reaction be in and a peroxi de conpoyl in the presence of a
-zeol t e- base The invention relates nore part,i ularlg' a
process for mantd@eauring 1, 2- epoxypropane (or propyleﬁ35%§*%@§mﬁ@ﬁ?eaction
bet ween propyl ene and hydrogen - peroxrdé.=It is known practice to

manuf act ure propyl ene 1f-oxése % eRMARI AR 4 epd-@@ usi ng hydrogen
peroxide in the presence pf a catalysj of the 1ype 1> 1, as descrjbed, for

exanpl e, in patent appt$ cHRYSREEP! 0LS5L%9LO TR PUATERT FRNYHEARC T he
drawback of |wafimy, anndpoxddet &y ceadtiownbetivechowrsebtefini tinds.a 15 The
invention is directed taowards overcg&%pgﬁ%hié dr awhack b% $iovi_iqgﬁg
process for MRt Ur CREPIH EpoRte ST cREFESRHFC hi%h Sel 2TTHTTTP2

i nventi on Tormsstplardt y Teéatieventiancaetliatesusngrecpastionlanhyf aot uri ng an
epoxi d, accor '53% ' fmy i _%ﬁﬁgbﬁqj 1L & ' he
l'iquid phase,&vyl t ésg %%@%ﬁ%ﬂ%%hﬂ e es n‘—%:r{eé o%éxgaéfe%éﬂf%} ased
catal yst and 9¥idee presereacbion sbefwRED amldopYd&sEouREbnpatregen
introduced cogiditus|y into the reactor at a flow rate which is sufficient
to 25 entrain at | east sqonme of the epoxide produced, which is recovered
with the gaseous conptundSatXReR pBrACtACoWNFR h MARYtESFEE e HRY PRGESRF . One
of the espentédaldehabact fgcdiideatioh t hef | Nnpebbiydanki esudithd hehydtspamict i on
of a gaseous coqggqﬁd 30 into the reactor. The yeason féﬁ this ii tﬂat it
has been obsdVed 14t M e FAGHRTRRT & i (P 1Y TpoXt dettF oW HeaktT bh

nmedi um wi th tée wdeerrabddi he ol veekampld or miby- pradcudt s applicaedoce the
selectivity ofp!fie, paiglal nfnr Saslion puld-has oW hagh houndathatopy 35

i ntroduci ng a gaseous conpound into the' reaction nediumat a, ﬁow/ra e
which is sufflesding + gndenwera@ispeant tiosducd® towheedertavisdeand to
rem?vet l :,1*;% r og1 ; he refuﬁé oriﬁﬁ%ﬂ&leorﬁgrx% Ej 'd'i@‘g%t%ﬁﬁhet8ﬁr§§882 %@gf@#gpmgtz 882
cont ac i e befween the epoxde produced an e - - enmber

epoxi dati on rlt? i gRawRartmbYs QéhﬂkéiﬂgTﬂeF?BFﬁﬁﬁidﬁ“bfm%99ggﬁﬂﬁﬁ%%gis

t hus avoi ded amdepdiei &elw@eidlyiiy «of Hikh epddaddriiary.i s i ncreased. The
function of the gaseouys conpound is rai n oxi d uced out
of the reaction nediu ?nlngﬁ%rl?% %éé%é?ﬁgﬁ% eﬁ%ggﬁggfg%ngrgéggﬁﬁﬁé in
contact with ohe peacesen firedinandfactwolndngn spdxikdes taccaling heo
format i onygf Wi@ﬁogﬁcbiefliﬂ Qe LS, {hea0asaetd Lo alhoyg the

epoxi de produced to be 10 renoved fromthe reaction _nedium by stri pping.

