9 January 2007 - 1 PROCESS FOR THE PREPARATI ON OF
ALKYLENE OXI DE The present invention relates to a
process for the preparation of alkylene oxidnggn : 2007
epoxi dation of al kene into al kyl ene oxide by reac

the al kene with an organic hydroperoxide is known |n
the art. For instance, in the commonly known nethod

for co-produci ng propyl ene oxi de and styrene starting
from 10 ethyl benzene, the af orédmenti oned epoxi dation
reaction is applied. In general this co-production
process involves the steps of 1? reacti %
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the presence of an epoxidation catalyst to yield
propylene oxide and 1l-phenyl-ethanol, and (iii)
converting the l-phenyl-ethanol into styrene by
dehydration using a suitable dehydration catalyst.

Another method for préducing alkylene oxide is the
coproduction of propylene oxide and methyl tert.-butyl
ether (MTBE) starting from isobutane and propene. This
process is well known in the art and involves similar
reaction steps as the styrene/propylene oxide preduction
process described in the previous paragraph. In the
epoxidation step tert-butyl hydroperoxide is reacted with
propene forming propylene oxide and tert-butanol in the
presence of a heterogeneous epoxidation catalyst. Tert-
butanol is subsequently etherified with methanol into
MTBE, which is used as an additive in motor fuels.

A further method comprises the manufacture of

propylene oxide with the help of cumene. In this process,



propyl ene oxide with the help of cunene. In this
process, 9 January 2007 - 2 <cunene is reacted with
oxygen or air to form cunmene hydroperoxide. ne
hydr oper oxi de thus obtained is reacted with g?%%%%%yzm”
in the presence of an epoxidation catalyst to yield
propyl ene oxi de and 2-phenyl propanol. 5 The latter

can be converted into cumene with the help of a

het er ogeneous cat al yst and hydrogen. Suitable

processes are described for exanple in WO 02/48126.
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gatalyss are  used to catalyse the epoxidation of an
,epoxidation catalysts are the titanium-based catalysts.
Examples of such catalysts are for instance described in
U5-A-4,367,342 and EP-A-0,345,856. US-A-4,367,342
discloses the use of inorganic oxygen compounds of

20 silicon in chemical compesition with at least 0.1% by
weight of an oxide or hydroxide of titanium, while
EP-R-0, 345,856 discloses a titania-on-silica
heterogeneous catalyst obtainable by impregnating a
silicon compound with a stream of gaseous titanium

25 tetrachloride followed by calcination and hydrolysis
steps and optionally a silylation step.

When such hetercgeneous epoxidation catalysts are
used to catalyse the epoxidation of an alkene, the
catalyst slowly deactivates. It would be beneficial if

30 the catalyst would keep a high activity for a longer
period of time as it would reduce the costs due to
catalyst consumption and the time and costs involved in

reloading of the reactors. Furthermore, slower



catal yst slowy deactivates. It would be beneficial if
30 the catal yst would keep a high activity for a

| onger period of tine as it would reduce the gosts
due to catalyst consunption and the tine and gb%?%“yzmn
involved in reloading of the reactors. Furthernore,
slower 9 January 2007 3 deactivation is desirable
because in that case the average reaction tenperature
could be kept lower. It has beeh found that a | ower
average reaction tenperature generally gives |ess
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1§eact|(ﬂ+ﬁm RP%r%P%ﬁ fged and the other passing to the
subsequent catalyst bed. There is no information on the

amount of reaction mixture which is recycled or the
conversion which has taken place. Furthermore, the
reaction mixture which is recycled is subtantially free
20 of propylene as propylene is described to be vaporized
and removed befcre the reaction mixture is recycled.

WO 01/12617 teaches that the activity of de-activated
catalyst can be restored by contacting the de-activated
catalyst with an epoxidation reaction mixture at a

25 temperature which is at least 5 °C higher than the final
temperature at which the at least partly deactivated
catalyst was in use directly before the start of the
re~activation. In Example 1, the de-activated catalyst is
contacted with feed while a large recycle stream was

