WD 01/ 12617 PCT/ EPOQ 08052 - 1 PROCESS FOR PREPARI NG ALKYLENE OXI DE The
present invention relates to a process for the preparation of an alkylene
oxi de, mor &&@agfically, to a process for preparing anpPel7kRoesss2 oxi de
froman al kene wherein the epoxidation neactors used are operated in 5
such a way that the |life of the epoxidation catalyst is significantly
prolonged. The present invention also relates to a process for .
re-activating an at |-easERQEHSS YORIEREPARENEALRELENDOSNERUS epoxi dation .
catal yst. The epoxidation of an al kene into al kyl ene oxide by 10 reacting
the al kene with an organi c hydroperoxide is known in the art. For _

i nstance, in the éfdiﬂmmbyekhOWVQMiMdrébates:ctqorao@bmobegs pfapyhene oxi de

and styrene st é;la&% drognbfeérbyé{ q{iﬁé Re,. i8¢ afq. ergé%tcl %S]s‘po%gg'\tllegn

reaction is 15 applied. 1n genera I's CO- pr oduct i t he
steps of (i) rRERISSHy LerhpreRHzarte ani ?hkmmmmeatfromtmfadﬂmet hyl benzene

hydr oper oXi de, uiddain’ @&l bpakidit 16t bebbeazenady drapepoxlde tus obtained

W th prﬁpene in the presence of an epoxidation catalyst to yield 20

propyl ene oxi dGh& Y2¥hehdt -tdienddde, Oﬁnélh‘f|€?H‘3deééh9ér¢$frﬁj-m5hels

1- phenyl - et hargigriiftieaat Yy epeslpgedehy e t@a&&s'lﬂgeﬁt%&& takle dehydration
catal yst. Anot h<=jzf net hod_f or Cprod cin ene oxide is the coproduction

al
of propyl ene o5& @& EndCnRtREASSSr OﬁugﬁTac EtREr 2F MIBE)easttaPeF By f rom
i sobut ane and graapdnetedhhstpropeassussepetidduionnchfaiig art and invol ves

simlar reaction e s.t.he st rene/ l.ene oxj de production process
described in the pT?%vig%u)gl%aé:rlé)& é%h Bﬁ{gﬁy 858x?gfé¥djred$? SFdPetRY t - but yl
hydr optt oxi de 4eaqtdast bhe vﬂltnten@Owyatbpemeozfgxnncngyprqng/ﬁceﬁeleoxs de and
tert-butanol iydheinPrgsence of a heterogeneous epoxidation catalyst.

For instance, in the commonly known method for
co-producing propylene oxide and styrene starting from
ethylbenzene, the aforementioned epoxidation reaction is

i5 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

20 propylene oxide and l-~phenyl-ethanol, and (iii)
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

25 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

30 propene forming propylene oxide and tert-butanol in the

presence of a heterogeneous epoxidation catalyst.



WO 01/12617 PCT/ EPOO/ 08052 - 2 Tert-butanol is subsequently etherified
with nmethanol into MIBE, which is used as an additive i fuels. The
pr esent in&@ﬁppaﬁ7concerns t he epoxi datiopn reaction betmggﬂgéﬁ&%yiene and
an organi ¢ hydroperoxide, 5 and nore in particular the epoxidation

reacti on, wherein, _ i |d f. .8 o) I 1 Y., G i xed bed
reactors, each?%?ﬁ g%@ﬁ@h"%{ %Iuggg?d%ﬁgf%e%h%?llf%{je?b%}g%%bgqggoxi dation
cat al yst, ther épyop¥FBE cuitbidhy isaddedsas mp taddidenet ivandter duethi s

het er ogeneous 10 eppxigaldon Galahystn HBI&IAYERROUS SRR on catal ysts
are known in the art.” Such catalysts may conprise as the catalytically

active netal of&26Fifdrietyaaisien ahkfee AR aduSRIABLC VRItHEIPSFPXABEybdenum
tungstens titarndMnapg Z4 i alSckPeepNildacubar Fyastidmbhgecbasgs of
het er ogeneous epoxidation catalysts _are the titani umbased catal ysts.
Exanpl es of sulff®caf Pyt s°farae%1a\é§ Pﬂsf%‘?fcaeﬁde,&ffff’f’f)%‘be‘? n1%98- Red, 367, 342
and EP- A-0, 3458560tk feadki3G4,1342 wiltiscdtDSeasthendsieedfod Nor gani ¢ oxygen
conmpounds of 2 ilicon in chem.cal.conposition with at |least 0.1%b

Cer gt of an ofeu8rBl RS RREORE PE e ihyodm FhePel) e thnlagth ™

di scl oses a ti hadresoingitlicaeaket esavijemeniizhdat héystogehepmsdi Ng t o

EP- A- 0, 345, 856 LS I i.S.obtai nable by inpregnating a silicon
conpoun66125 Wi th?% ?%%%af%%&gggéus titaniumtetrachl oride foll owed by
cal ci nati on and hydettyedienspuspsraniddaptirpraliteyyats sitg/ kaowonist epe Wien

such het erogengQys §ROXI At 19 +Gahal YSifp AR aYSefe t&GALAlYSE | Ne
epoxi dation of an al kene, 30 deactivation of the catalyst will Occur.

Wthout any pPeFéKei Detresisr €5 BATRPBAAMIOR Batat YstSUCRhPEN i s
contacted wi thyanshi@aMkARicRuRY Bingd )€ taBEndfn and zirconium.

15 One particularly suitable class of heterogeneous
epoxidation catalysts are the titanium-based catalysts.
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

20 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-cn-silica
heterogeneous catalyst. According to EP-A-0,345,856 this
catalyst is obtainable by impregnating a silicon compound

25 with a stream of gaseous titanium tetrachloride followed
by calcination and hydrolysis steps and optionally a
silylation step.

When such heterogeneous epoxidation catalysts are
used to catalyse the epoxidation of an alkene,

30 deactivation of the catalyst will occur. Without any
preventive measures an epoxidation catalyst, which is
contacted with a stream containing an alkene and an
organic hydroperoxide from the preceding oxidation step,
will have a limited lifetime due to deactivation and

35 consequently will have to be replaced.
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organi ¢ hydroperoxide fromthe preceding oxidation step, w.ll have a
limted I1i i due to deactivation and 35 consequent| y,w to be
repl aced.w%{@aéheet Has Been Repl aced 311,11111111111111’1%%"’%%1/ 12617
PCT/ EPO0/ 08052 3 An increase of the lifetine of the catalyst would be
beneficial, as itapouyldda@eubl theal 1 ONGle Y tRRN Ba£9BYst SIS e

production of al kylene oxide. It would reduce the costs due to catalyst
consunpti on aPePeHeidive adnd t5VEBSE ST HVOT Vidd & R iPBRBadRATe tHS Y eact or s.

Furthernore, egfedtireads@@udifiehi a8 ofkjhencatalest 1kswdesd rallge because
in that case the average reaction_tenperature B could be kept |ower, thus

produci ng | essPhyEHToH s FOTRA AL ¥S B nt O TR 0N 2BFobPles T &Y i r st
aspect sa 10 psgcesinvdivedhdnprepasain@nodfthan rebkybene pxitdee ridpnegl vi ng

the cyclic operation of h of seriall onnected, fi bed
epoxi dati on r@ac %‘?%eaospeeaféltlgfn%ﬁﬁ‘ e?’? %:ké?télaa}tna CSNdit] gﬁglﬁ%ble]geﬁf have been
found to signbécaase |in Yirad caget hbecavedaast Heaicgiofheeppecagsraaccordi ng to

the 15 present. .| i S | - Jdyati _ jvat ed
catal yst and %‘ﬁ%% )éa%%tlr %%wgtgéeéghgf%ﬁ&rtgm\g? llteﬁg ggt% ‘f}“ﬁ‘t%.ﬂ&rm s, in
return, results iThe RERSENGodNVeRti@RIPIQY RS produtiive pinrss

