; z{ e3enDj | $6 TODX~, -& Process for manufacturing an oxirane The invention
relates to a process for manufacturing an oxirane by reaction between an
ol efin and a peroxide conmpound.in the presence of a zeolitebase

The invention relates nore particularly to a process for nanufaaummmmmmmymmw
1, 2- epoxypropane (or propyl ene oxide) by .rieaction between 5 propylengw%&
hydr ogen peroxide, and to a process for manufacturing

1, 2- epoxy3-chl or opropane (or epichlorohydrin) by reaction betwee Wlmﬂ /)

chl oride and hydrogen peroxid i ' [ 0 nanufactm n 0wu
propyl ene oxi de by epoxidatiOS%%%%%$%S§@B%QH€?2%Boggg%bgen per oxi de ”” ”W
presence of a catalyst of TS-1 type, as 10 described, for exanple, i'f0000z2
patent application EP 0 230 949. This known process has the drawback of

| eadi ng, under certain conditions, to | ow selectivities and to a
deactivation of the catalyst. It is also known practice to add to the

reaction medi um var i Thesnoeitiohirsle®s t@brocets Foaghnbhdiidd e AGlAL 6y Si tes of
t he catal yst ar}gal .doi n ib .to. 1 ncrease ?Ihe

in.s ke i ossible 1
sel ectivity tharisaPnOSNEER aggbe)ﬁqn??gﬁia&?rcg% ?qna?f’é‘.ngﬁhﬁ@,Prfﬁfﬁtl“eerﬂfaa@Qliiecati ons
EP 0 712 852 arvdsRatlyB7TipdBverionrelars fore pirtisuli@ped 4 pacéfigouse of a netal

salt, but such addit. | esult in a redyction.in the activity,
and, what is nore, k%clﬁlgﬂtﬁeg%{é § {;))ﬁJp %:%Dr?({}? f?r(?ﬁ%pyg%%c?xh%;@yir?acﬁ%ggtgﬁf’?

peri odi cal 1y oPremsisnerand fuidrogey peroxidegane atpeodebefor ataalifssturing Ald-eydxyg i t s
deactivation. 230hi&@n# I QRicl j r ] L hi s, dr awback
by providing a 9rOCegS@?ﬁ?@ﬂgﬁg@g@g@ﬁ%ﬁ}g%&gﬁ%rt]\g&%hag&f%lﬂgn e%}ﬁ h a high
selectivity and grolgF’@Her@ES‘rﬁl\?ersi on, as well as a m ni num deactivation of the

catal yst. The i nveitis@RowpeREGERhITREESofPerR &E&Oc@%z;okﬂ%tiéﬁ?gf’f'acwi ng
an oxirane by reacti en an ol efi,n _and 'a peroxid onpound 1 n a

gn be a

reactor 25 conf ?ﬁpﬁ'ﬁ‘?ﬂlﬁ ugmlgith?( °§e’ﬂ)H%’é‘,deilﬂtl}eﬁgesﬁp%“s‘ét}?c‘@t%fs"\%ng&l typReasor nore
organi ¢ solendescribeddbrtsemiplarin patast applicaion BROOPINIOMLE TheykroRer #asdseg t he
selectivity of e iRt vatb X Lon.reactions, in.which: - if

t he process ish%)%glf or r_ne*da)é Iﬁ%f%%?@%%@?%ﬁ@ ccfn@éthnisqtﬁilglwﬁﬁlﬁgtév%‘?s A® in the
reactor when tﬁ@e?@é’éflmbﬁf@?&ﬁtﬁb’s‘eo - if the process is perfornmed .
cont i nuously, all afis bfig khiibhoalBRSRYHle RARichGLFRALLANAUSLJLL O the
react or -2 hg}s/h ve a t othgl ol gani c %%l vent content of a Ieas]t 0.1 g/kg
and of not mor &4 {igragiRityfhe acidyqsites alhecailyst andy issaxiaing, mpakedipassibls ng
observati oif t hat inciensd the seicabanychered! 8Wal GoRidatioPlAeiins CPRICPitedthat i s

i gh conver si ofbHREROAR ¥ 71 ESITIRLEE 05 AT deschvg thiuBGrerting heotkeine
i nvention, it R&ndtahsaltthamtsuditeitions geteealbarseulvih arcthadtionh S dtioegsad, it is
the 11quid phassai 6RRBIME Reabith (ABRIAS ubhAG if NEeSEA horflsdafl® of £8SH T ON

»
that satisfies_this condition, ereas, In the case of’ a con
process, it isTERENYdoregepsrasdhy explygnbollavingsitsdeagivatione react or t hat

satisfies 20t. It sWbelmbebodi@ladctdPidwhrd Bl coBmRakt dtdWack B%r ?r(%‘,ﬁ&m?g phase
e

may be fed in one or. nor e | ows inta the reﬁctor and that, 1] atter
case, it is the F%%S:ﬁ)r% ATURIAG, IR, @FFang Shat shews Retheibigh selpctivity and & he
I ihqui ds fed i nhightchave_rrsian,tasgydllln?ta_ﬂl'ﬁl_im@m&l%ﬁ%tﬁdtio% Bf &BQaﬁa@&i_l her _eijnbﬁl ow,
the expression "re ' Ls;intended to depote the |)quid phase
present in the r_ea?{}%{rngg?{g&' cééﬁlf %]iuﬁl?t}'?'greéaﬁees% PP GYSS oﬁé“anupacwrmg an

oxirane by reaction between an olefin and a peroxide compound in a reactor

25  containing a liquid phase, in the presence of water, one or more organic solvents,
a catalyst and one or more compounds for increasing the selectivity of the
catalyst toward epoxidation reactions, in which:

- ifthe process is performed in batchwise mode, the liquid phase present in the
reactor when the reaction starts

30 - ifthe process is performed continuously, all of the liquid phases that are fed

continuously into the reactor



15 peroxi de conmpound, the water, the organic solvent(s), the conpounds) for
increasing the selectivity of the catalyst, the oxirane fornmed and

di ssol ved, and any by-products. One of the essential characteristics of the
invention lies in the addition, to the liquid phase in which the reaction
proceeds, of a conpound for effectively 20 limting the side reactions that
give rise to the formation of undesired byZ2products, and thus for
increasing the selectivity of the catal yst toward the epoxidation

reactions. This conpound may be chosen from m neral or organic bases, o
m xtures of a sdlks’/hayeh otal prganizom] wegheantent iofladeash sey/kk molwr s mdseififaar
m xtures"), sal g3 m xtures thereof. Exanples of mneral bases are

strong 25 bases such.as NaQH and KOH, or weak bases such as NH4OH. Exanpl es
of organi c bases ardD§iyRten Hoased prthe surpisingiobgervationdhatyiy the presermgenous
groups, for instofiagerg@nicaBiveat e tak A 1of¥ATRA thaet Baned B&%m}g n am de
group in Wnixgh tbhﬁhapfé?ﬂloglen.atom Opt.i onaIOI y.bears a?éﬁ&eag’?eone ll%flde(;z\lbgen
atom (for exanpl®8 55‘,5 Sty aodia high eqnyersioprats (@ctadtyd aisiabtaines Th
exanpl e of a buktendia@ tothetinventibhat isiimperant that] inahé Eask 9 & bAcKHLE Brkss,

amoni um chl ori . an j.a. es of salts ar asj.c, acidic or
neutral , organi gﬁsmﬂhﬁ%%p%?rgﬁggha Tpactoy ur%;}ﬁ%ﬁgrgqg%‘eéﬁac ARt um sal t .
CGeneral ly, the ﬁ@:tjéséies this engliteam, M@malikaeicamfae_l songindows| pradessydt iedid h
metal s. The al KalghidpHasd fedr&eﬁﬁn&mlg@nt%%’][eﬁ&sr {riaf SHidARs i?:‘?fjéht%ﬁldtﬂ%oﬁo%é@' um
and cesi um _ Sodi, u ,|S§E§>referred., The al kal1 ne-earth netals at nmay 35 be
used are mal Iyl%g]bfn@ ashihatthacliqnd phase gy hededindonsaarinore fIpks infalthes t hat
may be used ar erémtidilafd tHag iNed 16RE casd itd§ the thinH5R%hid 8 Ive@oRRAR ERive to
sul f at es, h as acet at es.

