; ghe3ei f Z6TDG G Process for nanufacturing oxirane using a peroxi de conpound
. The present invention relates to a process for manufacturin mwwﬂwmmm@ﬁ
reaction between an olefin and 5 a peroxide conpound in the

catal yst and a solvent. In particular, the invention rel ates to *shieo*

Jnanuf actyre of propyl ene oxide (or epichlorohydrin) by epoxidation of

propyl ene (or ahlydehlni dein il Ad, s agen ARt oxd dey 10 the, prgsence of a
catal yst 10 co propyl ene

oxi de by reaction between propyl ene GOPAMRE ogen peroxide in the presence

of TS-1. For exanpl erhé nppatent Wavane i@ho r%i?ate%m%aapb%%%%sl sdyer formed
in 15 several reactors, arranged in _series, ghls known process each

reactor of tTRPLERTELIING ¥ TRRR ]F’Yegﬁaﬁ)t/aPBg REWEEHx Pde O THETAGRY cant
has found t hatpeteni dactompeaahdr ihsthedpwesbnteestt by d=egayperpd de, it is

| mpossi bl e {9, convert h nt unt . of hydrogen .per oxi ed
w t hout subs$ M7 atr fgrmaé %thl i%y ppgl %V%ﬂ%l?ﬂusr% (?Sgyg?eli'tsnc? have an
opti mum vyi elmnﬂfﬁectplmeﬂf prepytlicoe mperd&)nécsrt Iapscttﬁawbhykirbyl prbtyw ding a
#1 POgRIRLE o re' unt of
(5 exk el fhliby produc ?r)\

novel pr ocesg, (y%q

hydrogen per oxi de |ntroduced wth a ow formation o

wi t hout , hov@ﬁ%?Og?réduE?ﬁ@X%ﬁ‘é r éBct it4e r REeserre hi 8fend, tREaAlvidnt i on
rel at eslt)o U Qeassnd ofs Bnuf act uring oxirane by reactlon of an olefin
with 30 a peroxide corrpoun in the presence of a catal yst and a _solvent in
~at least two reactorstatPfa np§gFFé§e & U ?E T8 oMLY €2%or t i on

of catal yst,oxacd®r dbpg treashioh aHeti’vﬁerpOI’pr@@yDéné heagbef hydrdaensol vent
and all of t eCFer xi de cQl gpound are |ntr? %d |nt§) a 35 first reactor, an
3 fe dlefi c

epoxi dati on 0 First portioncort 0T i SEBRIG hert&n in
order to forpntaeli’a rg6- ﬁeBt BéA 8B7t heund ran@xos:elssduusrn pempormedg itnhe first

ggrtgag t Oé;e;alx ar}% f&rd?sd a&l%%n%ldve% Log; ypcongymeg, ner o e
P process, each reactor of the series is fed with fresh

hydrogen peroxide.
The Applicant has found that when each reactor
is fed with fresh hydrogen peroxide, it is impossible
20 to convert the entire amount of hydrogen peroxide used
without substantial formation of by-products and thus
impossible to have an optimum yield.
The present invention overcomes this drawback
by providing a novel process which makes it possible to
25 convert 100% of the amount of hydrogen peroxide
introduced, with a low formation of by-products and
without, however, reducing the reaction rate.
To this end, the invention relates to a process
for manufacturing oxirane by reaction of an olefin with
30 a peroxide compound in the presence of a catalyst and a
solvent in at least two reactors arranged in series,
each of which contains a portion of catalyst, according
to which a first portion of the olefin, the solvent and
all of the peroxide compound are introduced into a
35 first reactor, an epoxidation of the first portion of
the olefin is carried out therein in order to form a
first portion of the oxirane, a medium comprising the
first portion of the oxirane formed, the solvent, the

unconsumed peroxide compound and possibly the
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unconverted olefin is renoved fromthis reactor, the nedium and anot her
.portion of the olefin are introduced into a subsequent reactor, an

epoxi dation of the other portion of the olefin is carried out therein using
the 5 unconsuned peroxi de conpound obtaikned fromthe first reactor, in
order to.formanother portion of the oxirane, and the other portion of the

oxi rane t husuh@bmeértsd Cclledaied: s Oemfvddnerespential eBakagterigid cs of

the 10 present .jnvention lies in the fact that the peroxide conpound is

only introd REH Hht ¢ ha&nPFREY P@éEEBP ofhéheudEFieh e s ddttgraguaed (are)

thus not fedimtd haf Eebhelqel‘emﬂ dexamoungh epbx0ahyivht BEt h;ﬁhepQ:Ftﬂiéxde
conpound whi rt Sol' §8€Qt o 1tel}e medi um obt ai ned, fr e 15, precehl ng

reactor and as no been ¢nsUhe P ht |8u5r§£‘86|eﬁ5 PEIEGortng
gener al , 5vvatmcq>I$SIah€s® iperoodgee deninphuntie gletadaa® dompoutidei rﬁxrsnhe first

reactor. hat; no [ cofgg%n ' e i subs uent
react or s) %%a%&}?} possr?blﬁéef(cgﬁ%une da(fb%ﬂ?%dt &)&Iq;o]t%f a%u %
per oxi de coriEAFRR@se®@nd t kBt , ORbREVaQr Firucialy the restrane ri'eIIUeSV\hen

conmpar ed W t#o@nmdd OLLSSo UBédPed he sane total ampunt of peroxide conpound,
but in which each react or éns fed wwth fresh peroxide conpound. 25 In the

process according t ?%he 9ihvERE oﬁssﬁnﬁllént TRafReHEr EBRBFFsi Ay 49 east

t wo epOXDdatpﬁSéze@Chﬁﬁrén&&bﬁngBibs nlﬁenﬂe@ aadtcwmecteﬂet e@atdigige W th

t he excepti on, of | east {L gccgsa gacftbongz S arra&g:ed iin a

singl e reactor- %%%el?e%% Br $75F 83852 h&PEPo farcht & SPEAGTor $%Each

reactor is fawbsedquent efeactoflie) peésoxiade )cartpmindoanfefheishl fanistare only

i ntroduced i f) ct o] r f the
58 R ee fLbRBoRAAC! B FERGY, NEAGLOLAEORLALITR RALHADP

cat al yst whi oes not Teave t rea 'S present in
the form 35 Wiighfid®d Brerpent |J§1 gdie ainsding  midesiswd) tf@qnakethe

precaut ngns preke®ing heeaeftalrysetnd nwhmehr aad OﬁotA'HeeérPa&bﬂgﬁMedt he
catal yst may be present_in the form of %grtlc es, | east some of which

are in a form¥F Ui SRS a 19FEF st rEamBBA Cm%| iSiakisyy - 3
or by a gas.iMhssdwcdd quiidhst tleampies oxd e, ccbmpsumcqmwwdeﬂetqllm ude a

