r The present invention relates to a process for the continuous producti n/{S ‘

of an ol evonka+wyi de, for exanpl e propyl ene oxide, ethyl epreTEPrdensand s

butyl ene oxide. Mre particularly, the present invention relates to a

process for the continuous production of propyl ene oxide by direct

oxi dation of propylene wth hydroglg roxide. O efin oxides, hereafter
2recessifo t aROlgfinic ©xid@ sef ul for

referred to aSreGess|igedle LeRlRUQUS MIOGLIGHQE : :
preparing a wi de variety of conpounds. Thus, for exanple, epoxides my be

he_ pr apar at | SR drésentdnveion eiaten 1 afrotL fnthe pofimidinpnuBblont '
«pol yur et hane anaokfinid andderefor, exaaiplent propyléneh@xideseethiferiad oxidecramah t o

) ) " : ¢ T i ) h
Do e P2 HEBIe, S« RIS BBl 01t BleSefiE TRAREN. fiktes e 205
used are zeol ptagessnfwsuthis continuondi praguctionnof Bwopgiene1 oxider byuidirest y

treated with Bxiﬁﬁ%ﬁ%kgfd%@ﬁﬂ ahygﬂﬁer{%%%ggtgp is 2 oto neutralize the

aci di c groups present bn 't'he sur al yst, which may pronote
side reactions of degradation of the epoxide. Thus, for exanple, EP-A-230

949 descri bes (yfircaRYbs chéreafter RTBREd W iatheptidtes) aré Aitainiédiates thbparem
silicalite treaéfehlji, before,or duri ng{@:t&{éf ré)zactl on, cf s.wth_a neut r'al i Zi ng
agent chok®n M JPhARBRANING Gh Wide | ¥ &8 eAmpeinds, p Eus, SoReXmple,
\é\@]g er- sol ”E' e epuﬁdé@mmﬁbd&rsb%&d7ﬁ1r0dll18\c50391lyb0l8$ conderisatina polymersl suchf as i

i fferent basic, strengt - A [ S [.QCEeSS i zi ng
olefins int h8°|é(P8€eé§rc8f ?rgfh& p{qqaiﬂﬁlqﬁ]ogﬁﬁﬂ%&@?ﬁp&%%@%&%&&kﬁp%é
neutralizi ng agethesis ofpohhaethanedbamshelastorhersysealahtsiand thiedikede, sodi um
nitrate, potassium sul phate and ammoni um phosphate. EP-A- 940 393 descri bes
a process for synthesizing epoxides in which the 35 titaniumsilicalite
used as ch¥ al Jisis knowrn tapeapare epexidest by dirgeleexidaliam ob plgdinic.compedndes
containing a W%\ydrb?@rﬁpéfﬁﬁhb R tPBred¥idd O\ M@BR ChtAysts? the said process
gi ves an H202 converston of 90% and 'a selectivity towards epoxide of 91 %
CONFI RVATI ON COPY - 2 WO 001 17178 descri bes a process in which

titani um sili qael ¢gtalystsigederalyt lhseqoaweepmwé%ﬁnglwﬁwmﬁrd ﬂmdiims f@:}‘m a
tertiary amn 0 terti am pe .oxj de. . 5. A thou esg catal.ysts
Show goud act 50 (PO HE)arRuteBlrSte St Bhigiahe AR RWhORriBRBIET  Show
a gradual 2deado neatralize fhe adidic groupsepredsenhondipesudate ohtheccatalyst) which h a
reduction in i FE%%\(‘ i ntially to the
decrease in ttﬁﬁe];yc%ﬂr?\%ériéisﬁéneo thﬂgﬁgégébayﬁﬁggrog%%&%éThe need for
frequent renoval and/or recovery and regeneration of the catal yst nmakes

these processahudi fdriegiahiplé CEPSR-23004Y déstribés depsiddaticprddess Whiehi vel y
medi ocre selectivity

es It necessar 0 recover and di.spose of ..
Conseanti of iistses GBSt 3, tanursshaaite el Beahre & SUnng 13 poacien.
cat al yst 3sibj evithesl neatrhlizing agfent bhose froegerganatilioon dgrilvativegeofetheltype t ends

to becone degr v rti I j . SUC i r

pot assi um t hatxa' gﬁg‘ %‘{‘Pﬁﬁ?ﬁﬁ@ﬂﬁg[‘b%ﬁﬁe%@%‘ﬁ F%hﬁ%%tt@té &rmﬁngﬁ@oﬁbed on
t he struct ur e of differémrt basic sirength. o reagents. To overcone these problens, a
nunber of processes nake use of particular reactor-based solutions or of
particul ar operati ng conditions. 2 s For exanple) WD 99101445 describes a
process for efdkAdiraR8p2dessribesa prpoess for erexidigingrolefinsmin the RieSEREi t e,

in which g§he tgprahiahtsHicalite WHGH Wsesads riditrafigingdagéntt Benerubasie ehitt he
epoxi dation reaction

