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catal yst and a 'so ven articular, the invention rel ates

manuf acture of pr 0|d§7 ene oxi de by epoxidation of propyl ene using hydrogen

.peroxi de in the présaidaurdus pratasysforonsiifbBguTSnly. ol@rbtei s known

practi'‘ce to manufacture pr%relrgsngél de_by.reaction bet V\eennprgg%ﬂeﬁ{le and
ound in theﬁw&—%%?—eia%%ﬁe, i
3S_p§: gxggg gggrrp suchTéepP@@@S@p U sipesfiviomdrenateevelala reastOss arranged

i ies. | ¢ o] pr d| umleaV|n Lhe | ast :
Irgacszt?(r)lres nmgﬂ?%%ﬁ??o%lggegié%%ﬁ eg)?e(sjtsel nctga&no PR 8% tERo%BE the
epoxi de. rT%he AnRORvEt £8dCBIBPHATEY Féer em-gﬁﬁl%'d:e I-@m\ea/ea:atalyéiu sn@r gcess,

t he medi um | emlxngntt her a§ért§|@fi§9& f%ﬁ@%ﬁ?g%ﬁ%&ﬁfr%rgcg“g%%gr}%eg 20
it .and optionally wate

glrgf/vlbgckt |hﬁ tS arfu 3% % G'relogffl vEIRPPY iRt onofkEde sbivce dmoxisiatdton  of

envi saged- t o prewmviend hesingl wWedrogEhe gAseite | mﬁe@hbogﬁegegllc ccgfe i ch

wa 25 £/ ms dr awback by providing a nov process

Enca)kegdlst osg?/aﬁ-{e toggfa%:ov%lrnirﬁ% ﬁ‘gﬂmnt si nply, tozr eggve t he wtater. and
orcpowahuriet S

~to minim2e the consuript ien kfowrst paarangkort Powa lnlanuf ac%ur@%%lxél}?er ne by

i nvention rekﬁh%ﬁatgya régcﬁqgh.”B8Q%e8roce%ép%ﬁﬁﬁg %?@Séhcgqgog;de

lefin with a peroxide compount®s
(r::?;lt;/g'? ag %&%\Pi?hlﬁ'ldandrl vvgi'lér PﬁeaepbantofcoTrsFILS| Mgont d-eagilcone l(rgfragf:';]or
tai ni ng t pateatalysta- @ngl;;gtggeastsutc\pp glg 'olcle%%' on, col%%ﬂgm%%gcl%e g
w 35- which: _the.olefin, the solvent, the peroxide con%
water are introgaced TR A% aeiand in apespesi dani ohisf’ cohbenabefi n i s

carried ut poocess, the medium leaving the last reactor may be

fractionated or treated in another manner to recover
the epoxide. The unconverted olefin may be recycled.
' However, in thlS process, the medluwx_leav1ng
the last reactor contains, besides tHe unconverted
20 olefin,.the solvent and optionally waterr This present
process. has the drawback in that it 1is ‘relatively
uneconomical since it is not envisaged ‘to recover the
solvent.
The present invention is directed towards
25 overcoming this drawback by providing a novel process
‘. which makes it possible to recover the solvent 81mply,'
-to rémove the water and to minimize the consumption of
steam and/or power. _
To this end, the invention relates to a
30  continuous process for manufacturlng oxirane by
reactlng an olefin with a peroxide compound//iﬁ//the
presence of a catalyst, a solvent and ‘water in a plant
comprising at least one reactor containing the catalyst
and at least two dlst111atlon columns, according to
35  which: | | |
- the olefin, the solvent, the peroxide compound
.and the water are introduced into the reactor,

- an epoxidation of. the olefin is carried out to

*G00001*

form the oxirane,




rmthe oxgde, - 2 - a mediumconprising the oxirane formed., the
.Lg::o‘riverted olefin, the solvent, the unconsumed peroxide conmpound, the
wat er -and possi bly by- products is renoved fromthe reactor, 5 - the nmedium
is introduced into a distillation colum,(A), a, mixture containing the |
majority of the oxirane formed and unconverted ol efin, solvent, water an

. - 1 . 3 - he
sibly by-products is  eebkest edodbriLdnkhefop J.0f, col urg\I(A . tﬁj
ﬁioit ureyi syi ﬁt roduced into é condgn%}e:rl' tgb eYl m n%)?leras%%e ot r?%% _ €
unconverted ol efin, “AIEVELHEG © Rfpiet eth¢ nsohcenver ted clnebinsuned

. A < il . e 0o a
collected in liquid f@efoxitle -céhSohh@Ui GHE XpAK &1 SHigntgodueed int o
second distillation col-léglnF %B),, - a mxture of solvent %ﬁvﬁ& s
collected at the bot EGRGF FColFdni S8V Sshd o (tdey @ed¢tiaqn.o the reactor,

and. 20 - @n oxiranre- basedne@timis eakleahedqatiihe taOPdichiE?:aggBPgB% o

One. of the essential teristics of the present invention
possibility of direct %&ﬁhﬁcsép ng, into the reactor w thout any

purification 25 and/ oR watietturenovabnt & tat negnt théhemagdjmraycold,fectgg?at t
the bottom of colum (B} 5nIhiss Hal esar{é 1B,psosr{,\,blrﬁé%f_O e overﬁé?ﬁ%?‘lg ven

in a sinple manner without 'a “purification reat CWht - afe S ane
time maintai ni ng gooW2prEdae arsdibky ehyypr8udhe disstddl Bidwwd i &t col umm

g ) - . - - -t iS
- (A) servasto renmpve tBs HbCKEY-83uRASTRPl € the oxirane as soon as i
1£02m3d in the reactiop rredi,t%m in order to prevent it fromconmng into

i ' fhef? i intgrpducedcting® nadiaemdemsem s der to
contact with the of heFPEoMetittiFEntss ofi NtER 1P | (
prevent by-products 35limpnabei agméhes tRenBdcoSPectLicah Lyt he Applicant

Iﬁ found that when Pﬂgpmi%\c@%r%)(icgeepi.estggmﬂla%#croer?vé?éeng olefin is
collected in liquid form,

15 - the liquid mixture is introduced into a second

distillation column (Bj, '
- a mixture of solvent and water is collected at
the bottom of column (B) and is recycled into

- the reactor, and
20 - an oxirane-based medium is collected at the top
of column (B). |

One of the essential characteristics of the
present invention lies in the possibility of directly
recycling, into the reactor without any purification

25 and/or'water—removai treatment, the medium collected at

. the bottom of column (B). This _makes. it possible to
recover the solvent in a . simple manner without a
purification treatment; while at the Same time
maintaining good production efficiency.

30 - The distillation in column (A) serves to remove
as quickly'as possible the oxirane as soon as it is
formed in the reaction medium, ih order to prevent it
from comihg into contact with the other constituents of
the reaction medium and in order to prevent by-products

35 from being thus formed. Specifically, the Applicant has
found that when propylene oxide is manufactured using
an aqueous hydrogen peroxide solution as péroxide
compound and methanol as solvent, by-products are

formed by reaction between propylene oxide and water or



. i luti i ) nd net hanol as
h aqueous Rydrogen peroxide sol ution as peroxide conmpound an :
2olVgnt by?%rodgctspare formed by reaction betreen p{opy:enedOX|de and
W ’ [ [ ne ycol an ,
wat er or 3 nethanol, and in particular propylene g
net hoxypr opanol s of fornula CH3-CHOH CH2 -OCH3 and CH3-CH (OCH3) -CH2OH.

When epi chlorohydrin is manufactur ed,'b§/h|‘or o?uc;rs] air(ra] fg;ma?cglya; eaction
et ween epi I dri d yater _or .nethanol _ -
i-ghl oroproBaﬁEE?gﬁQgﬁd E:}Th orox\ngt h%)?ﬁ:lﬁ}léﬁ%ol%?ﬂy Giul Sbycol fand
CLCH2- CHOH- CHPSERAEYRREPa0CIGHz - OF ( OCHBjnud EH2 OB, Tthweol ot HRIGEn 0 and
by-products ceducesoting selestivity of the pr %C%S%&f‘ﬁnrd l,lrcilcginrs,eq_uen_t %(a :
its yield. The se aration in colum (A) Ts car rred . ‘%. _ &%l stilfation
col um whi ch 'l’“@nggﬁﬁflafédand By seredect$ r omrehe Bpoxédat ibgn reasEOfonSi NCE

e Aoted1 4 i i reactor distillation is
aget f\ﬁtsalz)aﬁﬂi]de bR &%::Cgﬂg??ﬁaé g&gfﬁﬁa(%?oﬁe;:gg?ahysta,n n*Br der

ut in_the_ab _
to avoid conté%fgb(é%@én; t Ijréczliiotré’@é"%te@é@land arib ep@xl@w@m@trhm%al yst,
since .this patakystswoul df pr.ont)élﬁm{tlhﬁ?fA;)r r%%(ti@ﬂncgi;ogfll)by}fgggﬁgg} f]-s_érng
i Xxture coll edat p olu ge : Dl
(r)nxixr:me in ae(gioﬁ(giézntqéa{aﬁ:c%}ﬁgof:%?) m 309% o SO bR it , %@HCP@UCEtr?m 45%
to 75% by wei¥pduces ypgenseleedivtiei nfi nha peReeRls aldPn@isd tlgy/" to
20% by webghtitdispadly fromS5%to 15%by 25 weight; - solvent in

[ [ i - 25% by
tration of from5%to 40%by weight, usually from10%to
\(/:vglngﬁtn - water in a C¥hceaPREAFHANOAN exd umman(Z% by cueighl, ousuald y | ess

% b i gt =t301Zkhe R { okhached; at haottom of colum (A
t'hagrél/(l) yyc\(l)ﬁ gi ne: - solg\?en?é?l,n&gﬁconcgnt rat i gtr?%%fraf ro o ESTIGRE by
ght, in parIi?nbuFlé? FPORISEHIUB! 9594 BKOr - Since the catalyst does

not leave the epoxidation reactor, the distillation is
" 15 thus carried out in the absence of the epoxidation
catalyst, in order to avoid contact between the oxirane
formed and the époxidation catalyst, since. .this
catalyst would promote the formation of by-products.
| The mixture collected at the top of column (A)
20 generally contains:
- Oxirane in a concentration of from 30% to 90%
by weight, usually from 45% to 75% by weight; -
- unconverted olefin in a concentration of from
‘ 2% to 20% by weight, usually from 5% to 15% by
25 weight; _ '
. _ - sol_veht in a concentration of from 5% to 40% by

