30 July 2004 Process for nmanufacturing an oxirane The invention relates to
a procegss for manufacturing an oxirane by reaction between an olefin 5 and
hydr ogen peroxide in the presence of a catalyst and a di | udAtJulyi2p94
invention relates nore particularly to.a process for manufacturing
1, 2- epoxypropane (or. propylene oxide) by -reaction between propyl ene and
hydrogen peroxide. 10 It is known practice to manufacture propyl ene oxide
' by epoxi di zi ng propyl ensodss NFJY MR RPHd)n 0% itagPresence of a
catalyst of TS-1 type, as disclTosed, for exanple, I'm patent application
EP- A-0 230 949. 15 The hydrogen perOX|de used is generally greatly freed
from organic inpuriti®se Thusentdiode srelﬁ&@ms @b hydr egesnrdpey oxkde (H202)

f f re derived fromthe OX|dt|on of at™
Menst one ol TopaRtrEaEAR Cal xR b g MR e MR P ore 50
washi ng, eéxt r@é@l Bhdﬁﬁ@iﬁ'ﬁ@rp@r%-’td& am ohhetlmpssdzmﬁ@ref betagaspsd and/ or
used In synt hetie1pepeesers igiiseicn £epRElalhy L e, caps, 1o | he, HEC2

sol utions used- for the_ manufacture oXI ranes appi o EP-A-0
549 013 rel atBECt®SEn 58T nt SgPHfagtyrdasss flor2-maakynmmpasregani ¢or.

substrates amhscﬁpylm@dmlw H2@2 vnr@aer&l@hkybéehegﬁqUbﬁegglér%@ R{OCess,
whi ch uses t ter/al cohal, m xture used during the oxidatrion of 't he

or gani ¢ subst %.% A thE© %ﬁHQKHn for extracting the H202 fromthe qui none
30 shutti@. The Applitanishaschaunstidatcd his @F?ﬁﬁ%%ﬂﬁgécf t I@%%

dr awbacks ky, Of Lbility of the overa ess due e
|nterdepende2%ghg% LE?%%P%# % 8r8€xﬁﬁ8§|§ &&5lh¥é%9%8Qkﬁ?%ﬁﬁl 85 - the
limtation ofint heth%ﬂ d%)lfﬂﬂemt afi of tdetalatsr / adTolmd-In xtwpses |m)osed by
-the extracti o s&oighd | onsso Whi ¢y aé ize rI heégae‘%rece Qfaﬁé’ﬂ’%ﬁg” of the

' h OX|dét|on reactl 30 J
H202 durlng t e e%)23 d4
15 The hydrogen peroxide used 1s generally greatly

freed from organic impurities. Thus, crude solutions of

hydrogen peroxide (Hy0,) arising from the extraction of

‘a mixture derived from the ox.idation' of at" least one

: alkylanthréhydroquinone, generally undergo one or more
20 washing, extraction and/or distillation steps beforé
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 processrfor oxidiiing organic substrates and
 for producing Hy0, via an alkylanthraguinone (A0)
process, which uses tHe water/alcohoi mixtﬁre used
durlng the ox1datlon of the organlc substrate as the
. solvent for extractlng the IhOz from the quinone
30 shuttle. The Applicant has fouﬁd that this process has
several drawbacks: -

- the lack of flexibiliﬁy of the overall process due to
the interdependence of each step of the synthe31s (AQ
and .oxidation};

35 - the 1limitation of the  alcohol content of ‘the
water/alcohol mixtures imposed by the. extraction
conditions, which penalizes the degree of conversion

of the H;0; during the epoxidation‘reaction;



- the difficulties of phase separation during extraction with a

.vvater/al cohol m xture; -the passage of' |arge anobunts of nethanol into the
qui none'shuttle, which, given the low flash point of 5 nmetR8nblY,200sults
in an appreciable risk of expl osi on in -the-vapour phase during the step .
from oxi dati-on to the synthesi s of the H2Q2; - a large amount of qui nones
extracted in the water/alcohol nixture, |ch penal i zes the econom c

viability of an |€lq%1st rcﬂf‘z‘f%ﬂpﬁ”&eé”md &ne %ﬁ}oalégl o, %{%Ltar% Oglw NONE. ; %E’ tt: e.

by by-.products he OXIl I'on reaction. reover, ropyl enéu
t he known epoxi dexivactiertyions 4 sajenetadldghadf rtrleiltalna;el y high 15 purity,

espect al |y, 10 avoide SBULEAUS o daLigl ARAGHONSEOMdiiBndPULAL) Cepeind

mainly for' reasons o d and sa Speci f 1 cal Rro ane I's the main
impurity, in pr opwiem@%nﬁhwtl%r r‘é%b‘?lﬂedg%ﬁe%aFEﬁthBBf ashopeisgaofhat

in the presgnce qﬁeﬁr&ﬂomyﬂi@m liipathe ﬁ&lmé)@lcyla%ra@x@l@%n I n

addition, in the cas é)ro‘ﬁ:an the i rod resul ti n%
therefromis i sopt’dp %IV POY ¢ ﬁé"ﬁ EOI“ GFLI8EA N, ERer son

skilled "in the athe wophithdwmie cdsech]@d{zobat in.a continuous 25 process.for
produci ng. propyl ene oxi w_th recy ng_o the organic eaction

di l uent (general I% ngeﬁgﬁol )atmouélﬁcd/ o?f 3188 £ nuo‘%‘s tbeé{ cthetBFocess-
using a propane- W&Wé@lﬂ@@bfmpxb@y@en@hm@ome}]@hﬂemtmd egocomikcat e i n

the dilueniyand ﬁf@a p,g};rhgfcaqp\ﬁq{ 3% l%nacc.e%]%rae which is

general ly d|ff|c arate fromthis dirl uent n the presence of :
hydr ogen  per oXi d@etﬁ%l‘a’éé‘?%n@fc:}ﬁlefdi%lmﬁ)xiiﬂ‘é%t%ﬁabYa ~p&RpPuesisve and

al so i nsol ubl e. i&r ofganise dmdidemrashitGhyn further increases the expl osi on
hazard foll owi ng. theiy 35. greci i i This type of reasonin ‘

tation.
applicable to any al k¥RESBY Hizegh?n Pﬁ@pkﬁl@g@ncﬁsﬁj atBer b ii‘lede%nc’Wn
conpound- and TSpﬂ:xaddtlibns rdawtdmnssols cgeabralleli rof (retyciediprhigh

Otherm‘Se)lyh'ﬁﬂrl%yr'CheEBe@kgfff(s)téﬂujé%%fgﬂ3/§gﬁkious oxidation
‘reactions of the impurities, and mainly for reasons of
yield and .safety. Specifically, ﬁropane is the main
Ampurity. in prépylene and it is reported in patent’
BE-A-1 001 884 that, in the presénce of TS-1, hydrogen

20 peroxide can oxidize an alkane. '
In addition, in the case of propane, the
oxidation’ product resulting therefrom is isopropanocl. |
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 propjlene oxide with recycling of
the 6rganic . reaction, diluent (generally metharol),
and/or in a continuous or. batchwise process using a
propane~rich source of propylene, isopropanol would
accumulate in the dlluent and end up being converted'
30 into acetone, which 1s_generally difficult “to separate
from this diluent. In the presence of hydrogen
peroxide, lthis acetone can form peroxides that are
explosive and also insoluble in organic medium, which
further increases the explosion hazard following- their
. 35. precipitation. This tyﬁe of reasoning is applicable to
any alkané 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



- 3 which would be intended for use in an epoxidation reaction. Thus,
‘patents US-A-5 599 955 and US-A-5 599 956 « di scl ose the use of a
substantially pure propylene, 5 i.e. a propylene with a purqot‘&ulyo?ooét _least
90% and preferably of at |east 98% the main inpurity of which is propane.
Now, the various processes for synthesi zi@g propyl ene (and olefins in
general ) generally lead to a 10 propane tontent (or - nore generally a

tent of alKk ich i i abl g, t th t hat of
The. propyl ene AR MG ke® SARPRRREE  sEonr diin MadrBr PRPRIIREIPBn °
processes. Patesastidds- A-5 599 955 and US-A-5 599 .956 nentioned 'above 15
illustrate this probl emug nvégt?é%,é?nmsyﬁ_ré O%Jigi@g?sg%%%pﬁgge%gsg gi ng
rte , iC

an ol efin recycle the uncadn raction ereo I's convenilonal ly
enriched in al&eselxie Theseuseprafcessesulgieantial B spuricabbeoprplerquire a

separationg20 ; of Hhe,£onstdtdIent $hprd Obutqihi Seragycl bhge DaMPLEg Of
such processes are the polynmerization of “ol-efins and their epoxidation. A
subj ect of thePFRERERLY vkntfoherstaBrocédde Mom diactUrehgvhanh

oxi rane whi ch pyabetspaie ] east one 25 of the abovenentioned drawbacks,

while at the sanme ti havi ng an i ncreased degr ee of _conver sj@gn and better
sel ectivity than that rai uSird 2 SpuPEPCEG SeExt FQEL . SYREDFRVENEF on
consequent |y ret@aiekern® gapdooessind0ihoygenemaflac iownienrg1dy dxdadanss by

reacti-on hetwee ol ef hydr. agg¢ er Qxi ikn.the. p nce of -a
cat al yst: gﬁd a%PO T gaeni c&éﬁ%ﬁt , )(g’([::co}r?1 -|rng %n\%%iaéﬁyt hga h%/%?%gen pé?oxi de
i's an aqueous dVkhrogen pevbiile isscnniaadbteai ned byeaxtaretticon, thanh

substantial |y 35 purematgl. oy {RG1 Xt Ur ender i uedhkamgt hesQxiggiion  of
at | east one al kyl ant hrahydr oqui none, w thout subsequent "washi ng_ and/ or
e

purification tFRRATARON SpearyPEal | UL FkCapPR caMrorg8sSesund, Patents
US-A-5 599 955 and US-A-5 599 856 mentioned above

15 illustrate this problem.

