4 Novenber 2005 WO 02/ 14297 PCT/ EP01/ 09034 5 | NTEGRATED PROCESS FOR THE

PREPARATI ON OF EPOXI DES The present invention rel at es néorcabernt@gs at ed
process for the preparation in continuous of epoxides by the direct 10
oxi dation of an olefin with hydrogen peroxide. Mre specifically, the

pr esent Hgggﬂh&gn relates to an integrated process quThB&mggﬁparation in
cont i nuous o propyl ene oxide consisting in the production of an al co-
holic or hydro-al coholic solution of hydrogen peroxide by 15 the reaction
bet ween hydrogen and oxygen in the presence of a binetallic catalyst based
on pall adiumor platinumas ac- tive conponents, feeding said solution to
an epoxidation process of propylene in the presence of an epoxidation
catal yst, and feeding the recycled al coholic solvent |leav 20 ing the

epoxi dation plant, suitably pretreated, to the hy- drogen peroxide
production plant. Epoxides, or olefin oxides, are internmedi ates which can
be used for the preparation of a wide variety of com pounds. For exanple,
epoxi des can be used for the produc 25 tion of glycols, condensation

pol yners such as pol yesters 4 Novenber 2005 WO 02/ 14297 PCT/ EPO1/ 09034 or
for the preparation of internediates used in the synthe- sis of
polyuré?hane foans, elastoners, seals and simlar products. Current

t echnol ogi es adopted on an industrial scale 5 for the production of

propyl ene oxide (P0O) are based on processes via chlorohydrin and processes

via indirect oxi- dation wth hydroperoxi a ource. In
particular?NqﬁﬁgﬁagﬁnB$Q§$§q f@@-fﬁ?oi%ﬂ%ﬁ?&ﬁgﬁr§%3§%%&5ﬁ§o|ves the synthesis
of propyl ene chl orohydrin (PCH) ,and .10 subsequent, dehydrohal ogenati on of
PCH to propyl ed8CoRFGRENY POTEDFLPR Eﬁ%%%ﬁ?s a%v%ﬂtQﬁi? RePFIFFT0i ng

di sadvant ages: .t he production of hjgh quantities, of uepus .effluents
(40-60 kg/ KQF JePBY PRGN g §88JF%H1‘ &4l EP%&‘%*H g’gﬁ %ﬁ%;dlﬁ%ﬁ: t he
coproduction, of .chlorinated qrganjic preducts which, depending on their

end- usd)  rRRIIRRIABY §6 QUG e FEEAL Y IRAGED PEroXte.

More specifically, the present invention relates to an
'integrated process for the preparation in continuous of
propylene oxide consisting in the preoduction of an alco-
holic or hydro-alcoholic .solution of hvdrogen peroxide by

15 the reaction between hydrogen and oxygen in the presence of
a bimetallic catalyst based on palladium or platinum as ac—
tive components, feeding said solution to an epoxidation
process of propylene in the presence of an epoxidation
catalyst, and feeding the recycled alcoholic solvent leav-

20 ing the epoxidation plant, suitably pretreated, to the hy-
drogen peroxlde production plant.

Epoxides, or olefin oxides, are intermediates which
can be used for the preparation of a wide wvariety of com-
pounds. For example, epoxides can be used for the produc-

25 tion of glycols, condensation polymers such as polyesters




Processes via oxidation preferably use ter butyl hy- droperoxide and

et hyl benzene hydroperoxi de as hydro- 20 peroxi des. Thaessrepbeeed®ESs cause
the formation of a higher quan- tity of co-products of comrercial interest
with respect to PO. For exanple, the process via ter butyl hydroperoxide

25 co-pr .5-3.5 Kg of ter butyl alcohol per Novenber
2005 Vm)ggﬁﬁﬁé PCT/ EPO1/ 09034 whereas that via ethy?ggﬁE@ﬁgﬁﬁydroperoxide
co-produces 2.2-2.5 Kg of styrene per Kg of PO. The presence of these
co-products can be of little ad- vantage if the request for PO and the

respective c 5 roducts s _not_ suitably bhal anced.. For, _exanpl e, when the

demand fof*s %‘W E#l%toéﬁ r’r&kd-eﬁ‘%%at &F BUE Il%q:&? Spfg;fgil Ts high, the

econonics of t ro S are conpetifive wth thgse of the rocess Vi a
é)ﬁ%““s’%

chl or ohydii, 6t 23 e TORRy R RREOBPES o PCBLDNERP c 51D %fher

synthetic _te hn{ques for the indirect oxi- dation of propylene involve the
use of hy&F8GEN %erOX|de and essentially consist in: 1) synthesis of

o 18 br bpyl eHEH e REABLeSoP PP YL BF D02 SHECEy Bl RFRY 0bl ot ned
ol ut | 8 GPEaiERy mﬁﬁ%ﬁiér@?a hggéﬁﬁké%fa%%p Péfﬁ?ﬁ%%%' poch Son P 0CCSS 8
ethylanthra ui none, anic medium i nmi s 20 h water,
(1751 nyaPGderat s i T B G HEPRESFES (B brBEE e whi ch i s
subsequent |y extracted us phase. This process is onerous due to
the high 9@54p% &Wﬁﬁo??%ék PEV8§¥%ﬂhF HEE%Ssary for setting up the
Che. by pr oduct & g i.lspéa%ﬁw?%eo?nﬁfsﬁ%ﬁ PR FEIBEP 08 W02 Raz07
qui none. SQPSEFERF HRTORILAES 8. b bt PUAB G REFHOErSY CRE) pPBAucti on o
hydroggn RereXzudde SATRLISS ioE;QEa%‘foen Of £ SBERNIAr Y, A5NAL S o34l as 1sopro-
(PO} .
This process however has the following disadvantages:
— the production of high dquantities of aqueous effluents
{40-60 kg/kg of PO) containing sodium or calcium chlorides;
15 - the coproduction of chlorinated organic products which,
depending on their end-use, must undergo suitable treat-
ment.
Processes via oxidation preferably use ter butyl hy-
droperoxide and ethylbenzene hydroperoxide as hydro-
20 peroxides.
These processes cause the Fformation of a higher gquan-—
tity of co-products of commercial interest with respect to
PO.
For example, the process wvia ter butyl hydroperoxide

25 co—producés 2.5-3.5 Kg of ter butyl alcohol per Kg of PO,




5 panol and net hyl benzyl al cohol (US 2,871, 102, EP-378, 388) or high-boiling
secondary al cohols such as diaryl nethanol (US 4, 303, 63&nbertho@xygen.
These known processes, however, substantially suffer from di sadvantages
deriving fromthe necessity of operating 10 at high reaction tenperatures
(general | i,;ng from 100 to 180C), the partial oxi | t he ketone
which is W?(@iﬁ}gﬂ& as mai n co-product, the necessity of q’%&hﬁgmg&ﬁydro- gen
per oxi de stabilizer (orthophosphoric acid or sodium py- rophosphate). 15
Furthernore, these processes are conplicated by the necessity of
separating_and recovering the ketone and by- produycts fromthe reaction

m xture b&PEFE2%IsitHgtt helhy GEBY Lgehesisr OQY%@RQQOEﬁlfiSn FrPEodEBRequent

epoxi dati on _process. Another method for_ the production of hydrogen perox-
20 ide, wWHi-éRZsedib ot SAEERY 9T &% aft®ehni cal and econonic point of
view, is based on the direct synthesis of hydrogen peroxide fromH2 and
02. These proctRRd¥aseneeart ytiipse gocarefyrts cepsbemionttdestfng of a
noble metal, particularly nmetals of the plati- 25 numgroup or their

mi xtures, PAteHR fidr ntlae” sRAPeshr AL 4FR0PERDeM20555hEF 5721 4997

PCT/ EPQ1/ 09034 supported netals, by reacting the two_gases in a sol vent
consi sPi nGTBAUGHS adFieBAE FBUFHM brORRIEGGe 0 IST0SFARPEE merieR uble The

i ndustrial_ enbodi ment of these processes however 5 has proved to be

di fficul t SFBFREhECF oF P BRIy Orl”e&@“&@s: ohfaiped EOmMHLeR MUY es26FOFH2 and 02 in
concentrations_ fal- i n% within the explosivity range, as the m xture
becomes ERpr okF VB Ihre APENBCRRATESS: Pat ks FATAGeSExRERILCSFAFLES whi ch, in
relation to the pressure and concentration of Q2, 10 varies from4.5 to 6%
by vol ume¥iBk Y iHethEpRFRESTY Ydat Shteraheidrp| oERetPer dR§8Sof H2- 02
m xtures, the use of high concentrations of 02 is risky to handle and has a
linited cOAPELFERT iABPE RPLhSEPRCYCesence of flammmabl e organi c sol vent

medi uns; 15 C) the use in thé reaction medium of high concentrations of
pronotlrs, for exaMberasvatpeiorotdniquesgieiat Bee prsHFeEs °&hd/ or ot her
additives, makes the catalytic systemor H202 solution unstable. This
makes it ﬁé@é@%ap§ PECRYYERS abRYGwe the use of hydrogen peroxide

and essentially consist in:

1) synthesis of hydrogen peroxide; and

2} its use irn the epoxidation process of propylene to
15 propylene oxide.

Agqueous solutions of Hy0; are typically obtained in-
dustrially by means of a complex two-step process. In this
process a solution of anthragquinone, such as butylanthra-
quinone or ethylanthraquinone, in an organic medium immis-

20 cible with water, is first hydrogenated and then oxidized
with air to produce H;0», which is subsequently extracted in
aqueous phase. This process is onerous due to the high
costs deriving from the investment necessary for setting up
the complex production unit, the necessity of separating

25 and disposing of the by-products generated during the oxi-




ers, with onerous purification operations of the H202 solu- 20 tion before

its use; D) - low productivity and selectivity of the &eatotenbrran@di he
production of H202 sol utions which are too dilute for eco- nom c industrial
exploitation; E) poor stability of the catalytic systemunder the reac- 25

tion congiti 4 Novenber 2005 WO 02/ 14297 PCT/ EPO1 ent
appl i cat iq%dnézé@élm%, for exanple, describes a procéggfﬂﬁﬁpﬁt%e

preparation of propylene oxide which con- sists in reacting hydrogen and
oxygen in the presence of a catalytic system based on supported pall adi um

[ hyd 5. al cohal | di_ um. and ' 3 | i ] f
R e S A e

illustrative exarégh{elf_iof ﬁe@.o?:edo ynent escri be the production of
§orutts

hydr o- al c&holTE ns”CoNtai ir ng in concentrations ranging from

0.15 to 0.39%.b ight...10 i th i i.Ds.t t

epoxi dgti on rp‘eg?c?}t,\cl%%%, mﬁF}tl%c} Lﬁd ng%lre, %%?8‘?%5%‘?%& géefoﬂx‘{h&é’gg%ﬁ@g?‘gﬁgﬁﬁg equal

to 99% and, 65% tivel i AWt h iv= Jry t

br opyl ene 35 BCE RGP G R S0oe carastey iiEobli §i SR RE Haakbd Py (6 Po

Che fol 1 cRi el SRERDISSEIIMLREF TS HBad b B AR, apB) %05 .°t T
ducti an, of . hyd i d i ti t , f

e AT RS R R ST g et e o SN

makes it LY to,add considerable quanti- ties of neutralizers before
its use i%ﬁ@%&%s‘é‘r%@n?x@&n‘oxi dation process; B) Overall |ow process

concent rat i on.y productivi by and. sel gLiylly. s egyiyes, khgyuse of high

reaction volu ps’ o i'ntegrated process; Novenber
2005 00, O TALRGTLERS 038,60 FLARNGH BBl Rl gama vt
O oL, DYEBigh PRelL el o0 Bl LR 0D BRTGEGEAL IR 185 e
process r@%h?éob%T, the partial oxidation of the Xketone which is
Formed as main co-product, the necessity of using a hydro-
gen peroxide stabilizer (orthophosphoric acid or sodium py-
rophosphate) .

15 Furthermore, these processes are complicated by the
necessity of separaping and recovering the ketone and by-
products from the reaction mixture before using the hydro-
gen peroxide solution in a subsequent epoxidation process.

Another method for the production of hydrogen perox-—

20 ide, which seems attractive from a technical and economic
point of view, is based on the direct synthesis of hydrogen
peroxide from H; and 0.

These processes generally use a catalytic system con-
sisting of a noble metal, particularly metals of the plati-

25 num group or their mixtures, in the form of salts or as



econom c. The Applicant has now found that by using a well de- fined group
of netallic catalysts and operating conditions in theldwirbeal 20&acti on
bet ween hydrogen and oxygen, and by 10 suitably treating the recycled

al coholic solvent leaving the epoxidation plant before being fed to the
hydr ogen \pghinadyi de production plant, an overall high pracess.efficiency
is obtained 1nterns of productivity and selectivity. I'n particular, on
operating according to the process 15 of the present invention, the
foll owi ng advant ages are ob- tained: - reduction in waste products in the

epoxi dation_plant: - high stability of .the catalysts.used in_the two reac
tions; zéng?gHﬂ%tW%ﬁ?#%n e T En 8I&W83§a%§5-1ﬁi§hssggfg of purity
of the epoxides..|n accordance with this, an _aspect of the.present

nvent i on CEPOVTHES ST 1t cURSCET PROLHES OF oy ISP BPaPE i oS n
continuouaﬁof epoxi des by the direct oxidation of an olefin wth hydrogen
per oxi de Feh conprises: 4 Novenber 2005 WD 02/14297 PCT/ EP01/ 09034 (a)

B Concentrat ofof VG Hian PUBREREaC BEi BEet REaSte R eI ot ai ning |
Chialver BRECROW 5 PacPUE Liitar Him Se Rt ryemRobTent 5. (b) putti ng
Step (2) T EBRUUEY S haiies) &F R ani dOnUPr GTREREhRRCS ihe pr esence.
of a1, SPOlka RSN, a2l sh SsREISL A, Lhe LERcLlon solebe,ln order
O el e B L SRS by 39 VLSRR GOt ng fod 1
o RGeS B g elathedgtiiany gL,
epoxi B FREBFHCrR 6 Pt X W T oo | oo separation of the

B) even when operating outside the explosivity range of Hp-

Ozl mixtures, the use of high concentrations of 0; is risky

to handle and has a limited compatibility with the presence

of flammable organic solvent mediums;

15 <€) the use in the reaction medium of high concentrations of

promoters, for example acid promoters, halogenated products

and/or other additives, makes the catalytic system or H20»

solution unstable. This makes it necessary to add stabiliz-

ers, with onerous purification operations of the H20;, solu-

20 tion before its use;

D) low productivity and selectivity of the reaction and the

production of H:Q, solutions which are too dilute for eco-

nomic industrial exploitation;

F) poor stability of the catalytic system under the reac-

25 tion conditions.



