; DEe3e+(, (T6<T% SPECI FI CATI ON PROCESS FOR PRODUCI NG PROPYLENE OXI DE 5
TECHNI CAL FI ELD The present invention relates to a process for. producing
propyl enerowxisdez/ddsae particularly, the present invention rmmwﬁmwu mmﬁm
process for producing propyl ene oxide, which converts prop

propyl ene oxi de using cunmene 10 hydroperoxi de as an oxygen car riesy* and
further can be conducted under high yield BACKGROUND ART A process in
whi ch propylene is converted into propylene 15 oxide using i
peroxi de as an oxygen carrier is gppliricasamyyn, for exanpl@%“ﬂWMBmmmmw

t hat ethyl benzene hydroperoxide is used as the organic peroxide,}g.,0i ve
propyl ene oxide and styrene, it is publicly known as Hal con process , and
propyl ene oxi de and styrene are produced. Further, when cunene

hydr operoxi de is 20 PROCESSUFPR PRODUL ING RRARYLENE OX¥DIHY| ene oxide is
produced. Cunyl alcohol is converted into (err)-nethylstyrene by
dehydrogenati on, or after cunyl alcohol is converted into cunene by
hydroggnation, cunmene can be used repeatedly by converting into cunene
hy?ro ro%f@BNéﬁéLnFE§LHxidation. 25 Though a concept of a process in which
only propyl ene oxide is praqduced .using.cuneng repeated| S tbed in
Czechosl ovak Pat@ftPRgSe lfﬁ’(?,nq:?'&n, rgﬂ'g%ﬁlsoﬁgsas% é)scc?%’l%gaki %ch%?%ixgit ent
e s EPEPEeRdodRi8anOER0! BLI RERTLS,FORAE BiredRa o qRtRI

necessary?g? S-except oxi ron-step, epox dation"step and hydrogenol ysi s
step. Varigys:REokLegspabbessi Rop! ORI NP IpIe Y dtmne wantkh heref ore
the patent cannot be said as sufficient for industrial 5 realization.

DI SCLOSUREoS¥reft pRWENTIEAR Antobpeopydfertche@xirdes ergingivamenn is to
provide a process for producing propyl ene oxide, which converts propylene

i nt 0100 phygydperowiddaushmyrrdanaarniero@todLngEhes aan Gﬁy%fé?ﬂ‘é‘é‘ffﬁ‘%er,

and further can be conducted under high yield.
under high yield.

BACKGROUND ART

A process in which propylene is converted into propylene

15 oxide using an organic peroxide as an oxygen carrier is publicly
known, for example, in a case that ethylbenzene hydroperoxide
isusedas the organicperoxide togivepropylene oxide and styrene,
it is publicly known as Halcon process, and propylene oxide and
styrene are produced. Further, when cumene hydroperoxide is

20 used, cumyl alcohol together with propylene oxide is produced.
Cumyl alcohol is converted into & -methylstyrene by
dehydrogenation, or after cumyl alcohol is converted into cumene
by hydrogenation, cumene can be used repeatedly by converting
into cumene hydroperoxide again by oxidation.

25 Though a concept of a process in which only propylene oxide
isproducedusing cumenerepeatedly, isdescribed inCzechoslovak

Patent No. CS 140,743, the process described in said patent does



Nanely, the present invention relates to a process, for. producing

propyl ene oxi de, which conprises reacting propylene with cunene

hydr oper opdmjeroayosbes presence of a catal yst, wherein 15 the propylene as a
raw material has a water content of 2% by weight or |ess. BEST MODE FOR
CARRYI NG QUT THE I NVENTION I n the present invention, the epoxidation
reacti on neans 20 a reaction produci ng propyl ene oxide by reacting