' weight, usually from 10% to 25% by weight;

- water in a concentration of less than 5% by
weight, usually less than 2% by weight; _

30 The mixture collected at the: bottom of column (A)
‘generally contains:

- solvent in a concentration of from 25% to 99%
by weight, in particular  from 50% to 95% by
weight; '

35 - unconverted olefin in a concentration of less
than 1%. by weight, in particular less than 0.1%
by weight; o



i .35 - unconverted olefin in a concentration of less than 1% by
ﬁ: gm in particular less than 0.1% by weight; = 4 unconsumed per oxi ;:Ie
corrpound in a concentration of fromO0.1%to 10% by wei ght, |(r)1 partlocu ar c
fromO0.2%to 6% by weight; water in a con%entratlon of from5%to 60/oby
wei ght, in particular from 20%to 50%by WEI ght by-products in a ; ;
concentration of from aIt{ gwéﬁ n articul ar frI?mO 2% to 6%
by weight. 10 The con enser o FP@B& &8 Fmfyengertien t o
renove sone of the undbfnvérpéld Ot tJOprJeEsenby iwe idter medhupamtening the

lefinin
condenser, and to recomesnay 8 Xtures |n unconverted o
liquid for m The liquid mm xt'ure #eav%ﬁp %e cohdenser generally 15

contains not nore t'haﬁ“az‘i’/%lbylﬂeﬁgfﬂonﬁefkrrmmteﬂ fobef i3% to pastigul ar
not nore than 0.5% by weight, The dﬁﬁﬂé@iépn Epogol yga (B) gro\ges L0

¢B) .
separate the sol vent and he wat er Tromthe medium entering col'dm
Af ltoer separ ati on, t he “ed 20 containing the oxirane, which is collected

at the top of col ¢m l:(yB)prodjE:fte_:r alrn yaceah@e&%r@(gtloggor@f t A, 109 ?byco\r/lvte;?ws-

t n particyl-ar t han 5% |t usual
(r)I];tS(r)rlo\r/gnt haln ops% bylioweb ht" olfgr%?%at er’! H’?F‘bh%/le%%m gFOIHOP ABr EOt ﬁanb& 1% by
25 wei ght. The mi xtur &edfghsol vent and water coll ected ath th;a bo]ttomt of i
col um ogenerally t o % t0 99% wei g of _ sol ven i
parti cul(g ?r om 50% t ?%S%dgﬁiev\l}esi%% m%‘%d edpd wﬁsg?l‘h e§™ PDo9r by heil§ht of
water, in par??Eﬁ?ﬁrtofF@mQY%tﬁ?ﬂﬁynﬂnﬁhﬁﬂgﬂmonﬂémte®ndiéfDﬁSpﬁagéhtmhlCh

each distillathoBhe( Irﬂéd&QinW'@l’?t&(ﬁ)néinghé Bk):nh%n%%g' %q-xdo% dé gcr)]xgeron the

rﬁure of the oxhrlgged%aqete parti<cul ar on

in unconverted olefin 1n llquld form.
The liquid mixture leaving the condenser generally
15 contains not more than -2% by weight of unéohverted

olefin, in particular not more than 0.5% by weight.

The distillation 'in column (B) serves to
separate the solvent and the water from the medium
entering column (B). After separatich, the medium

20 containing the oxirane, which is collected at the top
of column (B), generally contains not more than 10% by
weight of solvént, in particular not more than 5% by
weight. It wusually contains not more than 0.5% by
weight of water, in particular not more than 0.1% by

- 25 ~ weight. : - .
. o The mixture of solvent and water collected at
| the bottom of column (B) generally contains: |
| - .ffbm 25% to 99% by weight of solvent, in

particular from 50% to 95% by weight; and ,

30 - from 0 to 20% by welght of water, in particular

from 0% to 10% by weight. ,

The conditions under which each distillation
(in columns (A) and (B)) is carried out depend on the .
nature of the oxirane (and in particular on its boiling

35 point), its concentration in the medium introduced into
the distillation column, the nature of the other
constituents of the medium, their boiling point.and the

desired distillation yield.



i its concentration in the medi um i ntroduced into the _
gfsp?: PtaL on colum, the nature of the other constituents of the medium
fheit boili ng point. and the desired distillation yield. 5 Each ]
distillation. is generally carried out atsa_ tenperature of greater t antor
~equal to 10C, preferably great er than or~equal to 400C, values of greater

1y |ess
than or equal to 50C hegjng ed. The 5 tenperature is usua
‘than or equal to 125C, m)st typl Eﬂ'ﬁy Ilesssg?%%ﬁggfyeﬁéépﬁé eypcatval ues

of less than "GTRSGRIUTD 19@609@%&a1@1pr efbaned. oﬁacbqﬁllas_tl I&@tl Q@olgsz var
comonl y carrlﬁ@f@italﬁty agrgggpgra.]t gt %?tf 5 hago lésotﬁ £ o?
10 preferably greater than or equa 5 val 0

equal to 1 bafFatsF tHearper c%ﬁ"ltﬁfbh tOkaeoTﬂessmng |Jse<gﬁ1m1aiéd/ | ggs t han

f

| t® 5t that aj_yqig@lll ssekhan eg)lfal 9 § tLar LH?S o
Ioesgq?ﬁan or %zam%iertao ZetloﬁT bei n rmygt Sartl cu arIy g ?ecormeﬁég In the
present description FYB4qa alé‘f theg (e fAwR} | tat ildd istesaaless of

rresponds td\eslsethahsokué@ﬁﬂes&UII@oWEa@grigg t-clrRe-top of the
gliost il Pati on col um. E lSSttI Ill ati.on col um w% may bedused in 20. the
process according to %e i ST T T2k rigin %’E‘FO%%Y CRPETiiedp®sYi bite a0 use,

for exanple, &AcEPRUAAUREt hofcogveatemnath@hat@ﬁ oéqaatol gan @i h lpégt es of

d
dual - fl t el u t ose .or structure |
packing. 35 Baenrararit) Serarekuchet (ATl oo o838 i e ValiRe g or 1y

ty.
of the oxir an@r?BFﬁEdtPﬁ@mqmee@p@kl dat |lorbarr eaeingn thedingst Tdbmdmj o i
i's generally pheapees shggnlgr 9%%‘&1alt1%r 86 O }%5&‘? 8@0”%1%? OX' ne forned

or %
B s e T han
or equal to 99éss Thaamunber efudiheepets GHr phates 'rﬂogecrsbardd <1i14| 1d aluagtner
colum igg ger&e%é‘&h% ’g(iegt elnt rt]:%g:‘ ci)rres un('%:I déé)cffﬁtfgﬁe glplecrleaferyen%e
t han or equal
to the distillation pressure corresponds to the
- absdlute pressure measured at the top of the
distillation column.
- Each distillation column which may be used in
20. the process according to the invention is known per se.
It is possible to wuse, for example, a column with
conventional plates or a colnmn with plates of "dual-
flown type' or alternatively a column with loose -or
structured packing.
25 Each distillation makes it possible to separate
' . | the majority of the oxirane formed from the epox1datlon
reaction medium. This majorlty is generally greater
than or equal to 80% of the amount of oxirane formed in
the first reactor. It is usually greater than or equal
30 to 90%.: Usually,fit is less than or equal to 99.9%. In
particular, it is less than or equal to 99%.
The number of theoretical plates in each
dlstlllatlon column 1is generally greater than or equal
to 20, more especially greater than or equal to 40. A
35 number of less than or equal to 80 gives good results.
A nnmber of less than or equal to 60 is recommended.
- The degree of molar reflux (which corresponds
lto the molar flow rate of liquid sent to the top of the
column relatlve to the dlstlllate as a whole - vapour



[ d results. A nunber of |ess
nunber of less than or equal to 80 gives goo _
?ﬁahqor equal to 60 is recommended. Tre dggree ?ftnniﬁ; [gLJg? gﬁglczolunn
¢ f liquid sen o]
corresponds to the nolar flowrate o A the top of the colur
to the distillate as a whole - vapour - p q
{ﬁgazgveof the colum) in each distillatfon colum is usually greater than
: equal to 0.8. This degree is

bl ater t han or
ggnﬁgﬁﬁ; Tgsseﬂﬁgnpff&ggﬁalyf% Gghah?? t8p &fs Thancelusqlalint @azhs. | n
a.first parti @&Isérlléﬁfdmmlwﬁn the mmkb‘ﬁ gaegoedi egahoo&h%%lg yention,

th|rd
d lol ect e o) is introduced 0 a
érgtrflggrgﬁoéo%unngfggeg%§1 nc ﬂ%%?% q?%élﬁ”iseﬁﬁa&olT%cﬂbé;athhé top

of colum (C) SC¥AFE ol 2f iIGPTmeR lye laasanﬂ&geouslyxﬁ&myct@dE;ntgshggl

ot o ot e et O R o Ve Cthue e freo t ﬁgcﬁ%?ﬁfned
t he nedi um ente co
ggﬁ:épnfﬁgnlhe oxi rane™ % #r |Hﬁﬁﬁk9%%ﬁrcﬂ@b¢dﬂm@m9nofhEheIpfbaess

introduced iatoorbéngeaet @heCdRhRANS JHTPWH | dldﬁkﬁ%ﬁiﬁﬁ#&é %% Hﬁﬁe by

S col umm

B D L S e
propane. 20 TResHisiatiati omollomeol Uim) (@hd”ﬂhﬁ§2§¥gfﬂ§?j 6%%un1gg$?ecfed
condi ti ong SQ@SIié@@eéb§¥et%%r S U %?gyﬁgaQ§g %pﬂgmqay%%q)mﬁmémw

f colum enerafrly to
3;|;ES g?pofe@@Yﬁn?%Be%%?lgcn¢GYCI¢@n146@6the?@%ébyoﬂelght and - from 10%

to 70@6by wei ght of lﬁ@@raié€§1lé9£6gggﬁegoﬁd%@hz §3gé%£§%ﬁﬁgtgéég;qected

002"k o O S oo necsotrene oy Gy
wei ght of un@bnv&mdedhﬁbetbnfﬁééFEHé'ﬁ&é?um”?épggﬁﬁlhga@h% %&4&a e
wei ght . hE 9%%%%?'M%é%ﬁ¥é¥€¥% 3 e 1%? tQﬁQn the olefln introduced
 into the reactor contains impurities, in general light
'impurities, these are also removed in column (O).
Mention may be made, by way of example, of propylene
sources which contain up to 10% by weight of propane.
20 The distillation in column (C) may be carried
out under the conditions specified above for columns
(A) and (B). | o
The medium collected at the top of column (Q)
generally contains: _
25 ' - from 30% to 90% by weight of olefin, in
. particular from 40% to 70% by weight; and
- from 10% to 70% by weight of  impurities
introduced with the olefin into the reactor, in
particular from 30% to 60% by weight.
30 The medium collected at the bottom of column
(C) generally contains not mofe than 0.05% by weight of
unconverted olefin, in pérticular not more’ than 0.01%
by weight. It generally contains not more than 0.1% by
weight of impurities introduced with. the olefin, in
35 particular not more than 0.02% by weight.
In a second embodiment of the process according
to the invention, the medium collected from the bottom
+ of column (C) is introduced into a fourth distillation

column (D) and the oxirane formed is collected at the



rities introduced with. the olefin, in 35 particular not
\Arret;lrght hg]; :)m(gg% by weight. In a second enbodi nent of the process accordi ng
to the invention, the medium collected fromthe bottom of colum (O is
i nt roduced intO'a fourth distillation colum (D) and the oxirane formed is
collected at the 7 top of colunm (D). “Thé Teaction nedium at the bottom of

i h nt ins b r oduc advant ageously be recycl ed
icﬁ!tgn?:ol(l??rﬁ V\gb %Pg@yc o %@Ké@eqqt%s‘??ﬁ@imoa?e%@ebwathé

