; ae3e ]| >6t T?A Process for manufacturing oxirane in the presence of a

,catalyst in the formof particles The present invention reIW”ﬁﬁW‘lwmmm
process for manufacturing oxirane by reacting an olefin wt de
conmpound in a liquid mediumcontaining a solid catalyst. The inygRéi on
-telates in particular to the manufacture of propyl ene oxide or

epi chl or ohy drg 4 &k £ 0 d@éﬂﬁh&&ﬁ@%ﬁ%:@é A e Ghl OEddSe Lyj‘f—fg ng
hydr ogen per oxi de

by reaction bet ween pr op$ @h¥SEndny beRMnef o RPIE I SFhe presence of

titaniumsilicalite %C@fabéﬁt 1|ﬁ€)ren®i@ﬁm|1%laﬁ’ég)a&@nh @Q—]@lcleg@t ifyyr EP- AO
659 473, such aprocess i s erforme inar actor 15 cg %al n|n a fixed bed

of the catalBRRUEFTTET rh%re@?fe"?ark%o tﬁ&fic 8% cffvi Pye bt cafa 1r§/st‘3's of the
titani umbsi Ipeadxide tgpepoundhis aypeqofidnaediact woatkdhlingowersdliine.
Consequent |y ne S ar.at e t t: t ction 20
medi um regul%ﬁél*n orgﬂr% ﬁ)ﬂv{)&?t (]%g I%l%tte%ne%gt Zba}ﬁlcfur charPceQ:St t aen t he
process di sdh@@eﬁﬁﬁmb%t oft BppPYiantorpERien- gresgpnqlglorcpﬂey@a;m ¥t in the
formof a fixsdhed isn di bEi cyrodadhmowsy fromyhe £gacLoRet 0 JBggnerate.
25 or replace it. The present ‘invéntion is directed towards overconmng this
dr awback by W%W%?%gp%r%’v@ process for nmanufacturing oxirane, in which

the catalyst is easyx&‘ oisepaicie pragribe reAChhNarFeehva pMhnene30
obj ective of t i,s to provide ch, when

h sent_inyentio a_proce |
, per f or med o‘?f”a% i nd¥st lrleﬁllc\é%(‘?éll e%meg i tpﬁ%%§}%‘ilg 8n§ g;(éirrﬁgq‘he heat
of reaction pasoxide Thirs whel dprekenice pofsi tbiteammmorslo.lantcaal:rnegh arseacti on

rate, resul td ér@?af%& ncr%ecg}p‘;nggﬁfgtl an, SLSﬁaejJﬂ@ gl (Bilcg&dnnv%ﬁ’t' on

consequent |y es to a proce actur an oxirane 1Tn a reactor
cont ai ni ng &0 1674’ ¥ eadty ﬂemﬁﬂﬁesﬁcceﬁdlwﬁ@mﬂﬁ cRAnana olrekicat ars _
reactedsin é&l@téiﬁlﬂh@ aeeﬁé&rbé@déﬂr@haw&&@lmom de - 2 conpound in
the presence of a sol cat al t he presence of a solvent;

st
according to the |nv:@ht|5'o'1"1 ri‘%‘”ee%‘b?lfd]%ﬂ“é} yshats Jhel e tivd wor @fof
particles anchtdlyseestofd phet itdtaefiunresigarddicles typd henr @aekoky@lee in 5

f1uidized f(gén manufacture falls over time. Consequently, it 1is

necessary to separate the catalyst from the reaction

20 medium regularly in order to be able to regenerate or
replace it.

In the process disclosed in patent application
EP-A-0 659 473, the catalyst in the form of a fixed bed
is difficult to remove from the reactor to regenerate

25 or replace it.

The present invention 1is directed towards
overcoming this drawback by providing a novel process
for manufacturing oxirane, in which the catalyst 1is
easy to separate from the reaction medium. Another

30 objective of the present invention is to provide a
process which, when performed on an industrial scale,
makes it possible to discharge the heat of reaction
easily. This would make it possible to work at a high
reaction rate, resulting in increased production

35 efficiency. '

The invention consequently relates to a process
for manufacturing an oxirane in a reactor containing a
liquid reaction medium, according to which an olefin is

reacted, in the liquid reaction medium, with a peroxide
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One of the essential characteristics of the process according to the
_invention lies in the use of the catalyst in the formof particles in
fluidized form The fact that a fluid bed of particles can be 10 used in an
epoxi dation reaction, in |liquid medium 5of an olefin with a peroxide
-conmpound in the presence of a solvent is surprising. The reason for this is
that it Is nobmssiabli3heet BabsBAE! blea abigROXdalAR LSl erate
fluidization, since these particles, 15 by their nature, are fragile and
ri sk bei ng @ie¥RRCOrobr ak&Plyeddr t3rcfdngd 9 the fAnyestign orkherhe

Appli cant hasonoyv £QUAllysBURRN Lgleddldh dHat f6ARSEEPRBEIEELeSsWalkstand
fluidization without substantial | oss of, catalgrt]l c,activity, showng little

attrition 20-SRRC | #t PPELAPBaRInFRY RAEFISLesThin BRE FRACTPReSE SdM i cl es
can be used fruidized zesheior m has t he advant age, conpared with a fixed bed,

that the catal yst is.easi r enpy. I, t [ F.Lh order t
regenerate or repl ac%n‘i;’t .Oeﬁ' nttgl&di g?’%%f&ég?l u?ﬁaﬁgggégl?{éblcrgm %%sut(r%lees good
heat exchangereeelss hascbetiing d¢onttled dhvehbipnadtiesn irenpeeatsee chd

ensures a h e jSpeLsi of a b he; | i i : ion
medi um The@?n%&%ﬁuﬁdgh %3 t%éelk}fu%gi%%?%lbg?gaeé% %it}ﬂéh;z%?regi me
are descri begoﬂh- " ffler yEactthéppgala Efgralered HRRJ RSB 1 Sis& heedi Hon”

