23 Decenber 2004 Process for manufacturing oxirane using a peroxide
compound The present invention relates to a process for manufacturing
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tntroduced ipéPoRide in the presence of TS-1. For example, in

patent US-A-5 849 937, such a process is performed in

.15 several reactors arranged in series. In this known

process, each reactor of the series is fed with fresh
hydrogen peroxide. '

The Applicant has found that when each reactor

is fed with fresh hydrogen peroxide, it is impossible

20 to convert the entire amount of hydrogen peroxide used

without substantial formation of by-products and thus

impossible to have an optimum yield.

The present invention overcomes this drawback

by providing a novel process which makes it possible to

25 convert’ 100% of +the amount of hydrogen peroxide

introduced, with a low formation of by-products and
without, however, reducing the reaction rate.

To this end, the invention relates to a process

for manufacturing oxirane by reaction of an olefin with

30 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 catalyst, according

to which a first portion of the olefin, the solvent and

all of the peroxide compound are introduced into a

35 first reactor, an epoxidation of the first portion of

the olefin is carried out therein in order to form a

first portion of the oxirane, a medium comprising the

first portion of the oxirane formgd, the solvent, the

unconsumed peroxide compound and possibly the
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- which is present in the medium obtained from the

15 preceding reactor and which has not been consumed in
this preceding reactor. In general, water is also
introduced with the peroxide compound into the first
reactor. The fact that no peroxide compound is added to
the subsequent reactor(s) makes it possible to consume

20 100% of the total amount of peroxide compound used
without, however, reducing the reaction rate when
compared with a process using the same total amount of
peroxide compound, but in which each reactor is féd
with fresh peroxide compound.

- 25 In the process according to the invention, a
plant is wused, comprising at least two epoxidation
reactors arranged in series and connected together,
with the exception of at least two successive reaction
zones arranged in a single reactor. These reactors are

30 therefore separate reactors. Each reactor is fed with
olefin. The peroxide compound and the solvent are only
introduced into the first reactor. Each reactor
contains a portion of the catalyst which does not leave
that reactor. When the catalyst is present in the form

35 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 particles, at least some of which are in a. form

fluidized by a liquid stream or by mechanical stirring



zones arranged in a single reactor. These reactors are 30 therefore
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in the first reactor is generally consumed in the first

-15 reactor. The best yields are obtained when at least 70%
are consumed in the first reactor. Usually, not more
than 99% are consumed in the Ffirst reactor, and
preferably not more than 85%. The remainder is consumed
in the subsequent reactor(s).

20 In the process according to the invention,
reactors of identical size are preferably used. This
makes it possible to interchange the Ffunction of the
reactors when the deactivated catalyst in one reactor
is replaced with fresh or regenerated catalyst without

25 disrupting the functioning of the plant (so-called
"carousel” functioning).

A first embodiment of the process according to
the invention consists in using the catalyst in the
form of particles, at 1least some of which are in

30 fluidized form, as disclosed in the Applicant's patent
application filed on the same day as the present patent
application and entitled "“Process for manufacturihg
oxirane in the presence of a catalyst in the form of
particles" (the content of which is incorporated by

35 reference). In this case, it is recommended to include
a filter through which the medium leaving the first
reactor ©passes before being introduced into the
subsequent reactor. This -embodiment makes it possible

to obtain a homogeneous dispersion of the catalyst in



reactors when the deactivated catalyst in one reactor is replaced wth
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15 In a third embodiment of the process according
to the invention, the medium entering the subsequent
reactor is first subjected to a treatment to separate
out the oxirane formed before being introduced into the
subsequent reactor. The aim of this embodiment ‘is to

20 éeparate the oxirane from the epoxidation reaction
medium as quickly as possible after it is formed in
order to prevent the formation of by-products by
hydrolysis or alcoholysis {methanolysis when methanol
is used as solvent) of the oxirane formed. This

25 embodiment thus has the advantage of leading to a high
selectivity. The separation treatment is preferably a
distillation, as disclosed in the Applicant's patent
application filed on the same day as the pPresent patent
application and entitled ‘"Process for manufacturing

30 oxirane comprising the separation of the oxirane from

' the reaction medium" (the content of which is
incorporated by reference).

One preferred embodiment of the ©process

according to the invention is represented schematically

35 in Figure 1. In this preferred embodiment, the first
reactor 1 contains a portion of the catalyst,
preferably as a fluid bed 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



reactor is first subjected to a treatnent to separate out the oxirane
formed before being introduced into the subsequent reactor. The aimof
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afjilter 7 aRfxkfire of oxirane and of unconverted olefin is
recovered at ‘the top of this distillation column 11.