The gaseous cBRPDRUNYWdSEd & nPEEEXHAGC LAY ditRg e t RESFAVERL iYn Ran be

any conpound #86ThtéShasedasLeabydOrandniier thdepeposhdat bdnacesli-éhens and

whi ch has no Qggative i nfl uence on $he epoxi i on reaction,. ;P It gan be
. Y 1nto

id
chosen fronllnertagégﬁgxgﬁ%hcggp?ﬁ? Oégn}ﬁxrégﬁce coritinuous

the reactor at a flow rate which i1is sufficient to

T I

25 entrain at least some of the epoxide produced, which is
recovered with the gaseous compound at the point at
which it leaves the reactor.

One of the essential characteristics of the
invention lies in the introduction of a gaseous compound

30 into the reactor. The reason for this is that it has
been observed that the epoxide reacts in the epoxidation
reaction medium with the water and the solvent to form
by-products which reduce the selectivity of the epoxid-
ation reaction. It has now been found that by

35 introducing a gaseous compound into the reaction medium
at a flow rate which is sufficient to allow the epoxide
produced to be entrained and to remove it from the
reactor at the same time as the gaseous compound, the
contact time between the epoxide produced and the



'One advant ageous enbodi nent of the process according to the invention
cansists in introducing, into the reactor, the olefin in gaseous form and
*in a large excess such that the gaseous olefin can act, partially 20 or

conpl etely, as the gaseous conpound, i.e. it can entrai
produced and renove it fromthe reactor. 2Anot her spemfgéeé’ﬁﬂﬁtg? ?Bﬂ? of the
process accorgdlig; 4 1412 1INE AR m@N\Hh 518 $0abdld OUBEL Nothig: 2, dgpeous

conmpound into reactor at a ow rate suc it nmakes 1t possible not
only to entrapyrRroduetst semthys tawoidnski ard pEbauced ekidvislys ©f othe

circul ate theghbgitige ases ithdfeadapctor, in particular when this reactor
is a loop-type reactor. 30 In the process according to the |nvent|on t he

gaseous conpound is g%%ra#‘lu}cﬂﬁrf oRfcedhant 9asROUFeacPBPORda £FovFPat e
such t Pat 3 hleexﬁa%am othé hepbiacea/er @&@dqg:eﬁh‘bhﬁal&fiouﬂié? Off@@él@ibﬂ pméaﬁuﬁl ow35
rate of supply o e peroxi de conpoynd is_at .l.eas artlcu ar_at

| east 8, val m{}% FERT | Bt PEEYSR L{_‘J’tﬂ"rm?ﬁ’ X3} gFPg‘ of€ ﬂé%n9| oti'r at es
i s general ly tessat¢tanioh enaatre'actf'nan medjant ifowl arod ebkengd hasmar tlegsal to
30, val ues of a r 20:b e_of ctor,
in particular éa gg%gt yrlh% ﬁ%%%epgfn%gr gﬁégggggacﬁ?r/ 5%%” be°ﬁ§§d in
the process atkerdasgous tdempomnshtd okewsBubhe eeppphda Im?mdmcme treabeor s,
in which {he Péﬁx&\b‘é&‘tf%}noéhé heed &Gt x@é&@ﬁﬁ%%ﬁ o, of the catalyst

i s obtained by bubbling a gas into one of branches are suitable for
use. An exanpl e of su'E]Heagﬁﬁﬁ‘é’tl%rCP’@P%%%‘J%%ﬁehﬁt £Ra| PYOFASE| g6Ferd- The

gaseous CONMPOYhY (tla:r efies abhyehieogl efdm) bes anjt r@@thmﬁld nivaithe iptiam of

the reaction zone vi.a_t he %gge The ot etel rea ‘%/’e ( erom% % ound

sol vent, cat a?%?o‘l%pfff’m SR o t YBttce

into the reachas wnoartémqmmaﬂfhuelnde ©he ﬁhequeploqoimelmrmhatiaemn the
reactor i th d o) h r S |ses in the

