WD 03/ 082843 PCT/ EP03/ 03525 - 1 PROCESS FOR PREPARI NG ALKYLENE OXI DES
Background of the invention The present invention relates to a process for
t he prepaoasiges4df al kyl ene oxi de. The epoxi dati on of al kem&Eprnsieas2al kyl ene
oxide by 5 reacting the alkene with an -orgahi c hydroperoxide is known in
the art. For instance, in the commonly known nethod for co-producing
propyl ene oxi de and styrene starting from ethyl benzene, the aforenenti oned
epoxi dation reaction is 10 applied. In general this co-production process

i nvol ves the steps ofPRACESS ARt PRIGARING PEEREEROXPEH oxygen or air to
form et hyl benzene hydroperoxide, (ii) reacting the ethyl benzene

hydr oper oxi deé WS ob&n' ne t"?'ié hi )y opene in the presence of an epoxidation
catal yst to vyi 1- phenyl -ethanol, and (iii)
converting the 1-phenyreidianalnvdiii @t weana dy tdehydicdd 0 fusi Rhed

sui t abl e dehydration catal yst.. Another nmethod for produci ng al kyl ene oxi de
i s the coprodURESRAT B P Sy ey BadeE e met hyl tert.-butyl 20 ether

(MIBE) starting frgm isehutans Apd #ronene iHis ahlg(rch‘e%%s(j Jeld, known in

the art and involves simlar reaction steps as the-styrene/ propyl ene oxide
productbi on processirdesdrd Eelkane tvhig ipragv icogspar dgrdapipe daxitdee is

epoxi dati on Stlﬁﬂ ter.t-t%tf,g%l hﬁydroperoxi de is reacted with 25 propene

formi ng propyl'BHabxite HEndtert-butanol in the presence of a

het er ogeneous epoxigiatiingt a¢fed| Yist -t heeldommdlgNdnovwg SiehsR@UEd Y
etherified with nmethanol into MIBE, which is used as an additive in notor
fuel s. WD 03/ CBZSUPPCHEPEHPIGENe oxide and styrene starting from

ethylbenzene, the aforementioned epoxidation reaction is

10 applied. In general this co-production process involves
the steps of (i) reacting ethylbenzene with oxygen or air
to form ethylbenzene hydroperoxide, (ii) reacting the
ethylbenzene hydroperoxide thus obtained with propene in
the presence of an epoxidation catalyst to yield

15 propylene oxide and l-phenyl-ethanol, and
(1ii) converting the l-phenyl-ethanol into styrene by
dehydration using a suitable dehydration catalyst.

Another method for producing alkylene oxide is the

coproduction of propylene oxide and methyl tert.-butyl

20 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 production
process described in the previous paragraph. In the
epoxidation step tert-butyl hydroperoxide is reacted with

25 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.



2 WO 01/70712 describes a nethod for the manufacture of oxirane conpounds
from organi c peroxide, other than ethyl benzene hydroperoxide, and ol efin
in the presoasossas a fixed bed catal yst, characterized i rciEpn3nises 5
conditions (1) to (4) indicated bel ow are Zatisfied: (1) the catal yst bed
is divided into n-layers and these are used serially (where n is an
integer of value FZPro1/MyAk dedkrlifRs Lo tHPRHSG RYOKGR FaStdi W dgd and
supplied 10 at the entry to each catalyst layer, (3) fresh olefinis

suppl i ed at texig@ng qanpdvends rfgtom catganist Heaypsrideandti)r ttharmr eacti on

m xture di schar fromthe exit aof .each catal.yst. | ayer ,except the final
cat al yst Iayeret?@qbleéjzseunpepﬁyéf( Olpeesrp?é{cj’tcfle\/eI‘ES}1 (?Jteastémeﬂhfh& e A&t of’

catal yst | ayera AR B @&k21dees rdfar=eItaird Ae@ drspecitalthet reat ment of
fresh catalyst. In the process according to the present invention, it has

been found t h&CTE o Sactllvédepdii dat 67 teat AW 20 <c &7 B Ldincki ned by
subj ecting fresh catid ysitd 0y & SRECH 161 & B, xﬁi%xys Und Nhese

I nvention It has now surprisingly been found that a cat al yst
activity can keecobtsddetdifalfliveswheatealnysts iag 125 egent adt e lwiet 12 @ eed
having a high molar ratio of propene to organic hydroperoxi de. The higher
catal yst act AS/ 'was observed duri ng the full life-time of the catalyst.

Therefore, thexresgnd frysntdaiarial Pasotina 1 atesisdeBAridrsddi®lied
preparation of al kyl ene oxi de which process_ conprises contacting organic
hydr op8r oxi de dndhl Iegifey to each catalyst layer,

(3) fresh olefin is supplied at the entry to the first

catalyst layer, and

(4) the reaction mixture discharged from the exit of

each catalyst layer except the final catalyst layer is
15 supplied respectively to the entry of the next catalyst

layer. WO-A-01/70712 does not relate to a special

treatment of fresh catalyst.

In the process according to the present invention, it

has been found that a more active epoxidation catalyst
20 can be obtained by subjecting fresh catalyst to a

specific treatment.