Accor digngl y, %ch@és?sie&t HHAY @Heb@Paf ELALES 4P a3 xy2@nBr OkEgs for the

preparation of al kyl ene oxide, which process conprises passing a feed

conpri si ng aniBYgERIRI WY Ter6x PRET AhtP™al e fe PERKOBEhS B hKY of at | east

two seriallycepneeeded ﬂiﬁﬁ:& B8 apbx Lo AMidiGckobedopd rate! ar@ganeous
icles a

epoxi dation catal yst par 1.6l e d operat _ebd 25 in clic npde, aptionally
fol | owed by aFefE%’sI? "g‘?{é&l addi®t f"gﬁ‘éﬁ PR éﬁupgaggo?l%’b’rnﬁoja‘ia}ﬂ a bed
of het erogengouscrepoticdatataiysat aliyst Tlee tpmloess andording to the
15 present invention results in a re-activation of
deactivated catalyst and hence in an increased lifetime
of the catalyst. This, in return, results in a more cost
effective and productive process.
Accordingly, the present invention relates to a
20 process for the preparation of alkylene oxide, which
process comprises passing a feed comprising an organic
hydroperoxide and alkene through a bank of at least two
serially connected reactors all containing a bed of
heterogeneous epoxidation catalyst particles and operated
25 in a cyclic mode, optionally followed by at least one
additional epoxidation reactor containing a bed of
heterogeneous epoxidation catalyst particles, and
continuously withdrawing a product stream from the final
epoxidation reactor comprising alkylene oxide and an
30 alcohol as reaction products, from which product stream
the alkylene oxide end-product is recovered, in which
process:
{a) the first reactor of the cyclically operated bank is
put in a position further down this bank or in a position

35 directly after any one of the additional reactors, when



continuously wi thdrawi ng a product streamfromthe final epoxidation

react or cqurO{, '6 g al kyl ene oxide and an 30 al cohol as rRaethnekr oducts,
from whi ch product stream the al kyl ene gxide end-product 1I's recovered, in
which process: (a) the first reactor of the cyclically operated bank is

01178, P 4 I vy, A5 et L1

after any one of the tors, when 01 PCT/ EPOO/ 08052
4 the activitirefeiphdagperreeaish t@atal yatesbmddimder La¥eel n has

decreased to ap,ungeshiabbys] Ovd a¥e! cath)l yid JitrS dReskhion dbe watal yst
W th decreased activity 1s contacted with the effluent fromthe reéactor in

the 5 precedi ng® FEEIMECER% YL ED t e &Lt ueatwhF e §he FearEgast insthe hi gher
than the f}naLpﬁffﬁlEﬁ'@t gbg%aioﬂw%t%c?h ttR@pegat @ty SthiWdS ikNatiSeeddr the first
position of t ank and for sufficient tine to restore jts activity to
the desired Igveq h’fg‘e}f\ FEFor t 28 g&CBPETHE 5 Gle 828R cH?ing to the
present inventéotalystt kat fheuseant ahec@nt-at nbegi dike odeané i watledmat al yst

does not have £O, bs%éf%%gng%in?f ope[?l%ti on.gach t.i ttg(e) Jﬂ@e\j/el of

deacti vation had® betoms  UhdesTT abl fe 8 ° 56 t%cattlvtqﬁé process need not be
15 i nt errupt eddesicted ilegefihe epoxi dation catalyst in the first epoxidation

reactorlohas deact iAv%ggr EH&&{‘%HQ”&: th@%%@c@s@i '}.Q:cio@dﬂg ?ﬁ\g& osition, the

deactivated catalyst “may still Tontinue contribute tt I nal
al kyl ene oxi dersgesitd inNgnelon hithat toeasesstiay doptphnieastiry, 20 the

amount of al kegg, GonMRbedat Bl Ps@ldodseRecoxLde Qv e chRbg SPecldic catalyst
bed may al so increase. Cyclic operation of a bank of serially connected

epoxi dati on re2RYIGL IS SRABWAITH thfe 18Vl £brdgardiyRcdon Ris PehpRe37
di scl oses a nekhdgkf:@b19PRLGH) NEb aHdankhef process need not be

15 interrupted each time the epoxidation catalyst in the
first epoxidation reactor has deactivated. Furthermore,
while being in its new position, the deactivated catalyst
may still continue to contribuze to the final alkylene
oxide yield. Namely, while its activity is increasing,

20 the amount of alkene converted into alkylene oxide over
this specific catalyst bed may also increase.

Cyclic operation of a bank of serially connected
epoxidation reactors is known in the art. For instance,
US-5,849,937 discloses a method for operating a bank of

25 serially connected epoxidation reactors for producing
alkylene oxide, wherein the reactor containing the mostly
deactivated catalyst is either in the first or in the
terminal position and, when taken out of operation, is
immediately replaced in respectively the terminal and

3C first position by another reactor containing fresh
catalyst. Accordingly, in this method a constant number
of epoxidation reactors is continuously in operation
while one reactor is in a standby position. Having one
reactor on standby is considered undesired from a cost

35 perspective.



25 serially connected epoxidation reactors for producing alkylene oxide,

wherein t r containing the nostly deactivated c ei t her
in the fi :\g?BﬁPz‘E%ﬁ the term nal positiongand, when take% ou?‘%fsajs?)peratl on,

is imediately replaced in respectively the termnal and 3C first position

by anot her react orzrpcwﬂmeryamlf Bsébatﬁ%aékyestepdm%%ﬂgicxacwo& his method

a constant nunber " of epoxidafion reactors is continuously in opération
whi | e one reactWwigxsllin Rigddpytpasi Esmrer HasAesg oénao F@a@:ﬁ)r fbn st andby

i s considered y@ﬂ@a%lrﬁwd‘ rQM125C08t andSpRESSNAGE e £o VW) 04412617
PCT/ EPOO/ 08052 In commer cial operation the epoxidation reaction is

typically car r?‘éjd WY 0 (OGEr REdr ¥R 8P tfe2E380or, medinR Py 0 125 C
and pressures ulpetmcﬁﬂcbmasesun\rbabbymotﬁaésasbar tettpthatlige reacti on
rredlumbelngln i i.S_a tenperature

d ph :
i ncrease in thd" ?]é%"‘bi ’gg:lqeh%e%%g)?lrd%f rrq_he @é§l&§l°nTﬂﬁ?n$%‘?% cool i ng
nmeans are Ssui t’ahéyemzss,emOOhe;m\gemnanea@hetm@ﬁ&egmeaén&pﬁaﬁdﬁn on

reactors. In o%l o ‘f%esqﬁgg%gﬁ%%tte é%l&?ﬁ c?nthe‘é'ctt%rgosf ogr&&e cat al yst due

to 10 deactiva atur reactor rai sed e.g. by
control ling theom@mt&)ffm@hengctappw ebbSSs@ft Hmle Fhéabmﬂt/edm g in each

reactonan begekeply Al e dgsickhoksviste HNGHCHREERLYI £ak pd @l sed unti |
a tenperature is reached above whi ch one woul d 15 expect fhe negative

side-effects (éazgsecﬂheem)rr?aftuceﬁtépllbyg p‘i‘féﬁjlfc‘,rtoé‘)“tt gfbeeehE"Unaccept abl e
and the deactly 108y, tep bﬂla&t theCBohe¥edidhatn aphagesBpbr ofard e catal yst

IS necessary. e nmaxi.nm perature r ached during the epoxjdation to
conpensate for ?PIE FosP D% ﬁflv‘éf S JOTPECAYEE 18 TR ed to as
the "final terrpﬁtalmeﬁ'emp'lél’nas:urfei nal reacipst aihove whikthnenealdyide reached
tomardgughe expect the negative side-effects (e.g. the formation of
by-products) to become unacceptable and the deactivation
to be at such level that replacement of the catalyst is
necessary. The maximum temperature reached during the
epoxidation to compensate for the loss of activity of the
20 catalyst is referred to as the “final temperature”. This
final temperature will normally be reached towards the
end of an epoxidation cycle, i.e. the period between two
subsequent reactor switches in the bank of epoxidation
reactors plus possible additional epoxidation reactors.
25 Thus, in the process of the present invention the at
least partly deactivated catalyst in the first reactor of
the bank is subjected to a temperature which is at least
5 °C higher than the aforementioned final temperature.
This is achieved by placing this first reactor in a
30 position further down said bank or, if one cr more
additional epoxidation reactors are used, in a position
directly after any one of the additional reactors and by
contacting the deactivated catalyst with the effluent

from the previous reactor at the required temperature.



end of an epoxidation cycle, i.e. the period between two

react or S\%é&l}l in the bank of epoxidation reactors
addi ti onal epOXI ation reactors. 25 Thusg 4 n the proce
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very much prefappgéneridiwayer, hoselierst teactprset r@m:thélnﬁoﬂsmet bank is
1141 19per at ed
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reactor. The BQﬁP&aB?dsJé%‘éqqrf EBnRERR el )aﬁ&IGS?EFFE%\YEF yi cﬁ?ér at ed
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reactors, while aThT)r (%d Sﬁakf‘ﬁ{r’fn MRS 6 a?%a@f%]r

al

at

| east three
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15 fixed bed epoxidation reactors. However, it is preferred

that this bank contains at least three reactors, while a

preferred maximum number of reactors forming the bank is

seven. Most preferably, said bank consists of three to

five reactors.