propyl ene with cunmene hydroperoxide in the presence of a catalyst. In the

present 1 gyentog aitﬁ’r;gP%%/fQE 88507 15218RLALBRA BN ISHPIRA RIS BND

S
hydr oper oxi de” obt al ne aut o- oxi dati1on of cunmene with air or air in which
OXygen | Se£0dceBkiahed onW tidh ,28p Ok 08k t €68 itk pldled AYasegencllysd sadtep yst to
t he epoxi dation reaction. The epoxidation is preferably conducted in the
presence vaf(Jud RO 0B84 Broéeainapabystcadntraicyiold ray toft animene @ntdi ni ng
silicon oxide fromthe viewpoint that the desired product should be
obt ai ned thetezfdiglthei pd teahdahingtt belsedd 5 spf flied andt Py sindus tirigdler abl y
a catalyst containing titaniumchem cally bonded to silicon oxide, 5
so-caPl ereatizafien silica catal yst. Exanpl es may include products
carrying a titaniumconpound on a silica carrier, products in which a
titani um conpound is conpounded with a silicon oxide by a co-precipitation

or 50"9%5§§§§6§5kEt6§aﬁéE”¥ﬁ0 RrhbRY zeolite conpounds and the like. 10 In
the pres - %e—%ydrﬁperoxide used as the raw naterial for
the reaction Stlﬁpogﬁlécl?.eo@t‘ﬂiel BEE8s8ht tiltividn i fisCes ipdvalaenaitddd cation
product. The epoxidation reaction in the present invention can be conducted
in a liqudk Prasgudisidbrvsalemntoxiide, selivgntcdrsrerts propylene into

10 propylene oxide using cumene hydroperoxide as an oxygen carrier,
and further can be conducted under high yield.

Namely, the present inventioﬁ relates to a prqcess'for.
producing propylene oxide, which comprises reacting propylene
with cumene hydroperoxide in the presence of a catalyst, wherein

15 the propylene as a raw material has a water content of 2% by

'weight or less.

BEST MODE FOR CARRYING OUT THE INVENTION

In the present invention, the epoxidation reaction means
20 a reaction producing propylene oxide by reacting propylene with
cumene hydroperoxide in the presence of a catalyst.

In the present invention, propylene oxide is obtained by
subjecting cumene hydroperoxide obtained by auto-oxidation of
cumene with air or air in which oxygen is concentrated, with

25 propylene in the presence of a catalyst to the epoxidation

reaction.

The epoxidation is preferably conducted in the présence



15 a liquid under the reaction tenperature and pressure) and preferably
substantially inert to the reactants and the product . The solvent nay be
conposed eéT/apgsuhsBamce exi sting in a solution of the hydroperoxi de used.

* When, for exanple, a cunene solution of cunene hydroperoxide is used as a
raw material, it is also 20 possible t@® use cunene as a sol vent w thout
adding a solvent in particular. Qther useful solvents include aromatic
singl e-ring conpounds (for exanple, benzene, toluene, chlorobenzene and
o-dichl or gbenzenel 1y 8t kadet 41 R1n§X @M €an OGh 2B6n LAt ang andidedesried and
the like. The reaction 25 tenperature in the epoxidation step is usually O
to 200C apgomr€i&ratwpodntt @hd@0Ehe Tdws Dred Prrcdiuct whioallldybé0dbt aiRd@00
kPa, and preferably 100 to 10000 kPa taki ng account of the PCT/ JP02/ 03849
4 reacti ounfiembdrght yi @l daddéciogioeyledhivepyxiThet cabadyep lisrpréke palekent

i nvention can advantageously be carried out using a catalyst in the_ form of
a slurry arajafliysscdntriming t1kenibagheqninadilarperdedtosd ldann oxife g

| arge-scal e industrial operation. In addition, the re§ction can he carried

out by a HAreALpeBcdsSitaniv@nsiddfiti FGAsY5toceSEAMR-ESnIPHUIEHE PiGcess or
e 11k et 6l LOULAGETL LIS A IRl JeresElton s paceca