fall-out zong ove t f t he cat aI parti whi ch are
in notion an aa& ]g ﬁfg u Cg ?ﬁ?%e?oaPetgﬁélgga(?%‘P be &6, @ édﬁge&l Cess to
say, the pl afme naybeeqpenSerﬂeceon:Ham mwake=eakt opsssbnhected qomssme es. In

this case, theodiH pRactes.of t%%e%;%% '5 64 4Lt fhérgk??gir& déhe

peroxi de conpound and the sol vent an sequent wth
the ol efin dRERIEE 10 liﬁ%wa%obtla?%emgonrbﬁe BEaEEdPRy Fa&et orWh@Fl t he

series. Prefesmbdyed 3wj’.EHChob&olclés%erdsﬁ.%gartﬂlélS§éime| eotae BROGASS oFCCcor di ng
to the invention east 50% aof the totﬁléﬁ nount. of 8Q\erox ide c ound

used in the $5%% ’f ?%agtog\polug gen?rhl IV ¢ FIH t RESFEPSt 4% &5t or .
The best yi efidsh afreesibtpemned dderompodrsdst 700 are consuned in the first

react of psUsual Iy, nofn Mg LhARS90 AL CoNBWTel, | Rhe; f] Lol seactor, and

preferably not nore t renmain er I's consumed e sUbsequent
reactor(s). PRnh tife pe6€esscaPpsiging tatt heedsiverfiwon epoxdciegionof

identical sizen@d®rPrehaialjen usad. sdhiesmekes doRRSSIdY e thedtMlesr change
the function of the reactors when the deactivated catal yst in one reactor

is repl aced YWittth tFl?“%s191"Sf’”"1~"?:é88né’r“-at‘aetd keast yEvOwPHREBES2BedirSAGHEORg t he
functi oni ng dnédheapranged sincal IsdchglearesetSr f unkésONrBgrtors are

30 therefore separate reactors. Each reactor is fed with
olefin. The peroxide compound and the solvent are only
introduced into the first reactor. Each reactor
contains a portion of the catalyst which does not leave
that reactor. When the catalyst is present in the form

35 of a fixed bed, it is generally not necessary to take
precautions to keep the catalyst in the reactor.
Alternatively, the catalyst may be present in the form
of particles, at least some of which are in a form

fluidized by a liquid stream or by mechanical stirring




A first enbodi nent of the process according to the invention consists in
.using the catalyst in the formof particles, at |east sone of which are in
30 fluidized form as disclosed in the Applicant's patent application filed
on the same day as the present patent_a?pLication and entitled "Process for
manuf acturing oxirane in the presence of a catalyst in the form of
particles” (dhesonbentadf WiHah s hhgaEROrS ARy 135 Lekarence) ys!n this
case, it is reconnqugg to i,nclude a filter through which the nedi um

| eavi ng t he FETIERARY oFOpdBELEIBerfor LI | #PRBJAPEYS] e thHarid

ﬁubsequent r]g@t%.sibbsft&r@wﬁmsmqk@ﬁ_ ti&l@ﬁsﬁhﬁbﬁ h@epghain(bt@_on _
onogeneous di spersion, of. the ca st in .- t he epoxidation reaction
medi um gooaarf‘fia re&%hlarh%]eucg%dat%fjsg%ﬁs?t coRE rofacEor h&“f%%'éti on
tenperatére. In a sdieedlesdodionesdy of thiee planessmaaccoopAfséo ndre
nvention, L{gredidmalaIdng LBESURSAAUAN! 53,8 8RCT Ofy | Sl LT ol Subi ect ed

to a depressurization before belng introduced rto the su sequer?‘tser'eactor.
Thi s enbodi ngte Fxrparrererar| 9f stheabrsiaken st Bedepdihdaticorlieficarri ed

out under prgssurgeebxifet NeRiRRANEE Shad FRBEOUS, GAIIPOUNG g Thic, gaseous
conpound 1033% be the olefin itself g or exanple propylene) or an Inert

gas which i THRRed 59T Phe WSpoxedat Fohtr eblei ol R uAnD dNSw t he
oxi rane10o hseddim ai slerh e r efmsted fHeOMphe-ddand Orreatst oif SPOsedhd n

atent application 99/ 4 3 t he licant. 15 In a third enbodi nent

gf t he prpgces"sesrla%scby}%j)]iﬁenéelf%baf%e%/n’f/%?ﬁég%’ %rhes%h?%n?‘é%t‘é??‘ﬁug t he

subsequent reactor iEnft}'lst mdyesst edctording eabnettie t bnsepatahe @t the

oxirane for nech fief g bei pge! Phrodugrdulp! 8+t e SUBSCAURAL (BACT A, The aim
p e n rom the~ep

of this enbodinment Is to separate t oXi rané _ oxi dation
reacti on nediuntke Hirekl yeastpbsipbpengraetyi consumedndd itheorfdestt o

prevent 1the FQis@dd ONrigé By T PAULES ByehyBEAL ¥ahSwAbnakeohRbYE 903 ,
(et hanol ysi s when net hanol i s _used as solvent) of_ the _oxirane forned. This

25 enbodi mert*® hGSRAHESPhethdTaft dgd Tf F8AAFRG- t IS¥aHilgh sePeciioFety. The
separ ati on tuleat me39% i sape ef eonblyed disti khati darsas diesaeltesed iamd he

Applicant's ]gi}gf,)l' tion fj t hg,.sane _day .as the present, patent
application E'glﬂéd%eyrﬁl ellé‘gelfbcgﬁ%sjghglgr Qrgr%hu?ggt Erelmﬁé%gsro%isr UL i sing
t he separ at iioh Bfe thibseduerme feartathesk eacti on nmedi unt (the content of

whi ch i 50i ncor por at e, by y&f 65,8068 %oqraqfrﬁg{rg% erpedi Rl @f JHhe
process according to the jnvention Is represented schemati cal Fy ? ‘in
Figure 1. |FR¥FEOLT ePér rtPtristnit meage taee f Preferaddtorusedonffhilss a

portion of trgk&dat akyPBosqinsfer abl ireratdngd brE Funt@dreastornt is fed
with a first_portion (9 th %Ie%fi}n vi@ _igecgtggdsttheir}lvégepir%e 4, with
per oxi de corfrpegalﬁtoo{ﬁa %Fﬁe antt e heh ?% Y actor
is replaced with fresh or regenerated catalyst without
25 disrupting the functioning of the plant (so-called
"carousel" functioning).
A first embodiment of the process according to
the invention consists in using the catalyst in the
form of particles, at least some of which are in
30 fluidized form, as disclosed in the Applicant’'s patent
application filed on the same day as the present patent
application and entitled "Process for manufacturing
oxirane in the presence of a catalyst in the form of
particles" (the content of which is incorporated by
35 reference). In this case, it is recommended to include
a filter through which the medium leaving the first
reactor ©passes Dbefore being introduced into the
subsequent reactor. This embodiment makes it possible
to obtain a homogeneous dispersion of the catalyst in