Chyy d ctB) formaﬂ ich col¢kaﬂilt£§isby A ofs the .0 |rane
oxirane 5 the D)l ptno u i s by %g Auls [he ngyl

I t he al :
%It Ihet 2’? tsﬁlavggtrvrgg!tt?ﬁ*gg%??gw%:]g ﬁ%%%cap nelBFlPralcr‘PéélmFb b reco@é%%d The
distillation FRE¥6ling 0@)<G§en¢e$¢$sxkelmv90 S:mekre IIQ?W d}{@(l;kgjldi-§§? %;Jch
he b t +d 0 entering
?ﬁet b§ %rggfjﬁg?g fggr Errgga}'lgegoffg%nﬁg?m i trgsoel ey OISt Gh pr‘i'%%ucts
and thus to fPE:TERE ﬁ@dﬁ%n?%@ntséilm&fﬁj: t Ken cp@mza:rreﬂfazontheavallctdsfrm[r) ties.

ditions
15 The distil&adi onatér cAlpmby Drosa e catkhiie er ihe con
specified abov for colums . (A) and (B) 'IEYF;1 gl na ro uct?tol 1ett%ed at

the top of cof URHTP) Chenerk ??/ec%?ﬁ?h@eﬁotonb?er@ﬁaﬂeceql% by 20 wei ght

of heavy inpurities, Thepatsétculatisat iADEE1LRAN B Js%l:%swedcg%nféx}e
general | y scont

I east 9 % by oxXi rane articu
least 98% prﬁ% er a% f“pPé:é §9. s:’i*\?fﬁ‘oya%\ei:éﬁt bYApﬁﬁﬂPFﬁsfdeIﬁ%ei)gcg\égh |
99. 99% by weiPRVerny dem ekbectrmedium@s elrrtefrirfg rdogmhedi nent of hd he,nl

di t e e onsj st wo_reactors _“arranged
;:Bgr:aln?el Oﬁifhcge@%%yrgg%:r?%?sggogm b(eln t% fe]?a‘?% §Pﬁulct°e’t’r¥€§&9ny or

ernately. pFFf?%u?tIﬁrrdan@rrﬁd'msrreﬁP f}m thbead\wimngec@xﬁtbenﬂggal@h@ to 30

manuf act ur e tdieiexid aneo HEdAHOUl Y1t & rel atively  constant yield

activit the epoxidation catalyst falls over
?:Lgouggegrflg:f?;y“(ie éist1¥latlon 1nl%olumn (D) can be carried

out under the conditions specified above for columns
(A) and (B).
' The final product collected at the top of
column (D) generally contains not more than 0.1% by
20 . weight of heavy impurities, in particular not more than
0.01% by weight. It generally contains at least 95% by
weight of oxXirane, in particular at least 98%,
preferably at least 99.5% by weight. A purity of 99.9%
or even 99.99% by weight may be expected. ‘
| 25 In a third embodiment of the process according
. to the invention, the reéctor consists of two reactors
arranged in parallel, the two reactors possibly being
operated simultaneously or alternately. - This third
embodiment: has the advantage of 'bei.ng able to
30 manufacture the oxirane continuously in a relatively
constant yield although the catalytic activity of the
epoxidation catalyst falls over time. Spec1f1ca11y,
this embodiment makes it possible to stop one of the
two reactors in order to 'regenerate or replace the
35 catalyst present therein while the other reactor
continues to operate. -
In a fourth embodiment of the process .'accordin'g'
" to the invention, the medium removed from the reactor

is first subjected to a depressurization before being



thi s enbodi nent nakes it possible to stop one of the two reactors in order
.to régenerate or replace the 35 catalyst present therein while the other
reactor continues to.operate. In a fourth enbodi nent of the process
according to the invention, the nmediumrenoved fromthe reactor is first
subj ected to a depressurization before befng - 8 introduced into colum
(A). This enbodinent i particularly suitable when the epoxidation is
carried out gﬁéngﬁfggsuréHBP i FAHETDr edBhce oFhasgasudedimsatpound. This
gaseous conpopadtiaylbelivhesol efbhe 5whte$16|ﬂ‘he(f@bo%@%'i%npfﬁp%ggﬂear an
inert gas whighi %n&%}r%%csesdmi nto_the epoxidation reaction nediumto
al l ow the oxirane to be éntrained Shd Jr%rrﬁg’?d PFERFTPRE Feadt oFasgsus
di scl osed i n pareaundppl Tbasi oga¥eo8/ 488880uhy t hayAppki cant. dDekpna
fifth enmbedi ng pr. accordj.-ng to _the invention, the catalyst
is present in, ?ﬁngrgggfoﬁ%%ﬁ%taﬁe%%%rp lc??leﬁarcﬁ Tost PRt | Rt WRbHR' 1of
“which is in fHaFaPgeactor aptas thecl esedidatibe »Apptitant ' se@at@ntto
application faledwoahthexsams, e t _pat ent | ication and
entitled "Process, for rranuf,acteﬁ??longﬁ%xié?%%%g?%&t Fsi‘gﬁprré%smgﬁ’géi gffoxpoa{”c al yst
in the form of SPareT cl 88" IEERe OS6Rt émt PEFtamti PRl ca tricor piv a2 Btk $88 3
reference) . Bhishenbodl heahtmakes it possible to obtain a honbgeneous
di spersi gp of the 20 £at gl ySt tl n the epoxidation reaction nmedium good heat
exchange and t hus easy" cantrdi-Tofe Yt oh thenperesesese . aqapnding
enbodi ment, %0 sthrecommesmieton hatthé hecareddiysn | epyi ngrdhy eagt orgghoul d
pass through asddd er; pbefgre g introduced into.colum (A) or, 25 where

ropri ate, bef{)ﬂréelt _béinﬁggg%b'g%gdotfo Phe l%gﬁ?essﬁlﬁi 26P5n.SPRe a ofi xt h

ferred endBYiFhentis t henpl dhuidésegri Sesmat heastiwdosedct ahs aHeanged
i'n series, eaylifanhighLontai L atal yst, and at 30 | east
three distillation col umrwbs, an%ll %%%%?ﬂ%}bg{lo]wgﬁlgc%g the sdfe day as

€ present. patent application and entitled "Process

for manufacturing oxirane in the presence of a catalyst

in the form of particles" (the content of which 1is

incorporated by reference). This embodiment makes it

possible to obtain a homogeneous dispersion of the

20 catalyst in the epoxidation reaction medium, good heat

exchange and = thus easy control of the reaction

temperature. In this embodiment, it is recommended that

the medium leaving the reactor should pass through a

| filter before being introduced into column (A) or,

. 25 where appropriate, before being subjected to the
depressurization. o

| In a sixth preferred embodiment, the plant

comprises at legst two reactors arrangéd in series,

each of which contains some’ of the catalyst) and at

30 least three distillation columns, and according to

_which:
- a first portion of the olefin, the solvert and
the peroxide compound are introduced into a
first reactor, _
35 - an epoxidation of the first portion of the

olefin is carried out therein to form a first
portion of the oxirane, B
- a medium comprising the first portion of

oxirane formed, the solvent, the unconverted



-+a first portion of the olefin, the solvent and- the peroxide conmpound are
introduced into a first reactor, 35 - an epoxidation of the first portion
‘of the olefinis carried out therein to forma first _portion of the
oxirane,' a nedium conprising the first portion of oxirane formed, the

sol vent, the unconverted - 9 ol efin, the2unconsuned peroxi de conpound and

ossibly by-products is renoved fromthis first reactor, the mediumis
Pnt roduZedyi nto a fir<t S5 st abPERNEBMEAN PRATOXAAE| redmpdwtdir @nd

contai ning the maj ori tppoxfidihe bywxdrene- £ Hr 1B drangHACERVES tt%‘ls()'f%ijfg";éol urm

solvent, water and possicgl%: by-products is collected at the top o
€

(A, 10 - a first medi dm l’eted in oxirane, .containing solvent,

unconverted ol efi n,- utdensumediuper oxsde totpodnceand Possi bly byypieducts,

is. collegted at the : f. colu A) - the first nediumdepleted in-
oxi rane, agsecond 15 é%%ﬁt{lﬁg]r?%&fo ﬁéﬁg e i & and optionally a second

portion of the peroxi de Tarfountiktanee | apnoduneédg ithteo wafecond ceagher, an
epoxi dation of the seegndaper tiHmed atrhf uﬁé&{\&&&édcgifk%% o%t%%_gg einin
order to form 20 a second portion of the oxirane, a hediunyce hg the
second portion.of ox"P&RE ASIhERPSSHPLENnPY -BHEEHYESt dd otellectedinaonsumed

er oxi de conpound andtpessbpl yfb¥olpmadyals is remved fromthis second
Peactor, rzrg - the nediumis in roduged intqQ another distillation colum