( ST . . not” contal ned “at or substantially
10 112 |hagadePlhnines & 8 1000 damSuk ¢3S b ARt ilthis £paxAal i on
reaction in e present | nvention, eh a fixed bed is used, a catal yst

| ayer mayoReqdi i dgdchheeBbl kasl 8aesdrasd 1-gesh maut®e, Ryittanriwxi de and
propyl ene may be fed divisionally to each of catal yst |ayers divided,
further léomtatathgoneplitdactospsuhdssgeddf the ddkeut| et of each of catal yst
| ayers may be recycled to an inlet of the catalyst layer. This nmethod is

ef fedli ve for pievihe ipresenuninieRt ks GPIsA dfdeIPeFRexidactseh ahd for
carrying out stabI% t he .reaction under, hi ield.. 20 IL.n.the gre ent

hi gh In
i nvent i ontR§EEN Meferiad £8TtHe &H5RG AN gﬁe CBRY i & 914855 PY W 30
times by nole..preferabl tQ 2 i I er nole of fresh cunene
hydrope¥o&$5é?f%@ﬁ%?%u%ﬁr?gﬁ— BFgg%ggﬁggpygggdﬁggdse an excess anount of
propyl ene to f r'ﬁ?{ PYE R YEH Q'Qﬁ'b%)iiogleihstl'?é fREdat iakek@aRinngad vd el d of

produced 25 propyl ene oxide at high yield. Inthe present invention, when
the amundokducede Oh #ropyhedepisadpel being nathel epoki dathonsokamt ans
exceeds to that PCT/ JP02/ 03849 5 of fresh cunmene hydroperoxi de supplied
in thé epoxivmtiduméact tbe, rpacpybansenpesatune epexipFfsisoira.eand on is
recovered by distillation operations of several sta%gs and then recycled to

the epoxikrRierAbEasUdstaafdiad 1ysinert CondtntParTtaR 612 SPFIRIRAYG be
SUpPl o e BT 2RO AP0 EECen O & DuldE UEOERE oL I QLA itk [V 7O

% by wei weli g or
| puri tiegs +hb ﬂ%rc&%%@ifﬁ%ﬁ?gaqenﬁﬁeﬁl}%@Qihﬁbhﬁ idehheh8 KP4 dat | on
such as propane,” et hane, ethylene, nethane,
of cumene hydroperoxide is used as a raw material, it is also
20 possible to use cumene as a solvent without adding a solvent
in particular. 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 reaction
25 temperature in the epoxidation step is usually 0 to 200°C and

preferably 25 to 200°C. The pressure is usually 100 to 20000

kPa, and preferably 100 to 10000 kPa taking account of the



10 propyl ene oxide and the like. In the present invention, it is essential
that the concentration of the water in propylene supplied to the

epoxi dat i gar/meeztasemsi n the present invention is 2% by weight or |ess and

" preferably 1% by weight or |ess. 15 Water reacts with propyl ene oxide
produced in the epoxidation reaction ta formglycols, and therefore
decreases a yield of propylene oxide. Further, usually, after conpletion of
t he epoxi dation reaction, propylene is recovered fromthe reaction liquid

and pr opy#gggtgéhdgeling&ggaggt g HRWSW 20 because the water in the

reaction Trquid I's Separated to propyl ené oxide side and an extra energy is
addi tional |y refiyhr&fokoiatesar atepniaf thiee pralsentf et afen oxi de, it
| eads to di sadvantage in econom cal. Fromthe above viewpoints, it is
necessar yadwas bagé ol s Lipebavad £ r tad countt natiiran anckltia yistte inahe 28rmfof he
present invention. As a method of controlling the concentration of water,
any met hoal sdfurxrynetrle@igkdrbedvi nGhe flrad-dredis prefarrodiiay the case
distillation, extraction or the |ike; PCT/ JP02/ 03849 6 a nethod of
conveBt i R i ait baEget ferleohPEURITLRLoGERTA Rt i 6R; A9ddEAREd &8 educi ng

t he water concentration usi an_absor pe a _nmenbrane which ) | at
hater it FEACREoR G b6 carraRarsf By S Rt b OlRte Rt SRR & €
adopted. 5 EXAMPLE t P i ni t t
Chonn 1 BagreblT AR Aofs  BracPElr e ihec 1A | Rl SN
a fixed 10,0edi §1 0% H18AGLAF nat MM 39:0rehictibht 28 pas6eAt ehRbAgh S | i con

