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PROCESS FOR PREPARI NG ALKYLENE OXI DE The present invention relates to a
process fvgboéflg’ugﬂprepar ation of an al kyl ene oxide, nore specifically, to a
process f paring an al kyl ene oxide from an al kene V‘h%rlf'éb'ﬁllér 9004
epoxi dati on reactors used are operated nlsdch a way that the l'ife of the

e o ARNDRRE 2. 5. 2mt Pomt 2o e ot reast partly feactvated

“het er ogepaems epoxi dat i BROEESH FHR NG ek KHRENE 8K IdEkene into

al kyl ene oxide by reacting the al kene wth an organic hydroperoxide is
known in the art. Fox instance, in the commonly known nethod for

co- produci ng profyleenmsapdarde amentiporneesatesi Ag fr Gnastdss bErwetize t he
-af orenment i oned _epoxi.datiaon-reaction is_a j,ed. g ral-1hi

co- producti oﬁrﬁ 5C stsl%lnnvoo vagrg %jh]gylé%lg%sgg\%agf)m#ggct%{bﬁeg@le]%%%le%’ze%% %ith
oxygen or ai priceeflser et pddzene dydabpelexedexife f reacn gl kdree

.et hyl benzene hydr gperoxi de t hus obtained with propene in the presence of an
opox dat 1 on BHETFYS: TS \RRHE G O cHERGRPHS BRADL ASRe SR Thhor T and
(iii)s conver tiura~theal- pherylcd enpd oNtehst ¥peneday idehyHailwst usd ng a
sui tabl e dehydration catal yst. Another_nethod for producing alkyl ene oxide

i s the copro8ad8hidacentiroRAXRNIBA def PRt RYF LBVEREdAN *tSRr (MIBE)

starting frogm.igehut aRe AR UONENr TS PF D6LEEnES a¥elale Kt igh e, art
and involves simlar _re_action.steps as..the styrene/propylene oxide
product i on pAeeessd vasssr fsd® AP aROYT SRVNAPEE 88r 8ph2 1§ t-he epoxi dati on

step tert-butyl hydr %p%&%'a%dns Jeatt e midd Propenskl2ERicn G RIRPYENe
oxide and tert-butanol i n the presence of a heterogenedus epoxidation

cat aloyst . reg26tOng- 208 alkehe wiieWmUANOPODA Medroperaxdids 4s
subsequent |y, et a%ri.;li %%evm'rlj% met hanol 8s into MIBE, which is used as an
additive in ﬁBPor flel"s he "present invention concerns the epoxidation
reacti on betweenrap ahkenecand ian tovegammendnidy operwxi dethbdaidrnore in
particul ar the eEOéi dation reag_ti on, whcgrei n,use is madg o%.a b?nk of
serial |y confiBcPEAPFRBE BERPYEEL 0 E T Had Y i Y1 OF t RVAF FREFst*0fle bed of

het er ogeneougtpposktdaknen eakalafirendinriemepasddcidatiynaddaesdiongikhe
deactivation of _this heter o%en oui_l.lo eOQ_oxi dati.on cat al gst . Heterogeneous
epoxiPdat i on @BPaF§Stsidr 8%R i i5n & AR OB FAtRF S EE Sl YEONBFi se as
the catal ytignkl ¥ytaphki ¥& Mehalreare idlg UM Iyansidd oni ket akggeauolk asr
vanadi um nol ybdenum t&g/ggst en, ti t?igi um and zirconj um

r ' %5 On
parti cul arl y*Suf PaBI & € PG IR NYATHRFSTE Cpox| bt | DRAE %aﬁngg are the

titani um basgghgabahyshs. h%&%@@'e&%x@fdes 4ol <C ARl il ed al £t hoprbpehangg
described in US-A-4, 367,392 and EP- A-0, 345, 856. US- A-4, 367, 342 di scl oses

the use of iRBRgARRESH%PgEA BBNBBCHdSaSH 020 SGYa1GH i P chefi€al conposition

wi thoat |east, p}i/gfm wek bt 2k a0 Bxinde Qi HaHdIOXidea of s1ifani um while.
EP- A-0, 345, 856 discloses a titania -on-silica heterogeneous catal yst.
Accordi ng t oc®Pv@r 01845886 1t RheNyAr&PSnils 1g6taiStabi " ®yPY npr egnat i ng a
si licon Conpgé'l{;'gdggt%;xhu@' Ag! ‘a”agh%a%%e@llé%jdﬁa%@dﬂné@éé;@%’c?r' de
foll owed by caltination antlzl ydrolysis stepsand optionally a silylation
step. Wien such hm¢ehegemedhedefoxi pardosicgt alyatleng oxkde 19 theal yse

the epOXidatéggrgéuggighkg?epropylene 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.

L | :
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30 deactivation of the catalyst will occur. Wthout any preventive neasures
an epoxidation catalyst, which is contacted with a stream containing an

16D land an organi ¢ hydroperoxide fromthe preceding oxidation step, wll

“have a limited lifetine due to deacti va%ion and 35 conseq&&ebtuarme0d4 have
to be replaced. Deactivated annFni nFn™~R~~T 1 E-07-2001 - 2a - 5 February
2D04 catal yst can be regenerated, for exanple by a process as descrjhed irr
VD 98/ 18555 canhbart enqil dcessulase gesut i ied the nig 199y 01445 MR TE0 188PCT
AMENDED SHEET ' WD 01112617 5 Febhruary_2004,.An_ingre iTetinme
of the cat&ny&t M d “é’é’ﬁéheﬁ cTafe &s %P ﬁ%ﬁiﬂ&lﬁ&%ﬁ ?r?oﬁcog.f h'}il‘g le% and nore
costeffective phedusldsmtofiaidoyt eme eshdernkt theukpoxddiagsidre costs due to
catal yst consunption and the tinme and5costs involved i %é#oading of the

p§rox de,

n
reactors. FERCHEOMREMEIh@eaLeNef RANBRoPTORE 1t

desirabl e, bagapse.d 1d @f%trt‘"iacﬁﬂéf‘et@éeéﬁgmaéa%hoﬁefa%m@r@t wiesesdd be
kept | ower, thus producCing | ess by-products. The present |nvent|9? provi des

in a firstuaspest mat@pradcasdads ehesprépalyt FORNGELER HU¥A%

oxi dei nvol ving_the cyclic rafi f 0t nsebkal lygconnect ed, fi xed
bed epoxi dﬁ??gﬁofgéc%éc%rcsh ofg'g'ﬁ'a edpﬁtn e?ge?téglgn CS%d:bti ons which have been
found to shegnetbgenklons apmyg datel amt ahyslybit ethehebyr peads Al ng to

t helbSpresent invention.results .in a re-agtj i ivat ed catal yst

and hence PAAZRSFAELeLdEd chafcaijivrfaetolfo?h‘g‘fcggg%ygg?:gﬁfgggﬁteio\r@%r eturn, results

i@ nore g@gkgagggbhve;aaaq_ywtqducti ve process. Accordingly, the present

invention relates to a20process for the preggigtakon of glﬁk%/ll ene %ﬁ de,
|

whi chpr ocess cBREFFEENERS FP X ¥R Conp? An25Pgaf PRy &b et

oxi de

and al k.e”eal—’er.Og%hac%%%&y%ftsaﬁndyeaéémémgeragl tMecennaded dzadgt ors all
cont ai ning a bed of het erogeneous "epoxi dation catal yst particles and -