30 maintained over the reactor in order tc ensure that the
catalyst to be re-activated is ceontacted with epoxidation
reaction product. A throughput of 48 grams/hour of feed

with a recycle flow of 2.5 kg/hour makes that more



25 tenperature which is at |least 5 C higher than the
final tenperature at which the at |east partly
deactivated catalyst was in use directly before the
start of the re-activation. In Exanple 1, the®Yanuary2o07
de-activated catalyst is contacted with feed while a

| arge recycle streamwas 30 mai ntai ned over the

reactor in order to ensure that the catalyst to be
re-activated is contacted with-epoxidation reaction
product. A throughput of 48 grans/hour of feed wth a
recycl ehfanows ofwt2 oF kigé hoodumakiss deegtledr &000J Al fAy only
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activi ttyo faortoéalcﬂfg 10Pnewt. Surprisingly, it was
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comprises
(i) mixing fresh feed containing organic hydroperoxide
and alkene with a recycle stream to cbtain a reaction
mixture which contains of from 5 to 80 %wt of alcohol,
20 based on total amount of reaction mixture,
(ii) contacting the reaction mixture with a heterogeneous
epoxidation catalyst to obtain a stream containing
alkylene oxide and alcohol, and
{(iid) recycling of from 30 to 95 %wt of the siream
25 obtained in step (ii) to step (i).
Without wishing to be bound to any theory, it is
thought that the advantages obtained by the use of a
recycle are due te the increased amount of alcohol in the
reaction mixture contacted with the catalyst.
30 The present invention further relates to a process
| for the preparation of propylene oxide which process

comprises contacting a mixture containing of from 5 to 25

$wt of organic hydroperoxide, of from 30 to 50 3wt of



(ii) contacting the reaction mxture with a

het er ogeneous epoxi dation catalyst to obtain a stream
contai ning al kyl ene oxide and al cohol, and (ii |51)
recycling of from30 to 95 9%t of the stream Jsanuary 2007
obtained in step (ii) to step W Wthout wishing to be
bound to any theory, it is thought that the

advant ages obtai ned by the use of a recycle are due

to the increased anount of al&ohol in the reaction
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| esgikylene oxide. Praferably, the fresh feed c¢ontains less
than 1 3wt of alkylene oxide. Most preferably, the fresh
feed containa no alkylene oxide.
The alkene used in the present invention can be any
20 organic compound having at least one aliphatic carbon-
carbon double bond. Such compound will generally contain
from 2 to 25 carbon atoms and preferably from 3 to
12 carbon atoms, such as propene, l-butene, Z2-butene,
l-pentene, l-octene, l-dedecene, styrene and
25 methylstyrene. Most preferably, however, propene is used
as the alkene, thus producing propylene oxide in
accordance with the process of the present invention.
The organic hydroperoxide which can be used can be
any organic hydroperoxide known to be suitable. Organic
30 hydroperoxides which are widely used commercially ars
t-butyl hydroperoxide and alkyl aryl hydroperoxide.
Alkyl aryl hydreperoxides are especilally advantageous.

Enpf .zei +:09/06/2005 17213 Expf . 2256 P 005 29-06-2005



than 1 % of al kyl ene oxi de. Most preferably, the
fresh feed contains no al kyl ene oxide. The al kene
used.in the present invention can be any 20 organlc
compound having at | east one aliphatic carbon- 3PN
doubl e bond. Such conpound will generally contain
from2 to 25 carbon atons and preferably from3 to 12
carbon atoms, such as propeng, 1-butene, 2-Dbutene,
1- pentene 1-octene, 1-dodecéne, styrene and 25
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2.07 ba Specific aIkyI aryl hydroperoxi des are cunene
hydr oper oxi de and et hyl benzene hydroperoxi de. The

het er ogeneous epoxi dation catal yst used may be any
such catalyst known in the art to be suitable for 5
catal ysing the reaction between an al kene and an
organi ¢ hydroperoxide into the correspondi ng al kyl ene
oxi de and F:\QA\ TS1190PCT ?. Enpf.zeit:29/06/2005
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al cohol . However, titaniumcontaining catalysts are
preferred. Accordingly, the catalysts disclosed in the
pat ent specifications US-A-4, 367,342 and J 2007
EP- A-0, 345, 856 di scussed above may, for instandg ¥k
applied. It has, 5 however, been found particularly
advant ageous to use the titania-on-silica catalysts

di scl osed in EP-A-D, 345,856 in all epoxidation

reactors for the purpose of the 6present invention.