- 5 pipe 4, and with solvent via pipe 4 obtained from another part of the
.plant which is described later. In the first reactor, the first portion of
the olefin reacts with the peroxide conmpound in the presence of 5 the
catalyst to forma first portion of the,oxirane. The medium | eaving reactor
1 via pipe 6 contains the solvent, the first portion of the oxirane, the

unconsumed perexk 8x§@£@98ﬂdréaet:&8ﬁ Hx@%@ﬁmerb%%dmkféca!@ exdlahd@ediHn passes
through a filter and 10_ conveyed vi a pi pé into the container 9, in

which it und"e?‘g%e%a%tyd%%?‘é’é%br?§a1; %nre?ﬁél%dr—ﬁ’i‘i??%a‘ﬂ%éﬁ conveyed via pipe

10 into a distillatipn §okeaBndlemBodixiette off thd ity Ledmpignyert ed
olefinis recovg&ed at_the.top %i this_distillati,on \(,:\g#lumw 1. 15 This

mixture is convevEd AWEERFHRT12 Gt oPEIE BRI SRS IRy LY t he
oxi rane Bronredetomcbaveéitrst shbﬁenteﬂiheouraccdep&retssmhmlm‘timri sberfexz;ecl ed
i nt t 4

into reactory %}néa ﬂlltpf,‘éd UC? 0 p| egllggg q@&dé'%oé o]_xlraﬂ%ﬁlq:

coll ected as shed pro i um contai ni ng
sol vent, t heempeedidneiet conpsund mtwilsanied i nsuebalbbe 1 ahenposdild y sone

of the unconugskesaelehind Sceekigat eshat uhh%rb%fgss@@éet Re dist 'éqeat' on

colum 11. This nedium_a portion of which may optionally be recycled into
the reactor BX4$NSS Pifpe 393SPQUEr £7POUTEd VIRL Hi gaseeUrntPPABEbnd

reactor 107 ofd ab8i AYecaRlTAn Baldd1on Ofoif héxﬁﬁb@éYﬁEoppﬂ@Eéf) aklyy drn t he
formof a fluid bed 18. he second,r wth a se ondrgortlon

of the ol ef iH'STa fIFe 16h the §8§5ﬁ gc ct:b?t‘i7 tl’f*ﬁe R ortion
of the ol ef | Neacarods metihutrhetcunad:ﬂswnetchqaeo&xrdaecmq:)ohed eotrtraimedl f r om

the f1rst T oagdoLhibyhe AraRcRne dfofAlal ystsThinlrm a gegond.ort i on

of the oxirane he conditions in the second reac l'y such
that all of apelperbIRdV@ohpOLBRE B5PvhER nbabttemmthe first reactor is

consunmeds The medi unih eéV'tﬂgr'ae%_Q&BHdlﬂeﬁﬂ PP QEeZBrBE%%sCCHE&JrQﬁrg‘ )
sol vent, the second portion of the oxirane and the unconverted ol Thi s

medi um passe&t MSughP &SR 1 e%r f?eanraeﬁléu’éor‘?\?’éfé&r\ﬁ aERE PSS qRERY he

cont ai ner 23yeacto® ikn fihrisah stbikcesQoes a deps£saert Zabi Gupakhaegedi um
is then transport.ed via 24 1| t second _distillation colu 25. A

m xture of t9 tst_él'(lz%nccﬁxpoglf1 ﬁor?eoxfgregﬁgeag’&%\g dRES: \(?/~1 gd l(S’Ité’metli1
recovered atsubeequgnivf réachios . diBie | ham ort cbhm&m Gﬂrﬁaodﬁhnesntm ksurm® i s
conveyeg Vi [ ondens h e from
t he uncgnve?? ed&%t? Eﬁé}hgo}glnconveﬁr%g V\‘gl nis recy %r{ %rﬁ%?oet'[lﬁjgl react or
1 via pipes Dlium a3 el aklyhassceondipbet iddivest ki rlénefi%mé‘él ligct ed as
10 finished praghict tyi ap@wene9 thbe sekwant onWhicgh by -gRldReied &y the

pot oM of U gLl 81190 SPLUD 201 M5 LeSYEled Ul PRS0 Lhe

15 The catalyst wsed iast hseopreness accortttengokdriine i fwemteidon geiie;ral |y

contai ngza a e e t, ggﬁ erab t ani M4 ite.
The terr§n %%#%ﬁn“%z%l ﬁl{g hggl %%n e t-'l%{éﬁ:'rrlo%fﬂjl gé!%o#l% ggn%al nl%(r%lg silica
whi ch has a P beopby bus. cAst femratiart treashentolis eprgperanlyi r&l whi ch

several sil I&p@tﬁip&@l&se @Pl aced1¥LLl tid aphidm cadfegti
zeol it e advant ageous] as_a crystal structure of ZSM5, ZSM ZSM 12,
MCM 41 or ZS\BR: bbgnlfl%% A sbhRafemg drysesl ther @éteﬁreéltoﬁ’aﬁ&né zeolite

type, 25 pr ﬁmnbd:a/tianee arid alemiitiled Zeatdderss Wfldy amantffladsted ialgsor ption
band at bout 950-960 cm 1 are use. .Tit.anium zeolit

f
silical Ple (PR HIS FPEPErFeRd e BelarehigRoon vl HEL FERRL o
xTi 02(1- x) Si fi2e i nrehicthoxn | smédpmm0. 00@het 0 Gotemd of which is

incorporated by reference).
One preferred embodiment of the process
according to the invention is represented schematically
35 in Figure 1. In this preferred embodiment, the first
reactor 1 contains a portion of the catalyst,
preferably as a fluid bed 2. The reactor 1 is fed with
a first portion of the olefin via pipe 3 and then via

pipe 4, with peroxide compound via pipe 5 and then via



30 preferably fromO0.001 to 0.05 give high-quality performance. Material.s
.of this type, known under the name TS-1, have a m croporous crystalline
zeolite structure simlar to that of the zeolite ZSM5. The catal yst used
in the process according to 35 the invention is advantageously in the form
of particles obtained by extrusion as disclosed in patent application WO