s0.as to i.ntain,a hi fricrency of the catalytic
system 3 o Bf ?'P(ifﬁ%ma!f@‘ﬂ'?'ﬂi ﬁ'gi%f'aet WQ'%?O'%B'QE‘-’;- BPIASpIU Sr'l‘éﬂnage ?ﬂ@
cat al yst begi mmmonitec phiogptthteceds to be separated out and regenerated. The
Applicant has now found that) by using suitable operating conditions in the
reaction between an olefin and hydrogen peroxide) it is possible to 3 5
keep the cat alBR-Pe 940t393 desaribeis a process tfonsynthesizing des iarwhighdheabl y
minim 21 Ngst NAdAiGASICHiO Lisbl Bl CASHE! RUtOReBYELRPR it3Usba, With rdaicdn
yi el ds of “époxides, maintalining over-tinme a high conversion and sélectivity
with respect taolesdlenrantajaingR substiatedamidesaiosipnYarkingerserdiBavptthea hi gh
production ef fafd pRscestngives RingA,OgebReerefondl 80% and a sélectivitiufowarde
obj ect of thecepres nt ,{L}/entl on 1s a process for the continuous preparation
of an ol efi ni CRPAFCHR1 i rect oxidation of an olefin with hydrogen
per oxi de, which conprises: 5 (a) feeding into a reacti ferably
conpri aﬂ'MHWH‘HNWUMMn unit conprising one or nore reaﬂm“mmmmmm in
series, U n epox&s F{'@,RAﬁBh'aédﬁ preferably suspggded in a
reacti on sol«eoks the ol efl n? e hydrogen peroxide, and a buffer and a
reaction solvent; z o (b) feeding the product of the reaction zone which
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{d) feeding the m xture |eaving the deconposition zone, preferably units
R-4A18, conpri si ngoxygen water and sol vent, optionally together 25 with an
i nert gaswoioptife8 phase separation zone) preferably a phasersrpro®asor V-4)
to obtain at the top a gaseous phase containing oxygen, traces of sol vent
and optionally an inert gas, and at the bbttoma |iquid phase conprising
wat er and reaction by-products and solvent,; ~ o (e) feeding the gaseous
phase | eavi ng WQeOQMg%‘ZB degaiibas aprocass inywhich titasyiyarsiliaglitenis Ased in the
preferably coppeséndedofloMbaeciations of ¥ RMiAYBHIng A8d/6na tekidFdnine
condensers in series, to recover the residual solvent, and discharging the
uncondensabl e%%‘#pounds (oxygen with traces of solvent and optionally inert
«gas); ' 35 (f) feeding the liquid phase | eaving the phase separation

zoneand thg s I j C td QL ZONe | f.ur r

st 11 at i on Z9Etop, EREe Hhto 05 SRR SRyAgL FeRAVRLWH freshiy, ony
swhi ch is recydirepared; thayhboweser sbow z geadual seaptivation imntheacourse gfrtheuct
conpri sing wat S ; | amat.er r s 4

i ntroduced w tﬁ%@ﬁh r,?ﬁgélﬁ’gggtﬁ% Ic'iée%tlﬁg 'ﬁetgg{sﬂ (e)ﬁgbéf%? 0 u%tog egr?crin?'he
traces of sol Vhi& ,SU%%@HG Wite theodigstease in 4bar eenversign pkdbenhydogenead
product from tfegogdgeti || ation zone in step b), together with the vent
products fromthe reactor zone in step a)) into 5 a further distillation
zone, prei’-@rably a colum C4) to obtain a head product conprising unreacted
ol efin, which Tre neey dbedrdquient removalaahd/on recoverynarsd eggeerationl of thai |

product conpri sj t i Lde; f in he. t,ai r t,from
the distillat |C%%Qg§)tr@8r% g%é% ér)o(alé%gqj; g#@ug tﬁﬁ'ﬁef ﬁgg§ﬁ@hyzll5'n€dé)'ﬁ(g$’ t@?anpl e
purification gelatively regdiocee iseltestivity makesdb n@oassasy dbimacowvdri amd idisposeycl ed
into the reactd i ) ins o4 d phase conprising sol vent, which
is recycled i rﬁf(%ﬂP%%ﬂgﬁls%}PPPQﬁ%fnbyzgrr?lghla{r#'step b) and the ol efrnic oxide,
desirabl y1bf commercial purity. 15 According a further aspect, the

i nvention provhdegditiop] 0§eZeoftetbided Gitalys) uRfelited ! Reduéht’ ThefrRACt O
R1, in which is contai ned zilcatal st cgen%pi(;‘r:}?qa titani um containin
zeolite held iTROSOIEERE; eveles, danerally sons, I iacomersinaraded 1 PIGWAN i on
of an ol efi n ohlaemyalkah yetaesugheaozodiam ar sethssiom thad afe Hlilf pressent,Bven

filtering the . .ligui t ir t Lt _react ng. f.eedi { he
filtered pr oddbtgﬁﬂﬁogégﬁH%st;eﬁ%nagﬁbég B@tg‘%ngguﬁ'ég g?otﬁgcfé]%%'ﬁgri si ng
ol efi ni c oRri dageagentsnreacted olefin, and a tail product 2 5 conprising

sol vent, water and unreacted hydrogen peroxide; (c) feeding the tail
product fromthe first columm Cl, together with a second portion of the

ol efi n char ge, ThyeueseRiAeptiase deokiamsp A frumbentaf Brosessest maket use Ref  (d)
filtering the parfigtiigr ﬁ%@aé@d@ﬁl@ﬁ&%%rﬁ@.ﬂﬁﬁ@ﬁer@ﬂn?%_@n&ﬁi@ﬁbﬂg 3 o the
filtered product into a second stripping colum C2 to obfain a head product
conprising olefinic oxide and unreacted olefin and a tail product