reaction gone bérgc)%% @hgé 1];lai](“%ncgljat epo%?dé@pro uce qfih A m xture

of the 15 gaseous con@oandaairv@nd;ﬁgepeﬁl deenasiinesd: Ieeﬁ/estlme pEacess via

the pipe 5. TQecbi»ayhg eaaéﬁel eavEngi bhoBbhBestepiaf ihheongaghionigene 1 is
recycled into the botiomof the reaction zone via _a heat exchanger 6. The

overflow of tHRBe| F&GFﬁoﬁhast@e T s1eBRERRYES| O3B ﬁn(?py’iren% oRFE. by
means of stri eﬁbegs isticharghaad ohé gaseb’ae @ll@ﬁlﬂ darf eact pr paegpaliyng two
concentri g,zones, traI 2&0N ro ion; of zqne f the
reactor s 8wn°§che |capjl i Ao gﬁge qé &%’ E%m 8ﬂﬁgﬁeralézo(rliieqz p%ogl di ng
the function ehtxahs 6:hsf B@@){Z@er eaé@@ucgﬁomdzchf@mv%aity finorFi ghee 1,
can al so be usgdciBrthe process according to the invention. In the process
according to the invention, it may prove advantageous to nuintain the pH of
the |iquid phase duri AOERETT eé(PﬁC&r#llS:et WIRPGIRERA ef9h ahBet NB¥36SF8r oxi de

cgnpound at aaw?bualﬁ% alo | @est 1|ﬂv8nt|16npafohls(il$|t%r ﬁlf ﬁﬁ}:f@ﬁﬁ&lﬁg the pH :s
aavant age ess than or ua articul ar ess_t han or equa
ro o aoadsr cParERts SRR iR TaAa Y | 4 B A araPe D pBRRr Aty
from5 to 6. ThetpHtofmakes | igubds8sbphasetdwrilyy theerpoxinastodens&ction
can be controll,gd Ry agd td o (e P@&?ceéh'ﬁu@aéﬁssa%b%ﬁr@g gRef LR

wat er - sol ubl e_bases. These can be stron bases. As exanples of strong

bases, mentioRifE}IhPhARR 4P NeleR HSEEREN lfrhéx?reaﬁu&fso Weeme & ifases.
The weak basegegafior is4a_léopepipBbeeadtz.
30 In the process according to the invention, the

gaseous compound 1is Ggenerally introduced into the

reactor at a flow rate such that the ratio of the flow

rate of the gaseous compound to the flow rate of supply

of the peroxide compound is at least 5, in particular at

35 1least 8, values of at least 10 being common. The ratio

of these flow rates is generally less than or equal to

50, in particular less than or equal to 30, values of
less than or equal to 20 being common.

Any type of reactor, in particular a loop-type



"be inorganic. As exanpl es of weak inorganic bases, nention may be nade of
NH40H, NazC03, NaHC03, Na2HP04, KzC03 , LizC03 , KHC03 , LiHC3 and KzHP0O4
* . The weak bases Can al so be organic. Wak organic bases which may be 5
-suitable are the alkali netal or alkaline-earth netal sglds,.of, c xylic
acids preferably containing from1 to 203carbon atons. g§&pﬁﬁW%ng°§?e may

be mentioned fy, Y@y of cgﬁarﬁé CusdfakDIRE Pr¥ed OdTéééfMé% a%wé gani ¢
bases are preferred. Sodi um acetate 1s 10 particularly surtable. The

per oxi de cONpPERNRREAH ch BebR16eSERBAN nletR HRR e FEEEOSIdi ndnt ovhirh
invention are:per@xtElel Lo W Sc1ed Nt il ) G td M %?@%hmycrb@r@a@apabl e
of carrying O%%Ea:{] epoxi da1t3| on. Hygr o%gxg)lbqgr oxi de and, 15 peroxi de conpounds
whi ch can prd r b5 eRPpRIBRFdEYY RE &hdHEYatTbR PB&ctAforFhe

