30 July 2004 Process for manufacturing oxirane, conprising the separation
of the oxirane fromthe reaction nedium The present invention relates to a
process for manufacturing oxirane by reaction between an ol ¥¥July 20 5 a
per oxi de conpound in the presence of a catalyst and a solvent. In
particular, the invention relates to the manufacture of propyl ene oxide
(or epichlorohydrin) by epoxidation of propylene (or allyl chloride) using
hydr ogen per oxi Heo¢ass hEopresmnlecoiring abval yate, ldomonising nghad S-1. It is -

known practi ce J,/RRYIACTHE ¢l Qp%Lane rRshdenRY LEagt LON between -

pf opyl ene and a—pavxﬁ@—mm%—the—presme—ef:—ﬁgﬂi.—ééﬂexanpl e, in

patent US-A-S 849 9dhe spkesentrbeesstienproelateedtion a Iramesy afor eact or s

arranged i n mRfiRfctuigi Rty Ras-dauwntht hadcddis %féfirba%r\dt he
anpl e

drawback_of resulting in the fdgr_rration of by- products, for ex when an
aqueous Rydrbd®H PerBxi TEPUBL titbrF i RIQREDEE RF ok tr-abiffo ahd

net hanol i s 2lwsed asns@larariiculant,hi Sh&NAWReRItaeaSSreBpasd f ikeal e When
propyl ene oxi ' uf actured under these ,b conditians, by-products are

f ormed by r)éﬁac%l%% et vvecgﬁ p{:?l%y%?%%yf)é{ﬁ oxiCde %}&é’t"&h}érp%t H3hol , and
in particulenoxgdaiiiame ofl ypsbpadeneet ioxypabpghol shbbrdbe f orugidrap

CH3- CHOH CHZ; o3 d (335Gl OGHB) b2 epiechl orohydrin is

manuf aciﬁred, by-pr.oducts are fornmed g%{yoﬁggg\tglﬁgﬁ bg){fmeean t%ayetalySt

epi chl ot Bhy fRraamdWaflér lor  nmet hanot, "and in particul ar

1-chl oropropanedi ol Tandis CkhetAMHROVAIOPESOkSindk Lo TRl 38-cpyiene

C1CHz2- - CHOH CI-%&\ 30 and. C1- %—)1?2 CH (OCH3) -CH2CH . The formation of

by- product s “FEFucEY theASkt et iRATMPT PROPYISESss2Bdd zomsefrdste y its
yi‘el d. The pospennd nianttbe isrebemst edft owsrds Byer c@mEmeld hi §0r anback
by providin Y < of _hi.gh_selectivity, while at .the same .
time majnt alg)r?i%r?g& ﬁ'lksgﬁ{ gﬁs@l tgési('ors%&%i gh Heac Slsony‘? aPEFIOFRetni IR end, the
i nvent i b r éeyeEalt Feacspssessrangedmanufaciasi ng oxi rane by reacting an

olefin with a The Applicant has found that this process has
the drawback of resulting in the formation of by-

products, for example when an agqueous hydrogen peroxide
solution is used as peroxide compound and methanol is
20 wused as solvent in this known process. Specifically,
when propylehe oxide 1is manufactured under these
conditions, by-products are formed by reaction between
the propylene oxide and waéer or methanol, and in
particular propylene glycol and methoxypropanols of
25 formulae CH3-CHOH-CH,-OCH; and CH3;-CH(OCH;)-CH,OH. When
ep%chlorohydrin is manufactured, by-products are formed
by reaction between the epichlorohyern and water or
methanol, and in particular 1l-chloropropanediol and
chlordmethoxypropanols of formulae C1CH,~CHOH-CH;-0CH;
30 and Cl-CH;-CH(OCH:}-CH,OH. The formation of by-products
reduces the selectivity of the process and consequently
its yield.
The present invention is directed towards
overcoming this drawback by providing a novel process
35 of high selectivity, while at the same time maintaining
high activity (or a high reaction rate).
To this end, the invention relates to a process
for manufacturing oxirane by reacting an olefin with a

peroxide compound in the presence of a catalyst and a



per oxi de conmpound in the presence of a catalyst and a 30 July 2004 - 2
solvent in at |least two reactors arranged in series, each of which
contains a portion of the catalyst, according to which a fi3%4dulpdPd4 on of
the olefin, the solvent and the peroxide conpound are introduced into a 5
first reactor, an epoxidation of the figst portion of the olefinis
carried out therein in order to forma first portion of the oxirane, a
medi um conprscivent hén fatr slepstt it aofeaxtsemneakonngdd tihe sekvesni, the

unconverted [ nda. :\Wher FQRri at he 10 consuned roxi de
conpound is %e‘%govemi f%lr% t iéoa{r?g%gtgorga I|Itn Ornodt?(tzfgdgﬁﬁt oga'égg\’%?f(i Il ation-
col um, the aeRg%RING P whachoxd rkiwst opordiemdosf thiee alimfonvertieel ol ef i n

is collectedkagtvddie 400 e tHEr &R dMcoddGindredidim gepl gi&dy i ihxifane and

containigg, ere 15 appropriate, the uynconsunmed peroxi de compound i s

col l ecte atg\gt]?%t bbERONYDf fHe TEPUMRE1Re HedFhtn fdegtetrar iivroxe$ ane and

anot her porttlon olefbr dkefdarriantl opti enakkynanet herdeer tboF e tde

. peroxide co d re.intredyced into a subsequent reactar,, an 20

epoxidationmgﬁ'{hepg %?np8?t%|$(ﬁxﬁﬁﬁ9%ﬂe?iﬁgl Ul SR 30E tH ein in

order to forfaxgtot moargiont i of obxirehe oXbrmad, abdet hsolvetter fiosti on of

the oxirane ffihvdrd®ed i3 5L ecled O”%h?]cret he {g%g&g“%? chargcteristics
rate disti

of the _25 present invention'Iies in the interme 1ati carried
out bet hlen YHERSHh o BIRF IS r cipmnomsl  iSpecidnavdd v, fndw s thhkes it
possi bl e t 0 ¥EdHtBZ andeint B6aREEQN: BEoDY- RIIRIYA LSt FRe H1Skdd,| alon serves
to renove the oxirane _30 as quickly as possible as it is forned in the
reaction mRATRES ?HeFrfo 0%15\%‘& &{m%dorﬁ%i R ithecomerrvesntiach t he

ot her constidlediirs a6 tbelleacédomtmedhem ams 4O Rhevesdlim pragucts from
bei ng thus f out in.a.distillation colum