Summary of the Invention

It has now surprisingly been found that a higher
catalyst activity can be obtained if fresh catalyst is
25 contacted with a feed having a high molar ratio of
propene to organic hydroperoxide. The higher catalyst
activity was observed during the full life-time of the
catalyst.
Therefore, the present invention relates to a process
30 for the preparation of alkylene oxide which process
comprises contacting organic hydroperoxide and alkene
with a heterogeneous epoxidation catalyst and withdrawing

a product stream comprising alkylene oxide and an alcohol



wi th a heterogeneous epoxidation catalyst and withdrawing a product stream
conprising al kyl ene oxide and an al cohol WD 03/082843 PCT/ EP03/ 03525 3 as
reacti on wo®duogassy i n which process fresh catalyst is comrcampresioises h f eed
havi ng a higher nolar ratio of alkene to drganic hydroperoxide than the

nmol ar ratio of normal operation. 5 Detailed Description of the Invention
The epoxi dati as catattyisin yseiutys bel ramh et @mrcgeneussic alaalaisisknigywn i n

the art to be suitable for C%Eﬁ%ax}s?i nirg{@t he reacti on between an al kene and
an organic hyfHHRF GG ettt QiR GorPéEEIson diHg faltai éh@fod e and
al cohol . Such ﬁlﬁtﬁ%@%%ﬂcﬁ?ﬁd&rt% S Ry 13 r NV £ %otx}ﬁ?ala” :

The catalyst preferably is a hetero- geneous catalyst. The catalyst my
conprise as thwewstiadytically active netal one or nore transition netals,

such_ ag vanadllye ai eIa/ lenum ttiuor%lgsotfe ’het'fanré' ucmo%nd 15 zirconium One
particularly ts are the

titani um based catmleysigfoxithe itdrt aityDystamdee]l mgsert aasy e dmwi-al per se
or in any other form such as titania and titaniumcontaining salts.

Furt her -~ ror e 9§t Hs Gt ¥Ourdh Par tite e 137 tadiParea e Jor 20
catal ysts contajyyngsidid aHdMR1a H IR HPUAINING e CHd 'ﬁ%r -ofga%wé abl e

silicon containing carrier i1s silica. Exanples of such catalysts are for
i nst ance descrhiysbbparo:iSieA-th IBT, 840 tdred dER-rAsPo3vB 185 &1 KyS-eMvet (B H 342

G 519505 48 00 9L GGED LABAUIS S A8 3 Ko e oo
titani um whi lgowrP-iAr GH4 %856 Thes 38y st PrieaRirataR- Sid iChetero-
het er ogeneous catal yst. Accordi r%% to EP-A-0, 345,856 this
geneous catalyst. e catalyst may comprise as the
catalytically active metal one or more transition metals,
such as vanadium, molybdenum, tungsten, titanium and
15 zirconium. One particularly suitable class of epoxidation
catalysts are the titanium-based catalysts. The titanium
can be present as the metal per se or in any other form
such as titania and titanium containing salts. Further-
more, it has been found particularly advantageous to use
20 catalysts containing titanium on a silicon containing
carrier. A suitable silicon containing carrier is silica.
Examples of such catalysts are for instance described in
US-A-4,367,342 and EP-A-0,345,856. US-A-4,367,342
discloses the use of inorganic oxygen compounds of
25 silicon in chemical composition with at least 0.1% by
weight of an oxide or hydroxide of titanium, while
EP-A-0, 345,856 discloses a titania-on-silica
heterogeneous catalyst. According to EP-A-0,345,856 this
catalyst is obtainable by impregnating a silicon compound
30 with a stream of gaseous titanium tetrachloride followed
by calcination and hydrolysis steps and optionally a

silylation step.



catal yst is obtainable by inpregnating a silicon conmpound 30 with a stream
of gaseous titaniumtetrachloride followed by calcination and hydrol ysis
steps andwvopBisesad [y a silylation step. WO 03/082843 PCTPEPERNOGH2E 4
When these catal ysts are used, very good-results are achieved by the
present process. A further catalyst which can be used in the process

according to the BRSEMhdIWHIANdtS ald LANIMR %@dﬂf&hﬁit@ ¢on, oxi de
catal yst having (1) a nmean pore size of at least 1 , (2) 5 to 200 A pore
size fraction adursstdd ¥ nghaatp ettt FgRasfss.ot al pore vol une, (3)

specific pore vol of .at_|east, 0.2 ¢nB/g, and (4 i.ch _.catalyst is
obt ai ned by use O;Angfuqrutéjteel} ncaa?tyal n%%o#ﬁlﬁn%kgzﬁatr{ %fo L%see\rggllé} &hg (ﬂrloéﬁescf by
renoval of thexdemliatie,tovtiieh priengmltatieven {iINRLR2R3RA] i {MidntH n this
formula, Rl is a |linear or. branched hydrocarbon group having a carbon
nunber 2of 2 t FFE2HNPRE 10 TP iHdideat@ R IAT GO Havishdesar msre

nunbers of 1 througle G 1HECat@lysthas 43, bern deseid hed d 1 mrs Jet a'b'e

in WO- A-01/5778. Fresh catal yst according to the préesent I nvention can

cat al yst whi cledres dednifg eshlyegate e fort cdatlalposte wehivate hasS)been
regenerated. A regenerated catal yst which can be us%d as fresh catalyst in
the process ac®Hdifig R HHemy eferdtt | iford ams’/Gat a@Angst(40f wkHigth t he