(A), a sle%cond m xfur & oMt ATyt Y he R} BF Pely 16f Heramsi r aastaonied and
unconverted ol efin, sebleant, watencendeposai bl yobyrphoduct snisneghlgct ed

at- 30 the top of CO'BQ@O&@%%"compound and possibly by-products, is
’ collected at the bot‘r:om_of column (A), |
- the first medium depleted in oxirane, a second
15 portion of the olefin and optionally a second
portion of the peroxide compound are introduced
into a second reactor,

- an epoxidation of the second portion of the

olefin is carried out therein in order to form
20 a second portion of the oxirane,

. - a medium comprising the second portien of
oxirane formed, solvent, unconverted Qléfin,
unéonsumed peroxide compound and possibly by-

- products is removed from this second reactor,
25 - the medium is introduced into another
. : distillation column (A'), _
' - a second mixture containing the majority of the
oxirane formed and unconverted olefin; solvent,
water and poOssibly by-prdducts is collected at
30 ' the top bf column (A'),

- a second medium depleted in oxirane, containing
solvent, unconﬁerted . 01efin, unconsﬁmed
peroxide compound and'possibly by-products, is

"collected at the bottom of column ('),

35 - each of the first and second mixtures
contaiﬂing the majority of the oxirane formed
and the unconverted olefin is introduced into a
condenser to separate out some of the

unconverted olefin,



a- second nmedi um depl eted in oxirane, containing solvent, unconverted
ol efi'n, unconsuned peroxi de conpound and possi bly by-products, is
"collected at the bottom of ‘colum (A ), 35 - each of the first and second
m xtures containing the majority of the oxirane formed and the
unconverted olefin is introduced into a lOondenser to separate out sone of
the wunconverted olefin, 10 a mxture depleted in unconverted olefinis
renoved in liquid forf f et eHEEh dempbehedr in haindaguiat ekt vlefiiss is
i ntroduced into a seceedovdbstin haly . - ) xt ure of sol vent
- and water is collected at _ the bot Flg?n@lo?@grghlngrl;%@( %a%gnﬁn?e?ﬁgtéfdl ed into
the first reactor, ~andgn JdGHEhdlBHsEE nbdli tptredesetecidd & sheondp  of
colum (B). 10 In thidistxthaeabedcaeinof(gthe process according to the
‘inventionc it may be gd\r/n%néa%eousf to . introduce all of the peroxide
conpound into the fir8t "FEREEOCT aFPUERT o2Rd FAtERe Sptoklanted pat ent .
application filed on the $atrtctayfiscbhempr €ggntamat eat yaiRld catéon and
entitled "Process f.or HB“EEQQEUEEQQ oxi rane using a peroxide conpound”
(the content of whi cﬁ 'S 1Nncorpor aF%ﬁ'b?n ef erence). The subsequent
reactor(s) is (arey taBsoKdrahedbased Mmedshmpesoxicdd ectepatndthdutonl y
with the peroxide congpupd)whhchgis 20 present in the nediumfromthe
previ ous_reactor and _which was not consuned in this previous reactor. The
fact that°no peroxi delRonpddfd i %iddaederboghmensubsefuether egotardss) nakes
it possible taceconsim® t00%heofiivent 0t 280WRL, Ofe péﬁg’éhqg eafmoynd used
wi thout, 25 hovever. redlgﬁi n tﬁl}g reaction rate conpare vm't.ﬁ'a process .
ing the sane toralcanBunt Gf PeT oRFIBXIEENTOIRP B (RtQhtbR ddatst eact or
fed with fresttoperorsde dizpimeel | int hitheSi XAPpeBadt BNt p5 @yt he

process application filed on the same day as the present patent
15 application and entitled "Process for manufacturiﬁg

OoXirane using a peroxide compound" (the content of

‘which is incorporated by' reference). The subsequent

reactor(s) is (are) thus not fed with fresh peroxide

compound, but only with the peroxide compound which is

20 present in the medium from the previous reactor and

which was not consumed in this previous reactor. The

fact that no peroxide compound is added to the

subsequent reactor(s) makes it possible to consume 100%

of ;he total amount of perokide compound used without,

. 25 however, reducing thé reaction ‘rate comparéd ‘with a

process wusing the same total amount of peroxide

compound ' but in which each reactor is fed with fresh

peroxide compound.

In this sixth embodiment ~ of the process

30 according to the invention, it may be advantageous to

' ~recycle a fraction of the medium produced at the bottom

of one of columns (A) and (A') into the reactor

directly upstream. This makes it possible. to keep the

circulation rate of the reaction medium in:thé'reaCtor

35 constant and not to disrupt the flow. This practice is

particularly advanpageous when the catalyst is used in
fluidized form. ' |

In this sixth embodiment, the plant ' may

obviously comprise more than two reactors connected in.



- 30 according to the invention, it may be advantageous to recycle a
fraction of the nedi um produced at the bottom of one of colums (A) and
‘(A) into the reactor directly upstream This nakes it possible to keep
the circulation rate of the reaction nediumin the reactor 35 constant and
not to disrupt the flow This practice t+sllparticularly advantageous when
the catalyst is used in fluidized form In this sixth enbodi nent, the
plant " may ORAGESI yTEEmRiant noreferablywcomact ors tbmeecteshdtors 11

series. The plantaffed erablyrconprisespiregsgeactors arranged in series.
Inthis case: a third ort| on of the olefin, the second nediumcollected

at the bottom of col urfh (D74 5 RaKE 6t | ol I5he thigfipor tiften  ofeddrel
per oxi de conpound are méﬁimﬂuéﬁﬂléﬁt@da dthi tder @R6E o@ncgﬁgﬁhda(t]k gn of

the third portion of aolefi |s%c)fir|ed Jdﬁiherelnln order to forma
third porfion of the %3 r%}ﬁ% rré?g} R 1T ngt t hBet mezPxsset i on
of oxirane, the sol verimpdursl uneonveri@ethoé@fimo Posisi bl yrddec gpconsuned
per oxi de conpound and o] cts.is,.removed fromthis . third
reactor, 15 - this medl no éﬁé |% ‘?o UCE%UI WS vBiT goé%%lorﬂlggl L&tian
col um (A"), a nedi umll% ot et emtattlndfmeinpinf ocdeumo( Adbym andhigd

recycled, after condeRsatdiQp, Jitd est reactor, 20 - an a aqueous
effident js collected at tlhe botto fgﬁ? urm (A").. The distillations in

col ums (A’) and (A") haveedite sca%praﬁéﬂgonté@ t Hetizidh cpdmtmo(lA) oﬁnd ma

be carried out as incsahiR,(Mhe 251 StﬁbXtJhﬁmR% |
reactor is fed wth ol efi.n. The gerom de conpound and . the soI ven afe

‘roduced into the fPPSEIPINCtRS BICSRSIENGSi BET O bAoAl 80dbe

roduced into one oposeri®lef yheroducts is removed from this third
reactor, |
15 - this medium is introduced into yet another
distillation column (A"), ' |
- a medium is collected at the top of column (A")
and is recycled, after condensation, into the
first reactor, |
20 - an a aqueous effluent is collected at .the
. bottom of column (A") ..
. The distillations in columns (A') and (A") have
~the same function as that in column (A) and may be
carried out as in column (A). '

. 25 | In this sixth embodiment, each reactor is fed_
with olefin. The perox1de compound and the solvent are
introduced into the first reactor. Fresh peroxide

~ compound may also be introduced into one or more of the
subsequent reactors. Each reactor contains some of the
30 catalyst which does not leave this reactor. When the
catélyst is present in the form of a fixed bed, it is
_generally not necessary to take precautions to keep the
catalyst in the reactor. On the contrary, when the
catalyst is present in the form of particles at least
35 some of which are in fluidized form, it is récommended
to include a fall-out zone above the fluid bed to stop
the particles of catalyst which are in motion and/or to

include a fllter at the reactor outlet



subsequent reactors. ‘Each reactor contains sone of the 30 catalyst which
does'not |leave this reactor. Wen the catalyst is present in the formof a
fixed bed, it is generally not necessary to take precautions to keep the
catalyst in the reactor. On the contrary, when the catalyst is present in'
the formof particles at |east 35 sone-off2which are in fluidized form it

is recommended to in%d a fall-out zone above the fluid bed to stop the
particles of catalyst iTCH Sare AR R UHL Y orredCt PRel afeidentlirel at

the reactor ostilzet.arelrdfiertdls, suxth. enbodi makesr e8et Yoz Qfhiidepti cal .
i nt erchange the

size are pref I d. This _makes it _possible to

f uncti oni ng oﬁht%%é%%%gl teor%h?/\hghmtcﬁéondé@ct?’?/att catafryS¥sowhen ebleor is
repl aced withdgaftéyated regehgsat edf cat alyesictwrt hawt raperberi ngiwhth

t he functi®ni -called. "carqusel" functioning). The
enbodi rrentés) dggggﬁbtg}ea{é%ﬁenéflg%e Egg H‘i@g Wﬁ%& erPYRy hbbHFRent
which is suitibre fyneeppaseat edf dbhgr aphant calsy-tal Fegurecdrobgel hi s
enbodi nment, tmgncgggg_tigggl contains the catalyst, preferably in a fluid
‘bed 2. The reactor 1 is'ted with olef in via pipe 3 and then via pipe 4,
wi th peroxi de conpoundR§i §"pPpamsnshd dessribed wbovs peayl, beantbbimedol vent
via. pipe 4 feogesnether part of the plant which is described later. In

t he react.qy, the ol efjn re%gta.with tgg ?ler_oxi de conpound. in the.
presence of the catal Y8F FBCPOrRFThe YRdLHr dfFe SUitebdsdiiin Terrs IRP G eR

reactor 1 viadpageaBm@oicablypi s thegsoe VENt Int hen0Xi eaBBaihBELYNGansumed
i U passes LRE Bubh a CPILEAR=r G 1% beniveyRiePEUBLRLIB Prighie |
tainer 9 iRe@hZechThe readepgoéds ix deqt esisth i abefon. vIhe prpdi emdrsd t hen
cont &, ni g Solsent TENBARS ke el s s o UTE YaEPEFS By BPbduct s
i s coll ected BReRhe"idomim® ¢ t Raddi withl asobverol uniea (A)ipEhids Medinum
- another part of the plant which is described later. In
the reactor, the olefin reacts with the peroxide
compound. in the. presence of the catalyst to form the -
~ oxirane. _The medium leavi‘ng the reactor 1 via pipe 6
20 contains the solvent, the oxirane, the unconsumed
peroxide compound, the unconverted olefin and possibly
by-products. This medium passes through a filter 7 and

