;yze3en{(nx6T(OS#. Process for manufacturing oxirane, conprising the
separation of the oxirane fromthe reaction nmedium The pres ' '
relates to d process for manufacturing oxirane by reaction am‘ Hl mmum
olefin and 5 a peroxide conmpound in the presence of a catalyst ang g
solvent. In particular, the invention relates to the nmanufacture P
propyl ene oxi de pbQi-c8RI G0 HRRYGLIINL A LRAXIR O o NTARY &ag (or allyl
chl ori de) using hydrogen peroxide r1m the | ( t—10
contai ni ng TS- 1SERRLEienQh WROCPXHEARe REANT BRe | FeagE Hen | Badiwri de by
reacti on between propikepeegaata ipRichdids coapores 8 bhedyesanceof TS 1.
For exanple,_in Patgnt.US—A—S 849 337 such a %r cess is lpﬁ(rff rmed [ n 15
several react3P8-arrahytd PRIEEPFeSY ‘Fﬁ@cidﬁﬁ' s Fo a2 s
process lfas &hpedoaiackomponadulini nhei priesenicer ret isorcaafa gy edidcts, for
exanpl e when eo h r oxj,de ' s used as. pergxide
conpound andsﬁg‘t’%ggbl Lt?ls ég£gggglgg’sgjlrgeeniﬂ%%}l#%?rsl krne;imaﬁtepsﬁoggsst%e
Speci fi cal | ynanhéacpubpyoénensavderies emide adour epighderohysisdndoriuf ti ons,
by- product s byoge j we t Py, i de ter or
%b@xi&éﬂ?_gn of 619%%%91@% 68k h&:‘l%%r)re tiﬂ&f&%) Lfé"ﬂb&

met hanol , and in particul ar propyl ene glycol an oxypr opanol s 25
fornul ae CH3RXEEPPERZ- BEHOX4AR CHR cHrffecrByeserpeH. ofher etatlorshydrin
i s manufiact useltabyipgodects are formed by reacti on between the

epi chl orohydrin and water ar_nethanol , ,and in Barticul ar

1- chl or opr opanedi ol dl(,shﬁﬁ?%‘?‘f%t RERGHHGFand? sM8PUfBF R §e PropPylene
C1CH2- CHOH CbRiBEHZB0 raredt tGlorCHbeCkie@tH3 pr Ghly Deine Thend oramatperoafde

by- product s t s t L\ fot prQCess C ently its
yi el d. The pé%g%%t?ﬁ?n\r}?}lt ?%ﬁeci w&%@%teedg?omgrgdg'ov%r;gorﬁ ng S c#lawback
by provi di ngPatemlelUSpPode$49393d1 Hiugh sal @xaogssy, isshpeefarmete igune tine
Mai Nt ai NisNg §&PEraACt FohEYot O afr&h§Bar eACkEPDEate). To this end, the
invention relates to_a process for nmanufacturing oxirane by reacting an
olefin with a per oxiﬂ%ecépﬁg&ﬁ&nitn har preReEnddass thisit grpsesandas ' |

- 2 the drawback of resulting in the formation of by-

products, for example when an aqueous hydrogen peroxide
solution is used as peroxide compound and methanol is
20 used as solvent in this known process. Specifically,
when propylene oxide is manufactured under these
conditions, by-products are formed by reaction between
the propylene oxide and water or methanol, and in
particular propylene glycol and methoxypropanols of
25 formulae CH;-CHOH-CH,-OCH; and CH3;-CH(OCH;)-CH,;0H. When
epichlorohydrin is manufactured, by-products are formed
by reaction between the epichlorohydrin and water or
methanol, and in particular 1l-chloropropanediol and
chloromethoxypropanols of formulae ClCH,-CHOH-CH;-OCH;
30 and Cl-CH;-CH(OCH;3)-CH,OH. The formation of by-products
reduces the selectivity of the process and consegquently
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

NN,
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solvent in at |east two reactors arranged in series, each of which contains
a portion of the catalyst, according to which a first portion of the

ol efin, the 'solvent and the peroxi de conpound are introduced into a 5 first
reactor,' an epoxidation of the first poktion of the olefin is carried out
therein in order to forma first portion of the oxirane, a nmedium

conpri si ng tQ@lﬂ‘réﬁﬁt 1910rétt one@ktoxtw@nechermrd dheaspyenh ddifes,
unconvert ed Ol%% ere appropriate, the 10 upconsuned per oXxide

conpound i s T2 fr“gi'n i SONERANST AndPPRELBRUCRE MY £ahiaeigt ation
colum, the amq:@niii:yg otot Imhlmh ranéifst mpdraidnofot hEhénGané\tht edtrd efin is

|| ected at t he_medi um_depl.eted Jjn rane and
cont i ning. Shirenflagy tOE BeEas BEnBRLRHT G i Tomite
col | ected atfihetboeaotoul tdre epdxidatide onEditim déprst e;bonrlulom romwe and
another poriiga ahcklhs cﬂsefegrffgdoehltor@rlébryeﬂ{'0£§er R O0 261G

per oxi de cormpound are i ntroduced into a subsequent reactor:
“epoxi dat i on Bir$hePBtRéPNp&E | BRe 0PXLKansl efd me@u@:rar comRroginghdiesi n in

order to formaneot hesroosd i WE ofost e axi rafgnend diie UIGfeRROr ticgyy of the
oxirane thus formed is colljg%éed One_ of the essenti al characterlstlcs of

the 25 preseCIMRNtTdn 19EE M ¢ BRG nt ervhSHi%at e FRRKINTIRAGON cahS ed out
bet ween 10he mmmmmediatpenoxﬁaet i oospoTpaci Lscalkyhoviel s fralkes tHigpossi bl e

to mnimze on oduts lati on.serve to renove
t he oxirane %%? E&K{JT?% ln% oé%ﬁggl bl ectas g tgjrgg?ili?réﬁo?n CPREMPag
medi um i n orm@roltbt}preﬁerttha tO}f-IJOEmebefqgmed emdt azf wheh Ulnlm@mvtemtred

constituent sypirihe srLaghhgpped u&aer%‘éotg evept g%{epr W fr.om bei ng

thus fornmed. Thjs separation is carri out n a distrlIGtion coI um 35
whi ch is sefd@&t@nandenisteAct ify omxirangoxamdt | 6ANEaABLDY, SWhexet he