activity has t; | flep i - ) ySt,J S
considered to C%g%aq}{s‘raisl% (;%a%ttgﬂslyst (Hc?)u?ll%%g o?h\eéof ragy%égyoafrﬁgggra isganl,‘d nor e
speci flbcal | y tcunplrg e, he flirsted’ aysmovest ospadief itealdlya tayr iwhg dhthe 25

first 3 days of operation. The ca3't34I yst is considered to be in normal
oper at i on template is [NRIRZR3R4]* (Within this formula, Rl is a

linear or branched hydrocarbon group having a carbon

number of 2 to 36, and RZ to R4 indicate alkyl groups
having carbon numbers of 1 through 6). The catalyst has
15 been described in more detail in WO-A-01/5778.

Fresh catalyst according to the present invention can
be catalyst which has been freshly prepared or catalyst
which has been regenerated. A regenerated catalyst which
can be used as fresh catalyst in the process according to

20 the present invention, is catalyst of which the activity
has been restored as described in WO-A-01/12617.

A catalyst is considered to be a fresh catalyst
during the first days of operation, more specifically
during the first 7 days, most specifically during the

25 first 3 days of operation.

The catalyst is considered to be in normal operation
in the time span of from 15% of its life time to 80% of
its life time. The life time of the catalyst is
considered to be the time between the start of use of the

30 catalyst and the time when the catalyst must be taken out
of operation either to be disposed of or to be

regenerated.



in the tine span of from15%of its life tinme to 80%of its life time. The
life time of the catalyst is considered to be the tinme between the start of
use of theoo30s8xat al yst and the tine when the catal yst nueCThPod/edsen out
of operation either to be disposed of or-td be regenerated. WO 03/082843
PCT/ EPO3/ 03525 5 Suitable organic hydroperoxides for use in the present
i nvention are secandarablandtertiarnyddomiaparded des desd vied dheom a C4- C20
al i phatic hydrocarbon, a C7-C20 aral kyl hydrocarbon or m xtures 5 thereof.

Exanpl es of sHISHHE or Y4 W R Spet Y iand JfF HIE%Y but vl

hydr oper oxi de,n J&¥ddaF yx Ad  dWithRea PErXi A& _tce%(iiaqr%rpacttiyd hydr oper oxi de,
et hyl benzene hydroperoxi de, cycl ohexyl hydrd%er i de,” cunene hydr o-

per oxi de and diywitodakshizyla Wﬁ*@%ﬁr&mﬁld@l Gydhesesbdd &t hl-enzane
hydr oper oxi de, cunmene hydroperoxi de and tert-butyl hydroperoxi de are nost
sui t abby appl itBtkrekne. & kaenel ars et iguittheb Jgr essyeniaverddore ean dees any

or gani ¢ conpound -havi t |least .one aliphatic carbon- carban doubl e bond.
Such conpound W94Y g‘?’%t’lki}ltc@nt%cﬁ‘%’?%ﬁez {5 25 3 GEH at i %ind
preferably frqmddidie, 12 carhory B@E, Wbéfé%cﬁﬁcmﬁ,n%th%rlw%e 2- but ene,

1- pentene, 1l-octene, 1-dodecene, styrene and nethyl- styrene. Mbst

preferably, hdwsraperpigie GYEChpdEkyds hee e adate. de/hgnsned deidip -
I Xi i n .acco e W tqh h f,th r.esent
propy! ene OTh eerrﬂnorslctlacgeui%rggpﬁeé’ﬂﬁ be%lozﬁ glfﬂ%){%ﬁaeesxso de N PIEREL,

i nvention. e nol-ar Tati’o ene t'o organic

hydr oper oxi de,etdgdredsz care Ipetitdparciirdaynetareess sutdorasodilte eprki dati on
catal yst used, the te eratéjre errpl,(?%/ed and the specific alkene and
organi ¢ hydro iyl hydroperoxide are most suitably applied.

The alkene used in the present invention can be any
organic compound having at least one aliphatic carbon-
carbon double bond. Such compound will generally contain

15 from 2 to 25 carbon atoms and preferably from 3 to
12 carbon atoms, such as propene, l-butene, 2-butene,
l-pentene, l-octene, l-dodecene, styrene and methyl-
styrene. Most preferably, however, propene is used as the
alkene, thus producing propylene oxide in accordance with
20 the process of the present invention.

The most suitable molar ratio of alkene to organic
hydroperoxide, depends on specific circumstances such as
the epoxidation catalyst used, the temperature employed
and the specific alkene and organic hydroperoxide

25 present. Usually the molar ratio of alkene to organic
hydroperoxide is of from 1 to 10 during normal operation
in a feed in which the epoxidation reaction has not yet
started. More specifically, the molar ratio will be of
from 2 to 6. .

