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several reactors arranged in series.

The Applicant has found that this process has
the drawback of resulting in the formation of by-
products, for example when an agqueous hydrogen peroxide
solution is used as peroxide compound and methanol is
used as solvent in this known process. Specifically,

when propylene oxide is manufactured under these

conditions, by-products are formed by reaction between

the propylene oxide and waéer or methanol, and in
particular propylene glycol and methoxypropanols of
formulae CH3;-CHOH-CH,-0OCH; and CH3~-CH(OCH;} -CH,O0H. When
ep%chlorohydrin is manufactured, by-products are formed
by reaction between the epichlorohyern and water or
methanol, and in particular 1l-chloropropanediol and
chlordmethoxypropanols of formulae C1CH,~CHOH-CH;-0CH;
and Cl-CH;-CH(OCH3}-CH0H. The formation of by-products
reduces the selectivity of the process and consequently
its yield.

The present invention is directed towards
overcoming this drawback by providing a novel process
of high selectivity, while at the same time maintaining
high activity (or a high reaction rate).

To this end, the invention relates to a process
for manufacturing oxirane by reacting an olefin with a
peroxide compound in the presence of a catalyst and a
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To this end, the invention relates to a process for manufacturing oxirane
by reacting an olefin with a peroxide conmpound in the presence of a
catalyst and a 30 July 2004 - 2 solvent in at |east two reat® #5284 anged
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15 appropriate, the wunconsumed peroxide compound is

collected at the bottom of the column, the medium

depleted in oxirane and another portion of the olefin

and optionally another portion of the peroxide compound

are introduced into a subsequent reactor, an

20 epoxidation of the other portion of the olefin is

carried out therein in order to form another portion of

the oxirane, and the other portion of the oxirane thus
formed is collected. ?

One of the essential characteristics of the

25 present invention lies in the intermediate distillation

carried out between the two epoxidation reactions.

Specifically, this nakes'it possible to minimize the

formation of by-products.

. The distillation serves to remove the oxirane

30 as quickly as possible as it is formed in the reaction

medium in order to prevent it from being in contact

with the other constituents of the reaction medium and

to prevent by-products from being thus formed. This

separation is carried out in a distillation column

'35 which is separate and distinct from the epoxidation

reactor. Since the catalyst does not 1leave the

epoxidation reactor, the distillation is thus carried

ocut in the ébsence of the epoxidation catalyst in order

to prevent contact between the oxirane formed and the



to prevent by-products frombeing thus formed. This separation is carried
out in a distillation colum .35 which is separate and distinct fromthe
epoxi dation reactor. Since the catalyst does not |eave the 3%ftk24 i on
reactor, the distillation is thus carried out in the absence of the

epoxi dation catalyst in order to prevent- gontact between the oxirane
formed and the 30 July 2004 3 epoxidation catalyst, since the latter
pronotes the fepetidetioh bgapabdstt s.sifiee ditdte | Latten npkasotés passd bl e
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bei ng the nost GAMIPE- of the other constituents of the medium (the
15 unconverted olefin and the solvent), their boiling
point and the desired distillation yield.

.The distillation is generally carried out at a
temperature of greater than or equal to 10°C,
preferably greater than or equal to 35°C, wvalues of

20 greater than or egual to 45°C being recommended. The
temperatufe is usually less than or equal to 125°C,
most commonly less than or equal to 100°C, values of
" less than or equal to 90°C) being preferred.

_ The distillation is commonly carried out at a

25 pressure of greater than or equal to 0.1 bar,
preferably greater than or equal to 0.5 bar, values of
greater than or equal' to 1 bar being the most common.
The pressure is generally less than or equal to 10 bar,
in particular less than or equal to 5 bar, values of

30 less than or equal to 2 bar being most particularly
recommended. In the present description, any reference
to the distillation pressure corresponds to the
absolute pressure measured at the top of the
distillation column.

35 The distillation column which may be used in
the process according to the invention is known per se.
It is possible to use, for example, a column with

conventional plates or a column with plates of "dual-



The pressure is generally less than or equal to 10 bar, in particular |ess
than or equal to 5 bar, values of 30. less than or equal to 2 bar being
nost particularly recomended. In the present description, 3hduly 284 ence
to the distillation pressure corresponds to the absolute pressure neasured
at the top of the distillation colum. 85 The distillation colum which

may be used in the process according to the invention is known per se. it
i s possible tlaw'e, tfmle emanmle;exalatdlmy wat heobanv entiitinal opkat esr-or a
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portion of t@35¢aﬂaby&bnmhb¢bmdoés nsuallegverthitsr than or equal to
0.5 and preferably greater than or equal to 0.8. This
15 degree is commonly less than or equai to 5 and usually

less than or equal to 2.5.

In the process according to the invéntion, a
plant comprising at least two epoxidation reactors
arranged in series and connected together is used. Each

20 reactor 1is fed with olefin. The peroxide compound and
the solvent are introduced into the first reactor.
Fresh peroxide compound may also be introduced into one
or more subsequent reactorsi Each reactor contains a
portion of the catalyst which does not leave this

25 reactor. When the catalyst is present in the form of a
fixed bed, it is generally not necessary to take
precautions to keep the catalyst in the reactor.
Alternatively, the catalyst may be present in the form
of _pérticles, at least some of which are in a form

30 fluidized by a liguid stream or by mechanical stirring
or by a gas. When a liquid stream is used, it is
recommended to include a fall-out zone above the fluid
bed in order to stop the catalyst particles which are
in motion and/or to include a filter at the reactor

35 outlet. )

