~ Process for manufacturing an oxirane The invention relates to a process
for’ manufacfuring an oxirane by reaction between an olmmmml Wmmmmmrdrogen
‘peroxide in the presence of a catalyst and a diluent. n
relates nore particularly to a process for nanufacturing '3?’9- epoxypropane
(or propyl ene oxide) by reaction between propyl ene agd bhy eg_peLOX|de.
10 I't is known pragtlc%g%%\yﬁctmu%eq&o%ﬁgﬁgxﬁr% glo%lt |0f2|_|_% .
propyl ene using hydr oger—peroxide—n-—t1-p ( ] -
type, as discl ose_oléjI for gxarrpl e, | nI loat epteafllosl i ??telegnf rEE— ér gaﬁl?,g 949. 15
The hydrogen per oxi ed.i s _genera € _
inpur?ties. Thus, crﬁggssoﬁﬁyﬁoﬁéogf %@g?bﬁan ﬂé?oxfde Q¥9®?§Sarﬁ§ﬁhg from
t he extracﬂ(ﬁ@@#faQ¢WN¥mmrené;fuvedeamynﬁd&ttmwMabf2m2%imghdﬁﬁfﬂupne

al kyl ant hsahy.gds @ gH, 50 go_one_or :
extraction and/ O?H%Ii s({;:g:‘TII1 gﬁ%?\ sgg%p’grqbg%orgreﬁgpﬁa 6| 8.§ﬁ&la§rysﬁséﬁldi_ n
synthetic prd%é%%%%@nﬁhlEh¢sln%$@bb®mlrylahescaseefparthegﬂ%@Zygmbzgl822
used for the pr@wmadact upgyrof @i #2es-, g Pt_f‘f’?'—é;gé‘%gg%gfﬁg‘ 0% and
For " pr oduci nPHH0L T1% AT a1 #i hEARITGRe. (ROMEeY OGass eiesh 2uses. { he
for producin I yl e F : _ _

% the  sglvent for eitracting the 1202 fromthe quinone 86 shuttle. The
Aol i canthas 1 ound Chat CEhPEUHrOGRESCRLS  S6varah i Ghibe KFTOPYLRESl ack of
flexibility ofxide byerabkipiotegspdugyilenet hesiny engdependenee roficigach step

of the synthesjs idatjion); 35 : %he linm.tation of the alcoho
content of tﬁgl\ég%i/a co oerﬁi urds ?%%% %%tbyg%he&éx?ra ¥P6n @S
- disclosed, for example, in patent application
EP-A-0 230 949.
15 The hydrogen peroxide used is generally greatly

freed from organic impurities. Thus, crude solutions of

hydrogen peroxide (Hz0;) arising from the extraction of

‘a mixture derived from the oxidation of at least one

alkylanthrahydroquinone, generally undergo one or more

20 washing, extraction and/or distillation steps bpefore
being sold and/or used in synthetic processes. This is
especially the case for the H,0, solutions used for the
manufacture of oxiranes. _
Patent application EP-A-0 549 013 relates to an
25 integrated process for oxidiiing organic substrates and
for producing be via an alkylanthraquinone (A0O)
process, which uses the water/alcohol mixture used
duriﬁg the oxidation of the organic substrate as the
_ solvent for extracting the H,0, from the guinone
30 shuttle. The Applicant has fouﬁd that this process has
several drawbacks:

- the lack of flexibility of the overall process due to
the interdependence of each step of the synthesis (A0
and oxidation) ; ' ‘

35 - the limitation of the alcohol content of the
water/alcohol mixtures imposed by the extraction
conditions, which penalizes the degree of conversion

of the Hy0; during the epoxidation reaction;

U
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condi tions, which penalizes the degree of conversion of the H202 duri ng

t he epoxi dati on reaction; - the difficulties of phase separation during
‘extraction with a water/al cohol mxture; - the passage of |arge anount s of
nmet hanol into the quinone shuttle, which, given the low flash point of 5
met hanol, results in an appreciable risk2of explosionhin ;Bg vapOU{ phase
during the step fromoxidation to the-synthesis of the H , - a large
anoun? of quiﬁgﬁ§§aext Kt ethe Wat ePhaS€oholSemaedier whidt ipenal i zes

the econom ¢ 1@awmlitiidy wifthar wadesteilabnphantxtand;- the pollution of

h [ huttl e. by by- ducts of the_ oxidation reaction. Mreover,
‘the propyle S‘uté‘c?ei %a%’%g?(%\‘}m“f%%% BEE GRS et Perdans lgekeral by cof

t he propyl ene us . 1 . .
rel atively highquﬂiqmaiﬁhutuﬁqxxwhﬂdnotgnfaﬁnthépU®W?ﬁ§aQK:g@&hgnoﬁ t
reactions -of the j ri-ties,..and mainly for reasons _q i.e nd ,safety.

SpecificaFIy, p%g%g%%KP§ ?%Suﬁéfnlni%Bu?PpﬁefﬁagﬁSpﬁﬁé%e%én&XP ¢ feport ed -
in patent BE-AdDR 00k S8poraphaise theipgesbrcetep TSoh, olydmadgen t20

peroxi de can oXitgjeZ& AR ralkane.r agdhtion, in the case of propane, the
oxi dati on product regﬁltiﬁg therg??ong?% i sopropanol. In the |ight of
patent BE-A-1" 061 8B¥ 9% peMeBAtskidd edauinonde aextwegitéchavin dedbeed

that, in a contiaue4sadZdpoaCasskifitfe Pr RHUEH NG H-ARWENE 10XT de Wik ¢ .
recycling.of the organic reactLog di | yent égengrally nmet hanol ), and/or in
a continggus orVB§%G i'Ye Ofr 8Ced8StRG24 PPABpanalfi ch source of _
propyl ene, isoprtopansdlwtilah efcunuyl afue niohet endid uenty ang-erdaup-thei ng
converted 30 in%% %%%toneda@Qich IS ?enerally difficult to separate from

this diluent. In'the pPgéenceOBfrﬁ§8 688n peroxi de, this acetone can form

peroxi des that are Moreover, the propylene used in the known
epoxidation reactions 1is generally of relatively high
15 purity, especially to avoid spurious oxidation
reactions of the impurities, and mainly for reasons of
yield and safety. Specifically, propane is the main
impurity in propylene and it is reported in patent
BE-A-1 001 884 that, in the presence of TS-1, hydrogen

20 peroxide can oxidize an alkane.
In addition, in the <case of propane, the
oxidation product resulting therefrom is isopropanol.
In the light of patent BE-A-1 001 884, a person skilled
in the art would have deduced that, in a continuous
25 process for producing propylene oxide with recycling of
the organic reaction diluent (generally methanol),
and/or 1in a continuous or batchwise process using a
propane-rich source of propylene, isopropanol would
accumulate in the diluent and end up being converted
30 into acetone, which is generally difficult to separate
from this diluent. In the presence of hydrogen
peroxide, this acetone can form peroxides that are
explosive and also insoluble in organic medium, which
further increases the explosion hazard following their
35 precipitation. This type of reasoning is applicable to
any alkane oxidized in the presence of a peroxide
compound and TS-1 and thus, to any source of olefin

(recycled or otherwise) which is rich in alkane(s) and



expl osi ve and al so insoluble in organic nmedium which further increases

t he' expl osi on hazard following their 35 precipitation. This type of
‘reasoning is applicable to any al kane oxidized in the presence of a
peroxi de conpound and TS-1 and thus, to any source of olefin (recycled or
ot herwi se) which is rich in al kane(s) and which woul d be intended for use
in an epoxidation reaction. Thus, patents US-A-5 599 955 and US-A-5 599
956 di scl ose"iheh useowtd g kaubstdenidald y fpar eupropyherin  poxiglatgon

propyl ene wi theacpushty of at |east 90% and preferably of at Ie?st 98% t he
main inmpurity of whic i s propane. Now, the various processes for

synt heg)zi ngy propyl eﬂ%ufangaOFEFFnQSFﬁ‘éeﬁgﬁaﬁﬁ5gé‘r‘P@r A3 P1eadt 3 10
propane cont efits¢Dsse Nt gaBeLad)fyaﬁ @QBF@@EtQElQbkf‘gﬂ@fé)%pﬁM?jﬁ@dﬁ% _
appreci abl.e, or_even greater than_ .that of the propylene, us_invol vi ng
smot able “separ&ti én ﬁﬂ?%ﬁeﬁﬁri%t&t?o@%]&%%s? s.ngatlgﬁts% st AR 599 955
and US-A-5 599r&@&sraiehy i ofiedtallesst B4, |tisé rasent hinpupt obl e which

addi ti on, varigtﬁré trial processes using an olefin recycle the
unconverted fraction thereof, which is conventionally enriched in _

al kane(s) . These prieesseshar evathivsial srddeddes t Corequiyne ha ssefarat i on

20 of the co i HEL 1Qr shaethis ire Wele ™ %n%ll o] ch _pr.ocesses
are the pal yﬁiﬁ?ézati oi g%hgl g%igggggn&n f%\:éé}%érlr%ldof%( a |%]fsll.yAies%§j ggt aof_ t he
present FHverRTRPRE aCPRBEEBEs (PEr MOHS aceRreFRlbn oxi r eABt@hich odvoi ds

at | east one aRtartd (4N abevanmeny i gpededl awbacksr Wide gteibhersampnti me
havi ng an increatsed (%egree of conversion ang etter selectivity than that

b
obt ai ned usi Ng& pufitf i et CextH R LRfe | nFBHEI ontRENSEERZNt SyitéPdfes to a
process 30 fsepammuf@ct urany can opurabéchyibaactposcdaiawen @ateakefi n and

hydrogen perqxdde 4 nsddiegt eSeNGe Ofisan 5 599 956 mentioned  above
15 illustrate this problem.