-3 ph ate nd salts of organic acids, suc
The hal i des ar eagé’ﬁi&gﬂ y Sff?@lB"rt?gl?sr?a%?ﬂtg?tilﬂ%%‘}ceﬁ}eém des and iodi des. A
preference i s shownld the tetilherdintetow, Theepressivh “edactonpeding’ 19 intéiiel €aSi Ng

the selectivity .1 p the. progess, accor di to the
invention is geggéog%%lg@eﬁ%aég P %gﬁnqéllrl Hleeqrﬁ%ﬁt&t%l §°T6m6ngr#}|3 oBegiln,ﬁ)& of
reacti on meHl umperdidgrrompennd (the waten tthe orghmin solvem(R)ahe tama@ing(syddy kg of
reacti on medi umiapchsRioshe N : ' of
reaction nedium T g g u%e'?&:tﬁsmggga %&#%gghf%%ﬁ&g?&e%ggﬁ Qtd({)gsgﬁg%@gg of
reaction nmedi unf™ VP Bul ar 1 ess than or equal to 1 nol/kg of reaction

rreg! um a% mor e espg)@lb@me ds%ﬁald]ﬁfb;cﬁb’risﬁél%@thé mvt@nt%n]gfétsﬁﬂfgle%dlﬁf%ﬁf{oi on éo
medi um e conpound.for increasin e selectivity o e cafal yst may be
i ntroduced int gH{eﬂéquﬂcLﬁtﬁsfﬁn Wﬁ’ﬁﬁtt eﬁgf‘)&ﬁrﬁ‘é@eéﬁﬁ’}gaiﬁﬁ’&pf"é‘%ﬁor Séfe‘iﬂ"élyt he
organi ¢ sol2fent lifreuf thesidsepmatianethyt gihere tolthe forameies of sndesiiéd ous, it is
preferably intr i . L n capabl.e of

i ncreasing the glgilﬂggtgj éﬁ&{} Eﬁﬁp%{ﬁg%glgégﬁleﬁgécﬁkgﬁ§g{ﬂ§%gtgg'§%)g}s%fﬂh8n of H202,
whi ch harns t he_em%‘#ﬂtloptf%cﬁﬂn%- Héisnoswneyad may berchiesentftom adnaral drforganic
deconposi tion, bhsesBHixBieVEF 4 Q1AL RSAFSAY! Scill Or b&%r(%a 5‘%@8%} he

reaction nmedium a chelating agent as des;;rl-bed In pate 875.
Anot her essent i BHXUFRSadal sy sk mpxtiyes theeeof Fxemplasipiimiaeral hasesare stigng of

having, 20 25 i nbades sidhguiNhQHNas@KOH, i0f wathk bades bih dsiNIIGH Dhas@sies ¢ t ot al
. organi c sol vent o9ni.enk ofe reater 1t h:im or e@ual to 0.1 %/érkg and | ess than
or equal to 675 g?/%Eg. i WGROCBY PRPPESHESNE OF MOGRBEPEFIQNS gF¥Rfer
than or equal t éringdrkg aniamipogoip (oacxan@atdhandliamepor aramidetgeobdng/ kg and
preferably grea t . i t content is
Lsual ly | ess thﬁﬁ“°§ﬁﬂi‘ﬁla%@?%?%£%*§?§1& et o 1 RE R RN 30T 100 o
equal to 600 g/ REPMRIRHrcgs@ad nifriles for example acaopitrile), dnsBemgleiaf.a tuffer he

pr OC?.?. s ?c ﬁf’ d: Afxtuee thﬁtels 'Vél*jf?ﬁﬁ%‘tﬂé‘is d &%xtfrefb&‘ﬁﬁﬁg&ah%rﬁ c%ﬂ%fid% B Arhgluhg_ pha_sg
Compound ( pr of eFaBTHIeRORTS i Mok Ge P PRHE SEEREaF PR EH Slhdl 1o
100 g/ klg, : n ggmbf(alsbéje agraemhcﬁriurhhalml @éne&ﬂilgaihe}rﬁbtéBEc&lﬂfskﬂ]{roﬁ@%lll%ali metals
particularly ) t0 and preferably greater
t han or equal t%l&g%fgélg;ekéahﬂ%ﬁeggl?'?g}%gilkaélol}llg téi%trg%? %&%59 gsreeﬁf%@ﬁlﬂ'g?’&?aﬂlgl’
conpound ( pr ef ePeibB¥siurpya exsamm.prmdosm srenrefesredstial dlyalinessrth hetalothaenmaal t o

990 gl kg, ol Joogi ) h
gl kg, M e BSHRAIAR MMinl PSR IR QhlcRAHA, ohf?urg?&:@ géxg%a 'gﬁ(%ytgg}alﬁgstshe an

h
or equal to 925 g/ kg, val ues, % | ess, t han, or _equal
nmost comon. ™ y%é‘s‘“dﬁ?r? Hﬁ’é‘ai’ﬁéﬁhallﬂﬁ?’ Béldﬁa’v,élgg%éﬂ%wafb@aﬁsw@éfg s;accor di ng
to the invention is an organi c conmpound conprising a group corresponding to
the general formula:



5.The' oxirane generally contains from2 to 20 carbon atons and preferably
from3 to 10 carbon atons. An oxirane that may be advant ageously prepared
by the process according to the invention is 1, 2-epoxypropane or

1, 2- epoxy-3chl oropropane. The olefins that are very suitable in the process
according to the invention 10 generally contain from2 to 20 carbon atons
and preferably from3 to 10 carbon atons. -@-efins containing from2 to 4
carbon atons are preferred, and in particular propylene or allyl chloride,
in which case the oxirane produced is 1,2 epoxypropane or