In addition, various industrial processes using
an olefin recycle the wunconverted fraction thereof,
which ‘is conventionally enriched in alkane(s) . Thesé.
processes are thué alsg 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 increaéed degree of conversion and better

selectivity than that obtained wusing a purified
extract.

The inveﬁtibn consequenitly relates to a process

30 for ﬁanufacturing 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 is an aqgueous hydrogen peroxide
solution obtained by extraction, with substantially

35 pure.water, of the mixture derived f;om the oxidation
of at least one alkylanthrahydroquinone, without
subsequent washing and/or purification treatment.

fSpecifiéally, the Applicaht has found,
surprisingly, that the fact of using for the



surprisingly, that' the fact of using for the 30 July 2004 - 4 epoxidation
reaction - an H202 solution extracted with water rather than with _
wat er/ al cohol mixture allows the degree of conversion of tﬁosjuléfz%?‘d'to ‘be
increased. In addition, the fact of using an unpurified extract 5 allows
a gain in selectivity conpared with the use of a purified extract. The
processes for produci ng hydrogen perode‘é ~usi ng al kyl ant hraqui none(s), or
AO processes, are. wel| known and are w dely docunented_in %h literature
(sce, 10 for SREFHIB-100 [HRERTIOPENEY cl'BPad SP 0T HtuSEFFAFESoneti S 1 y,
Fifth Editionyail®B89raVabunehdn pritdd7aS¥%arerfheyonosindixtiures ] Bots ng a

wor ki ng sol utj,on 8f at Io%ast one al kylo%nttt}{:@squ%rbon and/ or.. -of at .l east

one tet rahydr%}é? kYRt Rr &quiione €0 4 ydr'ogenati on St ebpe, NS 3 di | uent

t o produce onEnrordapteoal kydtent haahydfowsinqoass wpdirdfied extract

al kyl t et r ahyds pantbr ' Syt ' Ut V| t he
hydrogena?i ogé ste Ql%%ﬂ%ﬁ%lﬁ%ﬁ%{%zﬁﬁo}’ %@%a?%lﬁﬂw%é gﬁsyéger}%, %i r or
oxygen- enri dheEitEeqd @®L¥AGke hydrogen peroxide and to reform 20 the

~al kyl ant hr aqui'nones aryld oprabkykbst rallydppaatbidg HREBES. -peddieidydrogen
peroxide fornmed is -_then se%qarated from the'. working™? sol ution by neans
of an extradi$the syl aRERFHIMPIRE t e pPEseRt PLAFERERSn, atehivell

' ex;[ raction i skwaunt lhadd calte usimystdxs&@mﬂﬁhd YipUtlige ﬁMﬂureEh@w; ki ng
sof ution,l.eaving the_ex{ractd step, is.then recycl ed jint . '
hydr ogen&bi onf%][gepeﬁ“ﬁm% Yer ‘@r?aéﬁlgn%eﬁ%%c-}f o%%%“rcaogeorié pe Ci%f%emp bducti on

~cycle. The t etimetiid tayt anfhi dgubddnest, | $98 A} efigédet &, cﬂnnoﬁ@i—i‘rb’r) exanpl e,
9, 10- ant hraqw%pe%gagﬁgfe it eguﬁgewtm at, | 63%%100e AlkHi dSEC%{ n of
|l inear 'or brarnched aliphatic type conprising at Feast one carbon ~atom
These al kyl ckasts ¢5gal fykebrprhisraridsang handgdorcapbomtat bpdshndne -

. preferably |e@étﬁiﬁyuﬁbéI%ﬁ%HhﬁHﬂH@hinoﬁéa”PbeSaOﬁyaﬁéaeﬁéKYbﬁntQE ui nones
gfte 2:_et Eg{)l 35 ant gr, i(i\ﬁw ‘?neb %}Bs%pEeG%{)leagt hr a Uel ”é’ﬂ%}lazﬁt erca:hyg&"lro;
2-tert-bttyl art ht affai-HBRE, TO3Proguge opey on, e ‘

' quinones and/or alkyltetrahydroanthrahydroquinones. The

working solution leaving the hydrogenation step is then
‘subjected to an oxidation with oxygen, air or oxygen-
7 enribhed‘air to give hydrogen peroxide and to reform
20 the alkylanthraquinones 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 “alkylanthraquinones” is intended to’
dénote, for exampié, 9,1b—anthraqﬁinones substituted

30 with at least one alkyl side chain of linear ‘or

' branched aliphatic type comprising at least one carbon

atom. These alkfl chainé usually comprise less than 9.
carbon atoms and preferably less than 6 carbon étoms-
Examples of such alkylanthréquinones are Z2-ethyl-

35 anthraquinone, 2-isopropylanthraquinone, 2-sec— and
- 2—tert—butylanthraquinone,' 1,3-, 2,3—} 1,4- and

2,7-dimethylanthraquinone, and 2-iso- and 2-tert-

amylanthragquinone, and mixtures of these quinones.



2, 7-di net hyl ant hr aqui none, and 2-iso- and 2-tert- anylanthraquinone and

m xtures of these quinones. 30 July 2004 - 5 The expression ' substantlally
pure, water" is intended to denote a water containing |ess BRI

wei ght of organic diluents, in particul-ar of alcohol(s), preferably | ess
than 0.1% or even less than 5.0.001% of thegse diluents.-However,the
extraction water may advantageously contain inorganic substances in a
proportion of .0.001%b i ums ven 01%
m ni rum However, the con e nt dﬁégélﬁg?gaﬁpéggg g?é%% S éé%%/ %%F excegd 1%
by weight, 10 piéterdsflytg. Bhwnaje evenWabely oThadBiPforlgasi Chajubat ab¥es

are advant ageougby EHbStéﬂcesofﬁﬁﬂ&bf“ﬂﬂifheﬂﬁéreguhﬁtl@ﬁr@&E@Qhr sugh as
acids and in partlcular stron%¢a0|ds such as nitric acid or hos hgrlc

acid, or salts26f°BAéRShci BES ﬁ%%%yln%?ﬁaEF%QSGb%?aﬂEegvﬁﬁn €8Saf
advant ageousi y beosubsbaneasswhiiehubaye. anoWabax, stabi kkziragtebheatitesuch
as alkali nmetal _salts. an al kal.i ne-earth_ret al salts d.in artlcular
sodium salts, %a&h 3’4y iﬁﬁ%@k%pHBEEﬂéPelnﬂﬁQ%B& aﬁﬁ?gnanggfutlon may
t hus conpri se nptapocanonnsofsu@;m@:s" 20yl kediightet alis igumal kalre:ﬁea:elaii_yh
nmetals, for ins a o §9g| @déf{ ?Ehgﬁﬁ su%pwgaeghoaﬁﬂgtggn gkes,
etc. in |low con s genera [ ess g but reater t

g/l. The H202. sobugaonCde‘Fﬁﬂv@tﬁI‘iwﬂn tmellexnpactemeedzsmr beyr uHélEiQDz
sol uti on, Wefg%zﬁeggﬂw ns)lgss than 0%y by owekght ﬂfeAﬂ?OZln%gahw I ess
t han 4096of H20 general |y ‘contains nore than 5% b mel%ht of H202,
usual |y nmore th8HPEHIRCEA 5%?%|%QN%Rt§HﬁQP%%%n599@536?65eV@ﬁ Rork2t$had 30%

It does not Und?HQ@e@ﬁYaﬁﬂi‘Q@e@ﬂ@bt 30sumasha@gaaad/sorarwmﬁ|paﬁctmaular
treatment before belng us X|dat|o§ reacﬁlon nsegugntl¥ it
d in :

contains organfE* PHEUFF%&@SSPﬁPoaﬁchgﬁfcdgﬁn 9Fi BHOSPPPRES 6n8
shuttle) and ineegani cof npucht | @sidsat iheseaninoagaons | Tvlrsoa f- bgathe
extraction i’?t °6158° Rt 1yhase ALbeRdYcREESARlcH Mide TnXtiis-

derived from

' stabllizing effect, such as alkali metal salts and
alkaliné—éarth. 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 phbsphates,' nitrates,
etc. in low cohtenté; generally less than 10 g/l, but
greater than 0.01 g/1. A