When these catal ysts are used, very good results are
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The composition of the reaction mixture used in the
present invention is not critical as long as the required
amount of alcohol is present. Accordingly, in case of a
styrene/propylene oxide co-production process, the
20 reaction mixture will generally comprise some
ethylbenzene hydroperoxide and normally also a
supstantial amount of ethylbenzene. In case of a
propylene oxide preparation process with the help of
cumene hydroperoxide, a substantial amount of cumene can
25 be present. If the propylene oxide is preoduced together
with methyl tert.-butyl ether (MTBE), the reaction
mixture can contain t-butane.
Propene is either added to the reactor as a separate
feed stream or may be added to the fresh feed or the
30 recycled reaction mixture prior to entry into the
epoxidation reactor(s).
The fresh feed may also contain some methyl phenyl

ketone and/or l-phenyl-ethancl formed in the preceding



The fresh feed may al so contain sone nethyl phenyl

ket one and/or 1-phenyl-ethanol forned in the preceding
9 January 2007 - 7 oxidation section or in a, 2007
precedi ng epoxidation reactor or contained in @M@y
recycle stream A typical fresh feed conprises 15-25
wt % et hyl benzene hydr oper oxi de, 30-50 wt %

et hyl benzene, 30-50 wt % propene, D5 wm %

1- phenyl -ethanol 5 and 0-5 wt % rfet-hyl phenyl ket one,

to a total of 100 wt% Such fresh feed streamis
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hydr oper oxThte nﬁedmm nipgupe ebentusepincds® bt mfy the

1Pbt ai ng%ﬁ&m ﬁ%&@%n lagat | bQHef 15,hs?3-9a;ml apt 14 ePHr Syt

or less pure form A very high alcohol content has the
di sadvafit afeohdtat morhesReGAE LM Hat iadnletst He *reatht adeshol,

in thehgagtiph, o XEadie 10SshreBiced col el 9:0E8, od tedtsl
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1 /gMef eégkélg?{gfér}/ rg:%sg:hgoaf/g\o’tholngg}.ctprlesf Sgeasbel gr? recycle
stream. Such alcohol can in principle be any alcohol.
However, the alcohol preferably is the alcohol derived
from the organic hydroperoxide used in the present
process and may be obtained from another location in the

20 plant in pure or less pure form.

A very high alcochol content has the disadvantage that
the concentration of the reactants in the reaction
mixture is reduced. Therefore, it is generally preferred
that the alcohol is present in an amount of less

25 than 80 %wt, more preferably at most 60 %wt, more
preferably at most 50 %wt, more preferably at
most 40 %wk, most preferably at most 30 %wt. Generally,
the reaction mixture subjected to step (ii) will contain
of from 10 to 40 %wt of alcohel.

30 The alcohol which is mainly present in the process
according to the present invention is the product of the
conversion of the organic hydropercxide. If t-butyl

hydroperoxide is used, the alcohel is t-butanol. If



the reaction m xture subjected to step (ii) wll

contain of from10 to 40 cwt of alcohol. 30 The

al cohol which is mainly present in the process J 2007
according to the present invention is the prodicf &Y
the conversion of the organi c hydroperoxide. |f

t-butyl hydroperoxide is used, the alcohol is
t-butanol. If 9 January 2007 - 8 ethyl benzene

hydr operoxi de is used, the alcelwl-is 1-phenyl

et hanol . If cumene hydroperoxide is used, the alcoho
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alkene, of from 5 to 25 $wt of alcohol and of from 5 to

60 $wt of further compounds, to a total of 100 3wt.
It is preferred that the reaction mixture which is

recycled from step (ii) to step (i) has been converted to

20 a certain extent in order to have the required amount of
alcohol present. Therefore, it is preferred that the
product stream which is recycled comprises at most 15 %wt
of organic hydroperoxide, more specifically at most
10 %wt of organic hydroperoxide. Most preferably, the

25 reaction mixture which is recycled comprises of from
0.5 to 10 %wt of organic hydroperoxide. Additionally, the
reaction mixture which is recycled generally contains a
substantial amount of alkene as the alkene is usually
present in a molar excess and only part of the

30 hydroperoxide usually is converted. Generally, the
reaction mixture which is recycled contains of from 10 to
50 $wt of alkene. This is different from the recycle
gtream which is used in WO 98/32530.