.35 which i sn%de{g%} a;r&(;égln%éeceﬁ?g[ %L? gflri%%ﬁgaggg oxi PRI e act"BET S| nce t he
cat al ysiddoePpysiPrighee t hehe unconsumed peroxide compound is
: collected at the bottom of the column, the medium
depleted in oxirane and another portion of the olefin
and optionally another portion of the peroxide compound
are introduced into a subsequent reactor, an
20 epoxidation of the other portion of the olefin is
carried out therein in order to form another portion of
the oxirane, and the other portion of the oxirane thus
formed is collected. ?
One of the essential characteristics of the
25 present invention lies in the intermediate distillation
carried out between the two epoxidation reactions.
Specifically, this makes' it possible to minimize the
formation of by-products.
. The distillation serves to remove the oxirane
30 as quickly as possible as it is formed in the reaction
medium in order to prevent it from being in contact
with the other constituents of the reaction medium and
to prevent by-products from being thus formed. This
separation is carried out in a distillation column
'35 which is separate and distinct from the epoxidation
reactor. Since the catalyst does not 1leave the
epoxidation reactor, the distillation is thus carried
ocut in the ébsence of the epoxidation catalyst in order

to prevent contact between the oxirane formed and the



epoxi dation reactor, the distillation is thus carried out in the absence
of the epoxidation catalyst in order to prevent contact between the

oxi rane formed and the 30 July 2004 3 epoxidation catal yst, 3 Jithe2@d4e

| atter pronotes the formation of by-products. The distillation nakes it
possible to separate the majority of the @xidtane forned fromthe
epoxidation 5 reaction nedium This majority is generally greater 10 than
or equal to 80%epbxikdatamountabdlpstr aneifor medhel nlatherf ipsétmsesst athe |t

is usual ly greatghthan opeegual,,-o5R-88% Usually, it is Iess than or equal
to 99% In particu ar,nit i59|%§8 than or equal to 95% The conditions. '

under which the distill 3Postiissildatiiond wltesepentesahbl e toataamamsite he
oxirane (and i mhRakdajeuiak bEStQQIbkﬁ&aﬂ%‘EB&mth%r%ﬂPQ§%§réﬁdﬁyﬁdﬂa$ﬂ5he
nedlun1|ntrq9uced into the distillation caolum, the nature of the other

constit uent s° of *CRECHER UIFEIIR: B ifhcORVEFEET of B iFPumrRt e eads)
their boiling mhant canequhd desisnadodi shiel: babuek wirelotki rEhe Goxiidd atd on
is generally carkiegq. te rat ure of. greater, thap or equal tq 10C,
preferably grea%éf tlg%ko%kﬁgﬁérlto BT USREt %?eﬁﬁeﬁrgg?ﬁrogh

equal to 45C beitrg Y¥corPeurlellyy. The iserimssatthani srusumlaly tesssshamnor

equal to 125C, apst -aORPONEY Eessebhapnh &AU val ues of |ess
t han or equal tg QOcheing preferrgd. T%e d?gtl %fi%%qgg%bonnonly carried

out at a 2 pressure ofPfr &enELtipAs omdequarhieh othe pdistipletapnbliyp

greater than or cagiabkdt @u@ Wdindsy/abhiesnef nagi:eat 9f thad gkipaHa!l (Legl bar
bei ng the nost comuon. . Eﬁe pr.essuyre, Lsggenerally | ess than or equal to 10
bar, in partictPaPA&dSUA%N indy BO) 7 hEReSOBFeBbrabde® iRan or

equaljto_z bar bbengedbst pattbduted| yntoechenendedilbnibhecplasant the
SEal L e SoAEREET SOk IR SR BLLARCE" SRS ULERR ik
15 unconverted olefin and the solvent), their boiling
point and the desired distillation yield.

.The distillation is generally carried out at a
temperature of greater than or equal to 10°C,
preferably greater than or equal to 35°C, wvalues of

20 greater than or egual to 45°C being recommended. The
temperatufe is usually less than or equal to 125°C,
most commonly less than or equal to 100°C, values of
" less than or equal to 90°C) being preferred.

_ The distillation is commonly carried out at a

25 pressure of greater than or equal to 0.1 bar,
preferably greater than or equal to 0.5 bar, values of
greater than or equal' to 1 bar being the most common.
The pressure is generally less than or equal to 10 bar,
in particular less than or equal to 5 bar, values of

30 less than or equal to 2 bar being most particularly
recommended. In the present description, any reference
to the distillation pressure corresponds to the
absolute pressure measured at the top of the
distillation column.

35 The distillation column which may be used in
the process according to the invention is known per se.
It is possible to use, for example, a column with

conventional plates or a column with plates of "dual-



distillation colum. 35 The distillation colum which may be used in the
process according to the invention is known per se. it is possible to use,
for exanple, a colum with conventional plates or a col urm 304Uy 200 es. of
"dual 30 July 2004 - 4 flowtype or alternatively a colum with | oose or
structured packing. The nunber of theoretical plates in the distillation
colum is generally greater than or equal 5 to 20 and nore especially
great er than Drowquélvreo @0. aA teumsdrivefly eas ¢hhumor waqial 160680 gi-ves

good resultsstl%gy{qgg : than or equal to 60 is recomended. The
degree of nolar ref V?A‘]léllc ‘corresponds 10 to the nolar flow rate of
liquid sent to the t&of ByEberol @fm ridienyatdasd t helehesr e idi stthéate -

vapour plus dﬂmlqatltcak%lfnﬁ@mi@egéﬂ@railyhereakegﬂ)ch E& tctle e
distillation col 3 usuaII ailer t han or "equal to . dqureferably
greater tRan % Qg(gnu%? t‘B°’6e8e ]:'Fd@ﬁ?@EertBBﬁfnﬁﬁl Fqué’els ttCh or equal
to 5 and usud | yumbess bﬁanl@a;seopmntmz equha the psocessvascassdg to

the inventio C |S|n | eas OXIda on reactors
arranged in Q%F%ééggnd cdﬁ%@% ed og%?ﬁgr %E ﬂse 0tPeakPori¥s fed

with ol efi n. rHeegmensiedde conpound and the sol vent are i ntroduced into the
first reactor. Freshppper c ro dinto one
Al COTPRINATEYC A1 30 Renk BhY QIGECL 1AL,

nor e subsequent reactors. reactor contalns a por t al yst
whi ch dotd ndt© It @Qlmts How gageort Wi icheend: é;loyéith&l $qm edferithé n t he

formof a fld(ﬂ(ﬂmbledselattlhi% Q.Qf‘%l@é'é’n@@fe NGEEES ALY L Ot YKo %Pf’i‘iéfb' ons to

keep the catal.,yst. i n e r eac Al ternatively, the catalyst
present in tﬂ' X(IJIE‘1 |dm %F%’é‘ the | &85t ebndhs GRILERDAT elfn tabq orm 30

fluidized by Ch.SItllq.L’llaﬁtlshr eanrumn by nechadicatreatiekr ithgn err Rnlgay Wen a
1 qui flwsgr cap isS it ordfeldbiy CGAMNRLICHNL] (Roldide 2 {8l gut £qne above
degree is commonly less than or equal to 5 and usually
less than or equal to 2.5.

In the process according to the invéntion, a
plant comprising at least two epoxidation reactors
arranged in series and connected together is used. Each

20 reactor 1is fed with olefin. The peroxide compound and
the solvent are introduced into the first reactor.
Fresh peroxide compound may also be introduced into one
or more subsequent reactorsi Each reactor contains a
portion of the catalyst which does not leave this

25 reactor. When the catalyst is present in the form 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 _pérticles, at least some of which are in a form

30 fluidized by a liguid stream or by mechanical stirring
or by a gas. When a liquid stream is used, it is
recommended to include a fall-out zone above the fluid
bed in order to stop the catalyst particles which are
in motion and/or to include a filter at the reactor

35 outlet. )