The H,0, scolution derived from the extractlon,
- 25 or crude H-0- solutlon, generally contains less than 50%

'by weight of Hy0,, usually less than 40% of H0,. It
generally . contains more than 5% by weight of Hx0;,
usually mofe 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 epoxidatiodn reaction.'Consequentiy, 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



oxi dation of the al kyl ant hrahydroqui none(s)). The solution derived from
the extraction.may thus conprise organic inpurities expressed as, TOC
(total organic carbon concentration), defined according t 0 3PelyF04 u| y

2004 .standard 8245, in a proportion of .at least 0.001 g/l, or even at
least 0.01 g/l, or even at least 0.1 ¢g/l, hut not nmore than 10 g/l, or
even 1 g/l, or even 0.2 g/l. It may al so contain netal cations (such as 5

such as. phosphat 'esia, nrtrate Oow contents, génerally an .
or equal to 10 @4 ,even gredtamstt hAm0brglguabrt @werolay/ LeaBéf dr.e pilng
used in the epoxifati gn+r €a5HL0Nyhat 0 1the, Grude H2Q2 .ol yt i b
diluted with water or any . other sol vent %o/(ri'l_i %ﬁl dgdfﬁue%téa}qi gﬁé&hagevr?on
adverse effect &h2Z KW lepokt d@dvonateacaoakainn Behet alcatipas afsedhs as

sol ution usedsforaliiaa iepaxt dasi @ CONkAl DSedtart®anlethY WL ohinstsied |y
at least 10% by*voive%fsi ht, of 15 H202, in particular at |east 20% by weight.

It usually contdal t ABRECThaAPEIRE bP Ui ghf FPRPBRRITHY  dUiFheE- i n
particul ar 40% bytwei ght . 1dhecoxtenne, Waeabraay yba qysepeisrd by thaalpraecess
according to the.invention.is an _orgapic 20 conpound Lising a group .
correspondi ng to]’[ohg/rige%élrtalgrﬁ%ﬁﬁl gHaESOthqu%PrgﬂeQ'ggg{ tly contains
from3 to 10 carbon at oPefopeefterialg ydadniB tbeb epaxticatdbonsweation, -
oxi rane whi chymay i he a as%ﬁq{gﬁ 'egﬁj .t s S r.di to
the inventi ogoi s*f%z-og%giﬁ% rI.p{?gzpane. .%gl;o f?bneg)a\ﬂ?r% ceégﬁgctglu?‘rtaa%lq:g%rﬁ atril’?fre
process 30 accordteg t¥rivRNE neentliiswigendibent cohdahn Faoms welverpe
carbon atons and ggreicer abhy thd Oe?oﬁﬁﬁ_gﬁﬂoﬁt A ct FRAPPY anegand-but virene

are particularly suitable. . Pro ene i referred. The catal ysts, used in
the process accoP@'fT§%o S%]Sﬂ’("rfgyi‘ﬁ%%%t 282 %n?%%b@%ﬂp%oﬁ%;

al kali metals or sqz”ﬁ?ia' - S%,h -{erlxti:t(::gl i%ral:qu%rrtii%%t ' eatS(i%ialé[p Oarqye'lgr tni ons -. |

igs at
zeolite, i.e. a lealsitd Seomsaiwdghisi lusseMht cht hasaat MiLogoper @rizzgiystoﬁ 30
July 2004 35 10, in particular at least 20% by weight. 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 inventionh is an organic
20 compound comprising a group corresponding to the
' general formula:
RN ; )

()

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 prefefably 3 to 6 carbon atoms.
Propylene and butylene are particularly suitable.

Propylene is preferred.
The catalysts used in the process according to
35 the invéntion advéntageously contain a zeolite, i.é. a

solid containing silica which has a microporous crystal



- 7 structure. The zeolite is advantageously free alumnium It
-preferably contains titanium The zeolite which may be used _in the process

according to the invention nmay have a crystal structure 5 O\BOZ'SM@,O ZSM 11
or MCM 41 type or of beta-zeolite type.. Zeolites of ZSM5 type are

suitable. Those with an infrared adsorpjion band .at about 950-960 cm' are
.preferred. The zeolites which are particularly suitable 10 are the

titani-umsili ¢ Tho co ding t f X T} - Si 2
[ whi on x 1 SErsSEran0s s o BOIERRL | davArt A TR RE) S oo
performance cpkimminisgn. Mt epieferadiln wont aiyse CUEGRGM™-under t he name TS-1

and ‘having a crystal st uctulerof whéi_\‘éhZSJl\é; b¥paisdh VenPaHd cukaktys

favourabl e results. The reaction medium according to the._ invention
general |y conpfFRESLRY | FQuike phsn P £YadediR Phasestarnaterghnte:
di | uents \ggi g@f@w@& um@L:ihln dﬁ@&m—ﬁqefsstﬁf@OLang 4o t]b@téany@?lif)@ may be
organic erivatpves.such as tic al cohols nt ai.ni n rom 1 to 4
carbon atom;_'.tm?hahSPiﬁgﬁsbé’%nm_gngﬁvp& Wy G5 gﬁpl ghcl%e ‘630{? ent - of -
di luent in thenl igdird rpdaseisafrgtienr deod ontmeban | §58d980t ageousty
greater than ISenglb%(egvei ght, preferably greater than 60% or evenh 25 75%

At €

However , t he %0 of diluent in the liquid phase of the reaction nedium
is generally |ess thdth®9%eoytwei ghtichr efnsr abpyticsdarhan 98dkakbhe. one

preferreqq va%]!@nttg%f £b€aﬂ1&ﬁe§§1@ce§9&@geg thdde i&ﬁ@%‘g@ﬁqﬁt}e ©xi rane
produced in the 30 reaction nmedium nmay be separated out by liquid-liquid
extraction witle afeenyeat xBs0ilse))54d LR WhaALEni a}ﬁplﬁ%‘ti%no% 999 14208
in the name of.4he PpplrieeaBly - Temdr ogessl aceer di agosp t hevienvegsdbon my -
be continuous_or_batchw se. Lf it is nti.nuous, .the . 35 unreacted ol efin
‘may be recycl RYFFHBPRHe H@EELFBF?S‘T ot Ph \Aﬁi”c%' tHESpr 01[5%% & ~
accordi ng t o ti@er ntkat namet diked Ematehawmindeafl ed yaitel sstsolaitumn ofri si ng
directly qf;romdhes agueous, &xt ractd ;R 1St8R ¢hv@lrable results. -
' The reaction medium according to the invention
generally coﬁpriées 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
1l to 4 carbon atoms. Methancl may be mentioned by way
of example. The content of diluent in the liguid phase
of thé réaction medium is advantageously greater than
35%¢ by weight, preferably greater than 60%, or even
25 75%. However, the content of diluent in the liquid
phase of the reaction médiﬁm is generally less than 99%
by weight, preferably less than 95%.
In = one preferred '%ariant of the process
according to the inventidn, 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 procdess according to the invéntion may be
continuous or batchwise. 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 place may be fed with a solution
‘arising directiy from the aqueous extraction step of an

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



AO process. In this case, the plant in which the 30 July 2004 8 _ process
according to the invention takes place also incorporates a BI ant_ -fgr :
manuf act uri ng the H202 solution according to an AO process3 Jylyi208 pl ant
and a process wusing it also .constitute a subject .of the present 5
invention. Alternatively, the solution may be stored. and/or .conveyed

before being fed into the reactor, which®i S the case for the purified
solutions currentl used. 10. In the process _accordin t [ hvention, a
gas whi ch has ﬁ'5°5é98r s%ccecﬁcgjcrfgo St hBle o g3 4T 5h trg]ecégti naérr%y%a %S0 be:
fed into the reacbtoporaSpecafptahtyforrmapafeatuappyi thei BrOWBQW48883, "
the Applicant d.th i Qduci 1 gas stl ogpoynd.Jjnto the
reaction nedi u%ggtgrgg#po%gr %&e%i%ﬁg I'S 's[%cianci%nﬁggoteaggl e he%(%(Si%r ane
produced to beusdnpgr ai hedr kil r@PRdd Uteonit haubgactoroht e Paesetitne ‘as
the. gaseous coppeURd nthe contact tine between the oxirane produced and

t he epoxidation reaction nedi-umis 20 redueed. -This thus avoids the

formation of by-producfsterpatiRetBaseshhe AWV tRR%f PRe &FO¥NSFati on.
One advant ageousdgaRodesRiéyed therq¥oCcessngaceeddi Dgd o dHe imveetidgn

consists in intrqoduci,ng the gaseous phase inta.the reactor at a fl rate
such that 25 nglﬁﬁt l&nlé"eerfgarsd‘? nJszO]ét @ﬁ%agltlrégﬁ%go?oﬁﬁ 168 %r&ng’ ced,
but al so circubatds the |liquid phase in the reactor, in particular when
this react is a reactqr .qf . . pe. hi sg..th phase is
general | y.?é\t roduced i_%?o 1:t%h(:"e #gg‘g‘?% %\cgggfdlggl\ﬁsrg eetf?(? sﬁ%ﬁgﬁﬁggﬁt.h% mol ar
ratio of the flew rebechf has snogaxdoessphaddecs the HIDR fapegkidgitdans at

least 5, in paphieybar agaleasi1§ vabdles @igat fgast kddei ngatemon.
The nolar ratio of these flowrates is generally 1ess than or equal to
100, in parti c9P§Fifésa1ax, { ¥ HAt&ERFal FPBLiGRTI0RI JES BT/ 48883 1 hdkeor
equal to 40, opppierazd@, hebkngré@m@DNthat by 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'rémoved from the reactor at the'same time