1, 2- epoxy- 3- chl Ghejrheisaned sdlts afeygabe mitisantchge aetsatt ThE AL GE: fdigralyef i N

into the react offyok ' i Lon reaction take l.ace, In

diluted formin ggfela%ép@ﬁrggﬁgésgmogﬁggs?&@dgﬁgésar’rp‘?rg,ereélc? r%ﬁthaweg“ﬁ&p%tﬁ?ﬁ%- t he

olefin and al so at 8asmovnbef(compeund fordhcacast@¥he §edectiwitpoptie catalyseassd 30%)

by vol ume of onén e PiSYeSs @dc&ﬁl@toffﬁé’ir{%%nﬁ&{iﬁg%agz £7oheE: A PR £ OF
efe, sdi n

h
reactor. For. ex e, in the case of prop e, propy be m xed
with at |east 185/1@ t'RPIPSWnlfﬁT%terG?Ct&ndB%@nmﬂ%’ﬁmﬁ&@uﬁlymeat@d.}m @equatonver t ed
propyl ene is i ntlpddidkg of Paotibh et RAC AT prefetabfyredeS MhaR 8r 8Py c€ of

propyl ene that §g+ .el uritied of propane. The peroxide
conmpounds t hat rlrgyﬂ‘gjté/kggggé ?lg%ﬁo?ﬁlg By §§mQBE@FB$%QYt1‘E§StﬂW§ qriggedite on are

?r gani cf and i no?@%ﬂﬁé{ﬁg qfewﬂa;{nlmedbmpdmpwculanleaé thhmgr mihﬁltbrl mol/Rg Qﬁlr oxXi ](cje
-O0H) functiongegakf @Rt Sl&A k n t.hat. are capabl e of 25
carrying out. an e oxi dat i on W%?cfgjgﬁh%grlg%ixg% Oarngg%let?gsglag SRHPE . t hat
can produc 0nydfnﬁglé‘l‘?“-peroxi de under the epoxidation reaction conditions are

very suitabl e. Hydr DhecoresiaifeinRaflh@ I tRivity IMBO AL HPer oxi de s
used, it may beingrdéagt agﬁ%o S to use hn t he, process accordingto the
i nvention an aqUeous W c}EEFFaﬁté’F S thePLeKide compoyndgoed onyie thoprganichat i s
to say unpurifi sdvéndfend, GiosepasateiyWheriths prdsbisai coin@bike & iDYreSirbIL €

extraction, wtf, i-al | y; pure water, of the m xture derived fromthe
oxi dati on of atnlllégg(fsetdgcﬁéhghuéllyant hrahydroqui nori e may be used (process
known -5 1as "aut okfiEER COmPAmIAS capabisdlinoessing the aclsetbsgaieint camghi ng
and/ or puri fi caideee 4 4Q3hIRRtn HPESE, Sl RORILRE PHhas QL ULi ons
general ly contai n fro 0%1 1'?1(1) 118@8?,1 p%ﬂ(l)#%lg?n o %ﬁgﬁ{(ﬁﬂleegm&sﬁ?%ssed as
TOC (Total Orga |8rf€a¥ff‘31‘i%9ﬁ)ths1r1ﬁ%ynn9§ 190} i megprenerto e edvantagepent ifisediive as

al kal i metal s ointeghksaddctien erbium b chath@loSapehiOfs d : i ni ons
(such as phosphat es% ° Rl g age Sdeg&%g%pﬁ&q%égg?ﬁ Th

ort nit ra%.eg()emixn contents . of from0.01 t / , e

organi ¢ sol vents t Hat® H%{fsﬁeé”ﬁ %CFFY{SH%OE drvention Heyigithgylacofthsaingavent i on

may be ar oRfti cinghe huipiphasewron gianf the diguidvsinbeses totdl RRSMI OSBRI eorf@tio\fat ives
e

cont ai ning, for 4 carbon atons. . Th are 10 preferably
al cohol s such a%rgﬁe%gﬁgf é_‘[%‘(rm"i%%gé‘ SR less %baf‘t%ﬁg'ilal it%g%ﬁ %/;(g'rf}é‘éi@gamc
Acetonitrile _rm%ﬁl‘@lné@)%%mw%merdﬁb@rmrahg{smrsequded lighkg, epartioglesgregee or di ng
to the inventi oRager&fual doyi (GRS BhdprRfet S glte?{ter{ b le&uail % §(flé/|k§ FQd i d

containing silica that has a mcroporous” crystalline’struc hIehe zeolite
i s advant ageous{™§aH¢ SUVeRt canigny is ysHallyless shasrasregval o §5@ pikganae aspecalljum  The

zeolite thaf meyssibanisedualtotdnd giteosRSBuABCREhAot Qubig 550 ion may have

a crystalline stru f beta zeolite

e of ZSM5,. Z 11 or .MCM 41 type, or ]
type. Zeolites of gglt\%%prg Vpe a‘é“foédl%f‘g//h’?d’i“fegﬂf’%.“ Wﬁ&f@aghetfﬁr @8 Ligutdr ar ed
adsor ption bandhase erydlaf tB6Hq@6 Phases fo have apotaf eonted of Aatef PrispeRIidees t hat
are particul arl i i i i-hhcates. Those corresponding to
the formla le%g?%hﬁl(?@rgff?alrbﬁ' %‘f@%ﬂj{é}@@@g}}ﬁ&& BEYY t?%n er__%qug}?ﬁ) preferably
from0.001 to 0.08%/k én pargaplor greaterthemor equiat ori2dlgkgyindrbparticylpdy  known as

TS-1 and hagi ngreat@rthst & dquetoSIts0 WatdHr ' rticularly
favorabl e resu%toﬁ. ZSB,ﬁd\{ﬂqglgca eou%é@, %ﬁéfgé'?%%g%t&ﬁggn%%&?g%m of
spherical partioP&&K&G s oﬁgpn& RFORHS AePRdE compeundpeafereblypar t i cl es
gﬁner ally ha?/e hydrogan petioaite) Eruspill}glrew;that oit de@al 161[996%4@, nidPe ﬁspgéiaﬁiﬂéé‘é"dl I ess
t han or equa ific surface area o ter than qr” equal to
1 n2/g and Ieststh (grrlgag?lq(é%l%gén{gogbﬁvﬁnrlrﬁsgha(lc?étegvar]ri“gégsa%%ga%‘éﬁsd’ifllﬁésto t he
nitrogen adsor phatow eqeelie ) ghig teprethentostemshoy, of between 0.1 and 1.0
g/m, a pore volunme of between 0.25 and 2.5 nl/g and a pore di aneter
distribution with a maxi num of between 15 and 2 000 ~. According to one

preferred variant of the present invention, the oxirane is 1, 2-epoxypropane
(or 1, 2-epoxy-3-chl oropropane), the olefin is propylene (or