In addition, various industrial processes using
an olefin recycle the unconverted fraction thereof,
which is conventionally enriched in alkane(s). These
processes are thué also liable to require a separation

20 of the constituents prior to this recycling. Examples
of such processes are the polymerization of olefins and
their epoxidation.

A subject of the present invention is a process
for manufacturing an oxirane which avoids at least one

25 of the abovementioned drawbacks, while at the same time
having an increased degree of conversion and better
selectivity than that obtained wusing a purified
extract.

, The invention consequently relates to a process

30 for manufacturing an oxirane by reaction between an
olefin and hydrogen peroxide in the presence of a
catalyst and an organic diluent, according to which the
hydrogen peroxide 1is an aqueous hydrogen peroxide
solution obtained by extraction, with substantially

35 pure water, of the mixture derived from the oxidation
of at least one alkylanthrahydroguinone, without
subsequent washing and/or purification treatment.

. Specifically, the Applicant has found,

surprisingly, that the fact of using for the



catal yst and an organic diluent, according to which the hydrogen peroxide
i's an aqueous hydrogen peroxide solution obtained by extraction, with
‘substantially 35 pure water, of the mxture derived fromthe oxidation of
at | east one al kyl ant hrahydr oqui none, w thout subsequent washi ng and/ or
purification treatment. . Specifically, -tBe-Applicant has found,
surprisingly, that the fact of using for the epoxidation reaction an H202
sol ution extraeP¥adarien \eeEert ot hen thdh whbohuhlioat exdatagied nilxtur e

allows the dggree Q%toa@_@vecrrﬁrpnw%h_tflai Svd@02/ 4o he 1 l”xfﬁiﬁ@éfg- al1ws

addition, the fact of using an unpurified extract 5 allows a gain in

sel ectivity coipaF8dr&ft Rt HOTVEE Gt ChuEPiFediz@xt FacPe inmreasescesses
for produci ngrhyduegen oper oxigleratsi ngr ahikyhgntdi agupnene{ 8y, <t ARt
processes,. are |1 _known and are wide|ly docunented. ip the literature
(see, 10 Por %&Qﬁ‘ﬁ e? U nbin®S %E%X%B%eﬂ?’ﬁpéfeijn&f&%grfc P YeRefilstry,
Fifth EditionpuifB8fed\Veaktmact3, p. 447-57") They consist in subjecti Ing a
wor ki ng sol uti on of I al kyl ant hraqui none and/ or . of at. |east
one tgt r ahydr oal kyl 2?1?% E%E’%ﬁ%%gst O§é6/1r h?&?gé%ﬁé’tgi olﬁy@?%%‘?n 155FR%3 48 | uent,
to produce onesbrgnmBlkyakkyhaaghiabyedls), qoindriespandésses, are well
al kyl t et r ahyceais N ARYHE ooy BO0eSao IhfientBEK O RG] WlikaD LaaW! NG Lhe

en su oxyge

hydr ogenation_step Is t £ LrpCte to_an oxidation w n, dir or
oxygen- éfriched apramplgi ve' Wydragenhs peEbgydécradieo péf olmd2G titial

al kyl agt h][ aqtttlglélﬂﬂ&ﬁﬂd/ s £ ath kz?&ga}g;at\yqr%@%nt hr@rkurpéli 99[‘5?: 4Ehg-5h7yqr.ogenf
per oxi de for is then separa rom the workjng solution by neans o
an extracti oY efOPRSEGr dflﬁg Sﬂigj%lﬁ)ﬁesgquq-}%}ﬁi SAIVEELARs @kt dcti on

is carried outeast ngprsubsiapl dathyaguirorsd veid®rfor The wat Kilng sl whicon

| eavi ng the [ ' hen. recycled into the hd%r/.lo enation step.
i n order toe%(%%%&r#ﬁ%%g%%]ﬁgl%ﬂy%’r%ag l‘hmpoenre}/oxitéae "El)rol%isﬁéc“ﬁJ ef{y% e, STRE term -
"al kyl antlir aciit nendgiueps, i arepdeduce aenote, mpoe eddypkethrahydro-

9110'anthraQUﬁ@PW@§e§UQ§&y$Ptngyltetrahydroanthrahydroquinones. The
working solution leaving the hydrogenation step is then
subjected to an oxidation with oxygen, air or oxygen-
enriched air to give hydrogen peroxide and to reform

20 the alleanthraquinones and/or alkyltetrahydroanthra-
guinones. . The hydrogen peroxide formed is then
separated from the working solution by means of an
extraction step. According to the present invention,
this extraction is carried out using substantially pure.

25 water. The working solution leaving the extraction step
is then recycled into the hydrogenation step in order
to recommence the hydrogen peroXide production cycle.

The term “alkylanthraguinones” is intended to

denote, for example, 9,10—anthraquinones substituted

30 with at 1least one alkyl side chain of linear ‘or
branched aliphatic type comprising at least one carbon
atom. These alkyl chains usually comprise less than 9
carbon atoms and preferably less than 6 carbon étoms.

Examples of such alkylanthraguinones are 2-ethyl-

35 anthraquinone, 2-isopropylanthragquinone, 2-sec—- and
2-tert-butylanthraquinone, 1,3, 2,3-, 1,4- andc
2,7-dimethylanthraguinone, and 2—-iso- and 2-tert-

amylanthraguinone, and mixtures of these guinones.



30 with at | east one al kyl side chain of |linear -or branched aliphatic type
conprising at |east one carbon atom These al kyl chains usually conprise
‘less than 9 carbon atons and preferably | ess than 6 carbon atons.
Exanpl es of such al kyl ant hraqui nones are 2-et hyl 35 ant hraqui none,
2-i sopropyl ant hr aqui none, 2-sec- an d =2t ert-butyl ant hraqui none, 1, 3-,
2,3-, 1,4- and 2,7-di nethyl ant hraaui none, and 2-iso- and 2-tert-
anyl ant hr aqui none, and’/i xEEPELSBFOR heSRIRFTiARGAEd LY ThRUER priedsson 1
"substanti al | ynpeneewater "désotd nhendedrt e@3eRANE ng sy €0&takyi ng | ess
than 3% by wei _of organic dil uentgihil'n garti cul ar of al cohol (aﬁ

u S.

h
preferably | egggg Bn 0°19% oP T8RRI es 7 0. 001% SR AHESE A |
However, the ektoholi(eh, waterferahyyadeant ageausl. scomt aivieni nefsgardiian

subst ances: i hyan,pEORQr ti of,.Q. % b iLght m.niny preferahly 0.005%
or even 0.%010/9 FnO(r)ﬁEF’mFBn9 I%lg\%g\?erd,ﬁtu%g‘%(:sdn%ﬁg\r(\@vgfr’ itﬁlgr gea}fnlr CEd5Et AREEE wi 11
not exceed 1%by weElittad€owskf ecabltpid. 5240 0gamien sdbs¥anteesein na gani ¢
subst ances ar : ageoysl yns { anges j hay.e. . Hr i

effect, such gg 'gééfggégndg?n Oé??lfcupg. %%%Ar:tg Ea}a(gllehdls ugr}chpg:%LHrle%arb:l acid
or phosphoriclatPa% er sewnsleflsuskndsias. Howesten notyncensabst &fces can

15 al so advanmgegaﬁh@f beussbahaasesy M chravexaBel2XPs  siabildizimg ,
ef fect, iTLbch as Iég{ahymat al_salts and alkaline-earth netal salt’s, and in

particul ar’ soldf G s, Suthr asO%odi ¥WEPyr dpHdsphat £eSThe &AL i%n
soluti on may shustenopsi sedekarateigenss(guechbasaz0esl kalicHerals er

phosphat o, rEETaF a8 o bRE, S oW CONTentS, Gardr A1y s Trdr 167/ 1
but greater shaeng.etigsl suTheak202tgdkukicdnd der ip\h@dpfmoarmoct e ekt mﬁtl 8][1,
o0 Chue REIO, Sy tpEthLy S Sholganl i o gt of,
vei ght of! 3H2021 soysgyiant e syante 0Fbisk apgesi cthwh nbrget an 2% or
stabilizing effect, such as alkali metal salts and
alkaline-earth metal salts, and in particular sodium
salts, such as sodium pyrophosphate. The extraction
solution may thus comprise metal cations (such as
20 alkali metals or alkaline-earth metals, for instance
sodium) and/or anions such as phosphates, nitrates,
etc. in low contents, generally less than 10 g/l, but
greater than 0.01 g/1.
The H;0; solution derived from the extraction,
25 or crude HyO; solution, generally contains less than 50%
by weight of H;0,, usually less than 40% of Hy0,. It
generally contains more than 5% by weight of H,0,,
usually more than 10%, in particular more than 20%, or
even more than 30%. It does not undergo any subsequent
30 washing and/or purification treatment before being used
in the epoxidation reaction. Consequently, it contains
organic impurities (products of degradation of the
quinone shuttle) and inorganic impurities (cations and
anions introduced by the extraction water, as well as
35 those already present in the mixture derived from the
oxidation of the alkylanthrahydroquinone(s)). The
solution derived from the extraction may thus comprise
organic impurities expressed as TOC (total organic

carbon concentration), defined according to ISO



even nore than 30% It does not undergo any subsequent 30 washi ng and/ or
puri‘fication treatnment before being used in the epoxidation reaction.
‘Consequently, it contains organic inpurities (products of degradation of
the quinone shuttle) and inorganic inpurities (cations and anions
introduced by the extraction water, as—wéltF as 35 those already present in
the m xture derived fromthe  oxidation of the al kylanthrahydroqui none(s)).
The sol utionSeRRI%EY Prém t e ext PaEPP&R1RAY Tthuat cémpsitsd - Wilganilo
inpurities expressed as: TOSabtot@loorgani cor carken gongeptratj an)y defi ned
according to | SO standard 8245, in_a proportion of at_least 0.00I g/l, or
even at | eastP®t oY | P evEiitat Pedét 0. 2Xg/ BVED bt B0t N 9VER 10
g/l, or even d.»/¢/1or Javenay0.22 g | cohtatiay mds9l centradionsmet ahckatdsons