conpri si ngssol Feamgxammple) WO @940 14450despribepar pracdss féregpdddidingopropglana |

product fromt; : A Ll i | et g@;ge and
buffer into a 'Fﬁ??g?%g§%#%% %élgé’égwéﬁ Pﬁ]tee(r?’ﬁ%%gﬁg aﬂ;jq[ﬂrleg. Poduct
from t he thir caredacressein theicoursdiofithe apoXidatian ebqtiondse asitatreaiatainiar d
stripping col ; i gﬁ% uct conprising olefinic oxide and
unr eact ed ol em?%}%&aﬂﬁraﬁﬁ ct ycg(’g%gii sing solvent, water and traces
of hydrogen peroxide; - 5 (g) feeding into a deconposition unit R 4AIB

pr ef er abl g oc onBy Wdrkifig tadRofdheg tottis plateed, afters8s hears, ¢ive tatalyst begirigppor t ed
catal yst for d‘?corrpa?@ n% (ihfa [ esi du%ge(gﬁdtr%%ian er oxti 8e to 02 and H20, the
tail product f vt PR %Oc%?ﬁﬁﬂar Y G”®Hasi ¢ solution; 5 (h)
feeding into a phase separator (flash) V-4, the m xture | eaving the
“deconpositi on ni Tolurel Y v, : PSRV
together with ?ﬂé%ﬁgﬁﬁgt?g,s pr efde"rﬁigbqﬁ?ﬁ%ytlggﬁ ﬁ?ﬁ%g%teg#ﬁ)%'ﬁiﬂ?% mhase
_conprising sol henteactipn etwaan: amelefith apg - hdbeaen peiexide, Hascpessipifa .
conpri si ngssol iy thed eagticaaetivifestabfR ovet fithd, thagredlicin an@'desiaphyf ed in

is such as to keep,the agqueous phase, bel ow the, | ower fla bility Limt;
f eedi ng the ga@%ﬁ‘?'%é@%%@é\ﬁ"ﬁ& %4thﬁnf%eﬁeﬁémeﬁ\§%{?§'oﬁn@3§t%t?ﬁ’x"phﬂher abl y
conpri si ng twoyiellsdsfrepeixiias) nsainiafrindg-oded timeda high2otversienaunt selieetivity

entrai ned solv : ' t . . 15, ( 0X inert
gas) are. i scralhadbigtiore MAOHRT AR e M B Ene eC AR Wit
system toget hkighwireduction effigiendy phdschigbaegree vfipuritit o a distillation
colum C6 to obtain at the top the solvent, which is recycled into the
reaction unit (RL ), and a tail product conprising the reaction water and
wat er introduced 2 o with the hydrogen peroxi de, the reaction by-products
and the traces of solvent, which is discarded; (m feeding the head product
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s radical, an alkylaryl radical containing from7 to 20 carbon atons, a
cycl oal kyl radical containing from6 to 10 carbon atons or an

al kyl cych@agbkyhog adi cal containing from7 to 20 carbon at BGHEPIHHE3Hadi cal s
R, R2, R3 and R4 may constitute pairs of_saturated or to unsaturated
rings. In addition, the said radicals rﬁay3c'ont ai n hal ogen atons, nitro or
nitrite groups) sul phonic groups and esters thereof, carbonyl, hydroxyl)
carboxylic, thiol, am ne and ether groups. The ol efins may bear the
substituents riwisi onedokjbcivef thet presentinvieatid’ isiaspgrocess éof ther tontinioass or
on ot her positj Nan-4 i3 t] . . DS o] 1) .are:
et hyl ene, pr og"ﬁ@%@f"% Pt/[dﬂcrqlé(}ﬁlgm+ﬁ®f cgéﬁe%%)ﬁé)){'&awg{ geé@%‘%ﬁ@engg,

. hexenes, 1- hefydregsn peroXide, whiclecemprise®ssi t yl oxi de, i soprene,

cycl oocteng, cycl ohexene or bicyclic 2 o conpounds such as norbornenes,

pi nenes, etc. ,The preferred olefin is propylene. Generally, propylene is
.used in a puri®) offegdiBgtigio aHgaCteNZopeePEaTaEAD)Y COFPEINgna reaci@mingbl e as
a steamtracking s gimy ?m@_ BI'Pﬁﬁﬁep%édtd(sgélaaﬁ%_liﬂt@iés??ﬁiﬂ_ri%ﬁfng an g
conprising propane and. 2.S e inpurities, The oxidizing a use
in the process of terPé’x!ﬂ%é'QQrﬁé%f‘lxgteH%SF?EXIW%&?V%’S‘”Iﬂ/fﬁ%’ en Sﬂg/reé‘gﬁg@
(H202) or a conpourdfefihithé hydrogepaidrexide, grd arkaifienand202:actidarsolvent;

orution a0 o8l ni fending e bRLERERY fhe ?Q@ffﬁdé‘emé% R SERaB  bikiedo

with titre of greatand intha liguidephase into asdistillatiorizghe) preferabigheomprsing of

hydr ogen per oxi de . il ith ) It I K1l
preferable to use éaﬁlj%}t"el?ﬁr} EE&%nnﬁﬁlhggn%o&g?ogéets\%\m q(gﬁ%hgn%}uiafs and
preferably between @ maig especiallyope sfipRingCrlimn dorcepech reastopofdheri ed
out in one or nore rgatiicinuAittdasbtamea heddipfodiict (cBfmptRMY SRtihRbxide and