genat ed conpounds present; (d) feedlng the al coholic solvent obtained in
(c) to step (a) . The process for the preparati on of wpexbdes2@&tcor di ng
to the present invention can be described in detail as fol- lows. In the
first step, the process for the synthesis of epoxides may conprise: 4
hbvenbervagggmﬁﬁ) feeding to a reactor, containing a gﬁkﬂﬁ%ﬁstased on

pal | adi um and pl ati num heter ogeneous and kept in disper- sionin aliquid
reaction nmedium U) a liquid streamconsisting of an al cohol or an al 4
Novenber 2005 WO 02/ 14297 PCT/EPC&/09034 cohol -water m xture with a

l ent al t d hal ted
promoter. {1 ) A g B8 Lot A1 B Sulle clieedBince "an T ror
gas, characterize that the oncen ratio ]g%g %g g is_lower than
4.5% by vBFEfE" % Jir%ecd?ﬁeéjﬁt"ﬁ tPBn°of PO % £4 fidn“93% by vol une,
th I t I .bei t b f h tor:
(i1) aFaor Jst?raaeaﬁ Seleetoo cois vy b BHE BddestPctin € ) “ana’al o

t ai ni h d d t d b t
char act r FIEGL T e ERe-Eotconct durt 0 oRYOHO0Eh ¥ SXPUEEPs i he
non. 15, bé%%&cal%a@&@w(ﬁ@ 353 Ban R RGO T HIgas. PHIEF et or Used car
b tabl e f at t d duct th
Ceact o fieorel gnare Syt aieedinda: ot Spelt A BoBRi R ngan
ffec- t t.petween th d 20 catal yst
ept 11 ol sperdieon koG AT ag %%wp?g‘éig%e&?ﬁs;o# ealpeootibtroa

reactors, ., pubbl e.reactor ift ac- wi th internal r ext er nal

ciroulat] Bﬁ o e ARa e T denTar ehECide S tenblas (%oar s oul ¢ abl

for the purpose. .25 The reactor iis e ntaineq ugger, aparopriate tempera 4
10 Using these solutions in the subsequent epoxidation

reaction, after 1 hour, hydrogen peroxide conversions equal
to 99% and 65% respectively, are-obtained, with a selectiv-
ity to propylene oxide ranging from 70% to 95%, i.e. with a
mgximum yield to PO of 70%.
15 This process does not seem to be of industrial inter-
est for the following reasons:
A) The use, in the reaction medium for the production of
hydrogen peroxide, of high concentrations of promoters, for
example acid promoters, halogenated products and/or other
.20 additives, makes it necessary to add considerable quanti-
ties of neutralizers before its use in the subsequent ep-
'dxidation process;
B) Overall low précess concentration, productivity and
selectivity. This requires the use of hidgh reaction volumes

25 in both steps of the integrated process;



WO 02/ 14297 PCT/ EP01/ 09034 ture and pressure conditions. According to the
process, ob ject of the invention, the tenperature normaldmperan@@®@s from
-10C to 60C, preferably fromOC to 40C. The pressure normally ranges from
1 to 300 bars, preferably from40 to 5 150 bars. The residence tine of the
liquid mediumin the reactor normally ranges fromO0.05 to 5 hours, ?
preferabl WEQAM9D. 10 to 2 hours. The catal yst which cBEI/B1HWE for the
pur poses of the 10 invention is a heterogeneous catal yst containing

pal | adium and plati num as active conponents. In these catalysts, the
palladiumis normally present in a quantity ranging fromO0.1 to 3% by

wei ght andC} he Prpdactiem ¢f a bigint styeamngf ngastompodtso toodey wei ght,

15 with an atomic ratio between platinum and pal |l adiumranging from 1/500

t o 100/ 100disivesedabfaith urhe sporéflerad wrocesent in a quantity ranging from
0.4 to 2% by weight and the platinumin a quantity ranging fromO0.02 to

0. 5% by wePpht ,Thai tthe amf 20 lantedi kydat-ad dobbihvie nsplwtiiongneanklydrai- adi um
ranging from 1/200 to 20/100. In addition to palladiumand platinum other
met al s of -ggp opgrodilde dmpllBessitbh msediickicexanpl®, strdmwerdilingladrodi um
iridiumand gold, can be present as active conponents or 25 pronoters, in a
concent¥ at o gelietdl Lyteovhdaey leat it irama e Novenireroc286 5t Nha2 /297

PCT/ EPO1/ 09034 that of the palladium The catal yst can be prepared by

di sper si nget¢dr®mict.i ve conponents on an inert carrier by neans of
precipitation and/or inpregnation starting from precursors consisting, 5
for exanpl e, offhsoPppibrenidfhasheiow Salnd dhakobybhsinpne ywilelxads~ and
therein reduced to the netal state by means of thernmal and/or chem cal
treat nent Hindd reedupi nf mebsllkinc estadyshs asnd yolvegdrings edhdit farsni at e,
sodiumcitrate by nmeans of preparative techniques well known in the state
of the 10imarithe Thétiakrieardrionebeimpen Wydragey muhsixyoenf aid ilga,

alumna, silica-alumna, zeolites, activated carbon, and other materials
wel | Kibwnsuitaly dtmbéiof tthe ardcycBedli alcoholic solvent leaving

the epoxidation plant before being fed to the hydrogen per-
oxide production plant, an overall high process efficiency
is obtained in terms of productivity and selectivity.
In particular, on operating according to the process
15 of the present invention, the following advantages are ob-
tained:
- reduction in waste products in the epoxidation plant;
- high stability of the catalysts used in the two reac-
tions;
20 -  reduction in the reaction volumes;
- high degree of purity of the epbxides.
In accordance with this, an aspect of the present
invention provides an integrated process for the prepara-

tion in continuous of epoxides by the direct oxidation of

o5 an olefin with hydrogen peroxide which comprises:



vated carbon is preferred for the preparation of the cata- 15 |ysts useful
for the invention. Activated carbons which can be uséddvembehez@ib/enti on
are selected fromthose of fossil or natural origin deriv- ing for exanple
fromwood, lignite, peat or coconut and having a surface area higher than
300 n2/g and which can 20 reach 1400 n2/g, in particular those having a
surface ar¥@%HfYher than 600 nR/g. Preferred activat e®CEEPHMB4are t hose
with a low ash content. The sulfonated activated carbons described in
Italian 25 patent application M 98A01843 can be used for the purpose. 4
Novenber 2005 WO 02/ 14297 PCT/ EPOL/ 09034 Before the supporting or

i npr egnat i dB) oPrepering ol aladhelict ovatwdrearberhdds Felytibpeceéd to
treatment such as washing with distilled water or treatnent with acids,
bases or é&vtiueern Beuizidegingentencdmiradianppé avet i ¥’ i delghtp
drochloric acid, sodiumcarbonate and hydrogen peroxide. The catalyst is
nornmal |y suSpatdeddpfcon® flamam vnpeingngnhidregeion@EYgeat #BA BBNgi ng from
0.1 to 10% by weight, preferably from0.3 to 3% by weight. The liquid
stream (i) isgntceasi sinotharprgssoissl odr aa bivetal ki@ reatsrlyst- basaficohol s or
a mxture of said alcohols with water with a preval ent al coholic content.
A mi xture @Rt hablagiywy gindnplaliiguholkiscacbhvemonrehensst o a ni xture

contai ning over 50% by wei ght of alcohol or mxture of alcohols. Anong Ci1
C4 al cohol $P) norkRahey itheprétekrelil: for hhdrpraludedisf spduEheni afenti on.
Anmong preferred mxtures is a mxture of nmethanol and water containing at
| east 70% byduegeghtpeyfoxiget bhhelnedhin | $tpp d(at riaamandpcl ¥athoarai n an
acid pronoter and a hal ogenated pronoter. 20 The acid pronoter can be any
subst ance ecapabt cand gdmilerind ngueidt hyidy dgenprirenenga Qfﬁe‘ﬂ# &ReEion |iquid
mediumand is generally selected frominorganic acids such as sulfu- ric,
phosphor i cdahien iaatadivétosuspandect dantbe arealyionc Rodgenulifordesci ds. 25
Sul furic acid and phosphoric acid are preferred. The 4 Novenmber 2005 WO
02/ 14297 PCT/ 6P 3Ieaction mixture containing the epoxide corre-

sponding to the olefin, water and the alcoholic solvent;

said buffering agent being fed in continuous with one of
the reagent streams fed to the epoxidation reactor, in
such a quantity as to maintain the pH of the reaction
mixture, measured under operative conditions, at a value

ranging from 5.5 to 8;

{¢) treating the alcohclic stream leaving step (b), after
separation of the epoxide, in order to eliminate the nitro-
genated compounds present;

(d}) feeding the alcoholic solvent obtained in (c¢) to step
{a) .

The process for the preparation of epoxides according
to the present invention can be described in detail as fol-
lows.

In the first step, the process for the synthesis of

epoxides may comprise:




concentration of the acid generally ranges fromO to 1000 ng per kg of
liquid medium and preferably from 10 to 500 ng per «&gicofembequi@iredi um
The hal ogenat ed pronoter can be any substance capable 5 of generating
halide ions in the reaction liquid nmedium Substances capabl e of
generating brom de ions are pre- ferred. These substances are generally
sel ected fromhydro- bromc acid and its salts soluble in the reaction
medi um for exanpl e al kali ne brom des, hydrobrom c acid being pre- 10
ferred. 15 The concentration of hal ogenated pronoter generally ranges from
0.1 to 50 ng per kg of liquid nmediumand pref- erably from1 to 10 ng per
kg of liquid medium The gaseous stream (ii) at the inlet can contain a
concentr atf{agn atedirty ogena ofedctss,t antdih¥ndya vortaEyanbasedc@icent rati on
of oxygen of less than 21% by vol une, the conplenent to 100 being an inert
gas, Wwhi clpaidageaer ahd yplseirat, ehdteatyshbsngeind Nedgtumn adsper-Said gas is
prefera- bly nitrogen. 20 In the gaseous stream (ii) the concentration of
hydr o- gersipmefierabl rigngescti@mmdiue:4% by vol ume and the con-
centration of oxygen preferably ranges from6%to 18% by volune. The
oxygen can{ibe supp ilddtia sarehstdeeahstshggoPpure al2bhol swbei ait+H al |y pure
oxygen, or enriched air, as raw mate 4 Novenber 2005 WD 02/ 14297

PCT/ EPO1/ 09034 rial, containing for exanple from21l to 90% of oxygen or
air, the conposition of the streamthen being brought to the desired

val ues, defined above, by the addition of a suitable concentration of
inert gas. 5 The liquid stream (iii) leaving the reactor normally has a
concentration of hydrogen peroxide of over 3% by weight and, preferably
from4%to 10% by weight. It may also. contain the acid pronoter and

hal ogenated pronoter in quantities equal to those charged with the |iquid
stream 10 fed and water in a quantity equal to that charged wth the
liquid streamfed together with the water obtained as reac- tion
by-product. The latter usually represents an addi- tional concentration of
0.5%to 2.5% by weight.

- 8Ba -




15 20 The liquid stream (iii) may be separated fromthe catalyst by neans
of filtration techniques well known in the state of4t¥evember 2@F> exanpl e
by the use of filters situated inside the reactor or in a special
recirculation cycle of the reaction m xture outside the reactor. In the
latter caggeyid® tangential filtration technique can a§GpofaRegonveni ently
adopted. The liquid stream (iii) proves to be stable to storage w thout
requiring the addition of stabilizing substances. The gaseous stream (i V)

| eaving the reactor, essen- tially consisting of non-reacted hydrogen and

oxygen an -~ L Nk , eral i l; ntration of
4 Novenbe%o%(%gS%gg% oSS 1w E|5101£/”}il)e9‘$(;a%%t:n %h?dlr%&?%%%fi&?%%r | ower

than 2% NGLERLhYnd 0T 6000 Gd 48 1 o ARV BLUR SONCent Tatf on of

oxygen genera ess than normal ['y ranging from6 to 12% In an

ebodi ment 19§ the By QEessyor st hepr ANl ¥CHyaPoddPN okfiRr0asgoUS Stream

| eaving the reactor i's recycled to the ing to the reactor, after

flushing fromfhe systemn thecbractd om “@E?ésﬁﬁ%/h%%c&{ﬂﬂt@%i Bg the

guantity of in- ert” gas charged In excess wt eedi ng, particularly

when aisr ihé]d%fﬁggn aBs %%%”tﬁ&&”z?%(% %&h%i&n& fa t‘h?ecgﬁé@mé':%ft‘igﬁe“ ream

(i) fed reactor consists e recyc raction above

stream (i g Lal BisNg oRefUaRLLt ¥18f pyhydigaen and QGemeh@s tguch or in
the form of a%?aor eﬁ- Pig eg a#r? ess%nt?a y equal to %@gt used up by the
reac- tiqu@ngeﬁ gnygggrEOéaghe flushing. 15 According to another

embodi nent of the’ process of the present invention, the gaseous stream

(1v) Ieavi&g t ghéé&T€Q&%&'.ﬁef diQQne or nore subsequent reactors

operating anal ogous to that described above; after adding each time a

quantity o(fii@(dr ogen il?gufawg@?eéﬂs e%gaﬂtﬁjaiﬂpbaﬁiiﬁiﬂ&%@f @kl Or

enriched air) essentially equa o that use e reaction which

t akes 1l agg Loyt h%g si;ngl %sa%aeainﬁberasé ngg e Gendi tians

descri bed above, 1t is possible to produce rogen peroxi de under safety

o0y of 55 ERalBat L AMAIAL KunOLTRLL . A N a0 20 Lo
concentration of hydrogen peroxide is higher than 3% by
weight; and
{iv) a gaseous stream essentially consisting of non-
15 reacted hydrcgen and oxygen and the inert gas.

The reactor used can be any reactor suitable for oper-
ating in continuous and conducting the reaction in a tri-
phasic system such as that described, obtaining an effec-
tive contact between the gaseous phase, liquid phase and

20 catalyst kept in dispersion (so-called slurry system}. For
example, stirred reactors, bubble reactors, gas—lift reac-
tors with internal or external circulation, such as those
described in the state of the art, are suitable for the
purpose.

25 The reactor is maintained under appropriate tempera-



4 Novenber 2005 WO 02/ 14297 PCT/ EP01/ 09034 reacti on nmedi um per hour and
with a nolar selectivity to- wards the fornmati on of H2ZembekeZ®ihg to the
hydrogen used up, generally higher than 70% Furthernore, the possibility
of mnimzing the concen- 5 trations of acid and hal ogenated pronoters

present i eaction liquid nmediumpositively infl e stability
of the cé@gpgg?%{systen1 there are no signs of a subsfgﬁﬁﬁﬁﬁgﬁﬂloss in the

catalytic activity after 1000 hours of re- action in continuous. 10 The
filtered liquid stream (iii) is fed to a reaction wunit consisting of one

t t ai ni t £ep- i dat i t t ded i th

Peacti on SHGeRRd REe Ao PO H ife BFEFTHhd oa CBu VETIE" agBnt  Whon t he
trat. dr, ide.inth 15 1iqui t iii) is high

Chan the VEETe8E, B FaERE TSy NS ST AT F U pEb0BssY (AR S5 o 1 Su
t 111 )moqd S di d with tit | i | t itab
Created ESetnaer 10 bpoRt aEEran b Orfe B (HL e TR RFE B Ruct I eavi ng
th ti it 20 1 d istillati i isti f
ore ot r IRPHG Y f FASHSS i, toond0t BPrBacheredy GRoRnd0 S act i on
unit, t.o qﬁ}akn a product at the head essentially consisting of olefin
oxi de and WonPPERcted ol efin and a product at the bottom essentially

consi sting of | vent.,. 25 npn-re d drogen peroxid wat er _and reaction
by 4 Novenber JBBEUEIReA05H RETBRoL B Pe iRt e TRehPBauct at ¢ he
bottom of the distillati upit_is f to a dec ition unit R4

consi st i né‘ogfnag;]\% B?Hg%%opegcé%réo c%&f%ﬁﬁ'n&rﬁggg%gf%ofoioﬁ @ntlgat al yst

havi ng tg% fugction of deconposi ng the residual hydrogen peroxide 5 into

02 and H2 he°Wf%ture | eaving the deconposition unit R4, essen- tially
h an inert

cons!St1 9 Of RSN DO IBL IR o d el Bir Sl D o, et
o 250D RIARE G4 L ALIG BN I SBRCBRLAL 2080 ol vent and
and platinum as active components.
In these catalysts, the palladium is normally present
in a quentity ranging from 0.1 to 3% by weight and the
platinum in a quantity ranging from 0.01 to 1% by weight,
15 with an atomic ratio between platinum and palladium ranging
from 1/500 to 100/100.
The palladium is preferably present in a quantity
ranging from 0.4 to 2% by weight and the platinum in a
guantity fanging from 0.02 to 0.53% by weight, with an
20 .atomic ratio between platinum and palladium ranging from
1/200 to 20/100.
In addition to palladium and platinum, other metals of
group VIII or IB, such as, for example, ruthenium, rhodium,
iridium and gold, can be present as active components or