15 This mixture is conveyed via pipe 12 into a
condenser 13 which separates the oxirane from the
unconverted olefin. The uhconverted olefin is recycled
into reactor 1 via pipes 14, 3 and 4. The first portion

of oxirane is collected as finished product via

20 pipe 15. A medium containing the solvent, the peroxide
compound not consumed in reactor 1 and possibly some of

the unconverted olefin is collected at the bottom of

the distillation column 11. This medium, a portion of
which may optionally be recycled into the reactor 1 via

25 pipe 30, is transported via pipe 16 into a second
reactor 17 containing another portion of the catalyst,
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

30 portion of the olefin reacts with the unconsumed
peroxide compound obtained from the first reactor in

the presence of 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

35 obtained from the first reactor is consumed. The medium
leaving reactor 17 via 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 conveyed via pipe 22 into the container 23,



conveyed via pipe 8 into the container 9, in which it undergoes a
depressurization. The mediumis then conveyed via pipe 10 into a
distillation colum 11. A mxture of oxirane and of unconverted olefin is
recovered at the top of this distillation colum 11. 2BDdtersberi200dire i s
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31. .

.15 . The catalyst used in the process according to
the invention generally contains a zeolite as active
element, and preferably a titanium zeolite. The term
"titanium =zZeolite" is intended to denote a solid
containing silica which has a microporous crystal

20 structure of zeolite type and in which several silicon
atoms are replaced with titanium atoms. The titanium
zeolite advantageously has a crystal structure of
Z2SM-5, 2ZsSM-11, 2ZSM-12, MCM-41 or 2ZSM-48 type. It may
also have a crystal structure of beta zeolite type,

25 preferably free of aluminium. Zeolites with an infrared
absorption band at about 950-960 cm™' are suitable for
use. Titanium zeolites ot gsilicalite type are
preferred. Those corresponding to the formula
XTi0p(1-x)8i0; in which x is from 0.0001 to 0.5 and

30 preferably from 0.001 to 0.05 give high-quality
performance. Materials of this type, known under the
name TS-1, have a microporous crystalline zeolite
structure similar to that of the zeolite ZSM-5.

. The catalyst used in the process according to

35 the invention 1is advantageously in the form of
particles obtained by extrusion as disclosed in patent
~application WO 99/28029 by the Applicant, or by a spray
process as disclosed in patent application WO 99/24164



- 6 in which it undergoes a depressurization. The mediumis then
transported via pipe 24 into a second distillation colum 25. A m xture of
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process accor%i n%to ) .
50% Dy weight. This amount usually does not exceed 99%

15 by weight and in particular does not exceed 95% by
weight.,

The molar ratio between the amounts of olefin
and of peroxide compound that are used in the process
according to the invention is generally at least 0.1,

20 in particular at least 0.2 and preferably at ieast 0.5.
This molar ratio is usually not more than 100, in
‘particular not more than 50 and preferably not more
than 25.

The process according to the invention may be

25 continuous or batchwise.

In the process according to the invention, when
it is performed 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

30 present in the first reactor, in particular at 1least
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 peroxide compound of greater than or equal to

35 0.03 mol and less than or equal to 2.5 mol.

In the process according to the invention, the
peroxide compound is advantageously used in the Form of
an aqueous solution. In general, the aqueous solution

contains at least 2% by weight of peroxide compound and



35 the invention is advantageously in the formof particles obtained by
extrusion as disclosed in patent application WO 99/28029 by the Applicant,
or by a spray process as disclosed in patent application WO 99/24164 23,
Decenber 2004 - 7 by the Applicant. The content of t28%cBecember@ad4nt
applications is incorporated herein by peference. The sol vent used in the
process according to the invention may "be chosen fromlinear or branched
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process HEcogdeageto tHm |@i«/e@t;uam, tdhenpodt dndl PEFEPERBH1GORLIAYSl Y, the

eroxi de co und is erall sed in the flrst reactor 1n an anpunt of
gt | east Ongggnn8F Sggaﬂ % ﬁﬁ 8 g GPERPORTEEPaPfsPTeater than or

equal to 50°C is most particularly preferred. The

‘ reaction temperature is preferably less than 100°C.
' In the process according to the invention, the

15 reaction between the olefin and the peroxide compound
may take place at atmospheric pressure. It may also
take place under pressure. This pressure generally does
not exceed 40 bar. A pressure of 20 bar is suitable in
practice. |

20 The peroxide compounds which may be used in the
process according to the invention are peroxide
compounds containing one or more peroxide functions

(~-O0H) which may release active oxygen and which are

capable of carrying out an epoxidation. Inorganic

25 peroxide compounds give good results. Hydrogen peroxide

and peroxide compounds which' may produce hydrogen
- peroxide under the conditions of the epoxidation
reaction are suitable for use. Hydrogen peroxide is
preferred.

