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PROPYLENE ﬁ%%&% Technlcal Field The present invention rela
process fo @U@Pﬁb propyl ene oxi de. Moire particularly,
invention relates to a process for producing propyl ene oxide
excel l ent characteristics that propylene is converted into 1
oxi de usi ng cunene hydroperoxi de obtained from cunene as an
that the cunmene can be used repeatedlg that a reaction volu
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The present invention relates to a process for producing

propylene oxide. More particularly, the present invention

relates to a process for producing propylene oxide,

which has

excellent characteristics that propylene is converted into

10 propylene oxide using cumene hydroperoxide obtained from cumene

as an oxygen carrier; that the cumene can be used repeatedly;

that a reaction volume in each step can be utilized effectively;

and that production of unnecessary organic acids and peroxides

can be suppressed.
15

Backgrouhd Art

A process which contains converting propylene into

propylene oxide and cumyl alcohol using cumene hydroperoxide

obtained by oxidation of cumene, as an oxygen carrier;
20 cumene by hydrogenolysis of cumyl alcohol; and using

repeatedly, is disclosed in WO 01/05778A, or the

Disclosure of the Invention

According to studies of the present inventors,

25 a problem that, in the propylene oxide production

obtaining
the cumene

like.

there was

described



.above, the activity of a catalyst deteriorated with passage of tine.

Regar di ng iﬁjﬁ@ﬁ %ﬁylts of additional studies, it was found that as one of
" subst ances cA %@’ etardant of the reaction, organic acids were |isted,
and in the production, 5 alcohols of the carbon nunber of 2 to 3,
cycl ohexanol and i sopropyl cycl ohexane wep e by- produced and accunul ated, and
dependi ng on the accunul ation thereof, anounts of unnecessary organi c acids
and peroxides by-produced becane | arge. Oxides cause production of organic
aci ds . FurdBR¥e. i theerChl¥bty othi P 19r taby sk deterieratpfl vathonaspage
reaction volunme in each step was damaged by the accumul ated conponents. The
present i vttt nRedrrdiredi s ?ﬁer?%%hgﬁsoﬁfaéﬁ%ﬁﬁgp9é gtudiies based on
findi ngs descri bed above, and an object of the present invention is to
provi de a pfAtdQURdthRb@RTciong o5 FubsFrese sosrYs inghrekagdandy of| LAt
characteristics that the process converts propylene into propylene oxide
usi ng cuneneafiitOperdsdelontaldedverent tshtefe asdahnokgeRreduetdpn. t hat
t he cunene can be used repeatedly; that reaction volume in each step can be
utili zgg efF RN ALY o f able t RAFPPRoBUBPPEN 08f 22 ousne S8 hpAnhiandci ds
and peroxides can be suppressed. Nanmely, the present invention relates to a
process f oriSARKRRY Hey ptehgxane BeraebYnRroduestpange aaqvmilateshi apdt eps
oxi dation step: a step of obtaining cunmene hydroperoxi de by oxidizing
cunene; 25 W\REAYRTI OF sheprcaurutatienshererhg anaptierd vrngeeasary
PCT/ JP02/ 09320 3 cunyl al cohol by reacting cunene hydroperoxi de obtained in
t he oxi dat i Vg ¥p aftds Fnchpeae&idesahyepaediicadbrcame dariggui @xideshe
presence of a solid catalyst; and hydrogenolysis step: a step _of obtain
cunene by SISR PRI CAR 0faPEIRBECoBEARRed VRLRRE  eboMamBils® §08Bdt o
hydrogiBolysis , and recycling the cunene to the oxidation step as a raw
materi aP f oMathefEadatvo i Eileizatinn ah a Keastdods yodaue, g egchostep
renovi ng al cohols of the carbon nunber of 2 to 3, cycl ohexanol and/or 10
i sopropy| cyf3oH3RAEed RE| Hee oRcERBULBSEE GAMRPELEHSI-n at | east one pl ace
of the steps &h bet ween which the stegs are connected. Best Mde for
Carrying out tREALRAGHYT LRVERELGRWAR fbhained asnthezesidssRE PREBRELBR is a
step for 15 obfai ni.ng cunmene_hydroper oxi de, by oxi dati on of cunene. The
oxi dat i on o?t"h‘il‘rf'e%eb fed Qmfindtn t%ﬂs%ﬁl‘é%?oipﬂ‘é?ioﬁnw ff object of
oxygen-con%&%gin as such as air, an oxygen-enriched air_or the |ike. The
oxi dati on re¥tBGFHRY MVeRrieRHuto Rt dBliEe oA yPERERE F vECEr PRPEHCARY
additiiﬁ such as an al kali . lhg reaction 20 tenperature is usually 50 to
200C, aRd tHEREHRAS OX s¥hiteh Rag srae )l ont waradte HhHokghdtad fhessure
and 5 MPa. In the oxidation with the additive, the al kali reagent includes