Needless to say, the plant may comprise more
than two reactors connected in series. In this case,
the first reactor of the series is fed with olefin, the

peroxide compound, the solvent (and optionally a



bed in order to stop the catalyst particles which are in notion and/or to
include a filter at the reactor 35 outlet. Needless to say, the Iant may
conprise more than two reactors connected in series. in thid0dhsé004  he
first reactor of the series is fed with-olefin, the peroxide corrpound t he
solvent (and optionally a 30 July 2004--55- fraction of the nedi um obtai ned
at the bottomof the distillation colum corresponding to this reactor)
and each sub%@fﬂ@mnr@ﬁctt@le isediagn wobhathedoladf | thet bettoammadfideheof the

redi um obt ai nedsd oM RESTa NEoPregashatad! (NSRSl | £2800, PPLEGNA! 1Y

fresh peroxide contund Preferably, react In seri'es are In the
process accorttly EBPEREUPRGefSaREOT r dactind Wtbdeﬁbﬁacaalesﬁlzve athe

preferably ussshaifiies oEkeshdt nié@ls.sﬂnb|SbI:QJ.h@Eler@ﬂ‘}%ﬁ'g%hfé”'epﬂé@&%liﬂg of the
10 reactogs when the d act.i vat ed catalxg in one reactor _iS replaced wth

fresh or -redersrated fat @ty st S tRoutiddi RHRIHGL Y hE Tehct PBRPHEAS! t he
pl ant (so- caldcmboum‘hr Gusdlerabhlyct |30melag)torbn1a1 fsleﬁ:&'reseﬁ&@dhﬁ%@t of the

process according 15 tohe i Q\S‘E@s%onagﬁ gﬂ%}gs Hf“%ﬂb’\réiac%or of the

series, but each subse uent reactor of
distillation r(ﬁﬂqmﬁfs \mﬁcﬁdegltrl@ﬁér retze o arer @m@’éé:oa\bhas tssteb’sequem

distillationmakBy Sit SPB%%&BQ@ | %o diﬁi—.é%ﬂ%b@@ RaR 1 Ben SANEL f Wict,on as the

.20 inteigtsdlate distillation carried out ween the firs and second

epoxi dat i FRAETOE R Wi hsthe Cdractiypseduatntativgt | iat omes zeackdmilar to
t he conditi ods m@]@cdﬂadﬂﬂh@vhé@lﬁ bberle@bﬁl’eﬁfﬁ@leat @atiaStydd afi@bud N this

enbodi nent m | eavi n h subsequ 25 reactor and cont ai ni ng
t he ot her porc{il on o he%gm rgﬂléc tRB1E8 v‘éﬁt Ehfe RifFNvetIRTHH I n and,

where appr oﬁrqaap@,setlﬁefuncdmgumd)per oxi de corrpound is introduced into a

subsequent distillatign Lcot odﬂﬁé}ﬁi or n the oxirane and the.
unconverted ol efin 30 are co ect ed at t ?opE%)1 éjcceo Surm; CAritt the
to the invention, not only the first reactor of the

sol vent
series, but each subsequent reactor of the series is
followed by a distillation column, which is referred to
hereinbelow as "subsequent distillation". This
subsequently distillation has the same function as the

20 intermediate distillation carried out between the first
and second epoxidation. The conditions of the
subsequent distillations are similar to the conditions
described above for the intérmediate distillation. 1In
this embodiment, the medium leaving each subsequent

25 reactor and containing the other portion of the
oxirane, the solvent, the tunconverted olefin and, where
appropriate, the uncqhsumed peroxide compound is
introduced into a subsequent distillation column, the
other portion of the oxirane and the unconverted olefin

30 are collected at the top of the column, and the solvent
| and possibly the unconsumed peroxide compound are
collected at the bottom of the column. In a continuous
process, it may be advantageous to recycle the medium
collected at the bottom of the last distillation column

35 (and containing the solvent and possibly the unconsumed
peroxide compound) into the first reactor. For example,
when the process is carried out in two reactors in

series, the medium collected at the bottom of the



and possi bly the unconsuned peroxi de conpound are collected at the bottom
of the colum. In a continuous process, it my be advantageogus to recycle
the medium collected at the bottom of the last distillatiomOcbb#hRP43s (and
cont ai ning the solvent and possibly the unconsuned peroxide conpound) into
the first reactor. For exanple, when the process is carried out in two
reactors in series, the nediumcollected at the bottomof the 30 July 2004
- 6 second deecphfiatdigt iddammemaygobemnecyey edd nireciybhtedf i tstoraeagtor. In
a second enbodi pept Qi tHe process according to the invention, the mxture
of oxirane and of 5 unconverted olefin collected at the top of the
distillation colum (¥%r3tS8fanrer esbpdénarht ofolthen priosesisntacsduckod nto a

container in wbi ckhéheigw¥bhaiéni s tBepamakedrEr ogkt hgypcapverted olefin.

Thi s unconverted ol efig rrai e%hen be recycled into one of the reactors, 10

preferabl y i nt3°PRESF ¥t PegltBr. Ald hi Rt mire cdiftti noh céhgenser

or an absorbedistillation eolatsofbenstsahlidosr sabkefiahtvebiudn) is

per nosel ectiv €. ndensgrs .are suitabl.e for use. Athird,

enbodi nent of %tlﬁgg%?%%&esén%co%d%%&%ta&neﬁ the THRht Fgﬁ cTRSTES R/ usi ng

t he catal yst $@Pe¥rted ofremftharwncoegerbed| edefin. pfhiisonncbnweieled s in

fluidized formefsn dnae! e84 iHe tp@cf@péac At oS PRt & tﬁngeggttl on filed
itle

on the s day as the present paten application and entitl Phrocess
for manufdct PTFLRPKI ABEE itHhe néippEserractir a Thealgentainememayr m of

particles" (tdentHivienti aforkmer s dMCcarPOLEM=RIHan: I afiguglcely | Qut hi s.

case, it is rgconr gndé(%d t 0. incl ude filter, through which the nmedium

| eavi ng the r&ATTOIYfi vt 4ndPsr sa\éj]btsee‘?ﬂ?é:rﬁv actdr) PaBSESLBEESVE bei ng

25. i nt r oducednémpande @irsiarddantd aire duwimal(fd rigir armd or subsequent

colum). This enbodi €S i 0sSSiLb ai'n. a honogeneou -
E Ends émfﬁBdPﬂéﬁt zg)? i (g'%l%rrggc)ﬁtocessgo%%c?ng‘g{n%xgﬂange

di spersign of the catalyst in the epoxid ( um
and t hus 15east® oABVENtaPNL HeOnERES 0ANt chpinat ihe catalyst in the

form of particles, at least a portion of which is in
fluidized form, as disclosed in the Applicaﬁt's patent
‘application filed on the same day as the present patent
application and entitled “Process for manufacturing

20 oxirane in the presence of a catalyst in the form of
particles” fthe content of which is incorporated by
reference). In this case, it is recommended to include
a filter through which the*medium leaving the reactor
(first and/or subsequent reactor) passes before being

25 introduced into the distillation column (first and/or
subsequent column). This embodiment makes it possible
to obtain a homogeneous dispersion of the catalyst in
the epoxidation medium, good heat exchange and thus

| easy'control of the reaction temperature.