1984, pages dud® if- %6 031 dNEidA 0MedBtd8nt 0 i2D-Vhquid hBaicAnNt ¢ of the

present invention, the term"fluidized fornf geans at the catal yst
particles 35?Rr@lfhleot FRUBUBSKBEEER, CRRPEHPAs TR0t NENBTESERSEN O & xed bed
in which thessbavahtyst sr esmipys dimbitTiee t heasghodort hthirseatsi ehatHdwever,
thé notion of the particl i li mted since, t remain in.a ne _of the
r eact or, refje?reaogo es?%ta%élfgrsnﬁdd btehaa,q: V\h?%ﬁtllgf%set wggn egm%dzaguzoéqne of

di stributioncafaihetf koildrang £ laoh zeftifal | osined thessolbad tgarltesc| es.

Thus, iRspripei phes !t BacRRkli ahes dodiole | 28yeribe BaRRgOLARBM W,d bed
t hroughout the reaction, which is not " the case in a 5 transported bed in
whi ch the paP¥?kees @reeent EBPneBLEBCHI | Ofhe thread loi dig@ tiRet oTheThe

fl u; d distr :@p@ip@aﬁ@nfhggnt?Fwsdaodgat,[]i Qu&@&i@ih@hﬁe[]%&%tt O gieieent lui d
preferential stre of the ui nd. thus to ensyre o] nequs .10 ui
stream The %?’é’fjr%g%?orwjg t'r"i‘ﬂ“iliy @Olf‘lls ML a 'L@Wliatbuﬁr%%etﬁ 2lor a
grille. The Ia¢$- @fi zanelgptitheacstalvikypar showesgser veslée o asttop tiloe
nmovenent, -of lj.d catal ._particl . Generqlly e L di or m of
the cat tz%loystéulﬁ ;l;ﬁréttldlc eiﬁieéiéﬁgurgeg b@ alrg'ui.&?l\ﬁni (f:ﬁz:?mv%ljéé#n teegs'e]; eact or
fromthe botPantuphesdscad abet ouspdat énan fasdeidiedy Forsamhdsvi idisa ri sing

speed such thabahPggeat abyshroarfiichea anigell wedi, Z@%ha tPrefeeic@aydthi s
fluid is aliquid. Tt advantageously consists of the 20 Ii ﬁgé%d{reactl on
medi um whi chBorR3F IRE t H olF&FIYE t K& Per 5RPdeT BBRPBENE D t vé®t, which

is usually wnégenesate afr t heplxiceangt pr arhucedidiandnposai bf yuby - freatluct s
f or med ring the reaction., Several, facto i bu t ds. t 5
APor RINTE] GRITHESY (RE | O bed TaHS | T S, Bet Rt

sati sfactory i'Ng | Ui e made in
particul ar ofomheothobfe e dixtadhinnr , temrerdtiry spekd eofsunws flaui d, the

speci fic wel 0lho0lnL8s CRUAEASIRA 118! Ghe ' BRI PHE! 8 OLnbNA IR VSt
particles, the drnmensions of the
reaction medium.
The principles underlying the functioning of a
30 fluid bed regime are described in "Perry's Chemical
Engineers' Handbook, Sixth Edition", 1984, pages 4-25,
4-26, 20-3 and from 20-58 to 20-75.
In the context of the present invention, the
term "fluidized form" means that the catalyst particles
35 are in continuous motion, which is not the case in a
fixed bed in which the catalyst remains immobile
throughout the reaction. However, the motion of the
particles is limited since they remain in a zone of the

reactor, referred to as the fluid bed, which is between



30 reactor and the height of the fluid bed. Al these paranmeters are
.mutual | y dependent. Consequently, in order to achieve a satisfactory
functioning of the fluid bed, it is necessary to select an optinmum

conbi nati on of parameters which can keep the catalyst 35 in fluidized form
-t hroughout the reaction. In the process according to the invention, any

known type of sifid abteqdsetibbigh SBYthe ¥3fda Ehe b $ong %rfeetéqu the
ascending fluid s usually greater than or equal 0.0l nfmn, 4

particul ar fWat &F tHa® &cleguaParbioles- mmys: THPS Q‘f)’e%‘alP%ecorWF@nl y | ess

than or equgladtdi dikdnl d), not paekiveul 8hel egsnéhassf ortipgualldial Sp@an n. The
cat al yst partl cl e energF y have, an 5 rent sp cific V\Bls%ht measur ed
e

