23 Decenber 2004 Process for manufacturing oxirane using a peroxide
conpound The present invention relates to a process for manufacturing

oxi rane by reaction between an olefin and 5 a peroxide conpound in the
presence of a catalyst and a solvent. In particular, ZhPererneeitd084 rel at es

to the nanufacture of propylene oxide (or epichlorohydrin) by epoxidation
of propylene (or allyl chloride) using hydrogen peroxide in the presence

of a catalyst dPQo@@@baEBknﬁaﬁtg'f&cthEihé KROMENR" AL HGe At e%%‘fiaf(it greei .
ropyl ene oxide by reaction berween
Eheppresence of TS-1. For exanple, |f8oMRBE¥BHt US-A-5 849 937, such a

process is perfornedThe ﬁ&eyﬂnﬁ%ﬂnvéﬁﬁidﬁSrélé@@geﬂoi%5¥¥663§®G?%£2L5

‘known roce tor .of the series.is fed with fresh |

peroxidg. Thgéﬁﬁ%%%?g%?%%asngﬁﬁﬁ ?Wéf%ﬂ? T FEMERT G ?5efH sRdh fresh

hydr ogen er 8xpgxoxide somppossi hine thﬁ)_gx:ascemmaetr'c_tf taha?@%ﬁlygret Sédfg%l;ﬁ ag](‘j
drogen per gyt se ] : ta for Lon o -

PKUS gi npgssigglug%tng'hglvﬁg %ﬁeg%{:?%%yr%}% lr?ﬁg_ﬁg%ggen’fehg%gt %8(1 HReer cones

this drawbacRenB{apEE¥Ediaty REIRKAENSGr osbde Whk clepimbdoridhygssi)bligy t o 25

convert- 100epokitiaeiafioust Obr&y@iesen p@fOXéﬁfyi nt Loduce oy W sh;itr?%l ow

formation of. b -8roducts and . W thout, however, ‘reducing the redc n rate.

To this end,hYﬁﬁ Pﬁvenpﬁﬁﬁxﬁgﬁaté§t(FQFFNE%%§§nc$orOﬁamﬁéxﬂinalKF&M|rane
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.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



first portion of the oxirane, a nediumconprising the first portion of the
oxirane formed, the solvent, the unconsumed peroxide conpound and possibly
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the nediumand another portion of the olefin are int2decenbeiiilé a
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react or. EacWPighct dF 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



contains a portion of the catalyst which does not |eave that reactor. Wen
the catalyst is present in the form35 of a fixed bed, it is generally not
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e 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 first 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



formof particles, at-least some of which are in 30 fluidized form as
disclosed in the Applicant's patent application filed on the sane day as
the present patent application and entitled "Process for nanufacturing
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This .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
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%%d%rgoes a depressurization. The medium is then

conveyed via pipe 10 into a distillation column 11. 2
mixture of oxirane and of wunconverted olefin is
recovered at ‘the top of this distillation column 11.
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
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
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
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
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,



,the top of this distillation colum 11. 15 This m xture is conveyed via
pipe 12 into a condenser 13 which separates the oxirane fromthe
unconverted ol efin. The unconverted olefin is recycled into reactor 1 via
pi pes 14, 3 and 4. The first portion of oxirane is c2i Decdratsbr2904i ni shed
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separates the oxXiran Tom the ufconve
is recycled $hto the reactor 1 via pi pes 28, 14, 3 and 4. The second

portionisf oxirane ifheolk@ati$dtaSused 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



10 finished product via pipe 29. The 'solvent, which is collected at the
bottom of the distillation colum 25, and is recycled via pipe 4 into the
first reactor 1, and an aqueous effluent which is discharged via pipe 31.
15 The catalyst used in the process according to the23 Becambes208&neral |y .
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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
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reaction temperature is preferably less than 100°C.

In the process according to the invention, the
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. |

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
peroxide compounds give good results. Hydrogen peroxide

and peroxide compounds which may produce hydrogen

- peroxide under the conditions of the epoxidation

30
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reaction are suitable for use. Hydrogen peroxide is
preferred.