- as the gaseous compound, the contact time between the
) oxirane preduced and the epoxidétion reaction medium is

20 reduced. This thus avoids the formation of by—pro&ucté

and increases'the'selectivity of the epoxidation.

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

25 it not only entrains at least some of the oxirane
produced, but also circﬁlates the liguid phase in the
reactor, in particular when this reactor is a reactor
of . loop type. In this case, the gaseous phase is
generallyrintroducéd'info-the reactor at a flow rate

30 such that the molar ratio of the flow rate. of this
gaséous phase to the H;0; feed rate is at least 5, in

particular at least 8, values of at least 10 being

e

common. . The molar ratio of these flow rates is

generally less than or equal to 100, in particular less

35 than or equal to o0, 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,



Any type of reactor may be used in the process according to the invention,
-i-n particular a reactor of |oop type. Reactors of |oop type w th a bubble
siphon, 30 July 2004 in which the circulation of the liquid 30nily4094
optional Iy of the catalyst is obtained-by bubbling a gas into one of the
-branches, are suitable. This type of reactor .is disclosed in the
.abovenent i oned patent 5 application WO 9° 97 48883. In the process according

"to the invent. on, rove t e advant ageous 1o ntalnth H of =~
thet i ot oo st mPhehe At FEy aea e of el i 18P0 0t
val ue of at Ic@&t&tor{h]&y | of pahtel oa;amlysmf as Idbiaastd Sby TheigbHing a

advant ageousl h ar, h@P r equal
to 6. Good r suI %réﬂgbt ai ﬂ}fgév% ?%é_’s, rB ré%%kag t%%% 2
preferably fradm se@@ter Tise @Hsglotseh@ Imquthlep@ép@ererrmmﬁwglemep@mt dation

reacti on gay ali:ﬁngLQthrlQJd% By, Amgaddi ng a base. This base may be chosen

fromwater- soluble bases. They may be streng bases. Exanples of strong
bases whi ch may be méftiERJIPEAPECREORCHRFHOT tqhépendwva%% welak-

bases. The \A@@Jy ney be auﬂ@ﬁgagegusEtamla%ta&n\A&aﬂé igIprganige bases

whi ch may 20 ti,oned are NHAQH, Na2C(B, HCOB 1Na 2 HPO
008 kDA ot 1 Rarish, Lrh o St G Qe 4RGN ko OhRl Bt i ¢ weak
organi ¢ baseshshitzb, nay devalué abt eat aleahhetlaﬂikaim mﬁtaic@:taﬁldxﬂlame earth

met al s af ardbo CIdS ef.er bI ont.aini fro 0. 25
- carbon ahb 1 03_‘ usPn )a%ci-‘e ;} o acg‘;antarﬁaé ol}/nselcy bnleass {}%fn %33[<naéL 1]§<-91
" bases give gcfodi:r esu tparv%akl@rgahe@s basean arce ple@]tl@rlr eto 86d| Lﬁmfmi:et ate

I's particul anlyg,1su tapk eothQﬁeHmw% ratho Ratwveensihe angunt, of ol efin.
30 used and the amount of H202 used |s generally greater ‘than or equal to

0.1, in partiREaf@radreatBpmt r%nt@r 6eqlibP tR1 1°0farkhor éfaran! yPhr®at er
than 5. .Thi s gmliglg tBéi @pokidsudldny resstid@Nma@ 8gUalonk@ollRd, By

parti oul 3 | ¢35, Lfipn, o, gatal 11,9.50, and prefepably less ¢35, han gr eaval
soluble bases. They may be strong bases. Examples of
strong baseés which may be mentioned are NaOH and KOH.
They may also be weak bases. The weak bases may be
inorganic. Examplés of weak inorganic bases which may
20 be mentioned aré NH,OH; WNasC03, NaHCOi, NaHPQ4, KzCOi,
LisCOs, KHCOg,'LiHCOg and Kp;HPO,. The weak bases may also
be orgénic. 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 is partiéularly
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 1is usually leés than . or equal to 100, in
: 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 generélly used in an amount of at

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



In the process according to the invention, when it is performed
continuously and in t he ‘presence of a zeolite, the H202 is 8eneral|y used
in an anmbunt of at l.east 0.005 mol per hour and per gram of0zZ¥ ¥3004) in 30
July 2004 - 10 - particular of at least .0.01 nol per hour and per gran1 of
zeolite. The anpunt of H202 is usually |§Sf0tban or equal to 2.5 nol per,
hour and per gram of zeolite, and in particular less than or equal to 1
nol per hour an amof_.ze Pref n f unt
of 1202 of ar oatar e o AT e b 0d oat FBe i hnd bar o an o
zeol.ite and | es&ft @Pldteequidie tamognt ﬁﬁl Hp%ar %u@s%ﬁhlbeﬁeéﬁa%h@lﬁ or

zeolite. The I eaeiian «REMRLRJINGAL ok Al t per HgO2nBY ADIhecardied
out in the presence of a salt such as a netal salt or an. amoni_.um sal t, The

metal may be chdPe®aTtiGMlaNkAiSSSethits Unde WAl FRedeBPLh Avet AW S R as
l'ithium sod5unpe@0@&%mlﬁﬁ FAEIS] ) PE&EEﬁémEE 1§abnbuﬁ}ﬂMﬁwyﬁ|amnwﬁm
sbarium . The net alts are 15 advant ageeus hal i d oxl

hydroxides, car 5a§F§§ %sﬁﬂﬁﬁ' s %%%npﬁ ﬁg%& 6%%mdgo?%an C g Rt s
such as " acet at and Tper hajrnagesocdr ezqeh:etral Iayldf | bess dadian cI@Iroreqvesl to
brom des and i odi de Pretfe e es. The salt

advant ageousl y ﬁsngOl 58& ngg ahé E mgccorgf EQE?%tghe . present
invention is preferabl?hanraﬁﬁéﬂpnnbﬁaweﬁalth@ QﬁéfaﬁvéﬁﬁaééﬁuﬁbQZI@ﬁﬂlum

chloride.. {he gapusdrrafqmehal sal EhHS%és%nc@(pBES%Eds§§tt hey@pnkgnta of
met al |ons or of amponium .ions arising fromthe salt ?Iatlv%ﬁ$o t he

anount of 25 caf§itédt Sa@ltpr 85588 PAMTILFISPeS - (ke Fede osen
anmoni um per gr&&hﬂﬁ Zeedliiemethils coid eallkEBYnbeeagtRatestdlmnsachequal to
10-4 nmol/ g of |te and | ss than qr e uaI to 10 mmml /g qof_ zeol.te.
Advant ageousl y, éuWétals FPmcontéﬁias ﬁW@ateFﬂfﬁﬁﬁmBr e "5 4Y 10-
mol / g of zeolltalandmhesstrhahlam equalkwaluxlnnﬁhkg oétasol $akts are
Preference {5 shawaskaneBugey! Bl i@, 0cga wieual oGO dapl /g

of zeolite and les an or-equa .5 nnDI/g zeol i t'e.
sulphates and phosphates and organic acid salts such as

acetateés. The halides are generally flucrides,
chlorides, bromides and iodides. Preference is shown
-for chlorldes The salt advantageously used. in the

20 - process ~according © to - the . present invention is
preferably an alkali metal halide and advantageously .
sodium chloride.- The ampunt -of metal salt used is
expressed as the conteht of metal ioﬁs 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_éf zeolite and less
than or equal to 10 mmol/g of zeolite. Advantageously,

the metél' éalt' content is greater than or equal to

30 107 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 1072 mmol/g of zeolite and

less than or equal to 0.5 mmol/g of zeolite.

The temperature of the reaction befween the

'35 olefin and the H,;0, is advantageously greater than 35°C
to overcome the gradual deactivation of the catalyst.