Needless to say, the plant may comprise more
than two reactors connected in series. In this case,
the first reactor of the series is fed with olefin, the

peroxide compound, the solvent (and optionally a



25 reactor. Wien the catalyst is present inthe formof a fixed bed, it is
general ly not necessary to take precautions to keep the catalyst in the
reactor. Alternatively, the catalyst may be present in the 3 :
particles, at |east some of which are in a form30 fluidized by a liquid

stream or by nmechanical stirring or by @ gas. Wen a liquid streamis
used, it is reconmended to include a fall-out zone above the fluid bed in
order to stopfxartia apfsthearnediws vhiehnade ati nthet bottand/®f thei ncl ude -
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15 to the invention, ‘not only the first reactor of the

series, but each subsequent reactor of the series ié

followed by a distillation column, which is referred to

hereinbelow as "subsequent distillation". This

subsequently distillation has the same function as the

20 intermediate distillation carried out betv#een the first

and second epoxidation. The conditions of the

subsequent distillations are similar to the conditions

described above for the int:amediate distillation. In

this embodiment, the medium leaving each subsequent

25 reactor and containing the other portion of the

oxirane, the solvent, the tunconverted olefin and, where

appropriate, the unco_hsumed peroxide compound is

introduced into a subsequent distillation column, the

other portion of the oxirane and the unconverted olefin

30 are collected at the top of the column, and the solvent

| and possibly the unconsumed peroxide compound are

collected at the bottom of the column. In a continuous

process, it may be advantageous to recycle the medium

collected at the bottom of the last distillation column

35 (and containing the solvent and possibly the unconsumed

peroxide compound) into the first reactor. For example,

when the process is carried out in two reactors in

series, the medium collected at the bottom of the



and second epoxi dation. The conditions of the subsequent distillations are
simlar to the conditions described above for the internedi ate
disstillation. In this enbodiment, the nedium|l eaving each s .25
reactor and containing the other portion of the oxirane, the solvent, the
unconverted ol efin and, where appropriage~ the unconsuned peroxide
conpound is introduced into a subsequent distillation colum, the other
portion of theeogndarbisiid tdis amcontemhednay efden B@cgrdedol 1geed edt the

top of the cokupn, pRL-the solvent and possibly the unconsunmed peroxide
conpound are collected at the bottomof the colum. In a continuous
process, it may be adiAan?age6o8dt smbedjwratt RE he Pmocesisl ectaadding he
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oxirane i.s sgga alé%gj rom t'he uncanverted ol efin. | s unconver &8° olefin
may then e r ?%‘F nt onbRe Wie t fdrpbacteratono Phef evamtainer omalre fir st
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15 'the invention consists in using the catalyst in the
form of particles, at least a portion of which is in
fluidized form, as disclosed in the Applicarit's patent
‘application filed on the same day as the present patent
application and entitled “Process for manufacturing

20 oxirane in the presence of a catalyst in the form of
particles” '(the content of which is incorporated by
reference). In this case, it is recommended to include
a filter through which the *medium leaving the reactor
(first and/or subsequent reactor) passes before being

25 introduced into the distillation column (first and/or
subsequent column). This embodiment makes it possible
to obtain a homogeneous‘ dispersion of the catalyst in
the epoxidation medium, good heat exchange and thus

| easy'control of the reaction temperature.

30 In a fourth embodiment of the process according
to the invention, the medium entering the distillation
column (first and/or subsequent column} is first
-subjected to a depressurization before being introduced
into this distillation column. This embodiment is

35 particularly suitable when the epoxidation is carried
out under pressure or in the presence of a gaseous
compound. 'This gaseous compound may be the olefin
itself (for example propylene) or an inert gas which is

introduced into the epoxidation reaction medium in



application filed on the sane day as the present patent application and
entitl-ed "Process for manufacturing 20 oxirane in the presence of a
catalyst in the formof particles"” (the content of which i@qwq%rated
by reference). In this. case, it is recommended to include a filter

t hrough which the nediumleaving the reactor (first and/or subsequent
reactor) passes before being 25 introduced into the distillation colum
(first and/ or oxselys&guaitlcgolthm)oxfige ebobememtt metikes] isndassidiel to
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good heat exchange and thus eangcontro reaction nperature. 30
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present i n the tal ne romthe precedi ng réactor a
15 water 15 also introduced with the peroxide compound

into the first reactor. The fact that no peroxide

compound is added to the subseguent reactor(é) makes it

possible to consume 100% of the total amount of

peroxide compound used without, however,  reducing the

20 reaction rate, when compared with a process using the

same total amount of peroxide compound but in which
each reactor is fed with fresh peroxide compound.

A preferred embodlment of the process according

to the invention is represented schematically in

25 Figure 1. 1In this preferred embodiment, the first

reactor 1 contains a portion of the catalyst,

preferably as a fluid béd 2. The reactor 1 is fed with

a first portion of the olefin via pipe 3 and then via

pipe' 4, with peroxide compound via pipe 5 and then via

30 pipe 4, and with solvent via pipe 4 from another part

of the plant which is described later. In the first

reactor, the first portion of the olefin reacts with

the peroxide compound in the presence of the catalyst

to form a first portion of the oxirane. The medium

35 leaving the reactor 1 via pipe 6 contains the solvent,

the first portion of the oxirane, the unconsumed

peroxide compound and the unconverted olefin. This

medium paéses through a filter 7 and is conveyed via

pipe 8 into the container 9 in which it is subjected to



was not consuned in that previous reactor. In general, 15 water is also

I ntroduced with the peroxide conpound into the first reactor._ The fact
that no peroxide conpound is added to the subsequent reactdmligy?ﬂﬂﬁx;it
possi bl e to consunme 100% of the total anmount of peroxide conpound used

wi t hout, however, reducing the 20 reacti-orBrate, when conpared with a
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each reactor |$ fEPrGIizedt qyer dlielemedipound. thepr efremrsgbramdodiient  of
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conpound in th of o1t at al far S ortion of, the
oxi Tane. The nedroAvSEeRas aieRapch8 Kelychpd DR EhE T oRBEbCT, e
sol vent, -the PLPSE e64¢|§n‘3¥3tﬁe ok arfd rsthepentoms umdd opbranedds

corrpound and t beiuaeeaveried faldfshHed Thisauardiwig pﬁmﬁéslkhr%%e%bw ter 7
and is conyveyed via. g 8 S into the container 9 in I s subjected
to 30 Jul y*$00%°Bta BB Bfi 2 SPHERNEThe thgdi BRKOXitfen COFROYHS: t 80ty a

pi pe 10 into acdhstuinkHat hotheoleartbt. 1Aaﬁﬂxbbe%1@ﬂy apr%ﬁaoﬁnéfokhe
unconverted ol oV at .t he 0 of t |l ation_colum 11.
ﬁngnbérEgﬁ qﬂzl 1s ofi ct eﬁg WWﬂCﬂf @6