capabl o ofai ssot visHESRHBIGHN Aehh thk SIAER AN seStEs: Bdbrogen
Typi cal | ?/ ?,O: vent pevbxide| mactian byeprodectssed) watee bnd&eaaim?MVQnt;
Cyctoar  phati b, "gPehBtee f51 Rt 51 B dsnBRbRzDhe Hrfios ety posie

m xtures thereof. lWiomphts af datompobitionhaones epreferablyl ecaraprisime process

o L PLESent | SRR ROAAE BhiERhg 03961 FRY. BAEBY bkt

al cohol and cycl ohexanol|. Exanpl S.are acetone, hyl
ket one and@%acet ophdRFREIESEERRtRIRIBAA dacpsiosiion calalyshywdiieh rraterably iBut v
ether. 2 o Preferaljuppopfetinai®deabpodB® Hydrdgerk periigde iReRE A8 p%&létsed-

The net hanol / wat er m'.txbrrte Wi t h an\gei gpt_ rati o between the two conpounds of
bet ween 10190 and SHMEOYSIOLYOPB AN WS Chr ef erred. The buffer suitably is

chosen from aqdpoudeadimgrtha mizture feaving thes decompbsiticrnzome, \prefevablgtuniter a

o neral acid. s e oA Bedonberexanel Al s, sBFRRF e oSsRt: oo,

Sui t abl y, 2Bhe buf f avith enfieert gas: inka @uphaseseparetien abnehpreferabbna phases f ed

3 0 into the epoxi dajaPitof AAQL %)oﬁtﬁiéfgr'étftﬁgtt%ré%e??ﬁéﬁhé‘?é 'Eg:ﬁ{é?nihﬂe pH

of the reaction m xture, neasured Li tions) at a“val ue
above 5 and pref er VgeBetiRces of splvent and nptiopaly ARainedngest and &t i ch
nmay be used in the hpttore s liqhidt prasy edepristhgs watereahd aBastion dYlprotigctehosen
fromthose general Q’@%ﬁw @S titaniumsilicalites although ot her known
epoxi dation cataly y-be enpl oyed as desired. For exanple, the
titani um 30l i de)it deeding thergaseous phasedeavingdhe yihask separatiorne zome dhton
US-A-4 410 501, in 1 | u 1i.es : d.
Titanium silicali te@?ﬁ&wﬁ%’hﬁsﬁrﬁg' gﬁ-éﬂéﬁéeblf:@gﬁ%m%las%éﬁ% a%églgh\;% E}é@t her
netal s such as bor Gi®MRISIAG PRGN O MARFeo CORERNSaId inapeHrso tperapovar theese

substituted titani ygsriubl &@hichesand diseargRighf’s uhebndrizdld RBmgurmdar e
described in EP-A- 2(26 257 ES A—22§ 2?8 nd EP—.A—%E& 8§5. b o Titanium
silicalites of MEL GXY9PR WithdtRcess ﬁﬁvﬁvgﬁngﬂpﬂe'e YNCEHa54i bed i n Bel gi an
‘pﬁtent ]EL 861 (88, rfegdimigsihelinuid pHas&idaiing imeaphfasm sebaraiont Zmeamy the bed
chosen fromtitani t re)s: : t I Qi ribe
i n Spani sh patent %@5@8&‘@%52%%{9@%%%%EE?Aasn{uxtg‘ter icﬁ%ttq%???ﬁand
optional |y al um ni E@ned@seferakly aigolumoGh4o obtaiviaé the tap asotvent whidhoiss, 15
1992, page 745". A S heNrd-5tiBRE ofAi nt

r@é%élbd intdthe réa%tle? 56d oA ﬁg {fﬂ Uhd & HIP peds&

i tani il I gr Ia(c%%:

invention is the ti iumsilicalite o eneral

XTi 02~(1- x) Si 02 20 GHVRIRIRG watespspiiablysthe seagtion matekandoobdbe watero. o4,
preferably the value of x is between 0.01 and 0. 025, which are descri bed,
for exanple, in US-A-4 410 501, US-A-4. 824 976, US-A-4 666 692, US-A-4 656
016, US A-4. 859 785 and US-A-4 937 216. 25 The catal yst may be used in the
form of powder, pallets, mcrospheres, an extrudate or other suitable



Typically, the amount of catalyst will be between 1 % and 15% by wei ght
relative to the reaction m xture and preferably between 4% and 10% by 1 o
wei ght. TWeoi/enperature used in the process of the presenPCT/EPEMAIBHN | S
general ly between 20C and 150C, prefer ablg% bet ween 40C and 100C and
particularly preferably between 55C and” 90C. 15 The pressure at which the

process is perforng |l ows the olefin to |ne in
the liquid phase af” q{q@ EH&%VWHGMPSW P@H&J%qeattﬁ? geagtio 'BF%J]“C % ﬁ@g
process is performiue trtaces pf scisente whictatalirprothact istiseandet,i c pressure when

Tay Do any 1 el or el 080N PEREGE “rofi e, BirGcHt b s o Bl oL

-the reaction in a $ggatber itk thewyenteroduetsdfesorthe seactat nore imgtepralkeinitoci ent