'99/ 28029 by , by, y c sy di ent
%\%@99/24164 thEh hs@JA\Eé)r'i@ PLECHEESy é&ééﬂfﬁg% e P

appl i cation I'1 cant . € content ese two

patent appl | R2@FRAS P@an@cfr ﬁ&%t@ﬁﬁ%r‘éﬁlhc%ylﬁeﬁéﬁéﬁéé’edm@tﬁ vekt used

in the procesgeactigfsh ngeb@tlohe | aMent £ DRstBp e igioser fera |dneam or
branched 5 saturated %&S‘Inp atic alcqhols. The a écohol i.c sol vent %ene]{)al |y

contains up Y9296° c &t DB EAREFFFef TV F r 3Fh 151 BTESFRS
Exanpl es 5whi che nayltlaéylsmntttcmnédrmr & neéihanolpoatd cet hafhokheMeihiarele J S

preferred. dlntheflr t t ar

~general ly at eagé%i% féa\‘?{n e’f%r}{thésﬁi q‘lﬂil FeAc |63nccr)r§g§ﬁﬂ1sprt§§ent in
the first reaetoentin f;éuetl chNIE‘ért at pbeason400foy ttbeghpxlﬁfoneexartﬂiee at

| east 50~ byuedglimed i peaBte USUahbYuAECS hf CYRECT BRodvededel Ot

and in particular does not excee y weight. The nolar ratio between
the amounts PeBiRf i APdRd BRAHER 0RPEESENHHIRRER hat %E'rjé:%&d 2Adt Heés process

accor di n@ t%éxb@eyéweﬂhaorpﬂpfe @enﬂﬁ@él ¥het dsasdided 9 20ihnwhakhi GW ar at
| east O. and referabl | east 0..5. This nol.ar ratlo i s uysual I}{ not nore

~than 100, in*p ’fﬁ’%?ﬁ;ar not %F@sﬁ’ﬁ&ﬁaﬁoé’nd i er 8By W Rot 1for 1¥an 25.
The process asmoevkedgvtia thhed Meninoo aayi:hft:ZlSLachﬁn ndolsmor 1bat ghw se.

In the proc SRPx ﬂ&ggrdb@g %&l&g%é néﬁﬂilogf ﬁ?onvergegero y

f .
conti nuously, er oxi de conpound 1's general Ty used In tﬁ‘ee fr st eact or
in an amuntrﬁomrﬁi@aﬂt Ctlo5tepl gler thosr dirat ipleratgraam obluanallyist 30

present 1ish thies {11 $118A01 O o1 1 PRI AT 3k | G 0. Q% Moy dhe pmount

of peroxide congound i s_usual I% | ess tthan or equa nmol and in
particul ar FRIP of 3 eqidt CPo $BPABREEPY eFE‘?ené’é‘H@n@hO\ﬁﬁ%r t¥e amount

of per oxi de @m@wﬂt@a glLeatar m@\mccﬁm@&té@ 85e91ﬁ31golreijyt1£s t han
per onl de conBURA TA T aht SURoHLPS®usad n oTe i ol bl i gl
sol uti on. | ncfeneraranehe isquemislesdiad | oms cofifninbedt lpeasiic2% hiamvei ght
of pero&bdejﬁgggoygd ﬁn%edium containing the solvent, the peroxide
compound not consumed in reactor 1 and possibly some of
the unconverted olefin is collected at the bottom of
the distillation column 11. This medium, a portion of
which may optionally be recycled into the reactor 1 via
25 pipe 30, 1is transported wvia pipe 16 into a second
reactor 17 containing another portion of the catalyst,
preferably in the form of a fluid bed 18. The second
reactor 17 is fed with a second portion of the olefin
via pipe 19. In the second reactor 17, the second
30 portion of the olefin reacts with the unconsumed
peroxide compound obtained from the first reactor in
the presence of catalyst 18 to form a second portion of
the oxirane. The conditions in the second reactor 17
are preferably such that all of the peroxide compound
35 obtained from the first reactor is consumed. The medium
leaving reactor 17 via pipe 20 thus contains the
solvent, the second portion of the oxirane and the
unconverted olefin. This medium passes through a filter

21 and is conveyed via pipe 22 into the container 23,



in particular at |least 5% by weight. It usually contains not nore
.than 90% by wei ght of peroxide conpound and in particular not nore than 70%
by wei ght. The tenperature of the reaction between the 5 olefin and the
peroxi de conpound nay range from 10C to 125C. In one advantageous vari ant
as disclosed in patent application EP 99/08703 by the Appli cant it is

‘great er thanlé%i@hOEéeﬁnagras@gca”%eb%s%m‘é@tl RAC Ak, 45%‘ ide

catal yst. The terTEerature Q greater than or equa and
preferably gFleer r?%ﬁHOBFe@qUéP Pép%é‘l Antengersanne ¢ gfriddiatiiathan or

equal to 50(2:¢§urmﬁ>s:25 pant Incluitﬁfﬂé/ Of ekber asbcote peaeibANcterpenaing e is
preferably le (? rélan 100C. # RLOCesS according.to the invention, the
15 reacti on FEwe nl’tr}'féorb\fee’?t? Fﬁ@ 0t ok PERVEbTPodtd TS t8Re O;ﬁnace at

at nosphesi ¢ mmsdnetlﬂtlamapnalcs@lmmkez.iol ataisndeixtpussstkse.coie gt essur e

general ly dosnt X d. bar. r r f ar | bl
practice. & % gr%o%:%gelégo aa gon\%ﬁﬁgﬁgn%?bg%gsc%d i ns?%%t%gocgls
accordi ng tooxineamelvefmqnonthee memx\reietexbnpd@rfdsx cofheai ninwprores tard nor e

per oxi de funsiiens (s Crbbyulibahs ey tekeassclell vo,0xygapandainih are

capabl e of carrying out an epoxidation. lnorganic de conpounds
gi ve good rebupRd. dHy FhegEPqRrch R eret ko %@r@%iéénéoﬁfﬁoﬁﬁéée@me@h aray

produce 1y dr pgensmed O@ﬂﬁu&deblbhep;pl@@dw Ofgh Of sbheeﬁleoxuﬁlﬁiépn ileaction
are suitable fjg:[]e use gl per ¢ oxide js prefer ﬁﬁ 30 V\hgn hydr ogen

peroxi de is TREHCFEI nR ReTORy Rfusthe gi8tithafhanpCoddss £ocor di ng
to the i nvenimndn isanrasyebed hydrqgfpe per axtde tSod UEIL!DEtI reaatde flgrm i.e.

in unpurifie s‘%n orm f&fe%@”@ %’_Lu%n olvﬂ_ke Qtadonso‘:g,1 r’rgl € teﬂftéor action,

with 35 sub antlally pure wate ure from
OXI dation of3ht | east one al kyl ant hr ahydr oqw none (pr ocess known as

autoxidation AQ propesscheilyshe ALl ef e YEILOM 8csubasayent, vashing

and/ or purification treatnent. These crude hydrogen peroxi de
sol utions geHe? altiyedsdca ndPReRR bl Fonsaigisy/a ReVrigdni @si rﬁﬁFrlinel es