3 5 allyl chloride), the peroxide conpound is hydrogen peroxide and the
catal yst is -6 titaniumsilicalite, preferably of TS-1 type with a
crystalline structure of ZSM5 type. The tenperature at which the olefin
reacts with the peroxide conpound is generally greater than or equal to 0OC
and preferably greater than or equal to 5 35C. It is advantageous to
performthe reaction at a tenperature of gfeater than or equal to 40C and
preferably greater than or equal to 45C. A tenperature of greater than or
equal to 50C is nost particularly preferred. However, the reaction
tenperature i s generldkloxirprsthat manbeoprepaped by ttiee (HB6ESs acdording kess ifwatoRr
equal to | 00C an : illl%ﬁ g 10 In.the, process
according to th Q?ﬁ?/%%??%ﬁ%@o enéolr%ﬂ?s?l gg’({eglﬁg# ﬁ%’éé‘s Sn%%%ltjoo%glgﬁ?er? e peroxide
conpound i s gendP®EUY ysed in an amount of at |east 0.005 nol per.hour and
per gram of zeolite, in particular of at |least 0.01 nol per hour and per
gram of zeolite. The anmpunt of peroxide conpound is usually less than or
equal to 5 nol per hour and per gramof Xeolitg and in particular |ess than
15 or equal to 3 nol per hour and per gr eolite. Preference is shown
for an anount of peroxi de conpound of great than or equal to 0.03 nol per
hour and per gram of zeolite and | ess than or equal to 2 nol per hour and
per gram of zeolite. In the process according to the invention, the
peroxi de corpound i §h20xsherithaGtoeshiiing F@eh 2 b 2Mearb& MbRk 280 Pegl&gﬁws .
solution. In ge%%;nag to ?]618 ﬁo uetousb%cl)l ution contains at |east I1)0A) cﬁ wei ght
of peroxide conpound and“f arb%f’?]is Qxirae thatiugy VBtagrausiprenated 2y al | y
contains a maxi theprofesy 08¢obdingvei thhtinvehtipefsob2-dpoxyprapanacr Bddpbry-particul ar
50% by wei ght . gﬁggﬁp@ﬁe the nolar ratio between the amount of ol efin used
and the 25 anount o er oxi de conpound used is greater than or equal to 0.1
and | ess than or eqd#f oleding 6ot arsdienhsuigblous the, prodess accatding tosthgim@hion t han

or equal tor®. 5camgall ; ' tio is
greater than or ge u%lﬁ@téiﬂgggwﬁﬁgﬁp%ré&gaﬁgﬁ e? 5?@2%0%?@%6%#0’%%55

according to th8to° Qﬂ‘ﬁﬁonéﬁ,om?tm oRgriedrdrbograbemas 3. paefored. agédus to

mai ntai n t he pHpatictlaeplopgleheopiing ehidrite,Ns Whith da8@ el R aREbMRERILNE 20! ef i n
and the peroxi dg WO%% éjora{ 58 vaI_?ehff at | east 4.8 and in particular of
at least 5. The PEPFsTadvantagBotsry A PHEn or equal to 6.5 and in
particul ar 6. Good Hesay besadymetagdniuaitmintrodiesrthe hiefipkhtoshd feacod i8which6. 5 and
preferably fisro ; LI QUi . ' he,epoxi-dati on
reaction may bg)[ }%56&3%1?? t#%é@%&%%@? Gk %L%%ge@qgﬁﬁgg%éxé}gtrﬁere&}kaﬁe% Pt and
its conjugate aBfampie. fd containmg thn@le%w@d@tsy ablsagthl®Ye(in paticulan@s; sol ubl e

bases. They mayfdiexahpRNg1dagses) AeuABYf SS9 &&e%éhesbﬁﬁﬁtﬁ? gdrt]ﬂ%d%bg

particul ar enbodi nent of. .t he IIproce s accordi,ng to the I nve )
pressure duri ng™FhECEREidpRM teactay S8t exrninle.ip tesgseidf mppylenst saide ol efin in

the liquid 5 phmybnastaiytbetrﬁiﬂgdWitﬁatfeaﬁtlioeﬂbyf%lhm@of%lﬁﬁ@%%n tH)ehi_ S

pressure i $ngre ] at. mospher i ressur 1 r),

pr ef er abl y%é)r ea?etgﬁate(&ugﬁ&ggg%q afﬁhf%g Sgﬁfqd%sq{lg\g})eﬁeé?agﬁg&dqq;{&iso&e %qual to

5 bar. This pressuecoiguppyiend thatdeeet cooipleslygpadfidd obpropamr. even 30 bar, for

practical reasons. ; i Q I lts. 10 In
f‘h@%@f@ﬁ% €oboliRR $hak AL b%%s?@{nhtgé éﬁ%ﬁ% 28 rdﬁ%gco %léed

t he process according to the present invention n_rr%ty into
the reactor in GYSRYUAE GFEpicand inqrganic peoKide comppundsicentajming ehedraseret hen

proceeds in sitperbxidt MOOHRRIOHonsAhARRA BIEALE hitiveRIXY g %Tdet'thbJI%c dabfe @ efin
i s predissagl.ved in.at |east Qge.frﬁctl on of the liquid, phase e?ore It is
fed into t g r L EYAp8 oyt anepoxidation. Hydrogen peroxide and peroxide compounds that

can produce hydrogen peroxide under the epoxidation reaction conditions are
very suitable. Hydrogen peroxide is preferred.

When hydrogen peroxide is used, it may be advantageous to use in the
process according to the invention an aqueous hydrogen peroxide solution in
30  crude form, that is to say 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 alkylanthrahydroquinone may be used (process known



particcularly preferred manner, the reactor is fed wth a single flow of
liquid in 15 which the ol efin has been predi ssol ved under a pressure
adapted to the desired content in the reaction nedium The reaction between
the olefin and the peroxi de conpound may be perforned in continuous or

bat chwi se node. It is preferably perfornmed continuously. In this case, the
reactor is advantageously fed with a singté-flow of 20 liquid in which the
ol efin has been predissolved. The pressure used to dissolve the olefin is
preferably in the region of that present in the reactor. An olefin content
greater than or agsqeetbxidatiar0AQ) trgcesyh afitwatd subgeéqahiewashivaiardorgfiki@icatidd 40

g/ kg, or even g t o) . .1.s thus. . gener.al obt ai ned
in the reactor ftfggﬁﬁt'owg%&%gg@ﬁﬁ %J(gxég% ﬁ?uclmg g&%‘?{&‘#gF? allnéjg%nt han or
equal to 25 500 Ofidgo 18edrafoagamic impyeitichenpressedeapBOCt(GothDOrgkaCarbon)even
ess than o eqley it QoflalifmeATARKABRONA Miall Aol DIGEER,A00r di ng to

t he present nventllorzlf f he oxirane produce nove T eaction
medi um by debr ede(t P2t 1751305 $pdiume) adseionn Esush enshasphatemer ptradslded i s
gaseousdat Sat rrpfpﬁlenﬂs@flﬁ'_roﬁs(ﬁ.ur e%l(,aqui]{ or 30 lroly- st LI pping using a gajseou?]
poxi dat i on react | orl QBRI eR SR Rt R M PESRpLARESAge her oxi do
conpound and/ or investion gagibe asmhatientr atiphdtiororgdnypde@piae ves, tHebes@hicr educi ng
compound 1 n o 1 o YAngs FRRKLAR e DARRE h a1 B S RnatiE IheTel T ol ont o
strip out t oRTsferAblypleshglssuchisrametbanad ppisepiopatial oMiethaolrie aodferoedd. medi um at

the same tine agckhaitRsBOHAscpBRUNd, and/or by sufficiently _g_
reduci ng the pressugg of Ié{he reactj on nedium the contact tinme between the
oxi rane produced and?ff&? Btﬁklf“ifgflit Progess ershding & therinventien gerstallyThe

formation of byeprteitacteslitesthizhisso sasod sitid canRidifesiBOmh iR cSGo8Gls Vity is
increased. Pref Wrane . .forned i s renoved S,
depressuri zat i oﬁllrygﬁllynﬁpsﬁlﬂgfu?%@? 5?0315%}53‘53@%‘303{19}%@%? X%’G%urﬂrheven 75%
However, atld eabtefargblyenpteiisitijanienai ns in the |iquid phase, or even at
| east 5% The gaseowfe: GIRO ' ' rticul.ar