al kal i et AT EHPD HYEY Sich PALIEGH St HORE CRYR&N S 8% 4t HSIBgaPumene

conpounds, .al kal i et car.bonat such as NazC03 and NaHC03, 25 a ia ,
(N 5 o AR o e O R BBk, £€ 3 d e cpyriez;” THAE
PCT/ JPO2/ 0%:‘9112e0cumene can be used repeatedly; that reaction volume in each

step can be utilized effectlvely; and that production of

20 unnecessary organic acids and peroxides can be suppressed.

Namely, the present invention relates to a process for
producing propylene oxide, which comprises the following steps:

oxidation step: a step of obtaining cumene hydroperoxide
by oxidizing cumene;

25 epoxidation step: a step of obtaining propylene oxide and



4 The epoxidation step in the present invention is a step for obtaining

pr opyl ene %{l‘ﬂg %ré]?%)curryl al cohol by reacting cunene hydroperoxi de obtai ned
in the oxi PO p with propylene. Fromviewoints that the desired
product should 5 be obtained in a high yield and under a high selectivity,
the epoxidation step is preferably condugted in the presence of a catalyst
containing atitani umcontainingsilicon oxide. The catalyst is preferably a
catal yst containing titaniumchem cally bound to silicon oxide, so-called
titani um siqumyd adcehprdlyyrearddngkanpese iy dteperopidpahihinedippbhei ng a
titani um conpound on a silica carrier, products in which a titanium
conmpound i §r;gtﬂ?dﬂﬁ’d'tj§d:% VAth BFPPELANExIYADERCaSE greund dat aokigrid

50l - gel matihodc or_titani un%#rgnt ai nj ng z€oLitg‘co ounds can be listed. 15
In the pres®ht NS PRRTDIEe et opetdx¥dti uBBl as the raw material for
the epoxi dati oy @t EPeiBYyHEsas €hp Ul s0Ept b Dot LufdhleOByBubjecting
non-purification product. The epoxidation reaction is carried out by

cont act § Ng cRiyyA BEen &1 8 berARRRA 11V HhERYoRIUIAR: W St &p 3R} ¥SdgedbBy£Ps ,
reaction may be conducted in a liquid phase using a solvent .  The 'sol vent

shoul d be anld gekgcundgreidieuntaet t ORhleCHPLAAL VOB AHUD REGS SHWEna BdFial
substantially inert to the reactants and the products . The sol vent may be

conposed offoxr THRSIBAGE ISt in a solution of the hydroperoxide used.
When, for exanple, 25 cunene hydroperoxide is a mxture with cunene as the

raw materi al, 4Heré&imltie pessellsend dJ%QeE)ajfgr rEdnfdv Blg aliddhils o20ehay a
solvent in particular, as the solvent. Oher useful solvents include
PCT/ JP02/ 0932®0% number of 2 to 3, cyclohexanol and/or

10  isopropylcyclohexane outside of the reaction systemin at least

one place of the steps or between which the steps are connected.

Best Mode for Carrying out the Invention

The oxidation step in the present invention is a step for

15 obtaining cumene hydroperoxide by oxidation of cumene. The
oxidation of cumene is usually effected by autoxidation with
oxygen-containing gas such as air, an oxygen-enriched air or

the like. The oxidation reaction may be carried out without

any additive orwith an additive suchas analkali. The reaction

20 temperature is usually 50 to 200°C, and the reaction pressure
is usually between the atmospheric pressure and 5 MPa. In the
oxldation with the additive, the alkali reagent includes alkali
metal compounds such as NaOH and KOH; alkaline earth metal
compounds, alkali metal carbonates such as Na,CO; and NaHCO;,

25 ammonia, (NH,;),CO;, alkali metal ammonium carbonates and the

like.