(such as alkali.netals .or al kaline-earth tals, for ipstance  sodium
and/ or an?’onsajg]ﬁ% laéneﬁt‘?dlssphgfesa}i]ﬁﬁlrré? gert t@.etia&sl’omf%ﬁntlé}ﬁtﬁnce
general ly | essodham) orarefjimt toich® gkhchbudsgreatephd thes, omisquales,0 0. 01
g/l. Before beging used | i dat | ctiqn, t rude H202

sol uti on may e(p'di Fﬁt g‘éJ“C\n (Ifﬂ%wai egr(’o?‘ggggaig?helre%goltv%a% %‘? %lthﬁl d tc?l | uent
whi ch has no Hdvefrke betfereaoarthrarpoxi datibnteedc®lon/lin general, the

aqueous sol ution usedsf k& hgepexidaly o, copt ai least,. 5% wei ght,
usual ly at | east 10% by V\E%g-'?, gf u15 H202,&Fn 'Sgrgglggafcé?ﬁatrﬁ%e%g%() 0% by

wei ght . HQ usthf | §ruddniiziznSCAst irpr Bavhis SO90thedneilght Wait oFecgxiadey

fﬁrrpound, in pemds g_@baﬁzteﬁesﬂ)h&y_ m@'qqltfn_a- dhime; raﬂ@cﬁhikﬁ%nﬁa Q@v%{jr%%ar ed by
e process accordin e tnventl on I1s an qQrgani Cc co oun :

conprising a %f%%‘btc ?}egBSn(ﬁlﬁ%’q%atth%n FERS K or Ml 298 FEF Fhe T8E r ane

general |y cord@iersud reml8ttionlMseghrbon ahemspideriad ycbnoaildst @b
carbon al oms. 1 AL, OX{T age. whigh MR, e oy eRared: advapl ageously by the

process according to t ntiron 1's 1,°2-epoxypropane. The 0 inswhi ch
are Suité@|efh@zthénpmﬁﬁﬁﬁpular at least 20% by weilght. It usually

contains not more than 50% by weight of peroxide
compound, in particular 40% by weight. '

The oxirane which may be prepared by the
process according to the invention 1s an organic

20 compound comprising a group corresponding to the

0

general formula:

25 The oxirane generally contains from 3 to 10
carbon atoms, preferably from 3 to 6 carbon atoms. An.
oxirane which may be prepared advantageously by the
process according to the invention is 1,2-epoxypropane.

The olefins which are suitable in the process

30 according to the invention generally contain from 3 to
10 carbon atoms and preferably 3 to 6 carbon atoms.
Propylene and butylene are particularly suitable.
Propylene is preferred.

The catalysts used in the process according to

35 the invention advantageously contain a zeolite, i.e. a

sclid containing silica which has a microporous crystal



30 according to the invention generally contain from3 to 10 carbon atons
and ‘preferablly 3 to 6 carbon atonms. Propylene and butyl ene are
‘particularly suitable. Propylene is prefer-red. The catal ysts used in the
process according to 35 the invention advantageously contain a zeolite,
i.e. a solid containing silica which hag a microporous crystal structure.
The zeolite is advantageously free of ~alumnium It preferably contains
titani um TheSzEBFTEESwhi ERCmaye9e 1Sed lisn tFEVpRoR@8QUShHEcofdPAg 1oF t he

invention mayahaMenfuk! Y5t abrStd HOA LY ot LinLSMOan g 11 or MCM 41 _type'
or of beta-zeolite type. Zeolites of ZSM5 type are suitable. Those with

an infrared adsor pti on'*parf§®at *&8bdlit1 G50M9E0 usgde 1y gRer PERCSRITe

Zﬁ0| ites whi cacgcﬂdp@gtt@utaél Yns?hta@hgagkoh)afé@ O%h@rgfl;ls\%éllihlésmr%idt}u&@ ites.
Those correspopdi 0 e for X Ti 1-x) Si in ich x is _from
0.0001 to> 0.%? %ggT%Ta%$@—}icﬁéﬁwé%ﬂé%o YBE, Itdve ﬁgod%eﬁéfﬁﬁP&éﬁée
qualities. Matepeal Seoflithkiss dfypisMKhouppe uader dinetaiale. TBhdsandiltavi ng a
crystal struchirg.of, L ZM 5 typg, OLye A LLEUL RN Iy dayayrapt e resul ts.
The reacti on nmedium accor |ng—Eo The Thvention generally conpri ses a
liquid phase pndfeargeadeous phase. The organic diluents which may be used

in the process accordhig tdihe dNVERLEAN JRY Be ar9ani£).20 dekiyati ves
such as aliphatic al cohols, containing from 1°to 4 carbon atons. Mt hanol
may be nefti oREd By SwalitePieRarfildc eSont ERPSEf RFLRIRONF-RGe tO qui d
ph_ascre]t of t][\etm@?%mm{aesiwﬁ}ip%gymt aglemlz%h %Oe/ﬂéagrbﬂaao.otaﬁ% l%t t
wei ght, preferably greater an 4 oOr n 0 wever, e conten
of dil uent in6t§e I%&&i&raﬁ dse oWheorgéiti§ﬁ’ne8rQﬁvrs REYer afPyd ess
than 99% by meifbtnapeef epaliliyilkess Mioer 8526 Iof onkipr ef s od kvawinant  of

e P orces  SEASLOLER Lagha i oHlA oDy LG, B1LANR Y OOLEELLDe Y
: 15 ZSM-5 type, give particularly favourable results.
The reaction medium according to the invention
generally compriées a liguid phase and a gaseous phase.
The organic diluents which may be used in the
process according to the invention may be organic
20 derivatives such as aliphatic alcohols, containing from
1 to 4 carbon atoms. Methanol may be mentioned by way
of example. The content of diluent in the liquid phase
of the reaction medium is advantageously greater than
35% by  weight, preferably greater than 60%, or even
25 15%. However, the content of diluent in the liquid
phase of the reaction medium is generally less than 99%
by weight, preferably less than 95%.
In one preferred Variant of the ©process
according to the invention, the oxirane produced in the
30 reaction medium may be separated out by liquid-liquid
extraction with a solvent as disclosed in patent
application WO 99/14208 in the name of the Applicant.
The process according to the invention may be
continuous or Dbatchwise. If it 1is <continuous, the
35 unreacted olefin may be recycled into the reactor.
The reactor in which the process according to
the invention takes plaece may be fed with a solution
‘arising directly from the aqueous extraction step of an

A0 process. In this case, the plant in which the



extraction wth a solvent as disclosed in patent application WO 99/14208
in the nane of the Applicant. The process according to the invention may
‘be continuous or batchwise. If it is continuous, the 35 unreacted olefin
may be recycled into the reactor. The reactor in which the process
according to the invention takes place fay be fed with a solution arising
directly fromthe aqueous extraction step of an AO process. In this case,
the plant in R¥FEIEE h@GSosEdsy ateordithg Hyehhd omnveakesn RS pillace al so

i ncorporates addandr408s r@gyi@:% UF b AOmd her H202r 8K UEh &Ny, ACGBNdiAgnt 0 an
AO process. Such a plant and a process wusing it also constitute a subject
of the presefCCHFFIREnt? oRl ALt EFR&ESTel YUThe st ¥t oRfa§ BECSESFed

and/ or conveyest rhef arte kaisng tedskAtatkhear eaghpsct: Wi chiHes bhesease for

t he purifised l'a‘o‘lreurtlixons currently wused. 10 In the process according to the
i nvention, a ~gas %Whith has no adverse effect on the epoxi dation reaction
may al so be fed into Ahecreaciorly, Spebefi callluy,idmn patent bappkiceatidon WO

99/ 48883, tr“%ﬁgggJCQQ%}OﬁﬁxIOEQ%OE%atbP¥8.nt£ u&#ﬁ%ﬁai§§§egggct%§

conmpound into e reac mediumat a rate is suffrcient to
enabl e the oxilriarie prodbeedase Weor cihe apnedibed sehvvédnér cmrtrhetigact or
at the sane tidm®y. as the, gaseous conpound, the contact tine between the
oxi rane Eroduced and the epoxidation reaction nmediumis 20 reduced. This
thus avoitfls the format? oftR6f BHRFRDUUEESOrEAATI Nt eabes MRt @ity of

the epoxidatigds e advagkagesusREd medteot the pRCcespoxageeidhng to
the invention consists in intraducing the sequs pha into the reactor
at a flow ratreeascfr}ccjhorf hat™%5 ita%ﬁéjt oSy enﬁe%gi ns”%To I e?g‘te sofE36F°the
oxi rane prodiped fixdl B so ici rpakahes dpelicauion phesed M adss8, reaetor, in
particular\MKHbf{E;h{E%%&QrééﬁﬁBFQ§ﬁ&prby introducing a gaseous '
15 compound into the reaction medium at a flow rate which
is sufficient to enable the oxirane produced to be
entrained and removed from the reactor at the same time
as the gaseous compound, the contact time between the
oxirane produced and the epoxidation reaction medium is
20 reduced. This thus avoids the formation of by—products
and increases the selectivity of the epoxidation.