L4

context begueen t he it DistiliBfor] L Coreéiasly 8 Soki €4 %@reahﬁé flebd

suspensi on. 25 Exa react or hat are’suit urpose are
stirred reactors, 9 & SBRAYRY, U@@@Cﬁq‘ tolefth cwhich \'rﬁ tfﬂCYQ{@%r'ﬁm Be

external circul ati egadtionCEoi® il SRIpt hJ uanes aShil rﬁr@@u&%ﬁ@ﬁﬁ?Qhé)ol@me’FRS
(Plug Fl ow Reactor%%ﬂd as described in the prior art. 30 Preferably) the

reactors R1-R3 are % he CSTR type and are isothermc. The ol efin charge,
by which is mgant féedihgdhe tail groductt faemr theydistitationezone @ stepxgdrield a

v ougnbutSana i n' POCHSArEAd, T Skt SR seRidf B R BiovariBovar as

ol efi ni ¢ oxi de andresiduali olein,nvhich is cacydeashinto s reastioPrasiner iatdtep a)ha t hr ee
reactors R1-R3 ar el!]éﬁi@ r%ﬂats'é dibrdiNg SoReRe 'v@rbﬁ‘% r‘éfcgéléﬁsiﬁtg%ﬁfc%r&rllatron

originating fromt In_stor - 10
According to one e#8B8i Wefterod)tand 6g©c@§§m6f0>€'ﬁ@= ﬁeégeblv pheemmeigialbef or e
introducing the fregftpl efin into the reactors RI-R3, it is purified in the
distillation colum . s The feed of hydrogen peroxide may be divided into
t wo portr%?rs such that the ratio of the seeds to the reactors RlL and R2 is

bet ween 90: 10 Axedrdify @dfusthdr aspdot! thiel invérstiongerovides 4Dpicesd Gofprishgh0: 50
ratio is particularly preferred. 1 o The reactors Rl and R2 operate under

substantially identical conditions, that is to say at a tenperature of
about 55-75C 4ayd afeedipgeivtara first teadiar ,RWyhin avhitie lsee&mtamelés,acrakalyst wor ks

as the finishing r E$9|

hydr ogen peroxi de @ﬁrﬂrswﬁrgq&%@@%@%ﬁ%l%?ﬂg@?’tg@ ﬁg’%‘bégﬂb ﬁen%uer ature
of 70-90C2@nd at arpa@ipnreediumg 4 cfinghrportivr vaérraplefaxphargeonhyd;rggenon of
the olefinis carrr pRfoade, §§o|e§ngqu1g\&,ﬂerﬁ the stream | eaving the unit R3

an H202 conce atr nof sIhan Inthefrrs ctor, the

reaction sel e vr tﬂﬁe{ B%'P qP'ﬁ’ep W&I'Pgagﬁ‘% first feaster RlepB 5‘5‘?@ éF‘F’mI %

with a 96% conversrﬂiered produet siatooad firstacdlamnt B¢ teabtainna sedatt produgt

conver i on. and i nCONBEATG HeAok Bifer RS uhridetforoth ol oF sl iroruss o o

W th a 95% conver sicomprisihgssolvent, watéreantl gnrieacted hydrogempeyodde;unms oper at e
substantial l'y é'j‘deg é&}ﬁgstﬁgetaﬂgﬁ'baﬁbtnﬁoﬁpﬂ% rfrﬁ?re}%l@rﬂﬂ ?ﬂs‘fé?écﬂér Wtht ge top

streams in vapour phasecconpr!Sing Unreact oxide, “i nert
gases) for exanpl e SECPRHPAoM phithe slafisnehargs, hydroosn Rergrigdeaand éﬁ@f

sol vent vapours. AfntoheséeohdreiabspR2;he col ums di scharge streams in Iiquid
RN T e e SR A S
unr eact edsol efi n. The dilteterd produt 'intd a gecend rsitipping esoharnadCR rtboobtbm a
synthesi s of the O'I]%fa'dnrll)r‘f)dﬂﬁ ggm I‘%ﬂg &@ﬁﬁrbad)gcff%Rﬁadnrggctteﬁeolbﬂﬁrénfﬁses'

Colum C4 is suitab ases 1rom
reactors Rl-R3. tai mmductraempaerlperspj‘cﬁrtt aad reﬁréuablnydmgen peEvXid®; C4 shoul d

‘not exceed 80 theétﬁﬁg%é‘iﬁrl bfdﬂiﬁ:t'ffbrﬁ'@l@e%é%r@c@fun%@?“d’ﬂﬁr@ SdipAS 10

avoi d degradation o

lefinic o sthetar reamsfromthe
distillation col um?é lmo f charge ?Pé h\’gﬁf«‘ Egﬂlaéf‘ §%"L‘f§t°e§‘rf’!n'!a§ amount s of

"hydrogen psr oxfde Efilténai ¢hé lﬁqmdf producefrgnl the thivd aebbior aertahesreedmb thee

free of 202 ahd copG R BT Gitcomor St 3 BRI & tel,”

Suitably this stregrodscti gamprisiog oletiniti oidé @nddeoresmctes] vlefin, @nd Betaﬂ
resi dual hydrogen al i
met al or al kal i ne- %ét aé %ggggﬁ{dg@t%rﬁh@gﬁona ﬁ@y%b@ﬁg@r{%ﬁbghe pH

of the H2Q2 decorrposr tion reaction to values >10 and to avoid the formation
of 15 light by-products derived fromthe oxidation of the solvent and from
t he degradation of the epoxide. For exanple, when the solvent used in the
epoxi dation reaction is nethanol, these by-products are nethyl formate and
di met hoxymnet hane. 2 o Pr ef er abI y) the decorrposr t| on react ors R— 4A/B are
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in which: Ry, R,, R, and R,, which may be identical or different, may be
hydrogen, an alky! radical containing from 1 to 20 carbon atoms, an aryl

5 radical, an alkylaryl radical containing from 7 to 20 carbon atoms, a
cycloalkyl radical containing from 6 to 10 carbon atoms or an
alkylcycloalkyl radical containing from 7 to 20 carbon atoms.