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

hown
0.03
he

an
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conpound and in particular not nore than 70% by wei ght. The tenperature of
the reaction between the 5 olefin and the peroxi de conpound may range from
10C to 125C. In one advantageous variant as disclosed.in patent
application EP 99/08703 by the Applicant, it is greal3Deddmsher20@ i n order
to overcone the gradual deactivation ofythe catalyst. The tenperature may
be 10 greater than or equal to 40C and preferably greater than or equal to

45C. A tenpersyiltd oifs 958a6L511PaAN St 8HUR o0 g%b'}s EEPSEopar{BiC_ arly
preferred.. The r.eact,ion tenperature is preferabl ess than 0C. 7 In the

process accoPfiFigio AR ATERE; oﬁ?‘PFﬁése‘.iISaFea'E@%on('B@W\kerpm‘\@ﬁeﬂ! efin
and the peroxiad®onnporiney mEyatide EbRELial mREDSPREEiSnd’ QEHeLe. adt MY

al so take pl n ssure . This pressure generally does not exceed
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conpoundsd whiseidlimgm) Bnd sedidns t heuclpr asephoaphatdsngrt mitatanjenti on are

peroxi de cogpReiads sCORt 2-3iNg 9HC Q" wnbglperoxi de functions (-OOH) which
may rel ease active oxygen and which are “capable of carrying out an

-epoxi dat i on. | norgani® ZNqiresxi vertanpoeddsthe vergoess r esullwirdgatr ogen
per oxi de angepeikddiedessPAPOHAAp M AR, P g%@gthy%rrg&?gsiger e under
the conditions of the q_g' dation, reaction are suitable for use. dr ogen
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hydr ogen peroxi de so ion_l rude.for i.e.in unpurifjied form For
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be: carried out, w thout a- subsequent™washing an urification
treat ment. THERETRLUGE*WYdROgen per oxi de

O

15 The oxirane generally contains from 2 to 10
carbon atomé 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



23 Decenber 2004 - 9 solutions generally contain from0.001 to 10 g/l Pf
organic inpurities expressed as TOC (Total Organic Carbon). They usually
contain netal cations (such as alkali netals or alkaline-earth nmetals, for
i nstance 5 sodium and anions (such as phosphates or 2f Deecdnglser 2004 contents
of from0.01 to 10 g/1. In another varig ?t of the process, a hydrogen

per oxi de sol ution produced by direct synthesis from oxygen and hydrogen I n

the presencetdt pPRRAAG! PJIEME aphfl 4S84 onT R, P LA | chy e prepared
by the process f}ij’é‘:ordl ng to the';l | nvlentl(gjrrl1 !i%an organégo, coﬂrr%%u &
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3 to 6 carbop_a ran repar ed advant ageously by

the process 358%?5?H&Yt onFﬁ8dPﬁ9§nHV¥gﬂ ﬁﬁgﬁ Eei‘cEﬁExypr opane and
1, 2- epoxyp 3- chl or opr Thene reBHumio0 beekeered thd r asltefsn 1, An@POXRHY opane.
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i nvention generally cont fro y from
3 to 6 carb8nsalénsuddy cﬂ@l@@lwbuclyl@nedandaal ﬂybc&,bbedl de 2atame: :
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nost artlcularl referred. In the process €. 1 nventi on,
may pPove t o°BE éﬂgaﬁfag’@dﬁ? tie nﬁﬁ?@oﬁﬁf@%@bf r?ﬁereanuFLdtpha‘-m For

exanpl e, 16 t mgséﬁtadwmouﬁﬁﬂ]ﬁ%mﬂ); ai nrhhe p%&ietf: gqnalouﬂgho%t pgase
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to the epOX|daﬁCbnrhednunnna9 several reactors. It is preferably

! 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



reconmended in patent application WO 99/48882 by the 35 Applicant (the
content of which is incorporated into 23 Decenber 2004 - 10 the present
patent application by reference). This base nay be introduced into only
one reactor (for exanple the first reactor) or into 2tRecahber@fbfors. it
is preferably introduced into each reagtor. 5 The reaction between the
olefin and the peroxide conpound may b& carried out in the presence of a

salt such as tgfdi chlcorfge, ;a8odi i n | i,cation WO EP
99/ 08703 by the éﬁﬁzi cant (1 he 80r§1§nt 0 %/\h’l:gﬁ&?g&l n%%%po@%t%d“ﬁ%o
reference int$& ARG HE8S O pat ent application). This salt may be
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several reactors: #b iﬁggiﬁﬁeng$l% i ntroduced i,ntqQ each reactor. It nmay be
advant ageous Yo 1nt?8d e Vi ePPRET 15254 F1VaHRAdI IRERd tWR opeuat nore
al kanes. ¥or fexayilons ®athui dontatiaingnglshe2sl khbD/Bndosl SRy@tod&ast 10%
(in particu % f | east_,30% vol u f one oy nore