This -m xture is conveyed v a AR ar at es
t he oxirane fr@ﬁﬁthéleﬁeeﬂvepﬂemnoﬂéf|ﬁhlﬁhmedunmonaepbedlohebfnwhich

recycl ed 1 nto kig I8elfhaliyl dePlRESydfeq s Aith 4. et dddcib,Pqrtigq of
oxirane is _collected as, finlshed product via plpe nedi um
15  pipe 30, 1is transporte via pipe 16 into a second
reactor 17 containing another portion of the catalyet,
preferably in the form of a fluid bed 18. The second
reactor 17 is fed with a second portion of the olefin
via pipe 19. In the second reactor 17, the second
20 portion of the  olefin reacts with the unconsumed
peroxide eompound from the first reactor in the
presence of the catalyst 18 to form a second portion of
the oxirane. The conditions in the second reactor 17
are preferably such that all of the peroxide compound
25 from the first reactor is consumed. The medium leaving
the reactor 17 wvia pipe 20 thus contains the solvent,
the second portion of_'the oxirane and the unconverted
olefin. This medium passes through a filter 21 and is
conireyed via pipe 22 into the container 23 in which it
30 . is subjected to a depressurization. The medium is then
transported wia pipe 24 into a second distillation
column 25. A mixture of the second portion of- oxXirane
and of unconverted olefin is recovered at the top of
this distillation column 25. This mixture is conveyed
35 wvia pipe 26 into a condenser 27 which separates the
oxirane from the unconverted olefin. The unconverted
olefin is recycled into the reactor 1 via pipes 28, 14,
3 and 4. The second portion of oxirane is collected as

finished product via pipe 29. The solvent, which is



10 contai ning the solvent, the peroxide conpound not consuned in the
reactor | and possibly a portion of the wunconverted olef in _is collected
at the bottomof the distillation colum 11. This medi um z?%ﬂﬂ%?qg4 of .
which may optionally be recycled into the reactor 1 via 15 pipe 30, is
transported via pipe 16 into a second- Yeactor. 17 containi ng anot her
portion of the catalyst, preferably in the formof a fluid bed 18. The
second read&esiyciled sviadPiiPeh 4a seeonbhporftinat ofeateonl Bf and \é@ra pi pe

19. In the seaRhs et Diedd, arh@cﬁeq%nde@&lpﬁéaoelgf LIRS ghef dd eacts
wth the un%Fﬁgyned pero§§ g conpound fromthe first reactor
presence of oo §§8bﬂ&sﬁéﬂ@?§h°8fCoﬁﬁ@noiﬁFane The

conditions in the s&Mmuhdﬁﬁ&ySE ﬁ%edaﬁ@[xﬁéepﬁbbés§uﬁacbﬁaﬁn@|tdﬁ t he
reactor is.cons e medi um | eavi ng

per oxi dex co un n1the fir Th

the reac % v?%gépnpe IHGE (‘}oﬁ't aT TREFHE® s81 V& L!thet h8Ss&dridSorti on

of the oxi r&iril@ﬂmd: th@@nmmf@mﬂ@dy oh ettiltanThins zealiitre paskes Hdimpugh a

filter 21 angi Vv & pi el he contalner 23 in ch it 30
1itBniGRNVexed i\ied pijRe %%lt oRiRd NG LB r]tvlvgd

is subjected to a depressurlzatlon umis ranspo Vi a
pi pe 24 int 6ORLEdEIRT disdtilicrat Wi chcohadn 25, mqﬁqmnoelsof arystadcond

portion of etiriatereard cﬁeﬂwveyﬁ@daﬁaeihnwhiche%@é%&%(i al; 1Ret op of
this dl€§I|| tion colum i E ig;(xture .S conveyed 35 via pipe ™6 into a
condens Eﬁﬁﬁﬂ?%%p§?3 asethgvitdi FARBNEREMALRRS I cBRY e tAd@TGBY i n. The
unconvert ed zeolléfien bﬁvaacagbedsﬂ@tohhhe @eaatqgta1V|@tﬁm@Q&r38,o¥4 3 and
4. The seco rti f (0) cted ni shed product via pipe
29. The sol \%g?]{'?g égbhq S%éguﬁz °’Fegs§7"é{ré§ VYR |p£ 4T84t 0 t he
first react 8ise, haear awebyb @ftﬁrluaé:mre whi chreite evanlimted typa, pi pe 31,
are collechedratably BRLEOBEOk1MAE ndlusl ] Izg@aleesc%waﬁmﬁ}s gat al yst

used in the process according to 5 the invention generally ¢con tarns a
zeoI|té' a §P§8tlon band & about 850-960 cm are suitable for

Titanium zeolites of silicalite type are
preferred. ‘ Those corresponding to the formula
XTi02(1-x)8i0; in which x is from 0.0001 to 0.5 and
preferably from 0.001 to 0.05 give high performance.

20 Materials of this type, known under the nalﬁe TS-1, have
a mlcroporous crystalline zeolite structure suru.lar to
that of zeolite ZSM-5.

The catalyst used in the process according to
the invention is advantageously in the form of

25 particles obtained by extrusion as disclosed in the
Applicant's patent application WO 99/28029, or by a
sSpray process as disclo‘sved in the Applicant's patent
application WO 99/24164. The content of these two
patent applications. is incorporated herein by

30 reference.