cat al ySU.SdO%pfSﬁpﬂ'ﬂﬂV@ thehepoxw@émmné&acmﬁso;&l@e dléémﬁéﬁﬁaonllss t hus
carried out Cg (1)119 e OXI dﬁtl on catal st in_or er to prevent
cont act betvfe ‘?‘ﬁte é‘ or ﬁ‘d % ‘é?ﬂyx ddi8 offefdtA yst
since the | adexelemd)rmnegmlranfeorarai | anobheby ppraduet sof ThRediodkeiflihat i on
makes it po xiran formed fromthe
epoxi dat i onséj‘re c%?%%%a&?o{ﬁl% an?H&M 8E Eﬁ% %erafcllyegreg‘lp&’mfihan or
equal to 80%%F t HetarRslHReDf dmtrcanea‘or @@saqqem fi rslacteactoranlt is
usual | 'y 2gr eaé;%xich'@t‘h&{ fuale 0 80KerUsPdlt Yoni tof s ér?és dian or jgqual to

99% In particula is less than or equal to 95/ 0 The con t| ons under
whi ch t he dl%qlfll"}%“%l%t|§h%‘é‘?+?eﬁnoﬂ¥dﬁépEﬁd§°6ﬁ Pﬁétﬁﬁfupé’réfloflhé’fom rane

(and in parttth)eul@Itlré.ﬁeboahdnghéobltlh)e,r g tEQIC edtt ' ehé 0Bxhi PahBeE thRdi UM

i ntroduced |pol?om %md'cSti | on columm, the nature of the other
constituents of ehe 15 unconverted ol efin and the sol vent),
their boiling point Goel tdfe dbei regsemnbial | athaomgtietistilde difstithkeation is

gener al by CaiidthOUniln &MPLEA HCCRL Gh ea&ﬁl@gaggega&s%q&agt%nloc

preferably greater_than or equal C, ues o reater than or equal
to 45C bei ngFFEcd e Ried. bﬁ?é“’ec%?“rpérh@c uﬁié’oi s epeFiIpfirass repglionsequal to

125C, nost Epewit icd ESs, thnmsormaawl it0 JAG b val ¥es winiesSse t haa or
equal to 90(%b aq:qléar effe 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 1is separate and distinct from the epoxidation
reactor. Since the catalyst does not 1leave the
epoxidation reactor, the distillation is thus carried
out in the absence of the epoxidation catalyst in order

to prevent contact between the oxirane formed and the



The distillation is comonly 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 nost common. The pressure is
generally less than or equal to 10 bar, 3in particular |ess than or equal to
5 bar, values of 30 less than or equal to 2 bar being nost particularly

recomrended. epbxiHSe PEES U 4B50E | PidiOfbe aRYer i gEeREE bPohbEdi SiHd | ation
pressure corES%ﬁonds to_the absql ute pressure neasured at the top of the

di stillati on"¥EPARHO™ 38E TRY-BYQERFESti on col umm which may be used in the
process accordi ng toThdéediBtella@lohs nakas PErpsesiblei $opassddad 0 use,

for exanple, C W th.conventi.onal plate a | um Wit | at es of

" dual - 4tﬁ?llg%/\lljjg?§/%§é %F gﬁ?e?ﬁ‘é Pvel %ogm §I %rrﬁ?n\/\ﬁ:?]r% Iefoog%lcgartpjsan uct ur ed
packi ng. SThereanbeen ofmediane et iThdls phagesity t he dietétrably orymeatem is
general ly greggigroth i £gugheSolo r iald r, than or
equal to 30. A nu%%e?ag? IegsgPﬁaﬁ?oF%gq%g\gugg g’f%?ﬁg%?ﬂ“ﬁ%ﬁ%. A
nunber of | e&Ret RaksSbr reagaPrto 160 s yewdvhhendseatehethagr e sfquad! ar

reflux (whichocobresprngsiilf tocthe My fhaw bat @fail | g4 dogentrfo the
top of the colum relative o iﬁhe entire distillate - vapour plus liquid -
taken from tPREEBPIOFT t hkt cbf uhe§si FReReCHi @8V # 1 akP oPP®ol urm is usual |y

great er 1than or equathé ocBnBiandnpr eindeablwhigiieatke Hharionaequal it 0. 8.

This 15 degr .S _¢0 nly less than_pr equal to nd usually | ess than or
equal to 2. 55 :frnl?(%egngrgo@eé&?n;a%co?rbi Eget 8%1 K& rﬂfgn FonC*&* BPEnt(86hpri si ng
at | east twolmppartacndarrésst &t ldmmnyethtn, sktéesoarnentoanéonedrt oget her
is used. EaCEhgomééf‘Gﬁloint:?o&ﬁge?’: §Ae8! ehnai i lggﬁqéhdgoﬁgmourgleand the

solvent are Introduced intot rst reactor. Fresh peroxide conpound nay
al so be int redkieed oft otBRe Bhator eoBEbiEYaBAE refacthes. MeAtwm dddreor

contai ngsa pefiddFerfed heoTat ah Y dnavhi e dagsiviaie) eavwandily S 123 11i@Rct or .
When the catal yst is_present jn éhﬁ,for of . a fixe](rf bed, it is generally
not necessar§°iRF 3R ﬁ%c@%ﬁ’fﬁ bS?Jeg%a’fh%nc%’t% st in the reactor.

Al ternatively, the cehal gsstihhyabtonr éserferiardlisy feureodd pauti akes, at

| east sone o i i for fluhdized by a liquid_str r by
mechani cal S%?%‘%%%t%%gbyggaga@?%ﬁeﬁ al{:hlgalui dmgt rée%’ru]ai(ls u%%d, ?L?){@cﬁs
recommended Poeferiblle gricgitierouthannerabedvathetd | 3b3Chedvatues dexf to stop

the cat @onst%p@aééisl ehathi &h BEGalN Wt hBcaAnH Gy t PolbBihiAged. f iThier at
the reactor 35 outlet. Needless to say, the plant nay conprise nore than

two react or SCEORRERYER I FSselPR’llyy kasiss EBeB, FheeArAdt FRaditdCof the
series is feflosttkophehily, Idms pehaxi da cofgpOLUNdo tIE || vealuéands

optionally aless 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 1is possible to use, for example, a column with