.monocyclic aromatic conpounds (e. g. benzene, toluene, chlorobenzene,

o-di chl Oro%};ﬁfg’az | kanes (e. g. octane, decane, dodecane) and the |ike.
The epoxi dation tefnperature is generally 0 to 200C and 5 preferably 25 to
200C. The pressure may be any pressure sufficient to keep liquid state of
the reaction mxture. Generally, the pregsure is advantageously 100 to 10,
000 kPa. The epoxi dati on can advant ageouSly be carried out with a catal yst
inthe formof a slurry or a fixed-bed. The fixed-bed 10 is preferred in
the case of a | afke-epexidantiontsten lopdihe iporesdnt dadienitdon tilse ar saepi on
can be carrjed out b a batch frocess a sem -continuous process ( a

cont i nuous }p‘? ”E%eP]F‘i’IR% enQyeRlde | apdi quepht aflﬁphg t RE ¥reackdnerial s

b al o fghd a%i%d%éf?%’#%ﬁs PP ATHeH: 2hu tEePRA R HOFA (i oact: on
zone. The rlyldé y5|1;§:o§‘{ ﬁgée%b 4 dafrﬁ?ﬁttﬁgvc?géi %Cﬁlé%dﬁgg%h ml ch

cunyl al cohol 'obtained int ion Stéep is su

hydr ogegol ysé oot ili@ith GUREER ¢1a0d a%?ddnfdw&ehlgh' §ei88¥%§<ﬂ Orhfe
oxidation step as the raw material for the oxidatio ) ot her Wwor ds

, the sane gpaxiiddtion step. J.@L;limélﬂermeﬂyltﬁloﬁ@@c@éﬂdﬂhl@Hesﬁﬁéséﬁce of
recovered. The hydrogenolysis is usually carried out by contacting cunyl

al cohol and ﬁ?@ﬁégéﬁ gentaibntag A ystanTos- ceatad.mlnlgegflbﬂccmmnia’Iee.dTha a
liquid 25 phase using a solvent _or in a g phase. The sol vent shoul d be
subst ant i alcf%/tarlr%sr? 9 RFREeEARL¥NRsCahd Yﬁé EPB&G@F@HQ Hdapdiument may be

d ofg | P02/ 09320 6 fth

camyt - 5l coreiRE TR 35 BhaleR 3%] ' Rt ofet SR Bl
h

Curenenss e FECl o o8 TSI AEIBEEE By TERL gl o

adding a solvent in particular,

i ncl ude al kanemimm dbmbowed 36, adgﬁﬁﬂéadéﬂﬁﬁiaﬁ) BA%EE!s! qnawméﬂ f‘a
conpounds(e. g. benzene, ethyl benzene, toluene), and the |ike.

hydr ogenol yslitantigmperapound sigecempbiyd@dt 015006 andiposf emlaley b’i;O do

400C. Cenerally, the pressure is advantageously 100 to 10,000 kPa. The

hydr ogenol @?%%%fﬁht%eﬁﬂ%f@béﬂ%‘w@ﬂedoﬁutlmgnngmaC@@ttaimng n the
formof a slurlr or_a fixed- 066‘5 he c talyst, any catal yst having a
hydr ogenat it 489 i93RRH s of the catalyst include netal

catal ysgs of odj c

(Revi szg edit ing%aéot?e ?’Ulgk(r%?ﬁtg%ﬁggﬁitg%gﬁem s% %&réﬁ?rg}g{.%e

cobalt , niclehagadipal faﬁlltmé@y&mﬁl&ﬁ%'e\t%ay%e@h%'l%t%f S:hﬁfnﬂé)QUps
11th and 12th netal s such as copper and zi nc. Copper catalysts are

preferred fpugrftilva tidicewpot nion 4@ir HFt pd oot pradacsuppr essed. The copper 20
catal ysts include copper, Raney copper, copper-chrom um copper-zinc,
copper - chr omi ufiP@i ﬁEOXééé‘p’éPnsma@élOGbp@ercaaimdlanamcby h@orllt«ketihg
addition, the reaction can be carrled out by a batch process,

seni - cont | RGSRY 156 AN Fimene Jh4TRRREOFF %e‘géthV\ﬁeﬁaﬁallﬁ’ﬁﬁl d ThAt ai ni ng
catal yel 1 2oast enrarnes SonapRRel JfTaEReb L S SH IR A St e
di schar ged Theogblitentesibdi P8 ¥ORE 11quia1AE82/ PR82Xedct1on temperature
and pressure, and substantially inert to the reactants and the
products. The solvent may be composed of a substance existing
in a solution of the hydroperoxide used. When, for example,
25 cumene hydroperoxide is amixture with cumene as the rawmaterial .

itisalsopossible touse saidmaterial, without addinga solvent

in particular, as the solvent. Other useful solvents include



In the present invention, a step for renobving at |east one selected from
the group cﬁf)ﬁ %dggo of al cohols of the carbon nunmber of 2 to 3,

i sopropyl cycl ohexane and cycl ohexanol outside of the reaction systemis set
up. 5 Wien the step for renoving the al cohols of the carbon nunber of 2 to
3 outside of the reaction systen(herein gfter, sometinmes referred to as

‘"al cohol renoving step") is set up, the step for renoving al cohols of the
carbon nunmber of 2 to 3 outside of the reaction systemin at |east one

pl ace of tHRONQCYHIHatabaAmMatép, copprLadsi de - stepemrene.drivthudne st ep st eps
or between %Y? ch the steps are connected, is set up. As the al cohols of the
carbon numb@tiofodergene. oprdhehloroBprasandl: Aldanas diffd R | st ed.