30 In a fourth embodiment of the process according
to the invention, the medium entering the distillation
column (first and/or subsequent column} is first
-subjected to a depressurization before being introduced
into this distillation column. This embodiment is

35 particularly suitable when the epoxidation is carried
out under pressure or in the presence of a gaseous
compound. This gaseous compound may be the olefin
itself (fof example propylene) or an inert gas which is

introduced into the epoxidation reaction medium in



30 In a fourth enbodi nent of the process according to the invention, the
medi um entering the distillation colum (first and/or subseguent col um)
is first subjected to a depressurization before being intr 0G4nt o
this distillation colum. This enbodinment is 35 particularly suitable when
the epoxidation is carried out under pré&ssure or in the presence of a
gaseous conpound. This gaseous conpound may be the olefin itself (for
exanpl e propyPgder o @l lmerthgasxied te bbnkﬁnmmmﬂaédlanﬁtﬂmmoved

epoxi dation reagh Oéhére%agtbﬁ 3QJuly 5@984ea 7 n° deknto %L DA NG, Oxi rane

to be entrained and renoved ffrom'the reactor, I scl osed ™ 1'n paten

application WP 98/48883 by the 2pplieadnt- In a f| fth enbodi nent of the

process accor di ng 5 tA bheiftteinivhinat ObEt RAPYrOHale CRIBRMNG S
first reactor, .as di I sed inth Applicant's "patent

i nt roduce%}l ns:
appl i cati Ped f tHY OO Yay 2dnd Odnt FPPedPeBPBLESs FOMPHHMUF 4t uri ng
oxi rane usi nglatrpénonddentormmmcf'lre(tx heezoubent asf ddBctbsed i@ the

i ncor por at ed nge re thus n fed
with fresh pe?%??sre:g%g 3 é’a&;g}'b Qgﬁ?%g{?i? leleperé ﬁn 4hich is
present in théndnﬁai:@#iléﬁt é\PﬁéGeﬁﬁoﬁpﬂfhéla@m?@@dtmgmgemn@nahMQcta was

not consuned LBrbRABePr e¥bRHSUHAACT O thkN JeRekalh+ 15 wat e i:sqal s
i nt roduced. wi %)hrt he eerOX| dtg coggouné into the htrst O\rﬁgacﬁﬂtl)}rl%h“l'heqfsact

that no H&oxr’*ﬂ%orEBHﬁBﬁﬂd bys pafegeRrset he Withssubeaguerhc wacirrfales it

possible to CQﬁéUﬂfﬁuﬁ;Oﬁ%OfeHhﬁntﬁt &ke@@@@&o&fldep%roﬂ@o@ﬁdcom(&u%l%ed
wi t hout , howeve&h &gum n 20 reactiqn rat ared, wwth a

process using e B toﬁll SmotRTE G er‘@)‘(}rcg?s é'ﬁnpﬁﬁﬁggﬁﬁt i Jech
each reactor medied wiktaifnedshfpemoxide poepedimyg Aegiceber r&dd emdbddhnent of

the process ageor o0 cdiQuie Lventlonl s i spL epeaLed  schamacally in 25

Figure 1. In this preferred enbodi men reacto
portion df t hWakaFalisst alspr ctrbreiyced avifth)i #heedperoite r garpound | s fed

with into the first reactor. The fact that no peroxide

compound is added to the subseguent reactor(é) makes it

possible to consume 100% of the total amount of

peroxide compound used without, however,  reducing the

20 reaction rate, when compared with a process using the

same total amount of peroxide compound but in which
each reactor is fed with fresh peroxide compound.

A preferred embodlment of the process according

to the invention is represented schematically in

25 Figure 1. 1In this preferred embodiment, the first

reactor 1 contains a portion of the catalyst,

preferably as a fluid béd 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 pipe 4, and with solvent via pipe 4 from another part

of the plant which is described later. In the first

reactor, the first portion of the olefin reacts with

the peroxide compound in the presence of the catalyst

to form a first portion of the oxirane. The medium

35 leaving the reactor 1 via pipe 6 contains the solvent,

the first portion of the oxirane, the unconsumed

peroxide compound and the unconverted olefin. This

medium paéses through a filter 7 and is conveyed via

pipe 8 into the container 9 in which it is subjected to



a first portion of the olef in via pipe 3 and then via pipe 4, with
peroxi de conpound via pipe 5 and then via 30 pipe 4, and wth solvent Vi a
pipe 4 from another part of the plant which is described | ailefuly 2004 e
first reactor, the first portion of the olefin reacts with the peroxide
conmpound in the presence of the catalyst- @& o-forma first portion of the
oxirane. The nedium 35 |l eaving the reactor 1 via pipe 6 contains the

sol vent, the f raPiRsSUGIFasfiathe By randiunhé sundens tmethsgrented deia

conpound and tgﬂp@*ﬂ.@wﬂiﬁ8d a0|§§.591li-gt§on”%llﬁmrpa\%gesﬁh{ngggn 2 fdgter 7
and is conveyed Vvia [ $nto t he cont.ai ner it 1s subject ed
to 30 July 200EX%r&n&e§£E%s% i YREPgNertRd (@M i kS t KeAoverAdpatt ddevi a
pipe 10 into atdapstd:fl athiien 4Dsuihlddiod Moltude 8. @HilAnNgiaBdraf is

unconverteqsolgf %dre%_vere%_at t tog of .this distillation colum 11.
This mixture is b comveyed i &Hipe i ht6°a Bon&FERSERSEE mH1ch“ﬂ§éBhrates
t he oxirane fr§#Pﬁhéteﬁc¢ﬁw9KDa¢aneﬁfrmehhe unconverted olleffin.i The

recycl ed |nto pi pe a flrs ortian of
oxirane is OPFEg?ﬁ%E%%& %ﬁ*ﬁ ed i?o Ge &%glgkﬁé_ ATR 8£°%1 oVia

cont ai ni ng theP§89§eﬁ¥4 t He FRE ofi- éT%%nﬁ%GﬁﬂinD@rtCQnsmﬁ%doxnrQMe meactor

| and possi bl ycalm@btean & e steeonyesbedeolefs | pibe €8l ! egt?,g\}%
bot t om of @ ti.llLation colu 11. This nedium " a portlon o]
optlonallyi e F88 BEBINPnt 51Phe SPEYERGr 1 s PSYgRisle3o compoungh sﬁ@ﬁ%ed

via pipe 16 i ntonausedohd theackartb? toahd PoBgidl9t AEHoR®A b0 rofnkhe
catalyst, pre t f rnlof a flui ed 18,. The second _reactor 17
Lﬁééﬁb&tg r2'ae.l.e e?]‘lle %e\gll tp Bgel oyton ot s then

is fed with a second |on 0 he” ol
reactor 17, th@l§§ébhét29np§¢iumn ot . tﬁhlelmbﬂmumeaatpowtubntbé whdehs uned

per oxi de corrpoamagi fé@@l&ﬂgliyr%are@&éfaé& Lo PraRence.d ethe catal yst -
e -conail

18 to forn1 ‘second ﬁortlon of the oXirane. tions 1N the second
react or 1%‘ arB1BPef@rably stEFrsPREted| wFa t RiRReridki d@teompousecesdf r om
the first reacteactsrconsuphdaihhagnedidthdreddNdion 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
20 portion of the  olefin reacts with the unconsumed
peroxide ¢ompound from the first reactor in the
presence of the 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
25 from the first reactor is consumed. The medium leaving
the reactor 17 wvia 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
conireyed via pipe 22 into the container 23 in which it
30 . is subjected to a depressurization. The medium is then
transported wia pipe 24 into a second distillation
column 25. A mixture of the second portion of- oxXirane
and of unconverted olefin is recovered at the top of
this distillation column 25. This mixture is conveyed
35 wvia pipe 26 into a condenser 27 which separates the
oxirane from the unconverted olefin. The unconverted
olefin is recycled into the reactor 1 via pipes 28, 14,
3 and 4. The second portion of oxirane is collected as

finished product via pipe 29. The solvent, which is



the reactor 17 via pipe 20 thus contains the solvent, the second portion
of the oxirane and the unconverted olefin. This rredr um passes through a
filter 21 and is conveyed via pipe 22 into the container 230 Wiy#fi%¥h it 30
Is subjected to a depressurization. The nmediumis then transported via
pipe 24 into a second distillation col2m 25.. A mxture of the second
portion of oxirane and of unconverted olefin is recovered at the top of
this distil FROYsH-<b| ikd PSPeTHi simixt bhe ifsimdnvegedt@5 Vi aapdpear?6 into a -

condenser 2§ il SEPRT @RS, t B cAXiIANG 4 e C rbed fin. The
unconvert ed (ﬂléefl r%ins r% ycl ed |lﬁtolt he realgi:)‘?ﬂb"llé(i1 Vglga%%)% t3?280‘5!%4 3 and