conventional plates or a column with plates of "dual-



- 5 fraction of the nmedium obtained at the bottomof the distillation

col um corresponding to this reactor) and each subsequent reactor is fed
with the olefin, the remai nder of the medi um obtained fromthe preceding 5
reactor of the series and optionally frgsh peroxide conpound. Preferably, 3
reactors in series are used. In the process according to the invention,
reactors of j bl i a : use [Qﬁ§ S i ssiple to

i nt erchange fﬁgﬂfuﬁébfin%ﬁﬁ,%%ggﬁggggggg%rsémﬁgﬁ't e ggggti%g?gg é% al yst
in one react®FrPSEEERRaRREKIWATh fresh or regenerated catal yst wthout

di srupting the functteai ngwahbdrhe §F anthese=talaad "wpLsisel 1nf ungid oni ng) .
In afirst e odiggn%.of thﬁ I OGESS aCCOﬂgggg 15 to the invention, not
only the firStSrihttbtoBs ©pP erife IoTHth2 LRE hIEERERYUERRDr OXctRFUSE t he
series i $ fotdboRedahyd aodiestdddeatiiadriyc ofwaemhitkéni srr ebealedd @o0.

her ei nbel ow as " quent -disti | ion". |.SSubsequently distillation
has t he sanégfdﬁ%?%%ﬁ ggptﬁ%! 0 Fn%érngaiaggug}stgﬁla#foﬁg%%ﬁﬁieﬁfo t

bet ween t he ¥¢svitand Seaombeaporifdateen. than comdi equad ofot h&l sulssequent
distillationse@bmmehdeyar to the conditions described above for the
internediate distillation. In this enbodi nent, the nmedium | eaving each
subsequent 25 react of PandegERCai f nFOLRE ek polvhbahofcarrespande, the

sol vent 10t hecoinenavasled eheli pagadorWigrsiaPREAR! ikdt @hel RRPIREORGETE

per oxi de conpound is En%rodu%ed into a subsgqueni distillation colum, the
ot her porti orCoE M hESLRFFEfe CanFhERIncohVET FEHL LRER I i ¥OPRME &dSected at
the top of theqeddum, takdnt hEraol wiri aog peSsidiey tbaumAgonsmnmegheper oxi de
conmpound are t {lg tgo o] e colum. .ln_a continyous
process, it %%$é£§f%£v%ﬁt%%eous %% g%@%%ﬁg 9ﬁ§a aiﬁfﬁgopfé§¥%ﬁﬁat‘%he
bott om of t h@-?agnddipnEfierablon gxraker 38hgandrcmaulni by Ohé.sdhient and
possi bl y st hegepeoasugedoprbArl,de cc@MeuRd)od NdQud e bi EShplseagh a1 or
exanpl e, mhgg the process is carried out in twd reactors I n series, the
medi um col | ec®™ HtR Hf BT BP ¢he- - 6 5 10 15 20 25 30

In the process according to the invention, a

plant comprising at least two epoxidation reactors
arranged in series and connected together is used. Each
20 reactor is 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 reactors. 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 Dbed, it 1is 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
30 fluidized by a liquid stream or by mechanical stirring
or by a gas. When a 1liquid 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



35 second distillation colum may be recycled into the first reactor. In a
second enbodi nent of the process according to the invention, the m xture of
oxirane and of unconverted olefin collected at the top of the distillation
colum (first and/ or subsequent columm)cis introduced into a container in
whi ch the oxirane is separated fromthe unconverted olefin. This

unconver t ed Qfaéwoﬁ%ftherbbaeaeﬁmclcﬁ:sﬂcaﬁéa OB Und NSoL L8R 8ES th

preferably |nto the first reactor. The contal ner é contaln a condenser or
an absor bent +?Eh?ﬁa6%°%nCQB§B‘Pb€rﬂrrse(ﬁHQﬂ1®rngal §@r RBLFv&BRCEOFer AIEEl ecti ve
menbr ane. Cossl€hs &b sticienit t abhetber 1L§efe6 tdraitlsld QméOdbMEBS.nOf ﬂrh:_e
process accordi ngnéo thgfar n¥1ent| oa consr ts u m&\ e catal in the
formof partTEM2EI9Gt 19 pBret o Fdi ?

di scl osed i nreéhetdppldficanhes peree&; aaprpi i optuonaflrlyedfnesh h@ammdwy as

t he present p nd, e Lo an facturing

oxi rane in tﬁ&hgcg%%gngﬁef%?égg%}i al ‘;’/s éé{?ﬁ for%gg par |c111%sa (the
content of which is Imcotlp@r@mwsreﬁ@mg Yo tilies casegntiiton,s
recommended £0,bpstydera {abhelhhr Qygh Waigh é{%%llgm L§ay1 nGuihe

reactor (first_ and/or subsequent reactor) passes beforé belng i nt roduced
into the di STRFEHiIt itdn RGP ? f FPstinfRy Srangmd s Ehgefiuncstinm) of ThHihe

errboldl mart nﬁw@h tots pgh%hbhfhé OdQ@&aiﬂageﬁOM%ﬂ%lts mséﬁésﬁ@adﬁoﬂ he
catalyst in the e xr tion ood heat exc t hus .easy
control of thd Fg ?FS ﬁpl”e%elfmegﬁ ragraﬁF?HeE g&iaié(ﬁtt S EH Dy ocess
accordi ng todi$11er.1pt11/1eg;1t|1dn‘e thenatethnimaentef | nthe hepldirat i | (sat-Hcail 1e@ umm
(first and/ ok en first subjected to a depressurization
bef ore being ?%#?%%%%edf?ﬁcg%yﬁ%géar stillation colum. This enbodinent is
particularly suitabl EB2whedizRE aphadimerdn ¢% ther bsgcess @at@rdimessure or

In the presepse tofe alﬂ@é&@P&COQﬁQun@nth't%ega§§9§§ R gRY i the
olefin itself ngaor exarrp e opyl ene) or an inert gas which is introduced

into the epoXfdsEfon Péac‘?é? REQSERIERE r‘%ﬁ‘ﬂ'é?rtefalql'%ﬁ/v BRELGRi didne to be
entrai ned anﬁbxwmedbirranmbelwaeieﬁ c@&uﬁlh$0{rvﬁ§@ﬁ g E@If%&tre@pﬁ;'d cation