20 After the bank of serially connected epoxidation

reactors described above one or more additional fixed bed

epoxidation reactors may be present. If more than one of

stch additional reactors are present, these reactors are

suitably connected in series and are preferably noct

25 operated in a cyclic mode. If present at all,

the number

of additional reactors will suitably be from one to five,

although from a cost perspective one to three additional

reactors are preferred.

The reactor switch in step {a) takes place when the

30 activity of the epoxidation catalyst contained therein

has decreased to an undesirably low level. Normally, this

will be the case when the catalyst has 20% or less of its

original activity left. The term "original activity"

refers to the activity of the catalyst at the start of

35 the epoxidation cycle, i.e. directly after the previous

f
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Jscaf* ¥m ng the bank is



20 After the bank of serially connected epoxidation reactors described
above one woommsey addi tional fixed bed epoxidation reacPOTEPIERIRE
present. If nore than one of such additional reactors are present, these
reactors are suitably connected in series and are preferably not 25
operated in a E§RFFQTL rotdch #hgResBRt catabyit ithguRSHBEP WaT iA% iidhal
reactors wll guétwablye llﬁigl{jgoﬁhoﬂﬁlet OehttEx irﬁ|t1hfé0lﬁghfsf:|’§’6%ﬁt£ﬁ§tof
perspective one to three i tion eactors are _preferred. The reactor
switch in st eptl(‘?a)‘:)fcgﬂe?laﬂa@@e\fﬁgﬁdt {’l%r?k B%Iraec%r\??’ﬁy'o’fh? heS&p3d dat i on
cat al yst cont asnetel henl@isn plhase deenetsedcdtmlaystundegi habl Yo% ooy [lesss .
Nornmal Iy, this__w/ll be . c whe c % s of its
ori gi naIBé act i V|°§yl Bt t}galt %?:%lwgr“?g%%%f' ggcizot@ley/?)t fgg?éﬁér%?%e‘?ﬁen
activity of thescatrdinsit giretfiegabllar leps Bwan Hé .epowedati orheycle, i.e.
direct|y af terchhe) previdis NQQLL1ZE1A o POLLEPAALORDS2. L gast OF swi t ch

when the catal yst in question was taken in = use ‘being in the reactor
in the first pestsidm ©Wie nmgesyéndéaprfgd ot S¢PERAKNY PPRf EFHIANTE t he

reactor switch;kakesonlareapaen cihentabad Yot lotoRasiA0laorbdmss 5 of its
original activity left, nore preferably |l ess than 5% and post preferably

less thHdh 1% PRoARSRTe thaddiidgnridt raRAETratiadt PévErAREYY VRIS &1F may
even be outsidempbeitisrges ithdi gakad above depending on factors |[ike
cool ing capacity, nunber of reac%ors in_the ba sence of additional

k, 10
reactors, rate of UdactiVRy SA3SNE” Eﬁﬁ%giﬁnorr%’eofzafﬁgé%e%‘a? €act ual

react or sw tchsoanalbke cararisednown by ahy sksililteablopemeans kmdvprdaedshe
skilled operat ghgande P 4F&SR1 18N ALARChea AOMIRI Yoo ggﬁsgeéﬂsaa\@+dat%onpr' se

an adequate 15 prpeline systemw th valves at the propriate Tocations,
so thatld he fepdrstiransy it eithygat ves raarh orPPREPryake olecatdaitsor s can

be led to the dgsirged Placked RttB8ms and effluent streams of the

various reactors can be led to the desired vlaces in the
process.
In step (b) of the present process the catalyst with

20 decreased activity is contacted in its new position with
the effluent from the reactor in the preceding position
at a temperature which is at least 5 °C higher than the
final temperature at which the catalyst was in use in the
first position of the bank and for sufficient time to

25 restore its activity to the desired level. It has been
found particularly advantageous if this temperature is at
least 10 °C and preferably at least 15 °C higher than the
final temperature at which the catalyst was in operation
in the first position of the bank. More preferably, the

30 temperature to which the at least partly deactivated
catalyst is subjected is not more than 50 °C highex and
more preferably not more than 30 °C higher than said
final temperature. The period of time during which the
(partly) deactivated catalyst is maintained at the

35 elevated reactivation temperature should be sufficient to



process. In step (b) of the present process the catalyst with 20 decreased
activity is contacted in its new position wwth the effluent fromthe
reactor i nYPR¥ ¥eceding position at a tenperature whi cPHEVEPMPSPRast 5 C
hi gher than the final terrperature at WhICh the catalyst was in use in the

first position_of_the ndfor ffi n 25 restore its
activity to thESHE|% etg' IlVlH’ ‘Pfﬁauc e ftléﬂﬁhdt?)atﬁ'ﬁ AR%3FE¢ advant ageous
if this tenperbhtwe. |I\B:13talllyeash1ﬂ0~1ﬂlanﬂb tpbef beablyhat Aceastirdd C hi gher

than the fina er.at aL_which t al was .i.n._o rtlon in the
first positi onﬂj%(% e%a#k%twgase et era l%% %gé Vatlo@r g’t%ﬁ?e ?o whi ch
the at | east paﬂ:dlrypljleeet@td vahede eatrai yfsmxeldsms&bp\emtie:d tl'lssn@ttrnm)re t han 50

C hi gherg and gug efer ?QaXtBPtha%r\%Lh%ntﬁQ ga{g said final

terrperature perlod of time during t he artly) eactivat ed
catal yst is rraFﬁ%‘é’ih‘é%Feai eReiBs &} SRR e aREF¥RtToNn Tewpefhe urRtShoul d

be suffici ent VO QUA2017 PCTLEPOR0R0%Re- ford OB ok astiyity of the

catalyst to the desire | evel ., Normally, this will not ess than 20
hours, becaus@Pi® ¥hfonyass Fﬁ%@x’?@hﬁté’ntallke‘ééﬁ??\fé’ﬂ% wdultiebe

accorml I shed. Fbgéeod scdaﬂ;aflhmgl PRifaradravhhes ¢dtmLyst hesause ihe reactor
,reactlvated rena|ns in constant o eration.

containing the cat aI
Thus, t e mor ePPEHE" %ﬁ'alt??ﬁ“ Fae r eing iy FE08 1 PR hor'e® RS PEALEISRL i s
abl e to converisal&enminidobgl Kyé edenapdivdeiohf rate off edet eatadpsni ning the

re-activated catal yst I’EITB.II’] |n 10 ,oper gt en het| ins in
its new posi tltg;lnél 4 tcilee[ erer‘—il‘ic ed 'f)hl(fthe dgttgcgl vat pbn filzftset %%%f’%an% yst

bed of the reabh@rbmrcibelcgushehhlm dshechfei cetapyst triext dh l@he barde
because this i35.1he Cal@ldStenext i&éﬂo‘le bR BEn: ff @Gt ivatedivdfed he

react or contalnlng the re-activated
15 catalyst is placed back in the first position of the bank

of cyclically operated reactors, then the time it remains
in its new position will suitably be at most 10 days,
preferably at most 6 days.
The stream, with which the catalyst to be
20 re-activated is contacted, is the effluent from a
preceding epoxidation reactor. This effluent will anvhow
contain propylene oxide and an alcohol (l-phenyl-ethanol
in case the propylene oxide producing process forms part
of a styrene/propylene oxide co-production process). In a
25 styrene-propylene oxide co-production process this
effluent will also contain ethylbenzene and normally also
ethylbenzene hydroperoxide (EBHP). However, EBHP may be
essentially absent if the reactor containing the
deactivated catalyst is placed in the terminal position
30 of the bank of cyclically operated reactors and no
additional epoxidation reactors are used. This embodiment
will be discussed in more detail hereinafter.
Accordingly, in one preferred embodiment of the
present invention steps (a) and (b) of the present

35 process are repeated until the activity of the catalyst



15 catalyst is placed back in the first position of the bank of cyclically
operated R&ESpl9ES: then the tine it remains inits new Ebdo/eghsiM | |
suitably be at nost 10 days, preferably9at nost 6 days. e stream wth
which the catalyst to be 20 re-activated is contacted, is the effluent from
a preceding epoykdatigotieacddrcanl oS 16hbbens wddoranyheweheont ain

ropyl ene oxide and an al cohol (1-phenyl-ethanol ,in case the propyl ene
gxigg produciﬁﬁstSSegiv?ﬁrggh éﬂ%ﬁ%q5f¥algt§?Eﬁﬁﬁkﬁ?ﬂﬁﬂneﬁ@no?98e >