25 promoters, in a concentration generally not higher than

...10...



action by-products. The gaseous phase leaving V4 is fed to a condensation

system consi sting of one or nore condensers in series Nooremb2b 20E recovery
of the residual solvent, whereas the non condensabl e conpounds (oxygen and
inert gas with traces of solvent) are discharged. The solvent |eaving the

condensaty temand the |[|iquid phase |eaving R4 t he
distillab*@ﬁyg%'unn 20 Co-A together with a diluted gé@@%ﬁgm%?

hydr o- al coholic so lution containing sulfuric acid (about 10-50 ny/ kg of
sul- furic acid with respect to the total strean) to obtain, at the head,
the purifi sol vent containing traces of light products and a product, at
t he botto#ﬁggs%éﬁﬁthﬁéﬂ%ﬁﬁ%?ét 25 ing of reaction water and that charged

Feacti on by- prETIECENRCL FAR e QT SAGEnED AR 18 (VRCRGFOLD. The

are. pref er APy SR TR Lot o ro e o S BEEARIeE i oo A

ol umn. 108 PhindiBERuA B St SaRLopte B e RG0S ot

| nf 1 Uchce TPhe AP o b co ot LIRS Aty ey tho o o HETS, Kefics < of

o o ool ubmetb g, a1d, et Sl Pogu ER 0 en ReBFF Gt 80, BB B e,

head of 1 hBeEBt b toms ereidiat “FACRA el FPGPE ekl o
he.hya oget per g amesyneralf Faimitt bt Lol B, 2eEE) Cam of

above, caflt 99°BA bR | THTRITGS AR STOMY Rl nbhE SH TR hotianal at the

head 96 Cgiﬁ with activated carbon, sulfonic resins or sul- fonated carbons
(Italian Patrént Application M 981101843). The product at the head of the

SELLPP 0, ol RSBl BT AR L LR LR B 10 2
alumina, silica-alumina, zeolites, activated carbon, and
other materials well known in the state of the art. Acti-
vated carbon is preferred for the preparation of the cata-

15 1lysts useful for the invention.

Activated carbons which can be used for the invention
are selected from those of fossil or natural origin deriv-
ing for example from wood, lignite, peat or coconut and
having a surface area higher than 300 w’/g and which can

20 reach 1400 m®/g, in particular those having a surface area
higher than. 600 m?/g.

Preferred activated carbons are those with a low ash
content.

The sulfonated activated carbons described in Italian

25 patent application MI 98A(01843 can be used for the purpose.
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4 Novenber 2005 WD 02/ 14297 PCT/ EP01/ 09034 non-reacted olefin, recycled to
the reaction unit, and a product, at the bottom essémdvabyrcits sting of
ol efin ox- ide. The product at the bottomof the distillation colum 5 is
fed to a purification system C5. The residual olefin ob tained at the head
C5 is recycled to the reaction unit, the |I|iquid phase, at the bottom
essenti al MP0B@#87 sting of sol- vent is recycled to theP¢TENOYHA um(s), and
the olefin ox- ide with a conmrercial purity is obtained froma |ateral cut
10 in the upper part of the colum. O efins which can be used in the
process of the pres- ent invention are those having general fornula (1) Ri
R3 —==C 15 RZeRdrahthei supRirtiRy o3 iapdeBdatite sAnthermetdiwsrent, can
be hydrogen, an alkyl radical with from1 to 20 carbon atons, an aryl
radi cal , dtheylaatyvatadi catbod tdanf bemsdbfect2dl dar bora2fent oswch aaycl o- al kyl
radical wth from6 to 10 carbon at- oms, an al kylcycl o-al kyl radical wth
from 7 to whiagbehth adiorisil 1Edewatel oot TrRIInERT WEnrdiB4, kaseform in
pairs, saturated or unsaturated rings. Furthernore, said radicals 25 can
cont ai n haogdilwdedmexiditing agantd, e, fouldzampd caadedidloseivherh2005 WO
02/ 14297 PCT/ EP01/ 09034 rel ative ester groups, carbonyl, hydroxyl,
car boxyl , divichllprianaeied,ambddtthecagaongie aftichpiiedgars peanxtdery t he above
substituents both on wunsaturated carbon atons and in different positions.
5 Non-1imtingThaarptalsysdf iel rbrms! hasusgehdeduim He) reactiomtumd ene,
propyl ene, allyl chloride, allyl alcohol, butenes, pentenes, hexenes,
hept enes, dictrermé- 2, chrcénitadene rangsng yfraxidld, ticsdPkeby, weygliio- oct ene,
cycl o- hexene or bicyclic conmpounds such as norbornenes, pinenes, 10 etc.
The pref erpredeablbl y nficn @r.Gpybebe. bPraiyhene with a purity of over 70%i s
general ly used. The propylene is

The liquid stream (i} can consist of an alcochol or a

10 mixture of Cl—C4alcohols'or a mixture of said alcohols with
water with a prevalent alcoholic content. A mixture with a
prevalent alcoholic content refers to a mixture containing
over 50% by weight of alcohol or wixture of alcohols. Among
C;-Cs alcohols, methanol is preferred for the purposes of

15 the invention. Among preferred mixtures is a mixture of
methanol and water containing at least 70% by welght of

methanol.

The liquid stream may also contain an acid promoter

and a halogenated promoter.

20 The acid promoter can be any substance capable of gen-
erating H' hydrogen ions in the reaction liquid medium and
is generally selected from inorganic acids such as sulfu-
ric, phosphoric, nitric acid or from organic acids such as
sulfonic acids.

25 Sulfuric acid and phosphoric acid are preferred. The

- 12 -



preferably available as a stream from steamcracking with a mnimmpurity

of 96% the remaining percentage consisting 15 of p#operemband20§pi cal C3
inmpurities. The quantity of hydrogen peroxide with respect to the olefin
is not critical, but a nolar ratio olefin/H2Q2 rang- ing from10:1 to 1:10,
preferably from6:1 to 1:1, is pref- erably used. 20 The epoxi dation
reacti on ¥M2A&9%arried out in one or nore |iquid sol PENERAW03LpoXi dati on
tenperatures, conpati- ble with hydrogen peroxi de and capabl e of dissolving
the olefin and ol efin oxide produced. Solvents of a polar nature

consi sting of an alcohol or 25 m xture of Cl-C4 alcohols or a m xture of
sai d al cohetncentatdnbeet 2008 W6 D N2 1PCTARREY / 660840 wis @Rt er with a
preval ent al coholic content, are typi- cally used. A mxture with a

preval ent &g dstolkigcofoht @mitd medfiomsand rrefiexatle Tomt diiniktng5e¥erg 50% by

wei ght of alco- hol or mxture of alcohols. Anong G -C4 al cohol s, nethanol
5 is prefegredd of Lheuplmpshisg.of the invention. Anong the nmixtures, a

m xture of nethanol and water containing at |east 70% by wei ght of

met hanol , is pTékehrédgendieed itompiay agenbe i anys edudnttegctr capanhwni a,

amoni um acetate, ammoniumform ate or a systemconsisting of a ni- 10

t r ogendt eddbagenaenatioge heflides isnkt dnwithle areactgeni ¢ignid nmedami ¢ aci d as
described in Italian patent application M 99A/001658. The buffering agent
is fed i n Yomtiangeas cepeihleneodf gerbeaitisayehrenkida eanssf edet opxdre

epoxi dation reactor, in 15 such a quantity as to maintain the pH of the
reacti on ristnedr e Thesasinbet anoder atd eyeopaad iy nsebaridid ifons, hadra- val ue

hi gher than 5, preferably ranging fromb5.5 to 8. The epoxidati on catal yst
whi ch can lwnicedciid ehd pie- sebbs sdliulie preddet reavdnonomedbusel ect ed
fromthose gener- 20 ally known under the nanme of titaniumsilicalites. For
exanpl e, tfaramixgmpde| athilires hoamibesyskydrabindmian achVEl beingicrre-—e,
described in the patent U S. 4,410,501, which also describes their

st ructlir alfeghradact eri stics. Titaniumsilicalites in which part of the
titaniumis 25 substituted by other netals such as boron, alumnum iron 4
Novenber 2005 The concentration of halogenated promoter generally

ranges from 0.1 to 50 mg per kg of liquid medium and pref-
erably from 1 to 10 mg per kg of liquid medium.
The gaseous stream (ii) at the inlet can contain a

15  concentration of hydrogen of less than 4.5% by volume and
a concentration of oxygen of less than 21% by volume, the
complement to 100 being an inert gas, which is generally
selected from nitrogen, helium, argon. Said gas lis prefera-
bly nitrogen.

20 In the gaseous stream (ii} the concentration of hydro-
gen preferably ranges from 2% to 4% by volume and the con-
centration of oxygen preferably ranges from 6% to 18% by
volume.

The oxygen can be supplied to said stream using pure

25 or substantially pure oxygen, or enriched air, as raw mate-

...13_.



WD 02/ 14297 PCT/ EP01/ 09034 or gallium can also be used. These substituted

titanium silicalites and the nethods for their prepéariveobear 20@fe- scri bed
i n European patent applications 226,257, 226,258 and 266,825. 5 Titanium
silicalites wwth a MEL or internmediate M-I/MEL structure, described in
Bel gi an patent 1,001,038, can also be used. O her titaniumsilicalites can
be se- | e¥X®WHPYdmM beta zeolites containing titani um aRGI/ERNM0NGs a BEA
structure, described in Spanish patent 2,037,596, ZSM 10 12 contai ni ng
titaniumand optionally alum num described in "Journal of Chem cal
Communi cations, 1992, page 745". The preferred catal yst according to the
present i nvdalticmisiningafoutmesbhptal ften havi g geheshl okpgarular (11):
xTi2. (1-x) Si2 15 wherein: x represents a nunber ranging from0.0001 to
0. 04, preéaerabthet benweditd oof of regetrbanmtBeflbbind. B2&gandcgescri bed,
for exanple in patents U S. 4.410,501, 4,824,976, 4,666,692, 4,656,016,
4, 859, 785, thHe 98@s2d6d Tatuent algfhedamboeeysay ifthe heddidrienofofpander, pel -
20 lets, mcrospheres, extruded or other conveni ent physical fornms. The
use of a | sgdmblecaogekhtoatiam offelheciargaser com bined with the catal yst
can be advantageous. Supported catalysts can be prepared using known
met hodsh? 25 Th&hendriquddr skeeamayily)pi DedviyngC die deaetosi hbeaal ¥y Novenber
2005 WO 02/ 14297 PCT/ EP01/ 09034 alumi na, silica-alum na, zeolites,
activat ed kas ban,comgdntoatibon naf e hivdksgswe| pekowide | aft beest &% Wof the art.
The quantity of catalyst used in the process of the present invention is
not criticekight asdsepeefechbignefmsrm £ soo ad0% obal WengkpoxEtdameyn reacti on
to be conpleted in the shortest possible time. The quantity of catalyst is
general | y 3bfecewdin the paidoRremetafe apsr NodeIpad ik tRHTCtetchnas t he
reaction tem perature, reactivity and concentration of the olefin, the 10
concent r atquantdftibgdreaged per akode, chypge@nditnphsi Liguidf stidwn sol vent,
catalytic activity and type of reactor or re- action system used.

10 fed and water in a quantity equal to that charged with the

liquid stream fed together with the water obtained as reac-
tion by-~product. The latter usually represents an addi-
tional concentration of 0.5% to 2.5% by weight.

The liquid stream (iii) may be separated from the
15 catalyst by means of filtration techniques well known in
the state of the art, for example by the use of filters
situated inside the reactor or in a special recirculation
cycle of the reaction mixture outside the reactor. In the

latter case, the tangential filtration technigque can also

20 be conveniently adopted.

The 1iquid stream (iii) proves to be stable to storage
without requiring the addition of stabilizing substances.

The gaseous stream (iv) leaving the reactor, essen-—
tially consisting of non-reacted hydrogen and oxygen and

25 the inert gas, dgenerally contains a volume concentration of

- 14 -




The quantity of catalyst typically ranges from1l to 15% by weight with
respect to the reaction mxture, pref- 15 erably fr of Hotanbd@d2bY5 wei ght .
The tenperature used in the process of the present in- vention generally
ranges from 20 to 150C, preferably from 40 to 100C, from55 to 90C is
parti cul a\gb)jyﬂ gferred. The operating pressure is Sucri’&ﬁﬁriu‘?os)ﬁ’ﬂ' ow t he
olefin 20 to be maintained in |iquid phase at the tenperature pre-
selected for the reaction. In general, the operating pres- sure is higher

t han at nospheric pressure when gaseous ole- fins are used. The reactor used

in the e idation reaction can be 5 a react sui tahl e for operatin
| cont i hOSHEB B O S0 S5 bl TaTtL RO RO T0S85E Hucti ng.

th ti ' t that d J bed bt ai ni ffecti
contact bdvwelh {8V oPERI 1, TTHEN (CGTCER B Pl Ohn B aFRI PRI in

suspensi on. _For, ex le, stirred reactors, bubble reactors, gas- 5 |ift
react ors \rllx,ietsﬁ fg]iﬁ?réra]:%l’ BPIJ&%F rfé—llng&chtﬁfdé?iéjogooﬁZCSTR (Conti nuous Stirred
Tank Reactors)_or_ PFR,(PlLu | o eac- tors), _.as described.in the state of
the art are ST (bl GooRSPepeSh RO RECTHE BF obhf CREF TR SVRFS t or m
referrl5ng t.o fregsh ole in rec§cled olefin,or their mxtures, is fed

- 10
to the’redd®tioif sqa(f’ﬁoﬁﬁd#%ef%\ﬁera £89 Mt FEPChRE 1R B5REEEY 6°maxi i ze

(e COnYer g0 B0, PSP Lok O S 00,5, R0 184 ool D blg oot on
S andeergl et ool PEsL b Siaby Bl SELSIenng he
the react Gk URPL e ARfe ip COF°Chr L7 GBES T OPERE FORTE BHAERE CSTR type
and isotherns. 20 The reactors Rl and R2 operate under bstantially
i denti cal "eERdFtT ohs,“5%% 2Sal*EITnpE A ur nogﬂéﬁoﬁ?é%{.&sﬂﬁéagﬁa a pressure
W th SInageei BREE CHE FoArChcRDEraRTHE TR0 0 Re TRAGPREIRR and RZ,
oper 25 aes at o teyperaiure of 19 90G and, 3 pressuresof 8 bars. 4
hydrogen and oxygen (as such or in the form of air or en-
riched air) essentially equal to that used up by the reac-
tion and that used for the flushing.
15 According to another embodiment of the process of the
present invention, the gaseous stream (iv) leaving the re-
actor 1s fed to one or more subsequent reactors operating
analogously to that described above] after adding each time
a quantity of hydrogen and oxygen (as such or in the form
20 of air or enriched air) essentially equal to that used up
by the reaction which takes place in the single reactors.
Operating under the conditions described above, it is
possible to produce hydrogen peroxide under safety condi-

tions with a reaction productivity normally ranging from 30

25 to 200 g of Hy0, (expressed as H,0, at 100%) per liter of
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WO 02/ 14297 PCT/ EP01/ 09034 The overall oxidation reaction of the olefin is
car- ried out in such a way as to have a concentrati ¢mofemk20220@f | ess
than 100 ppmin the streamleaving the unit R3. In the first and second
reactor, the reaction selec- 5 tivity with respect to hydrogen peroxide is

98% nol arwglg%pﬂwa conversion of 96% in the third reaﬁptcg;oqu%«;éﬁasi s a selec-

tivity of nol ar and a conversion of 95% The fl as
substantially operate under the sane operating condi- tions and di scharge,
at the head, streans in vapour phase 10 essentially consisting of

-reacted ol efi Lefin oxide, _iner. ducts, f le aliphati
vl ocar baiRECEaCh B E dpha o tn b FL v B0 s SRTCTNE Woteam the

colums discharge streans in Jliquid ase, W th differentiate

conposi ti off" 5t$ﬁe%9’érf)%ifr°§lé’tf b@'hﬁggeﬁl%l & Y%‘i@@‘ €% ed to a
distillation colum ngyl t.0 rec%er i/e non-reacted olefin at the head. The
latter is PecPEPEEATY tHINSMERRRi ©%f the olefin oxide after partial
elimnation of the inert prod- ucts...The vapours .cam ng, fromthe vents of
feactors Rl RoFUSEREHIORE.o CAPROTHPILE W NBE Ot fCRY The SORNSSrat ur e al

the bott f.th | unm . C4_nust t d 80C with id ti i
Lhe or der B oHEnOLuPEIL APE. FRlodF ) 6ha CCB Hoat | BTPUT L 18 GRST i o de.

