PROCESS FOR PRODUCI NG PROPYLENE OXI DE BACKGROMEL RS
THE | NVENTI ON Field of the Invention The present
i nvention relates to a process for produci ng propyl ene oxi de. Mre
precisely, the present -invention relatles to a process for producing
pr@pyl ene oxi de which enabl es to suppress depression of activity of the

tal yst used in the reaction with the passage of tine.

ackground I nformation Propyl ene oxide is an industrial chem cal used
as a raw material for producing, for exanple, polyurethane. A et hod
I's known for converti nBROGESEefOR PROPDUCING PROPYLENBX OXIME conpound by
reacting an olefin conpound w th ethylbenzene hydroperoxide in the
presence of a Ti- containing solid catalyst (see JP-B-56-35941, JP-B-54-
40525, JP-B-54-40526, JP-B-50-30049). It has been known, however, that an
I ndustrially undesirabl e phenonenon, depression of activity of the

Ti-contai ning solid catal yst _
BACKGROUND OF THE INVENTION

Field of the Invention
The present invention relatés to a process for
producing propylene oxide. More precisely, the present
inveniion relaées to a.process fof producing propylene
oxide which enables to suppress depression of activity of

' the catalyst used in the reaction with the passage of time.

Background Information

Propylege oxide is an induétrial chemical used as a
raw material for producing, for examplé, polyurethane.

‘A method is known for converting an olefin compound.
into an oxirane compound by reacting an olefin compound
with ethylbenzene hydroperoiide in the presence of a Ti-
'containing solid catalyst (see JP—B~56-35941,_JP-§-54—
40525, JP-B-54-40526, JP-B-50-30049). It has been known,
however, that an industrially undesirable phenomenon,
depression of activity of the Ti-containing solid catalyst
with the passage of time, occurs when propylene oxide is

produced by reacting an impurity-containing ethylbenzene



with the passage of time, occurs when propyl ene oxide is produced by

reacting an inpurity-containing ‘ethyl benzene hydr oper oxi de, such
as one produced industrially, with propylene in the presence of the
Ti~€ontaining solid catalyst. A2 the result of extensive studies for

suppressing or preventing deactivation of the catalyst, the present
inventors have found-that the deactivation can be suppressed or prevented
by conducting the epoxidation reaction using a raw material sol ution which

|'s prepar eﬂgﬁ\%\ﬂog&@%ﬁ%&,a'sﬁ%u%bgpingfs8?5@%2&”%&%&59)&9%@&?3O%E.‘Eﬁ in

et hyl benzen an aqueous a ron to bring actic acid
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Thus, the present invention relates to a process for producing propyl ene
oxi de whi cR2&8mEE ses reacting a raw material solution which is a solution

of ethyl benzene hydroperoxide in ethylbenzene_ obtained by |iquid phase
As the result of extensive studies for suppressing or

preventing deactivation of the catalyst, the present
inventors have found that the deactivation can be
suppressed or prevented by conducting the epoxidation
reaction using a réw-material solution which is prepared by
washing a solution of ethylbenzene hydroperoxide in
ethylbenzene with an aqueous alkali solution té bring a
lactic acid concentration to 5 ppm by weight or less, which

fact led them to the present invention.

SUMMARY OF THE INVENTION

Thus, the present invention relates to a process féf
producing propylene oxide which comprises reactiné a raw
material solﬁtion which is a solution of ethylbenzene
hydroperoxide'in ethylbenzene obtained by liquid'phase
autoxidation of ethylbenzene with propylene in the presence
of a Ti-containing solid catalyst to give propylene oxide,
said raw material solution being a solution prepared by

washing a solution of ethylbenzene hydrbperoxide in



aut oxi dati on of ethylbenzene with propylene in the presence of a
Ti-containing solid catalyst to give propylene oxide, said raw nmateri al
sol-ution being a solution prepared by washing a solution of ethyl benzene
hydroper oxi de in . 3 3 et hyl benzene
obtained by |iquid phase autoxidation of ethylbenzene wth an agueous
alkali solution to bring a lactic acid concentration to 5 ppm by wei ght or
| ess. DETAI LED DESCRI PTI ON OF ‘THE | NVENTI ON - The raw
material for the present invention is a solution of ethyl benzene

hydr oper oxetityLbentégebebtaired oby al igdlidyphasei dupbridaatibaxbdat i on of

et hyl benzene. Li qui d phase aut oxi dation of ethyl benzene

(herei naf t @t hy2behe¥hat @t RSakRAqhsows Ual ky1 £f §8thedon £B bERhgCH! ar oxygen
at 50 - 150[err]C In order to maintain the selectivity to ethyl benzene

hydr0per-oxigstieeaeiaaéaﬁ&entgéf%gvﬂ:fgé g{.i ﬁéxﬁgﬁgﬁ)}ei‘&he Bkgfﬂegeve' , the

conversion of EB 1s kept at fore, the EBHP concentration
in the oxidation reaction solution is usually about 5 - 15%

DETAILED DESCRIPTION OF THE INVENTION

The raw material for the present invention is a
solution of ethylbenzene hydroperoxide in ethylbenzene
obtained by liquid phase autoxidation of ethylbenzene.