?Xprﬁssed ?EelT&E‘exﬁtholt &hdalgﬁ@férﬁalpora% tJThiﬁﬁlﬂﬁU?Zlédﬂ.lQ%qt a"I‘Hen'Q:teﬂ:léq C%I onz
such as a netals or al i ne- ear, or ance aodj un) an
ani ons (sucha%%t%rﬁb%hafﬁg?b{é ni t 8t eéf’g?gg nt &Qt s d@flofstreomao. (‘f‘f’sjtltfi 10 g/ 1.
I n anot her vcamm?aminu&gthelbxoaeswhlahhyuasgea pmod@rwwt icmquadduced by
di rect synt hs? A L e i Lo ny%%l%@. %O%ﬁ{h' i he%%?a‘if J8t nmay

be 10 used. oX1 rane whi ch prepar e process accor |ng to
t he inventi oRtems aR¥er géﬁpl:a@%@pm}ﬁ@ cohpRREURg aé‘-C@rSoupT]éér rtdiaridithg t o

the general jgsmuta: &évaﬁeagébugw gﬁasr ahl y ceQBtaiins dfchtdrdo HE carbon
atons and preferably from3 to car ban he oxiranes which may be

prepar ed advamtageodsty by t?r%ijr%cegg g&or%ﬁ ngSM64eheYBfrent FoPey e
, 2- epOXYypr ophee dadrel, 2- epyperad chkenepnepanef Baka zeolite type,

25 preferably free of aluminium. Zeolites with an infrared
absorption band at about 950-960 cm™! are suitable for
use. Titanium zeolites of silicalite type are
preferred. Those corresponding to the formula
xTi0,(1-x)S1i0, in which x is from 0.0001 to 0.5 and

30 preferably from 0.001 to 0.05 give high-quality
performance. Materials of this type, known under the
name TS-1, have a microporous crystalline zeolite
structure similar to that of the zeolite ZSM-5.

, The catalyst used in the process according to

35 the invention is advantageously in the form of
particles obtained by extrusion as disclosed in patent
application WO 99/28029 by the Applicant, or by a spray
process as disclosed in patent application WO 99/24164



20 preferred oxirane is 1, 2-epoxypropane. The ol efins which are suitable
.for use in the process according to the invention generally contain from 2
to 10 carbon atonms and preferably from3 to 6 carbon atons. Propyl ene)
butylene and allyl chloride 25 are suitable for use. Propylene and allyl
chloride.are preferred. Propylene is nost particularly preferred. In the

‘process accopgi Nghd o A d Sent | Othe | ldMen¥ 0¥ t ehB8eadVRHt ageaMS: t O

noni t or theg ](_)f the i qui d_ghase. For eﬁa e, it ngy be advant ageous to
30 mai ntai n $RRLPpFRBIORRCIFI {UFATBREEE Sy FgglPhEYr ESEPEBRCBet ween t he

ol efin and the peroxTHe cwIpmHyl aked Vial uehef grareds 8akteo®ddngf ofo exanpl e
by adding a Fﬁseﬁo%tung hydr oxi déa) o the g 8xi ation nedi Li?r% as,
reconmended ep Tt é‘p;ﬂiglﬁ?’i one WO'65fAss IBy HeEHs Rﬁpl AN ?‘? he
content &f whathrasedncatipphated iatoochols10 Thée pleskolipatsrlvent
application n LS.;ha I radyeed it

react or (forgé?(%%F£§t ﬁg)l}:?;gtb Pga§?op'1)éyor%ﬂrﬁ}{) severaﬂ?e%%:%ﬁs%ﬂf i's
preferably i f¥eBdutedtPnt® ed@RPPRackrmss Theamehes i ovhbat weesy t Hee ol ef i n

and the peroxéfdei 6R8R0URGMBYNEENERET T ednAUt &thdhEl PresRRGEneh a salt such
as sodi um chl oride, gs di scl osed in patent application WO EP 99/ 08703 by

the ApplicanPffRET®Ant ent of which is incorporated by reference into the
10 presamt patent apphécaibafl. ofhisolvaht medidn nHoOdUGeR irda-tsyy one

reactor (for,exanple t first . reacto or_into.several. reactars. |t is
- preferably ih®r o%‘n%bee’ﬁa oaé:acI]Iengtct i)’% %Y nﬁ@ﬁlﬁ’g‘tad\‘?gnt'égﬁoﬂlslq‘blé
i ntroduce t heecattion lhedhum fpresentut ed i thene fdrrstor eeaddanes. For

exanple, a fluyjgd. i QLN fi lL.so |§?a§]{1; 0%.(i ticular
20% for exa%%%glggﬂ gagk gS%ngbgoF%m%gﬁgﬁe fg):r nmor e a]1 agnéeslréré;ﬂ be
i ntroduced i hPd PhHe wepehitdatToie raeERt sustat lexdapPe notn exfeashs¥of 20

propyl ene the Latipit mandbei Al xRa-tiddnat beast A& Rwcldmesef wf opane

when the recycl ed unconverted propylene is introduced into the reactor. It
may al so be é%%]aFce of propylene which is not conpletely freed of propane.
25 The exanpl es t hat Thel mvdaar eraini @enbbedweeni |thest ampent e ofr eskbsiin

cal oul at ed" uSTg End SRaEd b B A ok e S Gty RSB S TNOL CY
30 INC. withatherdidgofat Heh«i heventpananst esenefalhe at least 0.1,
20 in particular at least 0.2 and preferably at least 0.5.
This molar ratio 1is wusually not more than 100, in
particular not more than 50 and preferably not more
than 25.
The process according to the invention may be
25 continuous or batchwise.

In the process according to the invention, when
it is performed continuously, the peroxide compound is
generally used in the first reactor in an amount of at
least 0.005 mol per hour and per gram of catalyst

30 present in the first reactor, in particular at least
0.01 mol. The amount of peroxide compound is usually
less than or equal to 25 mol and in particular less
than or equal to 10 mol. Preference is shown for an
amount of peroxide compound of greater than or equal to

35 0.03 mol and less than or equal to 2.5 mol.