It 1is advantageous to perform the reaction at a
temperature of greater than or egqual to 40°C and

preferred greater than or equal to 45°C. A temperature



The tenperature of the reaction between the 35 olefin and the H202 is
.advant ageously greater than 35C to overcone the gradual deact‘ 23 :
Uiyt hﬂerature

the catalyst. It is advantageous to performthe reaction af

of greater than or equal to 40C and pr-ef erred greater than or equal to
45C. A'tenperature 30 July 2004 - 11 -_ 19reater than or equal to 50C is
nmost particularly preferred. However, € reaction tenperature is

generally |les p y Ssnthac . re at -
whi ch the ol e mr@a‘a]'? ﬁ?%l ég éﬁ’%}o ﬂc?ﬁ%e?e?gl &Q/’ rTFQ‘eI %eérﬁﬁﬁ 100C"
and pref er abbyefierwesh 4580wade80C. e t haepcsdess a%@@wm@ur% t Hies

invention, theeneeaqhhonipetveanahnel el i BrandptbeetBo2ymyedakeplace  at
at m)spherl C. prqssure It may al so take place under pressure. Generally,

this pressure®oés ridie ekeBRRTaOrdart APEssihe 6¥e§Bnb§reé§t§U|"Fé3& ein

practice. 5Acegpfdi Imgo£ 0 Dhe gaidiLul @r | pettEant ageaus A | Ao tdhel
process accordi ng he |nvent|§§,o t he gleél nis reacted with the

hydrogen per oki&e SEAPEe PetiesPesenle @8 flleCcat al yst and the organic
diluent in a reactor iIma tte [poiesphaseondtind tes thad mmhrlenhy@moge:rhe

per oxi de and i C di nt _as.. wel{_.as rh&l
ol efin and-at %I eastlofoo%etjt%e\?o uscrlrne o?le%l \z,ignlltia{l ?hé Té:’edj F‘%&g (%%n nat | n the
fluid is 20 p:tefaettrractﬂghelglrceapmsmra@ 10% maw dtlsre. tahe splackeamndeay

advant agepys $j:aG8 ik UPELAAES11the VAELOUS, SOULEES @es OlRfi NS Qe I eed

of al kanes by using themto mandfacture. oxiranes, and since it reduces,
surprisingly, 48ubiedg &nPaRSEREEoRTr éAcbPEnisf Sp5tahlal kKAnRrAFERCE- hydr ogen

peroxi de, the productiperceliingl calwl and obhaketiengarih t herpraseRem«of an
olefin, this even t aki %Haccount of the dil utlg fgct Qr. nseq ntly,
the danger of YGreenfi t FPTRIPF DsPIEC L PLPBxFded e STTFSPESATY t han

t hat - whi ch vvo&mll@ﬂia 30s' tdeaatetd caltly @mchgdragnelncmm&s@quent It;hebe
managed f@thpﬁ%ﬁ%nééi%ﬂﬂéﬁg BBtbﬂgﬁﬁt H@ éﬂg organic diluent in a
reactor in the liquid phase which is fed with hydrogen
perogide and organic diluent as well as with a fluid
comprising the olefin and at Ileast 10%tby 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. okiranes, and since it
reduces, surprisingly, during an oxidation reaction of
25 an alkané with a hydrogen ﬁeroxide, the production of
| alcohol and of ketone in the presence of an olefin,
this even taking aﬁcount of the dilution factor.
Conséquently, the danger of precipitation of explosive
peroxides is markedly 1less 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
advantageoué 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 coﬁtaining at least 50% by volume of
alkane(s) may also be used. However, it is not

recommended to use fluids containing more than 95% by \



One of the essential advantages of the advantageous variant lies in
feeding a fluid containing at "least 10% by vol ume of one qr nPr%

al kane(s) into 35 the reactor. The content of al kane(s) in BRKYIYA00H g nay
in certain cases be at |east equal to 20% by vol une, or even 30% . Fluids
cont.ai ning at |east 50% by vol une of al_kg?e(_s) may al so be used. However,
it is not recomended to use fluids containing nore than 95% by 30 July

2004 12 vol une e(s) it Ls ev e b - fJl Ui not
cont ai ni ng nor e‘Pc{thgAné(g(gf/o %%E%ﬁ%?%; T ‘?Elg fﬁe&u_i gg u%gg I ?%ce‘(;')f%tr%%ﬁs? n%#eg%%an
50% by vol ume Gfuiglefriat, dantgamiingumereatt HagaSd6edkkepedsiune 5 and

preferably at |east 70%dhy yoliuge., e AROWR, 1ol JRY dhogen iy odygedsy nt o
the epoxidation reactor is usually less than 5% of the vol ume of the
fluid, and is YHems D ookt t BL0PATTheVAABURE Jreadhy fUF i P r HerbideRy
into the epgxi %@ido?réﬁélﬁilﬂyi stoenslAl | yokessy thanumd% The afmdhre Vet une
of the fluid. The, a kane_ﬁrs_% contai.ned in tf::]ll}? | ui q{f@%n% tg t he,
present i nvent iTBIH RIS atPy CeIREEN(SFEPr Y (B0 nt4C6HE ahd.
preferably 3 tafgldibdresat afan P eferaid ywollee adKartee | S1hideaindniks does.
not contain 15 _any. ar tic substitutent.s in rticul ar. Wien t he lefin
according to t e e|y§1(3v‘te"’§:ir‘liI%"or%3 C?Jls‘riLip?toopy 6e'nen]F,h(? haemal?rk%n%%s%%%%%i %?%E?dlﬁ%?(ﬁl y of
propane. Pref erdatiyy, thehepatichata dars rercsediassoreemily di¢senthdorl@he
epoxi-dati ongreagdt g and s H fihgr ent,sfy om the or ganic 20 diluent. The
process according to the - advant ageous variant -may be conti nuous or
batchwise. If it is cdhg rAidiEne tHe FPULYLREY BE ciletiqd ngecorEng

reactor after dheHegotd hbatmran 1die dedrd 11 @nebnidim hydregen 3 2%
peroxide. In a first case of the advant e%%ggvaﬁl ant. 0 he process
cant 1

f
according to the | AFERPT oMt e ProcEISs niGus® af@ RS AU fed -
into the react @redigrdarg y,hecist aalkahet e imeessacdntiaiess d@sscomeainOo by

15 any aromatic substitutents in particular. When the

| olefin according to the invention is propylene, the
alkane(s) éonsist(s) mainly of propane. Preferably, the
alkane is not used as organic diluent <for - the .
epoxidation reaction and is. different from the organic

20  diluent.

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

25 peroxide. , . ‘ _ )

In a first case of the advantaéeous variant of
the prodéés according to the invention, the process 1is
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 thaﬁ the
fluid recycled is gradually enriched with alkane. The
alkane content in the fluid thus reaches a value of at

35 least 1O%Iby volume.

In a second case of the advantageous variént of
the process accoraing'to the invention, this process. is

continuous or batchwise and the fluid fed into the



30 volume of al kane(s). During the process, the fluid is recycled into the
reactor. after the reaction between the olefin and the hydrg xi de'
such that the fluid recycled is, gradually, enriched with §8Héi’r¥ez e .
al kane content in the fluid thus reaches a value of at 35 |east 10% by
volume. In a second case of 'the advant age?c]gs variant of the process
according to the invention, this process ~continuous or ‘batchw se and

the fluid fed into.the 30 Jul 04 - reagtor . during the st
process al r eady S&6iitai raftnilea% €10 }:% tvoPg tg]e aIH%%r‘f? agrre%ae yabI Y,
the fluid (corrpmrSJanglst lae Qleafsitn 10&ndyt helatnteané( slkamhi(sh. i s fed into the

reactor is a 5 gas. %fe@e%a%ﬁ?é’ss{?ﬂg Ray locul(%rnﬁ@a% hEEMROl sy

advant ageous vari ant of the accor ntion consi Sts in
i ntroduci ng t hiahdyaghe n@bke%lh% sy kaghdehatsa ffeldown‘%@ etkeichepfheri snét only

entrains at |east sefe «ofid hea0Xi r%}f’e BEPEYER T r DWinb R i9Rnk0 Sk GAt es
the. liquid phase in the reactor, particular. when this reactor is a

reactor of | cord%ARE 2R St h‘T%rJC%%%% Otfheﬂb%\sprP§e§§nélf%ﬂqr;ﬁjir1ﬁ rbBuddt® i nto

the reactor atiraddtawn atensushst hiat thersBhaingattwi Hf ghe iftowdmad e of
this gas to the feecd rate of ihe per oxi de 15 corrpo nd %mﬁ’ t_L | east i
& A

5, . 1n
particul ar at aty ot uELOBr TS 4K 19 %ei h YTHE YA rati o
of * these fl OWartat é&ass: geereal lof | edee t h:a;rlnarneeql;a.’rodua:ed:l,oo,bum @drda cul ar .