oper at ed25aataveyneitelmoae Bprikfal F52RrelFbRRIMBY 248/ | EXSE Sifeaddi ti onal

epoxi datiop_r 3%8{, AL ARG, 2 é%ﬁfl;&éé'ﬁ} ef DgSALAMS a RO X fdnarinfat al yst
particles, andcontinuously wthdrawng a product streamfromthe :
filrfal epoxi daei partéactier lyompritame atkgsenefokpHeraggngRMS~ - 30. al cohol -

as reaction_-praducts, fr i r ctisty ghkylena (ydde
e‘nd-produc?pf’glgggéég gg,t%mx%ns?&rpe?o%g%sﬁ(% ?ﬁ@-?lﬁ?st reaact_g(ryﬂof_ t he
cyclical | yEparpatedolfaskchs matt & iy st pozi e i borf inshancdods SEAiLdeshAR or in a
posi ti on35directl ftrer, an > ,0f4 t FtigRal_peaghorg, when WO
01/ 12617 5%@%%&96}2532 tallu%i ?gip‘vi ’y:‘pg???ﬁée' eggx}ﬁdgf ?gn'?at al yst cont ai ned
t herei n hagigdetbeasedheouar widdsiamyryit omxygerl copibpunast kifs position the
catal yst with decreased activity i s contact i fHl yen romthe
rédctor i nStheC8prBec& eﬁdcﬁg}si‘%{qn@no%%tja&tgeﬁggwa%gr%Q\%ﬁ?ch'?g atyflea’st 5 C
hi gher thapetlgtf bfabnt expeleatoy eydrowidd ¢fiettheaiyst wadlien use in the
first position of _the _hank .and for sufficient fjing. estore its activity
to the desF?éﬁ“Be@éE! 8??% Rlﬁxﬁq&seasd\%ntt]ab ng? %hggﬁﬁrggéss according to the
present inygpkieRenkdulhalatEly Stead@tocdhtai no NBP+Ae0d845, BY&t ddicsat al yst
does not have to be taken qut bﬁ_](‘?o%{}’erati on _each_ tine tEe I%v%lO

I

f
deact i vat i ®AtRa¥SbedSnOPHAIES HRE S H T hat It ReSproE8Ss ng@guﬁl& be 15
i Btser rupt egs eACH kAR akh@ rep@dlald ait tah alyStet pathBotitet fefdxiwdat i on
reactor has deactivated. Furthernore, while bei n]icix inits nﬁﬁl position, the
deact i vat edlycaearysetigy 0d hysHaintes (ot eont FRBUPRTE8PRHE Yt Pnal  al kyl ene

oxi de yi el gilyﬁgﬂﬂﬁn Whicle its activity is increasing, 20 the anmount of
al kene converted 1 nto al kyl ene oxide over this specific_catal éSt bed may
al so i ncrease. Wggnl BEChpBRAErOTeEeR HAROBIARL}0R| FHERONAEE 84 C

epoxi dati of L peag! aLs shy KN idhdiiudiion For baskaRege, US 5, 849, 937
di scl oses a net hod Tor oOperating-a bank of _

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. Deactivated
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25 serially connected epoxidation reactors for producing al kyl ene oxi de,
wherei.n the reactor containing the nostly deactivated catalyst is either in
16172995t or in the terminal position and, when taken out of operation, is
“inmedi ately replaced in respectively th atgrm’nal and - - - 5FebruadP2004
-first position by another reactor contarning fresh catal yst. Accordingly,
in this nmethod a constant nunber of epoxidation reactors is continuously in
operati on whatelpsat reacber riegeneriatfhndiRr RIATP b8 PHa?i R§OERES &&ct or on
standby is considered.undesiq fel %gp CLkv 1112617 -
5 5 Februd ?sﬁﬁbﬁegnlEo%@ePé?ﬁ@%ﬁﬁQﬁhﬁ%ﬁ?t %Eéi?%a%%oﬁe?gggﬁ%if%ﬁ
typically caoroedoousat tenperatures of 50 to 135 C, suitably 70 to 125 C
and pressures up to 80 bar, suitably 10 to 60 bar, with the reaction nmedi um
being in 5 the liquid phase. Normally there is a tenperature increase in
the reactor as the epoxidation proceeds. Therefore, cooling neans are
suitably present between each two subsequent epoxidation reactors. |In order
to conpensate for the activity loss of the catalyst due to 10 deactivation,
the tenperature in the reactor can be raised, e.g. by controlling the
anount of cooling applied, so that the conversion in each reactor can be
kept at the desired level. The tenperature is raised until a tenperature is
reached above which one woul d 15 expect the negative side-effects (e.g. the
formati on of by-products) to beconme unacceptable and the deactivation to be
at such level that replacenent of the catalyst is necessary. The maxi num
tenperature reached during the epoxidation to conpensate for the | oss of
activity of the 20 catalyst is referred to as the "final tenperature”. This
final tenperature will normally be reached towards the end of an

epoxi dation cycle, i.e. the period between two subsequent reactor sw tches
in the bank of epoxidation reactors plus possible additional epoxidation
reactors. 25 Thus, in the process of the present invention the at |east
partly deactivated catalyst in the first reactor of the bank is subjected
to a tenperature which is at least 5 C higher than the aforenmentioned fina
tenperature. This is achieved by placing this first reactor in a

30 . __ position further down said. bank . or, . if .. one or
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 fromthe previous reactor at the
required tenperature. WO 01/12617 - 5 February 2004 Accordingly, in step
(a) of the present process the first reactor of the cyclically operated
bank is put in a position further down this bank or, if one or nore

addi tional epoxidation reactors are used, may al so be 5 placed in a
position directly after any one of such additional reactors, when the
activity of the epoxidation catalyst contained therein has decreased to an
undesirably low level. In a very much preferred enbodi nrent, however, the
first reactor of the bank is put 10 in the termnal position of the bank of
cyclically operated reactors in step (a) irrespective of the presence of
any additional reactor. The bank of serially connected and cyclically
oper at ed epoxi dation reactors consists of at |least two 15 fi xed bed

epoxi dation reactors. However, it is preferred that this bank contains at

| east three reactors, while a preferred maxi num nunber of reactors form ng
the bank is seven. Most preferably, said bank consists of three to five
reactors. '
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.cyclically operated bank. Preferabl

.20. After the bank of serially connected epoxidation reactors described
above one or nore additional fixed bed epoxidation reactors may be present.