The solvent used in the process according to
the invention may be chosen from saturated, linear or
branched aliphatic alcohols. The alcoholic solvent
generally contains up to 10 carbon atoms, preferably

35 from 1 to 6 carbon ateoms. Examples which may be
mentioned are methanol and ethanol. Methanol is
preferred.

The amount of solvent used in the first reactor

is generally at least 25% by weight of the liquid



el ement, and preferably a titaniumzeolite. The term "titanium zeolite" is

I ntended to denote a solid containing silica which has a m croporous
crystal structure of zeolite type and in which several sil iVl eP% ons

are replaced with titaniumatons. The titanium zeolite advantageously has

a crystal structure of ZSM5, ZSM 11, -ZspM12, MCM 41 or ZSM 48 type. It
may- al so have a crystal structure of beta zeolite type., preferably free
of al uminium Zegctien wmediam | pesead 13nabsdwept ifdrshandesictalqut i950- 960 -
cm-1 are suit it aruse. 1EsLani | Ls of siligcallte type ar ,
preferred. Thoggkg:éff:?éggoﬁgi %Ea%% ﬁﬁ? %)%?#ue}l?tkﬂf%?( f—g(%'gl&a?{-’nﬁ 'sgth X is
from 0. 0001 to~8%5Bhreighis-erBHs anmp. veuatby 0doss ghot kixgeed 99%

performance. 28yMabeidiet s a0id t ihs gatte.cdir@wngyagendihecRameql dg hgve a
m croporous; crystalline that of zeolite ZSM5. The catalyst used 257the
I nvention isS p gPtres obt ai ned Applicant's patent zeolite structure

simlar to in the procfss awdardi reriom bhdveatagebes|amduhddecfoonesfin by

extrusion as disgl | . ' [ 99/28029, or by a spray

process as di s‘é?gsg%e%né %}Eé‘%pﬁ@é}n s ‘g%‘?%\%n é%%l PE8FREH éﬁ%’é‘%ﬁﬁ@m.
The content of tPhedde winvsaxtdon api | ceenerslly s atcolpastat ed. her eiin by
30 reference Thgreokueat wiediilst h%.ér%ﬁspféfgfgﬁulfgha% Ci%?sé nyeation

may be chagsen ﬁom saturated, linear or branche cohol's.” The

al cohol i ¢ bl vERES JRERG| BREE6nt aFnsusiptly 1@ofar Bercatdhmn Pl .er ably 35
from1l to 6 capheniahda®. rotanpbes WHLh 5BY M pRRELPABT ARy Ul RaRol and
et hanol . Met hagﬂ(lami S5

The process according to the invention may be
continuous or batchwise.

15 _ In the process according to the invéntion, when
it is carried out continuously, the peroxide compound
is generally used in the first reactor in an amount of
at least 0.005 mol per hour and per gram of catalyst
present in the first reactor, in particular of at least

20 0.01 mol. The amount of peroxide compound is usually
less than or equal to 25 mol and in particular less
than or equal to 10 mol. Preference is shown for an
amount of perocxide compound of greater than or equal to
0.03 mol and less than or equal to 2.5 mol.

25 In the process according to the invention, the
peroxide compound is advantageously used in the form of
an agueous solution. in general, the aqueous solution
contains at least 2% by weight of peroxide compound, in
particular at least 5% by weight. It usually contains

30 - not more than 90% by weight of peroxide compound, in
particular 70% by weight.

The reaction temperature between the olefin and
the peroxide compound may range from 10°C to 125°C. In
one advantageous variant as disclosed in patent

35 application EP 99/08703 by the Applicant, it is greater
than 35°C to overcome the gradual deactivation of the
catalyst. The temperature may be greater than or equal
to 40°C and preferably greater than or equal to 45°C. A

temperature of greater than or equal to 50°C is most



preferred. The anount of solvent used in the first reactor 1is generally at
| east '25% by weight of the liquid 30 July 2004 - 10 reaction nedium
present in the first reactor, in particular at |east 40% by3%'é‘|'5g¥ﬁq4 for
exanple at | east 50% by weight. This amunt usually does not exceed 99%
by weight and in particul ar does not exaded 95% by 5 weight. The nol ar
rati o between the_ anmpunts of olefin .and of peroxide conpound used in the
process accorBRhficvbarhe ipRefrimedi s Yeneraldotian | easbeRlaturen is

particul ar atplepstafiy Ba&s phgderafdocat least 0.5. 10 This molar ratio is
usual Iy not nore than 10?@%i n particular not nore than 50 and preferably
p

not nmore than 25. ThE? eBEO5EEEr @FRETEdNghEd et Imvemeiome the

continuous orréatcihvh skbetdkbehn the JIHERSSaRQCUN btk ide ggl\r{ﬁiglﬁf,_‘i]gn, when
ound _is genera used in

it is carrde t t] sLy, _the roxi de co

the first T egrg% rtg}g@aﬁﬂé%u# mog ?‘F§é§t PE 565 ol e lshdoper gram
of catalyst peeSermed nunderfpressneact Ghisi preassiirel genefamty | @ast 20
0.01 nol. TheygeouRt-0f P§rexi-dexc I s usualkl |l ess than or, equal to
25 nol and in part]cular ?e}g%f'tﬁaﬁggrggggﬁa?ft 3%16)%09.5 Pk e'®*s shown
for an amourRT¥FEHER oxi de conpound of greater than or equal to '0.03 nol