30 When hydrogen peroxide is used, it may be
advantageous to use, in the process according to the
invention, an aqueous hydrogen peroxide solution in
crude form, i.e. in unpurified form. For example, a
solution obtained by simple extraction, with

35 substantially pure water, of the mixture obtained from
the oxidation of at least one alkylanthrahydroguinone
(process known as ‘"autoxidation AO process") may be
carried out, without a subsequent washing and/or

purification treatment. These crude hydrogen peroxide



30 present in the first reactor, in particular at least 0.01 nol. The
amount of peroxide conpound is usually Iless than or equal to 25 nol and in
particular less than or equal to 10 nol. Preference is shown for an

anount of peroxide conpound of greater than or equal 230De@&nkEr@8040t and
less than or equal to 2.5 nol. In the prpcess according to-the invention,
the peroxide conpound is advantageously used in the formof an aqueous

solution. |0 sGiidhns t henaateeys Soluion c6AN 81081 2led €35t o736 bye el oht
of peroxide (éo&g)ound and 2 Decenber 20 in particular | east 5% by

weight. It u c c&ﬁ'PHFﬁ§lﬁ§t ﬁBPéeF'ﬁﬁﬁ 99% bJOvei Retat pergRaite
conpound and dalrbpaxr)t i Cl]lhay nGhatie &dslatt‘afz@%riéx&a\meléﬁﬁloﬂ@eéfsﬁ%ﬁeré’é ure of
the reaction g%5 5c&_eggﬁ gnd t he EﬁrOXid ound, may range from
10C to 125C3TH one a Rt ageots Gatt'Ent2a5"diTH RT piitehAnce

appl i catidn EBRAWSFIB Bnidres Apphclzaas, phbsphatgsea:trernﬂﬂméiﬁc i order

to overcone e +@nadudle fg,gglctol Egt ltgn 8f ol tfhl_e catal yst. The tenperature may
be 10 greater than or equal pref'érably greater than or equal to

45C. A tenperature ofIngr"’EHftf&eIt h‘éﬁrbﬂnte@lfalthe) BOC-ess st lpainognﬂ arly

preferred. . E@Qoxﬁd&CtSQl‘utﬁﬁﬂerﬁéﬁtﬁ‘céé Wff g ably 'E%ﬁtﬁ@é‘{‘s In the
process accordl n 5 reaction between the ol efin

% to ﬁ’{}' vention,
and the per oRFEEG, r?ﬁ’éﬂ T ok Eﬁ‘%o@rﬁﬁe‘ét?ﬁogﬁhgﬁt@aﬁpésﬁm’e bat may
al so take pused.under pressure Thi s pressure generally does not exceed

40 bar. A pressure o 0 Sui ein actice. 20 _Th er Qxi de
conpounds whi ch nmay ggusggli Ehe™ procesrfl aci’@rdl %%e nverts on are

peroxi de CcoORPPOGRES cémsardﬂ-ng ofte ortheor ényendiiote fllsnctaronaarg(arﬁ(a-l) whi ch
miy rel ease eeﬁb&ﬁnaxy%&p%i%_i\é@ chy ' &roup corresponding to the

general formula:

O

15 The oxirane generally contains from 2 to 10
carbon atoms and preferably from 3 to 6 carbon atoms.
The oxiranes which may be prepared advantageously by
the process according to the invention are
1,2-epoxypropane and 1,2-epoxy-3-chloropropane. The
20 preferred oxirane is 1,2-epoxypropane.

The olefins which are suitable for use in the
process according to the invention generally contain
from 2 to 10 carbon atoms and preferably from 3 to 6
carbon atoms. Propylene, butylene and allyl chloride

25 are suitable for use. Propylene and allyl chloride are
preferred. Propylene is most particularly preferred.