4. The seco® &’r’f@% 0@0Ithé’ctﬂé&téélaﬁﬁﬁpsﬁéguﬁﬂnoa@et via pipe

29. The soI vent, whiTtle i a3l et yu2884 in %he epy@b@glsvb@cakagné igg o the
which i s evacuated via pipe 31,

first f fl t
alr (r:)s CO|$ ?’gﬁ a%ﬁY%eéJbo??% eous é’ dgcgrt?t_reﬁlé?l 8n TUHE 285 ARG al yst
used in thegpegsads a@m@r@ﬂ:@ga’r@bl& tdne titreedtino e egeEniarenl | Yheordeaimns a

zeollte as aGti e f,+ cand pref ar tltanl ollte he, term
itk i ugl eBRRE yand me QARG Jetisies squk

“titanium zeolite" is inten to denoteasolr a|n| gsr whi ch
has a mi cr ofOREEINdngst &1 liser umhicd ofageold t @thlrwoa:rwsi n asyistalsever al

silicon 10 at-ee tare b@lﬁ@ﬁﬂét%étmu%am@h ‘gré%ey hani;ym, é).Eeol ite
advant ously has_a cr al- structure of ,ZSM5, -ZS Mf MCM 41

or ZSMAE t HFEMS| (ATy E 8G5eHavietth o Epmiug; ralRCt“t?re 'Blflebétlé?a?ém te
type., prekendbky faﬂeanﬁ:agleumsayurrhazeolar t esyaitial a@th;ﬂtr—,@rf@d L7

absorption 95 6 gne Sy I use, Titani um
zeolites of sp]dl caIf%%)uJI1 pegglr%egzp re erred Oﬁ'hggg ggr%é’spﬁondphgm?éf t he
formul a xTR&30C1-bgg Ca |¢rrm¢@h straictuge 00D00Ete0 fedl el tgppef erably
from 0.001 erQeQQbeV%rEbggf B.qaﬁrﬁhmceZe%(il%Ee%%hsaﬂf H%E%r%&pe Known

under t ge , have a m croporous crgsta |Jne that. of ZedlTte ZSM 5.
The cat ys? agé'gtlon band at about 950-9 are suitable for

use. Titanium zeolites of silicalite type are
preferred. ‘ Those corresponding to the formula
XTi02(1-x)8i0; in which x is from 0.0001 to 0.5 and
preferably from 0.001 to 0.05 give high performance.

20 Materials of this type, known under the nalrle TS-1, have
a mlcroporous crystalline zeolite structure suru.lar to
that of zeolite ZSM-5.

The catalyst used in the process according to
the invention is advantageously in the form of

25 particles obtained by extrusion as disclosed in the
Applicant's patent application WO 99/28029, or by a
sSpray process as disclo‘sved in the Applicant's patent
application WO 99/24164. The content of these two
patent applications. is incorporated herein by

30 reference.

The solvent used in the process according to
the invention may be chosen from saturated, linear or
branched aliphatic alcohols. The alcoholic solvent
generally contains up to 10 carbon atoms, preferably

35 from 1 to 6 carbon ateoms. Examples which may be
mentioned are methanol and ethanol. Methanol is
preferred.

The amount of solvent used in the first reactor

is generally at least 25% by weight of the liquid



25 the invention is particles obtained Applicant's patent zeolite
structure simlar to in the process according to advantageousl |n the form
of * by extrusion as disclosed in the application WO 99/ 28028 a .
spray process as disclosed.in the Applicant's patent appllcatlon WO

99/ 24164. The content of these two patenitgapplications, is incorporated
herein by 30 reference The solvent used in the process according to the

i nvention may Beachdcoan Mmedigat presedt | iimearther fﬁm&mch&@aﬂﬂqﬁuﬂiﬁh

al cohol-s. The ?,lao tieularsabcvq%stga@%rw meﬁl%?ka' ficn ]J_g A orE,

preferably 35 m1lto carbon atons. ned
are met hanol aﬁg%elbﬁfar’f'fﬁlg%t%o‘? JreOUn; o g by ¢%@Sa¥mt|mexafeeéiol9\9§nt

used in the fibgt webghor ands geNY=AldiAlar €asts 25%bY WREEAt ﬁ%t% .
liquid 30 July_ 2004 - 10 reaction nmediumpresent in the first reactor, in

particul ar “at WgégPt40%)by wei ght, for exanple at |east 50% by meight.
This anount usual |y do@henatolexc etk 89%ebyeuri ghie atthirntPasti euksrindoes

not exceed 95% r bet ween_t he anounts qf olefin
.and of peroxide corrpﬁf‘é%ggd rlEPjne prlgécéecgsuéc%\%?dpﬁﬁce?ﬁ ?ﬁEOFﬁ&Eﬁtlon
is general |y afol edde 0. 1IIVQ11i‘—10@ar tisculgenentalleastat). 2leasit prof &) ablin at

| east 0.5 10 Foieismhar il | Dedde Ugual I%a\%rgﬁéfa%sg at00; ol & Bagticular
not nore th(‘gn ng and erably not nore process according to
the inventd j'zsbem tlrﬁ’lfd‘lﬁ)s oF iM% e nots mﬁr?hetlp?rocél@é)faccur di ng

to the inventipartibelar not more than 50 and preferably not more
than 25.

The process according to the invention may be
continuous or batchwise.

15 _ In the process according to the invéntion, when
it is carried out 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
present in the first reactor, in particular of at least

20 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 perocxide compound of greater than or equal to
0.03 mol and less than or equal to 2.5 mol.

25 In the process according to the invention, the
peroxide compound is advantageously used in the form of
an agueous solution. in general, the aqueous solution
contains at least 2% by weight of peroxide compound, in
particular at least 5% by weight. It usually contains

30 - not more than 90% by weight of peroxide compound, in
particular 70% by weight.