Cco- producti on lpnhgeessks . adexquatly sfifleenedpt opys epree u kel ¢o- paRduthée on

process this effl t will. al qQnt al yl ene and.normal ly al so

et hyl - benzene%ﬁfgirégge?%\%(%e&(% c C%%\%é?/%?w%ﬁﬂé J‘nsn>5ﬁaqt3°’(@aq"lyessenti ally
absent $f the deeativatednt@ihioly aderatdenct Foarewlac dhesdepstpirated in t he
terminal positd.Q)3Q: 0fn t £1; bande Glo CYG! Eabh Yo OPLN Pl L aGEOEE; and no
addi tional epoxidation reactors are uséd. This enbodinment “will be

di scussed i n rFsREtaEt BRFX hbrle? mEamEtioncédr Bhagtsrminplopespiéper péd

enbodi nent of dyRepapkesent invention steps (a) and (b) of the present 35
process are repeated until the activity of the catalyst WO 01/12617 - 9 -
PCTI EPOQ 08052  t 6"b@RPERSR tR AR eéaﬁx‘HBd%’B%‘ért}H’e HrosesPeftt 6hehe
desiredol evel priedehbeinPertiodl d@nAdisiegal hOAdERIL 610 td G@ps he) agdequatel y
effected it isggr%berred to Eake the reactor containing the catalyst which
is mostly 5 de'&ct 08t 88PBuRt of operation, to replace the deactivated

catal yst in thics aéaetothdyadtricsitycatfakst canal yatt Has deeneaesoorddck into

operation in the ber LoakoROPIdON e bhEeDRNK: Ak AANGY PRef el red

enbodi ment the process o present 1 nvention conprises In addition
to steps (a) dddst(bpsihtontehsthsf banky after the activity of the catal yst
has begg reStO(rcﬁdoptionally steps (a) through (c) are repeated at

least one time;

(e) the first reactor is taken out of operation when the

activity of the epoxidation catalyst contained therein

has decreased to an unacceptably low level and can no

20 longer be restored to the desired level and the
deactivated catalyst is replaced with fresh catalyst;

(f) this reactor is put back into operation in the
terminal position of the cyclically operated bank; and
(g) steps (a) through (f) are repeated while a product

25 stream containing alkylene oxide and an alcohol is
continuously withdrawn from the last reactor.

In this embodiment the at least partly deactivated
catalyst is put back in the first position of the bank as
soon as its activity has been sufficiently restored.

30 If no additional epoxidation reactors beside the
cyclically operated bank of epoxidation reactors is used,
one particularly preferred way to carry out the latter
embodiment is to place the first reactor containing the
catalyst to be re-activated in the terminal position of

35 the bank of reactors in step (a) and to increase the



to the desired level, the reactor is put back in the firzt pos:tion of the
bank; 15 ( ionally steps (a) through (c) are repeated at east one
time; (e) &ggphﬁﬁt reactor is taken out ©f _operation wheitT{EhE &Rt i vity of
t he epoxi dation catal yst contained therein has decreased to an

unacceptab) v | QhvResh ofNdeean 00 AL LAROET DEJ A ed Locile degired

level and the deactivated catalyst is replaced with fres cat_aﬁ
this reactor ist9aft Badk PR€onepermmeionabhytte essemtiisalypbditi drasefl t he

cyclically opergi @@Hlpan&bpgggue,(@)y,sttggsrgggtgprc@hggigﬁ)]%a&?e repeated while
a product 25 stream containing al Kyl ene oxide and an al cohol is
conti nuousl y witdrdfhn FPoR®t Fe ad<tvatedct &rtham qomitacead o trertthet he at

| east past|y desfdliveatedro@atiod YisdadtorPih baCksdddndn@abtrsds HAsiti on of the
bank as soon as .i ts_ ac ivity has heen sufficiently restored. 30 If no

h .
addi ti onal epoxi dat’i GR"F8aRt ot's e dé FREF anftiRreZrrgbbhetat ed bank of
epoxi dati on reacisensir3luseree ahepHart Actbardty preterpesowdy an@ carry out

the latter e i ,S.10 pl.ace the first reactor containing the
catal yst to breﬁ%)r e-fgg?%%/gt aé‘]éi T%tt Chlgo £&V n%‘frep(?éﬁetcf%ﬁbg*’ 25 ¢ bank of
reactors in sterd(aal)S,ahuet@aténwsetasre’ltlhlaaWDH)ib’nl%ﬁHiE’(E’nitEBO@’eGBOEZ - 10
oot praforabl v o seant ATy Toanopastht i HEacBh B iy, the.
reactor contai MiF§tt Resithenl (ssten debe. reonnarisianedonditimrs,cant acted with

the 5 eff|uentp%&@ﬁbﬁb@rr@ﬁ§t6Hmﬂé}aEb§e§§%ﬂﬂdbkaﬁhaﬁe?ét%énhchi -Cgﬁ
contains at nost 5% EBHP_and preferably is essentially free o BHP. After

at | east 20 houf&55nd>? prHercdNErat Ofpsind Pre4pEabhpr @S yandfiadanl y at nost
6 days, the catialogsEsmp | toteasssil@enoset fdxxi elalkYok8-again. Steps (d)

15 through (g) can then be carried out in line with the
above procedure.

The process according to the present invention is
applicable to heterogeneous epoxidation catalysts of all
epoxidation reactions involving the reaction of an alkene

20 with an organic hydroperoxide. Suitable organic hydro-
peroxides are secondary and tertiary hydroperoxides

derived from a C4-Cpg aliphatic hydrocarbon, a C7-Cyq

aralky’l hydrocarbon or mixtures thereof. Examples of
suitable organic hydroperoxides include tert-butyl

25 hydroperoxide, tertiary amyl hydroperoxide, tertiary
octyl hydroperoxide, ethylbenzene hydroperoxide,
cyclohexyl hydroperoxide and diethyl benzyl hydro-
peroxide. Of these, ethylbenzene nydroperoxide and tert-
butyl hydroperoxide are most suitably applied.

30 The alkene used can be any 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, 2-butene, l-pentene, l-octene,



10 activated and the reactor will be placed back in the first position

(step (c) rsion conditions, in particular the t Spadishe, W Il be
adapt ed t%'oe@ﬁ{%\se at | east 95% EBHP cenviersi on, and preferably essentially

100% EBHP conversion, over all reactors again. Steps (d) 15 through (Q)

can then be carjogdcent, i ftyidiee Wrd et y18bovendr aardupee fERabRypPCcess

according to the present invention is aﬁgl i ci.gl e tq heterogeneous

epoxi dati on cA°HeYsFs BFORFPe EHAFHatiSon Pedttt s TMPoFPTCRY tRE reaction

of an al kene ZopiyilBnancsiganic dyarropecexwieh Swe traddaeser gdnitbehydr o-

per oxi des are secongar a%%ji%grti ary hydroperoxides derived froma C4-C20
n -

aliphatic hydrpdccegrﬁf)1 L0ES 0 aral ky_hydrocarbon or m xtures thereof.

Exanpl es of suit abeehetgardendyur qraxddadesni aetakistt asedpmey| bes

hydr oper oxi de, , | %h%ﬁrXagQY§s@y QRETOXILAR: aber LAy s3Glaph ehydroper oxi de,
et hyl benzene hydroperoxide,” cyclohexyl hydroperoxide and diethyl benzyl
hydr o- per oxi detadfystthgs&he et $5/¢ bty dIrEvepar 8ped s Ttfe 2k aPe PEIapify|

hydroper oxi de \af & JRsbxSHE 8ty BRPldHdes38ndhBgad KgnerisekicaNaha any
organi ¢ conpound having at |east one aliphati¢ carbon-carbon doubl e bond.
Such conpound®iidholgeREFEVEY: cohtH P F T oRE2 1EHNS 5 E Safdfs  and

preferahly frafperdrael? a3EboAi 8§ DB, tivlchtasysps opiens oskchunende 2- but ene,
1-pentene, 1-octene, WO 01/12617 - 11 - PCILE 08 _al-dadecene, styrene
%ar{eentwgfecb%é?%}:h%??ﬂ&ﬁbﬁé%ﬂ?Wanc?SEZE O %égglghe

and net hyl styr vVer,/ “propene 1S USE
al kene, thus pdixbiciseg apropyhene Dxi denstangecobdarrmel Mgd.h Iithéasrocess of

the present |ngentd onpcd.Ths, et A0ENMANS e RANMABIIANLAALXS! cized my
be any such X aemlsrt’ nowWn I n ?hé %?Jtaflo b& Suitable tor ~catal ysing the
reacti on betweetrtamiaaldenéland antabyid diskarepeiv ERIAiht3d v Re®
corresggnding f“I%ﬂfﬂgidQKBQQiQﬁdreactors for the purpose of the
present invention. When these catalysts are used, very
good results are achieved by the present process.
The composition of the feed to ;he epoxidation
reactor is not critical for the process of the present
20 invention in the sense that it may have any composition
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 (EBHP) and normally also a
25 substantial amount of ethylbenzene. Propene is either
added to the reactor as a separate feed stream or may be
added to the EBHP-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
30 formed in the preceding oxidation section or in a
preceding epoxidation reactor or contained in a recycle
stream. A typical feed stream to the epoxidation reactor,
which is first in line after the preceding oxidation step
including oxidation reactor product work-up steps (like

35 washing and distillation), comprises 15-25 wt% EBHP, 30-



al cohol . However, titaniumcontaining catalysts are 10 preferred.