| f .hore {han, one of such additional reactors are present, these reactors

.are sui tagly connected in series and are Jreferably not 2§F8!5’r‘55ﬁ;ﬂﬁ4i n a

cyclic node. If present at all, the nunber of additional reactors will
suitably be from0ngdfediyco alhloydlfiiam & £oehe PeseRegtt vAcana b three
additional reactors are preferred. The reactor switch in Step (a) takes

pl ace when theneficil ,-ast ivi wpudld tiesudpoxinad | bhakararpdt Mesht &PHEd
therein has reased to an_undesirahl & No ¥igt RPeSiuwel | be

t he case V\heegtefeﬁzgucva? a‘fﬁ%ﬁuﬁaéggo ofﬁlrgl?kgslgévﬁo cly%isd%rigfg?ﬁg{) 3éct fh'vi 'Fy | eft.
The term "ordrg nadswectdve t yb reftelysto cdmes wptvon yand the taral pod at t he

start. of 35 the epoxidation.cycle, i.e. di tly. he I WO
0111 B617 5 B Ua 2 DU BRLESL CaTh Mnar © e CAraT ot TE ABSEBESA was
taken in usepwide-dwid@ iDfehemeeadt ahd rcdtwel §st sispdssiranlef the

y, the reactor switch takes, place when
the cat al ystPasiAupea 1898 br CRE&s tHeA VST LT i i Hat* At WP?r?EEF? nor e
preferably |l&ss d han epandonest pheikepatldudiass 16868 bp-ptoveves. the
catal yst deactivation l'evel may vary and may even be outside the ranges
i ndi cat ed above Theparcisrponingension PROVASHS ng® capatTty, 2PRABEr 2of
reactors in the b e .addiqtd |5 ¥ Soxi@be of
deaétal vati o A Si%#p%%?‘f}?%nﬁg?&tgﬁgftf%gd.OfT%gaaacIt]ﬁygjl?éI?ééa?:tjc:)r. swi tch can be
carried out imwcdnyirsui treb| eyaians oprowt it tdfe alkkanedcbpeeaidtlind process
engi neer. Normal |y such s, Wil | L € L bel | ystem
with val ves caﬁnnter?/eteaé]p’pr%%;??gt gyfjoggt%%g%s?,ﬁggpt at the f%%%rg%%ga{rlrggg?ld
ef fl uent streammiof ddredivat ooaswhéeabt beyecdhedre feund ote heigrifteanplices

in the process,. In step (b),of the_pre t 0 y LLh 20
decreased ad®iHAP i@%o%%‘é%%gati ﬁliftgs' ?@v% E(%g?{ele%s; %Ma?%fﬁlzé e?{al E\%%}t from
t he jmeact or greddif: prreessh nenpesktiles ah a temeertwivaeiowich is at |east 5
C higher than the final tenperature at which the catal%%;& %/af.%ntu%g in the
first positidRco e DFREahUSEoPPSUREPESe® T he 1T B FRstor R 11
activity to Jhelesifes jevel thik, has heemrfgund qards cin as lyondvansageous
if this tenperature is at least 10 C and preferably at |east 15 C higher
than the fi refifecdripes aand P BPIRFLENSt RECCESA yst was in operation in the
first position gfcddesianky, More prekenablinvenia o) iermesattseato which
the at |least partly deactivated catalyst is subjected is not npre than 50 C
hi gRér and morseFeffeabtye nererare tiRan 30 3@ WiGhs TRAe sat-$P nal

tenperatur e I erdAghLf s L1 Badul ha0 aWireels (il dng deastdaated
catalyst is*maintained at the 35 el evated reactivation_ tenperature shoul d
be suffi ci eftydropengx0ie 128d721k8npebPERRERE0LATES DT 2% P2t i WPy of

the catalyst. 19 g desidedeLavelackBEEabhy, ddhithiddg Woinde dess than 20

hour s, becaldse Hin case rnsufficient reactivation would be

acconpl i shethetBrergeneoum épasidattonumate ltsits RALGHE c B HeandisePe Rt ¢@act or

contai ning the catalyst to,be r Lvated r j i S ation.
ThUZY 1 he ot 3 e el eec T sCPES RISt S b (T o Gt Bl et i s abl e
to convert aldEne dridl epdyidaciori deackbrt lentedatiorg cored bhg t he
re-activated catal yst remains_.i 0 aper.ation, i i jt remains in
its new posiNGTGTFIEENRIET n‘??@ﬁla?%ﬁﬁg ﬁggéatl&\%e& %ﬁrncrla‘{ige%’f r%hde cat al yst bed
of the reactQyntwhydud sy thebhdpavhagf ar ptropasitt istredm theomarlle Hevalise

this is the catalyst next inline to be.re-activated. |If,th eact or
cont ai ni ng teril@xrjé%/aéc’t?r%/aﬁ%ﬂc‘i@rcﬁf’§¥:’§§tﬂf’§ Sﬁ;‘é'é‘cf%acckxjidne t{heé falai?st

posislyi on of hhesrhank HfrLyetisal byoapetat ed ricgaatiareh dieiudthestreemi t .

~Temains i'n"its hew position will suitably be at nost 10 days,wrplrceg erably at

nost 6 days.the alkylene oxide end-product is recovered, in

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



The stream w th which the catalyst to be 20 re-activated is contacted, is
the effluent froma precedi ng epoxidation reactor. This effluent wll
anyhow cogpbajiA2170py! ene oxi de and an al cohol (1-phenyl-ethanol in case the
propyl ene oxi de produci ng process forns pard - of a styr enquég}gyrlyq@g‘;oxi de
co- production process). In a 25 styrene-propyl ene oxi de co-producCtion
process this ehld ugnt; Wty @fS@hGoaagkmdgtthﬂrbfﬁm%'@@dcﬁﬂtﬁﬁhbﬂ al so

et hyl benzene hydr oper oxi de ( EBHP). wever, EBHP may be_essentially absent

i f the reactothesmidl magy teerdeacd ¢aten cadasidielly platedeValthe

term nal positiqQn .30 . 0O - C i o] R
addi ti onal epé%ﬁdé‘?} otnhlréea‘(g:%]olrgggﬁegﬁge%.glt‘?%?)ss'%n“%g’g{ %ﬁ?rémg%%abééé?ggagged
in nore detaikishercsitafted . wAtihot dengfy ]l uemtoda g dffer resk ebpdodinerbeof the

present invention siteps (a).and (b) of _th r t . process, a peat ed
until the actP&Fﬁ?%’Tqu téo%h%a Tf/s‘?‘l’ avﬁgﬁﬁfg%fgﬁ% “I%Xe %a%% %BO%S?%gbe
re-activated saroaidingertien reséof gdal otempaesitned |lavebhidirthernore, if
re-activation car, nalonger. be adequately_effected.it, is eferred to_take
t hereact or coRR&PHYRF tHES chf aT?%tlﬂhFEﬁ fdx splof%&elaocrfi‘gét%%? %ﬁ{l}(o?n%
operation, torpeplsace tde-geacihyatedecatabyst iics bhits viemctios byefresh
catal yst and put thisreactor back into operation in the term nal position
of t he bank. | ndagétest 1r5?‘é*’=?3¢:e'rred enbodi ment the process of thelOpresent

i nventd on conpri ses ri.n Addi 4] Aik 19e SEEPEnEapraRAER) slche siaRp ©6: (K af ter
t he glc(%i vity of t%‘e éa td:ﬁdyst has %eéen resto%édto the desired | evel, the
reactor is puprbaehti nimiteftret bosthéabntbe tRachark CEB(IAiiT okl®ly steps
(a) through (g)_are eat | eas enbi M08 thhe d ivsied 636t O5Fi S
taken out of é%g%tli‘%ﬁcoevﬁecﬁ%%e%%ﬁ %??% %{cht e gpgxi g’ati on ecat al yst