less than gp equal. o600 valuies)of,;hessbian ar, eabpl 1940 o eugn 20,

bei.ng commdn. € advant ageous varran e process accbrdlng to
t he i nvention, pewdridulars whenf divisd reggtoimdsus ;Feqwt@freménd@q;s iR f or

an amount of  hydrqgen peroxide of,gr ¢at genkhani ¢r ﬁ%%kmt:@doﬂ%owhe
per -hour and per gramof zeolite and les$ than of equal 25 to 0.25 nol per

hour and per grEfRtOLéd i £10vh e SMeEntAgdold s MAam Brtich@fpridtess -

according to tiﬂdmv@tﬁe oY e agaieous bydr egea rpeeoxirdensolgddn dsual |y

0,
cont ai ns ngg Mo S %P 70A)Q¥ least 5, in particular at least ' 8,

compoun
values of at least 10 being common. The molar ratio of
these flow réﬁes 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 is performed
-continuously, preference ids shown for an amount Of
hydrogen peroxide of greater than or equal to 0.03 mel
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
accordlng to the invention, the agueous hydrogen
peroxide solution usually contains not more than 70% by

-_weight of perox1de compound, in particular 50% by
30 weight. | '

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

35 organic diluent, “in which the reactor 1is fed with
" hydrogen peroxide and with organic diluént, as well as
| with a fluid comprisin§ the clefin and at least 10% by

volume of alkane(s).



wei ght of peroxide conmpound, in particular 50% by 30 weight. The invention
-also relates to a process for manufacturing an oxirane, accqrdi t o which
an olefin is reacted, in a reactor in the liquid phase, wi 9 Ju gen
peroxide in the presence of a catal yst -and an 35 organic diluent, in which
the reactor is fed with hydrogen pero&i?g and with organic diluent, as
-well.as wth a fluid conprising the olefin and at | east 10% by vol une of

al kane(s). -30 July 20f J4tnlY S804 s RSPC'@?@ ﬂ{véﬁf“ldr{w@ﬁf&bmds

corresponds to the advantageous ‘variant discl osed above when it
performed as sRh-RF t AOUEBRIPRYIE OFBF ABAT WL ACLABSH| P?Pvepl‘*’é@és§tofl~°t he

invention whi @bxbﬁﬁﬁneaﬂ @é]m WHAge LS e ré&ﬁl&%eiplwﬂﬂrprtr@tﬁﬂ&d by
"extraction, usin su |aII re of the m xture |vedfrom
the oxi dati on R elravgé}@ﬁ%ﬁfvﬁﬁwm%m&@eow REARRE
subsequentSwamnftgucaand/ @:blplﬂlibhl cabhominéd eabyent exiBadbeonpndiddions under
whi ch this ot erforne r |den|cal toth se. of the
first procests%%gxsctzyéq}%%‘r Sil%mpe Mg %er’cr%dgﬂhe drrn(l)}ée%r%egg%l s%i Gtion.
Exanpl e 1 (acddvdiogidatidore ohivent ile@stanehe B(blnylam’@@ahmcﬁrc(qmmeat ive) A

conti nuous -r eggt nt al tai And at
at nospheric p?@s%{?rl%oand g%q%gﬁ 0 QBSP@P&Of ﬁé‘g@/"ﬁ ﬁflgrgéucg%% n the

formof an a&t?@ﬂé“%vw%solutlon with 4.75 nol of rrethanol/h 20 and

with 250 N/ 1 (i.e. 1lrd nBbAdHtLénPr aR¥keNghibie thi draBd gasRQUs phases
determ ne theH&noportlons 25 productgeand so after The_table _the tests,

may ' be performed are identical to those of the first
process except for the use of a crude hydrogen peroxide
solution.

Example 1 ({(according to the invention) and. Example 2C

15 (comparative)

A continuous reactor containing 5.25 g of TS-1
is_maintainéd at 35°C and at atmospheric pressure and
fed with 0.57 mol of Hy0,/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. 11.2 mol/h) of propylene. The

~ liguid and gaseous phases leaving are analysed to
detefming— the proportions, of ' the various . organic
products and also the degree of conversion of the Hﬁ%.

The table below summarizes the results obtained

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

prepared according ' to the procedures known 1in the

literature.
- - Example No. 1 (invention) | 2C (comparison)
Crude extraction Purified Hy0,
H,0,
Degree of conversion . 76.7 l‘_ 76.0
of the Hx0; after '
running for 2 h
: Idem after 6 h . 54 - 53
Selectivity* after | - 90.5 85.4
6 h




| eaving are analysed to of the various organic the degree of conversion of
t he-H2Q2.  bel ow summari zes the results obtained  starting vmth % fresh -
TS*1 catal yst prepared according to. the procedures known i 7 5(2 04
literature. Exanple No.1 (invention)2C-(conparison) Crude-
extractionPurified H202 H202 Degree of €drfversi on76.7_ 76.0 of the H202
after running for 2 h. Ildemafter 6 h54- 53 Selectivity* after90.585.4 6 h
30 July 2004 -*15he sdiecelwidly vig yexpresxpresisgdtby ratioampd /moll/ #el PO

I d t !
ot haual Toss of el IEIetst PRSI BELCHE, SRR, Feefeten °

af fected by the fﬂmady of H202 used. Only the selectivity is 'favourably

Influenced in the presgacesof b, CUda-dRAA. 1ihes r@ﬁp&éfeiwt%oetfe%% of
anions and cations in these H202 sol uti ons shoul d be noted nt ent

i n-ngy/ 1Cr ude HPBSPUYEEI et HobPeNX262. Wbk fer et Pels pEkRebedHb% dhs< 0.3
NO3343. 7 PhOSp&aheitgiafeaggdu@@dPZ&hlﬁ {@glééﬁ%cinEKQWEBGf&vb@&@@ﬁ@lng to
t he invention) %E gp h Hg ar at Y %hThe t beI OwW sunmari zes
tests that, arcPitHEREPEat?ihPQIPTeeE Ib%%t% t énd Exanpl e 2C,
during a fol I oW ng cyclTreafteapecedererainiomitod blﬁe alﬁonscaazadiys:latlﬂrmss
regeneration 'inOPﬁéégeHgﬂysBﬁﬁ%&Bﬁsa%Bould be noted:

Content in mg/1 . - Crude H:0; Purified Hy0.

Na . | 26 2.3
Other cations‘(except H*) < 0.3 < 0.3
{Nos . | 34 - 3.7
Phosphates expressed as P 28 - 1.4
TOC | ' 172 69

10 Example,S-(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 Ca%alyst for 7 h.

Example No. 2 (invention) 4C {(compariscn)
. Crude H,0, Purified H,0,
| begree of conversion | 75.4 _ - 75.6

of the H;0, after

running for 2 h

Idem after 6 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.



heated to 300C over the catalyst for 7 h. Exanple-No.3 (i nvention) 4C
-(-conparison) Crude-H202Purified H202 Degree of conversion re H202 - :
after 75.475.6 running for 2 h zdem after 6 h53'.554.3 Sel e |‘Wyt?39’0 after
91.185.7 6 h It is confirned that the activities have, to wthin the
accuracy of -the neasurenents, remained_ ijdentical and that the difference
in selectivity is '20 maintained. 30 July 2004 16 Exanple 5C

(conparative) BRgus <YoSels
sol ution obtaimned after OXIO'Z ' 0T droqui B Was

extracted usi n%ll%.ia%}ﬁl&vater mxture cont ai ni ng. 52% by wei ght of
met hanol. Thi s aqueouspgxt Haof Weentiest s usgdluﬁlanprqmdaqm@depogf@@tl on
test (Exanple 551 and the_perfor.mance glty ities obtaine re corrpared

with those of S5SHAtP%r taést GEMEES4 CENOPRGE H2 1fo 409Dy
‘wei ght i n \Gat eextobtaededsingna thetleato hota oar afii xt lmee sammtasmﬂm_i; esnkt h

substantially pure.cugher of Exappleof). s shudle coptaips AL Boglko of

H202. The extratti on he " waterfal co was carri ed
steps:- 15 A fiwsedesnr @ctpmpwﬂa@&:a@l?q)lexﬁilﬁﬁtmbyteﬁéat(iEPFngAGBZ-ﬁIf)g anyd

shuttle (Contatﬂén%e%Q%rﬁagc@fq?gfaﬂﬂéé(%Eﬂglnéﬂtneré5%%d%é¥é&rWﬁth

met hanol / wat er ure he methanol wat er cf ase As densér than the
starting organteoseoPht Porfiltdagep&sht R BUCT Pl i YoFY GORER| 22 i 3L about

20 15 minjiot 0 PoyepdORsighef ixtdast, dbcatid? fEONCERNd ekt fhct Oet es1 ned
by i odometry, { eq%%&mfo 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
of shuttle (containing 169.1 g of HfO, in total) with
1511 g of 'the methanol /water mixture. The methanol/
watexr phase ;is denser than the starting organic
solution and separates out relatively quickly (in about

20 15 min) to give 1085 g of extract. Its HyO
concentration{' determined by iodoﬁétry, is equal to
3.18 mol H;0,/kgq, -which. corresponds to 3.45 mol or
117.4 g of Hy0: (= 69% of the total present).