and | ess than or equathd Gekroxif .compduhdd SHIAEC o), Q%C%s?g%‘giﬁ Otﬁ%]neof

inventioag t he é)eeroxi de co I(3undt| s advant ageously."used In the for
aqueous 50! ut?oIEeTH gBREPEFINY he ERquddR sHVERBRON coRES nPerotiadst 2% by
S o petstersmonns ntesbagtecua ot el Mdllons |
parti cul ar - 700 el Ghel FY PERST% Hehpkr atavE ot TN PAET0IAHa n and
B capable of carrying out an epoxidation. Hydrogen
peroxide and peroxide compounds which may produce
15 hydrogen peroxide wunder the conditions of the
' epoxidation reaction are suitable for use.. Hydrogeﬁ
peroxide is preferred.
When hydrogen peroxide is used, it may be,
advantageous to use, in the process according to the
20 invention, an aqueous hydrogen peroxide solution in
crude form,- i.e. in unpurified form. For example, a
solution obtained by simple extraction with
sﬁbstantially pure water ofathe mixture derived from
the oxidation of at least one alkylanthrahydroquinone
25 {(process known as "“autoxidation A0 process") without a
subsequent washing and/or purification treatment may be
used. These crude hydrogén peroxide solutions generally
contain from 0.001 to 10 g/l of organic impuritiesg
expréssed as TOC (Total Organic Carbon). They usually
30 contain metal cations (such as alkali metals or
alkaline-earth metals, for instance sodium) and anions
(such as phosphates and nitrates) in contents of from
0.01 to 10 g/l.
In another variant of the process, a hydrogen
35 peroxide solution produced by direct synthesis using
oxygen and hydrogen in the presence of methanol may be
used.
The oxirane which may be prepared by the

process according to the invention is an organic



t he peroxi de conpound may range from 10C to 125C. In one advantageous
variant as disclosed in patent 35 application EP 99/08703 by the ﬁﬁplicant,
it"is greater than 35C to overcone the gradual deact i vati orsOofult 2004
catal yst. The tenperature may be greater than or equal to 40C and
preferably greater than or equal to 45C. 14 -tenperature of greater than or
equal to 50C is nost 30 July 2004 - 11 particularly preferred. The
reacti on tenperungund s compfisabd y desgroban HACespondiegpr aGLSSthe
according to the,dsetdQmiane reaction between the olefin and the
peroxi de conpound 5 may take place at atnospheric pressure. It may al so be
performed under pressure. This pressyre generally does not exceed 40 bar.
A pressure -of 20 bar is suitable in, The peroxi de conpounds

whi ch may be used in the 10 process .to the invention are

per oxi de conpounds contai ni ng one re/peroxi de functions (-0OOH) which
may rel ease active oxygen and which are {gapable of carrying out an

epoxi dati on. Hydrogen er oxi de_and peroxi.de conpounds whi ch_may produce 15
hydr ogen per oxi de undeTrh%t h(gx%ﬁ"ﬁ%?t igtﬁ%ser(?ﬁl[yhecongﬁk?ﬁatﬁw réactPorttar e
suitabl e fbr weabonHahcmyen pyeflerdidy | Srqu €3 etoed. ciiebnhypdioagen Mgy oxi de
Is used, it : dyantiag L.nst he,.nrqcess according.to the
20 inventi on%ﬁ%ﬁ&ggus hylgrglgi n %%rg%gagkggl lrhq‘gar{lq:largec?ﬂfg‘é’f mgdﬁe‘. e. in
unpurified foPFOCESE S&CLPFIdng, tosdihg iigvestitiainn ed-ebyl. ,Si-raplcecyetapatia on
with substantind |1y, 2peipRxyaBechabrbpeofhibyr gndepived LLam,,Lhe axisdation
of at |east one.al kyl ant hr ahydroqui none 25 (process known as "autoxi dati on
AO process") Wi'th§ xgprgﬁﬁgéquent washi ng and/ or purification treatnent
may be ub@d. These cfrhde diydriogenwipprioxade s@livhbies @enenal pfoce@nt ain

from0.001 toacgogﬁhngft%r%%g(ﬁﬂﬁgﬁgf&AEEEnerally contain from 2 to
10 carbon atoms and preferably 3 to 6 carbon atoms.

Propylene, butylene and allyl chloride are suitable for
use. Propylene and allyl chloride are preferred, and
15 nmost particularly propylene.

In the process according to the invention, it
may prove to be advantageous to monitor the pH of the
liquid phase. For example, it may be advantageous to
maintain the pH of the 1iqurd phase during the reaction

20 Dbetween the olefin and the peroxide .compound at a value
of from 4.8 to 6.5, for example by adding a base
(sodium hydroxide) to thé epoxidation medium, as
recommended in patent application WO 99/48882 by the
Applicant (the content.-of which is 'incorporated by

25 reference into the present patent application). This
base may be introduced into a single reactor (for
-example the first reactor) or into several reactors. Tt
is preferably introduced into each reactor.

The reaction between the olefin and the

30 peroxide compound may be carried out in the presence of
' a salt such as sodium chloride, as disclosed in patent
application WO EP, 99/08703 by the Aapplicant (the
content of which is incorporated by reference into the
present patent application) . This salt may be

35 introduced into a single reactor (for example the first



expressed as TOC (Total Organic Carbon). They usually 30 contain netal
cations (such as alkali netals or -alkaline-earth netals, for msé(%gc
sodi un) and anions (such as phosphates and nitrates) in conVeht from
0..01 to 10 g/l. In another variant of the process, a hydrogen 35 peroxide
sol ution produced by direct synthesis usifig. oxygen and hydrogen in the
presence of nethanol maybe used. The oxirane which nay be -prepar ed by the
process accor dieagtica)t her i nveset | sevesadn tegatdLs 30 iUl Ys2Q04ape 'f{

he

conmpound conprigi, NG A G QUR cQLr, sggndbng to the general for rruI a:
oxi rane generally contains Prom 5 carbon atons, preferably from3

to 6 carbon atons. ThétoXiayvardes avasitamgoue poemateddadmarm&mgmuﬁlm by the
process accoran%1fbfﬂ“ﬁlﬂﬁﬁag'fﬂl55@ dr2 mSPQXngQB%%e2 or exﬁ%ﬂ%ﬁ&a 10

1, 2- epoxy- chI ropropane. ,The preferred oxirane is
The ol efin tudfe contriBiagi fhenelptoneand adser éltnd-eta@tt H®% rient i on

general |y conpan:mf:nmarZZD% orcanbampial o ?é‘@stpr%@f ap yv?:lhf&e oar bon
atons. Propyl use.