cont ai ned t heoperhas cdecraasedine gne ubavedpvibbgakdwvadiain drals checome
no20l onger be restored .to.the desir e d ti atalyst is
repl aced wit hUPAESH TERA J&1904)5T h*i%ga# ei\éllkg ogglgggggt %%%c \{’?C}nttegD%perati on in
t het argr nal posttirempafed haa @yl imal tlye oppoatddtbank cadrd(gt sitrepshg a)
through (f) are repeated while a product25str.eam containi |.kyl ene oxi de
and an al cohof*¥§tofB 3P TFRT 5% 7 onfERS ﬁgé?ﬁeﬁéa@gﬁ%—_l’}gﬁf ]iees’
embodi ment t hgnat ol @asihgard |y desst i yes edganal yae deaputi veasdd iaatdey$tr st
position of the bank assoon as its activit% has beeFl S f,fi(iie tl%]r
restored. ~ magostill continye %R eRREITBHEE ERoklGatitdi? @2‘& &€ pesi de
the .. _cycligakhy QRenal edifank, of wiePoxi gaki 8ALE @AELO0HS ii%cisadk TN,

particularly preferfed way to carry out the latter' enbodinment is to place
the f2Q st reather agomnd Mhg it @V rEedpente- adkiv&Ned 5 Ihe VSt ni nal
posi tion of 35t he _bank afsreactors, i $demméd) 2888 tAckRekease the WO
01112617 - 10£151§§ %Ebrc&arly 2004 l(s:yonversi on e?/el. of tche gt her reactors to a
total of at |@mslies@pematimostofprafearbl 9Lt ocEs3bhyYi SPPPEEFEH based on
EBHP. Consequ rq@%t taipingnths eatabyst &8 da-aLld vated
is then cont a%ﬁégx\?\naitﬁﬁ%e Cg#%ﬁcsﬁgﬁ ]?JFomthe reactor in fhe second 'l ast
posi tion, whith-beRHUAI, NS Tatdirrssito 596 EBHIE tned pfef eprBRtisdegdsd@Ankalaly free

of EBHP. After at ast_ 20 haqur nr.eferab : S 0 0y e

pr ef érabl y ats'ﬁ1'3i1:f’EL ydﬁﬁnet#eedzaﬁ%g?q&lséaegvﬁ;? %éﬁg{%ggnkgéf Plg%%ézjrﬁﬁr@relo
activated andalkeleeactoxidd, Iwheerqilracete heekctor t benteistingosine owststep
(c)). Conversion conditions, in particular the t ecature, w,l| adapt ed
to achieve at9¢RE5L VeSS E®F Loimfers] &t M oFH b?e?%n?a%f§sésgénﬁinalt1%;e/e 100%
EBHP conver si garm@w@an bk irtgast Qird Agaien Sikps ¢u) 45 bpeeaghofg) isan then
be carried out in line with the above procedure.. The process_according to
the present idBREL8hSLlY &HSpLacasdt ¢n W%?ng%‘?lle%ughgpgﬁiraéPF n3 &t al ysts
_of _akh epoxi daiiop peAGHINS Uy \Wlotiny theadeaet éont oinangakkead 20 with an
organi ¢ hydroperoxi de. Suitable organic hydroperoxides are secondary and
tertiary hydrepesdyses AFGAREAFomid A0 et PhaRi EORFERBEarHERE A
C--C20 aral kyéfhe\égﬁg(i@ira@ﬂ%nor JHMHINLS 4 hes @i nudxarpl e BpesHitiahl €
organi c hydroperoxides include tert-butyl 25 hydroperoxide, tertiary anyl
hydr oper oxi deyhi ket paey reaotiorhyidr derdod tRndly e pehiehe RpHiBgersRi de,
cycl ohexyl hydroperoxi de I.et:hyl Lde h

et hyl benzene rhf/%egﬁ rg% g%glr?g)yt égﬁlﬁlﬁlz%%ﬁgé%%géégrgr%s% géigitabl y
appl 3ed. 30 -pedbpealklkeme~ used can be any organic conpound having at | east
one aliphatic carbon-carbon double bond. Such conpound will generally
contain from2 to 25 carbon atons and preferably from3 to 12 carbon atons,
such as propene, 1-butene, 2-butene, 1-pentene, 1-octene, WO 01112617 -
11 '



5 February 2004 1-dodecene, styrene and nethyl styrene. Most

pr ef erabl y, however, propene is used as the al kene, thus produci ngpropyl ene
oxi-de in woaardence with the process of thepresent invention.5The

het er ogeneous epoxi dati on catal yst used nmay beany such ca in
the art to be suitable for4 catalysing the reaction betmé?eéﬁ}aéyzg% and
an organi chydr operexiciguidit ©i 4 heogr s espandhagepblkyildite QX flea @ndeh codol .
However, titaniumcaontaining catalysts arelOpreferred. Accordingly, the
catal ysts di sEv&&R Ly 9patehtospedFf FREPFOASUESSAA 3‘637,%91212% c

EP- A- 0, 345, 8564di;5a43sed abaye smyecf ghal pstaneeesbaanR] igfl bd f,

has, however, been found particul arly advantageous to use _ _

t heti t ani a- onssiiltiagd vcdtthl 3yt &0 dpaEl oseth | RhEPraagtifes guaiBim kaing in
‘epoxi dgti on reagt gr-%uficg e é)url@c?ﬁﬁafi t@ﬁﬁfgsggt i Rweptd.on Mhen these
catal ySts are used, ‘veryd%ods fesul TS art achi eve l?y theé present

process. The camgasiatsieon roftitdherdaetot oas heheperpdatiadicesagtmrcs ed not
critical for e _pracess of the present20in i in.the sense that it my
have any corrpkz’ieﬁ%gﬁ\fﬁ’cﬁqosllcno%% al?% %%ém*r%l?gl{%ﬁ%gpgfae%egﬁc. Z’ce(;%owreaelnngl Yy,

i ncase of a segpe@neipr euydsEwiax depcoi e niuct reacppacesInt ke deeedd o t he
epoxi dation unit conprises at |east soneethyl benze hydr oper oxi de (([EBHP)
and nornal |y SPEBeRSBLSHI MmN aacfﬁjh‘ﬁ]tt%ff%?%y? eﬁggn atg gﬁg:n Lies(to

ei ther@dded t gebbeifl@aGlelr, aha tsaRdsPdtufeeth streameactary deeadded to the
EBHP- cont ai ning feed streamprior to entryinto the epoxidation reactor(s).