These conpo&lélgg?gr ed@&%@%ﬁ@ﬁ Qxddgﬁgr@gii tion of an organi c peroxide or

successi ve reactions r opyl xi'de. Since the al cohols are

conponent s whi ch lygt; ! e m_@g t4 r eof
i'ncrease with pasgggeegg%&ﬂdﬁgtlgg f[tﬁgbrggg%l?tg ?}'s é:%getl nu QMl-‘ﬁl is@@uég? not
only a decrppsfetfbeff2st tye2008C! | ahe/ PYreBsurt arep WL 4Re SLESSurebut

al so an inconveni ence such that organic acids 20 are produced by oxidation
of a part tswffbéienheyoakeepslaquidhshater odf thiee repmdidat inmixtoatal yst and
exist as inpurities in propylene oxide as product . \Wen the al cohol

renovi ng st@preBakhy. ufhe tiresauge dan adyanhpsdon sdlar rliodd toutl 0 P00 kPa.
installation of a;wcéiei}sti | lation colum or an extracting colum in at |east

25 one place of tHE SAUAIT W 70 Ay adfRgaPis oh b 6araied pat with

hydr ogenol ysi (o} ese,steps. connect e r the Like.

PCT/ JP02/ QQ%E%té&gl%Ft %??’Eﬁ%égp‘? g%&ﬁf?’@ Hen e hedn e %%éﬁdrBPd
enovi N9 | SPpIRYLEFEONEhSTe i aUfardd- dSa i ShaAA d100FRALE b NE
concentration of isopropylcyclohexane in cunene recycled tromthe

hydr ogenol y&i addtiepong the r@dddaidroafiepchri@ed% bl byes WitdH pkevwBEs,

| sopropyl cycl ohexane is a conpound produced by nucl ear hydrogenati on of
cunene in theanidranpiioiyels irgee 8 N e cosdEmeyl < paioslessane ithealdkrponent

which is accunul ated in the system the concentration thereof increases
with passad® it 2dilmiG cemeaipingthe cawpaterdad s for apacthos kansesedot

only a decr i.n effectjve regction valume.in each of the steps but
al so an i nctgﬁ\sloglrﬁlgnaceff lsﬁ?c%\{)ﬁé‘t % egé’r?itc?qﬁ’cﬁntg&SoPo%eFB?it&&éleélr é‘%pF‘&a‘uf?Ed by
oxi datign Cgut?sﬂﬁ{ﬁiéff#@&xfa'lri&tﬁﬁi %k@g&leo@iééﬁgr gﬁ@f&ﬁrﬂh@rgggt' n
effective utilization of the reaction 15 volune and suppression o tRe
by- product szorid. i s preferable to control the concentration of

i sopropyl cycl ohexane in cunmene recycled to the oxidation step to 5% by
wei ght or | ower. Afheg hmydrodemiolyshs edmpmgint hehe gicesdnifait iovention is

i sopropyl cycl ohexane, a nmethod of renoving whole or a part of 20

i sopr opyl cycFERExHAS AR icHaYdf alFeheysebpbredHin dhepsppridas ignestap
invention hy distillatio xtraction,or the |i ke, a method of converting
i nto anot her %85:%88%8%?“‘?%‘3’6??8}1?53%5&%Pﬁaan&fu"reétﬁmﬁﬁ §3j¢l cumene

concenppat i;Qn r@éy@j]e@.%%r gﬁ@tog%dégfohigﬁ%%i& ac‘f%ﬁ:ja?ﬁ %Qe@irég.t agd 9§1|eon -

sel ecting hydrogénolysis 25 conditions under whi nucl'ear "hydr ogena
difficult toxifaeadstape exfMPinds @drdy) @8neas@md®iprcdRyd N4 .@Ut siflenal the

system the step PCT/ JP02/ 09320
used in the oxidation step is recovered. The hydrogenolysis
1s usually carried out by contacting cumyl alcohol and hydrogen
with a catalyst. The reaction may be conducted in a liquid
25 phase using a solvent or in a gas phase. The solvent should

be substantially inert to the reactants and the products. The

solvent may be composed of a substance existing in a solution



9 of renoving isopropyl cycl ohexane (herein-after, sonetines referred to as

"i sopropyl | renmpving step”) can be usually conducted by
instalIingqﬁﬁéﬁgﬁéﬁﬁgtion colum or extraction columm, or the like, in at