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

30 maintain the pH of the liquid phase during the reaction
between the olefin and the f;eroxide compound at a value
of from 4.8 to 6.5, for example by adding a base
(gsodium hydroxide) to the epoxidation medium, as
recommended in patent application WO 99/48882 by the

35 Applicant (the content of which is incorporated into



capabl e of carrying out an epoxidation. |norganic 25 peroxide conpounds
gi ve good results. Hydrogen peroxide and peroxide conpounds which may
produce hydrogen peroxide under the conditions of the epoxidation
reaction are suitable for use. Hydrogen peroxide is 2% Béesmizat 2080 \When
hydrogen peroxide is used, it may be _aglyantageous to use, in the process
according to the invention, an aqueous ydrogen peroxide solution in

crude form iche grdgdapu ftleglq;f Q5 BX Sft ut |.ﬁ&o t ai ned by
sinpl e extractlor? v?nth 5a SUbStal’ll:{I:la| 2 pur vvat er en%fg)t he MXture

obt ai ned fr oYt e o3PHEPABREEr itq cqm Yo%%lm%mmrdﬁ?drmm

(process knowheasfifst Odetaiticy) ASrPr PEESS JevBaile reGdkbired Ot , Jh W t hout
a- subsequent shi 9 and/ or gurltlgatlon treatment. These crude hydrogen
per oxi de 23 B&E E ¥04%tIoguced) IrF8neagknERaFFYT contain from 0.001 to 10

g/l of drganic |rrpu11‘ha| es:mqmemsedbaswé*éi@ (E(hteal SYEBIth C ghal baihe They
usual l'y ContﬁbgoﬁﬁﬁélgBE%gﬁﬂﬁ ﬁﬁﬁcﬁea%ar% nEta|%8§bﬁ§%§§£%£§ﬁf rth

nmetals, for Tnstance d ani"ons rat es)
in ontentsaoﬁaﬂﬁomuyhlﬁﬁ(ﬁQQﬂgmlchlﬂra@exhes dascadpntedf inh@aueeness, a-

hydr ogen peaﬁﬁlQ@aﬁgbﬂtlﬁa pg@duggqogyoglrggt §%%th%i#hedg§y q en and

hydr ogen in resence  qf net hano OoXI rane i ch may
bg pr epar ed 59HFEBt Eo@@§§h966%rHW?QFEQFQ¢ﬁ§|hweﬁ?f©nengeamn©pg¢MG:

conpound.(conpréséng a Iwwpt Corappsd@adiitg)t.o thaisgengsfd T Qrpl apeX- - Z7(

0 15 The OX'igggoqugéa ¥ocgﬂiglggefgggb%oit?for example the first

reactor} or into several reactors. It is preferably

0 introduced into each reactor.

| It may be advantageous to introduce the olefin

15 in a form diluted in one or more alkanes. For example,
a fluid containing the olefin and also at least 10% (in
particular 20%, for example at least 30%) by volume of
one or more alkanes may be introduced into the
epoxidation reactors. For example, in the case of

20 propylene, the latter may be mixed with at least 10% by
volume of propane when the recycled unconverted
propylene is introduced into the reactor. It may also
be a source of propylene which is not completely freed
of propane.

25 The examples that follow are intended to illus-
trate the present invention without, however, limiting
its scope. _

Examples 1 and 2 were calculated using the

ASPEN PLUS® program from the company ASPEN TECHNOLOGY

30 INC. with the aid of the kinetic parameters of the

. reaction determined on the basis of the experimental

tests described and the liquid-vapour equilibria avail-
able in the literature.

35 Comparative Example 1

In this example, the synthesis of propylene
oxide is performed in two reactors in series with
intermediate separation of the propylene oxide formed

in the first reactor in a rectification column. Half



carbon atons and preferably from3 to 6 carbon atons. The oxiranes which
may be prepared advantageously by the process according to the invention
are 1, 2-epoxypropane and 1, 2-epoxy-3-chl oropropane. The 20 preferred
oxirane is 1, 2-epoxypropane. The ol efins which are su23 Bbtembay2004e in the
process according to the invention ger_le&_aLI ly contain from2 to 10 carbon
atons and preferably from3 to 6 carbon"atons. Propylene, butylene and
allyl chl ori daeSuse sl 1@l entor tine cf¥OPYLEDEaPd Al o ofids are
preferred. Prtﬁ)%l ene is nost particularTy preferred. In the proces
according to SSRAEEt (HRRCHOT - may prove to be advantageous to nonitor the
pH of the |iquid phase.sFRincdyaPbe, HydrByerde padwartialessoh9a3 egri Nt ai n
t he pH of th% | igu%@lop%sizﬁﬂuroid‘?g t he r}teactlgn ?%et ween the %Ilg magﬁd t he
per oxi de conpgun a3 YRbRT 4.35¢ od6V3deforintmbie bsTe@li ng a
base (sodli ulraydrioxisderach t benepanicat i 63 0RHI kib1AE 6£C in
patent appli | 4%%8 he 35 |icgant (the content of, which is
i ncor por at edg%ﬁogiﬁéﬁg{%:{e er%‘%fth- 01% W%A'%gr’p(r:tg%eer#nb%tt AR i on by
reference). M@dbayét_l'lrraﬁ b80i kmpddbcedfi nmetbahyl pne2sedatol /X f asf exanpl e
the First regeosihcde ldHd QRYCEACELAE! PESyciLal Frofl RhR! Aot d g pduced
efi