The feed may #P$6€6nt &i-F -s&e GRATEAL PHEI K ABPEN BnBFoFCOL 1N .
1- pheny! - et hapghi7ed, Ok BB d Nt H & RoAH fY OXi daLhoRe88ELIOR QN Ko
a_precedi ng egom dation reactor or contained in a recyclestream A typical
feed stream t ePheaépskicd@Esdr akd@wl wHiltth (9 Pe¥FIEUFA EEn&aadmesr the
precedi ng oxi kon_st.epi j QX i r8acs O Rk QHUEH W p steps
(1'i ke35washi ngﬂg%g ai E?%{ég{al%g}rﬁég lg%nlf)!%ds%a 15-25 W?S E%H ?’eSOE}l&ﬂhwo- o~iiz6
- 12 1% Febr uakpe2004 h&0 neigitdtviey | Haterafd e QB 562 v % phepénesmadi®nwed
1- phenyl et hangl _and .0- % et hyl e a.{ot . Wo. In
a MIH~/ propyl §Hepé§988%éx éroo ue Olmoegrhgl%gccee?g}at%{}ee é?%eaﬁgog%ﬁgfté%ggﬁ ation
react or conprtsebeatt| sagsh lewvelt ettatbutedl dnedrcoperoki tee (ETBER) yish as
tert-butanol solvent. Sipilar as in the sé%yrtenree/ pr o é/l e(ge oxiige h
copr oduct i on PFGERE]I Ypr %gng‘ai%n@i“f FSPEFTed 1% 1 he-PedctdF 8¢ £PEeparate
feed stream ogporydheiadded iconiphke sHYeTHR- dovt dios nigof eedt svLegnoprithe to
entry_jnto the epoxidation reactor. In a _further aspect the_present, .
i nverﬁ¢ on al sSaFgféFEleorSfﬁF58&§q &S - -e.ac[}ﬁ%%ﬁa]i nbe%e’é?tgéﬁst ;thgl y
deactivat ed hetgsogeeppUsatpeX €atilomoeaaallysbet apodtice®f tdbapasmoheng the
epoxi dation reaction between an al kene _.and .an organic h,drggeroxide into
al kyl ene oxi d%n‘énﬁfaﬂnafeeﬁég?téxﬁ’é‘h &gt v ari "pr Qd %Fﬁeﬁﬂoﬁﬂoi n
the art. For instaneenti Pe¥Or38/ 23Atena s eaehdAHk B OCOSSxI@at2Ont hi s
type of catalysts is disclosed, which conprises contacting the used
catal yst withfeapep¥scBlup BEPVARLcaftddifdpPalatiaidtatiom B2RREECE00 C.
Thi s ygthod has ap,gg ”Hmrtﬁéapfeee%sfshetf the beaGlait confaii &y the ysed
catal’'yst has to be taken out o operation for the 25 regeneration treatnent
to take pl aceleast epwetlywhrRetbeirtgdr 6géndatednt Hh dtil S5t reReEOR0RE
contribute tofDeyhe %%sg@ REQUUE! o LanS:3c (9% 45 dh rgeneralion
met hod for tiftaniuncontainin ﬁeterogeneous ofefl n epoxidation catalysts is
30 --disclosed, °C mwhehernthehetheed foperpdatiroadcfiidiaisttempardeatred at a
tenperature at |ea 7 | h sene : y . o, this met hod
Qf'hlé 13 géh ggeg th ﬁégggég ‘Eﬂggegflr% g:ee%tctfélols J.rjihak

requires the teact cont &l ai ng tiva catalys be" taken out of

» di schar ged fron# he reactor ta VD 01/ 1§617 - 13 5 Fehruary 20'0t4' enabl e
the regener at? C MR 2bvePO*EARELPBGERBFAPF Sn2E Peltisin 4T }/d}PLtLon

ener gy- consurd ige c iy CAf + Sruafgsbhedofr enebatiiat oeavi eyt aidl |n

econoni ¢ perspective, The present i nvention glams tQ vercomafthese 5

di sadvant agesCRtHel kP oWhe r €§RAELNRFBH RBEAGYUST WEES: FihfgISEL MR Yr esent

: nvention in grdwriferppsPeshsr ebatesrt atatpeoeggaifreld tempedaaidng an at
east



partly deactivated heterogeneous epoxidation catal yst capable of pronoting
t he epoxi dation reaction between an 10 al kene and an organi ¢ hydroper oxi de
into alkx&gqﬁ“gﬁ%de and an al cohol, which process conprises the steps of:
(1) reacting at |east some organic hydroepesoxide with al kgpgb,idap)pz@jltkyl ene
oxi de and an alcohol in the presence of a suitable heterogeneous

epoxi dation catalyst,#adg5131> sHi tahbe @poxi dathanpeeadntl YiScelsd the
contacting the at least partly deactivat ed catalys? w th an epoxidation
reaction m xtikmest esedctay PEohhst eycliradonpr PBRAGEEAe PG Fardisc put in a
hydr oper oxi d | kene, n [ .an cohel snat 3 tLERerature,
which 20 is gio%eé;ls Sf%l:ﬁ%{éﬁergot agﬁfﬁe%faltlir}gl g%érrperg?urg at V\Q}n%i ch the at
| east part|y atbhictioad bdepasatigstonaseian tysss directbgdbefrae atllse $teart  of
the re-activatjon. Advantages, of the_above pr S e (i) th he reactor
cont ai%ni ng t AR TVaR e%gEhFéP{}sElasgg\irYota g%% fﬁg ?éebgtft %Hk‘lgtﬁl out of
oper ati on eaciiditmride texyetoos, dehehi vat arthisibpcofiethedepoxdblay iltingh

and (ii) that the deactivated catal yst continues to conf{ribute to the final
STyt e o (ATASISE T A per ot PEE enBy Basy T areRaes EB Al ai nan

effective readdsidwnyilolsSievel30in a_veiieimiciedoreEBatedin, step ,, (1
)of the above-, process.. a_feed . ..... ... ' conprising the organic
hydr oper oxi demhRf idKthe hevpEssedthfr 644K tatr §225eT tA6 FBScPEPRE WAi BHthot h

cont giph a bed 0f; tetﬁéﬂgﬁ‘gﬂﬁog?e&ﬁa&koeh%a_t@élyﬁthopaéyé:ﬂem@ fore the

reaction m xture us obtained In contacted with the at™ 35 least partly
deacti vat ed cgtealajstd iTeatepr{2in sty 02)| dgrespaqrive Fébkdary 2004 |t

is preferred_taq carry out e . ure, which is at |least 10
and nore pr epé:reef;ﬁlnf%to eaas)E g%é%%h%ﬁgr%g%%ﬁtrﬁ'e final tenperature at

whi ch the at | eaSthepardrly dtastrvaley catakystedvesnd cypbiatlidbn 5 directly
before the start of the re-activation., Suitably,. however, t ature
during the rggéﬁ%%ﬁ#(ﬁPQﬁ*é%?ﬁﬁnb%e%%F%rfhgﬁ%ﬁf{ngéfeagurgg%ﬁgpﬁét nor e
than180 C, hifghed teah «mixhidd thbdnt eepetatur.e Hdwevemerit oistpre fieaned
effective re-activation of the e oxidatiﬁn catalyst it 10 was foun

particul arl yt8gitt 2HiS RPN RO MR R heP tohBASEH T 45t e tRES at WP bhgt 2

partly deact pyatred el MHsitmanthiimise F €G4£ EBA ot il 15§ ephd Bahler i gt
| east 20 hours, preferably for at |east 30 hours. The reactivation can stop

as soon as tReveataMpst FgiA%abhus 35 BebAN e SVBF 1D Phethferd rkd | evel
However, as Rag.al.sq explained herein before, there is no fixed

maxi mumto this tinme, because the reactor containing the catalyst to be
reacPvat ed renaPdseirn tdendearit operariahl HuFPRgehed ertidatidoh. 20 The

re-activationghas JbeenJound nardd il aghy L geliev @ dare sz 6ol idd Coed
epoxi dation catalysts, nore particularly for titani um contai ning
epoxi dat i on emppaligetd onOredniser 3 Heay ikarpaespNSi-| iIda matal §s fre Pbst

sui tably appgbgﬂ-aH@@?yﬁHaf“JEHc{E¥E2§¥%i££85ent, these reactors are

suitébly connected in series and are preferably not
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

S — 10 - .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



25 het er ogeneous epoxi dation catal ysts may be re-activated as well with the

present nethod. The al kene and organi ¢ hydroperoxi de used are the sane as
descri beWwOn®ridéi before in relation to the, process for preparing propylene

‘oxi de. Accordingly, nost 30 - - preferably;- the al kene g%gg%bﬁ%ﬁﬂﬁppene

whi | e the- organic hydroperoxide is ethyl benzene hydroper oxide. ese
reactants res@actoF t3e §oh MeRFBNTHE FEGRMETHe oki HRSaANYCR- PRENTPEERAAD .