30 In the process according to the present invention,
fresh catalyst is contacted with feed having a molar

ratio of alkene to organic hydroperoxide which is higher



25 present. Usually the nolar ratio of al kene to organic hydroperoxide is
of from21l to 10 during normal operation in a feed in which the epoxidation
reacti on wad3mngas4yet started. Mre specifically, the nol acTmabi/aswd | | be
of from2 to 6. 30 In the process accorditngto the present invention,
fresh catalyst is contacted with feed having a nolar ratio of al kene to

organi ¢ hydr opgraxitle wuldy irathigher (A2 GHLBAMB RCHHPAIH Q335 6 than
the nolar ratip of the feed fed to the reactor_ during nornmal operation.
The feed used WHEMF regFalc ARAsAR1s Pesdifed ety f@sha nol ar ratio

of alkene to ongan& hydroparaox de, Wi chyis, & A2 Ll the nol ar
rati o of nornal op(r-'}}r ation, nore 'pfpefere;% y%/at aﬁéegagiﬂoféfl L%{tgcrlé)ng)r%eferabl y
at least 1.5 alikegee ttre ongaaria dtydy agfe noorindd wiperhatiisorat nestst preferabl y

at least 1.7 ti 1 he | ar_ratio qf. norimal _operation., 10 More

speci ffcal |y, ]i'{EeiScsmbeésng?‘aq P 5 e @ red Q[flg%odfg}?ﬁacqpefrl’%&ﬁrbat"bﬂ%t Wi th
feed having agmifyramli Gtofleaaltkane,t enoH g PG dPadIgPeoxiedetof at |east 7
while the nolar ratio of al kene to organic hydroperoxide will generally

preferably be 1-es$ifedn thedMaley ncrtidl ofs nog&rdt iR r aNsaa prefsdr abl y, the
fresh catalys fesfe%grié@%;tteq]evgstth 1 eed shaw gglfegp{aag]'agg Fli? o nguén%ﬁe to

organi ¢ hydroper oxi east 8, nore p east
Epoxi dati on r eactrnadgri®nare generally carried out in 20 multiple reactors. In

i i har r. .of he r i [in ns wll
Vi ew {)the exothermc c a,gcte of .the react Ori’l coo feq: nmeans

generally be presSfte 5ESwdn PHd Yreddt dfs 9enerally preferred to

contact fresh catalyst with feed having a molar ratio of
alkene to organic hydroperoxide of at least 7 while the
molar ratio of alkene to orgaﬁic hydroperoxide will
generally preferably be less than 7 during normal

15 operation. More preferably, the fresh catalyst is
contacted with feed having a molar ratio of alkene to
organic hydroperoxide of at least 8, more preferably at
least 8.5.

Epoxidation reactions are generally carried out in

20 multiple reactors. In view of the exothermic character of
the reaction, cooling means will generally be present
between the reactors.

A suitable method for carrying out the process

according to the present invention comprises letting part

25 ' of the organic hydroperoxide by-pass the one or more
reactors containing fresh catalyst. The organic hydro-
peroxide can subsequently be added to the process
downstream of the reactor(s) containing fresh catalyst.
Fresh catalyst in reactors further downstream in a series

30 of reactors will generally not require a special
treatment. The ratio of alkene to organic hydroperoxide
in these downstream reactors will be high during normal

operation as a substantial amount of the organic



A suitable nethod for carrying out the process according to the present

i nvention conprises letting part 25 of the organic hydroperoxi de by-pass
t he one owomBogssractors containing fresh catal yst. The orgamproe3/Bsel o-
per oxi de can subsequently be added to the brocess downstream of the
reactor(s) containing fresh catalyst. Fresh catalyst in reactors further

downstream i n By&RIdetodUOf i d eatd ofedMidd IRNAY Adctits rEQHIR, §iSpeci al
treatnment. The ratio of al kene to organic hydroperoxide in these

downstream r ed?ﬁvcﬁ sf%qtlecbe Hih g NG Aelgh d-”p?e‘drleﬁ ioh ssensstsst anti al
amount of the g %ﬁ%@ P ro t he
feed to these react or sv)\g% 4% %ggkgﬁ%aact e ﬂ{asgcgg t r%shennch

rati o of al kerend cﬁumng;amqrmrwldrqnmfabmcde both when fresh catal yst is
presen and durl g nor mal er It is erred that fresh catal yst
P Theot i rat part Mo St hisos S At Iomin ot Sk dr oy Be & he
present inventdgontd dpditidite GPPdHRIION el H o RI8REMo tHae first
part is considered to be the first 50 % of catalyst used for converting

organi ¢ hydr o-PTEF 5T IR Wi ATh Il KeH& iRd-colstsin il tidArerreasiticds ame
al cohol . Mor eﬁt%est(‘é it CZII &> fltﬂec ‘;dra[&t A S LIRS dey ed | h%e%\;m tsEce first

40 % of cat use conv organi ¢ hydroper oxi al kene
to obtain al kﬁOer%evt @ d:eataﬂdzsad acieal fo:IrS dofnvterretlprg)(ceSgSams: ¢ardriced out in
asm | e reactor talnln | east cat al yst _beds, |t preferred that
ggt t he fﬁerrﬁx gao@ifé‘earté’t | dﬁﬁen % et‘s"ﬁ’éi present
Inventl on. |natl@o‘hdlonmé Wpedite ddinst, et aliwste tgfaCi(tS)lsarc%n%%@rfé%f ed to

be the catal yst bed(s)
to be the first 40 %wt of catalyst used for converting

organic hydroperoxide with alkene to obtain alkylene
oxide and alcohol.