into each reactor. 5 The reaction between the o n-and the ~peroxi de
conpound nay tHE &&SHidd CEHL o codaupy asiaze apfPressme i clergodiaim

chl ori dei,0 asddiesellosediin thaf etlopyarpld Gaf iR WRAER QY 0873 dhe

Appl i cant (tlil. o Gontent of .which i.,s i.ncorporated by reference into the 10
present pat eit cappriccatPo XSS lfaljtntrﬁ&‘“}?@d GG RRRE Ivhta: HISE one
reactor (forisken@ enatfeodiac steackact oohtainingoésevrpalof eatdOngst It s

pﬁ§ferably iRk ogugedolnt P eqely [eactof - ¢ 700c by means of an

adequate cooling system.

.15 The reactor effluent is conveyed to a recti-
fication <column containing 50 theoretical plates
{including condenser and boiler); the feed is effected
into the 10th theoretical plate (starting from the
condenser); the column is run at 1.1 bar absolute

20 {column head pressure); the column head temperature is
maintained at 40°C (distillate partially vapourized) ;
the degree of molar reflux is set at 1; the total flow
rate of distillate is set at 600 kmol/h. |

The mixture withdrawn £from the bottom of the

25 column, which is depleted in propylene oxide, is
divided into two fractions, the first, containing
90 vol% of the mixture, is recycled into the first
reactor feed; the second, which contains the remainder
of the mixture obtained from the bottom of the rectifi-

.30 cation column, is mixed with 200 kmol/h of propylene at
a pressure sufficient to fully dissolve the pfopylene.
at the reaction temperature, and is introduced con-
tinuously at 70°C into a second methodic reactor
containing 820 kg of catalyst and maintained at 70°C by

35 means of an adequate cooling system.

The effluent from the second reactor contains
24.5 kmol/h of unreacted hydrogen peroxide,
209.4 kmol/h of propylene oxide and 87.7 kmol/h of
by-products (mainly methoxypropanol and propanediol);



It may be advantageous to introduce the olefin 15 in a formdiluted in one
or nore al kanes. For exanple, a fluid containing the olefin and al so at
least-10% (in particular 20% for exanple at |east 309 by volume of one
or nore al kanes may be introduced into the epoxidati2hDeeaster2004For
exanple, in the case of 20 propyl ene, _t Q? Latter may be mixed with at |east
10% by vol une of propane when the recycled unconverted propylene is

i ntroduced i R tdmmacaitytiﬂlfaﬁ@kcﬁ{t%lnsb%@.?%ﬁ&f/tpfofrﬁ%’%ﬁ&é“h' ch is
not conpletely .free of rlociq)ang. 55 .The exanples that followare Tntended
to illus- trg\[((é'd{enedtﬁ}eesléﬁ? nYenfPof SWidthotR , CholEvEPr i agnee of s
scope. Exanpleenversidn2 ofettec aydebaead pesbrgaehes ASPEN PLUS(r) program
fromthe conpany ASPEN TECHNOLOGY 30 INC. with the aid of the kinetic

parameters of the reaction determ ned on the basis of the experinental
tests deseri BExgmpde 2hdini ggcgrdapoer wégbi khbr iavenaibn)abl e i E t he f
literature. 35 Conpargtiyg; EXadplg,fe I N | S the synthesis of
propylene oxide is perfoﬁ%red I N tV\}/tJ)ereetl%{élorggﬁﬁﬁgéﬁfesog\n.t%roﬁﬁe&%dl ate
separati on oP*tHE gro@adrensd da fdr FRACEars hanf isegt eseadttdr intear-

rectificati omegiohten sebaltt23nDegemher R 1enkl oxilte 'é%%ﬁldls iﬂegc jnto the