WO 01112617 se i1 REDIMAr YR 2004 The dubsentd amé stidst hessithuat 6@t ed by
the follow ng exanples without Iimting the scope of the invention to these
particul ar erdbedicysitissa Bxangperatsdrhiad kex A e iRl tar FR@dr8BELPR a

cont i nuous e%%@ﬂ@%ié%ké%”ﬁi%é&?&ﬁeanﬁéﬁygégggﬁg éMP%Y@§§ei§%OBr\less

aut omati ¢ wei"ght "bal ances ‘contai ning respectively the EBHP and al kene feed

"streass, twodfi ghspreesistime bunpsivatli ted thednarm@eeievabhy repanpheor

€

punpi ng a recgycle 10 stream pver, the,reactaqr 2an intaln the reactor
cont i nuousl y%ét PB4 ﬁ%%g%e?%gnlgg%at&%%g%c %-}aé‘g?\?%'pet?ﬁ?o renove

| i ght boilinga¢enpenenicadt keatl kentevalcaalyervand andasselefan pecei vi ng

t he product. The feeds were sqﬁpliﬁd tg Ehe react por vi$“the two 1§ohggh
pressure punP¥tsAden Tt het "BAFEFE e ARSI FIRE Tt Y . T GheCF Bact or
was oper at ed1liik@uicéciuldg ata1t @) anpfmBesuicd rddai@ss racydie sankam was
mai nt ai ned over the reactor to have isothermal operatjon of the reactor bed
and &8 ensur@rﬁﬁsPC@h@ﬂuﬁéﬂaﬁﬁow%lbéeﬁétQGSacﬁ%ﬁﬁeﬂ#ié?%ﬁﬁ&%ﬁﬁ%ﬁPmﬁPﬂ
epoxi dation Egﬁgb%g%i%&pQH@tthngééged of al kene and a 35 wt % EBHP sol ution

i n~ ethyl benzene was m xed wth the recycle streamprior to introduction
into the reactor ThA eonpesi tieaionnarysrs 68Nt e dctiesh GH X RY e2Was 25

carried out b}éégggﬂg fea%@%no%r%t\j;gakhg! gikg_l%rdo qu;taoqhya,{ds@ocg%

foll ow ng prS ssTconditions were naintained: throdghput EBHP solution . 30
grans/ hour t bngigkput. alckenrel 1y 1B8ughamsiheurwidd ceoyslisd laawadea& &g/ hour

' The_catal yst _used in the reactor r jat ti i 'silica
cata??st obt B*R& lPFoﬁVFhéméﬁgfﬁbéY¥%§egeg?i%h%oga§%ér%%ﬁ%%eﬁééggigq§'
st yrene/ al kykenehaxi d@&ec Fgucoductéams pandesSflueWd GH/rE2GE7 of the - 5

February 2004 The activity, o ¢ S8t alystol eneXReeisd $12d@'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
125 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 higher 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



i ndicating the reaction rate constant in kg2 of liquid per kg of catalyst
per mole per hour (kg2/(kg*nole*h)) normalised at 85 C assum ng that first
or der reactkpn %'klnetlcs apply in EHHP and in propene. The continuous
ePOX|Qatﬂﬁﬂ B@ﬁ H scal e unit contai ning the partly deacti wai g 2004
Eltanl um sili caW((:]ataI yst was started up at runhour O at Qé éqﬁ% I nal

enperature at ich the titaniun sill catal reyi ly used in
the epoxi dati 6fS$E %fa%tﬁgﬁﬁgrgFaﬁ%§t%ﬁ%ﬁgiﬁﬁgf%ﬁghgxgggggéél
poapr ogugtlgnlab@%esmo_mh 1 upj t thas fwdltltherotofer atessls utien £Ae howrdi t i ons
I ndi cat ed above. At runhour 5 the reacti rat e expressed,_ as_K85 .2
kg2/ (kg* ol e*RPCaRSFei ™ | oW Tt AR RO 8 o R AL YL 85t é“s?“ﬁﬁdzitb%
propyl ene oxi decamgh1l-fheayl reehanals wer & ifvesdredh x fihan, tat thiushaime30, the
tenperature was !ncreased from90 Cto 110 C. The increase in activity of
;hektgf?ﬂlunibﬁpﬁ@QGQOﬂBht%$§§F°FsCPHGP&&H@@iﬁ?eﬂﬂﬁE?¥YS?8§°iEeexpressed
in kg g*nolgxh) ; ?%?‘E rahUEenis@agitl \WHdtion. Th
Runhour515305}6§§%f6’ 150K8 %J%%’f’%o%‘;. BT 155 Fom Table I it can be
seeg t hat gontaetcm}dﬂms@ebstreaae@l@ét&t&§@ﬁMWQ¥%xkﬁﬁ%a@@%ﬁlwéécﬂﬁon
product and ingreasing th re \wit 90 tor g5 0 C at
runhour 30 gv%ﬁﬁﬁal%loy%roens‘ﬁ?%gnfpgﬂgkgagfl}y\?i F§%@l%nr{%%%lgcp?5 %?n%ééhl gher
Egan fhe ori gkeaktact iatrtya Df ingt hbedeackicrdtved echtcd bty s Tonpapansveén

anpl e 1 Exanple 1 was repeated except .that the t r 3 : t at

00 C 38 150 fiBEFELLoTp B IPz%‘cij? gk ix fe F&g‘rsy%ggg‘fﬁt %%ﬁsgf’%ﬁﬁégﬁﬁat
at runhours 59s 4QQ caihilh® hHetK85deastAvathed (degremnife*tie Astelgsngly,

the activity of the deactivated catal yst const [
Y bed of the reactor wh?c is tﬂenaQEf%ﬂé”¥E£§? égg&tgé%nBEe 2

the bank, because this is the catalyst next in line to be
re-activated. If the reactor containing 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—a;tivated is contacted, is the effluent from a
precéding epoxidation reactor. This effluent will anyhow
contain propylene oxide and an alcohol (l-phenyl-ethanol
in case the propylene oxide producing process forms part
of é 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



5 A bank of four serially connected epoxidation reactors, each having a
vol unme of 9.2 nB and containing 4000 kg of titanic-on-silica epoxidation
catal yst wosi/iedl in this experinent to illustrate the invention. During
the 36 hours of reactivation in this 10 experi nent the EBHA-dipesty @864 Wt 0
EBHP sol ution in ethyl benzene) and propene feed to the epoxidation reactor

section were kepbe CONSE @At vat etiesRectiv/ alonddd bennestBreand 9@ Heonnes/ hr.
Accordi ngly, EBHP and propene conversion into g{ggylene,oxide and
Vv