VD 99/ 48883 b licant. In a.fifth enbodi t he.
according 5 é/r‘t:“Jﬁn $P€ Inf?%ﬁ arlllla S!‘?%elb rox%igggcpﬁﬁtébﬂg Ip;o::e duced

into the firsubsemeenrly aéldtschSednr hashehpparcanfuscpadentsample cati on
filed ongthe; salEndaYs80dae8tiil g Eresfﬁeéo%ea%ft%gw 't'ﬂ% @gllgne using

a peroxi de conpound” (the content i ncorporate
ref erence) . s RSSRfent eP@a‘éldé‘rtsPnare Thes nePndEEionsh quesht@@rom de

conpound, buéuméqum& hdibelmeae%ﬁe GEEP Qe 1Y CHo | EhBr @SR tlibrishe
nmedi um obt ai ed fro F’r‘? rec di n react or a ot . consuned in

that previ ousSTERLYTT . Je ‘?ral hes %qug%%og?ﬁFrpﬂ%Eeanw 1R t he
per oxi de conpoismd emttcglittentfi r $her emetidtm Theathomy tdeath neubaeaXicthe
conpounggi s ﬁ%ig?eg 0 s reqglors es,.j si hle consune
100 of ?he tota aérrpu}rlr]?8 Hgé?%)%ﬁ égco%gloundatuﬂs%'g Wri){)% (?ﬁ hg\%evtcta:‘ri)1

reduci ng t heo®irargct toa $<a venbhekheonparaventeqd lerfeOedeusthrEhe sane

total amountgy r&&fpawe CQmOU%@éﬁsmhxﬁled\h' e@reeqlaer eacsRbohisa f edgwi th
fresh peroxi t he process according to

(52 (g preferyed enbodi pent, aof
the inventi &P?‘éo séFrFQd & cRBREPIESTEY qlr?t%uﬁtg&ﬂne qolymng hithe
preferred ermﬂdemegsm:tidme cf)frSheI’eﬁﬁ:i:@fle1aﬁdnthen&n&oﬂ0étrlt:@ﬂ eflelfie

cat al yst,, prefer S qu react or i h a first
or t1 538 RS et 5 Eed i phRs iR phentior S85RER. a2l FRS,BPaYels
conmpound vi aarpcﬂ pep6ssmldly hebhei auBOopépeed, prdowith scbueound aapnepe 4

from anot herg c PP TdcOathe Eh@nho‘g@'oﬁﬁh o'fé AESCEL NG | aERT 5 bRAARLLEST

reactor, the st portion of the o in reacts Wiih the per oxi de corrpound
in the presdPERCFSt hdtcaeal Yo ABVABEATAORPr O PJRIVDFE othehaediiumane. The

medi um 35 | eqyi 1ect&e 4€achorbdeVbm @fpeh@ @aataaasttlhea%%ﬁe%aurnhe first
portion _of t&rﬁxr rane, fhe uncons peraoxid npound and

unconverted FOREHHRIPR dFH i 58§¥‘§’§tt ﬂ?guﬁﬁsﬁlPrLVt &ney u&ﬁ&’nﬁsum@ﬁlnveyed
via pipe 8 ipgrotide coompowmed) 9intiowbhhehfitrstsreabieet edoroexample,

when the process is carried out in two reactors in

series, the medium collected at the bottom of the



g _ a depressurization. The nediumis then transported via pipe 10 into a
distillati on colum 11. A mxture of oxirane and of unconverted olefin is
recovered at the top of this distillation colum 11. This mixture is 5
conveyed via pipe 12 into a condenser _13 which separates the oxirane from
the unconverted ol efin. The unconverted olefin is recycled into the reactor
1 via pipes éélco@aaraisdcumeclfdrf%o@aﬁ&ﬂ R Pf 11 LaRGC édCOJ[lln?gtec
fini shed product via pipe . A nmedium 10 contai ning the solvent ehe
per oxi de co Y ?ﬁﬁc"c%surred inthe reactor 1 and possibly a portion of

the unconverted ol efim 4 Sse@bh@CtmBoaimbhe Bet 8@ of ol sdistidddBlHon
colum 11. This di ujglll%%ngortl oanf whi,.ch may O%tl onally be recycled into

the reactor 1°vi 91 s FRGnsBbFEBESVI 8Epi FELEERENt 474 s&fond
reactor %7 mmmngecanobmeflportdcdrlaﬁtetme aat akthet , quwef ecabl when the

formof a flgid ped Jf origgg]r gggﬂ_g@céga/g 's%b];s?gru{e Ehcg%sec nd porti on

of the olefln via pl pe second react or ong’ 26 portlon
of the ol ef idntredeecdi tthtohea urﬁ’@@rm penom@&konb@urmxixmt He first

reactor in toe,prasencer&h EH@ gAtshystcdd BQeE%m %higcger R Q@ of the

oxi rane. The conditions in the second_ reactor are pre y such that
all of the RYVIUTMRENEHERd 5 Feevciad Lpest %c@%rthg EGRSEOES. The

nmedi um fLeavipgietdaBactiatol tive afpirBe 2Ped dtiSr CORMAI NSok 8 $OF VaRL, the
second portion of, the OXI rane and the uncon ertgid ol ef.in. This medium

passes t hr offiPeR¥T | ter P S5 @nv&red ARSPTRSRE 22 HoWiS t BE ¢8Rt ai ner
23 in whi ch alts@fberst subpettiedotro eanm'rmwémt i an. pélrmoediedtiie t hen

transported yia nipe ?Cabﬂdgrps&é?rof%]dslgitsat.ﬂlé agécfoolfgol um 25. A m xture of

the second portion of oXirane an unconverte €fin is recovered at the
top of this distilldti®aiedl empodimenhi ofnitharerogesonaegeddlsgvita pi pe 26

into a ggndenger ﬁ%%h@h S@&%?é@é tihe @éiﬁ&necﬂé ognthe gecomefth%d
ol efin. Theé.mconv rted ql |n is recycled into the reac%/ via pipes 28,