In the process according to the invention, the
peroxide compound is advantageously used in the form of
an aqueous solution. In general, the aqueous solution

contains at least 2% by weight of peroxide compound and




reaction determ ned on the basis of the experinental tests described and
.the liquid-vapour equilibria available in the literature. 35 Conparative
Exanple 1 In this exanple, the synthesis of propylene oxide is performed in
two reactors in series with internmedi atg separation of the propyl ene oxide
formed in the first reactor in a rectification colum. Half - 11 the

H202 is fed imt opdhei&hist rgact 9basgndshal by ntRile seeand yKaptey. 326.5
krmol / h of hydrogen peroxi de acconpani ed by 17100 kol /h of water are
di vi ded i nt &?W%ﬁaln%t f rBRIES on@'laé'écl‘PQ:%ntk&f niWREHE3. 22 kRRYIiGe
hydr ogen pergotigieured card®0i knpdr i @hladtest hwbeefthsh 709ChiOReighai xed with
1 500 knol /h of nethanol v 250 krg)i/h of p%ﬁgyl ene and the fracti or}ﬁrecycl ed
from the bottom of t1R°r FFTMIEISH OF urRSUnbBFCE BPe RIS 159 ent to

10 di ssobve @lldfimeapd oplyé eperakifibecpmpotindnmagnmpangteufe-oml i Ak aet i on
mxture is i uc o i n C | met hodi C r.
containing 6 gf(Egi' oﬁglca%g’ltéy.s%{.agéhéagggégorblg'tsrgﬁ%}:ntéa?ngdqlsa{f%%?bylnneans of
an adequat e R hgapsieation ERe HASTE3 &5 | teat Abplioantyedtt dsa

rectificati qp-&oldvm toppf asgbpg PO tdiepdet iteal opLhateme (| figd udgncandenser
and boiler); the feed is effected intQ the 10th theoretical plate (starting

fromthe corffRdEetyatior O urkei Satadvat -1. ThearttFmegIakive 20ma¢oem head
pressulrlab; tgﬂﬁeac@élugmhbﬁacb% egpakat We iasoaaiaﬁdaﬂ | pedfatakif (g(iie%ﬁ:iérl ateI
partially vapourized); the degres of nolar r ux i.s set at 1; the tota
flow rate o?ab?%t?lfl%?'éarstgeggag'GBOt?WBFFﬁ.%ufﬁeorﬁ PEGPESH (AR from

t he bottom céqudk 250 cAfm, iehi cipsts deptteiteaddniypr gudfeneraaki daghd s

di vi ded i nt ci fi i i 0] t othe m xture,
is recycl edolifénét{%t{ﬁg %%@@%#e‘g% oré%%%;fg{%%igefcl%%%tﬁl cjh&?;o(%t ains the
remai nder of the ni x¥ur BhebPacres st PRt tonthe dhyensdonii 3@ cation

col um, 1S N£sh Wbt hp2eRekhp! it 0618 PRY LeRE Ble apREBRSHEE HMIdumiENt to
fully dissolve t%é%r (r)ﬂ%l ene at the reaction tenperature, and iI's _introduced

cont i nuous| yR&¥ age sé&lonBtReERBEIL Cr AR TTU DNt ditni AYY 823 98y of
cat al yst andcame nd baceduntier Obrbysd3bened@ns sobrai sadequrine reQali pesy st em

The effl uent fromxéhe S BOBQ regactor, conteaioni_s 4.5 kmol / h_of react ed
hydr ogen per%?& de’ Eﬁg.g KBl / h“of° prsdc;p "ene oé?dgaﬁna%?}l‘}tﬁ‘%le/ i of
by- product s gxadtige net hoxypr opanol and propanediol);

20 The peroxide compounds which may be used in the
process according to the invention are peroxide
compounds containing one or more peroxide functions
(-O0OH) which may release active oxygen and which are
capable of carrying out an epoxidation. Inorganic

25 peroxide compounds give good results. Hydrogen peroxide
and peroxide compounds which may produce hydrogen
peroxide under the conditions of the epoxidation
reaction are suitable for use. Hydrogen peroxide is
preferred.

30 When hydrogen peroxide is wused, it may be
advantageous to use, in the process according to the
invention, an aqueous hydrogen peroxide solution in
crude form, i.e. in unpurified form. For example, a
solution obtained by simple extraction, with

35 substantially pure water, of the mixture obtained from
the oxidation of at least one alkylanthrahydroquinone
(process known as "autoxidation AQO process") may be
carried out, without a subsequent washing and/or

purification treatment. These crude hydrogen peroxide



- 12 the colum distillate contains 56.2 knol/h of propyl ene oxide; the
.yield of C3 is up to 64.1 for a degree of conversion of the hydrogen
peroxide of 92.4. 5 Exanple 2 (in accordance with the invention) In this
exanpl e, the synthesis of propylene oxide_ is performed in 2 reactors in
series wWi.th intermedi ate separation of fhe propylene oxide forned in the
first reacto : . f Lagen oXxd ceQmpani by, 100
kmol / h of wa%‘%}‘}g?igﬁj %e%{gwya(ﬁt}ﬁ SRy tpaacEReRO ¢ oY e ?<fr1m|/h of
propyl ene anF9RBHCt HEPREEET % reeREeTIed r o t HEOGot tTRha¥ tdrganic
rectificati ofagobtlim URRST AsPEESSUIRHHfH CineBh1t gl vesadd the 15
propyl ene at_the reactiaon tenperature. The reactio nix%ure 1s introduced
cont i nuous! y25fa¥pcT 5 Rt fﬂ)ﬁf%{’r%%'cﬁ%?u&omeiiaﬂi%g BB KRR al yst .
The reactor ssdhmhnt andedndions0q sucnesnsphbsphatadeqoat eicaeltiasy sitstem 20
The reactor nt | eyed, t ectification colum containing 50

t heoreti cal %%é%%@t%iéglggﬁ%gybg%dg%g%é g%%'boiler); the feed is effected
into the 10t h t heor eincanoghere Yatiant ngif tdia treocessienseydndgercol um
is run at 1.J.pak; a0saldthe Zon (eldgmdirad,prassuLe) : shbensel i head
tenperature is maintained at 40 .(dIStI||ayé partial |y vapourized); the
degree of noP¥YgeRfpdd hydxegen: it &the pwesense| ol metbaspldmsy Raate is
set at G@0 ky®eédh. The m xture withdrawn fromthe bottom of the 30 col um,
which is depleted in Eropglene oxidﬁﬁ Ls divided into two fractions, the
first, containing 90TNBI tO¥TERE n¥REGRe, MRY r EEy cPEEPRFES t Y fi

reactor feedprdébessecandorddngai bbngthke Herentden ofist hernm xdngamiabt ai ned
fromthe bot f_the r LEL 35 cati colu ' i xed with 2 kol / h
of propyleneég %g%éesgaﬁé&gﬁﬁchig%t 4%??Rn|§gﬁféé8$%él?ﬂe %Pop&ﬁghe at
the reacti onoerspalt afermuland is introduced continuously at 70C into a
second net hodi ¢ reactor - 13 containing 820 kg of catalyst and
mai nt ai ned at 70C by nmeans of an adeguate cgoling system The effluent from
t he second reactor contains 1.9 knol converted hydrogen peroxide, 5
256.5 knol /h of propyl ene oxide and 62 mol'/ h of by-products (mainly

met hoxypr opanol and propanediol); the cdbumm distillate contains 88.4
kol / h of propyl ene oxide; the yield of C3 is up to 78.6 for a degree of

conversiign of the hygregeikiperxi deneka99+4. cdftains from 2 to 10

carbon atoms and preferably from 3 to 6 carbon atoms.