|l east one place of the 5 oxidation step, epoxidation step and _
hydrogenol ysis step steps or between whigh the steps are connected, but it
Is preferable fromviewoint of suppression at |ow | evel of concentrations
of by-products and | owering | osses of effective conponents to conduct
removal by dedie sumyls@ElidoRalomssst.or Uhene &rirdexapnled stwpl &lcohelnore,
in the present invention, when the step for renoving cyclohexanol is set

up, it is prefeMisidins Wil coment asotbenPradust of tc)el aheRanessihleunene

or 15 | ouer®S Eh BRELRAFr 4T, CuRbBRRk e A By VAR LA P T ehOREY  on
! _ _ nae
Gecomposi tin T BoaeaTl o SBeFo v e SAar oy oot RECouag) AREABATLTERe ™Y nce

cycl ohegandctne, aednaReModdiSle ) S mdaGERHIAILErShat D lddmpEid ot B
concentration thereof increases wth passage of time if the recycle is

conti nued, tmmkdre s etugkisenoénen! yoaudaenecaaadi rhef lakii.verneacti on vol une
I n each of the steps , but also an i nconveni ence such that organic acids
are producdWdnPasatebrsbs bempepaturehdsegbnemallRy OxitdatsiodiCsapgd. 25
Considerin%)the effective utiligzation of the reaction volunme and

suppr essi oS HHRP LY -0 otRict Q0 G ¢ Gonsmaldiabithe PresRYer the
concent rati o, fle G200 L8 EHTEBE kBGYC fe np&lodER8192720 L0

10 advantageously be carried out using a catalyst in the form of
a slurry or a fixed-bed.

As the catalyst, any catalyst having a hydrogenation
ability can be used. Examples of the catalyst include metal
catalysts of metals of the groups 9th and 10th of the Periodic

15 Table(Revised edition of IUPAC Inorganic Chemistry
Nomenclature 1989)such as cobalt, nickel andpalladiumandmetal
catalysts of metals of the groups 11th and 12th metals such
as copper and zinc. Copper catalysts are preferred from the
viewpoint that by-products are suppressed. The copper

20 catalysts include copper, Raney copper, copper-chromium,
copper-zinc, copper-chromium-zinc, copper-silica,
copper-alumina and the like. In addition, the reaction can
be carried out by a batch process, a semi-continuous process,
or a continuous process. When a liquid containing the raw

25 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.



fo the oxidation step to 5~ by weight or lower. As a nethod of suppressing
the concentyg /JP%Q/oé%fzo cycl ohexanol, there are exenplified a nethod of

renovi ng whol'e of a part of cycl ohexanol outside of the system of the steps
in the present 5 invention by distillation, extraction or the like, a

met hod of converting into another conpourd by reaction, and a nethod of
reduci ng the concentration by an absorbent or the like ( in addition to a
met hod of sel ecting hydrogenol ysis conditions under which nucl ear
hydrogenation is R ffhepresenprigeeantidm, |a stepFomiremavivigigtodesisde of
the system the step of renoving cycl ohexanol (herein-after, sonetines
referred to®28 SepqtGtekanB theedbothFansiPtingpfl eehrl s pEcirigarbenny

oot Sy R 2508, SO I S gt it

hydrogenol ygk stizd ePegk+ BEhWSGEUA 48 LRE $heps are comnected, but it is
preferable from viewpoi nt of “suppression at 'l ow | evel of concentrations of

by-prodécts and luier i tige | 9669S£6F LEMEFLAYCLRETRPBBALIs! BECRABY cQ¥bon
renoval by neans of distillation before the oxidation step. 20 In the
present i nvewmben,of 2e toeach s @é fef tthee realotT®n Bysaeh (dkrieha aEeps,can
be reduced by installing any one of the step for renoving al cohols of the
car bon nunb¥metimes orefeured dio dfs t"ed aofstlementdielgg ek efpd’) rienseitngp,

i sopropyl cycl ohexane_outside of the system and the step for 25 renoving
cycl ohexanotPO R <G RIE¥F ’E%"‘é&/%ﬂe‘?ﬁl-c??h(oéﬂdi’fi the cpebprapumberepfelt tee

| i f d he | |l ati f
Veast tvo of CHALdd B s B8R 18n, ibtsh 18 RE tenat oihe bastood the
al cohol1® Of ok 18 €66 D Y 4P/ :QMa 4% 11 §té%ga§§gﬁfcg§n&é€g$l% ALy YR 3