The radicals R,, R,, R; and R, may constitute pairs of saturated or

10 unsaturated rings. In addition, the said radicals may contain halogen
atoms, nitro or nitrile groups, sulphonic groups and esters thereof,
carbonyl, hydroxyl, carboxylic, thiol, amine and ether groups.

The olefins may bear the substituents mentioned above either on the
15 unsaturated carbon atoms or on other positions.

Non-limiting examples of olefins of formula () are: ethylene, propylene,

allyl chioride, allyl alcohol, butenes, pentenes, hexenes, 1-hepteneoctene,

1-tridecene, mesityl oxide, isoprene, cyclooctene, cyclohexene or bicyclic
20 compounds such as norbornenes, pinenes, etc.

The preferred olefin is propylene. Generally, propylene is used in a purity

of greater than 70%. Preferably, propylene is available as a steam-tracking

stream in a minimum purity of 96%, the remainder comprising propane and
25 typical C; impurities.

The oxidizing agent used in the process of the present invention suitably is
hydrogen peroxide (H,O,) or a compound which is capable of generating
H,0, under the epoxidation conditions.

30
Preferably, an aqueous hydrogen peroxide solution at a minimum
concentration of 1% by weight is used, preferably with titre of greater than
or equal to 35% by weight.
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The amount of hydrogen peroxide relative to the olefin is not critical, but it
is preferable to use an olefin/H,0, molar ratio of between 10:1 and 1:10
and preferably between 6:1 and 1:1.

5
The epoxidation reaction may be carried out in one or more solvents that
are liquid at the epoxidation temperatures, that are compatible with
hydrogen peroxide and that are capable of dissolving the olefin and the
olefinic oxide produced.
10

Typically, solvents of polar nature are used, such as: alcohols, aqueous-
alcoholic mixtures, ketones, ethers, esters, aliphatic, cycloaliphatic or
aromatic hydrocarbons, halogenated hydrocarbons, or mixtures thereof.

15 Examples of alcohols that are suitable for the process of the present
invention are methanol, ethanol, isopropyl alcohol, t-butyl alcohol and
cyclohexanol. Examples of ketones are acetone, methyl ethyl ketone and
acetophenone. Examples of ethers are tetrahydrofuran and butyl ether.

20  Preferably, methanol and, among the ketones, acetone are used. The
methanol/water mixture with a weight ratio between the two compounds of
between 10/90 and 99/1 is particularly preferred.

The buffer suitably is chosen from aqueous ammonia, ammonium acetate,

25 ammonium formate or a system comprising a nitrogenous base and a salt
thereof with an organic or mineral acid, as described in Italian patent
application No. Ml 99A/001658.

Suitably, the buffer is fed continuously with one of the reagent flows fed

30 into the epoxidation reactor, in an amount such as to maintain the pH of
the reaction mixture, measured under the working conditions, at a value
above 5 and preferably between 5.5 and 8.

The epoxidation catalyst which may be used in the process of the present

35 invention suitably is chosen from those generally known as titanium
silicalites although other known epoxidation catalysts may be employed as
desired.



z~0a0O~dN NNXZ~d, Zaaa~~z2~~o02z2z zf-f- a mWm -16 hH
~"o0 S$r'” *co0 0.- OO OW~O'ppOO..0r.f(~"r iCO- O-C~ ~~~ "pbOn O
OC GO vtosf209600 L 0 0 gA o RNDLQ .=b H ~O CO, e ~ PETUEPM/IBNR~f Nn
Oao OQnr w!V ~br NbmYin tfg~H ClfO~ r: P1L bN Op On:b N~T b N DCQdco
o’da dOOXO OO A'-Ch0 CO Co ~ -8 -

For example, the titanium silicalites MFI structure may be used, which are
described in US-A-4 410 501, in which their structural properties are also
reported.

5 Titanium silicalites in which some of the titanium is replaced with other
metals such as boron, aluminium, iron or gallium may also be used. These
substituted titanium silicalites and the methods for preparing them are
described in EP-A-226 257, EP-A-226 258 and EP-A-266 825.

10 Titanium silicalites of MEL or intermediate MFI/MEL structure, described in
Belgian patent 1 001 038, may also be used. Other titanium silicalites may
be chosen from titanium-containing B-zeolites of BEA structure, described
in Spanish patent 2 037 596, and zeolites ZSM-12 containing titanium and
optionally aluminium, described in “Journal of Chemical Communications,

15 1992, page 745"

A catalyst which is preferred according to the present invention is the
titanium silicalite of general formula (I1):
XTiO,(1-x)SiO,

20
in which x represents a number between 0.0001 and 0.04, preferably the
value of x is between 0.01 and 0.025, which are described, for example, in
US-A-4 410 501, US-A-4 824 976, US-A-4 666 692, US-A-4 656 016, US-
A-4 859 785 and US-A-4 937 216.