14, 3 and 4.%9fR SECEAFPEESon A SRPPENG iROEEIPRCPE "‘é’élql'l ntShéd product
;/i a pi pe 29. fIEl‘hﬁ:Szcéd/(EﬂBrmMBthllﬁcllose& 1rrECty1?}]é efpi¥il acahpes4phikatt he
irst react qf us e uent ich is,evacuated via pipe 31,
are col | ect é& p]]l c?afq:loo tqulrjﬁ(ﬁo)forf htéh%ll§"fufl?lﬁ%’oﬁscﬁpﬁnﬁr%?nghgagﬁgﬁl yst
used in the gomlciessst st oradichg elmclﬁzliewe i"reateisen demer abhyfachuating a
zeol i teags ablinme! eeRhe PUbALRLLT R 4 acée[é%% S ego e gker m

ed con

"Litani am zeal it e i 5 nten enoteas ai ning siilca which
has a m cr opi<ckqs/st 4het r%ltlﬁ‘?rétofszeUhPFé type imapunenatiash bever al

e s P R v g T i Vs O
advant ageous| y_has_a stal structure o or
ZSM 48 type.2 11+ ﬂ‘é al g%o w&”{ﬁﬁ’ﬁ/s?%? DeAdumy e 5kt BPS e SFREECE y pe,

preferabl y f(ri'ascsﬁ ahdrfoni wubséeplearttesraadtoan pla{ssaersedoé.ﬁo:eé)sbép)hgon band

at abou qngcq_q: a ui I Z es SI licalite
type are pre erredém%oglgtéort?lggp%}\%l?{nbf%@i?% E?glru#ug'} ag%xl%’z df r02 in
which x is fYdEsIEarl colemg) andhisef erbofimeénrpnmekes] i 90351Q£Lee hi gh
per formance.c 20-pes o4 8l hdtfoddteodsy P& skEPMNNder ttﬂéeamgzt nhave a

m cr opor ous c}t?)s/stal line zeolite_structure simlar to th zeol " te ZSM 5.
The cat al ystthfse§PPHIPRE AP0 BRI WRc oMYy PEAEhCFFRARAF 0% thus
advant ageousdasy redriterdlorod atherqartic esengl¥raitige by extrusion as

i sclossg 11 (e ADRL canios et ke apLACaLLon, IO 00 20020, 8Lty SPraY
content of ttresthe wonpenenonapphiecatddins ientewiorgporla edihet dilatbyn30
reference. .ojuymn (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 (for example propylene) or an inert gas which is

introduced into the epoxidation reaction medium in



The sol vent used in the process according to the invention may be chosen
fromsaturated, linear or branched aliphatic al cohols. The al coholic

sol vent generally contains up to 10 carbon atons, preferably 35 from1l to 6
carbon atons. Exanples which nmay be nentji oned are nethanol and ethanol.

Met hanol is preferred. The anmobunt of solvent used in the first reactor is

general |y atolgast +35%1hwweitghtoof rddie +ba8bdentralBed @2t i AhdiRE UM
present in the first reactor, H{l}ﬁﬁartlc | ar _at, | east 40% by wei ght, for
[

exanpl e at | &5SH beReFght . digmoaRedusiihl PetaBEs FRR1ISBAEAR 99% by

wei ght and iwopagfL888arbgoehe NAppkeert. 95% by 5 weight. The nolar ratio
bet ween the anounts of ol ef.in.and_.of .. peroxid npound used in the process
g %lifgthge gagﬁ

according to the inveht fo oinFEny ¢ CoPEOEF S ATTXI I at
| east 0.3 andopr&ier ablvwerdtidreast®lld. 50£10thbki spepbaide at¢ampeunduald y not

more_t han 1%&&&@&35 ggkg; tga%t LS tPéé‘e@c?r?”QspEﬁ%E&%Q'e}ﬁ net A © than

25. The process_accor e invention nay be continuous or chwi se.
15 In the prdeetscarko?dibfFens taerlhvehieon fidesh pn itheasaned dant

conti nuous! Yang hénbet 9¥idepe8RREYNE oS M@eNehalhY 1 Use d:ditahize Jdikgt 4 eact or
in an anount of at _least 0.0 er hour and per gram of catalyst

05_mol p h
present in tREFPX+Le reSRPBPUREn paffhul aFcBfEeRt | eREt 200G Bn ndiS The
amount afo peinxodsocatpuny | Befletehty) | exhd haabseqgeahal rdeactp@) and in
particul ar | ess éﬁan orte?ugl Lo 13 remkl. Pr ef erence isH%lFlomn for_an anount
of peroxide SbTpsiRad BPEgFESt ¥F “PhiRcsF BFISFES GOFRoME ami &% han or
equal to 2.5whbh. 2& | petrioxigleocesspagndr dimich o itshepirasenti oin  tdhee
per oxi de co i g I i f f .an u
Col Ut on, 1 oanin, PR DEEUR| Ko e kOeBlfg; RdcRaqu aB SRR, - oy
of peroxide ‘&@?rp@eﬁdFomuB@gt ildu| thatat Prewseusorpgcherghitn igenengdl.| y
cont ai Ng 530 PREeADriRs t BABoI0ABYodEESAt WAt HDEERY! USe FORPRUNGondb R ti cul ar
70% by wei ght. The rea%$|on t enperat ure get en the ol efin and the peroxide
conpound may PEAGEERS o TRE t FERSEET | nTBRe 5ATHNt HRRDUSNY amShRRLe

di scl osed i ncepapemhd 35s apitiedatbonhEPsABs8MeA by chlke oAfigl)i eRkies iift | S
greater tha ovgrco gr I activation_of the catalyst . The
terrperaturen%ééglbéfﬁreg{’er%ﬂ%ﬁﬁ%r Zgg% ?g 455 ean(tfoﬁFgferag}ﬂW%gr er than
or equal to BSxIde egpapauide wiedr watbputharhawvevwaiual redusdayi sheost -

11 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 embodiment of the process according

to the invention 1s represented schematically in

25 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 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 passes through a filter 7 and is conveyed via
pipe 8 into the container 9 in which it is subjected to



particularly preferred. The reaction tenperature is preferably |ess than

100C. In the process according to the invention, the reaction between the
ol efin and the peroxide conpound 5 may take place at atnospheric pressure.
It may al so be performed under pressureg This pressure generally does not
exceed 40 bar. A pressure of 20 bar is suitable in practice. The peroxide

conpounds whi chepisbarisadibh .t Mtel GhdiAaeSss aehehdithanspolted Ryent i on

are peroxide commpo nds cont ai ne or de _functions (-00H)
whi ch may reﬁ”e%%e ctitk® o?ygéeq,*’ns i Th &Pgug‘é‘pa Jre &f BEFFYFRg Dut an