Accor di ngl Wwo bip@eGat al ysts disclosed in the patent specifbigdbddd
U Ser e 0 345, 856 di scusted above. my.  ForTTHAR L 4.

applied. It has, however, been found particul arly advantageous to use the
titania-on-sili%Th vt atyytdbedisesd 0SHG- 50N wER- prfpSdh, 856 #B2i D-ghényl-

epoxi dation re far ;tRhe-purpase.of, the resent invention.,\Wen these
catal ysts are 3%%% O\/le(r%f/ml gogdwésgs%ecthsylane%ﬁi'(e?slteodleby tfhé E?E@Jen?teprocess.
The conpositi olt®F wite feed to the epoxidation reactor is not critical for

the process of thejﬁ{%ﬁﬁ@bg/890§§w6ﬂ¥id%@dE”c$f5%5338%§okhg%3£és Ld1ave any

conposi tion which is comon I n connercial operation. Acc Ingly, 1n case
of a styrPene/ prEffA éife tHRi BRORHIPHRIUCERERCPr DR Sest BE {eedt t gPmehe

epoxi dati on unite@0mRHtyIehyatop@aSli &OMEBRE] hyh henzenephydngper oxi de ( EBHP)
and normal ly al so a 25 substantial ampunt of ethyl benzene. Propene is
either added tP1IREGTediMorans2s e frafbyFeReY RAPYARNEr OFhYe heP~ added t o

t he EBHP- cont aipiidindaes pkbeass prodpene €8t &ychdNta@delergpexés dati on
reactor(s). The feed may al so contain sone net Q%/rlﬁghenyl ket one and/ or

1- phenyl - et hanoi*2S30% 6PnBd>FRP1HE p%@&‘eaitﬁﬁa’& PolesBEEFONdrthen a
precedi A§ epoxiTEtii-aontedoiny Dred Gilr@nedrisr ad eayeleinsbregn A typi cal

feed streamto . idat i actor, which is first in line after the
precedi ng oxi daétébg(nl%%géﬁq %%%FE%ﬁeng oxi dation reactor product work-up steps

(l'i ke 35 washi ng ardd® @i $ukther ianpectcohprpsesentb-i25ent YokBHS0 30 WO

01/ 12617 - 12 -, AGHLEPEY 9895 % b Ie‘pﬁth , 230550, W 9 e, 0-5
wt % 1- phenyl - ert{llanql % 0_95&\/&50% \rlrit\:?t{oh;?/lg %ﬁgny . @lgt Sﬁe,aét J()g\%!% g{%ﬁqg’f 100
W o. In a MBE/FasiVékedoRe HRr :arnaoydueppdidaricvesstahest scipadd & @1t he

epoxi datison regstdiotaARPELECEpti daRATh $08BLidEHethubY! 2RYST QRRS Qyde
(TBHP) in a teréﬁlggggggt hydroperoxide into alkylene oxide and an
alcohol.
Such re-activation processes are known in the art.

For instance, in WO 98/28072 a regeneration process for

20 this type of catalysts is disclosed, which comprises
contacting the used catalyst with a particular solvent at
a temperature of from 20 to 400 °C. This method has as a
major drawback that the reactor containing the used
catalyst has to be taken out of operation for the

25 regeneration treatment to take place. Moreover, while
being regenerated the catalyst does not contribute to the
yield of end product.

In US 5,798,313 a regeneration method for titanium-

containing heterogeneous olefin epoxidation catalysts is

30 cdisclosed, wherein the used epoxidation catalyst is
heated at a temperature of at least 700 °C in the
presence of oxygen. Also this method requires the reactor
containing the deactivated catalyst to be taken out of
operation and in view of the high temperature the

35 catalyst needs to be discharged from the reactor to



solvent. Simlar as in the styrene/propyl ene oxide co- production process,

propene ig %b%%gé added to the reactor as a separate fqRg phifigss or nay be
added to tﬁ BHP- cont ai ning feed stt@amprior to entry into the

epoxi dation reactor. In a further aspect the present invention al so
relates to a qrajgiessheoregenacétvan i ifproval | 643t pegetgratdeact i vat ed

het er ogeneous, SpaXicdat an G2l al sl PaRaNle. A 1RHRERTPL | ighddig cepoxi dati on

reacti on between an al kene a an’ organi c ydroperOX|de Into al kyl ene
oxi de and an fzgrededh aSu@ﬁVFé°@@%¢%%&lﬁﬂ¢ BroCESBEB L arRekFRAFT e -t he art.

For instance, in @ %&egégz%ﬁtvé@gf&eraa&ﬂsoQo%%%@éméotEhe§=0 this type of
catal ysts is disclosed, which rises contacting the used catalyst with a

partical ar sd?%%%ﬁvéﬂﬁaggstéﬁpEF%t WHIEFIHFT261PB BOBPLYS Thi s net hod has
as a major dr am/@&f&@rahatglyhetneapiwerﬁoritn&lemtlgnt be &lSﬁﬂ:tl'Cea:t alyst has to
be taken out of operat.i the 25 re neratlogbtreatnent o .t ake pl ace.

Mor eover, whi 7P Heintd ggéeggrﬁtgﬁof?ﬁf fralfyse a8t Hot ?Qnﬁquﬁﬁﬁé to the
yield of end pﬁrmmgndedcm1u3t5d738téﬂdhenabmgemebaﬁdanlamtéunhﬁyxt titani um

cont ai ni ng heterqune%uir%hgthggggg tggéak¥§é§%o§ beQ%dls%hosed

wherein the u%éﬁaepOX|d tion ca s'hea erature of at
| east 1900 C ialkdre qmﬁes@noeg@hlgxwxﬂwDPQMQm;drhnstqe@hhuﬂamﬁngnm@s t he

reactor contglhiig diverdeackhyshef: GAIA weinkesbe tRESH QU . operation

and in view of the high tenperature t catal'yst needs to be di scharged
fromthe reactbr lt@qrenel/aizéﬁst Jgne @GPPEPOBVGBBB?rO’@t%I@tthhe

regeneration. ; Mo&QOViIto NikG1EREEBRIA IHY alnf @AEBRBL 1§ M&S Yoresence
ener gy-consum ng, which is undesired fromhoth, ,an environnental and an

economi ¢ per spect i - EAPE Bﬁégéﬂ?e??ﬁﬁﬁn33ﬂ¥lgfﬁéOPOC% VR Emtdedse

15 suitable epoxidation conditions;
(2) contacting the at least partly deactivated catalyst
with an epoxidation reaction mixture resulting from
step (1) comprising the organic hydroperoxide, alkene,
alkylene oxide and the alcohol, at a temperature, which
20 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.
Advantages of the above process are (i) that the
reactor containing the deactivated catalyst does not have
25 to be taken out of operation each time the level of
deactivation has become undesirably high and (ii) that
the deactivated catalyst continues to contribute to the
final alkylene oxide yield while being regenerated.
In order to attain an effective re-activation it is
30 preferred that in step (1) of the above process a feed
comprising the organic hydroperoxide and alkene is passed
through at least two reactors which both contain a bed of
heterogeneous epoxidation catalyst particles before the
reaction mixture thus obtained in contacted with the at

35 least partly deactivated catalyst in step (2).