1- phenyl - et he#R11 182 cht ¢ huefUdENEFF e rdack FOR2AE¥RE GARKTGT reactors

had been in opsfadi of f QRegBMERAl, Washksrnd 1hei acpiykeyrel tbe tealalysst in
the first reactor had decréased 35 | ess than 1% of its orlglnal activity,
which is the z@a¢tor ycott2ivsng2@heatcalipsty Sttt @t el § BPEELYiIt has been

| oaded, i nto t&g%é%a&él%d, ThE Ot @bt emmenat we Pfothee f Lnst dbaRekonh cuas

approxi mately e first reactor was then switched to the term nal
position. |nadtislyosiinonhiberepctepenyf oA sthecatkdspsandapusr thas

passed through. Ahe, degctl vahed £atalislaPad, diid g A0 hou sossBidaebil vent

havi ng a tenperature irst order reaction rate constant of
t he epoxi dat ithe (Wdhk. as determined for the first order r----T30 ~

conversion of EB-HP in the -reactor contai nj.nq the .~cataTyst to_.b
reactivated, was t%ﬂ?ﬁqﬁii%éegefﬁﬁgtF@%9§;#%qﬁ;%ﬁﬁiR?@g?%gu?§s%g?e
i ndi qaf ed i nphaldend linventiomocombirdsies -in saddi thedn uas ys20P4 The medctor

switch took place at t=0 hr. The activity of the deactivated catal yst,
expressed as (M(KPe sdeRha@f fronent is indicated in the Table. TABLE ||

Reactivation tdyng )0 45020263036,n6k0) AeB8&a2% 108 1 39 158 9r 6s Eppaut abl e

Il it can be seen that the activity of the 5 deactivated catalyst in the
first reactortcsitqd fdamintay 1avpéasEiehyetird a5 det sttt Raehri® ngPeo t he

present inventiqnR ;o4 -ocf?—6gfathe5bgggr;uary 2004 CL Al MS 1. Prccess
for the preparatloﬁ of al kyl ene oxi de, which process conprises passing a

f eed 1&onpri siley @ptérgedily hseppefaxi §Branghal len@rehiARAR e Badk of at

least two 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 reﬁlaced with fresh cataiyst;
(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



serially connected reactors all containing a bed of 5 heterogeneous
epoxidation catalyst particles and operated in a cyclic node, optionally
fol.l oned 8% g}/ %g‘;\st one additional epoxidation reactor containing a bed of
het er ogen Q448840 dati on catal yst partiel e, -and conti nueusdpruar toods aw ng
a product streamfromthe final 10 epoxidation reactor conprising al kyl ene
oxi de and an coh r [Mo] r.qdu r i odu t,r egm_t.he
al kyl ene oxi d:é%%ﬁg%)?ggacﬁgﬁtselr ggg\}:ce}%egfé}eng \Aﬁ%ﬁp%?%cgésg ?g))t%tlhgnf ia?tst
reactor of theleysti8aklyaopemaised dhmfledabllp putesncatipdsdivt iLOR X, ubalsed
down this bank or_in_a position directl te y .t he_addi ti onal
reactors, wher’? ﬁeélggti gf’f’?e@flef]%&yépécxr%édg{elaoént%gt%?ﬁgfa?&%h ait?i%d t herei n
has decreased dax &y sindesi bablrg~aewilvemadd i(db)then tbostposkti edthhehe
catalyst with decreased activity 20 is contacted with tﬂe ffluent fromthe

react o in theeqﬁJéé%FnﬁrB{ﬂsFPFgﬁeﬁ‘tctéPIt ehdrift (T MAch3FS BPSEEASP 5 ©

hi gher than t kg filatoheaPREaLYr fodl Wi GBHMe tAtetyseryBsyi Asuse in the
first position of the bank and for sufficient tinme to restore its activity

to the 25 desiasePnelally2frppoedsEBHES cPtRd 3t 83F M 0 BABFEI AREhe
cyclically Opgraetféﬂ:%:;{f %enﬁbéks 10f dlaty_sl,egfsret ft{f@féﬁé%?&'zé{tcﬁaggﬁ ed

epoxi dation réactors. rocess as clained in claiml or 2, wherein steps
(a) 30 and (b)6 ataysepeleedatalybtt Wélacthiavie pasn thef EheheyslyY @0 o~i 126

- 20 February .2004 to -actli d I stored.to the
desi rég | evel %%.lvlf_‘r 0%%5%‘?§s£§ a?grr%é%%% g%%qo%% c?g%%? bnrga‘l.’:fS'fLHwﬁgFei n the
first reactor fafrsthedabkicontatapngc)he Catrnalexsti & whorditsondst Ly

deactivated, is taken out_of operation, the.deactivated catalyst.is

repl aced by f P& ?s’fh%lfifg?‘pﬁ/ﬁf‘gﬁr?hi glﬂga%teoraé%p%%‘? bAcRTHEEE 2
operation in thedergdnatppestbhoarelohheahanlorefe falwresssaencialhpd in
claim1, which conprises the 10 additi onal jt eps of: cg after the afé; vity
of the catal y$OORaEHERFPREEHF L8t 0°VRE G irr&i’clté?/re%, 3" 1 eATERT put
back ig the flth%bm'&?)orbm thénbpBakcat @) e@pbiv@nald y1 stepsi €@) thdr ough
(c) are repeated at” 15 Teast one tinme; (e) the first reactor is taken out

of operation @whevet Mree2dWrey of the epoxidation catal yst contained

therein has decreaggd é%&@&sé”@&@@%ﬁkgytbowle_ewles@m Galvd: iomaes be
restored to the desiréd | evel and the 20 deactivated catalyst is replaced

with fresh casapydicallig taikerenegenrepyspaPoBacR timo GPetkiisoh oh ahk
term nal posi %EBQ%““{%@ G LAY ORELEVEADARE: AAMLAiEn HL0M (Bkene

through (f) are répea e a product stréam containing al kylene oxide
and aR0al cohoWiith 2% corgamimusygrepehdrada . f Suatelkd d angandarthwdras:

Process as clained.in any one of ' - : i 0, eous
epoxi dati on cg?ﬁfjﬁ‘td%fse%rel ns%cf?mgépo i”%rééi gﬁr\rélggggo?lj%%ertOQl&%

titani um cont depiRgdcdtminyst ,Cpres grabiyhatict Apdaogerdidri,ca cat-dlyst . - -
30 -_'"7 ~--. .process as clainmed-.in.-any one .of. clainms 1-6, whereinthe
al kene used i 8LpRéyend YHTIPITEO Dt g%ﬂﬁi%lﬁgHFBBeFB?FGQfus@d‘qn?léshﬁﬁoenzene

hydr oper oxi defgﬁ.t'ég'ite' st gl n Ny df APES 9k 881 a8s Phecase fr@irt-@nAGhl vating an

A Ié;gt parthgdroperoxide, tertiary amyl hydroperoxide, tertiary

octyl hydroperoxide, ethylbenzene hydroperoxide,

cyclohexyl hydroperoxide and diethyl benzyl hydro-

peroxide. Of these, ethylbenzene hydroperoxide and tert-

butyl hydroperoxide are most suitably applied.