oxi de catalyst was packed, at a ratio of 8 tinmes by nole of propylene per 1

ol e of ceieaE-tbedl aper extdeyEed s T6e comterimsidat Gfl k oreneb dhyadrtoprelrloxi de
was set to 99% by adjusting a reaction pressure to 4.8 MPa and controlling
an i hbet irerpelbgqwi@. mixtubet Aiscbargedt fizomegc riegsti@fpadiaure was 100C. A

yield of propyl ene oxide to propylene fed (PO sel ecti vi,ti/,) IS sho in
Tabl e 1. Tabl e In thampexidsdinn Eeaptdfp ¥ ShgRITeITHt &R 86.‘:18?126{}%“

wel ght)POa Sgi}?ecéig/é y:?sg'nggd?gg' ég\églyst léyer may be divided into
multi-stages and fresh cumene hydroperoxide and propylene may
be fed divisionally to each of catalyst layers divided, further

15 a reaction product discharged from an outlet of each of catalyst
layers may be recycled to an inlc—;t of the catalyst layer.

This method is effective for preventing a run-away caused
by heat of the reaction and for carrying out stably the reaction
under high yield.

20 In the present invention, propylene fed to the epoxidation
reaction is usually 1 to 30 times by mole, preferably 5 to 20
times bymole permole of fresh cumene hydroperoxide tobe supplied
for epoxidation. To use an excess amount of propylene to fresh
cumene hydroperoxide is effective forkeepingayieldof produced

25 propylene oxide at high yield.

In the present invention, when the amount by mole of

propylene supplied in the epoxidation reaction exceeds to that



20 Exanple 4 Propyl ene containing 1% by wei ght of water, 30 parts by weight
of cunene hydroperoxi de and 70 parts by wei ght of cunene are

PCT/ JP02/ @38Afbod/68duei nuousl y passed through a fixed bed flow reactor in

" which 85 g of a titaniumcontaining silicon oxide catalyst is packed, in a
ratio of 10 tinmes by nole of propylene per 1 nole of cunene hydroperoxide
fed. The conversion of cunene hydroperoxide is 5 set to 99 % by controlling
the inlet tenperature. In this case, the reaction tenperature will be 60C

d i el | | )
Sompar at 9% %isp%" T dFopdeHEORY 0601 PEatth cHE 83dkoRaRRER |
same nmannel Egg&fg%t feofle R thBp &ﬂeda@&{ reaBesBh & k‘@&okf@red

propyl ene is propyl ene egcoI and ol igomers of propyl ene

gl ycol an@ﬂ&@?ii@ﬂﬁt@éhd@?é%étlbﬁs podesedaandthfesyasd dnein peegyliede
oxide to propylene fed will decrease to about 15 90% . \Wen propyl ene oxide

i's separ ated thieompidad deetaiain aredator d @fdem. t he epoxi dation reaction, an
extra energy is required in a separation step of propyl ene oxi de and wat er
conpar®d to Exaffpleesopsenisa imneof m#m#@mﬁ@nb%%]‘elli’lélli-%ds'éﬁa?-a?ed to a
propyl ene oxi de side. 20 | NDUSTRI AL APPLI CABILITY As descri be

accor di ng e@@"tlﬁétﬁ-toé’sé‘ﬁtaqtﬁﬂ\?é‘nﬁpoﬁhet?}’é?%e%'érﬁ"b‘ée‘b'?%‘?/’? dely ug 3@350 for

d d h .
D ocoss. SHRVERLERBCOP MRS o HFATREAETO AN anBToR RO Ed o "B ehids! e
hydropero§hgﬁrg%i%@ Oﬁ%gﬁgyﬁébﬁkﬁin E@HPBﬁeﬁQ@dHEBEQaHQQQElQ'Qﬂel%ekg and

further can“reduce d purifircation step of propyl ene oxide as
PCT/ JPO2/ @3849dation such as propane, ethane, ethylene, methane,

.10 propylene oxide and the like.

In the present invention, it is essential that the
concentration of the water in propylene supplied to the
epoxidation reaction in the present invention is 2% by weight
or less and preferably 1% by weight or less.