One advantageous embodiment of the process
according to the invention consists in introducing the
gaseous phase into the reactor at a flow rate such that

25 1t not only entrains at least some of the oxirane
produced, but also circulates the liquid phase in the
reactor, 1in particular when this reactor is a reactor
of loop type. In this case, the gaseous phaée is
generally introduced into the reactor at a flow rate

30 such that the molar ratio of the flow rate of this
gaseous phase to the Hy0, feed rate is at least 5, in
particular at least 8, values of at least 10 being
common. The molar ratio of these flow rates 1is
generally less than or equal to 100, in particular less

35 than or equal to 60, values of less than or equal to
40, or even 20, being common.

Any type of reactor may be used in the process
according to the invention, in particular a reactor of

loop type. Reactors of loop type with a bubble siphon,



of loop type. In this case, generally introduced 30 such that the nolar
gaseous phase to the particular at |least comon. The nolar into the
‘ratio of H202 feed the gaseous phase is reactor at a flowrate the flow
rate of this rate is at least 5, in 8, values of at |east 10 being ratio
of these flowrates is generally |less thén-or equal to 100, in particular

|l ess 35 than or equal to 60, values of |ess than or equal to 40, or even
20, bei ng comfn. "It yplee of Cieaetoriomy ©€ utkd | Alppédpr eoess algecor di ng

to the inventdiiodn PArbircWidl Babadgher of oboRPnENPSy ABAGHEISGOh | ooP
type with a bubble siphon, in which the circulation of the [1quid and al so
optional |y of9thelBaPalyst 9% bt aPREACBFShulBIS i etalks: | AR&SoRPe the
branches, aresuirbabker T sdi¥peosel reackae i ShehSfdoseehéd Hakent

abovenent i_oned tent, 5 pl i WD 99/48883. In the process according
to the inventd ,l?{%l$%ﬂﬂgr%%é§%%§£e advant ageous to maintain the pH of

the 1iquid phase durimgthbe preacidssonabesyebingt he amefi masdtibhe HR02 at a

val ue of at | t_ 4 Ln particular of at 10 least 5. The pH i

advantageousf@ﬁfé%EO?%a%Oogeeaggﬁngggegpg,991%%%?'%ﬁﬂeﬁh?e§§ PﬁaﬁhSr equal

to 6. Good reisulid phaseobdaried whenréhetpehibetveandtBet 0l€f5p and

breferably fromSukg 8 IheaphLobrthe higubdphase, gurkng e gpoxidation
e %y I's"base

reaction_may confrolled 5 adalng a base. T may be chosen

from wat éP- siftamlt & bakks PHhey adyapkagepwnyybises. tEranpresaghl to

6.5, 1in 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 phase
during the epoxidation reaction may be controlled by
15 adding a base. This base may be chosen from water-
 soluble bases. They may be strong bases. Examples of
strong bases which may be mentioned are NaOH and KOH.
They may also be weak bases. The weak bases may be
inorganic. Examples of weak inorganic bases which may
20 be mentioned aré NH4;0H,;, NayC0;, NaHCO;, Na,HPO,, K,COs3,
Li,COs3, KHCO3, LiHCO; and K,HPO,. The weak bases may also
be organic. Weak organic bases which may be suitable
are the alkali metal or alkaline-earth metal salts of
carboxylic acids preferably containing from 1 to 10
25 carbon atoms. Sodium acetate may be mentioned by way of
example. Weak bases give good results. Weak organic
‘bases are preferred. Sodium acetate 1is particularly
suitable. |

. The molar ratio between the amount.of olefin
30 used and the amount of H:0, used is generally greater
than or equal to 0.1, in particular greater than or
equal to 1, and preferably greater than 5. This molar
ratio 1s wusually less than  or equal to 100, 1in
particular less than or equal to 50 and preferably less

35 than or equal to 25.
In the process according to the invention, when
it is performed continuously and in the présence of a
zeolite, the H;0, is generally used in an amount of at

least 0.005 mol per hour and per gram of zeolite, 1in



strong bases which may be nentioned are NaOH and KOH.  They nmay al so be
weak bases. The weak bases nmay be inorganic. Exanples -of weak inorganic
"bases which may 20 be nmentioned are NH4OH, Na2CO8, NaHCO3, Na2HPO4, K2CCB,
Li 2003, KHCO3, Li HCG3 and K2ZHPO4. The weak bases may al so be organic. Wak
organi ¢ bases which may be suitable arel?he alkali metal or alkaline-earth

netal salts of arboxylic acid ref er abl ontaining from1l to 10 25
car bon atom;.p%ﬁ?ﬁﬁ?ﬁ\éetogt-eaqmieg@tn@n@goﬁ@ Wl\/vg}p 2BRakisie. 9N ABAK
bases give good resilite. Wak angant cof bas@s s eupneieyr edssSCtdl:caulrr}cm_et at go
is particular uitabl e. e nolar ratio between_the_anount, of olefin
used and t he gﬁ%ﬁ?}t lt%f BH%OE‘EESéD li?%%%e?%?l‘}e@rgﬁf‘@r oty ﬁfﬁq&rteeqt?é}éto
0.1, in partiénl aprgicater tlems drharequaleqeall, tand poif eeablhowgr eatder than

5. This ar yebath-Qp szLézjl- ess,d fan, egua 1QQ, . .in rticular
| ess thagnjor geualbktglct)1 %5uan lpl?lte 'er§a €%y ‘Iergése g’g %Réﬁno?ggqﬁéﬁ atngo qst In
the process aB€ofidPngCf o 9rké tiedveMamnorweanali ttd sO p@?d froehederodtdmuous! y

and in the prgﬁané&élof gtanZ€8Fi tLo 1N HARY | S g8nanald yosedyi o) an amount
of at | east 8?0 | "per hour and per gram.of zeolite, 1n -"10
particul ar of “at 1€ sTPeg.bﬁuﬁnﬁnﬁepeﬁo%a%nﬂfpé?ob%’é‘?n of zeolite. The

“amobunt of H202 is usuphéyrkessibhabeeweegquak b0ec2ih HRH PBE h?w @l per
gr am of Zﬁf)”%}g, Cand. ic{1 pa ti.culgﬁ |l ess than or _.equal to 1 m%b ger hour
and 5 per grant ofc #é019% ePUPr éfer e HE S PHr GanSahburtiClof 2@ of
greater than oetaguabdltood. 68 aAvmmopeénmheualt.aftiepeaktgiamagf beeaHdserand

| ess than or | _t . er u . per f Qlite.. The
reacti on bet vvggﬁﬂt ﬁelchllgf #}?g%%igt hae%2%£?%g§H8169%121?03}%3%? Olsﬁldin'n Fhe
presence of alsBhiuBuch gsdaumpet aPosalssiom,an &aesdiuom samagrifsd uret al may

be chosen fremalkali setadsiand pldkalinergart bhaetgls; suchyass Idthi um

SOdlunr %%}asgagg%tggggbgf} Hg Qggg?nkxides, hydroxides, carbonates,
sulphates and phosphates and organic acid salts such as
acetates. The halides are generally fluorides,
chlorides, bromides and iodides. Preference is shown
-for chlorides. The salt advantageously used in the
20 - process according = to the . present invention is
preferably an alkali metal halide and advantageously
sodium chloride. The amount of metal salt used is
expressed as the content of metal ions or of ammonium
ions arising from the salt relative to the amount of
25 catalyst expressed in millimoles (mmol) of metal or of
ammonium per gram of zeolite. This content ‘may be
greater than or equal to 107* mmol/g of zeolite and less
than or equal to 10 mmol/g of zeolite. Advantageously,
the metél salt. content 1s greater than or equal to
30 1073 mmol/g of zeolite and less than or equal to
1 mmol/g of zeolite. Preference is shown for a content
of greater than or equal to 107 mmol/g of zeolite and

less than or equal to 0.5 mmol/g of zeolite.
The temperature of the reaction between the
35 olefin and the H,;0, is advantageously greater than 35°C
to overcome the gradual deactivation of the catalyst.
It 1s advantageous to perform the reaction at a
temperature of greater than or equal to 40°C and
preferred greater than or equal to 45°C. A temperature



calcium strontiumand barium The netal salts are 15 advantageously
hal i des, oxi des, hydroxi des, carbonates, sulphates and phosphates and
‘organic acid salts such as acetates. The halides are generally fluorides,
chl orides, brom des and iodides. Preference is shown for chlorides. The
salt advantageously used in the 20 prdté%%'éccording to the . present

invention is referably an alkali netal h }&g and advant ageously . sodi um
chl ori de. Theogngﬁﬁ?%SF Qi‘?él?qhgidtpé%g re3sBEsShs %ﬁﬁ%@ﬁ%ﬁ of
metal ions orpoéfanmedi umHdwenemri sithg fr eeatbeosal ttembpatdterd o Fhﬁ
amount of 25 expr.ess in gilli-moles (0D % f. metal or