is conveyed via pipe 8 into the container 9 in which it

undergoes a depressurization. The medium is then
' 25 transported via pipe 10 into a distillation column (A).
A medium containing solvent, unconsumed peroxide

compound and poé_s’ibly by-products is collected at the
bottom of the di’stillation column ~(A). This mediu.m,.
some of which may' be recYcled' int;_o. the reactor via
30 pipes 11 and 4, is purged to remove an -aqueou-s effluent
which contains the impurities. A mixture of oxirane and
unconverted olefin is recovered at .the top of column
(A) . This mixture is conveyed via pipe 12 into a
condenser 13 which separates the oxirane from the
35 unconyert-’ed olefin. The ungfonverted olefin-is recycled
into the reactor 1 via pipes 14, 3 and 4. A purge 21
makes it possible to remove the gaseous impurities. The
liguid mixture depleted in olefin and collected from

the condenser 1is conveyed via pipe 15 into a



of which may be recycled into the reactor via 30 pipes 11 and 4, is
;3?Sed to rem)veyan aquegus effluent which contains the inpurities. A
"hixture of oxirane and unconverted ol efin is recovered at the top of
colum (A). This mixture is conveyed via pipe 12 into a condenser 13 |
whi ch separat es the oxirane fromthe 35 ul¥converted ol efin. The unconverte
olefin, is re eg into the_reactor 1 via pipes 14, 3 and 4. A purge 21
makes it possf |Sé d A&y e COAETGas EBLS |'J?ﬁﬁ,|rrﬂtl|xe$1reThef Iscqlmehtm xhdr e

depl eted in oweter amdleeldeTtad tfHé’”BoE@@mCQf‘dSB?S '?B onyeyed via .pi pe
15p| nto a 13 _disti.llation colu The m xture fvent and \?&ter

llected in YhE BSEorh of2cQl Eg% EB)ablt§rr écycihsd mQAhelmpl pelle¢ned the
(r:gact? grel Thehﬂedtlamn cbl bedued aB) theniop ebneakuan «tR) . owhighe coppai ns

the oxirane a fre of .solvent and water, is conveyed via
pi pe 16 |$o g \tlvqﬁc ?lk%ﬁ col n?l PERETREUNER R Rr t 68 GRBfeweEd svia

col l ected at PhEet bp ohteolaurmi (tG)1 lartdi orr emyblmesl V@ Q. prlﬁ)@Suﬁzgnxlé-rtgdand 4
into the reactperin The B umcgllected at togbg %&tton;of co(g‘gne?ngnd

whi ch 10 contai ns the oxi rane and which i's fr
unconverted of8FYRiefsVégnmipas i%h ploe 18andntdo ireaditsé | +@seoorcol uMm |

(D . The heamei f@atihi e511868 @0k |tecEt11%d e ddie potdom d‘&%{x)f £ ”mﬂb}% and

cl ed e19| to colum (B). _ The oxirane free
\r/\gtcg? eunr\e/eg?cg DT RTFi OF’ﬁlﬁﬁPean%Pcﬁeanhrpasl tirged sofol $ektent:, vi a

pi pe 20, at twmtéopaoH wotorvefddd @nefeﬁbodlgme&n%é@%&h@ lvﬁapaﬁﬂéeg grly

referred is; resent e rammatically in Fi reactors
: ranged in selﬁt?cgsgarglﬁgegi é?’él FOUH™ hi(R) e nBRBYVYt Henpweitims 1, 2

3 each cortai pohlepbedi en athet ttmuxainalcyst comﬁmﬁerf@lplt %n@sllaegf}}d#%hl gegl ge
5 and 6. The,yf£a Lds W ir ion_o eoe|
7 and then v?%li %%%e 1\3 th nettca&r oxi 2 %?5 éﬁ>rp w%xjp}f%‘ee trred n&f vi a
pi pe 8, and withenfol vé’ﬁfﬂe\ﬂra prpeagtéd oml@rfatrhean@arltlgmft t &ed plrasat-mhi ch

i's descrl bed dngheficilds tHe regeiottda, tRES 1 L$HePIBl i UL 1o top of
column (D).
One embodiment which is particularly preferred
is represented diagrammatically in Figure 2. Three
20 reactors arranged‘in series are used therein. In this
embodiment, the reactors 1, 2 and 3 each contain a
portion of the catalyst, preferably as a fluid bed 4, 5
and 6. The reactor 1 is fed with a first portion of the
olefin via pipe 7 and then via pipe 8, with peroxide
- - 25 compound via pipe 9 and then via pipe 8, and with
. solvent via pipe 8 from ano‘eher part of the plant which
is described later. In the reactor 1, the first portion
of the olefin reacts with the peroxide compound in the
presence of the catalyst to form a first pertiOn of the
30 :Qxirahe. The medium leaving reactor 1 via pipe 10
contains. the solvent, the first portlon of the oxirane,
the unconsumed peroxide compound, the unconverted
olefin and possibly by-products. This medium passes
through a filter 11 and. is conveyed via pipe 12 into
35. the container 13 in which it undergoes a de-
pressurization. The medium is then trensported via K
Pipe 14 into a distillation column (). A medium
containing solvent, unconsumed peroxide compound and

possibly some of the unconverted olefin is collected at



: lefin reacts with the.peroxide conpound in the presence of the
g;tgpss? to forma first portion of the 30 oxirane. The nedryn1|eaV|nﬁ
‘teactor 1 via pipe 10 contains. the solvent, the first portion. of t g
~oxirane, the unconsumed peroxide conpound, the unconverted olefin an
possi bly by-products. This nedlun1passes léhrough a filter 11 and, is 4
conveyed vi a p£g éz nt.o the_container 13 in which it undergoes a de-
pressuri zation.Th oﬁé8Wuﬁ|E§QQM§F§?%%%%6%@%dCVﬂémH pidje IPhimtoedium

o unrafAporAedediiim pepat abNiiRG S 0f NENte JYALO oxi de
ggﬁébhhgtéﬂg : §SI B of. thgpa%converted olefinis copﬁ%%?edpg{
the bottom of t I%'l ﬂolimz?tl off cdf f’i&)l TFhi §e|’?€(§1idurrPOF§lpF1an@§ortﬂ"aj VI a
pi pe 15 into t%@%—'e@on’ﬂlaeapipe 26. The reaet oredditsrf ed WidHy a
portion of sthe,opl g4 N V. a e &ﬁefln th r actortilo the second 5 pe;tlon
of the olefin reacts wi t & unconsufred 8 xi dé Foonpgdifnd YR tuRe irst
reactor in th&eﬁﬁ}@s@%cec@ﬂp@amél y§rof tcth‘eor ni ir stec opgdapebii 0Anof tihe
oxirane. The meidindeays nga,ggp%,%@a? QU Zp Pi eeC(:)LIZ(g %gg Egpto i”&f
“sol vent, the 'second portion of 0 oxirane, unconver i
per oxi de comp UM H6t: TRRsBREAUMN Jeauting the Thieactedi un passes gehngugh a

d tsa nd a d, 1 fR=t he. 5QRt aLper ;20 i nwhich it
' Llnljte(ragr;oég ey igm on. %m m’?Ldl um?s t %n trahspor%ed Vi a ?‘6e 21
into a i@ d?’g{u 198 o‘hn%%%%t?‘g\ efifo F%t Eﬁéexmdeoxcrcpramu:a@dnot |
unconverted olcstisumede mcmmb:atuherl%@p m@algﬁ.cl‘%azgg%%m}g{ﬁﬁggpd a(A)
a_pi pes a
cendenser s 24 aqd 35 ahi chepk at SCCNEYSH! 1 2he 1 e S untohver tbe

24 and separa
n](cjlegser ;0 Tﬁé’n&ﬁé@ﬁ@eﬁpedml\emcrm gtr enydcdrgiasnta) ﬁhpré@@gwka&low a

pl pes 26, 7 amwe8, mkakuhhe; 9l affidy f r&%! ZY I B2 27a 26, 7
S 1o e gl e S A A il el e
and col | ect edofr amcbhie et eade RS I CORUAYFLe | 3PiARS R A 284 nto 2

distillation 88'.'Lurm (@ ang (A'). These mixtures are respectively

conveyed via pipes 22 and 23 into condensers 24 and 25

which separate the oxirane from the unconverted olefin.

.20 The unconverted olefin is recycled into the reactor 1

via pipes 26, 7 and 8, for the olefin from column (n),

~and via pipes 27, 26, 7 and 8 for the olefin from

column (A'). A purge 43 makes it possible to evacuate

the gaseous impurities. The liquid mixtures depleted in

25 olefin and collected from the condénsers are conveyed

. '+ via pipes 28 and 29 into a distillation column (B). The

mlxture of solvent and water collected at the bottom of

column (B) is recycled via pipes 30, 7 and 8 into the

reactor 1. The medium collected at the top of column

30 -(B) , whlch contains the oxirane and which is freed of

solvent and water, is conveyed via pipe 31 into.  a

distillation column (C).. The unconverted olefin is

collected at the top of column (C) _and recycled via

_ pi_pes 32, 26, 7 and 8 into the reactor 1. The'medium

35 collected at the bottom of column (C), which contains

the oxirane and which is freed of solvent, water and

unconverted olefin, is co_nvéyed via pipe 33 intoc a-

distillation column (D). The heavy impurities are

collected at the bottom. of column (D) and recycled via



i lvent and water collected at the bottomof colum (B) is
;neg/glrgdofli Zopi pes 30, 7 and 8 into the reactor 1. The medium collected ?t
"the top of colum 30 (B), which contai ns the oxirane and which is freed o
solvent and water, is conveyed via pipe 31.into a distillation colum |
('C) .- The unconverted olefin is coll ecteb at the top of col um (C) and '
recycl ed via _pipes %2 gG, 7.and 8 into the reactor 1. The medi um 35
col | ected at rpﬁéﬁoebo% oh*bf EGLHAR (&), Whehoxbhrae néreefieofxiscAnerand
~ which is freedwadfersol vemtc,onn/@tr&recﬁndol)@m%ﬂveﬁhgd oi%pa?l t :az}scfgp\é@é% Vi a