The reaction temperature between the olefin and
the peroxide compound may range from 10°C to 125°C. In
one advantageous variant as disclosed in patent

35 application EP 99/08703 by the Applicant, it is greater
than 35°C to overcome the gradual deactivation of the
catalyst. The temperature may be greater than or equal
to 40°C and preferably greater than or equal to 45°C. A

temperature of greater than or equal to 50°C is most



It is carried out continuously, the peroxide conpound is generally used in
the firrst reactor in an amobunt of at |east 0.005 nol per hour and per gram
of catalyst present in the first reactor, in particular of 34yl 20
0.01 nol. The anmount of peroxide conpound is usually |ess than or equal to
25 nmol and in particular less than or-aqual to 10 not. Preference is shown
for an anmount of peroxide conpound of greater than or equal to 0.03 nol
and | ess thanPartegubirly RrEimireds5 IThe hegautdess aetpedhaBgrko §he

invention, thgrepsraiigel&oamayd i oadvant ageously used in the formof an
aqueous sol ution. Inoﬁ%ne al , the aqueous solution contains at |east 2% by

wei ght of peroxi de cohpobfi8, PFRCeEr ACEQraingt doedde Sipvsniwedmht thet

usual |y cont araesc8fomobefweent taie %HPehin Wehahtchef Meraxidgle EQHB?H#S in
enperature between the olefin and

parti cul ar: 70% by Loght. The reaction t

t he peroxisdeolcl{g p%%%% ﬁ%?c?aﬁﬁea%“(?ﬁp?‘ﬁ@?opfﬁé}mﬁn Ihanagvahtadgesus
variant as diBerbgeted nupdernpraSsappl i CatisopriER 29/08783 191 Theaspp! | cant,
it is greaterpot hap.82& k@ rc adual, .deacti.vation qf the

cat al yst . Thengt)errp_e?ature rrgéfbeggﬁjé-% g‘r&%hg’% é° %&falls t%u’gﬁ%%dm
preferably grRs%fi%%han or equal to 45C. A tenperature of greater than or

equal to 50C is nost 73k Jdno:2M4 combbuRy RJI&‘HI?@Q& HLhEd £ Tt?ﬁae

reacti onlbenperat ure i erably l'ess than 100 I N the proces

is r ef
accor di ng to}i’ﬁoec‘?srﬁ/en??fi&?g’r%% tRactih beRVERhiehe K6l rperrkide
per oxi de conpoumeburidsTayohzkénphgceoné VAOFRRRY | GePHREGH" SFurddt B al so be

per formed undgr, es LS pressure nerally does not_exceed 40 bar.

A pressure ofPZOO&E)aréﬁgs'grslu;‘l;\gXbl eef%a,‘se p?ggf’V‘Ee.o 9T ki WBLEBnImhds

whi ch may be qpEPlier tdfe ¢a@rpyieessontcomdi ngedoxiidae iiohN e ntHylr cifeh

peroxi de CORRAILALOYRY N r oXi unctions - QOH) whi ch
Mdg&?heo Mp%\ﬂl%{) e "or Car r$i!ng pdiﬁ(d“lﬁ?

may rel ease actjve oxygen and _whi are “capa
epoxidat?sn.%p§%¥§§§h peroxide wunder the conditions of the

epoxidation reaction are suitable for use.. Hydrogeﬁ
peroxide is preferred.
When hydrogen peroxide is used, it may be,
advantageous to use, in the process according to the
20 invention, an aqueous hydrogen peroxide solution in
crude form,- i.e. in unpurified form. For example, a
solution obtained by simple extraction with
sﬁbstantially pure water ofathe mixture derived from
the oxidation of at least one alkylanthrahydroquinone
25 {(process known as "“autoxidation A0 process") without a
subsequent washing and/or purification treatment may be
used. These crude hydrogén peroxide solutions generally
contain from 0.001 to 10 g/l of organic impuritiesg
expréssed as TOC (Total Organic Carbon). They usually
30 contain metal cations (such as alkali metals or
alkaline-earth metals, for instance sodium) and anions
(such as phosphates and nitrates) in contents of from
0.01 to 10 g/l.
In another variant of the process, a hydrogen
35 peroxide solution produced by direct synthesis using
oxygen and hydrogen in the presence of methanol may be
used.
The oxirane which may be prepared by the

process according to the invention is an organic



per oxi de and peroxi de conmpounds whi ch may produce 15 hydrogen peroxi de
under the conditions of the epoxidation reaction are suitable for use..
Hydrogen peroxide is preferred. Wien hydrogen peroxide is d%kﬁwygqp4nay be,
advant ageous to use, in the process according to the 20 invention, an
aqueous hydrogen peroxide solution in erade-form i.e. in unpurified form
For exanple, a solution obtained by sinple extraction with substantially
pure water of GdRPqHnd ureomprisio f ram grbhepoxicdatriespodiiialy | aast ©me

al kyl ant hr ahy gy Qi 43018, 19, 12N 0cess known as "aut oxi dation AO process")

w thout a subsequent washing and/or purification treatnent may be used.
These crude hydrogen peroxi de sol uti lly contain from0.001 to 10
g/l of organic inpurities expressed otal Organic Carbon). They
usually 30 contain netal cations (su l.Li metals or alkaline-earth
metals, for instance sodiun) and anfons\ (guch as phosphates and nitrates)
in contents of from 0..01 to 10 g/l. Inf{another variant of the process, a

hydrogen 35 peroxide | utjon_produced direct synthesis using oxygen
and hydrOggn rnr%ge p?%%%n%%lﬁ?gﬁeﬁﬁﬁﬁﬁpgﬁﬁ&b8°n5§éé$ HPdxer abe il ch may
be preparel byarien mtomsss morfedibly tirdmel | tvest icatbbs akoaisganie 30
July 2004 - 1%xir%9%@°%&%<ﬁ?”ﬁ5' g ﬁrgﬁggedcgﬁﬁgﬁﬁ%pdiqgsto %&et%%gneral
fornul a: The oxirane general’ly Contains from2 10 1 gs9 &Pbo at ,
preferably fr&F°FaES QR NER%ateOm-heTHaveritiame nshilcl? reppxypropeper ed

advant ageous| wnldy 1,176 epi@Cc8sSehaes8pdbpanto Fhe b&é@@%&gg 8 rane. is .
1,2-epoxyprop§ng and 1,2-e§oxy-3-c | or opr opane. "The pre erred oxi rane is
1, 2- epoxypr opané. “PO*¥RECBFEFIns which are suitable in the process

accordi ngl®o the i nveffheomlgehiersal wiyicionbaen shii®dbad et Gin 18nheaheiaat:oms and

preferably 3 %%cgraﬁﬁgo@oagﬂﬂ§'invention generally contain from 2 to

10 carbon atoms and preferably 3 to 6 carbon atoms.

Propylene, butylene and allyl chloride are suitable for
use. Propylene and allyl chloride are preferred, and
15 nmost particularly propylene.

In the process according to the invention, it
may prove to be advantageous to monitor the pH of the
liquid phase. For example, it may be advantageous to
maintain the pH of the 1iqurd phase during the reaction

20 Dbetween the olefin and the peroxide .compound at a value
of from 4.8 to 6.5, for example by adding a base
(sodium hydroxide) to thé epoxidation medium, as
recommended in patent application WO 99/48882 by the
Applicant (the content.-of which is 'incorporated by

25 reference into the present patent application). This
base may be introduced into a single reactor (for
-example the first reactor) or into several reactors. Tt
is preferably introduced into each reactor.