epoxi dat i on. oidyﬁamgeanﬁermlmecamdeﬁ%@xmef&ﬁrmmmﬁlecmeﬁédrray praduce 15
hydr ogen per d t t.j.ons eppxi gat.i on_reaction are
sui tabl e forgﬁ %fﬁwggése:&lpsgtr oxive 18 %re erre:P er%shyla%)é ‘é’ﬁepé"rsoxi de is
used, it Smaycorveviednt Hgéou@l@@ use, iintde @rocesdeaseovrdildg twhidie 20

i nvention, afeshueous BYA' 8930 aRE LR S8LULLEBALEEEHTIB1EES

in
unpurlfledform For exanple, a solution tal ne ysurpeextra&lon wth
‘subst ant i al | yrpeReehEeer odetfiRe i xrarecledi JvaE o righe t KeaskPrygali orieof at

| east one al kypast iughydr egid nane B ([BLERS SpkPOVh A% s avkoxadat ign AO

rocess") wthout a subsequent, hi n nd/ or purifica |on treatrent nay be
5sed ThZase <7 11;% 'ﬁ?% ngﬁrlﬁgigg ’g‘?‘g ?Bné’%eanLBFI Scorft aiffFm o. %01

to 10 g/D of catigahhing npthet i ssleeptessedeaSpﬁ%x(ﬂi@t alcoap@amdc @roon) .

They usual |y al a n ch | s ar

al kal i ne- ear?(%lgsrrlgrﬁ%ﬁs%ﬂf gﬁgl %E g%%% goéﬁa O%%é%gm 8n§°fs&5’ﬁl 55 msphat es
and ni trat esyn¢oncontedt Ql@fflfnroxﬁocmltegt@d . the Lwttver ofrithet of the
process, a hygtO0elaSPoRCESTLMAR 50! U"thE Hé@%fﬁed b}SqutrJ.%ﬁt oBYRiRY S using

oxygen and hydrogen | n the presence of nethano be used. The oxirane

whi ch may be"d¥ ep?RetPBYL thhe BR oYY HqDr ditie t dil'%ehe heAFERY dn ivé-aan

organi c15 - gfpe COOPOUS COMIdSdNG@ gmaup iYd espondidy) 0 tdeemener al
formula: The oxiran rom2 to car bon _at ons,

| t
preferably fT8™ 1o ggggggﬁnéflgfr%n%fﬁ’groﬁ? S \/\?\g ﬁhﬁafag:é‘lﬁrs dpar ed
advant ageouspyebgralbky piocess atoomdiofy 4 o fflbéd rheehtli®n @he second

1, 2- epoxypr opahe. §poy 7. 25eRREY ~AGh! 7 QREBRANG o V&P &F LRED U 3ne 1S
1, 2- epoxypropane.

via pipe 19. In the second reactor 17, the second
20 portion of the olefin reacts with the unconsumed
peroxide compound 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
conveyed via pipe 22 into the container 23 in which it
30 1is subjected to a depressurization. The medium is then
transported wvia pipe 24 into a second distillation
column 25. A mixture of the second portion of oxirane
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



10 The ol efins which are suitable in the process according to the invention
generally contain from2 to 10 carbon atons and preferably 3 to 6 carbon
atoms. Propyl ene, butylene and allyl chloride are suitable for use.

Propyl ene and allyl chloride are preferged, and 15 nost particularly

propyl ene. In the process according to the invention, it nmay prove to be

advant ageousré®ydDédl t @hat e g Of ihlhe i dipbasaedfioexanphia idn My be
advant ageous_t o nmi nt %uf? t he pH.of .the Ii(gfui d phase durin t?g reaction 20
bet ween t he BTEETYE afGLLHE fer SFHFR cORPEYRFUELSS Vit iePdPet Pm 278 t o 6. 5,

for exanpl e dylbelkdied) st base Ysobmnehythexdde) i1 bathen epoxamat2®n medi um
as recommended in p t [ cati an il\é\() 9/ 4888 t he | i.cant (the
content of which i s%ﬁ%o?%gfggﬁlgg Bly Jr'rgf é-‘?%ncérolbéln %Stﬁéggfgéaﬁt té’at ent
appl i cat Pon)thahiinvientéomaygdrerat tvdeondainso a ievdlice east e tifver

exanpl e the £j&sdne eaghar )pxoéféfﬁﬂlﬁe‘ée_r@lt%ﬁﬂ‘ﬁhorz%ollittei.S PhET e

y
introduced into each reactor. The reaction between the olefin and the 30
peroxi de conpotFRRHHYy beeehiteed b8t iLRteRdedr esencaenpts sal t soddhl as

sodi um chl oréslesansinly SC4DBEga | NwRaERNt haBp! hCakii @R oPBrERs99/Q§ER31by t he
Applicant (the content 1g_>f V\:hiCh g lncor r at ed b¥ ref erenge i.nt.o the
present pat entTEpptiTatt oAfOLThPs WA e wRIFh eYGLed iSHldCRsingl e

react or 10f orateomaspbeet heeplacseéd with3 titacian) atomsnt oTlseverialanieact ors.
It is prefer .dntr I C actor ., | y advant agequs to
i ntroduce th%g% le#‘?n ?‘g‘ygage%é%g?ﬁgt e é:san %necgygrtr%?e %ﬁfﬁﬁ\ég?eFoP%exanpl e,
5 a fluid com®Mini ngSHhélel &3 lahd MCN¥o4at daBfM188s (Hyweparitcoear 20%

for exanpl e &fsd easl,e3090 LY MAIUMBPhcLAL OTo MR |k@£@fi£@y R8e,
i ntroduced into_ the epoxidafion reactors. For_exanple, 1n the case of

propyl ene, t@eeferakRly ke chi REUMRiAMat ZpeAdEes0vib) 80 vafamxest

propane 1\511era5£@r;|stef¢ﬁg I Bﬂnﬁn@(tn\&jdflﬁﬂ PEOPYEENem'’S dwd I gdyesﬂlélntf@rlt hef g
reactor. It may a e .a_source.of propylene whjch js not conpletely free
of propane. lﬁ% exgxpﬁﬁlaé?%at ZESr &R ar ex%nt Tttt 6 4S i I5RG r aPESt he

present invemteberwed houtThdweevecortespondgngt s soopethExangoemulaand 2
mere cal cul aichuslng shlbe AspequELis R0nareohr amddi coppanys Agpen

Technol ogy I'nc. “usi ng redction kinetics paraneters rm ned on
basi s of thePxggrIrakidnt &Fomestl Q&L déocrf KRS sideofhigle Pegdodmaageur

equi | i bpipa w@&éﬁmﬁ,iﬁta@iéi&fbét UkRowfOREEA! kM EXABPIe-1 |malRis
exanpl e, the sn\{lnt hesi s of prop ﬁge 25 oxide is perforned in.2 reactors in
series W t hdut™ht ePRedrat Eré’e%é‘ £P6n U o7 oY EHe® oW LREr ¥8d in the

first reactothat of zeolite ZSM-5.