.al kanes may %&io%?ré)gqﬁg@d%%%rgﬁj é’gfgﬂaotaetri.’ont eealgc)][%?ntgf‘f—%(ftle‘%hnﬁ e, in
the case of FAXgfopyishe, 1t ROOI kmody/hnagfbemathagowi t 250 keakih 1094 by

ol ume of Pr @R8pg1shen dke tReYELAGHASOPLELLEDa BLARYILIC ek ddjf roduced

into the reactor. It nmay also be a source pro ene S no

conpl et el y f FO8d TEFELEAGHEHED Solmme awsiag & RURASURS | v fired entt dmaled to

i 11us- tx@t edibeopresent itheeRirncpy 16 @it + HOWRMRI b dr M drbgdiha tif:Se SCOPE.
Exanples 1 a%g?z mer%.calcul t ed usiqﬁlthe é%FEN PLUS(r) .programfromthe
conpany ASPEN TECEROCSEY M™FHUEE Wi cittrinduged SontHavausdyl @hatlifters of

the reacti onidébemnimstthahic heedaisbs obnthtnengebDERbalof tRgislascri bed

and the |7 quiflevapaueegAUl | bl AVBidsa 2 Rk, LELALL & o
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 pr.opylene |
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);



35 Conparative Exanple 1 In this exanple, the synthesis of propylene oxide
is perforned in two reactors in series with internediate separation of the
propyl ene oxide formed in the first reactor in a rectification colum. Half
23 Decenber 2004 - 11 the H202 is fed into the first23Bacdraber 2804 hal f
into the second reactor. 326.5 knol/h @f hydrogen peroxide acconpani ed by
1 100 knol /h of water are divided into two equal 5 fractions each

t 163 ha / r: the
cont ai ni ng' ezacdmmlﬂ 1(Ht1h)1@&9€!fbl{9n§il'i%:sl & %ﬂet a0 f@%ﬁ%f@&&

first fractlo xed w

propyl ene an&’ di ;pﬁ'ﬁ |36’ne#‘€c9gl 88 fSoHR HeP bt btn 6PT Ehaleaxad foEati on
col um under canyeessone ofufhiec hgtirogenl pegtbssakvefabh . ue propyl ene at the
reaction tenperature. 15 The reaction mixture is introduced continuously at
70C into a nethodic reactor containing 600 kg of catalyst. The reactor is
mai nt ai ned aMmiaﬁsa@fcoatdanadewmahetheob.nngnﬁysh&zm The reactor

effluent is conveyedIho gnigctis ti Phed oLunv;, ai 50 theoretical
pl ates (i ncluding .condenser an(fjf‘)ﬁfé? ; thek}ﬁE %g:}_é ef Jf-e%‘f're YIS the
10t h t heor et P&&ASp g PhAmehgn r%rrr@ﬁ@t@@adens@el)metshe.rm u:rm:ezs—{un at

b 0 e e ure is
1.1 bar a SOinleti&até separdiionead RHRS PHOPY1 i &am%%@gree 5

mai nt ai ned a d| S%I | | ate partlally vapouri zed) nol ar
ref lux is sgt1L aFh8Ttotal flow rate of distillate is set at 600

knol /h. The mi xture BR6h&Er Amolfhomt hérydeblbem OpetbRid&5 LAdMPanidy ch is
depl oed 1 g0y bageygh 8, syt 150 1B 18 0 SRR, S
feed; the se®ehbanghi chviidnt 3|5r5)slm1h>é/ihenaf n@eropydfertehe antix twit €h ohiti ned
fron1the bot tegrefiohheecfetitll from the bottom of the rectification
column under a pressure sufficient to dissclve 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