A second extraction was carried cut 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. 1In contrast'with the first extraction, the
methanol /water phase is less 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 H0,. 90% of the total H;0, are thus
recovered in two extractions. ' )

A third extraction was carrled out with 1511 g

35 of the same methanol/water mlxture._The same separation
diffiéulty was encountered, with recovery of about

. 1446 g of methanol/water phase. Its H,0, concentration

is equal to 0.244 mol/kg, which 1is equivalent to



3.18 nol H202/ kg, which corresponds to 3.45 nol or 117.4 g of H202 (= 69%
of ‘the total present) A second extraction was carried out with il5 g 25
o~ the sanme nethanol /water m xture. The separation is |ess 3Qh1éﬂypfo.%4The
separation 'of the phases. is fairly slow nore than 1 h is required to be
able to separate the. phases. In contrastgwi.th the first extraction, the
met hanol / wat er phase is | ess dense this tine and 30 consists of 1215 g of

extract. Its H292389ngent bationd 5 €8ual,0f 0 (Q.833 W] dkgor WHLhLb8al
equivalent to 1.012.nol. or 34, 4 g of H302. 90% of the total H202 are thus
recovered in tweextfact PEREACRIPAFL d extraction was carried out 'with 1511
g 35 of the sanme net hanbhd Viaf.er am Zdutfeh ERe rsanE osepasat icrrdidd i sutty

was encountered,., wt cover f. about 144 of ,net hanol./ wat er phase.
Its H202 concen‘fjr%\gfi gT?rﬁicsg eaﬁa&}_ieo G284 %ﬁ}%@?{%?%%:i SLELG P4l ent€to 30
July 2004 - 517 sam@e 353 epalratiot?. Gligffc 0P (wae. I Prdfertdns t ovath H202
in 3 extractio Lpal Ly, ur raet | i.ed W 1517 -
g of the same % %%ﬁ% vvg%éera%%ﬁl%t ul}%?eﬁegﬁShggﬁgﬁz)éggagte?orﬁﬁ%?'i C%‘F?y was
encount er ed, wii49zr ecvesnt it ighoui s 149Rag dfo mbt RddompWaker pildsdh iss

“HOQ2 concent f a4 seidUgd 00106 4fd1 oL/ kds whbehuls, e vabengs tor 0. 106
nmol or 3.6 g of H2O2 (i.e. 99.00 of the total H202 in 4 extractions) . 10

The 4 extracts YR e“?Feh HrlretiPt Dot HeRCt1ORS ki ve a nethanol /water sol ution
cont ai ni ng10. 94 i nol H20d kg (etfesttyehypreonthenedibyed i thakicas)., The
met hanol coptent. det er mi neg :b&/l% IS in o%hte. r egi onnof .15 437 géé{ . .The
content of "useful® B nBH 2"“2_ A meyPhet t¥ed FoRprbHiRe Ho g‘T‘%Jst in
this phase is KRZRgg/ kipfdleaitvedygt . ddwefernbad nbyeowvert dtdaml)y. beEme
passage of SQ”%myﬁgaﬁgf Egﬁ@@ﬂ@ldEEEQmHHquB&nQﬂ? ighght@%ei¥%gion of
437 g/kg. , _ ‘
15 The content of “useful” quinones (= which may
be uéed to préduce' H:0;) lost in this phase is
0.020 g/kg- of extract.
' ' There has moreover: clearly been passage of some
of the methanol into the guinome . 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
. guinone shuttle, determined by GC, 1is effectivély-in
25 the region of 6.0% by weigﬁt.
The propylene KPe) epoxidation tests were

carried out in a plant of bubblée siphon type under the

followiné_ conditions: T: 55°C; flow rate @ of
Pe: 75 N1/h; H30,: 0.17 mol H;0./h; concentration of H,0p

300 in +the =zero-conversion loop: 1.0 mol/kg; catalyst:
0.53 g of T5-1. . _ '

As regards Example 5, the introduction of the
mixture alone of the four methanol/water extracts
containipg H,05 into_the‘bubble‘siphon plant would lead,

35 following stripping, to a methanol-poor medium- (¢onc.
< 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).



20 denonstrated by the differences between the weights of the

-met hanol /water m xtures' used. and those of the collected extr

particular for the first and second extractions). The net héﬂJP ﬁf‘ent “of
the quinone shuttle, deternmned by GC: is effectively in -25 the region

of 6.0% by weight. The propyl ene (Pe) epbXida.tion tests were carried out
.in a plant of bubble -siphon type under the follow ng conditions: T: 55C
flow rate of Pe: 75 Rhgeh;re@obts 0obTaimledH282¢h;gicmicentr athen tebld202 30"
in the zero-cepyepsion loop: 1.0 not/kg; catalyst: 0.53 g of TS-1. As
regards Exanple 5, the introduction of the mxture_alone of the four

net hanol / wat er extracts Conb@bQéé‘%ﬁ%@%véEéPoﬁ he Igﬂgbfjlz% S aqhon pl ant |woul d

V.. Wal

lead, 35 follow ng strippiy, o a nethangt=poor mediurr(cpnc— <4460
g/ kg). Consequent |yl 4ddilt Bohal 4t Hakok Wa§ hadded s@das t 85kkeep2ftls

concentrationgkn s0E3bopn Af. 41#Q596Ka15 Wil gh gor Egspangs; tp ¢ he imet hanol .

content of tjhe Tefprencg testiyw thjcrude [ H202(Exanpte 6y —30Juty—2904 -

18 The resultgxnh@a Add3ared-gi hed - 2hed 1 29 béP oyl YegriedBof Icbhydlsi on

~of the H202 (o h3 h4 h5 h6 h7 h24 h25 h26 h Ex.

5C30. 420. 718. £38978.48.1 Ex.

633. 325. . 524. 420. 420. Mepﬁlénél&ﬁhé 2wExarﬂi&Ia§fa7cﬂm:eQi Piapyd ergappiicde was
manuf actur§d in S bubbl e t ghon reatcgtor as .di scl

application W)PY8i4gs83¢ B§ r 88ct PSRCHEEREen 1pr 0B Eﬁ‘ aﬁ&%&@&d@ﬁ

peroxi de in tWe BBéééﬁ&é, obyneehanmbnahdt@éemp&bpyﬂ.en&Saﬁduslgvdﬂo@etcme form
of ‘beads 0.5 guybldLany elne TB%;E%&%& V@femg%ﬁghgﬂ Uy e 2 LeaRgrature of

10 55C, with ont I nuous feed rogen peroxi w.rate of 0.17
mol / h. The totT&rlfreadr bk ethes é%m.@f hresaqiaﬁ/% $ime. in Bi@maﬁdm) .. The

initial H202 concentr@hkopests h@%eze;ra%x%@ived@ﬂ%'909eMB§r;téraD'o/fk9 The
anount -
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 loop 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 FExample 1, a mixture containing 75

@  oe

“polymex—grédeV propylene (98% propylene and 0.3

propane) and 25% pfopane’ (molar %) was wused; in

Example 2, 100% “polymer grade” pfopylene was used, and
20 in Example 3, a mixture containing 75% “polymer grade”
| propylene.énd 25% nitrogen was used.

. The results obtained are given in the table
below. | o 7 _
‘ The- selectivity towards propylene oxide is
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 6f H,0, (%) | Selectivity
5h 6 h 7 h 5 h
Example 7 57.4 - 55.3 52.6 85.8
Example 8 67.2 64.90 61.7 84.5
Example 9 | 59.1 53.3 51.2 85.9




of catalyst used was 4.5 g of beads containing 1.5 g of 15 TS-1. In
Exanple 1, a mixture containing 75% "polyner-grade propyl e[:}‘g ,&PSCV 4
propyl ene and 0. 3% propane) and 25% propane (nolar % was o ,y%