production of unnecessary organic acids a

i sopropyl cymd tsxrawhicantlselpRepssany 6gHakce@RdQf 1 41BBEGESSAELHY d8BbRodGI ds
and peroxides. 5 Furthernore, in the present invention, when at |east two

of the abowEt ddxré¢dehionynpnbencos 2ar tor 8npedtianevdr,i disoprommdl amdepar at e
installation of respective renoval steps for the by-products , installation
of one rendVRATRIWF oFar hdvihgtede 'Bﬁeﬁﬁecﬁylppﬂm@@ctasf,e iprstdaideat ign of

one renoval,step for. 10 renmoving three of the by-products , installation of

IO'nE rermvaldes(io_ IR R ARo© ?WSdB&fo&r‘?&nért ﬁ\‘%@eﬁﬁ-iﬁﬁo?ﬁéﬂi?nér t he
[ ke, a6e RASHA 1 P Qe S1E, L LOHL D61 DY, %g@gﬁégngn;%%ggyg“gg’

is used, for éxanple, It IS pos renove t1oge y

di stillatiaive Qlcanparatsdyieache 15yotehhethy- Boaduals it At £
distillation. Exanple Exanple 1 Oxidation step 20 Cunene recycled froma

hydr ogenol yigsicrestsspwiithnpaeslage tdf adiimeaif] theatéegciorid chatisuealerhis
conditions of a pressure of 300 kPa at a tenperature of 150C (the
concent r at iIHS5YS BPRyIbEY AeReCraagesiol efifes tdomm neachgosunphene doyeaet to

an oxi dati%% fhep is Imger t han 10 %b}_/1 wei ght). 25 An oxidized liquid
produced h&s FRE FIRDH0OHE 20D LPERDVERIENFSUSPERERA T OFgasic aplds
20 are produced by oxidation of a part thereof, they act as an
inhibitor of the epoxidation catalyst and exist as impurities

in propylene oxide as product. When the alcohol removing step

is set up, the step can be usually carried out by installation

of a distillation column or an extracting column in at least

25 one place of the oxidation step, the epoxidation step and the

hydrogenolysis step or between these steps connected, or the

like.



Cunene hydr operoxi de 35~ by wei ght PCTI JP02/ 09320 Cunyl al cohol Cunene 12
2% by meighgfﬁﬂ%’a% @Bight Al cohol's having 2 to 3 carbons 0.03% by wei ght
| sopr opyl hexane %. iA)by wei ght 5 Cycl ohexanol 0.01% by wei ght QO hers the
bal ance Epoxidation step An oxidized |iquid obtained in the oxidation step
is 10 continuously passed through a fixeg bed flow reactor in the presence
of a titaniumcontaining silicon oxide catalyst together wth propylene of
10 tinmes by nmole to 1 nole of cunmene hydroperoxide contained in the washed
oxi di zed |iqui d. Fetkemyelri theopreaapheihydnsponoxwien $heemted0%and t he
reaction 15 systemis steady-stabilized by controlling an inlet
t enper at ur e’?e‘%\?"%’hﬁ? sL39RREOPY heveLakexanet bapie bitur e dits s0praferabpde to
onents are separated and

Sl ect vy ARSI oEu et e LLIBI RObL! 19, SomRoents pre separaled and
s s SRS PR D b e SREHAShEEE LoV SRTRERL LR BT
exane. 5. 0150 by, vl o iyrcranayanel boon By e Rk 58 P R 55 R
produced by nuclear hydrogenation of cumene in the
hydrogenolysis step. Since isopropylcyclohexane is a component
which is accumulated in the system, the concentration thereof
increases with passage of time if the recycle is continued,
10 and this causes not only a decrease in effective reaction volume
in each of the steps, but also an inconvenience such that organic
acids or peroxides are produced by oxidation of a part thereof
in the oxidation step.
Considering the effective utilization of the reaction
15 volume and suppression of the by-products, it is preferable
to control the concentration of isopropylcyclohexane in cumene
recycled to the oxidation step to 5% by weight or lower.
As a method of suppressing the concentration of
isopropylcyclohexane, a method of removing whole or a part of
20 isopropylcyclohexane outside of the system of the steps in the
present invention by distillation, extraction or the like, a
method of converting into another compound by reaction, and
a method of reducing the concentration by an absorbent or the
like, in addition to a method of selecting hydrogenolysis
25 conditions under which nuclear hydrogenation is difficult to

proceed, are exemplified.

In a case of removing outside of the system, the step
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carried of by-products and lowering losses of effective components to
conduct removal by means of distillation before the oxidation
10 step.