Liquid phaée autoxidation of ethylbenzene
(hereinafter, abbreviated as EB) is usually effected with
moleculaf oxygen at 50 - 150°C. In order to maintain the
selectivity to ethylbenzene hydroperoxide (hereinafter,
‘abbreviated as EBHP) at a high level, the conversion of EB
is kept at a low level. Therefore, the EBHP concentration
in the oxid;tion reaction solution is usually about 5 - 15%
by weight. Generally, the oxidation reaction solution is
subjected to a concentration step partially removing low
temperature boiling fractions such as EB to enhance EBHP
concentration before using in the epoxidation reaction with
propylene. |

It has been found, however, that substances acting as

a catalyst poison for Ti-containing solid catalyst exist in



by wei ght. Generally, the oxidation reaction solution is subjected to a
concentration step partially renoving low tenperature boiling fractions
such as EB to enhance EBHP concentration before using in the epoxidation

reaction with propyl ene. It has geen found, however, that substances
acting as a catalyst poison for Ti-containing solid catalyst exist in
4 . the oxidation reaction and is not renoved in the concentration step.

Anong t hese substances, the nbst poisonous one is lactic acid, which may
exi st, depending on the oxidation conditions, in a concentration of
several t&he ppidagiongrenctiendandonsr satt cemovedr ihethethe raw nmateri al
contains organic acids other than lactic acid and these organic acids nmay
al so adver sehygeatkationhetept al imong shesei substhncesor ehei moss necessary
to renove catal yst poisons, particularly lactic-acid, in the EBHP raw

material peligbneas and figr Lhbtscr aasan, whashi nayvekhseyn aegenadsngabkal i
solution is required. When t he washi ng mﬁt% an aqueous al kal'i .
'solution igheCeRddatedn EBRIEBEENEONERNAT 8bheBntPatREn 8 BRI ELRA!
tens ppm during the oxidation reaction. Further, the raw
material containe organic acids other than lactic acid and
these organic acids may also adversely affect the catalytic
activity. Therefore, it is necessary to remove catalyst
poisons, particularly lactic acid, in the EBHP raw material
solution, and for this reason, washing with an aqueous
alkali solution is required.

When the washing.with an aqueous alkali solution is
conducted, the EBHP concentration.in the raw material
solution is preferably 10 - 25% by weight and more.
preferably 12 - 20% by weight. An EBHP concentration lower
than the above level may be economically undesirable due to
a la.;‘:ge rate of loss of EBHP in waste alkali and a_large
washing apparatus required. Also, an EBHP concentration
higher than the above level may result in insufficient
phase separation in the alkaii washing lowering the rate of
removal of catalyst poisons including lactic acid. An EBHP

solution having a concentration within the above range can



salution is preferably 10 - 25% by wei ght and nore preferably 12 - 20% by
wei ght. An EBHP concentration | ower than the above |evel may be
econgm cal ly undesirable due to a large rate of | oss of EBHP in waste

al kali and .a |large washing apparatus r&quired. Al so, an EBHP concentration
hi gher than the above level may result in insufficient phase separation in
the al kali washing lowering the rate of renoval of catal yst poisons
including lactic acid. An EBHP solution having a concentration within the
above range can be easily obtained by concentration through
appropri at doe eeasinty ofbtthined |yt i omasntdest i dtroangh euprapr sateit | on.
Suitable al kali sources in the aqueous al kali solution for use in washing

i ncl ude al latdentetof diysk Xidicion @dkalle JWEldEt iRl dwdicon addaltidre! al
hydr ogen carbonates, for exanple, NaOH, KOH, Na2CJerr], K2CJerr],

NaHCOB, KHCOB arghit¥blé kelkaimgytrbe A Min &he inidiud | &ea BE RIS Qn
| nexpensi veness and easy availability in the industrial market, NaOH and

Nl oon | 0 BT AP Gk Rt Ao s Pty o bl
metal'carbonates, alkali metal hydrogen carbonates, for
example, NaOH, KO;-I, Naz_CO:', K:CO3, NaHCO3, KHCO; and the like,
ammonia, amines and the like. Because of inexpensiveness
and easy availability in the industrial market, NaOH and
Na:COs are particularly preferred. The concentration of the
aqueous alkali solution is ﬁreferably 0.01 - 30% by weight,
.more preferably 0.05 - 20% by weight, further preferably
0.05 - 10% by weight and most preferably 0.1 - 10% by
weight.

The volume ratio (o/w) of the solution of the EBHP raw
material oil to the frésh.aqueous alkali solution is |
preferably 1000/1 - 1/1, more preferably 200/1 - 2/1 and
most preferably 100/1 - 10/1. A too high concentration of
alkali or too low o/w may be economically ﬁndesirable due
to increase in the amount of alkali to be used or increase
in the amount of waste water or of alkali‘in waste water.

Also, a too low concentration of alkali or too high o/w may

result in insufficient removal of catalyst poisons,



nmore preferably 0.05 - 20% by weight, further preferably 0.05 - 10% by
wei ght and nost preferably 0.1 - 10% by weight. The volune ratio
(o/w) of the solution of the EBHP raw material oil to the fresh agueous
al kali solution is preferably 1000/1 61/1, nore preferably 200/1 - 2/1
and nost preferably 100/1 - 10/1. A too high concentration of alkali or
too . ow o/w my be economcally undesirable due to increase in the anount
of alkali to be used or increase in the amount of waste water or of alkal
in waste water. Al'so, a too | ow concentration of alkali or too high o/w
may resul éncdudisagr liacitdst acddpvan thecEBHPysawpmasendal oil.

i ncluding lactic acid, in the EBHP raw material oil. The al kal
washi ng can be &hkecatléadliywashiogr canebg eflifecnedt by appvropdésteillyed EBHP
raw material solution and the aqueous al kali solution, settling the

m xture tomicimg theaaboreplasesribad EBEPVeawnflatBeiall goph@&iencandai ni ng
EBHP. The tenperature during washing and settling is preferably 0 -

100[err] C and mefeoRschakalliysdfuti8fl esetE1ihh the mikEBeeakdr @oikhm t 00

hi gh, undesirabl e side reactions such as
separate phases and recovering the oily phase containing
EBHP. The temperature during washing and settling is
preferably 0 - 100°C and more preferably 30 - 80°C. If the
temperature is too high, undesirable éide reactions such as
heat decomposition of EBHP may occur and if the temperature
is too low, energy required for cooling may be excessive.
The period for mixing and settling is not particularly
limited insofar as it provides necessary and sufficient
mixing and settling and usually is about 1 -~ 100 minutes.
The alkali washing can be conducted either by batch
operation or in continuous operation. A part of the wasté
aqueous alkali from the washing step may be recycled to use
in admixture with the fresh aqueous alkali solutiop.