The reaction between the olefin and the

30 peroxide compound may be carried out in the presence of
a salt such as sodium chloride, as disclosed in patent
application WO EP, 99/08703 by the Aapplicant (the
content of which is incorporated by reference into the
present patent application) . This salt may be

35 introduced into a single reactor (for example the first



Propyl ene, butylene and allyl chloride are suitable for use. Propylene and
allyl chloride are preferred, and -15 nost particularly propylene. In the
process according to the invention, it nay prove to be adv to
nonitor the pH of the 1liquid phase. For exanple, it nay be advantageous to
maintain the pH of the liquid phase during the reaction 20 between the

ol efin and the peroxide conpound at a value of from4.8 to 6.5, for

exanpl e by addicegtomaser (isudi usebypdadXitedctdrd he repoxkdalion nBdium as -
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advant ageous Fgolﬁirﬁg %géhcgﬁtehiéggiig?ﬁﬁggi irjlgal%f}é %H}"‘Eﬁt gg ilﬁaﬁﬁg‘%ﬁﬁ ﬁ‘b’re’

al kanes. ¥br ¥RanpPere, o5 PXRARE cowhanni rdiet heretedled andnabaveateleast
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al kanes may bg}al ntroduced into the epoxidation reactors. For arere, I n

t he case of ofyFERECe: RE RRORYL RSy WE Gh Xkt WPk hcarplebely 16%ebg 10
vol ume of propéinprabanet he recycl ed unconverted propylene is introduced

conpl etely freed of opareaneiSne IRARD SR T oul A eRdet ended 1o
15 illustrate the present invention without, however,
limiting its'scope.
Examples 1 and 2 were calculated ‘using the
Aspen Plus® software from the company Aspen Technology
Inc. using reaction kinetics parameters determined on
20 the basis of the experimental results described and of
the ligquid-~vapour equilibria available in the
literature.

]

Comparative Example 1

In this example, the synthesis of propylene
25 oxide is performed in 2 reactors in series without
intermediate separation of the propylene oxide formed
in the first reactor. ,.

' 326.5 kmol/h of hydrogen peroxide accompanied
by 1 100 kmol/h of water are mixed with 1 500 kmol/h of
30 methanol and 250 kmol/h of propylene under a pPressure
sufficient to dissolve all of the propylene at the
reaction température. The reaction mixture is
introduced continuously at 70°C into a methodic reactor

containing 600 kg of catalyst.
35 The reactor. effluent is mixed with 200 kmol/h
’ of propylene at a pressure sufficient to dissolve all
of the propylene at the reaction temperature, and is
introduced continuously at 70°C into a second methodic

reactor containing 600 kg of catalyst.



15 illustrate the present invention w thout, however, |imting its scope.
Exanpl-es 1 and 2 were cal cul ated using the Aspen Plus(r) softvvareoozromthe

conpany Aspen Technology |Inc. using reaction kinetics para ¥
determ ned on 20 the basis. of the experinental results described and of
the |iquid-vapour equilibria available iqyythe . literature. Conparative

Exanple 1 In this exanple, the synthesis of propylene 25 30 oxide is
perfornmed in internethat effdpangt i HFon i Bhéh%éddxﬁi FERELOF - cBABa2nkmol /h

of by 1 100 knol f phater. met hanol _and sufficient to

di sso?/ve rea%f | o%m ehiber atre. MR eS n s@%@g\ﬁ“t houPeTEKifige
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reaction mxture the_ is In nuously at®
reactor Cont%¥i®tAge6063kdSofuratal Y4t 7%3501‘hea r@eanes , of ebbhuensios m xed

with 200 knoloh tieé Ry@RYdepertodidy essWe fsufficient to dissolve all  of
the propyl eneEat tﬂe i fuct ion te rat#re and is introduced continuously
at 70C into HOAEC €’or dohttdisiimysso 9 of catalyst. 30
July 2004 - 14 The efd| wtils f eramphe, secload d@atidyiLoblFal Popyiene

oxide is performed in 2 reactors in series with

10 intermediate separation of the propyiene oxide formed
in the first reactor.

326.5 kmol/h of hydrogen peroxide accompanied
by 1 100 kmol/h of water are mixed with 1 500 kmol/h -of
methanol and. 250 kmol/h of propylene under a pressure

15 sufficient to dissolve all of the propylene at the
reaction Vtémperature. The reaction mixture is
introduced continuously at 70°C into a methodic reactor
containing 600 kg of catalyst.

The reactor effluént is conveyed to a

20 rectification column containing 50 theoretical plates
(including condenser and boiler); the feed is effected
into the 10th theoretical ?plate {(counting from the
condenser); the column is run at' 1.1 bar absolute
(column head pressure); the column head temperature is

25 maintained at 40°C (partially vaporized distillate);
the degree of molar reflux is set at 1; the flow rate
of distillate is adjustéd so as to recover at the top
of the column 95% of the propylene oxide present in the
column feed.

30 The mixture taken from the bottom of the
column, which is depleted in propylene oxide, is mixed
with 200 kmol/hrof propylene at a pressure sufficient
to dissolve all of the propylene at the reaction
temperature, and is introduced continuously at 70°C

35 into a second methodic reactor containing 600 kg of
catalyst.

The effluent from the second reactor contains
0.5 kmol/h of unconverted hydrogen peroxide,
85.9 kmol/h of propylene oxide and 68.5 kmol/h of by-



2.3 knol /h of unconverted hydrogen peroxide, 243.9 knol/h of propyl ene
oxi deand 77.4 knol/h of by- products (mainly nethoxypropanoI‘Fnd ,
propanediol); the 5 yield of C3is upto 74.7%for a degrequ Y rsion
of the hydrogen peroxide of 99.3% Exanple 2 (in accordance with the

invention) In this exanple, the synthesissof propylene oxide is perforned
in 2 reactors in series wwth 10 internedi ate separation of the propyl ene
oxi de forned pradutiesf i(mstinlgacterho8afrdpdanl / dndf phygangenoPEF Oxhde

acconpani ed 0 r_:are weLye ith,1 500 knol /h-of

met hanol and,gg%%méng?;ﬂ qﬁfﬁééu;gggﬁgl%ﬁﬁe?bg'gr%%%g{% sHFPPYERE to

di ssol ve al|l 8Fifife phepyiedd Af tE isezpt iton Toferfura. ddgeceeadt i on
mxture is i8bhoEHEeEnCOP ERYONSEYCGEN 7954 i c reactor
cont ai ni ng 600 kg of catalyst.ogie r%%ct%%kgg%.%gﬁgg?gg%ghveyed to a 20
rectification colum containing 50 theoretical plates (including condenser
and boiler); the feed is effected into the 10th theoretical plate
(counting fromthe condenser); the colum is run at 1.1 bar absolute
(colum head pressure); the colum head tenperature is 25 naintained at 40C
(partially vaporized distillate); the degree of nolar ref lux is set at 1;
the flowrate of distillate is adjusted so as to recover at the top of

t he col um 95% of the propylene oxide present in the colum feed. 30 - The
m xture taken fromthe bottomof the colum, which is depleted in

propyl ene oxide, is mxed wth 200 knol/h of propylene at a pressure
sufficient to dissolve all of the propylene at the reaction tenperature,
and-is introduced continuously at 70C 35 into a second nethodi c reactor
contai ning 600 kg of catalyst. The effluent fromthe second reactor
contains 0.5 knol/h of unconverted hydrogen peroxide, 85.9 knol/h of
propyl ene oxide and 68.5 knol/h of by 30 July 2004