condi ti ons5 arlerandtexd] eafer disicadiedr bgen uger.oxile exampilef esf educhn 4 he
process accordin e_invention h r oxi de.conpound j.s generally used
in an anount %%ag?égoige%é?wﬁ %Sgefﬁ%‘%l%%}’ qu%rlgu%%aslié, rJIk}he p%?ﬁ%‘fﬁ ar at

| east 1.5 nolcgapoknd ofpréfpiablihatke Thefanbuns dihtpedwdede igdnpotime i s
generally le f cti iungs it 4S ess

t han or. equalsﬁ?%@rr%? g@% Eggggg?ﬁqqﬁlégép%agg?n?g‘ep & |ecu% 'arlﬂfélegé‘%}?%an or
25 equal to 3reayene’ KBevPxidqurampREBE, IS@lvieatpr stdsslvaicor BP0 t he

i nventiom ot hgr Per Gredecs orpord A i2dvarh a0geas| i disrfhdda t hachormeof an
aqueous solution. In general, the aqueous sol ug on .contains at |east 100 by

wei ght of perb%ddeCtofpBunte PiPEs parditufar Tae IdBEDRRARL  GhYGhT. |t
usual |y cont al&asSesoin nolie idadtadO%bythei ghteofidqeroki tige carpowand, Tha

particul ar 50% ight. ln.the_proges ccC ihg to_the i.nveniign, the

ol efin react sg%\%%%&?hgoég?%ﬁ?dglg rsrpgglnzth?en ?%%C%‘?%%eﬁgﬂe3§ oq‘nci hgh%%t al yst
and the sol veentmainst thperponidenbroluredgsherealiny at nisdstredQL ithe

part i cul a5 at gl £85hs 2Uompbtnd CEREN AbE! Cobdx HRNCAIIAdeRPS 160981500 1€ 1S

usual ly | ess an or equal to 70C, in particular_less than or equal to 40C
5 - 4 SeptenbEfagber Fiao tiw 2pipe pn (e plodesd BBaSEdiIRpvida hErom

invention, thentead 09f bataeepesbeidh efdoneand tiRe pespxide GerPUREe can
take place at_ at m)sphgrl c pressure. It can.also.take ce under pressure.
r

General |y, thPStpPBsShr ENBoEEAREECBXEEBE Y¥Gahar NeR Dy oY o0 PHIF i s
suitabl e in poaetftew T aadeal Ystisidsedhaset heviprdiceds adepidird tint he

i nvention,gontajin ol It (-3 lid c Iy siLic i a
m croporoas6 c#’%?%ﬁa%%e?g (raﬁctbdfe@é?ﬂg zogolg%ﬂ)@fggg’va% agcgao%{}]e?f?gg of
al umi ni um |t vpReftdre aBlipecont aifhs rEREARFUNTOMRE i | ttavonhFenRceahrbe used

in the processoAgsdr €h80cbALiAE LONENHLOVI&8Hg heNE BukElSbR! bENgoserycture
of ZSM5, ZSM 11, MCM 41 t¥pe or of beta-zeolite type. Zeoljtes of ZSM5

type are suit3bl EPPoFeRSLOT TGOS TR tisAldYe d R FSH RS oh b&RA EPCabout

950- 960 cm 1 peeipheftelredne providing the function of zone 6 of the
25 reactor shown schematically in Figure 1, can also be
used in the process according to the invention.

In the process according to the invention, it
may prove advantageous to maintain the pH of the liquid
phase during the reaction between the olefin and the

30 peroxide compound at a wvalue of at least 4.8, in
particular of at least 5. The pH is advantageously less
than or equal to 6.5, in particular less than or equal
to 6. Good results are obtained when the pH is from 4.8
to 6.5, preferably from 5 to 6. The pH of the liquid

35 phase during the epoxidation reaction can be controlled
by addition of a base. This base can be chosen from
water-soluble bases. These can be strong bases. As
examples of strong bases, mention may be made of NaOH
and KOII. They can also be weak bases. The weak bases can