2Rp
by free fl oWh%P KL THAN o é& alt¥ 0’0 1 YrenE2SS baAr i cul ar
greater Bhartmnsqmimaied odd 51:g/thchThheapppaneﬁaeSspeel femctrmmgldt tios

usual l'y less th d nore particularly |ess than or
equal to 10 ll %rh r%he cattotfyst p%%‘?%] es commonly have a di aneter of

greater than or equeﬂ‘heo 10013:d m ahics i peridreul @ong eatt@ntEiay® or aequal to
200 Vim They kSUt?cF‘Pt eyhishoenssAbdy | @3s tﬁhe@v&ateq%efteee%f&qgrm and

in 15 parti cu]l ar less than or. equal .to_ 2000 The cat al yst
advant ageoust 52 <M aPhs ther deiticll #pActhys o FEREITRr B QCTCIRRFONG a

d:c amﬁt e]lclloof fﬁ§§dt Bgaeﬁfao g léi@@ﬁlbtlhlﬁéﬁ b}gene&aalrlg e;&mshyiwltbai rae]g otﬁt
of the fluid nd thus result in_a |oss 0O ta oul i ng .of the
pl ant ar thed %%%“o?aﬁﬁgoncf]? ofl & S‘luee iﬁst |%ﬂ§ Olugt gﬁ?\%‘?al%f t he
fraction of tﬂnenesdisdl pastubaesorseemr@a;l ttoo Scomythei ghtenénthefcahal yst and
in particul e %:@] ;20 by weight, for exanple less than or
equal to O. iédb & é%&rzg? Catal st _particles used in the process
according to the i n\ﬁéfmﬁfmﬂgﬁnethlel yE ined afprrdaf afldeasadedived

el enent 1 5The, APt o Of ;R neﬁgukédgwrel | ¥1 91 @atii dhapooesequdl e 1~ by
wei ght of the catalyst, in gartl cul ar greater than or equal to 10~ 30 The

bi nder cont eFRAFEOT SN, FBEs RAETPHr WEYRIASt 0590 alsbyt i gHee ot

catal yst anC’alé‘,chIWiﬁgCléE@léah\eSIm\ih@gl ar mnaigtepsee yuckei ghat ‘EJm; active
el ement is generf % a zeol |£e and ref gl Y, (tﬁ’ nlfum %%Ol |t The term
"titani um 35°3%% " PRTHhTERTed®F * go *EoNt &g s;hI ica which
has a micropblwid disysa alligtiidct uite eﬂvzeoageeusype canblistswho€h tdever al
silicongato &%fdf%%ge%%nwrﬁéhfdﬁ aeahy@latc%&ﬁ%alme {hd agh upn ze0lkiee

advant ageous as a cryst al structure
perox1de compound, the solvent, which is usually water,

some of the oxirane produced, and possibly by-products
formed during the reaction.
Several factors contribute towards the
25 satisfactory functioning of the fluid bed regime.
Mention may be made in particular of the choice of
distributor, the rising speed of the fluid, the
specific weight of the catalyst particles, the diameter
of the catalyst particles, the dimensions of the
30 reactor and the height of the fluid bed. All these
parameters are mutually dependent. Consequently, in
order to achieve a satisfactory functioning of the
fluid bed, it 1is necessary to select an optimum
combination of parameters which can keep the catalyst
35 in fluidized form throughout the reaction.
In the process according to the invention, any
known type of suitable distributor may be used.
The rising speed of the ascending fluid is

usually greater than or equal to 0.0l m/min, in



- 5 ZSM 11, ZSM 12, MCM 41 or ZSM 48 type. It may al so have a crystal
_structure of beta zeollte type, preferably free of alum nium Zeolites with
an infrared absorption band at about 950-960 cm 1 are suitable for use. 5
Titanium zeolites of silicalite type arg preferred. Those corresponding to
-the formula xTi 02(1-x)Si02 in which x is fromO0.0001 to 0.5 and preferably

from 0.001 t&@c%ﬁdf’eg%glﬂeﬁ}eréﬁéﬁm'&% edBL £T 't%' So Oéstrﬁhﬁlﬁ}’p%hl‘%,no"m

under the name TS-1, have a _mcroporous 10 crystalline zeolite structure
sinilar to tyRAEDf 15eNIMMOIESM beSTheélBrndRF §aHaLaltSy EBnpimies die or

nore sili CorbéiGcrld@_Ealeeﬁeer@q&r@t@EYé&u@ErﬁéciQﬁ/rﬁiﬁy be obtained by any 15
known neans, for ex?@%e b%{_e t rusion, i scl osed i r1 E)(atent application

WD 99/ 28029 by the ich it ccﬁﬁ%ﬁc #S whi9ER & Lilic or Y&t e@ oy
referencé i rapﬂsaerqntemc:pﬁiemeia@mt; catasuredr bpy faeeprfapwpincads, as

di scl osed |n h% gtg I%iaﬁ Qn V‘p‘{@ 24164 tpcem320 plpla(% CHtlta%e
at ent

cont ent of vﬁ'u so incorporate y Or et e~prese
appl i cati on.gtentef | rtmarenbum reatalbf tde Q)ri)c@écraocoﬂtltleng appatieat

| nventi on, tdiged Hac! Ofy Lol St Oy SAMEANA sl A Ladhor goaEhanged i n
parallel in heat, 25 exc anger, each _reactor containing a flurd bed of

cat al yst par:i iefas aRd gl ParkdcudBElyr +REEt GHRar Xf RAYFL p&Lal | el
with a spngle ganice of liquid reaction mediumcontaining the olefin, the

per oxi de conmpound ang t he s vent. This,single source may also 30 contain
recycl ed traces of oﬂ?? SR F O Te AN OF SBf gB%?BgﬁcﬁgveTﬁedﬁ@H‘F &%changer
advant ageousdfy goastetrs tcHara chamogralf itd edO® fuln conel ahh pagttiidulagt o whi ch

t he tubul ar ors e e atl e s utign |st5|n
circulating Q%Ieeaﬁc%el[ S%ﬁ cﬁa écf“‘ qhe cog b 35 ;ﬁ r% rE 8 ﬁgggg bé kept at
a suffici entognesssiuke sbeas néhano @hran@m@tlat etg anﬂOQOr’rmly hedt dp) or may

be parthal| ypé’xatplflfdlz&d 1d4d Stﬁér{ S ' n@é"‘zd@o f,gynd to be particularly
advant ageous since it makes it possjble ensure equi val ent

conditions (in partiGtf aF2EREYE plaéié’%rtlaﬁétoiu@ﬂy | PR S uBuFEAYCESCt or
more easily fedt csrpared wd hparpi6tess haliiigly usedilbhe teat abystiesg a fi xed

bed. In addiégéghléé na#eglééepoggéglglﬁgsmgre easily entrained out
of the fluid bed and thus result in a loss of catalyst,