The lactic acid concentration in the EBHP raw material

oil obtained after the alkali washing should be 5 ppm by
weight or less. It is preferred to control the

concentration to 1 ppm by weight or less by adjusting the

alkali washing to the above described preferred range.



heat deconposition of EBHP may occur and if the tenperature 1is too |ow,
energy required for cooling may be excessive. The period for m xing and
settling is not particularly -limted insofar as it provides necessary and
sufficient mxing and settling and usually is about 1 - 100 m nutes. The
al kali washi ng can be conducted either by batch operation or in continuous
operation. A part of the waste aqueous alkali fromthe washing step may be
- recycled to use in adm xture with the fresh aqueous al kali sol ution.

The |l actic acidiﬁﬁpce tration in the EBHP raw material oil obtained after

the alkali washi Phises ahtained wiitem the adkali washingmaw ed to
control the <concentration to 1 ppm by weight or |ess by adjusting the

al kal i wasHuFFher hfe vashasd #dsdy Wwasempr efler tddsr wage, the conditions

7 The oil'y phase obtained after the alkali washing may further be

washed wi t {oWat eation ttempecasare,hpecdod eiteny for/ wheatiatert amsdrialgur e
period etc.) for the water washing may be simlar to those for the aIkaI

washing. may bet simifmef &or etioskatforhehabaileadeswashedguashing with the
aqueous -al kali solution is conducted after increasing
Ig is preferred that the above described washing with
the aqueous alkali solution is conducted after increasing
the EBHP concenﬁration in the reaction.solution resulted
from oxidation of ethylbenzene preferably up té ld - 25% by
weight and more preferably to 12 - 20% by weight. Further,
it is preferred to subject the oily phase obtained by
washing with the aqueous alkali to concentration by
distillation. By such concentration after washing, water
dissolved in the raw material during washing can be
azeotropically removed with EB. |
When the raw material solution is used after the
alkali washing and water washing or concentration, for
example by distillation, the lactic acid concentrapion in
the EBHP raw material oil should be 5 ppm by weight or less
and preferably 1 ppm by weight or less.
The raw material also contains organic acids other

than lactic acid, the amount of which is usually about 0.01

- 0.5% by.weight. Said organic acids include formic acid,



t he EBHP concentration in the reaction solution resulted from oxidation of
et hyl benzene preferably up to 10 - 25% by weight and nore preferably to 12
- 20% by weight. Further, it is preferred to subject the oily phase
obt ai ned by washing with the aqueous @ kali to concentration by’
distillation. By such concentration after washing, water dissolved in the
raw.mat eri al during washing can be azeotropically renoved with EB

When the raw material solution is used after the alkali washing and water
washi ng or concentration, for exanple by distillation, the lactic acid
concentr atacetia athed, EBHPpicmicraeid Albenzoihoadid band thpen bikewi ght or

| ess and preferably 1 ppm by wei ght or |ess. The raw material al so
contains osgAdeC BRéds orfanictddidd asdy Cadeérselpecatfmemttiod which is
usual ly about 0.01 - 0.5% by weight. Said organic acids include formc
aci d, catalyti@CgeLEvaehd. iPr OPi Sl Lrallél tdHOAES| EndCrdw afgkébal i ke.

Since these organic acids nmay adversely affect the catalytic activity, it
i's desirabjgyffgusecbRehBVofBLkd |@lganic acids including lactic acid

in the solution to be charged (progylene.+ a solution of
EBHP in EB) preferably of 2 umol/g or less and more
preferably of 1 umol/g or less. The content of the.qrganic
acids in the solution to be charged can bg easily
determined by ion chromatography, liquid chromatograéhy or
the like.

When much amount of water is contained in the raw
material, the catalytic activity in the epoxidation step
may be remarkably decreased and the produced propylene
oxide (hereinafter, abbreviated as PO) may react with it _
resulting in decrease in'yield. It is desirable that the
water content in the raw material is one which allows to
suppress the concentration of propylene glycol as the side
product in the product to a lével preferébly of 10 umol/g
or less and more preferably of 5 umol/g or less. The
concentration of propylene glycol in the product can be
easily determined by gas chromatography.

The raw material solution obtained as above may be



having a content of the organic acids including lactic acid in the
solution to be charged (propylene + a solution of EBHP in EB) preferably
of 2 prol/g or less and nore preferably of 1 pnol/g or |ess. The content
of the organic acids in the solution t9 be charged can be easily _
determ ned by ion chromatography, |iquid chromatography or the |ike.
When nuch anpunt of water is contained in the raw nmaterial, the catalytic
activity in the epoxidati-on step nay be remarkably decreased and the
produced propyl ene oxjide &hereinafter, abbreviated as PO may react with
it resul t FRECPAtISERLadB PRIPreER. Pet upgdydsi £hB| SUPRSHEUBRE water content
inthe raw material is one which allows to suppress the concentration of
propyl ene gppgddagionhstepdas predluvtion havipgoduprefertefeBBHPpr ef erably
of 10 pnmol/g or less and nore preferably of 5 pnol/g or less. The
concent r at concehtpasgphene gl ycol in the product can be easily determ ned
by gas chromat ogr aphy. The raw material solution obtained as above
may be Nextgomrhenepaktdatonr deactioheigselilustirheedubsequent
The catalyst used in the present invention is a Ti-

containing solid catalyst including, for example, Ti

compounds carried on various carriers, complexes with other

oxides formed by co-precipitation or sol-gel process, Ti-

containing zeolite oxides and the like. Catalysts

containing titanium chemically bound with solid silica

and/or inorganic silicate, so-called Ti-silica catalysts,

are preferably used. These can be prepared by the known .

processes described below (see JP-B-56-35941, JP-B-54-

40525, JP-B-54-40526, JP-B-50-30049).