Lene ot%ut ene a chl or| de are suitab
Propyl ene and®5f1 yIP¥chi Orr de Egﬂ@"pﬁ%f dft¥ed, %ndln‘£5°%§?dpaﬂf¢@ul &hey
propyl ene. | nephxigabiess mezotaiamg tEor heexajmé | ofin i ttheBY:gleOVeft 0 be
advant ageous r q r .exanpl t may be
advant ageous ?Qoﬁgg}e%tgal Ir:lﬂtghggkgiéofllﬂ%%e %l%ﬁfﬁa Hégg ag }ﬁ&SFhés%e ¥tion 20
bet ween tH: oVetrmean®f hePlE}wai;@ dewbenpolit atrecyaled ohcbnosréed to
6.5, for exanpkepPyenddiBg ighawk 0x dation
"BCophLe | ek L Eﬁgm%ésgﬁﬁsszf‘% m%‘ﬁ i5\8pl i cant

medi um as rgcomended in patent appli catlon
b

(the content 8F &nhiFCHTFE i Orfc SEEAEHE phind i e‘F‘é'ﬁcéOﬁﬂnil@tehE fresdnt
pat ent appl | cafi pnpparldi s )

The examples that follow are intended to

15 illustrate the present invention without, however,
limiting its'scope.

Examples 1 and 2 were calculated ‘using the

Aspen Plus® software from the company Aspen Technology

Inc. using reaction kinetics parameters determined on

20 the basis of the experimental results described and of

the ligquid-~vapour equilibria available in the

literature.

]

Comparative Example 1

In this example, the synthesis of propylene
25 oxide is performed in 2 reactors in series without
intermediate separatlon of the propylene oxide formed
in the first reactor.
326.5 kmol/h of hydrogen peroxide accompanied
by 1 100 kmol/h of water are mixed with 1 500 kmol/h of
30 methanol and 250 kmol/h of propylene under a pPressure
sufficient to dissolve all of the propylene at the
reaction température. The reaction mixture is
introduced continuously at 70°C into a methodic reactor
containing 600 kg of catalyst.
35 The reactor. effluent is mixed with 200 kmol/h
’ of propylene at a pressure sufficient to dissolve all
of the propylene at the reaction temperature, and is
introduced continuously at 70°C into a second methodic
reactor containing 600 kg of catalyst.



base may be introduced into a single reactor (for exanple the first
reactor) or into several reactors. It is preferably introduced intg each
reactor. The reaction between the olefin and the 30 peroxi&@ nd may
be carried out in the presence of a salt such as sodiumchloride, as

di sclosed in patent application WO ER, 99/08703 by the Applicant (the
content of which is incorporated by reference into the present patent
application). This satheneffbeeddb ifitdwdubed i SeAGEEr I eaREQL nLf OF

exanpl e the firgt ly 2004 - 13 reactor) or into several reactors. It
i s preferabl yé';énlf‘r%g%iﬂ%ed ifito eé%’r?ornevaecrttoﬁ"{. | t WETadvaRCEgESHS  t 0 '

i ntroduce the2&kefikmol fhaof oprpgilened dxidenearn MDr& ihd®/1eSof FB{ -

exanple, 5 a,fbdi o] k Qb HO ' t |east. 10% (|

particul ar 28&$§%§t§éxgﬁgﬁlgt ﬂ%rgglggy%torl&?’ 3%24%%985?;’&%%%1%% '_rmi;geal kanes
may be i ntr od¥it@Ydi AfoCBhds apoxteafhentr £at & sdedure exinpbayeraibhe case
of  propyl enectt fige | B desgempdiniaehMidd 3. | east 10% by 10 vol une of

propane when the recycled unconverted propylene is introduced into the
reactor. It ngg}@gﬁﬁ%jbgub as‘iﬁﬂ%gﬂlﬂe PRI WHEH-48)not  conpl etel y
freed of propane. _ Tihe tdianpegamphat fohéowarthdditended bPopdPene
Illustrate t se i | w i hout, however limting its scope.
Exanmpl es 1 a%;gdi%vergé cﬁ%ﬁ&aﬁ%ﬂ usjl“rhgu% he” SASTRFS Pl 13 ( rFEEHFE waf £E- 1 om t he
conpany Adpenimiesmmedioe separasion odacthenpkbpeibens paciatet £68med

determ ned on20-Hderhasi s-Rf-tldie experinental results described and of
the liquid-vapour equilibria available in the Iliterature. Conparative

Exanple 1 In this exalffl-e Xed/dynPhedtdnngen oppireonades accompanied
o by 1 100 kmol/h of water are mixed with 1 500 kmol/h -of

methanol and. 250 kmol/h of propylene under a pressure

15 sufficient to dissolve all of the propylene at the
reaction Vtémperature. The reaction mixture is
introduced contiriuously at 70°C into a methodic reactor
containing 600 kg of catalyst.