Wh th . .at.the bott Lt distillati 25, gol d d &
hereas kSRS Bhud 6 DL SRLELLATR, St Shue R BT,
PCT/ EPO1/ Q9 h [ i de, d th f > to th -
PCT]EPOL 034, IMICORER Pl Bcie 308 are, HIeEETe SEepiEldte the oy

subst anti al.l it hout H202 an ssenti,al.l onsi_st f solvent, water and
reaction g@faéT @”86&%9 glerfﬁa%agﬁ]e%rﬁqt&vflgé "E”gt%r d@@?}’nﬁ%ﬁ i%‘cﬁ I&ection of
the resi du?[i hydr oge peroxi de R4 consisting of one or nore fixed bed
tubul ar r OFs Ar Y4hgdt %S - seri es. The hydrogen peroxi de deconposition

|22 X RLILE A akes, BLace 0, g phase Bl Aol 80,900
to 5 m nUtuen%.'t %égggggfngc) fotc aotnaeI %?:t %olrjes el(:jeziac Jrge c%% gl :91‘%:_:} t‘r!hoen erpgac_
oxidation catalyst suspended in the reaction solvent to-
gether with the olefin and a buffering agent.
When the concentration of hydrogen peroxide in the
15 liquid stream (iiil) is higher than the values required by
the epoxidation process (3.5-4.5%), the liquid stream (4iii)
is diluted with a quantity of alcoholic solvent, suitably
treated, leaving the cpoxidation plant.
The filtered liquid product leaving the reaction unit
20 1s fed to a distillation unit consisting of one or more
stripping (flash) columns, one for each reactor of the re-
action unhit, to obtain a product at the head essentially
cdnsisting of olefin oxide and non-reacted olefin and a

product at the bottom essentially consisting of solvent,

25 non-reacted hydrogen peroxide, water and reaction by-
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tion consist of metals of group VIIl or their oxides. The carriers are
selected fromthose of the known art and indi- 15 catedbahdee. 2The m xture
|l eaving R4 is fed to a phase separator V4 which separates the oxygen
generated fromthe deconposition of the hydrogen peroxide and the dilution

i nert prQgyelngesPreferably nitrogen, charged domnstrqu&&%ogpﬁmreactor R4
20 to maintain the sol vent/oxygen m xture rel eased in'the ¥ ash col um

bel ow the lower flammbility |imt. The sol vent-oxygen-inert product
m xture leaving V4, is then condensed in two condensers in series to

wh h - . 25 d
recouer Ghsaatlyen s Metsas: Lhe o SOldsheol eoplodiEla Carygen 25 an
02/ 14297 09Q34 . T i i.d.ph . i R4 dt | i id mxt
02 14257 SETLERGIL903¢ T MICSEL| S 00T A qu 6 mxture
deser | Deduhg\eceThe SOUSORRLAN BERk AR, A dhcote Al e, O

col um C6-A Can used To supp ing u

process. t [ e, res f the. colu is _kept at .a suitable
Dat e or R SuBcERIE.of MRARRESEHLT flo Fadlr MarderHeRidelt r act ec
from the, t Qm_of distillation colum C4, and is sent to a 10

purifi%atﬁgﬁgsg%fg%hhggi The latter consists of two colums in series due

to the high GHHP%£1 t%%tﬁggéig dgggg%%%%%%ﬁa%% %Pﬁhl %&, re- sidua

vapours still presen -reacted ol e gasésfFSEP_the bott om
G st a FORCLh G b adaE 2 S P§YSeE e PaBEE e OBt ng of
oL ol 1 Xkl hie PRl b LI (RS0 B0l epoUEp Batracted
ot 11 ot PR RGTntE OF BarReAY WPEn EAY pf oBeRe T PRE%pFESant
vendgon e bR, SRS AR A e LaLLEL A0 UM Sy diogR DL Show any
high. 4 “BX%ER&I éu¥¥%uid phase consisting of solvent, water and re-
action by-products.
The gaseous phase leaving V4 is fed to a condensation
system consisting of one or more condensers in series for
15 the recovery of the residual solvent, whereas the non-
condensable compounds (oxygen and inert gas with traces of
solvent) are discharged.
The solvent leaving the condensation system and the
liquid phase leaving R4 are fed to the distillation column
20 Ceé~A together with a diluted aqueous or hydro-alcoholic so-
lution containing sulfuric acid {(about 10-50 mg/kg of sul-
furic acid with respect to the total stream) to obtain, at
the head, the purified solvent containing traces of light
products and a product, at the bottom, essentially consist-

25 ing of reaction water and that charged with the hydrogen

- 17 =



WO 02/ 14297 PCT/ EP01/ 09034 The process for the preparation of olefin oxides
can be better understood by referring to the bl ock scheredeof 20453 gure 1,
whi ch represents an illustrative but non-limting enbodinent. 5 Wth
reference to figure 1, the olefin, for exanple propylene, is fed in

par al | el reactors RI-R2-R3 with lines (2)-(11). : e buffering
agent i s‘#‘g%ﬁl{agﬂt he re- actors RL-R2-R3 parallelly w %Pﬁ&/l%li’%]léosg&ﬂ

(T1))-(T2)-(T3), whereas half of the recycled solvent with the hydrogen per
10 oxide (4) is fed to the reactor RL (4A) and the other half to R2 (4B).
Possi bl e sol ven Iossef.in t he i%hegrate ro- duction c cI%hgrg repl aced
by means BF-“hi&s- G5CH W WBPTOMHCER 2R drECRPt AT t TR TR di R col umm

C6- A Progélgne oxidg synthesis reaction 15 The filtered liquid reaction
product | E8VIHFIHES i rst reactor Rl is fed with line (6) to the first

Gt Lt on ) MChs! nORgS oot L ie.RLORY| 208, 8 86 Peguced and
he rohct BFIRE: BRRET TTELE 1] QPaoTRREIY P 0dbiTeT avt R Bhe sec- ond
(20U Tokiod SO e 63 outhecasEol dhe e i pLogplum 2 o
St 1 conCIoRoVRmi Dods WD BY £AI8Y POTFEPULI0G0SE (Bni W Y ogen
peroxi e, sheCELR NG pEREheh Shig ISl €8, Lh W/ Sa5) gopftoduc
non- r cact B br By FORBRTRTTq PATATORPoRRaLD PRP BT ctibg: e Saoalnd 17 om the
Che. onct 8P &) <CalRaEL PRBCE e RIG FBPEFE 70 Ve CORRUBT MACH: sel .
Papout® phogh e VREEGH10 Thd I TQUED PSRN BPBATEL ThadtAYLERe system Ra
's fed to 108, S0l W8 2t ¢ A1 82REQUS B 281G, VO in or-
der to separate the light products at the head, whereas the
purified solvent is separated at the bottom.
The stream at the head of the column C6-B is sent to a
157 distillation column C6-C, to recover, at the bottom, the
soivent without light products, recycled to the hydrogen
peroxide synthesis reaction, and a concentrated stream of
light products, at the head.
The acid treatment in the column described above, can
20 be substituted by means of treatment on the methanol at the
head of C6—A with activated carbon, sulfonic resins or sul-
fonated carbons (Italian Patent Application MI 98A01843).
The product at the head of the‘stripping column (s) and

the vent products of the reactors are fed to a distillation

25 column C4 to obtain a product, at the head, consisting of
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{

into the atnosphere containi ng oxygen, nitrogen and traces of nethanol is
represented by line (17). The diluting ni- 15 trogen4iBofetbetro20bfe system
R4 with line (AZ). Recovery of the solvent The liquid product |eaving the
reactor system R4, w thout hydrogen peroxide and essentially consisting of
sol vent, wghf{s@nd by-products, is fed with line (18) JG20dotg sol vent
recovery section consisting in this particular case of a series of
distillation colums C6 A-B-C. Water and the reaction by-products (24) are
di scharged fromthe bottomof C6-A At the head of C6-A, the solvent (23)
is recovered n th - A up. 2/ 3. of 5 hei ght of
- A an ad’d 58 ute?(gn&(%a)n’i ?ef%?&;u‘gghiggh%ﬁFoé?ggg%véﬁ%g? %Q‘Sév\o 02/ 14297

PCT] PO 09034, hewishicogsnalie L SOMROURTS RLESENL bnoYapoLy, Phgse. The
Co6

head of the colum consisting o compou form ate,
di met hoxynqgthane) present in the nethanol at the inlet of -A, at a
concentration of 1-2% by weight 5 of methanol, is fed to the colum C6-C

ol - unm o ¢t PTRAEh Bt Beealbay che ks AR (BtpR” o 1
| B - 2_j i , - 0 | ed h
col umg Qs f(é:‘c?dtoCGa %u‘é%ﬁcéf’iél?%y%}%&lgﬁf%ﬂé E%sﬁ%gf %M:# ggyc! ed 1o the

synthesis reaction o rogén” pe ecovery e propyl ene

oxide The 5itpganm (), L) candd, (1) L9ues Nale WLyt Be et gilopr oduct s of

t he synthesis reactors, consis on- reacted propyléene,” gropyl ene oxi de

and sol Ve?%ﬁui%%%%é'% %_ﬁg’b&%o%ﬁa%§58ﬁt{ma}f%{$§%§§?9§%e@% éSEE’ ~the

distillat € propylene I's sep of the

col um mvgﬂgeigqeéﬂctl dt Eg ﬁ@ee.rfla%rhoggﬁ%ﬁﬁ {)3)7) a-ﬁd( ggg'oir%%éleio ert

products, such as propane, are insert t'he cy- cle er with
i gnof inert

f h : . 2 b .
products. TRt Re bR BRELs Dl e prldp AlulrCtR Al 0] ene

recyc£§g8§8_%ﬂg.%é?éxa§%ggsofi Jléginﬁg_(ZS). A streamrich in propyl ene

oxi de i S recover t " the bottomof the colum C4 and is fed to the

ng\r/;%g?t i2885 SR A8G! AR AT 8L oY ENg: Y e LRLDLS PArdLCy AL _case con 4

ent invention are those having general formula (I}

Ry Rs

\ /

15 / \
Rz R4

wherein: R;, R:, Rz and R, the same or different, can be

hydrogen, an alkyl radical with from 1 to 20 carbon atoms,

an aryl radical, alkylaryl radical with from 7 to 20 carbon

20 atoms, a cyclo—alkfl radical with from 6 to 10 carbon at-

oms, an alkylcyclo-alkyl radical with from 7 to 20 carbon
atoms.

The radicals Ry, R, Rz and Ry, can form, in pairs,

saturated or unsaturated rings. Furthermore, said radicals

25 can contain halogen atoms, nitro, nitrile, sulfonic and
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WO 02/ 14297 PCT/ EPOL/ 09034 sisting of a distillation colum C5 (in two
sections). A streamin vapour phase (29) still contaiNuvegberaz®s: of non-
react ed propyl ene and propyl ene oxide is recovered at the head of the
colum C5; this streamis recycled by neans of 5 the conpressor Kl to the

col um gﬁ‘,?@lmgqui d stream (26) containing propyl enepe%(}gg@&]g@g solvent is

extract rom” the bottom of the columm C5 and is sent 0 the colum
C3. The propylene oxide with a commercial purity is ex- 10 tracted fromthe
colum C5 as a lateral cut (30). Synthesis reaction of hydrogen peroxide

The stream.of, distilled nethanaol (19).com from ropyl:ene oxide
synt hesi srgg Y (?Sécegugaf)%d’ecfzair% 8&%0\&3@%&; Il'ng%%&gg)xﬁﬂe%éﬁggém (33) goes
to the hydro en b Qﬁﬁide 15 gynthesis section, the stream (32) goes to

of hydf3

dilute th&™8tr&a h peroxide to 7% by wei ght, |eaving the
hydr ogen peroxj,de synt.hesis (49). A .stream (3 f..an u | uti on of
h%%ao p?élr%?t ecra)n and-34 stﬁ Fedm éG%%%%)tlt%en%g Bokh 8guti on of

HBr (hal ogen- a 0 an agueous so

he. m xt uPBoBbEENER FEoP RS FOT Gt Ber bt Lo PRERETE T cact or RS af a
Mt ogen, resplitntiyS SrEfERe BD wasac et teHaREonsrlEE Y O The
oo 2 o st he o g A B B ket ha g toverer
prod-  uct ERGHFSen PRor SR e aRA RAtDr . PRBUERTRanoPCUBlver and reacti on

gases dissol.ved at 100 bars, is.fed.to the flash 5 colum E _low
ressure. EHEECHRY,  MOntll] bl EbSbiiten TR o YREy “Feeds the

separatiopn colum_ C7. fed. at the head w,th t 48) ._ The s at the
nend C7 (1BFORE R i< PR R e oEbebiteo PR Bottom o
t he c%urth7 containing traces of nethanol and water is 10 sent to a

bi ol ogI cal“tt eat nent system The gases of the top of the reactor renoved

(or analyst s Whid bheedliedd 160 128l Mlndl ALBEEDL hnl e 11 2oh
purity of over 70% is generally used. The propylene is
preferably available as a stream from steam cracking with a
minimum purity of 926%, the remaining percentage consisting

15 of propane and typical Ci; impurities.

The quantity of hydrogen peroxide with respect to the
olefin is not critical, but a molar ratio olefin/H,0. rang-
ing from 10:1 .to 1:10, preferably from 6:1 to 1:1, is pref-
erably used.

20 The epoxidation reaction can be carried out in one or
more liquid solvents at epoxidation temperatures, compati-
ble with hydrogen peroxide and capable of dissolving the
olefin and olefin oxide produced.