15 If the process is carried out in a single reactor
containing at least 2 catalyst beds, it is preferred that
at least the first catalyst beds are treated according to
the present invention. In this connection, the first
catalyst bed(s) are considered to be the catalyst bed(s)

20 containing the first 50 %wt of catalyst used for
converting organic hydroperoxide with alkene to obtain
alkylene oxide and alcohol, more specifically the first
40 Swt.

If multiple reactors are used, the process of the

25 present invention preferably is applied to upstream
reactors. The expression “upstream” is used to indicate
that these reactors are at the beginning of the flow of
the feed. In these reactors, the ratio of alkene to
organic hydroperoxide will be lower during normal

30 operation than in reactors further downstream which
reactors are nearer the end of the flow of feed. In such
downstream reactors a substantial amount of hydroperoxide

has already been converted.



20 containing the first 50 % of catalyst used for converting organic
hydr operoxi de with al kene to obtain al kyl ene oxide and al cohol, nore
speci ficavbw3psm4first 40 %v. If nmultiple reactors are REEMPOI/OB52Pr ocess
of the 25 present invention preferably 78 applied to upstream reactors.
The expression "upstreant is used to indicate that these reactors are at
t he begi nni ng of tite ddnewerefialt pdread.on itHesSe rHaeRC ttehfhe rtalte Heatiin0 6f

al kene to organic hydroperoxide will be |ower during normal 30 operation

than in react GROFIFIHAN dRArdiFedm WhiRdTa lealorfs ot @ hd& érh hé€rend of

the flow of feadrd hBUch s QMSIEEAB NEALTQRT S 'Iqqes'*aiﬁ%ts@?}riéa‘l'na of
hydr oper oxi de ™ has al régdy been converted. WO 03/082843 PCT/lEP(%%SZS 8

| n commer ci al ngFartard oren e avertage G dgyor anaferap lan ofegmonddtd do r eact or
is typikcally f.r.om tQ Q' preferably of. fram 6Q to 135 OC.. The
‘ri Oé bar. enerajls.LyU (%'he re oh %eérlufmel’lasbll)p c;“?‘ef ﬁd‘r‘ﬁuf(ﬁi to 5

pressure in eac reactor can-de up to ar, €
60 bar. CeneraHasethe reaction mediumis in the liquid phase. It is

preferred to use the process according to the present inventionin a
series of reactorStwHicipiefedgissd fedsd dhecBoFesa grereied $6r itds of

reactors which, 10 6an g disad,d S dasgsgéﬁ%sofofa&éa%%&stwiw hal Iy

connected reactors containing a het er ogeneous epoxi dati on catal yst
particl es and agesradtest dyrld aaidlyi.c A nook erfreld esed dsy oft Hesastorenevhich

2ddi _ti(]jgnal ep%xaiég tei on. eac_taors colr(let ai T g_%[ _air?be (%fywoh_et er.o _r)n/eous
poxi dation 1 al y8©part i%1%65, S o shit imiiSus 1Y Wit HdPawitng a  product
stream from t ke dddtle Ep@ddd PR IRGAg a bed of heterogeneous
epoxidation catalyst particles and operated in a cyclic
mode, followed by at least one additional epoxidation
reactor containing a bed of heterogeneous epoxidation
15 catalyst particles, and continuously withdrawing a
product stream from the final epoxidation reactor
comprising alkylene oxide and an alcohol as reaction
products, from which product stream the alkylene oxide
end-product is recovered. A preferred series of
20 cyclically operated reactors has been described in more
detail in WO-A-01/12617.
Preferably, the feed treated in the series of
cyclically operated reactors is subsequently treated in a
bank of serially connected reactors, comprising at least
25 2 serially connected reactors. Preferably, the bank
comprises of from 3 to 7 reactors. The latter bank of
reactors is preferably operated in a fixed order. This
makes that the first reactor will remain the first
reactor and the final reactor will remain the final
30 reactor independent from the degree to which the catalyst
has been deactivated.
Therefore, the process according to the present

invention preferably comprises passing at least part of



conprising al kyl ene oxi de and an al cohol as reaction products, from which
product streamthe al kyl ene oxide end-product is recovered. A preferred
series ofwD®3ogxshi cal | y operated reactors has been descri pet/EPn3/o5ee

detail in WO A-01/12617. Preferably, the f®ed treated in the series of
cyclically operated reactors is subsequently treated in a bank of serially

connect ed reaciny SfePMHiSIdH) Alsdgiasd o R ERIiAMM GpnePRd-Jeact or s.
Preferably, the bank conprises of from3 to 7 reactors. The |atter bank of

reactors is preferidiil opdrefiate inp ik ddorfdad offiainashkdyrausdt & he

first reactor yil Jemddde tislateachor A1ddheddal; T saatar Wl

remain the fi 0 reactor ent fromthe degree to which the
catal yst has pfoesre e gstnty atfed.hel hergefrare h wdreperracesie deaar divrgpdssdse

pr esené i nvent.i on rE)?rsef er abley conpr i %;5 passi r)%{lt | east part of.
03/ 082843 PCT/EP03'03575 MY © the” YRR 2 %SR9S Gt° r'da which is
operated cyclf gl Yathalyyte pagdeithe Wired ol urad k. A urkanje of

reactors operated in a fixed order in which process part of the organic

hydr oper oxi de Theedr aRELPasFes Bt ronw dirafdy €adypdlvistalNas ds@caeed react ors
in which fres t al ysty . e t W oyt | {Emeratur f,,.1he
reactor(s) con%ha%%ge\f}scrléjsﬁ%t Zﬁ%{%stb%\g)?}bs;%%ﬁe%es? I Cl ental%fjlfgv%%lt e

by- pass can bestrgtheerd tand fliynaldare Stsoppechn Heudldep, téar eutdettaken to keep

the outlet 10 tenperature at |less than 150, C nore specifically at |ess
t han 511§5 'C. THR i i%n 1§55 ﬁélaf”e&]jt’otoct'héloéﬁoﬁpﬁéﬁf&?a aér is not
critical for tihesdraeess Bf the present