o SR iy B¢ v B 30 bkt o P B g unc

enbodi ment of the proceslii accor I nven
&

that is in gasedU< & GVHpiRe srugiye 0%@5%"@{%$Mn1 lcodCM-éhdypeat affvata has no

negative i npact zemité fype. LeolRR ASM-G Ry feQRS vé @uitéﬁle.ﬂmésb%tg%ﬁﬁff?arfeﬁpm I nert.
olerin i1s

gases such as njtrogen., | o.he the olefin when sai

gaseous and use%‘ssl0 g)?cbélgé?%u%’% ‘Enoﬁresiﬁé%nﬁd-conti nuous process, at

| east sone 20f the | Thuiablipisaba atepariingartyhaitablaciotitahismpdUantaqaess | y
recirculated. T I r tar s~ pref.erably. used hat is to
say a reactor eg%%%gérgﬁ%!{ohtﬁ%kogewac)gla@ ﬁ@fx)}sio%laéﬂﬂgl }él%%orpg)rooé) P Vi’ng out
this recircul at figpreforafefrapl §00% tod).0%eere highly effipens ddateridde df tfis type, cat al yst

accordi ng to thendvay&nt$-9mnd Tl ' € r luid bed. It
i s advant ageousli/q.a fluid ?nged ?%Qgglg{%hefggru?tggé é%%%eﬁgﬁte’ %}yét he present

i nvention, wat eParfigulprly fayq estitSsol el y as diluent for the peroxide
conpound, that is tAadsayadebadly tthecdtAahas theFoRbf §fdri VA1t &IhtAfdd Se, but
only via the peli;rsp%(l};iﬁm%nggﬁn that 1s in aqueous solution. This variant is
particularly ad anlfageou F°%he case of a continuous process in which at

| east some of the |Tepiatalpdigssicies gepaylty kale almegeadigneder of gre@etan bp

maxi m ze the pr i L €] racess, 25.the.amunt .of olefin
i s pushed to th@%ﬁ%%ﬁﬂ %@Ig%gxmfér@%&gﬁlﬁﬁ’FPPech%cai"éfacFﬁ%eﬁO{oo g/ kg) .
Simlarly, it iSreaguianapediastor bm ghad dss dantor agiato 800 Mg (detenmindé

conpound sgbut i fkRo oftBe BifroBéMsbFion W,&n‘h&gﬁx@n{ 9(%’59% oPEL QAL 04 Sl nce
the process is Eg@nﬁ{))a |y Berfoimed t a rﬁ:{?h e(g e of conversion and since
a lot of water B4 B8R P ‘B?"o?iﬂleé‘éleq £hand L alay angka pare disenserr oxi de
30 cgrrpounqdhgsc_ii?eif(bntimowﬁthrx&ﬁh}gimﬁmaﬂ‘dietvifdéﬂab aﬁgp@baﬁg}‘ Wa_tte[] to thF_ reaC]E or
may be avoided i .0cess is performe nti nuously wi recycling o
at | east some of th‘gg‘i"?%lﬁg ?P %I}_leé)g%_err avgﬁﬁﬁfﬁeﬂesﬁnﬁpﬁ%@’é’g’%‘E@é]’rﬂi‘en‘@ to the
]Lolr esent I : n\éenth i bﬁ-eggxypé@n@_séwr_tleﬂépbw@-alﬁnmjr@mhb)yt}iemlEﬁxgierﬁoﬁ%lerA (ot qui d :

ow cal | edst : 150 : ! : t tt 0 react or

5t hearlys Bublile), tHe?efo%d’e% %anﬁlsﬁy'dﬂ)ﬁg% épr?)ﬂ)d% aflﬁirp}ée ?a}tﬁwt

1) containing a“zeolite-based catalyst via~a é%rrpri ses
an olefin, a peroxide conpound, water, formed oxirane, one



-9 or nore organic solvents and one or nore conpounds capabl e of increasing
the selectivity of the catalyst toward the epoxidation reactions. The
liquid flowcirculates in the reactor in the direction of the arrows. On

| eaving the reactor, the reaction nmediumis depressurized by neans of a
valve .(3). This depressurization 5 is followed by the spargi ng of a gaseous
conpound using a flow meter (4) in a stripgfi-ng colum (5). A gas mainly
consi sting of the produced oxirane, unconverted ol efin, the gaseous
conmpound used for the stripping and traces of organic solvent, |eaves the
stripping col unﬁltqla‘)lm\ﬂilmailt@epmgqméaly 6§ TSTlhgpé indthiactrphakige tarvireef L8R5 op of
the colum is payjdy recycled into the reactor via the pipe (7) 10 and
partly renoved via éhe overfl ow pipe (8). The peroxide conpound is added to
the recycl ed fracti dieJBPEHEreatydiethe olpfin reagsmmith thegpeveride campradds vi a

the pipe ( 10). gEhealppRewnthaapahi tdbed Mﬁéﬁi&}?y é{&gtet?ﬁl'aﬁ%} Eéglawo of the

cat al yst may: be . Via the peroxide conmpound e organi C sol vent.

The m xture 1hus ggtg.flgfsnaélaa tﬁ%“t‘?%&‘s@“ég’mﬁﬁ%re&c@ Hregdemperatupy of greater themp

(11). This sat uoaeqral fe46°€hntSrofetablyogiehtenthun Sesqual WC.GA%ﬁgé}a{uké)ﬁf met er
a

(13), and at it r | | ed n the qne hand, a gaseoqus phase of
undi ssol ved ol e fe%%%h%{n ﬁeeg‘\l/%calgo Pﬁ%ﬁdﬂog’?ﬁ@’ﬁ}ﬂﬁgyé’i erred. sloweyerothessuri zat i on
val ve (15), andresstiomtenygretrvreingeherallydesithear drequilad 126°C, etteh MHs®tHah&r ! €act or
(1) via the pipegia?lo 160 ' : gsts were carried out,
one (not i accocrlda r(é%gw%h{ﬁh%@ﬁ?%ﬁtg%gfeﬁ%éltﬁe ié'mwith a high content
of organic sol vent F Procegwircgudinggp the inwensiane when it isperfortiedce with t he
invention) in acomiiuvotBIW thé pérokidd/ c6RABL@M is QbnRLIBAINA iﬁ% Xrﬁpﬁnt(o(f;'iﬁ%la_%% 530
ingto the fo

g/ kg). These 4 Q@@és ﬁerehcarri ed ou ccord OW ng schene: 25
T a first referencd REPFT QYT R RET Sariof Zetliterin Ragisiiss ohe leashOBI encdiper
increasing the betrentliper granoéf zenliepOhs stasimbf ferbRId¥ Sbmpourdl 1§ A6AMY [L&St Wi th
addition of Na i h Na,concentration ip the reaction medi um
to a |level of %h a%%r%fat‘g" ?h{lorl geliﬁe@f a0 PH iarmiof ?%8%@£@&aﬁm“?€&séﬁ@n
(CH3COONa) 190 a8r ¢dyiabioj vggot prs heor sl reo grrem bf zeolitn Preferthe i siasir fom apedi um t o