20 fouling of the plant or the appearance of uncontrolled
side reactions. In general, the fraction of fines is
less than or equal to 5% by weight of the catalyst and
in particular less than or equal to 2% by weight, for
example less than or equal to 0.1% by weight.

25 The catalyst particles used in the process
according to the invention generally contain a binder
and an active element. The amount of binder is
generally greater than or equal to 1% by weight of the
catalyst, in particular greater than or equal to 10%.

30 The binder content is usually less than or equal to 90%
by weight of the catalyst and in particular less than
or equal to 60% by weight.

The active element is generally a zeolite and
preferably a titanium zeolite. The term "titanium

35 =zeolite" is intended to denote a solid containing
silica which has a microporous crystal structure of
zeolite type and in which several silicon atoms are
replaced with titanium atoms. The titanium zeolite

advantageously has a crystal structure of 2ZSM-5,



S in reaction tubes of small size, even at the industrial scale. In
.reactors of small size, it is easier to obtain a honpbgeneous dispersion of
the catalyst since, in a large reactor, the probability of creating
preferential streans in certain areas ot the reactor is 10 greater.
-Smal | -si zed reactors also make it possible to work at a higher reaction

rate while aigkbey sapmetise Aueleing:t el asmelban ot By phadictsy.

Speci fi caIIy, it has been fou that the oxirane formed Can undergo, in the
epoxi dat i on & eS&YSEAR L Eing EWERIr Ofy sPetanders ificobiPgsi Prafdxratdact i ons

(met hanol ysi sradedt ngl et ums #66Uia8sSAti¥ENkA tl@lffrﬁ&@db)é'ﬂydl‘iitqfo% In a
smal | si zed rea (%nor t cont g&%\?bﬁéﬁeen t;he oxi ranetz_%)r med and water or the
solvent is rPeh%i 2l %ﬁ)‘é e T | SPge PESct 6HRLEEH1En £9%eciifd:

enbodi nest o:htté&enpnomﬂlammr difngsmltlaeltevewp@n artde pregfetratedionsi st s
of a single ghanber, cantaini the |i eactJ on ' a he .cat al yst
in fluidized 10tm GO W C e%lom"rgﬁse %Iﬁngu%ar %ﬁ@#?ﬁéggé{)? ar’réled si de
by side and whicugh whi ﬁhOIBSOpQ@@ésta €06l ant prefiedabAy dlrosr fatliole

sol uti on ConécsSéSosn?%@cwlgﬁql Ubd 1A SR %ét’:@f?a% eogoehant %@nu' d whi ch

may be kept at a sufficient préessure so as not to change state d sinply
heat up) or ¥RS¥be FRAEFal | % apdffed. TS0 ThedeVitwo @nbEHISHIMOT Ogke it

possi bl @oeaSéfys&@lIﬂﬁ@vezébhb@at s@fruceacts onsinpirred dusi ngnhkbe of
epoxi dati on eatl n d/ or evaporation of the coolant |iquid. The
sol vent usedZ e %ﬁgagss according to 35 the invention may be chosen
from saturated, |inedte orbiridenchegeradrgiliat | calmpalhxdss. oHee arcolhwlriec

sol vent gen 0 o 10 carbon atons, preferably from1l to 6
car bon atomséaJEJ?élor? @éﬂvﬁé%h eéy be nentioned are nethanol and et hanol .

Met hanol is pr ef Bre edatalmetepmdtdatliam mawcbeornbiatingd ubvalany al so
cont ai N§ sWatiey oy NRe AABUNE o 0f é:%h\bqfét B&ﬁe&&ﬁéf@npr%e%sélé%w dipng to

the invention is generally at |east 25a the |liquid reaction
o um 1 RRYPRE) SR CAEIoR 486 B/ SBPEAL DY oF e MR SAAF caShes0- by

wei ght . Thi sc@mibarmt usua,m:yc}does mqiccﬂ_amed:&%bpy nefegincandihn tpr ti cul ar
does not exceed 95~ b he nol ar rati o bhetween the anmounts of

ol of i n_and T HE Tk BECEahpATRI Afeed aTf 196 BYofest HEoPEPRE L0, te
invention i sdgenkesedy iat Ilpedsnt0. appilacpaibhculiar 20/24b64 2 dahe

f | 5 hj {
D5 par t 20u1 BonEASin: Sne bR EBhEr of A ch> o Bkl BROHRE LR D os
accor di ng torﬁfl%rfFIF%n%l?ot?her%‘br@@m‘Bsal@P rakinse. It may be

carried out in only pRear gagker ModdinkeMeErSt £BACHRLEBE! ARARFdihgSeries .
20 In a process in several reactors, it t%/ rove to be a vanta%eo Js to

i ntroduce the® perdXi d“é“(:%rhrp]o?fh'd oty ixRas AP S cl osed
in the Applitanilsr paf:eatta-ppl i aatraagetd | ech onpdteel kelhe ﬁﬁy as fnlefatpresent