10 %t of organi c hydroperoxi de. Mdst preferably, the

25 reaction mxture which is recycled conprises of
fromO0.5 to 10 % of organi ¢ hydroperoxi de. J 2007
Additionally, the reaction mxture which is rgcﬁgﬁgﬁ
generally contains a substantial amount of al kene as
the alkene is usually present in a nolar excess and
only part of the 30 hydroperoxide usually is

converted. Generally, the reacBion m xture which is
recycled contains of from10 to 50 % of al kene.

This i s dithEerentclfedost tdmm rcanybé ecombtinedrwittn ¢theifresh

used i 98/ 32530.. 9 Jan ar 2007 r c

st reang%%lﬁ'e 2 R FRRIR ¢ &%F 1 15 e} Qg ' iq%péal”'g\ng%t
range gdtircabifosecyRrief etadayn dfhstapl glhu) tatfuestf feed is of
recycl strea of step (0] S 0

0.5 toBilD r(r)o %pe’mnﬁ‘rga ?éc}lfﬁgﬁﬁ J1k ot ,isco f3 5&.5&'”
sspeC|fsp&ﬂﬂﬁ¢cabr&nabbutle can be cunbersone to achieve

substanti gl y full cuﬁ8@¥§&§é %, QEhJI[&Fe Agetifianly full

hydr oper oxide I f recyc ed as
r equi re«snvee:lsabnvef yhiei ghg#miCdleSOPqﬂtoﬂlﬁ‘e af pr erevEbY 18
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maj ori e organic roperoxi de i s converted in
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of arec stream Therefore, the resent i nventi on
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catalyst to obtain a product stream substantially free of
organic hydroperoxide. The presence of added alcohel was
found not to be required in this process step in order to
maintain a hlgh catalyst activity for a long time,

20 In an especially preferred embodiment, step (iv)
takes place in at least 2 separate reactors in order to
be able to replace catalyst if and when required without
having to shut down the process. It was found that it was
most advantageous if these reactors were placed in

25 series.

In a preferred embodiment of the present invention,
the reaction mixture is contacted in step (ii) with
epoxidation catalyst in at least 2 parallel reactors,
more specifically of from 2 to 5 parallel reactors. The

30 use of parallel reactors gives the opportunity to contact
the reaction mixture with catalyst of different
activities. The amcunt of feed sent to each parallel

reactor can be varied depending on the activity of the




20 In an especially preferred enbodi nent, step (iv)
takes place in at |east 2 separate reactors in order

to be able to replace catalyst if and mhen requij red

wi thout having to shut down the process. m§§ P GIH07
that it was nost advantageous if these reactors wer e
placed in 25 series. In a preferred enbodi nent of the
present invention, the reaction mxture is contacted

in step (ii) wth epoxidatiomn ¢atalyst in at |east 2
parall el reactors, nore specifically of from2 to 5
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nol ar thenol Hfthel kehelyy Mpdr bRt 30 geeratign fprijpwe time.

1gat al y%e?@?ré@%bbalﬁ@r@&awfogué@rOP%QHEJ.éri TRivelBeen
Preferred enbodi nents of such operation have been

descri Beacrhoerbtinppepudisrskédshed &3teappl i cation

WO A- O%@Q@ggé@o?mf.gn@j))@gggqg from50 to 90 %w of

the stream obtained in step (ii) is recycled a

reaction nfxetpmaprl Y15°?nﬁ§9msﬁécY?|%9aﬁV§ & PoRFERT o

80 %M obtained in step (ii) is recycled as reaction mixture,
15 more specifically of from 60 to 80 Zwt.

The way in which heat integration ls applied in the
present invention depends to a very large extent on the
exact circumstances. The use of the recycle makes that
the fresh feed is heated due to being mixed with the

20 recycled stream of step (ii) which tends to have a higher
temperature. The temperature of the recycled stream can
pe decreased by contacting the final preduct k
substantially free of organic hydroperoxide such as
obtained in optional process step (iv) via a heat

25 exchanger with the recycled part of the stream obtained
in step (ii).