first reactor, and half into the second reactor. 326.5 knol/h o ydr ogen
per oxi de accomps igﬁacgﬁrl 100 knol /h of water are divided into two equal
5 fractilths each conBabnbnimab3h?2 % K nbhydirogenhyBe8820d0 el d a3 E P50

o k1 9B e St ST
bott om of methanol, with 250 kmol/h of propylene and with the
5 fraction recycled from the bottom of the rectification
column under a pressure sufficient to dissolve all the
.15 propylene at the reaction temperature. The reaction
mixture is introduced continuously at 70°C into a
methodic reactor containing 600 kg of catalyst. The
reactor is maintained at 70°C by means of an adequate
cooling system.
20 The reactor effluent is conveyed to a recti-
fication column containing 50 theoretical plates
(including condenser and boiler); the feed is effected
into the 10th theoretical plate {starting from the
condenser); the column is run at 1.1 bar absolute
. 25 {column head pressure); the column head temperature is
) maintained at 40°C (distillate partially wvapourized);
the degree of molar reflux is set at 1; the total flow
rate of distillate is set at 600 kmol/h.
The mixture withdrawn from the bottom of the
30 column, which is depleted in propylene oxide, is
divided into two fractions, the first, coﬁtaining
90 vol% of the mixture, is recycled into the first
reactor feed; the second, containing the remainder of
the mixture obtained from the bottom of the rectifi-
35 cation column, is mixed with 200 kmol/h of propylene at
a pressure sufficieﬁt te fully dissolve the propylene
at the reaction temperature, and is introduced con-

tinuously at 70°C into- a second methodic reactor



the rectification colum under a pressure sufficient to 10 dissolve all the
propyl ene at the reaction tenperature. 15 The reaction mxture is
introduced continuously at 70C into a methodic reactor containing 600 kg
of catalyst. The reactor is maintained at 70C by nea?iDetenalper 2884quat e
cooling system The reactor effluent Lsjgonveyed to a recti- fication
colum containing 50 theoretical plates (including condenser and boiler);

the feed is efdmetiedng B0 K cfOtdn I8 Al md L fSd AL | NGod ng]the
condenser); %r{é%n olotgnm isrun_at 1.1 har absolute 20 (colum hea
pressure); the c¢old eggeﬁé’ﬁ%& 5PQLENEs SYStAfai ned at 40C (distillate
partially vapourizedfhe téeflHegnteefobmmilay sefohd@X redhctelr adoditaife total
flow rate ofy & stihl/ate iggset I,/ h. The m xture w thdrawn from
t he bottom of '?h?do%%col ugr?ﬁ, mﬁ%ﬁg}l?segg}é et eth‘ﬁr‘b?%rbyl erRELFHEE: | s
di vi ded it 025R0 5f kKaeldi/nsoft herppyienecooxadai ngnd 906X ok tkindl e &F Xt ur e,
is recycled i rbiackk Simai t Qe ; o co Lch contajns the
P By o LR e Rt R SR

remai nder of .t he xture obtained f The bottomo ).'30
cation col umtle; 50%53% diist 126G e somtrise By kawd /&t ofa pramelame
sufficient toxfidely ttiessalalel t&e OF0RY @pe tAt74 ey 1 £3£L gora(?tgt}rgéer@j% ure,
and is introggﬁggrcog- tin gusg\% at 70C into,a second nethodi'c reactor
cont ai ni ng 8207Kg 8f 8af’£|§ £ B¥droarniReRedide 98PPy4%35 neans of an
adequat el@ool i ng system The effluent fromthe second reactor contains
24.5 knol / h of unreacted hydrogen peroxide, 209.4 knol/h of propyl ene
oxide and 87.7 knol/h of by-products (mainly nethoxypropanol and
prapanedi ol ); 23 Decenber 2004 - 12 the columm distillate contains 56.2
knpl / h of propyl ene




oxide; the yield of C3is up to 64.1%for a degree of conversion of the
hydr ogen peroxide of 92.4% 5 Exanple 2 (in accordance with the invention)
In this exanple, the synthesis of propylene oxide is perfornmed in 2
Teactors in series with inter- nediate separation of 28iBecembdeybeie oxi de
formed in the first reactor. 10 326.5 knol/h of hydrogen peroxide
acconpanied by 1 100 knol/h of water- arde nmixed with 1 500 knol/h of
nethanol, with 250 knol/h of propylene and with the fraction recycled from
the bottom of the rectification col &EpI¥MEer a pressure sufficient to '
di ssolve all1the 15 pro@ydengoat maeufLaait iy t eARehakung, TRec-EfaHL1 ON