25

The catalyst may be used in the form of powder, pallets, microspheres, an
extrudate or other suitable physical forms.

The use of a binder (co-gel) or of an inert support in combination with the
30 catalyst may be advantageous. Supported catalysts may be prepared
using known methods.

The inert support may typically consist of silica, alumina, silica-alumina,
zeolites, active charcoal and other materials that are well known in a state
35 ofthe art.

The amount of catalyst used in the process of the invention is not critical;
however, it is chosen so as to allow the epoxidation reaction to proceed to
completion in the shortest possible time.
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Generally, the amount of catalyst will be chosen as a function of various
parameters, such as the reaction temperature, the reactivity and
concentration of the olefin, the concentration of hydrogen peroxide, the -

5 type and composition of the solvents, the catalytic activity and the type of
reactor or of reaction system used.

Typically, the amount of catalyst will be between 1% and 15% by weight
relative to the reaction mixture and preferably between 4% and 10% by
10  weight.

The temperature used in the process of the present invention is generally
between 20°C and 150°C, preferably between 40°C and 100°C and
particularly preferably between 55°C and 90°C.

15
The pressure at which the process is performed is that which allows the
olefin to be maintained in the liquid phase at the chosen reaction
temperature. In general, the process is performed at a pressure greater
than atmospheric pressure when gaseous olefins are used.

20
The reactor used in the epoxidation reaction may be any reactor capable
of operating continuously and of carrying out the reaction in a system such
as the one described, achieving an efficient context between the olefin, the
liquid phase and the catalyst held in suspension.

25
Examples of reactors that are suitable for this purpose are stirred reactors,
bubble reactors, gas-lift reactors with internal or external circulation or
CSTRs (Continuous Stirred Tank Reactors) or PFRs (Plug Flow Reactors),
as described in the prior art.

30
Preferably, the reactors R1-R3 are of the CSTR type and are isothermic.

The olefin charge, by which is meant the fresh olefin, the recycled olefin or
mixtures thereof, is fed into the reaction stage (R1-R3) at a controlled
35 throughput and in excess to maximize the conversion end selectivity
towards olefinic oxide and to maintain the reaction pressure. Preferably,
the three reactors R1-R3 are fed with a mixture consisting of fresh olefin
originating from the amount in storage and from a recycled olefin.
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According to one embodiment of the process of the present invention,
before introducing the fresh olefin into the reactors R1-R3, it is purified in
the distillation column C4.

5  The feed of hydrogen peroxide may be divided into two portions such that
the ratio of the feeds to the reactors R1 and R2 is between 90:10 and
10:90 and preferably between 60:40 and 40:60. A 50:50 ratio is particularly
preferred.

10 The reactors R1 and R2 operate under substantially identical conditions,
that is to say at a temperature of about 55-75°C and at a pressure of 13
bar, while the reactor R3, which works as the finishing reactor, that is to
say the reactor which depletes the hydrogen peroxide fed to the reactors
R1 and R2, operates at a temperature of 70-90°C and at a pressure of 8

15 bar.

The overall oxidation reaction of the olefin is carried out so as to have in
the stream leaving the unit R3 an H,0, concentration of less than 100 ppm.

20 Inthe first reactor, the reaction selectivity iowards the hydrogen peroxide is
preferably 98 mol% with a 96% conversion, in the second reactor the
reaction selectivity towards the hydrogen peroxide is preferably 97.8 mol%
with a 95% conversion, and in the third reactor the selectivity is preferably
80 mol% with a 95% conversion.

25
Suitably the distillation (flash) columns operate substantially under the
same operating conditions and discharge at the top streams in vapour
phase comprising unreacted olefin, olefinic oxide, inert gases, for example
aliphatic hydrocarbons, for instance propane, and solvent vapours. At the

30 bottom, the columns discharge streams in liquid phase of differentiated
composition.

Suitably the head vapours from columns C1-C3 are fed into a distillation
column C4 to recover, at the top, the unreacted olefin. This olefin is

35 preferably recycled into the synthesis of the olefinic oxide after partial
removal of the inert gases. Column C4 is suitably also fed with vapours of
the vent gases from the reactors R1-R3.
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- 24 43. A process according to Caim42, in which the reactors Rl) R2 and
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cal ca] ca] ca] ch&a@ 'a] cal] ca] ca] ca] cal] ca] ca] ca! t =>>@ @ad) AAABBBVCf CC, D- D. D/
DvEFFFGGHHI | =J vgl gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] c
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G { dht S0k HEoBtRn A vt Qlstletdrl SONER b HRE b ciop of aupieh s
a] ca] ca] ca] ¢ aldcovered the propylene oxide roduced (7), in the vapour phase, and
bR ee s P e e P R
a] c a] ca] ¢ aU]hydipgermpproxide, fadjintodhe reagtor RRc aljc ajc aUc aJc aUc alc
aUc aJc aUc aJc aUc alJc aUc alJc aUc alJc aUc a]c
25 The filtered liquid reaction product leaving the second reactor R2 is fed via
the line (9) into the second distillation column C2, from the top of which is
recovered the propylene oxide produced (12), in the vapour phase, and
from the bottom of which is recovered a liquid stream (13) still containing
hydrogen peroxide, which is fed into the reactor R3.
30
The filtered liquid reaction product leaving the third reactor R3 is fed via
the line (14) into the third distillation column C3, from the top of which is
recovered the propylene oxide produced (16), in the vapour phase, and
from the bottom of which is fed a liquid stream (15) still containing
35 hydrogen peroxide, which is fed into the reactor R4.