The oxiranes which may be prepared advantageously by

the process according to the invention are

1,2-epoxypropane and 1,2-epoxy-3-chloropropane. The
20 preferred oxirane is 1, 2-epoxypropane.

The olefins which are suitable for use in the
process according to the invention generally contain
from 2 to 10 carbon atoms and preferably from 3 to 6
carbon atoms. Propylene, butylene and allyl chloride

25 are suitable for use. Propylene and allyl chloride are
preferred. Propylene is most particularly preferred.

In the process according to the invention, it
may prove to be advantageous to monitor the pH of the
ligquid phase. For example, it may be advantageous to

30 maintain the pH of the liquid phase during the reaction
between the olefin and the ﬁeroxide compound at a value
of from 4.8 to 6.5, for example by adding a base
(sodium hydroxide) to the epoxidation medium, as
recommended in patent application WO 99/48882 by the

35 Applicant (the content of which is incorporated into



- 14 CLAIM5S 1. Process for manufacturing oxirane by reaction of an olefin
W th a peroxide conpound in the presence of a catalyst and a solvent in at
|l east two reactors 5 arranged in series, each of which contains a portion
of catalyst,” according to which a firstypartion of the olefin, the solvent
and all of the peroxide conpound are introduced into a first reactor, an

epoxi dati on @fe theeddhst pROEAL 0BT 1 ERE 1 BhebiN re$ ctaNHegd atfi ot iR n 10 in
order to forma first portion_of e oxirane, a medi um conprising _the first

- th
portion of tTRY oRPr e FUHRRA LRECs AReht O hd SRS UNEET p&FGRIRIE
conpound ancthosFilsyt t beauvnegnvest edradef isevieralenpgedtbrem tht s irseact or,
the nmedi um and anot.her portion of the 15 olefin are introduced into a
subsequent r%%ecf%?a}bh&u jg'b%&?cg%ﬁ?%nlrbtfot%aéabt]f‘l%‘?c*b%?ti on of the olefinis
carried 6ut therein Tis2 ngrehetupoonseetmdeerer okhde cdgitiund abdlai redek from
the first r .y raua p i t iran and the
ot her 20 por |£0C%EJ‘OC%é %@%ﬁ?gﬁg_&?hﬁ% ?%%prrgédi gﬁgoﬁﬁeg%gd?&f%rc %c?sfs
accordi ng t & Galtn suchpaghisgdinm- ehhlagidef apediscapPsafdoant peftepdr oxi de

conmpound Us%ﬁﬂéél?iéﬂ rsforegpt 059 53909supBd ikhet haiishniteadi@le the
remai nder bei'ng consuned i n the subsequent react or;s). 25 3. Process
accor di ng t FEEEH: 1°6r WBIchnh 1 iGFrPPRaed a6t BPECEPRCST 1ngential si ze.

4. Procesgs qsﬁgﬁgéi—mg ol tRIE (ﬁnaf@flieb%&iilasﬁ)l_ t?)TBisi n ig\@i@h triRgy calgoaglm%_st hi S
present in each reactor.in the formof particles, at |east sone.o ic
Bre in 30 fITHOBFISRTS, OB YRS REBOFaTng 105 CFATRLE, CAF WAFGH t he
medi um | eavirepdther f i o3t ipbot sepassks rdacawgts .a TEl ties Ipefedreeralbdiyng

i ntroduced i e 35 6. Process according to any one
18R USRS o SACL O o

of Clains 1 In whic umentering the subsequent reactor is
first subjected to aldePresber iafandRassisr el ngredueedtbed alsfant he

subsequgRBt r8ACsOForm dilBted i URSSoACKEFE BUKhAANY FORE XManfdia, M8 1 to
6, in which the nediumentering the iu?sequegt reactor _.is first sybjected
to a treat nentEHLepRrEREAHRY ERE BXPFARePOr ALd°bBfor&35&i 1§% dtfoduced

into the 5 splsteeldr r26%} Ofor8 exBinpdes atackhedsh nYotp Blraveilémel wEwhi ch
the SeparaliggétrggtnﬁggeiSaﬂﬁgﬂggllﬁ&Q(”be introduced into the
epoxidation reactors. For example, in the case of

20 propylene, the latter may be mixed with at least 10% by
volume of ©propane when the recycled unconverted
propylene is introduced into the reactor. It may also
be a source of propylene which is not completely freed
of propane.

25 The examples that follow are intended to illus-
trate the present invention without, however, limiting
its scope.

Examples 1 and 2 were calculated wusing the
ASPEN PLUS® program from the company ASPEN TECHNOLOGY

30 INC. with the aid of the kinetic parameters of the
reaction determined on the basis of the experimental
tests described and the liquid-vapour equilibria avail-
able in the literature.

35 Comparative Example 1

In this example, the synthesis of propylene
oxide is performed in two reactors in series with
intermediate separation of the propylene oxide formed

in the first reactor in a rectification column. Half



9. Process according to any one of Clains 1 to 8, in which the oxirane is
.epi chl orohydrin, the olefin is 10 allyl chloride, the peroxide conpound is
hydrogen peroxide, the solvent is nethanol and the catal yst contains TS-1.
10 . Process’ according to any one of Cajyns 1 to 8, in which the oxirane
is propyl.ene oxide, the olefin is 15 propyl ene, the peroxide conpound is
hydr ogen pereﬁédago% hfsscfle\aeninﬁé EREhanelsranted feofat ghsthaagnt gifs TS-1

A9, A A . AAQr A A A . Ar. AEY%

“Adr! G'M A dE 2%9,9%5@@@9%99999% wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca) cakeafcrheadlrnalshl] Q:Qz]diﬂgw] cg]aca]cii:l?a] Caac}@é‘riaﬂmi@cﬁia' giAAB]C
GECBJJJKKKK LLN N B g ajJ.cal calcalc calcal ca
ca] ca] ca] ca] a]\lc;‘] ca] V%/qéfcaii%‘a% ]a]&*\%’ ]léé?%é ca] g]’caﬁ’%\lﬁﬁ _f]ff
fiii JKKKEKLLANNNS OB | contaimhihy W £63] Z&]lcra@bal]xcat]ﬁa]h‘y‘@]mge}ma] caj ca
] ca] ca] ca]c akeal calec 27l sl
0@ (0 6 SPToTRr( %'18 b3D FihTen gf PR T TR e ()
wug! " s! 10%nm41t9=d avytlsl 1b%@@)kmcl | 198smmmethangl ;) s1290gkngl /15! &l 10%me’
()- 6! s!10%g &ﬂnyl@ne andX{the 'd4d0mad fécy@]l&&”o eéof) tht0Mk¥Bm of

10n$6>10%m& 17 s 10% 6! s! 109&
g ( he recti 1&;tlon column %%der a pressure sufficient to

10 dissolve all the propylene at the reaction temperature.
The reaction mixture i1s introduced continuously at 70°C
into a methodic reactor containing 600 kg of catalyst.
The reactor is maintained at 70°C by means of an
adequate cooling system.