The reactor effluent is conveyed to a

20 rectification column containing 50 theoretical plates
(including condenser and boiler); the feed is effected
into the 10th theoretical ?plate {(counting from the
condenser); the column is run at' 1.1 bar absolute
(column head pressure); the column head temperature is

25 maintained at 40°C (partially vaporized distillate);
the degree of molar reflux is set at 1; the flow rate
of distillate is adjustéd so as to recover at the top
of the column 95% of the propylene oxide present in the
column feed. -

30 The mixture taken from the bottom of the
column, which is depleted in propylene oxide, is mixed
with 200 kmol/h of propylene at a pressure sufficient
to dissolve all of the propylene at the reaction
temperature, and is introduced continuously at 70°C

35 into a second methodic reactor containing 600 kg of
catalyst. '

The effluent from the second reactor contains
0.5 kmol/h of unconverted hydrogen peroxide,
85.9 kmol/h of propylene oxide and 68.5 kmol/h of by-



30 oxide is performed in internmediate separation in the first reactor.
326.5 knol /h of by 1 100 knol/h of water nethanol and 250 iﬁgﬁ{lyégo
sufficient to dissolve reaction tenperature. 2 reactors in %20Q% ¢ hout
of the propyl ene oxide formed hydrogen peroxi de acconpanied are m xed with
1 500 knol/h of of propylene under a pressure all of the propylene at The
reaction mxture the is introduced continuously at 70C i nto a nethodic
reactor contrradngt80driedndfy cettdigstordmndie aeAcbebpanefiibuent che ni xed
wi th 200 knol eneat Squr ugfq to dissolye all of
the propyl eneégtuﬁepéjg%%%l on é?e C%él&a ure, Egﬁdgl ?“052‘? c84°PY ﬁ??‘ﬁuousl y’
at 70C i nto af3¥&e€8ndthet Mi@ld Qfea@:3 ob-scupt &ioniHy BOEdky af degtabyst. 30
July 2004 - 1éon{Fé§sE<Blf1|Hﬁnﬁhérﬂﬁafbéeﬁeﬁagﬁ&dﬁé‘cc%@r ogapfains 2.3 kml/b
of unconverted hydrogen peroxide, knol / propyl ene oxi de and 77.4
knmol / h of by- products (mainly methoxypropanol and propanediol); the 5
yield of C3is up to 74. 7% for a degree of ‘conversion of the hydrogen
peroxi de of 99.3% Exanple 2 (in accordance with the invention) In this
exanpl e, the synthesis of propylene oxide is perfornmed in 2 reactors in
series wwth 10 internedi ate separation of the propyl ene oxi de forned




in the first reactor. 326.5 knol/h of hydrogen peroxide acconpanied by 1
100 kmol/h of water are mxed with 1 500 knol/h-of nethanol amj, &@?
Knol / h of propyl ene under a pressure 15 sufficient to Q|ssoI%% YF t he
propylene at the reaction.tenperature. The reaction mixture is introduced
continuously at 70C into a nethodic reaggor containing 600 kg of catalyst.
The reactor effluent is conveyed to a 20 rectification colum containing
50 theoretical plates (including condensemsand boiler); the feed is

ffected into the 1 oret ] cal at counting fromthe condenser);

e el i Sl o B e e
n :

hﬁaddéerggrgp r &t glx ' te@vent flow L of distillate is

ad; ust o DL Ratslyot ahd 3's V%’fttgﬁ &5 fég‘g%‘b’? tREGPEByI ene

adj usted so as to recover at the to 1e_col um _
ox{de prégenFrFﬁnﬁﬁ 1EoﬁﬁﬁﬁeﬁeeG?CgOOf Yhéchi geukainakeanpbranohhefbot t om

of the col ughe whhamyb&,daab@kddnan@fﬂﬁgﬁﬁnStgig?gégkggﬁgﬁfggfﬁkhg 200
oropyl ene at SERE PeactEn SEEREEF artiit, KRl ReTHiASauEPTDEBRG: navasl y at
70C 35 into antrodndedethbddi a mimﬁuquawmﬁ%ngﬂggﬁﬁ%ﬁ@ﬁﬁﬁ?%gﬁﬁgk¥§g; The
Py ogen per oy a, PORETE ke /%  ShrBHI e cAtF AR ey tee BRI/ Wiof by 30
July 2004 - exdepy sauépsmy( Aaifiiing tradnbippr epfaritie avwdi paropane dineli) umt he
col um di stitbmbei sPRG aivke 168 8cknpddiy f %op%/,llﬁﬂ%%o?o%edt’he?%éegd 011:
So b5 B0 St gt the Cel oS o ted 0TS ih Yng, where apaaon Per X1 de o
99.9% 30 JuFY-YBBY - tH8 n and, where appropriate,
" the unconsumed peroxide compound is removed from this
reactor and introduced into a distillation column, the
15 majority of the oxirane formed and of the unconverted.
olefin is _coilected at the top of the column, the
medium depleted in oxirane and containing, where
appropriate, the unconsumed peroxide compound is
collected at the bottom of the column, the medium
20 depleted in oxirane and another portion of the olefin
and Optionally another portion of the peroxide compound
-are introduced into .a ;Subsequent reactor, an
epoxidation of the other portion of the olefin is
carried out therein in order to form another portion of
25 the oxirane, and the other portion of the oxirane thus
formed is collected.
2. Process according to C(Claim 1,. in which the
medium leaving the subsequent' reactor and containing
the other portion of the oxirane, the solvent, the
30 unconverted olefin and possibly the unconsumed peroxide
compound 1is introduced into a subsequent distillation
column, the majority of the other portion of the
oxirane and of the unconverted olefin are collected at
the top of this column and the solvent and possibly the
35 unconsumed peroxide . compound are collected at the
"bottom of this column. '
3. Process according to Claim 2, in which the
process is carried out in two reactors arranged in

series and in which the medium collected at the bottom



CLAIMS 1. Process for manufacturing oxirane by reacting of an olef in

Wi th a peroxide conpound in the presence of a catalyst and a solvent in at
| east- two reactors 5 arranged in series, each of which cont a?%llézwtion
of the catalyst, according to which a first portion of the olefin, the
sol vent and the peroxide conpound are intrpduced into a first reactor, an
epoxi-dation of the first portion of the olef inis carried out therein in
10 order to fornmpé thestsgromd elisifilflletiox rarlmm 1€ di-a6vcTeAPLihsbNgHhe
first portion of g9xifapg;fpsped, the solvent, the unconverted ol efin and, .
where appropriate, the unconsumed peroxide conpound is renoved fromthis
reactor and intr8duced i RFecassli ae¢pradingnteornsm onehe £l mmjms i 1 ytof 3t he
oxirane formed apd apnidie wneonertefe o ebkdrbAcColi@oiad Bhobi ekl