The catalyst used in the process according to

the invention 1is advantageously 1in the form of
25 particles obtained by extrusion as disclosed in the

Applicant's patent application WO 99/28029, or by a

spray process as disclosed 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 atoms. Examples which may be
mentioned are methanol and ethanol. Methanol 1is
preferred.

The amount of solvent used in the first reactor

is generally at least 25% by weight of the liquid



326.5 knmol /h of hydrogen peroxi de acconpanied by 1 100 knol/h of water are
mxed with 1 500 knol /h of 30 nethanol and 250 knol /h of propyl ene under a
pressure sufficient to dissolve all of the propylene at the reaction

tenperature. The reaction mixture is in{poduced continuously at 70C into a
met hodi ¢ reactor containing 600 kg of catalyst. 35 The reactor effluent is

mi xed with 208akeBbhh BbaBLAPYLeRE Al 2 iRy S € Sufdi i il & di sgol ve all
of the propylene at_the reaction tenperature, and is iIntroduced

cont i nuous| yPEFE¥6ELPAt Btals886nd et oI FactifT HFRAMRIR RE 6b%RKY of
cat al yst. 50%4byTheieffd .uemiid ranodie seaablyr @aekomndtont:addtsg 296k knol / h

of unconvert hydr ggen roxi de 43.9 kmol/h of_ propyl ene, oxide .and 77. 4
kol / h of by%goﬁec]t%&( naal%n ylrrlre ao%ylp%uopaarnoﬁogﬁd rﬂ)‘?‘bpfﬁﬁﬁe& ) 6‘5ghe;r’3£"> yield
of C3 isup weight7 for a degree of conversion of the hydrogen peroxide of

99.3. Exanple 2 (in aggoydange i’géﬂ?tB@tg@}éﬁntﬂ-l‘@)aﬂn&ﬁ@éso%xacm)éfinthe

synthesis of propylene oxide is perforned_in 2 reactors in series Wth 10
i nt er nedi at e2B8p&fatiaxiexdide momRapyd ensedxite ther mxpdess cdording eact or .

326.5 knol / hegf hydr ogeR R de Accoapani ety byat 19Qzkwol /o 1of er are
mxed with 1 500,k}r;rgl/h of pethanol and 250 knol/h of proE)LyI ene under a
a

pressure 15 BAFFFEVLAT &F dteedFvd -#112%¢F PEELSEERIVerRt adepRE r&aktion
t enper atlo e. Thbe rmeldd oratid uie | Ssuallpdussd e@id nuadsl y1ab, 70G i nto a

met hodi ¢ reagtor.cont ai ni 600 kg .of catalyst. The reactor_effluent is
conveyed to ég’égl?’ég?lrf irizoan?i g‘ﬁrce,olgr[fh?f‘ cgbt a%l?ﬁ(i%né’r%etrﬁzg‘ryetpi? | TH%R es

(i ncluding cbhadenggr and boiler); the feed is effected into the 10th
theoretical plate (ceyati fa-Qm %’tem_ﬁﬁﬂ%n N d D i u t 1.1
bar absol ute (col_urm@ﬁeayigrcgrg%urée ; the co?grrr?%etea ée)lllrr%%@%t glﬁg irbsea25
mai nt ai ned af°RbENEPAPt PAI P§LTRYEFRzed distillate); the degree of nolar

reflux i1 set at 1; thethkoprbak8sohcdbilingat® itheAiHadRd o¥0 dtdP
recover at the top of the cgllflgrm 959% of the prolg%/nl ene oxi de present_in the

col um feed. *30 *Phe" Hixt o e Phk &7 P Yoot tofn BETEHE A€o RHRPOWE ch i s
depl eted i n psopgheneldyi deed snmvtisd fdtdt 208a&tot/ hnohnprapyinene @t a
pressure suffjci t | SSO0 e opyl.ene_at the reactiagn

t enper at ure, <f:l{éln(}(aei%tssti‘ m'?do uceéfcgrj?%i %%%]EI ?Hggt %C F5 nf’g acagteach}/ns

met hodi ¢ r eae¥eserbnini AhAgféOetkyeattont aipsrarticudafd wéntatf rimasthe

second rRACt Q1 0 LORAI NSTRe 5 akRhih Of BareRYaL! o AlRPe s PRI 1AE, 85- 9
kmol /h-of prfgglser%%a%mgx@ %gga?.s't?o kg{% /n?o]?f agé in particular less
than or equal to 10 mol. Preference is shown for an
amount of peroxide 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 aqueous 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. 1In
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



- 15 products (mainly nethoxypropanol and propanediol); the colum
distillate contains 168.8 knol/h of propylene oxide; the yield of C3 is up
to 78.0 for a degree of conversion of the hydrogen peroxide of 99.9. -
16 CLAIM5S 1. Process for manufacturing,pxirane by reacting of an olefin
wi th a peroxide conpound in the presence of a catalyst and a solvent in at

least 1W0 I e36kenSu?aRlLANGRErbl SAl | eonocarbant; I Chof0OL LS a pgrtion

of the catalyst, according to which a first portion o

sol vent and PKE 6§F‘89<Vdée§8m§59:ﬁd1810ecl ntroduced into a first reactor, an
epoxi dation of the firhsttheordddesy AdCoplehyNebs t@r rifebriitilod heggen in 10
order to forma first rtlon f th i rane medi um conprising the first
portion of oXrranafo a"eetrheg}gﬁl ijﬁ%ént r?é'“%mg]aﬁvé’tsfré?dc St FHRAEAD wher e
appropri & e, majre takeopsiaved gerawnoepltenpoupdessurenvyed rayoraldy shé eact or
and i ntroduc I or|t f..the oxirane
formed and o?grﬁggﬁﬁgog{?ﬁ%ﬁ%gﬁﬁgl g@%fl g%teé u%?t acilé? c?c?.'% col um,
t he medi um dépree&geed @4 hare dmdreIrwei af, 20hbee a;spramrud:tla ime
unconsuned pgeoxtdeeconpound is collected at the bottomof the colum, the
medi um 20 depl eted in, oxirane and another portion of the olefin and
optional Iy another poREi BRT8KifiRe CREPERNAE WHASHURRYaRe iURebdidtdehe nto a