Exanpl & 2, .100% "pol ymer grade" propyl ene was used, ~and 20 in Exanple 3, a
m xture containing 75% "pol ynmer grade" prop@l ene and 25%ni trogen was
used. The results obtained are given in the table -below. The selectivity
t owar ds propyl ene -oxi de The 2Esgpyenanglt & osicad onathenswexgd esfédrass & '
percent age, betwegn ¢ hepammIt/10f FREORY-6Ra 0Xi depRbiai ned [ Vaded-+ hy & he
sum of all the C3 organic products faornmed. Degree of conversion of H202 .
(0) Sel ectivity 5 BT 5 HFOBKRRFNE 1757 455352 589 §-Exanpl e :
8.67.264.0' 61. 784&xanipranploe 959. 153. 351. 2=8.5.9 30 July 2004 -- 19 The

i sopropanol pgoduction. sured after 5 h, . i,s.0.007 mmol/h for Exanple_ 1.
There is no détectable %?Z‘beés%f “pdEpr ﬁéﬁ&tlioﬁsTejsCZ%ntzl% 80 EResFl €80 5
A test under condixempissi denttiocal® t abddwese wafs Eamles Huito Yiahoveums'

carried out with pr e, . The | opanql. .production( asyred after
e AR R - L o PRI s Ut et g e T e e A
al so formation ofts0. G411 mmegl/hh ofl -BD acet disstorhe dR0Z &comedradiior | Tavery
low, i.e. 1% aft@.’ka_nél@- 1.30rdly 3.9.04alsg0fognéltlyl§nl of T BCBES 8i/h of

manuf act uri ng_an oxirane by ' reaction between an ol efin and hydrogen
peroxi de in the BOFTe8&EncEDEr HaCeafanysrsand af FPgHnilevwdi Huent 1% after
.5 h. :



according to which the hydrogen peroxide is an aqueous hydrogen peroxide
sol ution obtained by -extraction, with substantially pure ter. of the
mxture derived from the oxidation of at |east one W%ijyé604

al kyl ant hr ahydroquiii.one, 10 w thout subsequent washing and/or

purification treatment. 2. Process acc&ling to aim1, in which. the
oxirane is 1, 2-epoxypropane and the olefin is propylene. 15 3. Process
according to Caim1 or 2, in which t&&A¥S action water contains less than-
-3% by weight of organic diluents, in particular of alcohol(s). 4. Process

according to any one of the precedin claims, .in which the H202 sol ution.
obt ai ned by EO . extTERESDN coitfai nBRBRIREREFIDY00RY/ | OXAd3R6t nBYe than
10 g/1 of orgesdcetiopubétiesn expreseeth asnd Bydbogl 0Ose86x 86601 di Aget 0 any,
one of th precediqg cI?ins, in,gh'ch t he H202 solutlon.obtgiﬁed by
extracti of cdmtal e het 8F cati orfdt s th a874l k&ah A it s grivents

al kal i ne- ear tacoetdlsg for whishante sodiromen grekcanidensid saichagaeptssphat es

itrates),;. e h . g/ 1 and. | ess
?Laglo:a‘eqﬁgph%gﬁﬁ%ﬂgﬁ%fpﬁfﬁ%g%ggégi%%c%@%%%ﬁgggggnéggg%g% g?hewﬁggceding
30 claims, irPWsenthellpopusel weiter onfi bled by xtaxer attdiored ofipeinses at
| east 5% by welghbxanadtDoh BB! &t tlh@aﬂs1_5Oc%@h,ﬂ'ﬁ&%htﬁiaﬂ%?ﬁ@ﬁﬁigﬁé%—”r(]'ede-

7. Process according to any one of the preceding clains, In\ s
cat al yst 1Ps t7tHHUm si FREAPARENt 35Yashdpgr abl3PDfOTS | PUEYHECARLON a
crystal strucitdermdnt ZSM5 type, and the diluent is nmethanol. 8. Process

according to.any one of the precedin ctai _in ich the reactjon nmedium
conprises a l9quid pH%§§x§ﬁﬂ 59%&59&%@3 RaseleHhd 4n WRi cHPLRB cHRent of

30 July 2004 oxi2ianer gdsi ¢ di Puepbxiynrohenti quant phase | sogeéaher ihan 35%
by wei ght. QTHE&gﬁggﬁagccording to any one of the preceding - a
o 15 3. Process according to Claim 1 or 2, in which the
eﬁtractioni water contains less than 3% by weight of
organic diluénts, in particular of alcohbl(s};-
4. Process according to any one of the preceding
. 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 Hﬁb ‘solution obtained by
extraction contains metal cations (such as alkali
25 metals or alkaline-earth  metals, for inStancé sodium)
. and anions -(such as phosphates or nitrates) in contents
of greater than or equai to 0.01 g/l and less than or
equal to 10 g/l. '
6. . Process according to any one of the pfeceding
30 claims, in which the H0, solution obtained by
extraction coﬁpriSes at least 5% by weight and not more
. than 50% by weight of hydfogen peroxide. ‘
7. Process according to any one of the precéding
ciaims, 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



clains, according to which the olefin is reacted with 5 the hydrogen

per-oxi de in_the presence of the catalyst .and the organic dil ld’t‘Pl‘ '
reactor ‘in the liquid phase, in'-which the reactor is fed ¥ W%;E’ogen

peroxi de and diluent as well as with afluid conprising the olefin and at

| east 10% by vol ume of al kane. (s).. 10 10.21 Process according to daim9, in
which the content of alkane (s) in the fluid is. at |east equal to 20% by
vol ure, pref er ablyn3@%dilienkr daesheaddaudidnghbeeCiai gr@ater tG®an 35whi ch

t he content ofbgl k%ngg%) inthe fluid is less than or 15 equal to 95% by
vol une, prefera Ss'than or equal to 85% 12. Process according to any
one of- dainms 9.to 11, Proheech iccpmicmig Mmumusnpr ecnesf ntivi glredee ifilgui d

fed into the Egagfnganglga) NGe &S 0. 00 Lhe Racess 20 £o0kaLAS yigse Lhan

10% by vol une o after recycling it e reactor after
t he reacti oh Béﬁmé)é’fiirtqgém RATGFFdQndn t ﬁéepé?rr@ae@@%mﬁ)otﬂna dattailyst

gradual l'y enrighad whd hcalfsane( syi itht it rgaches@r vghuetrpé qthlugast 10%
by vol une. 25 13 Process "according to any one of Clainms 9 to.11, "~ 1n which

the fluid whi chRPf88ds tRe VRAER or tidRr i FRAGCHRF stlar t f6d tWétﬁr oé’é@éfoéféﬁt ai ns-
at | east 10% bpevoktiae ahd db.K&@ﬁ(:S)as aréllPa@casthaacmdhag companyiage of

Clains 9 to 13,_, 30.. i.n_whi he re | oop reagcto the fluid
conpri si ng thetBFef’llﬁféﬂda?ﬁe %\I E% 5; ‘gjs cPIr %g(arﬁ)efé? ratio of
the flow rldte ©P.t hi s FascéEsst hmccdedthg atte> of:lahlm p&r oxirde WIDImDUItdeI S
greater than OkonPR! o0 a3uaBlEqs! Al %o AL Ala AN, o gqua! 10,301.035 15.

Process according to an{ one ot ‘&Y ai s XPrane is
1, 2- epoxypropa%@’ bHeveleren pPsefpraplyenes. and the al kane is propane. 30

July 2004 -22 1§. Pr 0C?§§cé§§0rad}d3>&dt191g0@é Mg i 9"‘hd>£h1hhe 120gnsehution
obt ai ned by extracti on nprises nore than 30 and .l ess fhan 50% by wei ght -

of hydrogen petBki &2 f*?lt Iﬁrfoc%]s'%a%%?fr dihgtPe dAyigndsofletie pRreeeling
clains 1 tis 1SequalthChﬁthbpr@6Eﬁﬁe, preferably less than or equal

to 85%. ) _

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 the peroxide compound, it is

.gradually enriched with alkané(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 procesé contains at least.lO% by volume of
aikane(s).

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

30." in which the reactor is. a Jloop reactor, the fluid
comprising the olefin and the alkane(s) is a gas and
thé 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 acgording 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.



is carried out wthout subsequent purification treatnent. 18. Process
according to Claim17, in which the process is carried out wthout
subsequent distillation treatnment. 19. Plant for carrying out a process
according to Cainms 1 to 18, which incorporates a plant for manufacturing
H2O2 sol ution according to an AO process. 20. Integrated pr35e5fd%$r

manuf acturing H22Q2 according to an AO process and for nman 2LV f‘ig

oxi rane by reaction between an ol efi n_and H202, using the plant according
to Caim19. 30 July 2004 ABSTRACT Pré€ess for manuf acturi ng an oxirane
Process for manufacturing an oxirane by reaction between an olefin and
hydr ogen peroxide in the presence of a catalyst and an organic dil uent,
accordinggto ' e ' ' : oxi de
2ol ut i on 8t o) ARG IUCIORAEN BUPKAE (S HR0: AR U RO RRRBRDT
m xt ur e dempred nfore thant30end Yésd #tan0Yoby eeightafitydoopen peroxide.

al kyl ant hr ahydr oqui none, w thout subsequent washing and/or purification
treatment. No. figure.

17.  Process according to any one of the preceding claims 1 to 15, in which the process

is carried out without subsequent purification treatment.

18.  Process according to Claim 17, in which the process is carried out without

subsequent distillation treatment.

19.  Plant for carrying out a process according to Claims 1 to 18, which incorporates a

plant for manufacturing H>O; solution according to an AQO process.

20.  Integrated process for manufacturing H,O; according to an AQ process and for
manufacturing oxirane by reaction between an olefin and H,0,, using the plant according
to Claim 19.