t he col umm, tgpe gegt um aggl eéeg in oxirane and contalni ng he
appropri at e, 1 he®tfitdisGREUSHEPExPle tOPORNPT sthe ofii 8Ei &4ahi onheoBsmmom
of the colum,. (fAtraedand/2@ defseig@n exiwmie a8d iMIERIcRO{hEan af
the olefin and i y .anqQt:her, poytiaon.of the, peroxide cqonpound . are
i ntroduced into 28{31%%{81‘%%%6%? S'Fgglc }brfgﬁ%n BpEAFat nSSPaFﬁEegt tfg?o%oFP?on
of the ol efin isungany¢reduplefieneiwhiah ordereoycfledim amnod henepastt | eReof
25 the oxirane, pagd-thesother portion of the oxirane thus forned is
collected. 2. Process according to Claim1, in which the nmedium]leaving
t he subsequ react or APV AFEeRAinhetot ARY poet pdn Whaimse xioe ade,
the solvent, theiBOvkiENVET tigth GteidtbaNGROSH lldericheauneqnsumed peroxi de
conpound is intrpduced into a subsequent distillation _columm, the nmajority
of the-other portton of THESHXiFH of° t HRY uABBNPér Cddidisefl ntar e,
collected at thmtopidi the scatdlyst aingl phesant vianteadd passStdF Vid hends
unconsuned per ox§ C . col J.ec at _the_ _hottomof. this .colyum..
3. Process acco)r(%(?ﬁ?; ?gp%lggg%gggsi'névﬁﬂ c%g?'ﬁea Bortidn ‘Of *which® i in
15 fluidized form.

7. .Pfocess according to Claim 6, in which the
medium leaving the reactor (first and/dr subsequent
reactor) passes through a filter before being
introduced into the distillation column (first and/or
20 subseguent column).
8. Process according to any one of Claims 1 to 7,
in which the wmedium entc?ring_the distillation column
(first and/or subsequent column) is first subjected to
a depressurization before being introduced into this
25 distillation column.
9, Process according to any one of Claims 1 to 8,
in which all of the peroxide compound is introduced
into the first reactor.
i0. Process according to any one of Claims 1 to 9,
30 in which the oxirane is propylene oxide or
epichlorohydrin, the olefin is ‘propylene or allyl
chloride, the peroxide compound is hydrogen peroxide,

the solvent is methanol and the catalyst contains TS-1.



process is carried out in tw reactors arranged in series and in which the
medi um col | ected at the bottom 30 July 2004 - 17 of the second
distillation colum is recycled into the first reactor. 4. Process
according to any one of Clainms 1 to 3, in which the m xture of oxirane and
of unconverted 5 olefin collected at the top of the distillation colum
(first and/or subsequent columm) is introduced into a condenser in which
the oxirane is separated fromthe uncqgnverted olefin mhichQQQWk%¥Hled
into one of the reactors. 10 5. Procﬂgé according to any one of Clains 1
to 4, in which all the reactors are of identical size. 6. Process
according to any one of Clains 1 to 5  in which the catalyst is present in
each reaq%or %p t he forn1o&ge§%ti l es, at least a Portion of which is in
15 f1ui di'zed FEIFRSS ACCRdie Bot-ditnyhicB 1Y skbstantial AMANNE R sAeNtYisdi um

| eavi ng tdreovetiabétaeen fihe Sitst 2nd/iBE SUBE BRI, ah@ AT QBditiBRSF @Ssubafzpugn a
filter beforeh%eiﬂﬁﬂ.ipthoduce into the distillation colum (first and/or
20 subse§eHPt P5PlYRAY intodhe gpeqrdseacterds nah Mgess4ny one of Claims 1 to 7,

in which the nmedium entering, the distillation colum (first and/or

subseque colum) is firs bjected.to .a depressurization before being
intr oducgé' i nkz 5%‘%? §°°°§%’"%§%§téf'+ it 'i"dﬂ“'?fb"f‘ W_regqtorp? g ibeFenesgist o any
one of Ceairied olit hah@e readtorsfarrahged ih sefies.he peroxi de conpound is introduced
into the first reactor. 10. Process according to any one of Clains 1 to 9,
30 in which the oxirane is propylene oxide or epichlorohydrin, the olefin

is propylene or allyl chloride, the peroxide conpound is hydrogen
peroxi de, the solvent is nmethanol and the catal yst contains TS-1.



-18 30 July 2004 11. Process according to Caim1l1, in which no substanti al
amount of solvent is renoved between the first and the second reactor, and
the addition of a substantial anount of solvent into the setd tor is
not necessary. 12. Process according to-Caim1, in which a third reactor
is used and the process is carried out in three reactors arranged in

series. 30 July 2004 ABSTRACT Process for manufacturing oxirane, conprising

the separation of the oxirane fromABSTRBATtI on medi um Process for

manuf acturing oxirane by reaction of an olefin wth a peroxide conmpound in
the presence of a catalyst and a solvent in at |east two reactors '
arranged in series, each of which contains a portion of the catalyst,

according to whirdtodess @ROXinGaiifelk turddel T aREe %gﬁb%ggiggtthg ?eries

including interg tafe disfiJTation, To mMnimzet
by- pr oduct s. Si%é?gr?tﬁg?e?£ the oxXirane from the reaction medium

Process for manufacturing oxirane by reaction
of an olefin with a peroxide compound in the presence
of a catalyst and a solvent in at least two reactors
arranged in series, each of which . contains a portion of
the catalyst, - according to which two epoxidation
reactions are carried out in series including
intermediate distillation, to minimize the formation of
by-products.

Single figure.