patent 3801 SALAN ARG Bl ! Scka BraPessd Ol il 25 TR Yo i rane

usi ng a“peroxXli t he  cont'ent IS |ncorporated b
reference). ¢atabiv$ti martdgdies.eatnorgengrale f sheovkwbwlan die,@tcltlolrétl on

col um to sepakated henoxidane dor g H ramdihgreachi,eBeMegE um; pefpore
introducing it into the
reaction medium containing the olefin, the peroxide

compound and the solvent. This single source may also

30 contain recycled traces of oxirane formed and/or of by-

products. The heat exchanger advantageously consists of

a chamber filled with coolant liquid, into which the

tubular reactors are immersed. An alternative solution

consists in circulating in the said chamber the coolant

35 liquid which may be kept at a sufficient pressure so as

not to change state (and simply heat up) or may be
partially vaporized.

This first embodiment is found to be

particularly advantageous since it makes it possible to



30 next reactor, as disclosed in the Applicant's patent application filed
.on,the sane day as the present patent application and entitled "Process for
manuf.acturi ng oxirane conprising the separation of the oxirane fromthe
reacti on nediunt (the content of which i.s 35 incorporated by reference). In
-the process according to the invention, when it is carried out

cont i nuousl yen%@?e peré&ﬂl({ga ound 5 ¢ %%Qlesr al I Xnusleigaf@ ; & }%of at

| east 0. 005 per hour per gram of catal yst particul ar
g _ |east o@qusww'@wnhndnpe@a@?awlw ArSAGtoThmoxRD RS idfy

peroxi de congpemdcosipaseal wtheaspkaeas@r Wl eal uts‘észil'fé)bdlﬂls}’wrlrﬁnd per
gram of cataly t a d.i part| E' | ess, t han, or ual tg,10 nol per hour

and 5 per gra aPg ieTe s LALGRA F p&ﬁsa Gntt WYt oxi de
conpound 5of :gmeaé&d:tidmntobesquﬁl sthalQ. 83 zen| epen mrtr@drpﬁistg:rﬁm of

cat al yst and t |l tQ:2 per_ hour. .and_per_gram
cat al yst. +§f§her%{r10gjae§i§q'§%cor ané theSJiZne\/entl onlst hed ]e?]f)m
" conpound i s @J@It@m agebeglogensousi rﬁJtSl’lI?—IfSOlrQn off abhhequetad ysal uimxma

general , the;aqugous s$@l.ut i, quy ai néh%t bggﬁhbghpy wglfght XI de

corrpound and in particular at |east 5~ [t~ usual Iy a| ns
not nore thalhrfgﬁer‘b‘?t%@rgﬁf—r%%‘m%eiﬁxF8§tééﬁpéﬁﬁfésa@é |tﬂilepa—”recaicc,tmrarlsnot nor e

than 70qQoby yeégér. ThRalgastizea &%&e&m@urﬁmtm thepekefibicand the
per oxi de corrp nd_nmay range from10C to 125C one advant age ous varl ant

as discl osed”‘? patefit | FRACFOAR EB26S/ (80E RE « FREASBIBcai™e it is
great er thanaddiilimg ovkecboembheonr adudly -geadiicyat. i @@e@flftlhﬁlqut all)tSt . The

t enperature 112{%% Bg\ ﬁr%%]hﬁd ttl?l%@ Q£ a&?i r?%49g Iagg grfelf t%(rlil lé greater t han

or equal to erature of gre an or equa fore 25
particul ar| ytipe ef m@dm@n eacelaet ivanperadive, i s Wwdfekably | @slsd t han

100C. 1 nst he; Pk OLEBes A6 CRR AN deR dilkeid nVrﬁé‘El&é’r@ol%@fsr%ﬂ%h Qe chglwgen the

ol efin and the peraoxide conmpound nmay take place at atnospheric pressure. It
may al so be 39 PEFFordfedSBAUEREbr &5 Uk M TRYSDEPERSERe dg'heﬁalqwldces not
exceed 40 bagizddpreastbe ,oft) behtastSWeltakles ltfhé)r arlirefe THymeey oXide

conpounds whi ¢ be used in tT [ocess accor g.to the |nvg t|on are
per oxi de 35 %%%86%85 Eont 5 i 171G Xﬁg f‘snﬁ?@%zo%é] deOTRAEET ol ?’

whi ch may relasge wed¢ver oxygen and which are capabl e of carryl ng out an
epoxi dabjigon. | nor gan & Q%Qébgﬁ mﬂﬂBﬁEﬂgﬁtgb\fetﬂ(%O%rr %%‘é' t%c i8N

perOX|de and per oxi de conpounds may produce
to the invention, the reactor cons1sts of a single

chamber containing the ligquid reaction medium and the
catalyst in fluidized form, into which are immersed one
or more tubes arranged side by side and through which

25 passes a coolant liguid. An alternative solution
consists in circulating in the said tubes the coolant
liquid which may be kept at a sufficient pressure so as
not to change state (and simply heat up) or may be
partially vaporized.

30 These two embodiments make it possible easily
to remove the heat of reaction formed during the
epoxidation by heating and/or evaporation of the
coolant liquid.