The alcohol which is obtained in step (ii) and/or
step (iv) can be converted further in any way known to
someone skilled in the art. If the organic hydroperoxide

30 was cumene hydroperoxide, the 2-phenyl propan-2-ol
obtained can be hydrogenated into cumene again. If the
organic hydroperoxide was ethylbenzene hydroperoxide, the

process preferably further comprises separating the



The way in which heat integration is applied in the
present invention depends to a very |arge extent on

the exact circunmstances. The use of the recycle ”ak%%o7
that the fresh feed is heated due to being m Xed V¥
the 20 recycled streamof step (ii) which tends to

have a higher tenperature. The tenperature of the
recycl ed stream can be decreased by contacting the
final product substantially fride-of organic

hydr oper oxi de such as obtained in optional process

step (1ipheniva atlieail Z2bowxdlapgeduct tshrede aneicydehgdrating

part of the stream.obtained, i n st il ). o Ih coho
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the process preferably further conprises separating
the 9 JanTheyiR0@ition i4 furbileenyllwstirahed Hy Ghet fellowing
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N th ¢ RS O U Bl nel Dol BICPAS (EBARSOn to
st yr enthesdd peleiowlyganienbogitranisroxi de was t-butyl

hydr opgrgxide, the process preferably further 5
1Dconprrs€§§?eacting met hanol with t-butanol to obtain

MIGE. The Thevenenpies yefareafadef] pifkstifaf ey NURES

fol | ovifgx i £X%3RR! Bshd LBQUL i Ling dhevesops eh the
invention to_ these particul ar enbodj nents. 10 Exanple
The exaWpPeadigereidly PRAANCRR GORTAIRYM FRERYRE1VeLY the

ethylbenzene hydroperoxide and alkene feed streams, two
15 high pressure pumps, a fixed bed reactor, a third pump
for pumping a recycle stream over the reactor, means to
maintain the reactor uniformly at a desired temperatures
between 50 and 140 °C, a stripper to remove light boiling
components like alkene, a cooler and a vessel for
20 recelving the product.

The feeds were supplied to the reactor via the two
high pressure pumps and mixed together before entering
the reactor. The reactor was operated liquid full at
50 bara pressure. The temperature of the feed fed to the .

25 reactor was about 20 °C. If desired, part of the product‘
could be recycled and combined with the fresh feed with
the help of the third pump. The remaining product was
stripped, cooled and stored. If a recycle stream was
applied, the feed of propene and ethylbenzene

30 hydroperoxide in ethylbenzene solution were mixed with
the recycle stream prior to introduction into the

reactor.



epoxi dation bench scale unit with two vessels on
automati c wei ght bal ances contai ning respectively the
et hyl benzene hydroper oxi de and al kene feed strea
two 15 high pressure punps, a fixed bed react Or%’._gguaryZOOT
third punp for punping a recycle stream over the
reactor, neans to nmaintain the reactor uniformy at a
desired tenperatures between 50 and 140 C, a stri pper
to renove |ight boiling conpengats |ike alkene, a
cool er and a vessel for 20 receiving the product. The
f eeds wer el'smuppbkidittiont betabeadt grs vi aathd yshocorntiaghing
pressur ums and. ni xe et he n i tk
Feact or toRRE RTEs AL S BANE pr BPLERE o bRb Ly’ B che
bar a pEesspile.acthedimnper dhareeashinhecf EFdAf2454%5 .t Aetotal
25 reagl.o Wﬁg bout. .90 Il LeQf et d tor.
produc%tf %%u n%eggé%%%féaag%ﬁgg%ﬁbFﬂ%ﬁﬁﬁf%ﬁgtEe ?f@ghor
¥ eed with Thehergehpc dfydrioperdnidd paep.comiaineddiativegn 30
produc 0 St bRPEM, 16 qg;é 3bOF &S ae findetiBAveheene.
strean%ﬁg2§ g%%]kgdé%%%egggggeo Er%pene éhdn © ene
et hyl b&heefres30 fagdropebkiriecd Pyelhyl BePXORENS ANG iBA
were rne{ﬁglﬂﬂﬂéénetHﬁdf55395k§d§t§é¥%€39ﬁ'fH du@h amounts that
introduction into the ‘reactor. 12 - 9 January 2007 |
The epdkedeeian resial 9% PIRRSNG artkhysherzsRelyArorproxide
1d i tani ymonnsid igca which was prepared as described in
the Exanple according to the teaching of EP-A-345856.
A total ofh@FlgHaRBtafoh e V&P WRRSYPBEGEATIREGT 5O

the reaghercofvekigoAr @ANithylek PR Byt tepdisadde was
cont ai ned between 30 and 40 9 of et hyl benzene

hydr opéPBXP¥ERALF 1t YT Hezent. °¥ fe fresh feed was
obt ai ned byh#nisdcbgdpsapeneecabtidrheatet byldiemzrend the

1J1ydr0peerpg)}({§_ aetiso%I lﬂclos)nwallsn dSeLéngPaneDdugtsgurEQna that first order
reaction kinetics apply in ethylbenzenehydroperoxide and
in propene concentration.