The composition of the feed to the epoxidation
reactor is not critical for the process of the present
invention in the sense that it may have any composition

15 which is common in commercial operation. Accordingly, in
case of a styrene/propylene oxide co-production process,
the feed to the epoxidation unit comprises at least some
ethylbenzene hydroperoxide and normally also a
substantial amount of ethylbenzene. Propene is either

20 added to the reactor as a separate feed stream or may be
added to the ethylbenzene hydroperoxide-containing feed
stream prior to entry into the epoxidation reactor(s).
The feed may also contain some methyl phenyl ketone
and/or l-phenyl-ethanol formed in the preceding oxidation

25 section or in a preceding epoxidation reactor or
contained in a recycle stream. The exact feed composition
depends on whether at least part of the feed has already
been contacted with a previous series of epoxidation
reactors. A typical feed stream to the epoxidation

30 reactor, which is first in line after the preceding
oxidation step including oxidation reactor product work-
up steps (like washing and distillation), comprises of

from 15 to 25 wt% ethylbenzene hydroperoxide, of from 30



invention in the sense that it may have any conposition 15 which is common
in comrercial operation. Accordingly, in case of a styrene/propyl ene oxide
co- pr oducwoan/ogasaxzess, the feed to the epoxidation unit eormPIyess2at | east
some et hyl benzene hydroperoxi de and norm&Ply al so a substantial anount of
et hyl benzene. Propene is either 20 added to the reactor as a separate feed
stream or may te SGdded dtth tlieretend berfz efveorh3dr ajee roaX iwde- gotipaing ,ng ff eed

streamprior to entry into the epoxidation reactor(s).. The feed may al so
contain sonme nEtyI° &H’e%yl‘”tkfetlo' - | /e&?‘af-%h@ﬁﬂﬂ -Oefi F&8 O &Pmed WhP t he
precedi ng oxi GRidRN FheIRAL e, A Preredi RE apexidation reactor or

contained in a recycle stream The exact feed conposition depends on
whet her at | east p[ar taromethylf ded thas valbugady ethean ((GBEAPedPwiltehea

previ oys seri . 0oxli | re . t Vi fe streamit o .t he
epoxi dgti on g%lg{eeac oﬁ%r%mcgwlqns %to?{set%si ?ﬁ%ﬁ%%?f ttéDr ett(:i%ﬁe eﬁ%%é&?&r%é’“
oxi dati on st epdattddididughpod séat iaan lreeatt Gron@r aduet-baank Wy dsioprs odiidee
washi ng and distillation), rises of from 15 tao_ 25 wt %, et hyl benzene

hydr oper oxi de, (T& )y ot 30 t\%%g%/‘ﬁé‘%’% SeETREP03 T8 25 1 U6 wt %

et hyl benzene, (qfyfd, M WY RS o Rt 1idnOP R de@ 52 W ]
1- phenyl - et hanoly arﬁpﬁ%ﬁ%m 0 tg 5 w% mn?t hfl lpr?enrigyl cketon\tg,gfrégpoenae tlost al

of 100 wt % | eidmeretddded ért itdvey fegtaflorettlsere EMPBER/Sr Gpidesd refimoxide
CO- pr gguctl Onr“{étygu%jfa#%fﬂ fteoe hteogtea%(—%%o |ac1%ti|non PR % %%ﬁgﬁogg}:o\s?gﬁtoét

| east “Sone te operoxi in tert-
Simlar as indtastigene/hy eppixdre tdonde @ tpraducti on process, propene is
either added to the reactor as a separate feed streamor 10 may be added

to the TBHP- cont allkisn@HO&ES SsPCERFBNdor 0t he present invention® can

further comprise recovering the alkylene oxide from the
product stream comprising alkylene oxide and an alcohol,

15 preferably with the help of distillation.

The process according to the present invention can
further comprise recovering the alcohol from the product
stream comprising alkylene oxide and an alcohol and
dehydrating the alcohol with the help of a dehydration

20 catalyst to obtain the corresponding alkene.

The process according to the present invention can
further comprise recovering the alcohol from the product
stream comprising alkylene oxide and an alcohol and
reacting the alcohol with methanol to obtain an ether.

25 The invention is further illustrated by the following
examples without limiting the scope of the invention to
these particular embodiments.

Examples

The epoxidation catalyst was a catalyst containing

30 titanium on silica which was prepared as described in the
Example according to the teaching of EP-A-345856.