Solvents of a polar nature consisting of an alcchol or

25 mixture of ;-4 alcohols or a mixture of said alcchols
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peroxi de (7% wei ght), water and nethanol. Said stream 15 joined to the
stream (32) comng fromthe distillation sec tion of4nitvtesbelr, 2e@nt ri but es
to the stream (4) of hydrogen peroxide at 3.5%in nmethanol fed to the
propyl ene oxide synthesis. Conpared with the known nethods, the process
descri bedyggdghove all ows epoxides to be obtained MAHQTﬁTHMg (Producti v-
ity over a period of tinme and a high selectivity, using a od whi ch can
be easily applied on an industrial scale and with the p035|b|I|ty of
operating in continuous. The follow ng operative exanple is provided for

Novenber 3008 VB 65/ 14307 PET EROLTbo0L I aR. EXAPLES Tidbbr ocedure i s

adopt ed acegnd! Racho Kl QULeelot gyt s dUeG.PLAPY RIS XLIGCLAREL O from S

- a stream §|V|ng fFrom & Sfeam CTac n COnsI St~ 99.5% b

wei ght of x%rfggx'@g a&ﬁ@:t%r%5%%g¥%l¥ﬁirg$ v%fr 585 B9 Weidnid SH13300* siream

cont ai ni ng hydrogen, 6Xygéen an ogen, arhct e at the

concentr aton of bydrogens 1. dr3,1ls owfﬁfnogqa;eb% 530 0y 1 4%&% he

concentration of 0OXy gén |s ower -t han 'hé conpl énent to 100
of 11 qd S'ltﬁé?’%%ﬁea?%%f%{%% gsd el Eﬁoﬁ%ﬁﬁ?ﬁ*ﬁ& “Zé%ngﬁgﬁekg o

agont cond St TBS o1 >ag BHIE0uS T QT B o CINORE 6 e R 2Froam of
gﬁ}ngolthSE o bnkg}ﬁgﬁgeac ?5%8%??§éf§%%§%5E%§ ggho? gugn;bﬁgsgatt?n t he

I d
i qui st reag?égﬁtiﬁe{‘gﬁg! elgl %é‘g d nfr%%ncgﬁﬁgﬂ%é atéﬂ&{an%mSO IOIOTT) a

reinforced gl reac rean1 'S used; -
SL: f L??cs%}é E‘QQ’{ ﬁ%ogfpg%:n? Q?f‘wf%e t'o aaICI gtsézglg%gén%\:bsveé% 2%8@5\/\0 02/ 14297
PCT/Eﬁsnlqggéénated base and one of its salts with an organic or in-
organic acid aé described in Ttalian patent application MT
99A/001658.
The buffering agent is fed in continuous with one of
the reagents streams fed to the epoxidation reacto;, in
15 such a quantity as to maintain the pH of the reaction mix-
ture, measured under the operatihg conditions, at a value
higher than 5, preferably ranging from 5.5 to 8.
The epoxidation catalyst which can be used in the pro-
cess of the present invention is selected from those gener-
20 ally known under the name of titanium silicalites.
For example, titanium-silicalites can be used, with an
MFI structure, described in the patent U.3. 4,410,501,
which also describes their structural characteristics.
Titanium silicalites in which part of thé titanium is

25 substituted by other metals such as boron, aluminum, iron
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(18), fed to the colum C6-A to obtain a distillation under acid

conditions of the nmethanol recycled to R5. The titani wavenbkeatddse
catal yst, of the type de- scribed in patent U S. 4,937,216, is present in
the reac- 5 tors R, R2 and R3 in a concentration of 6% by weight with

respect R’g%{’%)\?éﬁl urry. The catal yst bed of the decorrpgégéplﬁ@%%n pellets

with an phase of 15% is charged in volune ex uar ant ee
exhaustion of the hydrogen peroxide. 10 The heterogeneous catal yst based on
pal l adium and platinumis kept in dispersionin the liquid reaction mne-

um ot 16DLELGRL L a5y TopleyLenchosed (3 Rageslaldharigs the
4. 00000M G VOHUSH0 ok H% TRPAoTpo s eiz preparalitn are el @ N MEN €0
scribed in European patent applications 226,257, 226,258
and 266,825,

5 Titanimm silicalites with a MEL or intermediate
MFL/MEL structure, described in Belgian patent 1,001,038,
can also be used. Other titanium-silicalites can be se-
lected from beta zeoclites containing titanium and having a
BEA structure, desgribed in Spanish patent 2,037,596, ZSM-

10 12 containing titanium and optionally aluminum, described
in "Journal of Chemical Communications, 1992, page 745".

The preferred catalyst according te the present inven-
tion is titanium-silicalite having general formula {(II):
ZTi0s (1-%x) 810;

15 wherein: x represents a number ranging from ¢.0001 to 0.04,
preferably the value of x ranges from 0.01 to 0.025, and
described, for example in patents TU.S. 4.410,501,
4,824,976, 4,666,692, 4,656,016, 4,859,785, 4,937,216.

The catalyst can be used in the form of powder, pel-

20 lets, microspheres, extruded or other convenient physical
forms.

The use of a ligand {co.gel) or an inert carrier com-
bined with the catalyst can be advantageous. Supported
catalysts can be prepared uSing known methods.

25 The dinert carrier may tvpically consist of silica,
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alumina, silica—-alumina, zeolites, activated carbon, and
other materials well known in the state of the art.

The quantity of catalyst used in the process of the
present invention is not éritical; it is selected however

5 so as to allow epoxidation reaction to be completed in the
shortest possible timé.

The gquantity of catalyst is generally selected in re-
lation to the various parameters, such as the reaction tem-
perature, reactivity and concentration of the olefin, the

10 concentration of hydrogen peroxide, type and composition of
the solvent, catalytic activity and type of reactor or re-
action system used.

The quantity of catalyst typically ranges from 1 to
15% by weight with respect to the reaction mixture, pref-

15 erably from 4 to 10% by weight.

The temperature used in the process of the present in-
vention generally ranges from 20 to 150°C, preferably from
40 to 100°C, from 55 to 90°C is particularly preferred.

The operating pressure is such as to allow the olefin

20 to be maintained in liquid phase at the temperature pre-
selected for the reaction. In genecral, the operating pres-
sure is higher than atmospheric pressure when gaseous ole-
fins are used.

The reactor used in the epoxidation reaction can be

25 any reactor suitable for operating in conptinuous and con-
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ducting the reaction in a system such as that described,
obtaining an effective contact between the olefin, the lig-
uid phase and catalyst kept in suspension.

For example, stirred reactors, bubble reactors, gas-
1ift reactors with internal or external circulation or CSTR
(Continuous Stirred Tank Reactors) or PFR {Plug Flow Reac-
tors}, as described in the state of the art, are suitable
for the purpose.

The olefin charged, this term referring to fresh ole-
fin, recycled olefin or their mixtures, is fed to the reac-
tion step under flow-rate control and in excess to maximize
the conversion and selectivity to olefin oxide and maintain
the reaction pressure. A mixture consisting of fresh olefin
deriving from battery limits and recycled olefin is pref-
erably fed. Before entering the reaction unit, the fresh
olefin can be purified in the distillation column C4.

According to an embodiment of the process of the pres-
ent invention, the reaction unit is made up of three reac-
tors R1-R2-R3 of the CSTR type and isotherms.

The reactors Rl and R2 operate under substaﬁtially
identical conditions, i.e. at a temperature of about 55-
75°C and a pressure of 13 bars, whereas the reactor R3,
which acts as finishing reactor, i.e. with exhaustion of
the hydrogen peroxide fed to the reactors R1 and R2, oper-

ates at a temperature of 79-%0°C and a pressure of 8 bars.
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ool

The overall oxidation reaction of the olefin is car-
ried ont in such a way as to have a concentration of Hy0;
of less than 100 ppm in the stream leaving the unit R3.

In the first and second reactor, the reaction selec-
tivity with respect to hydrogen peroxide is 98% molar with
a conversion of 96%, in.the third reactor there is a selec-
tivity of 80% molar and a conversion of 95%. The flash col-
umns substantially operate under the same operating condi-
tions and discharge, at the head, streams in wvapour phase
essentially consisting of non-reacted olefin, olefin oxide,
inert products, for example aliphatic hydrccarbons such as
propane, and solvent vapours. At the bottom, the colunns
discharge streams in liquid phase with a differentiated
composition.

The vapours at the head of columns Cl1-C2-C3 are fed to
a distillation column C4 to recover the non-reacted olefin
at the head. The latter is recycled to the synthesis of the
oléfin oxide after partial elimination of the inert prod-
ucts. The vapours coming from the wvents of reactors RI-R2-
R3, are alsc fed to the column C4.

The temperature at the bottom of the column C4 must
not exceed 80°C with residence times in the order of 1 min-
ute; this is to avoid degradation of the olefin oxide.

Whereas the streams at the bottom of the distillation

columns Cl and €2 still contain significant guantities of
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hydrogen peroxide, and are therefore recycled to the syn-
thesis of the olefin oxide, the stream at the tail of the
column C3 1is substantially without H;0; and essentially
consists of solvenit, water and reaction by-products.

This stream is fed to a decomposition section of the
residual hydrogen peroxide R4 consisting of one or more
fixed bed tubular reactors arranged in series.

The hydrogen peroxide decomposition reaction is exo-
thermic and takes place in liquid phase at about 80-90°C,
with a residence time ranging from 1 to 10 minutes, pref-
erably from 2 to 5 minutes.

Examples of catalystis used in the decomposition reac-
tion consist of metals of group VIII or thelr oxides. The
carriers are selected from those of the known art and indi-
cated above.

The mixture leaving R4 is fed to a phase separator V4
which separates the oxygen genez-:ated from the decomposition
of the hydrogen peroxide and the dilution inert product,
preferably nitrogen, charged downstream of the reactor R4
to maintain the solvent/oxygen mixture released in the
flash column below the lower flammability limit.

The solvent—-oxygen—inert product mixture leaving V4,
is then condensed in two condensers in series to recover
the solvent, whereas the non—condensable products (oxygen

and inert product with traces of solvent) are discharged.
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The 1liguid phase leaving R4 and the liguid mixture
leaving V4 are fed to the distillation column C6~A and
treated as described above. |

The condensation heat recovered at the head of the
column C6-A can be used to supply all the reboiling units
present in the process. In this case, the pressure of the
column is kept at a suitable wvalue for this purpose.

A liquid stream rich in olefin oxide is extracted from
the bottom of the distillation column C4, and is sent to a
purification section C5.

The latter consists of two columns in series due to
the high number of plates and separates, at the head, re-
sidual vapours still present (non-reacted olefin and inert
gases), at the bottom, a ligquid stream containing solvent
and olefin oxide (recycled to the distillation column C3)
and, laterally, a ligquid stream consisting of olefin oxide
with a commercial purity (> 99.8%). |

The vapours extracted from the head of the purifica-
tion column C5 may still contain significant quantities of
olefin oxide and are recycled upstream of the distillation
coluin C4.

Operating with the process of the present invention,

" the epoxidation catalyst, after 1000 hours, dcés not show

any sign of deterioration and the productivity and reaction

selectivity are high.
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The process for the preparation of olefin oxides can
be better understood by referring to the block schemes of
figure 1, which represents an illustrative but non-limiting
embodiment.

With reference to figure 1, the olefin, for example
propylene, is fed in parallel to the reactors R1-R2-R3 with
lines {2)-(11)-{21}. The buffering agent is fed to the re-
actors RI1-R2-R3 parallelly with lines ({T1)-{T2)-(T3),
whereas half of the recycled solvent with the hydrogen per-
oxide (4) is fed to the reactor R1 {4A) and the other half
to R2 (4B). Possible socolvent losses in the integrated pro-
duction cycle are replaced by means of "make-up"™ line (3)
which enters with the feeding of column C6-A.

Propylene oxide synthesis reaction

The filtered liquid reaction product leaving the first
reactor.Rl is fed with line (6} to the first distillation
column Cl from whose head the propylene oxide produced and
non-reacted propylene {7}, in vapour phase, are récovered,
and from the bottom, a liquid stream (8) still containing
hydrogen peroxide, fed to the reactor R3.

The filtered liquid reaction product leaving the sec-
ond reactor R2 is fed with line (9} to the second distilla-
tion column C2 from whose head the propylene oxide produced
and non-reacted propylene (12), in vapour phase, are recov-

ered, and from the bottom, a liquid stream (13) still con-
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taining hydrogen peroxide, fed to the reactor R3,

The filtered liguid reaction product leaving the sec-

ond reactor R3 is fed with line (14) to the third distilla-

tion column C3 from whose head the propylene oxide produced

and non-reacted propylene (16), in vapour phase, are recov-—

ered, and from the bottom, a liquid stream (15) still con-

taining hydrogen peroxide, fed to the reactor system R4

(the system R4 refers to the reactor R4 itself, a phase

separator V4 and two condensers in series E421/E422 on the

vapour phase leaving V4).

The liquid reaction product leaving the system R4 is

fed to the column C6-A (18), the gaseous product vented

into the atmosphere containing oxygen, nitrogen and traces

of methanol is represented by line (17). The diluting ni-

trecgen is fed to the system R4 with line (AZ).

Recovery of the solvent

The liguid product leaving the reactor system R4,

without hydrogen peroxide and essentially consisting of

solvent, water and by-products, is fed with line (18} to

the solvent recovery section consisting in this particular

case of a

series of distillation columns C6é A-B-C. Water

and the reaction by-products (24) are discharged from the

bottom of C6-A. At the head of C6-A, the solvent {23) is

recovered and sent to the column C6-B. At about 2/3 of the

height of C6-A an acid sclution (Al) is fed, which blocks
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the nitrogenated compounds present in vapour phase. The
head of the column C6-~B consisting of light compounds
(methyl formiate, dimethoxymethane) present in the methanol
at the inlet of C6-A, at a concentration of 1-2% by weight
5 of methanol, is fed to the column C6-C. The light concen-
trated products (6-8% by weight) leave the head of the col-
umn C6-C with the flushing stream (31). The bottom products
of columns C6-B and C6-C when joined (19), form the metha-
nol recycled to the synthesls reaction of hydrogen perox-
10 ide.

Recovery of the propylene oxide

The streams (7), (12) and (16), together with the
vented products of the synthesis reactors, consist of non-
reacted propylene, propylene oxide and solvent; they are

15 fed, by means of the compressor Kl, to the distillation
column C4. The propylene is separated at the head of the
column C4 together with the inert products (27) + (25). The
inert products, such as propane, are inserted into the cy-
cle together with fresh propylene (5). To prevent there bhe—-

20 ing an accumulation of inert products in the production cy-
cle, a part of the stream of propylene recycled to the re-
actors, is flushed {25).

A stream rich in propylene oxide (28) is recovered at
the bottom of the column C4 and is fed to the purification

25 section of propylene oxide, in this particular case con-
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sisting of a distillation column C5 (in two sections). A
stream in vapour phase (29) still containing traces of non-
reacted propylene and propylene oxide is recovered at the
head of the column C5; this stream is recycled by means of
the compressor K1 tc the column C4. A liguid stream (26)
containing propylene oxide and solvent is extracted from
the bottom of the column C5 and isrsent back to the column
C3. |

The propylene oxide with a commercial purity is ex-
tracted from the column C5 as a lateral cut (30).

Synthesis reaction of hydrogen peroxide

The stream of distilled methanol (19) coming from the
propylene oxide synthesis section is subdivided into two
equal parts: the stream (33) goes to the hydrogen peroxide
synthesis section, the stream (32) goes to dilute the
stream of hydrogen peroxide to 7% by weight, leaving the
hydrogen peroxide synthesis (43}.

A stream {35) of an agueous solution of HBr (halogen-
ated promoter) and a stream {36) of an aguecus solution of
H,S04 (acid promoter) are added to the stream (33); the
punp Pl sends the mixture cobtained to the hydrogen peroxide
synthesis reactor R5 at a pressure of 100 bars. The streams
{(39)-(40)-(41) of hydrogen, oxygen and nitrogen, respec-—
tively, are sent by means of the compressor K2 to the reac-

tor R5 at 100 bars. The wventilator X3 recycles the non-
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reacted gases from the top of the reactor into the reaction
medium. The stream (44), consisting of the reaction prod-
ucts hydrogen peroxide and water, the methancl solvent and
reaction gases dissolwved at lQO bars, is fed to the flash
column ¥1 at low pressure. The vapour phase leaving FL, af-
ter condensation (45), feeds the separation column C7 fed
at the head with water (48). The gases at the head C7 (46)
are flushed from the cycle, the stream ({47} at the bottom
of the column C7 containing traces of methanol and water is
sent to a biological trealment systewr. The gases of the top
of the reactor removed for analysis with the on-line ana-
lyzer An, are alsc sent to the flash column Fl1.