5 di sadvant ages of the known regeneration nmethods. Accordingly, the
present invention in a further aspect relates to a process for
re-activat 'lwl?d”’é?{’"ét | east partly deactivated heter ogene%%”é’%%??’dati on
catal yst capable of pronoting the epoxidation reaction between an 10

al kene and an orgagj c; hydroneraxi de &Q{.% %J@'s‘%@? % dg,f Aand an al cohol,
p 1) ng at

whi ch process conprises the steps of: react east sone organic
hydr oper oxi de Wemheratkene Whitch abk§F eheasixilde aaddmane apevirsiabily ehe

presence of a subkabhe beterpgeneads epox¢dahl eRmpatatysd HNA@hicnld
sui t abl e epoxidation conditions; (2) contacting the at |east partly

deactivat ed cattdPy&t le#%h RATdyolracti vhtsk&ertRoHS ki %R re P@SEREEAY from
step (1)sconprisiregtl henof@anithehydsppesoxinie reabkeneatidh K\Wu8RawL0¥%}| de and
the alcohol, at a temperature, which 20 is at |east 5 C higher é[han t he
final tenperat BP¥SYET WhTTH TRETAEIF 8BS P (Y GEACH VALY ¥dddl P8F was in
use directly hef apeet bicastsr t°cof mbhe settatiliyv abkonorddvtant agescof the

above process r.gh%) t hat atihoe fi%leg]%or containing t aCta't‘{%ESdacat al yst

ha a emperacture hgegert
does not have Be T aken od operati on "each F'%e ThéH-Ev8 2B¢

deactivation haffbetbove undasiivabliynheghtrenepoxijlathan catee ydeadti vated
catal ysjoconti ueschgngoht i uhe, 40 Ligcadiddle abkyighe g de vield while
bei ng regenerate . n‘or er to attain an effective re-ac_tl vation i1t Is 30
preferred that dontaeepng Hetgfeenhshabavel grdc Pastayfdearticm®®d sing t he

organi ¢ hydr opesn@xi ¢s: afch allen@aksi PRSEBL A AUGRA1 (2 £a’)y WO reactors
whi ch both contain a bed of heterogeneous epoxi dation catal yst particles

before the red€eSbn?fikRWre PFGEeERPRY NkRF iat ¢6AFRCER I MAsh FRE &8~ 35
| east partly deaetivyaied €ai altppt abNsséed 2he Ve ALYIR A ividy- has

PCT/EP0P108052 1 1L Le RIS (8T 8O LALLM WY ShER{&), &5 Ras also
been explained herein before, there is no fixed maximum
to this time, because the reactor containing the catalyst
to be reactivated remains in constant operation during
the re-activation.

20 The re-activation has been found particularly
effective for non-zeolitic epoxidation catalysts, more
particularly for titanium~containing epoxidation
catalysts. Of these the titania-on-silica catalysts are

most suitably applied. However, other non-zeolitic

[\ ]
(8]

heterogeneous epoxidation catalysts may be re-activated
as well with the present method.

The alkene and organic hydroperoxide used are the
same as described herein before in relation to the
process for preparing propylene oxide. Accordingly, most
30 preferably, the alkene used is propene, while the organic
hydroperoxide is ethylbenzene hydroperoxide. These
reactants result in the formation of propylene oxide and

l-phenylethanol.



tenperature, which is at least 10 and nore preferably at |east 15 C higher
t han t he fwoal/iegnperature at which the at |east partl ypdespdoosested
catalyst was in operation 5 directly befot® the start of the re-activation.
Sui tably, however, the tenperature during the reactivation will not be
nmore than 50 C, nofaesianvapticmdis fvréhemahliosrated diyeichenfnlsavingi nal
tenperature. |n,Qhg8kst Qiahdet N BN ci®fdf @Bkl ¥8ope- SEtinAtiinQBnef oh NES

epoxi dation catalyst it 10 was found particularly suitable to continue the
cont acting bet é&set RaricriasteRadimpidéact i vated catal yst and the

reacti on m xturgkdmpistep (2) for at |east 20 hours, preferably for at

| east 30_hours.” The_re- actiJ(\;eati on can stogags,soon as .t he catal yst

activity®has 15 bedRiPeSFOTRIL "0 R dd&r BUTI &0 el . CHTIVEPS as has al so
been expl ai ned digrxdidathefiobench heredd sinie toredimbaxg nmwo vieaskhsSohi ne,

b th t taLnj tal . I d [ [
conetant oper atiERT AN Enae PRG YerEH St ash ORI AR AR TR E ™08 boen

found particul BHHP aefif edkene ferd mhirepmel i tive bpolxinksssomecrumpbysts, nore

parti cularly fofs Jdd 8RLUBLEERLA! M NhSROBLABL EBR oAy S SecPlalhese the
titania-on-silica catalysts are nost suitably applied.” However, other

non- zeokPti c 2:stueaMeP¥§ENEDBB ST XA TafeoR SchParyst S ifnfse rpacheri vat ed

as well with thejHieselt1yelhotemddia iide@NBeande Rr @R NI Nydr eper g9xi de used
are the sane as described herein before.in relation to the rocess for

preparing propylei®PrEXi §8. TRBRET o 1Yy POiddPIZEOR M BEbil ket RékePkene used
IS propene, whid eddleroaganacvedysll s axicdevigg ety Idrexamene hydr oper oxi de.

These reactants result _in_ the formati.o f opyl ene oxi.de,_and
1 pher .yl ot hanot . WBFofFEdarsere PP IEl BaoBhEted or s nsBRL AR i s
furtherlBI|ustrkﬂghjpbyssheefpmmmwuauy mixed together before entering

the reactor. The reactor was operated liguid full at

50 bara pressure. A large recycle stream was maintained
over the reactor to have isothermal operation of the
reactor bed and to ensure that the catalyst to be re-

20 activated is contacted with epoxidation reaction product.
The feed of alkene and a 35 wt% EBHP solution in
ethylbenzene was mixed with the recycle stream prior to
introduction into the reactor.

A compositional analysis of the reaction mixture was

25 carried out by means of Super Critical Fluid
Chromatography (SFC).

The following process conditions were maintained:

throughput EBHP solution : 30 grams/hour
throughput alkene : 18 grams/hour
30 recycle flow : 2.5 kg/hour.

The catalyst used in the reactor was a partly
deactivated titanium/silica catalyst obtained from the
epoxidation section of a commercial styrene/alkylene

oxide co-production process.



exanples without limting the scope of the invention to these particular
enbodi ment sy @/ﬁﬁpl e 1 5 This exanple was carried out ing, &9&%&&9%5

epoxi dati on %enc scal e unit containing teo-vessels on automati ¢ wei ght

bal ances contai ning respectively the EBHP and al kene feed streans, two

hi gh pressure punpshe acdiivied bBedtheagitdliyst tiBi egdppaged s PWEBFNY a
recycle 10 streamover the reactor, means to maintain the reactor

conti nuousl y atPféRderid thes reeckien sotamPnEent, im ket rafpddauid renove

l'i ght boiling e |i | kepe cool er _and a, vessel. for . receiving
t he product. Tﬁggggg S \%Eregﬁgﬁppkggédm?%gt%eer rhggét éggﬁgk%*ﬁ‘glte\xg))lS hi gh
pressure punpsnhantahised atoget REr abetmimg enitadgr £ngst tdedarastact iokhe react or
was operated | igyhd; ful b SUre. arge recycl e stream was
mai nt ai nsgd ovhe(?HtéﬁleéérjeAe?gta.tgr ggouﬁg\%e%%gﬁﬁgﬁﬁg?ﬂ%ber ation of the reactor
bed and to ensure tTMatCAHENERLAl §BEx ¢ By depohagealmtwdti s contacted with

epoxi dation regeht @MmHPHE parths 5888k Qfardlkeneas @it B ;35 ut % EBHP
solution in ethylbenzene was m xed with the recycle streamprior to

t
i ntroduction i ARBAERREE MEScSERT LRI BRI TUNGREE Andlt V39 S’ Cof thRefiwrakti on
g’hxture was h25eﬁﬁd§fitﬁd:ﬁ§)la]£t :almarﬁaﬂﬁe ogit%iﬁ@h/%iiéa:aéatﬁws@ was g
romat.ogr aphy (SFC). .The .OWM rocess .conditions were naintained:
through%t EBHBQEY)?' 01§ ioh use Olﬁmﬂg/%% ldsatscﬁf’BuﬁT'l‘b‘iﬁorhlqgeﬁe : 18 grans/ hour

30 recycl e fl owomm@r&iddg/shguene/Ihkyatalogdieusethbiddddid oneaeboesyas a
partly deacti ¥§Eegnlté Rﬁa@' "f@r%hl l:cg Craétaeldy%tnd l:.gtajxenecdomf i m::)t he epoxidation
section of a comerci al styrene?al E’/ ene  oxide Co-pro dctCof process. WO
01/ 12617 - 16 inPOTARRBELO/@52At runhour 5 the reaction rate expressed
as K85 was 0.2 kgz/(kg*mole*h). Albeit low, this reaction
15 constant indicates that propylene oxide and l-phenyl-
ethanol were formed.
Then, at runhour 30, the temperature was increased
£rom 80 °C to 110 °C.