Comparative Example 1

In comparative example 1, there was no recycle of the
20 effiuent obtained. After 20 days of coperation, a
conversion of 80 % was obtained using a feed flow of

333 g/h. The kp was calculated from the

ethylbenzenehydroperoxide concentraction and propene
concentration at this time, and was taken as 1.

25 Example 1

In Example 1, 2/3 of the product was recycled. After

20 days, 420 g/h was fed to the reactor and mixed with
840 g/h of recycle effluent, The ccmbination of fresh
feed and recycled effluent contained about 13 %wt of

30 1-phenyl propanol. The total conversion of the fresh feed

over the reactor was 78.9%. The kg was calculated from

the ethylbenzenehydroperoxide concentraction and propene



the nolar ratio of propene to

et hyl benzenehydr operoxi de 10 was about 6. The fl ow
rate of the feed was constantly adapted so th%t
conversion of ethyl benzene hydroperoxi de was ?January 2007
approxi mately constant at 80 % The second order
reaction rate constant of the 15 epoxidation (kO0) was
deternmi ned assuming that first order reaction

ki netics apply in ethyl benzenehysir-operoxi de and in
propene concentration. Conparative Exanple 1 In

conpar aghdeéht8%2Aph eatl thiBet Bnayasndows €Beahe ©b Hehé . 628imes
ef fluent obtained, After 20 days of o eratioP a
conver §PRrkmcadguds Rtk leFB? n%%“plﬂlaﬁb EXBERY$1 ow of
333 g/ h. The kO was cal cul ated fromthe

et hyl benzenehydr oper oxi de concentracti on and propene
concentration at this time, and was taken as 1. 25
Exanple 1 In Exanple 1, 2/3 of the product was
recycled. After 20 days, 420 g/h was fed to the
reactor and mxed with 840 g/h of recycle effluent.
The conbi nation of fresh feed and recycled effl uent
cont ai ned about 13 %w of 30 1-phenyl propanol. The
total conversion of the fresh feed over the reactor
was 78.9% The kO was cal culated from the

et hyl benzenehydr oper oxi de concentracti on and propene 9
January 2007 - 13 concentration at this tinme, and
was found to be 1.6 times the kO calculated in the
Conparative Exanple. 9 January 2007 - 14 CL Al MS
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1. Process for the preparation of al kyl ene oxi de,

whi ch process conprises (1) mxing fresh feed
cont ai ni ng organi ¢ hydroperoxide and alkene with a
recycle streamto obtain a reaction 5 nixture ©January2007
containing of from5 to 80 %t of al cohol, based on
total anmount of reaction mxture, (ii) contacting the
reaction mxture with a heterogeneous epoxidation
catalyst to obtain a stream conﬁttlal ning al kyl ene oxi de
and al cohol, and 10 (iii) recycting of from30 to 95
% of the stream obtained in step (ii) to step (i).

2. Process according to cl m L Iw@ £h process further
conprises (iv) contacting tgne—r-eﬂ‘ar-nder of the stream
obtained in 15 step (ii) with further epoxidation

catal yst G0 0BLAI A, A rBr BALEL RGEEAR SRS AN IdikY, wnich
free of " organi’c hyd?oper xide. . Process according
to claprbébs@rcamprxsaﬂﬂ ch process the reaction