‘The zeolites which are particularly suitable are the titaniumsilicalites.
Those' corresponding to the formula xTi 02(1-x)SiOz in which x is from 0.0001
"to 0.5, preferably fromO0.001 to 0.05, give good performance. Materials of

‘this type, known under the nane TS-1 and haV| ng a crystal r ure of
ZSM5 type, give particularly favourablre4results. The e%oéélp(ﬁ%m%%iﬁcan be

prepared by tHe PIHQFmIAC.CONRG n@xTaﬁ\pll@% | BEen{ybar lﬁnéfg@xﬁgéml‘}aé?@ifpound
conpri sing arlgqg oup correspondi n hgnb_lgeneral formula; -C- Cll 30 The
epoxi de generS¥Hy Ly BEY %rrg‘a 9Hfr6‘1ﬂ2§oé'po§]ia5€0\?\hl &‘WZHgﬂhbe

;1)6 epar ﬁd pr oqezs:shacnﬁ)gcbmgKHQogheLB@C@p@tw)h QHR0E. TINhWEdlS Ba LR ?cahQ 20 to
carbon ato advant ageous the invention is

Sept enmber 2003?% r}&? ef e ‘%rﬁ ch vg?agysu?zf%%?’e Ci P3TRe pr‘%&’eds}é é&%r(}ﬁ‘lg to

t he i nvent orswiordlalen Bremthd oalRatar hetedt oos. aRkedyinerearshpredtesl ed.
colvents whi clefan BE UaGoliile MAePSS8e2E00( ST BAAL0sHERS DNBH 1 p0 can -

be aliphatic organic derivatrves contal n gn “at ons.
Met hanol can e #Bntcirshen REOmSy oﬁom@etm payt gl m,etmtmed)fby

peroxi de conpeaindsod N hBgrh kUi feliRass éé generdl lgnobet yeen1 Ps1 apghlo
nol /kg. It 10 i's preferabe betﬁgen 1. T Pg} IL;O Exanpl g§ 1 and 2

Propyl ene oxi eI maRFSESt ur 84S n %r%ﬁ%]b?%& pho(;r? 138t oRCgE2ERoWNL S
schemat i cad | ypae F@LeE1, stk dsiact i on bet ween propyl ene and 35~ hydrogen

peroxide in 15 the prﬁence of , get hanol and 5, 25. g of 3@/% TS— used
in the formof beads 0°8 RAFPHLCF aRBIRPUNHeWRASPS CRBr £ A5 d”bu'f @t a
t enper at ure obr&&ESsw alecarddnti numjs Sinep| ylm’reﬂwﬁmmgerar@eropieﬂQcMea fl ow

te of 0.57 | 0 H202.
Irﬁ Exgrrpl el ‘E%é%‘%g% ?Hpgm%r?%r opy gggoﬁ}a%ﬁ %C% a%%) ragg)il njoéct ed.
| n Exanpl e 2,c@50ying (@ut@ pqnofem@p@a*éh@n(u Bydnggen nopergxiwe e amflect ed.

At these fto é?@}@ﬁ'ﬂet G%mthh@QUQJEHlQih Oéaﬂr%)éh%@% IR I rﬁéféﬁidéaused
circulation o | i quid reaction nmedium and of ,the catal

suspensi on. I%n§§5nﬁpg:FPQ¥%§9Q%QWv???chﬁ%r&QnﬁﬁﬁﬁﬁPénénﬁilé%lB?b%%~ and
a degree of copyeiseonHgdrdden Hoxiadd els r;&aiﬁemd or 500 hours, of 76~
uere obtai ned, 0 1 BIOTRES ok ipl SELAALYG (NPT PLARH £, ouigle of
of 79~ were obérmbxnide Cﬁhposaﬁeaﬂ\gaqenahkwcuﬁgﬁopyleneamqum§|Qfgaben by
the nol arypat %Qasgxar erﬁ%f P@§ FPeseenlizffq ondel veen e ampy Ofe
propylene oxi taln d
least . mol per kg of liquid phase. The amount of
peroxide compound is generally less than 10 mol per kg
of reaction medium; it is usually less than or equal to
5 mol per kg of liquid phase, in particular less than or
25 equal to 3 mol per kg of liquid phase.
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 10% by weight of peroxide compound, in
30 particular at least 20% by weight. It usually contains
not more than 70% by weight of peroxide compound, in
particular 50% by weight.
In the process according to the invention, the
olefin reacts with the peroxide compound in the presence
35 of the catalyst and the solvent at a temperature which
is generally at least 0°C, in particular at least 20°C.
The temperature is generally 1less than 150°C; it is
usually less than or equal to 70°C, in particular less
than or equal to 40°C.