The liquid stream (49) leaving Fl consists of hydrogen
peroxide (7% welght), water and methancl. Said stream
joined to the stream (32) coming from the distillation sec-
tion of methancl, contributes to the stream (4) of hydrogen
peroxide at 3.5% in methanocl fed to the propylene oxide
synthesis.

Compared with the known methods, the process described
above allows epoxides to be obtained with a high productiv-
ity over a period of time and a high selectivity, using a
method which can be easily applied on an industrial scale
and with the possibility of operating in continuous.

The following operative example is provided for illus-

trative purposes and does not limit the scope of the inven-—
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tion.
EXAMPLE 1

The procedure is adopted according to figure 1 fo pro-
duce propylene oxide starting from:
- a stream deriving from a steam cracking plant.consist~
ing of 99.5% by weight of propylene and 0.05% by weight of
propane; |
- a gaseous stream containing hydrogen, oxygen and ni-
trogen, characterized in that the concentration of hydrogen
is lower than 4.5% by volume and the concentration of oxy-
gen is lower than 21% by volume, the complement to 100 be-
ing nitrogen;
~ make-up methanol;
- an acid promoter H,SQ4 (200 mg per kg of liguid me-
dium) and a halogenated promoter HBr (6 mg per kg of liquid
medium} fed to the methanol stream at the inlet of R5;
- a buffering agent consisting of an aqueous solution of
NH,0H, fed to the stream of methanol at the inlet of reac-
tors R1-R2-R3 in such a gquantity as to buffer the pH of the
reaction mixture to a value of 6.5 (present in the liquid
stream in the feeding to RI-R2-R3 in a concentration of 80
ppm); a reinforced glass pH-meter inserted in the reaction
stream, is used;
- a diluted solution containing sulfurié acid {(about 10-

50 mg/kg of sulfuric acid with respect to the total stream

- 33 -
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{18), fed to the column C6-A to cobtain a distillation under
acld conditions c¢f the methanol recycled to Rb.

The titanium silicalite catalyst, of the type de-
scribed in patent U.S. 4,937,216, is present in the reac-

5 +tors Rl, R2 and R3 in a concentration of 6% by weight with
respect to the slurry.

The catalyst bed of the decomposer R4, in pellets with
an active phase of 15%, is charged in volume excess to
guarantee exhaustion of the hydrogen peroxide.

10 The heterogeneous catalyst based on palladium and
platinum is kept in dispersion in the liquid reaction me-—
dium at 1% by weight in R5.

Table 1 enclosed (3 pages) indicates the balances and

composition of the single streams.

i5

20

25
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WO 02/14297 PCT/EP01/09034
CLAIMS
1. An integrated process for the production in continuous

of epoxides by the direct oxidation of an olefin with
hydrogen peroxide which comprises:

(a) prepariﬁg an alcoholic or hydro—alcocholic solution
of hydrogen peroxide in a concentration of over 3% by'
weight, using a gaseous streamrcontaining hydrogen,
oxygen and an inert gas, in the presence of a
bimetallic catalyst based on palladium and platinum as
active cbmponents;

(b) putting the alcoholic or hydro-alcoholic solution
of hydrogen peroxide obtained in step (a) in contact
with an olefin énd a buffering agent, in the presence
of an epoxidation catalyét suspended in the reaction:
solvent, in order to obtain a reaction mixture con-
taining the epoxide corresponding to the olefin, water
and the alcoholic solvent;

said buffering agent ﬁeing fed inrngﬁ;nﬁous with pné of
tl_;e reagent streams fg_d to the épaxi&at:ion rea@:tbr, in
such a 'quancity as to maintain the pH of the reaction
mixture, measured under operative conditions, at a value
ranging from 5.5 to 8: '

{¢) treating the‘aicohglic stream leaving step (b),
after separation of. the epoxide, in order to eliminate

the nitrogenated compounds present;

_38_
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(d) feeding the alcoholic solvent obtained in (c) to
step (a).

2. The process according to claim 1, wherein in step (c)
the treatment of the alcoholic stream is effected by

distilling the solvent together with an agqueous or di-

38a



X
D
M

mMQ9 MNi Whod r- g GmGOxcO0O ', EEoadoo, v0022am
E o x 00 x0z53xxxu_ i-0 37 PCT/EP01/ 09034 N m 00 efn f4uwdbek 2004V O |

aamnmO N acm~? o sMaVaa ommMO wMnMOMLtO

WO 02/142%97 PCT/EPUL/09034

5
3.
10
4.
15
20
25

luted hydro—alcoholic solution containing sulfuric
acid in a quantity of about 10-50 mg/kg of sulfuric
acid with respect to the total stream, or by treating
the distilled solvent with activated carbons, sulfonic
resins or sulfonated carbons.

The process according to claim 1, wherein a part of
the solvent ocobtained in {c) is used for diluting the
alcoholic or hydro-alcoholic solution of hydrogen per-

oxide leaving step (a) to the wvalue required by the

- epoxidation plant.

The process according to claim 1, wherein step (a) for
the production in continuous of alcoholic or hydro-
alcoholic solutions of hydrogen peroxide comprises:

(a'} feeding to a reactor, containing a catalyst based
on palladium and platinum, heterogeneous and kept in

dispersion in a liquid reaction medium:

{i) a liguid stream consisting of an alcochol or an

alcohel-water mixture with a prevalent alcoholic con-
tent, containing an acid promoter and a halogenated
promoter.

(i1} a gaseous stream containing hydrogen, oxygen and
an inert gas, characterized in that the concentration

of hydrogen is lower than 4.5% by wvolume and the con-

centration of oxygen is lower than 21% by volume, the

complement to 100 being an inert gas;

_.39_

mmm
0 ~



MO NaNOOOmt~ ~J0O OO OCpPNMYc ~aa NNo do MaPo0O <O o
no ad00NMN roo r 0 6u i O o0 mo 4 November 2005

WO 02/14297 PCT/EP01/09034 |

(b?) removing from the reactor:
(iii} a liquid stream essentially consisting of the
stream (i) and also containing the hydrogen percxide
and water produced by the reaction, characterized in

5 that the concentration of hydrogen peioxide is higher
than 3% by weight; and 7
{(iv) a gaseous stream essentially consisting of
non-reacted hydrogen and oxygen and the inert gas.

5. The process according to claim 1, wherein the catalyst

10 in step (a') contains palladium in a guantity ranging
from 0.1 to 3% by weight and platinum in a quantity
ranging from 0,01 to 1% by weight, with an atomic ra-
tio platinum and palladium ranging £rom 1/500 to
100/100.

15 6. The process according to claim 5, wherein the catalyst
contains a quantity of palladium ranging £from 0.4 to
2% by weight and a quantity of platinum ranging from
0.02 to 0.5% by weight, with an atomic ratio platinum
and palladium ranging from 1/200 to 20/100.

20 7. The process according to claim 5, wherein the cata-
lyst, in addition to palladium and platinum, contains
anothqr'metal selected from those of group VIII or IB.

8. The process according to claim 7, wherein the metal is
ruthenium, rhodium, iridium or geold.

25 9. The process according to claim 4, wherein the catalyst

- 40 -
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is prepared by dispersing the active components on an
inert carrier by means of precipitation and/or impreg-
nation.

10. The process according to claim 9, wherein the inert

5 carrier is selected from silica, alumina, silica-
alumina, zeolites, activated carbon and activated car-
bon functionalized with sulfonic groups.

11, The process according to claim 10, wherein the carrier
is an activated carbon selected from those of fossil

10 or natural origin deriving from wood, lignite, peat or
coconut and having a surface area higher than 300
n’/qg.

12. The process according to claim 11, wherein the carrier
is an activated carbon having a surface area which can

15 reach a value of 1400 m%/qg.

13. The process according to claim 12, wherein the carrier
is an activated carbon with a surface area higher than
600 m?/g.

14. The process according to claim 11, wherein the acti-

20 vated carbon has a low ash content.

15, The process according to claim 4, wherein the catalyst
is dispersed in the reaction medium at a concentration
ranging from 0.1 to 10% by weight.

16. The process according to claim 15, wherein the cata-

25 lyst is dispersed in the reaction medium at a concen-

__4_1._.
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cont i nuoys, ff44p0Xi des by the direct oxidation of an qk&h&@@%ﬁﬁl hydr ogen
per oxi de M%IC conprises: 5 (a) preparing an al coholic or hydro-al coholic

solution of hydrogen peroxide in a concentration of over 3% by weight,
usi ng a gaseous stream contai ning hydrogen, oxygen and an inert gas, in

10°act | ve compaecE: TeBg B TRy Choral LoRtt (E10R hydr o- al cohol ¢ Sol ut1 on

17. The process according te claim 4, wherein the liquid
stream (i) consists of an alcohol or mixture of C;—C4
alcohols or a mixture of said alcohels with water with

5 an alcoholic content higher than 50%.

18. The process according to claim 17, wherein The alcohol
is methanol.

19. The process according to claim 17, wherein the mixture
is a mixture of methancl and water containing at least

10 70% by weight of methanol.

20. The process according to claim 4, wherein the halogen-
ated promoter 1is a substance capable of generating
halogen ions in the ligquid reaction medium.

21. The process according to claim 20, wherein the halo-

15 genated promoter is selected from substances capable
of generating bromide ions such as hydrobromic acid
and its salts soluble in the reaction medium, such as
alkaline bromides.

22. The process according to claim 21, wherein the pro-

20 moter is hydrobromic acid.

23. The process according to claim 4, wherein the concen-
tration of the halogenated promoter ranges from 0.1 to
50 mg per kg of solutiom.

24, The process according to c¢laim 23, wherein the concen-

25 tration of the halogenated promoter ranges from 1 to
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of hydrogen peroxide obtained in step (a) in contact wth an olefin and a
buffering agent, in the presence of an epoxidation ¢atedeyber su¥Fended in
the reaction 15 solvent, in order to obtain a reaction mxture con- taining
t he epoxi de corresponding to the olefin, water and the alcoholic solvent;

sai d bUfRﬁ%&ﬁg%ﬁge”t being fed in continuous with oneﬁﬁﬁgy&ggmﬁeagent

streans fe 0“the epoxidation reactor, in such a qua to maintain
the pH of the reaction mxture, measured under operative conditions, at a
value ranging from5.5 to 8; (c) treating the alcoholic stream | eaving
step (b), afte seﬁgra ion oflyge epoxide, in order to elimnate 20 the
ni trogenat ed co G5 ¥ eReCTUtIgR- 4 Novenber 2005 (d) feeding the

al coholic,solvent obtained in (g) tq . st (a). 2, The process.according to
claimi, aﬁer i By (GC°H égtr aﬂ%&ﬁ?‘o%’twgeﬁf%%hg??cag%gean1is
effected by distilling the sqlvent together wth an agueous or di 38a 4
Novenber ZOOSIVﬁW@§Ff4g§7S?%ﬁ9 ¥F8§0%§b§ &Sh§apgg§?é§ﬁgppsrsolution
containing sulfuric cid in a,quantity of abput 10-50 nmg/kg of sulfuric
acid with resgdofd 5 Mudiagha’s 3 et ChS THICEF AN MY ne di oti |1 ed
solveng m%%h tivated carbons,.sul%onig .5 bgsin or.gu%%onate car bons.
3. The’pr 68ess e TGS 13- CELHY 1 FOwrePeltn %27 pAFFELst & §6iVent
obtained in (c)_is.used for.diluting the alcoholic_or dro-al coholic
sol ution of hydiBEEsTper-SoEdEY &4 nﬁn%EQQ?ﬁﬁafcfgst?ﬁgﬂ{gﬁugu#eanI’ed by
the 10 epoxidati.on plant, 4. The, process. accordi ng.to cLaLn;l wherein
§ﬁ§ h

step (a) for tHepr FRYEPPBAIFN ROMTTAETE &FF & 5Bh6ri &6 8¥B- al cohol i c

sol utions of hydro geroxi e conprises: (a') feeding to a reactor,
containing a ¢ éﬁgggn'ﬁsﬁﬁlf% on pal | adi um and pl ati num het er ogeneous and
S

kept in. dispepst ob 0. 11 qu.d;eachi o TR flokefa! bkl doghream
10 promoter is sulfuric acid or phosphoric acid.

28. The process according to claim 4, wherein the concen-
tration of acid promoter ranges from 0 to 1000 mg per
kg of solution.

29. The process according to claim 28, wherein the concen-

i5 tration of acid prombter ranges from 10 to 500 mg per
kg of solution.

30. The process according to claim 4, wherein in the gase-
ous stream (ii) the concentration of hydrogen ranges
from 2% to 4% by volume and the concentration of oxy-

20 gen ranges from 6% to 18% by volume, the complement to
100 being an inert gas selected from nitrogen, helium
and argon.

31. The process according to claim 30, wherein the inert
gas is nitrogen.

25 32. The process according to claim 4, wherein in the gase-
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al cohol -water m xture with a preval ent al coholic con- tent, containing an
acid pronoter and a hal ogenated 20 pronoter. (ii) a4Jbseobsrsi¢tEHam
cont ai ni ng hydrogen, oxygen and an inert gas, characterized in that the
concentration of hydrogen is |lower than 4.5% by volunme and the con-

centrati Qg ef1405y0en is lower than 21Wby vol ume, the, %ﬁpﬁmherrent to 100
being an i1 nert gas; 4 Novenber 2005 WO 02/ 14297 PCT/ EPSl 09034 (b')

renoving fromthe reactor: (iii) a liquid streamessentially consisting of
the stream (i) and al so containing the hydrogen peroxide and water

produced by thg, ea. aq‘p(éL(ri ar. %e{)rj%%g ic%ngrﬁehaéélﬁyi?eao%gﬂér gti on of

hydr ogen peroxide IS high t oDy Wel v) a’g sédus stream

tiall [ S} i Qf - . d d the i t
gas. 5. The prodboee Bl AR (SETLEMCRATY, RURC SRR 0P 10 (i n ctep

(a') contains _pféﬂ%di%ﬂ,i ncoahtqﬂ%g;rnigzq 'rogqgjtlggtﬁ)/;‘ %@%‘n gflﬁ%gg%‘i@[ g¥ wei ght and

platinumin a quantit rangi ng y werg an atomc

ra- tio platinynm ar\ﬁléoaé&“ﬁg;‘?,m\,\‘;{gp‘% ﬁ f rs%@e%éfg%ﬁ Obc%ijr{)go{bjr% .ghéS 6. The

process according to clali € ca ntains uantity of
pal | adtum rangi ng o] 4 to__ 2% Db tght .and.a quantity .of . platinum
rangi ng from %QOEﬂéo%g%B%%yv%\%?egh%&m%h?ha ﬁlg%%%‘i 8§r at i%llgif_"ggienum and
pal | adi um rangj I 00- t. . 20 7. The process according to
claimb5, wher e%n %%%gg%ég %sﬁqfe%%l%ggdi tion to palladiumand platinum

cont ai ns 3§notﬁ§é I?ieot Isssedlcgggﬁnfr%n Hﬁ%‘? fv%{e%‘égnw I rlrc#u%i 8. The
. o clai , e [ ho

process according aim ern e e al 18 “Tutfienianm” di um
11O um of 901 e B 9310 RERERRS BECRLILIG, B LA Mot e
0 S0er 5109, Do SHRCERTBONSILR, S8’ ARKT 482081 5% B FRRIRECT o o,
mhere&@ tgg_ir§ﬂé process according to claim 4, wherein the liquid
stream (iil) 1s separated from the catalyst by means
of filtration.
35. The process according to claim 34, wherein the filtra-
tion is carried out using filters situated ingide the
15 reactor or externally by means of tangential filtra-
tion.
36. The process accordiﬁg to claim 4, wherein the gaseous
stream (iv) leaving the reactor, essentially consist-
ing of non-reacted hydrogen and oxygen and the inert
20 gas, contains a volume concentration of hydrogen equal
to or lower than 2% and a wvolume concentration of oxy-
gen lower than 18%.
37. The process according to claim 36,.wherein the gaseous

stream (iv} leaving the reactor, contains a volume

25 concentration of hydrogen ranging from 0.5 to 1.5% by
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5 carrier is selected fromsilica, alumna, silica- alumna, zeolites,
activated carbon and activated car- bon functional i zedometmhes2FWni c
groups. 11. The process according to claim 10, wherein the carrier is an
activated carbon selected fromthose of fossil 10 or natural origin

deriving 6% od, lignite, peat or coconut and havi pgrapebisace area
hi gher than %]C%%mz/g. 12. The process according to claim1l, wherein the

carrier is an activated carbon havi ng a surface area which can 15 reach a
val ue of 1400 nR/g. 13. The process according to claim 12, wherein the

carrier is a tivated carbon with a surface area _higher_than 600 n2/g.
14. The proceg‘srctgl%ué%eoracﬁ%ggtggg%? m 1155% érern toﬁ?: R fﬁm\gg%lgd car bon

has a | ow ash gont ent, :H,, The process according to claim4, wherein the
. rQ te 12% . . . .
catalyst is dispersed ifi‘the reaction mediumat a concentration ranging

fromO.1 tg 10% by wei ght. 16. ..The proge ccording tg claiml5, wherein
the cata-" 25 I%/(Pé? PPE sspgrcge]c‘]d}nr?t%e cﬁgg%t ?an%rl%m%e a@@ﬁ@gn 4

Novenber 2005 02/ 1 7 ion ranging.from0. % b Lght.