For example, silica gel which is a solid silica, a

titanium compound such as tetraisopropyl titanate,

tetraethyl titanate or the like, and an additive such as

acetylacetone, if necessary, are added to a solvent such as

isopropanol, ethanol or the like. They are mixed at room

temperature and the solids are separated by filtration.

The solids are washed with a solvent such as isopropanol,

ethanol or the like and dried. The dried_solids are



epoxi dation step as a solution having a preferred EBHP concentration.

Next, the

epoxi dation reaction is illustrated. The catal yst used in
the present invention is a Ti- containing solid catalyst including, for
exanple, Ti conpounds carried on varipQs carriers, conplexes wth other

oxi des forned by co-precipitation or sol-gel process, Ti- containing

zeol.ite oxides and the like. Catalysts containing titaniumchencally
bound with solid silica and/or inorganic silicate, so-called Ti-silica

catal ysts,
processes

JP- B- 54- 40526, JP-B-50-30049). For exanple, silica gel whichis a

solid sili
tetraet hyl

are preferably used. These can be prepared by the known
gedcinigdd alselabruts 480 P- BOGHC 360 1abgwt Bl 54- 18 46@Es. The

salids aftam gmlciénpbiod anehheatedt wiakbhopgapgkibnt dAnate,

titanate or the like, and an additive such as acetyl acetone,

necessary, salg¢laddead thatsehuﬁnhssuehaﬁatnyiamsmmalahe ekhahel 19ket he
like. They are mxed at room tenperature and the solids are separated by

filtrationgndThesadkeds aﬁenwashesweha 8tSaby¥aR! 58UCh3898°C SERE ORBHGL »
ethanol or the like and dried. The dried solids are

10

0.5 - 5 hours and solids are separated by filtration. Then
the solids are washed with a solvent.such as toluene or the
like and dried under vacuum to give the catalyst used in
the present invention.

The epoxidation reaction éan be carried out by
reacting the EBHP raw material solution after treatment by
washing with'the.aqueous alkali solution and propylene in
the presence of the catalyst as described above.

In the epoxidation reaction, the concentration of EBHP

~in the EBHP raw material solution is preferably 10 - 50% by

weight and more preferably 15 - 40% by weight. It is
preferred to use a EBHP raw material solution treated with
an aqueous alkali solution and concentrated.

If the concentratibn is too high, undesirable side
reactions such as heat decomposition of EBHP may increase
resulting in decrease in.éeléctivity of the reaction and if
the concentration is too low, too much ambunt of the

catalyst or too large reaction vessel is required due to

i f



cal cined at about 400 - 900[err]C for about 1 - 18 hours. The solids after
calcination are heated with agitation in a silylating agent such as
hexanet hyl di sil azane or the Iike -and a solvent such as toluene at about 50
- 300[err]C for about 0.5 - 5 hours and solids are separated by
filtration. Then the solids are washed with a solvent such as toluene or
the. like and dried under vacuumto give the catalyst used in the present
i nventi on. The epoxidation reaction can be carried out by reacting
the EBHP raqw material solution after treatnment by washing with the aqueous
al kal i sol HAWIFehFF AT F@ten O% RFQRUEITAEYof the catal yst as descri bed
above. In the %5§xidation reaction, the concentration of EBHP in the
EBHP raw nat er | Jhas HRAR gaw pagesiadalsiolutdon S/Concepdirgi o wikdia
preferably 15 - 40% by weight. It is preferred to use a EBHP raw nateri al
sol uti on t rsamhe dazigeh cam bequbdad naidk byl disititlildmgartdec oasded atidd to
|f the concentration is too high, undesirable side reactions such as heat
deconposi t inemoyfe EBifRDtAYGS thecdow tempelratuye bodddneafeact ivtlseatuchi ty of
the reaction and if the concentration is too [ow, too much amount of the
catal yst orad @B lay GRedcridedonberese! The RAdentFation @f lactic acid
in the EBHP raw material solutionlshould be 5 ppm by weight
or less and is preferably 1 ppm by weight or less in order
to minimize deactivation of the catalyst.
The molar ratio of propylene to EBHP used in the
epoxidation reaction is preferably 1 : 1 - 20 : 1.
If the amount of propylene is too small, the reaction
rate and the selectivity of the reaction may decrease and
if the amount is too large, the productivity may be lowered
or excess energy for recycling unreacted propylene may be
required.
It is preferred to remove water in the reaction system
because it has an action of accelerating the side reaction.
If water exists in the reaction system, propylene glycol is.
formed as the side product from the reaction of propylene
and ethylbenzene hydroperoxide. The means for removiﬁg
water in the reaction system includes dehydrating agent

such as molecular sieve, silica gel, orthoformic acid



Lowered reaction rate or productivity. The EBHP raw material sol ution
of concentration within such range can be obtained by distilling the