I | of 55 ' Bt f1et 0ol am
( NH2CHRCHR0H) E’?“S‘émtfpﬁ‘??fgg:ﬁ?%‘é%%% Fe i B e B o Bl Mt « o

100 ppm For t hBE&B&f zeo kegs thar oF euahtorompl parheuriangeper geedofind
propyl ene was chobien as ol efin, H202 was chosen as peroxi de conpound and
TS-1, in the form s consi sti.ng of 35%titanjumsilicalite

di spersed in a sil ?@JB%BFO%?%( a(c%cg@(l)ng Owgﬁﬁ?rﬁtloan%eBﬁﬁoéldﬁé’ﬁmu@ Brocess of
sol -gel typé, vedyantagemulyased at thk foin oflineaquesukGonition AMezcR&AT ML ubSus

1, 2- epoxypr opang@fonloRRY, i t.rppin S was nitrogen.
- Since Pe (propyl neoe ico)s I%s?s??%ao iu(%eggl?@%tgg?réﬁd%g&ﬁp@n%a&ﬁdﬁﬁpﬁgﬁ ar
content, the pr&s&ast 0% bytwrichiakt ysuallyrconainsadpusmeth ¢fT7RebY welpht B8

concentration Speexiaé asthphundiaig if PSS S9%8f o .U;ﬁgepréfhazgle ][T'Oarrg't ow
. W

rate of H202 was al SO kq t con?s}ég%t. gt 0.17 o
and the flow rate of “HfiPofEd tip HptvesB the ameysit Aol asedndshed t o
mai nt ai n a28 onsireeint pEpérdeide eompomnd ued hegrpdtanthan Jh@ubl W, 1 %dele%fth&lﬂe
overflow |iqui h, The .shuttle cjrgul ati on speed was 51/ h.
10 The conditi gorlr\é&lg?ﬁ?ﬁgg'e&%g‘ggjge%ursg > §Tl§/ﬁlﬂ1°ilﬁg$ﬁh g‘aﬁ Op §4%hi0 &’élﬁpé legs
- than or equal to 50. Preferably, this ratio is greater than or equal to 1 and less

than or equal to 25.

In the process according to the invention, it may IMOreover prove
30  advantageous to maintain the pH of the liquid phase during the reaction between
the olefin and the peroxide compound at a value of at least 4.8 and in particular
of at least 5. The pH is advantageously less than or equal to 6.5 and in particular
6. Good results are obtained when the pH is from 4.8 to 6.5 and preferably from
5 to 6. The pH of the liquid phase during the epoxidation reaction may be
35  controlled by adding a base or a mixture of a salt and its conjugate acid or base.



Series 1Series 2TS-1 used (g)1l.581. 58T reactor (C)5555Conc. H202 sol ution
used (% by wei ght)3910Fl ow rate of HZOz solution (g/h)15. 259H202 used

(nmol /'h)0.170.17Pe (ol /kg)0.240. 24CH30H used (nl/11) 230120Sat ur at or
pressure (bar)2.6gNZ flow rate (1N h)5045Pl ant residence tine _

(h) 44Resi dence time on catalyst (mn)5.55.5 The liquid phase fed into the
reactor (after 6 h) was anal yzed and the Cornposition below given in Table 2
was found. 15 TabI e 2 Series 1Series 2HZO + HZOz (g/ kg) 90460CH30H

(g/ kg) 860530Pe( %) 1010PO (g/ kg)5.56.5 After a running tinme of 24 h, the
results bel ow g| asemavnbe ehosenipm wefemsolelle bases TTheJahdyebestdag bagesof

conversion of tNReyE? alWbe(WdaRPakedf selectivity (% (2)Series 1Series

2Seri es 1Series 2\6/:\/ hgljlt agdl tal oa76 385. 0\%83 479. 0+ NaCl S 1.087.397. 295. 8+
CH3COONa31. 186. 297. g‘é‘?nezlpr @9’&%@% 8 progssa egrosling jo tha inviehtion, dhe of
the degree of coreseamsidoringthitheactiegiesia fed@?ﬂié%ﬁibﬂﬁy%hﬁehﬁeﬂ#ﬁiﬂé% ﬁgzul?Hzoz
calculated fgo H t out [.et ow =

used in nol ISL nbh%sgocﬁéée%ﬁ?té% tﬁﬁﬁef ?PWBf‘Wﬁ)ﬁ%@lﬁs Eer‘FFSWi?I‘? gregfier fhan
uncoverted H202oteqad® amasphent ptdssure\(bbz&ﬂ)qypeferauy grehter (hah bk gqual Ea/.’@béﬂ ow 10
I d fl rat t ect | Vi
010010, gy LM G140l DOy Ll

Process for manﬂf)éléltaﬁf PYRa @rb%xfprmaetIWmaem Amteisetevmféessahan(ﬁOeﬁalrlgn&lﬁd a

per oxi de corrpouggodfésgtsr eactor containing a liquid phase, in the presence
of water, one or e or an| c solyents, a catalyst and one or nore

conpounds for i ncr e 'ihﬁé’ Q9588 aceprdung iojthg prssent Heeatem tyeselefimmay de dpbiitalat i on
reactions, char#etreadtardd ghseotffifrin, hitd it1€isPVIQERSH thSliRRA pRAERELN froRlEhW se

mode, the liquig Q{ﬁaﬁ?héaxregcﬁgp lfernatnvgly %Clgrgferz\fgn ly, r%he ole eﬁrrl 1esapcrg (s)s%l\%[d%;lta?
least one fraction of the liquid phase before it is fed into the reactor. In a
particularly preferred manner, the reactor is fed with a single flow of liquid in
15 which the olefin has been predissolved under a pressure adapted to the desired
content in the reaction medium.

The reaction between the olefin and the peroxide compound may be
performed in continuous or batchwise mode. It is preferably performed
continuously. In this case, the reactor is ad.vantageously fed with a single flow of

20  liquid in which the olefin has been predissolved. The pressure used to dissolve
the olefin is preferably in the region of that present in the reactor. An olefin
content greater than or equal to 10 g/kg, preferably greater than or equal to
40 g/kg, or even greater than or equal to 75 g/kg, is thus generally obtained in the
reactor feed flow. However, this content is generally less than or equal to

25 500 g/kg, preferably less than or equal to 400 g/kg, or even less than or equal to
300 g/kg. :

Advarntageously, in the process according to the present invention, the
oxirane produced is removed from the reaction medium by depressurization (in
the case where the oxirane produced is gaseous at atmospheric pressure) and/or

30 by stripping using a gaseous compound. Specifically, it has been found that the
oxirane reacts in the epoxidation reaction medium with the water that
accompanies the peroxide compound and/or the organic solvent to form by-
products, thereby reducing the selectivity of the epoxidation reaction. By
introducing a gaseous compound into the reaction medium at a flow rate that is

35  sufficient to strip out the oxirane produced and to remove it from the reaction
medium at the same time as the gaseous compound, and/or by sufficiently