anmoni um per %%%%ﬂ%eo]léﬁ%%ns ctht gnt aﬁéy %Ee% ?%%J(%r F4h aé’qual to
10-4 mol / g of0Z@ol The dmthpleass unchaat owhégbalthteo dlefiiwl kgaot szedltit e.
Advant ageausiyne AR MeLal Sghtrcontentels arealge d hanor jequal 1980 10-3
mol /g of zeolite and | éss than or _equal to 1 mmol/g of zeolite.
Preference i sSPEhboFRPbY RetewrpendS Gfarded® e¢- t han or equal to 10-2 mmol /g

of zeolite and |ess thapher pegeakst @ ok I 0fn2eqhkbar 1 IRe the
tenperature of the reaction between_the 35 olefin and the H202 is

advant ageous| 5Pr ekt 2rPEHARSBELES P edtBr Goite Hife fyPadlial dedet Paccon of
the catal yst.at | htinsspHeantageeusdre@ .perd onayt ke sceagdkdnpabca JrRugeerature

of greater, than or equal.to 4 and _preferred greater than or equal, to
45C. A t EperBt e 11 STl er Eﬁ%ﬁ](ﬁ%%ﬁﬁﬁ%et QﬁﬁSiQStnD§F%eed
particul arly 4prisder redrdoneverqf the baacts ol eaipes aimrpra@ti@@aﬁr thI yh

| ess than 100C and pr {y |e t 8 T eratyre . at ich the
olefin reacts with 54ﬁé§€$&g?isﬁéengﬁgiIyB%%¥ﬁ£§%£§gg.angvfﬁﬁé%%%§s _
preferabl y betaeern4set ahlieg@Ccocks st e qurstions tawcohdi agveotths, i mhent i on,
the reactionhetweenst heeobeldn and t hge HI0Z 4By agéraké‘a@ A the

spheri.c pressure. | may al so take place under 1 ressure. Cenerall
?Lrg Breééur§”65E?9ﬁnoéx5§édCatalySt g%d the organié)diluent in a Y

reactor in the liquid phase which is fed with hydrogen

peroxide and organic diluent as well as with a fluid

comprising the olefin and at least 10% by volume of

alkane(s). The alkane content in the fluid is
20 preferably greater than 10% by volume.

This variant is advantageous since it upgrades
the various sources of olefins not freed of alkanes by
using them to manufacture oxiranes, and since it
reduces, surprisingly, during an oxidation reaction of

25 an alkané with a hydrogen peroxide, the production of
alcohol and of ketone in the preéence of an olefin,
this even taking abcount cf the dilution factor.
Consequently, the danger of precipitation of explosive
peroxides 1is markedly less than that which would be

30 theoretically expected and can consequently be managed
with ease in a plant of industrial size.

One of the essential advantages of the
advantageous variant lies in feeding a fluid containing
at least 10% by volume of one or more alkane(s) into

35 the reactor. Thé content of alkane(s) in this fluid may
in certain cases be at least equal to 20% by volume, or
even 30%. Fluids containing at least 50% by volume of
alkane(s) may also be wused. However, it 1is not

recommended to use fluids containing more than 95% by



40 bar. A pressure of 20 bar is suitable in practice. According to one
particul arly.advant ageous variant of the process according to the
‘invention, the olefinis reacted with the hydrogen peroxide in the 15
presence of the catalyst and the organic diluent in a reactor in the liquid
phase which is fed with hydr ogen peroxilde -and organic diluent as well as
wth a fluid co r|S|n he olefln and, at | east 10% by vol une of

al kane(s). ThEPHMRANEEcEHERE (Sn ¢ RF | 4F diBs eVER Rt aPie gteatds® t han

10% by vol uneflThis N@tl@ﬁtaﬁnﬂdyamla@ea@n sam&autaww)ades the various

sources of olefi ns-nq]E g}&&of al ka fs b% USJ themto manu% %r

oxiranes, and since i &5, ‘*EH?E Y siTiytse Fﬁéean B dati on Peact i on

of 25 an al kanelw¢ hof bydtfmgenlpelp@ﬁtdeulta}le apfommu 060 ®f byalv@:dhmie and of

ketone ingthe, pre ef ] thi.s .even Lng -account o
Eg%%grgglgt Ia?/é, %%Qst 7% l%}f po&%ne jlier)

di lution fact or nseque danger recipitati onaIB?uexpl sive
per oxi des is hpdkeaky Ile“s’:srqmmct hamtwhl thewoep ek ida 301 hemati@al iy

expect ed and &@HEPP@SFQ§§nE$¥nb§°n@faﬂﬁg v&ﬁ&ﬂeegfethﬁ giphant Ofy ;s
i ndustrial size. Oide of the essential advantages o e  “advant ageous

variant |ies BFPieerithy @33 bi &° cOht aT e ngMmouRt| edspxygenby niglodgwsesf one

or nore al kane{ss) tﬁé0e§5xi@§ti@@Ciééctahel§0@é§@£a9i%ahE@@e&%hn'ﬂOLh'S
fluid m ertain cases be at Otl%%;sf& equal "to 20% by volunme, or even

inc
30% FI uﬁas %nttakll‘?u‘ffbl‘ﬁf‘el sthe vol ume of al kane(s) may al so be
used. However, it is Tiod anemmndedntamael filnuitse cODhAHNIaRG TG Gt han

95% by - 12 oI n and it IS en ferbetoue fluids
notoc)(;nt ai ni ng n%k?% % ﬁgo/& %%le S)gerhe,lraﬁ/%i 88 g‘ﬁ%ﬁl 9 cgﬁf’gﬁﬁ YRore

than 50% by Mol gaebeh oﬁt‘@cﬁmsn apd parefendlary aB |wast 699lbynveltoms. 5 and
preferably. aIPfé%%%aEﬁ%ﬂ)b¥h¥°%“@%neTq§5aﬂ?ﬁ@éroénByQﬁﬁg?n @tQQ%H%% |nto

t he epoxi dation reactor usual | ess than 5 the vo une of
fluid, ah@ jsany aromatic substltutents in particular. When the

olefin according to the invention is propylene, the

alkane(s) consist(s) mainly of propane. Preferably, the

alkane is not wused as organic diluent <for the

epoxidation reaction and is different from the crganic
20 diluent.

The process according to the advantageous
variant may be continuous or batchwise. If it is
continubus, the fluid may be recycled into the reactor
after the reaction between the olefin and the hydrogen

25 peroxide.

In a first case of the advantageous variant of
the process according to the invention, the process is
continuous and the fluid fed into the reactor during
the start of the process contains less than 10% by

30 volume of alkane(s). During the process, the fluid is
recycled into the reactor after the reaction between
the olefin and the hydrogen peroxide such that the
fluid recycled is gradually enriched with alkane. The
alkane content in the fluid thus reaches a value of at

35 least 10% by volume.

In a second case of the advantageous variant of
the process according to the invention, this process is

continuous or batchwise and the fluid fed into the



preferably equal to 0% The anount of oxygen introduced into the

epoxi dation reactor is generally less than 10% 10 of the volune of the
*fluid. The al kane(s) contained in the fluid according to the present
invention generally contain(s) from3 to 10 carbon atons and preferably 3
to 6 carbon atoms. Preferably, the alkane is |linear and does not contain
15 any aromatic substitutents in particular. Wen the olefin according to
the inventi on*$3ChPbpyFBRENdt héheal IEdfets) TonsFBE(sPrRERAPY &Y ane.

Pr ef er ably, dt@@ngggfm?@eat Slg?l@ét @%gi 1B @dsg@mé goﬂiﬁ}rlg@ﬁefgirht he epoxi dati on
reaction and is differen romthe organic i luent. rocess
according to the advant@ %Bﬁ%f}vaﬁﬁﬁht%&Hﬁdbe?E%WPFﬁﬁoﬂg &5“8af§ﬁﬁ%§a f

it is continaedsizhthealfdanied snay Wieldtecye! €ddi iha d hehd eacdotor afikera t he
reacti on Rhet t olefin and the_hydrogen 25 peroxide. In a_first case
% \t,ggg r}% Jcﬁls c se,t hgnsr &algucular .eﬂ’%og&m[eﬁg i?‘lﬁ/erihhieon, t he

of the advantageous variant O ess accord

process is cadvimuausoand vehlre ahlitui df f édhei mpootdes r eacicodidyr i hg thike start
of the proces i ns n.10% f. a ney ring the
process, the ?Tﬁ?ﬁﬁ?%g f%%%%fbg@iﬁ%o % e“$§§%§%¥.af§%ﬁ %Eg ﬁ%ﬁ% ig%ebetmeen
t he ol efi n anBea®echydiogerf st oxd e sueh that tite net updiveeydiredniss

gradual l'y enrighedeysth abkaneorTheneal kaneagant gpbdaubekine blui d shiys
reaches a value of at 35 |east 10% by volune. In a second case of the

advant ageQus GaFFahite? Che prid@Ed ackddf ngito tHE i nteREFSR, t Hils
process is cpatt ewlsr ovhdat ehink seecastothesf buirdatbedri Bifo 1bbe +yb3.

react or duringntgﬁ.gtagt of %hegprocess alreag%% pogta&ns gt.lgas%hlowbby
vol ume of al kahets}S Br&fer &BFy S%he™ T 1 9P ¢ {Tombr FEFRGEHE“ 0 BF Pn TP&nd t he
al kane(s)) whredmcterfad &nfbovheateastoh thah tbegaslaknrehis cdséheone
particylar enbpd), "Bt Ob £t BBy 5 gas to the feed rate of the peroxide

15 compound is at least 5, in particular at least 8,
values of at least 10 being common. The molar ratio of
these flow rétes is generally less than or equal to
100, in particular less than or equal to 60, values of
less than or equal to 40, or even 20, being common.