The organic hydroperoxide used contained between 30

and 40 %wt of ethylbenzene hydroperoxide in ethylbenzene.



entry into the epoxidation reactor. The process according to the present
invention can further conprise recovering the al kyl ene oxide fromthe
product swoeanssedrpri si ng al kyl ene oxi de and an al cohol, PETmpPes/&sably wth
the help of distillation. The process accéiddirng to the present invention
can further conprise recovering the alcohol fromthe product stream
conprising al kyl eneneoxiietel ants ai & tc ahlatandl widehywdeatidlg tdfe Aalgahals Wi th
the hel p of a dehydration 20 catalyst to obtain the correspondi ng al kene.

The process actordli TRt The Prdseffts iaRAIRTSh sl iFaklthers dafsitided
recovering the lgohole 4L REPGHE L1 AITEAM GHID G Aldo @it 9 de
w t met hano

and an al cohol and reacti'ng the al cohol to obtain an ‘ether.
25 The inventiforesls dafralnert ild ustkeat echty dpgwerdtaldrowangheexlagtl es wi t hout
limtipg the scope of t i nvent.ion to  these particul ar _enbodi nents.
Exanpl gs The reep%%odrat?%ﬁthceatsaql&}sets'mﬁ?% Jcsa%"%s({ ue"&ﬁirﬁaﬁrf 1§30 Hi%ni um on
silica which vwasoiieparet-ias desaddibtthd fiduh Rt accadidig it d he

t eachi ng of EP- A-345856. The organic hydroperoxi de used contai ned between
30 and 40 9WORFTratifn betRafIYadrioperidia deqh ersh@shéntene bap 3082843

PCT/ EPO3/ 0352 The ry}%ﬁ:gé Steddieated, W dih Mok serjes of 4
reactors whi cﬁse\/\];alrs]aelolp}gfég% e cycc{i cezﬁtclry as cilescri bete}% %?Jn Sg{eeaﬁtl%agpl i cation
WO 01/12617. Thiekedaotder.containing fresh catalyst is taken into operation

o i hGp! 25t 5y eoghar Al e SeLLee o 800 16, Toved vestyeap cach e
Subsequent |y, ddwer-dead Masise ik ,badhn tefineseAlduph FaMaGtiedrR®aat or s
whi ch were operated in a
of ethylbenzene hydroperoxide.
Cooling means were present between each of the
reactors (both of the cyclically operated reactors and
15 the reactors operated in fixed order) to adjust the
temperature of the reaction fluid, with the exception of
between the last and the one-but-last reactor operated in
a fixed order between which there is no cooling means.
The reactors contained epoxidation catalyst and were
20 operated liquid full at 50 bara pressure. The temperature
of the feed being fed to a cyclically operated reactor
differed between 40 and 60 °C when fresh catalyst was
present to between 88 and 90 °C when the catalyst was
taken out of operation. The outlet temperature differed
25 between 80 and 135 °C and between 90 and 100 °C,

respectively.

The first order reaction rate constant of the
epoxidation (kg, in m3/kmol.s), as determined for the

first order conversion of ethylbenzene hydroperoxide in
30 the reactor containing the catalyst, was determined at

different points in time.



fixed order. 10 The final product obtained in the bank of reactors

operated in fixed order, contained no substantial anmount of ethyl benzene
hydr oper oxO®da/088a®| i ng nmeans were present between each of pChaPo3/e€saEet or s
(both of the cyclically operated reactorsland is the reactors operated in
fixed order) to adjust the tenperature of the reaction fluid, with the
exception of Heeimpden It he | ast and the one-but-last reactor operated in a
fixed order between which there is no cooling nmeans. The reactors contained
epoxi dati on cat al Y& dF¢dusies crideghePRVEd Wasqite At ed & e s8rd a5 efsure.
The tenperat ur ford Bed hei fied 11Q, .a euSlHLcal raeaﬁpst or
di ffered bet vver%r?cﬁé) agqn(;l%%o 'é@e”\;\hdg%lfl?%slﬁ%cat al ysdtgc\a/c\gsey %?itgtrﬁ%q{to et'ween
88 and 90 ' C when fidles! deatchlay statdas oft alrepenst tof edperldteincreneT ey dout- et
terrper?ture di ffr%r e%eZQJhbec veern 08ar,lcdm135 t'hC and _het veen 9(% a 100 ' C,
respecti vel y. PFRE i1 st order” Teacti onrat & Colstaft 6 1he @g Nfati%n
(ko, in nB/kmalrgahnicasydeigygricxddie aurtigy nfdrnsil opdetatGemverrsi amheof

et hyl benzene hydroperoxide in 30 the reactor. containing the catal yst, was

determi ned at COHiTFFerdnt® PESHSs iHhet iFR I NS 103/108 28T SPCREPO3 /3525 - 12
Exanpl e 1 Thefaed desard bed AhQye WS Jieatied wyaﬁr@%frgg&'ﬁ ;rirnr actors

operated cyclically. During the first few days, ~ t tio of

propene to et myirivedz epe tardon Bypedoiinge addiichonad Et@ytlibeegenlee nol ar

ratio 8f al kﬁ,@e to_aqrganj c .hydrop rboxi de during normal operation. In the
"

courstVof 2 wOSREOPEREHISS 3155 JE&FESsed to the

After the reactor had arrived in the first position

and at 80% of the life time of the catalyst, the 1n (kq)

of the epoxidation catalyst was 7.4.