subsequert rpactess amcﬁnﬁ?dldﬁil Otoof thike oimesnPDohi oRrel thersteidn is
carried out therein.in p form anot her EOI"[I on of .25 é_le oxi rane, and
the other porPTBRUBHSt h%°%§<?+%rﬂ&g t FIRE 1 §FnelioFs BFFR¥ILR. BnBrignss
accordi ng to(ebaHin hiiagh whayh reieasedi actleavioxydehe sndbsepuent gmact or
and cont ai ni ot her f oXLra Ivent e 30
unconvert ed g?@%?%ean %posyltﬁ)&rhqge %%onéhm%%ﬁeé?% 3‘3’ co Hc}{j&ao <

i ntroduced i REBOB14EbsaRdenPedpxidel acoswordidsmm whilsd majeor | tBeruthe ot her

porti on 10f th?a%géﬁne peLbRfad he umronverted obghldcabascol bect g at the
top of this colu sol vent and p035|bly t he 35 unconsumed peroxi de

t he
conpound ar e® BBT‘EEEFeanatr??fé CHR t GRS SUHEEPAS uFRT 3uS®r odBER Qg di ng

to Caim?2, perwvkidd ikeppedeessdis carried out in two reactors arranged in
series and in which M}g negy&]%&gllql eﬁéﬁoxf‘ the bo&ég&n it 17may be

advantageous to use, in the process according to the

20 invention, an aqueocus hydrogen peroxide solution in
crude form, i.e. in unpurified form. For example, a
solution obtained by simple extraction with
substantially pure water of the mixture derived from
the oxidation of at least one alkylanthrahydrogquinone

25 (process known as "autoxidation AO process") without a
subsequent washing and/or purification treatment may be
used. These crude hydrogen peroxide solutions generally
contain from 0.001 to 10 g/l of organic impurities
expressed 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/1.

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 1is an organic



of the second distillation colum is recycled into the first reactor. 4.
Process according to any one of Clains 1 to 3, in which the m xture of

oxi rane and of unconverted 5 olefin collected at the top of the
distillation colum (first and/or subse ﬂ%lent columm) is introduced into a
condenser in which the oxirane is separated fromthe unconverted ol efin
which is reC&Eﬁﬁguh§t0c35®rgglh@e f£aCE P53 1go§re558§8§§ acqQy difig, to any
one of C ains all the reactors are o €ntical size. 6.
Process accogﬂilﬁﬁa%of‘aﬁ?u%ﬂe of CI aine 1 to 5, in which the catalyst is
present in each reactor in the formof particles, at |east a portion of
which is in 15 fluidized form 7. ocess agcording to Caim6, in which
the nedium |l eaving the reactor (firs subsequent reactor) passes
through a filter before being intr the distillation colum
(first and/or 20 subsequent colum). rocess according to any one of
Clains 1 to 7, in which the nediumentering the distillation colum (first
and/ or subsequent coThem)oxisdrie sgesxehjaédyedcontainleperi22at<bonLdoefore
bei ng 'nQ§Od &fgoﬁngeoﬁ 'Sp%%f@ %l&l o{gn@ cg bgko%ﬁiﬁtacﬁﬁ{dlng to
any one of al s , ITnwhic e per oxi a8 conp

i ntroduced |‘h¥br@%%5f Wihé-tch eBayY oe mremvé@ésgdamttramamzalor ahy dme of

Cainms 1 todﬁroégsé na&@bﬁalﬁeetgx'th@n@.nkz%nfgrl%&yla@:%e 104 chypro
epi chl or ohy

Ee ol efi ﬁ | ene or _allyl chl'ori the perOX|de
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"10%&f()'hﬁ!ﬁa§ 518%@'Qb'wﬁésaéééﬁﬁégéééé'wﬁ monitor the pH of the

ligquid phase. For example, it may be advantageous to

maintain the pH of the liquid phase during the reaction
20 Dbetween the olefin and the peroxide compound at a wvalue
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
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. It

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 Applicant (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
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orm Alluted in one or more alkanes. For example,
5 a fluid containing the olefin and also at least 10% (in
particular 20%, for example at least 30%) by volume of
one or more alkanes may be introduced into the
epoxidation reactors. For example, in the case of
propylene, the latter may be mixed with at least 10% by
10 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.
The examples that follow are intended to
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 pressure
sufficient to dissolve all of the propylene at the
reaction temperature. 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.
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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
sufficient to dissolve all of the 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 effluent is conveyed to a
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
maintained at 40°C (partially vaporized distillate);
the degree of molar reflux is set at 1; the flow rate
of distillate is adjusted so as to recover at the top
of the column 95% of the propylene oxide present in the
column feed.

The mixture taken from the bottom of the
column, which is depleted in propylene oxide, 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.

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-
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of a catalyst and a solvent in at least two reactors
5 arranged in series, each of which contains a portion of
the catalyst, according to which a first portion of the
olefin, the solvent and the peroxide compound are
introduced into a first reactor, an epoxidation of the
first portion of the olefin is carried out therein in
10 order to form a first portion of the oxirane, a medium
comprising the first portion of oxirane formed, the
solvent, the unconverted olefin and, where appropriate,
the unconsumed peroxide compound is removed from this
reactor and introduced into a distillation column, the
15 majority of the oxirane formed and of the unconverted
olefin is collected at the top of the column, the
medium depleted in oxirane and containing, where
appropriate, the wunconsumed 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 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 introduced 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
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condenser in which the oxirane is separated from the
unconverted olefin which is recycled into one of the
reactors.
10 5. Process according to any one of Claims 1 to 4,
in which all the reactors are of identical size.
6. Process according to any one of Claims 1 to 5,
in which the catalyst is present in each reactor in the
form of particles, at least a portion of which is in
15 fluidized form.
7. Process according to Claim 6, in which the
medium leaving the reactor (first and/or subsequent
reactor) passes through a filter before being
introduced into the distillation column (first and/or
20 subsequent column) .
8. Process according to any one of Claims 1 to 7,
in which the medium entering 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.
10. 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.