The solvent used in the process according to

35 the invention may be chosen from saturated, linear or
branched 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



- g peroxide under the conditions of the epoxidation reaction are suitable
for use. Hydrogen peroxide is preferred. Wien hydrogen peroxide is used, it
may he 5 advantageous to use, in the process according to the invention, an
aqueous hydrogen peroxide solution in_crude form i.e. in unpurified form

-For exanple, a solution obtained by sinple extraction with substantially
pure wat er %rép&fg&ure derived from 10 the oxidation of at |east one

al kyl ant hr anydr oqui none (process known as "autoxidation AO process")

wi t hout a subsequentTh@s FRRFIGRT AN paepritden oRetiBEt fesHa lFd S@sed.
These crude dygeLaes peroxi de sol utions generally contain from0.001 to 10
g/1 of organic inpurities 15 expressed as TOC (Total, Organic Carbon). They
usual |y contain net aTh?at?IB?ién?SLfEﬁ ROV i HREA SLr AKkaBTREsss th
metal s, ®or eithSc?ﬁdt'mag sosli tihg ﬁﬁdeﬁﬂﬁ.ﬁﬁsiésgéheﬁalmboaphabestall?@%nikiyr at es)
in contents of. from0. tq.10 .9/ 1, 20 .n another variant of the process, a
hydr ogen per'8xtec s%?ug%Snﬂﬁ‘%l&g{ceraeancgtlﬁrf e%?éls%t h&gi ?aﬁgilﬁb‘tlg%y and
hydr ogen i n lémstpr edE@ncédyf weshdnol foey bsaupéd. Fhe beastané0fhi dy may be
prepared by pr S din hey | nwventi.on_] ni
conmpound corr‘%)ér];f%ﬁg g%gfs:usﬁ%%?rl&es%%%%%% te%détyhe?%gne?%?eggr (r)r%%’:: Ib‘lg- The
oxi rane genered It cid alhsP3Fblrelan deeg ndorexters, 9t peradlightrom 3 to

6 carbongatoms. The Bk Oxblares-adiisc ho8Byebe RhePHRSLIRYaptagasshy by the
process accord n(ggto the.invention are 1,2-¢e ox%g_rggane and
0

1, 2- epoxy- 3- pPEpa%E SeTIREMRR rEfFOxt™ ah PCESEPGRFHFEFRFe. The
ol ef i ns whi ctb ar ehsui tabkatibnt hd spr apessradaaccat di bgasod t beli nvamt i on
generally contain from2.to 10 carbgn atons_and ferably 3 to.6_.carbon
at ons. - 1@%%%{/ Iéng,t glu?%/sftené'gnc?nacfl9Fe£ﬁF§%??ﬁeag:rei/%?]?%’al?l'é’f or use.
Propyl ene arthas | ydolaid oredecar esprefwalled. mRrtoppbere tlampstOqar tiincul arly

preferred | thepraressacaord nodp the dyepiion 13 gas: Whigh has no

negative effect on t epoxi dat1 on reaction nay al so be nto the
reactor. SpeehdRc&diy, in patent application WO 99/48883 (the content of

whi ch is incorporat echdypiketesgncrdotdiddec§r esentipadredtodpRhi,Cal ON),
the AppH(XNEogé}gﬁgégaér batchwise. It may be carried out in only
one reactor or in several reactors arranged in series.
20 In a process in several reactors, it may prove to be
advantageous to introduce the peroxide compound only
into the first reactor, as disclosed in the Applicant's

patent application filed on the same day as the present

patent application and entitled “"Process for the
25 manufacturing oxirane using a peroxide compound" (the
content of which is incorporated by reference). 1In
addition, each reactor may be followed Dby a

distillation column to separate the oxirane formed from
the reaction medium, before introducing it into the
30 next reactor, as disclosed in the Applicant's patent
application filed on the same day as the present patent
application and entitled "Process for manufacturing
oxirane comprising the separation of the oxirane from
the reaction medium" (the content of which is

35 incorporated by reference).
In the process according to the invention, when
it is carried out continuously, the peroxide compound
is generally used in an amount of at least 0.005 mol

per hour and per gram of catalyst, in particular of at



10 by introducing a gaseous conpound into the reaction nmediumat a flow
rate which is sufficient to allow the oxirane produced to be entrai ned and
renoved fromthe reactor at the sanme tinme as the gaseous conpound, the
contact tine between the oxirane produced_and the 15 epoxidation reaction
-fredium i s reduced. The formation of by-products is thus also avoi ded and

the sel ectivilystopapds ,RROXIHAt f9Rri SnkinP&HASEHm ABE! Q%rtaws!tant%r@nsi sts
in separating t%e oxirane formed fromtheliquid reaction nédjum by
di stillati or@ount 20| BEFPRAEROF AR HF t ReUPE béedeShccBRERNP% 0 t he

invention, i&qHRY BPHOLE imbbepaHVABLRISEWS gy NPramobrt ke tpHyeh thieyliquid
phase. For exa i i

le, .it_may.be advantageous to nai.ntain the pH of the Iiquid
phase duri ngt®hR2¥ EAEEidh égsﬁeFﬁﬂﬁno h&GPef it &Ean epﬁgkg%FH%EHHﬁpound
at a val ge opefrgrad. 8ft cabadystor Perdepeacky iaddhoymna fvas ean sodunmm
hydr oxi de) to.the epoxidatjon kU as [ at appl i cation
WO 99/ 48882 %f/ t%%g%ﬁégca%?m?ﬁrgacgﬁe f%‘?ct?%cr‘%?% {bnlgoregcg'?aa eBJQby 30
reference ino03 heopr @senthpat emndapper catdasn) of Thea tadattti oandetlesen t he
olefin and tpgaperdxi A& eompoynd Ml gRL! | B8uPUladd! bRE PEEARNTE O

f a
salt such as sodium chloride, as disclosed in patent application WO EP
99/ 08703 by €hkalppticant (the 35 content of which is incorporated by

referenge into the pigsent At deAiaN) to | EhBRY nkenadvant agrous to
i ntroduce the olefin into t reactor, in V\hlﬁg t he epoxi %%tlf%q: reagction
r -

has taken plBEEO*}HeaCPBPRIRS 4EedIVANGAGSEHSHEr 855 kdRed: 1 °*For
exanpl e, a fani doteous Nolputien ol #hi yearedadl,soclad bgasbusO-sdliutiparti cul ar