[ [ L stillation ¢ m . _The heavy i _ _ i
ggpfegfehngﬁ ?er]né)q{t%ltetloen% 0 cocf%eftﬁ%gana’lrae@@%d‘}@i a &t 15hepitep 341 nt o
colum (B) ,ThédeXJiHmane(H)reecAofms@imentgonu\gaiﬁli_nggnigmvg{lgt,eﬁegtgg%kgfdgnd

i ea j i LLEes | ct.ed, _via pipe, , . _
Llﬂgmma?g)? A%ngot%g{:o%?gi n‘ll:%%&grlcl)%%erﬁn, ﬁé?qxf .'C%o’éo%p(?ﬁlr‘?q HStSSéBﬂiﬁ’urredd
in the reactoﬁoﬁeanﬁfpo%%@'blhylcmtcﬁdjtbée!ﬁnmonwertc&dlm@i‘egdl % cghggcp et
the third reator 5. e s bamror sl rat el IR T BT e ViR
the third reactor % The reactor 3 is fed wtha thir apl?ﬁ e
ol efin via pi P&P863°1 AR Ulte reatrdrreactar 8hi Mheporddammofs the okafin

reacts with Whehuacmwmtbcpﬂ_rmr'hdgfCQH@ogmgffihpmitah%i?%go%%'rgﬁggg%)_[]ei n

| yst to . forma third portion of )

E:gﬁdﬂ iegﬁlgpieng{eﬁg%ga t’ort%? t&?]ercgn@%r?h% aFt the Helfjer e afE T onpoind not
yet 15 consunklei nupicorsered! rpacdoidéd S c@ﬂ§u{1ﬁd Itrf_rbh,e tlrh\ﬂlegcr:]:gé% edtTEie-rd

' ' : eact ja_pipe 3Z thus contains so , tl (
dortion of theSROeTEand, e ovborPalE 0Pkt Il Soski By T¥TRROURtST  This
ﬁii um passesPPHF&8BhCA thet exizgnand Tih@f commﬁal ')t_e'ﬂbr@li?ﬁ gttl—;ea_ Q%/?%%?tgé ?10
i sti [ : . n e is calle , ,
2t the baitom of  alam TR, 5 T mEaru ST ARt cqoTRE Pk £8D feicol um
(A") is g nve§RUSYTed pi P £h§ nisecpnsondenssprd2iandeossund@n frecyted Vi a

pi pe 8 into. theadtsst3[ eakOhediun?Pelhengat By Headted 5 kile process
according to thus contains solvent, the third portion of the
oxirane, unconverted olefin and possibly by—products;
This medium passes through-'a filter 38 and is conveyed
20 via pipe 39 into a distillation column (A"). An agqueous
effluent is collected, via pipe 40, at the bottom of
column (A"). The medium collected’ at the top of column
(A") 1is conveyed via pipe 41 into a condenser 42 and is
then recycled via pipe 8 into the first reactor 1.
25 ° The catalyst used in the'process according to
. the invention generally contains a zeolite as active
element, and preferably a. titanium zedlite. The term
"titanium " zeolite" is intended to denote a sblid
containing. silica whi;h has a micrdporous crystal
30 structure of zeolite type and in which several silicon
atoms are replaced with titanium atoms. The titanium
zeolite advantageously"has' a crystal structure of
ZSM-5, 2ZSM-11, 2ZSM-12, MCM-41 or ZSM-48 type. It may
- also have a 'crystal structure of beta zeolite type,
35 preferably free of aluminium. Zeolites with an infrared |
absorption band at about 950-960 cm™* are suitable for
use. Titanium zeolites of -silicalite typé are
preferred. Those corresponding to the formula
xTi0; (1-x)810; in which x is from 0.0001 to 0.05 and



i i nerally contains a zeolite as active el _erre'r'lt_, and
E?gfép\égml g'n '?iet ani umyzeol ite. The term "titaniumzeolite" is int egded to
“denote a solid containing. silica which has a mcroporous crystal 3 I g

structure of z.eolite type and in which several silicon atons are replace
wWith titaniumatons. The titanium zeolrtééaedvantageously has a cr yst?
structure of 55“/%5 éfMd]“f%' ZSM 12, MCM 41 or ZSM 48 type. It mayma SO.
have a crystalPStrTERRre dEPet &- 986! ite Oype, Bb7pr sfighatpyrfoeea 9%_0 -
al umi ni um Zedflatesiaishofnthnér ayplg_,t %%%Q{npgnﬁégﬁ}%eq%ay%gogéréﬁ?gﬁﬁ%r?ed
: it r . Titanium zealiites o [ e are’ )
‘?’LgsZui:t)?lr)lagpgér:dfnﬁg§§go{ﬁgsf ST éq%&ﬂeozz%ql%)e SPERUFAURRI chimd liag ftraom
. 0.0001 to 0.05hathdfiezeptiferztmysfrom 0.001 to 0.05 give high

[ ' nme TS-1, have a
formance. Materi al f pe, khown under the nane . hi
Iron'e::r opor oug crystalli nﬁéhéz)egig?%zy%gr G55 e Bi fPParPIF et harceprianti tte

: | yNng i . tiggn is

ZSM 5. 5 The ddtal y3BVEsEgonn tilse prdcassagecosyngiho dme. Epygnti
advant ageous| ypdrt tdieed oo af nepar, clee)%q%]?%e%byg%% ggggn ar; (tj::?'segl:g:gd
in the Applicant'.s patent applicaffon : 8029, sptiay
as di scl osed i%er[lHé:aR&p'l% cQﬁE’e§tpaEEIéﬁ}lQ®t_a<pp! it bon 280299/ 24164y The
content of thegeraywoprpatest apphicatbeng i§, | eggr &ggﬁfgﬁhgrgl 38%%” .
reference; 3 The ql.v%nt. useqd in tl}e process accordin o theTn y
be chosen | n1pz>atltﬁ:r St €F  MPnedP/6A16t5 bikschegnakenshacifc aheskol stThe
al coholi ¢ sol PaEngenersgldly caaritogisns Us t 0 1-EA5bRN: & OMsy,  pLef er aB%yI |
from1l to 6 cagken.atams.. Exanples which may be " nentioned ar € nethanol an

anol . Methanol is preferred. 20 The amount of solvent used in the first
'ict or is generallyTae I%alsv?rzs(ymbyz@v'aghtth@f M@Césg“?‘*ﬁd&ﬁgﬁhfgﬂg?' um
anpl © af. | oast  Ovey el T PFh el Gl Py rasts dothestcen 99%
exanpl e alt | east 0% by _wei ght . This amoun u ¥ _
5 granc ed aliphatic alcohols. The alcoholic solvent

generally contains up to 10 carbon atoms, preferably
from 1 to 6 carbon atoms.. Examples' which may be’
mentioned are methanol and ethanol. Methanol is
preferred. _
20 " The amount of solvent used in the first reactor
| is generally at least 25% by weight of the liquid
reaction medium present in the first reactor, in
particular at least'40% by weight, for example at least
50% by weight. This amougt usually does not exceed 99%
25 by weight and in particular does not exceed 95% by
‘ ’ weight. _
' ' The molar ratic- between the amounts of olefin
and of peroxide compound used in the process accofding
to the invention is generaliy at least 0.1, in
30 particular at least 0.2 and preferably .at least 0.5.
This molar ratio is usuaily not more than 100, in
pafticular' not more tHan 50 and preferably not more
than 25. '
In the process according to thé invention, the
35 peroiide compound 1is 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 0.01 mol. The amount. of peroxide’

compound is usually less than or equal-to 25 mol and in



25 by weight and in particular does not exceed 95% by weight. The nol ar
ratio. between the anmounts of olefin and of peroxide conpound used in the
process according to the invention is generally at least 0.1, in 30
particular at least 0.2 and preferably.. at least 0.5. This nolar ratio is
usual Iy not nore than 100, in particularlhot nore than 50 and preferably
not nore than 25. In the_process according to the invention, the 35

per oxi de conpdRFEti S tRhet 8FFy tHEBd OFn Q@ 5t 10 r B@dt oPried eaen@eo Ut of

at | east 0.005sH®m pgornogh amburRer ogr B« Gal at:}éﬁlboﬁ'hasegf irdhe first
reactor, in particular of at |east 0.01 nol. The anbunt of peroxi de
conpound is usudty°Fesd4Hant8r %eddal ™b 25dnpieshdthan- or7 e@arli ¢l ar

| ess than or egualmdéb. 10 nol. Preference is shown for an anount of

per oxi de cenpound of eater _than or _equal,.to Q.03 nol .and | ess than or
equal to 2.5 mol. 5 ?J{\nt%}éeppgé?g%sa@@g:vo&fiﬁ&gt &2 heF nvBRERBACODE héhe

per oxi de conp@anbigadvemageduss yadeak agedinel § ousedf inanhaqeews of
solution. In ggheg e so} ut | ntains at |east 2% by wei ght
of peroxide conpoun ?O?% S%g;é?iqc%z’l'a(r)hgt bgggg 95% 7 WeTgRTeS | tsoéé"?lélopy_
contai ns 10 ndiCHHFES dh DBEby2 webhvebdhperbxpdeosddpoandpound, in
particul ar 70%dwt meilght - aA geagentgeatien,af S30% tiq 402 | i nlsOr
exanpl e aE ut %36% bg wei gjﬁt, i S, parti%u‘lﬂar? suilﬁabﬁggép%{%\é\%bggégﬁfgn
tenperat ur8 bétheeRCThie tOES i O andY Meighe p%go%@xé&%d%mwf?mdr ahdge from
10C to 125C. |partinsladyardageeuse md am @@n@@ﬁ@f&@%mfﬁ%gggg 40%

t han to

application EFf3 99/\98i7 3t,by. he Aﬁgl I c?nt , a'bt_ IS rGQGat r _
ercone the gradual HeactiVati ondfPthe 2C2PAI ysto® THY t e¥ipr9Bt ur elfay be

&at er than @gemquallazlyv cwidGtdrd preferably greater than or equal to

o7Shere TS 1, el SN B L 41 T SR e

15 the peroxide compound may range from 10°C to 125°C. 1In
one advantageous variant as disclosed in patent
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

20 to 40°C and preferably greater than or equal to 45°C. A
temperature of greater than or equal to 50°C is more
particularly preferred. The .reaction temperature is
preferably less than 100°C.

In the process according to the invention, the
. 25 reaction between the olefin and thé peroxide compound
may take place at atmospheric pressure. It may also be
performed under pressure. This pressure generally does
not exceed 40 bar. A pressure of 20 bar is suitable in
practice. | '

30 : The peroxide compounds which may be used in the
process éccording to the invention are peroxide
compounds containing one or more peroxide functions
(-OOH) which may release active oxygen and which are
capable of carrying out ~an epoxidation. Hydrogen

35 peroxide and peroxide compounds which may produce
hydrogen  peroxide . under the conditions of the
epoxidation reaction are suitable for use. . Hydrogen

peroxide is preferred.