M XL ure: 4R ecgegrés% $-eR ééaaal%gﬂera@ea%lef hg&éﬂe%kﬁde

to 25 ani c hy roper oxi from
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rocess according to any one of
precedpngtaiadi rROUNR DS FeRAEEM PrEERSY t he pr oduct

stream, !\ﬂj dgbﬂtﬁcEﬁﬁycﬂlﬁad reSOHY $8State MATH ion%ﬁroqfaneous
or gani c roper oxi d 5. Process accordln%Pto a

of theep%@@ﬁlﬁg R HSE tPnoRIAICHh 2pP bTeSs afny

reacti kaméﬁéﬂo%laabimtaq@oh@l,staeﬂ (ii) contains of

0
from 13138) 40 re/a&é\gzcﬂngaloqfoggclam 30 %anblgrélwt 97the st]f: am

obtained in step (ii) to step (i).
2. Process according to claim 1, which process further

comprises

(iv) contacting the remainder of the stream obtained in

15 step (ii) with further epoxidation catalyst to obtain a

product stream substantially free of corganic
hydroperoxide.
3. pProcess according to claim 1 or 2, in which process

the reaction mixture subjected to step (ii) comprises of

20 from 3 to 25 %wt of organic hydroperoxide, of from

20 to 50 Swt of alkene, of from 5 to 50 %wt of alcochol
and of from 0 to 60 %$wt of further compounds, to a total
of 100 %wt.

4. Process according to any one of the preceding claims,

25 in which process the product stream which is recycled

comprises at most 10 %wt of organic hydroperoxzide.
5. Process according to any one of the preceding claims,
in which process the reaction mixture subjected to step

(ii) contains of from 10 to 40 %wt of alecohol.



6. Process according to any one of the preceding

clains, which process conprises contacting the

reaction mxture wth epoxidation catalyst in at

| east 2 parallel reactors in step (ii). 5 7. PrEeeyy2007
according to any one of the preceding clains in which
the weight ratio of recycled streamobtained in step
(ii) to fresh feed is of fromO0.5 to 4. 8. Process
according to any one of the pregeding clains, in

whi ch process the al kene is propene. 10 9. Process
according to any one of clains 1 to 8, in which

procesg, t e oeEganictoRddi®pes @nlydend E‘ofGthgflmmmag claims,
hydr oper oxi de and whi ch, process furth [1,SeS ¢ rure
separ atHd Pﬁ@cﬁsﬁnh’@ﬁ‘wlg $&BAF T t%&fg ?%c uc Otn mix

st r eany i8N & pdehyshiadni Bgt&lﬁﬁstl-lpheﬂyleﬁthanmra/mmﬁl thectors
help of a 15 2eh¥dration catal yst to obtain styrene.

10. Prted€Pr §t*the preparation of propyl ene oxide

swhi ch 7prQQ%&SS@QﬂﬁE&&EBgCDﬂEﬁMﬂbn@;df thxt prereding claims
contai pi ng .0 rom,5,to o%t. of or.gan

Pydr opd? GIGE, T0F HGRE BT 0 ToRHe e BB gPtgned in
from S5step 7Qi%to oﬁrealhcﬁhéxﬂ anefofr@® .50 30. to 60

%t of furth b : o
r eacgl %hu[ﬁ fteLF%o C%% l?%t a?as "S' 8?) %ﬁ{hev\ﬁ%@ng claims,

het er oge nadud: ppwemtthenabmr&i yst ptepaist-ai n propyl ene
1OOXI de Qnd lﬁ:lo%%ggl ?%c]b]rdiggo’&?sashya ﬁgrcgf Q:g;at'ugsci "’Eonbloln

i n whiCTh process organic hydroperoxide is
ethylb@hmmhupﬂmydﬁ@pﬁwb%tdén%ﬁubydWhP%¥P%ﬂd§céése?ﬁhﬁpﬁéFene
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product and drating the _1-phenyl ethano
wi t h thepmtgn@f the deﬁ%ﬁ&% | %fgf‘aélﬁtlaff@? theoPERtisim strean
styrengng dehydrating the 1l-phenyl ethanol with the help of a
15 dehydration catalyst to cobtain styrene.
10. Process for the preparation of propylene oxide which
process comprises contacting a mixture containing of
from 5 to 25 $wt of organic hydroperoxide, of from 30 to
50 %wt of propene, of from 5 to 70 %wt of alcohol and af
20 _ from 30 to 60 $wt of further compounds, based on total
amount of reaction mixture, to a total of 100 %wt, with a
heterogeneous epoxidation catalyst to obtain propylene
oxide and alcohol.
11. Process according to claim 10, in which process the
25 organic hydroperoxide is ethylbenzene hydropercxide and
which process further comprises separating the 1-phenyl
ethanol from the product stream and dehydrating the
i1-phenyl ethanol with the help of a dehydration catalyst

to obtain styrene.