- if the process is perfornmed continuously, all of the liquid phases that
are fed 10 continuously into the reactor has/have a total organic sol vent
content of at least 0.1 g/kg and of not nmore than 675 g/ kg. 2 - Process
according to Caim1, characterized in that the total organic sol vent
content in the liquid phase or all of the liquid phases is not nore than 15
600 g/ kg. 3 - Process according to Caimi8er 2, characterized in that the
per oxi de conpound i s hydrogen peroxide and the total content of water plus
hydrogen peroxide in the liquid phase or all of the liquid phases is at

| east 100 g/ kg. retiucnﬂgrtbcp&ssmcbﬁhdlrmnb@nﬁﬂﬁh{nt& conllRf Bk BEiviRd i) that the

total content o |y dr oge er oxi n t.he liquid phase or all
of the liquid pfﬁaégnsevﬁégﬁctea aggg{eyef%ﬁ ﬁ%grea%tlomﬁ? jpmdgreduessk dbpg to any one

of Clains 1 to ﬁom@ﬁanaéb}émrczc@dtsmﬂmhamltlﬁbamhh@epmﬁﬁén@h stlagtivegsikng t he
selectivity of el dhfshpleRhaser. Riom 0 ARGRLa gy oroanic bases,
‘m xtures of ﬁlt and of It uga e acl s& salts, and 25
m xtures theteo eprSSSﬂrlF’?‘ttS@é%répIa%&mleprﬁgorttl@naﬁyt loatEeSG% & @iend5%.t 0 S,
characterized i Mokhatr, hﬂ@a@ﬁ%@%&ra%l‘?'r&%hs irSth hﬂi%lgtgl'ase by ﬁveg  f&305%,

according to anﬁ.hone of char act eriz e oXirane is

a
1, 2- epoxypr opane "oF*F? %S%%%B&P@H@ﬁw&ﬁﬂﬁ el 1Stm§1®l%ﬁmh0d1@®00bﬂlopyl ene
or allyl chlori gecesshecqdingxo de mmmnnﬁhylﬁe e{h‘y@bﬁg,@ﬁn@@lappgllggasaggs fohe -13

catalyst is tit |teo stallrne structure
of ZSM5 type. gﬂdé‘l gl‘esécﬂé’é‘gd%a%%?%{ itigyis aBd%EW %elga@( %){IFR?C&OII the7,
characteri z]é)d i pPaxidetionmeactibeflt may dachsseniftom inke gpsisaules xﬁﬂﬂgwundn@t a

t enperature of fk r f from1l to 40 bar. 9 -
Process accordi négt% ﬁf%nci}&é&ﬁ%g% éa(gfl et Qz}s%@sﬁlg r%‘ger‘ﬂ&eé?? ed in that the
process i s conti nuotistheepserqisichyy FOI%mUPIFﬁ@rWQ?,&la@IIq@BtaSQm ofitle lipdd pdse t he
reactor as a Si Iﬁ:@{qﬁgft}h@ﬁélad:tﬂr Mﬂﬁa{hﬁé@@uﬂ edciuiBRa. Peafs Has gl gnergactm iri

t hat at | east sor’r? le g %, ase 1 eavi.ng the react or reci rcul at ed
and in that watB&Fr 98 ?’H‘?erdcgl? gcfof %Bqaéﬁof/e%l’léﬁ d) idne devige ]hﬁblsﬂﬁqmtede
conpound. 10 - mrcmsgaucmlmagmﬂam@l aim9, char acterized in that the

total olefin conten d. flow fe the, reacto | east 10
g/ kg, and in that t re?éga(l{sl?:tgé}e:lg{ r%%‘BBré%FSP %ﬁ’f? cta@&'éf f“i‘}ﬁr‘{‘r’é%ﬂ‘l}g?b
depr essuri zat i ofverthne L histbed mﬂyr’c@ aﬁqug)ed ogasﬂauiﬂsedcﬁrrpaxw’adtagedﬁsly a fluid

CA{LCAAY. A A{r Al. Ag. A X\ (< @
(( : 2>22' 78<<s??f wr mhc/Y] a] ca ca] ca sca] ca] ca] ca) ca] ca] ca] ca] ca] ca] ca]c
a] ca] ca] ca] ca]calc é’a‘]fE’é{]’ %dl@ﬁ]l dhemspent Hvenlen MARUERRKPRIRTVS VVDX]

XXxYZZT] U 29 < doldty as diluent for the peroxide compound, that is to say that the reactor is not
a- aaal b| wr ngb] ]hc ]t% ecr"sa u?%C@] hfé’% %@M aLca ] ca] ca] ca] ca] caj
ca] ca] ca] ca] ca] C Q’fl Eal] feafd ¥Sdﬂﬁﬂ‘l"-fi0iuﬁ Bj kI m
a] aaial b{ wr ]rrgb] ‘f@]ﬂf Ptﬁa/]a?&ta]lcgs@ka]jual]lmzij] edjanmpeaisdaieadacadtadpihaadscal cal cal
cajca]calca]ca &RIEFhle
Y1 109 () - &% 10‘5}3 ()l 107 7 5 g‘%’?ﬁ Cliq%@@é/g” fpexpled.
10%& ()-Re] P| [ 9" | pgomergl, 1} ordey tPGWU(n}ZC -t qm@&in(e)f icikncy! dfGR&pioyess,
Y! 109& () - &5y \fh&@.ﬁf&uﬁt)of@fe%@shed to the maximum (for example by making it
greater than 100 g/kg). Similarly, it is advantageous for the concentration of the
peroxide compound solution used to be high (for example up to 70% by weight).
Since the process is generally performed at a high degree of conversion and since
a lot of water is consequently produced in the reactor after the peroxide
30 compound has been consumed, an additional supply of water to the reactor may

be avoided if the process is performed continuously with recycling of at least
some of the liquid phase.

An example of a process according to the present invention is represented
diagrammatically in Figure 1. A liquid flow called the “shuttle” is introduced
35  into the bottom of a reactor (1) containing a zeolite-based catalyst via a pipe (2).
This flow comprises an olefin, a peroxide compound, water, formed oxirane, one
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109Z&' () - Z109@enjore omm&o [Ventskdd ble mﬂmotelcﬁﬁ@o@mdsédpable'oimmsqn(g)th§'

.' #25360/%2 X6r .Sf,ll :&é . }H&Qt/%t c)f‘ the thll%%%vgx)d' the %&gyﬁioﬁ)reéc{lgr}so%g ig‘q\gl)d flow LOY& () -
%Pt/z' 18’/«&' £ ' Clr( él( oEP & '(h)e_r eactor|in Guggdirection efithe 209®s.(Pn leaving the reactor, the

*{*St++,, WUB"P1" 9éakBbn{eliium is depressurized by means of a valve (3). This depressurization
' 5  isfollowed by the sparging of a gaseous compound using a flow meter (4)ina

stripping column (5). A gas mainly consisting of the produced oxirane,
unconverted olefin, the gaseous compound used for the stripping and traces of
organic solvent, leaves the stripping column (5) via the pipe (6). The liquid phase
leaving the top of the column is partly recycled into the reactor via the pipe @)

10 and partly removed via the overflow pipe (8). The peroxide compound is added
to the recycled fraction via the pipe (9), and organic solvent is added via the pipe
(10). The compound capable of increasing the selectivity of the ca;[alyst may be
added via the peroxide compound or via the organic solvent. The mixture thus
obtained then passes into a saturator (12) via a pump (11). This saturator is fed