In the process according to the invention, the 25 reaction between the

- olefirn and the peroxi de conpound may take place at.atnospheric pressure.
"It may al so be perfornmed under pressure. This pressure generally does not
exceed 40 bar. A pressure of 20 bar is suitable in practice. 30 The

per oxi de conpounds whi ch may be used im tIfe - process according to the

i nvention are peroxide_conpounds containing one or nore peroxide functions
(- O0H) which nay rel edehcthivdrasgryerenmiide chisar eisechpahilte ofaycabeyi ng

out an epoxi dakivemt i ngens 33 deer oxj, de rand PSEQééd%c%%%ggﬂ.stg\h!t%% Ty
pr oduce hydrog}en peroxi de . under the COI’ldI;[)I ons of the epoxidation
reaction are SUVEANIETor 30sedqyaARSgeRYdpegeni deerexifief elalattion 18n Wien

hydrogen per oxirteel stusagd, i le Maynbeungevant ageqdsnt.0 Hse, 4,g'hrggtpelprgce_ss
according 40 ggﬁuthg¥9ntion an gququf hydr.o En per oxi de solution in
crude form i -6 a tnpur PPF3E¥3rm For e?éwg g, aS*TaiR% on ¥BLA ned
by sinple extsabstentvalfly spbse antatalird yopurttheraiektfet e rivdar erdgri ved
from the oxidgLi eagt e | ant hr ahydr oguj nope rocess known
'as "autoxidation A %ﬁ%ﬁi@é"%§qu£o&§gg¥ éﬁH%eaﬂéxiaagéﬁﬁﬁydﬁﬁﬁPaPone ,
purification {PERFREARt kABrThead 0" asbdxifhbsenc ACderoymrgen petioxitea

sol utions gengyiakk gentaidh o /Q%l 10, : i C ilnpurities
expresseqsqis TOC (%teal Orgsar%i gOCaArabon .L;\%leyl%gséulef%{L ypégﬁéf'%ﬁl%ngn% aﬁt:’?
cations (Suchu8€dal KEFsensace dydragen iprreside selatsonsogenasahhge

sodi um) and asbavainl5fisxcho agophasphatey and J# t paE8s) ci Ni GORELPE Sg of
from 0.01 to 10 g/.l._ I_n a,g éheer vari ant of the proCess, a hydrogen
oxi de sol uETBRPFEduA @ dilFeER s\ IR GarRgn) - oxBRseh wsdahidr ogen
t he presencenpéaimet metell naathen20 (secdh Waen hAydagen er-oxd degd s

e on s 5 PESThe Ehr AU B PERSLL 1 BRLES AL yagT, o e
15 (such as phosphates and nitrates) in contents of from -
0.01 to 10 g/1. -

In another wvariant of the prbcess, a hydfogen
peroxide solution produced by direct synthesis using
oxygen and hydrogen in the presence of methanol may be

20 used. _

When hydrogen péroxide is used, a small amount
of decomposition theieof into water and oxygen may be
encountered dﬁring the process. This oxygen is found in

_thé unconverted olefin. In order to prevent ahy risk of

.. 25 explosion, _it is recommended tp treat the gas shuttle
containing the unconverted olefin and the: oxXygen in

order to remove the oxygen. This treatment may be

carried out, for -example, by ﬁsing a pervaporation

operation by means of membranes or alternatively by a

30 chemical treatment, for example with sulphite.
. The oxirane which may- be .prepared by the
process according to the invention is an organic

._compound comprising a group corresponding to the

~

35 - The oxirane generally contains from .2 to 10

general formula:

carbon atoms, preferably from 3 to 6 carbon atoms. The



the unconverted olefin. In order to prevent any risk of 25 explosion, it is
recohnmended to treat the gas shuttle =~ containing the unconvertied ol efin
“and the oxygen in order to renove the oxygen. This treatnment nmay be
carried out, for exanple, by using a pervaporation operation by nmeans of
nmenbranes or alternatively by a 30 chemildal- treatnent, for exanple with
sul phite. The oxirane mhhch may be prepared by the process according to

the invention Tt g4RLER dBHpobRd BoIRATEY ngyagitags cselveshynditey t o

~the general prl‘CFﬂﬂE&S' drc@ad e wlta@elﬁeéﬁt@bhya%@ntla'zﬂ%gorx%@r%gta%elo
carbon atons, ferabl fro 9 arbon atons. The - Oxi ranes whi ch
may be prepare advant’a BOGLT &]‘ PREPIRPEREss LR ok Hif 11 hOxilaedst i on

are 1, 2- epoxyproparie epangph,cdharepoxy- 3- chl or opropane. The preferred oxirane
is 1,2-epo ropane. he fins h are SUui. i.n € process
- g to the Tl o P ELLLS AR ?”rlb%ﬁ"gﬁ 1“10&%% P3RC&ESms and

according to the |nvent| on” general f"'y conti

~preferably 3 tas B rsngo It Qat ol . 1n13e0pybeneenleuﬂa3llle'ne:cartda1aiIﬁorﬁhhortbde are
suitable for 1Lbsecaﬁ|5<glpyla r&erhsangngl rgyef%rya%r a,de are p efcearl[be?qﬁ agd 10 nost

particul arly propylene. Focess accor St Hvent i 8ne may

prove to be atf’\?&ﬂya@é’@us bt‘-kiylr?é’rﬁ tagrd teHlel yoH thQJh?edelaqm duphabie Eorr

exanple, it nMusehe ReyBAl@geousd 021 IR1 Nt Like pE-af 4 é}géf:‘&& d

during thf reaction 1 .bet ween t he ol ef| n and the peroxXi corrpoun at a
‘val ue ?r oMCE T8 PR éCSI g,}’ BXRYIIET6y adding. a base (sodium
hydr oxi de) to the epofindathenpredess a@&orﬁe@@rmwd@ﬁel i RAtrgtoapph Ecati on

ated by 20
T&erence | nt 4 UhETSPRoeHt ot BAUSRSEELERE! 6 T SOT biLE Ry Ge Che
‘roduced i ntédidi ilase eabbur eéxdmyle exanpimayt hbef iadtanteaeions o6 i nto
several react %&ntban 'tﬁep%)ﬁf %gah&'wé INFAdGsd dNtQ, gach reactor., The
reaction betvveen t he ol
15 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 the epoxidation medium, as
recommended in patent application WO 99/48882 by the
Applicant (the content of which is incorporated- by
20 reference into the present patent application). This
base may be introduced into a single reactor ' (for
example the first reactor) or into several reactors. It
is preferably introduced into each reactor. p
The reaction between the olefin and the
_' 25 peroxiae_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 Applicant (the
content of which is incorporated by reference into.the
_ present patent application).  This salt may  be
30 introduced into a single reactor (for example the first
‘reactor) or into several reactors. It is .preferably
introduced into each reactor.
It may be'advantageous.to introduce the olefin
in a form diluted in one or more alkanes. For example,
35 a fluid containing the olefin and also at least 10% (in
partlcular 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.

propylene, the latter may be mixed with at least 10% by



25 peroxi de conpound may be carried out in the presence of a salt such as
. sodium chl oride, as disclosed in patent application WO EP 99/08703 by the
Applicant (the content of which is incorporated by reference into the
present patent application).. This salt rgﬁ/ be 30 introduced into a single
reactor (for exanple the first reactor) into several reactors. It is

preferably intr ced_Lnto each reactor. |t may be advantageous to
i ntroduce theqzzﬂlceb?rfLé ?% a SRR | u¥Bai n t&ﬁe oF ST Q| k ¥FESNVESIted

exanpl e, 35 @rdpyiléncontai nongotiteedl efrito ape aksacabrl. east 8% Ghio
particul ar 20%, for | e-at | east 30% .by volune of .one or nore

al kanes nmay be introduced ?ﬁt%r9ﬁ5§e580§%&§ﬁcﬁ?r%%th?@P??b?lﬁxéﬁﬁﬁé, in
the case of pPEopyloPade-the latter may be mixed with at |east 10% by - 20
vol ume of propane wherhergeycked yneonvert py.l ene .i.s introduced
into the reactor. It nay afso %e a sourcé%%f%g}o%§$eﬁ§v NPT sIASES
conpl etely fr&8§ R§StrbpaHETss whsa prkreosizsner disngotapyhené nurntieen

gives the besher estikfsnwhes t beopyhkane i%hErOBXESRQdQXiQSm ouhBle gLefin
i I tﬁe solvent is

i's propyl ene, tge eroxi de conpound, is f rogen; peroxi de,

met hanol and 'K rogﬁpal9gfoﬁéagainEhQE}%Q vent. ig Ameshanolcoantnubhe
process for neabtbkagttrkcngtedinsams-hy reacting an olefin with a peroxide
conpound in the presence of a catalyst, a solvent and water in a plant 5
conprising at |east one reactor containing the catalyst and at |east two

distillation colums, according to which: - the olefin, the solvent, the
per oxi de conmpound and the water are introduced into the reactor, 10 - an

oxi dation of the olefin is carried out to formthe oxirane, - a nmedi um
irprisingthe oxi rane formed, the -



“unconverted ol efin, the solvent, the unconsuned peroxide conpound, the
.water and possibly by- 15 products is renoved fromthe reactor, - the
mediumis introduced into a distillation colum (A), - a mxture
containing the majority of the oxirane fornmed and unconverted ol efin,
solvent, 20 water and possibly by-produc2s ts collected at the top of

colum (A), - the mxture is introduced into a condenser to elimnate sone .

of -t he unconverted olefin, - the m xtur%%%%@et ed in unconverted olefin is

25 col l ected ih-1iqui dCéotrimpudhne ﬂ:'rquiadsmfékuh@nhgaid&turrqq%ce&dﬁ,% g,.second
‘ected at