Furthermore, in the present invention, when the step for
removing cyclohexanol is set up, it is preferable to control
the concentration of cyclohexanol in cumene recycled from the
hydrogenolysis step to the oxidation step to 5% by weilght or

15 lower. Cyclohexanol is a compound produced by nuclear
hydrogenation of phenol in the hydrogenolysis step. Phenol is
a compound produced by decomposition of cumene hydroperoxide
mainly in the epoxidation step.

Since cyclohexanol is a component which is accumulated

20 inthesystem,theconcentrationthereofincreaseswithpassage
of time if the recycle is continued, and this causes not only
a decrease in effective reaction volume in each of the steps,
but also an inconvenience such that organic acids are produced
by oxidation of a part thereof in the oxidation step.

25 Considering the effective utilization of the reaction

volume and suppression of the by-products, it is preferable

tocontroltheconcentrationofcyclohexanolincumenerecycled



10 out in the sanme conditions as in Exanple 1 except that renoval of
al cohol s haybfghe20d3,3 carbons, isopropyl hexane and cycl ohexanol is not

carried out, the concentration of ethylbenzene in the oil layer which is
recycl ed, continuously increases, and the total concentrations of
et hyl benzene, 15 alcohols having 2 to 3 ggrbons , isopropyl hexane and

cycl ohexanol 20 25 contained in a solution containing cumene recycled to
the oxidation step , exceed 50% by wei ght after recycles of 100 times and
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production of unnecessary organic acids and peroxi des can be suppressed.
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whi ch conprises the follow ng steps below, and a step for renoving al cohols
5 of the cbditdifinRg tdre gopgentratdioshbyannl absotbent sopridpy 1dke ,ohexane

[ j on_systemin_at | east one place of the steps or
gg:a;gﬁ a;i%§§# géttosad%%t%%gﬁggt%ggecting hydrogenolysis conditions

under which nuclear hydrogenation is difficult to proceed.

10 In a case of removing outside of the system, the step of
removing cyclohexanol (herein-after, sometimes referred to as
"cyclohexanol removing step”) can be usually conducted by
installing a distillation column or extraction column, or the
like, in at least one place of the oxidation step, epoxidation

15 step and hydrogenolysis step or between which the steps are
connected, but it is preferable from viewpoint of suppression
atlowlevelofconcentrationsofby—productsandloweringlosses
of effective components to carry out removal by means of
distillation before the oxidation step.

20 In the present invention, the reaction effective volume
in each of the steps can be reduced by installing any one of
the step for removing alcohols of the carbon number of 2 to
3 outside of the system, the step for removing
isopropylcyclohexane outside of the system and the step for

25 removing cyclohexanol outside of the system, in addition, the
reaction effective volume in each of the steps can be further

reduced the installation of at least two of these steps.
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al cohol by reactl/ﬁgf;I unmene hydroperoxi de obtained in the oxidation step
with propylene in an excess anmount in a liquid in the presence of a solid
catal yst; and hydrogenol ysis step: a stePlof obtain cunmene by subjecting 15
cunyl al cohol obtained in the epoxidationstep to hydrogenolysis, and
recycling the cunene to the oxidation step as a raw material for the
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wherein the al cohols of the carbon nunber of 2 to 3, cycl ohexanol "an

two of the above-described by-products are removed, variations
such as separate installation of respective removal steps for
the by-products , installation of one removal step for removing
two of the by-products, installation of one removal step for
10 removing three of the by-products, installation of one removal
step regarding two by-products among three by-products, or the
like, are possible. When one step regarding the by-products
of two or more, is used, for example, it is possible to remove

together the by-products by distillation, or separately each

15 of the by-products by fractional distillation.

Example
Example 1

Oxidation step

20 Cumene recycled from a hydrogenolysis step is mixed with
air and reacted for 5 hours under conditions of a pressure of
300 kPa at a temperature of 150C (the concentration of
ethylbenzene in a solution containing cumene recycled to an
oxidation step is lower than 10 % by weight).

25 An oxidized liquid produced has the following composition.

Oxidized liquid composition

Cumene hydroperoxide 35% by weight



i sopropyl cycl ohexane are renoved outside of the reaction system 5 7 . The
process ac gle é? claim1 or 2, wherein the al cohols of the carbon
nunber of EDCE{T gg?g Gt hanol , isopropanol and n-propanol. 8. The process
according to claim1 or 4, wherein the concentration of isopropyl

cycl ohexane in cunmene recycled from 10 tge hydrogenolysis step to the

oxi dation step 5% by weight or |ower. 9.7The process according to claim1l
or 4, wherein the concentration of cycl ohexanol in cunmene recycled fromthe
hydr ogenol ysi s stwmyt caleéehoki dati on st @p b% weigkitght or lower. 15 . A A U2