washed oil to
as EB as descri
materi al sol uti

renove a part of the |ow tenperature boiling fractions such
bed above. The concentrgion of lactic acid in the EBHP raw
on should be 5 ppmby weight or less and is preferably 1

ppm by weight or less in order to minimze deactivation of the catalyst.
The nolar ratio of propylene to EBHP used in the epoxidation reaction is

preferably 1 :
t he react i®Hex

1 - | f the anount of propylene is too smal

St edw%%ew CATRAdiimide R e t3idfe med Hekl akkomnd i f

the anmount is too large, the productivity may be |lowered or excess energy
for recyclanfy &he ebdt®d propyl ene may be required. It is preferred

to renove water

in the reaction system because it has an action of

accel erati ng thet sisiprefextrezh.to |donthictr tthe Meadtidrihey emmit imusyst em
propyl ene glycol is formed as the side product fromthe reaction of

pr opyl ene prowe

=3 hyd elnecbimey by priesdsexiide whilth rearsc{oyst eiviig  water in

t he reaction systemincludes dehydrating agent
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the E
throu
carri
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200°C
150°C
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may b
prefe
Under
highe

appar

react

of solid pellets is enclosed in a reaction tube and
BHP raw material solution and propylene are passed

gh the tube, a process in which the reaction is

ed Sut by a slurry feaction using powdered catalyst

he like. The reaction temperature is preferably 0 -

» more preferably 25 - 200°C and most preferably 30 -

. At a lower temperature, the reaction may be slow and
higher temperature, the selectivity of the reaction

e low. The pressure in the reactioﬁ sYstem is

rably 1 - 100 atm and more preferably 10 - 50 atm.

a lower pressure, the reaction may be slow and for a
r pressure, an excessive cost may be required for the
atus.

The reaction period is about 0.5 - 5 hours when the

ion is carried out by the batch system and about 0.5 -

20 hour* in the liquid hourly space wvelocity when the

react

hydro

ion is carried out by the flow system. Ethylbenzene

peroxide is usually subjected to the epoxidation



such as nol ecul ar sieve, silica gel, orthoformc acid

12 esters, dicyclohexyl carbodiimde or the like, distillation and the
i ke. It is preferred to conduct the reaction by continuous process,
i ncluding a process in which a catalyst3in the formof solid pellets is
enclosed in a reaction tube and the EBHP raw material solution and

propyl ene are passed through the tube, a process in which the reaction is
carried out by a slurry reaction using powdered catalyst and the |like. The
reaction tenmperature is preferably O -  200[err]C, nore preferably 25 -
200[ err] C BRACHHSR pReFBRafPymant-2a asgbetiop in|ewkylhensrratysed afe
reaction ngé be slow and at a higher tenperature, the selectivity of the

reaction ¢ paw| paterhalpandssebventt he iescproducyiomem iBhepreferably 1
- 100 atmand nore preferably 10 .- 50 atm Under a |ower pressure, the
reacti on maglbtishonnaethybbeazeheghay posssimeside prodsctyeformédnay be
required for the apparatus. The reaction period is about 0.5 - 5
hours whenihheher paattdonis Ragetefld osblynt hRapahe husedt £in emg about 0.5 -

reaction as a diluent. The second solvent includes

aromatic compounds such as benzene, toluene, chlorobenzene,

bromobenzene, orthodichlorobenzene and the like and

aliphatic compounds such as octahe,'decane, dodecane and

the like. Also, propylene as the reactant may be used in

excess for substituting a part of the solvent.

Unreacted propylene in the epoxidation reaction

solution can be recycled to the reaction system after

separating by distillation. Final removal of propylene

from the reaction solution after removing major part of the

unreacted propylene may be carried out by usual operation

such as distillation, washing or the like.

EXAMPLES
Reference Example 1 [Preparation of catalyst]
Commercial silica gel (10 -~ 40 mesh; surface area: 300
m*/g; average pore size: 10 nm; 50 g), tetraisopropyl

titanate (1.1 g), acetylacetone (0.82 g) and isopropanol



20 hourf[err] in the liquid hourly space velocity when the reaction is
carried out by the flow system Ethylbenzene hydroperoxide is usually
subjected to the epoxidation 13

reaction in the formof a solution in 4#fhylbenzene used as the raw
material and solvent in its production. The solution in ethyl benzene may
contain side products formed in the reaction. A second solvent may be used
in the reaction as a diluent. The second sol vent includes aromatic
conpounds such as benzene, toluene, chlorobenzene, bronobenzene,

ort hodi chl 6#8BeR}dn¥eRAomired) | ke apixture pMasi stEBRPBUABSEIB®h as oct ane,
decane, dodecane and the |like. Also, propylene as the reactant may be used
in excesstemperaburet ferngl ampautesfandefibtered., SolidUpewhiordwas
propyl ene in the epoxidation reaction solution can be recycled to the
reacti on sjymmensedtin isepropanol py0 dnk)j | &gitavted FEonl washihngl and
propylene fromthe reaction solution after renoving major part of the
unreact ed phepyigutd mays beetiovéd esly OFLilOyatboil OpRigtoPerati6h RSs

distillation, washing or the |ike.

repeated three times. Then the solid portion was dried
under a nitrogen.stream at 500°C for 2 hours and further
calcined under an air stream at 600°C for 4 hours.