m xture is i(g%roldlu%cide lonti.rk_[lﬁ)uslﬁ at 7(QC into a _nethodi'c reactor

cont ai ni ng 600 Rg Of “CAfalfstt FhEBSTPELECoFOMRONELhtH} nklde aPresensg neans
of an adequa®® acasitalyssysamin a2@Gollventeait oateflfldasentews eeaveyed to a
recti- figcat o Loin e | cal plates I necludin
condenser an%%?%#ﬁhtﬁ%%%’d (?%égf‘%gc‘?%%éﬁi%?%g?ms 1%t§i°¥ eBrebfcal

pl ate (startfHepI¥Ym t BECOESABONSE? ) whillkh cal drmrsits pomtiaonl.of beheabsol ut e

25 (col um hepdslE 1 £S 8HEC)so1hAR1+C OLHAM Hqad, £ ePREr Al gg}nﬁé Lged at
40C (distillate parti Ilg valgourlzeql); the degre€ of nolar re ux is set
at 1; the tdtef RFEHEET AREQf 2qitdidt FeRGteTsctarntemRoLdaBigm. offhe

m xture wit hcheawkifsonpohe ot bemeat herfid0 i6olduwyi s by | sndepl,gted in
irst, contarning 90

propyl e oxd.de, i | vided into_ tw fractions, the f
vol t ~ of Efghe)&rﬁgx?ﬁ?%‘,‘: idés0 r 6oVl S8 TATS Tt ROTH Y O&ea‘E,]?%r OFd&@ner he? second,
cont ai ni ng tMedineraicederisfingt hehei xfirst olfcritriet f &M the bekiemef the
rectifi 35 ' co [ X e | t / f _propylene at. a

G A, C OL WM 5 0 S el (C)‘:[IY& ?ﬂggﬁsm%e%e%oﬁd?eﬁ wcompoynd |

pressure sufficient {o_fully dissolve e propylene
t ehper at ur e 2%hdPPESERLY odithed Yasenverted olefin is removed from

this reactor, the medium and another portion of the
- 15 olefin are introduced into a subsequent reactor, an
epoxidation of the other portion of the 61efin is
carried out therein using the unconsuméd peroxide
compound obtained from the first reactor, in ordef-to
form another portion of the oxirane, and the other
20 portion of the oxirane thus formed is collected.
2. Process according to Claim 1, in which 50% to
99% of the total amount of peroxide compound used in
the first reactor is consumed in the first reactor, the
remainder being consumed in the subsequent reactor(s).
25 3. Process according to Claim 1 or 2, in which all
the reactors are of identical size.
4, Process according to any one of Claims 1 to 3,
in which the catalyst is present in each reactor in the
form of particles, at least some of which are in
30 fluidized form. _
5. Process according to Claim 4; in which the
medium . leaving the fi:st reactor passes through a
filter before being introduced into the subsequent
reactor. '
35 6. Process according to any one of Claims 1 to 5,
-in which the medium entering the subsequent reactor is
first subjected to a depressurization before being

introduced into the subsequent reactor.



tinuously at 70C into- a second nethodic reactor 23, Decenber 2004 - 13
contai ning 820 kg of catalyst and nmai ntained at 70C by neans of an
.adequate cooling system The effluent fromthe second reactor contains 1.9
krmol / h of unconverted hydrogen peroxide, 5 256.5 kneR/December 24 ene oxi de
and 62.2 knol/h of by-products (mainly nethoxypropanol, and propanediol);
the colum, distillate contains 88.4 -« /h of propylene oxide; the yield
of C3is up to 78.6%for a degree_of conversion of the hydrogen peroxide
of 99.4% 10’23, DecBMfESD089cording ctal ABY pPneprafcddtaims #mbof &t uri ng
oxirane by rémcwhbch eheamedieh RnWeingy NEHOXEE8s 6QUBRLNEehBLhLbe 1R esence
of a catalyg%tg&g %nﬁ?ky%Pt iE at I%gst two reactors 5 arranged in series,
each of whi ch-Cont &Ns & port F8n df “*ERESYt , P cHFRATRER 0 M chbg first
portion of tdwiranefi fprmhd sdiefente arldeihd ofintheduerdxi deneonpenad are
introduced ifQis@niddstrd ©r, an epoxidation of the first portion of
the olefin is carried out therein 10 in order to forma first portion of
the oxirane,8a mediRFAGSSHfr Bsicording f tpst Chaimi oh. ofirt hethdxdlr atke f or ned,
the sol vent sdgifratican st aReltoNide BRguNd ¢ ;33 possibly the unconverted
-olefinisr ved from this reactor, the nmediumand another portion of the
15 ol efin are i ntrodFEEIHiIFP qeRndY e B0t fHlaigyoxt dbei 8m of the
ot her porti dm ofhidte chefbriranecasr iegd MlloddIRf@iA, UEHW derimcogsuned
peroxid C nd tai.ned frgmthe first reactor, in orde o. form
anot herf?)or%:igl of cﬁﬁeoaéolg-r’ane@leancp?ﬁoex]o Ffier SOTIRPHT t | B O%Y%HEQSW rane
t hus f or ned Heradldesct dhe solvent is methanol and the catalyst