~distillation cglumm (B), - mi-xture.of solvent and water 7is col
t he bottom of “col ume( B)ananglrélpec‘(ﬁ:r%d 3 NP5 TOFG e CPBROMBE, BRd thean
“oxi rane- based RIERF&MFS sOtok| estedysat ,t e dapreref £of UFBLER) in 2 grapess

accordi ng 50 QcthpRilsidh i e i col lected at the top of colum
(B) is introducedﬁ 1351i@nt%@af%]%%?déﬁgggfa%%?%ﬁoﬁ%ﬁﬂlﬁﬁn@q %%r?@&rﬂﬂé’rstted
olefin is col 13 edtatlenst t dwoof désttddd at@pnandolsmnsecystechrdm® the

reactor. 3. Prgess. according to Claim2, in which the nmediumcollected at

t he bottom of col um is 22 introduced into a fourth distillation
colum (D), the oxir fOreetn i sthel Issdvemtat thre peposideolcompopBy and

a medi um cont ai ni Ng byrEr eHUC W ties GOt qq{tel%cﬁicédﬁnwtéﬁé“xoéa&%fjm (D)
and recyci{gd into col Ym eg)@.. 4. Progcess according to any one of" 'dains 1
to 3, in which the réactdr L OfF thE re&lisr s sarsargbed eutpacall el

the two reactors possifighy béengxdperrat,ed sinultaneously or alternately. 5.
rF’I’ OCSZZ ??g%"?hggrégc%&/m?g??tﬁ S%%rﬁlﬁlr’rfs%néo é‘ie ]égcilr%nvg“ %b)l:[mg%,neglllgm
er : unconverted olefin, the solvent, the unconsumed
g peroxide compound, the water and possibly by-
15 - products is removed from the reactor,
- the medium is introduced into a distillation
column (Aa),
- a mixture containing the majority of the
oxirane formed and unconverted olefin, solvent,
20 water and possibly by-products is collected at
' the top of column (A),
- the mixture is introduced into a condenser to
eliminate some of the unconverted olefin,
- the mixture depleted in unconverted olefin is
25 ‘collected in liquid form, g
‘ ' - - the liquid mixture is introduced into a second
distillation column (B), ;
- a mixture of solvent and water is collected at
the bottom of column (B) and is recyc.le,d into
30 the reactor, and
- an oxirane-based medium is collected at the top
of column (B). . -
2. ' Process according to Claim 1, 1in which the
medium collected at the top of column (B) is introduced
35 into a third distillation column - (C), 'unconverted.
olefin is collected at the top of column (C)  and is
recycled into the reactor. |
3. Process according to Claim 2, in- which the
medium collected at the boﬁtom of column (C) 1is



' ed to a depressurization before bei ng introduced into colum (A) 6.
Iilrjglcggts accor di ngpto any one of Claims 1 to 5 in which the catal ys]'E :N?] ]
'present in the reactor in the 15 formof particles, at |east some ﬁ iC
are in fluidized form 7. Process accordi ng to Caimé6, in which the
medi um | eaving the reactor pass\i;. thrguﬁl?_a fi : ;s; gg; 8;2 bgleingg .

i uced i nt; AL , re ro e, . .
Ism)jr ggt ed to.dlcehg(r:ﬁeassur-d ﬁ)iré?%)qr?. .mﬁ%bcgg t%ﬁ?iﬁ?ﬂ?ﬂg cedugry Ok, ofthel ai ms
1to 7, in widfanee pranedcdspricskleated east thao £E3CHET c@[‘ﬁﬁ@gqg)lﬂ
series, each ehdawi GhLQRt alfis: S¢ fba;_heroz U'ccat al sté and_ a(t#I I}(:aatszi1 t hree
distillation colums, and_ according to which ?.fjr.s‘f PHFETS ® 8 I
olefin, the sG@éRM &fd CHlvEpelixiaded corpoird dned I@bﬂ@dmce(@f)!,ntp a first
reactor, 3 -4an epoxipdale@s QfcddIg ifdgr sg%pﬁoﬁ!ggeogft_laﬁé&%{?e %n%f?'g?n

out therein to forma first portion of the oxirane, "a i'fm-To AR g
the first portllnor‘?'hc}fc dxis ahe _‘F'E)?ﬁeﬂ?nﬁhét§opver¢tv{,o te ampon var t &nge

ol efin, the uscomsumdqisr oxhee te@MpaiKt aad ﬁ&éémi% @é‘ig{g?dc%%ééa{;?c; .
renoved from thiS fL uSﬁea%tror t he msgl umis intr duced-into a fIrs .
distillation cotnurm' E’%&l 5+¥3 aa#?@aﬁ?_ Yure containing the majori t_yblo
the oxirane Porned aﬁuouassn\aecbediﬁtgetlon,ar@old/r@é\t@fS @@gg#&s?g’? %Zflum y
depl et ed Tn oxir Snat e anta Mehbin. 2BaPle X s TeacopEl i, Lnownsumed
depleted in oxirane, containing ..solv £ r . . , f
per oxi de conpdtRéEahad pbesibidephysprodaetsoni befokl ertied; alnd:henhtd om o

colum (A), thecdicstumgdiym depleted in oxirane, a second
‘. 6. Process according to any one of Claims l1 to 5,
in which the catalyst is present in the reactor in the
15 form of particles, at 1least some of which are in
fluidized form.
7. - Process ;ccording to Claim 6, in which the
medium leaving the reactor passes  through a filter

before being introduced into column (A) or, where

20 appropriate, before being subjected to depressur-
ization.
8. Process according to any one of Claims 1 to 7,

in which the plant comprises at least two reactor’
arranged in series, each of which contains some of the
. 25 catalyst,.and at least three distillation columns, and
. according to which:
- a first portion of the olefin, the solvent and
the peroxide compound are introduced into a
first reactor, |
30 - an epoxidation of  the first portion of the
olefin is carried out therein to fdrm‘a first
portion of the oxirane, '
- .a medium comprising the first portion of
oxirané formed, the solvent, the unconverted
35 olefin, the unconsumed peroxide compound and
possibly by-products is removed from this first
'reactor,
- the medium  is introduced into a first
distillation column (a),.
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10 portion of the ol efin and optionally, a second portion of the peroxide
 cohpbund are introduced into a second reactor, an epoxidation of the

" second portion of the

olefinis carried out therein in order to form 15 a

[ [ - [ i Si he second portion of
second portion of the oxirane, a rredl_um conprising t (
oxi rane formed, solvent, unconverted ol’e%,” unconsuned per oxi de conpound

i ' thi 0 - the
and possi bly by- products. renmpved fromthis second reactor, 2
nedign1is i%troduced Hﬂé?%ékn et -UHF s EPACAEPIR S i Freyity afsédend

-m xture containing thexwjees thpmfed hend oxhcaneetoeaedl andnyngenvented

fin, solvent, wat j - Py-products i s collect at 25 the
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sol vent, unconverted &h&fitRP @icorsumad (Ader oxi de conpound and possibly

_ . ! ] he
by-products, is collectradat hdeihet hopy el goly £ 30 ach. of the
f?rgt and second m xtures containing tgg gggofit Odf%%%% o%?Pgﬁén?Bgned
and the unconverted of@fVATFs i nt FBEGBREETE a odéefidenser toncerepamatie out

i gbi hxt tied i - vert ed
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olefinis renoved in_Liquid formfrom each condensér, (
is introduced into a gg%gﬁﬁge8i§E}F£§?L8ﬁt@@IGénCPéPWn-(24' a mixture of
sol vent and water ts tbel éitred a@dﬂﬁm&dﬁﬁi@@éﬁfiﬁgbﬁpiaﬂalfﬁug%igﬁggny:d
into thepfirst react - oxi rane-based., nme fumis._collec
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according to Claim8 Qﬁtg,aigeggﬁghfeégtérg third portion of the olefin,
%e second - an epoxidation of the second portion of the
olefin is carried out therein in order to form
15 ' a second portion of the oxirane,
| - a medium compiising ‘the second portion of
oxirane formed, solvent, unconverted .oiefin,
unconsumed peroxide compound and possibly by-
products is removed from this second réactor, |
20 - the medium is . introduced into  another
distillation column (A'), _
- a second mixture containing the majority of the
oxirane formed and unconverted olefin, solvent,
water and possibly by-products is collected at

25 the top of column (a'), _
. - a second medium depleted in oxirane, containing
solvent, unconverted olefin, unconsumed

peroxide compound and possibly by-products, is
collected at the bottom of column (A'),

30 - each of the first = and - second mixtures
containing the majérity of the oxirane formed
and the unconverted olefin is introduced into a
condenser to ~ separate out some of the
unconverted olefin,

35 - a mixture depleted in unconverted olefin is
removed in liquid form from each condenser,

- the ligquid mixture is introduced into a second

distillation column.(B),



nediun1éo||ected at the bottomof colum (A") and optiona!lé a ;2;;? an

portfon of t he peroxi de conpound are |ntrodugeq into a Btht [ﬁerein’in
[ [ [ [ rried

€ idation of the third portion of olefin 15 is car t

gfgéld?o forma third portion of the oxirane, a nmedium conprising the

[ [ I - £Re “unconverted ol efin, possi bly
third portion of oxirane, the solvent] ¢ _ _ o
fro ””2"”3”?%‘)” cactor Lo BT EReRE e Siheen 1 i 6oybecemat Rbr

i's - reactor, - _ )
Llrg{r: f Ih:alfi E)nI (r:ol um (ARP bk tasi ofm csloohl e(ai)ﬁdaﬁ?_ ti@te lt&%éﬂicpomgﬁ (A")
i ; ' ' t he irst re , -
2 onds ot uaet T athgrfggggeggg%kggbtégﬁf of colum (A") . 11. Process

according to any ofe OF SraFASEIbEGES, megduim ehiiLId @l awngnd Seop
propyl ene %xi de, the ofetbhuis (BYjOPyl ene, lthedpteagxggteafggﬁoggm s TS 1.
hydrogen pero§[d§, tpgoggégeg%cgidg%%hﬁﬂ? C?Qim 8, in which all of
| the peroxide compound is introduced into ~the first
reactor.
10. Process according to Claim 8 or 9, in which:
10 - a third portion of the olefin, the second
medium collected at the bottom of column (A')
and optionally a third portion of the peroxide
‘ | compound are introduced into a third reactor,
_ - an epoxidation of the third portion of olefin
15 | is carried out therein in order to form a third
portion of the oxirane,

- a medium éémprising the third portion of
oxirane, the solvent, the unconverted olefin,
possibly the unconsumed _peroxide compound and

20 possibly by-prOdﬁcts is removed from this third
reactor,

- this medium is introduced into yet another
distillation column (A"),

- a medium is collected . at the top of column (a")

25 and is recycled, after condensation, into ‘the
. - first reactor,
' -~ an aqueous effluent is collected at the bottom
of column (a"). |
11. Process according to any one of Claims 1 to g9,
30 in which the oxirane is propylene oxide, the olefin is
bPropylene, the peroxide compound is hydrogen perdxide,
the solvent is methanol and the catalyst contains TS-1.