The obtained substance (10 g), hexamethyldisilazane (4
g) and toluene (50 g) were mixed and the mixture was heated
with stirring under pressure at 200°C for 1 hour. The
liquid was removed from the mixture'by filtration. The
solid portion was washed with toluene (50 g) and dried
ugder vacuum (120°C; 10 mmHg; 3 hours) to give thelcatalyst.
Example 1
Alkali Washing of EBHP Solution

An EBHP solution (15% by weight; 3000 g) and a sodium
hydroxide solution (0.5% by weight; 1000 g) were mixed and'
the mixture was stirred at 60°C for 15 minutes and left to
gtand at the same temperature for 15 minutes, followed by
phase separation. Thé oily phase was mixed with 1000 g of

water and the mixture was stirred at 60°C for 15 minutes and

left to stand at the same temperature for 15 minutes. The



EXAMPLES Reference Exanple 1 (Preparation'of catal yst] Commer ci a
“silica gel (10 - 40 nesh; surface area: 300 nierr]/g; average pore size:

10 nm 50 g), tetraisopropyl titanate (1.1 g), acetyl acetone (0.82 g) ~and
I sepr opanol ' 15 14 (200 M) were m xed,
the m xture was stirred at room tenperature for 30 mnutes and filtered.
Solid portion was imrersed in isopropanol (50 m), agitated for washing
and the liquid was renmoved by filtration. This operation was repeated
three tines, Then the_solid portion was dried under a nitrogen stream at
500[err] C ?BFaanﬁsu%l&naavath# cepFenpratediet 69 Giyndey e g
600[err]C for 4 hours. - The obtai ned substance (10 g

hexanet hyl 8P sgi¥gadd EBHPgjolwtion| haning 58 g?nmﬁmbrﬂtkeﬂ)Qﬁd35hebM1xture
was heated w th stirring under pressure at 200[err]C for 1 hour. The
| i qui d waswebgbted fromthe nmixture by filtration. The solid portion was
washed with toluene (50 g) and dried wunder vacuum (120[err]C, 10 nmmHg; 3
hours) to Rezetide catalysp. Example 1 Al kali Washing of EBHP Sol ution
The epoxidation reaction was conducted in a fixed bed
flow reactor using a catalyst prepared according to the
method of Reference Example 1 (Ti content: 0.3% by weight),
an EBHP solution (containing 35% by weight of EBHP, 58% Ey
weight of EB and 0.3 ppm by weight of iactic acid) obtained
by the above described washing process and propylene. The
reaction was carried out under conditions of propylene/EBHP
= 12, LESV = 12, heater temperature of 99°¢ and reaction
pressure of 40 kg/cm?*. The results are shown in Table 1.
Comparative Example 1
The reaction was reﬁeated under the same conditions as
those in Example i except that an EBHP sélution without
alkali washing was used. The resulﬁs are shown in Table 1.
Example 2
The epoxidation reaction was conducted in a fixed bed
flow reactor using a catalyst prepared according to the

method of Reference Example 1 (Ti content: 0.3% by weight),

an EBHP solution (containing 35% by weight of EBHP, 58% by



An EBHP sol ution (15% by weight; 3000 g) and a sodium hydroxide solution
(0.5% by weight; 1000 g) were nixed and the mixture was stirred at
60[err]C for 15 mnutes and left to stand at the sanme tenperature for 15
m nutes, followed by phase separationg The oily phase was m xed with 1000
g of water and the m xture was stirred at 60[err]C for 15 m nutes and
left to stand at the sane tenperature for 15 minutes. The

15 obtained oily |ayer was concentrated at 60[err] C under 50 nmHg to

gi ve an EBHP sql uti havi concentratign of 35%.by _ weight,., .  Reaction
The epoxi 5’&11%% r°e€a% o%c\l/v;bg' ﬁ(ﬁ%‘h Yed"qlnqt% 4 élfcotéﬂy q'cflb‘%/\}gr%%%‘ilcﬂe sing a
catal yst prepared . according to the  nethod of Reference, Exanple 1 (Ti
content: BYoh BAYBIRBTOCES? St 1 (RO Ghatc RSGTHNRR JHv TRAMRIGM of
EBHP, 58% by weight of EB and 0.3 ppm by wei ght of lactic acid) obtained
by the ab@Ad REQRYIRNEL wasHieh FoRATcess waRd GardHhAcT Rt Hder eacti on was
carried out under conditions of propylene/EBHP = 12, LHSV = 12, heater
t enper at urasnstitgiging I prabHlena/BRRHEP 7 desuddS A0 kg/hsdker]. The
results are shown in Table 1.

temperature of 65°C and reaction pressure of 40 kg/cm?. The

results are shown in Table 2.

Comparative Example 2

The reaction was repeated under the same conditioﬁs as
those in Example 1 excebt that an alkali-washed EBHP
solution obtained in Eiample'l and enriched with 100 ppm by
. weight of lactic acid was used as the raw material. The
results are shown in Table 2.
Example 3
An EBHP solution (34.8% by weight; solwvent:

ethylbenzene; 2000 g) and an aqueous sodium carbonate

solution (10% by weight; 200 g) were mixed and the mixture

was stirred, followed by phase separation. The oily phase

was washed again with an agqueous sodium carbonate soclution

(10% by weight; 200 g). The oily phase was washed 11 times

with 200 g of water and dried with silica-gel to give an

EBHP solution (32.7% by weight).