PCT/ EPO1/ 09034¥%e.§'{rh§ ro%‘é%élnaqcc%}%%i Ny toorc{'%% m%ﬁ?i‘/’aﬁ%c’}ewﬁh% li quid
stream.(i) consjst.s of ap. alcohql or_pixture of. Cl-CA | coho or a

i xtur £ of sa Barshers S reRiace arree Shliar Shen B aHRERE hi gher

t han 50% 18. e ording to claiml17 ej | cohol is
met hanol . 19. e ﬂ%{a(;%%géé %%(g%sfsﬁr gf? 0 %Jf%?lnr%a%;}?lg&ggéewaﬁﬁgy?nogt ure is a

m xture of nethanal and ter .containing at..l east - 10..70% i.ght of
nmet hanol . 20. %rqcpr%acsesésﬁ%argggr &Pn&xf;%s%l%}% éef:ﬂj<'3\/\/r1feereéi|lrrl1 tﬁlg1 ha Sgen- at ed

pronoter is a t.ance capabl.e of eratin hal ogen ions in the liquid
SRR P SR o e Bonip e e

reacti on nedi um 58; wherein the hal o-
L0 et BT O Sl R RPLEALL O, IR 2Ry ERORD B AR 2 0
reaCtEBn nEdiuQ%ré%%?Wi%§ leaving the reactor is fed to ohe oy more
subsequeht reactors operating analogously to that de-
scribed in claim 4, after adding each time a quantity
of hydrogen and oxygen essentially equal to that used
1up by the reaction which takes place in the single re-
15 actors.

40. The process according to claim 4, wherein the reaction
is carried out at a temperature ranging from -10 to
60°C.

41. The process according to claim 40, wherein the tem-

20 perature ranges from 0 to 40°C.

42, The process according to claim 4, wherein the reactiqn
is carried out at a total pressure ranging from 1 to
300 bars.

43. The process according to claim 42, wherein the total

25 pressure ranges from 40 to 150 bars.
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al kal i ne brom des. 22. The process according to claim?21, wherein the pro-
20 noter is hydrobrom c acid. 23. The process accor dénpitaagbekaZ®¥z, wherein
the concen- tration of the hal ogenated pronoter ranges fromO0.1 to 50 ng
per kg of solution. 24. The process according to claim 23, wherein the

concen- jon of the hal ogenated pronoter ranges §:2 4 Novenber
5005 Vo 3B R Ero1 00094 16 mg per kg of sol uti Critfyimbg, ¢ pr 0cess

according to claim4, wherein the acid pronoter is selected from

subst ances capabl e of gener- ating li} hydrogen ions in the reaction

medium 5 26. %ﬂg ﬁrocess according to cLaianS_ wherejn the %pid pr onot er
onTi

is selected’fr %ﬁ%ﬁﬁﬁ(?qggfgﬁn%u % %%?%ﬁﬂ 7 ﬁ@??%?np %%pﬁ? 5

S nitric
acid or organi¢_acids_such a | fonic acids. 27. The_process_according to
ol ai m 26, wher &P ntt ARREETT SEE PP oot broR e B Eur e AR S RB8phor i ¢
acid. 28. The process ac OHQ%Q to E'%i§54a erﬁinithe oncenb_tration of
aci d pronoter ranges ¥ rOh1 0 ﬁg per 618 2201 YoM v 28" The process
according to c%aiﬂ128, mher%in t he concen- 15ttration QI acﬁp pr onot er
ranges from 10°E6"50 A SEFeCky of SRR oRs THET THE TS dd¥S8ecor ding to
clain1%, wher e in.t us str t.he concentration of hydrogen

ranges fronlzggg%l d@%§g€%ﬁﬁn€h%ﬁﬁﬂﬁﬁgg%gh%éﬁffbﬁpgﬁe%?u%&y 20 gen ranges
(om0 DS MELUT, (LoDl aTRal hoy 1O B g dptL 0ne
cLa 30, N kBl P a3 g8 00 28y By T 05085 accOr L 10
oS PUree (1) kybIE SRR AU e 0 Bk gl pur e O
oxygen or airtiéﬂg conposition of the streamthen being brought
10 46. The process according to claim 4, wherein the resi-
dence time of the liguid wmedium in the reactor ranges
from 0.05 to 5 houré.
47. The process according to claim 46, wherein the resi-
dence time of the iigquid mediuvm in the reactor ranges
15 from 0.1 to 2 hours.
48. The process according to claim 1, wherein step (b) for
the production of epoxides comprises: |
(1) feeding the liquid stream (iii) leaving step (a)
to a reaction unit consisting of one or more reactors
20 containing the epoxidation catalyst suspended in the
reaction solvent together with the olefin, hydrogen
peroxide and a buffering agent;
{(2) feeding the filtered liquid product leaving the

reaction unit is fed to a distillation unit consisting

25 of one or more stripping (flash) columns, one for each
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5 to the desired value by the addition of a suitable concentration of

inert gas. 33. The process according to claimd4, whetdiavemher|2@fid stream
(iii) leaving the reactor has a concentration of hydrogen peroxide rangi ng
from4%to 10% by weight. 10 34. The process according to claim4, wherein

the |iqui tream (iii) is separated fromthe cataly ns  of
filtrati éﬂq(}%ﬁ?ﬁme process according to claim 34, mngﬁﬁnlﬁ%‘fi ltra- tion

is carried out using filters situated inside the 15 reactor or externally
by neans of tangential filtra- tion. 36. The process according to claimd4,

wherein the gaseoys st m (iv),leaving the reactor, essentjal|y consist-
i ng of non-reaﬁaéﬁ:ol"fy&f(rjg:gﬁ ﬁaéﬁ%eﬁngﬁd Jf%eﬁ?atﬁéf’t azé"f@@ ?Jccﬁjﬁt ains a

vol ume concentration of hydraogen equal . to or |.ower .t han 2% and _a vol une
concentration of¢ o&?@ggﬁﬁg?%ﬁ%ﬁlﬁ’hg:ﬁﬂf%% 189 °$h\éﬁﬁﬁb%e§§l %cé‘?ﬁi ng to
clai m 36, wherein the sepus, stream (iv) | eayi the reactor, contains a
vol une 25 corf(‘:oéﬁ'trreé’ﬁtg B&ﬁ%ﬂir%ﬁgﬁ rg(iﬁ?&%ﬁﬁ #oﬁg%.%oﬁt@ml.%‘%egy 4 Novenber
2005 WO 02/ 14297 .RCT/ EPO1{ 09034 vql u and a vol unme concentration of oxygen
Fanging 1 rom BL.A0V1 26908 SR 60D GOSN he IR GELSRI AR Rher ei n  he

gaseou stream (iVv), leaving the reagtor .is recycled to the 5 feeding to
the readctor, &% lﬁleﬂsﬂ?hﬁngﬁggé%t%ﬁrﬁ’é%f:lﬁtti on necessary for

elimnating th nt.J.t f inert_ ga har in excess . wW.th. the feedin
‘and the agdi tf%)?ﬂl%’e‘jlﬁ?g’aﬁ}ée @@gﬁgﬁ% ﬁ‘\et]%’g&ﬁ%t?gsg}.‘e ﬁStfHéaﬁr ocess )
according to claim4,, erein the gaseous 0 _stream (Jj I ing the

react olr igs fedtlt‘%l S to Onﬁ)lrgecoét’é’ﬁgégﬁgﬁtu?% (?t‘loanﬁb%%]\é%q r?ga\éhﬁlgogousl y to

that de- scribed in claim4, after addi.ng each tinme a quantit of hydrogen
and oxygen essEntiHiq FEEGHAFS t 8L tHHe LR SSTpeBy PR tiaoﬁ}sﬁﬁi ch takes

Whor ei n the. r fbtiegn SeceTBaREHERR ot IV Ueaie TRHGTAY PEom - 10 fo
60C. 10 decomposing the residuazl hydrogen peroxide into 0r and
H:C;
{4) feeding the mixture leaving the decomposition unit
R4, essentially consisting of solvent, oxygen and wa-
ter, together with an inert gas to a phase separator
15 V4 to obtain, at the head, a gaseous phase containing
oxygen, inert gas and traces of solvent and, at the .
bottom, a ligquid phase consisting of solvent, water
and reaction by-products;
(5) feeding the gaseous phase leaving V4 te a conden-
20 sation system consisting of one or more condensers in
series for the recovery of the residwual solvent,
whereas the non-condenssble compounds (cxygen and in-
ert gas with traces of solvent) are discharged;
(6) feeding the solvent leaving the condensation sys-

25 tem and the liguid phase leaving V4 to the distilla-
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41. The process according to claim40, wherein the tem- 20 perature ranges
fromO to 40C. 42. The process according to claim4,4wergbart hedT eacti on
is carried out at a total pressure ranging from1l to 300 bars. 43. The
process accor di ng to claim42, wherein the total 25 pressure ranges from
40 to 15 Novenber 2005 WO 02/ 14297 PCT/ EPO1/ The process
accor di ngu‘((lé)%1§ 9§| m 4, wherein the reactor is a react g’?%z:é?lﬁé%f‘e for
operating in continuous and carrying out the reaction in a triphasic
system ob- taining an effecti ve contact between gaseous phase, 5 liquid
phase and the cat al i n_suspension. 45. The praocess according to
clai m 44, wher&i9® t j,f E@o% tpgo E?Jé‘btei‘i:ffr}t?mhseﬁcg ddier SRLVEFE, bubbl e
reactors or 9@1 lift reactors with internal or external circula- tion. 10
46. The proces®i&eordithy 'Feetarht4, 1indrevalehetPedite d&FCE1P e of the

liquid mediumin the reactor ra from0.05 to 5 hours. 47. The process
according to ciHitm 48, vﬁﬂgre"i‘np‘WFglcftes@t dieiife P F R of ST R4 LY d medi um i n
the reactor ran 15 fr .to 2 hours. 48. The@grocess according to

claim L, wher it stpapny rsEcting E?B%&f%doﬁhéit ChekIb e thnbieses: (1)

feedlngthell ujd stream (jii) IeaV|n & WLiﬁgttoareactlon uni t
consi sting of OgFNBRECF Hfrt iR Cta cBﬁf U e poRFBAL PN cat al yst

suspended in th regctl on soI vent OJ? Gé&er with the ol efin, hydrogen
per oxi de and &%UFF Fing the filtered Ilqui d product
| eaving the r CtIOI’] unlgglsf toadlstlllatlon unit cansisting 25 of

one or nore st ppﬁeﬁ(jh(lfjl R) PEBH N2 o fRfe%eftth WG ethei22005 WO
02/ 14297 PCT/ EP /09034 reactor of the reaction unit, to_obtain a product

at the head (§) | {oIhers ity bhe oTedfh REBLIAES &il thfokeRE4ct ed ol efi n
and a product at the bottom essen consi st.i ng of sol vent,

non-react ed hyf§géR 254 b@F%H%OW\;{OngénG 4 BActh o thy2 W&BEFS

10 at the head, consisting of non-reacted olefin, recy-
cled to the reaction unit, and a product, at the bot-
tom essentially consisting of olefin oxide;

(8) feeding the product at the bottom of the distilla-
tion column to a purification system C5 to recover the

15 residual olefin, recycled to the reaction unit, a lig-
uid phase essentially consisting of solwvent, recycled
to the flash column(s), and the olefin oxide with a
commercial purity.

49, The process according to claim 48, wherein in step (6)

20 the solvent leaving the condensation system and the
ligquid phase leaving R4 are fed to the distillation
column C6-A together with a diluted agqueons or hydro-
alcoholic solution containing sulfuric acid in a quan-
tity of about 10-50 mg/kg of sulfuric acid with re-

25 spect to the total stream.
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(3) feeding the product at the bottomof the distilla- tion unit to a
deconposition unit R4 consisting of one or nore reaétioremeruad®d in
series containing a sup- ported deconposition catalyst having the function
of 10 deconposing the residual hydrogen peroxide into 02 and H2O (4)
feedi ng th®eMyxbure | eaving the deconposition unit ReeRoikal |y

consi sting of solvent, oxygen and wa- ter, together mrtﬁ an inert gas to a
phase separator 15 V4 to obtain, at the head a gaseous phase contai ni ng
oxygen, inert gas and traces of solvent and, at the botton1 a liquid phase

consistin e_,rg)t %gé%mi:‘t%%d‘gﬁ?%ﬁ ,@’ %51898 % 59 1 t%eﬁr ng the

gaseous p ase on sys nsrs g of one or

nor e condenserfééél s |esO %rngg Jecovery of cfggugeﬁl %elvent

wher eas the non- congensgbﬁ oun S %%xy e &hd1%- 5% #th traces

O o uent) arleea%;’g’h %gggedf%%togggag G ke JCE%AA]PSQCIHES—di stilla 4

condensat i on sys tenran ur d-phase 1eaving

Novenber 2005 0%&%%%%7 C% QO%ﬁ t'OQng$ eg?t f%gogtaln at the

head, the sol vén rea s recyc reacti on

unit (@), andig g&gcgay?%,%ﬂgﬁp%hggyg‘egs:gigghax? fggggstrng of reaction

wat er and that™ ¢ d drogen FEactiTon by- product s

and tracess of madlyenL. WLE IS dhachaldedhe (Thelefd e, L rpduct at che

head of t strrp toge er wit'h € Vént products of the

reac- tors to feaq"l%g'algrggtg?ef& wam %&%%git?‘olfhe reauct coqtgmgt t he head,

consi sting of ‘nhon-r I'n,” Fecy- et onunrt, and a
duct, at t t- tiall f olefi 8
Peeding the proiost 4t HETo50: sapst=therlt stivs plz%.d%n' t2, B 56 (O
purification sxg% nh£gxégsrﬁ§ov%&l%h 4 ﬁﬁivéﬁ% q%al f%psote%% led to the
i a

reaction unit, phase essen y €onsi's vVen recycl ed
to the fIash éﬁﬁgs) and the olefin oxide with a connerC|aI purlty 49.
The process according to claima48, wherein in step (6)

52. The process according to claim 51, wherein the stream
at the head of the column C6-B is sent to a distilla-
tion column C6~C, to recover, at the bottom, the sol-
vent without light products, recycled to the hydrogen

15 peroxide synthesis reaction, and a concentrated stream
of light products, at the head.

