed-bed flowing reactor
inthepresenceofcopper—chromiumcatalysttogetherwichtimes
bymolofhydrogenpermolofcumylalcoholinthereactionliquid.
Bycontrollingthetemperatureattheinlet,almosthO%ofcumyl
alcohol is converted. At this state, the reaction temperature
is 180°C. The obtained hydrogenolysis solﬁtion has the
following composition:

Composition of hydrogenolysis solution:

isopropylbenzene hydroperoxide 0% by weight
cumyl alcohol 0% by weight
isopropylbenzene 96.1% by weight
acetophenone 0.0% by weight
ethylbenzene 1.1% by weight

Ethylbenzene-removing step

Ethylbenzene is removed from the hydrogenolysis solution

obtained in the hydrogenolysis step by distillation. An oil
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acetophenone 0.0% by weight
ethylbenzene 0.5% by weight

Comparative Example 1
When oxidation, epoxidation and hydrogenoclysis are
10 carriedout under similar conditions to those in Example 1 except
that removal of ethylbenzene is not carried out. The
concentration of ethylbenzene in the o0il layer to be recycled
continuously increases. As the result, the concentration of
ethylbenzene in the solution containing isopropylbenzene to be
15 recycled to oxidation step exceeds 10% by weight and effective
utilizétion of the reaction volume in each step becomes
impoésible. In addition, the catalyst in the epoxidation step

is poisoned and its activity gradually drops.

20 INDUSTRIAL APPLICABILITY

As described above, according to the present invention,
there can be provided a process for producing propylene oxide,
having excellent characteristics that propylene is converted
to propylene oxide using isopreopylbenzene hydroperoxide

25 obtained from isopropylbenzene, as an oxygen carrier, that said
isopropylbenzene canrepeatedlybeused, that thereactionvolume

in each step can be effectively utilized, and that epoxidation
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0,
) e L T O AR R AP P i aso e
s (e, SB3REs R0 12 SRR g d roReR Manzene to be
recycled to the oxidation step is 10% by weight or less:
oxidation step; a step in which lsopropylbenzene is
oxidized to obtain isopropylbenzene hydroperoxide,
epoxidation step; a step in which isopropylbenzene hydroperoxide
10 obtainedintheoxidationstepisreactedwithpropylénetoobtain
propylene oxide and cumyl alcohol, and
hydrogenolysisstep:astepinﬁhichcumylalcoholobtained
in the epoxidation step is subjected to hydrogenolysis to obtain
isopropylbenzene, and said isopropylbenzene is recycled to the
15 ‘oxidation step as a raw material for the oxidation step.
-é. The process according to claim 1, comprising a step
for remov1ng 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

20 concentration of ethylbenzene is 5% by weight or less.