A catalyst prepared according to the method of



Conparati ve Exanple 1 The reaction was repeated under the sanme
conditions as those in Exanple 1 except that an EBHP sol ution w thout
al kali washi ng was used. The results are shown in Table 1. Exanple 2
The "epoxi dati on reaction was conductediyn a fixed bed flow reactor using a.
catal yst prepared according to the method of Reference Exanple 1 (Ti
content: 0.3% by weight), an EBHP solution (containing 35% by wei ght of
EBHP, 58% by wei ght of EB and 3.1

. 16
Pﬁg& béeiﬁi?%%%?%#%;%é%“f *;125 Séro?,%ﬁwﬁéaasm@%‘%Q%zf%sﬁfrﬁéimﬁ% 24 out |
i1] EBHP = 11, LHSV.= 1
65 or r] Rt eREHREl (fD e GREY SR ERtion TR Soethtatied own i n
Tabl e 2. Cbnﬁggative Exa| The reacti on was repeated under the

nple 2 .
same condith@RP%e deRfseihed Maghing Proqast ANMhtPEAPEISAE i (Tmshkd EBHP
solution obtained in Exanple 1 and enriched with 100 ppm by wei ght of

| actic aci¥e¥RsChaegedsin [An ranhanliavs @#nd the reaction was conducted

at 120°C for 1 hour. After the reaction was terminated, the
catalyst was recovered by filtration and washed with.
ethylbenzene. Then thé same reaction was repeated using
the recovered and washed catalyst. The reaction was
repeated three times in this manner. The concentration of
lactic acid in the EBHP solution was 1.9 ppm by weight.
The concentration of orgaﬁic acids including lactic acid in
the charged solution (propyléﬁe + EBHP solution) was 0.2
pwol/g. The concentration of propylene glycol in the
‘reaction mixture Qas 4 umol/g. The results are shown in
Table 1.
Comparative Example 3

The reaction was repeated £hree times uﬁder the same
conditions as those in Example 3 except that an EBﬁP
solution without alkali washing was used. The
concentration of lactic acid in the EBHP solution was 47
ppm by weight. The concentration of organic acids

including lactic acid in the charged solution (propylene



results are shown in Table 2. Exanple 3 An EBHP sol ution (34.8% by
wei ght; solvent: ethyl benzene; 2000 g) and an aqueous sodi um carbonate
solution (10% by wei ght; 200 g) were m xed and the m xture was stirred,
foll owed by phase separation. The oily qhase was washed again with an
aqueous sodi um carbonate solution (10% by wei ght; 200 g). The oily phase
was washed 11 tinmes with 200 g of water and dried with silica gel to give
an EBHP sol ution (32.7% by wei ght).. A catal yst prepared according
to the nethod of ) 17 Reference Exanpl e
1 (Ti cont ERER &L WH-AMarfishg -Hpel/ 9.0, The ppngengmationgPf an EBHP
solution (60 g) obtained by the above descri bed washi ng process and
propyl ene EX®RYLengerglysal dad the aeamtion amixtare wWas eamaldig.wafhe
conducted at 120[err]C for 1 hour. After the reaction was term nated, the
cat al yst waeswdos/amxl dhown lilor atabde gnd washed with ethyl benzene. Then
the sane reaction was repeated using the recovered and washed catal yst.

The reaction WaFrdntRI aesulit’s titean bel RindeFRtddd thae iRt mati on of
'decrease‘in catalytic activity with the passage of time was
observed in Examples 1, 2 and 3 which meet the requirements
under the present invention. On the other hand, remarkable
decrease in catalytic activity waé observed in Comparative
Examples 1, 2 and 3 which fails to meet the requirements

under the present invention.



|lactic acid in the EBHP solution was 1.9 ppm by weight. The concentration
of organic acids including lactic acid in the charged solution (propyl ene’
+ EBHP solution) was 0.2 pnol/g. The concentration of propylene glycol in
the - reaction mxture was 4 pnol/g. Thegresults are shown in Table 1.
Conpar ati ve Exanple 3 The reaction was repeated three tinmes under the
safre conditions as those in Exanple 3 except that an EBHP solution

wi t hout al kali washing was used. The concentration of lactic acid in the
EBHP sol uti on was 47 ppm by weight. The_ concentration of organic acids
including lactic acid in the charged T8P4€i &n (propyl ene

18 +EBHP solution) was 7.6 pnol/g. The concentration of propyl ene

gl ycol in t4re-reacttomrmxture-was-3-pnot/g:—Fhe—-Tesutts—are-shown=i n
Tabl e 3. ~ Fromthe results, it can be understood that al nbst no
decrease in catalytic activity with the pasExmEnmlietl ne veempabaeived in
Exanples 1, 2 and 3 which neet the requirenents under the present
invention. On the other hand, remarkable Example 1

EBHP solution

for reaction

RKind*1 ' A - B -

Lactic acid concentration, 0.3 - 68 ~
ppm by wt.

Reaction period, hr 1 8 1 7

Results of reaction

Conversion of EBHP,% o 99.2 99.0 99.8 77.9
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decrease in catalytic activity was observed in Cbnparative Examples 1, 2
and 3 which fails to neet the requirenents under the present invention.

19 . - Table 1
Example 1 Comparative 20
Exanple 1 EBHP solution for reaction Ki nd*1
A . B Lactic acid concentration, 0.3 -
68 ppm by wt. Reaction period, hr 1
8 1 7 Results of reaction Conver si on of EBHP, %
99.2 99.0 99. 8 77.9 Table 2 20
Example 2 Comparaﬁive
Example 2
EBHP solution
for reaction
Kind+1l | c - - D -
Lactic acid concentration, 3.1 - 103 -
ppm by wt.
Reaction period, hr cL 3 1 3
Results of reaction
Conversion of EBHP,% 88.2 87.9 86.9 78.5