15 with olefin under preséure via a flow meter (13), and at its outlet are collected,
on the one hand, a gaseous phase of undissolved olefin that leaves through the
pipe (14) via a depressurization valve (15), and on the other hand, the shuttle that
is fed into the reactor (1) via the pipe (2).
Examples )

20 Two series of 4 tests were carried out, one (not in accordance with the
invention) in a medium with a high content of organic solvent (CH;OH,
860 g/kg), the other (in accordance with the invention) in a medium with a low
content of organic solvent (CH3;OH, 530 g/kg). These 4 tests were carried out
according to the following scheme:

25

a first reference test, without addition of a compound capable of increasing
the selectivity of an epoxidation catalyst,
- asecond test with addition of NaCl so as to bring the Na concentration in the
reaction medium to a level of 55 ppm,
- athird test with addition of sodium acetate (CH;COONa) so as to bring the
30 Na concentration in the reaction medium to a level of 55 ppm,
- a fourth test with addition of ethanolamine (NH,CH,;CH,OH) so as to bring
its concentration in the reaction medium to 100 ppm.
For these tests, a plant according to Figure 1 was used and propylene was
chosen as olefin, H,O, was chosen as peroxide compound and TS-1, in the form
35  of beads consisting of 35% titanium silicalite dispersed in a silica matrix (65%

by weight) and obtained by a process of sol-gel type, was chosen as catalyst. The
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10%r&’ () - 7DENFOFPF i (pippylene) is Jess soluble in a medium with a low methanol
~ content, the pressure in the saturator was adjusted to keep the Pe concentration
5 constant in the two series of measurements. The molar flow rate of H,0, was
also kept constant at 0.17 mol/h. The methanol flow rate and the flow rate of
nitrogen used for the stripping were adjusted to maintain a constant residence
time in the plant. The flow rate of the overflow liquid was about 106 g/h. The
shuttle circulation speed was 5 1/h.

10 The conditions of these tests are given in Table 1 below.

Table 1

. Series-l Series 2
TS-1 used (g) 1.58 1.58
T® reactor (°C) 55 55
Conc. H202 solution used (% by weight) 39 10
Flow rate of H,0, solution (g/h) _ 15.2 59
H,0, used (mol/h) 0.17 0.17
Pe (mol/kg) 0.24 0.24
CH;0H used (ml/h) 230 120
Saturator pressure (bar) : 2.6 8
N, flow rate (IN/h) 50 45
Plant residence time (h) 4 4
Residence time on catalyst (min) ' 5.5 5.5

The liquid phase fed into the reactor (after 6 h) was analyzed and the
composition below given in Table 2 was found.

15
Table 2
Series 1 Series 2
H,0 + H,0, (g/kg) . 90 460
CH;0H (g/kg) 860 530
Pe(g/kg) 10 10
PO (g/kg) 5.5 6.5

After a running time of 24 h, the results below given in Table 3 were obtained.
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10 liquid flow rate in kg/h
(2) Calculation of the PO/Csf selectivity

PO/Csf sel. (%) = 100 x POgormed/Z(PO + by-products)somed
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CLAIMS

1 - Process for manufacturing an oxirane by reaction between an olefin and
a peroxide compound in a reactor containing a liquid phase, in the presence of
water, one or more organic solvents, a catalyst and one or more compounds for

5  increasing the selectivity of the catalyst toward epoxidation reactions,
characterized in that: '
- if the process is performed in batchwise mode, the liquid phase present in the
reactor when the reaction starts
- ifthe process is performed continuously, all of the liquid phases that are fed
10 continuously into the reactor

has/have a total organic solvent content of at least 0.1 g/kg and of not more than
675 g/kg.

2 - Process according to Claim 1, characterized in that the total organic
solvent content in the liquid phase or all of the liquid phases is not more than
15 600 g/ke.

3 - Process according to Claim 1 or 2, characterized in that the peroxide
compound is hydrogen peroxide and the total content of water plus hydrogen
peroxide in the liquid phase or all of the liquid phases is at least 100 g/kg.

4 - Process according to Claim 3, characterized in that the total content of
20 water plus hydrogen peroxide in the liquid phase or all of the liquid phases is at
least 150 g/kg.

5 - Process according to any one of Claims 1 to 4, characterized in that the
compound for increasing the selectivity of the catalyst is chosen from mineral or
organic bases, mixtures of a salt and of its conjugate acid or base, salts, and

25 mixtures thereof,

6 - Process according to any one of Claims 1 to 5, characterized in that the
organic solvent is methanol.

7 - Process according to any one of Claims 1 to 6, characterized in that the
oxirane is 1,2-epoxypropane or 1,2-epoxy-3-chloropropane, the olefin is
30 propylene or allyl chloride, the peroxide compound is hydrogen peroxide and the



20 u(y*10% & () -K y*10% & () - K y*10% & () - K - aaal bsbbbbb{ ZMa@8110kk10kk10kk
)7 L %%(k&' ()Qg! 7 YL 10%<k§€£ ()-g tL 10% & ()-gK F :10%&' (0)- 0@ 100/?

& ()-sbbbdvddFe|[: M@110 F 10%AH L& ()-S p S 10%AH L& ()-S FI0%AH L& ()- @
XY 910%.H L& ()-sK SL0%H L& ()- 10%H L& () - Feef gzhhh| ZQI\/@Illo
L210% H L& ()-!",, 10%A\L\& ()- X E,, 109 & ()- 'z 10%H L& ()-K X |
Q0% H L& ()- Z10%H L& ()-hhFiiiiiii|obUhl-10% & ()-(10LH L10LH L1OLH' L
TTVI0AHLE ()- ] 7110% ()-K $ s610%H & () - 4 . -

109.H L& ()-iBj kPl I m[obU41l 10% & ()-(10 k yl0% & ()-@" 10%& ()- <'S
10% p& ()-K TScatabss ig'titgniuny sllpadi®' of JESS] type meth'a & Crivgtalting Strdodlie 'of Z98AGI NG
23] c" "Headi ng " "Heading 43]c" "Heading 53]c Headi ng 63]c Headi ng
73] ¢c" "Headi ng ]c" "Heading 93]c"A "Default Paragraph FontW

% CMN fjnprtvxz | bnDEFR?K
5. 149x<1 @D GLPTDXEUTFH{EmMconbng t ary ot o Cli g TG MEDERQRETENYZ
|~ " abodef gh | Kbl 6 ThdgsoiBeSapaAn 21k M RT20°c

Ent r yWor dDo rrent | "HBOR (J*+, -./ 6789:
<n>’>y@\BCDEF m \pta 4 i’%def ghi j kI mopgr st uvwxy

9 - Process according to any one of Claims 1 to 8, characterized in that the
process is continuous, in that all of the liquid phases are fed into the reactor as a
single flow in which the olefin has been dissolved, and in that at least some of

the liquid phase leaving the reactor is recirculated and in that water is introduced
10 solely as diluent for the peroxide compound.

10 - Process according to Claim 9, characterized in that the total olefin
content in the liquid flow fed into the reactor is at least 10 g/kg, and in that the
oxirane is removed from the reaction medium by depressurization and/or
stripping using a gaseous compound.