20~, for exapple_al_leas =) ,By..vo f aon e be
introduced in %g?h}’ese%gxﬁﬁg%co%grg c%”%g‘.a oro(%e aerr@}gexfarel rﬂnﬁgomglzise%%df 5
propyl ene, the |pareicwdgrbeati xdeawtt h5&%t byasweli@hthy Vdl ursusfly opane

when t hg g ecygl ed; HECORYET t8g-Or OpyALney 5 ilﬂﬂ%’éﬁ%ﬂ@ki o thed.eador. It

may al so be a source of propylene which is not co etely freed of propane.
10 Exanpl e 1C9HROWREn@ndstl PATERFYlakaRpFe8ore EPoRi d4%i BY BE1ghbpyl ene
(Pe) conprised a flurdezedabetdoneaempereiiiteaeittidiett el Wil athd oop.

Thi t isted of a 15 jacketed gl ass tube. 1. i i T
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t he reactor. offbe EEENtaYaTLS urear paesat wsat edli s ldsdRk, dnderrgireessure and
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’ than 35°C to overcome the gradual deactivation of the
catalyst. The temperature may be greater than or equal
to 40°C and preferably greater than or equal to 45°C. A
temperature of greater than or equal to 50°C is more
25 particularly preferred. The 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 be

30 performed 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

35 compounds containing one or more peroxide functions
(-OOH) 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



at a flowrate of 51/h, into the reactor in which the catalyst is confined.
~The PO fornmed was then partially renoved in the gas phase by stripping. The
remai.ning liquid phase was partitioned as an outlet flow 25 (overflow) and
a recirculation flow, to which were addgd_t he feeds of HZOZ and MeOH and

-Which was returned into the reactor, affer having been resaturated wth PE.

The catalys £m1&bthenae£m eh 0 %&%mrﬁo b&ads GANSIH NG drf tani um

silicalite spersed at a rate of In a mcroporous silica
matrix. Theyrm%lweﬁé@edsaééébaﬁngf% élsg?as HM§§@9§6I -RRYOBEReds G ven
the di amet erpdrdhe-deactor, the flow 35 rate of the reaction m xture

t hrough the reactor Wmcg? S set at 51/ h, corres ed to an errﬁzitﬁ{]tube

t hr oughput speed of W TPoen o PEIMAR High S? an ithe ™Mivhi
fluidi zabi oracsmetch@éoménetbeadaae wlimch:thpracébs reegiordiofg Otd mh@ n. This

m ni nrum - uj di z o] [ve unt f. the .expansi on
of the bed tha erﬁt{')lo(bg Igaf:de gﬂi’%%ﬁlgl ‘3ﬁ§d9$8§ g a:|u(§ r15’se from
5 cm at restcredg (fmrdurlngethetrt esrlpusuf\fleér fmrﬁnh é"oﬂ?@cmmlbe 8 abar,

4.441 g of ﬁhmnw%bn;(aqa\éar ed pr 438010 USelrcialridh AVELAge | oss
of 0.17 ng/h or 0.004/h onl - CLAI 1. Process manuf act uri ng

an oxirane |$P%S¢%%%%¥lléoﬁp§@m%t%rl Cdui 6he e Bdeitor enedethyedcdaodi ng to

whi ch anool efhé bxitgaebad.of nathqéasﬂylanée&qudyqan%hlf&cﬂfafaﬁoqalhf&n%
per oxi de co ound in ]té g‘fgr esence of saolid catal yst an %‘he presence

of a sol vent p‘&‘h‘éﬁ%%t d3Fn EECTHER N SEap %?S"E WLEBORE Phe form
of particl essmmieqmemﬂnahaamm@aamdmpopﬁrmﬁmétﬂbﬂ pacticokas mayt e reactor

are in (il dized To0Io10- 0o Prosess acaarding.l 8Okl arnaueri zed in

that the |iqui on e containrn e “per oxi
conpound, t heortAentirarhe 00>0|0rlan§0f ot fred/ Ando poswidsni dy -ipwadidtisesnoves in

the reaggor {xoraddesbgkt %deY@é\QélS@r@%m% FEA AN PREGN A ﬁ&" eam 15
having a rising speed such that .the catal yst partl cI es are fluid zéd
corltain metal cations (sud kali metals or

alkaline~earth metals, for instance sodium) and anions
(such as phosphates and nitrates) in contents of from
0.01 to 10 g/1.

20 In another variant of the process, a hydrogen
peroxide solution produced by direct synthesis using
oxygen and hydrogen in the presence of methanol may be
used.

The oxirane which may be prepared by the

25 process according to the invention i1s an organic

compound comprising a group corresponding to the

S A

O

general formula:

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

10 carbon atoms and preferably 3 to 6 carbon atoms.