The increase in activity of the titanium/silica

20 catalyst is indicated in Table I. K85 is expressed in
kgz/{kg*mole*h).
TABLE I Temperature reactivation
Runhouxr 5 15 30 50 65 80 100 150
K85 0.2 0.2 0.2 1.0 1.5 2.5 3.0 3.0

From Table I it can be seen that contacting the
deactivated catalyst with epoxidation reaction product
and increasing the temperature with 20 °C from 90 to

25 110 °C at runhour 30 eventually results in an activity
which is 15 times higher than the original activity of
the deactivated catalyst.

Comparative Example 1

Example 1 was repeated except that the temperature
3C was kept at 90 °C £for 150 hours.



The activity of the catalyst is expressed as "K85" indicating the reaction

rate con%@f]t,]}'ﬁq kg2 of liquid per kg of catalyst per pglgpq@gsoshour
(kg2/ (kg*nole 1)) nornal i sed at 85 C askuming that first order reaction 5

ki netics apply in EBHP and in propene. The continuous epoxi dation bench
scal e unit contaktnvag fhendgartdty ateachhvatedc®i tHH wndsillSi0cghecEBal yst was
started up at runhour 9 at 90

C ..the final . tenperature .at which the
titani untsil @8 Qatakgsf (%?ﬂ%*&)evi%ﬁgwlﬁ%gﬂ’ i 'S i?ecqcéﬁ’&?iydggi 5H®secti on
of a comer geaktstrytedetatKyenecmsicdattg- peoalintd drowar ocess.  The unit
was further peraaed under the conditions indicated above. At runhour 5
the reacti on%tl‘@il‘g—&e%r essed as K85 was 0.2 kg2/ (kg*nmol e*h). Al beit |ow,
this reacti on 15Acbaskanf foui catmsliyatopnepye@mpoxdididiamd 1- phenyl -
et hanol were fornmed. Then, at runhour .30, tge%tg r%arwre was i.ncreased

from 90 C to "PESerSThEAFACRBELT i%h VRHTi P SRS PPca 20
catal yst is isudioccayedsi niilabi®-dn-4485 cias eprpiéssioon i crtalg/y gsnol e* h) .
TABLE | Tenperature reactivation Runhour, 3 0} 00 150 K85
0.2 0.2 0.2 Pirdi 18 548 ge¥perient &8 é%?%éf&?? %éélrsn Jb”g‘5 esr%gr?%t'hat
contacting the deactingated Satldyst ofi rhaepdRathen okn riduct i on product and

| ncreagi N0 NS JGTRRR3! Uhe bih SRdL (5oWA0hfe o1ddihdCsal runhour 30
t In Icn 1's

eventual ly res S an actrvity h 15 times higher than the

origi nal actiatihtyibehzenge dedceieraned fegtatgsthe CRRPRYRTIRR ERAFPPE 1

Exanpl e 1 was;J8neat ¢drexgept LtHadtdrie atenpepatti el 0L om JieRE /ak 90 C for
150 hours. WO 01/12617 - 17 - PCT/ EPO0/.08052
and 90 tonnes/hr. Accordingly, EBHP and propene

conversion into propylene oxide and l-phenyl-ethanol
15 continued during the reactivation.

The bank of reactors had been in operation for
several weeks and the activity of the catalyst in the
first reactor had decreased to less than 1% of its
original activity, which is the activity of fresh

20 catalyst immediately after it has been loaded into the
reactor. The outlet temperature of the first reactor was
approximately 390 °C,

The first reactor was then switched to the terminal
position. In this position the effluent from the third

25 reactor was passed through the deactivated catalyst bed
during 36 hours, said effluent having a temperature of
120 °C.
The first order reaction rate constant of the

epoxidation (kg), as determined for the first order
3C conversion of EBHP in the reactor containing the catalyst
to be reactivated, was determined as a function of time

and the results are indicated in Table II.



It was found that at runhours 50, 100 and 150 the K85 was 0.2

kg2/ (kg* nolyed fagiccordingly, the activity of the deact pypikfsbiosatal yst
constantly remamined low_ Exanple 2 5 A bakk of four serially connected
epoxi dation reactors, each having a volunme of 9.2 nB8 and containing 4000
kg of titani a-on-sillhecaceport dsstitarh cabal pdécavest tzdedlri NnThdi scteixderi ment

toillustrate t ,hvention i t 36 reactivatiagn .in.this

10 experi nent t‘ﬂé gﬁ%—iéqefaggév?%é vé%)aé%%ﬁ’sg?gﬁ%n&{ o eF&y@g’ena(z)tente ?tand
propene feed tanddehtepexiidattoted eact:te TSBTEI ON were kept constant at
respectively 10 qQnnes/ hr___and 90 .tonnes/ hr. Accordingly, EBHP and propene
conver si on intcﬁ%ﬁ%fa *ene %??%ﬁ?%ﬁ%&of-phenyl-ethanol 15 conti nued during
the reactivati qiméhdhbgrnk of |geactiocF s hadobeemra n opérat)zn f 96 seyjeral
weeks and t he agetiyity—af—theteatalyst—Hh-the—t-Hrsi—-reactor—had—deel eased
to less than 19688 50s 6}¥%in§r2a0t$§%t 9-dhilch 3 | hd am¥{bit?:gf fresh
20 catalyst inmmediately,after.1t. has been_ | oaded.into the. reactor. The
out | et tenperature%%P‘ ﬁgggFrgt'V%ébnogemggeng%ﬁ?bf%ﬁa?8r§yﬁﬁy(iquﬁg first
reactor Wwas thedeaviitvehied tetéhestt emmithal fipesitdagtor| nighiSiqrosiltyi on t he
effluent fromthe i 5 or .t hr.qu t eactivated

cat al yst bed dul}rlllcn%ergfrg%hg rEl,gggg}ledatgg?xl%uggtégﬁéajlvr%gb%ag?g 1gergt ure of 120 C.
The first orderinwerdiiiosn rate constant of the epoxidation (kO0), as
determned for the first order 3C conversion of EBHP in the reactor
containing the catalyst to be reactivated, was determ ned as a function of
time and the results are indicated in Table Il. WO 01112617 - 18 -

PCTI EPOO/ 08052 The reactor switch took place at. t=0 hr. The activity




of the deactivated catal yst, expressed as In(k0), at that nonent is
i ndi cat edwomi/12eer Tabl e. TABLE Il Reactivation tinme (h) OCIEB0N8s20 25 30 36

In(kO) 7.8 8.2 9.0 9.1 9.3 9.59.7 9.8 j;gromtable Il it can be seen that

t he aqiumgnt t 5 deactivated catalyst in the first reactor

si gni fmum’ij’ﬂgﬂﬁ d by the treatnent according to the present

i nventi*on.c PCT/ EPOO/ 08052, » T® sDO ![1!1 11 111l L MSCLAI

MS 1. Process for the preparation of al kyl ene oxide, which process
conprises passing a feed conprising an organi c hydroperoxide and al kene
t hrough a bank. ofPmicdssagbrt Woe seepatdbiocrordeel ggdleracsdaide alWhicant ai ni ng

a bed of 5 h i L t : | S rated in a
cyclic node, e%%%?%ﬁ%ﬁ%ﬁtrg%gémg%%%%aﬁal%ggkgﬁggaggggt?rgna ggglggxi dation
react or cont abYR¥RPer rddeopndhal ke eHenrghegokrakt PEnatatedststtwear ti cl es,

and conti nuogst ¥ My hdnAwicRaaarPsogued St eamchiamghe fdaals 10 _
epoxi dation reactor conprising,al kyl ene oxi de and al cohol as reaction

producls, froRfWHEIPNSOGUEPOSERREID tFAF M) Bﬁétg‘rk]?-%% Y -PeFAEEE i s
recovered, ininhd dyciaroaess;, 6pliéher iy reellloeaat by of tdestcymld cally
oper at ed bank i(?. 15 a{1ut in.g Eogition tfourtgeg: dowg t hi s%$)ar¥< or in a
posi tion di rattty WiteSPRAYIBheCH LI HE AdFOPBARE P AR £1 when  the
activity of thetepmdrtaisorpoal dhysén cortadiysedpatheckes, hasi decreased to an
undeet 01 U L b R T RPN kg Vel i fgeaced
preced? ng posepdoidaitica treppeeat oPeryd ity jad kyleheagkride and an
alcohol as reaction products, from which product stream
the alkylene oxide end-product is recovered, in which
process:
(a) the first reactor of the cyclically operated bank is
15 put in a position further down this bank or in a position
directly after any one of the additional reactors, when
the activity of the epoxidation catalyst contained
therein has decreased to an undesirébly low level;
(b) in this position the catalyst with decreased activity
20 is contacted with the effluent from the reactor in the
preceding position at a temperature which is at least
5 °C higher than the final temperature at which the
catalyst was in use in the first position of the bank and
for sufficient time to restore its activity to the
25 desired level.
2. Process as claimed in claim 1, wherein the cyclically
operated bank consists of at least three serially
connected epoxidation reactors.
3. Process as claimed in claim 1 or 2, wherein steps (a)