- 15 products (mainly nethoxypropanol and propanediol); the colum
distillate contains 168.8 knol/h of propylene oxide; the yieISHof g% IS up
to 78.0% for a degree of conversion of the hydrogen peroxid@p ly 68%%0, 30
July 2004 - 16 CLAIMS 1. Process for manufacturing oxirane by reacting

of an olef in with a peroxide conpound i# the presence of a catalyst and a
solvent in at |least two reactors 5 arranged in series, each of which
contains a portion of the catalyst, @oEIMgling to which a first portion of

the olefin, 4the sol dth roxide conmpound are jntroduced into a
first reactor, an epgglgggg'lgpnéooﬁe @%Eu% FE‘%F“& r P 0e thE gleectiag s
carried out Pherddl rolefim witler at eeoxide fdangiowst timnthé phesexiceane, a

medi um  conpeiESiNOch B84 ¢ ShnROML | xkrane f ,.the__solvent, the
unconverted ol efin gn(;ll,ywher,le1 agpr%@glr%%tg %ﬁt %2' uﬁ%’%r%u% FEPEXPHE
conpound 1s PERBHERS: ABNSEREES  r 88E oPEakbirht centisadsi at portdbst bl ati on

col um, the thenepenilyytof atheraxhgane {/asBRIaaRe-0f bBEtEBﬁ°P¥eE§8d-
olefinis colLkected at, the t of the, colum, the medium depleted’in
21 & £ i
ebprdit i dthe €6ns GREGOPBAoxATe

oxi rane and Qontalhi ngrEwhE?
conpound is ivbrpduced antbvhe Hiittsammdadtee,calnindpoxidgr 16 g 2Q<depl et ed
i n oxirane agg,apo :pArty efin__and aptionally another-
portion of ther%grgggﬁéBQOEggaﬁQ §g§£8+n%?o§ﬁfgae%nfﬁl et

react or ,1tin @p8RFdhei 6RTH at Hd msttha@oyidon @f dfhe hexiotadié n & Sme@fummi ed out

therein in og 19iHh@" MBHRNOERSL  PQs 4 f o£25 | rane.  -and_t he ot her
portion of thgﬁ%iirgng t hus forneggiggggfl8gté%&ﬂg?ﬂﬁrgggg?déccg?%ing to
daim1, in SAFEAEhethfednGanYeaiePAgel pEin uprdqudhere cappoepab@teont ai ni ng

the other potkéonnebntheedXigeaaiddecaoa  isheedBviRCHING] ted. ol efin
o Do O AR TR Rt eeht S P LA LRI TS e
15 majority of the oxirane formed and of the unconverted.
olefin is _coilected at the top of the column, the
medium depleted in oxirane and containiné, where
appropriate, the unconsumed peroxide compound is
collected at the bottom of the column, the medium
20 depleted in oxirane and another portion of the olefin
and Optionally another portion of the peroxide compound
-are introduced into .a ;Subsequent reactor, an
epoxidation of the other portion of the olefin is
carried out therein in order to form another portion of
25 the oxirane, and the other portion of the oxirane thus
formed is collected.
2. Process according to C(Claim 1,. in which the
medium leaving the subsequent reactor and containing
the other portion of the oxirane, the solvent, the
30 unconverted olefin and possibly the unconsumed peroxide
compound is int:oduced into a subsequent distillation
column, the majority of the ‘other portion of the
oxirane and of the unconverted olefin are collected at
the top of this column and the solvent and possibly the
35 unconsumed peroxide . compound are collected at the
"bottom of this column. '
3. Process according to Claim 2, in which the
process is carried out in two reactors arranged in

series and in which the medium collected at the bottom



oxi rane and of the unconverted olefin are collected at the top of this
colum and the solvent and possibly the 35 unconsuned peroxi de conpound are
coll écted at the bottomof this colum. 3. Process accordi @4‘5\’ % m 2,
in which the process is carried out in two reactors arranged in series
and in which the nmediumcollected at the -baftom 30 July 2004 - 17 of the
second distillation colum is recycled into the first reactor. 4. Process
accordi ng to anyofnéhef s€cainds di st 13 atiiom wholahut hies n-atve Be@f igxbr 2R and -

of unconverted §lgggfkgagg+£ected at the top of the distillation colum
(first and/or subsequent co Is introduced into a condenser in which
the oxirane is séparatedPF?%ﬁ$¥h@ccﬁﬁ@bﬂget@eénwl@na1qﬂnQia1msrbcyoled

into one of the jneamiis. thd SmikF@EESSHRACHYW SR tgn@%pn%n%n@e%ga 1
Sl ze.

to 4, in wh|5ch aﬁ) t he éﬁgctoré are %f i denti cal .

according to “any f&18f ceLdfrke? p5 ghe |':1?R/\/rﬁ%htli1%edé§?hi-§/§tilp§ ‘Gpémt in
each reactor in (ﬁerstoaud(ébrpa;rdbs;icﬁ&ntatcdh&&i) algorltrﬂt%da‘cémimg, Sai n
15 fluidized for CQsSS r dj to.CJaim§b medj um

| eavi ng t he re‘ac%ra??%“gt ggln or q}sukﬁgqﬁéﬁtrarﬁeeajc% oF)""pB§§§§§ t%’?%gﬁhﬁ
filter before betmgonyexrteduodefint ovhiilmh dist idelcgiciled coltwmonki ret and/ or
20 subsequent colyg®@)or&s:. Process according to any one of Claims 1 to 7,

in which the nedium entering, the distillation colum (first and/or
subsequent SO unm) is fiFERCethjaceeing o deny esnear PEatdleviniseflor o béj ng

i ntroduced into iﬂi\lx&huﬂ’é #listind a.iédidtcﬁ&l le!ﬁ‘?a of ifdRRe%RI12650/ding to any
one of Clains 1 to 8, which all o cﬁerom de conpound Is introduced

into the first reéactor. IEP DR 2y 9R§ Bhe GRidsailmsta %o 9,
30 i n which the mlwlaxréflltsll@rmlgﬂbﬂﬂ:obeqﬁ'éﬁent in each reactor in the

form of particles, at least a portion of which is in
15 fluidized form. |

7. .Pfocess according to Claim 6, in which the

medium leaving the reactor (first and/dr subsequent

reactor) passes through a filter before being

introduced into the distillation column (first and/or
20 subseguent column).

8. Process according to any one of Claims 1 to 7,

in which the wmedium entc?ring_the distillation column

(first and/or subsequent column) is first subjected to

a depressurization before being introduced into this
25 distillation column.

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

in which all of the peroxide compound is introduced

into the first reactor.

i0. Process according to any one of Claims 1 to 9,
30 in which the oxirane is propylene oxide or

epichlorohydrin, the olefin is ‘propylene or allyl

chloride, the peroxide compound is hydrogen peroxide,

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



epi chl orohydrin, the olefin is propylene or allyl chloride, the peroxide
conpound i s hydrogen peroxide, the solvent is nethanol and the catal yst
contains TS-1. -18 30 July 2004 11. Process according to Claiml1, in which
no substantial anmpbunt of solvent is renoved between the first and the
second reactor, and the addition of a substantial anmount of solvent into
the second reactor is not necessary. 12. Process according tg Claiml, in
which a third reactor is used and the process is carried ow0J4y 44¥ee
reactors arranged in series. 30 July '2504 ABSTRACT Process for

manuf acturi ng oxirane, conprising the separation of the oxirane fromthe
reacti on nedi um Process for manufacturing oxirane by reaction of an olefin
with ap r10xi e compound.in tE??.rgr s,enCﬁ, of a catal KSt and a solvent in at
| east two 't ealTEES AGPEHIGelP R8T, BsWhish Jip sEPSIRtEh amoNphichsoleMolst i on of

t he cat alrgradved beteeen die Grst aindlthe ety edRidrdahd ok al&Bet bPASsidsRnGar i ed
out in seri est i ncbudéd.n@tt intermediate distillation, to mnimze the
for mat i oAMGHNt PPONFRLIR Re Segqnd reaqiergs nat necessary.

12. Process according to Claim 1, in which a third reactor is used and the process is
carried out in three reactors arranged in series.