———30 ~ 7" The alkéne uséd 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,
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al cohol, at a tenperature, which is at least S C higher than the final

t enperature aP ARTSAT Y 4 Fhst partly deactivated catal yst was in use
‘directky before theecstarde @gdheoitie- apbkydatann tatdlyocass] asaglhened in
claim8, wherein in step (1) a feed co

(1) nprising the organi c hydroperoxi de
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thus obtained in contacted with the at 20 | east partly deactivated catal yst
in step (2). hydrepesess dis iditd ndee | @OEFaFRP8dango a lfydesien sticde (254 s
carried out at er I i i L - C hi thap. 4 he final
t enperature atal%k?%ggmt het‘gét%re'ﬂf%%éﬁl@ 8%512??\?&?’& th%gtgtai?;%ctgqms in
operatpon dir eetelfy r2%chefi e ndicngl vy t thé chbalgsist idiscilosedlin Peeess as

clainmed in an ne of cl ai -.10 rei t | Rg_hetyvegye t at
| east partly §5§8f‘itv§1p&flcf§t%§8v§?ﬂ%nd§t%eEféggf ?’g% %%?t E%egﬁ tr(1)’st4r<;5p’ i?%? i's
continued for datschessid 2bdveunmy preder absyantel ebst appliedholits. hd2,
Process~as clainmed in any one of clains 8-11, wherein_the at |east partly
deacti vat ed ePS¥EI&E o SEAL &Lle%d iRALETFERRF U 8§Hfagitﬁfgﬁ§uéattﬁ yeis the
preferably a tiikaniig-emsidilGaLatadybysts dB01642011n- E222A-5,Bels w3y 2004
| 3. Process as clainmed in any one of clains 8-12, wherein the organic.
hydr ob®r oxi deifs 2dLhpPEdiEeie Ry diet O%F deCanb EhBUAPESRoPf &iffed i s
1-phenyl et hanglreseﬁ‘jc' Ar%PANGA Adlen A fes @Ncafa Y ¥d Qr8l uBedhiFludyy
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good results are achieved by the present process.
The composition of the feed to the 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-
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In a further aspect the present invention also
relates to a process for re-activating an at least partly
' deactivated heterogeneous epoxidation catalyst capable of
15 promoting the epoxidation reaction between an alkene and
an organic 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 _ disclosed, 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
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It is preferred to carry out step (2) at a
temperature, which is at least 10 and more preferably at
least 15 °C higher than the final temperature at which
the at least partly deactivated catalyst was in operation

5 directly before the start of the re-activation. Suitably,
however, the temperature during the reactivation will not
be more than 50 °C, more suitably not more than 30 °C,
higher than said final temperature. In order to attain an
effective re-activation of the epoxidation catalyst it

10 was found particularly suitable to continue the
contacting between the at least partly deactivated
catalyst and the reaction mixture in step (2) for at
least 20 hours, preferably for at least 30 hours. The re-
activation can stop as soon as the catalyst activity has

15 been restored to the desired level. However, as has 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 cataiysts, more
particularly for titanium-containing epoxidation
catalysts. Of these the titania-on-silica catalysts are
most suitably applied. However, other non-zeolitic

25 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" '~ “préferably, the alkerne used is propene, while 'the organic = "~

hydroperoxide is ethylbenzene hydroperoxide. These

reactants result in the formation of propylene oxide and

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

Example 1

5 This example was carried out in a continuous
epoxidation bench scale unit containing two vessels on
automatic weight balances containing respectively the
EBHP and alkene feed streams, two high pressure pumps, a
fixed bed reactor, a third pump for pumping a recycle

10 stream over the reactor, means to maintain the reactor
continuously at temperatures between 60 and 120 °C, a
stripper to remove light boiling components like alkene,
a cooler and a vessel for receiving the product.

The feeds were supplied to the reactor via the two

15 high pressure pumps and 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 cf 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 . ....1 . 2:3 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.
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The activity of the catalyst is expressed as “K85”
indicating the reaction rate constant in kg2 of liquid
per kg of catalyst per mole per hour (kg2/ (kg*mole*h))
normalised at 85 °C assuming that first order reaction

5 kinetics apply in EBHP and in propene.

The continuous epoxidation bench scale unit
containing the partly deactivated titanium/silica
catalyst was started up at runhouf 0 at 90 °C, the final
temperature at which the titanium/silica catalyst was

10 previously used in the epoxidation section of a
commercial styrene/alkylene oxide cé—production process.
The unit was further operated under the conditions

indicated above. At 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

from 90 °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
Runhour |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

30 was kept at 90 °C for 150 hours.
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It was found that at runhours 50, 100 and 150 the K85
was 0.2 kg2/(kg*mole*h). Accordingly, the activity of the
deactivated catalyst constantly remained low.
Example 2
5 A bank of four serially connected epoxidation

reactors, each having a volume of 9.2 m3 and containing
4000 kg of titania-on-silica epoxidation catalyst was
used in this experiment to illustrate the invention.

During the 36 hours of reactivation in this

10 experiment the EBHP feed (35 wt% EBHP solution in
ethylbenzene) and propene feed to the epoxidation reactor
section were kept constant at respectively 100 tonnes/hr
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 firsf reactor was
approximately 80 °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

——13Q0" °~ ~ " “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.
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The reactor switch took place at t=0 hr. The activity

of the deactivated catalyst, expressed as ln(kg), at that

moment is indicated in the Table.

TABLE II Reactivation
time (h) | O 1 5 10 20 25 30 36
In(kO) 7.8 8.2 8.0 9.1 9.3 9.5 9.7 9.8

From table II it can be seen that the activity of the
5 deactivated catalyst in the first reactor significantly

increased by the treatment according to the present

invention.
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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
B 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
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(c) after the activity of the catalyst has been restored
to the desired level, the reactor is put back in the
first position of the bank;
(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;

| (£) this reactor is put back into operation in the
terminal position of the cyclically cperated 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 heterogeheous 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

g~



CFYL0% & ()- dFI0% & ()- " s109% & ()-10(#10(#10(# h Y%A0% #& ()-P $|[: vU410
~9,&10% & ()-° 9,&10%J& & ()-d )&IA0U&E ()-f  &IAOYBE ()-f Y

Y( 10%( ABOQYA2617" Y Y(10% %& ()- $o| [ NA41830(10(10(" s, 5940% & () - gd

as0- &10UBY& ()- ° "9, &10%& ()- "9, &10% & ()- "k 9, &10% &  papyligpy $6bh4101

ALs*10% &[ & ()-7 Ls*10% ' & ()-7 Ls*10% & ()-7

Ls* 109&& () - PIBBRI (F19) 58&9’% ?)ﬁ%‘)ﬁ&ﬁ??[?ﬁﬂiﬂ FLSTO W () -7
Ls*10% & () - 7aflLe# 39 8h&dkpe Ay ili®bin 60 (9 1Ry Lend0emBUB& a)t Bris*10% '

& ()-7! QRST gvT210! f, 10%& %)-6! f,10% | & ()-610' 10" 10" Ls*1Q% & ()-7 fLs*10%
d" & ()-7 a [a¥aepglo Yhach) PFRYQSA [C 1% 108 S8R5 (PI6 £, 10% & & ()-6

f,10% (1) reacting at least some organic hydroperoxide with
5 alkene into alkylene oxide and an alcohol in the presence
of a suitable heterogeneous epoxidation catalyst under
suitable epoxidation conditions;
(2) contacting the at least partly deactivated catalyst
with an epoxidation reaction mixture resulting from

10 step (1) comprising the organic hydroperoxide, alkene,
alkylene oxide and the alcohol, at a temperature, which
is at least 5 °C higher than the final temperature at
which the at least partly deactivated catalyst was in use
directly before the start of the re-activation.

15 9. Process as claimed in claim 8, wherein in step (1) a -
feed comprising the organic hydroperoxide and alkene is
passed through at least two reactors containing a bed of
heterogeneous epoxidation catalyst barticles 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 direcfly

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.

712, process as claimed in any one of claims 8-11, wherein

the at least partly deactivated epoxidation catalyst is a

titanium-containing catalyst, preferably a titania-on-

silica catalyst.
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