Comparative example 1

15 The feed described above was treated in the series of
reactors operated cyclically as described in Example 1
with the difference that both during the first few days
on stream and during normal operation, the feed sent to
the series of reactors had a molar ratio of propene to

20 ethylbenzene hydroperoxide as during normal operation.
This molar ratio was the same as the molar ratio of
normal operation applied in Example 1.

After the reactor had arrived in the first position
and when the same amount of time had lapsed as in

25 Example 1, the ln (kg) of the epoxidation catalyst was
6.3.



nolar ratio of al kene to organi c hydroperoxide during nornal operation by
addi ng addi ti onal ethyl benzene 10 hydroperoxi de in ethyl benzene. After the
react or hwooansasyxed in the first position and at 80% of whe/HPhI/&525 ne of
the catalyst, the 1n (ko) of the epoxidaigon catal yst was 7.4. Conparative
exanple 1 15 The feed descri bed above was treated in the series of

reactors operated cyclically as described in Exanple 1 wth the difference

that both during the first few days o, %t rIe%JnSand during normal operation,

the feed sent to the series of reac | ar ratio of propene to 20
et hyl benzene hydroperoxi de as during normal operation. This nolar ratio
was the sane as the nolar ratio of normal operation _applied in Exanple 1.

After the readtor BREFSES ifedd tihe PREPRIASE Opositt P YL18RE WAt W8 ishne

anmount  of ti%ﬂmslsam%ﬁ%ésnc%%t@e%m?eo% 2@ Yoo r%&itd*éeang
epoxi dati on catal yst was  6.3. WD 03/ 082843 PCT/ EP03/ 03525 < 13 C L Al M
S 1. Process fadikernise wirtdpar dtsiter oglenglokygl erexdxiade onhicalt alysécesst conpri ses

contacti ng organic, hydroper oxi d nd, al kene wi t.h.a heterqgeneous

epox dat i on_cSaarseReand A BRRsH Rl Carbe S Paan BB CAG S kyl ene
oxi de § and amnal e@hell aholeast iredccproeugirsduct swhiieh whrieeeps odkisesh
catalyst is contacted with feed havi n% a hi_%her nmol ar ratio of alkene to
organi ¢ hydr opéeski F&teHastt e cepitactest Wétof fseFndirvdper 8t hégheZ. Process

accor g;ggn; 0GR Tarih WE € RNACESS oilgBtflc 1YarBbREY deS thAR! Apked Wi th
molar ratio of normal operation.
2. Process according to claim 1, in which process fresh

10 catalyst is contacted with feed having a molar ratio of
alkene to organic hydroperoxide which is at least
1.2 times the molar ratio of normal operation.

3. Process according to claim 1 and/or 2, which process
is carried out in multiple reactors.

15 4. Process according to claim 3, in which process part
of the organic hydroperoxide feed by-passes the one or
more reactors containing fresh catalyst.

5. Process according to claim 4, which process comprises
passing at least part of the feed through a series of

20 reactors which is operated cyclically, before passing the
feed obtained through a bank of reactors operated in a
fixed order in which process part of the organic
hydroperoxide feed by-passes the one or more cyclically
operated reactors in which fresh catalyst is present.

25 6. Process according to any one of claims 1 to 5, which
process further comprises recovering the alkylene oxide
from the product stream comprising alkylene oxide and an

alcohol.



al kene to organi c hydroperoxide which is at least 1.2 tinmes the nolar ratio
of normal operation. 3. Process according to claim1 and/or 2, which
process Woosasasiked out in nultiple reactors. is 4. Proce®STaEPODOIRZNg tO
claim3, in which process part of the 6réénic hydroperoxide feed by-passes
the one or nore reactors containing fresh catalyst. 5. Process according
to claim4, which process conprises passing at |east part of the feed
through a series cffrcm}asr$ancmmiwhjdﬂm isyoperaateed aycinscdl 1y defwdriech

passing the feed obt? etrq}throu a bank of react ors o er n flxed
brder Tn whi cHP SR & R b TR S o a0 U b dr i A ST TP
the one or norgrdy(edd cldeam apaist e deantigfiend cmcréﬂ ddesh faaitc”ztmeﬁt i S

present. 25 6. Process according to any one of clains 1 to 5, which

process furt hentEIFEE g dved idlFahnd a‘llktw drie dxglde oF raom t he product
str ea conpr i :ﬁ%;l‘t c
PCT/ E P03/ 3252?&% glcogggcagecgclgtﬁsd@% tadg)téﬁyn 8&2134 0 \Q%egsl%n%%%%%i aGI}Je\j}om ‘ch

process furthefr. comudeses aerovEnngd kamyaloehdf falennshe tor @juethisih eam
conpri sing al %rl ene oxi de and an al cohol and dnr%dr ating the al cohol with
the hel p of a B F&EUrAE ST AFRES T ERASTF PSS g ot

8. Process acGUinid tet ;A Qi SIrRj T8 Ky 1l B osicE han PTRE @SS it her
conprises recovering the alcohol fromthe “product stream conprising

al kyl ene oxi d@nghd <@ taingotdle amphadactitiy metdagicdoisl Alittaimetrhanol to
obtai pyan 10 ether.