' '~ contains TS-1.

f?) 10. Process according to any one of Claims 1 to 8,
in which the oxirane is propylene oxide, the olefin is

.- 15 propylene, the peroxide compound is hydrogen reroxide,

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



2. Process according to Caim1l, in which 50to 99% of the total anount
of peroxi de conpound used in the first reactor is consuned in the first
reactor, the remainder being consuned in the subsequent reactor(s). 25 3.
Process according to Claim1 or 2, in which all the 2%Betaniser084 of
identical size. 4. Process according to any one of Claims 1 to 3, in which
the catalyst is present in each reactor in the formof particles, at |east
some of which are in 30 fluidized foygn 5. Process according to Caim4,
in which the nediumleaving the first reactor passes through a filter
before being introduced into the subsequent reactor. 35 6. Process
according to any one of Clains 1 to 5  in which the nediumentering the
subsequent reactor is first subjected to a depressurization before being

i nt roductl i nP@cesreacrgplingioey anef Claims 12g 100 pvvighdthrepgeactorsimseries pr ocess
accor di ngetipegny one of Cains 1 to 6, in which the nediumentering the
subsequent reactor is first subjected to a treatnent to separate out the
oxi rane formed before being introduced into the 5 subsequent reactor. 8.
Process ggcor fidagsd Scdetdihdlio’any dhe'¥i Coims &0 ﬁeﬁ%ﬂ'ﬁ&i e cétraﬁ;@f i§%8Ed inS 2
distillation. 9. Process according to any one of Clains | 'to 8 in which

t he oxi rihgdomsolgarigiesortdensti peme of waich jaeg influidizedfiorna) | y| chI oride, the

per oxi de conpound is hydrogen per oxi de, the solvent is nethanol and the
catalyst contains TS-1. 10. Process according to any one of Clainms 1 to 8,
i n whi ch13-he Brecesmacqording ANYORE b filaies 1tfﬁé201F‘é‘fh’WtiW§ readdorginpsfiesne, t he

per oxi deaeQRBAWRH iht8 e 38ParBEPHf tHE propylene oxide formed in the first reactor,
and in which hydrogen peroxide, water, methanol and propylene under pressure are
introduced continuously into the first reactor containing catalyst, the effluent from the first
~ reactor is conveyed to a distillation column at the top of which propylene oxide is
recovered, the mixture drawn off at the botiom of the column, depleted in propylene
oxide, is partly recycled into the first reactor, the other part being mixed solely with
propylene under pressure and introduced continuously into the subsequent reactor

containing catalyst, and the effluent from the subsequent reactor is collected.



t he sol vent i.s nethanol and the catalyst contains TS-1. 23 Decenber 2004
-16 11. Process according to any one of_Clains 1 to 10, in which three
feactors in series are used. 12. Prockss according to any one of lainms 1
to 11, in which the catalyst is used in the form of Z3dPedernimes 2804 | east
some of which are in fluidized form 13. Process according to any one of
Claims 1.to 12, in which two reactors in series are used with internedi ate
separation of t he propyl ene oxide foABStRACT he first reactor, and in

whi ch hydr ogen .peroxi de, water, nethanol and propyl ene under pressure are

i ntroduced continuously into the first reactor containi ng catal yst, the
effluent fromthe first reactor is conveyed to a distillation colum at

the top of whichrocepy! 82 AXhABabBuriBEOBRLEednd RE Tt Ure drawn of f at
the bottom of tmmﬂr—p&op%ene-—mmgﬁr ecycl ed
into the first reactor, the other paEPtBepnd ni xed solely with propyl ene
under pressure and introduced continuously into the subsequent reactor

contai ning catal yst, and the effluent fromthe subsequent reactor is
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