‘by the sum of all of the organic products fornmed). Exanple 3 Propyl ene
oxi de was manufactured in a loop reactor simlar to the one shown
* schematically in Fig i A- 7 - 4 Septenber 2002 ure 1, by reaction

‘bet ween propyl ene and 35~ hydrogen peroxide in the pres nol and
of 8.24 g of catalyst TS-1 bound to a hoheyconb supportgegﬁgﬁﬁ%% éegére

carried out at a tenpg{ atHEe pRbcRs35Gcdlddimy CObt LRMOUSvERRlN, Of cilydr ogen
peroxide at a flowrate of 0.5 nol/h, The amount of methanol used was 16

mol / nol of HXFRCHRR 1PRtyeer. Pheofobebhy| éms are 1 perorades. ¢ompowid

ni trogen wer edm) e hlaires & €l inddphdomarsise oy ene cad da s &de and 10
a degree of canversion of the H202, after.reaction for 1 hour, of 600 were
obt ained. ExHAGE AT PERESUR? deCRRETRANYT akPare AR S5 RuIASs i HfHon
react or ass showeesthdiutbaal | A i présgure Iof bp0lSbhsaeadis osubeabken in

propyl ene an 4Q§jnxgrogen peroxide in the presence of nethanol and 5.25-g
of catal yst -al, used in the formof beads 0.5 mmin dianmeter. The tests
were carried out at dhenpatalwsesofs86C imi the apronesruarsodiploy tof

hydrogen per oxide Aate ia%. L%Q\.’{Ia[iq{ & Yo Pk Ple ,"?Jh/é" érhgol‘fic?v\é&‘?ﬁgiﬁn%n of

pr-opyl ene is 250 1 S. n a lst test, e Initial concentrati
H202 i n the redctGdNvhaghurhds . 8 PhCToROEPEenEEYStalding opjrectyues. at 2

nmol H202/k@ ofhd | Gdod ikRases Waiedntd akbigl ¢S5 fhe s pRIAAiAluhhe HBOH
into account, correspaonds to a CH3QH H202 ratio in the reaction nediumin
the absence df*¥F%EHct ERMAYS S50l . In a 2nd test, the initial

concentrati on of H202Then klkelhieactwitirhredanmlie . esedn ime thksepeeceis

reaction) 30 tg 6.5 02 i gquj h by sinply

reduci ng the oowpc;%%l%? %le? h%%%%%%i érge&?allg%‘(/ée %o&gﬁ‘gtﬁfi?%s??rﬁbm 759
to 375 m/h. Tuee CREOH/IMRGR rasMolln MeM-ddactyrmh eediafmbévatheohbsence of
reaction gad {3kl ng,d e SLL 1 PPIFigh O lt%]ﬁge C&%&F&am&ﬁ&ecgﬁtuséﬁ @ﬂle?éé’ 35 to

2.9 nol /ol under these conditions. 3rd test, t wrate o

met hanol used'iils PBJUCEF TSP 10PFAYRLLOMKPAGI: HE s2PPWhi 1§ 00P 6PhemHBOH
i nt o account , gtdeytafdd@dg concentrati on of H202 thus goes to 11.4 not

H202/ kg of 11 qui phqﬁgeaggoifgés %hicg éré §§Pﬁfggférf30§uitab1e are

the titanium silicalites. Those corresponding to the

20 formula xTi0O;(1-x)Si0; in which x is from 0.0001 to 0.5,

preferably from 0.001 to 0.05, give good performance.