15 Water reacts with propylene oxide produced in the
epoxidation reaction to form glycols, and therefore decreases
a yield of propylene oxide. Further, usually, after completion
of the epoxidation reaction, propylene is recovered from the
reaction liquid and propylene oxide is separated. However,

20 because thewaterinthereactionliquidis separatedtopropylene
oxide side and an extra energy is additionally required for
separation of the water from propylene oxide, it leads to
disadvantage in economical. From the above viewpoints, it is
necessary to control the water concentration within the range

25 of the present invention. As a method of controlling the
concentration of water, any method of a method of removing a

part or all of the water by distillation, extraction or the like;



a product. PCT/ JP02/ 03849 9 CLAIM5S 1. A process for producing propyl ene
oxi de, which conprises reacting propylene with cunene hydroperoxide in the
_ presence Fcofim2¢atadosyst) wherein a concentration of water contained in the

propylene as a raw material is 2%by weight or less. 2 . The process for
produci ng propyl ene oxide according to €l aim1, wherein the concentration
of water contained in the propylene 10 as a raw material is 1% by wei ght or
less. .AA _.AT9. AL A _.A9 .A@QA

9y8. A@ (5@ aMLRJ&KB¥ZEb8vé v ek ahl bt sal il wad ealkrealead eahealieal;ca) cal
ca] cal ca] cal ca] ca]ca] ca]c”a]lca]ca] calca]ca]calcalUca]cTalcTa!-h Q | 2p0 ?
A ~ a method of reducing the water concentration using an absorber,

/023| wrmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
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ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caéca] cal] ca] ca] ca] ca] ca] ca]
ca] ca] cal »28tthey 1ike; and the like, may be adopted.

glvitre["\ """ #5#=#}xsnid_Z]]]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] ca] ca] ca] ca] ca] ca] cal =####9$SHPI$$$U-98888%
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]ca] ca] ca aJ ca] ca]ca]ca]lca]ca]lca]lca]ca]ca]ca]ca]lca]cal ***Xk*xr**
+N+++++&&%Fa{n§(l%gﬂ (@ x)))**|wnmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a]calc
a] ca] ca] caJcaJca ce{] cal ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] caU]ca] ca 5G H*
10%& () - F 10%%dyrent fddf¥4s&n1{ng a WPek @mount shown in Table 1 and
cumene hydroperoxide were continuously passed through a fixed
10 bed flow reactor in which 85 g of a titanium-containing silicon
oxide catalyst was packed, at a ratio of 8 times by mole of
propylene per 1 mole of cumene hydroperoxide fed. The conversion
of cumene hydroperoxide was set to 99 % by adjusting a reaction
pressure to 4.8 MPa and controlling an inlet temperature. 1In
15 this case, the reaction temperature was 100C. A yield of

propylene oxide to propylene fed (PO selectivity) is shown in

Table 1.
Table 1
Example 1 Example 2 Example 3
Water content 0] 0.1 0.2

(% by weight)

PO selectivity 99.7 99.6 99.4

(%)

20 Example 4
Propylene containing 1% by weight of water, 30 parts by weight

of cumene hydroperoxide and 70 parts by weight of cumene are
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85 g of a titanium-containing silicon oxide catalyst is packed,

in a ratio of 10 times by mole of propylene per 1 mole of cumene

hydroperoxide fed. The conversion of cumene hydroperoxide is

5 set to 99 % by controlling the inlet temperature. In this case,
the reaction temperature will be 60C and a yield of propylene

oxide to propylene fed will be 95% or more.

Comparative Example 1

‘10 | When an epoxidation reaction is carried out in the same
manner as in Example 4 except that the water concentration in
propylene is 3% by weight, propylene glycol and oligomers of
propylene glycol and propylene oxide will be produced and the
yield of propylene oxide to propylene fed will decrease to about

15 90%. When propylene oxide is separated from the reaction liquid
after the epoxidation reaction, an extra energy is required in
a separation step of propylene oxide and water compared to
Examples because water in the reaction liquid is separated to
a propylene oxide side.

20
INDUSTRIAL APPLICABILITY

As described above, according to the present invention,
there can be provided a process for producing propylene oxide,
having excellent characteristics in which the process converts

25 propylene into propylene oxide using cumene hydroperoxide as
an oxygen carrier, can be conducted under high yield, and further

can reduce a load in a purification step of propylene oxide as
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