The basic solution (T4) is also fed into R4. The liquid reaction product
leaving the reactor R4 is fed via the line (22) into the flash tank V4, the
vapour phase of which is sent to two condensers in series E421-E422 via



aU] c atttu+u, um| uuuuu+v. v4v8v9vPvxvyv| vvvvvvvvvvvvv}w mhc] XSmh] c
aljcalUlca]ca]lc alJcalc aUc alJc aUc aJc aUc alJc aUc alJcalc aUc aJcalc
aUlc a] cwaldoiqadsc allc aJc aUc aJc aUc alcalc aU c a]c RCT/EP01/09334
V V WMV WO VWMMAMAX X 4 X 5X X @ ] XdXXXXXXXXXXX0y|,wgl f a[ Vhc] XSmh]c Jc aUc a]jc alUc
ajc aUc ajJc aUc aJjc aUc aJjc aUc aJc aUc aJc aUc alJc aUc alJc aUc a]c

aUc alJc aUc : . : .
a] ca] cal ca] cgfécg’B%%@QK}R&a"&iﬁ%‘.syg'fci}?”ﬁ’y%?’&“y Ey%/%?Zz'Qtozy}ezzaztg]zofP Rle.l(‘:g,
al c a] ¢ al] ccontaining oxygen, nitrogen and traces of methanol, is represented the line

10

15

20

25

30

(17). The diluent nitrogen is fed into V4 via the line (AZ).

The operating example given below is for purely illustrative purposes and
is non-limiting.

Example 1

The process is performed according to the scheme in Figure 1 to produce

propylene oxide from:

- a stream originating from a steam-cracking plant, consisting of
99.5% by weight of propylene and 0.05% by weight of propane;

- an aqueous solution of hydrogen peroxide at 35% by weight;

- methanol.

The catalyst is titanium silicalite, of the type described in patent
US 4 937 216, and is present in reactors R1, R2 and R3 in a respective
concentration of 6% by weight relative to the slurry.

The buffer consists of an aqueous NH,OH solution and is fed into the
stream of methanol entering the reactor in an amount such as to buffer the
pH of the reaction mixture to a value of 6.5 (present in the total liquid flow
in a conceniration of 60 ppm). A toughened-glass pH-meter is used, which
is inserted into the reaction flow.

The bed of catalyst in the decomposition column R4, in the form of pallets
with an active phase of 15%, is loaded in excess volume to ensure the
depletion of the hydrogen peroxide.

The attached Tables 1-A and 1-B give the balances and the composition of
the individual streams.
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(¢) feeding the tail product of the distillation zone and an aqueous basic
solution into a decomposition zone containing a decomposition
catalyst to decompose hydrogen peroxide in the tail product;

15 (d) feeding the mixture leaving the decomposition zone comprising
oxygen, water and solvent, optionally together with an inert gas, into
a phase separation zone to obtain at the top a gaseous phase
containing oxygen, traces of solvent and optionally an inert gas, and
at the bottom a liquid phase comprising water and reaction by-

20 products and solvent,;

(e) feeding the gaseous phase leaving the phase separation zone into
a condensation zone to recover the residual solvent, and
discharging the uncondensable compounds;

(f) feeding the liquid phase leaving the phase separation zone and the

25 solvent leaving the condensation zone into a further distillation zone
to obtain at the top a solvent which is recycled into the reaction
zone in step (a), and a tail product comprising water, the reaction
by-products and the traces of solvent, which tail product is
discarded;

30 (h) feeding the head product from the distillation zone in step b),
together with the vent products from the reactor zone in step a) into
a further distillation zone to obtain a head product comprising
unreacted olefin, which is recycled into the reaction zone in step a),
and a tail product comprising the olefinic oxide;

35 (h) feeding the tail product from the distillation zone in step g) into a
purification zone to recover the residual olefin, which is recycled into
the reaction zone in step a), a liquid phase comprising solvent,
which is recycled into the distillation zone in step b) and the olefinic
oxide.
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25 40. A process according to Claim 39, in which the pH of the reaction for
decomposition of the residual hydrogen peroxide is controlled by
feeding an aqueous basic solution comprising alkali metal or

alkaline-earth metal hydroxides or carbonates.

30 41. A process according to any one of the preceding Claims in which
the catalyst used in the reaction for decompasition of the residual
hydrogen peroxide comprises a group VIII metal or oxide thereof.

42, A process according to any one of the preceding Claims in which
35 the epoxidation reactors are chosen from stirred reactors, bubble
reactors, gas-lift reactors and continuous stirred tank reactors and

plug flow reactors.
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25 iii) laterally, a liquid stream comprising an olefinic oxide with a purity

of at least 99.8%.

48. A process according to any one of the preceding Claims in which

the heat of condensation recovered at the top of the distillation zone

30 in step f), C6 is used to serve at least some of the boiling needs in
the process.