30 and (b) are repeated until the activity of the catalyst



5 C higher than the ]'mgdm Qg HI at which the catalyst was in use in
the first I Bl or sufficient tine its
activity to th}eﬂgg desire I!E Pr-oeess as cl ai ned f(ﬁr/%iﬁ)g{oﬁ]fsg wherein
the cyclically operated bank consists of at |east three serially

connect ed epoxicdabkORe+SeCivited ZanPhoCESSg#AS bel abseeréd €©d aine 1 or 2,
wher ei n steps %%). 38 fnd (b) are repeated until the activity of the

catal yst WO 01FF2619%19Y§4111111111111111111111 _ 20 - PCT/ EPOO 08052 S
to be re-activat.edPcaces® dongerimbd iesimy evhet oft bkaindesi+ad whevelin 4.

Process as cl ai rﬂ%d &?ﬁ@nyeao&l% sffgkwﬁ %&k con%ef]e,lnge %I vatltal? Jeactor of

t he bank containing e cat I's nost I's taken
out of operati olpicht he wedcly \Sd@taé@léat%ﬂiyslts |t§kPEpP'ate@lf mparadgiongat al yst

after which th't%er ees&efvaeeaolélatlaa%tlmor earcebl B89 ff'esﬁ fteattaqryytnal
posi tion of the bank . Process aS clained in claim1, which conprises the

10 additional $f&gs Uhld( cHhIgf FERCERE BB IRWH BRCHT 1PRR %’%ﬁ%ﬂ A& been

restored to thesdesikes:i %Il,tlbheore@@é Qj‘adks put back in the first
position of the bank éd% 04)“ onal |y, step tHroug (pc are repeat ed at
15 | east one time; (85: ¢ |°r1§t1mF8at‘Po? ¥Rt out “ Yt t"6n when the
acti vi tygof theda@ﬁdeallmpsab&I yst cont ai ned therein has decreased to an

unaccept abl y Iow | e d can.no be r red to the desired | evel
and the 20 deacfy v3¥ argialaS%th%yr‘eggé}éecfa“a ?%%% REGRINFEECTRf ) this

reactor i s put thatkei déoiogbrlatviedn thetierctoer dsnabt posak iion tdfe t he
cyclically operated B@Qﬁicﬁp%f (s)§ sLEps (a) through (f) are repeated while

a product
{d) optionally steps (a) through (c) are repeated at

15 least one time;

{e) the first reactor is taken out of operation when the
activity of the epoxidation catalyst contained therein
has decreased to an unacceptably low level and can no
longer be restored to the desired level and the

20 deactivated catalyst is replaced with fresh catalyst;

(f) this reactor is put back intc operation in the
terminal position of the cyclically operated bank; and
(g) steps (a) through (f} are repeated while a product
stream containing alkylene oxide and an alcohol is

25 continuously withdrawn from the last reactor.

6. Process as claimed in any one of claims 1~-5, wherein
the heterogeneous epoxidation catalyst used in all
epoxidation reactors is a titanium-containing catalyst,
preferably a titania-on-silica catalyst.

30 7. Process as claimed in any one of claims 1-6, wherein
the alkene used is propene and the organic hydroperoxide
used is ethylbenzene hydroperoxide or tert-butyl
hydroperoxide.

8. Process for re-activating an at least partly

35 deactivated heterogeneous epoxidation catalyst capable of



stream cont ai ni ng al kyl ene oxi de and an al cohol is 25 continuously

W t hdr awnwioroomethe | ast reactor. 6. Pr Qc?gs_as cl ai ned incT@PP0/308 of cl ai s
1-5, wherein the heterogeneous epoxidation catal yst used in al

epoxi dation reactors is titani, n}containin% catalyst, preferably a
titani a-on-si | PEUEA I SB*F 93 bt O L2 HS 8 ZeMESP n2Ang ke ¢Sl ai s
1-6, wherein ahemjdednre hysiedpesoptdpeiretard kiylener gande wydlraaper oxi de

used is ethylbgﬂéﬁnﬁ_hx o ergékge oL t%?%k@?k%% sggdrogg[oxide. 8. Process
for re-activating an ‘at east parffy PP iVat 8 H%terbgeneous

epoxi dati on cafhl ystactdpgbleé dfaWD §dnd 28ANi 2 hydr POETL ERPDY 08GH2

pronoti Rg the | datj.an _r Lan ICTToh I a i
hydrope?oxide ?ﬂ?ﬁ“ﬁﬁﬁ§?@ﬁé%§§% g g%g&an a%%b%&%?ﬂéﬁig E@%éggggﬁgﬁprises
the steps of: ¢f)aruudEidg Setesageneoie Ryt iRpdrapet vt ddginth 5

al kene into al kyiefip Oxidsiandisal 8bs@lordd) the presence of a suitable
het er ogeneous ?foxidation cat al yst under suitabl e epoxidation _conditions;

(2) contacting‘thettactade et py He3%Y iRAFEd cgesFy¥eteqdy tatadyst
epoxi dati on reacth Gh rpdxdida tiesukehogidn axtdret epsGi}icerprdrsi ng the

or gani ¢ .hydroper oxi de, al kene,, a | ene oxide and the. alcohql, at a

e o GOy o OPeren B, Giragaponted, SoRY MEs2PRe PG - oSt ure at
whi ch the at | ebsylgrer tdxldéeacti vhtealccttal,ysit wasempenseurda, mddtdhy bef ore
e sart of Lh8 A€ AR A ey dRe2 RLPGSR %0 FLAES:L Nl 4 B

wherein in step eed conprising the organic oper oxi de and al kene
is passed threuygth dthd edstlepws peatlyrdearitvaitednganabeslt ofas Het essegeneous

epoxi dation capal yst PYddrleetnBebos e the teacthenighxishe thus obtained
in contacted with the at 20 |least partly deactivated catalyst in step (2).

10. Prddess as?cl ATASPSS 38| &taiBedrin clgdar i nvweeepipoin step (1) a

feed comprising the organic hydroperoxide and alkene is
passed through at least two reactors containing a bed of
heterogeneous epoxidation catalyst ﬁarticles before the
reaction mixture thus obtained in contacted with the at

20 least partly deactivated catalyst in step (2).
10. Process as claimed in claim 8 or 9, wherein step (2)
is carried out at a temperature, which is at least 10 °C
higher than the final temperature at which the at least
partly deactivated catalyst was in operation directly

25 before the start of the re-activation.
11. Process as claimed in any one of claims 8-10, wherein
the contacting between the at least partly deactivated
catalyst and the reaction mixture in step (2} is
continued for at least 20 hours, preferably at least

30 30 hours.
12. Process as claimed in any one oﬁ claims 8-11, wherein
the at least partly deactivated epoxidation catalyst is a

titanium-containing catalyst, preferably a titania-on-

* c L M S *

silica catalyst.



is carried out at a tenperature, which is at |least 10 C higher than the
final tenp at which the at least partly deactiv yst was in
operation Wyg{éﬁy 25 before the start of22t he re-acti vaﬁ%ﬂ?ﬁ%%@%r ocess as
claimed in any one of clains 8-10, wherein the contacting between the at

| east partly deactivated catalyst and the reaction mxture in step (2) is
continued for at3-1 B48Fe29 Ipuiisimghetdrady oni Afesdeing doihoursrein,
Process as cl aitied oirgadiy WE Perokatitsi 8-dihy Wearehd njdeopird=@ast partly
deacti vat ed epoxi dati on caﬁaxlyst is a ii t.ani um cont ii ni ng catal yst,
preferably a tidgnit3oRtcRPd Lo @5tal§st PRI 2RPE 11 T1il Vi1 11 111
CL S WX1/12617 _ 22 _ PCF/ EPO0/ 48052 13. Process as clainmed in any one
of clains 8-12, wherein the organic hydroperoxide is ethyl benzene

hydr operoxi de and the al cohol fornmed is 1-phenylethanol. | fUIfI11 11111

T