3. Process according to aim1l or 2, characterized in that the catalyst
_particles have an apparent specific weight, neasured by free flowin air,
of from20 0.1 to 2 g/cnB. 4 . Process according to any one of Clains 1 to
3 , characterized in that the catalyst particles have a dianmeter of from
-100 to 5000 ~,m 5. Process according to any one of Clainms 1 to 4, 25

characteri Zeﬂr%ﬁyi&% tBﬁtg!LéhQQaﬁBe‘éﬁgfl tc'?ﬁo'x‘l‘&é' %xree%‘?i é%%l%dﬂl 0 5

from0.01 to 1 rocess according to any one of
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arranged in Pﬁé@_\lfi@helﬂsamb@@ltpéﬁtﬁdﬁhaﬁwrptéfé&‘téb they are fed with a
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and/ or of by ?Qi'c?ﬁs xﬁa Progess acggrdl to gl@ 6ti 7rreaaatract erized
ation o

in that the h t he action is Tenov by Titeul <00l ant
fluid surroumﬁgfxmlhabullar peaenbrsappllca.l_mom Wor 0224488880r(dileg t o any

one of O ai meyde&Qr SorChan %‘Bt eiré 2804 pdhaled hgyrggggggaggn%%saﬁst in

si ngl e chanber containi ng t l1quid reaction dium and the cat
fluidi zed fOPHESTRE o PRIvCETT aﬁ%plrm?%%lﬁ 5 $BferAPPligrsst afpungedhsitde by

si de andothrwgflﬂwd‘dhdq&fgsea ag&eebast d‘dmﬂcdmdlom%ocelsé 8&%&%}9 to any
one of d ains acterlzed in that t oxirane is rloglytne oxi de
i°Ye

or epi chl or dHy ’lnﬂ th@ gfréﬁw F& p"Fl'b’p‘i;F ehd BF%QF’F%FnEOt@hI
per oxi de conqmimalne spirpduogdn yrerioxi eerraieedatald/ stemonedi fgohi ttd um
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L6t K liquid reaction medium by distillation in a

20 distillation column.

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

25 Dbetween the olefin and the peroxide compound at a wvalue
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 1is incorporated by

30 reference into the present patent application).

The reaction between the olefin and the
peroxide compound may be carried out in the presence of
a salt such as sodium chloride, as disclosed in patent
application WO EP 99/08703 by the Applicant (the

35 content of which is incorporated by reference into the
present patent application).

It may be advantageous to introduce the olefin
into the reactor, in which the epoxidation reaction has

taken place, in a form diluted in one or more alkanes.
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5 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.
10
Example 1
The plant used in this examples of epoxidation of
propylene (Pe) comprised a fluidized-bed reactor with a
liquid recirculation loop. This reactor consisted of a
15 jacketed glass tube 1.5 cm in diameter. Two grilles
serving to retain the catalyst were placed at the top
and bottom of the reactor.
The reaction mixture, presaturated with Pe,
under pressure and consisting of methanol
20 {(MeOH) +H,0+H,0,+Pe+propylene oxide (PO), was conveyed,
at a flow rate of 51/h, into the reactor in which the
catalyst is confined. The PO formed was then partially
removed in the gas phase by stripping. The remaining
liquid phase was partitioned as an outlet flow
25 (overflow) and a recirculation flow, to which were
added the feeds of H;0; and MeOH and which was returned
into the reactor, after having been resaturated with
PE.
The catalyst was in the form of 0.4-0.6 mm
30 beads consisting of titanium silicalite dispersed at a
rate of 1/3 by weight in a microporous silica matrix.
They were prepared according to a gas-phase sol-gel
process.
Given the diameter of the reactor, the flow
35 rate of the reaction mixture through the reactor, which
was set at 51/h, corresponded to an empty-tube
throughput speed of 0.47 m/min, i.e. a wvalue higher
than the minimum fluidization speed of the beads, which

was in the region of 0.1 m/min. This minimum
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5 medium, with a peroxide compound in the presence of a
solid catalyst and in the presence of a solvent,
characterized in that the solid catalyst is used in the
form of particles and in that at least a portion of the
particles in the reactor are in fluidized form.
10 2. Process according to Claim 1, characterized in
that the ligquid reaction medium containing the olefin,
the peroxide compound, the solvent, the oxirane formed
and possibly by-products moves in the reactor from the
bottom upwards so as to create an ascending stream
15 having a rising speed such that the catalyst particles
are fluidized.
3. Process according to Claim 1 or 2, charac-
terized in that the catalyst particles have an apparent
specific weight, measured by free flow in air, of from
200 0.1 to 2 g/cm’.
4. Process according to any one of Claims 1 to 3,
characterized in that the catalyst particles have a
diameter of from 100 to 5000 um.
5. Process according to any one of Claims 1 to 4,
25 characterized in that the rising speed of the liquid
reaction medium is from 0.01 to 10 m/min.
6. Process according to any one of Claims 1 to 5,
characterized in that the reactor consists of several
tubular reactors arranged in parallel in a heat
30 exchanger in which they are fed with a single source of
liquid reaction medium containing the olefin, the
peroxide compound and the solvent.
7. Process according to Claim 6, characterized in
that the single source also contains recycled traces of
35 formed oxirane and/or of by-products.
8. Process according to Claim 6 or 7,
characterized in that the heat of the reaction is
removed by circulation of a coolant fluid surrounding

the tubular reactors.
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<=>?@%BCDEFQH&Q&LN@E}%}éﬁT&QMQﬁgé]éhe oxirane is propylene oxide or
epichlorohydrin, the olefin is propylene or allyl
10 chloride, the peroxide compound is hydrogen peroxide,
the catalyst contains titanium silicalite and the

solvent i1s methanol.