20 In the advantageous variant of the process
according to the invention, when it 1s performed
continuously, preference 1is shown for an amount of
hydrogen peroxide of greater than or equal to 0.03 mol
per hour and per gram of zeolite and less than or equal

25 to 0.25 mol per hour and per gram of zeolite.

In the advantageous variant of the process
according to the invention, the aqueous hydrogen
peroxide solution usually contains not more than 70% by
weight of peroxide compound, in particular 50% by

30 weight.

The invention also relates to a process for
manufacturing an oxirane, according to which an olefin
is reacted, in a reactor in the liquid phase, with
hydrogén percxide in the presence of a catalyst and an

35 organic diluent, in which the reactor is fed with

. hydrogen peroxide and with organic diluent, as well as
with a fluid comprising the olefin and at least 10% by

volume of alkane(s).



advant ageous variant of the process according to the invention consists in
introducing this gas into the reactor at a flowrate such that it not only
"entrains at |east some of the oxirane produced, but also 10 circul ates
the. liquid phase in the reactor, in pay icular. when this reactor is a
reactor of loop type. 1In this case, e %aé is generally introduced into
the reactor at a flow rate such that the Iar ratiq.of the flow rate of
this gas to the feed rate SF thePp8FSRd&T1 ébﬁﬁ§EW&HQ?zﬁoqﬁﬁﬁﬁo i
particul ar attbease &ovanﬂagaowﬂ atriaastdilfc besef sloovenwhéhe inoliar ratio
of these flo ks.gen ]y or ual 0 |n.part|cular
| ess than or é%%g%g§3868? 3 g Ehgﬁﬁeggé aﬁogglgegal t%'%§, T&Rfen 20,
bei ng common.PROCEast hé éﬂeamnagebmonvahuahtuoEsth@ PIONEESSs hﬂdﬂﬂgﬁﬁ@ to

t he i nvent 0Ny, t i f or me uoysl y, e i - for
an anount%ﬁ %ﬁggga%n %S%Eg%ﬁgofq§¥%§?%¥pthgg(Ne%E£%§%$§§O Oéégﬁgmper
hour and per FrBRTBRtZaLLYVtOUZRd WAt hah dheedubituns ﬂ@rgvgglﬁﬂ@mer

hour and per ghanogfdaesbht &f Iarttb@agevo&ba&qma\fﬁtm@m e dyHcess
according to the inventio t he aqueous roge er oxi e so ution usuaIIy
contains not YbFeCthan FOKSEFEUSRE ghtWaih %@?oxrﬁ@ 28ﬁpou@¥r%ﬂ¥%%9¥¥bular
50% by 30 wetgaatmdhe. |nvent|on aIso relates to a process for
nanufactqung an OX|r@ Acg ?EQ'% %hlch an oI %ﬁ reacted, in a
reactor in the liquid p%ase Wit hfﬁr Bé?gxr OtRET pPESETES of a
catal yst and nay3%eorgrnfcrmid uene, dlidenthici the thaséomﬁfsthedﬁmﬁét
hydrogen per d o] ni e a A i th | Ui
conpri si ng tﬁ%kg ?neggégt : gaggelg g B% vo?ﬁﬁg oP%gﬁéﬁéké%?%ﬁ#é% Thi s
ot her process56¥u¥h@nrnvent|on corresponds to the advant ageous vari ant
'(rjlh sc:c osefll aboygambes it fsccdrefiiy e asesucivamdieut bel ngxeepbined with

e firs

5

(comparative)

A continuous reactor containing 5.25 g of TsS-1
is maintained at 35°C and at atmospheric pressure and
fed with 0.57 mol of H,0,/h, introduced in the form of
an aqueous 40 wt% solution, with 4.75 mol of methanol/h

20 and with 250 N1/1 (i.e. 1i.2 mol/h) of propylene. The
liquid and gaseous phases leaving are analysed to
detefmino_ the proportions of the various organic
products and also the degree of conversion of the H;0,.

The table below summarizes the results obtained

25 after the tests, starting with a fresh TS-1 catalyst

prepared according to the procedures known in the

literature.
Example No. 1l (invention) 2C {(comparison)
Crude extraction Purified Hy0,
H,0;
Degree of conversion 76.7 | 76.0
of the H,;0, after
running for 2 h
Idem after 6 h 54 ' 53
Selectivity* after 90.5 85.4
6 h




process of the invention which uses an aqueous hydrogen 5 peroxi de sol ution
obt ai ned by extraction, using substantially pure water, of the m xture
"derived from the oxidation of at |east one al kyl ant hr ahydr oqui none,

wi t hout subsequent washing and/or purification treatment. 10 The
conditions under which this other process my be perforned are identi cal
to those of thetﬁq‘e”%ele‘?ft‘i%st%eﬁ%c ot Ossddepysenof rarenude h

per oxi de solutlon Exanpl e accor&fng to the invention) and anp e 2C
15 (conparative) Pﬁo@éfﬁteinﬁuo%l eactirreshtte g o5, 2or gpic THrpdlcs s

mai nt ai ned at 3%Crawrd.at atnospheric pressure and fed with 0.57 nol of
H2Q2/ h, introduced in_the formof an aquequs 40 wt % solution, with 4.75
nol of nethanol /h 2on%%dl§m R°Y8p Rl FEqdva hasD %| ?ﬁ}lﬁ%%r@ﬁy%ﬁe The
li quid and gafsam@@thasles baaweirngdar ewiah y siad té‘l@tl d@f@ﬁ@t@@ the the
proportions of the var oduct s and_al s t he ree
conver si on of %%2 602 fﬁéztg QPEM g fﬁ%lﬁﬁgyré§ul 1ﬁéd 25
after the testsflstmredngn wittdn zaré$@$d:1e T&E 1t1¢atcahyc$é Hjopepar ed accordl ng to
t he procedures known t i ny nt| )2C
(conparison) Crude ethk?actglgSﬁEE%? gfcﬁ\’zto@%pﬁ%oe%r%’é{s 2 tions
conversi on76.7v6:leeR Hage PE@BtaPﬂérShenhdnéefoptgdh | dem after 6 h5453

Sel ectivity*after90-585-4 61 —15 the—setectivity is—expressed—by the
rati o nol/ Icmeﬂ%r%wﬁﬂe oxi de) forlnefrveeal0f or gkl Irddudes
formed. Na 26 2.3
Other cations (except HY) < 0.3 < 0.3
: NO3 . ) 34
Phosphates expressed as P 28
TOC | 172 69

10 Example 3 (acéording to the invention) and Example 4C

(comparative)

The table below' summarizes tests that are
identical in all respects to Example 1 and Example 2C,
during a following 'cycle after regeneration of the

15 - catalyst. This regeneration is obtained by passing air
heated to 300°C over the catalyst for 7 h.

Example No. 3 (invention) 4C (comparison)
_ ' Crude H,0, Purified H,0,
Degree of conversion 75.4 75.6 '

of the H;0, after

running for 2 h

Idem after € h 53.5 54.3
Selectivity** after 91.1 85.7
6 h :

It is confirmed that the activities have, to
within the accuracy ‘of the measurements, remained
identical and that the difference in selectivity is

20 maintained.



As is known, a gradual loss of activity of the 5 catalyst is observed,
which is not, affected by the quality of H202 used. Only the selectivity is
" favourably i nfl uenced in the presence of the crude H202. The respective
contents of anions and cations in these H202 sol uti ons shoul d be noted:
Content in ng/l| Crude H202Purified H2OZ Ne262.3 Cther cations (except Ht)<
0.3< 0.3 NO3343. 7fho al 83n € S 3 xanpl e 3
(according to - : ! ' :
summari zes teshs izhraentaoe) |dent|cal in all respects to Eli(anﬁl el and
Exanpl e 2C, during a,foll fter eneratlo of the
catgPyst Thi s reggnerrfétlg10 %%gbﬁg by5%§35|ndlal?b éﬁ?gd t C over
t he catal yst @é#dFZhngExa@phaqmﬁﬁbmeSﬂhyﬁnqngrﬁbd©$npashsbnleCrud@s _
H2Q2Pur i f ised égggagFQ&eﬁs?B%CQHMEEEEHBl/QEtEQG E%@%g%f%§§t§§€€§% Qﬂﬁunnlng
for 2 h Idemafter Selectivity*

confirned thalYt Weigeti % i Bsthavel -t Fhid t ARHePHE Hsduraady UaStﬁélen

measur enent s, ysé@nahned piseptical Cgeﬁlaaeiohh%e%'tffeémén 58¢l @Gfd vity

1 le 5 arative) and Exa accordin
Is 20 nalntalnedyerfo@mancgnaualltles obta&ned)were compared %1th g

to the |nven4fh
those of a similar test carried out with crude H,0, at

10 40% by weight in water, obtained from the extraction of
the same shuttle with substantially pure water
(Example 6). This shuttle contains 11.8 g/kg of Hy0,.

The extraction with the water/alcohol mixture
was carried out in 4 steps:

15 A first extraction was carried out by treating 14 331 g
cf shuttle (containing 169.1 g of HJO0, in total) with
1511 g of the methanol/water mixture. The methanol/
water phase 1is denser than the starting organic
solution and separates out relatively quickly (in about

20 15 min) to give 1085 g of extract. Its  Hy0
concentration(' determined by iodomefry, is equal to
3.18 mol Hz20»,/kg, which corresponds to 3.45 mol or
117.4 g of Hy0; (= 69% of the total present).