ALCA AU CAh LA hE CAh AU A2 _Ah LA AR2  A{ .AUS5. A2 _AFh3 !GY
EY\k -<>k’ Cumene 60% by weight

Alcohols having 2 to 3 carbons 0.03% by weight

Isopropylhexane 0.01% by weight
5 Cyclohexanol 0.01% by weight
Others the balance

Epoxidation step
An oxidized liquid obtained in the oxidation step is
10 continuously passed through a fixed bed flow reactor in the
presence of a titanium-containing silicon oxide catalyst
together with propylene of 10 times by mole to 1 mole of cumene
hydroperoxide contained in the washed oxidized liquid. The
conversion of cumene hydroperoxide is kept 99% and the reaction
15 systemis steady-stabilized by controllingan inlet temperature.
At this time, the reaction temperature is 60°C and the
selectivity is 95%. Further, light boiling components are
separated and removed from an epoxidized liquid obtained.
A composition of a reaction liquid obtained become as
20 follows:

Epoxidized liquid composition

Cumene hydroperoxide 0.4% by weight
Cumyl alcohol 33.5% by weight
Isoprpylbenzene 62.3% by weight

25 Alcohols having 2 to 3 carbons 0.02% by weight
Isopropyl hexane 0.01% by weight

Cyclohexanol 0.01% by weight
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Cumene hydroperoxide 0% by weight

Cumyl alcohol 0% by weight
Isoprpylbenzene 96.1% by weight
15 Alcohols having 2 to 3 carbons 0.40% by weight
Isopropyl hexane 0.05% by weight
Cyclohexanol 0.15% by weight]
Others the balance
20 Step of removing alcohols having 2 to 3 carbons, isopropyl

hexane and cyclohexanol
Alcohols having 2 to 3 carbons, isopropyl hexane and
cyclohexanol are removed from the hydrogenolysis liquid
obtained by hydrogenolysis.
25 The composition of an 0oil layer obtained become as follows:
Hydrogenolysis liquid composition

Cumene hydroperoxide 0% by weight
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Others the balance

Comparative Example 1
When oxidation, epoxidation and hydrogenolysis are carried
10 out in the same conditions as in Example 1 except that removal
of alcohols having 2 to 3 carbons, isopropyl hexane and
cyclohexanol is not carried out, the concentration of
ethylbenzene in the oil layer which is recycled, continuously
increases, and the total concentrations of ethylbenzene,
15 -alcoholshaving2to 3 carbons, isopropylhexane and cyclohexanol
contained in a solution containing cumene recycled to the
oxidation step, exceed 50% by welght after recycles of 100 times,
and effective utilization of the reaction volume in each of
steps, becomes impossible. Further, production of unnecessary

20 organic acids becomes larger.

Industrial Applicability

According to the present invention, there can be provided
a process for producing propylene oxide, which has excellent

25 characteristics that the process converts propylene into
propylene oxide using cumene hydroperoxide obtained from cumene

as an oxygen carrier; that the cumene can be used repeatedly:
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5 of the carbon number of 2 to 3, cyclohexanol and/or
lsopropylcyclohexane outside of the reaction system in at least
one place of the steps or between which the steps are connected:

oxidation step: a step of obtaining cumene hydroperoxide
by oxidizing cumene;

10 epoxidation step: a step of obtaining propylene oxide and
cumyl alcohol by reacting cumene hydroperoxide obtained in the
oxidation step with propylene in an excess amount in a liquid
in the presence of a solid catalyst; and

hydrogenolysis step: a stép of obtain cumene by subjecting

15 cumylalcoholobtainedin the epoxidationstep to hydrogenolysis,
and recycling the cumene to the oxidation step as a rawmaterial
for the oxidation step.

2. The process according to claim 1, wherein the alcohol
compounds of the carbon number of 2 to 3 are removed outside

20 of the reaction system.

3. The process according to claim 1, wherein cyclohexanol
and/or isopropylcyclohexane is removed outside of the reaction
system.

4. The process according to claim 3, wherein isopropyl

25 cyclohexane 1s removed outside of the reaction system.

5. The process according to claim 3, wherein cyclohexanol

1s removed outside of the reaction system.
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8. The process according to claim 1 or 4, wherein the
concentration of isopropyl cyclohexane in cumene recycled from
10 .the hydrogenolysis step to the oxidation step 5% by weight or
lower.
9. The process according to claim 1 or 4, wherein the
concentration of cyclohexanol in cumene recycled from the

hydrogenolysis step to the oxidation step 5% by weight or lower.
15