53. The process according to claim 48, wherein in step (6)
the solvent at the head of the column C6-A is recycled
tc the hydrogen peroxide synthesis reaction after

20 treatment with activated carbons, sulfonlc resins or
sulfonated carbons,

24, The process according to‘claim’48, wherein the reac-—
tion unit consists of three reactors R1, R2 and R3,

55. The process according to claim 1, wherein in step (b)

25 the olefin is selected from those having general for-
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20 the solvent |eaving the condensation systemand the |iquid phase

| eaving R4 are fed to the distillation columm C6-A ¢ dgyetehberw®®d a dil ut ed
aqueous or hydro- al coholic solution containing sulfuric acid in a quan-
tity of about 10-50 ng/kg of sulfuric acid with re- 25 spect to the total
stream AyNoygader 2005 WO 02/14297 PCT/ EPOL/ 09034 SOTC¥H§&@®@ﬁess
according to claim49, wherein the solvent |eaving the condensation system
and the liquid phase Ileaving.V4 are fed towards the bottom of the
distilla- tion colum C6-A, whereas the acid solution is fed to 5 a hei ght
equal to aboutm&ig Cf the colum itself. 51. The process according to claim
49, wherein the sol ént | eaving the head of the colum C6-Ais fed to a
colum C6-B, in order to separate the light products at the head, whereas
the purified solvent is sefarated d@sthe 10 bottom 52. The process
according to claimb51, wherein thesstream at the head of the colum C6-B
is sent to a distilla- tion cpkugp C6-C, to recover, at the bottom the
sol - vent without |ight products, yecycled to the hydrogen 15 peroxide
synthesis reaction, and a corcentrated stream of |ight products, at the
head. %3. The process accor@dng toRaima48, wherein in step (6) the

sol vent at the head of the colum C6-A is recycled to the hydrogen

peroxi de synthesis .reaction after 20 treatnment w.th . activated carbons,
sul foni ¢ resi nvgé%]fems‘ul%\‘lbn%’e&c%?%o%ﬁ e%‘f’. SThe pro %géserfg%tdr dfhg to claim

18 ool g Rl OISRy ! 3060 O B8 nd S,
selected) [Lom iR 109, 0508ial. Lo Nela i 00SalR B30T
o rerent can bey ychogensed, o e d et WBLL AR Sgcg0soarbon
a Cychg-alkyl Egdiﬁakayﬁéﬁlgééﬁgfsan alkylcyclo-alkyl radical with
from 7 to 20 carbon atoms.
56. The process according to claim 55, wherein in the com-
pounds having formula (I}, the radicals Ri, Rz, R; and
Ry, can form, in pairs, saturated or unsaturated rings
15 and can contain halogen atoms, nitreo, nitrile, sul-
fonic and relative ester groups, carbonyl, hydroxyl,
.carboxyl, thiol, amine and ether groups.
57. The process according to claim 55, wherein olefins
having formula {I) are: ethylene, propvlene, allyl
20 chloride, allyl alcohol, butenes, pentenes, hexenes,
heptenes, octene-l, 1*tridecené, mesityl oxide, iso-
prene, cyclo-octene, c¢yclo-hexene or bicyclic com-
_pounds such as norbornenes, prinenes.

58. The process according to claim 57, wherein the olefin

25 is propylene.
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10 to 10 carbon atoms, an al kyl cyclo-alkyl radical wwth from7 to 20
carbon atons. 56. The process according to claimb55, 4vereaiberi A0fhe com
pounds having forrmula (1), the radicals Rl, R2, R3 and R4, can form in
pairs, saturated or unsaturated rings 15 and can contain hal ogen atons,

nitro, ni\%@ﬂ#{ﬁz Sul- Tonic and relative ester groups, ,carbeivls hydroxyl,
.carboxyl ;' |o? am ne and ether groups. 57. The process according to

claim55, wherein olefins having formula (1) are: ethyl ene, propylene,
allyl 20 chloride, allyl alcohol, butenes, pentenes, hexenes, heptenes,
octene-1, 1-trjidecene, nesityl oxide, isp- prene, cyclg-octene

cycl o- hexelfe ofRHiRRAGSSE EB‘H&W%@ §EE:H“ mé BS?#—Jn * BI°R&hes. 58. The
process according to claim57, whereip the olefin 25 is propylene. 4
Novenber 2005 9@6@%@29‘?@@]’/@@/9698%' 59. The process according to claim
58, V\,her'ei@the $ro - ene hﬁ?‘a urity,of over 70% 60. The process
accordi ng &% cFaF REFesinare? Jtr’r'iie%ﬁr 8%%@ The YPETEVR; tRHIRFORY'E stream
from steam cracking, wt, a mninumpurjty of 96% the remainpder

Consi St i ng of SBF oph A habLs preat. T3 43t Pl Sbeh eraqking: GRbBs accor di ng
to claim48, wherein the ol_gtfin fed tqo . the reaction uni,t consi%ts of fresh
ol efin? re- cy®l BH UM iBEGY: (0di PO 5% x (HPeLEINEE FEL5EICEs8Taccor di ng
to claim6l, wherein, before en- tering the reaction unit, the fresh olefin
is purified iﬂr?ﬁ‘?élediaé’gi ??Y%Jt(i:%]n Got 1342563, The process according to

claim48, wherein the liquid stream(iji) is fed to, st ) .S0 as to have
a nol ar Pd-r ath® IASST ﬁf@?r‘i%i% qlrad'%ﬁ fgf 1W]P%r%nldﬁpe"65?.]le’l€ﬁ8 process
according to claim63, wherein the nolar  ratia aql ef{ln/f%_g ranges fromé6:1
to 1:1. 65. ThESPrigt BEROTHRThg™s EPEFHS 4B 0 nPtHeRofffent used in
t he epoxi dation reacti on_consig{ s. of _ag al co- 20 hol or mxture of C1-C4

al cohol s or a FY%t&H 1611800 HThSLETWF¢Hr water with an al coholic content

hi gher  than 50% 66. The process according.to claim 65, erein the
algoh p é%. Thg process according to c&ainﬁ%l, w%eregk,Ebe%g}e en-

tering the reaction unit, the fresh olefin is purified
in the distillation columm C4.
63. The process according to claim 48, wherein the liquid
stream (iii) is fed to step (1} so as to have a molar
15 ratio olefin/H.0; ranging from 10:1 to 1:10.
64. The process according to claim 63, wherein the molar
ratio olefin/H,0; ranges from 6:1 to 1:1.
65. The process according to claim 48, wherein the solvent
used in the epoxidation reaction consists of an alco-
20 hol or mixture of C;-Cs alcohols or a mixture of said
alcohols with water with an alcoholic content higher
than 50%.
66. The process according to claim 65, wherein the alcohol
is methancl,

25 67. The process according to claim 65, wherein the mixture
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~is methanol. 25 67. The process according to claim®65, wherein the m xture
4 Novenber 2005 WD 02/ 14297 PCT/ EP01/09031 is a m xt drBooimbeat R&RD| and

wat er containing at |least 10% by wei ght of nethanol. 68. The process
accordi ngobpredai m 48, wherein the buffer 70. 69. The prpgsgssmRGHIrding to
claim1l1, wherein the epoxida- tion catalyst of step (b) Is selected from
titanium silicalites wwth an MFl structure, titaniuming agent is selected
from ammoni a, ammoni um acetate, ammonium form ate or a system consi sting

rom amroni i for i a ystem consi st i n
aci 0. 'Sl cal et thice vEL ArEiaal AT Rt o AR ST R o Pla et Tholh

zeolites cont-gidi i LU nd, having a BEA structure. The process
according to c ai}!r;hg@g‘%i%rge%%n? %alcl:(lél a 15 lyst is selected from

titani umegihi ites havi en.eral farmula (11): 4 Novenber 2005 WO
0! 1420v e T T ﬁ&%ﬁ%ﬁaﬁﬁ-%as’r%‘léfmﬁ%?ﬁ?hnxgggnﬁ%gg‘ﬁbm 0. 0001
to 0.04. The fpcess cgordi Eg aho claim70, wherein in the ti- tanium
silicalite, part df°thel?i CEARGIS s LE9Bs AR 5 BYARI YR s2setakeed from
borop, alum nu iron grﬁgali I'ium 72. The process according to claim1,
wher&in the caﬁlniﬂriﬂs‘fm AHREEsET i IR APBPLgEMREr o Bt S o cr o-
spher es, extrudeq}ﬁo% ot her conveni ent physical forns. 10 73. The process
accordi ng to BRI PHA P 1Tl e dbeTAP T | WhEh caln pEIRREY 9% -
conbination with a ligand (co- gel) or a carrier selected fromsilica,
al um na, sil PH9%C&4 #hife, zeolites or activated carbon. The process
accor di ng to claiml1, wherein the quantity 15 of catalyst used in the
epoxi dab¥on Feacpremesangesording to claim 1, wherein the epoxida-
. tion catalyst of step (b) is selected from titanium-
10. “ silicalites with an  MFI - structure, titanium-
silicalites with a MEL or intermediate MFI/MEL struc-
ture or beta zeolites containing titanium and having a

BEA structure.
70. The process according to claim 69, wherein the cata-
15 . lyst is selected from titanium-silicalites having gen-

eral formula (II):

....52_



75. 20 25 76. 77. from1l to 15% by weight with respect to the reaction
m xture. The process according to claim74, wherein #héovpmper €00y of

cat al ysgolodRgms from4 to 10% by weight with respect tackh®ol/fR36i1 ON

m xture. The process according to claim1, wherein the epoxida- tion
reaction is carried out at a tenperature ranging from 20 to 150C. The
process according to claim76, wherein the tem perature ranges from40 to
100C. - 4 Novenber 2005 WO 02/ 14297i®CIAERDELO034 78. The process according
to claim 77, erefn the tem perature ranges from55 to 90C. 79. The
process accordifigttB ¥l &PRASE, LHAEr 8i-90He Gedt-04.0ors R1 and R2 operate at
a tenperature_of 55-75C and 5 a pressure_of 13 bars, and the reactor R3
operat es’ht atRBnPEPSEFS AFCOTULIRT thdChaphedOur ehefrednbdms . t189. tThe

' process according to claim48, wherein the decom position reaction of

resi dual hydrifelipesbkigalite, caprited foltheatt it ardmperiat uwndbsahgihgdf r om 80
to 90C, with a residence tine ranging from1l to 10 mnutes. 81. The
process accofi rMgetals| siedestedwioet roohens eallumdanng tirow ranggslfrom 2
to 5 mnutes. 82. The process according to claim48, wherein the cata-

| ysts used i dittme deconposition reaction of residual hydrogen peroxide
consist of netals of group VIIlI.or their oxides. 83. The process according

to cl ai 248, Thisepgiorehe apoxidimat tonciedet ar,s whlkeeiel atied-d¥OMysti rred
reactors, bubble reactors, gas-lift reactors with internal or external

circulation canCHR s i huouheSt Fored JankowdRagt 0ps)168Fs PFRi{&keg Fl ow
Reactors). 84. The process according to claimb54, wherein the reac- tors
R, R2, R3 asphefkdshe éﬁﬁdtﬁdndis-lfﬂzﬁé’?econvenient physical forms.
10 73. The process according to claim"/'z, wherein the cata-
lyst can be used in a combination with a ligand (co-
gel) or a carrier selected from silica, alumina, sil-
ica—élumina, zeolites or activated carbon.
74. - The process according to claim 1, wherein the quantity
15 of catalyst used in the epoxidaltion reaction ranges
from 1 to 15% by weight with respect to the reaction
mixture.
75. The process according to claim 74, wherein the dquan-
tity of catalyst ranges from 4 to' 10% by weight with
20 respect to the reaction mixture.
76. The process according to claim 1, wherein the epoxida-
tion reaction is carried out at a temper"ature ranging
from 20 to 150°C.

77. The process according to claim 76, wherein the tem-

25 perature ranges from 40 to 100°C.
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85. The process according to claim48, wherein the decom 25 position -
reactor R4 consists of one or nore fixed bed WO 02/44%9%mbeNovehber 2005
PCT/ EPO / 09034 tubul ar reactors arranged in series. 86. The process

accor diwget/pizgl ai m 48, wherein the strip- ping col ums RPEERMSYBAder t he
sanme operating condi- tions and di scharge, at the head, streans in vapour 5
phase essentially consisting of non-reacted olefin, olefin oxide, inert
products and sol vent vapour. 87. The process according to claim48, wherein

t he teng per ahdr §1@fcdshe hatdamef the distn | y7} i aheelivmiid tdmes not
exceed BC, with residence tines in the or 10 der of 1 mnute. 88. The

process accopdi-ng, 2 ¢Lalnx48romhesei-n boecpurifi- cation colum G5
consi sts ofo?mo cg%unnsﬁ?n sef?es wi th a high nunber of plates and

separat gy, appLherfead Jeslialy vapounsal idd, Rsseliln shel hedbot!om a

15 liquid streamcontaining solvent and ol efin oxide and, 89. laterally, a

1quid streapheangy SLhidol oQbebid QX! de LhPlague P! BY-7599. 8 The

process accordil ng aim erein the conden- sation heat recovered at

the Jnead of hgr% %(u?}r_[g & hs %Oaré’l,seﬂuﬁotﬁé’pgééfc@éﬂ‘ kbeopgkgikisngtunits
present I1n the* p ess.
a temperature of 70-90°C and a pressure of 8 bars.

80. The 'process according to claim 48, wherein the decom-
position reaction of residual hydrogen peroxide 1is
carried out at a temperature ranging from 80 to 90°C,

10 with a residence time ranging from 1 to 10 minutes.

81. The process according to claim 80, wherein the resi-
dénce time ranges from 2 to 5 minutes.

82. The process according to claim 486, wherein the cata-
lysts uéed in the decomposition reaction of residual

15 hydrogen peroxide consist of metals of group VIII or
their oxides.

83. The process according to claim 48, wherein the epoxi-
dation reactors are selected from Stirred_reactors,
bubble reactors, gas-1lift reactoré with iﬂte;nal oxr

20 | external circulation or CSTR (Continuous Stirred Tank
Reactors) or PFR (Plug Flow Reactors).

84. The process according to claim 54, wherein the reac—
tors R1, R2, R3 are of the isotherm CSTR type.

85. The process according to claim 48, wherein the decom-

25 position reactor R4 consists of one or more fixed bed
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86. -

87.

88.

-89.

tubular reactors arranged in series.

The process according to claim 48, wherein the strip-

" ping columns operate under the same operating condi-

tions and discharge, at the head, streams in vapour
phase essentially consisting of non-reacted olefin,
olefin oxide, inert products and solvent vapour.

The process according to claim 48, wherein the tem-
perature at the bottom of the distillation column C4
does not exceed 80°C, with residence timés in the or-
der of 1 minute.

The process according to claim 48, wherein the purifi-
cation column C5 consists- of two columns in series
with a high number of plates and separates, at the
head, residual vapours still present, at the bottom, a
liquid stream containing solvent and olefin oxide and,
laterally, a liquid stream consisting of olefin oxide
having a purity > 99.8%.

The process according to claim 48, wherein the conden—
sation heat recoveréd at the head of the column C6 is
used to supply all the reboiling units present in the

process.
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