A second extraction was carried out with 1522 g

25 of the same methanol/water mixture. The separation is
less sharp. The separation of the phases is fairly
slow: more than 1 h is required to be able to separate
the phases. In contrast with the first extraction, the
methanol/water phase is 1less dense this time and

30 consists of 1215 g of extract. Its Hy0, concentration is
equal to 0.833 mol/kg, which is equivalent to 1.012 mol
or 34.4 g of H;0,. 90% of the total H,0, are thus
recovered in two extractions. ,

A third extraction was carried out with 1511 g

35 of the same methanol/water mixture. The same separation
difficulty was encountered, with recovery of about
1446 g of methanol/water phase. Its H,0, concentration
is equal to 0.244 mol/kg, which is equivalent to



An H202 synthesis solution obtained after - oxidizing a

qui hones/ hydr oqui nones shuttle was 5 extracted using a methanol /water

‘mi xture containing 52% by wei ght of methanol. This aqueous extract was then
used in a propyl ene epoxi dation test (Exarrpl e 5C) and the perfornmance

qual ities obtained were conpared W|th ~thbse of a sinilar test carried out
W th crude H20Q2 10.40% b i n_water, obtalnedfromthe extraction
of the sane %S{sl BO® 19 s%u/%mﬁa tloafl 1 §2Qsur 6 viat P 6 - PExfpl BRE) Lot s
shuttl e contaiiyts 1h & Wﬁtgta@ftlld&(%z The extractl on with the water/al cohol

m xture - was carried 9ut irst. extraction was ﬁarried out

eps:
by treating. 14 331 ?igﬁm t3 69886%?‘& ‘?ﬁ“ﬁ 29BN a5t ERERITR Bttal)
with 1511 ¢ V@ithhelfnﬂ hanolf/ wabher sama umethihe lnfebhanol hixvater [ase is

d th t t e es, out .rel at.ively
QU okl y (Pn abane 20 Feat i Car B REY PU L OPRRRL R By, WK
concentrati onfedeverti wéd ayouoddABiryg, dfs metiadnob/watd8 pbhskl2 O2/tey,
whi ch Corresp@ﬂgs EOnBehor Pl ol 151t ©F h?Q?Fﬁ{%gaﬂ%ffzgﬂf?ﬁoﬂ%

present). A second extraction _was cartied out t he sane
met hanol / wat e?If k2 4PRE FReUsdBr BPLloRY - 6 es LT HED. (The-séPaddt icdn of

the phases isthaitbyalshaw imoueckhRanctibniss.required to be able to
separate. the phases. én contr st with the first extraction, the

met hanol AWat er phase T Ie4sseEf HEETENI €T e NEf BOXEBNSTRIZERAT 1219 g of
extract. Its 02 cencerthahbdriwbaserequallutdod. 833nralinkeg \Mm o 1

| ent t f H O%ft t 202 rethus
(raggloxgr :3 m%%%wtétraﬁ?%n%é% Ajt)ﬁl(r) on%?rrrélg |onO g%ﬁ% ut \E *h 1511

g 35 of the ®epkanet hgnotenat asleteirgtimesl TheGSans Stafpat}ael Dagldnf fofcul ty
was encountergsh uiyih recovery of about 1446 g of nethanol/water phase.

Its H202 concentration is equal to 0.244 nol/kg, which is equivalent to -
17 15 The content of “useful” guinones (= which may

be used to produce H;0;) lost 1in this phase is
0.020 g/kg of extract. |
There has moreover clearly been passage of some
of the methanol into the guinone shuttle, as
20 demonstrated by the differences between the weights of
the methanol/water mixtures "used and those of the
collected extracts (in particular for the first and
second extractions). The methanol content of the
quinone shuttle, determined by GC, is effectively in
25 the region of 6.0% by weight.
The propylene (Pe) epoxidation tests were

carried out in a plant of bubble siphon type under the

following conditions: T: 55°C; flow rate of
Pe: 75 N1/h; HyO: 0.17 mol Hy0./h; concentration of H,0,
30 in the zero-conversion loop: 1.0 mol/kg; catalyst:

0.53 g of TS-1.

As regards Example 5, the introduction of the
mixture alone of the four methanol/water extracts
containing H;0; into the bubble siphon plant would lead,

35 following stripping, to a methanol-poor medium (conc.
< 440 g/kg). Consequently, additional methanol was
added so as to keep its concentration in the loop at
~ 440 g/kg, which_corresponds to the methanol content

of the reference test with crude H,0, (Example 6).



0.353 mol or 12.0 g of H202 (i.e. 96.9%of the total H202 in 3
extractions). Finally, a fourth extraction was carried out wth 1517 g of
‘t he sane nethanol /water m xture. The 5 sanme separation difficulty was
encountered, with recovery of about 14971g of nethanol/water phase. Its
H202 concentration is equal to 0.071 nol/kg, which is equivalent to 0.106
mol or 3.6 g of .H2O2TKeé. eceHA.10 ebtatihed obhak HPOZn ni4 exheactdwns) . 10
The 4 extracté yer e then m xed together, to give a nethanol/water solution
cont ai ni ng O. 4 H202/ kg (effectively confirnmed by titration). The

met hanol content determ ned B GCis inther Igl ontgf 437 g7kg. 15 The
content of "useful " —gu-rones FE ohiTh SPRVCIBLONdd 8 BaO%dlitle HPQ2) I gst in

qul LAY A N AvXe)
this phase is 0.0202ghkg ®fhekts ax:t. oThereehRs rTDrkeovzazr el ear hy beellil

amonst  at od (Bt 88+ LAladobBeobi Lha s GES- ai *c ol bt hapdh-Auat er

LII ur 1 LT CTTOC OO L AV) oTT T

m xtures ' us Elxarﬁd tBlBJsb afs.6he24col Immed Xt aa1956(|117.psa tliscyl ar7tmr the
"first and second extractions). The nmethanol content of the quinone
shuttle, deteExgmpledy’/GD 9s effectively in 25 the region of 6.0% by
wei ght. The propyl ene Xid st i t | ant
of bubbl e si phon typepéﬁg%lr&?ﬁ q@tq ‘\7\,15%9 I?:%n %%%géé Eﬁi’SS% L{bb\%e?ate of
Pe: 75 N15h; $PRPON 0. 192@bPr H289/ hillE6AEEREr atiiton Rt eRE02 3P liiTattien
zero-conversign $9ppsgds 0 malf&gctgaﬁabbé%beenOp&%pg&%fneT%an n%ﬁjxropg%{ ds

of

Example 5, the intr duction of the mixture alone
met hanol / wat r€EX¥ 13Tt 40 JGift aPRFRGRSOP nf‘lﬁtflﬁé‘oﬁut?d?% @ﬁpfﬁﬂ?apllyaﬁﬁ woul d
| ead, 35 fol IDwhousédippitigs form SRthenos - POBr miedh ual {repsr. < 440
g/ kg). Consequently, di nal et hanal_.wa dded go.as to keep it
concentration in the OOpE%%tg were carried ou temperature E

10 55°C, with a continuous feed of hydrogen peroxide at a

flow rate of 0.17 mol/h. The total flow rate of gas is

75 N1/h (i.e. 3.3 mol/h). The initial H,0, concentration

in the =zero-conversion léop was 1.5 mol/kg. The amount

of catalyst used was 4.5 g of beads containing 1.5 g of
15 Ts-1. _ '

In Example 1, ‘a  mixture containing 75%
“polymer-grade” propylene (98% propylene and 0.3%
propane) and 25% propane (molar %) was used; in
Example 2, 100% “polymer grade” piopylene was used, and

20 in Example 3, a mixture containing 75% “polymer grade”
' propylene and 25% nitrogen was used.

The results obtained are given in the table
below.

The selectivity towards propylene oxide 1is

25 given by the molar ratio, expressed as a percentage,
between the amount of propylene oxide obtained divided

by the sum of all the C3 organic products formed.

Degree of conversion of H,0, (%) | Selectivity

5 h 6 h 7 h 5 h
Example 7 57.4 55.3 52,6 85.8
Example 8 67.2 64.0 61.7 84.5
Example 9 59.1 53.3 51.2 85.9




Az~ 440 g/ kg, which corresponds to the nmethanol content of the reference
test with crude H202 (Exanple 6) - 18 The results obtained are given in
‘the table bel ow. Degree of conversion of the H02 (%9 2 'h3 h4 h5 h6 h7 h24
h25 h26 h E Ex. 5C30.420.718. 615. 312. 610; 48 78.48. 1 Ex..