15 The reactor effluent is conveyed to a recti-
fication column containing 50 theoretical plates
(including condenser and boiler); the feed is effected
into the 10th theoretical plate (starting from the
condenser); the column 1is run at 1.1 bar absolute

20 (column head pressure); the column head temperature is
maintained at 40°C (distillate partially vapourized);
the degree of molar reflux is set at 1; the total flow
rate of distillate is set at 600 kmol/h.

The mixture withdrawn from the bottom of the

25 column, which is depleted in propylene oxide, is
divided into two fractions, the first, containing
90 vol% of the mixture, is recycled into the first
reactor feed; the second, which contains the remainder
of the mixture obtained from the bottom of the rectifi-

30 cation column, is mixed with 200 kmol/h of propylene at
a pressure sufficient to fully dissolve the propylene
at the reaction temperature, and is introduced con-
tinuously at 70°C into a second methodic reactor
containing 820 kg of catalyst and maintained at 70°C by

35 means of an adequate cooling system.

The effluent from the second reactor contains
24.5 kmol/h of unreacted hydrogen peroxide,
209.4 kmol/h of propylene oxide and 87.7 kmol/h of
by-products (mainly methoxypropanol and propanediol);



uf k{wud{\: ! L! 10%0& ()- 6! L! 10%0& ()- 6! L! 10%0& ()- 6! L! 10%00& ()-" 6!
L!1'10% 0' 0& ()- 6! L! 10%0& ()-"6{ ]rP:! LI 10%08& ! L! 10%0& ()-M!L! 10%08&
()-M610% o0& ()- 1000 1000
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& 17 110%\ & {)e LOADUMA Qlstl1099td0@@ntains 56.2 kmol/h of propylene

1000! " L! 10%0&' () - Mb!y L!,1(1%80%g- M7 8BCT

WUBP: 1|1 109122 () thEr vielfhal &3 ) 186PP 1trook4 &%) foB! & dRgmes qh - L6l !
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10\ \

10\\ ! 110%\ & ()-L6!""110%\& ()-L6! X" 110%\ & ()-L6M #$$%$89' B(WU3P: 1~ 11
0%\ & ()5 6!ExamdDed 2 &({n-a6¢0rA400k\ €L Eh- tHe  1nteAEi6h()- 6!

LoV & ()8! I0M §ids QBT Tt 2R Bhbsi b100%  §lopy i\ & O)-
10\\! " 110%®%ids - ig! perfoumeg @n ‘BMERILITY/ ED1REZRES’ witdoadngqy~=" 117,11
0%\ & ()-"!'heq! 408 § &b atibn! 8% h& )r'o'pgl)éne! A ArmedP in 'HHWAN & () -
122 222s2 3rP; 1", T109A\& 1] ~&I0%<& ()-! &10% <t <& ()-10%<& ()- 10\\ 10\\
10\\ 1, 110% §Rrgy-reactor.

10 326.5 kmol/h of hydrogen peroxide accompanied
by 1 100 kmol/h of water are mixed with 1 500 kmol/h of
methanol, with 250 kmol/h of propylene and with the
fraction recycled from the bottom of the rectification
column under a pressure sufficient to dissolve all the

15 propylene at the reaction temperature. The reaction
mixture is introduced continuously at 70°C into a
methodic reactor containing 600 kg of catalyst. The
reactor is maintained at 70°C by means of an adequate
cooling system.

20 The reactor effluent is conveyed to a recti-
fication column containing 50 theoretical plates
(including condenser and boiler); the feed is effected
inte the 10th theoretical plate (starting from the
condenser); the column 1is zrun at 1.1 bar absolute

25 (column head pressure); the column head temperature is
maintained at 40°C (distillate partially vapourized);
the degree of molar reflux is set at 1; the total flow
rate of distillate is set at 600 kmol/h.

The mixture withdrawn from the bottom of the

30 column, which 1is depleted in propylene oxide, 1is
divided into two fractions, the first, containing
90 vol% of the mixture, is recycled into the first
reactor feed; the second, containing the remainder of
the mixture obtained from the bottom of the rectifi-

35 cation column, is mixed with 200 kmol/h of propylene at
a pressure sufficient to fully dissolve the propylene
at the reaction temperature, and is introduced con-

tinuously at 70°C into a second methodic reactor
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the column distillate contains 88.4 kmol/h of propylene

oxide; the yield of C3 is up to 78.6% for a degree of
conversion of the hydrogen peroxide of 99.4%.
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910%& () - léééaf§éé, according to which a first portion of the

olefin, the solvent and all of the peroxide compound
are introduced into a first reactor, an epoxidation of
the first portion of the olefin is carried out therein

10 in order to form a first portion of the oxirane, a
medium comprising the first portion of the oxirane
formed, the solvent, the unconsumed peroxide compound
and possibly the unconverted olefin is removed from
this reactor, the medium and another portion of the

15 olefin are introduced into a subsequent reactor, an
epoxidation of the other portion of the olefin 1is
carried out therein wusing the unconsumed peroxide
compound obtained from the first reactor, in order to
form another portion of the oxirane, and the other

20 portion of the oxirane thus formed is collected.
2. Process according to Claim 1, in which 50% to
99% of the total amount of peroxide compound used in
the first reactor is consumed in the first reactor, the
remainder being consumed in the subsequent reactor(s).

25 3. Process according to Claim 1 or 2, in which all
the reactors are of identical size.
4. Process according to any one of Claims 1 to 3,
in which the catalyst is present in each reactor in the
form of particles, at least some of which are in

30 fluidized form.
5. Process according to Claim 4, in which the
medium leaving the first reactor passes through a
filter before being introduced into the subsequent
reactor.

35 6. Process according to any one of Claims 1 to 5,
in which the medium entering the subsequent reactor is
first subjected to a depressurization before being

introduced into the subsequent reactor.
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first subjected to a treatment to separate out the

oxirane formed before being introduced into the
5 subsequent reactor.

8. Process according to Claim 7, in which the

separation treatment is a distillation.

9. Process according to any one of Claims 1 to 8,

in which the oxirane is epichlorohydrin, the olefin is
10 allyl chloride, the peroxide compound is hydrogen

peroxide, the solvent is methanol and the catalyst

contains TS-1.

10. Process according to any one of Claims 1 to 8,

in which the oxirane is propylene oxide, the olefin is
15 propylene, the peroxide compound is hydrogen peroxide,

the solvent is methanol and the catalyst contains TS-1.