*1 EBHP solution for reaction, Kind
| A and C: solution washed with alkali followed by
concentration
~B: solution without alkali-washing
D: solution washed with alkali followed by
concentration and.then lactic acid was added into the

solution



Table 2 | Exampl e 2 Conpar ati ve

Exanple 2 EBHP sol ution for reaction Ki nd* 1
C . - D Lactic acid concentration, 3.1 - 103
ppm by wt. Reaction period, hr 21 1 3 1 3 -
Results of reaction Conver si on of EBHP, % 88.2 87.9 86.9
78.5 *1 EBHP solution for reaction, Kind A and C: solution washed
with alkali followed by concentration B: solution wthout
al kal i - washi ng D: solution masheg wi th al kali foll owed by
concentration and then lactic acid wa &d into the solution
21
Example 3 Comparative
Example 3
Concentration
Lactic acid, ppm by wt.*1l 1.9 47
Organic acids, umol/g *2 0.2 . 7.6
PG ymol/qg *3 4 3
Relative ratio of reaction
Rate *4
First time - 1.00 1.00
Second time 0.95 0.91
Third time 1.00 0.73

*1 Concentration in the EBHP solution

*2 Concentration in the'charged solution (propylene
+EBHP solution)

*3 Pé: propylene glycol. Concentration in the reaction
mixture.

*4 Relative ratio of reaction rate: relative value when

the reaction rate in the first time is taken as 1



Table 3 Exanpl e 3 Conmparative

Exanple 3 ' actic acid, ppmby wt.*1 1.9

47 . Organi c ' o : 0.2 : 7.6 PG

pmol7g *3 ﬂ“‘ﬂﬂ“‘\ﬂmmﬂmﬂ\ 3 R ative ratio of reaction Rate *4
First tine el e s 41,00 1.00 Second tine

0. 95. 0.91 Third tine ' 1.00

0.73 *1 Concentration in the EBHP sol ution *2 Concentration in the

Concent rat PR et REMBEE s rer ' *ha Rel ative fatid of readtion

rate: relative value when the reaction.rate in the first, tige is taken as

1 1. A process for producing propylene oxide which |
comprises reacting a raw material solution which is a
solution of ethylbenzene hydroperoxide in ethylbenzene
obtained by liquid phase_autoxidation of ethylbenzene with
propylene in the presence of a Ti-containing solid catalyst
to give propyleﬁe oxide, said raw material solution being a
solution prepared by washing a solution of ethflbenzene
hydroperoxide in ethylbenzene obtained by liquid phase

'autoxidation of ethylbenzene with an aqueous alkali

solution to bring a lactic acid concénﬁration to 5 ppm by
weight or less.

2. The process according to claim 1, in which the raw
material solution is a solution.having a lactic acid
concentration of 1 ppm by weight or less.

3. The précess according to claim 1, in which a raw
material solution is a éolution containing 10 - 25% by
weight of ethylbenzene hydrdperoxide in ethylbenzene washed
with an aqueous alkali solution.

4. The process according to claim 1, in which the

alkali is sodium hydroxide'or sodium carbonate.

5. The process according to claim 1, in which the



VWHAT IS CLAI MED | S: 1. A process for producing propyl ene oxide which
conprises re i terial solution which is a solution of

et hyl benzene h xi de in ethyl benzene obtained by |iquid phase

aut exi dati on. wam mnth pr@®/! ene in the presence of a
Ti-containing s to give propylene oxide, said raw materi a
sol ation being a solutlon pfepared by washing a sol ution of ethyl benzene
hydroperOX|de in ethyl benzene obtained by |iquid phase autoxidation of

et hyl benzene with an aqueous alkali solution to.bring a lactic acid
concentraiaqueqws5abb&1by501w#§9m as | agsalkali CQHC¢ﬁ§r9#é@éS§fa@egﬂdlng
toclaiml, in which the raw material solution is a solution having a

| actic aci< 3@briserwedghton of 1 ppm by wei ght or |ess. 3. The process
according to claiml, in which a raw material solution is a solution
contai ning 10 -625%he pretedsé atcetdyh§essesalimdiopenowhdehi rhe

et hyl benzene washed w th an aqueous al kali sol ution. . 4. The process
accor di ng 401 ghe' f&éxo' o)y o tige %is@JcithosOétu?ubéel&enede or sodi um
car bonat e. . The process according to claiml1l, in which the

hydroperox;de in ethylbenzene to the aqueous alkali
solution is 100/1 - 10/1.

7. The process according to claim 1, in which the raw
material solution is a solutioﬁ obtained by washing with an
aqueous alkali solution and distillation and having an
ethylbenzene hydroperéxide conceﬁtration - 10 [1] - 50 % by

- weight and a lactic-acid concentration of 5 ppm by Qeight

or less.



aqueous al kali solution has an al kali concentration of 0.01 - 30% by

wei ght . 6. The process according<to+~¢claiml, in which the volune
ratio (o/w) of the solution of ethyl benzene hydroperoxide in ethyl benzene
to the aqueous alkali solution is 100/1 - 10/1. 7. The process

according to claim1l1, in which the raw material solution is a solution

obt ai ned by washing with an aqueous al kali solution and distillation and

havi ng an et hyl benzene hydroperoxi de concentrati on 10 [1]- 50 % by

wei ght and a lactic acid concentratign of 5 ppm by weight or |ess.
ABSTRACT

PROCESS.FOR PRODUCING PROPYLENE OXIDE

A process for producing propylene oxide which
comprises reacting a raw material solution which is a
solution of ethylbenzene hydroperoxide in ethylbenzene
obtained'by liquid phase autoxidation of ethylbenzene with
propyléne in the presence of é Ti-containing solid catalyst'
to give propylene oxide, said raw material solution being a
solution prepared by washing a solution of ethflbenzene |
hydropero#ide iﬁ ethylbenzene obtained by liquid phase
autoxidation of'ethylbenzene with an aqueous alkali
solution to bring a lactic acid conceptration to S5 ppm by

weight or less.