.30 cation colum, is mxed with 200 knol/h of propylene at a pressure
sufficient to fully dissolve the propylene at the reaction tenperature,
and is introduced con- tinuously at 70C into a second nethodi c reactor
contai ning 820 kg of catalyst and naintained at 70C b33 D8&mipar?004f an
adequat e cooling system The effluent _fgegmthe second reactor contains
24.5 knol / h of unreacted hydrogen peroxide, 209.4 knol/h of propyl ene

oxi de and 87 chrkatiin/igof82 tbyegd o utitsa Iy B g el PP apano! b
propanediol)'nle SD%&E”?Fr8€OO4 - 12 _the colum distillate contarns 56.2
krol /h of propylrend™ 6% 8CRRES COPYIBE BYSEeMup (o 64. 1% for a degree of
conversi on of the hy@hegesf filbrenxt dérofi Thed%ebofdamlaetd( | doResphgdance
with the invgntg l,p thiscexa synt hesi s_of propylene ,oxide is
per f or med inqébrgg%%é?s inggerig§£§??%gf%?ér- ﬁ%ﬂ?ﬁ?%gﬁepaﬁ%ﬁ¥9ﬁﬂéﬁrthe
propyl ene® oxi2d& -Pokied /tn Plhie PrPpP¥ieneacoside 10a3@6. &2 kakmbl o hysr ogen
peroxi de acc badatBy éﬁq; re_pnhkhX it.h 1. 500 knol /h
of et hanol %ﬁt&? ZSOEKWD%%%Q%#%%%W e.n\eé%?%glo\?\] tﬁH{ith%#%r%% %JO%P)r’ecycl ed
from the bottHf GOLRE [EStidilese Gortadmem®dudddmad /i e promyldnei ent to

di ssol ve al | oxthdel5 tihweopyl<ine &t (gimeige@%t QN FEIPEer phyr §. d‘g&ereeaocéi on

m xture iIs igéhgg%ceg cogt'guogg%% at 70C into a _nethodic reactor

cont ai ni ng 6007Kg - 8f “€al I3L7 £. COPREEEPFrEenRENnPRi A% at 70C by neans
of an ade€uate cooling system 20 The reactor effluent is conveyed to a
recti- fication colum containing 50 theoretical plates (including
condenser and boiler); the feed is effected into the 10th theoretical
plate (starting fromthe condenser); the colum is run at 1.1 bar absolute

253(col um head pressure); the colum head tenperature is maintained at
40C (distillate partially vapourized);



the degree of nolar ref lux is set at 1; the total . f low rate of
distillate is set at 600 knol/h. The m xture withdrawn fromthe bottom of
the 30 columm, which is depleted in propylene oxide, is divided into two
Tractions, the first, containing 90 volt of the m xt@mEceitber 200! ed i nto
‘the first reactor feed; the second, containing the renmai nder of the

m xture obtained fromthe bottom of thedectifi 35 cation colum, is mxed
w th 200 knol/h of propylene at a pressure sufficient to fully dissolve
the propylene at the reaction tenmpel@®MS and is introduced con-

tinuously at170C i ntProcesecens NRiMOL CtuLaed 06x2§an98%n‘0%a%?%‘n' 13
containing 8 P !:51%1 %f gat al_r%?settl_éand mai ntai ned at 70C by rieans of an :
adequat e coolt n§osyEm® %1 BERPXRLFE MO ¥BCorid! r Rt BFeEBRERI ns 1.9
kmol / h of unebnaercadelyysdr ogeh persadivdmt n 256. 5dasn) /twef rBaepylgne oxi de
and 62. 2=k y=or (ominl ypropanol , and_propanedi ol );
.the col Smméﬁﬁ?c?altrg %%%lé’nsg%%}?ﬁﬁﬁjfjﬁﬁo © \E)% eReP°b ?‘8’8; c’?he yi el d
of C3 is up F¥-FRHe f Ecardiggectof whighyea sifdmsef pdethydr afenther oxi de

of 99.4% 10 LsfirPecenBersARRhe Ad4a @A M¥ in Prméeorcgﬁﬁﬁ@gturi ng
oxi rane by reactjon %f?&:ﬂ plefin wth a peromge conpound n the presence
of a catal ySHrantPEBIRAt IO ap (TdESt mReatexet s Speidalyeen | of seri es,

each of whi dtheoftpétsparpboni 08 ehe edeFivstis aeaeldhEP Whbebia first
PO oonaly HIF o8B, o BRI 20300 Sl BF PSS comenne o
the ol efi n imediam | egmpetistihar ethelOfirsor dertie:df opth ather SéxPaghé on of
the oxirane,fmdidi ¢ife CRBRLLRENI {0 LhEShsRQLE! %%r%fxit & c(:)c))(nil;gc)a!?r?d
¢ 3 and possibly the unconverted 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 u.nconsuméd 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;cst 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.