Materials of this type, known under the name TS-1 and

having a crystalline structure of ZSM-5 type, give
particularly favourable results.

25 The epoxide which can be prepared by the process

according to the invention is an organic compound com-

prising a group corresponding to the general formula:

\ /
-C-C-
\/
0
30

The epoxide generally contains from 2 to 20
carbon atoms, preferably from 3 to 10 carbon atoms. An
epoxide which can be prepared advantageously by the
process according to the invention is a 1,2-

35 epoxypropane.



"CH30H/ H202 ratio in the reaction nedium in the absence of reaction, goes
to 1.3 nol/nol. After testing for 6 h, the degrees of conversion of the
* H202 for the 1st, 2nd and 3rd tests are, respecti5 vely, 69, 73 and 70~,

-and the selectivities towards propyl ene oxide are, resp al to

83, 85 and 89 0 . 4 ,~s|l ~t~a~nba~ 202 6 g CLAI M5 1. ﬂcé)éﬁrl n%%&gggr ocess
for manufacturing an 'ﬁwxbﬂéflﬁﬁcQﬂﬁ.‘dm é?e\/\@hﬁft'ta%llemﬁ{' BheS gresedgd, in a
reactor in the liguid phase, wi,th a peroxide gonmpound jn the pres s ence of

2 760l | t e badtFAHNG KO ahhel HPRBEIPBs SOERR A venEO il SARREouS
conmpound i s iddonluaat A Ue Pre fidtred. he react or at a flow rate which

is sufficient to entr sone of, the epoxi prod i,ch is recovered
with the gaseous conﬂ%?]ﬂc?rétt t FAG p St & WS |tlrf 8§ TRt or .

2. Processs acoralding o tol achel, inventiah tdeer obef | alnphatlic otmagchiat o t he
reactor in ga&eerolqpa%lq;%l n &Hl_g{rgﬁ,xgexcgé apd in V\:fll C t Iegé&“vﬁcts as

the gaseous conrpoun rocess according to Caim ich the
reactor is a Me@dpnahcast be4 nerpyiguess bac eisvdiodg exempll&i- m 3 , in which the

f lowrate of the gaspous; cOMPOUNELASerstidi GhOUxif gt dls tﬂ? dngui d
phase in the | oop reactor. 20 5. Pr ocess accordi na to any one of the
a

precedi ng cl at¥14 PYRFRhif heeRsERrLI¥T PERWEEROR - faP@dHflh H@]dd%odét
conpound 1@ the gtomeraile, Hetsedt L . & drdee 3paiodyikde conmpound is greater

than or equal_to &5, prefer y greater than or equal to 10. 25 6. Process
according to %Mﬂprecedi ng clains, in which the reactor is of
t he bubbl e- si phon !oobmmobené oRudeessasacmmdifagtu@eelnyimna abulbibke -
preceding cl aé ol gQEEBr s p Gim ! @%heh\glﬂlﬁga grs%h SF??SgPB' qt aifed at

from4.8 to 6 tron o ase to t ase Prdce
according to Jae@cm@n obetweenr é@;‘@mfﬂagnél angs 35|%n Wﬂmqrhav@@@dejem

conpound i§ uae@ baeaaneamaft xﬁétlfléz%fl 1ahe 1502ryolg pref@@blysd remdi, 5 to 5
35 nol, per % iquid ase 3??%%% v\/qgn I‘OXI de conpound is used
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250 1/h (s.t.p) of propylene (i.e. 11.2 mol/h) were
injected. At these flow rates, the introduction of
propylene into the reactor caused circulation of the
25 1liquid reaction medium and of the catalyst in
suspension.