633. 325. 524. 420. 420. 119. 617. 518. 417. 2 Exanples 7 to 9 Propyl ene oxi de was

manijf actured in a ;)ubblh@ iz cprhemdlea f@auagigﬁs%eﬁmg@dgﬁgﬁgt 5 h
application W) 99 883, reactjon t ween _propyl ene an ydr ogen

peroxi de in the §r8§ nH‘E‘O&P}!’rTEf‘teorfan ¥a%ﬁe\3$'c§§’£‘%stlsT§91 FLEFGF he form.
of beads 0.5 macea of ahetperopdhelt st Bewes e2 cafidi 8d out at a tenperature of
10 55C, with g ggﬁé nuQus feed of ‘hydrogen peroxide at a flowrate of 0.17
nmol /h. The t ate of gas is 75 Nl/h (i.e. 3.3 viol/h). The

initial H202 concentriatitest iunddre cenditbowersidentliced was th&sevldfkg. The
amount  of cagahysiedised v8s 4. Sagogh b@ggs cantaLpi nguﬂcqut%f teTS 1

A _

In Exanple 1, a m xture contal ning /5% ol yner-grade™ propyl en 98%
propyl ene andPPPBIBE pr GPENE ) CRFCPEETLp riIsEiec (sl areaguned asedr inh
Exanpl e 2, 1008 "pol ynehonyiade” ;i peopybengswas-usgd, agd 2Q,ip;5xample 3, a
"m xture contajning 75%" ggll mer , ragre" J%)r opyl ene and 25% ni tr_o?en was
used. The res &Elgéhoebtjai ned®3fe Jggvéf1 Son tPrendtakte Bél ot OFnEmab{acoifvity
t owar ds poopyd@neoroxi dehé SH,25 airadr dyort hies rﬁﬁé%l‘ I&h) 0i.eXpnessgdcas a
per cent age, bgtkv\éeen t he amount of propyl ene oxi de obtai ned divided by the
t he

sum of all organi ¢ products formed. Degree of conversion of H2Q2
(9% Sel ectivity -5 h6 h7 h5 h Exanple 757. 455. 352. 685. 8



Exanpl e 867.264.061.784.5 Exanpl e 959.153.351.285.9 - 19 5 The isopropanol
production neasured after 5 h is 0.007 nmol/h for Exanple 1. There is no
"detectabie trace of isopropanol in Tests 2 and 3. Exanple 10 A test under
conditions identical to those of Exanplgs 7 to 9 above was carried out

Wi th pure propane. The isopropanol production neasured after 5 his 0.11

ml /h, i.e. a factor of 16 relative toLafxanple 1. There is also formation
of 0.04.nmol/h of 10 acetone. The H202 conversion is very low, i . e . 1%
after 5 h. - 20 CLAIMS 1. Process for manufacturing an oxirane by

reaction between an oPefét@sand fydr ogemufercaxirdeg n khe Sopresencenf a

| yst d i i di i.ch the hydrogen peroxide
e an’ aqueous Ry ogen bir o 3 Sorat of b 4 ned cty ERPrAGEI an i b
substanti al | PirRA®@t ePf ofa t heahpkyare @ed verh frompathe oﬁ_lda;tamn of at
I I , Ntk i nd/ or
| east one al kydantdy 8y dpogui pANg LG, co%{ﬁf; %P%?ﬂ&l@ %swgﬁ ) Cehut%]e

purification_ treatnent. 2. Process a aim 1, 1
oxirane is 1,XEREIGHrOPEAELARdSPREtEPRT PRtRENSPr by eaf@actith, 3wilkiocess

according to iﬁkﬁéﬁﬁr%tﬂlﬁy purxgh:métﬂe QEXEh@tCFIﬁiQf\:LYPé feaegs?g%g: ('Is%)olmezs

t han 3% by i.ght of . -organi Iluents, in particul ar of alcohol . 4.
Process accgﬁ: go¥bd3ﬁ§88n8%bﬁnih e3%bc BN G L k&t T ahy ARRIdEE NORE 202
sol uti onlObt aiingtbuly 20sektegathen comdsiingy at heasdr0. 0QLrakFl camd opot nore
than 10 g/l € inpurities expressed as TOC. 5. Process according to

any one of the precedi ng
2. Process according to Claim 1, in which the

oxirane is 1, 2-epoxypropane and the olefin is
propylene. ' : /
15 3. Process according to Claim 1 or 2, in which the
extraction water contains less than 3% by weight of
organic diluents, in particular of alcohbl(s).
4. Process according to any one of the preceéding
claims, in which the Hy0, solution obtained by
20 extraction contains at least 0.001 g/l and not more
than 10 g/l of organic impurities expressed as TOC.
5. Process according to any one of the preceding
claims, in which the H,0, solution obtained by
extraction contains metal <cations (such as alkali
25 metals or alkaline-earth metals, for instance sodium)
| and anions (such as phosphates or nitrates) in contents
of greater than or equal to 0.01 g/l and less than or
equal to 10 g/l. '
6. Process according to any one of the preceding
30 claims, in which the H;0, solution obtained by
extraction comprises at least 5% by weight and not more
than 50% by weight of hydrogen peroxide. |
7. Process according to any one of the precéding
claims, in which the catalyst is titanium silicalite,
35 preferably of TS-1 type, with a crystal structure of
ZSM-5 type, and the diluent is methanol.
8. Process according to any one of the preceding
claims, in which the reaction medium comprises a liquid

phase and a_gasedus phase, and in which the content of



clainms, in which the H202 sol ution obtained by extraction contains netal
cations (such as alkali 25 netals or alkaline-earth netals, for instance
‘sodiun) and anions (such as phosphates or nitrates) in contents of
greater than or equal to 0.01 g/l and Ie% than or equal to 10 g/l. 6.
Process according to any one of the preceding 30 clains, in which the H202

sol ution obtaépggnpg dﬁfﬁéﬁgtﬁ ntﬁgnﬂﬁgﬁga.akaggaﬁgrggéggegbggﬁgi not

more than 50% Dy wei ght hydr 6gén "per oxi de %o any
one of the preeedehgrtclains, in which the catalyst is titani umS|I|caI|te

35 preferablygof TS lptypess W'aE'&o%dciL%Stt% shiuchyr & of tnés%rh%eé and

the diluent is nethanol. 8. Process according to any one of pregedl ng
claims, in wiithlPhe RESEFAGRINEN R £OfpENSes 1o flingui o rphasedanmy th

a_gaseous 5phagigs apdrbgeﬂhlp@tdﬁ%lecom eeheof reséhce0r@ant fedidient, din the
l'iquid phase is ater than 35% %r? 9. Process according to any
one of the praeré% RFARHLC ééclo"r o @\hlr@r?ct%?éf oftBf i Fh¢ s Jrigadtded wit h

5 the hydrogephqtme,oxiﬂe iwhidre p:rmermﬁoﬁ he catrldy/striad Rl g@ani ¢

diluent in a SACL O in iquid ha |nwhchthe reactor is fed with
hlydr ogen peré)xfo ée GCE Jejn’tlg%t 'e\élov’eig #Ft K14 ff"‘wfdu&énﬁﬂnﬁwlntghe
ol efin and atthéteasltefm%abyd\mt uneaof B0kame(s)ludd dO.a Pracess) accordl ng to

Aaim9, 1pn Wy ch the, £L 5[ent(.j??é)gg:)?lacjll?@@pe(t%) ERathe §luid |s at .l ot & %3; Oequal

to 20% by vol une, pref era Process accor di n r
in which thecw%ﬁ%t%fahkkaﬁé%) ipn thige Fludidd iss éll*ésise@h‘anequallﬁoequal

to 95% by volaoge,bprefamab) yplteeg;esrégﬁn s equal to 85% 12. Process
accordi ng tOLPla]dy one of Cains to, 11, which is a continuous process in

which the fl fed ?rrﬂ%e%eaizeae%rlgduﬁq nglehe st aP¥ &0t hen prdéess

the content of alkane(s) in the fluid is less than or

15 equal to 95% by volume, preferably less than or equal
to B85%.

12. Process according to any one of Claims 9 to 11,
which is a continuous process in which the fluid fed
into the reactor during the start of the process

20 contains less than 10% by volume of alkane(s), but,
after recycling it into the reactor after the reaction
between the olefin and <he peroxide compound, it is
gradually enriched with alkane(s) until it reaches a
value of at least 10% by volume.

25 13. Process according to any one of Claims 9 to 11,
in which the fluid which feeds the reactor during the
start of the process contains at least 10% by volume of
alkane(s).

14, Process according to any one of Claims 9 to 13,

30. in which the reactor is a loop reactor, the fluid
comprising the olefin and the alkane(s) is a gas and
the molar ratio of the flow rate of this gas to the
feed rate of the peroxide compound is greater than or
equal to 5, preferably greater than or equal to 10.

35 15. - Process according to any one of Claims 9 to 14,
in which the oxirane is 1,2-epoxypropane, the olefin is

propylene and the alkane is propane.



20 contains |l ess than 10% by vol unme of al kane(s), but, after recycling it
into the reactor after the reaction between the olefin and the peroxide
conpound, it is gradually enriched with al kane(s) until it reaches a

val ue of at |east 10% by volunme. 25 13. ,Brocess according to any one of
Clains 9 to 11, in which the fluid which feeds the reactor during the

start of the ig.ocess K@l ASratkaheast 10%by, val f e (s) . 14.
Process accorgi ng to any one f)f 8 a_?frisg&to 1%, %I%g%sgn ?/\#ééha@%%% )rue)actor
is aloopre 'S the ¥Pui d°/cofftidt ngleperppestasand t elantkanéps) is a
gas and themﬁadtaiﬂi(hg)fl-lzblﬂes51@&’%61@-t£cc%rcﬁﬂi1? 98Sak ond NeroLegd rate of

t he peroxi de.compound i.s greater than or equal to 5 preferably greater
t han or equallczt'o 10.%% A ceBSOC5EEST di ATt 0 BRYUHRCtBFiTyai k™ to 14,

i n whi ch %he asxioratieg s th 2-:poXAPr qpeftes s heawd ef Edri SmapLeRYEgRenand t he
al kane is pr - .Plant_for carrying out a process according to
Claims 1 to %%,%:%Fﬁechgfngc%gﬁgrlgpesbeé“beie&hta oroqedfa'ﬁ’uf% fufetly H2B2NGol ut i on
accordi ng totée ROgptocesordinhg. tntCdgriat éd.process for manufacturing H2O2

5 according to an AO process and for manufacturing oxirane by reaction
bet ween an ol efin and H2O2, using the plant according to C aim 16.