formed, the solvent, the unconsuned peroxide conpound and possibly the
unconverted olefin is renmoved from this reactor, the nedium and anot her
portion of the 15 olefin are introduced into a subsequent reactor, an

epoxi dation of the other portion of the olefin is caRmD«wdmbat 200erein

usi ng the unconsuned peroxi de conpound obtained fromthe first reactor, in
order to. formanother portion of theldirane, and the other 20 portion
of the oxirane thus formed is collected. 2. Process according to Claiml1,
in which 5006to 99%Ic%% eErdimPub snvpensxiafe Cbappend tised.in the

first reactatnishtensthedmediufe divesti neaidr subdequéseBi-BHLoPeiiRg
consuned in Ehzf_assu%s uer%t regctor(i:). 5 3. Process according to. Caim1l
or 2, in-whicH Br| EGESCt 5Ps G r@FE’_"l?é’rﬁiE&l SFRRrake Mgceshe
accordi ng t exinamne 6brGedi nbefdre 3, beimgwhiicltriddaicedt al #8toi S tpeesent in
each reagt Org,l J_‘ﬂf‘en articles, at |east some of which are in 30
fluidi zeg foﬁdn%;h%. Pr%geéiégfclg'ordi ng to Aaim4, in which the nedium

| eaving the &irst r BRA\SHasseordingughoa Claimer7 befior e whdichy icher oduced

into the subsgsuientiond e¥dAimerdd & PIBCRSS BHGYAI Ng to any one of Cains
-1 to 5, inmwhich the nediumentering the subsequent reactor is first

subj ected tda depr eSAFTFUFIFPHENST LPePRY OPFt Ad Htinshtd Eaes.
subsequent rieactleich fRe befeaher i20Q@pichlibrohyd¥ieLeshacepsgingiko any
one of ai to i.ns Which the mediumenterin he, subsequent reactor
is firs s%lé{:]t_ed‘q}lo()ééﬂ%er’eattgﬁent Ef%r%’éjp% at%OIB?I?‘%’P%e 1BXi f‘%ﬁEogﬁpmed

bef ore bei ngauadistucethent solent5 SsibsezfiiemoX eanidor the S8caPaldgess

accordi ng t QddtaliRs! mgA Which the separation treatnent is a distillation.

9. Process accordi n% to any one of Clains | to 8,
sy 10. rocess 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.



in which the oxirane is epichlorohydrin, the olefinis 10 allyl chloride,

t he peroxi de conpound is hydrogen peroxide, the solvent is nethanol and the
catal yst contains TS-1. 10. Process according to any one of Cains 1 to 8,
in which the oxirane is propylene oxide, the ol efin i23 Decerphay@pDéne, the
per oxi de conpound is hydrogen peroxide, the solvent is nmethanol and the
catal yst contains TS-1. 23 Decenber 2004 -16 11. Process according to any
one of Clainms 1 to 10, in which threeqgeactors in series are used. 12.
Process according to any one of Clainms 1 to 11, in which the catalyst is
used in the formof particles at |east some of which are in fluidized
form 13. Process according to any one of Clains 1 to 12, in which two
reactors in series are used with internedi ate separation of the propyl ene
oxi de fothed Picesfeagoording locnytape of Clgias o iAi iBvhishdhtsgdpagieisdx Befes wat er
met hanol ;@n@deRr opyl ene under pressure are introduced continuously into the
first reactor containing catalyst, the effluent fromthe first reactor is
conveyed to a distillation colum at the top of which propylene oxide is
recover efh  t hprgabad ScBrdbr dned Cidifis Rab 19 Mh QfnidiBe eHalyais udeplnet ed i n
propyl ene oxide, 1s partly récycled into the first reactor, the other part
bei ng mi thedorgbeidajticlgs 3t least spye Shwhigh @es indluidizegrfermind i nt r oduced
continuously into the subsequent reactor containing catalyst, and the

effluent fromthe subsequent reactor is collected. ) )
1 Process according to any one of Claims 1 fo 12, in which two reactors in series

are used with intermediate separation of 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.