In Example 1, a selectivity towards propylene
oxide of 83% and a degree of conversion of the H0,,
after reaction for 500 hours, of 76% were obtained.

30 In Example 2, a selectivity towards propylene
oxide of 90% and a degree of conversion of the H;0;,
after reaction for 500 hours, of 79% were obtained.

(The selectivity towards propylene oxide is
given by the molar ratio, expressed as a percentage,

35 between the amount of propylene oxide obtained divided
by the sum of all of the organic products formed).
Example 3

Propylene oxide was manufactured in a loop

reactor similar to the one shown schematically in Fig-
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siphon reactor as shown schematically in Figure 1, by

15 reaction between propylene and 40% hydrogen peroxide in
the presence of methanol and 5.25 g of catalyst TS-1,
used in the form of beads 0.5 mm in diameter.

The tests were carried out at a temperature of
56°C, with a continuous supply of hydrogen peroxide at a

20 flow rate of 0.57 mol/h. The flow rate of propylene is
250 1/h (s.t.p).

In a 1lst test, the initial concentration of Hy0,
in the reaction medium (i.e. in the absence of reaction)
is set at 2 mol H;0,/kg of liquid phase, which, taking

25 the stripping of the CH3;0H into account, corresponds to
a CH;0H/H;0, ratio in the reaction medium in the absence
of reaction equal to 13 mol/mol.

In a 2nd test, the initial concentration of Hy0,
in the reaction medium (i.e. in the absence of reaction)

30 was brought to 6.5 mol H;0,/kg of liquid phase, by simply
reducing the flow rate of methanol used relative to the
lst test, from 759 to 375 ml/h. The CH3;OH/H;0, ratio in
the reaction medium, in the absence of reaction and
taking the stripping of the CH;OH into account, is close

35 to 2.9 mol/mol under these conditions.

In a 3rd test, the flow rate of methanol used
was reduced to 210 ml/h. Taking the stripping of the
CH;0H into account, the initial concentration of H0;
thus goes to 11.4 mol H;0,/kg of liquid phase and the
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F:110% ) -drid 09Bha zeolite-based catalyst and in the presence of
a solvent, and a gaseous compound is introduced continu-
ously into the reactor at a flow rate which is
sufficient to entrain some of the epoxide produced,
which 1is recovered with the gaseous compound at the

10 point at which it leaves the reactor.

2. Process according to Claim 1, in which the
olefin is introduced into the reactor in gaseous form in
a large excess, and in which the olefin acts as the
gaseous compound.

15 3. Process according to Claim 1 or 2, in which the
reactor is a loop reactor.

4, Process according to Claim 3, in which the flow
rate of the gaseous compound is sufficient to circulate
the liquid phase in the loop reactor.

20 5. Process according to any one of the preceding
claims, in which the ratio of the flow rate of the
gaseous compound to the flow rate of supply of the
peroxide compound is greater than or equal to 5, prefer-
ably greater than or equal to 10.

25 6. Process according to any one of the preceding
claims, in which the reactor is of the bubble-siphon
loop type.

7. Process according to any one of the preceding

claims, in which the pH of the 1liquid phase is
30 maintained at from 4.8 to 6.5 by addition of a base to
the liquid phase.
8. Process according to any one of the preceding
claims, in which the peroxide compound is used in an
amount of from 1 to 10 mol, preferably from 1.5 to 5
35 mol, per kg of liquid phase, and in which the peroxide
compound is used in the form of an agqueous solution
containing from 10 to 70% of peroxide compound,
preferably from 20 to 50%.

9. Process according to any one of the preceding
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Process according to any one of the preceding
claims, in which the =zeolite is titanium silicalite,
preferably of TS-1 type having a crystalline structure
of ZSM-5 type.

11. Process according to any one of the preceding
10 claims, in which the epoxide is 1,2-epoxypropane, the
olefin is propylene, the peroxide compound is hydrogen
peroxide, the solvent is methanol and the gaseous com-

pound is propylene.



